


Here's the fastest •=•·n•=' 
graphic peripheral available today ... 

and it programs like a plotter. 
A 

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

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

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

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

HEWLETT 

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

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

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

PACKARD 

1507 Page Mill Road, Palo Alto, California 94304 

For assistance cal : Washington (301) 948-8370, Chicago (312) 
255-9800, Atlanta (404) 1155-1500, Los Angeles (213) sn-1282 
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FOR OFFICES THAT 
WANT TO KEEP IT QUIET, 

THE NEW TALLY HUSH-TONE 
KEEPS THE UD ON NOISE. 

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

Available at 125 and 200 lines per minute, the Tally Hush-Tone is easy to live with, easy to operate. And easy 
on the pocketbook. It's the newest member 
of the Tally T-2000 series-the 
most reliable (and lowest cost 
of ownership) line printers 
you can buy. Remember, 
Tally line printers never 
need adjustments, lub
rkation nor preven
tive maintenance. 
And you can 
always count 
on consistent 
prtnt quality. 

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

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

TALLY® 
PRINTERS 
l-KlR.LDW"I.DE 
OEM SALES OFFICES 
Boston ( 617) 272-8070 
New York ( 516) 694-8444 
Chicago (312) 885-3678 
Los Ang_eles (213) 885-3678 
Miami (J05) 665-5751 
Pt.iiladelphia (215) 628-9998 
San Jose (408) 247-0897 
Seattle (206) 251-6730 
San Antonio (512) 733-8153 
Washington, D.C. (703) 471-1145 
BUSINESS SYSTEMS SALES 
Orinda, CA (415) 254-8350 
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by Rajen Jaswa 
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tems. Examples demonstrate the feasibility of designing an optimum 
interrupt structure and integrating processors into it 
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units for a particular environmental application embodies a syste
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AND CORRECTION SCHEME 130 
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Line Printers That 
Sell Minisystems 

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

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

The Slimline, available in 300, 250, 160 and 125 LPM 
models. Twelve program-selectable fonts, 5 x 7, 
7 x 7 and 9 x 7 characters, and graphics capability. 
The Slimline, backed by a worldwide sales and 
service organization. 

Ol(IDATA 
Okidata Corporation 
111 Gaither Drive 
Mount Laurel, New Jersey 08054 
Telephone: 609-235-2600 
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No matter what 
you design, Sylvania 
builds CRT~ to fit. 

SYLVANIA 

Say you've created some-
thing a little unusual. And you 

I need more than a standard 
cathode ray tube to make your 
idea come alive. 

Come to Sylvania. Chances 
are, we have your CRT or 
we' ll build one to meet your 
specifications. 

To begin with, you can select 
any size tube from 5 to 23 in
ches. Order the neck size and 
deflection angle. Even specify 
the electrical characteristics of 
the gun. . 

You can pick from a wide 
variety of phosphor colors. Re
quest antireflective coatings 
and special mounting systems. 
And ask for any other unusual 
requirements your design 
demands. 

Sylvan_ia will work with, you 
right from the beginning: Or 
fill your. order when.you've 
finished designing. Either way, 
every tube we deliver will .dis
play all yourinformation with 
remarkable brightness and 
resolution. 

You may find just the tubes 
you want in the Sylvania CRT 
catalog. After all, we're one 
of the largest suppliers to the 
information display market. 

To get the catalog, call 
(419) 523-4321. Or write: GTE 
Sylvania Marketing Dept., 
North Pratt Street, Ottawa, 
Ohio45875. 

If the catalog doesn't have 
your CRT's, keep in mind that 
it's not the end of your creation. 

It's the beginning of, ours. 

Electronic 
Components 
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I LETTERS TD THE EDITOR I 
To the Editor: 

The Tech Brief entitled "Exclusive
OR Frequency Multiplier" (Computer 
Design, June 1978, p 130) interested 
me for a variety of reasons. 

Firstly, the circuit depicted is a 
somewhat general configuration of 
those used by a variety of design 
engineers engaged in digital logic 
circuitry. Specifically, the circuit 
shown in the Figure here is fre
quently used to recover a clock signal 
from the least-significant binary stage 
of a natural binary or natural BCD 

counter. 
The value of "recovermg the syn

chronous clock" is an enormously 
powerful tool when one is comparing 
the 24 or more parallel data lines 
from a remote source against another 
number set in a noisy environment. 
This is especially so with today's 
high speed digital readouts found 
in almost all large machine shops
many of which are included in the 
actual servo loops of the positioning 
system. 

It appears to be a commonplace 
omission that every readout furnished 
to customers for the past 15 or so 
years never provided a synchronous 
clock with the "optional BCD output." 
Hence, there is the need for a re
constructed clock to strobe high speed 
comparators at the change of the 
first binary stage. (It is impossible to 
have more significarit stages change 
count during normal operation of a 
natural binary or natural BCD counter 
unless the LSB binary "flips" first-as-

REVERSIBLE 
COUNTER 

----G 

suming, of course, that direct pre
lOading is disabled.) 

History of the "strobe circuit" de
picted in the Figure appears to be 
somewhat obscure. However, in 1970-
71, Mssrs Tripp and Plummer of 
Farrand Optical Co thrust the above 
circuit into this writer's lap when 
the TTL posed some interesting tim
ing problems to the contemporary de
signer of that period. 

The basic concept goes back even 
further though, since a rather slow 
moving Eccles-Jordan vacuum tube 
biquinary counter was laboratory 
tested using a similar concept for com
parison of the digital display on 
Burroughs rotary "Nixie" tubes (were 
they called decatrons?) against a 
thumbswitch data source. The sys
tem clock, unavailable at the com
parator, was reconstructed-this time 
by sensing the state change of the 
binary section of the biquinary LSD 

stage in the Burroughs display coun
ter. Logic so used for the latter clock 
reconstruction was comprised of a 
one-shot multivibrator (pulse trans
former in the anode circuit) diodes, 
and cathode follower gating. That 
was in 1957 when Boolean algebra 
and exclusive ORS were still back at 
Harvard! Again, credit for the latter 
circuitry, in my judgement, probably 
should be assigned to R. W. Tripp 
and whichever Burroughs field en
gineer worked with us on that pro
ject. 

The essense of my story, I suppose, 
is that very little is new under the 
sun-especially when relatively simple 

l 2 3 4 

1- - - -------------
JUlJl..JL_ 
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STROBE 

c 
D qi----~ 

7474 Note: Pulse of strobe= 
propagation delay through 
both logic elements* 

B A 

*lnser~ SN74123 one-shot 
at A-B to increase width 
and delay strobe 

circuits are released as patentable 
objects. One must ask whether chang
ing the material on the conventional 
mousetrap is a patentable idea. 

I have no grievance against Mssrs 
Harf of the Singer Co and Wheeler 
of NASA and it is to their credit 
that any worthwhile idea was pro
pagated to the technical community 
through your journal. Just venturing 
into the realm of the patent office 
is a nobie task these days and they 
undoubtably deserve the award for 
having the perspicuity to find their 
Way through the morass. 

W. Thomas Hughes 
W. T. Hughes & Co 
Danbury, Conn 

To the Editor: 

As an engineer involved in logic 
design, I am growing more than 
slightly tired of people reinventing 
the bedpan and claiming credit for 
it. Yet I have grown to more or less 
accept it as a fact of life. However, 
the Tech Brief entitled "Exclusive-OR 
Frequency Multiplier" (Computer 
Design, June 1978, p 130) was more 
than I could bear. 

Surely anyone who has ever done 
any measurable amount of logic de
sign is familiar with the use of the 
"exclusive-oR" function as a frequency 
doubler. Furthermore, the text of the 
article is misleading. True, any but 
the most exact multiple of a 180 ° 
phase shift will effectively double 
the number of input transitions, but 
one can only talk of frequency mul
tiplication in a real sense if the out
put duty cycle is maintained. Most 
delay circuits will produce such re
sults over very narrow ranges of fre
quencies. As for cascading such cir
cuits, two approaches are possible, 
but only one is practical. 

As the Tech Brief mentions, one 
can use delays of 180° In and cas
caded stages, but it should be noted 
that it is virtually impossible to main
tain a constant value of phase shift 
over any range of frequencies , except 
for multiples of 90°, which limits 
the value of n to n = 2. This ap
proach is therefore totally useless un
less the input frequency hardly varies 
at all, . in which case the techniques 
normally used in radio are best suited 
anyway. 

(Continued on P 10) 





Flat conductor 

Jumpers 

Our unique Twist 'N ' Flat™ 

en it comes to flat, 
We make more different kinds of planar 
cables for more different kinds of inter
connect systems than anyone on the planet 
Earth. And, in this world of planar-come
lately's, Spectra-Strip has been around 
since the cable world turned flat. 

For all your interconnect needs from 
planar cables to JDC connectors to 
complete custom assemblies, just check 

us out. We'll take total responsibility 
for solving your interconnect problems, 
and you won't need to call anyone else. 

For the name and number of 
our nearest distributor or rep, write 
Spectra-Strip, an Eltra Company, 
7100 Lampson Avenue, Garden Grove, 
CA 92642. Orcall (714) 892-3361 today. 

()SPECTRA-STRIP 1978 



Transmission line 

Twisted pairs 
Ground plane 

we've been around. 

When you're down to the wire 
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It is by no means the first time 
that I have seen such commonly 
known data presented as new, but 
it has been a while since I have seen 
anyone have the nerve to call such 
trivia an invention and claim title to 
it. I could not live with myself if 
I let this go unchallenged. 

To the Editor: 

As a subscriber to Computer Design, 
let me first express my appreciation 
for the consistently high standard 
of the publication, both from a tech
nical and literary point of view. 

I was especially impressed by the 
comprehensive and detailed article 
"Current Semiconductor Memories" 
(Computer Design, Apr 1978, pp 
115-126) by Eugene R. Hnatek. I 
feel, however, that I have detected 
certain ambiguities in the above ar-

Georges-Emile April 
Associate Professor-Electrical Engi
neering 
Ecole Polytechnique 
Montreal, Canada 

IBM 3601370 

IBM 
3801370 

USERS/ 
interface your 
minicomputer 
to the IBM 360/370 

without 
software changes 

The Austron 8500 is a unique , programmable 
controller for the IBM 360/370 which lets you 
directly interface your minicomputer, terminal 
or other non-standard peripheral. All logic and 
problems associated with transferring data in 
and out of the IBM 360/370 are handled within 
the 8500. 

• Allows interfacing directly to the Byte Mux, 
Block Mux, or Selector Channel 

• General purpose, programmable processor 
with memory capacity up to 65K bytes 

• Up to 4 interfaces with standard chassis 
(12 interfaces with expanded chassis) 

SEND TODAY FOR DESCRIPTIVE LITERATURE 

... Program-

., Emulates mable to 
A Standard Austron provide 

IBM Peri· 8500 most Ji pherals suitable 
._~~--"--~~ .,. L-~~..._.--~~~~~-' •~-m_te_rl_ac_e~..._ 

10 

A-Byte Mux, Block Mux or Selector C-Paral lel up to 2,000,000 Byte/sec. 
B-Asynchronous 75 to 9,600 BAUD 0-Synchronous 2,000 to 56,000 BAUD 

~ AUSTRON INC. 
~ 1915 Kramer Lane, Austin, TX 78758 

Tel. (512) 836-3523 
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ticle. For instance, on p 120 Mr 
Hnatek states: "At present, static 
RAMS outperform their dynamic 
·counterparts in terms of speed . . . 
and power dissipation . . ." However, 
on p 125 the statement is made: 
"Dynamic memories operate at higher 
speeds and consume less power than 
static memories." 

In order that the generally ex
cellent informative quality of the 
above article not be impaired, I 
would greatly appreciate the author's 
comments regarding this and other 
apparent ambiguities. 

Michael R. Webb 
Honeywell GmbH 
West Germany 

The Author Replies: 

Mr Michael Webb's letter does point 
up an ambiguity regarding a com
parison of static and dynamic MOS 

random access memories as con
tained on pp 120 and 125 of the 
April issue of Computer Design. The 
information on p 120 is correct and 
that on p 125 in error. Specifically, 
static MOS RAMS exhibit lower tAA 
and lower power dissipation than do 
their denser dynamic counterparts. 

I apologize for this ambiguity. 
However, I don't find any "other 
apparent ambiguities" as so stated. 

Eugene R. Hnatek 
Monolithic Memories, Inc 
Sunnyvale, Calif 

Letters to the Editor should be 
addressed: 

Editor, Computer Design 
11 Goldsmith St 

Littleton, MA 01460 

CORRECTION 
In the July issue, p 184, the com
pany identification for the product 
entitled "Rare Earth Field DC Mo
tors" should be The Pittman Corp, 
PO Box 3, Harleysville, PA 19438. 
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Mod l 82Q cps, 
§0-co Ulllfl, ot trix 
1mpad pnnt mec msm ... 

print mechanism you've been waiting for. n's an LQQf 
80-column dot-matrix impact print mechanism LI • 
with a 7-wire continuous-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 comput~r 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 for 500 quantities is $230.00 each. Deliveries begin 
November 1978. For detailed specifications, write or call today. 

C. Itoh means excellence in printers 

<as C. ltoh Electronics, Inc. 
53ITT 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. Itoli Electronics is part of the 118-year-old C. ltoli & Co. Ltd. world-wide trading organization. 
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( CALl!NDAFI • • 1 • • 1 
Announcements intended for pub· 
lication in this department of 
Computer Design must be re
ceived at least two months prior 
to the date of the event. To en
sure proper timely coverage of 
major events, material preferably 
should be received six months In 
advance. 

( aaNP•"•~c•• 
• 

OCT 10- 12-USA/Jopon Computer Conf, 
Jack Tar Hotel, San Francisco, Calif. INFOR
MATION: AFIPS, Inc, 210 Summit Ave, 
Montvale, NJ 07645. Tel : (408) 245-5807 

OCT 15-19-ISA/78 (Instrument Society of 
America lnternot'I Instrumentation-Automa
tion Conf and Exhibit), and JACC (Joint 
Automatic Control Confl; Philadelphia Civic 
Ctr, Philadelphia, Pa. INFORMATION: ISA/ 
78, 400 Stanwix St, . Pittsburgh, PA 15222. 
Tel (412) 281-3171 

OCT 18-20-Conodion Conf on Communi
cations and Power, Queen El izabeth Hotel, 
Montreal, Canada. INFORMATION: Jean 
Jacques Archambault, Chm-Technical Pro
gram Committee CP /PO 757, Succ C, Mon
treal, Quebec H2L 4L6, Canada 

OCT 25-2~Electronic Connector Sym, 
Cherry Hill, NJ. INFORMATION : Elec tron ic 
Connector Study Group, Inc, PO Box 1428, 
Camden, NJ 08101 

OCT 25-27-Sym on Computer Arithmetic, 
Miramar Hotel, Santa Monica, Calif. INFOR
MATION: Prof Milos D. Ercegovac, Com
puter Science Dept, U of Calif, Los Angeles, 
CA 90024. Tel : (213 ) 825-2660 

OCT 31-NOV 2-C::herry Hill '78 Test Conf, 
Cherry Hill, NJ. INFORMATION: Pot Regan, 
Secretory/Registrar, Test Conf Comm, PO 
Box 2340, Cherry Hi ll, NJ 08034. Tel: (609) 
983-3100 

NOV 1-3-Conf on Computer Graphics in 
CAD/CAM Systems, Massachusetts Institute 
of Technology, Cambridge, Moss. INFOR
MATION: Conf Chm, Prof David C. Gossard, 
Dept of Mechanical Engineering, MIT Rm 
3-453, 77 Moss Ave, Cambridge, MA 02139 

NOV 1-3-lnternot'I Sym on Co.:nputers, 
Electronics, and Control (CEC '78), Toronto 
Hilton, Toronto, Ontario, Canada. INFOR
MATION: The Secretary, CEC '78, PO Box 
3243, Sta B, Calgary, Alberto T2M 4L8, 
Canada 
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NOV 6-8-Asilomor Conf on Circuits, Sys
tems, ond Computers, Pacific Grove, Calif. 
INFORMATION: Donald E. Kirk, Electrical 
Engineering Dept, Naval Postgraduate School, 
Monterey, CA 93940 

NOV 7-9-Federol Computer Conf and Expo, 
Sheratan -Pork Hotel, Washington, DC. IN
FORMATION : Federal Computer Conf, PO 
Box 368, Wayland, MA 01778 

NOV 7-9-Mini/Micro Conf and Expo, As
troholl, Houston, Tex. INFORMATION : Rob
ert D. Rankin, Managing Dir, Mini/Miera 
Conf and Expo, 5528 E Lo Palmo Ave, Suite 
1, Anaheim, CA 92807 

NOV 9-lnvitotionol Computer Conf, Polo 
Alto, Calif. INFORMATION: B. J. Johnson 
& Associates, 2503 Eostbluff Dr, Suite 203, 
Newport Beach, CA 92660. Tel: (714) 644-
f/J37 

NOV 13- l~lnternot'I Conf on Computer 
Software and Applications ( Compsac 78), 
The Palmer House, Chicago, Ill. INFORMA
TION: Wallace A. Depp, Executive Dir, Pro
cessor and Computer Software Systems Div, 
Bell Laboratories, Naperville, IL 60540. Tel: 
(312) 690-2111 

NOV 14- l~lnterfoce West, Los Angeles 
Conv Ctr, Los Angeles, Calif. INFORMA
TION: Interface West, 160 Speen St, Fram
ingham, MA 01701. Tel: (617) 879-4502 

NOV 14-17-Conf on Magnetism and Mog 
nf;?tic Materials, Stouffer's Inn on the Square, 
Cleveland, Ohio. INFORMATION: Dr Hugh 
C. Wolfe, American Institute of Physics, 335 
E 45th St, New York, NY 10017 

NOV 27-29-European Communities Sym on 
Computer Aided Design of Digital Electronic 
Circuits and Systems, Hotel Hilton, Brussels, 
Belgium. INFORMATION : Keness Belgium 
Congress SA, Rue de L'lndustrie 17, 1040 
Brussels, Belgium 

DEC 4-~Conf of the Assoc for Computing 
Machinery, Sheraton-Pork Hotel, Washing
ton, DC. INFORMATION : Dr Richard Aust
ing, Dept of Computer Science, U of Mary
land, College Park, MD 20742. Tel: (301) 
454-2004 

DEC 4-~lnternat'I Electron Devices Meet
ing, Washington Hilton Hotel, Washington, 
DC. INFORMATION: Susan Henman, Cour
tesy Assoc, 1629 "K" St NW, Washington, 
DC 20006. Tel : (202) 296-8100 

DEC 12-14-Midcon/78, Dallas Convention 
Ctr and Dallas Hyatt Regency, Dallas, Tex. 
INFORMATION : William C. Weber, Jr, 
General Manager, Electronic Conventions, 
Inc, m N Sepulveda Blvd, El Segundo, CA 
90245. Tel: (213) 772-2965 

DEC 13-Computer Networking Sym, Not'I 
Bureau of Standards, Gaithersburg, Md. IN
FORMATION: Computer Networking, PO 
Box 639, Silver Spring, MD 20901. Tel: (30 1) 
439-7007 

DEC 18-20-lnternot'I Computer Sym (ICSl, 
Academia Sinico, Nonkong, Taipei, Republic 
of Chino. INFORMATION: K. S. Fu, School 
of Electrical Engineering, Purdue U, W La
fayette, IN 47907. Tel: (317) 494-8825 

•&MINAR• 

OCT 16-18-Not'I Communications Forum 
Program, Hyatt Regency O'Hare, Chicago, 
Ill. INFORMATION: National Engineering 
Consortium Registrar, 1211 W 22nd St, Oak 
Brook, IL 6052 1. Tel: (312) 325-5700 

OCT 16-19-EMI Control in Design and 
Installation of Doto Processing Equipment; 
and OCT 24-2~Digital Modulation, Coding, 
and Signal Processing Techniques, Baston, 
Mass; and Chicago, Ill. INFORMAT ION: 
Don White Consultants, Inc, 656 Quince 
Orchard Rd, Suite 410, Gaithersburg, MD 
20760. Tel : (301) 840-0300 

OCT 23 -24-Fiber Optic Communications 
Marketing Seminar, Sheraton-Islander Hotel, 
Goat Island, Newport, RI. INFORMATION: 
Kessler Marketing Intelligence, 22 Farwell 
St, Newport, RI 02840. Tel: (401) 849-6771 

BHDAT cau•••• 

OCT 9-13-Microcomputer Workshop, Car
negie-Mellon U, Pittsburgh, Pa. I NFORMA
TION : Post College Professional Education, 
Carnegie Institute of Technology, Carnegie
Mel Ian U, Schenley Pk, Pittsburgh, PA 15213. 
Tel: (4 12) 578-2207 

OCT 11-13-Fiber Optics Systems Design; 
and Microprocessors; and OCT 30-NOV 3-
Switched Networks for Dato Communica
tions, The George Washington U, Washing
ton, DC. INFORMATION: Continuing En
gineering Education Program, George Wash
ington U, Washington, DC 20052. Tel: (202) 
676-6106 

OCT 17-18-Fiber Optics; Oct 18-19-2-
Doy Microprocessor; OCT 21-lntroduction 
to Microprocessors; and OCT 26-28-3-Day 
Microprocessor, Boston, Moss; Denver, Colo; 
Milwaukee, Wis; and Tampa, Flo. INFOR
MATION: Vincent J. Giardina, IEEE Man
ager of Continuing Education, 445 Hoes 
Lane, Piscataway, NJ 08854. Tel : (201) 981-
0060, Xl74/175 

NOV 7-10-Microprocessors' Use in Power 
Electronic Systems, U of Missouri, Columbia, 
Ma. INFORMATION: Dr Haft, Electrical 
Engineering, U of Missouri, Columbia, MO 
65201. Tel: (314) 882-3491 
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Head and shoultlets' 
below the competition 

DEC RX01 
10Y2" 
$4300 
Bootstrap $320 extra 

DSD 110 
5%" 
$3195 
Bootstrap included 

Data Systems' new, floppy disk system offers 
performance and storage equal to DEC®'s RX01, 
but use$ half t~e space and costs 25°/o less. 

Save money, save rack space 
and increase your system's re
liability by selecting the DSD 110 
for use with any DEC LSl-11 or 
LSl-11/2. 

The DSD 110 provides 512K 
bytes of fully DEC-compatible 
storage in a 5%'' cabinet. While 
the DSD 110 saves you rack 
space, it also uses one less 
Q-bus slot than DEC's RX01 . 

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

All this is possible because the 
interface, formatting and con
troller circuitry, and hardware 
bootstrap have been combined 
on a single dual-wide card. This 
card, which is available sepa
rately, eliminates the need for 
DEC's REV-11 card. 

CIRCLE 10 ON INQUIRY CARD 

To find out more about the 
low-cost, low-profile DSD 110, 
contact Data Systems today. A 
data sheet and price list will be 
forwarded to you immediately. 

® Registered trademark of Digital 
Equipment Corporation 

Data Systems Design, Inc. 
3130 Coronado Drive, 
Santa Clara, CA 95051 

(408) 249-9353 
TWX 910-338-0249 
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CDMMUNICATIDN CHANNEL 

1956 CONSENT DECREE-
H ISTORY AND IMPLICATIONS 

John E. Buckley 

Telecommunications Management Corporation 
Cornwells Heights, Pennsylvania 

T here is no doubt that the largest corporation in the 
United States is the American Telephone and Telegraph 
Company. This giant monopoly has profoundly influenced 
and directed the evolution of telecommunications tech
nology through innovative developments, as well as by 
sheer size and presence. Through its 23 utility operating 
telephone companies ( ie, the Bell System), AT&T has be
come identified with telecommunications services in the 
United States. AT&T has dominated and controlled this 
industry since the 1930s and has been justly credited 
with the host of inventions and patents embodied in to
day's telecommunications systems. It has been the prime 
cause of the enviable record of reliability and performance 
of this country's communications services. 

While deserving these laurels for its many contribu
tions, AT&T has also vigorously struggled to maintain its 
privileged monopoly position. Since the 1968 FCC Carter
fone decision, AT&T has actively resisted inroads to its 
domain by competitive communications services and prod
ucts . Only after the U.S. Supreme Court in Oct 1977 
established the inherent legitimacy of interconnection has 
AT&T withdrawn its aggressive objections. One month 
prior to that Supreme Court action, AT&T had proposed 
a negotiated settlement to the interconnect dispute; the 
proposed settlement included a dismissal of the 1956 
consent decree of AT&T. 

During 1976, AT&T launched a major lobbying action 
to change the Communications Act of 1934 through the 
U.S. Congress, by means of legislation disarmingly en
titled The Consumer Communications Reform Act. The 
FCC determined at that time that an estimated $100 mil
lion was scheduled to be expended by AT&T to support 
the legislation, a major provision of which was the elirn
nation of the 1956 consent decree. 

Perhaps no other restriction is today as undesirable as 
that agreement executed by AT&T and the Justice Depart
ment over 22 years ago. It is viewed by AT&T as the 
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major obstacle to its ability to capitalize on future tele
communications market requirements. The 1956 consent 
decree prohibits AT&T and 'its utility operating telephone 
companies from marketing services and equipment that 
are not directly associated with communications. 

In 1949 the Justice Department filed an antitrust suit 
against AT&T. During the ensuing seven years these two 
organizations proceeded through various judicial arenas to 
an ultimate stalemate. The impasse was ended in 1956 
when AT&T agreed to confine 'its business activities and 
those of its subsidiaries exclusively to the scope of the 
tariffed communications common carrier industry and of 
associated tariffed services and equipment. 

This agreement was reaffirmed in 1970 at the conclu
sion of the first FCC Computer Communications Inquiry. 
That important inquiry attempted to differentiate between 
the environments of data communications and of data 
processing. During the 1960s the traditional line of de
marcation between the regulated telecommunications, and 
the free-enterprise data processing territories became sig
nificantly clouqed. The conclusions issued in 1970 al
lowed utility communications common carriers to offer 
non-regulated data processing services through totally 
separate subsidiaries that maintained both physical and 
financial autonomy from the associated regulated entities. 

The Western Union Telegraph Co was one of the first 
organizations to restructure in order to offer both regu
lated and non-regulated services. Western Union Corp 
was formed as a holding company, with the utility tele
graph company and the qata processing entity function
ing as separate subsidiaries. A specific exclusion of this 
1970 FCC action was that only AT&T was expressly pro
hibited from forming any type of non-regulated data 
processing subsidiary. The 1956 consent decree provisions 
were clearly r!=Jinforced in the published conclusions to 
the 1970 Computer Communications Inquiry. 

COMPUTER DESIGN/ SEPTEMBER 1978 



blllion keyboard. Our unique "Golden Touch" capacitive 
,000,Qi»MCBF per keyswitch. That's at least double anybody else's rating. 

eatures make the " Golden Touch" exceptionally resistant to moisture, dust and ••ta. We guarantee a 1% AOL and give a two-year warranty. Every "Golden Touch" 
i8 designed precisely to your specifications ... because we sell only to volume OEM 

So you name whatever options, circuitry, configuration 
ant. All this at competition-beating prices. 
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';L\ny bunch of 
hotshots can design a 
new microcomputer. 

It takes brains to 
improve an old one:' 

John Jones 
Product Marketing Manager 
Series/SO Microcomputer 

Systems 

. Series/SO 
Microcomputer Systems 

"Were super aware that forcing a 
change in system architecture causes 
customers a lot of pain and agony. 
It costs a small fortune. And no 
amount of cross assemblers, trans
lators or mode switches will make 
things easier. 

If you want to hear real horror 
stories, ask the minicomputer guys. 
They've seen it. 

It just doesn't make sense to me 
to force customers into a change when 
there are tons of things you can do to 
improve any system - especially once 
it's been in use. And with Series/SO 
that's exactly what we do. 

Bo/ 204, Bairo 
- the advantages of hindsight. 

We've just begun offering the 80/ 204 
board. And you can bet we've added 
some improvements. 

Like 'shadow ROM'. It lets ROM 
share the same memory address as 
RAM. And the ROM can be com
pletely shut down and shut out when 
you don't need it. 

In standby, our BLC 80/204 
draws less than a watt versus 4 watts 
for Intef s SBC 80/204. And our bus 
master handles 6 masters on system 
bus compared to 3. 
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In addition to board level products, 
we offer a complete line of 801204 
and 80/10 rack mounted computer 
(RMC) systems with significant 
advantages over what has gone before. 

Don't get me wrong. The SBC 
801204 - in fact, all the original SBC 
products are very good. But coming 
later lets us take customer reaction 
into account. 

In 80/10 boards, for instance, we 
felt people might like the on- board 
memory beefed up. So we got out and 
talked to customers. They told us, 
'you bet we want 

' more memory. 

And that's what 
we gave them with the 
BLC 80/11, 80/12 and 80/14. 

Customer feedback also led to the 
development ofNational's exclusive 
32K BLC8432 ROM/PROM 

memory card, which is twice the 
capability of everybody else's. 

It's a plain fact that National will 
continue to be customer driven 
instead of product driven. We'll come 
across with features customers want 
and need instead of what might 
be clever. 

A New Industry Standard. 

I feel the best hardware investment 
is one that protects a software invest
ment. And with Series/80, we're 
helping create an industry standard 

microcomputer. So more customers 
can use an existing software base. 
And software and hardware 

designers will be easier to find. Also, 
two vendors competing for business 
means freedom of choice. And that's 

what free enterprise is all about. 

Serious about Series/Bo. 

We're dead serious about 
Series/80. Just last year we started 

with seven products. Now we're at 
41 and still counting - every one 
designed from a top-down 

systems point of view. 
For more on Series/ 80- or, 

if our market-driven philosophy 
makes sense and you'd like to talk job 
opportunities, write me: John Jones, 
Series/ 80 Product Marketing, 
National Semiconductor Corporation, 

Drawer 6, 2900 Semiconductor 
Drive, Santa Clara, California 
95051. Or call 800-538-1866 
-800-672-1811 in California'. ' 

Computer Products Group 
~ National Semiconductor Corporation 
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It is illustrative of the rate of technological development 
in the field of telecommunications that a second Computer 
Communication Inquiry was instituted by the FCC in 
1976. This action was prompted by the realization that 
definitions and decisions of the 1970 .findings were rapidly 
becoming obsolete. Preliminary FCC action on the investi
gations of Computer Inquiry II were scheduled to com
mence July 13, 1978. 

During June 1978 a new legislative replacement to the 
Communications Act of 1934 was part of the agenda of 
the House Subcommittee on Communications. A major 
item in this preliminary legislation was the release of 
AT&T from its 1956 consent decree. Obviously, in 1956, 
the posture of AT&T did not indicate that agreement to 
the provisions of the consent decree would create any 
major handicap to its business plans. In 1978, however, 
this consent decree is viewed by the company as a major 
obstacle to future business influence and growth. In its 
every action in the legislative or judicial environment, 
AT&T has indicated a continuing willingness to compro
mise its position in return for a release from its 1956 
consent decree. 

It is clear that products and services in the telecom
munications market are becoming intimately entwined 
with data processing applications and will continue to go 
in this direction. Prohibition from actively participating in 
this total market, in the opinion of AT&T, will cause major 
stagnation of its future growth and influence in American 
industry. 

.Jn a recent action, the Computer and Communications 
Industry Association ( ccIA) filed a complaint with the 
Justice Department that AT&T had violated the 1956 con
sent decree by marketing non-communications computer 
software packages through Western Electric. These pack
ages consisted of non-communications programs intended 
for monitoring overall operation of a computer system, 
text editing, and typesetting, as well as for specific en
gineering and scientific applications. It was stated in the 
complaint that one of these program packages was mar
keted to about 600 licensees at $25,000 per license. 

The CCIA complaint also challenged the 1976 opinion 
of Justice Department's Antitrust Div that the Model 40 
OEM terminal being marketed by Teletype Corp, a sub
sidiary of Western Electric, did not violate the 1956 
consent decree. That opinion was based on the premise 
that since this product was sold to Bell operating com
panies for communications applications, it constituted a 
communications product rather than a data processing 
product. It would appear then that the sole criterion for 
communication cate~orization is that a product or service 
must be sold by Western Electric to an operating tele
phone company for an alleged communication applica
tion; then it is a communications product or service. Since 
all parties to such a transaction are controlled by AT&T, 

virtually any product or service could be structured to 
meet this definition as a "communications product or 
service.'' 

The future struggles of AT&T with its regulatory and 
legislative constraints will typically be based on the elimi
nation of the 1956 consent decree. While it is not ex
pected that a direct confrontation to remove this business 
limitation will be initiated by AT&T, the removal or de
emphasis of the 1956 consent decree will be an integral 
part of all its future petitions and negotiations with regu
latory, legislative, and judicial bodies. 

AT&T recognizes that the major demands of its market
place in future years will involve information and not 
merely communications. The advent of computerized tele
phone systems with their electronic telephone sets-ac
tually microcomputer controlled data terminals-is merely 
one of the more obvious evolutions of this information 
through communications aspect of the future market. The 
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home computer market is only beginning to emerge as 
a viable business objective. The public telephone net
work, controlled by digital computer systems (ESS 

Central Offices), already exists. With removal of the 1956 
consent decree, these computer systems could easily be 
structured to provide computation services to every home 
in the country. On an equally lucrative scale, the com
puterized Dimension telephone system, marketed by the 
Bell System, could be structured to satisfy many business 
functions heretofore performed by separate data process
ing computers. 

These potential applications are merely short term 
situations that could be quickly exploited by AT&T with 
a resulting realization of highly profitable revenues. The 
concept of the "computer utility", widely discussed in 
the early 1960s, is now clearly on the verge of reality, 
except for the 1956 consent decree. 

A presently unchallenged practice of some Bell System 
operating telephone companies is the marketing of a 
minicomputer system that records all the calls generated 
from a Bell system-provided PBX, (Private Branch Ex
change.) This application is recognized as not being in 
violation of the 1956 consent decree. The fact that this 
Bell System-provided minicomputer also includes soft
ware to produce management reports from the communi
cations calling source data, however, makes it highly 
questionable. The concern of violation becomes even 
more profound when it is realized that this utility supplied 
minicomputer allows the customer to enter internal ac
counting codes for the purpose of direct calling activity 
cost allocation. The non-communications aspect of this 
service becomes more visible when it is realized that the 
processing programs also allow the customer to assign 
overhead or operating costs allocations to various calls 
and/or departments. 

Elimination of the 1956 consent decree may be viewed 
by some as a positive conclusioa to the present dilemma. 
It must also be recognized, however, that the rapid evolu
tion of the data processing industry in the U.S. has been 
due to the participation of highly competitive forces. The 
history of the telephone industry, which has been uncon
cerned with any such competitive factors, has been char
acterized by a general laxity in new product and service 
concepts unless stimulated by outside competitive in
roads. Admittedly, advancement of new technology has 
occurred within the telephone system, but only to the 
extent that it has reduced telephone system operating 
costs. Such examples have been automatic dialing and, 
more recently, the automated maintenance capabilities of 
electronic switching systems. Advancements in user fea
tures and applications not having direct operating cost 
reduction implications, however, have been notably few. 
The concern of many participants in the computer com
munications environment is that a total release from the 
1956 consent decree will allow AT&T to quickly dominate 
the entire communication information market with the 
total exclusion of today's competitive factors. The final 
step of this action will be a total dictation of application 
characteristics by AT&T prompted only by its profit objec
tives. Many expect the consequence will be an eventual 
stagnation in these emerging application areas. 

It is recognized that this view is not universally held 
by all interested parties. It would also be presumptuous 
to attempt to exhaustively review this matter in the nec
essarily condensed environment of this column and to 
claim that all aspects have been completely analyzed and 
presented. It is vitally important, however, that present 
and future participants in this information revolution be 
knowledgeable about the historical framework of this 
matter and be aware of the potential impact of that 22 
year old agreement on tomorrow's requirements. 
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Intel and 
Hamilton/Avmiet 

have the hardware 
' . . . ' . 

you're looking for 
· in stock today. 

When it comes to designing systems, debug
ging probably takes more time than the 

original design - debugging of the hardware as 
well as the software. 

Now Intel takes the bugs out of your hard
ware design and Hamilton/Avnet gives you 

immediate delivery on their complete array 
of computer products. 

SINGLE BOARD COMPUTERS ...... SBC &0/04, 80/05, 80/lOA, 
80/20, 80/204, 80/30. 

PACKAGED COMPUTERS .................. SYS 80/10, 80/204. 
MEMORY EXPANSION ............ SBC 016-064, SBC 416. 

COMBINATION MEMORY 
AND I/0 EXPANSION ................... SBC 104, 108, 116. 

UO EXPANSION ......... SBC 500 Family (Digital), 
SBC 700 Family (Analog). 

ACCESSORIES ...... Card Cages, Power Supplies, 
Chassis, Cables, Terminators. 

Hamilton/Avnet and Intel have taken the risk 
out of hardware, now the rest is up to you. 

Give us a call today. 

Hamil to et 
ELECTRON! 

World's largest local distributor with 36 locations stocking the finest lines of system components. 

SOUTHERN CALIFORNIA 
Hamilton, L.A. (213) 558-2121 
Avnet, L.A. (213) 558-2345 

NORTHWEST 
Mountain View (415) 961-7000 
Seattle (206) 746-8750 

SOUTHWEST 
San Diego (714) 279-2421 
Phoenix (602) 275-7851 

ROCKY MOUNTAIN 
Salt Lake City (801) 972-2800 
Denver (303) 534-1212 
Albuquerque (505) 765-1500 

NORTH CENTRAL 
Chicago (312) 678-6310 
Minneapolis (612) 941-3801 
Detroit (313) 522-4700 
Milwaukee (414) 784-4510 

SOUTH CENTRAL 
Dallas (214) 661-8661 
Houston (713) 780-1771 
Kansas City (913) 888-8900 

INTERNATIONAL 
Telex 66-4329 
Telephone (213) 558-2441 

MID CENTRAL 
Cleveland (216) 461-1400 
St. Louis (314) 731-1144 
Dayton (513) 433-0610 

CANADA 
Toronto 
Montreal 
Ottawa 

NORTHEAST 

(416) 677-7432 
(514) 331-6443 
(613) 226-1700 

Boston (617) 933-8000 
Syracuse (315) 437-2641 
Rochester (716) 442-7820 

METROPOLITAN 
Westbury (516) 333-5800 
Georgetown (203) 762-0361 
Cedar Grove ( 201) 239-0800 

SOUTHEAST CENTRAL 
Atlanta (404) 448-0800 
Huntsville (205) 533-1170 

SOUTHEAST 
St. Petersburg (813) 576-3930 
Miami (305) 971-2900 

MID-ATLANTIC 
Baltimore ( 301) 796-5000 
Mt. Laurel (609) 234-2133 
Raleigh (919) 829-8030 

Intel from Hamilton/Avnet. 
DON'T MISS THE "GREATEST SHOW ON EARTH" AT WESCON IN L.A. -BOOTHS 977-992! 
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I CDM~UNICATION CHANNEL I 

u,.ra~ed Domestic Funds Tr~nsfer System Commences Operations 
Said to be the banking industw's 
hewest and most advanced electronic 
funds transfer (EFT) System, Bank
Wire n has been publicly demon
strated in New York City. Each day 
the system processes more than 18,000 
messages, valued in excess of $20 
billion, for its 185 member banks. 
BankWire I, the new system's prede
cessor, originated in the 1950s as a 
private wire telegraphic network for 
money transfer messages, and was 
expanded in the 1960s to use com
puters, probably the first EFT sys
tem operated primarily to service 
banks and their customers. BankWire 
II, three years in development, can 
accommodate three times today's pay
ments message volume at speeds up 
to 30 times faster than BankWire I, 
which it has replaced. 

Key to the capacity and power of 
the system is ex.tensive use of com
puter technology to control, store, and 
keep track of funds transfer messages 
;is they are transmitted over a network 
bf private lines throughout the u.s. 
Three types of messages are sup
ported: funds transfer, miscellaneous 
reimbursement, and administrative. 
Average message delivery time is less 
than two minutes after entry into the 
system. Suppliers of major equipment 
and service components for Bank
Wire II are Rockwell International, 
Western Union Data Services Co, and 
Incoterm Corp, a division of Honey
well, Incorporated. 

Two computerized message switch
ing centers, one in Jersey City, NJ, 
which is operational now, and the 
other in Dallas, Tex, to be operational 
in Dec 1978, have been furnished by 
the Collins Communications Switch
ing Systems Div of Rockwell Interna-

I 
~o 
I 
i 

tional. Both centers use two C8562 
processors, connected in a redundant 
configuration, and six disc file units 
for duplicate storage of total traffic 
from both locations. Programmable 
channel termination groups ( PCTGS) 

are used as remote concentrators, each 
in a redundant configuration with al
ternate paths to the switching centers. 
PCTGS handle user terminals with op
erating speeds ranging from low speed 
teletypewriter units to higher speed 
devices at 2400 baud. Intercity trunk
ing is at rates to 4800 baud. The two 
switching centers are directly con
nected via 9600-baud data links. 

Western Union Data Services 
( wuns) has supplied subscribers to 
the new system with nearly 200 Bank
N et/ l and BankNet/2 terminal sta
tions, with microprocessor-based ter
minal controllers programmed for the 
Bell System 8BI protocol. Controllers, 
with 4k memory and sMs-300 micro
processors which execute instructions 
in 300 ns, control a variety of 10- and 
30-char Is terminals, as well as trans
mission and reception of traffic with 
the Collins 8562 computer system. 
The 8BI protocol a1lows the computer 
to po11 all terminals either selectively 
or sequentially. Each terminal station 
arrangement provides a hardware ad
dress for both selection and polling, 
responds to a poll call after receiving 
a message to indicate correct receipt, 
and can operate either alone or in a 
multidrop circuit configuration. wuns 
also provides maintenance to the sys
tem through its Termicare system, a 
centralized customer-support service. 

BankNet/3 and BankNet/4 termi
nals are keyboard CRTS with associ
ated printers for output and message 
logging and are supplied by Incoterm 

High speed communication 
lines connect centers with data 
concentrators situated in New 
Jersey, Iowa, and Texas. At
tached to concentrators are 
48 lines; each can support a 
number of terminals located at 
member banks. 248 terminals 
are located at 186 banks, 
member-users of BankWire 

Corp. The SPD 20/20 is used in cluster, 
and the SPD 10/20 in standalone con
figurations. These intelligent termi
nals allow banks to store funds trans
fer, reimbursement, and administra
tive message formats locally, and re
call them immediately when a mes
sage must be sent. SPD 20 / 20 offers 
up to 32k bytes program memory 
and supports up to 16 operator sta
tions and a full line of peripherals . 
SPD 10/ 20 includes a 4)< program 
and screen refresh memory. Of the 
248 terminals in the BankWire II sys
tem, 38 are video display units. 

BankWire H is the outgrowth of 
a planning study completed in 1972 
by the Monetary and Payments Sys
tem committee of the American Bank
ers Association. Membership in the 
BankWire is voluntary. The organiza
tion operates as a not-for-profit co
operative in which representation, 
management, and costs are shared 
proportionately by all members. 

Low and Medium Capacity 
Message/Data Switchint 
Systems 
nsx 60 systems are intended for in
dustrial, commercial and government 
applications requiring automation of 
smaller networks of from 16 to about 
200 lines. They are based on the P857 
minicomputer, and are available in 
both single- and dual-processor con
figurations. Specific system structure 
depends on traffic load, functional de
mands, and required level of system 
availability. Hardware and software 
modularity permits smooth expansion 
of system as requirements dictate. 

Available from Philips Telecom
municatie lndustrie BV, PO Box 32, 
Hilversum 1301, the Netherlands, the 
systems provide completely automatic 
handling of telegraph, data, telex, and 
text traffic on dedicated or switched 
circuits, in either store-and-forward 
or core-cut-through modes. Line 
speeds from 50 baud to IOOk baud 
can be accommodated by a compre
hensive range of synchronous and 
asynchronous communications control 
units. System configurations can sup
port virtually any protocol governing 
host-processor or terminal interface, 
and can serve multiple independent 
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user groups with full protection 
against unauthorized access to data. 

The systems are supplied as com
plete integrated hardware/ software 
facilities . An equipment/ operating 
system package, optimized for the 
particular application, and standard 
application software modules are in
cluded. Turnkey services provided 
with the systems include consultation 
on network configuration and opti
mization, specialized application anal
ysis and software development, plus 
complete field support. 
Circle 400 on Inquiry Card 

H••clheld Cryptographic 
Device Enabled by Custom 
LSI Chip 

A cryptographic device the size of a 
pocket calculator provides such com
munications security that even the 
largest computer would take years to 
break the code. That is the perfor
mance claimed for· the DH-26 message 
encoder/decoder, produced by Dato
tek, a Dallas firm specializing in com
munications security products. Key 
elements in the design an:: a micro
processor, and a custom large-scale 
integrated microcircuit. American Mi
crosystems, Inc, 3800 Homestead Rd, 
Santa Clara, CA 95051 makes the 
0.196 x 0.203" (4.9 x 5.2 mm) chip, 
which incorporates the electronic com
ponents of three PC cards, and makes 
possible portability, the essence of 
this particular product. The unit con
sists of a 26-letter, 10-numeral key
board for data entry, eight control 
buttons, three slide switches, and a 
5-character, 16-segment alphanumeric 
LED display. 

In operation, a sequence of 45 
characters is entered in five groups 
of nine characters each. This action 
establishes the master code or initial 
state for the pseuqorandom key gen
erator-the LSI chip-and controls the 
generation of a binary bit stream 1QG5 

bits in length. Operation of a message 
key establishes the starting point on 
the bit stream. The user then enters 
message to be sent, character by char
acter; after each group of five char
acters is entered and displayed by 
the LEDs, the equals key is pushed, 
causing these characters to be re
placed by five new ones-the coded 
version. 

(Continued on p 22) 

LSI ·11 interface 
from r:llJB' 

• • • 
.> 

'· ~· 

GP Logic Modules• Peripheral Controllers 
Communication~ Interfaces• Systems Modules 
Chassis Assemblies• Microprocessor Modules 

Memory• Power Supplies 

When it comes to LSl-11 in
terface, MOB has it: 

D General Purpose Inter
faces 

Parallel for program
med 1/0 and OMA ., 

Bus found~tion 
modules 

_ Dual ·and qu 
wrap for 
design 

D Device Con 
most majo 
turer's 

D Chassis Assem~lies 
~ackplane/Card 
Guide (8 quad slots) 
Chassis Enclosure 
Roll-Around Cabinet 

D Power Supplies 
Single, dual and tri

ou t put con ti g
ilable 

~lill!itil,(Jncondition
Sl:~Mi«/ wan:' ty' on its con

i:f',\' t · teq products. 
i ' 

~ards are ~hip-
ithin twenty-four 

if ication. Our ser
js exchange and 

lso supplies interface 
s for PDP*-11, Data 

al, lnt_erdata and IBM 
rn-.ii.t:s/1 computers. Produc~ 

vv-vi.~I erature kits are complete 

For 5623, 5624 and 
3625 PROMS and 
ROMS 

' TM Digital Equipment Corp. 

ith pricing. 

r:1 IJB 1995 N. Batavia Street 
. Orange, cmfomia 92665 

714-998-6900 . 
SYSTE INC. TWX:910-593-1339 

Circle 18 for LSl-11; 19 for PDP-11; 20 for DG; 21 for Interdata; 22 for IQM. 
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I COMMUNICATION CHANNEL I 

J-ST4TE 
BUS DRIVERS 

STAlJS 
INFO 

EXTERNAL SERIA L DATA IN 
(READER DEVICE) 

f-----------l~~~~~~r SERIAL DATA IN 

Simplified blpck diagram of [)atotek portable encoder/ decoder. Custom 
CMOS key generator in encryption unit acts as pseudorandom number 
11enerator wit~ 10""-bit long sequence. Microprocessor mixes plain text 
inputs ..yith random sequ~nce to ,create c iphertext displayed by LEDs 

When the completed coded mes
sage is copied it may be read over 
the telephone, or sent by telegram, 

D
0

H-2q encrYPtion unit. ' Microprocessor
ba!!ed ~ custom I~ · chip 9onstr.yction en
ables complex fun'ctions in calculator
!f'!Z~ case weighing less than one pound 
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facsimile, or any other method. The 
receiver, who by prearrangement must 
use the same 45-character initializa
tion code as used by the sende~·, may 
then decode the characters. 

The LSI chip performs the mathe
matics of enciphering and decipher
ing. It is signal-compatible with the 
microprocessor and operates at 1 
MHz, p1'oducing the 1065 bits pseudo
random key stream when commanded 
by the microprocessor, an Intersil 12-
bit IM 6100. The chip receives the 
block of five input characters and 
serially produces the output bits that 
go to the microprocessor. 

The microprocessor, which controls 
the device, initially scans the key
board for depressed buttons. It then 
mixes the keyboard inputs with out
puts from the chip, and uses a soft
ware algorithm to produce the alpha
betic ciphertext for display. It also 
scans for key-generator fai~ures, and 
provides a test function to validate 
key variables as well as proper op
eration. 

A CMOS RAM, with battery backup 
to prevent loss of the 45-digit master 
code, combines with the message text, 
and ensures a unique code for each 

message. 1052 possible codes can be 
selected. The system is powered by 
a 5-V rechargeable battery pack and 
draws 50 mA. 
C ircle 40 I on Inquiry Card 

Turnkey Packet Switched 
Systems For Private 
Networks 
Plans to furnish packet-switched data 
communications systems for private 
networks have been announced by 
Telenet Communications Corp, 8330 
Old Courthouse Rd, Vienna, VA 

22180. The networks are compatible 
with virtually all computer equip
ment currently in use, and employ 
a 1ine of microprocessor equipment 
and software developed by the com
pany for its own nationwide common 
carrier network. Systems are designed 
to serve as a common corporate net
work utility for all user locations and 
data processing applications. 

The turnkey networks support 
CCITT x.25, the accepted worldwide 
standard protocol for packet networks, 
and can be linked to X.25-based pub
lic networks in the u.s. and other net
works around the world. Later in the 
year additional synchronous network 
interface protocols will be available. 

Cornerstone of the private network 
offering is the TP 4000, a unit that 
functions as a packet switching net
work node as well as a network ac
cess concentrator for data terminals 
and computer systems. I t provides a 
plug-in network interface and requires 
no changes to the user's existing data 
equipment or software. 

The network offering will also in
clude a minicomputer-based network 
control center (Nee), but users have 
the option of relying on the com
pany's own NCC staff and facilities. 
The Ncc's capabilities include: down
line loading of software; centrally con
trolled remote diagnostics; continu
ous monitoring of operational status; 
and collection of statistical and ac
counting data. 

Installation of the first private net
work node using the TP 4000 and a 
dedicated NCC is scheduled for the 
British Post Office ( BPO) in London. 
The system will be used to expand 
the range of data communications 
services offered by the BPO between 
the u.K. and the u.s. Pilot network 
systems for two major u.s. corpora
tions will be installed during the third 
and fourth quarters of 1978. D 

COMPUTER DESIGN/ SEPTEMBER 1978 





Digital signal processing is here. 



TRW takes another step 
· · tal signal processing • 

Ill 

Use our new TDC 1010J multiplier/ 
accumulator (MAC) to build a high
speed digital signal processor. 
With it you can analyze radar signals 
or X-ray data ; communicate with 
satellites or computers; synthesize 
complex waveforms-even music. 

A small FFT processor based on 
TRW's new MAC operates as a 
spectrum analyzer too-add one to 
your mini or micro and 
you don 't ~..-<""'r"' 

have to 
lug mas- 1 1tu~TJ"'N~'" 

sive amounts of data back to a 
number-crunching mainframe for 
reduction ; you can reduce it right 
there on site and in real time! 

It can analyze voices, earth
quakes, geological soundings and 
submarine signatures. It can recog
nize a sticky valve in an automobile 
engine or in a human heart . 

There was a time when the 
phrase "FFT processor" conjured 
up the image of an entire bay of 
sophisticated electronic hardware, 
but that's all changed now. 

Starting with just a single TDC 

INTRODUCING 
A 16-BIT, 115-NSEC 

MULTIPLIER I ACCUMULATOR 

1010J, you can design your own 
FFT processor on a small pc card . 
It will operate on just a few Watts and 
the CPU's microcode need never 
even touch the data. 

Simply strobe any pair of 16-bit 
numbers into the MAC's on-chip 
input registers and zip-the chip 
delivers the correct 32-bit product 
for you in a mere 115 nsec. 

An on-chip, 35-bit wide accumu
lator lets you choose to sum a series 
of products with no time penalty; 
that 's both a double-precision multi
ply and a 35-bit add in the same 
115 nsec ! 

Flexibility is a key feature of the 
TDC 1010J-it works on numbers as 
either two's complement or unsigned 
magnitude ; the 35-bit accumulator 
can be directly pre-loaded, and you 
can round off the accumulated 
products to single precision . 

Our new MAC is fully compatible 
with industry standards TIL.(lt should 
be-after all .TRW invented TIL 
and patented it back in the early '60's, 
remember?) Of course, 3-state 
output buffers are provided. 

CIRCLE 15 ON INCj)UIRY CARD 

TRW's TDC 1010J multiplier/ 
accumulator is packaged in a 64 pin 
DIP. It consumes just 3 1/ 2 Watts , 
uses a single + 5V supply and is 
radiation hard. It is priced at only 
$205 rn quantities of 100. 

Like all TRW LSI Products, 
the TDC 1010J multiplier/accumu 
lator is available now from stock 
through Hamilton Avnet. For more 
information, send in the coupon or 
talk to one of our digital signal 
processing experts at 213/535-1831 . 

TRW LSI Products 
An Electronic-Components Division ofTRW In c. 
P.O. Box 1125 
Redondo Beach , CA 90278 
Please send data sheets on the new TDC 101 OJ, 
16 x 16 bit multiplier/accumulator. 

Name 

Company 

Div/Dept Mai1 Code 

Address 

City 

State Zi p 

TRWLst PRooucrs 
. . . for Digital Signal Processing 
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The lntecok>r 8051 

Unretouched photograph of screen 

SJ,150. 
Founded in 1973, we are the number 
one manufacturer of low-cost, 8-
color data entry terminals, color 
graphics terminals for the process 
control industry and dependable 
color desk top computer systems. 

You're looking at our two newest 
stand-alone desk top systems. Both 
were designed with the sophistication 
to handle a diverse range of business, 
control, research, and financial appli 
cations. In color. They both also have 
the best price/ performance ratio of 
any compact computer system on the 
market. 

If you 're interested in a large 
screen format, the lntecolor 8051 is 
perfect. It comes complete with a big 
19" diagonal screen, special graphics 
hardware and software, an external 
mini-disk drive for extra storage plus 
FILE handling BASIC, which lets you 
create, delete and retrieve program 
segments from storage, by name. 

If your applications don't require 
a large screen format, the lntecolor 
8031 is what you need. It comes with 
the same standard features as the 
8051 but has a more compact cabinet, 
a smaller 13" display plus a built-in 
mini disk drive. 

We also have a variety of options 
available for both units, so you can 
expand your system as your needs 
expand. 

Call your lntecolor representa
tive listed below for a demonstration 
of the lntecolor 8051, the lntecolor 
8031, or both. *The $3,150 price is 
for orders of 100 units or more. The 
one unit price is $4,495, net 20 days. 
Less 5% prepaid. All lntecolor units 
are covered by a six-month warranty. 

lntelllgent Systems Corp.* 
5965 Peachtree Comers East 
Norcross, Georgia 30071 
Telephone 404-449-5961 TWX: 810-766-1581 

Color communicates better. 
*U.S. domestic price. 

AL (also MS) : W.A . Brown Inst. Inc .. Huntsville 205/ 663-6660, AZ (al so NV): The Thorson Co .. Phoenix 602/ 956-5300. CA : The Thorson Co., Los Angeles 213/ 476-1241or213/ 937-5450. Goleta 
805/964-8751 . Mountain View 415/ 964-9300. San Diego 714 / 292-8525 , Tustin 714 / 544-5121 . C O (also WY): The Thorson Co .. Denver303/ 759-0809 , FL: W.A . Brown Inst. Inc ., Ft . Lauderdale 

305/ 776-4800 , Melbourne 305/ 723-0766 , Orlando 305/ 425-5505, Valparaiso 904/ 678-7932 . GA: W.A. Brown Inst. Inc .. Atlanta 404/ 939-1674 , IL (N .) (also IN, WI) : Resource Data Sys., Northbrook 
312 / 564-5440. KS (alsoW. MO, NB): Inland Assoc .. S hawnee Mission 9 13 / 362-2366. LA:W.A . Brown Inst . Inc., Mandeville 504/ 626-9701 , MD (a lso DC , VA): Bartlett Assoc .. Bethesda 301 / 656-3061 . 
MA (a lso ME, NH, RI , VT): Bartlett Assoc .. Fram ingham 617/ 879-7530. Ml : WKM Assoc., Madison Heigh ts313/ 588-2300 , MN : Cost Reduction Services. Minneapolis 612 / 822-2119. MO (E.) (also 

S. IL, IA): Inland Assoc., St. Louis314/ 821-3742. NM : T he T ho rson Co .. Albuquerque 505/ 265-5655, NY (al so C T, NJ): Bartlett Assoc .. Holcomb 716/ 657-6291 , White P1ains 914/ 949-6476 , NC: 
W.A. Brown Inst. Inc .. Durham 919/ 682-2383 , OH (also KY) : WKM Assoc., Cleveland 216/ 267-0445. Dayton 513 / 434-7500, OK: Data Marketing Assoc., Oklahoma Ci ty 405/ 528-6071 . 

OR : The Thorson Co .. Portland 503/620-5800 , PA (E.) (also DE): Ba rt le tt Assoc .. Wayne 215/ 688-7325. PA (W.) (also WV): WKM Assoc .. Pittsburg h 412/ 892-2953, SC: W.A . Brown Inst. Inc., 
Columbia 803/ 798-3297 , TN : McCain Elec . Equip. Co .. Knoxvil le 615/ 588-2417 , TX (also AR ): Data Marketing Assoc., Austin 512/ 451- 5174 , Dallas 214/ 661-0300, Houston 713/ 780-2511 . San 

Antonio 512/ 828-0937 , UT: The Thorson Co., Salt Lake City 801 / 973-7969 , WA (also ID, MT}: The Thorson Co., Bellevue 206/ 455-9180 , EUROPEAN EXPORT SALES: Techexport . Inc., Cambridge, 
MA 617/ 661-9424 , ENGLAND: Tech ex , Ltd ., Bournemout h 0202-293-115, FRANCE: Peritec , Rueil 749-40-37 , SWITZERLAND: l ntertest , AG . Bern 031-224481 , WEST GERMANY: COT GmbH , 

Attheim 6691 -255, AUSTRALIA: Anderson Digital Equip .. Meadowbrook, N .SW. 808-1444. Mt. Waverly, Victoria 03-543-2077. CANADA: Can tee Rep .. Inc .• Ottawa , Ont. 613/ 255-0363 , Pointe 
C laire. P.O . 514 / 694-4049, Toronto. Ont. 416/ 675-2460, CANADA: Datamex , Ltd . (Distributor) , Dorval. Que. 51 4 / 636-9774 , Ottawa . Ont. , 613/ 244-1391 . Toronto. O nt .. 416/ 787-1208 , Vanco uv er. 

B .C . 604/ 684-6750 , FAR EAST: Computers International , Los Angeles, CA 2 13 / 382-1107 
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DIGITAL TECHNOLOGY REVIEW 

Plug-In Personality Mod"'le_s Determine Plotter's Operating Capability 

A versatile interfacing capability 
characterizes a microprocessor based 
vector graphics plotter announced 
by the San Diego Div of Hewlett
Packard Co, 16399 W Bernardo Dr, 
San Diego, CA 92127. The low cost 
device owes its versatility to the use 
of circuit boards that are easily 
plugged into the plotter, providing 
it with a "personality" by determin
ing its interface, language, and capa
bility. 

The 7225A plotter can be op
erated on command from front panel 
controls, even when no personality 
module is in place, or through a 
personality module. A 3870 single
chip microcomputer serves as the 
plotter's processor; it has direct con
trol of both X and Y axis stepper 
motors and can step either motor in 
a positive or negative direction. Firm
ware in the plotter determines the 
relative stepping rate on the two axes, 
depending on the angle of the move. 
In addition, the processor controls 
the pen (up / down) and activates 
the electrostatic chart hold. 

With a personality module in 
place, inputs are relayed to the 
plotter mainframe from an external 
computer, terminal, or other con
troller. ("Controller" is used to 
designate this external device, and 
is intended in a general sense, rather 
than designating a specialized drive
controller.) Based on information 
received from this controller, the 
personality module provides posi
tion / move commands and pen-ma
neuver commands to the plotter's 
processor. 

In return, the plotter outputs 
status information to the personality 
module, including lower-left and 

Plug-i n personality modules for 
the 7225A graphics plotter gear 
capabilities to fit user require
ments. Flexibility gained through 
use of modules makes this low 
cost plotter competitive with 
more costly models 

upper-right scaling points, present 
position of the X and Y motors, pen 
state (up/ down), and any digitized 
point entry performed by the opera
tor. Position information passed be
tween the plotter's processor and the 
personality module is in absolute 
motor units, where each motor unit 
is 0.032 mm. A lower left plotting 
surface limit of 0.0 serves as the 
reference, with positive x,Y coor
dinates designating rightward and 
upward motions along the two axes. 

CONTROLLER 

All that is needed for a position move 
and raising or lowering of_ the pen 
is that the personality module trans· 
mit x, Y coordinates with the corre
sponding pen maneuver to the plot
ter processor, which then executes 
the commands. 

Initial members of tl;ie "17600 
senes are the general purpose 
l 7600A which uses a language con
sisting of binary coded data; the 
l 7602A, an identiCal urtit that has 
flexible word format involving 8-, 
12-, or 16-bit capability; and the 
sophisticated 17601A which uses 
mnemonic graphics lang~age. The 
l 7600A's hardware interface to a 
controller consists of 19 parallel 
lines, including 2 bits of handshake, 
7 bits of command, 8 bits of data1 

and 2 bits of status. Instructions are 
passed from the controller on com
mand and data lines, with handshake 
lines synchronizing i:he data flow and 
status lines providing plotter condi
tions to the controller. Since it un
derstands only a minimum set of 

INTERFACE 
PERSONALITY 
MODULE 7225A 

LANGUAGE/PLOTTER 
CAPABILITY 

CONVERSION TO MOTOR 
LNT AND MAINFRAME 
l'IKJCESSOR COMMANDS 

INITIAL! ZE X Y 
POSITION MOTOR MOTOR 

FRONT PANEL 

CHART 
HOLD 

PEN 

Hewlett-Packard 's 7225A graphics plotter uses interchangeable person
ality modules tb communicate with computer or terminal. Plotter's 
mainframe processor, which can be controlled from front panel or via 
the personality module , implements motor and pen maneuvers. Person
ality module transmits special instructions to mainframe processor, 
including character set selection, windowing, and preprogrammed 
graphics patterns 



DIGITAL TECHNOLOGY REVIEW 

instructions-move commands and pen 
up/down commands-the 17600A re: 
qllires the controller to provide high 
level graphic capabilities (such as 
character generation, windowing, and 
line type). Heavy traffic across 1/ o 
channel results, because the controller 
has to describe moves to the plotter 
iri considerable detail. This requires 
that the user develop a sophisicated 
graphic software package. 

The more sophisticated i7601A 
personality module interfaces to a 
controller via the Hewlett-Packard 
Interface Bus or HP-IB (IEEE 488) . 
The language understood by this 
personality module is a mnemonic 
graphics language called HPGL. It 
provides 38 instructions for vector 
plotting, set and line type selection, 
point digitizing, user-unit scaling, 
and labeling, along with program
mable size, slant, and direction of 
characters. In addition to the mini
mum instruction set (move, pen up/ 
down), the 17601A module has a 
number of b1,1ilt-in graphic features. 
There are five resident character 
sets: standard ASCII, 9825 ASCII (map
ping directly to the HP9825A key-

Parallel/ Pipelined 
Computer Solves Scientific 
Problems at Low Cost 
A microprogrammable computer sys
tem provides a powerful and low 
cost method of solving a large class 
of scientific problems involving both 
sophisticated and advanced mathe
matical techniques and many million 
words of data. The CHt system, 
d!'!veloped by Culler-Harrison, Inc, 
150-A Aero Camino, Goleta, CA 93107 
and claimed to have speeds exceed
ing those of the cnc 7600 and to 
cost one-tenth as much, features 
parallel processing at Several levels, 
a highly modular structure, and in
teractive online mathematical capa
bility. ' 
. Basic system consists of six inde
pendent microprocessors apd four 
fast discs. An array processor, the 
AP-120B (see Computer Design, Mar 
1978, pp 93-100) performs high speed 
floating point . arithmetic operal:ions. 
The MP-32C macroprocessor provides 
cpntrol, l/o, bookkeeping calcula
tions, and integer arithmetic opera
tions; it also serves as host computer 
for the array processor, and supports 
an interactive mathematical system, 
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board), and three European sets
Spanish, Scandinavian, and French/ 
German. Any one of these sets can 
be selected by command. Commands 
also control the sizing, direction, and 
slant of the characters. Other com
mands allow the user to select any 
one of seven dashed-line fonts, or to 
select an ASCII character for symbol
mode plotting. Still another set of 
commands allow one to define a 
plotting (window) area on the 
platen. 

In general, the more sophisticated 
module allows the user to interface 
the plotter with a relatively simple 
controller or to a controller not ex
tensively programmed with plotting 
routines. On the other hand, the less 
sophisticated module permits inter
facing with sophisticated controllers 
with programs adapted to detailed 
plotting requirements. 

All modules employ microproces
sors. The processor in the simplei· 
l 7600A is a 3870 single-chip micro
computer, as in the plotter main
frame, whereas the 17601A module 
uses an F8 chip set. 

Circle 170 on Inquiry Card 

text editor, file facilities , and appro
priate assemblers and linkers. 

The system's four 1/0 processors 
( IOPs) are fixed program microproces
sors with direct memory access to 
both AP and MP main data memories. 
Each provides high level control 
over access to up to four Trident 
T300 or T80 disc drives. 

Highly parallel structure of the 
system allows each processor to op
erate independently under control of 
the MP which functions as :t host 
processor. Each processor performs 
a specific task, interrupts the host, 
and begins the next assigned task 
without requiring service of the host. 
1/ 0 processors have a data bus into 
the main memory of the AP, separate 
to that used by the AP, eliminating 
many normally encountered bottle-
necks. . 

The macroprocessor, with a i67-ns 
instruction time, is capable of exe
cuting 4 operations/instruction. In 
addition to the 64k-word central data 
memory which has 333-ns cycle time, 
there are a 512-word instruction 
ROM, a 64-word instruction RAM, and 
a 64-word scratchpad data memory. 

Array processor is a 38-bit float
ing point arithmetic unit with maxi-

mum speed of 12M floating point op
erations / s. Main data memory con
tains 64k words, expandable to lM 
words. There also is an instruction 
RAM containing 512 words (expand
able to 4k), 2560-word fixed table 
memory, and two 32-word data pad 
memories. 

Independent pipelined floating 
point multiplier and add units allow 
both a multiply and an add to be 
initiated every 167 ns. Two blocks 
of fast access accumulators are avail
able for temporary storage of re
sults from multiplier, adder, or mem
ory. Addressing, indexing, and count
ing are performed by an independent 
integer arithmetic unit. 

Grouping each 64-bit instruction 
word into program control, address 
control, arithmetic, memory, and 
l/o areas allows different opera
tions to be performed concurrently 
within each cycle. For instance, data 
on all four discs can be simultaneous
ly transferred to or from AP main 
memory or MP central memory. 

Math system language, programmed 
in micro and macro language, is an 
interactive interpreter that can exe
cute either interactively or from a 
program. It facilitates sophisticated 
mathematical operations on either 
real or complex vector data and 
.graphics. AP microprogramming is 
necessary only to maximize efficiency 
of routines. Construction and testing 
of routines, and concatenation of 
microprograms is done in math sys
tem language. 
Circle 171 on Inquiry Card 

Image Display System 
Offers Standalone 
Graphics Processing 
RM-3000 series independent display 
systems are designed for standalone, 
offiine processing in virtually any 
graphics or display application for 
users without elaborate computer 
systems. Based on the RM-9000 or 
-9050 display controller and the LSI-
11 microprocessor, the system de
veloped by Ramtek Corp, 585 N Mary 
Ave, Sunnyvale, CA 94086 can pr~ 
cess display data from floppy disc, 
magnetic tape, or telecommunications 
lines, or direct from a host computer 
via modem control. 

The completely programmable 
system features multiple resolutions 
starting from 256 elements by 256 
lines up to 640 elements by 512 lines; 
multiple refresh rates and multiple 
planes of refresh memory are added 
features. It also provides interactive 
capability and multiple video options 
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GAB gives you hard copy plain paper 
CRT graphics. 

Trilog's Graphic Adapter Board (GAB) instantly gives 
the Printronix P150, P300 or P600 the ability to generate 
hard copies from Tektronics CRT displays. 

Just plug it into a spare card slot on your Printronix 
printer/ plotter, and it's ready to automatically handle CRT 
data from one or two 4000-Series Tektronix terminals as well 
as your normal line printing needs. 

CRT image copies are produced on plain paper, up to 
six copies, full-size fanfold or standard 81/2 x 11, in about 20 
seconds. The cost per page is about l/2 cent. 

GAB ·handles CRT graphics completely off-line, but 
it works directly with your CPU on other printing/ plotting 
chores. 

Self test modes for both graphics and character printing 
are built in. 

Everything from a single GAB board to a complete 
system including the printer/ plotter may be ordered from 
Trilog. 

For more information, circle number 125 

. ·"-:~·.-!;:-=.:::. .•. '~:."'" : . 
;:,,: .. ::.~:~~'· 

The print thickens with LAX. 
By compressing characters horizontally, LAX gives you 

a page thick with type. Up to 132 characters in an 8" line. 
The result can be paper and storage savings up to 40 

percent. 
What's more, you can easily switch from the compressed 

density to standard under program control, or an operator 
accessible switch. 

Three different densities at lOcpi, 131;3 cpi & 162/3 
characters per inch are available to choose from (any 
combination of two). 

And in addition to the compressed and standard ASCII 
sets, there are four other character sets residing in LAX 
that are program selectable. Choose from vertical and hori
zontal bar codes, block characters up to 1 inch high, Katakana, 
Hebrew, Greek, Russian, etc. 

LAX is a direct replacement for the Printronix Logic A 
module in Printronix P150, P300 and P600 printer/plotters. 
It adds a lot of extra flexibility without reducing normal 
capabilities in any way. 

Just plug it in. No printer modifications are necessary. 
Test it in seconds, with the built in self test mode self-test 
feature. 

I T R I L O G I For more information, circle number 126. 

.. .. 17845 Skypark Circle· Irvine, CA 92714 • (714) 549-4079 
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A completely programmable image display system, Ramtek's RM-3000 is based on a modular design that 
can start out small and add options or capability to fit changing user needs 

as well as local mass storage via 
dual floppy disc drives. Modularity 
allows special applications to be 
accomplished with standard compo
nents. High speed data processing, 
fast access Mos RAM refresh, local 
data storage, and multiple proces
sors allow the system to function 
independently of host. 

System data analysis processor, 
based on Digital Equipment Corp's 
LSI-11/2 16-bit microprocessor, in-

Series/1 Enhancements 
Double Memory Capacity, 
Add Processing Capability 
Hardware enhancements announced 
by IBM Corp, General Systems Div, 
PO Box C-1645, Atlanta, GA 30301 
for the Series / I computer include 
a processor, disc storage subsystem, 
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eludes an extended instruction set 
which permits floating point arith
metic. Data analysis software is 
a foreground/background operating 
system that permits data acquisition 
and simultaneous data analysis and 
display. In addition, the system sup
ports Macroassembly, FORTRAN IV, 

and BASIC languages. 
Each model is functionally iden

tical and interprets an identical base 
instruction set. Each is capable of 

diskette magazine unit, System/ 370 
attachment unit, and 2-channel switch 
feature card. These, combined with 
software enhancements, are claimed 
to significantly extend power and 
distributed processing capabilities of 
the system. 

Featuring 64k-byte storage cards 
produced using an FET process that 

generating multiple gray scale 
(black/white) or color images 
which may be viewed on commercial
ly available video monitors. Display 
bus options include joystick, key
board, color or black/white moni
tor, trackball, expanded memory, and 
special functions. Serial or parallel 
interfaces, FORTRAN, BASIC, and mag
netic tape, hard disc, or alpha
numeric console are data bus options. 
Circle 172 on Inquiry Card 

allows high density and fast process
ing speeds, the 4955 model E proces
sor doubles maximum storage capac
ity for the Series/ 1. A basic model 
provides 64k bytes of storage which 
is expandable to a maximum of 256k 
in 64k-byte increments. It also pro
vides the central processing unit, 
storage address relocation transla-
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blleaJOu spend time and 
._.on an interconnect system, 
'°'1 thould consider fiber optics. And 
that's where we can help you. 

•can help you make the right 
choices for your system. Choices in line 
attenuation, mechanical strength, 
environmental isolation, light coupling 
efficiency. Choices in every element 
you need 

Ours is the broadest line of optical 
communication cables in the industry. 
•·~been working with fiber optics 
for 20 years. And engineers have 
aftadJ put more than 2,000,000;000 
feet cl~ fiber optic products in use. 
Since we make our cables from raw 
matsWa tofiniahed product, we can 
fill )'QUI' needs esactly. And at the 
lellt~. 

As a matter of fact, we can fill your 
needs more quickly, because all of our 
standard cables, including Galileo's 
highly versatile Galite® 3000, are in 
stock. We even stock complete lines of 
connectors and electronic components 
for you. 

111'-
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tor function, basic console, seven 
r/o feature locations, enclosure, and 
power supply. Storage cycle time is 
660 ns nontranslated and 880 ns 
translated. 

The 4963 disc storage subsystem 
combines direct access storage de
vices to provide capacities of 58M 
to 258M bytes. Multiple subsystems, 
composed of a primary drive to which 
up to three expansion drives are con
nected, may be attached to a proces
sor. Primary drives tie to the Series/ I 
channel via a microprocessor attach
ment that has extensive self-check
ing and diagnostic capabilities. 

Both primary and expansion drives 
have capacities of 58M or 64M bytes. 
58M-byte units have additional fixed 
heads with capacity of I3Ik bytes. 
All models have 24-ms average ac
cess time for movable heads. Latency 
is 9.6 ms. 

Random access to as many as 23 
diskettes is provided by the 4966 
diskette magazine unit which fea
tures a carriage assembly with five 
slots: two slots hold magazines that 
store up to ten diskettes each, and 
three store individual diskettes. Auto
matic selection of the desired disk
ette provides access to 27.8M bytes 
of data with instantaneous data rates 
of up to I25k bytes Is. 

The channel attachment feature 
acts as a control unit with 32 device 
addresses at the System/370 end, 
and has a single device address at 
the Series I I end. It can transfer 
data under joint consent between the 
two systems. Providing capability of 
switching a set of• common r/ o de
vices between two Series I I proces
sors, the 2-channel switch (Tes) 
plugs into the 4959 r/ o expansion 
unit and connects by cable to the 
two processors. r/o switching from 
primary to backup processor is pro
grammable using Tes r/o commands. 
Manual switching in either direction 
can be done by the operator. 

Among the programming enhance
ments announced are Series/I COBOL 

which allows users to construct, com
pile, debug, and execute programs 
all on Series / I hardware; a Series/ 
l-System/370 channel attach pro
gram that enables users to transfer 
data between applications programs 
in the two systems; and a Series I I 
structured programming facility that 
ooerates with the System/370 time
sharing option to increase produc
tivity in developing and modifying 
programs. Improvements to the real
time programming system and its 

32 

supporting programs help simplify 
building of specialized hardware. 
Additions support complete com
munications provisions, such as read/ 
write access to a number of termi
nals, and a sort/merge program for 
arranging records. 
Circle 173 on Inquiry Card 

Series/1 Peripherals 
Encompass Random Access 
Devices, Console Display 

Certainty series equipment, designed 
for use with IBM Series/ I minicom
puters, includes removable disc stor
age systems, flexible disc systems, 
sealed data module disc units, matrix 
and band printers, and an operator 
console display station. Also intro
duced by Control Data Corp, Box 0 , 
Minneapolis, MN, the 9776 fixed 
module drive is a high capacity 
functional replacement for the IBM 

3350 disc. 

Disc Units 
Providing 63M, I23M, or 240M bytes 
of data storage on removable packs 
in each cabinet, series 270 systems 
transfer data to and from the Series/I 
computer at l.2M bytes/s. A con
troller for the systems occupies one 
1/0 card slot in the central proces
sor. Each drive is a standalone unit 
with its own power supply and cool
ing system. Units operate in IBM cycle 
steal mode to allow multiple sector 
transfers, and offer initial program 
load capability. 

230 series consists of four fixed 
sealed data module drives and con
trollers that mount in the mainframe 
enclosure. Models 10 and 20 have 
two or four moving heads to read 
and record on one or two data sur
faces; storage capacities are 9.3M 
and I9.7M bytes, respectively. lOF 
and 20F provide an additional 0.74M
bytes of fixed head storage that is 
accessed by 48 data heads on a 
single surface. 

Flexible drive series 210 model 10 
supports single-density, single- or 
double-sided diskettes and offers 
606,208 bytes of storage capacity. It 
supports all IBM Series/ I formats 
and provides a data exchange capa
bility with the processor. Exchange 
with other IBM devices is available 
through the single-sided diskette, re
corded in I28-byte/sector format. 

a. 
I c 

Is E something 
0 missing? .. .... Has someone taken the copy of 

the adjoining 8-page AMP insert 

" 
on .100 <t packaging? It shows 
how the broad array of AMP 
connectors and headers can be 

z used with many kinds of cable 
including discrete, ribbon, woven 
and coaxial. And there is inf orma-- tion on AMP termination equip-

eJ 
ment. It's something you won't 
want to miss. To get more copies 
plus additional information, use 
the appropriate reader service 
numbers, as listed below, on the 
reader service card and mail. 
AMP Incorporated, Harrisburg, 
PA 17105. 

ii 
#190 One copy of the AMP 

.100 <tpackaging insert. 

#191 Headers 

#192 AMP Latch Connectors 

m; #193 Flat Cable Connectors 

#194 Coaxial Ribbon Cable/ 
Connectors 

-eJ #195 AMPMODU Connectors 

#196 AMP Termination 

0 Equipment 

AMP and AMPMODU are trademarks of 

0 AMP Incorporated. 

~ 
AMP has a better way. 

~IVIP 
INCORPORATED 
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Fixed sealed media and flexible 
media drives are combined in the 240 
series. 

A fixed module drive that incor
porates two spindles of moving head 
storage, each having 400M-byte ca
pacity, the 9776 consists of two 
decks with two head disc assemblies, 
de power supply, logic chassis assem
bly, air circulation system, and ac 
distribution assembly. The unit pro
vides diagnostic microprograms for 
maintenance, error detection and 
correction capability for up to four 
bits, and rotational position sensing 
to save latency time. Data transfer 
rate is 1198k bits/s. Seek time is 
25 ms average; average latency is 
8.2 ms. 
Circle 174 on Inquiry Card 

Printers 

Offering easily interchangeable hori
zontally moving character sets, 450 
series print bands provide 384 char
acters which can be divided into 48-, 
64-, or 96-char sets. Operating in 
cycle steal mode, print speed for 
132-char lines is determined bv size 
of the character set. Model 10 .prints 
at 360, 300, or 220 lines /min using 
48-, 64-, or 96-char sets, respectively; 
model 20 prints at 720, 600, or 440 
lines /min. A compressed pitch fea
ture allows printing of 15 char/in 
(5.9/cm) instead of the standard 
10/ in (3 .9 /cm) permitting the use 
of smaller forms. 

A matrix printer that is capable 
of providing 16.5 char/in (6.5/cm) 
at a bidirectional speed of 180 
char Is, the 420 series printer prints 
132 char/line, 6 or 8 lines / in (2.3 
or 3.1/cm). 
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Display Station 

A console/ data entry station, the 
610 series is a desktop, microproces
sor controlled display with format 
edit features. Mode and command 
structure is identical to that of the 
IBM 4979 display station. The unit 
displays 1920 characters on the 12" 
( 30.4-cm) diagonal screen in a 24-
line by 80-character format. Keyboard 
layout is identical to the 4979; keys 
are color coded. 

The display station adapter card 
operates in cycle steal mode and 
requires one position in the proces
sor or I/ o expansion unit. It can 
be placed remote from the proces
sor-up to 1200 m away. 
Circle 176 on Inquiry Card 

Small Business System 
Offers Virtual Memory, 
Large-Scale Programming 

The VDP-1000 data system is a small 
business computer system that is 
designed to provide large-scale pro
gramming in BASIC, COBOL, and ASCOL. 
Introduced by Lear Siegler, Inc, 
Data Products Div, 714 N Brook
hurst, Anaheim, CA 92803, the system 
offers a powerful virtual memory 
operating system with an extensive 
instruction set. 

Included are a 16-bit CPU, 32k
word RAM, ADM-3A Dumb TerminaF>r 

FORTRAN Compiler 
Creates 
Efficient Code 
for Array Processor 

AP FORTRAN, a FORTRAN compiler 
developed for use with array proces
sors from Floating Point Systems, 
Inc, PO Box 23489, Portland, OR 
97223, can lower programming costs, 
provide better documentation of ap
plications programs, and minimize 
program maintenance costs. The lan
guage allows users to run existing 
application programs, with little modi
fication, on a high performance at
tached processor and will provide 

Communications Handler 
Allows 24 Users to 
Access IBM Mainframes 

Multilink channel interface, a com
munications handler designed for 
use with IBM System /360 and /370, 
extends mainframe power by provid
ing realtime access to stored data, 
and permits file transfer from the 
mainframe. An integral component 
of the system from Datapoint Corp, 
9725 Datapoint Dr, San Antonio, TX 
78284 is a Datashare" Business Time
sharing System, which includes CPU, 
disc storage, system software, and 
video display terminals. The channel 
adapter attaches to the 1/0 bus of 
this system's processor and to the 
byte multiplexer channel of the 
mainframe to link the systems. 

Channel interface appears as two 
different unit record devices to the 
IBM system. All input to the main-

console, 180-char/s model 310 Bal
listic"" printer, and either lOM-byte 
cartridge or l.25M-byte floppy disc 
drive. All electronics, CPU, memory, 
and disc are housed in a desk, with 
the console and printer on the top. 

The system uses an enhanced in
teractive BASIC that is compatible 
with ANSI proposed standards. COBOL 
is compatible with 1974 ANSI stan
dards for level 2 ( X3.23). For system 
development programming, ASCOL, a 
hybrid of ALGOL and assembly lan
guage, provides a tool for develop
ing applications software. 

Circle 177 on Inquiry Card 

code which can run on a system off
line from the array processor. 

The compiler creates calculation 
subroutines using standard FORTRAN 
statements. Because the array proces
sor is used primarily for high speed 
calculating, the language supports 
only a subset of FORTRAN IV state
ments. Principal exclusions are 1 / 0 

statements and character manipula
tion facilities. 

Code portion of routines is limited 
only by the size of the array proces
sor's program source memory. This 
may be up to 4096 64-bit wide 
words; longer routines may be han
dled using overlay capability. 
Circle 178 on Inquiry Card 

frame is seen as input from a 2501 
card reader; when accepting re
sponses, the interface appears as a 
1403 printer to the mainframe. Out
put from the mainframe may be 
routed to the work station initiating 
the inquiry, to another station speci
fied in the request, or all output may 
be directed to a single predeter
mined workstation. 

In addition to its standalone capa
bility the interface may operate in 
Attached Resource Computer"" sys
tems. In this case the interface has 
access to all system resources in
cluding common data base, print 
spooling facilities, and communica
tions links. 

Multilink configurations may con
tain Datashare 5500 processors with 
48k bytes of user memory which 
support 200M bytes and 16 users; 
or 6600 Advanced Business Processors 
with 120k bytes, 200M bytes, and 
24 users . 6010 and 6020 Attached 

41 



DIGITAL TECHNOLOGY REVIEW 

Processors are available for use in 
Attached Resource Computer sys
tems. Cartridge disc storage is avail
able in 2.5M-, SM-, 20M-, and 25M
byte increments. System printers 
range from 80 char / s to 900 lines / 
min in capability. 
Circle 179 on Inquiry Card 

OCR Scanning System 
Converts Printed Material 
Into Digital Form 

A system that is capable of auto
matically scanning and entering 
typed or printed documents, the 
Kurzweil Data Entry Machine 
(KDEM) replaces manual key entry. 
An outgrowth of omnifont recogni
tion technology developed by Kurz
weil Computer Products, Inc, 264 
Third St, Cambridge, MA 02142 as a 
reading aid for the blind, the system 
converts print into digital form at 
approximately 30 char /s-and with 
an error rate as low as 1 in 20,000. 

Consisting basically of an OCR 

scanner, a CRT for operator control, 
disc drive for storing intermediate 
and final files, and a compatible 
tape fil e for fin al storage, the sys
tem scans and recognizes ordinary 
print in any type font or combination 
of fonts in a range of sizes. It reads 
documents in their original form to 
provide significant cost savings over 
conventional methods of entry. 

To optimize the system's internal 
character definition tables which 
provide the unit with omnifont capa
bility, the system is operated initially 
in training mode. In this mode, one 
line at a time is scanned; recognized 
characters are displayed on the CRT 

for operator verification or correction . 
D ata entered are stored for future 
use. Once training is complete, data 
entry progresses at maximum through
put in production mode. 

The scanner, a specially designed 
camera with lighting system, inte
grated sensing array, and preampli
fier circuit riding on a computer con
trolled X-Y mover, scans the printed 
page and transmits the analog image 
to an image enhancement circuit. 
This circuit brings out features which 
improve the recognition process by 
increasing the contrast found on the 
page and eliminating noise. The en
hanced image, now in digital form, 
is transmitted to the computer. 

Interconnections 
driving 

you haywire? 
See pages 132 & 133 
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Automatically scanning existing 
documents and converting to 
digital form Kurzweil's Data 
Entry machine uses optical char
acter recognition technology to 
provide multifont capability at a 
rate of 30 char Is 

A magnified picture of the char
acter as it appears on the page 
along with several lines of sur
rounding text for context can 
be displayed on the CRT for 
operator verification or correc
tion of amb iguous letters 

The computer, under software con
trol, first separates the image into 
discrete character forms. Characters 
are considered to be discontiguous 
forms, with special algorithms han
dling joined and fragmented char
acters. Once separated, several hun
dred features, including topological 
and geometric properties such as 
loops, concavities, line segments, ver
tices, loop extensions, and the rela
tionships of these properties are ex
tracted for each character. This set 
of properties, called a Multiple 
Property Descriptor ( MPD) is com
pared to MPDS in the character defi
nition table to generate a tentative 
identification. This tentative identifi
cation can be changed by post-proces
sing routines that consider size and 
positional relationships. Character 
identifications generated by the post
processing routines are then subject 
to possible further modification by 
operator interventions and editing. 
Special routines compensate for 
broken characters. 

The character definition table is 
initialized for each data entry task 
with a generalized tahle for multi
font character recognition. The table 
is optimized for each specific task in 
training mode. Character definition 
tables, optimized for particular com
binations of fonts and print charac
teristics, can be stored on disc for 
subsequent use without retraining. 
Circle 180 on Inquiry Card 
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Announcing 
Microcomputer D 

Microcomputers today are revitalizing existing industries and creating new 
markets by the score. The reason is simple economics: Microcomputers enable 
manufacturers to simultaneously add features and cut costs, capturing 
the competitive edge. 

Successful microcomputer users have discovered another basic economic law: 
the Intel Principle of Microcomputer Development. It proves that the key to 
successful implementation of new microcomputer,based designs is the control of 
engineering man, months spent on hardware and software development and 
integration. That's the reason Intel delivers the Intellec® system. It's the world's 
most advanced, most widely used microcomputer development system. 

The Intellec system is the "success machine" that's making it possible- and 
profitable-for hundreds of companies to join the microcomputer revolution. 
From the twinkling in a product planner's eye, through production, the lntellec 
system manages, cuts and compresses the development cycle. For new users, 
lntellec's sophisticated simplicity ensures a smooth transition to the new technology. 
For experienced users, the Intellec system is the best way to stay at the forefront of 

microcomputer developments. 
The lntellec system cuts manhours. Time is 

money. Two ways. First, it's the resources invested in 
product development. Second, it's the competitive 
advantage you have when you get to market first. 
That's why the Intellec system gives you three program, 
ming languages, to help you get your software written 
efficiently and quickly. 

Only the lntellec system gives you such programming flexibility. There's assembly 
language, for the most memory,efficient programs. And PL/M, the industry's most 
popular high level language, combines the efficiency of assembly language with the 
simplicity of a high level language, for development of large programs. And now 
we've added FORTRAN ANS 77 for 8080 and 8085 users. It's the high level language 
most engineers are most familiar with. 

All three languages compile right on the Intellec system. And with lntellec's 
unique and powerful relocation and linkage capability, you can use all three for 
modular software development, and then merge them using time,saving symbolic 
address references. 

The lntellec system gets the bugs out. Nothing is more frustrating than 
trying to get your "perfectly good" design and "theoretically sound" software to work 



c1pe of 
ime is Money. 

together. With ICE™ In,Circuit Emulation, the 
Intellec system ends that frustration. 

ICE enables you to start debugging software in 
your system before your prototype is much more 
than a crystal and CPU. ICE lets you execute your 
programs in real time or single steps, with full control 
from the Intellec system console. And you can make 
necessary modifications as you go, using fast, simple 
symbolic debugging. The Intellec system takes the 
mystery out of microcomputers by giving you a 
diagnostic window into your system. 

The Intellec system is for winners. Intellec 
systems make it easy to succeed with microcomputers. 

That's why it's important that the Intellec system 
supports the entire family of Intel microcomputers, 
from the single,chip 8021, 8022, 8041, 8048 and 8049 
through the industry standard 8080 and 8085, and 
the all new 808616,bit microcomputer. And, as new 
Intel microcomputers are introduced, the Intellec 
system will support them, too. It's the only develop, 
ment system you'll ever need for every microcomputer 
you'll ever need. 

Find out more about how the Intellec system can 
save you time and money. For a free copy of our book, 
"Guide to Intellec® Microcomputer Development 
Systems;' by Daniel D. McCracken, contact Intel 

Corporation, Literature Department, 3065 Bowers 
Ave., Santa Clara, CA 95051. Telephone (408) 

r-""""r.:_-,,,....,..~ :987,6475. To arrange a demonstration,contact 
your nearest Intel distributor or sales office. 

intel" delivers. 
European Headquarters: Intel International, 
Brussels, Belgium, Telex, 24814. 
Japan: Intel Japan K.K., Telex 781-28426. 

Circle 28 for information. 
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Self-Contained 
Fixed Media Disc Drives 
Offer High Reliability 

Self-contained fixed disc storage 
drives in the 2700 series have capaci
ties for from 33M to l 70M bytes. 
Introduced by Storage Technology 
Corp, 2270 S 88th St, Louisville, co 
80027, the units use Winchester tech
nology and have a cooling system 
that permits their use in virtually 
any environment. 

Modular for accessibility, the units 
consist of head disc, power supply, 
and PC board assemblies. The head 
disc assembly is sealed at the fac
tory for use in any environment. 
Standard are dual ports which allow 
drives to be configured for shared 
access, daisy-chained, or radial ac
cess with inline disc drive communi
cation. Port drivers are customized 
for implementation under micro
program code. 

Transaction Processing 
System Has 256k 
Memory For Online Files 
System 730, a transaction processing 
system, offers a maximum memory 
capacity of 256k bytes to support 
users needing large quantities of on
line storage for simultaneous inquiry 
and update. In its base configuration 
the system announced by Basic/Four 
Corp, PO Box C-11921, Santa Ana, 
CA 92711 consists of 96k memory, 
four video disp1ay terminals, two 
75M-byte remov\lble pack disc drives, 
and 300-line/min printer. Full-

Word Processing System 
Priced to Ease 
Cost-Justification 
Wordplex/2, a microprocessor-based, 
standalone word processing system, 
provides hardware and software com
patibility with multistation distributed 
logic systems. To ease the problem of 
cost-justification, the upward com
patible system has been priced at 
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Command, data handling, and 
error correction logic are part of the 
system architecture, eliminating the 
need for those functions in a con
troller. Interface to any host CPU 

is through a single 25 signal-pair 
cable to an adapter card. Dedicated 
buffers allow data transfers from 0 
to 2.0M bytes /s. The track seeking 
system assures precise positioning of 
the read /write heads. Average ac
cess time is 35 ms. 

Factory installed microprocessor 
code performs error checking, data 
blocking, string searches, disc to 
disc copying, port priority resolution, 
and task queuing. Fault isolation 
diagnostic routines test all assem
blies to subassembly levels. 

Deliveries on the 2707 with 33M
byte capacity, 2710 with SOM bytes, 
and 2720 with 170M-byte capacities 
are scheduled to begin in spring of 
1979. They are aimed specifically at 
the OEM market. 
Circle 181 on Inquiry Card 

duplex asynchronous channels sup
port 16 directly connected or remote 
terminals. 

The microprogrammed CPU pro
vides fast response. Execution speeds 
are enhanced through use of semi
conductor memory with a full cycle 
time of 600 ns. Memory is equipped 
with automatic parity checking to 
detect hardware errors before they 
cause invalid results. A continuously 
charged battery pack automatically 
maintains information in memory in 
the event of temporary ac power 
failure. 

Circle 182 on Inquiry Card 

less than $14,000 by Wordplex Corp, 
141 Triunfo Canyon Rd, Westlake 
Village, CA 91361. 

The compact system has a disc 
drive storage assembly built into the 
video display unit. Each of two slots 
in the assembly accommodates a re
movable minidiskette which provides 
160k bytes of data storage. The 12" 
( 30.48-cm) diagonal CRT screen dis
plays partial pages of 80 characters 

by 24 lines. Operator can scroll up 
or down and pan left and right to 
scan any portion of the maximum 
page. Pages can be 128 characters 
wide and 128 lines deep. 

Touch and layout of the movable 
keyboard match those of a standard 
electric typewriter. Its complement 
of 83 keys includes 44 character 
keys, IO control keys, and 13 editing 
function keys. 

A Qume or Diablo bidirectional 
daisy-wheel printer produces hard
copy output at 600 words /min. 
Screen and printer operate inde
pendently, allowing the operator to 
perform other functions while docu
ments are being printed. 
Circle 183 on Inquiry Card 

Enhancement Doubles 
Memory Capacity 
Of Univac 1108 
A memory expansion package for the 
Univac 1108 has been demonstrated 
to provide the potential for a 50% 
gain in the computer's throughput 
and performance. Implemented using 
T-7005 memory modules by Telefile 
Computer Products, Inc, 17131 Daim
ler St, Irvine, CA 92714, the package, 
offered on a rework or replacement 
basis, removes restrictions placed 
on performance and program size by 
the 1108's 262k-word memory limit, 
allowing users to expand memory 
to 524k words in 13lk-word incre
ments. 

While the first 262k words in the 
system can be any mix of Univac and 
Telefile modules, the second 262k 
must be formed of T-7005 modules 
(see Computer Design, Mar 1977, 
pp 42, 46). The expansion carries no 
memory map penalty, as an unused 
bit in the Univac memory address is 
used to provide direct addressing of 
the entire memory. Added 13lk 
memory increments can be inter
leaved to increase the effective mem
ory transfer rate. Modifications to the 
1108 mainframe increase memory 
module channels from four to eight 
(each accessing a 64k-word module). 
These modifications are transparent 
to the operating system. 
Circle 184 on Inquiry Card 
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Ampex minicomputers are avail
able in your choice of 800 or 
1200 nanosecond operation, and 
feature direct addressing of 64 K 
words of core or MOS memory. 
There's even a version with 
64K words of MOS memory 
right on the CPU board. 

Of course they execute the 
Nova instruction set, and they're 
compatible with peripherals and 
controllers designed for use 
with Nova computers, but that's 
only the start. 

You'll also find front access 
to all components, a single bus 
structure, and a programmer's 
console with octal pad input, oc
tal readout and LED indicators. 
And options include automatic 
program load, firmware multi-

• • 

ply/ divide and power fail/ auto
restart. 

Three chassis configurations 
let you specify 5, 13 or 21 slot 
capacity. The 21 slot version ac
cepts 17 boards plus a staggering 
2 megabytes of Megastore-
the Ampex solid-state alternative 
to fixed-head disk. 

The technical story is in a free 
brochure, and the economic 
advantages will be obvious when 
we discuss quantity, dollars 
and cents. Write Ampex Mem
ory Products Division, 200 
North Nash Street, El Segundo, 
California 90245. Or call Charley 
Penrose at (213) 640-0150. Ex
tra value makes this alternative 
the first choice. 

AMPEX 
*Nova is a trademark of Data General Corporation 
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Four new 
Motorola system 
development tools 
for MPU, bit-slice, 
and single-chip 
micrOcomputers. 

W55 5 p - Ji 

A quartet of recently introduced system develop
ment tools from Motorola Microsystems keeps 
Motorola's product line in harmony with the 
unmatched versatility of the processors they support. 

The EXORciser II* Development System improves 
on the original EXORciser* without making it obso
lete. MACE 29/800* extends the EXORciser's capa
bility to sy,stems using bit-slice architecture. The 3870 
Emulator and 141000 Simulator are EXORciser-base;d 
development tools for single-chip microcomputers. 

EXORciser 11 develops high-speed systems. 
EXORciser II does everything the EXORciser 

does, adds a couple of neat new wrinkles, and operates 
at twice the speed. The key to the high speed is the 
new MPU II module, which includes both the system 
clock and the 2.0 MHz MC68BOO MPU. The clock 
circuit generates your choice of 1.0, 1.5, or 2.0 MHz 
signals, so the EXORciser II supports the full range of 
M6800 Family microprocessors. 

DEbug II provides EXORciser II with a dual memory 
map. This capability dedicates a full 64K memory 

*Trademark of Motorola Inc. 
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map to EXORciser II , and creates a second .64K map in 
which you may implement your system. EXORciser II 
1/0 can be accessed from either memory map. 

The EXORciser II includes 32K of RAM, power 
supply, RS-232 port, selectable Baud rates from 11 O 
to 9600, and a Macro Assembler/ Editor. Optional 
modules also are available. 

As for software, EXORciser II operates with all 
Motorola standard resident software packages; 
FORTRAN, COBOL, MPL, BASIC and Macro 
Assembler / Linking Loader. 
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MC141000 Development System 
provides microcomputer simulation. 

• 

The 141000/1200 Simulator is an EXORciser-based 
system development tool for debuqging de~ign:=; using 
the new MC141000 series CMOS single-chip micro
computers. Complete software requirements are 
met, including cross assembler, loader, and debug 
package. . . . 

This module provides complete s1mulat1on of the 
proposed MC141000/1200 system hard~are c~c_i~- . 
acteristics, for correction of problems prior to 1nitiat1on 
of final production masks. 

For additional information on any of Motorola's 
EXORciser or EXORciser-based system develop
ment tools, complete the coupon or writ~ your request 
for specific information to Motorola Semiconductor 
Products Inc., PO. Box 20912, Phoenix, AZ 85036. 

®MOTOROLA 
Semiconductor Group 

MACE develops ultra-high-speed systems. 
MACE 29/ 800 minimizes the time and trouble 

of producing microprograms for systems based on bit
slice families like Motorola's high-speed M2900 and 
ultra high-speed M10800. The MACE 29/800 includes 
an EXORciser bus-compatible interface module 
and an EXORciser-resident software package that 
translate all microprogramming tasks into M6800-
oriented operations. 

The Write Control Store (WCS) in which your micro
program will reside is expandable in both depth and 
width. Ratios range between BK words by 16 bits and 
2K words by 112 bits, with intermediate configurations 
selectable in increments of 2K words or 16 bits. A 
maximum of seven WCS modules can be used. 

MACE 29/800 is available as a separate unit for 
those who already have an EXORciser, terminal , and 
printer, or as a complete development station. 

MCJ870 Development SyStem 
provides real-time emulation. 

The 3870 Emulator is another plug-in extension of 
the EXORciser. It provides real-time emulation of 
the MC3870 single-chip microcomputer. 

The EXORciser-resident Cross Assembler con
verts your 3870 source statements into an executable 
program. After this program is debugged, it's stored 
in a 2K EPROM for final evaluation. With the EPROM 
inserted in the socket provided, the emulator mod-
ule can operate independently of the EXORciser. 

To: Motorola Microsystems 
PO. Box 20912, Phoenix, AZ 85036 

D I have an immediate requirement for microsystem 
development tools. Please contact me as soon as 
possible. Please send me technical information on: 

D EXORciser II D MACE 29/800 
D 3870 Emulator D 141000/1200 Simulator 
Name Title 

Com an De t. 

Address Phone 

City, State. ZIP 

·------------------------------------------------------------· 
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DIGITAL TECHNDLDGV REVIEW 

Computer Controlled 
A TE Systems Adapt 
To Changing Needs 

Capable of performing static, func
tional, and dynamic testing of ana
log, digital, and hybrid units, System 
390 provides comprehensive testing 
with high throughput. Instrumenta
tion Engineering, 169 Susquehanna 
Ave, Franklin Lakes, NJ 07417 de
signed the family with modularity 
sufficient to permit users to configure 
a solution to immediate needs while 
providing for growth. It can meet 
users test requirements and satisfy 
special needs such as board size, 
volume, or complexity. 

Basic design features include mod
ular hardware consisting of more 
than 300 different stimulus, mea
surement, and control devices and a 
universal unit-under-test oriented 
interface panel. A software time
shared operating system allows si
multaneous production testing, pro
gramming, printing, and design. The 
time domain simulator has a library 
of commercially available 1cs, MPUs, 
and UARTs. Modular construction and 
the library of software routines and 
interfaces permit station configura
tions to be assembled to test require
ments at minimal cost. Test system 
changes can be accomplished by 
updating hardware components with
out change to the universal operat
ing system. 

ATLAS, the system programming 
language, uses common English test 
terminology. Online editing and com
pilation are provided as well as 
flexible software switching that mini
mizes the need for patch panels or 
adapter boards. A remote service 
capability permits realtime service 
assistance via bidirectional data 
transmission qetween user and fac
tory service center. 
Circle 185 on Inquiry Card 

Digital Avionics System 
Demonstrates Variety 
Of Capabilities 

A Digital Avionics Information Sys
tem (DAIS) program that could revo
lutionize aircraft avionics and cock
pit displays integrates hardware and 
software to permit a "pilot" to per
form all cockpit functions. Functional 
capabilities being demonstrated by 
Air Force Avionics Laboratory engi-
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neers at Wright-Patterson AFB, OH 
45433 include preflight takeoff and 
climb, cruise, navigation, manage
ment of aircraft weapon systems, 
weapon delivery, and precision ap
proach and landing. 

The program consists of four core 
elements: processors or minicomput
ers, multiplex hardware, computer 
programs, and controls and display 
systems. Processors are general
purpose, digital computers engi
neered by Westinghouse Electric 
Corp, Baltimore, Md for airborne use. 
Multiplex hardware developed by 
IBM Corp, Owego, NY provides stan
dardized information transfer be
tween other core elements in the 
system. Processor programs have a 
modular form to allow easy mission 
to mission sensor or weapon changes, 
provide flexibility for modifications, 
and permit transfer to other aircraft 
applications. 

Controls and displays include five 
miniature TV picture tubes which 
function as a vertical situation dis
play for aircraft attitude control 
data, two multipurpose displays for 
weapon sensor symbology and sys
tem status, a horizontal display for 
navigation data, and a multifunction 
keyboard that the pilot uses to op
erate aircraft subsystems. System 
displays use one common display 
for several functions; this sharing of 
controls and displays means that 
avionics acquisition and retrofit will 
be less expensive, and eases the job 
of flying for the pilot. 

Interface Subsystems 
Expand 1/0 Capabilities of 
2100/21 MX Minicomputers 

Three interface subsystems expand 
I /o capabilities and applications for 
HP 2100 /21MX series minicomput
ers by providing 1-port asynchronous 
serial communication, 8-bit parallel 
output, and analog data acquisition. 
In designing the interfaces, Analyti
cal Systems Corp, PO Box 533, Elgin, 
IL 60120 has provided a complete 
hardware /software package that 
considers the 1/0 interface from the 
viewpoint of the operating system 
and the peripheral device and its 
functional requirements. 

Providing all hardware and soft
ware required for · a single asyn
chronous serial communication port, 
the 21101 interface subsystem allows 
direct attachment of peripherals sup-

porting interactive hardcopy termi
nals, video terminals, or line print
ers. All data and control signals 
conform to EIA Rs-232-c specifications. 
The subsystem functions with 2100/ 
21Mx computers and is supported 
for RTE operating systems. 

The 21201 parallel interface sub
system consists of RTE driver, con
troller card, and interface cable. It 
provides a DMA /DCPC driven 8-bit 
parallel output port. Compatibility 
with peripheral interface configura
tions is attained via switch selection 
on the controller card and recogni
tion by the driver of the assigned 
I/ o channel. Low system overhead 
and high throughput result from trans
ferring data via DMA and control 
codes via interrupt mode. 

An intelligent controller, control 
memory, and 12-bit resolution A-D 
conversion elements are provided by 
the single card 21301 analog data 
acquisition subsystem. After initializ
ing control memory with data acquisi
tion parameters, the interface func
tions independently of the computer 
to acquire information from desig
nated 32 single-ended or 16 differ
ential analog channels at specified 
intervals. The two RTE drivers per
mit processed data to be stored into 
a user buffer or spooled to a desig
nated disc file. 
Circle 186 on Inquiry Card 

In-Circuit Test System 
Inspects LSI Devices 
And Analog Components 

Troubleshooter 800 provides capa
bility to test MSI and LSI devices, in 
addition to ssI and analog compo
nents. Analog and digital points are 
available to a maximum of 1024. 
The system produced by Zehntel 
Inc, 2440 Stanwell Dr, Concord, CA 
94520 uses a signature analysis for
mat to generate stimuli and learn 
the output signature that sets accept
ance criteria for the IC chip being 
tested. This technique cuts test pro
gram preparation time dramatically. 

In the programming area the TS-
800 uses a high level intuitive test 
language. Harqware and software are 
provided to automatically generate 
test programs and debug them on 
initial test of a known-good board. 
Programs are stored on dual floppy 
discs. An SBC 80/20 serves as the 
main system controller. D 
Circle 187 on Inquiry Card 
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copy 
made easy. 

With the help of a 
high-speed microprocessor, 
Hewlett-Packard combines 
exceptional performance 
and convenience in a new 
low-cost printer and print
ing terminal. 

The HP 263 lA printer and HP 
2635A printing terminal with alpha
numeric keyboard are the first mem
bers of a new Hewlett-Packard family 
of hard copy terminals. 

Each machine was designed to 
give you a number of high-perform
ance features. And both can support 
a variety of interfaces, including 
RS232 and CCITT.V24, to fit into 
systems made by HP and other 
manufacturers. 

Bi-directional printing increases 
throughput. Both printers zip along at 
180 cps in both directions, depending 
on your line layout. The microproces
sor chooses the quickest path, and 
increases the speed even more by sup
pressing leading and trailing blanks. 

High- speed slew for columnar 
data. When the microprocessor senses 
more than ten blanks in a row, it slews 
the print head at 45 inches per second 
to the next print position. 

Three ways to print. The Charac
ter Compress/Expand Modes let you 
print more data on a page and empha
size points with headlines and titles. 
You can get as many as 132 charac
ters on an 8-inch line, or 227 on a 14-
inch line. 

High-quality print, with six copy 
resolution. A 7 x 9 dot matrix (versus 
the usual 7 x 7) gives you clear, crisp 
printouts, right down to the sixth copy 
and meets the 128-character USASCII 
standard. And the extra two dot rows 
allow true underlining and descenders 
without character blurring. 

Programmably interchangeable 
character sets. The HP 2631 can be 
made to print alternate character sets 
without reconfiguring the printer. 

I Yes, I'm interested in your new- - - - - -,I 
I D Printer D Printing Terminal. 

Long lasting, quick 
change print head saves 
service calls. The 9 wire 
print head is conserva
tively rated at a 100 mil
lion character life-span. 
It's also self-aligning. When 
you finally replace the 
head, you can do it your
self in a couple of minutes. 

0 Have your representative contact me. I 
0 Send me more information. 
0 Send me OEM information. I 
Name 

Company 

Address 

City/ State/ Zip 

Phone 

Title I 
I 
I 
I 
I 

I Mail to: Bill Murphy, Marketing Manager, P 0 . Box 15, I 
Dept. 1208, ll311 Chinden Blvd., Boise, Idaho 83707 _J L_ ___________ _ 

CIRCLE 32 ON INCj)UIRY CARD 

Long-life cartridge ribbon for a 
clean change. With a life span of at 
least 10 million characters, this inno
vative drop-in cartridge takes the mess 
and trouble out of ribbon changes. 

Self-test for quick status checks. 
One key tells you if the printer is ready 
to go. If it isn't, the self-test feature 
helps you isolate the problem, reduc
ing the time and cost for repairs . 

Run everything under program 
control. All the features described and 
more can be programmablycontrolled. 
The software can take you in and out 
of the various modes . Or you can 
make a change yourself using one of 
the front panel switches or keys. 

In a network or as part of a stand
alone system, HP now makes it simple 
to get the hard copy you need. If you'd 
like to see our printer or printing ter
minal in action, call the Hewlett
Packard sales office listed in the White 
Pages and ask for a computer systems 
representative. Or send us the coupon. 

46701HPB2 





New DIRECTROr Multiplexer. 
Signaling new directions 
for industrial control. 
Cutler-Hammer's new DIRECTROL ... finally, here's a multiplexer that 's 
practical for industrial control application. DIRECTROL achieves startling 
advantages in project simplification, system productivity and plant versatility. 

DIRECTROL's loop configuration permits " on-the-fly" modifications (adding 
terminal station # 8) without system shutdown. Accelerates minor revisions 
and extensive system expansions. 

Project simplification. DIRECTROL is designed and applied in a conventional 
control manner. But unlike the conventional, it substantially reduces wiring 
costs and project complexity-easily adapting to unanticipated requirements. 
For the first time, DIRECTROL offers control multiplexing in easy-to-apply, 
easy-to-order, easy-to-install modules. 

System productivity. DIRECTROL's innovative approach provides high-yield 
features like monitoring of multiplexer performance on 
every signal scan, high security data handling 
routines, self-diagnostic/self
correcting characteristics, integral 
high noise immunity and multiple 
redundancy options to name only a 
few. Plus the unique ability to add 
new stations "on the fly" without 
affecting system operation. 

Plant versatility. DIRECTROL's 
4,096 signal capacity and 5,000 foot 
distance between stations combine 
with "stand-alone" independence 
or computer compatibility to add 
dramatic equipment selection 
flexibility for future needs. 

Why not set a new course for your 
industrial control requirements? 
Write Milwaukee, Wisconsin 53201 
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for descriptive brochure. 

Ill 
CUTLER-HAMMER 

Quick-Access 
Insulated Wireway 

I Best by Design I 

CIRCLE 33 ON INQUIRY CARD 

4-MODULE 
TERMINAL STATION 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

Production Processes Monitored By Microprocessor 
Controlled Noncontact Inspection Systems 

Noncontact inspection-whether used to detect surface 
defects, determine position or shape, or measure size
is not a novel procedure in quality assurance. The ability 
to examine a product during assembly without delays or 
other interference to the processing operations has prov
en to be a valuable asset. However, tying in such in
spection procedures with the control and data handling 
capabilities of a microprocessor has increased overall 
values even further. 

One such basic procedure uses a solid-state imaging 
or scanning camera as the viewing device. Imaging 
cameras are functionally similar to vidicon type TV 

cameras except that the solid-state units have digital 
output, greater geometric accuracy, extended spectral 
range, and higher scan rates. They basically are also 
more rugged and have greater reliability in process con
trol environments. In addition, they are smaller anq 
have lower voltage and power requirements. 

In imaging cameras, a solid-state sensor-either a 
linear or a 2-dimensional (matrix) array of photo
diodes-serves in place of the film plane (Fig 1). The 
camera lens projects the field of view onto the image 
sensor which is scanned electronically to produce a 
train of analog pulses that are proportional in amplitude 
to the light int~nsity on the corresponding photodiodes. 
The pulse outputs are then thresholded and digitized for 
processing by an electronic controller. Depending on the 
application, such controllers can be programmed to dis
play various parameters: edge position, object width, 
surface condition, or other factor. 

Possible applications for such photosensitive viewing 
systems are diverse. "Typical" examples are a system 
that detects opaque defects in molded glass lenses and 
one that inspects rows of tablets of different colors and 
sizes in transparent holders. Both these and several other 
proprietary systems with related capabilities were de
veloped by Reticon Corp, 910 Benicia Ave, Sunnyvale, CA 

94086 and are either now online or in final fabrication 
stages. 

Opaque Defect Detection 
for Molded Glass Lenses 

Primary sensor in a system for automatic noncontacting 
detection of opaque particles in molded glass lenses is a 
line scan camera with a 512-element photodiode array. 
This array has a field of view of 6" (15.2 cm) modulated 
by a varying light pattern created by defects and glass 
refractions of molded glass lenses as they pass along a 
conveyor. Camera optics focus the image of the hack 

illuminated lens onto the array which is electronically 
scanned at very high speed. A narrow section of the lens 
is inspected by each scan, but the entire lens is inspected 
as it is transported past the camera. A defect in the 
lens reduces the output of the corresponding light sensi
tive element(s) because full transmission of the back
lighted illumination is prevented. The defect can be de
tected and its size measured by counting the number of 
scans over which the condition persists. 

Camera output is processed by an electronic controller 
containing an 8080-hased microcomputer that is pro
grammed to discriminate between opaque defects of 
rejectable size and the normal diffusion pattern of the 
molded lens. Data from the camera are continually trans
mitted to the controller which determines if the illumina
tion level is at or above a preset threshold, if there is a 
molded lens in the field of view, and if any defects are 
present and meet the criteria for rejection of the lens. 
Defects of 0.0625" (1.5888 mm) are detectable at a 
flow rate of 60 lenses/ min. 

Correct illumination level is determined by the light 
output of the illumination panel, diffusion of the sample 
lens under test, camera lens aperture, and camera scan 
speed. The system operates near the photodiode array 
saturation level with a panel indicator signifying that 
the first and last elements and a predetermined number 
of other elements are at the saturation level. 

A diffuse illumination area source is positioned over 
the top of the conveyor to illuminate the concave surface 
of the molded lens with the line scan camera located at 
the opposite side in order to minimize optical refraction 
effects of the molded lens pattern. The resulting optical 
signature consists of a dark ring at the edge of the molded 
lens and dark spots if opaque areas are present. A defect 
at the edge of the molded lens would cause the edge pat
tern to be enlarged and, therefore, detectable. Other de
fects, such as chips and glass malformations, are also 
detectable. If the lens is to be rejected, a signal closure is 
sent to an air system that diverts that lens to a collection 
point. 

Defect limits are set into the controller by thumhwheel 
switches on the control panel. Illuminated indicators 
confirm the presence of the correct illumination level 
and the completed scanning of a lens. Two electromechan
ical counters provide cumulative totals of both passed 
and rejected lenses inspected since the last resetting of 
the counters. In addition, a thumhwheel switch, LED 

display, and associated pushbutton switches are provided 
for use during setup and corrective maintenance. 

(Continued on p 58) 

55 



. . . ' . . . - . ""' 
- - ' ---- -- - - - - - - - - - - - - - - - -- · - ---· , . - ---....., ___ ,.. ___ _ --- - - - • ~ ~ • • ¥--- . - - - . ~ . - ~ -

- ,..- ... - - ~ - -~ ~ ---- -



These products were 
designed by our customers. 

At Lear Siegler, we hsten to our 
customers. 

As a result, we build all our products 
from your point of view. So you get what 
you want, and we get what we want. 
That's the way we've always done things 

at LSI. And it's the way we'll always 
do them 

Our new hne of products reflects that 
philosophy. All five products come with 
features you said you needed. 

THE ADM-31 PROVES 
2 PAGES ARE BETIER 
THAN ONE. 

A lot of people need a smart terminal 
with a full two pages of display. But 
can't get them Not even on terminals 
costing several times what they want 
to spend. 

So we hstened. And then gave them 
the ADM-31 A low-cost, high-rehability 
desktop CRT terminal with a full two
page display. As standard equipment
not as an option. 

We made the ADM-31 completely self
contained, with a keyboard, control logic, 
character generator, refresh 
memory, and interface. 
Along with full editing, 
formatting, and pro
tected fields capabih
ties. What's more, it 
has a microprocessor 
which makes it even 
more rehable and 
easy to use. And 
the ADM-3l's 
behavior modifica
tion even gives you 
a factory installed 
personahty. 

If this sounds like 
just the thing you need, 
it should come as no sur
prise. After all, you were 
the one who told us what you wanted. 

THE ADM-42 DOES EVERYTHING 
BUT rHINK FOR ITSELF. 

Our customers told us they wanted 
a semi-intelligent terminal. 

One with flexibihty of format, security, 
editing, interface, and transmission. They 
wanted a full two-pac;:v ..'.isplay as stan
dard equipment. An optionally extended 
memory capable of adding data space 
up to a maximum of 8 pages. Behavior 
modification. 16 function keys for 32 
separate commands. And a 25th hne 
established and reserved exclusively for 
status indicators and messages up to 
79 characters. 

So our engineers designed the 
ADM-42. 

A terminal that actually seems to get 
smarter the more you use it. 

THE 300 BALLISTIC™ PRINTER 
COMES WITti BELLS & WHISTLES 
STANDARD. 

Our customers said 
they'd like to see bells 
and whistles as standard 
equipment. 

And that's what we gave them 
The 300 is a low-cost printer with a 

built-in microprocessor that gives you 
15 switch selectable form lengths, 15 
perforation skip over formats, and 
full horizontal and vertical tabulation 
control. Plus a non-volatile forms reten
tion system that retains these program
mable settings when power to the printer 
is turned off. 

And like all our Ballistic Printers, 
the 300 dependability originates with its 
ingeniously simple, patented Ballistic 
Print Head. Which lets it purr along at 
a respectable 180 cps. 

So when you buy our 
300 Series Ballistic Printer, 
there's only one thing we 
won't offer you much of. 

Options. 
Because, on the 

300, most of them are 
standard. 

OURVDP-410 
KNOWS HOW TO 
KEEP THINGS 
UNDER CONTROL. 

A lot of OEMs 
said they needed a 
building block for 

system development. 
Something that would give 

them the flexibility to configure a variety 
of systems. 

So we built the VDP-410. The intelli
gent controller in the plain brown box. 

It's a low-cost, 16-bit CPU with enough 
speed and ports to support a variety of 
peripherals. And it lets OEMs build a 
multitude of systems. From communica
tions controllers without external storage 
capabilities, to sophisticated timesharing 
systems with a string of terminals, print
ers, and disks . 

The OEMs said they wanted some
thing simple, intelligent, and, powerful. 
So we built it. 

Because what was a good idea to 
OEMs turned out to be a real brainstorm 
for us. 
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THE VDP-1000 
SPEAKS YOUR LANGUAGE. 

People told us they needed a com
plete small data system with the attri
butes of larger, more expensive systems. 

So our engineers came up with the 
VDP-1000. 

It comes standard with 
a choice of BASIC, 
COBOL. or ASGOL* 
programming lan
guages. A virtual 
memory operatjng 
system (VMOS) 

A 16-bit CPU, 32K, 
16-bit words of dynam

ic RAM, the world- · 
renowned Dumb Terminal;™ 

a 180 cps, bi-directional 
300 Ballistic Printer, and a 10 megabyte 
cartridge disk. The VDP-1000 is also 
available with a 1.25 megabyte floppy disk. 

Once you've got the basic system, you 
can add additional storage as you need 
it. Or want it. It's up to you. 

ALL OUR SMART IDEAS 
EVOLVED FROM A DUMB ONE. 

That means the proven reliability 
and cost-effectiveness of the Dumb Ter
minal go into everything we make. And 
we make something for 1ust about any 
requirement you may have. That's why 
we're known as the complete terminal 
company. 

That's the way you wanted it. 
And the fact that we listen to you 

is what keeps you coming back to us. 
Again and again. · 

Lear Siegler, Inc/ Data Products Divi
sion, 714 Brookhurst Street, Anaheim, 
CA 92803; (800) 854-3805. In Cahfornia 
(714) 774-1010. TWX 910-591-1157 
Telex 65-5444. 

Dumb Terminal™ terminal is a trade
mark of Lear Siegler Inc .. Data Products 
Division.*ASGOL is a copyright of RMD 
& Associates, Inc. 

Lear Siegler, Inc. 
We h.ec:xr you 
thinking. 

i.-... LEAR SIEGLER, INC. ~I DATA PRODUCTS DIVISION 
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CIGITAL CONTROL ANC 
AUTOMATION SYSTEMS 

OBJECT 
PLANE 

OBJECT 
DISTANCE 

IMAGING CAMERA 
PHOTO DIODE 

ARRAY 

DRIVER 

110 
CIRCUIT 

ELECTRONIC CONTROLLER 
(MICROCOMPUTER) 

110 
CIRCUIT 

DIGITAL 
COMPARATOR 

SET POINT 

CONTROL 
OUTPUT 

Fig 1 Typical camera-controller system diagram. Similar configurations of solid-state imaging or 
line scan camera, linear or 2-dimensional photosensitive array, and electronic controller are 
used in noncontact inspection systems. Photosensitive elements in arrays receive analog sig
nals from camera and send them to controller for digitizing into format acceptable to micro
computer 

END 65 '(S1 -52) 

EDGE LID' (D1 -D2) 

1 
r--DIODES I TRACK 

• SCANS 

~ ~DIODES 

~PART MOVEMENT 

Relationship of thumbwheel switch inspection settings 
and physical geometry of the lens are shown in Fig 2. 
Defects which are at either end are detected and con
sidered to be causes for failure by comparing the num
ber of scans at the start and end of the lens. Because 
a defect creates a wider border, the difference in border 
width should indicate the presence of a defect. Any de
fect that falls along the edge of the lens is evaluated 
with two criteria: the added diodes (~D) and the num
ber of scans for which the larger diode count exists. A 

58 

Fig 2 'Pictorial representation of 
lens test system reject criteria. When 
~D is exceeded for more scans than 
are set into edge scan thumbwheel, 
dark area is considered cause for 
rejection. Diode count must exceed 
center diode track value before dark 
counts are processed for each scan 

center defect is detected when the diode count exceeds 
the center diode track settings for each camera scan. 

For the duration of the defect, scan diode count is 
compared to the center diode thumbwheel setting. Each 
scan at which the center diode track setting is equaled or 
exceeded and for which the address of the leading edge 
of the defect is within 10 diodes of the address in a pre
vious scan is noted and added to previous scans. When 
the total number of scans exceeds the center scan fail 
setting, a failure is indicated. This enables defects which 
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It takes craftsmanship and attention to detail to make 
a fine automobile, a fine watch, or a fine character printer. 
Those qualities, available at low cost, have made the 
Spinwriter family from NEC Information Systems the 
finest character printers available. 

Spinwriters offer performance beyond that of today's 
best character printers, at prices averaging 10 percent 
below competition. But NEC craftsmanship extends be
yond performance and price, to features designed for the 
people who use Spinwriters. No other character printers 
are as easy to operate, as reliable, or as easy to repair. 

Die-cast aluminum housings lined with sound-absorb
ing foam make Spin writers quieter than office typewri
ters - and as easy to use. 

Spinwriter housings swing open for easy operator 
access to ribbons and the thimble element, and easy 
access for service personnel to Spinwriters' modular 
components. Ribbons, thimble elements, and forms
handling modules can be replaced within seconds. 

Spinwriter keyboard send/receive (KSR) printers 
also provide easier operator access to controls 
offering more functional capabilities than 
other character printers provide. A 
thumbwheel switch enables your opera-
tors to specify the precise forms length de
sired, and they can specify vertical spacing at 

either six or eight lines per inch. The unique Spinwriter 
self-test feature is enhanced to include the interface and 
communications lines in on-line applications. 

Compare Spinwriters with the printers you use now, 
and see how NEC craftsmanship makes Spinwriters 
different. See the difference in Spinwriters' smooth
contoured styling, and feel the difference in durability. 
The appearance, and the ruggedness of Spinwriter print
ers allow them to fit well in every environment. 
Tell me more about the Spinwriter family. 
0 Please have a sales representative call. 
0 Please send literature. 
Name: ~~~~~~~~~~~~~~~~-

CD-978 

Title: _________________ _ 

Company: ~~~~~~~~~~~~~~~~~~ 
Street: ~~~~~~~~~~~~~~~~~~-
City: State: Zip: __ _ 
Telephone:~~~~~~~~~~~~~~~~~~ 

To find out more about how NEC crafts-
manship makes Spinwriters the finest 

character printers available, fill out the 
coupon, or call NEC Information Systems, 
Five Militia Drive, Lexington, Mass. 02173 

(617) 862-3120. 

NEC 
NEC Information Systems,lnc. 

Eastern Office: NEC Information Systems, Inc., Richard Gilbert, 5 Militia Drive, Lexington, Massachusetts 02173 (617) 862-3420. 
Central Office: NEC Information Systems, Inc., Steve Kadash, 3400 South Dixie Drive, Suite 105, Dayton, Ohio 45459 (513) 294-6254. 

West Coast Office: NEC Information Systems, Inc., Marty Rubin, 8939 S. Sepulveda Blvd, Suite 330, Los Angeles, California 90045 (213) 670-7346. 
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Sperry Univac minis are doing 
In Portland , Oregon , Sperry Univac 

minis help the Police Bureau come to the 
rescue hundreds of times a day. 

Because Boeing Computer Services has 
computerized all of Portland 's emergency 
services with Sperry Univac Series 77 minis. 

Now when a citizen reports a crime, 
our minis verify the address. Examine the 
surrounding area for similar calls , haz
ards, and temporary situations (such as 
streets under repair). And suggest which 
units should respond to the call. 

This futuristic system coordinates dis
patchers and officers and keeps them con-

stantly updated . Much of the paperwork 
required of field officers is eliminated . And 
the data base it generates is used for un i
form crime reporting and resource allocation . 

Boeing Computer Services has found 
that our minis are cost effective and can han 
dle the job efficiently and with real -time speed . 

The Sperry Univac minis used in Port
land are just part of our complete family of 
minis . One and all of them are supported 
by our powerful software. 

If you have a system application , we 
undoubtedly have a mini that's just right 
for it. Whether it be business data process-



alarming things in Portland. 
ing , scientific, instrument control , or data 
commun ications . 

For more information, write to us at 
Sperry Univac Mini-Computer Operations, 
2722 Michelson Drive, Irvine, California 
92713. Or call (714) 833-2400, Ext. 536. 

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

We'd like to hear from you . Even if your 
system application isn 't as arresting as the jL 
one in Portland . st=E~V,_, UNIVAC 1r SPERRY UNIVAC IS A DIVISION OF 
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DIGITAL CDNTRCL AND 
AUTCMATICN SYSTEMS 

are individually below the criteria for rejection, but 
which are grouped together, to be detected as cause for 
failure. 

The number and types of light-to-dark and dark-to
light diode transitions indicate the exact portion of the 
lens being scanned, as shown in Fig 3. Assigned codes 
are condition 01, lens not in view; condition 03, start 
end in view; condition 05, center in view, no defect; 
condition 07, center in view with defect; condition 03, 
finish end in view; and condition 01, lens no longer 
in view. Information in one scan is compared to that in 
the next scan, and the microcomputer is provided in
formation to enable it to initiate signal processing in
formation for .6.D, .6.S, and other calculations. 

As an example of the test procedures, when there is 
no lens in the field of view (condition 01) , the micro
computer must first determine if there is information 
from the previous lens awaiting processing. A fail queue 
is established for each lens defect and is completed after 
the last measurement is made (when the lens passes out 
of the field of view) . This information is processed, and 
the lens is either passed or rejected. If a defect is de
tected that meets the criteria for failure, the microcom
puter turns on the air to reject the lens, and the system 
is ready for new information. 

A microcomputer board contains the 8080 micropro
cessor, control and clock functions, and RAM. The operat
ing program is permanently stored in 3k bytes of 
P/ ROM. A 512-byte RAM is used for temporary storage 
during the data processing operation while the interrupt 
controller is accepting various input signals. Camera 
data enter the two 256-byte ping-pong RAMs which are 
multiplexed to enable the processor to operate on the data 

ALL LIGHT DIODES 

LIGHT 

LIGHT LIGHT 

ALL LIGHT DIODES 
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from one scan line while the other memory receives 
data from another scan line. Thus, as data are being fed 
into one bank of the RAM, the microprocessor retrieves 
and analyzes the data contained in the second bank. Then, 
the next scan line information is fed into the second 
bank while the microprocessor retrieves and analyzes the 
data contained in the first bank. 

Inspection of Tablet Packaging 

This scanner system is designed for continuous duty on 
an automatic tablet packaging machine where four rows 
of seven tablets each are deposited into a transparent 
holder that measures 2.3 x 3.3" (5.9 x 8.3 cm). Two 
holders are indexed through the machine simultaneously 
in a side-by-side configuration. One holder is displaced 
from the other by 0.15" (0.39 cm) in the direction of 
travel. The index motion is equal to 4" (10.4 cm). One 
row of tablets is orange in color, while the other three 
rows are blue and white, with the tablets arranged so 
that a white tablet is always surrounded by blue tablets 
in both X and Y axes, and vice versa, with only one 
overall arrangement being correct. The orange tablets are 
smaller in diameter than the blue and white tablets, 
which are virtually the same size. Filling of two adjacent 
holders is accomplished such that one holder appears as 
a mirror image of the other. 

The scanner verifies that there are no missing tablets 
in each holder and that the colors are properly arranged. 
Two adjacent holders passing these criteria are then 
permitted through the processor where the bottoms are 
sealed with an aluminum color foil and the holders are 
subsequently trimmed from the carrier strip into indi
vidual packages. Maximum machine index rate is 60 
steps ( 120 packages) / min. 

The scanner consists of a camera-with a 512-element 
photodiode array-and a light source in an integral unit, 
and a remote, microcomputer-based electronic controller 
(Fig 4). The camera lens forms an image of the tablets 

01 

03 

05 

07 

03 

01 

Fig 3 Transition conditions and codes as
signed for lens test system. Information for 
each scan is processed by microcomputer 
to determine .<lD and 68 of Fig 2. Dark spot 
(defect) is located by comparison of informa
tion from one scan to that of next 
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An evolution 
of the 

third kind. 
Floppy. minifloppj. And Qow, 

a Shugart fixed disk drive. 
An evolution of the best kind. Nobody but Shugart, with their experience in 

sensibly engineered, low-cost disk products, could develop the fixed disk drives 
you need to keep your systems compatible and competitive with IBM S / 32, S / 34, 

and Series 1 architecture. Our SA4000 drive is truly the right drive , at the right time, 
and at the right price. The SA4000. It features 

proven Winchester technology. It weighs less. It's 

CPU 

as easy to integrate as a floppy. It 's available in 14.5 and 29 Mbyte versions. All this at the 
lowest cost per byte in its capacity range. This is the kind of cost effective package you've 

come to expect from Shugart. We 've been disk experts from the beginning. More 
reliability. You know the reliability of Winchester technology. Fully enclosed 

disks and heads are protected against outside contamination, assuring 
better data integrity and longer trouble-free life . But Shugart gives you even 

more reliability with the proprietary Fasflex [[TM actuator. Simple, low 
heat , low friction , low wear, no adjustments. More megabytes 

per pound. Store 14.5 or 29 megabytes (unformatted) with an 
added 144 Kbytes of optional head-per-track storage for indexed 

files or table look-ups. All in a rack-mountable package that uses 5.25 
inches of panel space and weighs 35 pounds-one third the weight of 
many competitive drives. More value. Shugart lowers the cost of 

system integration. The SA4000 uses a simple floppy interface technique 
and floppy power supply voltages. So use existing ftoppys for I / 0 and system 

backup. Add Shugart SA4000 when you need more capacity and throughput for operating systems and 
mass storage. It's easy. More megabytes per dollar. The 100 unit price for the 14.5 megabyte 

SA4004 is $1,450; the 29 megabyte SA4008 is $2,000. And the price is even better in bigger quantities. 
More information. Discover what Shugart's latest evolution in disk storage can do for your system. 

We've kept you competitive in floppy technology for years. Now you can move up in storage with a 
competitive fixed disk from the Shugart product family. Call or write for more information today. 

~e leader in low cost disk storage. 
Floppy. minifloppy. And now, fixed disk. 

Headquarters: 435 Oakmead Parkway, Sunnyvale, California 94086 Telephone (408) 733-0100 lWX: 910-339-9355 SHUGART SUVL 
Sales/Service Offices: West Telephone (408) 252-6860 Midwest Telephone (612) 574-9750 East Telephone (617) 893-0560 

Europe: Paris Telephone (1) 686-00-85 Munich Telephone (089) 17-60-06 

1
" minifloppy and Fasftex II are Shugart trademarks. 
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DIGITAL CONTROL AND 
AUTDMATION SYSTEMS 

on the photodiode array through a 0.125" (0.318-cm) 
plexiglass window that covers the tablets. The photo
diode array is scanned electronically to produce a train 
of analog electrical pulses, each having an amplitude pro
portional to the light intensity focused on the correspond
ing photodiode. 

Tablets are front lighted as they pass under the 
camera's field of view to enable color discrimination 
(amplitude ·differences) between the blue and white 
tablets. However, because of the size difference of the 
orange tablet, absolute contrast difference is not im
portant for its identification. 

The presence of tablets results in reflected light to the 
camera. If the light is above a predetermined threshold 
level, as sensed by a photodiode, a digital 1 pulse is 
generated by the adjoining circuits. The absence of 
light above this threshold level results in a digital 0 
pulse. As a result, a train of pulses is generated from 
the photodiodes in the linear array. 

Groups of light pulses (ls) constitute tablet groupings. 
Dark pulses (Os) between tablets constitute the space 
or distance between tablets. Therefore, size of any ta'blet 
is determined by a continuous light diode count and the 
space between two tablets is determined by a continuous 
dark diode count. These counts are translated into size 
and distance. The counts are multiplied by the diode 
centers (2 mils), times the magnification factor (5) to 
give a size of 10 mils/ count. For example, a count of 
20 means the size or diameter of the tablet is 200 mils. 

Array scanning is at a high rate, enabling many 
measurements to be taken on a row of tablets to gain the 
best accuracy. Ideally, one of the many scans passes 
through the true center of the tablets to give the largest 
counts consistent with the actual ta'blet diameter. When 

64 

LINE SCAN 
CAMERA 

SYSTEM 
MONITOR 

COUNTERS 

INDICATOR 
LIGHTS 

Fig 4 Tablet packaging inspection system. Camera 
views two lines of transparent holders, each con
taining four rows of tablets. One row contains all 
orange tablets while other three rows contain blue 
and white tablets with tablets arranged so that a 
white tablet is always surrounded ·by blue tablets 
in both X and Y axes, and vice versa. System must 
discriminate between colors of blue and white tablets 
but only check size of orange tablets since they are 
smaller 

these counts are compared to other tablet counts on a 
relative basis they give arrangement according to size. 
Orange tablets are in cavities at the outside end of 
packages and are approximately 15% smaller than the 
blue and white ones. Thus, counts for these tablets must, 
of necessity, be less than the others or a misarrangement 
error results. 

Video amplitude differences are used to distinguish 
blue from white tablets. Red and infrared rejection filters 
reduce energy levels of blue tablets over the white tablets. 
Amplitude is sampled in the middle of each tablet and 
converted into 1 of 16 digital gray levels. These gray 
levels offer a uniform change from black to white in the 
color spectrum, enabling the system to separate blue from 
white in a digital manner. 

Determination that a tablet is missing is based upon 
"space" counts between tablets. Actual distance between 
tablets is a count of dark pulses (Os). Constants stored 
in the microcomputer memory represent the maximum 
distance in pulse counts the system will allow before 
declaring a missing condition. 

A cam operated switching mechanism synchronized to 
the machine motion initiates and terminates the scanner 
data acquisition period. The microcomputer develops in
ternal timing signals until the required number of tablets 
are sensed or timeout of the acquisition occurs. 

Video signals from the camera sent to the electronic 
controller on a continuous uninterrupted basis are digi
tized into 4-bit 'binary words and are processed in accord
ance with the timing signals. These digital data are in
terrogated for the critical inspection parameters ( ie, size 
of tablet, color of tablet, arrangement of blue and white 
tablets, and number of tablets). Holders which do not 
pass these criteria initiate totalizing counters and alarm 
output signals. Three 6-digit electromechanical totalizing 
counters on the electronic controller indicate total holders 
inspected, total rejects for missing tablets, and total re
jects for misarranged tablets. 

The controller contains two circuit cards: analog and 
microcomputer. In addition to its main function of con
verting tablet colors into gray levels, the analog card 
has all of the camera's 1/ 0 line receivers and drivers, plus 
clock and counter circuitry necessary for external camera 
control and tablet data formatting. It contains logic for 
driving the electromechanical counters, solid-state relays, 
lamp indicators, system status, and error status functions 
as well as related timing and control logic circuits. 

Microprocessor, three P / ROMs, four RAMs, and sup
porting logic are on the microcomputer card. This card 
also contains a programmable interrupt control unit 
which is used to interrupt normal processing of the 
microprocessor during the period when tablet holders 
are out of the camera's field of view. 1/ 0 control on this 
card covers 10 input functions, 5 output functions, and 5 
reset functions. Reset is a variation on the input (read) 
function, sharing common circuitry to accomplish the 
same end without including additional hardware. 

General Technical Description 

All scan cameras in the systems described here are based 
on use of a solid-state image sensor (Fig 5). Such 
sensors contain a shift register that is driven by a clock, 
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Buy Dataram's exciting new 
BULK CORE MINI 
with as little as 256KB of memory, 
and you11 get an LSl-11 with the 
power of a mini( ... and the LSl-11 is free!) 
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Introducing the BULK CORE MINI, s imply the most 
innovative idea in anyone's memory. From Dataram 
Corporation, the people who pioneered BULK CORE for 
disk emulation. And are now combining BULK CORE with 
DEC®'s LSI-I I in a new BULK CORE MINI - BCM-1. Buy 
our BULK CORE MINI with as little as 256KB of memory, 
and we give you the LSl-11 at no charge! 

In addition to one megabyte of BULK CORE, the BCM-1 
has ten DEC quad slots avai lable to accommodate the LSl-11, 
main memory, and peripheral controllers. 

The BULK CORE in the BCM-1 emulates fixed-head disk 
via the BULK CORE controller, and is completely trans
parent to the LSl-11. Offering access times thousands of 
times faster than FHD systems, and, because it's all 
electronic, with much more reliability. 

1.0 megabyte BULK CORE MINI 
BCM-1 chassis (includes power, blowers, 
and BULK CORE controller) $ 3,200 
(4) 256KB BULK CORE modules ($4,800 ea .) 19,200 
(I) 32K x 16 semiconductor main memory 1,800 
DEC LSl-11 microcomputer (no charge) 

$24,200 

.s megabyte BULK CORE MINI 
BCM-1 chassis (includes power, blowers, 
and BULK CORE con troller) $ 3,200 

9,600 
1,800 

(2) 256KB BULK CORE modules ($4,800 ea.) 
(I) 32K x 16 semiconductor main memory 
DEC LSl-11 microcomputer (no charge) 

$14,600 

Oataram manufactures the core and semiconductor J'\ 00-/Ns for the 
LS/ -71 , wh i'Cl1 rnn be used with the BCM-1. 

Get the power of a minicomputer with an LSl-11, and use 
it for process control, disk-swapping applications, multi
terminal, or multi-programming installations. Or a wide 
range of other applications . 

DEC and LSI- I I are regis tered tradem.uks of Digitdl Equipment Corporation . 

France: YAEL, 33-9502224 •Italy: Mactronics Italia, 35 36 041 •Spain: Aupoca, 34-1-4575312 •Sweden: M. Stenhardt AB, (08) 739 00 50 • 
Switzerland: ADCOMP AG . 01 /730 48 48 •United Kingdom/ Ireland: Sintrom Ellinor ltd. 44-734-85464 •West Germany/Austria: 0 .E.M .-Elektronik GmbH 49-711 -798047/ 48 • 

Australia/New Zealand: Anderson Digital Equipment, 61-3-5432077 •India: Industrial Electronic Instruments , 79281 •Israel: Integrated Systems Ltd .. 921513 • 
Japan: Matsushita Electric Trading Co .. Ltd., 81-3-4354S52 •Taiwan/Republic ot China: Syscom Computer Engineering Co .. 02-7026284/85. 
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SHIFT REGISTER 

with each scan initiated by a start pulse. That pulse 
loads a bit which is clocked through the register, 
successively opening and closing switches and con
necting each photodiode, in turn, to a video line. As 
each photodiode is accessed, it capacitance is charged 
to the potential of the video line and is left open-circuited 
until the next scan. During the interval between scans, 
the capacitor is discharged by an amount equal to the 
instantaneous photocurrent in the diode, integrated over 
the line scan. Each time a diode is sampled, this in
tegrated charge loss must be replaced through the video 
line. The resulting video signal is a train of charge 
pulses, each proportional in magnitude to the light in
tensity falling on the corresponding photodiode. Clock 
and start requirements for matrix arrays are similar 
to those for linear arrays; output is on a single video 
line. 

Single linear photodiode arrays contain from 64 to 
2048 diodes in a single line with center to center spac
ing as small as 15 µ,m; 2-dimensional matrix arrays 
are in 32 x 32, 50 x 50, and 100 x 100 element config
urations with 60-µ,m spacing. Clock and start require
ments are the same for both. Output is a single video line. 

Depending on working distance and choice of lens, 
the camera can look at any field of view from a frac
tion of an inch up to many feet. This field of view 
is imaged by the lens onto the photodiode array which 
is scanned electronically to produce a train of analog 
electrical pulses each having an amplitude proportional 
to the light intensity on the corresponding photodiode. 
These pulses are then compared to a preset threshold 
level to produce a train of binary pulses-logical 0 for 
light below threshold (black) and logical 1 for light 
levels above threshold (white) . 

Pulses before or after a black-white transition can be 
electronically counted to determine the position of an 
edge, or the pulses between two transitions can be 
counted to measure a diameter. Accuracy of these mea
surements is determined by the field of view and the 
number of photodiodes in the array. For example with a 
5" (12.7-cm) field of view and a 512-element array, 
size differences of approximately 0.01" (0.254 mm) 
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END OF 
SCAN 

Fig 5 Simplified schematic 
diagram of typical image sen
sor. Clock drives shift register, 
with each scan initiated by 
start pulse. Video signal is 
train of charge pulses from 
individual capacitors, each pro
portional in magnitude to light 
intensity falling on correspond
ing photodiode 

could be resolved. With a 0.5'' (1.27-cm) field of view, 
0.001" (0.025 mm) could be resolved. 

Time required to scan a line can be varied electron
ically from 0.04 s to N x 10-6 s, where N is the 
number of diodes in the array. As with a photographic 
camera, the longer the exposure time (line scan time) 
the less light intensity is required to produce an image. 
However, the shorter the exposure time, the less likely 
the image is to be blurred by motion of the object being 
scanned. In most industrial applications it is possible 
to choose a scan rate slow enough for reasonable light 
levels and yet fast enough to produce an accurate mea
surement with minimum effects due to motion or vibra
tion of the object. 
Circle 160 on Inquiry Card 

DC&AS BRIEFS I 
Analog Input System Extends 

Computer's Sensor-Based 1/0 Capability 

A modular user-oriented signal conversion subsystem 
for interfacing the company's Solution series digital 
computers to analog signals has been introduced by Gen
eral Automation, 1055 S East St, Anaheim, CA 92803. 
WRAIS (wide range analog input system) accommodates 
up to 512 analog inputs, ranging from ±5 mV to ±10 V 
full scale in groups of 16 high or low level channels, 
using relay or FET multiplexers with signal conditioning 
and terminator modules. The basic input system includes 
a programmable gain amplifier module with gains of 1 
to 2048 in 12 binary steps, a 14-bit (including sign) 
analog to digital conversion module with sample and 
hold, GA-16 interface modules that control the flow of 
data over programmed 1/ 0 or high speed direct memory 
access buses of the computer, a precision programmable 
voltage calibration module, and an operator oriented in
teractive control panel. 
Circle 161 on Inquiry Card 
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• ..t:f..oontainec:l, feature-filled .:icleo cliapla1 
fut,. the 8100 will fill the bill ..• and it'• 
~ Beehive Intemational's BlOO features both 

or cummt loop interface, bas switch selectable 
!lllitlllticm ratea from 75 to 19,200 bps, and includes 

cOQtrol. You'll also like the addressable cursor. The 
bu an ~-to-read 12-inch non-glare screen which 

tted to diaplay 24 lines with 80 characters per line. 
choose upper and lower case characters, too. The 
a total page memory of 1920 characters, and the 

, ANSI compatible keyboard features auto repeat, 
rollover and alpha lock. The addressable cursor lets 

jQu directly position by line and column, and an erase mode 
IDoWs you to erase from cursor to end of line, from cursor 
to,end of memory, and clear. You'll also find operation more 
tfBj:ient because of BlOO's 11-key numeric pad with decimal 
t'Aa additional function k_eys'. Communications mode is 
PuB Duplex (Echoplex), Half Duplex, and Block (asyn· 
chronous 10 or 11-bit word). It's ready for you now. 

More than 12,871 
state-of-the-art instruments ... 
off-the-shelf, throughout North A 
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D Tell me more about 8!00 and Mini 82 now! 
Call me at ______________ _ 

0 Send me a copy of your free illustrated Rental Catalog. 
0 I might be interested in buying -on a money-back 

guarantee basis - some of your late-model. well-main
tained "'previously owned'" equipment. Please send me 
your Equipment Sales Catalog . 

0 I have a pressing need right now for the following : __ 

Please phone me immediately at _______ _ 

NAME TITLE _______ _ 
COMPANY _______________ _ 

ADDRESS _______________ _ 

CITY ________ STATE __ ZIP ___ _ 

PHONE NUMBER EXTENSION ___ _ 

Complete this coupon and return it today to 
REI, 19347 Londelius St., Northridge, CA 91324. 

Readala, Ontario (416) 875-7513 
Montreal. Qaebeo (541) 881-9246; Vanco""' BC (604) 884-6623 





~ith keyboard 

Chromatics has done it again. It's get
ting to be a habit for Chromatics to be 

first with attractive pricing and techno
logical advancement in high resolution 
color graphic computers. Now, you 
have a choice of four models and three 
screen sizes, starting at a low $5,995. 
Talk about choices! The Chromatics 

CG line of single package color graphic 
computers includes 13;· 15" and 19" 

color screen sizes . .. 512 x 256 and 512 x 
512 resolution ... Z-80 CPU with full 

memory and 1/0 structure ... floppy disks 
... X-Y digitizer tablet ... light pen. With them 

you have the advantages of a stand alone opera
tion ... a software development system with CPU 
Operating System, Text Editor, Assembler and 
BASIC ... keyboard accessible graphics design 
with vector, circle, arc, rectangle, create and 
overlay modes ... variable size alphanumerics 
with graphics character options ... all with eight 
colors and individual dot addressability. Contact 
your nearest Chromatics representative for the 
latest in quality, smart color graphic computers. 

*Model CG·1998A-
512 x 256, 19" screen. 
Domestic , Continental 
USA Price Delivery: 
30 to 120 days, de
pending on model 

X·Y Dlgltlzer'nlblet 
Need a simple method to digitize 
graphs or select menus? Chromatics· 
new X·Y digitizer tablet makes quick 
work of bath tasks. Enter your 
graphics data in color in record time 
Sign your name If you like to your 
own color drawing! 

SALES REPRESENTATIVES 
Ala.: Huntavllle 

Col-Ins-CO. 800/327-6600 
Ariz.: '"'-nix 

Thorson Co. 602/956·5300 
ClllH.: Irvine 

Thorson Co. 714/ 557-4460 
Cell!.: Los Angel .. 

Thorson Co. 213/476·1241 
Cellf. : Mounblln VI

Thorson Co. 415/964-9300 
Cell!.: San Diego 

Thorson Co. 714/ 292-8525 
Calif.: Sanbl Barbera 

Thorson Co 805/ 964-8751 
Colo. : Denver 

Thorson Co. 303/75~ 
Fla.: Orlando 

Col-Ins-Co. 305/423-7615 (local 
calls) 800/ 432-4480 (inside Fla) 
800/327-6600 (outside Fla l 

Ga.: Atlanbl 
Col-Ins-Co. 800/ 327-6600 

HI.: Honolulu 
Thorson Co 808/524-8633 

La.: Baton Rouge 
Col-Ins-Co. 800/327-6600 

Mass.: Framlngham 
Bartlett Assoc. 6171879-7530 

Md.: Betheada 
Bartlett Assoc 301 / 656-3061 

Mich.: Detroit 
WKM Assoc 313/588-2300 

Floppy Dl8ks 
Havlngahardtimegetting a complete 
system from one vendor? Add Chro
matics' single or dual Minifloppy 
or Regular Floppy Disks to your CG 
Series Color Graphic Computers and 
have a complete development sys
tem. They're already interfaced and 
ready to go! 

N. Mex.: Albuquerque 
Thorson Co. 505/285-5655 

N.Y.: White Plains 
Bartlett Assoc . 914/949-64 76 

N.C.: Winston-Salem 
Col-Ins-Co. 800/327·6600 

Ohio: Cleveland 
WKM Assoc . 216/267-0445 

Ohio: Dayton ~ 
WKM Assoc. 513/434-7500 

Or.: Portland 
Thorson Co. 503/620-5800 

Pa.: Pittsburgh 
WKM Assoc. 412/892-2953 

Pa.: 'Mlyna 
Bartlett Assoc. 215/688-7325 

Tex.: Austin 
Thorson Co. 512/ 451·7527 

Tex.: Dallas 
Thorson Co. 214/233-5744 

Tex.: Houston 
Thorson Co 713/771-3504 

Ublh: Salt Lake City 
Thorson Co. 801 /973-7969 

'Miah.: Seattle 
Thorson Co. 206/455-9180 

Europe 6 Near East 
TechexPort, Inc. 617/661-9424 

Japan a Far East 
Computers International 
213/382-1107 

romatics 
NEW DIMENSIONS IN COLOR GRAPHICS 

Call your local area representative or contact a factory 
Applications Engineer at Chromatics, Inc .. 3923 Oakcliff 

Industrial Court, Atlanta, GA 30340. Phone 404/447-8797. 
TWX 810/766-4516. 
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CIGllTAL CCNTRCL ANC 
AUTCMATICN SYSTEMS 

Surveillance and Ramp Monitoring System 
Added to City Traffic Management Plan 

Under contract to the Minnesota Department of Trans
portation, Honeywell Traffic Management Div, Hon.ey
well Plaza, Minneapolis, MN 55408 has begun installation 
of a minicomputer based traffic surveillance and ramp 
metering system on Interstate 694 in Minneapolis. The 
traffic management system, scheduled for completion later 
this year, will extend about 3 mi ( 5 km) to Highway 
169. It will use a Honeywell Level 6/ 43 minicomputer to 
monitor traffic volume and speed and control the ramp 
meter signals and changeable message signs from the 
downtown traffic management center, and will be linked 
into the state's downtown traffic management center of 
monitoring and operation. 

A microprocessor based local controller will provide 
local coordinated control of the 1-694 entrance ramps if 
the link to the downtown computer is lost temporarily. 
This controller will collect and process information from 
loop detectors installed in the roadbed to monitor traffic 
volumes and flow and pass the information to the com
puter. 

The minicomputer will provide overall superv1s10n 
of the 1-694 system and exchange traffic data with the 
current Honeywell computer for Interstate 35W as well 
as another control system on Highway 169 to coordinate 
traffic. Two color TV monitors will graphically map actual 
traffic conditions on 1-694 to provide immediate indica
tion of traffic problems to the state's traffic management 
personnel. In addition, the system will include master 
control of nearby intersections. Some added benefits that 
are anticipated include a reduction in air pollution, im
proved gas mileage for motorists, reduced accidents and 
congestion on 1-694, and an improvement in general 
driving conditions on the freeway. 
Circle 162 on Inquiry Card 

Microcomputer and Language 
Developed for Control Applications 

A single-board programmable microcomputer that pro
vides high level programming of industrial and labora
tory control applications, the Basic ControllerT" allows 
the user to operate both computer and external devices 
it controls with a BASIC language called ZIBL TH that was 
written specifically for control applications. Both com
puter and language were developed by Dynabyte, Inc, 
4020 Fabian, Palo Alto, CA 94303. 

Onboard computer hardware includes a 2.5-MHz Z80 
microprocessor, 32 each individually memory-mapped 
flag outputs and sense inputs, 8 relays, 8 LEDs, 2 Rs-232 
serial Ijo ports, 1 each parallel input and output port, 
a cassette interface, 64 x 16 video 1/ 0, keyboard input 
port, up to 4k of EPROM with programming capability, 
and up to 16k RAM ( 4k included). File structures allow 
multiple programs written in ZIBL to reside concurrently 
in RAM. Each program may be individually loaded, re-
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named, or run. Any program may access another program 
as though it were a suhroutine, while retaining its own 
line numbers and variables. 

ZIBL was designed to allow high level programming 
of control applications. It combines most of the capa
bilities commonly found in small BASICS as well as a 
number of unique features suited to control applications. 
It uses triple precision (24-bit) integer arithmetic in 
order to retain the high execution speed required by 
realtime control situations. This large dynamic range 
also allows scaling and rounding, if so desired. Inter
action with the microcomputer is through the user's 
keyboard and video monitor that attaches to the printed 
circuit board. 
Circle I 63 on Inquiry Card 

High Level Language Eases 
Process Control Programming 

Wyle Laboratories/ Computer Products, 3200 Magruder 
Blvd, Hampton, VA 23666 has released its latest version 
of process control BASIC (PCB) , a high level language 
used in support of the company's ttP industrial control 
microcomputer. PCB allows for scanning analog and dig
ital inputs, processing control algorithms, and outputting 
analog or digital control signals with straightforward, 
English language statements. According to the company, 
the control engineer is freed from detailed machine pro
gramming and can make online changes quickly and 
easily. 
Circle I 64 on Inquiry Card 

Hierarchical Computer Network 
Controls Manufacturing Plant 

A 3-level hierarchical computer control system set up by 
Siemens AG in one of its manufacturing facilities in 
Amberg, West Germany is said to have achieved up to 
10% improvement in machine utilization during a trial 
operation. The facility manufactures, stores, and dis
tributes about 3000 different switchgear and control de
vices. Each year about 500,000 items are processed, in 
both large and short run quantities, with about 75 % for 
special customer requirements. 

At the highest level of the hierarchy is a Siemens 
4004/ 150 central computer which manages data for the 
entire plant. Control of workshop and warehouse opera
tions takes place at the middle level, which consists of 
two Siemens 330 process computers--each with 64k words 
of core memory backed by a SOM-byte disc drive. These 
"master" computers are linked in a resource sharing 
network. One computer monitors functions and pre
assembly while the other controls and manages the ware
house and monitors final assembly operations. If either 
computer fails, its peripherals can be switched to the 
other. 

As many as 14 Siemens 310 terminal computers serve 
as the lowest level of the hierarchy. Distributed through
out the production area, these computers manage input 
masks, perform formal tests, and buffer inputs from 
terminals at the machines. D 
Circle I 65 on Inquiry Card 
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Most 2114s are new products with new 
product problems. Not ours. The SEMI 
2114 is a member of the Royal Family 
of Static RAMs. It is, in fact, 
a new pin-out of an 18-pin, 
SV, 1 Kx4 static RAM that we've 
been delivering in production quan
tities for a year and a half. 

The SEMI 2114 features low power 

(only 300 mw), TTL compatible 1/0, 

and all the speed you need for 
microprocessor applications. 

If you'd like complete informa
tion on the SEMI 2114, or any other 

members of the Royal Family of static 
RAMS, see your local EMM/SEMI 

distributor, or contact us directly. 

Memory at Work 

A subsidiary of Electronic Memories & Magnetics Corp., 3883 N. 28th Ave., Phoenix, Arizona 85017 (602) 263-0202 

ALABAMA (205) 534-9771 • ALASKA (415) 692-4250 • ARIZONA (602) 258-4531 • ARKANSAS (214) 341-2900 • CALIFORNIA (No.) (415) 
692-4250 •,(So.) (213) 322-1120 • COLORADO (303) 424-1985 • DELAWARE (800) 257-8210 • FLORIDA (305) 894-4401 •GEORGIA (404) 
455-1206 • HAWAII (415) 692-4250 • IDAHO (206) 455-9180 • ILLINOIS (No.) (312) 345-4245 • LOUISIANA (504) 887-7610 • MARYLAND 
(800) 257-8210 •MICHIGAN (313) 971-8220 •MINNESOTA (612) 887-6400 • MON'rANA (206) 455-9180 • Nl!VADA (Clark Co.) (213P22-1120 
• NEW JERSEY (No.) (516) 466-2300 • (So.) (609) 795-4200 • NEW MEXICO (915) 684-5842 • NEW YORK CITY 6 LONQ ISLAND (518) 
466-2300 • NEW YORK (Up State) (518) 489-4777 • NORTH CAROLINA (919) 227-3639 • OHIO (No.) (216) 464-2000 • OHIO (So.) (513) 
253-9176 • OKLAHOMA (214) 341-2900 • OREGON (503) 620-5800 • PENNSYLVANIA (800) 257-8210 •SOUTH CAROLINA (919) 227-3839 
• TENNESSEE (205) 534-9771 • TEXAS (Eeatem) (214) 341-2900 • TEXAS (Weetem) (915) 584-5842 • UTAH (801) 972-6969 •VIRGINIA 
(800) 257-8210 • WASHINGTON (206) 455-9180 • WES1' VIRGINIA (800) 257-8210 •WISCONSIN (So.) (312) 3-45-4245 
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This year, for the first time, the Instrument Society 
of Arrierica is conducting its International Instrumenta
tion-Automation Conference and Exhibit (ISA/78) in 
conjunction with the Joint Automatic Control Conference 
(JACC), an annual meeting sponsored by the American 
Automatic Control Council. ISA/78 officially begins at 
10:30 am on Monday, October 16 with delivery of the 
keynote address by Willard J. Rockwell, Jr, chairman 
of the board, Rockwell International Corp, and runs 
through Wednesday. JACC begins at 9:00 am on 
Wednesday with a keynote address presented 'by Dr 
Harold Chestnut, a consultant for General Electric Co, 
and continues through 4:30 pm on Friday. 

ISA/78 program chairman Orville P. Lovett, E.I. 
DuPont deNen:iours & Co Inc, and JACC chairman Dr 
Chuh Cho, Fisher Controls Co, have organized a series 
of ov~r 200 technical papers and presentations dealing 
with fundamental concepts, basic theory, current tech
nology, and new applications and procedures in the 
instrumentation and control systems industry. Clinics, 
tutorials , short courses, and panels presented by au
thorities in industry, science, and education evolve 
around the theme of "Productivity Through Applica
tion of Theory." In addition to the technical program, 
short courses will be offered to provide practicing 
engineers and technicians with both fundamental and 
up-to-date knowledge of instrumentation and control 
systems. 

Except for keynote addresses, ISA/78 conference 
hours will be 2:30-5 pm on Monday; and 10 am-12:30 
pm and 2:30-5 pni on Tuesday and Wednesday. JACC 
conference hours will be 2:30-5 pm on Wednesday, 
9 am-12 noon and 2-5 pm on Thursday, and 9 am-12 
noon and 1 :30-4:3d pm on Friday. On Wednesday some 
of the ISA/78 sessions will be geared toward JACC 
interest areas; JACC registrants may attend those 
afternoon sessions free of charge. 

A 4-day exhibit, with displays from over 300 com
panies, will begin at noon Monday. Exhibit hours are 
noon to 6 pm on Monday, 9 am to 6 pm on Tuesday 
and Wednesday, and 9 am to 5 pm on Thursday. 

Special Activities 

The ISA President's reception will be held on Sunday, 
October 15, from 4:30-6 pm at the Sheraton Hotel. An 
important social event during this joint conference will 
be held at the Franklin Institute Science Museum and 
Planetarium on Wednesday at 6:30 pm. Exhibits will 
cover each floor of the Institute and the Mummers 
Band will entertain. Fee for that event will be $12.50 
per person . 

This year's ISA honors and awards luncheon will 
occur at 12:30 pm on Tuesday at the Hilton Hotel. The 
JACC awards luncheon will foilow on Thursday at 12:30 
pm in the Upper Egyptian gallery of the University of 
Pennsylvania's Museum. 

Registration 

Separate or joint registrations are available for ISA/ 
78 and JACC. 
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ISA/78 and JACC 

Philadelphia Civic Center 
Philadelphia, Pennsylvania 

October 15-19 

Member 
3-day 
ISA Conference and Exhibit $40 
1-day 
ISA Conference and Exhibit 20 
3-day 
JACC 85 
5-day 
ISA/JACC 100 

Nonmember 

$60 

30 

90 

115 

JACC registration includes JACC Proceedings, ad
mittance to Wednesday afternoon sessions of ISA/78, 
and admittance to the ISA exhibit. ISA Proceedings 
wili be available at $75 ($60 for ISA members). 

The following excerpts from the ISA/78 and JACC 
technical programs are necessarily limited to informa
tion available at press time. For further information 
on the conferences and associated events, write to· 
the Instrument Society of America, 400 Stanwix St, 
Pittsburgh, PA 15222 or call (412) 281-3171. 
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Connect a Facit Paper Tape Peripheral to 
your equipment and you instantly have a system 
at work. Test equipment, data logging, numerical 
control of machine tools, minicomputers, print
ing or publishing units. No matter what applica
tion. Facit tape readers, punches and spoolers 
have all the fe'ltures needed. Self-contained with 
control electronics, drive electronics and all 
interfaces. 

Thinking simultaneously of mechanics and 
electronics has made Facit the world leader in 
paper tape products. Over the years, more than 
150,000 units have set standards. And here we 
can't overlook the world famous Facit 4070 tape 
punch. 

The simple solution to your problems: Call 
us and name your application. Immediately we 
will supply you with the right unit. Tailored for 
instant connection. 

Click!!! 

' ' --

~ould like more details on what Facit -- I 
I 

Paper Tape Peripherals can do for my system. I 
I'm particularly interested in: 

I 
D Facit paper tape readers. 
D Facit paper tape punches. I 
D Facit paper tape punch/reader combination. 

I My application: I 

I 

Name: 

1 
Company : 

I 
Address: I 

Phone: 

I~ l=A CIT I 

I ~ Cill~u~ [:e][:Rl@[Q)QD@u® I 
/ ~~~it-Addo Inc. , 66 Field Point Rd, Greenwich, Conn. 06830. 
~ne (203)622-9150_. _________ ~ 

FacitPaperTapePeripherals 
get your systems moving. Instantly. 
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The new MK4801 BK static pansion without impacting sys-
RAM advances Mostek 's memory tern access time. A fast OE, also 
technology leadership again. You 50% of access time, permits data 
can now replace bipolar tech - inte~leaving and a flexible latch 
no logy with MOS. The advantages allows optional latching of CS and 
are significant- increased system address. The 4801 uses Address 
density, reduced Activated™ iriter-
system cost and 'r face to permit 
lower power ,-,---- :- -,m synchronous 
improving system tn':,"11 t--1r-1==+-+-rli-+--+--+--r-c-r-f"'"~.j..~ or asynchronous 
reliability. operation bycom-

Fast access- bining th·e bene-
'- ' 

55ns! With sub- , fits of Mostek's 
100 ns access/cycle [ j; Edge-Activated™ 
times the MK4801 VT" concept and fully 
family is ideal for static operation. 
wide-word cache, , 1-1.-'-.........._,'--'--"---'---'-'-'--'--' L..1 Mostek's MK4801 Output •- ri 

buffer and tele- ''"' 100,...,.. static RAM series 
communication ·includes the 
applications. The 1Kx8 organiza- MK4801-55 {55ns access/cycle 
tion permits 1K increments in time) , MK4801-70{70ns access/ 
density optimizing memory size cycle time) , and the MK4801-90 
vs.cost tradeoffs. Requiring a (90ns access/cycle time) . 
single +5 volt power supply, the The technology of the future 
MK4801 is totally TTL compatible Is here today. Mostek's next gen-
an~ as easy to use as bipolar eration process, Scaled Poly 5™, 
memory. is accomplished through a dou-
- Other features include a fast ble polysilicon process in which 
CS function (50% of address all physical dimensions of the 
access) allowing memory ex- transistor geometry are reduced , 

as are substrate doping concen
trations and operating voltages. 
The results are next generation 

The MK4801 is just the first 
of many Scaled Poly 5 products 
from Mostek. A die size of just 
18,900 mils2

, sub-100ns access 
and 5-volt only operation are 
typical of the features you can 

expect from future Scaled Poly 5 
products.Production volumes of 
the MK4801 are scheduled for the 
fourth quarter. Start designing 
your system now. For more infor
mation, contact Mostek at 1215 
W. Crosby Road, Carrollton , 
Texas 75006; Telephone (214) 
242-0444. In Europe, contact 
Mostek Brussels ; Telephone 
(32) 02/660.25.68'. 66013. 
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Professional Program Excerpts 

Monday Afternoon 

Session 2 2:30-5 pm 

Man-Machine Interfaces 
Chahman: G. F. Barnes, Monsanto Co 
"Internationa'1 Purdue Workshop's Man-Machine Communications 
Committee Activity," R. F. Carroll, B. ~· Goodrich 
"Electronic Artist Palettes For Multicolor Process Displays," 
R. A. Williamson, Jr, Metromation, Inc 
"Using a Color CRT With Light Pen for an Operator Console," 
R. B. Zey, Herco 
"Using ·Color CRTs for Man-Machine ·Communication," J. Hedrick 
and E. Pageler, Fisher Controls Co 

"Voice-A Solution to the Data Entry Bottleneck," E. J. Sim· 
mons, Jr, Threshold Technology Inc 

Session 3 2:30-5 pm 
(Repeated in Session 67) 

Clinic: IEEE-488 Workshop 
Chairmen: N. Kuhn and J. G. Evans, Hewlett-Packard Co 
The objective of this clinic is threefold. First of all, the clinic 
will give a status reP-Ort on J•EEE-488, including where it fits in 
the system picture, past difficulties it eliminates, ·and how it 
operates. Customer case histories will illustrate specific measure
ment problems that need to be soived and why the JEEE-488 
approach was chosen along with subsequent financial return. In 
addition, workshops will demonst~ate the assembly of systems 
such as des·ktop computers and minicomputers as controllers. 

Session 4 2:30-5 pm 
(Repeated in Session 51} 

Clinic: Microcomputers for Measurement 
And Process Control 
Chairmen: J. Drakeford and P. A. Anderson, Intel Corp 
Dijferences between minicomputer and microcomputer control 
solutions will be identified and highlighted in this introduction 
to microcomputers and their applicability to performing process 
measurement and control. Microcomputer component organiza
tion, 'board and system so'lutions using microcomputers, software 
devel-0prhent process, and availability will be outlined. Guidelines 
for successful microcomputer field implementation and process 
control applications that have been implemented with microcom
puters will also be discussed. 

Session 5 

Panel: Programmable Controllers 
For Process Control 
Cliairman: C. H. McClure 

2:30-5 pm 

"Programma·ble Controller Utilization in an Online Mixing Sys
tem," M. E. Nace, Honeywell, Inc 
"Batch Control Utilizing a PC /Computer System," H. Derrick, 
Industrial Solid State Controls, Inc 
"Instrumentation for Oxygen/Opacity Coal <:om'bustion Con· 
trol," R. E. Downey, .Delco Remy 
''!Programmable C-0ntro-llers in Process Control," L. W. Long, 
Allen-Bradb~y Co 
"A User's View of the ·Present and Future Requirements of Pro· 
grammable Controller Systems," R. E. Cook, The Foxboro Co 
"The Future for Programmable ·Controllers," R. A. Whitehouse, 
Modicon 

Session 11 

Digital Telemetry Applications 
Chairman: z. Taqvi, Lockheed Electronics Co, Inc 
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2:30-5 pm 

"Data Compression .and the Use of Compresspd Data,'' R. Baker, 
EMR-Telemetry 
"Industrial PCM Data Acquisition System," J. S. Norton, EMR· 
Telemetry 

"Distri'buted Control for Houston's MGD Wastewater Treatment 
Plant," R. R. Page, Lockwood, Andrews, anq Newnam, Inc 

Session 12 
Panel: Benefits of Computers 
To the Textile Industry 
Chairman: W. L. Huff, Taylor Instrument Co 
Moderator: K. Wilkinson, Taylor Instrument Inc 

2:30-5 pm 

Panelists: J. Fortunato and E. Ford, Reliance Electric Co; and 
W. Huff, Taylor Instrument Co 
"Benefits of Computers to Batch Control," J. Fortunato and 
E. Ford, Reliance Electric Co 
"Benefits of Computers to Continuous Control," W. L. Huff, Jr, 
Taylor Instrument Co 

Session 13 2:30-5 P!'" 
Monitoring and Control of 
Water Treatment and Reclamation 
Chairman: T. A. Gray, SYStems Control Inc 
Welcoming Remarks : C. Guarino, City of Phil~delphia Water 
Commissioner 
"Selection Qf a Digital Control System for tlie Parsons Avenue 
Water 'Plant," S. Barnes, Columbus, Ohio Div of Water; R. 
Graupmann, EMA Inc; and C. Moore, Alden E. Stilson and As~oc 
"'Lucy' Nicholas Villes Microprocessor," G. A. Werenskiold, 
ACCO Bristol 
"A Comparison of Control Methods for a Demineralized Water 
Treatment Plant," J. A. Martin ·and J. Price, Jr, Tennessee 
Valley Authority 
"Three Generations of Water Systems Control," J. W. Garrett, 
Santa Clara Valley District 
"Automated in Situ Water Quality Monitoring," K. Nishfoka1 
NASA-Ames Research Ctr; and R. Brooks, The Boeing Co 

Tuesday Morning 

Session 15 

Software for Digital Control 
Chairman: P. W. Palm, Hewlett-Packard Co 

10 am-12:30 pm 

"Computer Control Software: Theory and Practice," D. Rosich, 
Hofstra University 
"Computer vs Multiple Programmable Controllers," E. ·Long, 
R. Buschart, and J. W. Meeks, Monsanto Co 
"FoxcAL-A Computer Applications Language for ·Pilot Plant 
and Research Laboratory Experiments Aut-0mation," P. A. Holst, 
The Foxboro •Co 
"Advanced Minicomputer Process Control Package 'Put 'Into a 
Standalone Microprocessor Based Multi-Loop Controller," K. 
Beoughter and R. Rammler, Powell Indqstries 
"Computerized Process Control and Management Information in 
a Manufacturing Environment," S. Dickey, Hewlett-Packard Co 

Session 16 10 am-12:30 pm 
(Repeated in Session 52) 
Clinic: How to Program 
Process Control Computers-Part I 
Chairman: T. Montag, Fisher Controls Co 
Clas·s will focus on implementing process control on a computer. 
There will be a hardware overview, a discussion of the historical 
development of softwarp, and an in-depth discussion on the use 
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is 
Double your system 

density by replacing two 
2114s with Mostek's new 
MK 41,18 8K static RAM. 
In addition, you gain sig
nificant improvements 
in speed, power, and de
sign flexibility over older 
geheration 2102 and 
2114 static RAMs. 

Organized as 1 K X 8 
bits, the MK 4118 is designed to interface 
directly with all present and future genera
tion microprocessors. A Chip Select con
trol is provided for easy memory expansion 
and decoding, and internal latches are 
available to latch the Address and Chip 
Select inputs, further simplifying system 
design. If the Latch functlOn is not needed, 
it can be bypassed by connecting the Latch 
control Input to +5V (the only power supply 
needed for the MK 4118). A fast Output 

Enable function (50% 
of address access) 
allows easy control of 
the data bus in all bus 
configurations. 

All inputs and out
puts are TTL compati
ble, and the MK 4119 is 
pin compatible with 
standard 24-pin ROMs, 
PROMs, and EPROMs, 

such as the MK 2716. 
Advanced circuit design and Moste~·s 

Poly R™ process technology are combined 
to pack 8K bits of static RAM on a chip com
parable in size to 4K static RAMs. Perf or
mance, reliability, flexibility, compatibility. 
The 4118 is the obvious choice. _for informa
tion contact Mostek, 1215 West Oros by Road, 
Carrollton, TX. 75006. Telephone 214/242-
0444. In Europe, contact Mostek. Brussels; 
Telephone (32) 02/660.25.68.68013. 

MOSTEI~ 
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coneyour 
Call it cloning. Planned planar-hood. 
Or simply smart thinking. Just give us 
your jumper cable specs and we'll repro
duce as many jumper cable duplicates 
as you need. 

Fully tested, ready-to-install planar 
jumper assemblies that .save you time, 
money and labor pains because we take 
total responsibility for them. 

For all your interconnect needs from 

jumpers to planar cables and ID.C con
nectors to complete custom assemblies, 
just check us out. You won't need to call 
anyone else. 

For the name and number of 
our nearest distributor or rep, write 
Spectra-Strip, an Eltra Company, 
7100 Lampson Avenue, Garden Grove, 
CA 92642. Orcall (714) 892-3361 today. 

()SPECTRA-STRIP 1978 
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of high level programming languages. One hour will he devoted 
to a hands-on workshop. Attendees will .be a'hle to operate a 
process simulator from an engineer's and an operator's console. 

Session 17 
(Continued 
Concepts) 

10 am-12:30 pm 
in Session 35; see Session 53 for Advanced 

Clinic: Programmable Logic Controllers
Basic Concepts-Part I 
Chairman: R. A. Whitehouse, Modicon 

Overview of programmable controllers, their history, general 
architecture, and applications will he presented with stress on 
new developments and capabilities. Basic programming will he 
demonstrated. The capabilities 6f all programmable controllers 
will he surveyed and units at the exhibits will he identified. 

The Basic Clinic (Sessions 17 and 35) will discuss relay, 
timing, counting sequencing, and setpoint control. The Advance 
Course (Sessions 53 and 66) will cover analog control loops, 
data storage, advance programming, capabilities, and hierarchical 
system design. 

Session 18 10 am-12:30 pm 
(Continued in Session 36) 

Clinic: Minicomputers for 
Data Acquisition and Control-Part 
Chairmen: W. Van Diehl and J. Gruneisen, Hewlett-Packard Co 

Clinic will give an introduction to minicomputer hardware and 
programming. It will also include sensor I I o interface and dis
tributed processing considerations. •Course will outline history 
and development, minicomputer control, minicomputer price per
formance, interfacing common sensors to a measuring unit, local 
or remote choices, how to interface the measure unit, and levels 
of control distributed processing consideration. 

Session 20 I 0 am-12 :30 pm 

Digital Control of the Microprocessor 
In Glass and Ceramics Manufacturing 
Chairman: N. 1Patel, Forco-Glass •Co 

'IReview of Process Control," J. F. Davis, Owens Corning .Fiber
glass 

"Use of Quantitative Methods in the Glass Industry," M. J. 
Seiden, John-Manville Sales Corp 
"Management Information Systems in the Glass Industry," R. 
Strong, Brockway Glass Co 

Session 25 

Control Applications 
Chairman: J. Gray, The Foxboro Co 

10 am-12:30 pm 

"A Simplified Method of Process Control Loop Design," ~1. B. 
Rothstein, United Engineers & Constructors Inc 

"A Multipurpose Override Selector for Analog Electronic Con
trol Systems," W. S. Buzzard, Fischer ·& Porter Co 

"A Unique Approach-Distributed Digital Process Control at the 
Control Valve," P. Traotman and F. Tasch, Xomox Corp 

Session 30 10 am-12:30 pm 

Measurement and Control of 
Municipal Wastewater Treatment 
Chairman: B. B. Mishra 

"Direct Digital Control of a Vacuum Filter," G. A. Mathes, EMA, 

Inc; and R. E. Rice, Metro Waste Control Commission, St. Paul, 
Minn 

"Dynamic Model of Sedimentation Tank," S. Nogita and T. 
Ikeguchi, Hitachi Ltd; and R. Nagasaki, Tokro Metropolitan 
Government 

"Mathematical Models of Activated Sludge Process," S. Kato, 
Tokyo Metropolitan Government; M. Tanuma and K. Kashiwagi, 
Hitachi Ltd 

"Schemes for the Control of the Activated Sludge Process via 
Digital Computer," S. B. Younkin and E. F. Ballotti, Greeley 
and Hansen; and C. F. Guarino, Philadelphia Water Dept 
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Tuesday Afternoon 

Session 33 2:30-5 pm 

Panel: Microcomputers for Process Control 
Chairman: Y. Keil es, Honeywell Inc 

Panelists: R. Rambler, Powell Industries Inc; A. Uyetani, 
Toshiba Corp; R. D. Hawkins, Naval Weapons ·Ctr; A. Finger, 
Analog Services; J. Stein, Stynetic Systems Inc; and J. Drake
ford, In tel Corp 

Session 34 2:30-5 pm 
(Repeated in Session 65; Continuation of Session 16) 

Clinic: How to Program 
Process Control Computers-Part II 
Chairman: T. Montag, Fisher Controls Co 

Session 35 
(Continuation of Session 
Concepts) 

2:30-5 pm 
17; See Session 66 for Advanced 

Clinic: Programmable Logic Controllers
Basic Concepts-Part II 
Chairman: R. A. Whitehouse, Modicon 

Session 36 2:30-5 pm 
(Continuation of Session 18) 

Clinic: Minicomputer Systems for Data 
Acquisition and Control-Part II 
Chairmen: W. Van Diehl and J. Gruneisen, Hewlett-Packard Co 

Session 38 2:30-5 pm 

Microcomputer Applications in the Glass 
And Ceramics Industry 
Chairman: ] . P. Theisen, Midland Glass Co, Inc 

"Sim p)ified Mathematics of Converting a Glass Container Fore
hearth from Analog to Direct Digital Control," ]. P. Theisen, 
Midland Glass Co, Inc 

"What Type of Process Control Equipment Best Serves the 
Needs in the Batch House," C. E. Bennett and C. F. Lockert, 
Reliance Electric Co 

"Computer Controlled Glass Forming- Past, Present, and Future," 
R. ]. Japenga, Emhart Industries 

"New Concepts in Burner Design," A. J. Syska, Wingersheek, Inc 

Session 42 2:30-5 pm 

Panel : Holography and Lasers 
Chairman: R. Christenson, Iowa Illinois Gas and Electric Co 

Panelists: S. Parnaf, Apollo Lasers; R. AnWYl, Eastman Kodak; 
::\1. Chang, New Port Research Corp; and R. Swartz, IBM Corp 

Session 43 2:30-5 pm 

Digital Control Applications 
Chairman: E. T. Roland, Copeland & Roland Inc 
"Save Energy and Prevent Pollution by Distributed Digital 
Control System," A. Uyetani, Toshiba Corp 

"Characteristics of a Processor Based 1/0 System," G. Hoyle, 
Burr-Brown 
"Computers and Sensors in Water Treatment," J. L. Francis 
and S. Barnes, Div of Water, City of Columbus 

"Control Loops That Include the Operator-A New Approach to 
Interface Design," M. Beaverstock, The Foxboro Co 

Session 45 2:30-5 ptn 

Clinic: Microprocessor Based Flow Computers 
Chairmen: J. E. Moore and J. D. Perret, Waugh Control Corp 
A description of applications and functions of newly developed 
microprocessor flow computers used to compute mass flow or 
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New Developm~nts from SYSTEMS ... 

The SEL 32/30 
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Until now, you've either 
had to forego 16-bit pricing 
to get 32-bit performance, or 
you've had to give up 32-bit 
performance just to keep the 
budget in line. 

No longer. Now you can in
vest in a full-blown 32-bit com
puter and pay no more than 
you would for a 16-bit com
puter. And not have to worry 
about insufficient power for 
future needs. 

The SEL 32/30 is the small
est of the SYSTEMS hierarchy 

of 32-bit computers. But don't 
let its small size fool you. This 
MAXIBOX is big in performance 
and throughput, ideally suited 
for scientific or process con
trol applications such as telem
etry, simulation, industrial or 
laboratory automation. And it 
costs you no more than a 16-
bit computer. 

The SEL 32/ 30 is value-en
gineered for the OEM. It is a 
single chassis, fully integrated 
system that is upward compatible 
with the entire SEL family of 
32-bit computers. So even if you 
start with a minimal investment, 

it will continue to pay off as 
your customers' applications 
expand. 

If power and performance 
are what you need, and budget 
is a definite consideration, talk 
to us. We' ll make sure that 
when you invest in a SEL 32/ 30 
MAXIBOX, more dollars will 
flow to your bottom line. 

Call us. We're easy to talk to. 
(305) 587-2900 
6901 West Sunrise Boulevard 
Ft. Lauderdale, Florida 33313. 

MOS MAXIBOX: 

ENGINEERING LABORATORIES 
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volumetric flow corrected to a standard fluid temperature will .be 
covered. 

Wednesday Morning 
Session 47 10 am-12:30 pm 

Microprocessors and Thermographics
Selected Papers from the 24th lnternat'I 
Instrumentation Symposium 
Chairman: 0. M. Friedrich, U of Texas at Austin 

"Aptilication of the Microprocessor to Surface Transportation 
Vehicle Testing," A. D'Agostini, Boeing Vertol Co 

"Microprocessor Controlled EPROM Memory Programming," P. E. 
Riley and R. Chizmadia, Westinghouse Corp 

"Thermogtaphic Inspection," R. F. Friedman and H. Kaplan, 
Barnes Engineering 

Session 48 

Advanced Control 
Chairman: R. F. Sweeney, Villanova U 

10 am-12:30 pm 

"Further Studies of PL Level Control," T. F. Cheung and W. L. 
Lu)>berl, Lehigh U 

"Ethylene Plant Computer Control-Czechoslovakia," B. M. 
Bergen and M. Asgarl, C·E Lummus 

"Floating Supervisory Computer Control Algorithm," M. Manofl, 
Metromatiort; and J. A., Weaver, B. F. Goodrich Chemical Co 

"Use of a Microprocessor Operated Terminal as a Process Con
troller," J. C. Firtney and J. T. Brown, Chemstress Consultant 
Co; and G. L. Kramerich, Cleveland State U 

"Smokeless Flare Control," J. Agar, Agar Instrirni.entation Inc 

Session 50 I(} am-12 :jO pm 

Distributive and Hierarchical Control 
Systems 
Chairman: K. W. Goff, Leeds and Northrup Co 

"Performance to Distributed System Architectures," J. D. Schoef· 
lier, Cleveland State U 

"Distributed Computer Control for Statfiord," F. C. Mears, 
Mobil Exploration Norway Inc 

"An Industrial Application of Local Network Architecture," 
G. W. McClure and M. G. Gable, Ford Motor Co 

Session 51 
(Repeat of Session 4) 

10 am-12:30 pm 

Clinic: Microcomputers for Measurement 
And Control 
Chairman: J. Drakeford and P. A. Anderson, Intel Corp 

Session 52 10 am-12:30 pm 
(Continued in Session 65; Repeat of Session 16} 

Clinic: How to Program 
Process Control Computers-Part 
Chairman: T. Montag, Fisher Controls Co 

Session 53 I 0 am-12:30 pm 
(5ee Session 17 for Basic Concepts) 

Clinic: Programmable Logic Controllers
Advanced Concepts-Part I 
Chairman: R. A. Whitehouse, Modicon 

This clinic will cover analog controi loops, data storage, ad
vanced programming capabilities, and hierarchical system design. 
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Session 54 10 am-12:30 pm 

Process Computer Maintenance Seminar-Part I 
Chairman: L. Marseilles, The Fox'boro Co 

This seminar will present a broad overview of process computer 
systems features, characteristics, and maintenance philosophies to 
people responsible for plant instrumentation maintenance. It will 
also provide a tutorial on process computer systems with func
tional descriptions of hardware, software, and maintenance aids. 

Session S9 10 am-12:30 pm 

Tutorial: Analog Data Converters 
And Microprocessor Interface 
Chairman: L. Gardenhire, Pan Am 

Speaker: P. Brokaw, Analog Devices Inc 

This in-depth tutorial will cover the various data converters and 
how they are interfaced with microprocessors, including basic 
design ideas. 

Session 60 10 am-12:30 pm 

Panel: Experiences with Computer Control 
In Water and Wastewater Treatment 
Chairman: A. W. Manning, SMA Inc 

"Management of Technical Communication During Design," R. 
Werner, Washington Suburban Sanitary Commission 

"Management of Staffing and '.fraining," J. Nelson, Metro Denver 
Sewage Disposal District No. 1 
"Management of Start-up, Testing, Acceptance, and Operational 
Transition," R. Skrentner, City of Detroit 
"1Management of System Maintenance," J. Almo, Metropolitan 
Minneapolis-St Paul Waste Control Commission 

"Management of System Operation," P. Habrukowich, Ocean 
County Sewage Authority 

Wednesday Afternoon 
Session 61 2:30-5 pm 

Minicomputers, Data Acquisition, and Control 
For Energy Systems-Selected Papers from 
The 24th lnternat'I Instrumentation Sym 
Chairman: 0. M. Friedrich, U of Texas at Austin 

"A Minicomputer Based Data Acquisition and Analysis System 
for Vertical Axis Wind Turbine Testing," B. Stiefeld and R. 
Tomlinson, Sandia Labs 

"Solar Total Energy Control and Data Acquisition System," 
W. Shurtleff, Sandia Labs 

"Maste~ Control and Data System for the 5-MW Solar Thermal 
Test Facility," D. Darsey, Sandia Labs 

Session 64 

Energy and Utility Conservation 
By Computer Control 
Chairman: P. V. Bhat, Monsanto Co 

2:30-5 pm 

"Microcomputer Applications for Electric Power System Con
trol," G. T. Heydt and G. L. Viviani, Purdue U 

"Enetgy Conservation Opportunities Through Use of a Computer
ized Building Management System," S. M. Zvolner, Johnson Con
trols, Inc 

"Computer Control vs Energy Savings," R. Barth and J. Miller, 
Metromation 

"Optimizing Plant Refrigeration Systi!m Costs," D. L. May and 
B. N. Norden, Monsanto Textile Co; C. A. Andreasen and C. H. 
Cho, Fisher Controls Co 
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$9995* 
A Great Little Price 

for a Practical Computer Solution 
to your Real World Problems: 

• Unlike hardware-oriented development 
systems, emphasizes program and systelU 
development. 

• Supports all software development and 
acts as the central processor for PCS present 
AND future products. 

Model3800B 
SuperPac 
Development 
System II ••• 

• Supports all the hardware AND software 
necessary for system design, hardware/software 
integration, and system verification. 

• Is distinguished by its ONE FULL YEAR 
warranty and customer option to extend up to 
two additional years (as are all PCS products). 

• Is protected from obsolescence through 
future options for hardware enhancements 
which accommodate future industrial micro-
processor developments. 

Standard Software: Basic, Fortran IV, 8080A and Z80A ab
solute macro and relocatable assemblers, linking' loader, 
debug, editor, cross reference generator, 3800B and floppy 
operating systems, drivers for TTY, CRT, EPROM Pro
grammer, line printer, floppy disk, high speed paper tape 
reader, and up/down loader. 

Standard Hardware: 32K bytes of RAM, Dual Floppy Disk 
Subsystem (IBM 3740 compatible), EPROM Programmer 
that supports all industry standard EPROMs, hardware 
fixed and floating point capability, CRT terminal, desk 
mounted hardware, and peripheral interfaces. 

*Orders placedfor a 3800B on or before October 31, 
1978 will qualifyfor a SPECIAL INTRODUCTORY 
PRICE: •9995 (includes a one week training class). 
For this offer, a 110 cps Une printer is optionally 
cwailable at •uoo, or use your owtt 
Cen.tronl.cs-type printer, or ask us about 
other auailable printers. 

U.t prljle •111,9911.00 for ltalldanl pa~e with prbater • . 

CALL PCS 313142 -497 , 
(TWX:Bl0-223-8153), 
and askfor SuperPac 
Development System II. 
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]ntelS 2147 is 
with volume availability 

Intel's 4K static RAM, the 214 7, is the 
industry standard for high speed, low power 
memory design, delivering access times to 55ns with 
traditional MOS economy. Now there are new military 
and even lower power versions, too. And all 214 7 compon
ents are available now to support volume production. 

From the start, designers have been attracted to the 
214 7's low active power dissipation and automatic 
power down on deselection. In stand-by mode , the 214 7 
can dramatically reduce overall power consumption 
compared to systems where all components dissipate 
constant power. It allows you to substantially simplify 
design of cache, fast buffer, control store and even large 
main memories. And since we've widened supply 
tolerance from ±5% to ±10%, design is easier and even 

16 more economical. 
a: 
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SYSTEM POWER 
COMPARISON Now our new 214 7L 

~ 
,;::P low power version 

Qv 

rv0 takes you a step further, 
o~ 

~« with maximum standby 
.t-4' current of just 10 mA-

cP°"' about I/10th that of 
bipolar 4K static RAMs. 

2 
There is a new 

military version, too, 
manufactured in 

total compliance with MIL-STD-883B, Level 5004 
and 5005 specifications. It gives you 214 7 
performance over the full mil temp range and is 
offered in three levels of product assurance: Level 

2147 

4
K MEMORY SIZE IN WORDS 

54
K 

B, Level C and Extended Temperature Range. 
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here in force, 
and two new versions. 

HMOS is the key to the 2147's high 
producibility, high speed, high reliability and 

low power. It's the high performance tech~9logy 
we pioneered 

with our 2115A/ 
2125A lK static 
RAMs. And it has 
led to such dramatic 
advances as our 

~ 8086 16-bit . 

Max. Access 
Time (ns) 

Max. Active 
Current (mA) 

Max. Standby 
Current (mA) 

Operating Temper11-
ture Range (°CJ 

2147 

70 

160 

20 

0-70 

2147L 2147-3 M~1<47 

70 55 115 

140 180 189 

10 30 30 
,:1 • , 

0-70 0-70 
- 55to 
+125 '~ mi

1
cro-computer. . l ~ We ve delivered ~ millions of HMOS devices, a proven track record of 

volume availability. 
HMOS means reliability, too. We've already 

matched the dependability of our long-tirqe standard lK 
static RAM, the 2102A. Get the details in our ·· · 
comprehensive Reliability Report #18. 

The 2147 uses the widely accepted 18-pin, 4K x 1 
standard pinout. It's fully static and can be used in both 
clocked and unclocked systems. All versions ~re 
directly TTL compatible in all respects: inputs, outputs 
and operation from a single + 5V supply. 

Order 2147's directly from your Intel distributor. 
Or, for more information, contact your local 
Intel sales office or write: Intel Corporation, 
3065 Bowers Avenue, Santa Clara, CA 95051. 

inter delivers. 
EuroJM!: Intel lntematlonal, Brusaels, Belgium, ,_lex 24814. 
Jepan: Intel Jepan K.K., Tokyo, Telex 781-28426. 
U.S. and Canadian Distributors: Alliance, Alm11c:/Stroum, Component 
Speclattles, Cramer, Hemllton/Avnet, Hervey, Industrial Components, Pior-r, 
Sheridan, Wyle/Elmar, Wyle/Uberty, L.A. Varsh or Zentronlcs. 
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"Energy Conservation Control in Olefins Plant by Mini- and 
Microcomputers," R. Skrokov, M. Thor, and M. Weiss, Stone 
and Webster EngiQeering Corp 

Session 65 2:30-5 pm 

Chairman: R. A. Whitehouse, Modicon 

Session 67 2:30-5 pm 
(Repeat of Session 3) 

Clinic: IEEE-488 Workshop (Continuation of Session 52; Repeat of Session 34) 

Clinic: How to Program Chairmen: N. Kuhn and J. G. Evans, Hewlett-Packard Co 

Process Control Computers-Part II 
Chairman: T. Montag, Fisher Controls Co 

Session 68 
(Continuation of Session 54) 

2:30-5 pm 

Session 66 2 :30-5 pm 
(Continuation of Session 53; See Session 35 for Basic 
Concepts} 

Process Computer Maintenance Seminar
Part II 

Chairman: L. Marsailles, The Foxboro Co 
Clinic: Programmable Logic Controllers
Advanced Concepts-Part 11 

Roundta,ble discussion of maintaining process computer systems 
with vendors will be combined with comments by attendees. 

JACC Professional Program Excerpts 

Wednesday Afternoon 
Session 2 2:30-5 pm 

Chairman: 0. M. Friedrich, U of Texas at Austin 

ISA Session 61 

Energy and Utility Conservation 
Chairman: P. V. Bhat, Monsanto Co 

ISA Session 64 

Thursday Morning 
Session 12 9 am-12 noon 

Session 6 2:30-5 pm 
Pattern Recognition in Manufacturin9 
Chairman: V. J. Taras-sov, Western Electric Co 

Minicomputers, Data Acquisition, and Control 
For Energy Systems 

"Pattern Recognition for Inspection," V. J. Tarassov, Western 
Electric Co 
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FOR TAPE DRIVES, DISK DRIVES 
AND FLOPPY DISK DRIVES 

locate intermittent problems ... pinpoint trouble spots 
If you demand a tester that is better than 

those supplied by OEM's, you should know this . . . 
Wilson is the world's leading specialist in tape 

and disk drive exercisers . . . for production, incoming inspection 
and field service. More Wilson units are in use 

than all others combined . 

ECONOMICAL TESTERS 
• DX-500 Disk Exerciser 

• FX-500 Floppy Disk 
Exerciser 

• TX, 500 Tape Drive 
Exerciser 

Let us show you why. 

TOP-OF-THE-LINE TESTERS 
• DX-1000 Disk Exerciser 

(standard drives) 
• DX-3330 Disk Exerciser 

(large drives) 
• DX-2314 Disk Exerciser 

(for Memorex, Telex drives) 
• TX-1200 Tape Drive Exerciser 
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LM~WILSON 
Laboratories, Inc. 
2536 East Fender Avenue 
Ful lerton . CA 92631 
Telephone (714) 992-0410 
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"Experiments in the Automation of Visual Inspection," J. F. 
Jarvis, Bell Telephone Labs 

"Automatic Visual Inspection," J. L. Mundy, General Electric Co 
"A Pattern Recognition System for Difficult Viewing Conditions," 
J. Wilder, EMR Photoelectric 

Session 15 9 am-12 noon 

Computer Control Application in 
Process Industries 
Chairman: A. alShaikh, Measurex Corp 

"Application of Steady State Kalman Filter Theory with Field 
Results," W. Bailkawski, Domtar, Ltd 
"Distributed Microcomputer Based Control of Flat Die Extruder 
Lines," L. Rastogi, Measurex Corp 

'"Control of Activated Sludge Processes," C. H. Wells and C. 
Williams, Envirotech Corp 

"Computer Based Methodology for Disturbance Analysis of 
Power Plants," H. S. Rao and B. Frogner, Systems Control, Inc 

"Application of Mathematical Modeling to iDesign of a Practical 
Contrnller or a Commercial Scale Fossil fPower Plant," D. A. 
Berkowitz, The Mitre Corp 

Thursday Afternoon 
Session 19 2-5 pm 

Pattern Recognition and its Applications 
Chairman: G. N. Saridis, Purdue U 
"Statistical Pattern Classification Using Contextural Information," 
T. S. Yu and K. S. Fu, Purdue U 

"Pattern Recognition in Distributed Computering Environments," 
Y. T. Chien, U of Conn 
"Application o'f Pattern Recognition to Industrial Inspection," 
T. Pavlidis, Princeton U 
"Multilevel Syntax Analysis for Geological Data Compression," 
H. Stephanou, Exxon Production Research Co 
"New Results in Image Alignment," T. R. Chow, ESL Inc 
"Digital Linear Processor Theory & Optimum Multidimensional 
Image Reconstruction," S. Chang, State U of New York at 
Stonybrook 

Friday Morning 
Session 26. 9 am-12 noon 

Distributed Systems for Process Control 
Chairman: E. H. Bristo, The Foxboro Co 
"Recovery and Reconfiguration in Distributed Intelligence Data 

for only $51,200. 

ONE MEGABYTE* 

Call or Write to 
Or. Preston Hill 
at (714) 898-5611 

PUSH PAmemorles 
15661 Producer Lane. Si.rte 'O' 
Hunhnglon Beach, CA 92649 , USA 

•d1vr&lon of 

PUSH PA m ~~T"E,~~~~l~~Al 

Acquisition and Control Systems," W. Rose, Case Western 
Reserve U 

"Evalua tion of a Distributed Process Measurement and Control 
Systell) Reliability," R. Kenneford and F. Romey, HoneYWell Inc 
"Design Optimization of a Process Based Remote Multiplexing 
System and the Distribution of Input/Output VariaJbles," W. L. 
Summers, Ebasco Services, Inc 

"Distributed, Hierarchical Process Control Function Before Form," 
R. Ash and J. Trchka, 1Proctor and Gamble Co 

"The Organization of Microprocessor Based Remote Multiplexing 
Systems," K. M. Zahr, Ebasco Services, Inc 

Friday Afternoon 

Session 37 2-5 pm 

Programmable Systems for Manufacturing 
Chairman: J. E. Barton, Charles Stark Draper Laboratory, Inc 

"Control of a Programma'ble System Test Bed," D. Seltzer, 
Charles Stark Draper Laboratory, Inc 

"Vision Control Subassembly Station," D. McGhie and J. Hill, 
SRI International 

"Control and Systems Aspects of Flexible Manufacturing SY8-
tems," J. J. Solberg and J. J. Talavage, Purdue U 
"Computer Controlled Industrial Robot: A Truly Programmable 
System," J. Ray, Cincinnati, Milacron Inc 

Session 38 

Real World Applications of 
Control Systems in Pulp and Paper 
Chairman: M. Mihalik, Taylor Instrument Co 

2-5 pm 

"Energy Management Systems," Dick Hanson, Taylor Instru
ment Co 

"Modeling and Computer Control of White Liquor Preparation 
in a Kraft Pulp Mill," P. Uronen, Purdue U 

Session 42 

Computational Method 
Chairman: A. Moyer, General Electric Co 

2-5 pm 

"Highly Parallel Processor for Matrix Computation," A. Moyer, 
D. Fifolt, and W. Rice, General Electric Co 
"Parallel Matrice Inversion Algorithm for Dedicated Matrix 
Processor Applications," A. Moyer, General Electric Co 
"A Section Alyzation Solution of the Steady State Matrix Riccati 
Equation," D. Repperger, Aerospace Medical Research Lab 

"Calculation of the Function of an Ailbitrary Matrix by Finding 
Constituent Idempatent Matrices," F. Chang and E. Edward, 
Alabama A&M U D 

~~usHP 

7/32 
or 8/32 or 8/16 or 7 /16 or 70 or 6/16 or 50 

* Full One MegaByte Installed In Memory Bank 0 
• Cost of 16 PM9800 65-KB Single Card Core Memory Systems 
• Option PM3210 to by.pass 3 LMBls supplied at nominal cost 
• Installed & Checked-Out at customer site at No Charge 
• Registered trademark of Interdata, Inc. 

PUSHP designs & manufactures only the most advanced core memory cards in the industry 
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Model Nonllnearlty Throughput 

SDM856JG ::1:0.024% 38kHz 
SDM856KG ::1:0.012% 27kHz 

SDM857JG ::1:0.024% 38kHz 
SDM857KG ::1:0.012% 27kHz 

Internal 
Amp 

No 
No 

Yes 
Yes 

Price (100's) 

$ 99.00 
$125.00 

$125.00 
$138.00 

An integral, low drift differential amplifier with gains 
programmable from 2 to 500 handles transducer inputs down to 
±10mV FS! And you have total design flexibility because all 
input/output connections to internal functions are available at 
the pins. 

... and include all the functions you need in a powerful 12-bit, 16-
channel data acquisition system - including 3-state digital 
outputs that interface quickly to 4-, 8- or 16-bit data buses. 

This hybrid measures only 2.2" x 1.7" x0.22". Its exclusive 80-pin 
quad-in-line design lets you run circuit traces under the single 
ceramic substrate, without insulation, to save up to 2 square 
inches of board space . 

Learn much more - call, write Burr-Brown, Box 11400, Tucson, 
Arizona 85734. Phone: (602) 746-1111. 

BURR-BROWN 

I EIEl l 
Putting Technology 
To Work For You 

AMSTERDAM, BOSTON, CHICAGO, LONDON, LOS ANGELES, NEW YORK, PARIS, SAN FRANCISCO, STUTTGART, TOKYO. TUCSON, ZURICH 
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ANALYZING COMPUTER 
TECHNOLOGY COSTS-
PART 1: DEVELOPMENT AND 
MANUFACTURING 

Computer equipment manufacturers can improve both 
efficiency and profitability if their design engineers fuliy 
comprehend costs of development, manufacture, and 
maintenance, and apply that knowledge to product 
engineering. Part 1 of this 2-part article demonstrates how 
to set up simple models of development and mariuf acturing costs 

Montgomery Phister, Jr Consultant, Santa Monica, California 

P rofitability through the development, manufacture, 
and sale of hardware is the primary objective of a 
computer equipment manufacturer. However, in the nor
mal course of business, he encounters a host of seemingly 
intractable problems. A potential customer unaccountably 
revises his procurement specifications; a major com
petitor unexpectedly ani-iounces a new product; a key 
design engineer leaves the company; a hardware, soft
ware, or documentation project misses a scheduled dead
line. Consequently, while reacting quickly and sensibly 
to these and other prohlems, the manufacturer seldom 
finds time to analyze and understand the internal work
ings of his diversified organization. In practice, however, 
a careful study of certain measurable and controllable 
cost factors can provide many benefits if it balances the 
critical elements of product expenditures. Specifically, a 
quantitative, analytic examination of the costs of prod
uct development, manufacture, and maintenance helps 
an organization if it 

( 1) Calls attention to potential tradeoffs between cost 
elements. Development times and costs may be used to 

refine a design, thus reducing manufacturing costs. They 
may also add serviceability capabilities that increase 
manufacturing costs but reduce maintenance costs. These 
overall tradeoffs affect the development, manufacturing, 
and maintenance operations jointly, but potential gains 
also accrue from more locai tradeoffs. A linear regulated 
power supply may be cheaper thah a switching supply 
for a given power level, but it offers less efficiency and 
occupies more space. Training and placement of special
ist maintenance engineers appears costly, but in fact 
these actions may reduce total maintenance costs by 
shortening the average time required to repair a failure. 

(2) Identifies specific high cost areas where further 
study, additional development, or management actions 
may improve profits. A careful cost study may indicate 
that preventive maintenance actions can be performed 
less frequentiy with a negligible effect on equipment 
availability, but with a substantial reduction in main
tenance costs. Another study may suggest that manu
facturing final test costs seem unreasonably high, or 
that many documentation tasks couid be automated. 
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Such concl~sions are not likely to be derived by an or
ganization that does not examine the costs of its technical 
activities in great detail. 

(3) Alerts hardware and software development en
gineers to the C<?mpany wide, long term impact of their 
actions or oversights. The designer should, for example, 
understand all the cost implications of each new compo
nent inserted into a product. Total cost savings of the 
component must pay .for all incurred documentation, 
component qualificati~~. and test equipment charges. 
Similarly, the programmer should thoroughly understand 
the maintenance cost implications of operating systems 
and related software. One result may be the collection 
and analysis of comprehensive error statistics or diagnos. 
tic information, with a subsequent reduction in average 
system troubleshooting and repair time. Analytic cost 
models will not supply automatic answers, but it is likely 
that designers who understand such models will take all 
relevant costs into account. 

( 4) Emphasizes cost trends, thereby heiping to ensure 
that planning will anticipate future opportunities and 
problems. For example, as integrated circuit (1c) den· 
sities increase, interconnect and packaging technologies 
must change to make the new low cost logic practicable. 
As development costs of custom ICs decrease, it may be 
feasible to use proprietary ICs for certain applications. 
As labor costs rise, and test equipment becomes cheaper 
and better, automated checkout procedures in manufac· 
turing will require that development engineers introduce 
special test circuits and facilities into systems and sub
assemblies. A manufacturer can anticipate factors that 
will influence future efficiencies and economies only by 
observing current cost trends. 

To realize these four benefits, companies must com· 
mit resources to the collection and analysis of available 
data about development, manufacturing, and maintenance 
operations. The objective is to establish quantitative re
lationships-or mathematical models-between product 
complexity and maintainability, and product develop· 
ment, manufacture, and maintenance costs. Generally, an 
adequate start can be obtained by making use of existing 
company records, supplemented by estimates from ex
perienced personnel. Then, the resulting preliminary 
models can be refined, modified, and improved in order 
to increase accuracy and to reflect new technologies and 
changing company practices. 

Overhead Costs 

The starting point for most cost analyses is labor cost 
of key employees. Generally, it is convenient and ac
curate to estimate incremental costs by multiplying the 
employee's time by an hourly rate. These costs must, 
however, include not only the employee's salary rate, but 
also such overhead costs as fringe benefits, supervision 
and secretarial salaries, and facility. Unique cost factors, 
together with some variability in those that are common, 
yield substantial variations in overhead from one or· 
ganization to another; therefore, it is sensible to establish 
overhead rates as a first step in operations analysis. 

Assume that a company has 50 engineers in hardware 
development; that their total annual salary is $1,000,-
000; and that total annual development expense, in-
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eluding mate.rials, technician and drafting labor, man· 
agers' salaries, etc, is $3.20 million. The overhead rate 
for the engineers, defined as the ratio of all other costs 
to their direct salary costs, is (3 .2 - LO ) / LO x 100% or 
220%. Thus, a development engineering man-hour · re
alistically costs $32 ($10 in direct salary and $22 in 
associated overhead) . Comparable overhead rates might 
be 125% for software development and 185% for manu
facturing and maintenance labor. Note that an analysis 
of actual rates in an existing organization can be re
warding if it pinpoints duplication or waste. 

Development Functions 

Two distinct types of development costs ai:e technology 
and product. Technology development provides specific 
tools, techniques, components, procedures, and assemblies 
which, taken together, constitute a mastery of the skills 
required to produce a family of products. It must pre
cede product development, which comprises one or more 
projects, each aimed at designing a specific product. 

Technology development is itself subdivided into two 
parts: technology employed by the development organ
ization to facilitate its own operations, and product tech
nology in manufacturing. Development organization tech
nology essentially consists of tools, such as a design auto· 
mation system, stroboscope, and system performance 
monitor. These may be especially developed within the 
organization, but are often purchased outside. 

Product technology in manufacturing is the more im
portant, and is more expensive to develop. Various tech
nology categories can be identified. For electronic prod
ucts, they include components, interconnects, power sys
tems, packaging systems, and special circuits. For pe
ripheral products, they comprise media, mechanisms, and 
transducers, plus all the electronic product categories. 
Product development is the familiar project-type activity 
that starts with a particular product specification-for 
a processor or FORTRAN compiler, for example-and de
livers a checked-out product ready for manufacture and/ 
or distribution. 

In some organizations, technology development is ac· 
complished as part of product development. Logic design 
engineers, for example, also choose components and con· 
nectors. Such an arrangement can be efficient, especially 
if the development engineers are capable and experi· 
enced, hut it has drawbacks. In a large organization, it 
can lead to duplication of design effort and to manu
facturing inefficiencies, as several development organiza· 
tions may develop different assemblies and use different 
components when they could he using a common tech
nology. Even in a small organization, where duplication 
may not be a problem, the co-mingling of product and 
technology developments will probably cause problems 
because the project engineer, anxious to release a spe· 
cific product on schedule, will not take the time to de· 
velop a technology applicable to a range of products, or 
to investigate and properly document the technology se
lected. 

Technology Development Costs 

The best method in determining development costs is to 
identify the tasks that must be performed, and then to 
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estimate the cost of each. Tasks necessary to develop 
a technology generally come under two headings: pro
curement of purchased items, and establishment of stan
dard processes and assemblies. 

A purchased itetn intended to 'he a part of manufac
ti.iring technology may be a material, component, media, 
assembly, subsystem, procedure, or process. Procurement 
procedures necessary to incorporate a purchased item 
into the technology include some or all of the following 
tasks: 

( 1) Write a purchase specification for the vendor or 
vendors who can supply the item. It lists the dimension
al, mechanical, functional, electrical, and other proper
ties important to the designer, giving both nominal 
values and acceptable tolerances on all measurements. It 
serves as the basis of a contract between vendor and 
purchaser; if the item meets specifications, it is accepted 
for payment. 

(2) Write a test specification that establishes what tests 
and measurements should be taken, and how they should 
he conducted or obtained. This document will be used 
by manufacturing's quality control organization during 
inspection and test of incoming parts and assemblies. 
{ 3) Provide special test equipment to measure proper
ties of incoming items, or of assemblies at various stages 
of manufacture. Such equipment is sometimes designed 
internally and sometimes purchased. Development en
gineering generally works with manufacturing engineer
ing to provide this test gear. 
(4) Qualify vendors who can furnish parts which meet 
specifications; then the purchaser can bargain for the 
lowest price. A purchase specification is often generated 
during negotiations between buyer and several vendors. 
In the course of negotiations, vendors furnish parts that 
are tested, measured, and evaluated; ultimately some 
vendors are approved as being technically able to supply 
the part. 
{ 5) Write usage specifications that describe items from 
the designers' point of view, and set forth i:ules and 
advice for their adoption into new designs. After an 
item has been documented, procured, and stocked in 
manufacturing, it should find multiple design use. 

Another necessary set of tasks establishes standard 
processes ( eg, for connecting two or more IC chips to an 
interconnecting substrate, and for encapsulating the re
sult) , or documents standard assemblies ( eg, a remov · 
able disc pack with built-in read/ write heads) . The re
quired tasks include 

{l) Prepare assembly drawings and process procedures 
that discuss, in great detail, how to create the assembly 
from purchased parts and materials, or how to carry out 
the process. 
(2) Write test specifications that define special mea
surements or tests to be used in the course of manufac
ture. Such tests reduce waste by detecting manufacturing 
problems at the earliest practicable time. 
{ 3 ) Design tools and fixtures that facilitate manufac
turing processes, ( eg, clamping parts together to make for 
easier assembly.) While this is normally the job of 
manufacturing engineering, new technology often re
quires particularly novel or precise fixtures or tools, 
which are developed along with the technology and must 
he documented by the engineering organization. 

TABLE 1 

Technology Development Cost Factors 

Technology Element 

Components 

Minimum 
Program• 

Simple (eg, register, light bulb, 

Substantial 
Program• 

screw) 0.02 0.5 
Complex (eg, transistor, IC, 
relay) 

Interconnects 
Components (eg, connectors, 
wire) 
Techniques (eg, soldering, 
wirewrap) 
PC card 
lntercabinet cables 

Packaging 
Cabinet, hardware, cooling 
system 

Power System 
Power supply 

Special Circuits 
Circu it design and layout 

0.02 

0.5 

0.02 

2 

1.5 

10 

8 

0.5 

20 
3 
3 

12 

12 

20 

•Time, In man-months per Item listed, based upon author's expe
rience 

{ 4) Participate in pilot operations. When assembly 
drawings, process procedures, test specifications, and 
tooling designs have been released to manufacturing, that 
organization should he able to fabricate the assemblies 
and to operate the processes. To facilitate the manufactur
ing start-up process, a small pilot manufacturing opera
tion is often set up, where assemblies and processes are 
conducted under the close scrutiny of development and 
manufacturing engineers. 

It is difficult to establish a cost for many of the de
scribed functions, but Table 1 gives estimates, in man
months, for the engineering time necessary to develop 
various elements of an electronic-based technology. The 
minimum program shown represents a limited design 
effort-the type that might be suitable for a small or 
new organization-and the substantial program describes 
an encompassing effort typical of a large-volume manu
facturer. The former employs shortcuts; wherever pos
sible it adopts or adapts standard, commercially-avail
able parts and assemblies, omits or abbreviates specifi. 
cations, and permits sole-source vendors, even for critical 
parts. Shortcuts limit the scope of the technology ( eg, a 
minimum program will not provide an ultra-high-per
formance technology ) , and present certain risks { eg, a 
sole-source vendor may stop making a critical part). 
However, a small organization may be able to accept 
such limitations. The substantial effort may adopt some 
existing parts, but is willing to undertake special de
velopment of 1cs, connectors, power supplies, cabinets, 
etc, wherever such development will pay off in low 
manufacturing cost, in unique performance, or both. 
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Product Development eosts 

A product development project generally begins with 
the creation of a product description specifying func
tions, performance, and sales price. Given these specifi
cations, the development project comprises the following 
tasks: 

(1) Prepare a detailed project plan, including sched
uling, manpower, budgets for labor and materials, and 
computer time. 

(2) Define in great detail exactly how product specifi
cations will be met. Describe principal product com
ponents in block diagrams, and show how they work 
together. Include sequence or flow charts, showing timing 
of various functions. List rules or algorithms to be im
plemented. 

( 3 ) Conduct detailed system design. The result is a pre
liminary version of the complete documentation, de
scribing how the product can be assembled and tested. 

( 4 ) Provide a first complete construction or assembly 
(prototype) of the product from the preliminary docu
mentation. 

( 5 ) Conduct tests to compare actual operation of the 
product with requirements of the planning specification. 
Correct design errors or oversights, incorporating indi
cated ch~nges into the documentation. 

( 6 ) Release and supply complete documentation to or
ganizations that will deliver, use, and/ or maintain the 
product. Include operating, technical, and maintenance 
manuals, as well as basic drawings and listings. 

(7) Conduct extensive, detailed tests of the product, as 
constructed or assembled by the organization to which 
the documentation is released. This product verification 
is conducted by an organization other than development, 
but with participation of the development group. It in
cludes actual or simulated application conditions, and 
generally results in detection and correction of design 
errors and oversights not noticed earlier. 

TABLE 2 

Development Cost Factors 

Hardware 
Development 

Productivity-Logic Elements 
Completed Per Man-Month* 250-330 

Project Man-Month Breakdown 
Project planning 1% 
System design 7% 
Detailed design 43% 
Test 21% 
Product verification 8% 
Documentation 20% 

Software 
Development 

175-250 

1% 
19% 
25% 
30% 
10% 
15% 

*Man-months refer to time 1pent by engineers and programmers 
only; does not Include supporting personnel, covered In overhead 
costs 

Much information has been published on the relation
ship between software project man-months and product 
complexity measured in number of instructions or state
ments. Little data are available on corresponding hard
ware development costs. Table 2 supplies the author's 
estimate of hardware development productivity, along 
with an estimate of software productivity based on a 
number of published studies. 1•2 •3•4 Note that the unit of 
productivity is logic elements completed per man-month, 
where a logic element is the designer's basic building. 
block. For hardware projects, it is a circuit element 
employed by the designer, and ranges in complexity 
from a flip-flop or gate, to a shift register or counter, 
or to an arithmetic logic unit or microprocessor. For 
software projects, it is a machine-language instruction 
or a high-level language statement. Studies have shown 
that software productivity is roughly the same whether 
programmers use machine languages or compilers, so 
that the use of high-level languages improves produc
tivity measured in ultimate machine instructions (often 
referred to as object instructions as distinguished from 
source instructions) per man-month. The breakdown of 
project effort (Table 2) is likewise based on the author's 
estimate for hardware design, and on published studies 
for software. 2 •3•5 

The hardware project includes a major programming 
task: the completion of a diagnostic program to check 
out the hardware product and subsequently to be used 
as a diagnostic tool for the maintenance organization. 
However, the hardware product itself is assumed to be 
a classical design task not making use of microprogram
ming. In recent years, microprogramming has become 
widely used as a design technique with the result that 
hardware projects have taken on the attributes of soft
ware projects. Assume that the control portion of a 
hardware system is implemented using microcode ; that 
it takes 20 bits of microprogram memory to replace 
a hardware gate; and that microinstructions are 50 bits 
long. Then, 1000 hardware gates, which would take 3 or 
4 man-months of development effort according to the 
hardware project side of Table 2, would translate to 
20,000 microprogram memory bits, or 400 microinstruc
tions, requiring only about 2 months of development 
effort-if microprogrammers are as productive as system 
programmers. Thus, microprogramming has a potential 
for reducing development costs. 

In Table 2, the data are representative of many 
average projects. However, the conclusion universally 
drawn by each study of software development has been 
that there are enormous variations in productivity, both 
from one programmer to another, artd from one kind 
of project to another. Ratios of 40:1 in productivity 
are not at all unusual; for example, Daly3 reports a range 
from 50 to over 2000 instructions per man-month. In 
reviewing the history of past projects, each organization 
is likely to find similar variations in productivity of its 
own hardware and software development. But the process 
of defining productivity in terms suitable to the or
ganization, and of attempting to understand the reasons 
for productivity differences experienced in past projects, 
is likely to lead to improvements in project planning and 
scheduling, and to suggestions for new tools, techniques, 
and procedures aimed at improving productivity itself. 



TABLE 3 

Manufacturing Coit Factors for 1978 

Item 

Components (all purchased) 
LSI 
LSI support 
64-bit RAM 
4k P/ROM •·' MSI 
SSI 

Interconnect System 
PC boards (1-H) 

Labor 

Materials (purchased) 

Automatic wlrewrap 
Labor (1-H) 
Materials (purchased) 

Connectors (purchased) 

Power System 
Power supply (1-H) 
Power wiring 

Labor (1-H) 
Materials (purchased) 

Packaging System (1-H) 
Cabinet 
Module mount 
Cooling system 

Labor Factors 
Module fabrication 

Component Insertion 
16-pin DIP 
24- or 40-pin DIP 

Module soldering 
Module test 

System assembly and test 
Install connector 
Install module mount 
Install power supply 
Plug in module 
Locate and correct "f" failures 
Exercise a one-cabinet system 

Definitions: 

1-H = In-house acquisition 
P = No. pins/ connector 

Cost($) 

10.00 
5.00 
1.50 
5.00 
1.02 
0.28 

0.0553A 
0.87(1 - 0.00053A) 

0.011P 
(0.24 + 0.024P) 

(200 + 0.5W) 

0.03C 

(145 + 4.4V.) 
(17.6 + 0.22Vm) 

0.14W 

V, = Cabinet volume = product of outside dlmenslohs (ft') (0.028 m' ) 

Time (Min) 

7.5 + 0.39A 
0.87(1 - 0.00053A) 

0.018P 

1.6C 

0.25 
0.50 

(2 + 0.1A) 
(11.75 + 0.000625A•) 

0.33 
2.0 
5.0 
0.25 
5r 

480 

Vm = Module mount (card cage) volume = PCB area x PCB spacing (In' ) (16.4 cm' } :; 700 
W = System de power requirements (watts); 350 :; W :!i 1000 
A = PCB area (In' } (6.45 cm' ); A ;:;; 432 
C = Number of power and ground wires to be connected 



TABLE 4 

Mlacellaneoua Manufacturing Coat Facton for 1978 

Item 

Volumetric Factors 
Usable cabinet volume 
Power supply volume 
Coollng fan volume 

Component Power Requirements 

Value 

25% 
1.0 In• /W (16.4 cm• /W) 
2.0 ln1/W (32.8 cm'/W) 

LSI 500 mW 
LSI support 300 mW 
84-blt RAM 400 mW 
4k P/ROM 
MSI 
SSt 

Labor Cost Rates 
Assembly hourly wage 
Overhead rate 
Burdened assembly labor 

Module test labor 
System test labor 

Other Factors 
lntercablnet cable costs (as 
a percent of total other Inter-

500mW 
150mW 
50 mW 

$5.10/h 
185% 

$14.54/h 
$17.44/h 
$21.80/h 

connect costs) 5% 
Proportion of bad components 
at Initial system test 0.05% 

Manufacturing Costs 

Manufacturing costs involve the expenses of producing 
quantities of a product in a manufacturing environment, 
where personnel without engineering or scientific training 
follow procedures as specified in engineering-released 
documentation. However, no standard method of account
ing exists for manufacturing costs, and two different 
organizations producing the same product from the same 
drawings might record different costs. Two reasons for 
such a cost discrepancy are likely: 

( 1 ) The two organizations might follow different rules 
in deciding what should be included in manufacturing 
cost and what should be charged to other cost centers. 
Direct labor and materials charged to the product would 
be included by both organizations, but each might have 
a different treatment for such items as quality control 
labor, or depreciation of tools and equipment. 

(2) Given a common definition of manufacturing costs, 
the two organizations would probably still record dif
ferent costs for the same product because of variations 
in efficiency, in experience with the particular type of 
product, and in tool and fixture investments to facilitate 
product assembly and test. 

In examining manufacturing costs for the purposes 
proposed in this article, an organization should establish 
a definition consistent with its goals and aims. Two 
pertinent uses for manufacturing cost information can 
be distinguished, each important in a different way. First, 
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during the time a product technology is under develop• 
ment, it is desirable to estimate how manufacturing costs 
will vary over a wide range of hardware parameters. For 
example, in planning a power system and in designing 
system cabinets, information is needed to show how power 
supply costs vary with power output, and hbw cabinet 
costs vary with their dimensions. In planning a family 
of line printers or moving-head files, estimates are neces
sary that show how printhammer costs vary with printer 
speed, and how read/ write head costs vary with recording 
density. Understanding these variables, the designer se
lects particular operating points, such as a specific power 
supply size or printhammer type, which serve as the 
basis for the product line. These choices are made so 
that the technology will support a range of products 
economically, from small low performance units to large 
high performance units. In general, the chosen technology 
limits each end of the size range. It makes systems that 
are below some particular size uneconomical, and systems 
with very high performance impossible. For example, if 
a standard power supply has an output of 1000 W, it is 
too expensive for small 200-W systems; if a printhammer 
is designed for a maximum print speed of 600 lines/ min, 
it precludes entering the market for 1000-lines/ min and 
faster printers. Of course, a smaller power supply and a 
faster printhammer could be designed to extend the 
technology, but their development will add to expenses, 
and their existence will cause scheduling, inventory, 
training, and start-up costs throughout the organization. 
Furthermore, the limits of potential products have been 
changed but not eliminated by the additional development. 

The other important use of manufacturing costs arises 
after a technology has been established, while developing 
new products. During this period, the total manufacturing 
cost of a proposed new product design, using elements of 
the technology, needs to be estimated. In addition, in
cremental costs, such as the cost of adding or of re
moving a particular capability, must be evaluated. 

Tables 3 and 4 provide cost models for the manufacture 
of an all-electronic system-models useful either in plan
ning a technology or in evaluating product decisions. 
The models represent typical 1978 manufacturing cost 
factors; these factors are derived partly from the author's 
experience, and partly from industry sources. Component 
costs are based on large quantity purchases. The printed 
circuit board (PCB) formulas are for 4-layer boards 
having 12-mil line widths and spacings. The power sup
ply is a switching-type, and the formula is applicable in 
the range of 150 to 1000 W, although linear regulated 
supplies are today probably cheaper and preferable for 
outputs under 350 W. A module is a PCB with compo
nents installed and tested. A module mount or card cage 
supports the modules and their connectors, and provides 
a channel for forced-air cooling. Module mount cost 
does not include the cost of connectors. Module soldering 
time includes the labor for flow-soldering, inspection, and 
repair. Automatic wirewrap machine costs include ma
chine depreciation and wire cost. 

As Table 4 shows, a relatively small proportion of 
cabinet volume is actually available for modules, power 
supplies, and cooling equipment. Listed values are ap
propriate for a large cabinet, where two sides and the 
top are not accessible for maintenance. In smaller free
standing cabinets, the usable volume may approach 40 % 
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TABLE 5 

Characteristics of • Particular System 

Given Parameters Value 

Cabinet 2 x 2 x 6 ft (60 x 60 x 160 cm) 

Modules 
PCB size 8.5 x 11 .75 In (21.6 x 30 cm) 

Layers 4 
Line width and spacing 0.012 In (0.03 cm) 

Number of pins per module 150 
Space between modules 0.5 In (1.27 cm) 
Components per module 90 
Component proportions 

LSI 1 o/o 
LSI support 3o/o 
64-blt RAM 1 o/o 
4k P/ROM 5o/o 
MSI 45o/o 
SSI 45o/o 

Derived Characteristics 

Power Per 100 Components 13.3W 

Power Per Module 12.0 w 
For One Module 

Module volume 50 In" (820 cm•) 
Power supply volume 12 in" (197 cm' ) 
Cooling fan volume 24 in" (394 cm' ) 
Total volume 86 in" (1411 cm") 

Cabinet Volume 
Total 24 tt• (0.67 m' ) 
Usable Volume 6 ft" (0.17 m") 
Reserved for add-ons 1 ft" (0.03 m•) 
Volume remaining 5 ft" (8640 In") (0.14 m' ) 
Number of modules per cabinet 100 
Total cabinet power 1.2 kW 

Costs Per Cabinet 
Components $9900 

Power 
Two supplies at 600 W $1000 
Power wiring $ 83 
Subtotal power $1083 

of the total. Power supply and cooling fan volumes are 
computed by multiplying the outside dimensions of power 
and fan assemblies, and dividing by the power delivered 
to, or to be removed from, the modules. Component 
power ratings are assumed averages. Assembly hourly 
wage is extrapolated from the average 1976 wage for 
production workers in Standard Industrial Code (SIC) 
3573, electronic computing equipment. Module test labor 
is assumed to be 20 % more, and system test labor 50 % 
more, than burdened assembly labor. 

To apply cost models, characteristics of a particular 
system are specified in Table 5. The upper portion speci
fies the given parameters; the remainder of the table 
shows resulting system characteristics and costs, derived 
from given data and from models of Tables 3 and 4. 

Given Parameters 

Interconnects 
Modules 

100 PCBs 
Assembly labor 
Module test labor 

100 150-pin connectors 
Backwirlng labor 
Wire and AWW Depreciation 
Cables 

Subtotal Interconnects 

Packaging 
Cabinet 
Eight module mounts 
Cooling fans 

Subtotal Packaging 
Assembly and test 

System assembly labor 
System test labor 

Subtotal assembly/teat 
Total one-cab inet cost 
Cost Ratios 
Distribution of total costs 

Components 
Power 
Interconnects 
Packaging 
Assembly and test 

Cost per IC 
Components 
Power 
Interconnects 
Packaging 
Assembly and test 
Total cost per IC 

Power Dissipation 
Per IC 
Pet module 
Per unit of cabinet volume 

Value 

$2038 
$ 885 
$ 523 
$ 384 
$ 65 
$ 165 
$ 203 
$4263 

$ 251 
$1241 
$ 168 
$1660 

$20 
$220 
$240 
$17,146 

57.7o/o 
6.3o/o 

24.9o/o 
9.7o/o 
1.4o/o 

$ 1.10 
$ 0.12 
$ 0.47 
$ 0.18 
$ 0.03 
$ 1.90 

133 mW 
12W 
50 Witt" (1766 W/m') 

Power per 100 components is derived from component 
ratios in Table 5, and from power dissipation per 
component given in Table 4. Power per module is based 
on the average of 90 1cs per module. Power supply and 
cooling system volumes per module are basec!. on a 
module power of 12 W, and on the volume per watt 
factors of Table 4. Total cabinet space required per 
module is the sum of module, power, and cooling volumes 
-86 in3 (1411 cm3 ) per module. 

Usable cabinet volume is derived from cabinet dimen
sions, and the ratio in Table 4. One-sixth of the usable 
volume is set aside for spares or options. The remaining 
5 ft3 , or 8640 in3 (0.14 m3 ), support 100 modules. Cabi
net power (excluding that dissipated in the power supply 
itself) is 1.2 kW. 
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TABLE 8 

Logic Count for Components end System 

Per IC 
RAM Flip-
Bits Flops 

LSI 
Microprocessor 32 25 
Microprocessor 
support 0 7 
RAM 64 0 
P/ROM (4k) 

MSI 0 2 
SSI 0 0.2, 

Totals 

Component costs are derived from Table 3, power 
supply and wiring costs from application of the formulas 
in Table 3, using the burdened assembly labor hourly 
cost in Table 4. PCB costs are computed from the formulas 
of Table 3, again using assembly labor hourly costs. 
Module assembly labor is based on component insertion 
and module soldering times in Table 3, assuming that 
the ssr, MSI, and RAM res have 16 pins, the remainder 
24 or 40. Module test labor ~ost is computed from the 
formula of Table 3, using module test hoqrly rate from 
Table 4. 

Connector, cabinet, module mount, and cooling fan 
costs are derived from formulas of Table 3, as well as 
backwiring costs b~sed on automatic wirewrap factors. 
Cable costs are computed using the cable factor in Table 
4, and system assembly costs using those in Table 3. 
Failure rate factor in Table 4 suggests that about five 
of the 9000 res will be defective wh~n system test begins, 
and the factors at the bottom of Table 3 are used to 
compute test times. System test labor hourly cost comes 
from Table 4. Note that the total cost per IC is $1.90 
(Table 5), about half of which is in the re itself. (See 
Ref 6 for similar, but earlier analysis.) 

Another system cost measure takes the logical com
plexity of the product into consideration. Table 6 pro
vides a typical logic count for the family of ICs in ques
tion. This table attempts to measure logic complexity 
by counting bits stored and logic gates. A gate is an 
inverter, buffer, NANO, AND, NOR, or OR circuit, having 
one or more inputs. Flip-flops include latches. The 
P /ROM is assumed to be µsed as microprograpi storage, 
with the further assumption that it takes 20 bits of 
storage to replace one gate. Note that each 100 res in
clude 96 + .145 = 241 bits, about 40% of which are in 
RAM arrays, the remainder in logic flip-flops. For each 
logic flip-flop, there are about 17 gates, typical for today's 
systems. Thus, the full cabinet contains 9000 !Cs x 2.41 
bits/re = 21,690 system bits, a~ a system manufacturing 
cost of $17,146 -;- 21,690, or 79.1 cents/bit. 
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IC Per 100 ICs 
Distri- RAM Flip-

Gates bution Bits Flops Gates 

125 32 25 125 

35 3 0 21 105 
0 1 64 0 0 

205 5 1024 
22 45 0 90 990 
3.6 45 0 9 162 

100 96 145 2406 

Acknowledgements 

The author appreciates the advice and suggestions given 
by John Blankenbaker of International Communications 
Sciences, Sei Shohara of the Xerox Corp, and Ed Klein. 

References 

1. Dept of the Army, Technical Bulletin TR18·19-2, Management 
Information Systems-Catalogue of ADP Systems Develop
ment and User Experience, Headquarters, Dept of the Anny, 
Washington, DC, Aug 24, 1971 

2. F.P. Brooks, The Mythical Man-Month, Addison-Wesley Pub
lishing Co, Reading, MA, 1975 

3. E.B. Daly, "Management of Software Development," IEEE 
Transactions on Software Engineering, May 3, 1977, pp 230-242 

4. E.A. Nelson, Management Handbook for the Estimation of 
Computer Programming Costs, System Development Corp, 
Santa Monica, CA, TM-3225/000/01, Mar 20, 1967 

5. L. Fried, "Estimating the Cost of System Implementation," 
Data Processing, Apr 1969, pp 24-28 

6. W.H. Davidow, "General-Purpose Microcontrol!erg-.Part 1: 
Economic Considerations," Computer Design, July 1972, pp 
75-79 

7. M. Phister Jr., Data Processing Technology and Economics, 
Santa Monica Publishing Co, Santa Monica, CA, 1976 

Montgomery Phister, Jr, writer, teacher, 
and consultant on subjects related to 
the economics of data processing, re
ceived BSEE and MSEE degrees from 
Stanford University, and his PhD from 
Cambridge University in England. His 
professional career includes positions 
at Hughes Aircraft Co, Thompson Ramo 
Wooldridge, Scantlin Electronics, and 
Xerox Data Systems. 

Part 2 of this article will appear in October. lt will show how 
maintenance cost predictions can be made, based on mean times 
between fai'lures and mean times to repair. Precise, accurate pre
dictions are not feasible, but first-order approximations -are en
tirely appropriate to -assist manufacturers and designers in 
achieving the listed •benefits. 

COMPUTER DESIGN/ SEPTEMBER 1978 



You can 11se our compl,te 
NRZI Magnetic Tape System with your 
PDP·ll or Nova for under $5250.* 
or, you can pay 20-100°10 more to other 
indepe91dent peripheral suppliers 
like Pertee wangco, Kennedy ... 
and even to DEC and Data ceneral. 
Then try to justify it. 
Unless your firm likes giving money away, Digi-Data is the only 
recommendation that makes sense. 

And whether you need compatibility with PDP-11 or NOVA, Eclipse 
or even HP21 MX, it's not just our price advantage that gives 
you the edge. 

• It's the product reliability that results 
from our ultra-simplistic design . 
Thousands of field installations have 
verifieq that reliability. 

• It's the confidence that our 16-year 
record of corporate stability assures. 

• It's our 30-day ARO delivery for 
most standard configurations. 

• It's our long-term 
record of responsible 
service. 

• And it's the perform
ance, serviceability and 
economy realized by us
ing common designs for 
the many different 
configura
tions avail
able in our 
Minidek, 
Mididek and 
Maxidek tape 
transport models. 

And after all what really 
counts is the overall value that 
Digi-Data provides. Whether you 
need stand-alone tape drives, formatted 
systems or minicomputer mag tape systems, 
Digi-Data is First in Value. Call or write today 
for details. 

*Single quantity price. 
Substantial volume discounts available. II OIGl-DATA 

-~ ~~~~e~R~n~~!~e~up, MD 20794 
- (301) 498-0200 •••®· .. First In Value 
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Data General's new 180 cps, logic-seeking bidirectional printer. It's more 
competitive so it makes you more competitive. Packed with a lot of standard 
features that cost you extra on other printers. Like forms control, vertical and 
horizontal tabbing, variable character sizes, a 7 x 9 matrix, plotting under soft
ware control and international fonts. Now, no matter what goes into your 
computer system, it can come out economically on a Data General Dasher 
LP2. Call for additional information. Or send for our brochure. 

t •Data General 
We make computers that make sense. 

LP2 

Name Title Company Tel No. 
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DESIGNING INTERRUPT 
STRUCTURES FOR 
MULTIPROCESSOR SYSTEMS 

Designing interrupt mechanisms for microprocessor based systems 
involves identifying the function phase partitions, assigning 
prioritization techniques, and classifying software categories, 
but can result in optimum system throughput 

Rajen Jaswa Gener~I Electric Co, Daytona Beach, Florida 

R ealtime multiprocessor systems are generally inter
rupt driven because interrupts optimize the handling of 
asynchronous events and facilitate the design of loosely 
coupled systems, in which several largely independent 
i:>rocessors are organized in an 1Jpplication dependent 
hierarchy. Communication within the system is also 
initiated through interrupts and involves data, command, 
and status transfers; thus, excessive overhead (hardware 
and software) in interrupt handling can drastically affect 
system throughput. System control and organization in 
the hierarchy are implemented by the interrupt structure's 
prioritization algorithms; the degree of complexity de
pends on the system performanpe goals. Communication 
and control in sµch a .system are necessary at f0ur levels: 
within the processor, within the intelligent subsystem, 
at the operating system executive, and for interprocessor 
interaction. Ideally, the interrupt structure should opti
mize all performance levels. 

Interrupt Definitions 

An interrupt mechapism is a well-defined transaction that 
permits an asynchronous event (interrupt) to cause a 
change in the normal flow of program executioQ. There 
a~e several phases · to the interrupt transaction and the 
implementations of these phases differ among processors 

to take advantage of the commonalities of the applications 
that the coqiputer designer projected for the system de
sign. The critical effect is that interrupts can have a wide
ranging impact on system design in terms of flexibility, 
future expa~sion, excessive interface hardware, and hard
w~re independent software interface. 

A processor's interrupt structure can be partitioned 
into five functional phases: (1) interrupt requests, (2 ) 
interrupt masking and enabling; ( 3) l'aving current 
centnd processing unit (CPU) status, ( 4) interrupt ac
knowledge, and ( 5 ) decoding request to access corre
sponding starting address of interrupt service routine. 
Implementation of these phases differs as the ~qmputer 
designer incorporates prioritization techniques into each 
phase. 

As co~puters evolve into large realtime multitasking 
systems, they must interface simultaneously with several 
diflerent types of peripheral devices, such as teletype
writers, printers, and terminals, and still operate with 
a tolerable degradation in system performance. This is 
possible because the computer cycles several orders of 
magnitude faster than its interfaces. Therefore, algorithms 
have been developed that timeshare computeF processing 
time among various tasks and optimize utilization of 
valuable resources. However, these algorithms rely on 
assigned (static or dynamic) task priorities. These as
signed priorities are incorpqrated by the Gomputer de-
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signer in each phase of the interrupt structure; the 
level of design sophistication introduced depends on the 
range of applications predicted for the computer. Each 
phase's implicit priority and its impact on the system 
must be carefully evaluated by the system designer 
during processor selection. 

Interrupt Request Phase 

This phase is asserted on the interrupt request line. 
There may be on\y one interrupt request line, to which 
all the interrupting units a~e connected, as in the LSI-11 

(Fig 1) . Conv~rse~y, there may he several interrupt re-
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INTERRUPT 
REQUEST 

(INT REQ 

INTERRIJPT 
CODE SIGNALS 
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Fig 1 LSl-11 interrupt structure. This struc
ture establishes priority by daisy-chaining 
interrupt acknowledge; then, interrupting unit 
identifit;ls itself by its interrupt routine ad
cjress vector. Considerable hardware is 
necessary at each peripheral to facilitate 
interrupt transaction 

quest lines, each with a unique priority, with usually 
one interrupting unit assigned to a request line, as in 
the TMS 9900 (Fig 2), which has 16 interrupt priority 
levels. This wide interrupt reqµest bus results in quicker 
response, since the highest priority interrupting unit can 
be identified immediately. Independent interrupt lines 
also result in simpler interfaces in the peripheral 4nits, 
basically, a single interrupt request flip-ftop . The obvious 
tradeoff is a wi'der bus. In addition, the total number 
of interrupting devices is restricted to the number of 
available interrqpt lines (more units per priority level 
are possible, but that is not what is intended for the 
processor) . 

Fig 2 TMS 9900 interrupt struc
ture. Structure has 16 prioritized 
interrupt request levels. Interrupt 
request logic at each peripheral 
consists of one flip-flop, and pri
ority encoder identifies highest 
interrupting unit by means of 
interrupt code signals ICO to 
IC3, along with interrupt request. 
Result is inexpensive interrupt 
interface with fast interruP,t re
sponse 
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Fig 3 LSl-11 and TMS 9900 CPU 
register organization. LSl-11 has 
seven CPU registers that can hold 
program relevant information and 
that must be saved in interrupt 
service routine; 9900 with its work
space concept has only two regis
ters, and can process interrupts 
and rotate tasks considerably fast
er than LSl-11 
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Besides these two common interrupt request designs, 
microprocessor designers have added some powerful ca
pabilities to the design of the interrupt request phase. 
In the PPS-8 microprocessor, there are three interrupt 
levels. Level 0, the highest interrupt level, is dedicated to 
a power fail indicator; level 1 is normally dedicated to 
a realtime clock; and level 2 is shared by all other pe
ripheral devices. In the prioritizing algorithm for these 
interrupts, level 0 cannot be disabled. However, if level 
1 and 2 occur simultaneously, level 1 wins access, and 
it is possible in level 2 to mask out all further interrupts. 
This complicated algorithm is adaptable for a sophisti
cated set of applications. 

Interrupt Masking and Enabling Phase 
This functional phase can be exercised by the processor 
at three levels--enabling/ disabling the interrupt mech
anism of peripheral devices under program control; 
masking out all interrupts for the first few cycles after 
an interrupt has been accepted, so that the necessary 
information for interrupt nesting is saved before another 
interrupt occurs; and selective masking of interrupts 
within a program section. The first two levels are 
available in most processors, while different schemes of 
selective masking have evolved to satisfy demanding 
classes of applications. In the TMS 9900, it is possible 
to selectively mask further interrupts under program 
control; ie, even if an interrupt at the eighth level is 
being processed, it is possible to mask out all interrupts 
from the fifth level downward. The implementation in 

the LSI-11 is much more rigid; either all further inter
rupts are disabled or all interrupts with a priority below 
the present interrupt being serviced are disabled. This 
could be an important distinction when it is necessary 
to dynamically assign priority. Although priority assign
ment is hardwired initially, selective masking of further 
interrupts does allow a degree of flexibility in the 9900. 

Saving Current CPU Status 
Automatic saving of the current CPU status phase
critical to program recovery, either on a stack or in 
spare registers before an interrupt is acknowledged
is a standard capability in available processors. The 
task that concerns the system designer is how long this 
process takes and how much information must be saved; 
this is shown by comparing, for example, the LSI-11 and 
the 9900. 

Fig 3 shows register organization of the LSI-11 and 
the TMS 9900. As a worst case, all registers could hold 
present program relevant information, and all might be 
used by the interrupt handler, which implies that all 
registers must be saved. The 9900 with its workspace 
concept and stress on indirect addressed operands can 
save complete current CPU status in three to four times 
fewer memory cycles than the LSI-11, resulting in a sub
stantial saving in interrupt response time. However, a 
penalty must be paid in terms of system throughput 
during normal processing due to the few onboard CPU 

registers. Nevertheless, the 9900 provides the ability to 
rotate tasks at higher speed than does the LSI-11. 
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Interrupt Acknowledge Phase 

In this phase, the processor acknowledges an interrupt 
request. Several microprocessors use this phase to imple
ment a priority among the interrupting units, as well 
as to trigger the peripheral device to identify itself. 
For example, the LSI-11 has the interrupt acknowledge 
daisy-chained with the highest priority interrupting unit 
receiving it first. If this unit has not requested the 
interrupt, it passes on the signal (synchronously or 
asynchronously until the last online peripheral device 
is serviced. Significant time could elapse before the last 
device on a lengthy chain receives the interrupt ac
knowledge. The Z80 microprocessor has an interesting 
approach. Each interrupting unit receives an interrupt 
enable from its higher priority neighbor, if neither that 
unit nor higher units are requesting an interrupt. The 
interrupt acknowledge goes to each unit simultaneously, 
but only the unit that requested an interrupt and has 
its interrupt enabled responds. This approach not only 
implements a priority among peripheral devices with an 
economical bus, but also guarantees fast response. 

The TMS 9900 does not have an interrupt acknowledge, 
as such, since priority is established in the request phase. 
The peripheral devlce, whose interrupt is accepted, is 
informed during the execution of its interrupt service 
routine by a program controlled reset or by servicing 
of the cause of the interrupt. 

To appreciate some of the advances made in interrupt 
structure design, it is worthwhile to review the interrupt 
schemes of a few older designs. In single priority polled
interrupt schemes, after an interrupt is asserted, each 
peripheral device is polled by the processor, and then 
the processor takes the appropriate action. In an improved 
version of this scheme, the interrupting unit places its 
address on the select code bus, and an interlocking 
method of controls prevents more than one unit from 
loading the select code bus at one time. This allows a 
lower priority unit to interrupt the service routine of a 
higher priority unit, and requires that the processor check 
out the select code before rejecting the interrupt. De
velopments in interrupt implementation and the under
lying premise of hierarchy in recent processors permit 
software designs that would have been impossible with 
the older primitive interrupt structures. 

Accessing the Interrupt Handler 

A tremendous diversity exists in the techniques used to 
determine the interrupting unit's identity and then to 
branch to the subroutine that services that particular 
unit's interrupt. The LSI-11 expects the peripheral device 
to load the complete 16-bit address of its interrupt 
service routine as data on the bus; then, the CPU takes 
this address and loads it into the program counter. This 
enables a large number of peripherals to be connected 
to the processor's bus, because the 16-bit address is 
capable of addressing the entire memory space. Also, 
there are few restrictions as to where the service routine 
is located in memory. The disadvantages are that ex
tensive hardware is needed at the peripheral device, and 
that the service routine address is hardwired and is not 
under program control. Dynamic relocation capability is 
achieved by introducing a branch at the first instruction 
in the service routine. 
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Since physical limitations normally are placed on the 
number of connected peripherals, other microcomputers 
provide a more limited capability in addressing their 
interrupt handlers . .The 8080 expects the interrupting unit 
to jam an 8-bit interrupt instruction on the data bus; 
three of these bits identify which one of eight locations 
(O, 8, 16, 24, 32, 40, 48, 56) the processor vectors to in 
memory. The sc/ MP 8-bit microprocessor uses an internal 
register that is loaded under program control with the 
service routine address of the next anticipated interrupt. 
When the interrupt occurs, the register replaces the pro
gram counter contents; this technique may be adequate 
for certain dedicated systems. The TMS 9900 accesses the 
interrupt handler for an interrupt level by loading a 
doubled level number in the program counter. Since the 
first 32 locations are reserved for service routines of the 
16 interrupt levels, the processor has a fast response. 

Interrupt Applications 

To evaluate the impact that a particular processor will 
have on a system, the computer designer must recognize 
the different applications of interrupts in the design. In 
addition to input/ output, interrupts have been used to 
implement sophisticated software capabilities, such as 
power fail recovery and processor redundancy. In general, 
since the interrupt is simply a technique for handling 
asynchronous events, it is used to handle asynchronous 
events at four levels: machine level within the processor, 
system level with organizational ramifications, super
visory control level of the system executive, and macro
system level communication for interprocessor control. 
Therefore, most interrupt applications can be categorized 
into the following classes: ( 1 ) intra processor communi
cation and control, (2) intrasystem communication and 
control, ( 3) system executive communication and con
trol, and ( 4) interprocessor communication and control. 
A multiprocessor system operates at all four levels, and 
the interrupt structure that is implemented must optimize 
performance at each level. Since most multiprocessor 
systems are unique, a general purpose optimum interrupt 
structure has yet to be designed. Thus, choice of interrupt 
structure is a major design tradeoff consideration. 

lntraprocessor Communication 
and Control 

This class of applications corresponds to asynchronous 
events that occur within a process during execution of an 
instruction or function. Large mainframes cannot afford 
to crash due to the execution of an illegal instruction or 
to allow a user's program to access privileged high 
security data. In multiprogramming environments, tight 
program control is maintained; if an unauthorized pro
gram attempts to access restricted memory, that program 
is dumped by the interrupt routine. If a program tries 
to divide by zero or results in unacceptable register over
flows, then these events are flagged, and the interrupt 
routines for these events provide for a controlled recovery. 
In supercomputers, the CPU has several pipelined dividers, 
multipliers, and other special function hardware blocks 
that accept operands, and some machine cycles later, 
have the quotient available. A sophisticated high speed 
interrupt scheme is needed to maximize throughput in 
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supercomputers. Observe that the sequence of events 
occurs in exactly the same order as in an input/ output 
interrupt. However, in this case, the design goal is to 
minimize response time; therefore, the interrupt request 
phase itself must perform interrupting unit identification, 
obtain the interrupt service routine address, possess mask
ing and enabling capabilities, and implement a prioritiza
tion algorithm so that only the highest priority interrupt 
request is serviced. In other words, a 9900 type interrupt 
structure is required. 

Consider the Am2914 priority interrupt encoder (fig 
4). This chip has individual prioritized interrupt lines, 
one interrupt request, and an encoded interrupt vector 
that can address a programmable read-only memory 
( P / ROM) to access the actual service routine address. 
It also responds to a set of 4-bit microinstruction codes 
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INTHllUn 
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Q.EAll 
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(listed in Fig 4) for dynamically assigning priority and 
reading the status (of interrupt inputs) under micro
program control. Under normal operation, the entire 
interrupt sequence is a hardwired operation. However, 
to provide more flexible although slower handling of 
asynchronous events, the Am2914 offers the capability 
of reading a status register under microinstruction con
trol. Therefore, for normal operation, the interrupt struc
ture is the same as that in the TMS 9900. Unique interrupt 
lines would be flagged by such events as illegal op code, 
register overflow, divider 1 pipeline event, unauthorized 
memory address, and program timeout. Priorities are 
assigned by the processor designer, with the flexibility 
of enabling under program control or dynamically mask
ing foterrupts during execution of certain microinstruc
tions. For intraprocessor communication and control, the 

YK1Cll 
________ _, Q.IAll INAlll 

PlP•P\OP 

V1 
.--.~-7'--------t '::--+--....:;.<---13) VECTOll 

3·11T 
CDMl'AllAlOI 

3·11T 
STATUS 

REGISl!lt 

INTI ll£QJESI' 
AND 

GllOUI' !NAllf 
LOGIC ~---I 

OUTPUT 

PARALLEL 
DISABLE 

L------IU ~~E 

GROUP ADVANCE 
RECEIVE 

GROUP 
ADVANCE 
SEND 

STATUS 
OVERFLOW 

PIN SYMllOLS 

MICROINSTRUCTION 
DESCRIPTION 

MASTER CLEAR 
CLEAR All INTERRUPTS 
CLEAR INTERRUPTS FROM M·BUS 
CLEAR INTERRUPTS FROM MASK 
REGISTER 
CLEAR INTERRUPT. LAST VECTOR 
READ 
READ VECTOR 
READ STATUS REGISTER 
READ MASK REGISTER 
SET MASK REGISTER 
lDAD STATUS REGISTER 
BIT CLEAR MASK REGISTER 
BIT SET MASK REGISTER 
CLEAR MASK REGISTER 
DISABLE INTERRUPT REQUEST 
LOAD MASK REGISTER 
ENABLE INTERRUPT REQUEST 

MICROIN~6t~CTION 

l3l2I1Io 

0000 
0001 
0010 

0011 

0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
11 10 
1111 

D-- INPUT PIN 

--0 OUTPUT PIN 

~ OPEN COLLECTOll 
~OUTPUT 

-Q- ~~g'RECTIONAL -ID &;N~J~ 

Fig 4 Am2914 priority interrupt encoder chip. Block diagram shows eight 
individual prioritized (P1) interrupt request lines, microprogram controlled 
interrupt masking and enable, and simultaneous generation of address yec
tor (vector output to P/ROM) for accepted interrupt. Capabilities result in 
fast response to interrupts necessary for intraprocessor communication and 
control. Although normal interrupt processing is hardwired, functions listed 
are under microprogram control to provide for dynamic priority assignment 
(Courtesy of Advanced Micro Devices, Inc) 
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wide interrupt bus and the extra hardware are all traded
off for the goal of high speed asynchronous event 
handling. 

lntrasystem Communication and Control 

This class of interrupt applications corresponds to service 
requests by system peripherals. Microcomputer system 
designers have been innovative in implementing interrupt 
structures. Applications literature for commercially avail
able microprocessor families provides an excellent ref
erence base as to the possible areas of applications and 
organizations. 

The organizational ramification of the interrupt struc
ture is important to understand at the system level. In 
an interrupt driven system, task execution is determined 
by assigned interrupt priorities. Therefore, assignment of 
priorities determines the hierarchy in the system organi
zation. The UNIBUST" priority structure (Fig 5) of the 
PDP-11 minicomputer emphasizes this point. Seven levels 
of priority are available and several peripheral devices 
can share a priority level. The priority algorithm is 
defined as follows: level 7 has the highest priority and 
level 1 the lowest; devices closer to the CPU, on a level, 

PROCESSOR STATUS WORD 
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7 5 
\ I 
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PIR7 
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BR7 
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BR6 
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ii< 8R5 
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Cl PIR4 I z 
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<I: 8R4 w 
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J PIR J 
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PIR2 , 
PIRI 0 

DECREASING PRIORITY 

Fig 5 PDP-11 Unibus priority structure. By providing 
elaborate hierarchy in its interrupt structure, PDP-11 
can accommodate service requirements of variety of 
peripherals and can manage complex system organiza
tion . It provides nonprocessor requests (NPR) for high 
speed direct memory · access devices, four levels of 
bus requests (BR) for peripheral interrupts, seven 
levels of software interrupts for program interrupt re
quests (PIA), and programmable CPU operating level 
(Courtesy of Digital Equipment Corp) 
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have higher priority than remote devices; a routine at a 
priority level cannot be interrupted by a request at the 
same level; and most important, the CPU can set, under 
program control, its own priority level.* The hierarchy 
inherent in the interrupt structure allows the computer 
to interface with a variety of peripheral devices that 
range from high speed data storage devices to relays and 
sensors. It provides a setup so that unique service re
quirement characteristics of these devices can be met 
simply by assigning them to an appropriate priority level 
and to a position at that level. Also, since the CPU can 
set its priority under program control, it is possible to 
take care of the requirements of a low priority device 
whose interrupt servicing should not be interrupted. 
Although the ideal situation of responding to the highest 
priority task at a given instant is impossible, because 
priority assignment cannot take into account the dynamics 
of every situation, PDP-11 organization does provide a 
reasonable solution for a general purpose computer. 

For intrasystem level communication and control, the 
optimum interrupt structure must be decided by the 
unique characteristics of the application. In addition to 
the normal considerations of speed and hardware costs, 
organizational ramifications must also be taken into ac
count. 

System Executive Communication 
and Control 

Interrupts in this class concern requests for the attention 
of the executive (operating syste,m ) program. As defined 
by Denning the operating system performs these func
tions: (1) creates and removes tasks; (2) controls pro
gress of tasks, ie, ensures that each logically enabled 
task progresses at a positive rate and that no task can 
indefinitely block the progress of others; ( 3) acts on 
exceptional conditions that arise during the operation of 
a task eg arithmetic or machine errors, interrupts, ad
dressi~g :nags, attempted execution of illegal or priv
ileged instructions, and protection violations; ( 4) allo
cates hardware resources among tasks, (5) provides ac
cess to software resources, eg, file editors, compilers, 
assemblers, subroutine libraries, and utility programs; 
( 6) provides protection, access control, and security for 
information; and ( 7) provides a means of communi
cating messages or signals among tasks. 

A task invokes the operating system by a software 
interrupt. Since the task calls the executive for a variety 
of services, as listed previously, and these tasks also have 
their unique priority (and other asynchronous events may 
have occurred, which could affect priorities), the soft
ware interrupt is an occasion for the executive to review 
complete system status before scheduling the next task. 
The exact manner in which this entire sequence is 
handled varies from system to system, but the executive 
interrupt structure for handling calls is critical to system 
throughput for multiprogramming systems. 

*For completeness direct memory access (DMA) and channel data 
transfers must be :rientioned. \Si nce these techniques do not divert 
execution of a program, but merely steal processing time, they 
cannot •be classified as true interrupts. The PDP-11 calls them bus 
request/nonprocessor requests and assigns priority levels similar 
•o interrupts (see PDP-11/70 Processor Handbook). 
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It is worthwhile to examine how different phases are 
implemented to facilitate executive interrupts. To speed 
call processing, a set of CPU registers may he dedicated 
to the executive; thus, calling the executive involves only 
switching from the designer's program counter to that 
of the executive. In the PDP-11/70, when a designer 
must run a lower priority task next, a hit is set in the 
program interrupt request word. The act of setting a hit 
triggers an interrupt, and the next task executed is the 
highest priority requesting task.** In the 360/ 370, a 
supervisor call is made by executing an instruction that 
effects an interrupt. The instruction sends a status byte 
to the master interrupt request register for interrupt 
identification. Then, the system goes through normal 
interrupt handling. 

Priqritization techniques, however, are considerably 
more sophisticated than the hardwired priorities of pe
ripherals, since the executive can change priorities under 
software control. For example, in realtime operating sys
tems, like Rsx-llD for the PDP-ll, each user program 
has a priority that is initially assigned by the program 
user (at a price). During various phases of execution 
when the program must compete with other tasks for 
system resources, it receives priority numbers dynamical
ly from the executive, based upon the priority assign
ment algorithm designed into the operating system. This 
algorithm is designed so that, more often than not, the 
highest priority task is executed at each interrupt. Unlike 
statically assigned hardware priorities to peripheral de
vices, the interrupt structure makes it possible for the ex
ecutive to be somewhat awate of the qynamics of the 
situation and, by allocating iJ.ppropriate priorities to 
tasks, to reach for the go~l of always scheduling the 
highest priority task. This goal must be traded-off against 
the amount of processing time the executive takes up in 
performing its job. 

In system executive communication and control, the 
goals set for the design also should define the exact 
structure for implementing a supervisor call; it should 
be kept in mind that prioritization algorithms are con
siderably more complicated than those discussed in the 
first two classes, since dynamic priority allocation is 
possible and numerous application-dependent factors gov
ern priority allocation. 

Interprocessor Communication and Control 

In this class of applications, processors use interrupts to 
initiate data and status transfer or to transfer control to 
another processor. Unlike the other three application 
classes, where a slave requests the attention of a master 
(essentially), this fourth case uses interrupts between two 
intelligent processors; hence, the interr~pt implementa
ti9n should be at a different level, sometimes at several 
dynamipally assigned levels. 

To illustrate the possibilities for interrupt structures, 
communication between two processors in ·a hypothetical 
dual-processor system is considered for higher reliability 
and throughput. In this system, the current processor 
periodically updates the remote processor as to the present 
system status. Sufficient information is passed between 
processors that the remote processor can take over in 
the event of malfunctions or overloads. System malfunc
tion is recognized when a processor fails to reset a timer 
at fixed intervals; this timer sends a system malfunction 

interrupt to the remote processor, which automatically 
takes over by disconnecting the current ·p~ocessor. The 
dual processors also have access to a com~on database 
on a shared high speed data storage media. In case 
the current processor gets tied down for a long time 
period while handling a critical task, the remote processor 
takes over servicing of lower priority peripherals. In 
such a system, seyeral communication paths travel be
tween the processors and at several levels: system mal
function interrupt, status transfer interrupt, interrupts for 
transferring various types of data, interrupts to access 
shared devices or a common database, and interrupts for 
taking partial control and load from a processor. The 
exact interrupt structure designed to facilitate communica
tion 'between the two processors evolves from the philos
ophy established by tl).e system designer for the applica
tion, hut the possibility of dynamically programmable 
interrupt structures for interprocessor interrupts leads to 
greater flexibility, capability, and system Performance. 

Integrating lnterr-.pt Structures 

Processor selection is simple as long as the system de
signer has to select only one processor and has to opti
mize only at the systems level. However, in a multiproces
sor system, performance mµst he optimized at four oper
ating levels. Although optimum interrupt structures can he 
selected for individual levels, the optimum i~terrupt struc
ture in general would differ for eai;h level, confronting 
the system designer with the task of designing several 
interrupt structures and attempting to integrate them 
with an interrupt manager. The solution has not yet been 
determined, and considerable work needs to be done be
fore the guidelines to he followed while designing a multi
processor system can be demonstrated. M~anwhile, the 
following two design examples illustni.te the princtples 
involved in trying to interface two differing interrupt 
implementations. 

lnterf acing LSI- I I to TMS 9900 

In this design example, the interrupt structure of the 
TMS 9900, with one interrupt line per peripheral device, 
is in·terfaced to the LSI-ll, which has one common inter
rupt request and expects the highest priority interrupting 
unit to identify itself with an interrupt vector.. Fig 6 
depicts a simplified timing diagram for the LSI-il inter
rupt transaction. In brief, the common interrupt request 
line lINT REQ) is asserted. When, the computer is avail
able, it asserts a dqta in (DIN) without first asserting an 
input/ output synchronization ( 1/ o SYNC). This indicates 
to all peripheral devices that an int~rrupt transaction is 
occu.rring, and the device that recei~es an interrupt 
acknowledge (IACK) must carry out the handshake 'sig
nals that follow. Note that, since the interrupt acknowl-

••Note that when the task wants the executive tQ perform a 
function synchronously (immediately, at the present task's pri
ority), it generates an emulator trap in the PDP-11. The execu
tive simply performs the task, and program execution continues 
at the next instruction. Therefore, in a sense, tJ:ie emulator trap 
is a technique for calling a system subroutine, rather than an 
asynchronous event interrupt. Although the operations are similar, 
there is a functional difference between t!tem. 
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INT REQ 

IACK 

DIN 

RPLY 

NTERRUPT AOORESS VECTOR 

IIO SYNC 

edge is daisy-chained (Fig 1), only one interrupting 
unit receives it. This unit loads its interrupt 16-bit vector 
on the data bus and acknowledges (RPLY). The LSI-11 
takes this vector and loads it into the program counter 
to access the service routine for the interrupt. 

To interface this processor with a 9900 type interrupt 
structure, a frontend interface (Fig 7) is required to 
translate the 16 prioritized interrupt lines into 16 in
terrupt address vectors and to simulate the LSI-11 con
trol signals. This interface consists of seven functional 
blocks: 

(1) Interrupt event latch latches each interrupt until 
it is serviced; it consists essenti;illy of 16 edge-triggered 
flip-flops. 

(2) Interrupt request generator ORs all interrµpts to 
drive INT REQ. 

(3) Interrupt state latch clocks state of interrupt event 
latch at start of interrupt transaction so that interrupt 
requests during the transaction do not affect the transac
tion. 

TIMING 
AND 
COl>lTROL 

INTERRUPT 
----.EVENT 

LATCH 

TMS-9900 
INTERRUPT 
REQU~STS r:J 

D 

INTERRUPT I 
STATE 
LATCH 

CLEAR 
------tSERVICED 

INTERRUPT 

PRIORITY 
ENCODER 

Fig 6 Simplified LSl-11 interrupt timing 
diagram. LSl-11 has daisy-chained inter
rupt acknowledge, and expects periph
eral device to provide address to its 
interrupt service routine. Complete hand
shake of transaction allows LSl-11 to in
corporate recovery schemes by timing out 
unrece ived peripheral respQnses (Cour-
tesy of Digital Equipll)ent Corp) 

( 4) Priority encoder identifies highe~t interrupting 
unit. 

( 5) Vecto·r translator generates an interrupt ve~tor us
ing as address the output from the priority encoder
essentially a P / ROM. 

( 6) ·Pear serviced interrupt clears the serviced latch 
in the interrupt event latch. 

(7) Timing and control generates LS1-n handshaking 
signals. 

With this fron tend interface, the LSI-11-completely 
unaware that it is interfaced to an interrupt structure 
with unique interrupt lines-attains faster response times 
since the acknowledge is no longer da,isy-chained, and 
requires only interrupt transaction hardware at the in
terface. 

Interfacing TMS 9900 to LSI- I I 

When one of the typical interrupt levels for the TMS 
9900 (Fig 2) is asserted, a common interrupt request is 

VECTQll 
TRANSLATOR 
IP/ROM) 

INTERRUPT 
REQUEST 
GENERATOR 

INTERRUPT t--------- REQUEST 

Fig 7 LSl-11 interface hardware module to TMS 9900 interrupt structure. Module translates inter
rupt requests to interrupt address vectors, carries out LSl-11 interrupt tra11saction handshake sig
nals, and results in servicing of highest priority interrupting unit. LSl-11 is unaware that it is inter
faced tc;> 9900 interrupt structure 
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made to the microprocessor, and the 16 interrupt levels 
are priority encoded into four interrupt codes lines-1cO, 
1cl, IC2, and 1c3. The processor compares this encoded 
number with its interrupt mask and, if the new interrupt 
has higher priority, the present routine is interrupted 
anq a context change occurs. Since th~ 9900 maps its 
CPU registers into workspaces in memory, switching pro
grams is as easy as changing a workspace pointer (WP) 

and a program counter (re) , and the system operates 
in a new context. The WP and the PC for the new inter
rupt routine are obtained from locations 0 to 32 in mem
ory, which are reserved for the 16 interrupt level context 
pointers. Finally, note that level 0 cannot be masked. To 
use peripheral devices that are designed to interface with 
the LSI-11 in the 9900 scheme, hardware and software 
modules iµust be designed. 

Fig 8 shows the functional blocks of the hardware 
interface to the TMS 9900. This interface translat~s in
terrupt address vectors and generates a 4-bit encoded 
interrupt request, in addition to simulatipg LSI-11 con
trol signals for the peripheral units. Essentially, the six 
blocks serve these functions: 

(1) Interface address decoder recognizes its address 
and enables the command decoder. 

(2) Command decoder carries oµt two commands on 
the data bus-clear interrupt register and acknowledge 
interrupt. 

( 3) Interrupt register holds the address vector for 
highest interrµpting unit to drive 1cO to 1c3 from the 
field programmable logic array (FPLA). 

( 4 ) FPLA translates the address vector into encoded 
interrupt code lines 1cO to 1c3. 

( 5) Interrupt request latch holds the interrupt request 
until it is cleared. 

LSI - 11 
CONTROL 
SIGNALS 

TIMING 

~TROl 

COMM~D 
DECODER 

( 6) Timing and control emulates the LSI -11 interrupt 
transaction control signals on the acknowledge interrupt 
command from the TMS 9900. 

The associated software flowcha·rt (Fig 9) describes 
the sequence of events for a typical interrupt transaction. 
Note that an 'unmaskable interrupt-level 0--is required 
to start the interru~t processing because LSI-11 periph
erals do not identify themselves with the request; the 
present task may not be at a higher priority than the 
interrupting task. To take care o.f this possibility, as sooq 
as an interrupt routine has performed its critical ftj.nc
tions, it sets the interrupt mask to an appropriate level 
and cle~rs the interrupt ·register to enable new interrupts. 
If an interrupt is waiting, an interrupt on level 0 occurs 
as the interrupt register is cleared. In the level 0 service 
routine, the interface is requested to acknowledge the in
terrupt. The interrupt acknowledge is daisy-chained, and 
the highest priority interrupting unit sends its add~ess 
vector, which ~s clocked into the register. The FPLA en
codes this address on 1cO to 1c3. If this level is higher 
than the interrupt mask, it is serviced im:rp.ediately (nest
ing of interrupts ) ; otherwise, it has to wait until the 
present task exits. 

The complicated interrupt sequence requires consider
able .program overhead. However, the design effort illus
trates the point that although structures to implement the 
interrupt may differ dramatically, they can be interfaced. 
Therefore, it should be possible to define an optimum 
interrupt st•ructure for a multiprocessor system, and then 
to integrate ayailable processprs into the system. 

Summary 

Interrupt structures are techniques for handling asyn
chronous events in realtime systems. The analytical ap-

TMS·9900 
.\9DIESS 9.JS 

TMS-9900 
DATA BUS 

INT REQ 
~ INTERRUPT ----<•.,ol-------------------- REQUEST 

Fig 8 TMS 9900 hard
ware interface module to 
LSl-11 interrupt str'uc
ture. This interface mod
ule fa.cilitates TMS 9900 
software interface to 
LSl-11 interrupt struc
ture by carrying out 
9900 commands, simu
lating LSl-11 interrupt 
transaction handshake 
signals, and encoding 
interrupt address vector 
into 4-bit inierrupt iden
tification code (ICO ' to 
IC3) 

LSI· l l 
DATA/ADDRESS 

BUS 

1r~ 

:;:, INTERRUPT 
REGISTER 

I 
I 
I 

INTERRUPT 
ADDRESS 
ENCODER 
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REQUEST 
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START 

IN EXECUTIVE . TO ENABlE MER· 
RUPTS, SEND CLEAR INTERRUPT 
llEGISTER TO TMS9900 INTERFACE 
TO LSI - II llUS 

WAIT FOR INTERIUPT 

GO TO INTERRUPT 

INTERRUPT REQUEST I IF ICO TO IC3 
ARE 0, IT IS UNMASKABLE LEVEL 
0 INTERRUPT 

0 SERVICE ROUTINES 
-IN-LE_V_E_L '"'o""·s- S,....E_.RW_ l_C_,.E-R'"'O-U-Tl_N_E_ • ...., 

SEND ACKNOWLEDGE INTERRUPT 
COMMAND TO INTERFACE AND 
RETURN TO PROGRAM STATE 
BEFORE INTERRUPT 

WAIT FOR THE ACTUAL 
INTERRUPT 

INTERFACE GENERATES INT ACK. 
WHICH IS DAISY-CHAINED 
THROUGH PERIPHERAL DEVICES 

HIGHEST INTERRUPTING UNIT 
SENDS ITS ADDRESS VECTOR. WHICH 
IS CLOCKED NTO INTERRUPT 
REGISTER 

ICO TO IC3 FROM FPLA REFLECT 
NEW ENCODED INTERRUPT REQUES 
LEVEL 

CONTINUE THE PRESENT 
HIGHER TASK TO 
COMPLETION, THE 
INTERRUPTING UNIT Will 
WAIT 

Fig 9 Flowchart for software module needed 
to interface TMS 9900 to LSl-11 interrupt 
structure. To assure that low priority peripher
al does not interrupt higher priority task, de
vice must be identified and its priority com
pared with present task. This is accomplished 
by short "unmaskable interrupt O routine" 
which acknowledges interrupt. Since highest 
interrupting unit responds, its priority level 
(ICO to IC3) can be compared to present 
task before relinquishing processor control 

PROCESS INTERRUPT 

RETURN FROM INTERRUPT 
SERVICE ROUTINE 

END 

proach identifies five functional phases in the interrupt 
transaction, and the unique system implementation of 
each of these phases optimizes that system for a par
ticuh1r range of applications. The pragmatic approach 
sees interrupts as techniques for handling asynchronous 
events at four system operating levels and seeks to op
timize interrupt transactions at each of these levels. An 
integrative approach tries to generate an ~nterrupt struc
ture that optimizes throughput at all four operating levels 
for multiprocessor systems. Two design examples dem
onstrate that it is possible to design an optimum interrupt 
structure and then to integrate commercially available 
processors into this structure. 

Advanced Micro Devices, Inc, Am2914 Priority Interrupt Encoder, 
Sunnyvale, Calif, 1976 

P. J. Denning, "Operating Systems," Encyclopedia of Computer 
Science, A. Ralston and C. L. Meek (Ed), New York, NY, 1976 

llO 

Digital Equipment Corp, Microcomputer Handbook, Maynard, 
Mass, 1976-77 

Digital Equipment Corp, PDP-11/70 Processor Handbook, 1976, 
PP 1-10 to 1-14 

H. S. Stone (Ed), Introduction to Computer Architecture, Science 
Research Associates, Inc, 1975 

Texas Instruments, Inc, TMS 9900 Microprocessor Data Manual, 
Dallas, Tex, 1976 

Rajen Jaswa holds B Tech and M Eng 
degrees in electrical engineering from 
the Indian Institute of Technology, Bom
bay, and the University of Toronto, re
spectively. Currently a digital design 
engineer at General Electric, he is in
volved in the design of special purpose 
high speed processors for computer 
generated image systems . His expe
rience includes design of muftimicro
processor systems and microprocessor 
based products. 
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New2~ SL: 
power KEP 

Meet our new, low power SK 
EPROM-the 2708L. It consumes 
50% less power than our industry 
standard 2708, without any sacrifice 
in speed. Maximum power is 425mW. 
Maximum access time only 450ns. 
And there's a + 10% tolerance 
on all supplies. 

112 

Specifications on the 2708L 
are on page 4-38 of our 1978 
Component Data Catalog. And 
Intel distributors have parts in 
stock for immediate delivery. If 
you'd like a data sheet write Intel 
Corp., 3065 Bowers Ave., Santa 
Clara, California 95051. 

CIRCLE 54 ON IN9UIRY CARD 

infel delivers. 
European He1dquarter1: Intel International, Bru11el1, 
Belgium, Telex 24814. Jepen: Intel Jepen K.K., 
Telex 781·28426. 
U.S. end Cenedlen Dlotrlbutoro: Almec/Stroum, 
Component Spocleltleo, Cremer, Hemllton/Avnet, 
Harvey, lndustrlal Component•, Pioneer, Sheridan, 
Wyle/Elmor, Wyle/Llborty, L.A. Voreh end Zentronlcs. 
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INTERPRETATION OF DATA 
CONVERTER ACCURACY 
SPECIFICATIONS 

Cognizance of accuracy factors involved when interfacing data 
converters into system applications permits designers to meet overall 
error budget constraints. Transfer functions; quantization noise; 
offset, gain, and linearity errors; and temperature effects must 
be interpreted to satisfy specification requirements 

Eugene L. Zuch Datel Systems, Incorporated, Canton, Massachusetts 

Analog-to-digital and digital-to-analog converters are 
widely utilized to interface between the physical world 
of analog measurements and the computational world of 
digital computers. Dating from the early 1950s, the ap
plication of data converters has increased enormously 
as the use of minicomputers and microcomputers has 
grown. Typical applications of data converters involve the 
areas of process control and measurement where the 
inputs and outputs of the system must be in analog form, 
yet the computation and control functions are performed 
digitally. In such a system, input variables such as 
temperature, flow, pressure, and velocity must be con
verted into electrical form by a transducer, then ampli
fied and converted into digital form by an analog-to
digital converter for the computer to process. 

Since the computer not only measures and determines 
the state of a process, but also controls it, its computa
tions must be employed to close the loop around the 
system. This is done by causing the computer to actuate 
inputs to the process itself, thus controlling its state. 
Because the actuation is done by analog control param
eters, the output of the digital computer must be con
verted into analog form by a digital-to-analog converter. 
Such a closed loop feedback control system is shown in 
Fig 1. 

Interfacing by analog-to-digital ( A-D) and digital-to
analog (D-A ) converters performs a vital role. At the 

present time, it is estimated that at least 15 % of all 
microcomputers function in such control and measure
ment applications where data converters are required; 
this percentage is expected to grow to about 40% within 
a few years. For the designer of such computer con
trolled systems, it is fortunate that a broad choice of 
data converters exists. In fact, a virtual supermarket 
of A-D and D-A converters of all prices, sizes, and per
formance specifications is available. This spectrum of 
converters encompasses those from simple 8-bit mono
lithic devices costing a few dollars, through better per
forming hybrid devices with higher resolution, to higher 
cost discrete module converters with the best performance 
characteristics. 

Design selection involves not only price and size, but 
also many facets of performance: resolution, linearity, 
temperature coefficient, speed, and various self-contained 
options. In the realm of A-D converters (ADCs), there 
is also the choice between basic conversion methods, 
such as successive approximation, dual-slope integrating, 
and parallel (or flash) techniques. Furthermore, there 
exists a choice between three comp~ting technologies: 
monolithic, hybrid, and modular, each with its own 
specific advantages. Since A-D and D-A converters are 
basically analog circuits that have digital inputs or out
puts, the computer systems engineer who may be mostly 
familiar with digital techniques must become familiar 
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Fig 1 Computer controlled feedback control 
system. Computer closes loop around process 
to control its state. However, two interfaces 
are required: A-D converter and 0-A con
verter 

with the many analog specifications describing data 
converter performance in order to choose the correct con
verter for a specific requirement. 

Data Converter Transfer Functions 

Fig 2 shows the transfer function of an ideal 3-bit D-A 
converter (DAC). This converter is assumed to be of the 
parallel type, as are virtually all DACs in use today. A 
parallel DAC responds simultaneously to all digital input 
lines whereas a serial DAC responds sequentially to each 
digital input. The transfer function representing a 3-bit 
DAC is a discontinuous function; its analog output voltage 
or current changes only in discrete analog steps, or 
quanta, rather than continuously. However, a one-to-one 
correspondence exists between the binary input code and 
the analog output value. For each input code there is 
one, and only one, possible output value. Analog step 
magnitude, or quantum, is shown as Q. 

The horizontal axis is the input binary code, in this 
case a 3-bit code, increasing from 000 to 111. The num
ber of output states, or quanta, is 2 11

, where n is the 
number of bits in the code. For a 3-bit DAC, the number 
of states is 23 or 8; for a 12-bit DAC, the number of states 
is 212 or 4096. 

Fig 3 illustrates the transfer function for an ideal 3-bit 
ADC. This transfer function is also discontinuous but 
without the one-to-one correspondence between input and 
output. An ADC produces a quantized output from a con
tinuously variable analog input. Therefore, each output 
code word corresponds to a small range ( Q) of analog 
input values. The ADC also has 2n output states and 
2n - 1 transition points between states; Q is the analog 
difference between these transition points. 

For both ADCs, Q represents the smallest analog dif
ference that the converter can resolve. Thus, it is the 
resolution of the converter expressed in analog units. 
Resolution for an A-D or D-A converter, however, is com
monly expressed in bits, since this defines the number of 
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TABLE 1 

Summary of Data Converter Charicterlstlcs 

Resolution States BN1ary Weight Qfor 
(n) (2") c2-·J 10VFS 

4 16 0.0625 0.625 v 
6 64 0.0156 o.156 v 
8 256 0.00391 39.1 mV 

10 1024 0.000977 9.76 mV 
12 4096 0.000244 2.44 mV 
14 16384 0.0000610 610 µ.V 
16 65536 0.0000153 153 _uV 

states of the converter. A converter with a resolution of 
12 bits, then, ideally resolves 1 part in 4096 of its 
analog range. 

For an ideal ADC or DAC, Q has the same value any
where along the transfer function. This value is Q = 
FSR/ 2", where FSR is the converter's full-scale range-the 
difference between the maximum and minimum analog 
values. For example, if a converter has a unipolar range 
of 0 to 10 V or a bipolar range of -5 to 5 V, FSR in 
both cases is 10 V. Q is also referred to as one least 
significant bit ( LSB), since it represents the smallest code 
change the converter can produce, with the last bit in 
the code changing from 0 to 1 or 1 to 0. 

Notice in the transfer functions of both A-D and D-A 
converters that the output never reaches full scale. This 
results because full scale is a nominal value that remains 
the same regardless of the resolution of the converter. 
For example, assume that a DAC has an output range of 
0 to 10 V; then 10 V is nominal full scale. If the con
verter has an 8-bit resolution, its maximum output is 
255/ 256 x 10 V = 9.961 V. If the converter has 12-bit 
resolution, its maximum output voltage is 4095/ 4096 x 
10 v = 9.9976 v. 

In both cases, maximum output is one bit less than 
indicated by the nominal full-scale voltage. This is true 
because analog zero is one of the 2° converter states; 
therefore, there are only 2 11 

- 1 steps above zero for 
ei ther an A-Dor D-A converter. To actually reach full scale 
would require 2 11 + 1 states, necessitating an additional 
coding bit. For simplicity and convenience then, data 
converters always have the analog range defined as 
nominal full scale rather than actual full scale for the 
particular resolution implemented. 

In the transfer functions of Figs 2 and 3, a straight 
line is passed through the output values in the case of the 
DAC and through the code center points in the case of 
the ADC. For the ideal converter, this line passes pre
cisely through zero and full scale. Table 1 summarizes 
the characteristics of the ideal A-D or D-A converter for 
the most commonly applied resolutions. 

S/N Ratio Dynamic 
(dB) Range (dB) 

34.9 24.1 
46.9 36.1 
58.9 48.2 
71.0 60.2 

83.0 72.2 
95.1 84.3 

107.1 96.3 

9uantization Noise and 
Dynamic Ran9e 

Max Output for 
10 V FS (V) 

9.3750 
9.8440 
9.9609 
9.9902 
9.9976 
9.9994 

9.9998 

Even an ideal A-D or D-A converter has an irreducible 
error, which is quantization uncertairtty or quantization 
noise. Since a data converter cannot distinguish an 
analog difference less than Q, its output at any point 
may be in error by as much as ±Q/ 2. 

Fig 4(a) shows an ideal ADC and an ideal DAC that 
digitize and then reconstruct an analog slow-voltage ramp 
signal. The ADC and output register are both triggered 
together so that the DAC is updated in synchronism with 
the A-D conversions. The DAC output ramp is identical 
with the analog input ramp except for the discrete steps 
in its output (not counting time delay) . If the output 
ramp is subtracted from the input ramp as shown, the 
difference· is the quantization noise-a natural result of 
the conversion process. This noise [Fig 4 ( b)] is simply 
the difference between the transfer function and the 
straight line shown in Fig 3. Quantization noise from 
an ideal conversion is therefore a triangular waveform 
with a peak-to-peak value of Q. 

As with most noise sources, the average value is zero, 
but the rms value is determined from the triangular 
shape to be E 11 (rms) = Q/02. Thus, a data conversion 
system can be thought of as a simple signal processor 
that adds noise to the original signal by virtue of the 
quantization process. Since this noise is an inherent part 
of the conversion process, it cannot be eliminated ex· 
cept with a converter of infinite resolution. The best 
that can be done, even with ideal converters, is to reduce 
it to a level consistent with desired system accuracy. 
This is done by using a converter with sufficiently high 
resolution. 

In many computerized signal processing applications, 
it is necessary to determine the signal-to-noise ( s/ N) 
ratio, which is a power ratio expressed in decibels. It can 
be found from the ratio of peak-to-peak signal to rms 
noise as follows. 
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Fig 5 Errors in nonideal A-D converters. 
Transfer functions are shown for ADCs 
with offset error (a), gain error Jb), and 
linearity error (c). ADC with all three 
errors present will have quantization er
ror as shown in (d) 

t 

s/ N Ratio 

Fig 4 Signal digitization and reconstruc
tion (a) and quantization noise (b). Quan
tization noise is shown as difference be
tween input and output for ideal data con
version system 

[ 
2"Q ]" -(dB) = 10 Jog Qfy':L2 = 20 Jog 2" + 20 Jog y l2 

= 6.02n + 10.8 (1) 

The s/ N ratio increases by il factor of about 6 dB for 
each additional bit of resolution. 

Dynamic range of a data converter, another useful 
term, is found from the ratio of FSR to Q. This ratio is 
the same as the number of converter states. 

Dynamic Range (dB) = 20 Jog 2" = 20n Jog 2 = 6.02n (2 ) 

Therefore, simply multiplying the number of bits of 
resolution by 6 dB gives the dynamic range. s/ N ratio 
and dynamic range are summarized for the most popular 
resolutions in Table 1. 

Nonideal Data Converters 

Real A-D and D·A converters exhibit a number of de
partures from the ideal transfer functions just described. 
These departures include offset, gain, and linearity errors 
(Fig 5), all of which appear simultaneously in any 
given data converter. In addition, the errors change with 
both time and temperature. In Fig 5 (a) , the ADC trans
fer function is shifted to the right from the ideal func
tion. This offset error is defined as the analog value by 
which the transfer function fails to pass through zero ; 
it is generally specified in milll.volts or in percent of 
full scale. 

In Fig 5 (b), the converter transfer function has a 
slope difference from the ideal function. This gain, or 
scale factor, error is defined as the difference in full. 
scale values between the ideal and actual transfer func
tions when the offset error is zero; gain error is ex
pressed in percent. 

An ADC transfer function in Fig S(c) exhibits linearity 
error, a curvature from the ideal straight line. Linearity 
error, or nonlinearity, is the maximum deviation of ihe 
transfer function from a straight line drawn between zero 
and full scale; it is expressed in percent or in LSBs (such 
as ± l/z LSB) . Fig 5 ( d) shows the total error of a nonideal 
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ADC, which contains offset, gain, nonlinearity, and quan
tization errors. Compare this curve with that of Fig 4 (b) • 

Fortunately, most A-D and i>-A converters on the market 
today have provision for trimming out the initial offset 
and gain errors. By means of two simple external po
tentiometer adjustments, the offset and gain errors can 
be virtually reduced to iero or within the limits of 
measurement accuracy. Then, only the linearity error 
remains. 

Nonlinearity 

Linearity error is the most difficult error to deal with 
since it cannot be eliminated by adjustment. Like quan
tization error, it is an irreducible error. Basically, there 
are just two methods to reduce linearity error, both of 
which are expensive : either use a higher quality con
verter with better linearity, or perform a digital error 
correction routine on the data using a computer. The 
latter, of course, may not be feasible in many applica
tions. There is some merit in using a more expensive 
converter, however. For example, suppose that an ultra
linear 8-bit ADC is required. Most good quality converters 
have linearity errors specified to less than ± Yz LSB. If 
a more expensive 12-bit ADC is employed with only 8 
output bits used, then its linearity error of ±1/z LSB out of 
12 bits is the same as ±%2 LSB out of 8 bits. This con
verter, therefore, becomes an ultralinear 8-bit ADC and 
probably at not too great an additional cost. 

Actually, two types of linearity errors existing in 
A-D and D-A converters are integral linearity error and 
differential linearity error. Integral linearity error in 
Fig 5 ( c) is due to the curvature of the transfer function, 
resulting in departure from the ideal straight line. The 
definition given for integral linearity error as the maxi
mum deviation of the transfer function from a straight 
line between zero and full scale is a conservative one 
used by most data converter manufacturers, It is an 
"end-point" definition, as contrasted with the nonpal 
definition of linearity error as the maximum deviation 
from the "best-fit" straight line. 

Since determining the best-fit straight line for data 
converters can be a tedious process when calibrating 
the device, most manufacturers have opted for the more 
conservative definition. This means that the converter 
must be aligned accurately at zero and at fuil scale to 
realize the specified linearity. The end-poirlt de611ition 
can mean a linearity that is twice as good as a best-fit 
definition, as illustrated in Fig 6. Notice that the curva
ture may be twice as great with the best-fit straight line 
definition. 

Differential linearity error is the amount of deviation 
of any quantum from its ideal value. In other words, it 
is the deviation in the analog difference betweerl two 
adjacent codes from the ideal value of FSR/ 211

• If a data 
converter has ±1/z LSB maximum differential linearity 
error, then the actual size of any ciuaritutn in its transfer 
fonction is between 1h LSB and 11/z LSB; each analog 
step is 1 ±1/2 LSB. Fig 7 illustrates the definition. The 
first two steps shown are the ideal value Q = FSR/ 2°. 
The next step is only 1/zQ, and above this is l 1/2Q. These 
two steps are at the limit of the specification of ±1/z LSB 
maximum differential linearity error. Most data convert
ers today are specified in terms of hoth integral and 
differential linearity error. In production testing of data 
converters, quanta sizes are measured over the converter's 
full-scale range. 

Two other important terms are commonly used in 
conjunction with the differential linearity error specifica
tion. The first is monotonicity, which applies to DACs. 
A monotonic DAC has an analog output that is a contin
uously increasing function of the input. The DAC transfer 
function shown in Fig 8(a) is monotonic even though 
it has a large differential linearity error. The transfer 
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Fig 8 Monotonic (a) and 
nonmonotonlc (b) DAC out
puts. Monotonicity means out
put is continuously increasing 
function of input 

function of Fig 8 (b), on the other hand, is nomnono
tonic since the output actually decreases at one point. 
In terms of differential linearity error, a DAC may go 
nonmonotonic if the differential linearity error is great
er than ± 1 LSB at some point; if the differential linearity 
error is less than ±1 LSB, it assures that the output is 
monotonic. 

The term missing, or skipped, code applies to ADCs. 
When the differential linearity error of an ADC is greater 
than ±1 LSB, the output may have a missing code; if 
the differential linearity error is less than ±1 LSB, it 
assures that there are no missing codes. Fig 9 (a) shows 
the transfer function of ari ADC with a large differential 
linearity error but with no missing codes. In Fig 9 ( b) , 
however, the differential linearity error causes a code to 
be skipped in the output. 

For ADCs·, the linearity characteristic depends on the 
technique of A·D conversion used; each converter type 
exhibits its own specific nonlinearity characteristic. Fig 
10 illustrates the nonlinearity characteristics of the two 
most popular types of ADCs: successive approximation 
and dual-slope integrating. With the successive approxi
mation ADC, and also with other feedback type Al>Cs that 
use a parallel input DAC in the feedback loop, differential 
linearity error is the dominant type of nonlinearity. This 
is due to the parallel input DAC, which is made up of 

118 

111 

110 

101 

100 

011 

010 

001 

111 

~ 110 
0 
u 
>-- 101 

"' Q._ 

~ 100 
0 
~ 011 

" ~ 010 

001 

y,FS %FS )IFS FS 

ANALOG INPUT (VOLTS) 

la! 

%FS %FS )IFS FS 

ANALOG INPUT (VOLTS) 

fbl 

Fig 9 No missing code (a) 
and missing code (b) in ADC 
output. Differential linearity 
error of less than ±1 LSB as
sures that there are no miss
ing codes in transfer function 

weighted current sources. The worst differential linearity 
errors occur at the major code transitions, such as 14, 
%, and % scale. If these differential linearity errors are 
small, then the integral linearity error will also be small. 

The difficulty at the major transition points is that, for 
example, the most significant bit current source is turn
ing on while all other current sources are turning off. 
This subtraction of currents must be accurate to ±1/2 LSB 

and is a severe constraint in high resolution DACs. This 
means that the weighted current sources must be precisely 
trimmed in manufacturing. The most difficult transition 
is at lh scale, where all bits change state ( eg, for an 
8-'hit converter, 0111111'1 to 10000000), and the worst 
differential linearity error generally occurs here. 

The next most difficult transitions occur at 14 scale and 
% scale, where all but one of the bits change state ( eg; 
for an 8-bit converter, 00111111 to 01000000 and 
10111111 to 11000000, respectively). Relatively smaller 
differential linearity errors may also occur at the 1/s, %, 
%, and % scale transitions, and so on. Fig lO(a) shows 
a successive approximation ADC transfer function, illus
trating exaggerated differential linearity errors at 14, 
%, and % scale. If these errors are properly trimmed 
out in manufacturing, then 'both differential and integral 
linearity errors will be less than ± 1/2 LSB. 
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Fig. 10 (b) shows a dual-slope integrating ADC transfer 
function. In this case, the predominant nonlinearity is 
the integral linearity error; differential linearity error 
is almost nonexistent in integrating type ADCs, which 
also includes charge balancing ADCs. The curvature of 
the transfer function is caused by a nonideal integrator 
circuit. Differential linearity is determined by the time 
between clock pulses in the converter, and this is constant 
within any conversion cycle. 

Temperature Induced 
Errors 

Ambient temperature changes cause variations in offset, 
gain, and linearity errors. If a converter is operated at a 
constant temperature within its specified operating tem
perature range, offset and gain errors can be zeroed by 
external adjustment at that temperature. But if the con
verter must operate with changing ambient temperature, 
then the problem becomes acute. 

Offset change with temperature is generally specified 
in microvolts per degree Celsius, or in parts per million 
of full scale per degree Celsius. Gain temperature co
efficient is specified in parts per million per degree Cel-

Fig 10 Linearity characteristic of successive 
approximation (a) and dual slope integrating 
(b) ADCs. Transfer function of · successive 
approximation converter exhibits mostly dif
ferential linearity error while that of integrat
ing converter shows mostly integral linearity 
error 

sius, and linearity error change with temperature is ex
pressed in parts per million of full scale per degree 
Celsius. 

Effective aproaches to mm1m1zmg gain and offset 
changes with temperature are available. If a converter 
operates most of the time at a given temperature, then 
its offset and gain should be zeroed at that temperature. 
If, however, the ambient temperature varies between two 
temperatures, the converter should be calibrated midway 
between those two temperatures. Another approach to 
minimizing changes with temperature is to use a con
verter with a low temperature coefficient to meet the 
desired specification. Data converters with low tempera
ture coefficients are, of course, more expensive, but this 
may be the most economical solution to the problem 
when all design factors are considered. Another method 
of minimizing gain error is based on the fact that many 
data converters with internal references have provision 
for connecting an external reference. In such a case, it is 
possible to connect a lower temperature coefficient ex
ternal reference to the converter. This can be particularly 
effective where a number of converters are used together 
and one reference is used for all of them. 

Linearity error temperature coefficient is the most 
troublesome specification, since it resists correction. In 
many applications, it is desired that the converter be 
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!---------- - 55 TO 125°C 

!------ - 25 TO 85°C 

0 T070°C 

- 55 

1 LSB -----------

monotonic, or have no m1ssmg codes, over the desired 
operating temperature range. From the converter differ
ential lineatity temperature coefficient, it is useful to 
determine the temperature range over which the con
verter will have guaranteed monotonicity or no missing 
codes. Using a conservative approach, it is assumed that 
the converter has a maximum initial differential linearity 
error of ±1;'2 LSB. Then, if the differential linearity error 
changes by not more than an additional % LSB, a DAC 

will remain monotonic and an ADC will have no missing 
codes. 

With a 12-bit ADC for example, % LSB is equal to 120 
ppm. If the operating temperature range is 0 to 70 °C and 
the converter is calibrated at 25 QC, the maximum tem
perature change is 70 QC - 25 QC, or 45 QC. To guar
antee no missing codes, the differential linearity temper
ature coefficient must be 120 ppm/ 45 QC = 2.7 ppm/Q C 
of full scale, maximum. An even lower differential linear
ity temperature coefficient is required to assure no missing 
codes if the operating temperature range is the full -55 
QC to 125 QC military range. Performing a similar com
putation gives 120 ppm/ 100 QC = 1.2 ppmj°C of full 
scale, maximum, for the differential linearity temperature 
coefficient. 

Gain temperature coefficient is commonly specified by 
the butterfly limits shown in Fig 11. All the lines pass 
through zero at 25 QC, where it is assumed that the 
initial measurement is made. The graph of Fig 11 shows 
the maximum gain temperature coefficient required for a 
±1 LSB gain error for a 12-bit A-D or D-A converter 
over three different temperature ranges. Observe that the 
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ACTUALA-D 
CHARACTERISTIC 

125 
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Fig 11 Butterfly gain tempco 
characteristic for 12-bit ADC 
with ±1 LSB maximum gain er
ror. Converter is calibrated for 
zero gain error at 25 ' C. Limits 
shown are for ±1 LSB error 
out of 12 bits over designated 
temperature range 

gain deviation curve must be within the bounds shown to 
meet the specification of ±1 LSB maximum change. The 
dotted curve shows an actual converter gain deviation 
that would qualify as a gain temperature coefficient of 
±2.4 ppm/ QC over the -55 to 125 QC operating tempera
ture range. This represents a very low temperature co
efficient for an actual converter since most available de
vices fall in the range of 5 to 50 ppm/ QC. 

Error Budget Summary 

A common mistake in specifying data converters is to 
assume that the relative accuracy of a converter is de
termined only by the number of resolution bits. In fact, · 
achievable relative accuracy is likely to be far different 
from the implied resolution, depending on the converter 
specifications and operating conditions. This simply 
means that the last few resolution bits may be meaning
less in terms of realizable accuracy. 

The best way to attack this design problem is with a 
systematic error budget. An error budget partitions all 
possible errors by source to arrive at a total error. In a 
given system, this must be done not only for the A-D or 
D-A converter, but also for the other circuits, such as 
transducer, amplifier, analog multiplexer, and sample 
and hold. 

As an example, using the accuracy specifications for a 
typical 12-bit ADC (Table 2), an error budget can b~ 
determined based on the following assumptions: operat
ing temperature range of 0 QC to 50 QC, maximum 
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TMLI It 
AoaurHr lpea....._ ,_ 1z.iln ADC 

characteriatlc 
Retolutlon , 

Value 

12 Bite 
:t:~ LSB max Dlh1'9ntlai Llhurlty Eridr 

Dlft•rentlal LlnMilty Teihpeo 
ca.in Temttco 

:t:z ppmrc of FSR max 
:ao ppmrc max 

otrMt Tempco 
Power aup;,1y 8enlltlvlty 

::i:s ppntrC of FSR mu 
0.002%/% 

TULBI 

lrtw Budget ior 11oR ADC 

Speclticatlon 

Quantization Error (:t:~ LSB) 
Dlfterenti81 Linearity Error (±~ LSB) 

Etror ('r.) 

0.012 
0.012 
0.005 
o.o5 
0.0125 
0.002 

Dlfferentlal Unearlty Error over Temp (2 ppm/•C x 25) 
Gain Change over Temp (20 ppmrc x 25) 
Zero Change over Temp (5 pptn/•c x 25) 
Change with Power Supply (1 x O.CI02%) 
LOng Term Change 0.02 

Total Error, Wo111t case 
Total Statl•tlcal (rms) Error 

0.1135 
0.0&81 

power supply voltage change of 1 % with time and tem
perature, and maximum converter change of 0.02 % 
with time. Table 3 shows the resuiting error budget with 
a total worst case error of 0.1135%. It is improbable 
that the errors will all add in one direction. Statistical 
(ims) addition of the errors yields a lower value of 
0.0581 % ; this, on the other hand, may he too opti
mistic since the number of error sources is small. At 
any rate, the maximum error will he somewhere be
tween 0.0581 % and 0.1135%, a significant differencP. 
from what might he assumed as a 12-hit or 0.024% 
converter. The ideai relative accuracy has been de
graded by one to two resolution hits. 

In applying data converters, best results are achieved 
by reading the data sheet carefully for accuracy specifica
tions, computing total error by the error budget method, 
and then carefully aligning and testing the converter in 
its actual application. 
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I TECH NOTE I 

Design/Application Considerations of 
Sealed vs Nonsealed 
Fixed-Head Disc Units 

In nonpressurized fixed-head memory systems, the design choice 
between sealed and air-breathing disc units involves packaging 
and maintenance aspects in addition to the obvious environmental 
considerations 

Mark Mou9el Dataflux Corporation, Sunnyvale, California 

In many data storage applications, 
fixed-head disc storage has signifi
cant advantages over both moving
head and floppy disc systems. Large 
data storage capacity in a relatively 
compact amount of space, rugged con
struction for operation under severe 
environmental conditions, and sealed 
packaging for applications in corro
sive or pressure critical environ
ments are all benefits of fixed-head 
disc storage. 

Several units are available that are 
sealed and pressurized with an inert 
gas, but, in general, gas pressurization 
tends to create problems. Sealed disc 
units are difficult to maintain, must 
be periodically purged and refilled, 
and have a higher risk of sudden 
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failure due to the possibility of leaks. 
Additionally, modern safety regula
tions increase the difficulty of ship
ping pressurized containers aboard 
aircraft. Nonpressurized sealing does 
not have these disadvantages, yet 
such seals are still relatively impervi
ous to corrosive atmospheres, hu
midity, and particle contamination
all of which can cause catastrophic 
failures in unsealed devices. 

In the absence of environmental 
constraints that make sealing or pres
surizing absolutely necessary, design 
decisions must determine whether a 
fixed-head disc storage unit should 
be sealed or air-breathing. The se
lection depends on several design 
considerations, some cons true ti on 

oriented, such as whether to use 
plated or oxide-coated media, and 
contact or noncontact stop/ start 
heads; and others that are related to 
operation and maintenance. Design 
and functional considerations, along 
with their impact on reliability, crash 
resistance, and product complexity 
are factors which directly affect both 
acquisition and maintenance cost, and 
should be carefully weighed by disc 
manufacturers and system designers. 

Plated Vs Oxide Disc Surfaces 

The choice between oxide or plated 
discs bears directly on the question 
of having a fresh air flow through 
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the disc/ head container. In part, the 
final decision involves an examina
tion of the relative merits of one disc 
surface over the other. 

Until recently, almost all head-per
track discs used plated surfaces, 
mostly nickel-cobalt, with or without 
a hardening overcoat. But with the 
advent of the IBM 3330 design, which 
uses an oxide disc, there has been 
some movement toward the use of 
oxide in fixed-head designs. This 
movement has accelerated with the 
availability of the IBM 3340 series 
Winchester design. 

Two main concerns in disc design 
have been platter surface finish and 
magnetic uniformity. The disc mem
ory storage industry continuously 
attempts to reduce storage cost per 
bit by increasing both linear and 
radial packing density ('bits per inch 
and tracks per inch). Because of this 
approach, magnetic uniformity has 
become increasingly critical. Simi
larly, since higher densities mean 
lower flying heights, improving the 
quality of surface finishes has also 
become a major concern. 

Before the 3330-type platter, the 
quality of surface finishes discour
aged low flying heights necessary for 
high linear packing density. This 
difficulty was one of the primary 
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reasons for early concentration on 
hard-plated platter surfaces. With 
the 3330, however, and later with 
the 3350, oxide surfaces have been 
developed that sustain flying heights 
as low as 15 µin, adequate for linear 
densities of over 6k bits/ in. Since 
oxide-surfaced platters are much less 
expensive than hard-plated ones, the 
trend toward their use has been ex
pected. Another advantage of the 
oxide surface, particularly in the 
lubricated Winchester-type disc, has 
been its reduced susceptibility to 
head crashes. 

With a disc drive, particularly a 
fixed-head disc drive, a head crash 
is usually considered catastrophic, 
due to the extent of the physical 
damage to heads and recording sur
face, and to heavy contamination of 
the drive with materials abraded from 
the disc and heads. In the event of 
a crash, these conditions make 
further operation of the drive im
possible, and unfortunately, they 
usually mean expensive repair work 
and lengthy downtime. 

A major design goal of fixed-head 
disc manufacturers has been to re
duce the likelihood of crashes, and 
to minimize the severity of the dam
age if a crash occurs. With plated 
discs, various overcoats, such as 

rhodium, nickel oxide, and silicon 
monoxide, have been added for extra 
hardness. They have the double effect 
of allowing the media to tolerate an 
occasional head contact at operating 
speed, and reducing abrasion either 
by landing heads or foreign par
ticles. However, although this ap
proach reduces the frequency of 
crashes, it does not reduce damage 
when a crash occurs. 

With oxide media, a different ap
proach has been taken. The oxide 
coating is fairly soft, and inherently 
more tolerant of foreign particles, 
since it does not throw off metal 
chips when abraded. This same char
acteristic also makes oxide media 
more tolerant of an occasional head 
bounce. In addition, with the use of 
a surface lubricant, the oxide platter 
can be made more crash resistant. 

These advantages have been in
corporated by the IBM Winchester
type drives and CDC storage module 
drives in which crashes almost never 
occur. When they do, physical dam
age is usually limited to the media 
surface itself, and contamination is 
easily removed with a cleaning sol
vent. Secondary benefits also exist 
for using oxide media. For instance, 
it results in a disc of lighter weight 
due to thinner substrate. Other ad-
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DOERR Electric 
Motors& 
Data Processing 

Doerr Electric standards include AC and 
DC fractionals, integrals . .. single phase, 
three phase ... explosion proof . .. 1 /8 to 30 
hp . . . NEMA 48 to 286T frame including 

When it comes to specifying motors in the data processing 
industry: high inertia loads, precision stop / start 

cycling, compact motor design, precision balanced 
rotors, and controlled RPM specifications are critical 

design factors. Doerr Electric has established itself 
as a supplier of both standard and custom motors 

for disc drives, peripheral equipment blowers, 
and magnetic tape drives. 

We put over 35 years of manufacturing experience 
into every motor we make. Doerr Electric has the engineering 

strength , production fac ilities (7 plants) , quality control , and 
competit ive pricing to meet your needs. 

In the data processing industry you can count on tough
to-beat Doerr Electric motors for demanding 

performance and year-after-year reliability. For details, 
write or call the Doerr Electric Sales Dept. 

• DO= l?1 ... • • 
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P.O. Box 67, Cedarburg, WI 53012, (414) 377-0500 
Telex: 026744 

over 200 C-face models. Special designs, 
too .. . severe duty, reversing , synchronous, 
pancake, encapsulated, hoist duty, high 
frequency, arbor, close-coupled pump, and 
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shell motors. Doerr Electric also produces 
gear reducers and gearmotors. SCA speed 
controls designed for chassis, wall , or 
remote mounting. 
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Fig 1 R/W head subassemblies of noncontact stop/start type for use on 
oxide surface. Shown are head pads with 16 R/W heads mounted on sup
port gimbals, and wired to circuit boards containing head-selection diode 
matrix. Module plugs into cartridge shown in Fig 2 

Fig 2 Fixed-head cartridge with cover removed, showing head-loading 
mechanism, spindle, Winchester-type media (single platter) and noncontact 
R/W heads. Mechanism to control head-pad actuation is operated by load 
motor 

vantages include multiple source 
availability and greatly reduced pro
cess and handling problems. 

Contact Vs Noncontact 
Start/Stop Heads 

Assuming the designer has se
lected an oxide disc, such as the 
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Winchester type, the next design 
question is whether to use contact 
stop/ start heads or some sort' of non
contact head lifter arrangement. Note 
that oxide discs are inherently cap
able of generating contamination in 
long-term use, because their relative
ly soft surfaces (compared to plated 

disc surfaces) will emit particles if 
abraded. Of course, a plated disc will 
also emit particles if abraded enough; 
but generally, such behavior indi
cates that a head crash has already 
occurred, making the evaluation of 
contamination academic. 

If a contact head design is used 
with an oxide disc, the air flow of an 
air-breathing disc unit becomes al
most mandatory, due to the likely 
generation of particles after repeated 
start/ stop operation. This built-up 
dust would eventually cause a crash 
if allowed to collect at random within 
the container. 

With a noncontact (nonlanding) 
head stop/start mechanism, how
ever, an air-breathing design is 
neither advantageous nor necessarily 
desirable. Whether to use a sealed or 
air-breathing design essentially re
mains an open question, subject to 
the following considerations. 

Requirements Affecting 
Disc Design 

Ensuring adequate cooling, stable 
internal aerodynamics, and accept
able operating noise levels are par
ticularly important objectives in 
making design choices for a disc 
unit. Other factors that should be 
taken into account include the de
sired physical size of the unit and, 
significantly, the maintenance and 
installation requirements which must 
be met. 

The panel shows comparative ad
vantages and disadvantages of air
breathing versus sealed disc units in 
various design and application areas. 
For instance, observe that air-breath
ing units, which involve filtering a 
constant air flow, do require main
tenance on a periodic basis. Sealed 
units do not. 

Similarly, construction require
ments for sealed disc units are gen
erally simpler and less expensive 
than air passages, filter mountings, 
and exhausts required for air-breath
ing units. Overall, a sealed disc unit 
appears to be more advantageous 
than an air-breathing unit, if a non
contact, stop/ start head design is 
used as in Fig 1. The logical final 
evolution of design and functional 
considerations discussed could be a 
sealed drive with noncontact heads 
using a Winchester-type oxide plat
ter, all mounted in a cartridge (Fig 
2) that is easily replaceable in the 
~~ D 
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World's largest manufacturer 
power supplies 

7lny-MITE;~Series 
Economical, open-frame, convection-cooled, low
power, 100 - 17 5 watts, 1 - 4 outputs fully regulated 
and adjustable, UL-recognized. Input - 92 - 130 V 
AC or 184- 260 V AC, 47 - 440 Hz. 

Dyna-MITE~~ Series 

oC ~ 
,~~~ 

Little-MITE;~ Series 

Convection-cooled, medium-power, 250 - 600 
watts, 1 - 4 outputs, UL-designed. 
Input - 92 -130 V AC or 184 - 260 V AC, 47 - 440 
Hz. 

Mighty-MITE~: Serie;.e~~~,1-eO 
Fan-cooled, medium-to-high-power, 375 - 750 
watts, 1 - 7 outputs, UL-recognized. 
Input -115 ±10% V AC or 230 ±10% V AC, 47 -
63 Hz; 115/230 ±10% V AC, 47 - 63 Hz (optional). 

100 Watts TM 11 

One output - 5 - 28 V DC 
9 .5" l x 4" W x 2 .5" H. 

Two outputs - Primary 5 V DC 
@ 20 amps ; auxiliary 5 - 28 V 

DC @ up to 8 amps. 
12" L x 5 .15" W x 2.8" H. 

250 Watts OM 11 300 Walts 

One output - 2 - 28 V DC 
12. 12" l x 5.0S" W x 4" H. 

Three outplll-. - PrimMy 5 V 
DC@ SO amp!:I; ;iuxi liary 2 - 28 

V DC@ up to 9 .1mp>. 
12 .12" L x 5 .0 S:' W x 6 .45" H. 

250 Watts LM 11 300 Watts 

One output - 2 - 28 V DC 
12. 12" L x 5.05" W x 4" H. 

Three output .. - Prim.iry 5 V 
DC@ SO amp"; .w xili.uy 2 - 28 

V DC @ up to 9 amp' . 
12. 12" L x 5.0 5" W x 6.45 " H . 

150 Watts 

Three outputs - Primary 5 V 
DC@ 20 amps ; auxiliary 5 - 28 

V DC@ up to 5 amps. 
12" l x 5.15" W x 2. 8" H . 

300 Watts 

Four outpuh - Prim.iry 5 V DC 
@ 50 amp~; auxili ,1ry 2 - 28 V 

DC@ up to 5 amp, . 
12 .12" L x 5 .05" W x 6 .45" H . 

300 Watts 

Four outpuh - Prim.uy S V DC 
@ 50 .imp" ; ,1uxilt .iry 2 - 28 V 

DC @ up to 5 .imp ... 
12 .12" l x 5 .05" W x 6. 45" H . 

375 Watts MMX 22 375 Walts 

One output - 2 - 28 V DC 
12 .12" l x 5" W x 3 .9" H. 

Two output<. - Primary S V DC 
@ 75 anp .. : ,1u xili,1ry 2 - 24 V 

DC ~ up to 20 .11np~ . 
15 .25" L x S" W x 3.9" H. 

Three output' - Prim.Hy 5 V 
DC@ 75 ,1111p" ; .1uxili.iry 2 - 24 

V DC@ up to JO ,1mp, . 
15. 25" l x 5" W x l.9" H. 

600 Watts MML46 MML 47 75 0 Watts MM 31 750 Watts 

Six outputs - Primary 5 V DC 
@ 75 amps; au xiliary 2 - 24 V 
DC : 2nd , 3rd and 4th outputs 
@up to 12 a mps; 5th and 6th 

o utputs @ up to 5 amps. 
13 .5'' l x 8 .5" W x 5 .1" H . 

LH Series 

Seven outputs - Primary 5 V 
DC@ 75 amps; auxiliary 2 - 24 
V DC: 2nd and 3rd Olltputs @ 

up to 12 amps; 4th , 5th , 6th and 
7 th outputs @ up to 5 amps. 

13 .5" L x 8 .5" W x 5 .1" H. 

Convection- and fan-cooled, 250 - 1500 
watts, 1 - 4 outputs. 
Input -115 ±10% V AC or 230 ±10% V AC, 47 -
4<10 Hz. (externally selectable), 47 - 63 Hz (for 
LH-700 and LH-800 Series). 

600 Watts LH 6000 600 Watts LH 600T 

Two output... - PrirncHy 5 V D C 
@ 100 ,rni_ps; auxiliary 5 - 24 V 

DC @2 up to 8 amp ... 
16.25" l x 7.5" W x 3. 9" H. 

Three outputs - Prim.iry· 5 V 
DC@ 100 .rn1p.; ; auxili<iry 

5 - 24 V DC@ up to 8 amps. 
16 .25" L x 7. 5" W x 3.9" H. 

Super-MITE;~ series 

Fan-cooled, high-power, 750 -1000 watts, 1 - 4 
outputs, UL-pending. 
lnput-85-130 VAC or166-260 V AC, 47-63 Hz. 
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One output - 2 - 28 V DC. 
12.75" l x 5. 1" W x 5. 1" H. 

Two ou t put~ - Primary 5 V DC 
@ 150 amp'; .1u xiliary 2 - 24 V 

DC @ lip to 24 amps. 
13 .5" L x 8 .5" W x 5 .1" H. 

Three output~ - Prim.iry 5 V 
DC @ 150 amp~; ,lu'<ili,iry 

2 - 24 V DC@up to 12 ,1 1111». 
12 .75" l x 7" W ' 5. 1" H. 

250 Watts LH 250S 300 Watts LH 3000 300 Watts 

One output - 2 - 28 V DC. 
12 .25" l x 5 .05" W x 3.65" H . 

Four outputs - Primary 5 V DC 
@ JOO amps; auxiliary 5 - 24 V 
DC : 2 nd and 3rd outputs @ up 
to 8 a mps; 4th output@ up to 2 

amps. 
16.25" l x 7.5 " W x 3 .9" H. 

One output - 2 - 28 V DC. 
11 " L x 8" W x 5" H . 

Two output s - Primary 5 - 24 V 
DC ; auxiliary 5 - 24 V DC@ up 

10 8 amps. 
16.25" l x 5 .05" W x 3. 65 " H . 

Two output ~ - t"m11c1ry 5 - 24 V 
DC ; au>iliary 5 - 24 V DC@ up 

to 8 amp'>. 
12 .2 5" L x 7. 5" W x 1.9" H. 

600 Watts LH 7005 600 Watts 

One output - 2 - 24 V DC. 
10" l x 8" W x 5" H. 

One output - 2 - 28 V DC. 
11 " L x 8" W ' S" H. 

Two outputs - Prim.1ry ~ V D C 
@ 150 amps; 2nd output 2 - 28 

V DC @ up to 18 amp ... 
11 " l x 8 " W > 6 " H . 
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of switching regulated 
presents ... 

LH 
RESEARCH 

175 Watts TM 34 

Four output. 5 V DC 
@ 20 amps; 2nd and 3rd 

ou tputs 5 - 28 V DC @ up to 5 
amps, 4th output 2 - 15 V DC 

@up to 1 .5 amps. 
13" l x 6.15" W x 2.75" H. 

Teeny-7iny-M/TEr~~ series 

Economical, plug-in printed circuit board 
switcher, convection-cooled, 75 watts, 1 - 4 
outputs, UL-designed. Input - 92 - 130 V ~C or 
184 - 260 V AC, 47 - 440 Hz. 

QM 33 350 Watts OM 34 500 Watts OM 41 

Three out pub - Primary 5 V 
DC@ 50 amps; auxiliary 2 - 28 

V DC@ up to 10 amps. 
16" l x 7.5" W x 4.13" H . 

One output - 2 - 28 V DC. 
16" l x 7.5" W x 4.13" H. 

LM 33 350 Watts LM 34 500 Watts LM 41 

Three output!:> - Primary 5 V 
DC@ 50 amps; auxiliary 2 - 28 

V DC @up to 10 ,imps. 
16"l x 7.5"Wx 4. 13" H . 

Four outputs - Primary 5 V DC 
@ 150 amps; auxiliary 2 - 24 V 

DC : 2nd ou tput@ up to 12 
amps; 3rd and 4 th outpu ts@ 

up to 5 amps. 
12 .5" L x 7" W x 5.1" H. 

Four ou;puts - Primary 5 V DC 
@ 50 am2s; auxiliary 2 - 28 V 

DC (@ up to 10 amps. 
16" L x 7.5" W x 4.13" H. 

375 Watts MM 25 

Five output~ - Primary 5 V DC 
@ 75 amp~; ~1uxiliMy 2 - 24 V 

DC@ up to 5 amps. 
15 .25" l x 5" W x 3.9" H. 

Two 375-watt outprns - i - 24 
V DC@ up to 75 amps. 

13.5" l x 6.5'' W x 5.1" H. 

LH 300T 300 Watts LH 400T 

Three output., - Primary 5 V 
DC@ 50 .imp'; ,1uxiliary 5 - 24 

V DC@ up to 8 amps. 
16.25" l x 5.05" W x J.65" H. 

Three outpuh - Primary 5 V 
DC@ 50 ,imps; auxiliary 

5 - 24 V DC @ up to 8 amps. 
12 .25" l x 7.5" W x 3.9" H. 

One output - 2 - 28 V DC. 
16" l x 7.5" W x 4.13" H. 

"F lat P,1k" 
Two o utputs - Primary 5 V DC 
@ 75 am_ps ; auxiliary 2 - 24 V 

DC(@ up to 24 amps. 
13" l x 9.5" W x 3" H. 

MMX 63 

Th ree outpub - high-power, 
2 - 24 V DC@ up to 75 amps; 
3rd output, 2 - 24 V DC @ up 

to 24 amps. 
13.5" l x 8.5" W x 5.1" H. 

Four outpl1ts - PrimJry 5 V DC 
@ 50 amps; auxiliary 5 - 24 V 
DC : 2nd and 3rd ou tputs@ up 
to 8 amps; 4th output @ up to 2 

amps. 
12.25" L x 7.5" W x 3.9" H. 

75 Watts TTM 11 

One output - 5 - 28 V DC. 
10.5" l x 3.5" W x 2" H . 

550 Watts 

.. " 
Three output-. - Prim.:uy 5 V 

DC@ 100 amp;; auxi liary 
2 - 28 V DC@ up to 16 amp,_ 

16" l x 7.5" W x 6" H. 

600 Watts 

Three outpuh - Primary 5 V 
DC@ 100 amp~; auxiliary 

2 - 28 V DC@ up to 16 .rnips. 
16" L x 7.5" W x 6" H. 

75W~20> 

Two - Four output-. - Pr1nwry 
5 V DC@ 10 amp>; auxiliary 

5 - 24 V DC@ up to 1.5 ,imp,_ 
10.5" L x 7" W x 2" H (tentative). 

550 Watts 

.; . 
Four output" - Primary 5 V DC 
@ 100 amps; auxiliary 2 - 28 V 

DC@ up to 10 amps. 
16" l x 7.5" W x 6" H. 

600 Watts 

"' Four outputs - Primary 5 V DC 
@ 100 amps; auxiliary 2 - 28 V 

DC@ up to 10 amps. 
16" l x 7.5" W x 6" H. 

MM 73 600 Watts 
~ 

MML 45 

" Flat Pak" 
Three outputs - Primary 5 V 

DC@ 75 amps; auxi liary 2 - 24 
V DC@up to 12 amps. 
13" l x 9.5" W x 3" H. 

750 Watts . _..-, MM 64 

Four outputs - 2 high-power, 
2 - 24 V DC@ up to 75 amps; 

2 low-power, 2 - 24 V DC@ up 
to 12 amps . 

13.5" Lx 8.5"Wx 5.1" H. 

Five outputs - Primary 5 V DC 
@ 75 amps; auxiliary 2 - 24 V 

DC (@ up to 12 amps. 
13.5" L x 8.5" W x 5.1" H. 

Five outputs - 2 high-power, 
2 - 24 V DC@ up to 75 amps; 
3 low-power, 2 - 24 V DC: 3rd 
output@ up to 12 amps; 4th 

and 5th outputs@ up to .S amps. 
13.5" l x 8.Y' W x 5.1" H. 

500 Watts LH SOOS 500 Watts LH 5505 

One output - 5 - 7.4 V DC. 
20.25" L x 5.05" W x 3.65" H. 

One output - 5 - 24 V DC. 
16.25" l x 7.5" W x 3.9" H. 

1500 Watts LH BOOS -·----------------------

1000 Watts- M 23 

Three outpu1~y 5 V 
DC@ 150 .:imp~; auxiliary 

2 - 28 V DC: 2nd output @ up 
to 18 .:imps; 3rd ou tput@ up to 

5 amp'-. 
11" L x 8" W x 6" H . 

One output - 2 - 24 V DC. 
t 4" l x 9" W x 5" H. 

1000 W.U>~M 24 

Four output:. - Pnmary 5 V DC 
@ 150 amp>; .iuxiliary 2 - 28 V 
DC : 2nd and 3rd output~@ up 
to 10 amps ; 4th outplll@ up to 

5 ,1mp". 
11" l x 8" W x 6" H. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LH Research, Inc. 182 1 Langley Avenue, Irvine, CA 9271 4 
Atln: Dick De Rose 

Gentlemen: 
I've spotted the swi tcher rhat just might work for me. Send complete technica l 
da ta on the following: PHONE : (714) 546-5279 

TWX: 910-595-2540 
D TTM Series, Model ______ _ 

D TM Series, Model --------

0 OM Series, Model 

D LM Series, Model --------

My appl ication is 

0 MM Series, Model ----------

0 LH Series, Model 
D SM Series, Model ______ _ 

D Please have • .rn appliccJtions engineer contact me 
to discuss a custom switcher requirement. 

Name -------------------------------
Company _____________________________ _ 

Address ___________________ Phone ( 
City _____________ State ________ Zip _______ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I DESIGN NOTE I 

Software-Based Single-Bit 1/0 Error 
Detection and Correction Scheme 

A scheme that both intercepts and corrects single-bit 1/0 errors employs 
a software implementation for checking 4-bit characters. Existing 
software that reads or writes data can be modified in a nearly transparent 
manner, at considerable time and cost savings 

George M. White University of Ottawa, Ottawa, Ontario, Canada 

M odern computing systems are es
sentially highly reliable devices. How
ever, associated input/ output pe
ripherals often malfunction because 
of moving parts and inherent char
acteristics of the external media on 
which data are stored. Traditionally, 
computer systems have dealt with 
these errors by introducing redun
dancy bits into the read/ write oper
ation. Adding parity bits and block 
check characters is an attempt to in
tercept errors before they can cause 
problems; however, these methods 
result in read/ write inefficiencies be
cause of the extra redundant informa
tion. Sophisticated input/ output 
( r/ o) devices use coding techniq~es 
at the hardware level to accomplish 
the same goal. 

One major fault exists with these 
schemes; errors are detected but are 
not corrected. After an error is de-
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tected, the system will either halt or 
attempt a retransmission, depending 
on the degree of capability. Retrans
missions do not guarantee success, 
however, and if data have been writ
ten incorrectly, retransmission wastes 
time. A system of error correction 
that not only intercepts an error· 
when it occurs, but also corrects the 
error so that retransmission is un
necessary is an improvement on these 
schemes. The principles of error cor
rection are well-understood and are 
beginning to be used as a standard 
software engineering tool. 

The software-based correction 
scheme has a simple program struc
ture that is easily coded for most 
computers. The two subroutines that 
are presented can be readily imple
mented; if used as an integral pair, 
their effect is transparent to the re
mainder of the system, except that 

single r/ o errors are eliminated while 
double and triple errors pass through. 
Existing software can be easily modi
fied to incorporate these subroutines. 

The scheme's main disadvantage is 
that each half byte (four bits) of 
data is treated as an information 
group and the number of required 
check bits (in this case, three) is 
therefore relatively large in compari
son. Since the word length is nearly 
doubled, twice as much external stor
age media is needed to record the 
same amount of data information, 
and thus read and write times twice 
as long are necessary. These limita
tions may prohibit the use of this 
error correction scheme in some I/ o 
applications. 

Basic: Principles 

Assume that four data bits (half a 
byte) are to be written on an ex-

COMPUTER DESIGN/ SEPTEMBER 1978 



Why Centralab's Exclusive Design 
Means A More Reliable Switch. 

Rotary switches with PC terminations surely aren't new
but the exclusive PC Clip/Terminal offered on Centralab 
Series 070 switches is so unique we've applied for a patent 
to protect it. The clip and terminal are actually one piece. 
That means the switch is more reliable. Unlike two-part 
designs. Centralab's new design doesn't join a PC terminal 
to a clip so there's no way that one can become separated 
from the other and cause intermittent or open circuit 
problems. 

Meets Your Specs With Features 
Like These: 

lllSULATIDN: 
Phenolic ____ .._ 

CONTACTS: 
Silver 
plated brass 

The new PC Clip/ 
Terminal is also 

available on 
switches with two 

other popular 
indexes - single 

ball and dual ball 
side thrust. These 
have metal shafts, 

ceramic or phenol ic 
sections, si lver 
plated brass or 

silver alloy contacts, 
selectable or 

adjustable torque, 
30° and 60° detents 

and adjustable 
stops. Binary 

encoding can be 
suppl ied. 

You Can Buy It ... And Apply 
It ... For Less. 
This switch can be yours for less than 50¢, in 
production quantities. Add to that the ease and 
reduced cost of assembly with the PC terminal 
and you 'll probably agree that no other manufac
turer offers as much. You get the rigid PC board 
mounting you need, with a choice of stand-off 
heights. You get a nylon shaft for added insula
tion from associated circuitry. This truly is the 
economy, high-quality rotary switch you 've long 
needed. See the highlights on other features 
(at left) then get complete details. Use the reader 
service form or call Centralab 515/955-8534. 

"'~~Heed 
~ CMe 

• CENTRALAB 
ELECTRONICS DIVISION 

GLOBE-UNION INC. 
P.O. Box 858 

For t Dodge, Iowa 50501 



Let's face it, interconnections can really 
leave you at loose ends. 

So we're offering to take total 
responsibility for solving your mass 
termination problems. 

We're Spectra-Strip, and what we 
make is exactly what you need to get 
your job done right, reliably and within 
reason. 

For all your interconnect needs from 

jumpers and flat cables to IDC connec
tors and ready-to-go standard and 
custom planar assemblies, just check us 
out. You won't need to call anyone else. 

For the name and number of 
our nearest distributor or rep, write 
Spectra-Strip, an Eltra Company, 
7100 Lampson Avenue, Garden Grove, 
CA 92642. Orcall (714) 892-3361 today. 

C>SPECTRA-STRIP 1978 
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When you're down to the wire 
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ternal 1/ 0 device as Is, h, 16, and 17. 
Three check bits, Ci, C2, and C4, can 
be concatenated to establish a field 
of seven bits. 

C, C, Ia C, I. I, I; 

Check bits Ci. C2, and C4 are cal
culated, so that 

·C, EB Io EB Io EB I1 = 0 

EB I, EB I1 = 0 

EB Is EB I1 = 0 

where EB is the logical exclusive-OR 
symbol and the binary 0 result is 
interpreted as meaning even parity. 
For example, consider the hexadeci
mal character 2, for which the 4-bit 
pattern 13, 15, Ia, 17 is 0 0 1 0. It is 
easily calculated that the redundancy 
bits are C1 = 0, C2 = 1, and C4 = 1, 
giving a 7-bit field of 0 1 0 1 0 1 0. 
By appending an additional bit, I0, 

whose value is always 0 to this field, 
a full 8-bit byte is obtained that can 
be written onto an output medium. 
In practice, this is usually done by 
calling a put character subroutine or 
executing a MOVE type instruction. 

Assume that an error occurs in bit 
Ia, changing it from 0 to 1 ; this 
could happen in either reading or 
writing. After data have been read 
and the Io bit is stripped off, the 
field appears as 0 1 1 1 0 1 0. Eval
uating the left-hand side of the equa
tions given previously yields the fol
lowing results: 

C, EB J, EB I. EB I1 0 

C, EB Ia EB Io EB I1 1 

C, EB I, EB I. EB I1 1 

Writing this horizontally, the binary 
pattern 0 1 1 (or decimal 3) is ob
tained; thus, bit 13 is in error. Chang
ing this bit and stripping away the 
check bit gives 0 0 I 0, the original 
4-bit character. 

Further examination of this er
ror correction scheme shows that 
(a) any one of the seven bits if 
wrong, can be detected and corrected, 
even one of the redundancy bits; 
(b) the error can be a 1 changed 
to a 0 or a 0 changed to a l; and 
( c) if more than one error occurs 
in the seven hits, the scheme will 
not work. In this case, a double 
error would be detected hut the at
tempt to correct it would give a false 
result. A triple error would be re
ceived as if it were correct; no error 
would be detected. 
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Software Correctin9 Modules 

The subroutine listed as PUTCC (Put 
Coded Character) assumes that the 
binary representation of the charac
ter to he written occupies the lower 
eight hits of a 16-bit accumulator. 

. Any convenient code, such as ASCII 
or EBCDIC, can be used. The upper 
four bits of this character are coded 
and written, and are followed by the 
lower four bits. Therefore, one 8-bit 
byte is converted into two 4-bit coded 
bytes. To implement the 16 possible 
characters, the conversion is done by 
a table lookup rather than by arith
metic manipulation. Note that since 
three logical equations must be satis
fied simultaneously, the code words 

as a whole do not have any consistent 
parity. 

Subroutine listing GETCC (Get 
Coded Character) reads two succes
sive coded bytes that have been pre
viously written by PUTCC, corrects 
any single errors that may have oc
curred, removes the check bits, and 
stores the reconstructed character in 
a register. It accomplishes this by 
isolating each bit of the coded char
acter, calculating the logical exclu
sive-OR for the three equations, and 
using any non-zero result to locate 
and complement the single bit that 
is in error. To perform the calcula
tions, three temporary variables
called first, second, and third-are 

PUTCC (Put Coded Character) 

*SUBROUTINE PUTCC (PUT CODED CHARACTER) 
*THE CHARACTER TO BE WRITTEN OCCUPIES THE 
*LOWER BYTE OF REGISTER A 

PUTCC: 

save: 

zero: 
adtab: 
table: 

Octal 
Store,M 
Store,X 
Double right shift 
Load.A 
Double left shift 
Add to A 
Exchange A and X 
Load A, Indexed 
Jump to subroutine 
Load,A 
Double left shift 
Add to A 
Exchange A and X 
Load A, Indexed 
Jump to subroutine 
Load,M 
Load,X 
Jump, Indirectly 
Octal 
Octal 
Octal 
Addreu 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 
Octal 

0 
save 
save+ 1 
8 
zero 
4 
adtab 

PUTC 
zero 
4 
adtab 

PUTC 
save 
save+ 1 
PUT CC 
0 
0 
0 
table 
000 
151 
052 
103 
114 
045 
148 
017 
180 
031 
132 
063 
074 
125 
028 
177 

;return address stored here 
;save M and X registers, 
;If desired 
;shift character Into M 
;clear A 
;shift 4 bits Into A 
;add table address 
;address goes Into X 
;load A with code word 
;this Is routine for writing 
;clear A 
;shift next 4 bits Into A 
;add table address 
;address goes Into X 
;load A with code word 
;routine for writing 
;restore registers 

;return 

;table of code words 
;coded 1 
;coded 2 
;coded 3 
;coded 4 
;coded 5 
;coded 8 
;coded 7 
;coded 10 
;codad 11 
;coded 12 
;coded 13 
;coded 14 
;coded 15 
;coded 16 
;coded 17 



Put our new UARTand BIT RATE 
GENERATOR together and what 
have you got? 

The first programmable 
CMOS Communications System. 
With the Harris HD-6402/6402A CMOS/ LSI, and HD-4702/ 
6405 CMOS Bit Rate Generator, you can convert parallel data 
to serial and back again asynchronously, substantially reduc
ing the amount of interconnect in your data acquisition 
systems. a: 

w 
>-
:::> 

B BIT BBIT 
Now, all it takes is two lines to connect terminals to com

puters, for example, instead of the spaghetti of wire used in 
older systems. 

0. 
::;; 

TRANSMITTER 
SERIAL 

RECEIVER 

And, only with Harris do you enjoy the benefits of all
CMOS technology. Like less power consumption, permitting 
remote, hand-held battery-operated systems. Faster speed. 
Fewer and smaller components for added economy in equip
ment costs. Plus full temperature ranges, including military. 

The Harris HD-6402/6402A, designed to replace the older 
and slower P-channel types, is the industry's first CMOS 
UART It features an industry standard pinout. Single power 
supply-operates on 4 to 11 volts. And it's fast ... 125K 
Baud ... the fastest UART in operation today. 

The Harris all-CMOS Bit Rate Generator provides the 
necessary clock signals for the UART The HD-4702 generates 
13 commonly used bit rates, while the HD-6405 provides two 
additional bits and consumes significantly less power, with 
no pull-up resistors. 

If you've been waiting for CMOS for your modems, printers, 
peripherals, and remote data acquisition systems designs, 
your wait is over! Now Harris technology has something you 
can really work with. And you can start today! 

For full details, call the Harris Hot Line, or write: 
Harris Semiconductor, P.O. Box 883, Melbourne, FL 32901. 

0 
(.) PARALLEL RECEIVER 

UART 

HD-470211)405 FEATURES 

• CMOS 
• TTL Compatible 
• Low Power Dissipation: 

4.0mW TYP. (6405); 4.5mW 
TYP. (4702) 

• Conforms to EIA RS-404 
• One unjt controls up to eight 

transmission channels 
• On-chip input pull-up circuit 

(4702 only) 
• 16 pin Cerdip and Epoxy dual

in-line packages 
• Second source available 

HARRIS HOT LINE! 
1-800-528-6050, Ext.455 

Call toll -free for phone number of your nC'arby 
Harris sales office. authorized distributor or 
expedited literature service. 

Harris Technology ... Your Competitive Edge 

CIRCLE 61 ON INQU IRY CARD 

DATA 

TRANSMITTE R PARALLEL 

UART 

HD-6402/ 6402A FEATURES 

• CMOS 
• Operation from D.C. to4.0MHz 
• Low power-TYP. 10 mW @ 

2.0MHz 
• 4 V to 11 V operation 
• Programmable word length, 

stop bits and parity 
• Automatic data formatting a nd 

status generation 
• Compatible with industry 

standard UART's 
• Second source available 

HARRIS 
SE M ICONDUCTOR 
PRODUCTS DIVISION 
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Greghill Switch 
Modules 
stack 
this 
wag 

t 
or 
ineng 
arrag 

Customize your 
circuitry, legends and colors 
with the versatile "Mix and 
Match" Grayhill Series 82 

Talk about versatility! These unique, 
long-stroke, wiping contact switch 
modules are offered in horizontal or 
vertical legend formats, with 6, 3, 2, and 
single buttons, so you can strip them 
or stack them in the exact array you 
need, while maintaining constant 
center-to-center button spacing. 

More versatility! Standard circuitry 
is SPST thru 4PST-your choice under 
any button. Or, choose any code up 
to 7 bits, such as: BCD, BCD comple
ment, octal, hexadecimal, 2 out of 7 or 
2 out of 8. 

Appearance versatility, too! Choice of 
legend, button and housing colors
hot stamped, molded-in, or slip-in 
legends-or any combination thereof. 

For detailed information, consult 
EEM or ask for data from 
Grayhill, Inc., 561 Hillgrove, 
La Grange, Illinois 60525; 
phone (312) 354-1040~. 

~&4.!I! 
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urcc CGet ceded Clllnlollr> 
*SUBflOUT,_ GETCC (GET CODED CHARACTER) 
*AFTER AETURNfNG FROM TfHS IUBRQUTINE, THE 
*CHARACTER OCCUPIES THE LOWER BYTE OF . 
*REGISTER A . 
• 

GETCC: ;return !lddreea stored here Octal 0 
JufllP to eubroutlne 
Jump to 11.ibro'ftlne 
Left shift 
ltoM,A 
Jump to •ubroutlne 
Jump to eubt'O\ltln• 
Add to A 
Jump, lndlreotly 
Octal 

• 
DECODE: Octal 

ato,.,x 
Store.A 
DoUble right ehlft 
Store.A 
Load.A 
Double left ehlft 
Left Shift 
Add to A 
tttore.A 
Load.A 
Doublt left ehlft 
Store.A 
Left ehlft 
Add to A 
Store.A 
Load,A 
Double left thlft 
Left lttlft 
Add to A 
Store.A 
Loa ct.A 
Double left shift 
Store.A 
Left shift 
Add to A 
Store.A 

evaluated. First is a concatenation of 
C4, C2, and C1 ; second is a concatena
tion of 15, 13 , and Is; and third is a 
concatenation of 16, 16, and 15 • After 
these variables have been formed, 
the logical exclusive-OR sum is easily 
calculated; if this result is non-zero, 
the resulting sum points to the bit 
in error. 

The subroutines are written in an 
informal "assembler-like" language 
that assumes that the machine on 
which it runs has at least two gen
eral-purpose registers, called A and 
M; an index register, called X; and 
a single-address instruction set. No 
attempt has been made to minimize 
the code generated or to reduce ex
ecution time. 

A machine for which these pro
grams apply has the familiar load and 
store instructions as well as add, 

GETO 
DECODE 
4 
fllb 
GETO 
OECODE 
nib 
GETCC 
0 

9 ..... 
OOdewd 
8 
flret 
zro 
1 
1 
first 
'fll'lt 
zro 
1 
llOOnd 
1 
MCC)ftd 
eecond 
Zi'p 
1 
a 
flJJt 
am 
zro 
1 
third 
2 
second 
second 

;Ihle le routine for reading 
;decode upper 4 bits · 

;decode lower 4 bits 
;1'9COnftruct character 

;save reglater X 
:.ave ntglater A 
iC1 In IWgleter A 

;C2 In register A 

;13 In Reglater A 

;C4 In register A 

;15 In register A 

jump, jump to subroutine, and con
ditional skips. It also includes left 
and right shifts with operands that 
cause the A register to shift bits, and 
left and right double shifts that 
cause the A and M registers to be 
concatenated and shifted as one 
double-width register. Registers and 
memory are assumed to have a width 
of 16 bits. 

The two subroutines should always 
be used as an integral pair. They 
can be used together . with new soft
w~re or can be incorporated easily 
into existing software. To do the 
latter, all calls to 1/ 0 subroutines 
should be replaced by calls to PUTCC 

and GETCC, and the original subrou
tines can be used by the new coding 
subroutines. If th~ 1/ 0 subroutines 
are all called indirectly via an ad
dress in a common memory area, all 

COMPUTER DESIGN/ SEPTEMBER 1978 



that is required is to switch pointers 
from the old address to the addresses 
of PUTCC and GETCC. 

Summary 

Capable of correcting as well as de
tecting single-hit 1/ 0 generated er
rors, the error correction scheme is 
carried out completely in software, 
and can he programmed into place 
on top of existing software with mini
mum modification, typically in one 
or two words. The code is irrelevant 
and any number of hits can he han
dled by separation into 8-hit blocks. 

In several paper tape applications 
used by the author, an object file is 
generated on paper tape by an un
reliable punch. When these object 
tapes are loaded, so many errors are 
found that it becomes impossible to 

;181nregilltrA 

:17 In "9llter A 

;calculate XOR for equatfolJ• 

;any errors? 
;Yee 
;No 
;ttrlp off check bits 

:restore X register 

~error 

;complement bit In error 

ien'Of maak words 

execute the program. However, by 
changing the punching and reading 
routines as suggested here, the errors 
are detected and corrected, quickly 
and easily. Even with the extra soft
ware overhead, the input reading 
rate is limited by the speed of the 
read head itself, in this case, 300 
char/ s. 

Biblio9raphy 
S. Lin, An Introduction to Error-Check

ing Codes, Prentice-Hall, 1970 
W. W. Peterson and E. J. Weldon, Jr, 

Error-Correcting Codes, MIT Press, 1972 
B. Rickard, "Automatic Error Correction 

in Memory iSYStems," Computer Design, 
May 1976, PP 179-182 

•R. 'Swanson, "Unde rstanding Cyclic Re
dundancy Codes," Computer Design, Nov 
1975, pp 93-99 

S. Vasa, "Calculating an Error Checking 
Character in Software," Computer Design, 
May 1976, pp 190-192 

Intel 
compatible 

data 
. :i'· 

acqq-sition 
system for 
onlyS4t5• 

The low-cost ADAC Model 735 series 
of data acquisition systems is 
mounted on a single PC board that 
plugs into the same card cage as the 
Intel SBC-80/10, and SBC-80/20 
single board computers and also the 
Intel MDS-800 microcomputer devel
opment system. The Model 735 bus 
interface includes a software choice 
of program control or program 
interrupt and a jumper choice of 
memory mapped 1/0 or isolated 1/0. 

The basic 735 OEM system which 
is contained on a single PC boaf'd 
(12" x 6.72" x 0.4") consists of 16 
single-ended or 8 differential analog 
input channels, either voltage or cur
rent inputs (4-20 mA or 5-50 mA), 12 
bit high speed A/D converter, sample 
and hold and bus interface. The 
throughput rate of the Model 735 is 
35 KHz. Optionally available is the 
capability of expanding on the same 
card to a total of 64 single ended or 
32 differential voltage/current inputs. 
up to two 12 bit D /A converters, soft
ware programmable gain amplifier 
with auto zero circuit, scope control 
and third wire sensing. 

ADAC Corporation, 15 Cummings 
Park, Woburn, MA 01801 . 
(617) 935-6668 

*Price in quantities of 1 to 4. 

GSA Contract 
Group66 

corporation 
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There's nothing to it. for all would-be, high-performance drum plotters. In 
Not when you start with the best. And that's exactly terms of speed, accuracy and line quality. And in 

what the new CalComp 1055 high-performance drum terms of good old-fashioned price/performance, too. 
plotter is- the best. In fact, it easily surpasses every- Of course, you may not need the soph istication 
th ing we - and our competitors- have created to date. of a 1055 right now. In that case, our new 1051 is the 

There's simply no other 36-inch, roll-fed drum plot- answer. You get 10-ips performance tod_ay, and the 
te r with specs like these. Plotting speed is an unprec- ability to field upgrade to a 1055 tomorrow -when your 
edented 30 inches-per-second (762 mm-per-second) needs have expanded. 
on ax is. Complemented by a 4G acceleration ramp One thing hasn't changed, though. 
and lOMS pen-down time. The results are CalComp service and support. It's still 
unbeatable quality and throughput. worldwide and second to none. For field 

What's more, you get the versatility ., · !!!!!!•k. ~ service personnel. For in-place field 
that only four pens can provide and a _______ .... systems analysts. And for the ki nd of 
practical , roll-fed design that keeps help you expect from the world leader 
operator intervention to a minimum. """"= in digital plotters. 

But that's not all. For increased All of which proves, when it comes 
accuracy, we made the 1055 completely to high-performance drum plotters, 
d.c. servo-motor driven. And we gave CalComp's really drawing away from 
it a special linear pen drive mechanism the competition . Again . 
to hel p maintain consistently superior To arrange a special preview 
line quality. In every application. demonstration of the new 1055, 

The bottom line is this: Our ~AA~/:\. ~~ please call your local CalComp 
new Model 1055 creates an \:7W'='\:7\:l~W sales representative in the 
entirely new set of standards 2411 w La Palma Avenue, Anaheim, Californ ia 92801 following areas: 
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WEST: Orange, CA (714) 639-3690/Santa Clara, CA (408) 249-0936/ Houston, TX (713) 776-3276/ Dallas, TX (214) 661·2326/ Englewood, CO (303) 770-1950/Beaverton, OR (503) 646·1186 
SOUTH: Norcross, GA (404) 449-4610/ Huntsville. AL (205) 533-6260. MIDWEST: Southfield, Ml (313) 569·3123/ Rolling Meadows, IL (312) 392·1310/ Dayton. OH (513) 276-3915/Cleveland. OH (216) 362·7280 / Shawnee MisSton. 

KS (913) 362-0707 /Bloomington, MN (612) 854-3448. EAST: Waltham, MA (617) 890-4850/ Union, NJ (201) 686-7100/ Bala Cynwyd, PA (215) 667-1740/ Rockvil le, MD (301) 770-5274/ Pittsburgh, PA (412) 922-3430 



Our new 
• • • m1n11m1cro 

computer 
printers ... 
'the easy 

ones." 

EASY TO INTERFACE 
The new DP-1000 Series Printer 
fam ily fits right into most mini
micro computer and modem ap
plications - thanks to three popular 
ASCII formats available in four 
different basic models . 

Standard Baud rates from 11 O to 
2400 Baud, and internal storage 
of up to 104 characters (more 
optionally) with " hand-shake" con
trol signals, let you pick from a 
variety of off-the-shelf configu ra
tions to fit your specific application. 

EASY TO USE 

------------ A time-proven, dot matrix impact 

Feat urea: 
• Three popular ASCII Input 

configurations 
• Forty characters per llne 
• Internal data storage 
• Double-width character 

selection 
• Power line filter 
• Qfrtlonal tally-roll and/or 

fut paper feed 

.._ __________ __. 

printing element can print 64 
alpha-numeric and special 
symbols in 40 characters/line at 
50 CPS on single or multiple-copy 
paper rolls. Options such as Tally 
Roll take-up and Fast Paper Feed , 
make the printers easy to fit point
of-sale and related fie lds. 

Combining form and function , the 
modern package blends with 
virtually any surroundings, while 
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its flip-top design allows con
venient access for paper replace
ment and servicing. 

EASY ON BUDGETS 
Best of all, single-unit prices for 
the DP-1000 Series start at under 
$600 , with substantial Dealer and 
OEM quantity discounts . 

Want to see a demonstration in 
your office, or more details? That's 
easy too. Just contact Ken 
Mathews at Anadex; 9825 DeSoto 
Avenue; Chatsworth, CA 91311 ; 
Telephone (213) 998-8010 ; 
TWX 910-494-2761 . 
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MICRO, CATA STACK 
PROCESSORS ANO ELEMENTS 

INTERFACING FUNDAMENTALS: 
AN APPLICATION OF THE 8085 
PROCESSOR, PART 1 

Peter R. Rony and David G. Larsen 
Virginia Polytechnic Institute and State University 

Jonathan A. Titus and Christopher Titus 
Tychon, Inc 

In this month's column, the 8085 system will be used 
to build a small control system, configured so that eight 
analog channels can be monitored with a time period 
between measurements which may be set by the user. 
It is assumed that all eight channels are monitored quick
ly with a long period between these quick samplings. 
The control system's computer (the 8085) must have the 
following input/output devices. 

(1) A fast 10-bit analog-to-digital converter (ADC) with 
an 8-channel multiplexer 
(2) A set of thumbwheel switches to select the time 
period ( 1 to 99 s) 
(3) A set of eight control outputs (on/off) that may be 
used to control the process being monitored 

The intent is not to describe the entire control system, 
but rather to show how the interfacing takes place. The 
necessary software for operating the system with the vari
ous input/ output ( 1/ o) devices will also be explained. 

The control function that may be required of this sys
tem could be simple or complex, depending upon how 
the software algorithm is set up. When based upon an 
8085 system, the hardware can be simple. First hardware 
considerations are to the assignment of the 1/0 ports and 
bits to the various 1/0 devices. Required connections are: 

A-D Converter 

10 Output lines 
1 Output line 
1 Input line 
4 Input lines 

Thumbwheel Switches (Time) 

8 Output lines 

Control 

B Input lines 
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ADC data 
Status sense line 
Start pulse 
Multiplexer channel address 

2 Binary coded decimal digits 

For various control devices 

These connections were assigned as shown in the Fig
ure, in which general connections are in block diagram 
form. One 8155 read/write (R/w) memory and one 8355 
read-only memory (ROM) device are used in the system. 
Notice that the six 1/0 lines of port C on the 8155 have 
not been used; they are available for later expansion. 

P12 -=.:..:...::='--! 
Pll t---""=--

..... 
PA7·PAO I<. 2 

~ 

8155 

7 

Pl7-PIO """':>coNT ROL OUTPUTS 
--.,. 

PCS-PCO f NOT US ED 

ANALOG 
INPUTS 

Block diagram of connections between 8085 1/0 
chips and 1/0 devices 
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NowZilo 
double· 

does 
uty. 

Introducing the world's first 
dual·channel data 
communications device. It works with 
(almost) anyone's microprocessor. +5V GND 

The Z80 Serial Input/Output: single, N-channel ( +SV) 
Here at last is a general- 40-pin device. 
purpose device that can What else would you expect DATA BUS 

efficiently solve data communi- from the company that's 
cations problems for just pledged to stay a generation 
about any microprocessor on ahead in microcomputers? CONTROL BUS 

the market. Check out the ZBO-SIO 
The ZBO-SIO is the world's today. It's on your Zilog distrib-

<I> first dual-channel, multi- utor's shelves right now in 
protocol, serial communica- prototype or production quan- RESET 

tions interface circuit. It tities. Make double sure your Cl 
supports all serial data com mu- next design delivers all the INTERRUPT 
nications techniques with a performance you're looking for. CONTROL 

CHANNELS: Two independent, full-duplex with modem controls. 

DATA RATES: 0-550k bits/second (Z80-SIOJ; 0-880k bits/second (Z80A-SIO). 

OPERATING Asynchronous; bisynchronous (with CRC generation and 
MODES: checking); SDLC/HDLC (with CRC generation and checking). 

COMPATIBLE 
Z80/Z80A l BOBOA l 8085A l 6800 J 6500 I 9900 WITH: 

Z80-SIO 

~:·"{ 

10460 Bubb Road. Cupertino, 
California 95014. 

4 

SERIAL DATA 

Rx. T x CLOCKS 

SYNC 

MODEM CONTROLS 

SERIAL DATA 

Rx/Tx CLOCK 

8YNC 
MODEM CONTROLS 

(408) 446-4666 •TWX 910-338-7621 
EASTERN REGION : (617) 667-2179 
OHIO REGION : (614) 457-0820 
MIDWESTERN REGION: (312) 885-8080 
SO. WESTERN REGION: (714) 549-2891 
NO. WESTERN REGION : (408) 446-4666 
EUROPE (ENGLAND) : (0628) 36131/2/3 

An affiliate of 
E)f(ON ENTERPRISES INC. 

We want you to know more ~ 
about Microcomputer Peripherals Zilog 
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We won't hand 
your development 
lab another line. 

"Our lab's doing great, if you overlook 
all those high-priced engineers waiting 
in line to use $1,500 features on 
$15,000 development systems." 

Your development lab needn't look like a 
Saturday afternoon matinee of "STAR 
WARS ." It's senseless to have all your 
geniuses standing in the same line forever 
to debug, integrate and troubleshoot 
hardware and software logic. 

Divide and conquer with our new 
portable "test lab in a suitcase." It'll add 



ease and productivity to any product design 
effort based on the most common micro
processors . Our MicroSystem Analyzer's 
intelligent front panel features memory, 
1/0 and register read/write, as well as real
time in-circuit emulation. Instrument mode 
features include frequency, pulse, and 
transition measurements, plus signature 
analysis. 

Our revolutionary new 21-pound 
portable tester can help your lab by off
loading your development system . .. your 
production line with GO/NO GO final 
systems test and component fault isolation 
. .. the repair depot with everything from 

system verification to component test ... 
and the customer with fast systems checkout. 

Say so long to "hurry up and wait" with 
the all-in-one MicroSystem Analyzer. Call 
us for a live demo or more specs. 

MILLENNIUM 
19020 Pruneridge Avenue 
Cupertino, CA 95014 
(408) 996-9109 
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NO\N, 
IlfE ARCHilI.CruRE 

OF EFFICIENCY! 
Xylogics ' latest wonder is the new Wizard series , 

Single Board Controller and Subsystem. Readily added 
on to existing LSl-11, PDP11 /Q3R systems, the 
Wizard-1 enables the user access up to 40MB of hard 
disk storage . Physically packaged on a "quad width " 
PC board attachable to any standard Q Bus, the Wizard 
includes ROM Bootstrap loader, on line self test and 
cable to first drive. When used with 100 TPI disk drives 
the resulting subsystem is hardware , software and 
media compatible with DEC RK11 / RK05 disk 
subsystems. 

The Wizard-1 also supports all popular 2.5MB, 
5.0MB and 10MB disk drives for both fixed and 
removable media requirements and a total capacity of 
40MB . 

Look to Xylogics to provide the most reliable, 
technically superior , cost competitive controllers and 
systems available for OEM or end user. Send for more 
information on how Xylogics will help add magic to 
your system!! 

Xylogics •ii 
42 Third Ave. , Burlington , MA 01803 
(617)272-8140 • TWX 710 332-0262 

" trademark 01gt ta l Equ1ptment corp 
11 rademark Data General Corp 

© 1978 Xylogics, Inc . 
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LISTING 1 

Program Steps to Initialize 8355 1/0 Ports 

Start, MVIA /Load reg A with port A control word 
000 
OUT /Output it to the 8355 chip 
002 
MVIA /Load reg A with port B control word 
370 
OUT /Output it to the 8355 chip 
003 
NOP /Program continues here 

LISTING 2 

ADC and Multiplexer Control Steps 

/Conversion start portion of the program 
LOA /Get the status word, bit PB3 =start 
STATUS 
0 
ORI /Set the start bit to 1 
010 
OUT /Output it 
001 
.ANI /Clear the start bit 
367 
OUT /Output it 
001 
NOP /Continue here 

/Multiplexer update, switch to the next channel 
LOA /Get the status word, bits PB? to PB4 
STATUS /are the !lJUltiplexer channel address 
0 
ADI I Add 1 to multiplexer address 
020 
OUT /Output it to the multiplexer 
001 
STA /Store the new status word back in 
STATUS /its memory location 
0 
NOP /Continue here 

1/ 0 ports of the 8355 were used to control the ADC sys
tem since a combination of inputs and outputs was 
needed. These 1/0 ports can be assigned input or output 
functions on a bit by bit basis. The R/w memory device 
was used for switch inputs and control outputs since 
these were already prearranged in groups of eight lines 
each . 

It is now necessary to write the software that will be 
used to control the RoM's 1/o ports for handling the ADC. 

The 1/ 0 port bits must first be assigned input or output 
functions . The eight bits at port A are all input bits, while 
the bits at port B are mixed . Thus, the following control 
words must be sent to the two port control registers in 
the ROM device. 
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Port A Control = 000000002 0 = Input Bit 
Port B Control= 111110002 1 =Output Bit 

The output of these control words is shown in the short 
section of program in Listing 1. 

When these control words are output to the control 
registers, the ports will be configured as required. Some 
caution is required when using port B if bit PB3 and bits 
PB7 to PB4 are to be controlled independently. Thus, 
when PB3 changes, bits PB7 to PB4 must not be altered. 
Careful thought must be applied to this problem so that 
the program does not start a conversion when it should 
only ~hange the multiplexer's 4-bit address. A status 
word, stored in R/w memory, can be used to tell the 
program the current status of the output lines. Individual 
bits can then be manipulated without affecting the others. 
Two sections of the program are shown in Listing 2; one 
section shows how the multiplexer is updated without 
affecting the converter, and the other shows how the 
converter is started without affecting the multiplexer. In 
fact, each of these routines could be treated as a sub
routine. 

1 / 0 ports on the R/w memory device are also easy to 
control. The bits at port A are used as inputs and those 
at port B as outputs. Port C is not used. Rather tl1an use 
a software delay loop, the 8155 timer function can be 
employed to help time the 1-s period. Assuming that the 
8085 has a clock period of 1 µ.s, periods of up to 16.36 
ms are provided for with a 14-bit counter. The 10.00-ms 
period that we have chosen using a 14-bit binary count 
of 100111 00010000 must be loaded into the counter. 
Mode 3-automatic reload with a pulse at the end of each 
programmed period-has been selected for use, because 
the timer will be used over and over again. 

Hit the jackpot with 
our special-function 

internal circuits. 
Combining overcurrerit protection and control functions 
in a single breaker can simplify designs and save money. 

Like to know how? Write for a copy of our informative 

circuit breaker guide, HE:'1i1NEMANN 
Bulletin M400·1978, ~ 
or call our technical We keep you out of trouble. 
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Trenton, 
New Jersey 

08650 

7126 

LISTING 3 

Program Steps to Initialize 8155 Timer 

/Timer control program for the 8155 chip 
MVIA /Preset the 8 LSBs of timer's count 

020 
OUT /Output to timer 
204 
MVIA /Output the 6 MSBs of timer's count 
347 I and 2 mode control bits, 06 and 07 
OUT /Output them to the timer 

205 
MVIA /Set up ports A and C for input, 
302 /port B for output, and start the 
OUT /counter 
200 

NOP /Continue here 

The sequence in Listing 3 initializes the 8155 system to 
control ports A and B, and starts the 10-ms clock. The 
command/status word of 11000010 sets the clock mode 
and data direction for ports A and B. Port C is set for 
input, even though it is not used. The timer's pulse out" 
put generates an interrupt (RST 7.5) each time that a 
10-ms period "times out." To make the RST 7.5 interrupt 
(on the 8085 integrated circuit) active, the RST 7.5 in
terrupt mask must be enabled with the instruction steps 
shown in Listing 4. The instructions clear any previous RST 
7.5 interrupts and then enable the RST 7.5 mask. 

LISTING 4 

Interrupt Service Enabling Steps for 8085 

/Restart 7.5 interrupt service enabling steps 
MVIA /Clear any previous RST 7.5 
020 I interrupts 
SIM /Set interrupt mask 
MVIA I Enable RST 7.5 interrupts 

013 
SIM I Set interrupt mask 

Combining the steps from Listings 1, 3, and 4 fully 
initializes the 1 / 0 ports. Remember, too, that a stack 
pointer has to be established before the interrupts can be 
used. This discussion will be continued next month, cov
ering the overall software integration required for the 
application. 

This article is based, with permission, on a columnl' 1· 
appearing in American Laboratory magazine. . • 
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ROLM's new Multiprocessor Communications Adapter 
(MCA) provides complete multiprocessor capability for 
ROLM's family of AN/UYK-19 processors including the 
half mill ion word 1666. As many as 15 of these 
processors may be tied to a single MCA bus, providing 
redundant processing capability in large or critical 
systems, or for OMA-speed parallel communications in a 
multiprocessor environment. The MCA is an economical 
way to increase systems capability by easily connecting 
additional processors to the current system. 

ROLM's MCA is now available for off-the-shelf de
livery. It is fully supported by ROLM real time software 
systems. Processors sharing an MCA bus may operate 
under RMX/ROOS, ROOS, ATOS or a combination of 
all three. If you have system requirements for ROLM's 
MCA family plan, write or call for more technical 
information. 

ROLM-innovation, performance, reliability and 
value engineering . 

That's Why We're #1 in Mil-Spec Computer Systems 
MIL-SPEC 
Computers 

4900 Old Ironsides Drive , Santa Clara, CA 95050. (408) 988-2900. TWX 910-338-7350. 
In Europe: Muehlstrasse 19 D-6450, Hanau, Germany, 0618115011 , TWX 18-4170. 

SEE US AT BOOTH 322/223, MILITARY ELECTRONICS EXPO-ANAHEIM, CALIF-NOV. 14-16 
& BOOTH 2311 /2309, MILITARY ELECTRONIC DEFENSE EXPO-WIESBADEN, GERMANY-OCT 3-6. 
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MICRO CATA STACK 
PROCESSORS ANO ELEMENTS 

Disc Oriented Development System With Integrated 
Hardware/Software Speeds Microprocessor System Design 

Integrated hardware and software 
are key features of the STARPLEXT" 
Development System designed to pro
vide functions that users require in a 
systems-development environment. 
Peripherals are within reach in the 
integrated enclosure, and software 
has been written specifically for the 
interactive system. Thus, users can 
significantly reduce microprocessor 
system hardware and software de
velopment time. 

To improve performance and ease 
of use, National Semiconductor Corp, 
Computer Products Group, 2900 Semi
conductor Dr, Santa Clara, CA 95051 
has designed the system with a multi
processor architecture using three 
microprocessors. The unit is based on 
the company's BLC 80 /204 central 
processor, BLC 8229 CRT /keyboard 
controller, and BLC 8221 floppy disc 
controller, each with an 8-bit 
INs8080A microprocessor. These all 
act as bus masters on the Series/80 
system bus. The reduction in CPU 
overhead due to the fact that the 
intelligent disc and CRT controllers 
each have their own dedicated mem
ories leaves the system's full 64k 
bytes of RAM ( BLC 8064 memory 
board) free for a sophisticated op
erating system, compilers, and appli
cations program software. Direct 
memory access is a feature of both 
CRT and disc controllers. 

Incorporated in the development 
system are dual 256k-byte floppy 
discs for formatted bulk storage; a 
1920-char, 12" (30.5-cm) green phos
phor CRT display; standard 58-key 
ASCII keyboard; auxiliary control pads 
with 8 keys for control, 18 keys for 
video display, and 12 keys for special 
functions; and a 50-char/s thermal 
printer, all housed in a 25 x 16 x 
26" (63.5 x 40.6 x 66-cm ) modular, 
tabletop enclosure. Components may 
be reconfigured as desired. Four 
additional board slots are contained 
in the chassis for expansion with 
standard Series / 80 l /o expansion 
cards, in-circuit emulator boards, or 
user designed interface boards. An 
integrated P/RoM programming sta
tion is optional. 

The CPU card is based on the BLC 
80 /204 with the microprocessor, a 
19.354-MHz oscillator, multimaster 
bus controller, interrupt controller, 
interval timer, serial l /o interface, 
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printer control, 4k bytes of onboard 
RAM, and sockets for 8k bytes of 
onboard RAM. The onboard RAM con
tains the startup bootstrap and system 
diagnostic routines used when power 
is applied. When completed, control 
is passed to the RAM based operating 
system, and the ROM diagnostic is 
programmably disabled by the op
erating system, which can then ac
cess the full 64k-byte RAM address 
space. 

CRT /keyboard controller includes 
the microprocessor, 4k bytes of in
ternal instruction ROM, lk bytes of 
scratchpad RAM, and CRT refresh / 
video control circuit. Input from key
board is 8-bit parallel; output to the 
CRT is vertical sync, horizontal sync, 
and video at TTL levels. 

The flopp y disc controller contains 
4k bytes of ROM, lk bytes of scratch
pad RAM, lk bytes of buffer memory, 

OPTIONAL 

PAO~~EA 

SERIAL 
COMMJNICATIONS 
PORT 
AS-232 -C 

BLC 10120 
c~u 

USER 
TARGET 
SYSTEM 

8LC8064 
6.U-B'fTE RAM 

Modular construction of National Semi
conductor's STARPLEX development 
system for OEMs is engineered for 
user's ease. Standard configuration in
cludes keyboard , CRT, two dual flop
pies, printer, and required software in
cluding operating system. Integrated 
features and high level languages re
duce development time 

10-
CHARACTER. 
BY 24-UNE 

CAT 

BLC!229 
CRT/ KEYBOARD 

CONTROLLER 

.---.- -, 
r....J-i j-L- I I 
:FLOPPY I I FLOPPY I I 
I DISC I I DISC I I 
L __ _J L __ _J I 

~I 

8LCl221 
DUAL FLOPPY DISC 

CONTROLLER 

I 

Block diagram illustrates four major component boards of National 
Semiconductor STARPLEX system connecting to system bus : cen
tral processor, CRT /keyboa rd controller, and floppy disc controller. 
Multiprocessor architecture provides a microprocessor on each 
0f these boards. 64k-byte memory board is also included. Hardware 
together with software improve microprocessor system develop
ment. ICE, P/ROM programmer, and two floppy discs are optional 
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Lift the cover on the Teletype* model 43 teleprinter and you'll 
be surprised at how little there is inside. Just five pluggable major components. 

Now if it's this simple on the inside, imagine how reliably it'll 
perform on-line. 

Because the less there is, the less there is that can go wrong. 
In fact, there's so little that can go wrong that the recommended preventative 
maintenance schedule is only twice a year. 
. Naturally, there are other features about the model 43 that are 

impressive. The first is the $800 OEM price. And that includes a TTL interface. 
It's also available with EIA/current loop interfaces in both dual port-so you 
can add another device-and single port versions. Then there's the high 
degree of legibility from the 9-wire impact printhead-with a service life that 
averages 300 million characters; low operating and maintenance costs; and 
built-in test capabilities. 

The model 43 will also impress your customers. It's compact, 
attractive, and quiet. Plus it helps save paper and duplicating costs by printing 
132 characters per line on 12" wide by 81/2" long fanfold paper. Plus an 
80-column friction feed version is also available. 

The way we see it, a printer has to be simple in order to be 
reliable. And the way you see it, a printer has to be reliable in order to be 
efficient. 

No wonder we're getting a reputation as the OEM printer people. 

'H:' 
THE OEM PRINTER PEOPLE 

*Teletype is a trademark and service mark of the Teletype Corporation. 
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T-80 THERMAL 
PRINTER-SO CPS 

At Dataproducts, we 
not only build the world's 
finest printers, we also build 
the broadest line of printers in the 
business. 

So if your job requires Dataproducts quality 
(and we've never seen a job that didn't) 

B-300 BAND PRINTER 
300 LPM 

ou can bet there's a printer in our line
up that'll fit right in. 

Just scan the page and you'll see: 
We make serial printers. And we make 

_ line printers. Thermal printers. And matrix 
printers. 

We make drum printers. And we make band 
printers. We make quiet, inexpensive machines that 

work at 80 CPS. High-speed workhorses 
of 1500 LPM. And a whole range of 
speeds in between. 

We have printers for every purpose. 
Civilian or military. Small business 

systems. Message terminals. 
Machine-readable applica
tions. And high-volume EDP. 

Altogether a varied 
and versatile lot. 

But for all their diver
sity, Dataproducts printers 
share one trait in common: 

Reliability. The same stubborn, steadfast, tena
cious, dependable quality that has made our 
printers the standard of the industry. 

And we back up that built-in dependability 2230 

with a system of in-depth support for our LINE PRI~ti.M 
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SAY PRI TERS AS 
DATAPRODUCTS. 

2260 LINE PRINTER 
600 LPM 

TEMPEST 
LINE 

PRINTERS 
300, 600 & 
900LPM 

29IQ 
MILITARIZED 

PRINTER 
356-lllO LPM 

II 
i 
~------ --·--····· 

2290 LINE PRINTER 
900 LPM 

2550 
CHARABAND PRINTER 

1500 LPM 

customers. Fast, efficient spare parts distribu
tion. Technical support and training. Field liaison 

and technical documentation. Repairs and refur-
im bishment. And printer supplies such as ribbons for 
~ all types of printers. 
~ As a result, nearly 400 computer manufacturers 

include Dataproducts as original equipment. Making us 
the largest independent printer company on the planet. 

Whatever your needs, wherever you are, Data
products is there to serve you. We have factories in the 
United States, Ireland, Hong Kong, Puerto Rico. And 
offices around the globe. 

When you need printers, look to Dataproducts 
first. You probably won't 

MXT-1200 
MESSAGE PRINTER 

320 CPS 

have to look 
anywhere 

else. 

Dataproducts 

THE PRINTER COMPANY~~~-
ca1.1 or write for your nearest Sales Office or Distributor. 6219 DeSoto Ave., Woodland Hills, Ca. 91365. Tel: (213) 887-8451 

Telex: 67-4734 • Darmstaedter Landstrasse 199, Frankfurt, W Germany. Tel: 681-034, Telex: 841-416344. 
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MICRO DATA STACK 
PROCESSORS ANO ELEMENTS 

DMA controller, programmable pe
ripheral interface, and logic control. 
It handles up to four floppy discs 
packaged in system modules. Stan
dard floppies have a formatted ca
pacity of 256k bytes/disc with an 
average access time of 280 ms. 
Transfer rate is 31.25k bytes/s. 

Special function keys initiate fre
quently used prompting formats for 
P/ROM programming, debug, link, 
assemble, and edit, and call up menus 
for diagnostics and utility programs 
to prompt the user through micro
processor system d~velopment. Con
trol functions include help, reset, 
abort, end, pause, and continue. Video 
keys control insert or delete line or 
character, roll up or down, next 
page, previous page, print, set or 
clear tab, and five cursor control 
keys. Users who are used to entering 
functions through the standard key
board may continue to do so. 

STARPLEX operating system has a 
consistent command set and common 
file and l/o structure, regardless of 
the language used. Macroassembler, 
BASIC interpreter, and FORTRAN com
piler are accommodated. Transfers 
among memory and peripherals 
(treated as files) are handled auto
matically, with the internal micro
processors supplying the necessary 
protocol. Step by step prompting, 
clear language command structure, 

Photoisolation 1/0 System 
Interfaces 11Processors 
In Industrial Applications 

All modules in the r/o interface 
system provide 2500-V rms photoiso
lation to protect microprocessors from 
transients, spikes, rfi, etc, caused by 
'industrial loads such as solenoids 
and motors. The system, available 
from Opto 22, 5842 Research Dr, 
Huntington Beach, CA 92649, con
sists of motherboards which incorpo
rate the 110 modules. 

Four basic types include ac input 
and output, and de input and output. 
Logic signals are TTL, CMOS, DTL, or 
HTL compatible, with a choice of 
5-, 15-, or 24-Vdc voltage levels. Ac 
modules come in 120- or 240-V ver
sions; de units in either 10- to 32-V 
or 200-V inputs, and a choice of 60-
or 250-V outputs. Snubber filters 
enhance output module performance 
when used with inductive loads. 
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and audible tone for illegal opera
tions also help to speed development 
while reducing programming time 
and errors. 

Residing in the lower portion of 
the 64k-byte RAM, the operating 
system has a monitor surrounded by 
software levels that provides logical 
services and interacts with immedi
ately adjacent upper and lower 
levels. The monitor supplies interval 
timing, establishes synchronization 
processes, and transforms hardware 
interrupts into service messages. 

Software that comes with the sys
tem also includes a macroassembler; 
text editor, assembler, object man
ager, and librarian packages; disc
file-copy, disc backup, CRT /printer, 
loader, command-interpreter, system 
check, and debug utilities. An in
circuit emulator serves to aid hard
ware and software development and 
integration. Assemblers for the com
pany's PACE and sc /MP are addi
tional; Z80 support will be available 
later. 

The system is to be marketed as 
an OEM product due to its modular 
subsystem construction. In quantities 
of 100 and up, price is $8200. It can 
also function as a small computer 
in industrial instrumentation, com
munications, and small business ap
plications. Single unit price is 
$13,800. 

Boards are plug compatible with 
mariy microprocessor systems. Power 
leads connect by the terminal sh'ip 
on the PC board, allowing modules 
to be changed without rewiring. 
Users may change the system by 
moving or replacing the module 
since the function is contained en
tirely within the module. 

Modules are typically priced at 
.$10.50 each in 1 to 99 quantities; 
I6-module board price is $57 each. 
Circle 420 on Inquiry Card 

Second Source Produces 
8085A Microprocessors 
And Support Chips 

As a second source of the Intel 
family of 8085A microcomputer prod
ucts, NEC Microcomputers, Inc, 173 
Worcester St, Wellesley, MA 02181 
has introduced a group of devices 
that are designed for highly inte-

grated systems requmng greater 
throughput, while using previously 
developed software. The family in
cludes the uPD8085A 8-bit parallel, 
single-chip microprocessor with 1.3-
µ.s cycle time; the uPD8155 /8156 
2k-bit static MOS RAM with r/o ports 
and timer; and the uPD8355 /8755A 
masked ROM and uv-erasable P /ROM. 
Prices in quantities of 100 are $12, 
$11, and $48, respectively. 
Circle 421 on Inquiry Card 

Clip-On Probe Extends 
Analyzer Capabilities 
To 8085 Microprocessors 

Serving as a low cost alternative to 
in-circuit emulators and CRT ana
lyzers, the AQ8080 analyzer (Com
puter Design, June 1978, p 161) can 
be adapted to serve 8085 micro
processors through the use of a 
clip-on buffered probe. The possibility 
of damage to the chip is eliminated 
since the probe connects directly to 
the microprocessor. AQ Systems, Inc, 
1736 Front St, Yorktown Heights, NY 
10598 offers the probe for $495. 
Circle 422 on Inquiry Card 

OEM Alphanumeric 
Displays Interface 
To 8-Bit Microprocessors 

Use of the alpha chip, a single-chip 
display /keyboard con troll er (see 
Computer Design, Jan 1978, p 142), 
enables Matrox Electronic Systems, 
PO Box 56, Ahuntsic Stn, Montreal, 
Quebec H3L 3N5, Canada to produce 
a complete display subsystem, in
cluding controller, display drivers, 
and alphanumeric LEDs on a single 
8 x 3.25" (20 x 8.3-cm) Pc board. 
MTx-A2 and -B2 display boards for 
OEM applications interface directly 
to an 8-bit bidirectional data bus or 
r/ o port of most microprocessors via 
a standard 44-pin connector. 

Solid-state units consist of 16 
large 0.3" (0.76-cm) high, 5 x 7 
dot matrix LED displays for the -A2 
and two rows of 16 0.5" ( 1.27-cm) 
high 14-segment LED displays for the 
-B2. Mounting hardware and a red 
filter permit installation into user 
equipment. Both displays scan up to 
64 keys and have 22 intelligent 
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If the M-200 year's use out of the head.) 
· wants to go around acting Any operator can change the 
like a line printer, we're not head easily. 
about to stop it. And, like all products from The Printer 

And that's exactly how it does Gompany, it's a dependable workhorse. Made 
behave, cranking out an effortless THE M•200 even more so by its optional self-diagnostic 
200 iines per minute, average X p system 
throughput. MATRI RINTER If so~e~hing needs attention, the system 

But the truth is, the M-200 is a tells you if you can tend.to it yourself. Or if you can't, 
serial printer. Which should certainly be obvious you know what to tell the serviceman. Th~t can 
from the eXt:remely reasonable purchase price of save him a trip, saving you down time and money. 
about $2000. (11) OEM quantities.) And that's the · 

And so, if the M-200 delivers performance that inside story of the 
can fool you, blame it on its design features. M-200. Acting like 

Like our revolutionary 14-wire, dual-column something it's not? 
print head, for instance. The design combines the Maybe. But since its 
flexibility of a single head with the speed and long life delusions are all in your 
of multiple heads. (You can expect more than a favor, why complain? DataprodUctB 

THE PRINTER COMPANY ------~ 
Call or write for your nearest Sales Office or Distributor. 6219 DeSoto Ave., Woodland Hills, Ca. 91365. Tel: (213) 887-8451 

Telex: 67-4734 • Dannstaedter Landstrasse 199, Frankfurt, W. Germany. Tel: 681-034, Telex: 841-416344. 
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Not just 
a bar code. 
A concept. 

*ABCD+1234* 

CODE 39T.M. 
an a·lphanumeric 

bar code with 
exceptional 

data integrity. 
Why are more systems designers 
specifying CODE 39 whenever 
there is a need to track, trace, 
or count? 

Because they recognize the many 
inherent advantages of this bar 
code concept. Advantages like 
accurate and rapid data input. 
Advantages like compatibility with 
existing data base systems and use 
by operators without keyboard 
training. 

Because CODE 39 is alpha
numeric and variable length it 
easily conforms to existing systems. 
CODE 39 can be expanded to the 
ful I ASCII character set. 

CODE 39 is inexpensively 
produced by letterpress, offset 
printing and a variety of computer
controlled terminals, including 
I ntermec printers. 

Typical Applications 
Inventory Control 
Wholesale Distribution 
Production Control 
Hospital Record Systems 
Libraries/ Research 

For more information contact: 
Interface Mechanisms, Inc., PO. 
Box "N;' Lynnwood, WA 98036, 
Phone(206J743-7036,TWX 
(910) 449-0870 

Expert in Bar Code 

Ill READERS Ill PRINTERS Ill 
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MICRO DATA STACK 
PROCESSORS ANO ELEMENTS 

Intelligent display/keyboard controller chip (MTX-A1) is basis 
of Matrox's single~board display subsystems for 8-bit micro
processors. MTX-A2 (illustrated) has 16-character display (ex
pandable to 32), and -82 has 32-character display. Multiple -A2 
boards are used for more than 32 characters 

commands. Separate 5-V power sup
ply inputs are provided for logic, 
standby, and column or segment 
drivers; these may be connected to
gether. Variable intensity and power 
savings are obtained by varying 
column or segment drivers voltage 
from 2 to 6 V. 

jsoFTWAREI 

Higher Level Language 
Utilizes Floating Point 
For FS Microprocessor 

For use with Fairchild's F8 micro
processor, the MBS-BASic© interpreter 
is comparable in speed and efficiency 
with the 8080 and Z80 BASIC inter
preter due to its 9-digit precision and 
floating point arithmetic. All standard 
arithmetic operations and relations, 
as well as string handling, have been 
included by Micro Business Systems, 
Inc, Box 8255, JFK Station, Boston, 
MA 02114. Version 1.0, distributed 

Designed for industrial environ
ments, both displays require a single 
5-V, 800-mA power supply only. 
Prices start at $280 for a 16-charac
ter display ( $380 for 32 characters) 
and drop to below $200 in OEM quan
tities. 
Circle 423 on Inquiry Card 

on ASR 33 compatible paper tape with 
documentation, has a license fee of 
$179.95. 
Circle 424 on Inquiry Card 

Standalone Editor, Debug 
System, and Assembler 
Run With 6500 Family 

E /65 text editor, A/65 2-pass 
assembler, and DB / 65 debug system, 
all designed for the 6500 micro
processor family, have been an
nounced by Computer Applications 
Corp, 413 Kellogg, Ames, IA 50010. 
E /65 is primarily designed to edit 
assembler source code. Line oriented 
commands specify 1 / 0 of text, and 
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Our T-80 Receive 
Only printer is a quiet, 
unasswning sort. 
Doesn't take up much 
room on the desk. 

And the T-80 is the 
logical supplement to 
your CRT if you want 
occasional hard copy 
printouts. 

Doesn't make a racket while it's 
doing its work. 

And it doesn't require a lot of 

THE T-80 
THERMAL PRINTER 

Now, you don't 
have to buy a T-80 RO to get T-80 
performance. The basic T-80 

mechanism, with the same unique 
operator-replaceable print head and driver 
electronics, is available as a module: the T-80 M. 

money before it'll go to work. In fact, the T-80 runs 
less than $900 in OEM quantities. And it continues 
to save you money with its low cost of ownership. 

On top of all this, the T-80 prints fast. 80 CPS 
fast. Which is nearly three times faster than most 
other thermal printers. 

All these qualities - low price, impressive 
speed, high quality, and quiet operation - have 
combined to make the T-80 an absolute natural for 
applications that demand silence. Hospitals. Open 
office situations. Testing and instrumentation. 

So, it's up to you. Buy the complete T-80 RO, 
ready-to-run. Or just take the T-80 M mechanism 
and design your own printer around it. 

Either way, you 
save money, and the 
T-80 goes quickly and 
quietly about its 
business. 

Dataproducts 
THE PRINTER COMPANY 

Call or write for your nearest Sales Office or Distributor. 6219 DeSoto Ave. , Woodland Hills, Ca. 91365. Tel: (213) 887-8451 
Telex: 67-4734 • Darmstaedter Landstrasse 199, Frankfurt, W. Germany. Tel: 681-034, Telex: 841-416344. 
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MICRO DATA STACK 
PROCESSORS ANO ELEMENTS 

find specific lines to be edited. User 
can search for and optionally change 
a text string using string oriented 
commands. Character oriented com
mands allow cursor positioning and 
character deletion. Text may be 
loaded from or dumped to a bulk 
device other than the system termi
nal. A second entry point allows 
editing ot text already in memory. 

A/65 conforms exactly to speci
fications set forth in Rockwell and 
Mos Technology cross-assembler 
manuals. A full range of runtime 
options are provided to control listing 
formats, printing of generated code 
for ASCII strings, and generation of 
object code. Object code may be 
stored directly in memo1y, or output 
to a file the same as or different from 

Software Enhances 
Debugging Capabilities 
Of COSMAC Micromonitor 
Realtime, in-circuit hardware and 
software debugging techniques rang
ing from simple terminal-Micro
monitor dialogue to hands-off system 
testing with commands coming from 
disc files are obtained from the Micro
monitor Operating System (MOPS) 
CDP 18S831 software package. RCA 
Solid State Div, Rt 202, Somerville, 
NJ 08876 has introduced the pack
age to supplement the performance 
of the cosMAC Micromonitor 
CDP18S030 (Computer Design, Dec 
1977, p 126) by providing the user 
with access to the processing and 
storage capabilities of the cosMAC 

the listing device; an assembly may 
be made for listing only, object code 
only, or both. 

DB /65 is a complete hardware / 
software debug system. P/ROM resi
dent monitor includes hardware 
breakpoint, eight software break
points, an infinite number of real
time software breakpoints using the 
BRK instruction, symbolic disassem
bly of user program, program trace 
of instructions and registers, scope 
sync output, single step, and a stack 
of instruction addresses. The system 
comes complete with 2k static RAM, 
and sockets for an additional 6k 
HAM. Any standard Rs-232-C or cur
rent loop terminal, with a speed 
range of llO to 9600 baud, is sup
ported. If a current loop terminal is 
used, only a single 5-V power supply 
is needed. 

E /65 and A/65 are priced at 
$100 each, prepaid. DB /65 price is 
$1450, with delivery from stock to 
60 days. 
Circle 425 on Inquiry Card 

Development System (CDS) II 

(CDP 18S005) equipped with the 
CDP 18S805 floppy disc system. 

Software consists of a MOPS disk
ette with a UART module and con
necting cable to interface the Micro
monitor to the CDS. Commands to the 
system are input at the terminal or 
are taken from command files on disc. 
System responses can be directed to 
the terminal, disc file, or both. 

An extended set of Micromonitor
type commands are utilized. These 
include commands that switch Micro
monitor commands and responses to 
and from system peripherals; allow 
greater interrogation of the CPU 
state; load the system under test from 
a disc file; save the system under 
test memory, registers, etc, in disc 

~~~~~1aoc:~c SYSTEM HIGH-SPEED COS COPl8SOOS SERIAL DATA MICAOMONITOR 
(WITH UART MODULE COPl85030 
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(WITH MOPS DISKETTE PARALLEL DATA 
CDPl8S830) CDP18S508) 1200 BAZO '--------' 

HIGH SPEED SERIAL DATA 
PARALLEL DAI 100,300,1200 BAUD CABLE CDf'185511 

System is configured to utilize RCA's MOPS software for CDP18S831 
Micromonitor. Commands are input at terminal or taken from disc's 
command files. Serial interface provides standard commands to 
Micromonitor; extended commands are trapped and processed by 
operating system 

file; and facilitate automation in 
system debugging and testing. 

Once entered to the system, stan
dard Microttionitor commands are 
directed to the Micromonitor through 
its serial interface. Those from the 
extended set are trapped and pro
cessed by the operating system. In 
either case, the operating system 
provides line by line command edit
ing capability. Single quantity prices 
are $350. 
Circle 426 on Inquiry Card 

Software Transfers 
EXORciser Programs to 
Development Labs 

Users of the Motorola EXORciserT" 
microcomputer development system 
can retain existing programs while 
adding or switching to a Tektronix 
8002 Microprocessor Development 
Lab for 6800 realtime emulation 
when sharing memory between the 
prototype and development system, 
and for realtime prototype analysis. 
The 6800 CONVERT program, offered 
by Tektronix, Inc, PO Box 500, 
Beaverton, OR 97077 at no additional 
charge with the 6800 software, trans
lates 6800 programs from Motorola 
to Tektronix 6800 assembler format. 

Input to the CONVERT program
source code written in Motorola's 
assembly language-may come from 
many peripheral devices. The 8002 
provides the command for cross-load
ing source from the user's timeshar
ing computer or EXORciser system. 
Motorola assembly language state
ment fields are replaced by the 
Tektronix equivalent; this reconciles 
such differences as reserved symbols, 
assembler directives, and expression 
syntax. All that may be required is 
minor editing of a few incompatibili
ties, which are indicated in CONVERT 
documentation. Output is Tektronix 
assembly language source code which 
can be used directly as input to the 
Tektronix 6800 assembler or edited. 

Features of the 8002 relocatable 
assembler that aid in development 
of complex 6800 software are flex
ible macro capability, direct or zero
page addressing, handling of mathe
matical expressions, and string ma
nipulation capability. Parts of exist
ing programs may be linked to each 
other or to new programs. Thus, the 
converted program may be run as 
is or parts of it may be excerpted 
for inclusion in new programs. The 
development lab allows the designer 
to employ other microprocessors as 
well. D 
Circle 427 on Inquiry Card 
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Greater System Flexibility 
Our Storage Module Drive (SMD) has re
movable media. Our Mini-Module Drive 
(MMD) has fixed media. And our Cartridge 
Module Drive (CMD) has both. Capacities 
start at 12 megabytes and range to 300 
megabytes. 

But all share compatible interface software 
and firmware. That means easy system in
tegration, simple field upgrades. Without 
expensive modification of your design. It's the 
type of flexibility that saves money- for both 
you and your customer. 

Exceptional MTBF Reliability 
Control Data has a reputation for building 
module drives that last. We're backing it up 
with continued testing and feedback. And 
we design and manufacture all critical com
ponents in-house. We can build reliability 
into our drives because we built it into our 
heads, servos and media. 

Value That Matches Performance 
We know we have the best and most reliable 
drive for your application. But we also have 
the competition beat on cost of ownership. 

Send us the coupon below. We will help you 
compare our lower cost-per-bit and our 
lower entry costs with others. 

Put quality behind your nameplate. Call us 
at 612 / 853-3399 or if in Europe, contact one 
of our European representatives. Or return 
coupon to: 

r-------------------------
0 .. c. Steiner, CD-98 
OEM General Manager, Product Sales 
Control Data Corporation 
P.O. Box 0, Minneapolis , MN 55440 

Pleasesendinfoon your DSMD DCMD DMMD 

Name ________ Title _______ _ 

Company _______ Address-------

City _______ State _____ Zip __ _ 

Area Code _______ Phone _______ _ 

r,J I:'\ CONTf\.OL DATA 
~ r::J COl\PO~TION 

More than a computer company 
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Advanced Micro Devices is 
second sourcing the industry 
standard 8085A, and that's two 
kinds of good news . 

• 
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First, the part. It's the next 
generation CPU. It significantly 
reduces the chip count. And it's 
totally compatible with all 
8080A software. 

Now the whole: Advanced 
Micro Devices. 

That "Am" on the front of the 
Am8085A is like the "Am" on the 
front of the Am9080A. It means 
a continued commitment to better 
proprietary peripherals, better 
prices and absolutely no-lag, 
leading-edge second-sourcing. It 
means the rapid introduction of 
the 8155/56 (a 256-byte RAM) 
and the 8355 ROM. And of course 
it means MIL-STD-883 for free. 

When you want to talk about 
the 8085A, talk to the people 
who made it 
official. 

Advanced 
Micro Devices 

~ 
Multiple technologies . One product : excellence . 

901 Thompson Place . Sunnyvale . California 94086 
Telephone (408 ) 732-2400 
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MICRO CATA STACK 
COMPUTERS ANO SYSTEMS 

AN ADD-IN RECOGNITION MEMORY 
FOR S-100 BUS MICROCOMPUTERS-
PART 2: STRUCTURE AND SPECIFICATIONS 

Sydney Lamb 
Semionics Associates 
Berkeley, California 

B asics of recognition memory, a content addressable or 
associative computer memory that functions with any 
microprocessor connected to the S-100 bus, were intro
duced in Part 1 of this discussion (Computer Design, 
Aug 1978, pp 140-142). More extensive specifications and 
details of the memory's structure are presented in this 
continuation. 

In prior art, 0 content addressable memory (CAM) de
signs have generally been varieties of the following prin
ciple. For each bit, there is a memory cell ( eg, a flip
flop), and comparison logic ( eg, an exclusive OR, if equal 
to is the only recognize function) . 

COM PAR AND 

MEMORY 
CELL 

MATCH MISMATCH 

Then there must be a means of integrating the results 
of the bit-wise comparison. For example, the "match" 
outputs of the comparison cells for all bits of the word can 
be ANDed. 

MEMORY 
CELL 

COMPARISON 
LOGIC 

MATCH MISMATCH 

As an alternative, the "mismatch" lines can be connected 
to an OR. 

Obviously, CAM has more circuitry than a random
access memory (RAM), making it more expensive. Just 

162 

how much more expensive, though, is surprising. Because 
of the economics of mass production of integrated circuits 
( 1cs), prices can depend more on volume of production 
than on complexity of circuitry. For example, Intel Corp 
offers a CAM chip with a capacity of only 16 bits for 
$28.00 in quantities of 100 (speed is 35 ns). This comes 
to $1.75 /bit. In contrast, the company also offers a lk 
static RAM ( 45 ns) for $6.25 in the same quantities. (Both 
prices are for ceramic packages, as of July 1978.) This 
amounts to 0.61¢/bit. Thus, although the amount of 
circuitry per bit in CAM is roughly double that of RAM, 
the price per bit is greater by a factor of 287 to 1. If 
there were enough demand for CAM, density and produc
tion levels could increase and the price per bit could 
come down; the question, though, is how can demand 
increase at that price? This is the type of situation that 
has kept CAM almost unknown despite its far greater use
fulness than RAM. 

Simplification 
At a closer look, it is possible to simplify the circuitry. Con
sider that as previously indicated, the ideal word size 
for CAM is much larger than that of ordinary computers. 
Therefore, either a special purpose central processing unit 
(CPU) can be built to go with the CAM, incurring still 
greater expense, or a CAM can be designed that easily in
terfaces with ordinary computers. The latter alternative 
has been chosen for recognition memory (REM). Now the 
ordinary computer has a relatively small word size, and 
can of course operate upon only one word at a time. Thus , 
if the word size is 8 bits and the REM superword is 256 
bytes in length, the recognition of a sequence of bytes will 

°Caxton C. Foster, Content Addressable Parallel Processors, 
Van Nostrand Reinhold, 1976 
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take place serially with respect to the several bytes of the 
comparand, but in parallel with respect to the superwords 
of the REM. 

This means that if a traditional CAM design were used, 
only a small part of its comparison logic would be utilized 
at any one time. The system can be made more efficient 
by extracting the comparison logic from the individual bit 
cells (see Figure). 

Besides being simpler, this design has all needed cir
cuitry avi).ilable in the form of mass produced 1cs. Mem
ory cells with the compare cells separated from them are 
just ordinary RAMS. As far as speed is concerned, simplifi
cation of the circuitry has cost nothing if interfaced with 
an ordinary CPU, since the CPU can only operate upon 
one computer word at a time anyway. It is necessarily 
serial with respect to a sequence of words. 

Tag Bits 
A CAM must have some means of integrating the results 
of the individual comparisons, for example by ANDing the 
"match" outputs of the compare logic cells. The 8-bit 
(or n-bit) compare logic modules of REM include such 
integration for their individual bits, but it is also neces
sary to integrate the results of comparisons over a sequence 
of words (bytes) . 

Since comparisons for the different bytes in the se
quence are spread out in time, it is possible to use serial 
integration, which is structurally simpler than ANDing 
matches or ORing mismatches. It requires only a tag bit" 
for each REM superword, which is set to "true" at the 
beginning of a comparison. If there is a "false" (failure to 

l•l 

I-BIT MEMORY 

I-BIT COMPARE LOGIC" 
(b) 

COMPARAND aus 

lei 
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meet the match or other recognition criterion) for any 
byte, the tag is set to false. At the end of the sequence of 
bytes compared, any superword whose tag still reads true 
has met the set of recognition criteria. 

Nonmatch Comparisons 
In REM, the comparison logic is elaborated to allow for 
six types of recognition: equal to (match), not equal to 
(mismatch), greater than, greater than or equal to, less 
than , and less than or equal to. In operating upon a se
quence of bytes, the nonequal comparisons coufd lead to 
problems. For example, 1949 is less than 1978; yet looking 
at just the last digit (a byte if the numbers are coded in 
ASCII), the reverse is true. It is thus necessary, if going 
through the sequence from left to right, to "lock" the 
comparison "true" under the right circumstances. For this 
purpose, each superword has an associated lock bit in 
addition to its tag bit. 

Suppose that we are asking for "greater than or equal 
to 1949." The tag bits of all superwords are set to true 
at the start of the comparison. For those superwords which 
have 1978, the tag will remain true for the first two 
bytes, where we have equality. On the third byte, there 
is not only true, but "decisively true," and the lock bit 
is set, since any subsequent false is irrelevant. The lock 
bit has the effect of keeping the tag bit true, even if 
there is a false on some subsequent individual byte. 

Masking 
Each REM board includes a mask register whose length 
is that of the computer word. Masking can be used with 

Comparison of content address
able memory designs. CAM is 
shown as array of CAM cells (a). 
Alternative conceptualization (b) 
is also presented, along with 
simplification (c) containing com
mon compare logic 
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any of the memory operations, including ordinary read 
and write. The mask allows users to operate upon indi
vidual bits or upon any combination of bits in the byte. 
To perform a recognize on just the leftmost bit of a byte 
for example, the mask 10000000 is used. 

The mask register is one of 256 input/output (1/0) 
ports available to the CPU. With a dual-inline package 
(PIP) switch on the REM board, used also for bank as
signment, the user can specify any of 16 locations for 
the mask register. From the viewpoint of the CPU, the 
mask register is an output unit. It can be written into, 
but not read from. If there are multiple REM boards in 
the system, the several mask registers are given the same 
location number and are treated as a single unit by the 
CPU. Data are written to all of them in parallel. · 

For units larger than the byte, effective masking is 
available automatically withqµt any additional structure. 
Those bytes which are not to be included in a comparison 
or multiw+ite operation are simply skipped. 

Specifying REM Operations 

The add-in REM S-100 is able to convert an ordinary micro
computer to a content addressable parallel processor 
simply by being plugged into the S-100 bus. No changes 
to the CPU are needed. 

Fortunately, certain properties of REM allow the CPU 
to specify REM operations, even though they are not in the 
instruction set of any microcomputer. The fact that REM 
functions operate in parallel on all superwords means 
that high order address bits are (largely) irrelevant. Since 
the superword length is 256, the low order address bits 
specify byte position within the superwords. However, we 
do not want to specify superword addr~sses, since all 
superwords are being operated on. Therefore, (some of) 
the high order address bits are not needed, making them 
available for specifying REM functions. In effect, they pro
vide additional bits for operation codes. All REM actions 
use the cpu's write instruction, which is converted into 
the desired REM operation as specified by the high order 
address bits. Note that recognize operations require q com
parand-data written by the CPU-which is the reason that 
a CPU write instruction is used for recognize operations. 

Now it is neither possible nor necessary to use all eight 
high order address bits for this purpose. The system 
surely will have some RAM in it besides REM, for which 
the high order address bits must be used as such. Only 
enough bits are needed to specify a few REM operations, 
and some bits are needed to specify that it is some REM 
operation. 

The system works as follows. First, there is a 4k "hole," 
an address space that is occupied neither by RAM nor by 
REM. More specifically, it is a 4k address space that can
not be oq:upied by anything that can be written into. It 
can be left empty, or it can be occupied by PIROMs-and 
what better use than to put a package of REM subroutines 
on P IROMs in this space. The 4-bit address (A15 to A12 ) 

of this 4k hole, for instance 0111, specifies "REM action" 
when occurring with a write instruction. The REM S-100 
board is designed to allow the user to select any of 16 
possible 4k sections of address space as the hole, by means 
of a 4-bit DIP switch. 

The remaining four bits of high address are used to 
specify individual REM operations and optionally to set 
the tag bits true (ordinarily done at the start of a se
quence of recognize operations). Thus, the address bits 
function with write instructions to designate REM actions. 
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High Order Low Order 

jA,. A,, j lAn . . . Asl IA1 ... Ao! 
4k Hole REM Byte Offset 

Operation 

Of the four bits for REM operations, three are used for 
eight different REM functions, while the last one affects 
the setting of the tag bits and lock bits. Eight basic REM 
functions and their codes occupy A11 to A9• 

Multiwrite 

Multiwrite nonresponders 
Multiwrite responders 

Recognize 

REM field equal to 
REM fi eld not equal to 
REM field greater than or equal to 
REM field greater than 
REM field less than or equal to 
HEM field less than 

Comparand 
Comparand 
Comparand 
Comparand 
Comparand 
Comparand 

Code 

000 
001 

010 
011 
100 
101 
110 
111 

Any of the recognize functions may Re used with either 
0 or 1 in position A8 . A 0 sets the · tag bits true and 
unlocks the lock bits (actions nqrmally appropriate at 
the start of a sequence of recognize operations). 

Data wr~tten on the data bus by the CPU are the com
parand (item to be recognized) or data to be multi
written. To illustrate, a sequence of write instructions 
with the following data and addresses will tag all super
words which have FOSTER in byte positions 0 through 
5 if the hole address is 0111. ~· 

Data Address 

F Set tag 0111 0100::1 00000000 
0 bits true Olll 0101 00000001 
s Olll 0101 00000010 
T 0111 0101 00000011 
E Do not set Qlll 0101 00000100 
R tag bits 0111 OlOlo; 00000101 

'---v'-' ~ '----'v----' 

Hole: REM Match Byte Offset 
Action 

For multiwriting into all responders, the same con
vention is used: 0 in A8 sets the tag bits true at the be
ginning of the operation, whiie 1 in this position leaves 
them unset. Multiwrite with tags unset is used to write 
into superwords which have responded to a preceding 
series of recognize operations. With tags set, the multi
write writes into all superwords, since all are set true by 
the operation. 

For multiwrite into nonresponders, only 1 may be 
used in position A8-to reset the tag bits would render 
the operation vacuous as there would not be any non
responders into which to write. Instead, the code 0000 
in A11 to A8 is used for two special operations, which are 
distinguished by 1 or 0 in Ai. 

An to A1 

0000 0 
0000 1 

Set tag bits but do not unlock lock bits 
Unlock lock bits but do not set tag bits 

The latter is used to change from one inequality com
parison to another within the same sequence of recognize 
operations. The former is not commonly used in any 
obvious way, but is available to the clever programmer 

COMPUTER DESIGN/SEPTEMBER 1978 



Quick Change Artist. 
Our OEM 600 lpm printer 

has a replaceable character cartridge 
as fast and easy to change as a typewriter ribbon. 

How fast? 
Less than a minute. 
How easy? 
Easy enough for anyone 

with the strength to pick up 
10 lbs. and the skill to change a 
typewriter ribbon. 

Data 100 knows what 
an OEM wants in a line printer. 

Like fast and easy 

character set interchangeability. 
A capability that's standard 
on our 600 !pm printer. 

It not only gives the user 
greater flexibility, but also 
eliminates the need to buy two line 
printers just to satisfy that 
requirement. 

Make good sense to you? 
It should. We're adding 

G 

NEWPORT BEACH CA (714) 549-0982 • SANTA CLARA CA (408) 732-1530 • 
BRAINTREE MA (617) 848-6100 • SOUTHFIELD Ml (313) 358-3984 • EDINA MN (612) 941-6500 • 
CHERRY HILL NJ (609) 665-5141 • WOODBRIDGE NJ (201) 634-7800 • HOUSTON TX (713) 777-4413 • 
McLEAN VA (703) 790-5560 • TORONTO CANADA (distributor) (416) 495-0222 • 
HEMEL HEMPSTEAD ENGLAND (0442) 66511 •BRUSSELS BELGIUM 251•69•72 • 
FRANKFURT GERMANY 72•04•71 • PARIS FRANCE 630•2144 • MILAN ITALY (02) 659• 52• 32. 
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this Quick Change Printer to our 
Data 100 systems, too. 

DATA 100 
CORPORATION 

Data 100 knows 
what an OEM wants 

in a line printer. 
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for special situations. Position A7 is one of the low order 
address bits, but these two operations do not involve 
any byte offset, so A7 is available. 

When performing recognition operations upon a se
quence of bytes, the comparand normally is stored some
where in RAM, and the CPU accordingly operates as if it 
is performing a data transfer from one block of memory 
to another. If the microprocessor is the Z80, the block 
transfer instruction may be used for this purpose. It oper
ates at 21 cycles/byte, which amounts to 5.25 µ,s if the 
Z80 is operating at 4 MHz. Since the recognize operation 
requires only approximately 4 µ,s/byte, it can take place 
as quickly as the Z80 can do the block transfer when 
operating at 4 MHz. The same is true for multiwriting 
a sequence of bytes. Even when the block transfer oper
ation is not being used in connection with REM oper
ations, the 4-µ,s time requirement does not generally oc
casion wait states. The CPU is free to do anything it wants 
after the start of the REM action. Only if it accesses REM 

again before the REM action is complete (approximately 4 
µ,s) are wait states put in. 

Reading Responders 
At the end of a sequence of recognize operations, tag 
bits will still be true for all superwords that have satisfied 
all comparisons. The next problem is how to get them. 
The answer comes in two parts. First, for many purposes 
it is not necessary to do anything further. Thus, to write 
some information into all the responders, it is only neces
sary to use the "multiwrite responders" operation which 
operates on all superwords with a true tag bit. Knowing 
where things are, essential for users of Von Neumann 
machines, is no longer so important. 

Solve grounding/shielding 
problems quickly, economically! 
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The wide variety of Instrument Specialties beryllium copper con
tact strips and contact rings in many sizes and shapes can help 
you solve your shielding and grounding problems. Standard 
catalog items work for most applications, but special adapta
tions are easily made and provide you with virtually a custom
designed part with only a one-time extra charge. 

Send for inexpensive trial kits! 

34 strips, various configurations: 36 different contact rings: 
Assortment 97-272 . ... . $25.00 Assortment 97-273 ..... $20.00 

FREE! Complete catalog of RFl-EMI shielding strips and rings. 
Write, or use Reader Service Card. 

INSTRUMENT SPECIALTIES COMPANY, Dept. CD-82 
Little Falls, N. J. 07424 
Phone - 201-256-3500 • TWX- 710-988-5732 

Specialists in beryllium copper springs since 1938 
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Second, in cases where it is really necessary to locate 
individual responders, they must first be flagged by means 
of a multiwrite operation, and then the records with 
flags must be located. In systems with a relatively small 
amount of REM, such as two 4k boards, it takes very little 
time to loop through all 32 superwords looking for the 
flagged ones. For larger systems, there is a special device 
for narrowing down the possibilities. Each 4k block of REM 

has a responder bit, and up to eight different responder 
bits (for eight 4k boards) may be read into the CPU at a 
time from the responder port. The responder port is any 
of the computer's 256 available l/o ports, as selected by a 
DIP switch on the REM board. With a jumper on the REM 

board, the user may choose any of eight bits for the 4k 
block on the board. The responder bit for a 4k block is 
a 1 if any of the 16 superwords in that block is a 
responder. 

It can be valuable to use the responder ports for appli
cations in which, at some point in a sequence of recognize 
operations, it is desirable to know if there are any re
sponders at all (if not, perhaps the remaining recognize 
operations may be dispensed with). Reading a responder 
port will give an immediate yes/no answer for up to 
eight 4k blocks (32k) of REM. 

Address Space and Bank Selection 
The 4k REM board has jumpers for selecting any of 16 
blocks of address space, for use in RAM mode. In large 
systems a DIP switch is used to assign the board to a 
memory bank. Bank selection is relevant only for RAM 

operations, since REM operations apply to all REM boards 
in parallel. The user may have up to 15 banks of REM, 

each of which contains from 8k to 32k bytes (2 to 8 
boards) . Multiple banks must occupy the same region, as 
specified by the four high order bits of the 8-bit DIP 

switch. That is, all the boards must agree with respect 
to those four bits. The four low order bits may be set 
for any of the 15 values from 0 to 14 (0000 to 1110). 
Position 15 ( 1111) is reserved for the mask register. 

Bank select, for the sake of RAM operations, is ac
complished as selection of an l/o port. The 8-bit assign
ment of the DIP switch is the port address. The 15 avail
able bank positions are selected from the 256 l/O ports. 
Bank select consists of an output command with the ap
propriate l/o port address. An input command with the 
same port address is used for reading responders from the 
board. Thus, the same port address applies for bank as
signment and for responder port assignment. 

REM Board Specifications 
The 4k REM board for the S-100 bus meets a variety of 
physical specifications. In summary, the board, with a 
capacity of 4096 bytes, is organized into 8-bit words and 
256-word superwords (REM records). The design utilizes 
static, n-channel metal oxide semiconductor, single volt
age memory technology, resulting in memory access and 
cycle times of 200 ns each. Power requirements are 8 V 
at 1.6 A; operating temperature range is 0 to 55 °C. 

Recognize functions, mentioned previously, take place 
in 4 µ,s. Occurring at the same rate are multiwrite func
tions (all superwords, responders, or non responders). User 
selectable options include hole address ( 4-bit DIP switch), 
bank and responder port assignment ( 8-bit DIP switch), 
4k address space (jumpers), and response bits (jumper). 

Comparable with RAM, REM in addition features parallel 
processing. Combined with its increased processing speed 
and simplification of software, the memory is applicable 
to a wide area of computer applications. These aspects 
will be further developed in next month's column. 
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This PDP-II* 

ter . 

Motorola's MMS1117 is an easy, 
inexpensive way to add-in high
density, high-speed storage with 
parity option features for your 
POP-11 system. Now it's more than 
20% faster than ever before. Speeds 
for all three MMS1117 speed options 
are significantly faster, with typical 
system Read Access Time of the 
fastest version reduced from 370 ns 
to 290 ns. 

The MMS1117 provides total 
electrical and mechanical 
compatibility with 10 different 
UNIBUS* POP-11 processors: not 
only the 11/04 and 11/34, but the 
new 11/60 plus the 11/05, 11/10, 
11/35, 11/40, 11/45, 11/50 and 11/55. 
It just plugs into any new Hex SPC 
slot (0011B, D011C, 00110, OD11P). 

Each speed option of the MMS1117 
is available in your choice of 32, 64, 
96, or 128 kilobytes. Each offers 
parity plus on-board parity generation 
and checking logic. There's no need 
for an external parity control 
module. The system imposes one 
UNIBUS load regardless of memory 
size and parity. 

MMS1117 power requirements are 
low despite its speed and density. 
A fully populated 128 kilobyte 
system with parity and controller 
operates at the following rates: 
5 V ±5%@ 3.0 A (typ), +15 V@ 
0.2 A standby or 0.7 A continuous 
maximum access, and -15 V@ 0.03 A. 

t28 Kilobyte MMS ttt7 
Speed Read Accea1 Time Price 
Option (typical) 1-5 

Fastest 290 ns $4,305 
Faster 360 ns $3,920 
Fast 390 ns $3,530 

More Motorola 
Memory systems 
Sy1tem Organization Description 

MMS1110 16K x 16 
MMS1110-1 12K x 16 Add-in for LSl-11 
MMS1110-2 BK x 16 systems 
MMS1110-3 4K x 16 

Add-in for 
PDP-11 /05, 11 / 10, 

MMS111BL 16K x 1B 11/35 and 11 /40 
systems with the 
MF11-L backplane 

MMS111B 16K x 1B Add-in for 
MMS111B-1 12K x 1B PDP-11 /04, 
MMS111B-2 BK x 1B 11 / 34 systems 

32K x 1B 
MMS3400 or For 3400N systems 

64K x 9 

Battery backup for 

MMS6B102 16K x B M6800 and other 

MMS6B102-1 BK x B synchronous 

MMS6B102A 16K x 9 systems; 

MMS68102A-1 BK x 9 pin-compatible 
with EXORcisert 
micromodule 

MMS6B103 16K x B Hidden refresh for 
MMS68103-1 BK x B M6BOO-based MMS6B103A 16K x 9 systems 
MMS6B103A-1 BK x 9 
MMS68104 16K x B For MEK6BOOD2 Kit 

For BOBOA-based 
MMSBOB10 32K x B systems; 
MMSBOB10-1 16K x B pin-compatible 

t Trademark of Motorola Inc. 
with SBC B0/ 1 O /20 
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Get fast delivery, 
proven reliability. 

Our standard memory line also 
includes systems for the SBC 80/10 
and 80/20, LSl-11, 3400N, and a 
variety of M6800-based systems. 
Motorola also has excellent custom 
capability for the design and 
manufacturing of memory systems 
to your exact specifications. 

Regardless of your requirements, 
you can expect fast delivery, 
leadership pricing, and the high 
level of reliability for which Motorola 
products are known. 

Assistance is available from your 
Motorola sales office. Request a 
copy of the MMS1117 data sheet by 
writing Motorola Semiconductor 
Products Inc., P.O. Box 20912, 
Phoenix, AZ 85036. 

"Trademark of Digital Equipment Corportion. 

Beepaeepl 

MOTOROLA 
Semiconductor Group 
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TJie intelligent memory 
for PDP®-11 /70's. 

Mor, than bits in 
a box. The MSC 3602 
PDP-11 /70 add-on 
memory has its own 
microcomputer that keeps 
it, your 11 /70 and you 
out of trouble. 

Up to 4 megabytes 
with single bit error 
correction and double bit 
error detection that 
won't hassle your CPU. 

Intelligence speaks 
for itself. The self
diagnostic microcomputer 
has RS-232 1/0. No 
need to interrupt your 
system. Connect your 
terminal and the MSC 3602 
will speak for itself. 
You 'll know the specific 
memory addresses 
which have experienced 
self corrected one bit 
errors . 

Even without a terminal 
you can easily view 
error indications on the 
front LE;D display. 

PDP is a registered trademark of Digital 
Equipment Corp . 

© 1978 Monolithic Systems Corp. 
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Knowing better. 
The MSC 3602 knows 
better than to cause a 
system crash. The 
microcomputer scans 
one bit errors from 
its storage register and 
decodes them into a 
usable format. No more 
need for look-up charts . 
And error dumps to 
the terminal can be 
programmed at any timed 
interval. 

A double bit error 
causes a parity error 
message to be sent 
directly to the CPU. 

Turn off the ECC and you 
can run full diagnostics . 

Leaving interleaving. 
Our intelligent add-on 
performs at maximum bus 
speed without using 
complex interleaving 
addressing techniques . 
So, the MSC 3602 is 
easier to maintain and 
simpler to manage 
for you and your 11170. 

Memorizing more? 
The MSC 3602 will grow 
with you. It's expandable 
in 64K byte increments, 
with 2 megabytes in 
a single 10112'' high free
standing or rackmount 
chassis including power 
supply and forced air 
cooling. An additional 
10112'' chassis will give you 
the total 4 megabyte 
PDP-11 / 70 maximum 
memory. 

And MOS memory 
offers you low power 
requirements. 
Nonvolatility is available 
with battery backup . 

Intelligent design. 
The MSC 3602's small 
size allows close 
placement to the CPU. 
Shorter bus lengths allow 
higher speed and 
reduce noise problems. 

Socketed elements 
offer easy maintenance . 

All cards are removable 
from the front . 

Taking care of you. 
The MSC 3602 will help 
your system and your 
budget. It is competitively 
priced with unintelligent 
core and semiconductor 
add-ons. 
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Intelligent memory ... 
from the first. 

* Monolit~ic 
f 8ftem1 corp 
14 Inverness Drive East 
Englewood, CO 80110 
3031770-7 400 
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MICRO CATA STACK 
COMPUTERS ANO SYSTEMS 

Single-Chip 16-Bit Microcomputer With 
EPROM Operates In Control Applications 

The latest member to be added to the 
9900 family is a single-chip 16-bit 
microcomputer which is said by Texas 
Instruments Inc, Semiconductor 
Group, PO Box 1443, Houston, TX 

77001 to be the only one with EPROM 

on chip. TMS 9940 also contains a CPU 

and extensive 1/0. The instruction set 
used matches that of the TMS 9900 
(except for four instructions that do 
not apply to the 9940 microcom
puter) . It offers minicomputer capa
bilities, including multiply and divide. 
Two instructions that facilitate manip
ulation of BCD data, and a single-word, 

load-interrupt-mask instruction are in
cluded. 

Memory consists of 2048 bytes of 
EPROM (TMS 9940E) /ROM (TMS 

9940M) and 128 bytes of RAM. Mem
ory-to-memory architecture features 
multiple register files, resident in RAM, 

which allow faster response to inter
rupts and increased programming 
flexibility. Vlith this structure, memory 
blocks designated as workspaces re
place dedicated hardware registers 
with program data registers. Work
space-register files are nonoverlapping 
and contain 16 contiguous memory 

words. Four levels of prioritized inter
rupts are implemented, including an 
internal decrementer which can be 
programmed as a timer or event 
counter. 

Memory is addressable in 8-bit 
bytes. A word is defined as 16 bits 
or two consecutive 8-bit bytes in 
memory. Three machine registers are 
accessible to the user. The 15-bit pro
gram counter contains the address of 
the instruction following the one cur
rently being executed. The 16-bit 
status register contains the present 
state of the processor; the 11-bit work-

MEMORY I EPROM/RMI) 
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.... 
::> 
0 

DECREMENTER 

I~ 

MULTIPROCESSOR 
SYSTEM 
INTERFACE 
REGISTER 

Q .... 

TEMPORARY 
REGISTER 

MULTIPLEXER AND IIO BUFFERS 

SHIFT 
COUNTER 

MEMORY 
ADDRESS 
REGISTER 

SOURCE/ 
WORKSPACE DESTINATION 
POINTER OPERAND 

CONTROL 

'POWER DONN 
CONTROL 

Advanced architecture of 16-bit TMS 9940 microcomputer developed by Texas Instru
ments includes CPU, control logic, memory (EPROM/ROM and RAM), and 1/0 capabil
ities on one chip to perform various control functions. Instruction set, similar to that 
of TMS 9900, includes capabilities of minicomputers 
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Miproc 
16-AS, 

m1cropower • 

to give you 
high-speed laster. 

Internationally acclaimed M iproc-16 
with a compute-rate of up to 4 million instructions per 
second is the fastest 16-bit microcomputer card 
family available. 

This cost-effective application system, named 
M iproc-16 AS, has room for one, two or even three 
Miproc-16 CPU's. Smartly styled and equipped with 
add-in 13-slot card bay modules , fans and power 
supply, this new OEM chassis package eases the way 
into high speed microcomputing. 

Now supplied with an OEM cha,ssis package, 
Miproc-16 is even more quickly brought into action. 

Instruction Power 
Up to 170 instructions including multiply I 
divide and bit manipulation give Miproc-16 
formidable processing capability. 

16-bit Power 
16-bit program words make programming 
easy. 16-bit data words maintain high 
precision in arithmetic operations. 

Addressing Power 
16-bit dual memory architecture gives 65k 
words of directly addressable program 
memory and 65k words of data memory 
with 8 powerful address modes. 

Interrupt Power 
Multilevel, priority vectored interrupt 
system handles context changes in less 
than 2 microseconds. 

1/0 Power 
256 directly addressable 1/0 channels with 
data 110 rates of up to 1.7 megabytes/sec. 
under program control, and up to 20 
megabytes/sec. for OMA. 

High Speed Processing 
Power 
The unique dual memory architecture 
combines with high speed Schottky TTL 
technology to exec ute most instructions 
in a sing le machine cycle. 

Software Power 
Easy to use cross-assemblers for mainframe 
or minicomputer make programming 
faster, and PL-MIPROC, a super-efficient 
high level assembly language . 

Hardware Power 
Comprehensive range of processor, 
memory and interface cards backed up by 
sophisticated hardware development aids . 

Ruggedized Power 
Miproc can be configured to mee t any 
known military specification. 

PLESSEY 
Plessey Canada 
300 S up e rtest Road 
Downsview, Ontario, 
Canada M3J 2M2 

Plessey Microsystems Plessey Microsystems 
19546 Clubhouse Road 1641 Kaiser Avenue 
Gai thersburg, Md. Irvine, California 
20760, USA 92714, USA 

MICROSYSTEMS Tel : (416)661-3711 Tel: (301)948- 2791 Tel: (714)5 40-9931 

'JV 654 P P044 
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space register points to the first word 
in the currently active set of work
space registers. 

The chip has a communications 
register unit (cRu) drive 1/0 inter
face, with 32-bit, general purpose 1/0 

ports. Individua1ly contro1led 1/0 lines 
can be independently programmed as 
input or output. While dedicated con
trol system generally needs only one 
configuration setup, the software 1/ o 
structuring allows flexibility for mul
tiple configurations dynamically chang
ing for more 1/0 capacity. Direct 1/0 

expansion for up to 256 bits is possible 
using a standard 9900 family CRU in
terface. 

The 2-wire Multiprocessor System 
Interface (MPSI) transfers data in a 
multiple processor system. Since the 
microcomputer can execute instruc
tions out of its RAM, MPSI allows in
struction sequences to be downloaded 
and then executed. Thus, multiple 
processor systems can reconfigure 
themselves in system applications. The 
interface also can be used to transfer 
data to be operated on. 

Simple Language 
Is Featured in Personal 
Computing System 

PeCos I incorporates comprehensive 
math capabilities, large memory ca
pacity, and ease of programming in 
a simple, easy-to-learn computer lan
guage, according to APF Electronics, 
Inc, 444 Madison Ave, New York, NY 
10022. The language is a derivative 
of Rand Carp's JOSS" language, said 
to be the most English like computer 
language ever devised. 

A math program permits full com
putation in 9-digit floating decimal 
arithmetic, with a number range from 
1 x 10·99 to 1 x 1099 . All functions of 
a programmable calculator are built 
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Also incorporated in the microcom
puter are an internal 16-bit flag reg
ister and a 14-bit decrementing reg
ister which functions as a program
mable realtime clock, event timer, or 
external event counter. Applications 
which have low duty cycles or which 
require low power dissipation can 
benefit from the power down capa
bility to lower average power. Two 
supplies power the chip; one handles 
the RAM and intenupt logic, while 
the other powers the rest of the cir
cuitry. Five speed ranges provide 
maximum performance. 

Key features also include an easy 
test function, n-channel silicon gate 
MOS technology, and 5-V power sup
ply. An EPROM device is contained in 
a 40-pin, 600-mil DIL ceramic package 
with quartz lid; a mask ROM device 
is contained in a 40-pin, 600-mil DIL 

plastic or ceramic package. 
All members of the TMS 9900 fam

ily of peripheral circuits are com
patible with the microcomputer. Four 
software and hardware development 
methods are available as support tools. 
Circle 428 on Inquiry Card 

in, and include trigonometry, number 
dissection, string concatenation, tran
scendental functions, and ability to 
define fun ctions. 

Internal 24k ROM and 16k RAM are 
provided. Semiautomatically con
trolled integral dual cassette decks 
use standard audio cassettes, each 
storing up to 80k bytes. All 1/ 0 op
erations are done at a rate of 800-
baud speed-tolerant recording. 

Standard equipment supplied with 
the system is a 6502 microprocessor; 
power supply; 60-key keyboard with 
110 codes and upper / lower case; 9" 
(22.9-cm) CRT with 16-line, 40-char/ 
line display and automatic scrolling 
and speed control; dual cassette decks; 
and Rs-232 transmit port for serial 
printer. Suggested retail price is 
$1695. 
Circle 429 on Inquiry Card 

Single-Chip >aComputer 
Contains Onboard 
NMOS A·D Converter 

All components necessary to imple
ment many control-type applications 
are incorporated onboard the 8022 
single-chip microcomputer, with little 

additional design required other than 
application program development. 
Containing a full A-D converter, the 
chip eliminates the need for and cost 
of external ADCS in applications where 
the OEM is interfacing analog signals. 
In addition, the microcomputer is 
software compatible with other single
chip microcomputers in the MCS-48 
family. 

Claimed by Intel Corp, 3065 
Bowers Ave, Santa Clara, CA 95051 
to be the first low cost, single-chip 
microcomputer with ADC, the 8022 
has been optimized for control ap
plications. Various capabilities include 
three 8-bit input ports which, in con
junction with the ADC, permit the chip 
to interface up to eight analog signals; 
zero cross detection for creating a 
realtime clock or timing of an event 
that can be synchronized with the 
movement of an ac sine wave; inter
rupt capability for reacting to and 
handling randomly occurring events; 
and ability to operate from a 4.5- to 
6.5-V power supply. 

If drive is needed for high current 
output, two lines on the chip can 
drive up to 7 mA each. Input port 0 
contains high gain variable threshold 
inputs to permit direct interface with 
a low voltage capacitive touchpanel; 
other 1 / 0 ports have high drive cur
rent output capability as well as 
standard interface capability. 

Besides these features, the chip 
serves OEMS as a complete, standa
lone single-chip system containing an 
8-bit CPU, internal timer and external 
interrupt capability, 64 bytes of pro
grammable RAM, 2048 bytes of pro
gram memory to accommodate larger 
more complex programs, 26 program
mable 1/ 0 lines, programmable inter
val timer/event counter, and onchip 
system clock and oscillator. A subset 
of the 8048 instruction set is executed. 
Hardware capability is increased by 
instructions that affect the contents 
of the accumulator, address data mem
ory locations, provide BCD arithmetic, 
and allow easy table lookup, thereby 
reducing the amount of programming 
software required. 

An 8-bit monotonic A-D converter 
has two multiplexed input channels 
that are selected by software. This 
allows inexpensive, direct interfaces 
to analog signals. An updated con
version takes place once every 40 µS 
for high speed applications; several 
readings can be averaged for greater 
accuracy. ADC implementation is in 
NMOS technology using a hardware 
successive approximation technique. 

(Continued on p 178) 



All you do is set the switch 
on the back of this Smart Box and it 
recognizes ASCII characters XON and 
XOFE Simple? Brilliant. 

This switch also enables your 
Oecitek 26209 punched tape reader to 
interface with the outside world of tele
types, CRT terminals, modems, etc. You 
select it, the Smart Box does it without 
internal programming by jumpers. 

Then, using the second mode 
selector on the rear panel, you can pro
gram transmission rate (from 110 to 9600 
baud) , word length, parity and number 
of stop bits. 

There's a lot more to this intelligent 
box. Dual-sprocket drive, 25, 000 hour 
light source with fiber optics and stepper 
motor drive- that's a lot of tape reader. 
Add-on fan-fold boxes and 19" wing 
adapters provide installation versatility 
if you need it. 

There's not another on 
the market that gives you the 
flexibility and "plug-in" simplicity 
of this new 26209. 

-

That's a fact. Another fact that 
will interest you is the reasonable cost 
of this improved Smart Box. So, do the 
smart thing. Mail the coupon for the FREE 
Speed Reading Course. Or, if you're in a 
hurry, call (617) 366-8334. Get the facts 
over the phone. 

When reading matters 

ID)~CC2TIUJrI~D1~ 
A Division of Jamesbury Corp. 

129 Flanders Road, Westboro, Massachusetts 01581 
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Maxi-ROM™ fa1nily 
stattc when you 

Welcome to the complete fully 
static Maxi-ROM family from National. 
16K, 32K and 64K. Each completely _pin 
compatible as specified by the JED EC 
24-pin standard. 

W eve made each one pin compatible 
so there won't be any problems when 
you update and change from 8K to 16K. 
Or 32K to 64K. Theres no reason to 
redesign. You can take what you're currently 
doing as far as it goes. 

Speed? Our access time is 450 ns
the same as required by most ROM appli
cations. What's more, all ROM's in our 
Maxi-ROM family use a single + 5V sup
ply. They also use a streamlined NMOS 
ROM process. And since they're fully 
static, they require no clock so you can 
save money and precious space. 

If you want big static ROM's but 
don't want static, check out N ational's com
plete Maxi-ROM family. Just send in 
the coupon below for all the information. 
r - - ------- - ---- - --------------1 
I 
I National Semiconductor Corporation 
I 2900 Semiconductor Drive 
I Santa Clara, CA 95051 
I 

Gentlemen: Send me the full story on your Maxi
ROM family. 

Name~-----------
Title ___________ _ 

Company Name ________ _ 
Address __________ _ 

City State Zip __ 
CD-9 I _____________________________ J 

~National Semiconductor 
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.---- CONTROL 

I I IRAD-

L -- _l _ _J INTERNAL BUS 

Intel's 8022 single-chip microcomputer for control ap
plications features a 2-channel, NMOS, 8-bit A-D con
verter onboard. Converter hardware has three parts: 
series string of 256 identical resistors, voltage com
parator, and successive approximation logic. Resistor 
configuration · gives inherent monotonicity. Decoder pre
sents voltage to comparator block. Comparator ampli
fies difference between analog input 1md voltage tap, 
presenting it to successive approximation logic. After 
eight such comparisons are automatically performed, 
resultant byte is transferred to conversion result register 
(CRR). RAD instruction moves CRR contents to the 
8022 accumulator 

Separate power supply and voltage 
reference pins on the chip afford 
maximum ADC accuracy. 

avoiding repetitious masking charges. 
An IntellecR Microcomputer Develop
ment System with resident MCs-48 
Macro Assembler is used for auto
mated assembly language program
ming. 

Programs are stored in masked 
ROM. Applications are developed on 
the EM-2 emulator board which con
tains a 2048-byte 8755 EPROM/10 de
vice to emulate 8022 ROM applica
tions. An EPROM equivalent version 
of the 8022 is provided, speeding de
velopment and prototyping while 
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The microcomputer is priced at 
$15 in 1000-piece quantities. In large 
OEM quantities it drops to the $6 to 
$8 range. 
Circle 430 on Inquiry Card 

Custom Microcomputer 
Peripheral Drives 
Medium Power Loads 

Under control of a microcomputer, 
the RS-16-I universal control interface 
can drive 16 medium power loads, 
such as relays and small de motors. 
The unit, available from Cooper Com
puting, PO Box 16082, Clayton, MO 
63105, can also sense 16 to 24 switch 
contacts or TTL inputs via a single 8-
bit parallel 1/0 port. Each output 
line can be individually set or cleared 
using BASIC, machine code, or other 
language by means of 1/ o read or 
write commands. All outputs can be 
cleared simultaneously by use of a 
special command, or by the manual 
reset button. Wiring-in simple 
switches allows manual override of 
computer commands. 

The 16 external status conditions 
can be selectively sensed by condition 
number; 8 inputs sense levels, and 
the other 8 either levels or pulses. 
A single removable connector accom
modates all relay, switch, and logic 
connections. 

In the event of interface failure, 
a special connector having looped
back wiring can be substituted, allow
ing faulty 1cs to be found and re
placed by means of a diagnostic BASIC 
program. The unit is priced at $229, 
assembled and tested, with sample 
BASIC programs and installation guide. 
Circle 431 on Inquiry Card 

Small Computer 
System Emphasizes 
Availability of Software 

The LYS 16 computer is based on a 
16-bit CPU using GPC/P 4-bit slice 
processors. Standard instruction re
pertoire contains 59 instructions in
cluding double precision add, sub
tract, multiply, and divide. Internal 
memory accepts any combination of 
RAM and ROM up to 64k words. Up 
to 64 external units can be connected 
to the 1/0 bus. Components of the 
system, available as a kit or assem
bled, include CPU, 4k RAM, operating 
system in P/ROM, Rs-232 / V24 inter
face, power supply, and manuals. 

Emphasis is placed on the availa
bility of system software to the user. 
The library therefore contains such of
ferings as ECONOMIST 1 for small com-
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iCOM® gives you a full megi!byte of 
microcomputer storage in our new 
FD3812 floppy disk system. It's a 
complete, intelligent system that 
includes two floppy disk drives, a 
built-in double-density controller that 
can handle up to four drives, power 
supply and cabinet. You get a compact, 
powerful package that 
simplifies your design 
at a price you might 
expect to pay for a 
single-density 

0 

features that have made iCOM the first 
name in Microperipherals®. Like 
retractable heads that extend media 
life. Long-lasting proven ferrite 
read/write heads. And , the option of 
direct memory access data transfer to 
and from the disk. 
Easy conversion for FD3712 users. 

If you 're using our 
FD3712 disk systems, 
we've made it easy for 
you to move up to our 
new FD3812 and 
double your storage system. For use with 

any S-100 bus, Intel 
Multibus™ and others. 
IBM format. 

........... ......... capacity-using our 
application note for 
system upgrade. The 

Our new FD3812 
microcomputer floppy disk subsystem 
is compatible with the IBM double
density format used for single sided 
recording. And, it has the kind of 

FD3812's cabinet size 
is the same. And , our double-density 
controller 's electronics are contained 
on a single, compact board. 

Frugal Floppyn'! 
We even have a "frugal" version of 

the FD3812 which means you have the 
controller and drive without the power 
supply and cabinet. You can order a 
single drive with controller. And drives 
can be positioned vertically or 
horizontally in standard EIA cabinets. 
A Real Time Saver, too. 

Available with our FD3812 is our 
exclusive Real lime Saver, a tightly 
written real-time operating system 
(ATOS) that cuts software 
development time, shortens lead 
time, and reduces programming time. 
In addition, the FD3812 is available 
with CP/M™ operating system. 

For more information on the FD3812 
or other iCOM Microperipherals, call us 
today at (213) 998-1800, TWX (910) 
494-2093. Or write iCOM, 20630 
Nordhoff Street, Chatsworth, CA 91311. 

iCOM; the first natne in Microperipherals 
i:oolru® 

Products of ~ Pertee Computer Corporation 

Built and backed by Pertee Computer Corporation (world's leading independent producer of computer peripheral equipment and distributed processing and data entry systems). 

@1978 1COM~ is a registered trademark ot Penec Compuler Corpo1"a!1on 
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panies; BASIC l ; PL /L; LYSASM linked 
editor and assembler; LYSEDIT, a 4k
byte text editor; and FASM, a 4k-byte 
assembler, as well as packages of de
bugging programs, graphical subrou
tines, and a PACE crossassembler. 
Timesharing and Extended BASIC, in
ventory packages, and crossassemblers 
to the 8080, 6800, and sc / MP will 
be available at a later date. The man
ufacturer, AB ATEW, Box 125, S-642 
00 Flen, Sweden, is also offering 
TERMI-LYS, a video terminal with 
both alphanumerical and graphical 
capabilities. 
Circle 432 o n Inquiry Card 

Individual Modules 
Combine Into Autonomous 
Development System 

A variety of boards and elements 
comprise the M68ADsl autonomous 
development system for use in the de
sign of M6800 microcomputer appli
cations. It provides low cost, key
board-to-CRT data input and display 
capability; options offered by Motoro
la Semiconductor Products Inc, Box 
20912, Phoenix, AZ 85036 permit easy 
expansion into an economical devel
opment system. Any terminal with an 
Rs-232-C or 20-mA current loop port 
can interface to the system. In the 
M68ADwl system, a user supplied TV 

set replaces the CRT monitor included 
in ADS. 

Two basic PDS modules, M68sAcl 
and M68mMl, combine to make up 
a system that allows the user not only 
to check out and execute a target 
program (debugging), but also to 
efficiently communicate with the ma
chine (terminal capability). Debug
ging is derived from the MINIBUG II 
monitor functions stored in a lk-byte 
ROM, while terminal capability is 
centered around 1/0 supervising firm
ware (ms) which monitors data ex
changed between the user's or MINI
BUG program and ADS peripherals 
(CRT, keyboard, printer, audio re
corder). The different approach of 
this system when compared to other 
development stations is that the tele
typewriter is replaced by its equiva
lent peripherals. 

There are four subsystems : debug 
section, 1/0 supervision section, user's 
section with 256 bytes of RAM and 
2k bytes of AROM, and display inter
face section which handles ASCII char
acter display. Debug consists of the 
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STANDALONE COMPUTER 

MINIBUG II I MPU I 

Pl 0 
USER'S 

RAM / ROM 

Ml68SACI 

DISPLAY INTERFACE MODULE 

M68D!Ml 

VHF SIGNAL 

512. 8 
RAM 

IN TERM INAL 
CONFIGURATION: 
CONNECTION r:::-::1 TO EXORCISER 

~P4~ 
~ M68!CC1 

OPTIONAL r------, 
l CASSETTE : 

INTERFACE I 
I MONITOR I 
I M68C!M l I 
L ____ ...J 

~ / 
PJ~----~ 

USER 
PE RI PHERAL 

DISPLAY MONITOR 

M68MDM1 

ASCII 
KEYBOARD 
M68K B01 

Motorola 's development system components inc lude stand
alone computer and disp lay interface module wh ich provide 
hardware/software debugging capabi lities and communications 
between user and microcomputer. Separate elements of key
board, cassette, CRT, and printer su bst itute fo r teletypewri ter 

microprocessor, 128 bytes of RAM, 
ROM, and ACIA through which data 
are transferred to or from the monitor. 
Based on ms firmware, the 1/ o section 
monitors the data exchanged between 
the ACIA and system peripherals. Half 
of a PIA interfaces this section to a 
parallel printer, another half to an 
ASCII keyboard, and a third side con
veys signals used to control DMA logic. 

With these features a user can be
gin developing small programs to be 
fed and executed in the RAM area. 
Additional memory or 1/0 adapters 
are available by adding bus compati
ble plug-in modules. 

System components are two periph
eral devices [ASCII keyboard and 5" 
( 12.5-cm) display monitor], bus sys
tem card and cable set as intercon
nections, and the -sAcl standalone 
computer and -mMl display interface 
modules. The computer PC board op
erates with dynamic or static mem
ories. The alphanumeric interface to 
the CRT monitor includes a 1-page 
memory, ASCII character generator, 
and video signal generator. 

Options for expansion into a system 
for hardware and software develop-

ment include a cassette interface mod
ule, editor / assembler module with edi
tor program in ROM, and 5- and 10-
card cages. A single audio cassette 
recorder is used with the editor I as
sembler module. Features of rns and 
MINIBUG II are scroll control over DIM 
module, video invert and erase screen 
commands, cassette load and dump, 
cursor control, examine and change 
memory, ahd memory test. 
C ircle 433 on Inquiry Card 

Multiple Microcomputer 
System Performs 
Multiterminal Functions 

Miera! CM consists of a data file man
agement microcomputer and up to 
four independent microcomputer sta
tions, each with its own processor, 1/ 0 

bus, serial 1/ o channel, and local 
memory. R2E of America, 3406 Uni
versity Ave, SE, Minneapolis, MN 
55414 says the system is particularly 
suited to applications where data 
acquisition, computing, and editing 
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No bones about it. 
What you need now is some straight talk 
about Smart Editing CRT Terminals. 

Selecting the right CRT for your system isn't easy. You 're trying to find a fully capable 
Editing Terminal in a CRT marketplace that's crowded with a dizzying array of contenders 
at prices ranging all the way from a few hundred dollars to several thousands. 

You 'll be glad to know that for $1500 or less, you can buy all the performance, 
reliability and support you need in a Smart Editing Terminal from at least four 
manufacturers - ADDS, Beehive, LSI , and EECO, of course. That 's the 
conclusion of a comprehensive, straightforward report that frankly 
compares your alternatives model by model , spec for spec. 

Get it straight - write for your free copy of "Choosing the right 
Smart Editing Terminal from the crowd of CRTs" today. 

EECDeditor 
EECO, 1441 East Chestnut Avenue, Santa Ana , CA 92701 • (714) 835-6000 
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can be divided into several tasks, 
with one microcomputer per task. 
Tasks are linked by parameters passed 
through common memory; each micro
computer can have an application 
program running in local memory, 
with common subroutines and data 
available in shared memory. 

Hardware consists of one 8080 
based data management microcom
puter with 16k of RAM, and up to 
four microcomputer stations with CPU, 
4k local RAM, and serial communica
tions channel. System resources in
clude 48k of shared memory (expand
able to 60k) , CRT display and key
board, two double-density minifloppy 
drives (double-sided recording op
tional) , Centronics parallel printer in
terface, and a lOM-byte cartridge 
mass storage unit. Mass storage can 
be exoanded in lOM- or 20M-byte 
increments to 80M bytes. 

Standard system software includes 
a monitor and realtime executive; 
macroassembler; business applications 
oriented BASIC, with sequential, in
dexed sequential. and random-access 
file system; and utilities . Optional 
software includes an ANSI FORTRAN IV 
compiler with editor, formatter, and 
scientific subroutines. 

End user price, including one data 
file management microcomputer, one 
microcomputer station, and optional 
CRT/keyboard, is $21,250. Introduc
tory 50-unit OEM price is $17,000. 
Delivery is 60 days ARO. 
Circle 43'4 on Inquiry Card 

Intelligent Minifloppy 
Enhances Personal 
Computer Performance 

Disk II, the newest peripheral for the 
Apple II personal computer system, 

Disk II software provides dynamic disc 
space allocation. User need not be con
cerned with size or location of file on 
disc. Operating system also allows com
patibility with exist ing languages via 
standard BASIC commands 

consists of an intelligent interface 
card and either one or two minifloppy 
drives. The compute r will handle up 
to 7 controller cards and 14 drives for 
instant access to more than l.6M bytes 
of data, according to Apple Com
puter, Inc, 10260 Bandley Dr, Cuper
tino, CA 95014. 

A bootstrap loader in ROM and an 
operating system in RAM combine to 
provide full disc capability for sys
tems with as little as 16k bytes of 
RAM. Other features of the subsystem 
include ability to load and store files 
by name; random and sequential ac
cess ; automatically generated file
name directories; 116k bytes of stor
age capacity I diskette; patented design 
which reduces motor wear and power 
consumption while permitting higher 
speed operation of drive mechanics; 
and ability to be driven by the com
puter's power supply. 

A soft-sectored format to store in
formation on the diskette provides 
the 116k-byte storage capacity. The 
format calls for 35 circular tracks, 
each containing 13 sectors of 256 
bytes. Data transfer rate is 156k 
bits /s. Average track access time is 
200 ms, maximum 600 ms. Disc ro
tates at 300 r/min. Disc latency, or 
time required to move the disc one
half a revolution, is 100 ms. Price of 
the unit, including controller card, 
cable, and drive, is $495. 
Circle 435 on Inquiry Card 

Functioning of J1Computer 
System Is Supported by 
Development Package 

All hardware and software tools nec
essary for design, hardware/ software 
integration, and debugging of PCS 
8080A and Z80A based microcom
puter systems are contained in the 
3800B SuperPac Development Sys
tem II. Housed in a desk unit, the 
system includes a dual floppy disc sub
system with 32k bytes of RAM, EPROM 
programmer, line printer, and CRT 
terminal. All required interfaces are 
supplied. 

Process Computer Systems, Inc, 750 
N Maple Rd, Saline, MI 48176 has 
developed extensive software to ac
company the system. The package 
includes 8Q80A and Z80 absolute 
macroassemblers, BASIC, FORTRAN, re
locatable macroassembler, linking 
loader, debug, line editor, cross ref
erence generator, 3800B and floppy 
operating systems, up/ down loader, 
and EPROM programmer. 

SPDOS 11 is a device independent, 
software system providing keyboard 
console control. Two functional sec
tions are the Executive and Drivers. 
Users can gain access to, control, and 
effectively use all software package 
modules through the Executive. The 
driver section contains all peripheral 
driver modules which control and 
process all Ilo operations. 

A reduction in the level of effort 
and time involved in software devel
opment, debug, and documentation 
is achieved with both absolute macro
assemblers. The 2-oass assemblers 
translate 8080A and Z80A assembly 
language instructions into machine 
language operation codes. 

When wi'iting microcomputer soft
ware, the 2-pass relocatable macro
assembler produces relocatable hexa
decimal object code. The user can 
also break large programs into small 
segments. Other features are condi
tional assembly and full macro capa
bility. 

Other software components allow 
the user to link separately assembled 

PUSH PAm:t 8/32 liv-rm:a,:m>.a.-r~ 
ONE MEGABYTE 

8/32C Processor with 128 KB 
PM9800 PUSHPA memory 896 KB 
PM9700 PUSHPA memory chassis 
Installation & Check-Out 
Two Years of Warranty Maintenance 

SAVINGS peraystem 
In two years 

$51,900 
44,800 

1,000 
N/C 
N/C 

$97,700 

$62,328 
$160,028 

81320 Processor with 1 MB . $139,100 
20,928 Two Years of Maintenanc& on 896 KB 

., Registered Trademark 
of Perkin-Elmer Corp. 

0 . Call (714) 898-5611 
or write us at 

$160,028 

PUSHPA memories 
15661 Producer Lane, Suite 'D' 
Huntington Beach, CA 92649, U.S.A. 

a division of 

PUSH PA ._, INTERNATIONAL 
111iEG1 CORPORATION PUSH PA designs & manufactures only the most advanced core memory cards In the Industry 
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MICRO CATA STACK 
modify, test, and document applica
tion target system software from the 
console or target SuperPac 180 system 
console. With the interpreter and 
compiler, the user can write BASIC 
and FORTRAN language programs, re
spectively. 

COMPUTE RS ANO S YSTEMS 

programs, subprograms, and subrou
tines into one operational program; to 
modify I change existing source pro
grams and create new source pro
grams; and to generate a list of all 
program symbols which se1ve as a 
quick reference table. To further re
du,ce development time, the software 
tools allow the user to control and 
manage the dual floppy disc (the mass 
storage device); and load, debug, 

C ircle 436 on Inq uiry C ard 

Peripherals Option Card 
Extends Capabilities 
Of Pascal Machines 
Continual expansion of options for 
the 8085A CPU based microcomputer 
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IN-STOCK NATIONWIDE ... FOR IMMEDIATE DELIVERY 
ARIZ.: Sc;otsdale, PLSAssoc. (602)994-5461 CAL: Pasadena,A·F Sis Engr. (213) 681-5631 ; San Jose. Richards 
Assoc. (408) 246-5860 COL.: Denver, PLS Assoc. (303) 773-1218 CT.: Litchfield , Digital Sis. Assoc. (203) 
567-9776 FLA.: Orlando, Gra-Mar (305) 894·3351 ILL.: Chicago, Coombs Assoc. (312) 298-4830 IND.: 
Indianapolis, Coombs Assoc. (317) 897-5424 MD.: Lanham, Brimberg Sis. Assoc. (301) 946-2670; Baltimore, 
Brimberg Sis. Asso9. (301) 792-0661 MASS.: Waltham, Digital Sis. Assoc. (617) 899-4300 MINN.: Minneapolis, 
Engr. Prod .. Assoc . (612) 925-1883 N.J .: Whippany, Livera-Polk Assoc. (201) 377-3220 N.M.: Albuquerque, PLS 
Assoc. (505) 255-2330 N.Y.: Roslyn Hts., Livera-Polk Assoc. (516) 484-1276; Syracuse , C.W. Beach (315) 
446-9587 ORE.: Portland, Jas. J. Backer (503) 297-3776; Salem, Jas. J. Backer (503) 362-0717 TEX.: Dallas, 
Advance Technical Sis. (214) 361-6584; Solid State Electr. (214) 352-2601; Houston, Advance Technical Sis. (713) 
469-6668 ; Solid State Electr. (713) 785-5436 WASH.: Seattle, Jas. J. Backer (206) 285-1300; Radar Elec. Co. (206) 
282·2511 WIS.: Milwaukee , Coombs Assoc. (414) 671-1945 EUROPE: Hanex, L.A., CA (213) 556-3807 CANADA: 
Duncan Instr. Weston, Ontario (416) 742-4448 

D.C. POWER SUPPLIES 

Power One Drive • Camarillo, CA 93010 •Phone: 805/484-2806 •TWX: 910-336-1297 

SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK 
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systems is possible with the 85/Ex 
peripherals option card. Northwest 
Microcomputer Systems, 121 E Elev
enth, Eugene, OR 97401 offers as add
on features an arithmetic processing 
unit ( $422 for the 3-MHz version, 
$272 for the 2-MHz version), an in
terrupt controller ( $90), interval 
timer ( $50), parallel r/ o interface 
( $90), and serial r/ o interface ( $70). 
The required peripherals option card 
for these items retails for $158. 

An arithmetic processing unit 
(AMD9511) provides 32-bit, fixed and 
floating point arithmetic, and floating 
point trigonometric operations to en
hance the mathematical capability 
and performance of the company's 
85/P. Featuring the Intel 8259, an 
interrup t controller resolves priority 
among eight different interrupt levels 
according to software algorithms pro
vided by the user. Interval timer capa
bility is obtained from Intel's 8253 
programmable interval timer. Each 
timer has three user programmable 
16-bit BCD or binary counters. 

The parallel r/o interface uses the 
Intel 8255A programmable peripheral 
interface device to provide 24 signal 
lines for transfer and control of data 
to or from peripherals. The serial 1/0 

interface, using Intel's 8251 USART de
vice, can be coupled with the parallel 
interface option and interval timer to 
give complete Rs-232 serial data com
munications including IBM Bi-Sync. 
It operates with most serial data trans
mission protocols . 
Circle 437 on Inq uiry Card 

Features of Encoded 
Keyboard Are Aimed at 
Small Microcomputers 

The MAX keyboard with features and 
options for personal computing uses 
has been introduced by Maxi-Switch 
Co, 9697 E River Rd, Minneapolis, 
MN 55433. It is Mos/Lsr encoded with 
all 128 ASCII characters, and includes 
individual function keys to avoid the 
need for multiple key closures. Single 
quantity price is $69.95. A $3.95 kit 
allows HOME and CURSOR keys to be 
added. 

• 
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Everyday 
brings 
about a new 
computer or 
new use for 
keyboards. 
Naturally, the 
larger the de
mand, the larger 
the number of 
companies trying 
to meet that de-
mand. Choosing the right supplier 
for your keyboard needs can be a 
hit or miss proposition. Unless you 
choose Fujitsu. 

Our rellablllty Is known and 
trust~ throughout the world, be
cause Fujitsu doesn't depend on 
what someone else thinks Is good 
enough. We manufacture every 
part of our keysWltches and 
keyboards. From key tops to con
tacts to the keyboard system. That 
makes for tight quallty control 
every step of the way. And that 
ma1<es for a more reliable 
keyboard. 

Fujitsu reliability also comes 
from experience. Fujitsu comput
ers are In use worldwide. We know 

11111111111111111111111111111111111111111111111111111111111111111 
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our keyboards 
will work for you 
because they work for us. Auto
mated production Insures a stan
dardized product. Fujitsu Insures 
that Ifs dependable. 

As far as service, Fujitsu consid
ers It a point of pride, as well as 
good business, to cater to your 
company's needs before, during 

FUJITSU f U JITSU AM f R It: A, IN t:. 
COMPONENT SALES DIVISION 

• • 

and after the 
sale. We custom 
build to flt your 

design needs for 
layout, keying, cod

ing and slant. Our 
warehouse Is stocked 
to supply your com
pany with samples. 
Large orders come di
rectly from the factory. 
And Fujitsu can match 
any source's lead time 
for processing and 
shipping. 
Fujitsu keyswltches 

and keyboards are available In 
mechanical, reed, hall effect and 
capacltant modes. Our flat, low
proflle keyboards give valuable 
tactile and audio response to 
touch that most membrane type 
keyboards don't. 

Considering everything we 
have to offer, Fujitsu could just be 
the key to your keyboard needs. 
Quality, reliability and service are 
part of our product. 

For more Information on our 
superior components, call or 
write us. 

11111111111111111111111111111111111111111111111111111111111111111 910 SHERWOOD DRtVE -23 LAKE BLUFF, llllNOIS 60044 TEL. (312) 295-2610 TWX : 910-651-2259 
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When we promise you impeccable reliability in our lnfoton 400 Data 
Display Terminal, we assume you want our promise cast in stone. 

No problem. After all, the lnfoton 400 is Z-80 microprocessor based, 
with editing and formating capabilities. So it's not hard to understand why 
the 1-400 is by far the most versatile terminal you can pick up for the price. 

As for options, we include two additional pages of memory, a 
directly addressable printer interface, as well as polling capabilities. 

For more solid information about reliability, versatility and pricing, call lnfoton toll-free at 
(800) 225-3337 or 225-3338. Ask for Barbara Worth. Or write Barbara Worth at lnfoton, Second 
Avenue, Burlington, MA01803. In Canada, contact Lanpar Limited, 85 Torbay Road, Markham, 
Ontario L3R 1G7. (416)495-9123. 

Created by Chickering/ Howell Advertising, Los Angeles 
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WANTED WANTED WANTED 

QM-1 AKA AN/UYK 7 • QM-1 
C> 

AKA PASCAL MACHINE 

0 QM-1 AKA LITTON LC 4516 

C> QM-1 AKA IBM 360/50 

QM-1 AKA MOTOROLA 6800 

The OM-1 Also Known As 
The Emulator 

The " computerhunt" for a single machine 
that can service a wide range of needs in a 
development laboratory ends with Nanodata's 
QM-1, The Emulator. The QM-1 can assume 
the identity of any computer, becoming exactly 
like the emulated machine down to the most 
minute detail. 

Software developed on the QM-1 will 
run unchanged on the emulated machine and 
vice versa. What is more, the QM-1 can 
change identities as often as the user chooses. 

Challenges that the QM-1 has met 
include digital design verification , critical 

software validation and hardware/ software 
trade-off analysis. Whatever the specific computer 
requirements - general purpose, avionic, 
military, minis, imbedded micros or 
HOL machines - the QM-1 can satisfy them. 

A typical QM-1 configuration costs 
approximately $300K. A cost-effective investment 
considering that emulators on the QM11 
have been benchmarked at speeds 35 fo 100 
times faster than simulators on multi-million 
dollar systems. 

Talk to Mike Senft, Marketing Director, 
about specifics. 

[:xJ 
NANODATA CORPORATION 

2457 Wehrle Drive, Williamsville, New York 14221 
Telephone (716) 631-5880 
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MICRO CATA STACK 
C OMPUTERS A N O SYS T E M S 

Mag Tape Controller Is 
Software and Diagnostic 
Compatible With LSl-11 s 

A magnetic tape controller, featuring 
emulation of Digital Equipment 
Carp's TM-11/Tu-10 reel-to-reel mag 
tape systems along with software and 
diagnostic compatibility for all indus
try standard TU-10 equivalent tape 
drives is a direct plug-in to DEC's LSI-
11 (quad) and -11 / 2 (dual) back
planes. The dual-slot size module T0-
3 requires only a company intercon
nect cable to operate with the selected 
tape drive. Interface with NRZI in
dustry standard 7- or 9-track tape 
systems is obtained with the con
troller's DEC approved circuit drivers 
and receivers. 

Manufactured by Dynus Inc, 3190K 
Airport Loop Dr, Costa Mesa, CA 
92626, the controller also incorporates 
a bipolar microprocessor. The re
quired 5 Vdc at 3.5 A is supplied 
through the backplane and is equiva
lent to less than one bus load. 
Circle 439 on Inquiry Ca rd 

Auto-Answer Auto-Dial 
Modem Performs LSl-11 
Communications Functions 

As a low speed modem for the Digital 
Equipment Corp LSI-11, -11 /2, and 
PDP-11 /03 computer families, the 
dual-width board provides computer 
controlled answering and origination 
of data communication functions when 
used with TELCO CBS type DAA unit. 
Baud rates of 110, 134.5, 300, and 
600, and number of data bits and 
parity are software selectable. Emu
lating a DEC DLv-llE serial interface, 
the modem from Nortek Inc, 2432 
NW Johnson St, Portland, OR 97210 is 
software transparent to the RT-11 V3 
and TSX operating systems, when used 
in auto-answer mode. 
Circle 440 on Inquiry Card 

4-Channel DAC Provides 
Low Cost Interfacing for 
EXORciser Systems 

Interfacing the Motorola M6800 EXOR
ciser microcomputer system, the ST-
6800DA4A 4-channel DAC plug-in PC 
board with de-de converter and di
agnostic test program is organized as 
a 16-byte memory block. Electrically 
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and mechanically compatible with tha 
EXORciser bus, the board slides into 
the microcomputer's card slots. 

Features are 12-bit binary resolu
tion, 4-/.ts settling time, ±J~ LSB non
linearity, and full-scale output volt
ages of 0 to 5, 0 to 10, -5 to 5, 
and -10 to 10 V. Input coding is 
straight binary (unipolar) and offset 
binary or 2's complement (bipolar). 
Other specifications incorporated by 
Datel Systems, Inc, 1020 Turnpike 
St, Canton, MA 02021 include low 
output impedance of 50 mn, ±20-
ppm / 0 C gain temperature drift, ±10-
ppm / °C offset drift, ±5-ppm / °C zero 
drift, and 1.2-A current drain at 5 V. 
Circle 44 1 on Inq uiry Card 

Add-In Memories for 
LSl-11 s Provide up to 
32k x 18 in One Slot 

Two add-in expansion memories, 
hardware and software compatible 
with Digital Equipment Carp's LSI-11 
and -11 /2 computer systems have 
been introduced by Monolithic Sys
tems Corp, 14 Inverness Dr E, Engle
wood, co 80110. The 4504, designed 
around a 4096 x 1 NMOS dynamic 
RAM, provides up to 8k x 18. It is 
available in 4k or 8k x 16 or 18 
configurations. The 4604 has up to 
32k x 18 in one option slot. It is de
signed around a 16,384 x 1 NMOS 
dynamic RAM, and is available in 
16k, 24k, 28k, or 32k x 16 or 18 
configurations. An additional 3k of 
memory is possible by utilizing I /o 
page for main memory. 

Both offer access times of 290 ns 
for DATI and DATO (B) and 850 ns 
for DA TIO ( B) . Switch selectable re
fresh modes for external and internal
ly distributed refresh are included, 
as is switch selectable addressing on 
any lk boundary from 0 to 128k. 
Circle 442 on Inquiry Card 

BASIC and 1 M Bytes 
Of Storage Highlight 
Desktop Computer System 

Featuring a built-in CRT with a 1920-
character display, the IMPAK M-1 is 
based on a 3-MHz 8085 processor. 
Two double-density floppy disc drives 
provide an initial storage of IM bytes; 
three optional doub!e-density dual
disc drives allow external storage to 
4M bytes. 

IMEX Computers, a div of Interna
tional Materials, 54 Middlesex Tpk, 
Bedford, MA 01730 offers a BASIC 
software package with the system for 
commercial applications, or an option-

al FORTRAN IV package for scientific 
and engineering environments. Sup
port software includes utilities; a disc 
operating system with text editor, job, 
file, and storage management facili
ties; and debug and diagnostics. 
C ircle 443 on Inquiry Card 

Disc Architecture 
Provides Microcomputer 
With High Throughput 

Packaged in a 42" (107-cm) equip
ment rack, the C3-B has a minimal 
configuration with 48k of static RAM; 
the company's triple processor CPU 
board with 6502A, 6800, and Z80 
microprocessors; dual floppy disc 
drives for program and data mobil
ity, and a 74M-byte Winchester tech
nology fixed disc. The disc communi
cates with the CPU via a dedicated 
high speed memory channel which 
services a dual port memory. Thus, 
high performance disc operation is 
achieved without degradation of pro
cessor speed or use of interrupts. 

Ohio Scientific, 1333S Chillicothe 
Rd, Aurora, OH 44202 has allowed 
for expansion by designing a 16-slot 
case in which only seven slots are 
used in the $11,090 base system. An 
os-65U disc operating system with 
Extended BASIC is included with the 
computer. 
C ircle 444 on Inquiry Card 

,uComputer Interface 
Combines Text/ Graphic 
Video Display 

Functions of text display, graphic 
display ( 320 H x 200 V resolution 
with the Super Dense option) ; key
board input port, and 4k bytes of 
onboard control ROM make up the 
MERLIN video interface, available 
assembled or in kit form. As an in
telligent console I /o device for a 
small system, the unit displays 20 
lines of text with 40 char/lines, upper 
and lower case. 

As a medium resolution graphic 
display for graphic development and 
end user systems, the interface has 
a standard resolution of 160 H x 
100 V, true bit mapped graphics. 
MiniTerm Associates, Inc, Dundee 
Pk, Andover, MA 01810 has devel
oped the ROM firmware to provide a 
keyboard driver with edit key de
coding, display output, monitor func
tions, cursor I edit functions, graphics 
subroutines, and a keyboard graphic 
drawing mode. 
Circle 445 on Inquiry Card 
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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 MOS 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 138 
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! 

*Using standard 48 contiguous 
characters. 64, 96 and I 12 
character sets optionally available. 

Consider the outstanding 
features of MOS 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 VFCJ 
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. 
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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 MOS 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. 

lDJB 
Mohawk Data Sciences 
,- ------- -, 
I Mohawk Data Sciences - OEM Division 1 

I Palisade St. , Herkimer, N.Y. 13350 I 
I Please send me information on the MDS I 
I Model 5321. I 

1Name -----------l 
I I Title __________ --1 

I Company ----------1 
1

Street ----------
1 
! City __________ ___, 

l state Zip __ ~ 
I 
ID I'm in a hurry. Have a representative call. I 
L CD9~ _______ __J 
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MICRd DATA STACK 
COMPUTE R S ANO SYSTE M S 

Low Cost Prototypin9 
Boards Aid Series/SO 
Microcomputer Design 

Two protqtyping boards, form and 
size compatible with Intel sBc-80/ 10 
and -80/~0 or National BLc-80/10, 
-80I11, -80I12, and -80I14 microcom
puter boards, have five double-sided 
card edge connectors for bus oriented 
parallel or serial 1/0. Available from 
Vector Electronics Co, Inc, 12460 
Gladstone Ave, Sylmar, CA 91342, the 
12 x 6.75 x 0.042" (30.48 x 17.15 x 
0.107-cm) boards are prepunched 
with 0.042" (0.107-cm) diameter 
holes on 0.1" (0.25-cm) grids. They 
accommodate DIPS with 0.3, 0.4, 0.6, 
and 1.9" ( 0.76-, 1.02-, 1.5-, and 2.3-
cm) lead spacing, as well as such 
components as solid-state or electro
mechanical relays and th\.Jmbwheel 
switches. 

Model 4608 has heavy duty power 
and ground buses. It holds up to 54 
16-pin DIPS in the patterned area and 
has a 13-in2 ( 84-cm2 ) unclad area 
for free component placement. Solder
ing DIPS and interconnections or easy 
solder mounting of wrap-post DIP 
sockets is possible. Model 4608-1, 
identical to 4608, has no etched pat
tern . With continuous array of 0.042" 
(0.107-cm) diameter holes on a 0.1" 
( 0 .25-cm) grid, it holds up to 144 
16-pin DIPS. 
Circle 441> on Inquiry Card 
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Mic rocompute r Language 
Permits Use of 
St ructured Programming 

Written in 6800 assembly language, a 
3-pass compiler provides a disc based 
high level language for microcom
puters with at least 16k of RAM. Ver
sions are available for ICOM FDOS-II, 
Smoke Signal Broadcasting oos68, 
and SWTPC Flex STRUBAL (sTRuctured 
BASIC Language) has been developed 
by Hemenway Associates, Inc, 151 
Tremont St, Suite 8P, Boston, MA 
02111, with features of fully relocat
able and linkable code. 

Software supports a full set of sci
entific functions, 1- and 2-dimensional 
arrays, three data types, structured 
programming forms, string functions, 
and embedded assembly language in 
the source program. Line numbers are 
unnecessary in source programs . Sub-
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routines may be compiled or assem
bled separately and are called by 
named parameters. Price of $99.95 
covers the compiler (including run
time package) provided on floppy 
disc, together with user manual. 
Circle 447 on Inquiry Card 

Programming Languages 
Are Designed Specifically 
for uComputer Systems 

Mcz-1 series microcomputers are now 
supported with COBOL and an ex
tended BASIC interpreter for highly in
teractive environments; the latter also 
supports the zos-1140 and -1/25 de
velopment systems. The company's 
version of the 1974 ANSI X3.23 COBOL, 
incorporating many Level 2 features, 
is designed to allow relatively large 
programs in a small machine. 

According to Zilog, Inc, 10460 
Bubb Rd, Cupertino, CA 95014, users 
of the microcomputer systems can 
compile and execute standard COBOL 
programs with performance and char
acteristics that equal or exceed COBOL 
minicomputer performance. Features 
include such extended CRT control 
features as accept and display; a de
bug structure for interactive program 
development; sequential or indexed 
file access; random files; program seg
mentation; library; interprogram com
munication; and 18-digit decimal and 
binary data types. Running on 48k
byte systems, the language uses the 
znosu and runs under the standard 
RIO operating system. 

With an optimum blend of speed 
and precision, the BASIC interpreter 
subsystem allows programs to be in
teractively entered, edited, run, and 
debugged. Real, integer, and string 
data can be manipulated with full file 
capabilities, including both string and 
record random access. Binary and 
BCD data math packages are included. 
The interpreter interfaces with the 
RIO system; programs can interface 
with PLZ or assembly language pro
cedures, and can be chained to other 
BASIC programs. 
Circle 448 on Inquiry Card 

High Level Interpreter 
Advances Debugging 
Capabilities of SLAM 

A second generation interpreter for 
the BASIC-like SLAM offers a system 
well adapted to resident high level 
programming on 8080 /8085 systems, 
while including such capabilities as 
direct keyboard 1/ 0 examination, auto
matic breakpoint insertion, symbolic 
program variables listing, and direct 

memory display or modification. The 
SLAM Debugging Interpreter with all 
programming creation, running, and 
debugging facilities occupies about 
5k of RAM. Standard versions are 
available for Intel's MDs-800, lntellec 
8/Mod 80, SBc-80 board series, and 
National's BLc-80/ 10; special versions 
for other 8080/8085 based systems 
may be ordered. 

Facilities to speed and ease pro
gram development have been incor
porated in the interpreter by Penn
Micro, PO Box 5073, Lancaster, PA 
17604. Listings may be in decimal, 
hexadecimal, or binary; all operations 
including 1/0 may be either 8 or 16 
bits in length. A facility to translate 
hexadecimal or decimal numbers to 
hexadecimal, decimal, or binary is 
also included. 
C ircle 449 on Inquiry Card 

8080 Program Converts 
English To Drive 
Speech Synthesizers 

Hand coding of phonetic messages for 
speech synthesizers is eliminated by 
ANGLOPHONE, an 8080 program which 
transforms English in real time into 
phonetic codes. Large data bases are 
ready immediately for speech output. 

Required hardware is an 8080 CPU, 
Bk bytes of memory, and a speech 
synthesizer. UPPER CASE books, 502 E 
John St, Champaign, IL 61820 has 
designed the program to be patched 
easily into any higher level program
ming language. Talking terminal soft
ware is available to convert an 8080 
based intelligent terminal into a talk
ing terminal for use on any computer 
system. 
Circle 450 on Inquiry Card 

Small But Comprehensive 
Realtime Executive 
Operates on LSl-11 s 

Applications can be developed 
quickly and efficiently without the 
user having to write a special opti
mized software executive, with the 
introduction by Scien tific Systems 
Services, Inc, 1135 John Rodes Blvd, 
PO Box 610, Melbourne, FL 32901 
of the 3sx-ll realtime executive 
program. The comprehensive, though 
small, realtime operating system for 
the LSI-11 features CRT handlers, 
TTY handlers, floppy disc support, 
1/ 0 queuing, and intertask communi
cations linkage. It is furnished with 
software documentation and a user's 
manual. D 
Circle 451 on Inquiry Card 

COMPUTER DESIGN/ SEPTEMBER 1978 



CIRCLE 94 ON INCj)UIRY CARD 

PDP·11 is a trademark ol 01g1tal fQu1pmen1 Corporation. 
Nova is a trademark ol Data General Corporation . 

Here's the best alternative to 
fixed-head disk for cost-conscious 
users of PDP-11 & Nova computers. 

• High speed random access. 

•Solid state reliability. 

• Pluggable modules of 0.524 
megabytes each; expansion 
capability to 8.388 megabytes. 

• 1.5 microseconds access time. 

•Transfer rate of 525,000 
words/ second. 

• No data loss in event of 

• No moving parts. Low 

The MaxiRAM System 
is also available for use 
with other computer 
types. 

Order your FREE copy today! Find out 
how the MaxiRAM Storage System offers 

unmatched economy and performance for 
your memory requirements. 

Imperial Technology, Inc. 
831 S. Douglas Street 

El Segundo, California 90245 
(213) 679-9501 



TWELVE REASONS 
WHY THE Ll35 IS THE 
MOST PRODUCTIVE 
LSI BOARD TEST SYSTEM _____ ~ YOU CAN OWN. ==-c= ___ _I 

To compare productivity in LSI board testers, take 
their three common operations: diagnosing, testing, and 
programming. Now, to each operation apply the basic 
measures of productivity: cost, throughput, and quality 
of testing. 

The L135 has the highest diagnostic 
throughput, the lowest operating cost. 
No other test system comes even close. 

1. The L135 finds bad LSI devices 
on long buses. 
The Electronic Knife does it. It takes just a few more 
probes after regular guided probing finds the failing bus. 
Without the Electronic Knife, you're faced with trial and 
error replacement of LSI chips. Or skilled technicians 
tying up the system for an hour or more per bad IC. 

192 

2. The L135 makes fewer diagnostic 
probes - by an order of magnitude. 
State-sensitive trace does it. Most LSI boards are loaded 
with multi-input LSI chips linked through "wired-and" 
bidirectional buses. These often require hundreds of 
diagnostic probes per fault. State-sensitive trace cuts the 
number dramatically. 

3. The L135 produces immediate 
probe commands. 
The on-line circuit model with a large random-access 
memory does it. With circuit structure immediately 
accessible, the operator does not wait for commands 
between probes. Other test systems that use fault dic
tionaries often delay each command several seconds, 
adding minutes to each diagnosis. 

4. The L135 mechanizes probing. 
The M150 Automatic Prober does it. Seven to ten times 
faster than a human operator, the Ml50 speeds up board 
diagnosis even more because its operation is both error
free and fatigue-free. 
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The L135 delivers the highest quality of 
testing, thereby slashing costs for diagnosis 
later at systems test and service out in the field. 

5. The L135 emulates LSI-board 
operating environments. 
5-MHz clock-rate testing does it. To ensure adequate 
board quality, you usually have to run LSI boards at clock 
rates as the last step in testing. Only the Ll35 provides 
test rates of up to 5-MHz, the speed of many microproc
essors seen in today's products. 

6. The L135 emulates and tests 
CPU sets. 
Multiple drive/compare phase control does it. During 
clock-rate testing, the test system must first replace the 
CPU set and then test it at speed. The associated micro
processors usually receive multi-phase inputs and gener
ate multi-phase outputs. The L135 provides the neces
sary, easy-to-program, precise phase controls over 
driver inputs and comparator strobing. 

7. The L135 tests and diagnoses 
analog circuits. 
Integrated ac-dc-parametric capability does it. The L135 
offers many analog force-and-measure functions through 
matrix connections, all completely integrated into system 
hardware and software. If these capabilities aren't inte
grated into the test system, they must often be added to 
accommodate the increasing analog content of LSI boards. 
That prolongs test time and slows diagnosis considerably. 

8. The L135 tests at de and clock-rate 
on the same channel. 
All-speed pin compatibility does it. In clock-rate testing, 
high-speed tests are usually applied on the same pins 
tested earlier with de. The Ll35 allows you to apply both 
types of tests at the same system channel, eliminating 
the need for awkward switching or extra channel capacity. 

9. The L135 has enough clock-rate 
channel capacity for the big iobs. 
444110 pins does it. Big LSI boards have upwards of 
250 edge-connector pins, all active. In addition, you need 
simultaneous access to dozens of internal test points and 
devices invisible to the edge connector. The Ll35 offers 
the highest clock-rate channel capacity, enough for all 
foreseeable LSI boards. 

10. The L135 cuts total 
programming time. 
The P400 Automatic Test Generation System does it. 
The P400 automatically generates all the de patterns and 
diagnostic data for the toughest part of most LSI boards: 
the jungle of random digital logic, as well as those por
tions containing modeled LSI devices. Total program
ming time is shorter. The best of the so-called "auto
mated test generation" techniques offered by other 
systems still require manual pattern-writing. That takes 
longer and costs much more. 

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

11 . The L135 cuts system time 
for debugging. 
Immediate-response debug software does it. During test
plan debugging, the Ll35 responds to the test engineer's 
commands and displays results immediately. Total 
debugging time is cut to a fraction because the test 
engineer is not distracted by system delays; he can con
centrate on his circuit and his test plan. 

12. The L135 readily assembles 
the many parts of LSI test plans. 
Structure-merge programming does it. Test plans origi
nate in many places: manual patterns and circuit models, 
learned data from known good boards, circuit and device 
simulators, automatic pattern generators, etc. The 
L135's structure-merge software and its straightforward 
protocol assembles them all into a coherent package, 
saving your engineers hours of tedious and costly work. 
For more information on these and other Ll35 features, 
write Teradyne, Inc. , 183 Essex Street, Boston, 
Massachusetts 02111. 
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CMOS ON SAPPHIRE 

Scott Smith and Eric R. Garen 

Integrated Computer Systems, Inc 
Santa Monica, California 

T here are many in the semiconductor industry who 
believe that the most promising of all integrated 
circuit technologies is to be found in the fabrication 
of complementary metal-oxide semiconductor devices 
by means of the silicon-on-sapphire process. Neverthe
less, this technology has been faced with some serious 
obstacles that are only now being resolved. Whether 
the solutions that have been developed are sufficient 
to bring the technology into its own as a strong con
tender against the leading n-channel metal-oxide semi
conductor as well as integrated injection logic approaches 
remains to be seen. 

The pairing of complementary metal oxide semicon
ductor (CMOS) and silicon-on-sapphire (sos) technol
ogies is a natural one, since sos solves the primary 
speed-limitation problem of CMOS. CMOS is a circuit 
configuration in which complementary n and p type 
metal-o'xide semiconductor field effect transistors 
( MOSFETs) are connected in series to act as a "push
pull" inverter. This structure can be viewed as a tran
sistor having an active load-the complementary transis
tor-rather than the typical passive resistor load. In 
theory, this should result in shorter gate delays be
cause the "load" actively assists in switching the current. 

Low power consumption is the principal advantage of 
CMOS; when the circuits are not actually switching 
from one state to another, virtually no current flows 
(Fig 1). This is a result of the series complementary 
transistor arrangement. In the steady ( nonswitching) 
state, one transistor is on and the other is off, so that 
no current flows through the pair. The only current 
is a miniscule flow between the on transistor and the 
gate of the next stage of circuitry. Since the gate of 
a MOSFET draws very little current, the entire CMOS 
circuit consumes very low power. 

The main practical limitation on the speed of CMOS 
circuits is the parasitic capacitance of the aluminum 
conductors that interconnect the transistors. These con
ductors, separated by a layer of SiO~ (glass) from the 
bulk silicon semiconductor substrate, restrict switching 
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speeds by presenting a significant capacitive load for 
the very low current levels being switched. 

sos technology was evolved primarily to reduce para
sitic capacitance-thereby significantly increasing the 
speed of CMOS while maintaining its low power benefits. 
The CMOS circuits are fabricated in a thin silicon layer 
grown on a sapphire substrate. Being a nonconductive 
material, the sapphire virtually eliminates the problem 
of capacitance between the aluminized conductors and 
the substrate. The choice of sapphire as the noncon
ductor stems from two properties: first, large sapphire 
crys tals can be grown; second, and more important, its 
thermal coefficient of expansion is virtually identical 

•Y 

INPUT OUT 

Fig 1 CMOS inverter. P-channel MOSFET 
conducts when input voltage is negative. N
channel MOSFET conducts when input is 
positive. Since only one of complementary 
transistors conducts at any time, no current 
flows from +v to ground. Only flow in steady 
state is along "out" lead to drive gate of 
next stage at very small level of current. 
Some power is dissipated during switching; 
as one device is turning on and other turning 
off, brief interval occurs during which both 
conduct 
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One of the Finest N~w OEM Products For the Computer Industry ... 

Though it looks the same on the outside, today's Mini-Raycorder incorporates many 
improvements which make it even more rel iable, easier to use and better performing than 
the original design. The Model 6409 Mini-Raycorder, which scored such a.resounding 
success as the world 's first tape recorder for ANSI proposed standard Mini-Oat& Cassettes, 
is now impossible to beat. 

Check these new features for yourself: 
Ball-bearing motor for improved reliability 
New servo design for better tape handling 
Full bi-directional operation available · 
Optional connector config urations available for easy interfacing 
l[nproved cassette insertion and removal 

CIRCLE 96 ON INQUIRY CARD 
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to that of silicon. If the thermal coefficients for the 
two materials were not matched, silicon circuits grown 
on sapphire would buckle and dislodge as the circuits 
heated. 

Circuit capacitance is further reduced through elimi
nation of the large horizontal junction structures used 
in other fabrication technologies. In sos, these 
arc replaced by vertical junctions, and junction capaci
tance is sharply diminished. 

A side benefit is the elimination of a processing prob
lem that, in other technologies, can cause chip failures. 
In sos, as in the other technologies, the aluminum 
ipterconnects run on top of an insulating layer of Si02• 

With sos, a pinhole in the Si02 layer is usually not 
catastrophic, because below the Si02 is tlie insulating 
sapphire; therefore, penetration does not result in a 
short circuit. In contras t, a pinhole in a non-sos device 
could cause a short circuit between the conductor and 
the underlying silicon layer, leading to device failure. 

SOS Fabrication Problems 

D espite apparent advantages of sos technology, many 
years of research and development efforts by many 
companies failed to produce significant results until 
last year, when Hewlett-Packard announced the de
velopment of a 16-bit single-chip microprocessor built 
with CMOS on sapphire. The primary obstacles have 
been (and are) materials and processing problems. 
First, significant problems are encountered in the effort 
to grow an epitaxial layer of silicon on a sapphire 
wafer; second, impurities on the surface of the sapphire 
presen t problems. 

Many early attempts at sos relied on a mesa structure 
(Fig 2). However, this led to difficulties in running 
aluminum interconnections up and down the mesas and 
especially across the right angle bounqary of the silicon 
mesa and the sapphire. Other problems were encountered 
in bonding the metal directly to the sapphire. 

Attempts to apply conventional silicon fabrication 
methods to sos met still further difficulties. For ex
ample, silicon diffusion processes were found to crack 
the sos wafers. This made it necessary to develop new 
processing methods. Because of these and other prob
lems, one sos effort after another resulted in failure. 

In announcing its accomplishment with this tech
nology, Hewlett-Packard attributed its success to step
by-step application of materials and process engineer
ing. Emphasis was placed on techniques for growing 
sapphire crystals and concentrated efforts were made 
to eliminate impurities at the silicon-sapphire boundary. 
This elimination of impurities solved a series of prob
lems, including that of transistor leakage. (Transistor 
leakage had caused difficulties for various manufacturers 
working in this technology; for example, RCA reportedly 
1undertook a total encapsulation of sos transistors to 
preven t leakage.) Standard silicon processes were re-en
gineered to adapt them to sos; these included diffusion 
and ion implant processes. 

Finally, HP's sos devices were developed along classi
cal lines of semiconductor evolution, going from a mesa 
to a planar structure. This alleviated the metallization 
problems that arose in mesa geometries. Details on some 
of these innovations, as they apply to sos fabrication 
procedures, are discussed in "One Solution to SOS 
Fabrication Problems." 

Resul t s and Future Projecti on for SOS 
Hewlett-Packard's silicon-on-sapphire process is now 
being used to produce 16-bit single-chip microproces
sors and related circuits. A chip occupies an area of 
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One Solution to SOS Fabrication Problems 

Problem 1: ·Fabricating conductors across a silicon 
dioxide-sapphire boundary 

ALUMINUM 

SAPPHIRE 

ALUMINUM 

s;o.z 
DOPED 

SILICON 

Solution: Grow a doped anisotropic crystal silicon 
structure on the entire wafer. This prevents any 
further processing interaction with the sapph i re sur
face. The CMOS transistors will later be fabri cated 
by altering the silicon crystal. 

DOPED SILICON 

Problem 2: Metallization across uneven boundaries 

THIN---=--,i:~------
--A-L-UM- l-NU_M ___ __,EOOPED SILICON 

SAPPHIRE 

Solution: Where no devices are to exist, change the 
doped silicon to silicon dioxide of the same height. 
This is accomplished in two steps. 

Starting with a layer of silicon anisotropically etch 
away at the nondevice areas in the silicon so that 
when those areas are oxidized to form silicon dioxide, 
the oxidation builds the etched-away nondevice areas 
to the same height as the device areas. 

First step : Etch 

ETCH MASK 

I N• 

/////}APiRE////// / 

....____ NONOEVICE -+ DEVICE -·I,.•-- NONOEVICE AREA AREA AREA 

Second step: Oxidize 

s;o2 ~ N• ? So02 

I I I I I I ~;·•7 1:E I I I I I I I 
11111 ..,___NONOEV ICE~DEV ICE •I• NONDEVlC E -AREA I AREA AREA 

Result (after removing oxidation mask) 

s ; o 2 L N • J s; o 2 

I I 11 I I I ;;··~l:E I I I I I I I I 
....,____NONDEV ICE-+DEVICE •I• NONDEVICf ---• AREA AREA AREA 

An added benefit is that the Si02 regions insulate the 
devices from each other. 

Problem 3: Forming the npn and pnp regions in an 
existing doped silicon crystal 

Solution: A battery of techniques were developed to 
diffuse impurities right down to the surface of the 
sapphire. These include boron ion implantation, heat 
diffusion from a heavily doped layer such as phos
phorous doped oxide that is deposited on the surface 
of the doped silicon, and use of temporary masking 
agents such as Si,N, that are later removed. The final 
structure is: 

N· CHANNEl TRANSIS10R P· CHANNEL TRANSISTOR 



Biomation 
invented 
the glitch fixer. 
Our new 9100-D logic analyzer combines the useful 
features and advanced capabilities you need for fast, efficient 
troubleshooting of d igital systems. 

The 9100-D enables you to record up to nine digital signals 
simultaneously, each in a 1024-word memory And it 
records at a full 100 MHz, with Latch Mode for capturing 
glitches as narrow as 5ns. 

We've added a new and useful feature to our newest 
logic analyzer - an LED numeric readout of trigger delay, 
cursor position and selected time interval So analysis 
of captured data is easier and more precise. 

Check all the features of the 9100-D. Then check with our 
Ed Jackhtch to arrange a demonstration in your lab 
Call ( 408) 988-6800 Or, for more information, write Gould/ 
Biomation Division, 4600 Old Ironsides Dnve, Santa 
Clara, CA 95050. 

Now we've made it 
even better. 

QUALIFIERS 
TRIGGER CLOCK 

x 

0 

Qualifier selection 
Control data recording with clock 
and trigger qualifiers. 

Trigger on 30-bit words 
Optional 10-TC Probe Pods extend 
trigger word from 10-bit trigger. 

Gould Inc., Biomation Division 

Trigger position 
Marks trigger on CRT. LED 
readout shows trigger position. 

INPUT MODE 
CH 1-4 CH 5-9 

SMPL 

Latch/sample selection 
Catch glitches of 5ns or narrower, 
using Latch Mode. 

4600 Old Ironsides Drive. Santa Clara. CA 95050 

INTERNAL CLOCK 
I 

"~ .01 .a 

100 MHz speed 
Dial in clock rate, from 100 Hz 
to 100 MHz. 

CH9 

Nine channels 
Ideal for debugging 8-bit-plus
parity systems. 

,-------DELAY/CURSOR-----~ 

l
lNC DELAY e CLEAR 

LED readout 

CURSOR " 

DEC 6. A 
CURSOR . 

I 

SET 

I 

For precise measurement oft rigger delay, cursor position and ti me intervals. 

-- Jt:tAV:Cu~ 1 

I
'« ot ••~,Cl. Ult 

....... e 
'u"f•• j' 

Expansion from movable cursor 
Cursor position determines where 
expansion of display begins. 

A portable performer 

Precise time interval measurement 
Readout indicates clock periods 
between selected cursor positions. 

The 9100-D is compact and light, and connects to any oscilloscope with 
simple two-cable hook-up. 

•) GOULD 
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approximately 50,000 mil2, comparable to processors 
built with NMOS technology ( eg, TI' s 9900) . These pro
duction devices contain up to 40,000 transistors, also 
comparable to MOS competitors. A density of 500 devices 
(approximately 150 gates) /mm2 is typical of sos random 
logic layouts, and this too is similar to NMOS densities. 
Thus, at the present time, device complexity of sos 
and NMOS is roughly equivalent. Furthermore, future 
projections by proponents of both technologies indicate 
comparable device complexities in the future. 

The speed-power product (the most typically used 
measure of performance) is quite good for NMOS

roughly 1.5 pJ. While better than that of conventional 
NMOS processes, it is similar to that achieved with H~os 
processing (see Computer Design, Aug 1978, pp 160-
162), which provides ;:t reported speed-power product 
of 1.0 pJ.-

Fig 2 Early SOS configuration em
ployed mesa structure. Difficulties arose 
in metal interconnect Jines configured 
to ·right-angle geometry. Metal-sapphire 
bonding provided additional problems. 
Later development Jed from this to 
planar structure 

Hewlett-Packard conservatively projects a reduction 
of the SOS speed-power product to 0.2 to 0.3 pJ by 
the early 1980s, while HMOS predictions are 0.2 pJ 
by 1980. Thus, it can be foreseen that the speeds of 
these two families will remain roughly equivalent in 
the near future. However, in the long range situation, 
it appears that sos will yield superior speed, especially 
for pure random logic circuit configurations such as 
microprocessor CPU designs. 

Perhaps the only major disadvantage of sos is its 
relatively complex processing. Proponents claim that 
the processing is actually no more complex than others, 
only more recently developed. Therefore, it may take 
several years for the cost of this technology to decrease 
to levels competitive with NMOS circuits. In this light, 
we can expect sos to actually begin competing with 
NMOS at the opening of the coming decade. 

Data Translation has analog 
1/ 0 systems for most major micros, 

including DEC, Intel , Zilog , Computer 
Automation , and National Semi. 

You choose from more than 50 standard inter
face boards. And select from over 20 compatible 

plug-in modules to satisfy your applications. Prices 
are low to boost your margins. Delivery is sensational. 

5 days'ARO Guaranteed . 
Call (617) 655-5300 to talk about your application. Or write for 

a free catalog , complete with in-depth technical specifications and 

DATA TRANSLA TIONl 
•4 ~5,•,.~,h•m•b•.e~R~d· .. •N•a,~ic~k ~M•A•o1~7W~. •NC j 
(6171655-5300 Tele• 94_8474 
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detailed interfacing information. 

·us domestic pnce_ Intel Analog Input 
Interface 116 channel_ 12·BHl quan111y 1 00 
Other'm1cro interlaces comparably priced 
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We never said tbeyll be good-looking. 
ELPAC's Switching Power Supplies, where reliability at an affordable price came first. 

When we set out to design and produce a line 
of switching power supplies, looks were not impor
tant. Performance and cost were. ELPAC's goal was 
to deliver high quality switchers at a good price. 
And we've done it! 

Now you can select from stan
dard ELPAC switchers in 100, 175, 
180 or 250 watt series. They 
are available at your 
local distributor. 
Open or closed 
frame. Dual input. 
Single or multiple 
output. Truly mea
sured to be greater 
than 70% efficient . 
Fully rated for 0°c to 40°C 
operation with convection 
cooling. 

The design is state of the 
art yet simple. A low component 
count offers high reliability. 

All models feature a 20 KHz switching frequency 
which is pulse width modulated for minimum line 
noise, EMI and RFI. Line and load regulation are 
± 0.1 % with soft start and over voltage protection 

standard on all units. 
So specify an ELPAC Switcher.It's 

reliable. It's priced right .It's an 
UGLY 1m But that's no surprise. 

Write or call for complete 
specifications today. 

We 've got local, 
national, and international 
distribution. Ask about our 

custom capabilities. 
GETUGLY1m 1 

-IF-
ELPAC POWER SYSTEMS 
A DIVISION OF ELPAC ELECTRONICS, INC. 

3131 South Standard Avenue 
Santa Ana, California 92705 
(714) 979-4440 TWX 910-595-1513 
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Monolithic PMOS Speech Synthesizer Models Vocal Tract On Single Chip 

Developed from a metal gate p
channel Mos process, the TMC 0280 
monolithic integrated circuit elec
tronically simulates human speech. 
The 44,000 mil2 chip is combined 
with a pair of 128k dynamic ROMS 
(each able to store over 100 s of 
speech) and a special version of the 
TMS 1000 microcomputer to form a 
talking teaching aid, Speak & SpeW", 
a consumer product developed by 
Texas Instruments Inc, PO Box 5012, 
Dallas, TX 75222. The chip is not 
available separately at this time. 

WHITE NOISE 

PERIODIC IMPULSES 

AMPLITUDE 

PITCH VOICED/UNVOICED 

Initially, human speech was ana
lyzed through use of linear predic
tive coding ( LPC) , a technique based 
on correlating consecutive digitized 
samples extracted from an analog 
speech input. The mathematical mod
el resulting from this analysis was 
used to construct a time-varying dig
ital filter as a model of the vocal tract. 
The filter logic was then implemented 
on chip. 

Twelve parameters are built into 
the onchip logic: pitch, energy, and 
ten filter coefficients. Time-varying 

n . 
1 • L ai z-1 

i-1 

FILTER 
COEFFICIENTS 

SYNTHETIC SPEECH SIGNAL 

Basic model of linear predictive coding for speech synthesis process. Periodic 
inputs consist of voiced sounds and white noise inputs for unvoiced sounds. 
Amplitude variable is applied to input, which is then processed through digital 
filter. Continually updated filter coefficients represent specific sound com
binations. Output is synthesized speech 

11011 
11001 
1100 
1001 
l\01 
1110 
1011 
111 
11)0 
101 

10011 r".n / 
11001 '-ii'-" 
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Block diagram of Texas 
Instruments' speech syn
thesizer chip. Human vo
cal tract has been elec
tronically duplicated on 
single chip, reportedly for 
first time. Speech synthe
sis IC, two 128k ROMs 
that can store over 100 s 
of speech, and micro
computer serve as main 
electronics for talking , 
spelling learning aid 

codes (representing a sequence of 
s:·;iecific values for these 12 param
eters) are stored in the ROMS. These 
codes serve as inputs to the synthe
sizer chip, providing updates every 
25 ms. Pitch is specified as a periodic 
input to generate voiced sounds such 
as vowels or voiced fricatives ( eg, Z, 
B, and D). The pitch parameter is 
set to zero to specify a white noise 
input to the digital filter in order 
to generate unvoiced sounds such as 
S, F, T, and SH. In either case, the 
changing coefficients filter the periodic 
or random input to produce speech 
sounds. Output of the digital filter 
drives a digital-to-analog converter, 
which in turn drives a speaker. 

Speech updates from the offchip 
ROMS call for a frame rate of ap
proximately 40 Hz. (Chip design 
allows a maximum frame rate of 
50 Hz.) Within each frame, 48 data 
bits define all parameters. The data 
sampling rate is 10 kHz. Frequencies 
are provided by division of the out
put of an 800-kHz oscillator. 

A 25-state binary parameter coun
ter is used to provide a 2.5-ms param
eter interpolation interval. Stages 
of the counter are used as controls 
for the interpolation and parameter 
loading process. A final 8-stage binary 
counter directs the interpolation 
sequence. During the last of these 
stages, new speech parameters are 
transferred from the ROMS. 

A 10-section digital filter performs 
2's complement arithmetic with 10-
bit time-varying reflection coefficients 
and 14-bit intermediate results. To 
combat the inherent negative drift 
due to truncation , a 1 is inserted as 
the least significant bit at the con
clusion of each multiplication. 

During each 100-µs sample period, 
the filter computes 20 values, 19 
which involve a product and a sum. 
The values are calculated in a se
quence that permits the multiply 
operations to overlap. An 8-state 
pipeline multiplier completes these 
overlapping multiplies at a rate of 
1 every 5 µs. Inputs are provided 
by a recirculating register stack con
taining reflection coefficients and a 
multiplexer that selects calculated 
values and special inputs. 

For voiced sounds, a 5-ms chirp is 
applied to the input at a time in
terval equal to the pitch period. The 
chirp is stored in digital form in a 
50 x 8 ROM addressed by the pitch 
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Here is absolutely the best 
PC connector catalog you can 
get your hands on. 

There's no point in being modest about the thing. This is the 
clearest, most straight forward, easy-to-use PC connector 
catalog in the business. 

It helps that it is also your guide to one of the broadest 
lines of PC connectors offered by a single manufacturer. 
We have more basic designs in more depth, with more 
options than anyone. 

But our line is only as good as your ability to get to it. And 
so we've spent time and effort to make sure our catalog 
lets you do just that. 

It's logically organized - first by contact centers and 
then by type of terminations. 

Everything on each connector series is shown on a single 
spread. No flipping back and forth. 

You spend your time solving your design problem -
instead of trying to solve our catalog. 

Use the coupon and get your free copy. 

Quick delivery of connectors Our distributors keep a 
large inventory of standard Viking connectors. If you need 
connectors in a hurry, chances are they're only a phone 
call away. 

~-------, 

I ~~~ :ooectcrcda~ I I D the oome of vooc ™"""" '9p./ d•bbrtcr. I 

I 
NAME: TITLE: 

------- COMPANY: _______ PHONE: ____ EXT:__ I 
I 

ADDRESS: I 
CITY : ______ STATE: _____ ZIP: __ _ 

I
I ~Xi~jgg ,1 

Viking Industries, Inc. 

21001 Nordhoff Street. Chatsworth. CA 91311 , U.S.A./(213) 341-4330 / TWX 910-494-2094 .. _______ . 
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period counter. Address inputs equal 
to zero or in excess of 50 produce 
a zero output. The pitch period coun
ter is binary, incrementing once every 
100 µ.s, and resetting itself to zero 
on the count following a true com
parison of itself and the pitch regis
ter. A pitch value of zero is defined 
as unvoiced sound and causes the 
pitch counter to reset continually 
to zero. This produces a zero at the 
chirp ROM outputs. Special provisions 
are made to zero the pitch counter 
at a voicing transition (voiced to un
voiced or vice versa) and prior to 
the start of speech. 

Unvoiced excitation is used when
ever the pitch parameter equals zero. 
The excitation has a constant magni
tude of 0.5 and a pseudorandom 
sign. Since a pitch of zero guarantees 
a chirp ROM output of zero, it is 
necessary only to include the sign 
bit and a 1 for the excitation most 
significant bit to insert unvoiced ex
citation. 

The 12 synthesis parameters are 
stored in the offchip ROMs in coded 
form. Each parameter has only cer
tain allowed values within the 210 

possible combinations. Since the mun
her of allowed levels is related to 
the number of code bits required in 
the ROM for each parameter, a com
promise is made between speech 
quality and data storage. 

A full set of parameters for each 
frame would require a data rate of 40 
Hz x 48 bits = 1920 bits/s. (This 
would be 2400 bits/s at the maxi
mum .50-Hz frame rate. ) Three spe
cial cases, in which a full frame is 
not necessary, allow the data rate to 
he considerably reduced. 

( 1) Since the vocal tract changes 
shape relatively slowly, it is often 
possible to repeat previous reflection 
coefficient data. To facilitate the re
peat feature, a control bit has heen 
added to each frame. If this bit is 
1, no more data are accessed from 
the RO~l and the previous filter co
efficients are retained. 
(2) Unvoiced speech requires fewer 
filter coefficients. When pitch equals 
zero, only four of the ten filter co
efficients are stored in ROM; the rest 
are zeroed. 

( 3) When energy equals zero, no 
other data are required. This corre
sponds to interword or intersyllahlc 
pauses. 

The comhination of these three ef
fects has reduced average data rate 
to a level of 1200 to 1500 hits/s. 
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In most cases, it is best to vary 
the speech parameters smoothly from 
frame to frame rather than updating 
them only at the encl of the frame 
period. Therefore, the synthesizer 
chip contains logic to do an approxi
mately linear interpolation of all 12 
parameters every 2 .5 ms. The inter
polation logic calculates a new param
eter value from the present value 
and the next value stored. in code 
in the parameter RAM. Interpolation 
is inhibited during transitions from 
silence to the initial frame of a 
phrase, from voiced to unvoiced 
speech and vice versa, and from a 
frame of zero energy to one of non
zero energy. 

Filter output feeds into an 8-hit 
digital-to-analog converter residing 
on the synthesizer chip. This DAC 
provides least significant bit accuracy, 
low pass filtering, and 100-m W push
pull speaker drivers. 
Circle 3~0 on Inquiry Card 

2k x 8 EPROM Provides 
Flexibility At Low Cost 

Organized as 2k 8-bit words, the 
TMs2716L erasable and electrically 
reprogrammable read-only memory 
from Motorola Semiconductor Procl
uets, Inc, 3501 Ed Bluestein Blvd, 
Austin, TX 78721 is a pin-for-pin 
replacement of the Texas Instru
ments TMs2716JL, and is available on 
a second-source basis for that part. 
Pin compatibility to the MCM2708L 
and P, and 68708L EPROMS is an ad
ditional benefit. Upgrading to this n
channel silicon gate device from the 
2708 reduces weight and halves power 
dissipation; providing a chip select 
input to pin 18 is the only board 
modification required. 

This memory is provided in a 24-
pin ceramic package with an ultra
violet window. It is available at a cost 
that its manufacturer states to he 
the lowest in the industry for a 16k 
EPHOM: $23.10 in 100-piece quanti
ties. 

The clevice is designed for opera
tion with 12- and ±5-V standard 
power supplies. Maximum access 
time and minimum cycle times are 
450 ns. Absolute maximum ratings 
include operating temperature from 
0 to 70 °C and storage between 
-65 and 125 °C, and 1.8-W power 
dissipation. 
Circle 351 on Inquiry Card 

CMOS Counters Offer 
Multiple Features 
On Single Chip 

A family of CMOS 4-digit up / down 
counters combines several capabilities 
on single integrated circuit chips, 
with each feature available either 
separately or combined with the 
others. These capabilities provide a 
high speed 4-decade presettable up/ 
clown counter with carry out and 
parallel zero detect; settable regis
ters and comparator; settable count 
offset; multiplexed LED display de
coder I driver system; and multi
plexed BCD outputs. 

Counters are set through continu
ous comparison with an on board pre
settable register. There are three 
main outputs from the chip: a carry I 
borrow, allowing direct cascading of 
counters; a zero, indicating when the 
count is zero; and an equal, indicat
ing when the count matches the 
count contained in the register. 

The devices also provide multi
plexed 7-segment LED display out
puts, with common anode or cathode 
configurations · available. Intersil, 
Inc, 10710 N Tantau Ave, Cupertino, 
CA 95014 claims that these are the 
first counter circuits on the market 
capable of directly driving such dis
plays with up to 250-mA peak digit 
drive current. They can drive dis
plays of up to l" (2.54-cm) char
acter height at a 25% duty cycle. 

There are two versions of the de
vice. 1cM7217 is designed for hard
wire applications where thumbwheel 
switches are used for loading data 
and simple spelt switches are used 
for chip control. In contrast to this, 
tCM7227 is designed for use in micro
processor based systems where pre
setting and control functions are 
performed under computer control. 

These are also claimed to be the 
first electronic counters to provide 
a fully integrated multiplex oscilla
tor onchip. This scan oscillator has a 
nominal free-running frequency of 
10 kHz, which may be reduced hy 
the addition of a single capacitor 
hetween the scan pin and the positive 
supply. Alternately, the oscillator 
may be directly overdriven to about 
20 kHz. The internal oscillator out
put has a duty cycle of about 2.5%, 
generating a short pulse at the oscilla
tor frequency, which clocks a 4-
state counter to proyide the four 
multiplex phases. A short pulse width 
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D09535day 
delivery 
make Centronics' 
lne printer family 
the lieslft NO Centronics 6000 series band printe;s 

~ • have much more to offer than just 
· fast delivery; 85% parts commonality and tech-. e nical features like an operator-changeable print 

.band with a choice of several character sets and microprocessor conqol, for 
example. Four models- providing superior print quality and a range of print 
speeds-75, 150, 300 and 600 lpm, plus design simplicity that provides 
exceptional reliability and makes the 6000 series a true family of low priced, 
fully formed character line printers. 

And, as with Centronics' matrix printers and teleprinters, the 6000 series 
is backed by the largest worldwide service organization of any printer 
company, and Centronics' reputation for reliability. , 

Write or call for complete 6000 series information. Centronics Data 
Computer Corp., Hudson, NH 03051, Tel. (603) 883-QllJ. 

---------
~ 

-~ - ------- I • I 

. I 

__ ...,, ~-_......._ ~ ~~ 

CEnTRDnlCS® PRlnTERS 
Simply· Better · 
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Up/down counter as r>eripheral to IM6100 microprocessor. IM6101 parallel interface element allows addition of one 
or more counters as generalized peripherals to any IM61 00 system, with a minimum of external components 

is used to delay the digit driver 
outputs, providing interdigit blank
ing (to prevent ghosting), and also 
providing decoding and leading zero 
blanking decision time. 

Other capabilities of the family 
include operation up to 5 MHz on 
a single 5-V power supply, very low 
power cons4mption (with less than 
5 mW of quiescent power), and a 
~-state BCD r/o port. Data are multi
plexed into and out of the device 

Digital Readout System 
Utilizes Bipolar 
Ill Mo~ules · · 
Two linear integp~ted circuits-an 
analog-to-digital c'onverter and a 
BCD-to-7-segment decoder/driver
combine to act as digital readout 
system. Both res are bipolar devices, 
utilizing integrated injection logic 
(nL). 

The ADC, cA3162E, features dual 
slope A-D conversion, an ultra-stable 
internal band-gap voltage reference, 
a hold input that inhibits conversion 
while maintaining the display, and 
internal timing · (eliminating any need 
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by means of this port, which acts 
as a high impedance input while 
loading. The BCD port (functioning 
as an output) will drive one standard 
TTL load; this capability is also true 
for the three main outputs. 

Applications for these counters are 
numerous. For example, they can be 
employed as unit counters with BCD 
outputs, preclSlon elapsed time / 
countdown timers, 8-digit up / down 
counters, low cost frequency counter/ 

for an external clock.) A voltage
current converter converts the analog 
input into a current that charges an 
integrating capacitor. Clock pulses 
counted during subsequent discharge 
of the capaci~or indicate the input 
voltage level, and a comparator 
converts ·the information into BCD 
output. 

Timing is provided by a 786-kHz 
ring oscillator whose frequency is 
divided by 2048 to provide a multi
plex rate of 384 Hz. Subsequent 
division by 96 results in the slow 
speed conversiqn rate of 4 Hz. How
ever, part of the 96-divider is dis
abled when the hold terminal is 

tachometers, low cost capacitance 
meters, LCD display interfaces, or 
microprocessor interfaces. 

Absolute maximum ratings include 
power dissipation of 1 W (in a com
mon anode ceramic DIP) or 0 .5 W 
(in a common cathode plastic DIP). 
The supply voltage should not ex
ceed 6 V. Operating temperature 
range is -20 to 70 °C, and storage 
temperature range is -55 to 125 °C. 
Circle 352 on Inquiry Card 

biased at 5 V, resulting in multipli
cation of the slow speed conversion 
by 24 to produce a 96-Hz high speed 
conversion rate. During these con
versions, the multiplex rate is main
tained unchanged. 

The device is capable of reading 
99 m V below ground with a single 
supply. Overrange indications on the 
display modules show that the read
ing exceeds 999 m V or that it is 
more negative than -99 mV. 

Absolute maximum ratings for the 
ADC include 7-V supply voltage, 
±15-V input voltage, and power 
dissipation of 750 mW for tempera
tures up to 55 °C. Above 55 °C, 
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Apart-Together-
60 seconds! 
Not even a 
screwdriver needed. 

Its Revolutionary Packaging 
Slashes Downtime and Service with 

60-Second Maintenance . .. 
by Anybody . .. No tools! -

Series 10 
Teleray 1061 . .. 
the NO-COMPROMISE TERMINAL! 

S1090°0 

Single Qty. End User 

SMART (or Dumb)• EXCEPTIONAL RELIABILITY• TELERAY 1061 
• Programmable 1/0 Speeqs • Programmable Peripheral Speeds 
and Enable/Disable • Programmable Function Keys • Programmable 
WIDE-Character display• Four-level Transmission• 
Character/Line/Message/Page• Format-Protect Mode• 
Dim/ Blink/lnverse/Underline-32 Combinations• Scroll / Page• 
Cursor Address/Read• Insert/Delete• Clear-Page/ EOP/EOL • 
Transparent Mode• Typewriter Keyboard-n-Key, Auto-Repeat, 
Function Keys • Plug-in Chips 

ALL NEW 
SUPER-SERVICE, MAILORDER MAINTENANCE IS HERE! Just four 
Teleray 1061 modules snap together. Anybody can do it ... without 
tools! Spares shipped in Reusable Mailers the same day as your 
Toll-Free Call to TELE RAY Service. 
You deal direct with our Service Dept ... No Fussing with Shipping 
and Packaging Problems. One moderate fixed fee for factory 
maintenance on any of the four modules. You know where you're at 
with Teleray 1061 ... no surprises! 

Call Collect (612) 941-3300 

Teleray DIVISION OF 

@ ~~~!:~~!:!A ~S~~ 
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• 

v+ 

VII 
CONVERTER 

REFERENCE 
CURRENT 
GENERATOR 

MSD •MOST SIGNIFICANT DIGIT 
NSD• NCXT SIGNIFICANT DIGIT 
LSD• LEAST SIGNIFICANT DIGIT 

GAIN 
ADJ 

BCD OUTPUTS 
I 

7 GND 

RCA A-D converter CA3162E. Input voltage between terminals 10 and 11 is converted to 
current by VI I converter, charging integrating capacitor on terminal 12 for preset interval. 
At end of charging iriterval, VI I converter is disconnected from capacitor and band-gap 
reference contact-current source of opposite polarity is connected. Number of clock counts 
elapsing before charge is restored to initial value is measur~ of signal-induced current. Res
toration is sensed by capacitor which latches counter. Count is then multiplexed to BCD 
outputs 

dissipation must be derated linearly 
at 7.9 mW /°C. 

The BCD-to-7-segment decoder I 
driver, designated CA3161E, provides 
TTL compatible input levels and is 

INPUT 
BUFFERS 

BCD TO 
7-SEGMENT 

DECODER 

compatible with other industry stan
dard decoders. It features 15-mA 
( typ) constant-current segment driv
ers, which eliminate the need for 
current-limiting resistors . BC[! inputs 

CONSTANT 
CURRENT 
SEG MENT 
DRIVERS 

13 • I 
: SEG!IENT 

DRIVER 
e OUTPUTS 

' • 

CA3161 E BCD-to-7-segment decoder/ driver. BCD inputs go through input 
buffers to decoder where they are converted to 7-bit words. These are input 
to segment drivers whose outputs dr!ve LED displays 
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are decoded to 7-bil outputs via a 
truth table logic to drive selected 
display segments. 

Absolute maximum ratings for the 
decoder I driver specify the following 
limits: qc supply voltage of 7 V, 
input voltage of 5.5 V, and voltage 
on any single output of 10 V for 
output on and 7 V for output off. 
Power dissipation limits are the same 
as described for the ADC module. 

In the basic system application 
that uses these two modules, the BCD 
outputs of the ADC directly drive the 
BCD inputs of the decoder I driver. 
The 7-segment outputs are multi
plexed to three LED displays. Digits 
are selected by terminals 3, 4, and 
5 of the ADC, which provide base 
current to the external pnp· resistors . 
Those resistors in turn, ·provide cur
rent to the anodes of the display. 

The two modules are supplied in 
16-lead plastic DIPS and operate over 
a temperature range of 0 to 75 °C. 
They are produced by RCA / Solid 
State Div, Route 202, Somerville, NJ 
08876. 
Circle 3'53 on Inquiry Card 
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SEE THE LEADING LINEUP OF COMPUTER PERIPHERAL 

PRINTERS• DOT MATRIX• FULLY FORMED CHARACTERS •TAPE PUNCH 

These high qual ity, high profit to OEM mechanisms are backed by the worldwide reputation 
of EPSON's parent, Shinshu Seiki Co., Ltd ., Japan . All mechanisms guarantee long- life 
construction , competitive OEM pricing and many valuable design innovations. 

MODEL 3110 
DOT MATRIX PRINTER MECHANISM 

with 80 column format 
Designed for use in small-business 
and home computers, the long-
life, low-cost Model 3110 
features a 100,000,000 
character dot head . 
150 characters per 
second, with 5X7 
dot matrix 
character. 

CIRCLE 103 ON INQUIRY CARD 

MODEL 2610 
LINE PRINTER MECHANISM 
with fully formed characters 

An EPSON-designed belt -impact printing mechanism 
gives clear, readable , fully formed characte rs . 
Model 2610 prints 150 lines per minute using 
a 64 character set, 
80 column format. 

A complete line 
printer with case, 
the Model 10, 
also is 
available. 

MODEL 512 
DOT MATRIX PRINTER MECHANISM 

with 40 column format 
This compact printer has the same 
100,000,000 character dot head 
as the Model 3110, with MCBF 
of 5x1 os. It prints at a rate of 
3 lines per second. 

CIRCLE 105 ON INQUIRY CARD 

MODEL 6110 
TAPE PUNCH MECHANISM 

with full-size operation 
in a miniature chassis 

A long-life punchblock that punches 100,000,000 
characters with normal paper tape. 
Unique brushless motor 
affords long life, low power 
operation. Size is only 
4"w x 6"d x 4 Va" h. 
Operates at 50 
characters 
per second. 

CIRCLE 104 ON INQUIRY CARD CIRCLE 106 ON INQUIRY CARD 

write for complete information and OEM prices 

EPSON EPSON AMERICA, INC. 
23844 Hawthorne Blvd., Torrance, CA 90505 

Telephone (213) 378-2220 ·TWX 910 344-7390 
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Parallel 16-Bit 
Multiplier-Accumulator 
Performs 12-ns Operation 
Implemented on a single chip, the 
TnclOlOJ arithmetic unit can carry 
out a 16 x 16-bit multiplication and 
product accumulation. Multiply-ac
cumulate time is 120 ns, said by the 
manufacturer (TRW LSI Products, 
PO Box ll25, Redondo Beach, CA 

90278) to be the fastest available 
at that word size. The device can be 

CLOCK P 

I 35 

I 
I 
I 
I 
I 

16 

PRE LOAD 
CONTROL 

L __ 

used as a multiplier or multiplier
accumulator and provides conb·ol
lable addition or subtraction in a 
35-bit accumulator subtractor. Prin
ciple application involves use as a 
central arithmetic block for digital 
signal processing devices, particular
ly complex multipliers, filters, and 
FFTS. 

The numerical system can be 
either 2's complement or unsigned 
magnitude. Output contents can be 
added to or subtracted from the next 

CLOCK X CLOCK Y 

OUTPUT 
REGISTER 

• /-

BIDIRECTIONAL PORT 
(YIN LSP OUT 
PRELOAD DATA IN } 

Y-INPUT 
REGISTER 

35 

BIDIRECTIONAL PORTS 

208 

IXTP OUT, MSP OUT, PRELOAD DATA IN J 

TDC1010J· multiplier-accumulator. Device performs 16 x 16-bit 
multiply-accumulate in 120 ns. It has 3-state output controls, 
with all inputs and outputs TTL compatible 

product, or the accumulate function 
can be disabled for multiply-only 
mode. Input and output registers are 
provided, and initial data can be 
preloaded directly into the output 
register. 

Other features include double or 
single precision capability, TTL com
patible 1/0, and three independent 
3-state output controls. This radia
tion-hard device is provided in a 64-
pin DIP, operating from a single 5-V 
power supply, with a 3.5-W power 
consumption. 

Absolute maximum ratings include 
-0.5- to 7.0-V supply voltage, input 
and output voltages from 0 to 5.5 
V, and storage temperature range 
of -65 to 150 °C. Operating tem
perature ranges are -55 to 125 °C 
for the commercial version and -65 
to 150 °C for the military version 
(rncl010JM). 
Circle 354 on Inquiry Card 

Ill Technology 
Featured In Monolithic 
CRT Controller 

Integrated injection logic (nL) and 
low power Schottky processes are 
combined on a single integrated cir
cuit in the DP8350, a cathode-ray tube 
controller. The bipolar LSI device, 
developed by National Semiconduc
tor, 2900 Semiconductor Dr, Santa. 
Clara, CA 95051, combines an oscilla
tor, complete timing, CRT refresh, 
logic, and video control circuits in 
a 40-pin package, replacing as many 
as 30 or 40 MSI, ssr, and discrete 
devices previously required for 
equivalent functions. 

The chip is available in a standard 
configuration, providing a 5 x 7 dot 
matrix character in a 7 x 10 field. 
Overall display format is 80 char
acters wide, with 24 rows / frame. 
There are two refresh frequency op
tions: a 60-Hz rate (providing 260 
scan lines/frame) and a 50-Hz 
signal (providing 312 lines / frame). 
Horizontal scan frequency is fixed 
at 15.6 kHz. An internal dot rate 
oscillator, controlled by an external 
10.92-MHz crystal, gives the device 
a 91.6-ns dot time. Character time 
is 641 ns. System control input and 
character random-access memory out
puts are handled by a 12-bit bidi
rectional Tri-Statea bus. 

For special display requirements, 
the manufacturer can mask-program 
the chip to the user's specifications. 

(Continued on p 211) 



DEC® never had it so good 

DEC's semiconductor memories: 
If you want to, you can always buy semiconduc
tor memories for your DEC mini's from DEC. 

But they tend to be bulky (16K bytes to a 
board for some mini's and fiv~ boards for their 
ECC unit). 

And you probably already know about 
DEC's pricing structure on additional memory. 
®Registered trademark of Digital Equipment Corporalmn 

Plessey's: 
We offer a complete family of DEC-compatible 
semiconductor memories. 

64K, 128K and 256K bytes (with ECC) for 
the DEC PDP-11® series. 128K words for the 
PDP-8A~ And 64K bytes for the LSl-11~ PDP-
11/ 03®and our own Micro-I. 

Our plug-compatible memories cost less 
and run faster than DEC's. Reliability is ensured 
through 1003 component burn-in and 1003 
board testing. Each and every memory is then 
run in the minicomputer it was designed for 
before we ship it out the door. 

This kind of care has made us the largest 
independent supplier of DEC-compatible periph
erals. Our product line presently includes add
in/ add-on core and semiconductor memories, 
cartridge disc systems, floppy disc systems, 
mag tape systems, complete computer-based 
systems, and a wide variety of backplanes, 
expansion chassis, and other accessories. 

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

• Plessey Peripheral Systems 
17466 Daimler, Irvine, California 92714, (714) 540-9945 
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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, 
!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 1978/79 
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, 1979 
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 participating 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 
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Basic die architecture remains the 
same; however, major video char
acteristics may • be chariged due to 
the changing of information con
tained in onchip ROMS. Within the 
constraints of the frame refresh rate, 
the user may specify character and 
field size, number of characters per 
row, and number of rows. Horizontal 
and vertical sync pulses, cursor . en
able output, and vertical blanking 
output are also programmable. 

One application example relating 
to the device is a low component 
count video data terminal using the 
CRT controller and the INs8080 CPU. 
The CRT controller generates all the 
required control and , timing signals 
for displaying information on the 
video monitor. In doing, so, it provides 
dot clock, control, and courtt~r out
puts for the charad~i' generator" di
rect drive horizonta and vertical 
sync signal outputs, ·1md a direct 
cursor address location 'output. .It also 
acts as a bidirectional " RAM refresh 
counter for refreshing the video RAM 
and allowing microprocessor loading 
to its own internal registers. 

The manufacturer states that MOS 
CRT controllers cannot handle the 
high speed portions ot the controller 
block, such as dot logic, whereas this 
UL / Schottky CRT controller is well
suited to both control logic and high 
speed logic functions. This controller 
is usable as a minimum chip solution 
for a wide range of dumb, smart, 
and intelligent CRT terminal systems. 

Both the standard and semicustom 
versions of the chip require a single 
5-V source. Current typically drawn 
is 150 mA, for a 750-m W power 
consumption. 

Hybrid Sample/Hold 
Features Fast Acquisition 

Designed for application with high 
speed 12-bit A-D converters, a sample/ 
hold circuit . provides an acquisition 
time of 1.0 µ.s with a 0.01% ac
curacy ( 0.5 bit out of 12) for a 
10-V step. An 800-ns acquisition time 
is attained at a 0.1% accuracy level. 
Furthermore, the input amplifier of 
the device is uncommitted, allowing 
a variety of closed loop connections; 
it may be connected for any gain 
from ±1 to ±10. 

SHM-6 is manufactured by Date! 
Systems, Inc, 1020 Turnpike St, Can-

ton, MA 02021 with thin film hybrid 
technology. It uses a high impedance 
input transconductance amplifier to 
drive a self-contained 400-pF MOS 
holding capacitor. The resulting hold 
mode droop is 10 µVI µ.s; for slow
er applications, the droop can be 
reduced by addition of an external 
holding capacitor. Two sampling 
switches direct the output current of 
the transconductance stage either to 
the holding capacitor {in sample 
mode) or to ground ( irt hold mode) . 
The gi·ound connection in the hold 
mode results in a low hold mode 
feedthrough of 0.01% maximum. 

Other characteristics include 20-ns 
aperture time, 5-MHz bandwidth, and 
programmable gain. Maximum rat
ings include 18-V positive and nega
tive power supplies, 7-V logic sup
ply, and 5.5-V digital input voltage. 
The device is packaged in a minia
ture 32-pin case with DIL pin spacing. 
Size is 1.1 x 1.7 x 0.160" (28 x 43 
x 4 mm). Four models cover the 
operating temperature ranges of 0 
to 70 °C, -25 to 85 °C, and -55 to 
100 ·c. 
Circle 355 on Inqu iry C a rd 

Small de-de Converter 
Produces Isolated 
Dual Outputs 

Bipolar direct current oi1tputs on 
two isolated channels are developed 
from a single input voltage by the 
722 converter. The input voltage to 
the converter ranges between ±5 
and ±16 V. Output voltage is of 
the same absolute range as input. 

The device has dimensions of 1.1 
x 1.1 x 0.3" (27.9 x 27.9 x 7.6 mm). 
In addition to these small linear 
dimensions, it features low leakage 
current {l µ.A at 240 V/60 Hz), 
isolation impedance of 1010 n in 
parallel with 6 pF, and a high 
breakdown voltage . (tested at 8000 
V). The manufacturer, Burr-Brown, 
International Airport Industrial Park, 
PO Box 11400, Tucson, AZ 85734, 
uses the rule of thumb that briefly
applied test voltages should equal 
double the continuous operating volt
age plus 1000 V. Thus, for this 
system, isolation of output from input 
has a maximum rating, for continu
ous voltage, of 3500 V. Similarly, 
the two output channels are isolated 
from one another by 2000 V con
tinuous and 5000 V test. 

Total output current of 64 mA 
can be divided among four outputs 
{two channels, each with plus and 
minus outputs and common). Output 
channels can be connected in series 
or in parallel to produce higher 
voltages or currents . 

Complete system power and signal 
isolation is achieved when the con
verter is combined with the com
pany's 3650 and 3652 optically 
coupled isolation amplifiers. For ex
ample, the converter cari be con
nected to an amolifier in a config
uration that provides 3-port isolation. 
One converter channel supplies power 
to the amplifier's input. The other 
channel supplies power to the ampli
fier's output. Input and output are 
isolated from each other and the 
system's power supply common. In 
this configuration, the converter's 
channel-to-channel isolation specifi
cation applies to the amplifier input
to-output voltage. 
Circle 356 o n Inq ui ry C ard 

Flat can be 
beautiful. 

See pages 8 & 9 
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Course 365 - Four days 

Computer Graphics 
State of the Art Techniques and Appl ications 

Course 320 - Four days 

LOS ANGELES 
October 17-20 

CHICAGO 
November 7-10 

80STON 
December 12-15 

ATLANTA 
January 16- 19 

NEW YORK 
February 13-16 

Structured Programming 
Design , Coding and Implementation Techniques 

Course 445 - Four days 

LOS ANGELES 
November7- 10 

WASHINGTON, D.C. 
January 16-19 

BOSTON 
January 30-Feb. 2 

NEW YORK 
February 20-23 

Data Communications 
Digital Techniques 
and System Design NEW YORK 

October 24-27 

BOSTON 
November 14-17 

LOS ANGELES 
December 12-15 

DALLAS 
January 23-26 

CHICAGO 
February 6-9 

WASHINGTON, D.C. 
March 13-16 

Hardware elements of computer graphics systems are presented at 
the level required for detailed system specification , selection and 
acquisition. Software techniques for computer graphic systems are 
developed from the elementary level of line generation and continue 
through advanced approaches to animated three-dimensional color 
displays with hidden surface removal. Off-the-shelf , commercial ly 
available software packages are analyzed and evaluated . Emphasis 
is placed on hardware/software tradeoffs, cost effectiveness and the 
advantages and limitations of alternative approaches. 

• Display Hardware • Software Structures 

• Color Display Techniques • The Hidden Line Problem 

• Two Dimensional Graphics • The Hidden Surface Problem 

• Three Dimensional Graphics • Software 'Build or Buy' 

• Transformations • Selection Methodology 

This course is designed for programmers, software engineers, systems 
analysts and their managers who are charged with the responsibility of 
creating and maintaining reliable, complex program structures. Partici
pants will develop a clear understanding of the concepts and appiicatio1 
of structured methodology, and will learn to evaluate various types of str 
tured programming techniques. The course will provide in depth expos 
to structured design and structured programming tools and procedures 
The underlying theme of the course is the development of skills which 
enable the production of structured programs at minimum cost, while pl 
ning for program changes, modifications and reducing maintenance co 

• Principles 9f Structured Program Design 
• Case Study Workshop 
• Implementing Structured Coding 
• Developing Structured Systems 
• Productivity Mgmt and Project Control 
• Organizing the Programming Team 

This course is designed for engineers, scientists and system designers~ 
are involved in the planning, design or implementation of all types of dig1 
communications systems. The course covers the fundamental principle 
signal conversion, encoding/modulation, data transmission and error c 
trol. It analyzes the individual elements of a data communication system 
and clearly describes how these elements may be synthesized to form a 
system which best meets application specific objectives . 

• Coding for Data Transmission 

• Detection of Data in Noise 

• Digital Modulation 

• Security Considerations 

• Errors and Error Control 

• Analog-to-Digital Conversion 

• Pulse Code Modulation (PC 

• Signal and Video Encodin 

• Packet Switching/ 
Packet Radio 

• Implementing a Data 
Communications Syste 

COURSE ENROLLMENT INFORMATION 

Course Hours: 
Orientation (First Day) : 8:15- 9 :00 A.M. 
Lecture Sequence: 9 :00 A.M.- 4:30 A.M. 
Informal Discussion Session with Instructor: 4 :30- 6:30 P.M. 

Course Fees: 
Four-Day Courses: (365, 320, 350, 412 or 445 ): $695.00 (U.S.) 
Microprocessors and Microcomputers Series 

Individual Courses: 111 or 102s (One Day) $195.00 (U.S.) 
130a (Three Days) $495.00 (U.S.) 

Combinations: 111 and 102s (Two Days) $390.00 (U.S.) 
102s and 130a (Four Days) $595.00 (U.S.) 

Complete Series: 111 / 102s/130a (Five Days) $695.00 (U.S.) 

Course Fees Include: lectures, lecture-coordinated notes, 
extensive reference materials , luncheon & coffee breaks. 
Team/Group Discount : 10% reduction for three or more 
partic ipants from the same organization, if invoiced at 
the same time. 

DIPLOMA/CONTINUING EDUCATION UNITS 
Each attendee receives a Course Completion Certificate 
awarding one Cont inuing Education Unit (CEU) for each 
ten hours of class participation. The CEU is a nationally 
recognized un it awarded by universities and educa
tional organizat ions for partici pation in continuing edu
cational programs. 
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:DUOlTION 

Course 412 - Four days 

BOSTON 
December 5-8 

ATLANTA 
January 23-26 

DALLAS 
January 30-Feb. 2 

NEW YORK 
February 13- 16 

Digital Signal Processing 

PHILADELPHIA 
October 31-Nov. 3 

BOSTON 
December 5-8 

LOS ANGELES 
December 12-15 

This course provides a comprehensive introduction to distributed 
processing and computer network design techn iques. It covers the 
individual elements of a distributed processing system and how 
these elements are synthesized to form a system wh ich best meets 
application specific objectives. Throughout the course . application 
examples provide concrete examples of the concepts presen ted , 
with emphasis on the factors affecting key planning, design and 
implementation decisions. 

• What is to be Distributed? • Database Structures 

• Data Communication Concepts • Database Requirements 

• The Computation Continuum • Security Considerations 

• Computer Networks • Evaluation and Selection 

• Network Protocols • Management and Control 

The objective of th is course is to present the necessary fundamen
ta ls of digital signal processing in a clear and comprehensible man
ner, to develop an understanding of new processing techn iques. to 
survey the state of the art of hardware and software available, and to 
apply this information to a range of concrete design examples. The 
cou rse is of benefit both for those who wish to achieve a basic 
understand ing of th is exciting area , and for those whose interest 
is in advanced techniques and the implementation of practical 
systems. 

• An Overview of Appl ications • Design Techniques 

WASHINGTON, D.C. 
January 16-19 

• Digital vs. Analog Signals • Computer Aided Design 

• Operations on Digital Signals • Statistical Approaches 

FIVE-DAY COURSE SERIES 

MICROPROCESSORS 
& MICROCOMPUTERS 

NEW YORK 
February 20-23 

SAN DIEGO 
October 30-Nov. 3 

CHICAGO 
November6-10 

• Recursive Filters • Spectral Estimation 

• Nonrecursive Filters • Application Case Study 

Course 111 : One day - Monday 
MICROPROCESSOR PROJECT MANAGEMENT 
From design through manufacture, QA and field service 

WASHINGTON, D.C. 
Course 102s: One day - Tuesday 
MICROPROCESSORS AND MICROCOMPUTERS: 

December 4-8 

ATLANTA 
December 11 -15 

LOS ANGELES 
January 15-19 

DENVER 
January 22-26 

DALLAS 
January 29-Feb. 2 

D PLEASE ENROLL ME IN COURSE: __ _ 
CITY _____ ___ ____ _ 

DATE(s) _ _________ _ 

MAIL TO: 
Course Manager 
INTEGRATED COMPUTER SYSTEMS, INC. 
3304 Pico Blvd., P.O. Box 5339 
Santa Monica, CA 90405 

OR CALL: (213) 450-2060 
A confirmation letter with complete details 
will be forwarded to you. 

A Comprehensive Technical Introduction and Survey 

Course 130a: Three days -Wed ., Thurs ., Fri . 
HANDS-ON MICROCOMPUTER PROGRAMMING 
AND INTERFACING WORKSHOP 
EACH student receives a complete 8080 micro
computer and interfac ing system for his personal 
use throughout the course. 

Name ______________ Job Title, _ _ ___ _ 

Company _______________ Mail Stop _ _ _ _ 

Address ____________________ _ _ 

CitY---------------------- -

State ____ Zip _ _ ___ Telephone ________ _ _ 

D Please send FREE BROCHURES describing these courses. 
D Please put me on your mail list to rece ive future course schedules. 
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I AROUND THE IC LOOP I 

Hi(Jh Current and Voltage 
VMOS Power FET Serves 
Analog and Digital Uses 

With input power in the microwatt 
range, the vN84GA produces a 50-W 
output at 30 MHz and up to 80 W 
at lower frequencies. This VMOS power 
FET has rated outputs of 12.5 A, 
80 V, and 0.4 O. Siliconix Inc, 2201 
Laurelwood Rd, Santa Clara, CA 
95054 states that it provides approxi
mately a sixfold current increase over 
previously available circuits. 

Input power for the device is sev
eral otders 0£ magnitude less than 
that required by Darlington bipolars 

IC Drives High Voltage 
Fluorescent Displays 

Made up of seven independent digit 
driver sections on a single chip, the 
XR-2272 acts as a buffer interface 
betwee~ MOS outputs and the anodes 
of a gas discharge panel. This dis
play driver is characterized by high 
breakdown voltages and operates 
with supply voltages up to 60 V. 

Produced by Exar Integrated Sys
tems, Inc, PO Box 62229, Sunnyvale, 
CA 94088, the device is well-suited 
to interfacing with Panoplex nn 
type displays, although its interfaces 
are versatile. The circuit is especially 
designed to work with the XR-2271 
segment-driver IC to form a 2-chip 
complete display driver system. 

Additional features include active 
low inputs, low power dissipation, 
complete 1/ o isolation, and on chip 
pull-up resistors. Furnished in a 16-
pin DIL plastic package, the device 
has absolute maximum ratings that in
clude a negative supply voltage of 
-75 V, package power dissipation 
(at 25 °C) of 625 mW, and operat
ing temperature range of 0 to 75 °C. 
Circle 358 oo Inquiry Card 

Monolithic CMOS ADC 
Family Operates Over 
W ide Temperature Range 

Analog-to-digital converters utilizing 
CMOS technology require only 20 
mW of power and provide a con
version time of from 1 to 20 ms. 
They are guaranteed for ±Jf LSB 
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of equivalent output power. Yet it 
retains the benefits of faster switch
ing, high gain, and high input im
pedance characteristic of lower 
power vMos units. It operates without 
failure from secondary breakdown, 
with no thermal runaway, and has 
the ability to limit current by con
trolling gate voltage. Rise and fall 
are less than 50 ns. 

Applications include use in switch
ing regulators, linear amplifiers, and 
logic interfacing. As a logic interface, 
the device benefits from its high 
impedance VMOS properties. In addi
tion, no power supply connections 
are required. 
Circle 357 on Inquiry Card 

accuracy over a -55 to 125 °C 
range. 

Produced by Teledyne Semiconduc
tor, 1300 Terra Bella Ave, Mountain 
View, CA 94043, the family includes 
the 8703 ( 8-bit), 8704 ( 10-bit), 
8705 (12-bit), and 8750 (3Jf-digit) 
single-chips ADCs. These devices have 
an infinite input range, since any 
positive voltage can be applied via 
a scaling resistor. They are easy to 
use because of parallel latched out
puts with 3-state control, strobed or 
freerun conversion, and two hand
shake outputs for interfacing with 
computers. At the end of conversion 
the total count is latched into the 
digital outputs as a parallel word. 
A control switches the outputs to a 
high impedance state when held 
high. 

Absolute maximum ratings include 
18 V for VmrV88, ±10 mA for 
Irn and IuEF> and a 500-mW package 
dissipati01i. The devices are provided 
in 24-pin ceramic packages that are 
either flat ( H package) or DIL ( N 
package). 
Circ le 359 on Inquiry Card 

Wide Ban·d Epoxy Op Amps 
Feature High Slew Rates 

An epoxy-packaged operational am
plifier from Harris Semiconductor 
Group, PO Box 883, Melbourne, FL 
32901 provides a minimum slew rate 
of 60 VI µs with a settling time of 
200 ns. It also offers a wide power 
bandwidth of 750 kHz minimum and 
a high gain bandwidth of 20 MHz. 

The device is the HA-2527, the top 
performer in the HA-2507 /2517 I 
2527 line. Wide power bandwidths 
and high slew rates are characteristic 
of all three versions. 

Slew rate and settling time per
formance make these devices appro
priate for high speed D-A and A-D 
converter and pulse amplification 
designs. Their bandwidths also make 
them useful in video applications. 

Closely related to these are the 
HA-2607 and HA-2627. The higher 
performer of the pair is the 2627, 
which provides a wide gain band
width of 100 MHz, a slew rate of 
17 VI µ.s (min), and a wide powei· 
bandwidth of 290 kHz (min). These 
two devices are suited to pulse 
amplification designs and high fre
quency applications. The frequency 
responses of both amplifiers can be 
tailored to exact design requirements 
by means of an external bandwidth 
control capacitor. 

All amplifiers are available in 
8-lead epoxy DIPS. Performance is 
specified over a 0 to 75 °C range. 
Circle 360 on Inquiry Card 

Fast Analog Comparator 
Operates On 5-V Supply 

Typical response time for the 9915 
analog comparator is approximately 
.20 ns. The device is also character
ized by operation from a single 5-V 
supply. Furthermore, its inputs ca.n 
sense the common level, making it 
a high speed zero-crossing detector. 

Optical Electronics Inc, PO Box 
11140, Tucson, AZ 85734 states that 
under identical test conditions with 
a National Semiconductor LM192, 
this device showed a typical response 
time of 12 ns compared to 300 ns 
for the other part. Pinouts of both 
are identical. 

Further characteristics of the com
parator include TTL and LSTTL ele
ments, with an output fanout of 25 
LSTTL gates and a -55 to 125 °C 
operating range. Pins of the 8-pin 
mini DIP are compatible with any 
standard 0.3" (0.76-cm) DIL socket. 

In addition to zero crossing detec
tion, high speed applications include 
A-D conversion, level detection, and 
use as a peripheral device for micro
computers. MTBF has been estab
lished per MIL-HDBK-217B-GF at over 
lM hours. D 
C ircle 361 on Inquiry Card 
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This is the first vidicon camera de
signed specifically tor use with digital 
and analog computers. The equip
ment is designed to shake hands with 
both types of computer systems. 
Thus it fulfills many applications as 
an " eye" for automated industrial in
spection, image analysis, biological 
research and university research . 

APPLICATIONS: 
MEDICAL 
Tissue analysis 
Blood analysis 
Neurological-X-Y movement analysis 
Opt ical Instrument data analysis 
Other analysis of visual data 
INDUSTRIAL 
Aerial photography analysis 
IA Analysis-detect forest fires 
Bottle inspection 
Dimension analysis and control 
Printed pattern analysis 
Missile tracking 
UNIVERSITY 
Analysis of any visual information 
Medical research 
Physics research 
Laser technology 

(·1000 
the first TV camera 
de$ignecl for 
computer interface. 

~RA COii ROL - ·... 

Write for 
brochure 

HAMAMATSU 

Nl•Gl:\~TOllTIOJ; OJl<C>ERO:I' 
31"8:t...T> t..mlfl!C;?'I. 
!'::"~'! .,,;O(jlllJ~pcrD<I;" 
&::-..v<N:NOLl'<U ~S,2.ICt• 

----- -~·---- J 

NOTES TO THE 
SYSTEMS ENGINEER 
Ordinary TV cameras are designed 
to.produce a picture on a monitor, 
not interface with a computer. 
Proper timing pulses are not 
available and their shape is 
Inappropriate for computer use. The 
clock is usually a tuned circuit or a 
low fr,~uency crystal . While fully 
adequate for viewing, the prEtCision 
of these circuits becomes a limiting 
factor in a computer camera sy11.tem. 
The pulses occur infrequently and at 
periods during the scan format that 
is wasteful of computer time. · 

The C1000 system was designed 
to have a basic clock of 25.39 MHz 
with Its half fre1:1uency accessible to 
the computer using TTL logic. All 
sweeps, blanking anq;unblanking 
information are controlled by this 
computer accessible signal. The 
basic signal and a number of other 
timing signals are available and can 
be brought out by use of the M998 
1/0 buffer, M999 1/0 interface, or a 
user designed buffer. The customer 
can build his own interface, or 
buffer, thus saving considerable 
money. 

All of the digital lines are clock 
controlled to avoid Jitter and to 
Insure maximum precision and 
reproducibility. The l(ideo output 
from the C1000 is fully usable with 
standard TV monitors thus no 
function is lost by making the 
system computer comf)atlble as is 
the case with some computerized 
video systems manufactured by 
others. 

HAM A MATSU 
HAMAMATSU CORPORATION • 120 WOOD AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE: (201) 469-6640 

International Offices in Major Countries of Europe and Asia 
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PRODUCT 
FEATURE 

Versatile Instrument Solves 

Variety of IEEE 488 
Bus Related Problems 
Multiple capabilities as an IEEE bus 
analyzer, tester, exerciser, monitor, 
and controller are combined on a 
single 'but flexible instrument intro
duced by Interface Technology. The 
model 488 programmable monitor/ 
analyzer can be used by both circuit 
designers and system troubleshoot
ers. Depending on cable length, the 
fully IEEE 488/ 1975 bus compatible 
unit can drive as many as 14 devices 
simultaneously at data transfer rates 
up to 250k bytes/ s. 

Application areas for this instru
ment include straightforward monitor 
for troubleshooting minicomputer or 
calculator based IEEE bus systems; 
analyzer for evaluating compatibility 
and characterization of IEEE bus in
struments or subsystems; exerciser 
for development of IEEE compatible 
interfaces and instruments; and con
troller for small bus systems. lnstruc
ti ons for any application can be pro
grammed from either the instrument's 
front panel or a remote interface. 

Functional Description 

Because a bus system may contain 10 
or even more interconnected devices, 

216 

assuring compatibiiity is a major 
problem. Programming of this moni
tor / analyzer enables the instrument 
to run through repeated fixed bus 
sequences to evaluate devices for 
compatibility. By setting up faulty 
conditions and monitoring errors, the 
instrument also determines bus func
tions to which a device will respond 
and the sequence of events that 
could cause the device to malfunc
tion. The instrument can be pro-

grammed to characterize a bus com
patible instrument fully and then be 
reprogrammed to accommodate other 
devices added to -the bus system. 

Bus monitoring also is used to 
check out bus system devices that 
might be supplied by different manu
facturers. This function allows users 
to trigger on a specific 'bus or device 
transaction to record a given number 
of data bytes and control states, up 
to a maximum of 511 transactions. 
Recording occurs in conjunction with 
the handshake activity and the data 
can be monitored via the front panel 
display either in hexadecimal or 
IEEE bus oriented alphanumeric lan· 
guage. 

For applications in which the bus 
system controller has a peculiar mode 
of operation or timing condition that 
must be simulated for offiine debug
ging, calibration, or exercising of 
unique functions of a device tied to 
the bus, a simulation mode may be 
set up. Simulation can also be used 
when developing new interfaces. De
velopment time can be shortened 
through use of the instrument's static, 
dynamic, and interactive modes. 

In the area of bus control, the 
monitor/ analyzer provides almost as 
much versatility as a combination of 
calculator, minicomputer based con
troller, terminal, and fixed applica· 

Model 488 programmable 
monitor/ analyzer in typical 
application as system mon
itor for troubleshooting, de
bugging, and data logging 
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tion controller. Control sequences 
can be executed in any of several 
fixed formats stored on EPROM or in 
a unique format programmed from 
the instrument's front panel. 

!Sequences of instructions that are 
to 'be executed to activate desired 
bus functions are stored in program 
memory and can be generated at 
three levels: the stored program level, 
where programmed information has 
been prepared in machine language 
code and loaded into EPROM; the 
IEEE bus language level, where the 
information is programmed from the 
front panel in a "macro" level lan
guage for easy operator comprehen
sion; and the machine language level, 
where programmed information is 
entered into the instrument via the 
front panel in machine language. Re
mote data entry and readback of 
memory data are also optionally 
available through a variety of inter
faces. In addition, data memory can 
store data that are to be transmitted 
to an end device via the IEEE bus, 
data space that will be loaded with 
data from an end device, and com
parison data that will be used to com
pare expected responses from an end 
device. 

A 16-character display on the mon
itor/ analyzer prompts the user and 
provides readout of key parameters. 
Keyboard and control switches, or
ganized to minimize manual opera
tions, provide all local inputs. 

Specifications 

The monitor/ analyzer is both elec
trically and mechanically compliant 
with IEEE Standard 488/ 1975. Sup
plied memory is 255 bytes of RAM 

and 256 bytes of fixed ROM; 16k 
bytes of plug-in EPROM are available 
as an option. Both are machine 
coded. Data memory consists of 511 
bytes. Physical dimensions are 5.25 
x 17 x 16" (13.4 x 43.2 x 40.7 cm). 
Weight is 28.6 l'b (13 kg ) . Power 
requirements are 115 Vac, 50/ 60 Hz, 
ll 0 W; 100 / 200 / 220 / 240-Vac units 
are available. 

Price and Delivery 

The model 488 programmable IEEE 

bus monitor/ analyzer is priced at 
$3500 in single quantities. Deliveries 
will begin in October. Interface Tech
nology, 852 N Cummings Rd, Covina, 
CA 91724. Tel: 213/ 966-1718. 
For additional information circle 
199 on inquiry card. 

5 KVA FOR LESS THAN $1,500 
Only One Computer Power Conditioner Eliminates All Noise Problems. 

Noise on a computer power I ine causes data and memory loss as wel I as 
mysterious crashes and errors. This noise can pass through voltage reg· 
ulators and dedicated power lines. 

Deltec DLC Series computer power conditioners eliminate noise and 
regulation problems. Unique shielding provides 120 dB (1,000,000:1) 
reduction for : Transients-Voltage Spikes-Ground Loops-Line Noise 
caused by RF I or EM I (radiated noise) . 

The DLC regulates voltage within 3% over a 30% input voltage range. 

R~NG·~~~~~:i~:~~~::~~ri~~'·'·"~A 
3. [OI EI LIT IE !Cl 

: ... gives you hard answers on how to : c o R p O R A T I O N 
• solve AC Power problems. Now available • 

at our cost of $3.00. Write or call for a copy. 

CIRCLE 111 ON INQUIRY CARD 

The new GN 6 is the smallest, 
simplest, most reliable, 

lowest-priced tape punch available. 
• Less than $375 each in quantity 
• Modular construction - only 4 major parts 
• Choice of speeds : 50 and 75 c/s 
• User can set and reset tape widths (5, 6, 8 hole) 

• 1 Year parts warranty 
• Punches paper and 

all kindsof Mylar ® tapes 
• 165 x 165 x 11 b mm ra See us at the WESCON Show Booth #1008 

di GNT AUTOMATIC INC. 
440 Totten Pond Road, Waltham, MA 02154 (617) 890-3305 Telex: 923318 
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I PRODUCTS I 
Accepting numerical data di
rectly from a TTL compatible 
parallel data source such as 
DVM , frequency counter, or 
other BCD or binary source, 
PP-101 prints 5 x 7 dot ma
trix characters or plots in a 
variety of graphic formats. 
User selects display format 
and other parameters by 
grounding appropriate ter
minals on the unit's inter
face connector, using wires, 
switches, or external logic 
control. An onboard Intel 8035 
microcomputer with 2k mem
ory provides all necessary in
terface and control functions, 

Low Cost 
Thermal Printer/Plotter 
Accepts 
Parallel Input 
Numerical Data 

including self-strobing for automatic data logging. The 
unit prints on 2.25" (5.72-cm) wide thermal paper at 2 lines/s. 
Normal plotting occurs at 6 data points/s. Data are printed 
as 8 columns with 2-digit identifier, and decimal point and 
minus sign if selected. Unit is available complete with cabi
net and power supply, or as print/plot mechanism and con
trol electronics assembly alone. B-G Instruments, Box 67, Alta 
Loma, CA 91701. 
C ircle 200 on Inquiry Card 

Standalone IEEE Bus Interface Incorporates Frequency 
Synthesizers in Computer Controlled Systems 

Model 1488A-11, designed for incorporation of series 5600 
frequency synthesizers into automatic, computerized, or mi
croprocessor-controlled systems using the IEEE 488/1975 
instrumentation bus, plugs into the associated synthesizer 
and the host system via std cables, and provides full com
patibility with both , meeting all specified constraints of 
IEEE 488/1975, and providing everything the instrument 
needs for full control of all programmable parameters. 
Instrument satisfies all bus timing and loading constraints, 
and is significantly faster than most program sources, ac
commodating data transfers at up to 1M byte/s. Full buffer
ing of data is provided; data entry is byte-serial , but no 
transfer is made until a load command is sent. ·Interface 
contains built-in regulated de power supply; only ac power 
(115/230 Vac ±20%, 50 to 60 Hz, 40 W max) need be 

Experimenter's Kit Demonstrates 
Basics of Fiber Optic Data Links 

To introduce basic characteristics of ele·ctro-optical systems, 
experimenter's kit for fiber optic data links contains all 
necessary semiconductor devices and PC boards along with 
optical connectors and cables to build 6 TTL or CMOS 
compatible fiber optic data links. In the package are 72 
semiconductor devices from Motorola Semiconductor includ
ing emitters, detectors, comparators, inverters, op amps, and 
transistors. 12 predrilled PC boards allow construction of 6 
transmitters, 2 1 Ok-bit receivers, 2 100/1 k-bit receivers, and 
2 1 M-bit receivers, capable of operation at distances of up 
to 44 m at lower data rates. Optical interconnection com
ponents include a preterminated optical cable assembly 
with measured loss, along with 3 m of unterminated cable 
and sufficient Optimate fiber optic terminating components 
to produce 10 optical cable assemblies using most common 
sizes and types of cables. AMP Inc, Harrisburg, PA 17105. 
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supplied. Rockland Systems Corp, 230 W Nyack Rd , West 
Nyack, NY 10994. 
Circle 201 on Inquiry Card 

Circle 202 on Inquiry Card 
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If you 
thillkof 

us only for 
core memory thinkagain. 

Introducing PINCOMM® PS. The New PDP-11 
Semiconductor Memory from Standard 
Memories. 
It's the first. .. with more on the way! PINCOMM 
PS is a 64K pin-compatible add-in memory for 
DEC PDP-11 minicomputers. Using 16K MOS 
memory chips, PINCOMM PS is available in de
populated versions of 48K, 32K and 16K. Fea
tures include 100 nsec write access, 350 nsec 
read access and 450 nsec cycle time. Plus, a 
parity option that eliminates the need for the 
DEC parity card , increasing CPU space and 
memory throughput. 
Next in line .. . semiconductor memory for Gen
eral Automation and Data General NOVA 
minicomputers. So start thinking of Standard 
Memnries for your semiconductor needs, as well 
as core memory. We continue to provide a com
plete line of add-in and add-on core memory for 
Data General , DEC, General Automation, IBM 
and Interdata CPU models. 

For an instant quotation call the 
~·•-- Memory Man toll free : (800) 854-3792, 

(in California) (800) 432-7271 . 
Data General, DEC, General Automation, 
IBM and Interdata are recognized registered 
trademarks. 

STANDARD MEMORIES 
has grown into a new name 

.A Applied Magnetics 
,.,. Trendata 

3400 West Segerstrom Ave., 
Santa Ana, CA 92704. {714) 540-3605 
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PRODUCTS 
Probes provide dual LED indication of 
logic states for TTL/DTL and CMOS 
circuits, with separate LEDs indicating 
high and low logic levels. Model 3100A 
has pulse stretcher function to capture 
single-shot pulses as short as 30 ns, 
and a memory function for latch stor
age of similar pulses. Model 3200A is 
similar but without memory and pulse 
stretching features. Both have clips for 
connection to power source and ground 
system of the circuit under test and 
high impedance data inputs to mini
mize loading effects. Alco Electronic 
Products, Inc, 1551 Osgood St, North 
Andover, MA 01845. 

TTL/DTL AND CMOS 
TEST PROBES 

Circle 203 on Inquiry Card 

Our Quintroller can make 
yc>ur Nova 3/4* a systems star! 
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The Quintroller can slash system cost and bulk by making a 
4-slot Data General NOVA 3/4 chassis do the work of a 12-slot 
chassis. That 's because a 15" x15" Quintroller card contains a 
64KB MOS memory plus four additional functions: four asyn
chronous communications channels, parallel line printer interface, 
real time clock, and TTY port. This card replaces four individual 
boards from Data General. Quintroller software compatibilities 
include: 

·Communication channels-DG 4060 Multiplexer 
• Printer-DG 4034/4193 Controller 
•Clock & TTY-DG 4008 & 4010 
• Memory-DG 8547. 
The printer controller interfaces Data Products, Centronics, 

Printronics , Tally and equivalent printers. The Model 28XX 
Quintroller, configured to your requirements, with cable set and 
documentation, can be delivered in 30 days from 

~~D~~[Q)~ 
ELECTRONICS, LTD . 

2535 Via Palma Ave. · Anaheim, CA 92801 
Telephone: (714) 995-6552 

Contact us for all your Data General controller needs. 
•Registered Trade Mark of Data General Corp. 
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L'IGHTPEN 

With electronics self-contained in pen 
body, the LP-600 operates from a single 
5-Vdc supply at 80 mA and weighs 1.8 
oz (50 g). It provides luminous sensi
tivity of 1 ft-L and has response time 
of <300 ns. Sensitivity is adjustable 
within the pen. Actuation is push t ip, 
active low 0.4 Vdc max, sinking 4 mA. 
Touch switch or a combination of touch 
switch and push tip actuation are also 
available. Information Control Corp, 
9610 Bellanca Ave, Los Angeles , CA 
90045. 
Circle 204 on Inquiry Card 

OEM FIXED VOCABULARY 
SPEECH SYNTHESIZERS 
Speech synthesizer circuit boards for 
small computer and OEM applications 
contain preprogrammed vocabulary data 
stored in 1 or 2 16k MOS ROMs. When 
provided with 6-bit parallel binary ad
dress code and start signal, LSI ROM 
controller fetches appropriate control 
data from ROM, determines speech 
characteristics of the word, and con~ 
verts digital information to an analog 
signal via an onchip DAC. Result Is a 
clear, intelligible male voice. A number 
of vocabulary choices are available. 
Telesensory Systems, Inc, 3408 Hillview 
Ave, PO Box 10099, Palo Alto, CA 
94304. 
Circle 205 on Inquiry Card 

EPROM ERASING CABINET 

C-90 industrial cabinet erases 1800 
EPROMs/h. Measuring 36 x 26 x 10" 
(91 x 66 x 25 cm) , the unit provides 
15,000 µW/cm2 of short-wave ultra
violet at the surface. There are 6 10 x 
1 O" (25 x 25-cm) high intensity grid 
lamps for max UV output and ozone
free operation. for personnel protection. 
A safety interlock device protects 
against accidental exposure to short
wave UV light. Ultra-Violet Products, 
Inc, 5100 Walnut Grove Ave, San 
Gabriel, CA 91778. 
Circle 206 on Inquiry Card 
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See what you're missing. 
it's tinie to ask for a 

saniple of "Vision One'' 
quality image processing: 

• • 

the first choice 
of specialists. 

Comtal is image processing. 
By definition, an image 

is the digitally stored 
representation of the shape 
and shadings of objects, 
people or scenes. And, 
processing is the enhance
ment of brightness, color 
and definition of the image. 

Printed reproductions 
canrtotdojusticetothe 
quality of Vision One Image 
Processing Systems. To see 
what you're missing, send 
to Comtal for samples of 
Vision One image quality 
and standard interactive 
processing features. 

Vision One is delivered ready to operate on di
gitized imagery without a host system/software 
development or time-consuming software installa
tion or integration. 

To get the full story on what Vision One Image processing can offer 
you, write to COMTAL Image Processing Systems, P.O. Box 5087, 
Pasadena, California 91107 • (213) 793-2134 • TWX 910-588-3256 

Vision One is an intelligent image processing sys
tem featuring real-time, completely operator 
interactive image processing for black and white 
or full 24-bit color (8 bits each of red, green and 
blue) . Image resolution is 256x256, 512x512, or 
1024x1024 pixels with internal solid state mem
ory for up to fifteen 512x512 images (8-bit) and 
sixteen 512x512 graphic (1-bit) overlays. 

Comtal is the acknowledged leadet in digital 
image processing and offers the first commercial 
system with these features: 

Real-time roam of multiple displays in very 
large data base memories (1977), stand-alone 
image processing systems, real-time small area 
independent color correction, and real-time con
volution processing (1975). Also, 1024x1024, 
256 shade soft-copy display image processing 
system (1974) , full 24-bit color and digital image 
function and pseudo-color image processing 
(1973), with single standard digital interface for 
all features and options (1972) . 

Comtal has the only commercial systems 
with real-time operator interactive image process
ing and hardware generated display of image 
processing test patterns. 

COMTAL® 
IMAGE PROCESSING SYSTEMS 
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PRODUCTS 
Sampling, rf millivoltmeter with high 
accuracy operates over a frequency 
range of 10 kHz to 1.5 GHz, and is 
usable as an indicator to 2 GHz. Model 
9301A employs dual sampling process 
followed by rms conversion to give 
a true rms ·reading at all frequen
cies over voltage measuring range from 
100 mV to 300 V. Intended for commu
nications uses, it allows sinewave volt
age measurements without input sig
nal distortion. Also featured are low 
residual noise, and sample and hold 
facility. Racal-Dana Instruments Inc, 
18912 Von Karman Ave, Irvine, CA 
92715. 

WIDEBAND MILLIVOLTMETER 
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PDP-II&, LSI-II users 
.. here's plug compatible 
artridge storage L----; ' I-

SEE US AT MINI MICRO 
BOOTH 832 

- , :l 

ARTRIDGE TAPE"DRIVE 
THE MODEL 650 PROVIDES: 

30 IPS Read / Write , 90 IPS Rewind / Search 
• 48,000 Bits / Sec Transfer Rate 
• 2.5 + Megabytes per cartridge 
• Small Size-Rugged Design 

TAPE STORAGE SYSTEMS 
• Model 2200- 1 or 2 Tape Dr ives in 5" package 
• Model 2400- Up to 8 Tape Drives in 911 package 
•Model 2710-Portab le Record ing System with up 

to 2 Drives 
• Model 86008 Formatter- Used in all Tape Storage 

Systems. Complete ANSI compat ib ility with 
powerful data handl ing features . 

INTERFACES 
Al l tape systems are available with the follow ing 
controllers : PDP-11 / LSl-11 / NOVA, ROLM / 
INTERDATA/ ALTAIR / 8080/ RS232 / NTDS. 
For more mtorma/fon. call us today. 

Qantex DM"O' 
NORTH ATLANTIC INDUSTRIES, INC. 

200 TERMINAL DR ., PLAINVIEW, NEW YORK 11803 • 516 - 681 -8350 •TWX 510-221 -1879 
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OEM AIR FILTERS 

For OEM use in disc drives, power 
supplies, mainframe computers, tape 
drives, and related equipment, air filters 
offer range of filtration capabilities . Low 
efficiency prefilters with min operating 
pressure drops are 50 to 80% effective 
on test dust. Prefilters provide max 
air flow and many meet military specs. 
Used in disc drive memories, filte rs 
feature Winchester technology. Alumi
num Filter Co, PO Box 1311 , Santa 
Barbara, CA 93102 . 
Circle 208 on Inquiry Card 

1-kW SWITCHER 

SW-1 series supplies, available in 2-, 5-, 
12-, 15-, 24-, and 28-V models, de liver 
up to 300 A or 1 kW of continuous 
power, with up to 84% efficiency. Units 
utilize 20-kHz switching regulation and 
advanced LSI techniques and feature 
low parts count. Power supplies have 
forced-air cooling for high density pack
aging, MTBF of > 60k h and MTTR of 
6 min. Units are rated to full output in 
ambients of up to 50 °C and feature 
a min hold-up time of 30 ms. Power/ 
Mate Corp, 514 S River St, Hackensack, 
NJ 07601. 
Circle 209 on Inquiry Card 

HIGH RESOLUTION 
CRT DISPLAY 
Model 384 25" (63.5-cm) color television 
display operates at horizontal rates up 
to 34 kHz, allowing 1024 x 1024 pixel 
computer generated images to be dis
played at a 30-Hz frame rate. The 384 
can also display 1024 x 512 pixel graph
ics at a non-flicker refresh rate of 60 
Hz. Analog computing circuits calcu
late convergence, dynamic blue lateral , 
dynamic focus, and raster geometry. 
Current feedback amps compensate for 
all external effects to assure long-term 
convergence stability. Sy!ltems Re
search Laboratories, Inc, 2800 Indian 
Ripple Rd, Dayton, OH 45440. 
Circle 210 on Inquiry Card 
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The biggest problem with buying a new computer is that you have 
to buy a new computer. An untried, unproven computer. 

The new Classic 7870, the newest member of the MODCOMP 
Classic family, solves that problem. Because it has all the perform
ance features of the Classic 7860, which we introduced earlier this 
year. Except for one thing. It has four times the memory capacity. 

With its large solid state 
memory (up to 2 million bytes) 
and an effective memory cycle 
time as low as 125 nanoseconds, 
it gives you the speed and ca
pacity you need for demanding 
scientific, engineering and large 
process control applications. 

And because the 7860 has al
ready been tried and proven, the 
7870 gives you something that 
no other new computer can 
offer you - a track record. 

Classic beats DEC, Interdata, 
Prime and SEL. 

In benchmark tests by com
puter users measuring both 
computational and I/0 perform
ance, the Classic 7860 has 
outperformed DEC's 11/70 and 
VAX. Interdata's 8/32. Prime's 
400. And SEL's 32/75. 

Hard to believe? Not really. 
Not when you consider some of 
the features we've built into 
the Classic. 

Both the 7860 and 7870 have 
our unique multi-word ( 16-64 
bit) architecture. Pipelined in
struction processing. Our super 
fast floating point processor. 
And hardware instructions that 
are specifically designed for fast 
Fortran execution. 

You don't have to trade 
reliability to get Cassie's 
performance. 

The best thing about the 
Classic isn't its performance. It's 
the fact that its state-of-the-art 
performance isn't achieved at 
the expense of reliability. 
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Since its introduction, the 
7860 has been tested exhaus
tively by computer users in both 
scientific and process control 
applications. 

They report that the Classic 
is as reliable as any computer 
MODCOMP has ever intro
duced. And that's saying some
thing. Because independent 
surveys have consistently rated 
MODCOMP computers as the 
most reliable real-time systems 
on the market. 

Why buy a new computer 
when you can buy our new 
computer? 

The Classic is supported by a 
comprehensive set of operating 
systems and network exten
sions that have been used suc
cessfully by some of the most 
demanding computer users in 
the world. We also provide all 
the documentation you need to 
implement it quickly and easily. 
Plus a worldwide network of 
service specialists. 

In fact, the only thing the new 
Classic 7870 doesn't give you is 
something you don't want anyway. 

The problems associated with 
new computers. 

For more information, send 
for our "MODCOMP Classic 
Family" brochure. 

-..1\llODCOID 
Dedicated to your success 

Modular Computer Systems, Inc. 
1650 W. McNab Road 
Ft. Lauderdale, FL 33309 
(305) 974-1380 
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PRODUCTS 

MICROPROCESSOR BASED 
PROGRAMMABLE CONTROLLER 

Applications involving open and closed 
loop drive systems, using stepping mo
tors and servo motors, can be handled 
by the Universal Motion Control. Fea
tures include local and remote opera
tion , 2k-char storage with 150-h battery 
backup, and oil tight front panel with 
edit lockout. Programs may be entered 
via keyboard, or via teletypewriter (tape 
recorder, etc) using an RS-232-C/TTY 
interface. Any program in the controller 
memory can be saved and stored ex
ternal to the controller using the com
pany's optional memory cartridge. Icon 
Corp, 156 Sixth St, Cambridge, MA 
02143. 
Circle 211 on Inquiry Card 
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DOT MATR1X 
IMPACT PRINTER 

Standalone series DIP-40 printers con
tain all necessary electronics to inter
face directly with mini- and microcom
puters. Print speed is 40 col at 50 
char/s. Available options include paral
lel ASCII, serial RS-232-C interfaces, 
20-mA TTY current loop, strappable 
110- to 9600-baud rate, double width 
char printing, 120- to 200-char buffer 
storage, fast line feed, odd or even 
parity, and error detection featu re. 
Data Interfaces Inc, 21 O Lincoln St, 
Boston, MA 02111 . 
Circle 212 on Inquiry Card 

LINE PRINTER CONTROLLER 

Interfacing line printers to DEC's PDP-8 
family, the LPCB controller plugs di
rectly into the Omnibusn. Onboard 
switches allow independent printer func
tions to be inverted, active true or ac
tive false, giving max flexibility to a 
large number of printers. Software com
patibility between the LES and LAB is 
accomplished by an onboard jumper. 
Device code is selected by means of a 
DIP switch. Computer Extension Sys
tems, Inc, 17511 El Camino Real , Hous
ton, TX 77058. 
Circle 213 on Inquiry Card 

PC TAIL EDGE CONNECTORS 

Double-sided edge connectors meet 
stringent specs at cost savings. Model 
6777 is on 0.100" (0.254 cm) contact 
and 0.200" (0.508 cm) row to row 
spacing ; while the 6851 is on 0.125" 
(0 .3175 cm) contact and 0.250" (0.635 
cm) row to row spacing. Terminal is 
made of phosphorous bronze with 
selective gold contact area, with E-Z 
solder PC tail tinned. Contacts are 
rated at 3 A. Model 6777 is availab le 
in 10 through 70 circuit sizes while the 
6851 is available in 6 through 50 cir
cuit sizes. Molex Inc, 2222 Wellington 
Ct, Lisle, IL 60532. 
Circle 214 on Inquiry Card 
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ROUND CONDUCTOR 
RIBBON CABLE 
Manufactured on 0.050" (1.27-mm) cen
ters to be compatible with all 0.050" 
(1 .27-mm) insulation displacement con
nectors, as well as 0.038" (0.96-mm) 
centers for greater conductor density, 
GORE-FLEXT" cable is insulated with 
Teflonn PTFE and is manufactured with 
28 AWG 19-strand high strength alloy 
conductors. It is capable of flexing a 
min of SOM times when subjected to 
an accelerated rolling flex of 130 
cycles/min continuously at 0.75" (19.1-
mm) radius. W. L. Gore & Associates, 
Inc, 1505 N Fourth St, Flagstaff, AZ 
86002. 
Circle 215 on Inqu iry Card 

MAGNETIC TAPE CONTROLLER 
FOR LSl-11 
The TC-150 controller permits mixing 
of 7- and 9-track NAZ, PE, or dual
density tape units In any combination 
up to 8 units. It is software compatible 
with any system having DEC TM-11 
support. Industry std tape drives, In
cluding those operating from 12.5 to 
125 in (31.8 to 318 cm)/s, can be used. 
A Q-bus buffer allows remote installa
tion in an expansion chassis up to 10 
ft (3 m) away. Western Peripherals 
Div, Wespercorp, 1100 Claud ina Pl , 
Anaheim, CA 92805. 
Circle 216 on Inqu iry Card 

256k-BYTE SINGLE-BOARD 
ADD-~N MEMORY FOR NOVA 3 
Supplying max addressable memory in 
one card slot, model NS D/3 for Nova 
3 and 3/D computers, provides optional 
onboard error checking and correction 
circuits, error logger, and diagnostic 
panel. The 128k x 22-bit configuration 
uses 6 bits in each word for a Ham
ming code to identify single-bit errors, 
which are automatically corrected. 
Boards are also available in 128k x 17-
bit even or odd parity, or 128k x 16-bit 
nonparity versions. ECC version has 
450-ns access time and 6'JO-ns cycle 
time. National Semiconductor Corp, 
Computer Products Group, 2900 Semi
conductor Dr, Santa Clara, CA 95051. 

CARD GUIDE HEAT SINK 
Kooler-Guide™, an assembly of series 
1000 metal PC card guide and alumi
num heat sink guide bar, offers excep
t ional heat dissipat ion since a large 
contact area is utilized for effective 
heat transfer. Guide bar and card guide 
assembly can be mounted with mount
ing clips at each end or bolted to 
chassis with integral stud, epoxied, or 
riveted directly to chassis. Both can be 
furnished to any specified length. Uni
track Div, Calabro Plastics, Inc, 8738 W 
Chester Pike, Upper Darby, PA 19082. 
Circle 217 on Inquiry Card 

COMPRESSED PRINT 
FOR L:INE PRINTERS 
Extended Logic A module (LAX) adds 
horizontally compressed char and mul
ti ple char set capability to Printronix 
model P-150 and P-300 line printers. 
Performing all std functions, the module 
replaces the Printronix Log ic A. Hori
zontal print density can be changed to 
16.67 char/ in (6.6/cm) or 13.33 char/ in 
(5.3/cm) by software command or an 
operator access·ible switch. Up to 448 
different printable char are "offered. Self
test mode allows printer operation 
verification. Trilog, 17845 G Skypark 
Cir, Irvine, CA 92714. 
C ircle 218 on Inquiry Card 

MULTIPROCESSOR SYSTEMS 
COMMUNICATION·S ADAPTER 
With the high speed interprocessor 
communications system, up to 15 com
puters may communicate with each 
other. Blocks of data and program 
segments are transferred between pro
cessors at up to 1 M bytes/ s. System 
consists of several computers (each 
with adapter) and a communications 
bus. Available with all of the company's 
processors, the Multiprocessor Com
munications Adapter is compatible with 
that of Data General. Rolm Corp, 4900 
Old Ironsides Dr, Santa Clara, CA 
95050. 
Circle 219 on Inquiry Card 

LSl-ll FROM ANDROMEDA 
THE BROADEST LINE OF LSl-11NPRODUCTS 

FROM ANY SINGLE SOURCE 

From SYSTEMS to SOITW ARE, from CARDS to CABLES, ANDROMEDA offers the broadest range of 
LSI-I I N components that can be purchased from any single supplier. 

In addition to the items we manufacture internally, we also distribute the best products of other 
LSI-I IN equipment manufacturers including DECN . 

If you need any LSI-llN product, from a !Ombyte cartridge disk based system to a DLVI I cable.fast 
and inexpensively, call ANDROMEDA, 213/ 781-6000. Andromeda Systems, Inc . 14701 Arminta 
Street # J, Panorama City, California 91402. 

LSI· I I and DEC are trademarl<s cJ. the Digital Equipment Corp. 
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PRODUCTS 

INTELLIGENT ELECTRO· 
SENSITIVE LINE PRINTERS 

Three models including the EX-801 P, 
which has a parallel ASCII input, -8018, 
with RS-232/20-mA serial input to 1200 
bits/s, and -801H with serial input to 
9600 bits/s, all operate at up to 160 
char/s. Choice of 3 character sizes 
provide 80, 40, or 20 col on 5" (12.7-
cm) wide electrosensitive paper. EX-801 
printers feature multiline asynchronous 
input buffer, expandable to 2k char, 
permitting a CRT page dump in 1 s. 
96-char ASCII is expandable to 256 
char/s with user programmable fonts. 
Axiom Corp, 5932 San Fernando Rd, 
Glendale, CA 91201. 
Circle 220 on Inquiry Card 

emu at10n to spen u: app 1catmns 
(Text Processing). Then we built in 
many special features. and lo<ided 
the DELTA 7000 with memory to 
handle your unique appli<:ations 
programs at a most attradive pri<·e. 
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SOCKET CONNECTORS 
WITH PIN PROTECTION 
Blue Macs® 14- and 16-position sock
et connectors are mass terminated to 
flat cable by inserting the cable into the 
connector opening and simultaneously 
crimping all conductors with a hand or 
bench tool. Self-aligning cable grooves 
position cable conductors over Tulip® 
beryllium copper contacts, assuring 
exact cable positioning. Mating contacts 
are enclosed in plastic housing to pro
vide contact protection during repeated 
disconnect/ reconnect cycles. T&B/ Ans
ley Corp, 3208 Humboldt St, Los An
geles, CA 90031 . 

Circle 221 on Inquiry Card 
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MICROPROCESSOR BASED PAPER 
TAPE E'MULATION SYSTEM 

Expanding the programmability of PCB 
testers, numerical control, and other 
tape driven equipment, the ITMS-1 ln
tel:igent paper tape substitute floppy 
disc system with semiconductor buffer 
memory serves as a plug compatible 
replacement for paper tape readers. A 
diskette holds the equivalent of 5 48k
char paper tape programs. Excessive 
search and rewind time Is eliminated. 
Std speed is 300/1200 char/s ; up to 50 
KC emulated tape speed is optional. 
GSI Systems Corp, 223 Crescent St, 
Waltham, MA 02154. 
Circle 222 on Inquiry Card 
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PASSIVE PROBE 

Model 4550 incorporates a 3-posit ion 
slide switch in the head and has a 
cable length of 1.5 m. Optional acces
sories include insulating t ip, sprung 
hook, tr immer tool , BNC adapter, and 
IC t ip. Bandwidth is de to 10 MHz in 
position X1 , de to 100 MHz in position 
X10. Other position X1 specs include 
input resistance of 1 Mfl, and input 
capacity of 40 pF plus oscilloscope 
capaci ty. Rise time is 3.5 ns for posi
tion X10. ITT Pomona Electronics, 1500 
E Ninth St, Pomona, CA 91766. 
Circle 223 on Inquiry Card 

MULTIPLE OUTPUT 
SWITCHING POWER SUPPLY 
PM2803 supply has power levels of up 
to 1150 W, providing regulated output 
at full load over input voltage ranges 
of 184 to 250 Vac. Extreme brownout 
protection is included; if input voltage 
fails entirely, output voltage holds up 
for a min of 30 ms to allow orderly 
system shutdown. Max power ratings of 
3 output channels are 650, 500, and 
300 W. Std output voltage channels are 
available from 2 to 48 V. Overload, 
short-circuit, and reverse voltage pro
tection are std on each output. Pioneer 
Magnetics, Inc, 17 45 Berkeley St, Santa 
Monica, CA 90404. 

Circle 224 on Inqu iry Card 

THERMAL NUMERIC 
PRINTER MECHANISM 

Fixed head, digital printer mechanism 
provides 7 col of 7-segment numbers, 
and plus/ minus sign selectable in the 
first, second, or third col. Print rate is 
4 lines/s·. Paper tape drive is the only 
moving part. The need for ink supplies 
and ribbon mechanisms is eliminated. 
With the company's printhead, NP-7M 
produces essentially noiseless printing, 
using solid-state switching. Gulton In
dustries, Inc, Measurement and Con
trol Systems Div, East Greenwich, RI 
02818. 
Circle 225 on Inquiry Card 

Need a DEC Floppy System? 

MF-11 
•• 

I :;i~ri • ...... ~ ..... 

The MicroFlop-11 is Your PDP-11 V03 ... 
in Half the Space ... and at Half the Price. 

Functionally identical to the PDP-11 V03, and using only 
10-1 /2" rack space, the MF-11 houses the Shugart dual 
floppy system, the backplane for the LSl - 11 with 
associated peripherals, and all needed power . .. at 
considerable dollar savings. 

• Compact Version of PDP-11 V03 
• Totally Software Compatible with 

RT-11 • Fortran • Basic 
• Bootstrap Loader 
• 37 40 Format 
• H9270 Backplane 
• Self-test Routine 
• Optional Extended Backplane 

UNIT PRICE 

$4290.00 
with LSl-11 

FD-11 

Our FD-11 Dual Floppy System Does 
Everything DEC's RX-11 Will Do ... and a 
Few Things More .. for a Lot Less. 
FD-11 Dual Floppy Disk system with its Controller/ 
interface card offers you total software, hardware and 
media compatibility for all DEC PDP- 11 and LSl-11 
systems ... and in addition : 

• Over 35% Price Savings 
• 8080 Based Controller 
• Industry Standard Drives 
• Write Protect Switches UNIT PRICE 

• Unit Select Switches 
• Bootstrap Loader 

$2875.00 

• Formatter and Self-test Routine 

For more details and pricing, contact : Marketing Department 

CRDS Charles River Data Systems, Inc., 4 Tech Circle, Natick, MA 01760 
Tel. (617) 655-1800 
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Low 
Noise 
Long 
Life 
D.C. MOTORS 

If you 
arean OEM 

you'll find both low noise 
and long life in Canon's 

CN Series d.c. motors. 
Model CN26 CN30 CN38 

Voltage 12-24 12-24 12-24 
Range 

Torque, 1.95 4.5- 16.7 
Starting oz. in 12 oz. in oz. in 

Speed, 3600rpm 8000 rmp 6200rpm 
No Load 

Current, 175mA 2.5A 3A 
Stall 

Diameter 26mm 30mm 38mm 

More than 50 other standard 
models available including motor
tachs, gear heads, governed 
and ungoverned units. 
Send for brochure containing 
installation and performance data. 

Canon Camera Quality in 
Electronic Components 

Canon® 
Canon U.S.A., Inc. 
Electronics Components Division 
10 Nevada Drive I 
Lake Success, L.I ., N.Y. 11040 
516/488-6700 I Telex No. 96-1333 
Cable-Canon USA LAKS 
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PRODUCTS 

20M-BVTE DISC MEMORY 
FOR 'PDP-11 

A rapid access mass storage system, 
the M5104 disc memory is media (plat
ter) compatible with the RK05 and com
pletely compatible with all DEC soft
ware. 4-platter system provides user 
with the equivalent of 8 RK05's avail
able online at all times with 20M bytes 
of storage capacity. Avg positioning 
time for a random move 'Is 40 ms and 
transfer rate is claimed to be 40% 
faster than DEC's. Built-in address-de
fining switch allows user to reverse 
platter call-out. Computer Labs, Inc, 
505 Edwardia Dr, Greensboro, NC 
27409. 
Circle 226 on Inquiry Card 

132-COL CRT TERMINAL 
Fu:I line printer format can be displayed 
on the SMART ASCII terminal with up 
to 40 lines (4096 char) on its 15" 
(38-cm) CRT. Full u/lc ASCII char set is 
std. Special char can be designed using 
the font editor program. Keyboard is 
relegeridable; foreign language fonts 
can be implemented. Communication Is 
via an RS-232 line for direct hookup, or 
remote use via dialup lines with key
board selectable baud rates from 110 
to 9600. ECO Corp, 196 Broadway, Cam
bridge, MA 02139. 
Circle 227 on Inquiry Card 

MINIATURE PCB RELAYS 
FBR 111 spdt (1 form C) relays have 
load handling capability of 3 A at 28 
Vdc or 3 A at 120 Vac resistive, and 
coil power dissipation of 360 mW. FBR 
211 relays feature high component 
density and have load handling capa
bilities of 1 A at 24 Vdc or 0.5 A at 
100 Vac resistive. 221 series are iden
tical to 211 models except for a dpdt 
(2 form C) contact arrangement. 321 
series handle 3 A at 24 Vdc or 3 A at 
100 Vac resistive; and have dpdt con
tacts. Fujitsu America, Inc, Component 
Sales Div, 910 Sherwood Dr, Lake 
Bluff, IL 60044. 
Circle 228 on Inquiry Card 

HIGH PERFORMANCE 

CONVERTERS 
ONLY $19f 
You 
could pay 
that or more for 
Just 1 2 bits. But with the 
ZAD3014, you get 14·blts-
a cost-effective solution for 
a wide range of high perfor· 
mance applications. 

The ZAD3014 delivers 14-bit reso
lution at conversion times of less 
than 100µsec. With four input 
ranges ( + 10V, + 5V, 0 to 10V 
and 0 to 5V) and three output 
codes (unipolar binary, offset 
binary and 2's complement) to 
give you all the flexibility you 
need in a space-saving 3.5 cu. 
in. case. 

Thin film resistors with low tem
perature coefficients insure that 
no codes are missed over the 0 to 
70 ·c operating range. External 
zero and full scale adjustments 
are provided. 
Is that all there is? No. Zeltex 
quality and reliability are built-in. 
As always. 

"(HJO unit qty.) 

The Conversion Product Specialists 
940 Detroit Avenue, Concord, 
California 94518. 
(415) 686-6660fTWX 910-481 -9477 
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PRODUCTS 

FIBER OPTIC 
EMITTER DRIVERS 
Fibercomn series of fiber optic emitter 
drivers (FEDs) are encapsulated in 
0.4" (1.02-cm) high 24-pin DI Ps. A com
plete TTL compatible fiber optic trans
mitter can be configured by addition of 
an emitter or emitter assembly and a 
5-V power supply. Driver has internally 
limited 100-mA drive current which may 
be externally adjusted for any drive up 
to 300 mA. Electrical rise and fall times 
are typically 15 and 5 ns, respectively. 
-2D, -3D, and -4D modules supplement 
series. Radiation Devices Co, Inc, PO 
Box 8450, Baltimore, MD 21234. 
Circle 229 on Inquiry Card 

OPEN FRAME 
DC POWER SUPPLIES 

In addition to ±0.1 % line and load 
regulation, 4 models of series SPE sup
plies provide outputs of 5, 12, or 15 
Vdc. Tempco is 0.03% I °C; ac input is 
115 Vac ±10%, 1 phase, 60 Hz ±3 Hz; 
and ripple is 1 mV rms. Thermal cur
rent limiting is built-in. Adjustable out
put is ±5%. Chassis weight is approx 
2.4 lb (1.09 kg). Units measure 4 x 4.8 
x 2.1" (10 x 12.2 x 5.3 cm). Standard 
Power, Inc, 1400 S Village Way, Santa 
Ana, CA 92705. 
Circle 230 on Inquiry Card 

HIGH RESOLUTION 20" 
CRT MONITOR 
A high density CRT display module, 
the HRD-20, uses a 20" (50.8-cm) CRT 
to display full pages of text or graphic 
data. With a bandwidth of 105 MHz, the 
noninterlaced system scans at 50k scan 
lines/s. Dot resolution is rated at 0.01" 
(0.025 cm) with clear definition; rise/ 
fall time is <3 ns. Std phosphor is P-4. 
Geared for document retrieval, text pro
cessing, and graphics applications, 
screen is human engineered for 8 h/day 
use without eyestrain. CPT Corp, 1001 
Second St S, Hopkins, MN 55343. 
Circle 231 on Inquiry Card 

FLOPPY DISC DRIVES 
Shugart compatible FDD 100-8 series 
offers both single- (3.2M bits/side) and 
double-density (6.4M bits/ side) format 
on a removable 8" (20-cm) diskette 
using MFM encoding. Anticrunch media 
insertion, cooler operation at the re
cording surface, 85% commonality of 
parts between single- and dual-head 
drives, and double-density recording 
without additional prewrite compensa
tion are featured. IBM compatible units 
read and write IBM 3740 formatted 
diskettes for up to 1.9M bits. Siemens 
Corp, OEM Div, 1440 Allee St, Anaheim, 
CA 92805. 
Circle 23'2 on Inquiry Card 

MOS MEMORY WITH 
ERROR CORRECTING CODE 
Add-in memory system for DEC PDP-11 
Uribus computers features single-bit 
error correction, and double and mul
tiple bit error detection. PM-S11E re
quires only 2 DEC hex SPC backplane 
slots for mounting. It can be used with 
parity or nonparity operating systems, 
and is compatible with DEC hardware 
and software. It offers 256k bytes of 
memory std, and is also available in de
populated versions of 64k, 128k, and 
196k bytes. Plessey Peripheral Systems, 
17466 Daimler Ave, Irvine, CA 92714. 
Circle 233 on Inqu iry Card 

EMBEDDED CARTRIDGE DISC 
CONTROLLER FOR LSl-11 
Single PC board PF-LSl-RK plugs di
rectly into any quad LSl-11 Q-bus, and 
can be directly cabled to up to 4 in
dustry std disc drives via a company 
disc personality card. Formatter and 
coupler are included in the module. 
Controller accommodates single and 
multiplatter disc drives: 1 to 4 2.SM- or 
SM-byte drives, 1 or 2 10M-byte drives, 
or 1 20M-byte drive without modifica
tion to DEC distributed operating sys
tems. Pentron, Inc, 1616 S Lyons St, 
Santa Ana, CA 92705. 
Circle 234 on Inquiry Card 

VIDEO INTER,FACE BOARDS 
WITH PROTE1CTED FIELDS 
CRT-2000 and -3000 are available in 50 
and 60 Hz, and with user definable 
character sets. Both 16-line x 64-char 
interface boards include a 1 k x 7 RAM, 
64 x 7 x 5 row scan character gener
ator, and SF.F 96364 CRT processor, 
in addition to supplementary logic. They 
accept data and control codes at TTL 
levels in ANSI std ASCII , and provide 
a composite video output which can be 
directly connected to any std CRT 
monitor. The -3000 also provides screen 
read. Nucleonic Products Co, 6660 
Variel Ave, Canoga Park, CA 91303. 
Circle 235 on Inquiry Card 

PUT OUR POWER 
TO THE TES1 FREE. 

Prove our switchers yourself. Send us your spec and we'll bring you a 
power supply to test for 10 days. Free. 375 or 750 watts of _.d~ 
output. 56 standard models. Modular, ALMOND 
ruggedized construction. High effi-
ciency over extreme input line voltage INSTRUMENTS 1111111:1.,.. 
variation. Brownout proof. Turn us on. COMPANY, INC. 'lf' 
1330 East Cypress Street. Covina. Ca. 91724 /Phone (213) 967-9521 /TWX 910-584-1320 
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DELTA DASH® GETS YOUR 
SMALL PACKAGE THERE 

IN A BIG HURRY. 
Delta handles more over-the
counter shipments of 50 lbs. or 
less than any other certificated 
airline. And DASH (Delta Airlines 
Special Handling) serves 85 U.S . 
cities plus San Juan . Any package 
up to 90 inches, width + length + 
height, and up to 50 pounds is 
acceptable. DASH packages accepted 
at airport ticket counters up to 30 
minutes before flight time, up to 60 
minutes at cargo terminals. 

Rate between any two of Delta's 
domestic cities is $30. ( $25 between 

Dallas/ Ft.Worth and Los Angeles 
or San Diego or San Francisco). 
Pick-up and delivery available at 
extra charge. Call 800-638-7333, toll 
free. (In Baltimore, call 269-6393). 

You can also ship via DASH 
between Delta cities in the U.S . and 
Montreal, Nassau, Bermuda, Freeport 
and London, England. For details , 
call Delta's cargo office. ~DELTA 

The airline run by oroles51ona1S 

DELTA IS READY WHEN YOU ARE ® 

INTRODUCING OUR NEW 

230 

SOLID STATE DATA BUFFER 
161000 CHARACTERS 

FEATURES 

• RS-232 Compatible 

• Speeds Up To 19,200 
Baud 

• Microprocessor Controlled 

• Software Included 

• Context Editor 

• Compact Size/Low Cost 

• Stand Alone 

TYPICAL USES 

• Store and Foward 

• Buffered Tape Emulator 

• Text Editing 

• Baud Rate Conversation 

Custom OEM Software 
Available, i.e., Code 

Conversion, Communication 

Control, Protocol Converter, 
Etc. 

6655 AMBERTON DRIVE 
BALTIMORE, MARYLAND 21227 
301-796-2300 TWX 710-862-1949 

CIRCLE 127 ON IN9UIRY CARD 

PRODUCTS 

HEAVY DUTY MICROMOTOR 

Units suited to servo systems and other 
precision drive uses feature max effi
ciency ratings from 72 to 77% and avg 
no-load current ratings from 40 mA on 
the 4.5-V motor to 14 mA on the 15-V 
motor. With low moment of inertia, 
ironless rotor motor measures 23 mm 
in dia and 33.8 mm in length. Cylindri
cal skew-wound coil tolerates max of 
100 °C. Available voltages are 4.5, 6, 
9, 12, and 15. Power outputs for most 
models are 3 W. Portescap U.S., 730 
Fifth Ave, New York, NY 10019. 
Circle 236 on Inquiry Card 

BCD COMPATIBLE 
4Y2-DIGIT DPM 
Features of the AN2574 digital panel 
instrument include high impedance 
(1000 Mll) differential input, autozero, 
autopolarity, 0.005% resolution, accu
racy of ± 0.01 % of reading ± 1 count, 
and 100- or 10-µV sensitivity. Universal 
power supply provides 110- or 220-Vac 
(± 20%) operation and up to 1400-Vdc 
or ac peak isolation. A 5-Vdc logic 
powered unit is optional. DIN/NEMA 
packaged unit has 0.43" (1 .09-cm) high 
LED display. Word programmable, 
3-state, BCD output option allows data 
to be multiplexed onto a data bus in 
4-, 8-, 12-, 16-, or 20-bit words. Analogic 
Corp, Audubon Rd, Wakefield , MA 
01880. 
Circle 237 on Inquiry Card 

OMA ANALOG 1/0 
BOARD FOR PDP-11 
Access to 64 single-ended or 32 dif
ferential signal channels, with OMA data 
bursts of up to 45k samples/s is pos
sible with the ST-PDP2D1C5 card that 
plugs directly into the block connector 
in the PDP-11 and interfaces to its Uni
bus electrical pinout. Paper tape diag
nostic programs are included .. The 
12-bit A-D OMA card has max through
put of 20 µs, acquisition time of 12 
µs, and conversion time of 8 µs . Aper
ture time is 50 ns, max feedthrough is 
0.01 % , and off-channel multiplex cross
talk is 0.01 % at 1 kHz. Datel Systems, 
Inc, 1020 Turnpike St, Canton, MA 
02021 . 
Circle 238 on Inquiry Card 

COMPUTER DESIGN / SEPTEMBER 1978 



LOW COST PICOAMMETER 

C· ::: C 

.• 11111111 J:J 

Model 480 picoammeter measures cur
rents with 1 pA resolution . Input voltage 
drop of < 0.2 mV, which is constrained 
by feedback techniques, does not dis
turb circuit under test. Unit measures 
current from 1 pA/digit (2 nA full 
range) to 2 mA, with 3V2-digit precision. 
Input is connected into the circuit, ap
propriate range selected, and current 
read from digital display. High common
mode rejection and floating input per
mit in-circuit measurements. Keithley 
Instruments, Inc, 28776 Aurora Rd, 
Cleveland, OH 44139. 
Circle 239 on Inquiry Card 

PLOTTER CONTROLLER FOR 
TERMINET WORKSTATIONS 
TermiNet Ill workstations and 9600 com
munications contro llers can become 
plotting stations with the Complot® 
BTC-7 /340. The microprocessor based 
system operates in incremental or vec
tor/symbol mode. Controller determines 
whether data are a plot code or data 
for the line printer. Plotting codes gen
erate pen commands for driving any 
Complot plotter at full capability. Host 
computer software support is available 
for the GE Mark 111/RPS111 high speed 
service. Houston Instrument, One Hous
ton Sq, Austin, TX 78753. 
Circle 240 on Inquiry Card 

SERIAL COMMUNICATIONS 
LINE SWITCH 

For redundant processor applications, 
the general purpose TS01 is a rack 
mountable, 16-channel terminal switch 
that functions as a 32-pole, double 
throw reed relay switch controlled by 
primary or secondary processors, or by 
front panel mounted switches in manual 
mode. Front panel LED indicators con
tinuously monitor the processor con
trolling the switch . Primarily for DEC 
PDP-11 series computers, the device 
reverts to system A processor upon 
initialization or loss of power. Pichler 
Associates, 410 Great Rd, Littleton, MA 
01460. 
Circle 241 on Inquiry Card 

FULL DUPLEX DATA SETS 
T108D and E are originate-only and 
answer-only data sets providing 0 to 
300-bit/ s asynchronous data transmis
sion over 2- or 4-wire private line fa
cilities. Data sets are end to end com
patible with Bell 108 series. Sets utilize 
single-card LSI technology and feature 
front panel diagnostic LED status indi
cators, which help to provide rapid 
fault isolation. Test capabilities for sys
tem 's data sets, data lines, and terminal 
interfaces include analog and digital 
loopback, and self-test. Rixon Inc, 2120 
Industrial Pkwy, Silver Spring, MD 
20907. 
Circle 242 on Inquiry Card 

INTERCONNECTING HARDWARE 
FOR OPTICAL CABLES 
Cable terminations, inline connectors, 
and source/detector receptacles are 
interchangeable and intermateable inter
connecting elements. All hardware is 
compatible with the company's optical 
cables; precision alignment is assured. 

Without the need for index-matching 
fluid, the copper-zinc-nickel alloy com
ponents provide low, reproducible cou
pling losses after repeated matings 
under normal environments. Typ inser
tion loss is < 1 dB. Siecor Optical 
Cables, Inc, 631 Miracle Mile, Horse
heads, NY 14845. 
Circle 243 on Inquiry Card 

OCR SYSTEM FOR 
MULTIPLE DATA ENTRY 

Series 700 optical character recogni
tion system features set of GuidelightsT" 
situated on both sides of removable 
nose cone. Light emanates from 2 aper
tures centrally located behind 0.4" 
(1.02-cm) vertical read window. Beams 
of light are visible under ambient light 
conditions and assist operator in ac
curately positioning and tracking across 
line of characters. Wands carry a 10' 
(3.05 m) retractile cable. Caere Corp, 
345 E Middlefield Rd, Mountain View, 
CA 94043. 
Circle 244 on Inquiry Card 

SWITCH 
OUR SWITCHERS TO 

SUIT YOURSELF. 
Maybe one of our 56 standard products won't fit your application. 
No problem. Because our modular design means you can switch 
components to suit your requirements. 375 to 750 watts.· .Jl. 
Single, dual. triple or quad output. 5, 12, ALMOND ..QD. 
15. 18. 24 and 28 Vdc current~ from 2 to INSTRUMENTS ..,~ 
150 amperes. Put our rugged1zed con- r.oMR•A•i.iv INC 
struction to the test. Call us. \,; 1"'11'41, • 

1330 East Cypress Street. Covina. Ca. 91724 / Phone (213) 967-9521 /TWX 910-584-1320 
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Your equipment is very 
special ... it desenres a case 
by BUCKEYE &> . . 

Buckeye's new CRT and DPI terminal enclosures are 10V2", 
12" and 15 V2" with the keyboard holder also adaptable to 
14 Buckeye 5%" high case models. Send for dimensional 
information and prices. 

the BUCKEYE stamping 
company 

555 Marion Rd , Columbus OH 43207 614/ 445-8433 

CIRCLE 129 ON INQUIRY CARD 

64KB MICROPROCESSOR 
MEMORIES 

Cl-1103 - 8K words to 32K words in 
a single option slot. Plugs directly into 
LSI 11, LSI 11/2, H11 & PDP 1103. 
Addressable in 2K increments up to 
128K. 8K x 16 $390.00. 32K x 16 
$995.00 qty. one. 

Cl-1103 32K x 16 
Cl-6800 - 16KB to 64KB on a single 
board. Plugs directly into Motorola's 
EXORcisor and compatible with the 
evaluation modules. Addressable in 
4K increments up to 64K. 16KB 
$390.00. 64KB $995.00. 

Cl-6800 64K x 8 

Cl-8080 - 16KB to 64KB on single 
board. Plugs directly into Intel's MOS 
800 and SBC 80/10. Addressable in 
2K increments up to 64K. 16KB 
$390.00. 64KB $995.00. 

Tested and burned-in. Full year warranty. 

Chrislin Industries, Inc, 
Computer Products Division 

31312 Via Colinas . Westlake Village, CA 91361 · 213-991 -2254 
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PRODUCTS 

HIGH SPEED 
LOGIC TROUBLESHOOTER 

Model 57008 Scanmaster enables users 
to rap idly probe pins of IC modules by 
pushbuttons on its panel. Any desired 
pin can be probed in 1 s, without count
ing or making an individual connect ion 
to the pin. Panel switch enables user to 
select logic threshold for testing CMOS, 
TTL, HTL, RTL, and DTL families. While 
probing the pin, the unit simultaneously 
interfaces the signal on the pin under 
test to an external oscilloscope, counter, 
or other test instrument. Information 
Scan Technology, 1725-L Rogers Ave, 
San Jose, CA 95112. 
Circle 245 on Inquiry Card 

NETWORK CONTROL UNIT 

Universal unit with P/ROM interfaces 
high speed data terminals and word 
processing machinery to most carrier 
and private switched networks. Control 
unit to terminal signaling level is EIA 
RS-232-C; model CU355 accommodates 
Western Union low level (±12 V) or 
EIA RS-232-C compatible modem on 
the network side. Features include alpha 
or numeric keypad, and field program
mable message delivery verification and 
station identification capab ilities. Multi
plex Communications, Inc, 123 Marcus 
Blvd, Hauppauge, NY 11787. 
Circle 246 on Inquiry Card 

CREDIT CARD READER 
Credit cards may be ·read, edited , and 
written with the ANSI-std series RW-31 
CreditloaderT" credit card reader/wr iter 
when connected to a minicomputer or 
intelligent terminal. Configuration pro
vides read-only operation on track 2 
and R/W on track 3. Electron ics employ 
an FB microprocessor with ROM and 
RAM, full 1/0 buffering, and solid state 
motor control. Vertel, Inc, 125 Ellsworth 
St, Clifton, NJ 07012. 
Circle 247 on Inquiry Card 
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MUL Tl-EXHAUST BLOWERS 

Blowers feature vertical exhausts from 
front top center of blower and diagonal
ly upward exhausts from rear of blower 
package. All units have std EIA notch
ing. Motors are rust-resistant, double
sh ielded ball bearings per spec FF-13-
171 and permanently lubricated with a 
- 20 to 250 °F (- 28 to 121 °C) lubricant. 
They meet spec CC-M-636A and are 
single phase, UL approved with 115 
Vac , 50/60 Hz. Mclean Engineering 
Laboratories, 70 Washington Rd, Prince
ton Junction , NJ 08550. 
Circle 248 on Inqu iry Card 

MINICOMPUTER SOFTWARE 
SUPPORT PRODUCTS 

Business language capabilities of larger 
mainframe computers are supplied to 
the Eclipse C/330 and M/600 minicom
puters with 5 software products. These 
include COBOL, RPG II, and Idea, a 
language tool which allows users to 
develop computer programs at TV-like 
terminals. With the additions, 30 users 
can work with a typ M/600 computer 
system employing different computer 
languages at the same time. Data Gen
eral Corp, Rt 9, Westboro, MA 01581. 
Circle 249 on Inquiry Card 

AUTOMATIC DIGITAL 
PHASE-ANGLE METER 

~ 

- - .... 
Model 305C / 110 provides IEEE 488 bus 
compatibility, transferring measurement 
data and commands between the instru
ment and any min icomputer, calculator, 
or microcomputer system. Phase meter 
provides a 5-digit-plus-sign readout of 
phase angle and analog phase-angle 
outputs, ± 0.01 ° resolution, ± 0.03 ° ac
curacy, ± 0.03 ° repeatability, and ± 0.02 ° 
linearity. Sett ing of ac gain, selection 
of 1 of 5 output time constants, sensing 
of lead ing or lagg ing angle, and selec
tion of angle range are all programmed 
by bus controller. Dranetz Engineering 
Laboratories, Inc, 2385 S Clinton Ave, 
South Plainfield, NJ 07080. 
Circle 250 on Inquiry Card 

WEST COAST EDITOR 
We need a second West Coast Ed
itor to serve as editorial interface 
with electronics firms in Northern 
California, Oregon, and Washing
ton. The "right" person is a highly 
motivated graduate engineer with 
experience in semiconductor tech
nology and digital electronics; a 
flair for editing and writing techni
cal copy; and the ability to work 
well with both public relations and 
engineering personnel. Must be able 
to work from San Francisco "Penin
sula" base with minimal direction 
and be free to travel. Excellent com
pany-paid benefits. For interview, 
send resume to Sydney F. Shapiro, 
Managing Editor, or call 617 / 486-
8944. 

COMPUTER DESIGN 
11 Goldsmith St 

Littleton, MA 01460 
An equa l opportun ity employer 

~~~ 

OUR SWITCHING 
POWER SUPPLIES 

GIVE YOU 10,000 
FREE HOURS. 

Ruggedized, modular construction plus high quality parts selection 
mean longer life ! 40,000 hour MTBF. that's 10,000 more than 
almost anyone gives you. 56 standard ALMOND ..IL. 
models. 375 or 750 watts output over .al:llllii. 
-10° c to +60° c without derating. INSTRUMENTS ~17" 
Fast delivery too. Call us. COMPANY, INC. 'lf' 
1330 East Cypress Street. Covina, Ca. 91724 / Phone (213) 967-9521 /TWX 910 -584-1320 
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PRODUCTS 

MULTIPLE LOOP 
INDUSTRIAL CONTROLLERS 

In 2- and 4-loop configurations, all with 
input, output, and control action selec
tion on a per loop basis, Control:80 
models handle field interchangeable in
puts that include all common thermo
couple types, RTD, millivolts, and pro
cess inputs. Plug-in outputs include re
lays and triacs rated at 2 A, 240 V, 
as well as voltage and current. User 
selected control action ranges from on/ 
off through full PIO control. Special 
capabilities include an alarm monitor
ing package with 8 field programmed 
alarm conditions. Emerson Electric Co, 
Doric Scientific Div, 3883 Ruffin Rd, 
San Diego, CA 92123. 
Circle 251 on Inquiry Card 

In stock . Off-the-she lf. 24-hour 
delivery. Grinding to your prints . 
Engineering assistance. Fabricating 
facilities. In addition . PERMAG has 
exotic . exclusive hard-to-get items. 
Complete facil ities for measuring . 
testing . and producing special 
materials. 8 modern plants stocked . 
staffed . and equipped to meet you r 
every requirement. 
Write for new catalog. 

IN THE MAGNETIC FIELD 
PERMAG IS NO. 1. 

vou~ NO I SOU RCE 

SIZE 23 FRAME 
SYNCHRO COMPONENTS 
Control and torque transmitters, dif
ferential transmitters, torque receivers, 
and control transformers are each of
fered in 60- or 400-Hz models, all for 
115 Vac. Synchros exhibit small angular 
errors of ::;8 min of arc. Residual volt
age is typically < 100 mV. The 400-Hz 
torque receivers develop a peak output 
of 290 g-cm at a displacement of 16° 
with a min gradient of 18 g-cm/deg. 
60-Hz models have gradient of 8.6 
g-cm/deg, but a higher peak of 475 
g-cm at a displacement of 44 °. Mulr
head-Vactric Piv, 1101 Bristol Rd, 
Mountainside, NJ 07092. 
Circle 252 on Inquiry Card 

RFI POWER LINE FILTERS 
EP series filters bring switching type 
power supplies into compliance with 
VOE and proposed FCC specs and pro
vide noise suppression. Filters furnish 
high insertion losses for both line to 
line and line to ground emissions 
throughout frequency range. Filters are 
UL recognized. Electrically, they have 
a max leakage current, each line to 
ground at 250 Vac, 50 Hz of 0.4 mA. 
Rated voltage is 115/250 Vac and rated 
current is 3 A at 115 Vac and 1.5 A at 
250 Vac. Corcom Inc, 2635 N Kildare 
Ave, Chicago, IL 60639. 
Circle 253 on Inquiry Card 

16-BIT MINICOMPUTERS 

ABLE/20, 40, 60, and 80 series com
puters are 16-bit machines organized 
around 16 registers. Operation is asyn
chronous with an. avg execution time 
of 200 to 300 ns. The line is based 
on a single CPU configured on 2 4.5 
x 7" (11.4 x 17.8-cm) boards. EZbusT"' 
structure is comprised of 3 main buses. 
Data transfers take place through a 
16-bit bidirectional oata bus and 8-bit 
address/instruction bus; a 16-bit mem
ory address bus handles memory ad
dressing. New England Digital Corp, 
PO Box 305, Norwich, VT 05055. 
Circle 254 on Inquiry Card 

MUL Tl USER OPERATING 
SYSTEM FOR PDP-11 
Disc based XL/MU-11 operating system 
can be used on small PDP-11 con
figurations. For controlling realtime ap
plications, the task scheduler supports 
simultaneous multitasking applications, 
task queuing, intertask communication, 
and locking or unlocking of resources. 
For program development, the system 
has system programs and utilities for 
editing, assembling, and linking. Up to 
7 terminals conforming to std DEC 
DR11, DL11, or DC11 asynchronous 
interfaces can be supported. Path Sys
tems, Inc, 333 N Turner St, Manchester, 
NH 03102. 
Circle 255 on Inquiry Card 

MOTOROLA 
MPU POWER SUPPLIES 
... the cooler-running, longer-lasting, 
lower cost, triple-output power supply: 

• 50% to 100% more heat sink area 
• 25% lower transistor junction 

temperatures 
• standard, state-of-the-art OVP 
• lowest-cost of any national 

man UfaCtU rer•• "Based on latest published data. 

'Trademark Motorola Inc. 

- Consult your Yellow Pages lor 
address and telephone number 

of Permag near you 

Contact Motorola Subsystem Products, 
P.O. Box 20912, Phoenix, AZ 85006 or 
call (602) 244-3103. 

® MOTOROLA INC. ALL ACROSS THE COUNTRY 

234 CIRCLE 132 ON IN9UIRY CARD CIRCLE 133 ON IN9UIRY CARD 



LED L:OGIC 
STATUS INDICATORS 
The 551 series Indicator holds a T-1 
LED In a 0.180 x 0.250 x 0.290" (0.457 
x 0.635 x 0.737-cm) package. Lens of 
red, green, or yellow LED extends out 
0.095" (0.24 cm) to provide a wide 
viewing angle. TIL, DTL, or RTL drives 
are possible, with typ operating char
acteristics of 1.6 to 2.4 Vdc and 20 mA, 
or 2.2 Vdc and 10 mA, depending on 
color, for 2.0 med luminous intensity. 
Dlallght, a North American Phillps Co, 
203 Harrison Pl, Brooklyn, NY 11237. 
Circle 256 on Inquiry Card 

DYNA'MIC RANDOM-ACCESS 
MEMORY BOARDS 

Available in 32k- or 64k-byte versions, 
RAM Ill boards are designed for VDP 
desktop computers, and are S-100 bus 
compatible. During a normal CPU oper
ation, refresh synchronizes to CPU 
timing so that refresh takes place when 
the CPU is not using memory. When 
the CPU is not running, an internal 
timer generates refresh requests every 
6.6 µs. All boards have an access time 
of 375 ns and cycle time of 500 ns. 
lmsai Manufacturing Corp, 14860 Wicks 
Blvd, San Leandro, CA 94577. 
Circle 257 on Inquiry Card 

INCREASED CAPABILITIES 
FOR P/ROM PROGRAMMER 
Programmers provide 32k-bits RAM, 
faster programming capabilities, and 
programming and device error detection 
tests which include sum-check and 
blank-check routines. Sum-check, the 
binary sum of all bits , is stored in an 
internal register when data are loaded 
into programmer. Then a sum-check is 
calculated on RAM data before all pro
gramming and after verification steps. 
Error is indicated here if they do not 
agree. Blank-check routine guards 
against a device that already contains 
data. Data 1/0 Corp, PO Box 308/1297 
NW Mall., Issaquah, WA 98027. 
Circle 258 on Inquiry Card 

PRIMARY POWER 
SLIDE SWITCHES 
EPS1 and EPS2 are UL and CSA listed. 
Compqnents with PC or solder lug 
terminals and 2-A, 250-Vac rating for 
switching of electrical and electronic 
equipment are available. Dpdt, 2-posi
tion, EPS1 series locking switches fea
ture all-molded housing with mounting 
flanges, slotted actuators, 115 to 230 
Vac legends, and choice of 4 terminal 
styles. Housings in EPS2 series have no 
mounting flanges, actuator shows legend 
for switch position selected, and short 
and long PC terminals are available. 
Switchcraft, Inc, 5555 N Elston Ave, 
Chicago, IL 60630. 
Circle 259 on Inquiry Card 

100-m FIBER OPTIC 
INTERCONNE'CTION SYSTEM 

A powerful emitter assembly, tempera
ture-referenced photodetector assembly, 
TTL compatible preamplifier, and TTL 
compatible emitter driver are incorpo
rated in the 100-m system. Operating 
from de to SM bits/s, the system has a 
single fiber with strengthened cable con
str11ction. All cables feature ground and 
polished ends terminated with ferrules; 
connector elements use gold-plated 
brass construction. Augat Inc, 33 Perry 
Ave, PO Box 779, Attleboro, MA 02703. 
Circle 260 on Inquiry Card 

PROGRAMMABLE PULSE 
GENERATORS 

Single-channel model 1505 and dual
channel 1506 feature 500-ps ECL pulse 
drivers and 3-ns timing . Output for 
each unit is located at end of an umbili
cal cord, which brings pulse directly 
to fixture that holds OUT. Both gener
ators offer output amplitudes variable 
to ±2.5 V into 50 n, with baseline offset 
variable to ± 1 V. In the 1506, 2 inde
pendent output channels utilize a com
mon programmable frequency. Output 
amplitude, width, delay, and offset are 
independently adjustable for each chan
nel. EH International, Inc, 515 Eleventh 
St, PO Box 1289, Oakland, CA 94604. 
Circle 261 on Inquiry Card 

0.5" DIA LIGHT PEN 
For CRT data manipulation, model 120 
features stainless steel case which re
sists abrasion, corrosion, and discolor
ation. Package is 6" (15.2 cm) long and 
0.5" (1.27 cm) in dia. Integral hybrid 
circuitry gives TTL level logic output. 
Pens require 5-Vdc power. Options in
clude a noncoiled cord, alternate fields 
of view for special applications, and 
alternate spot brightness sensitivity 
which is factory preset to customer 
specs. HEI, Inc, Jonathan Industrial Ctr, 
Chaska, MN 55318. 

Circle 262 on Inquiry Card 

HIGH DENSITY 
PIN-TO-SOCKET CONNECTOR 
WF80 series connector compresses 80 
contacts into a 3.5" (8.9-cm) long 
molded body featuring 3 rows, on 0.100" 
(0.254-cm) centers, 0.050" (0.127 cm) 
staggered. Various combinations of con
tacts, terminations, and polarizations 
are available for PC board to chassis 
or motherboard, PC board to cable, or 
chassis to cable applications. Connector 
is constructed of glass-filled diallyl 
phthalate body and gold-plated con
tacts. Performance conforms to MIL
C-55302. AirBorn, Inc, 4321 AirBorn Dr, 
Addison, TX 75001. 
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Circle 263 on Inquiry Card 

LetSgoget 
cloned. 

See pages 78 & 79 
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New Fixed Head 
Dlgltal Thermal 

Prlnters&Mechanisms 
Complete printers with case, interface and 

drive electronics or stripped down mechanisms. 
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GAP·101M Graphics. 
100 million dot line MTBF. 

3 7 -- 0 : . CJ '-/ 
3 b -- q 3. 7 '-/ 
35+835.3 
3 '-l -- 7 0. 5 '-/ 
3 3 -- 5 7 .0 '-/ 
3 2 + '-/ 2 : .3 

NP·7/7M Printout. 
10 million character tines MTBF. 

I AM GUL TO 1·6 t·~rn 
MODEL AP-20 THERMAL 
PRINTER .... CAPABLE 
OF PRINTING UP TO 
20 COLUMNS OF UPPER 
CASE ASCII CODE 

~ABCDEFGHIJKLMNOPQRS 
TUl.Jl•l:X:"tZ['-] ""- I"#$::.-;~,' 
( )t+)- / 0123456789 :; 
<=>? 

AP·20/20M Printout. 
20 mllllon character lines MTBF. 

B 
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b '·I '-/ 3 2 +6 I 

.., b 5 3 j 2 I • .. ·c-
I I ····-· 

b.5 '-I 2 2 I n F4 I u 

5 '-13 I I n q c:3 I I u 

'-I 3 2.0 n CJ B A·-· 
u .::. 

3 2 I CJ. g B .., I.) 1 
I I 

ANP·9/9M Printout. 
10 mllllon character lines MTBF. 

Gulton's fixed head printers give you printouts like these with 
the quietness of non-Impact thermal printing and the reliability 
of solid state switching. · 

You get these advantages, 1) only one moving part-the paper 
drive, 2) Independence from Ink supplles and ribbon 
mechanisms, 3) high character quality and 4) extremely high 
reliability. 

Compare the advantages of Gulton's fixed head printing tech· 
nlque to the drawb,acks of other printing methods: the noise 
created by the hammer and drum technique the unreliability of 
the moving head wire matrix tec~nlque with Its routine solenoid 
failure, or the electrosensltlve technique with Its RFI and con· 
tamlnatlon problems. 

Complete Prlntera/Mech1nlama 

• AP·20/AP·20M alphanumeric 
printer with exclusive over· 
lapping dots for exceptional 
character definition ..• 20 
columns of 5 x 7 characters 
at up to 2.5 lines/sec. 

• NP·7/NP·7M has seven col· 
umns of exceptional char· 
acter quality 7 segment num· 
bers at up to 4 lines/sec. 

• ANP-9/ANP-9M is same as 
NP·7/NP·7M, but has twQ ad· 
dltlonal dot matrix l.D col· 
umns, up to 2.5 lines/sec. 

• GAP·101M Is for slmultane· 
ous analog, alphanumeric 
(10 columns 7 x 9 or 14 col· 
umns 5 x 7) and grid pattern 
printing. Up to 30 overlap· 
ping dot lines/sec. for excep-
tion a I graphics and char· NP·7 Numeric Printer 
acter definition. 

Write or call now for detailed catalogs. 

,gUlton® 
Measurement & Control Systems Division 

Gulton lndustnes Inc., East Greenwich. Rhode Island 02818 
401-884-6800 •TWX 710-387-1500 

See us at WESCON, Booths 1141-1143 

PRODUCTS 

MICROPROCESSOR COMPATIBLE 
REFERENCE JUNCTION ./ I A precision isothermal thermometer 
-' • which provides temperature informa-

.,,, .. · lion on 10 thermocouple wire termina-
, ·• lion pairs, SL 101 combines a linear 
· · stable silicon thermometer bonded to 
· a carefully designed thermal shunt. 

The module directly receives wire 
~ sizes to 14 AWG with shields and 

provides internal isothermal transi
tion to copper conductors. Dimensions are 6.10 L x 3.14 W 
x 1.12" T (15.4 x 7.98 x 2.84 cm) with a choice of solder eye 
or ribbon cable edge connectors. The unit is factory cali
brated and sealed and comes ready to bolt directly to data 
loggers, racks, and circuit cards. It is compatible with most 
data acquisition modules. Output sensitivity is 1 mV I °C, 
accurate to within 0.01 °C/ °C, and stable to 0.001 °C/°C/yr. 
Power required is 20 mA max at ±15 V. The San Diego In
strument Laboratory, 7969 Engineer Rd, San Diego, CA 92111 . 
Circle 264 on Inquiry Card 

ADD-IN MEMORY FOR PDP-11 
Offering up to 128k x 18 bits of high speed MOS main 
memory on a single std·size hex board, SuperSTOR-11 
uses 16k dynamic RAM technology to enhance capabilities 
of DEC's PDP-11 /04, /05, /34, /35, I 40, I 45, /55, and /60 
minicomputers. Three features safeguard against total loss 
of memory and minimize downtime. 16k block substitution 
allows user to bypass a defective block (by use of jumper 
lines) and continue using remaining blocks of memory. A 
LED is illuminated when parity error originates in the 
memory board itself, giving immediate indication as to 
where the error is located. A power check LED on each 
board lights to indicate that memory is receiving the 
required power. Cambridge Memories, Inc, 360 Second Ave, 
Waltham, MA 02154. 
Circle 265 on Inquiry Card 

PORTABLE DATALOGGER 

ML·1 O has capability of logging 10 channels of analog 
data and 32 bits of digital data with realtime clock data on 
computer compatible magnetic tape. Input signal range of 
0.1 999, 1.999, 19.99, or 199.9 V is switch selectable. Front 
panel display reads time when not scanning, and shows 
digital and analog data during scan cycle. Scan control 
is either by switch selectable time intervals (10 s, 30 s, 
1 min, 5 min, 10 min , 30 min, or 1 h), by external pulse 
control , or by manual pushbutton. A battery option will run 
the complete system including 8-char LCD readout for 
periods up to 30 days without recharging. Other options 
include RS-232 output to drive compatible equipment, such 
as printers and terminals. A. D. Data Systems Inc, 200 
Commerce Dr, Rochester, NY 14623. 
Circle 266 on Inquiry Card 
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PUSHBUTTON TRIGGERED OSCILLOSCOPES 

Featuring automatic triggering, color-coded front panels, 
and conveniently grouped controls, model 532 is a dual 
trace 30-MHz scope with 11.7-ns risetime and built-in 
delay line for leading edge viewing of fast risetime pulses. 
Full time 4X expansion allows any portion of a pulse 
train up to 40 full divisions long to be viewed without 
use of a multiplier. Model 517 is a dual trace 15-MHz 
scope with 5-mV/cm sensitivity and reliable triggering up 
to 30 MHz. It features automatic selection of chopped or 
alternate operation in dual trace mode depending on sweep 
speed selected. The 515 offers most features of the 517 
in a lower priced single trace version . TV sync separators 
are built-in for easy locking to complex TV video wave
forms at any sweep speed. The Hickok Electrical Instrument 
Co, 10514 Dupont Ave , Clevqland, OH 44108. 
Circle 267 on Inquiry Card 

FAST SCAN VIDEO DIGITIZER 
Video digitization from std TV cameras in real time (0.0166 
s/frame) can be accomplished with industrial quality inter
face which can be used for surveillance, robotics, inventory 
control, and pattern recognition, as well as tor data trans
mission over phone lines when combined with a modem. 
Digitized picture is placed in computer main memory via 
the S-100 bus as a single operation using direct memory 
access. Horizontal resolution can be 64, 128, 256, or 512 
picture elements/line and is easily varieq using a DIP 
switch. Vertical resolution is also switch selectable. Max 
resolution is 512 pixels/line x 256 lines. Each pixel is 
encoded in 16 gray levels (4 bits/pixel). Environmental 
Interfaces, 23414 Greenlawn Ave, Cleveland, OH 44122. 
Circle 268 on Inquiry Card 

PRINTER/PLOTTER WITH IMPROVED CAPAB'ILITIES 
Enhanced with reconfigured backup 
electrode, ramp toning fountain, vacuum 
channel, additional toner pump, and 
Type s toner formulation, the 1200A 
provides printout and graphics output 
from any popular computer printing at 
1000 lines/min with resolution of 200 
dots/in (78.7/cm), darker, more con
sistent writing quality, and faster startup 
time. Optional software adds gray scale 
half tones. Optional controller allows 
hardcopy production from up to 8 dis

play terminals. The unit prints 132-col lines on an 11 x 8.5" 
(27.9 x 21.6 cm) roll or fanfold page at 1000 lines/min. 
Lines per page are adjustable from 1 to 72. It draws a 
10.56" (26.82 cm) wide plot at 1" (2.54 cm)/s. Dual line 
buffer is std. Versatec, a Xerox Co, 2805 Bowers Ave, Santa 
Clara, CA 95051. 
Circle 269 on Inquiry Card 

Simply build in 
SECURITY 

Free user guide tells how to 
build in computer security. 
Info-guard™ plug-in modules make it easy to 
add encryption to your computers handling 
data processing and data communications. 
Modules compatible with the Motorola 6800 
and Intel 8080 microprocessors give you multi
ple options for developing your own prototype 
systems. These modules are available off-the
shelf. Following testing, after you have decided 
on the best design for your particular system, 
we'll produce the inexpensive custom hardware 
so you can offer data secure computers to your 
customers who need them. , 

James Booth has your free user's guide, just 
tell him which microprocessor you're using . So 
he can send the guide along with additional in
formation, including hardware prices. And 
when you're ready, he'll help with custom hard
ware development. Call him at 602/949-4735 or 
write to him at Motorola's Government Elec
tronics Division, Dept. F-9, P. 0. Box 2606, 
Scottsdale, AZ 85252. 

® #fllOTOROl.A 
Making electronics history since 1928. 
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PRODUCTS 

4K CACHE MEMORY FOR PDP-11 

CACHE/434TM for the PDP-11/34 and /34A and Cache/440™ 
for -11/35 and /40 have buffer size of Bk bytes organized 
as 4k words x 16 bits of high speed bipolar memory. Byte 
parity is used to check data integrity. If parity error is de
tected, cache is automatically disabled, and only valid data 
from Unibus memory are sent to requesting device. Address 
parity validates addressing into cache. If an error occurs, 
cache behaves as if it has a byte parity error, and the sys
tem works without interruption. Upper and lower address 
limit switches let the user specify the exact operating range 
of the cache. Buffer memory can automatically detect the 
total address range of Unibus memory present within the 
system. Cache is contained on two dual wide boards de
signed to install in place of backplane interconnect module. 
Able Computer Technology, Inc, 1751 ~angley Ave, Irvine, 
CA 92714. 
Circle 270 on Inquiry C a rd 

CLOCK GENERATOR FOR SS'l/'MSI TESTING 
A 4-channel, 50-MHz clock gener
ator that plugs into Tektronix TM-
500 series power modules is de
signed for testing MSI, SSI, and 
other circuits requiring more than 
one input channel. Model Pl-1 OOA 
has 4 synchronized, 50-fl outputs 
for driving TTL circuits and un
terminated lines. It performs the 
equivalent timing and control func
tions of 4 conventional pulse gen

erators in a single compact unit. Master clock A generates 
clock periods which are variable from 20 ns to 2 ms, and 
can be synchronously gated to produce pulse bursts. It can 
also be triggered from a single pulse to pulse repetition 
rates to 50 MHz. Outputs of channels B, C, and D can each 
be delayed from 10 ns to 1 ms with respect to that of A. 
Pulse Instruments Co, 1536 W 25th St, San Pedro, CA 90732. 
Circle 271 on Inquiry C a rd 

METAL-ON-SILICONE RUBBE·R CONNECTORS 
Metal paths positioned precisely on a silicone rubber 
substrate form contact pads and interconnections for closely 
spaced electronic circuits. MOE (metal on elastomer) 
connectors based on this concept are of max benefit 
where close contact spacing, zero insertion force con
nection, easy assembly and disassembly, shock and vi
bration resistance, environmental seal, low profile, and poten
tial for automated assembly are required. Paths and spaces 
between them are available as narrow as 0.002" (0.051 
mm). Paths are generally 0.0005" (0.0127-mm) thick nickel , 
copper, gold, silver, or combinations. The silicone rubber 
base holds the metal paths in p-recise registration, provides 
the spring force necessary to maintain reliable contact, 
and forms a seal against contaminants. Hulltronics Inc, Hat
boro, PA 19040. 
Circle 272 on Inquiry C a rd 
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KEYBOARD SEND/RECEIVE PRINTER 
Model 3551 is capable of transmitting keyboarded data 
to a local or remote Datashare•m system or other host 
computer, while independently printing data received from 
its host at 80 or 160 char/s. Features include a dual 
separately controlled paper feed, automatic last character 
visibility, and choice of keyboard formats, printer speeds, 
and telecommunications signaling rates. Two integral key
boards are offered : one is std 3600 Datastation keyboard 
with 76 key positions, including a 10-key numeric data 
entry pad, shift/shift-lock functions and std ASCII alpha
numeric char set with multikey rollover; the other Is a 
keypunch-like arrangement. Unit prints at rates from 25 to 
425 lines/min, depending on line length, using a 5 x 7 
dot matrix impact printing technique and 96-char ASCII 
set to print lines of up to 132 char. Datapoint Corp, 9725 
Datapoint Dr, San Anton io, TX 78284. 
Circle 273 on Inquiry Card 

INTERNATIONAL POWER CORD RECEPTACLES 

With recognit ion and approvals by UL, CSA, VOE, SEMKO, 
SEV, and other international safety testing laboratories, power 
cord receptacles allow the manufacturer to utilize just one 
receptacle for all production, simplifying the process of 
obtaining foreign approvals on the equipment. All receptacles 
conform to requirements of CEE publication 22. Use of a 
disconnectable power cord set makes it possible for equip
ment manufacturers to easily supply the appropriate power 
cord for each foreign country, thereby eliminating the 
necessity for users to modify the cord set before connection . 
All receptacles are rated for use to 250 Vac at currents 
of 6 or 10 A and at temperatures of 65 to 166 °C depending 
on type. Panel Components Corp, 2015 Second St, Berkeley, 
CA 94710. 
Circle 274 on Inquiry Card 

PORTABLE KEYBOARD SEND/RECEIVE TERMINAL 
A lightweight, IBM 3275-com
patible BSC printer/terminal, the 
em-t5 weighs 30 lb (13.5 kg) and 
is self-contained with keyboard , 
non impact printer, integrated 
2400-baud synchronous modem, 
power supply, and bisync pro
cessor with 2k memory in a 
carrying case. Compatible with 
existing multipoint 3275 EBCDIC 

data base systems operated in a poll/select mode, it 
simulates the 3275 unformatted display mode, and is in
tended for inquiry/response applications. It also provides 
editing capabilities to facilitate data entry. Equipped with 
a fully buffered alphanumeric keyboard , its 10 embedded 
numeric keys are color coded for easy identification. 
Built-in diagnostics provide reliable operation. NCR Corp, 
Terminal Sy1tem1 Div, 950 Danby Rd, Ithaca, NY 14850. 
Circle 275 on Inquiry Card 

Controls Division 

Career 
Opportunities With 

liarris Controls 
In Florida 

Harris Controls is a highly decentralized division of 
Harris Corporation, a strong and rapidly growing com
munications and information handling company with 
current volume approaching the billion dollar level. Our 
reputation as a leading supplier of computer-centered 
supervisory control and digital data acquisition sys
tems for the electric utility, railroad , and pipeline indus
tries is further enhanced through expansion in Power 
Control Centers, and energy management systems. 
We offer a very challenging growth environment and all 
the advantages of our uncrowded Florida East Coast 
location-which makes living here as great as working 
here! 

Software Design 
Engineers 
Minimum, 2 years experience in real-time computer control 
applications. Engineering, computer science majors or math 
majors preferred. These positions offer a wide variety of duties 
including development of custom and standard software duties 
including development of custom and new control algorithms 
and strategies, and participating in the definition of new appli
cations for existing products. Experience with scientific 
FORTRAN and real-time assembly language is required. 

Senior Software 
Design Engineers 
Minimum, 5 years experience in real-time computer control 
applications. These positions offer an opportunity to participate 
in the development, design, and implementation of major new 
applications for the electric utility and pipeline supervisory con
trol market. Task leadership positions are available which 
encompass design and project responsibility, technical super
vision of software team members as well as systems integra
tion responsibilities. Engineering or computer science majors 
preferred. 

Digital Hardware 
Design Engineers 
BSEE required with 2 or more years experience in the design 
and test of computer directed digital control and/or data acqui
sition systems. Capability is needed to manage projects with 
cost and schedule control, along with responsibility for design 
and test of hardware modules which interface with existing 
product line. Experience with microprocessors is highly 
desirable. 

System/Applications 
Engineers 
New positions require technical degree with minimum of 4 to 8 
years in hardware. software, and/or system design with most 
recent experience in real-time, computer-based control sys
tems. Systems knowledge of one of the following areas is 
highly desirable: Pipeline Operation and Control : Process Mon
itoring and Control; or Electric Power Utility Monitoring and 
Control. Proven ability in developing systems specifications 
and /or prop osals , technical presentation , cust omer/ 
management. 
Please send resume in confidence with salary his
tory to: R.B. Storch, Harris Corporation, Controls 
Division, P.O. Box 430R, Melbourne, Florida 32901. 

~~~·= ~ INFORMATION HANDLING 

An Equal Opportunity Employer-Male and Female 
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PRO~tRASER 

Designed specifically to deliver a calibrated 
dose of ultraviolet at the correct wavelength and 
intensity to assure long-term data retention. 
Tested by leading manufacturers of EPROMS, it 
meets data-sheet requirements of Intel, 
National, AMO, AMI, Mostek and others. 

• SAFE - Operator • CONVENIENT -
protected against uv Metal-tray loading 
and ozone • FLEXIBLE - One to 

• SMALL - 7 in . wide, 60 PROMS per 
front loading cycle 

• AUTOMATIC lamp • AVAILABLE from 
start and timer current stock 

Write or call for further data, or to order 

2!!;10~~~;~ (i)\
10 

2~a~!i~~~043 
Telephone @415/965-9800 

CIRCLE 139 ON IN9UIRY CARD 

CIRCLE 140 ON IN9UIRY CARD 

PRODUCTS 

MODEM PERFORMAN'CE ANALYZER 
A handheld battery powered modem tester, the Modem
Microtest can be used to troubleshoot problems in trans
mission lines and in most modems and data sets, including 
Bell 103, 113, 202, 201, 208, and 209 type modems as 

well as modems up to 
29k bits/s. The unit can 
internally generate 4 
different data patterns 
including the std CCITT 
511 -bit pseudorandom 
pattern, and will detect , 
count, and display 
errors via its LED dis
play window. Test points 

and display for various RS-232 interface voltages are provided 
as well as self-test capability, RTS and DTR control, force 
error, and operator controlled transmission. Power is 
supplied by a rechargeable NiCd battery which provides 
24 h of continuous operation on a single charge. Multi-Tech 
Systems, Inc, 82 Second Ave SE, New Brighton, MN 55112. 
Circle 276 on Inquiry Card 

MICROPROCESSOR BASED 
INTELLIGENT TERMINAL 
Basic 960 terminal consists of a 15" (38.1-cm) screen, de
tachable keyboard with std layout, 9900 microprocessor with 
256 words ROM primed with 2 bootstraps, 4k dynamic RAM 
store, realtime clock, and a buzzer mechanism to alert the 

operator to error conditions. 
Keyboard unit is completely 
programmable; ie, sensitiv
ity may be programmed for 
n- or 2-key rollover. Std lay
out consists of 137 keys. 
CRT displays max of 24 
lines of 80 char; however, 
column width and number 
of lines in screen/scroll 

buffer may be altered by operator. Terminal font consists of 
256 shapes, accessed by 256 8-bit codes; char sets associ
ated with codes may be altered on a 12-dot wide x 16-dot 
high matrix using font edit program. Coltec Data Systems 
Ltd, 13-19 Curtain Rd, London EC 2, England. 
Circle 277 on Inquiry Card 

SY.NCHRONOUS MATRIX PRINTER TERMINALS 
PRU1901 and TWU1901 use the company's VIP communi
cations procedure, which provides poll and select capabil
ities that allow up to 32 units to be multidropped on a 
single communications line. PRU1901 is a receive-only 
printer in std configuration; an optional keyboard enables 
it to transmit as well. The interactive TWU1901 in addition 
has a typewriter-style keyboard for data entry and 
function commands, and can generate the full 128-char 
ASCII code set. Both models permit production of hardcopy 
reports at remote stations of a network, as well as within 
300 m of the host processor. Std features include 132 
print posit ions, horizontal and vertical tabs, multiple copy 
printing, self-contained print and carriage slew test routines, 
960-char communications buffer, and selectable data 
transmission rates of 1200, 2400, and 4800 baud. Honeywell 
Inc, Information Systems Group, .200 Smith St, Waltham, 
MA 02154. 
Circle 278 on Inqu iry Card 
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I LITERATURE I 

Control Loop 
Peripheral Devices 
Guide 5300, a 6-p bulletin on 13 Unimod 
computing modules with microprocessor 
based logic, details design, application, 
and operational benefits, along with a func
tional block diagram. Rochester Instru
ment Systems, Rochester, NY. 
Circl!! 300 on Inquiry Card 

ECL Panels/Rack Assemblies 
Dimensional diagrams and features are 
furnished in brochure on ECL panels, rack 
assemblies, and panel extenders whrch 
offer 4- and 5-layer construction with two 
ground planes on panels and extender con
trol single impedance characteristics. Mu
pac Corp, Brockton, Mass. 
Circle 301 on Inquiry Card 

Rechargeable Batteries 
Booklet includes color photos and descrip
tions of such industries as power tools, 
emergency and security products, micro
processors, and communications that are 
all served by rechargeable ·batteries. Gen
eral Electric Co, Battery Uept, Gaines
ville, Fla. 
Circle 302 on Inquiry Card 

AC-DC and DC-DC Power Sources 
General specs and dimensional drawings 
are included in 44-p reference guide on 
24 power source families ranging from 
DIP de-de converters to 150-W line switch
ing power supplies. Semiconductor Cir
cuits, Inc, Haverhill, Mass. 
Circle 303 on Inquiry Card 

Video Display Terminals 
Using keyboard photos with callout cap
tions to describe operating and program
ming features, 8-p ·brochure gives specs 
and advantages of 7000 series terminals 
for text editing and large system env.iron
ments. Delta Data Systems Corp, Corn
wells Heights, Pa. 
Circle 304 on Inquiry Card 

Op Amps 
Applications and technology of op amps, 
sample and holds, analog switches, multi
plexers, and other BI·FETT" devices are 
contained in brochure a'long with data 
sheets and diagrams. National Semicon
ductor Corp, 2900 Semiconductor Dr, 
Santa Clara, CA 95051. 

Test Instruments 
Containing photos, specs, and applications, 
catalog depicts instruments such as oscil· 
loscopes, frequency counters, digital and 
analog multimeters, and function and rf 
signal generators. B&K-Precision, Dy
nascan Corp, Chicago, Ill. 
Circle 305 on Inquiry Card 

L1ED Lamps 
With ta'hles and charts of optical, elec
trical, and dimensional characteristics, 
catalog includes std and high brightness 
LEDs; wide angle, short, and tapered lens; 
and low current and rectangular devices. 
Chicago Miniature Lamp Works, Gen
eral Instrument Corp, Chicago, Ill. 
Circle 3'06 on Inquiry Card 

Data Acquisition Systems 
Typical applications circuits for micro
processors, applications diagrams, and key 
specs are given for over 175 D·A and A·D 
converters in 24-p d·ata conversion hand
book. Micro Networks Corp, Worcester, 
Mass. 
Circle 307 on Inquiry Card 

Data Acquisition Components 
Catalog contains tutorial sections and in
formation on line of precision data acqui
sition components, data converters, signal 
conditioning components, temperature 
transducers, and digital panel meters. Ana
log Devices, Inc, Norwood, Mass. 
Circle 3'08 on Inquiry Card 

Solid-State Lightpens 
Catalog on lightpens gives general char· 
acteristics and specs for models LP-210, 
-211, -316, and -500, all designed for sym. 
ho! sensing, editing functions, and various 
graphics and displays. Information Con
trol Corp, Los Angeles, Calif. 
Circle 309 on Inquiry Card 

Robot Control Systems 
An Architecture for a Robot Hierarchical 
Control System presents advantages of ap· 
p)ying computer controls to complex robot 
systems and provides documented listing 
of 3-level hierarchy control programs for 
a robot arm. Price is $4.25; stock no. 
003-003-01874-1. Superintendent of Doc
uments, U.S. Gov't Printing Office, 
Washington, DC 20402. 

Solid-State Sensing 
Pocket-sized glossary defines 463 electronic 
sensing and computer terms, and helps to 
clarify high level electronics language. 
Honeywell Inc, Micro Switch Div, Free
port, Ill. 
Circle 310 on Inquiry Card 

IC DIP Sockets 
Complete specs, dimensions, and plating 
and material data are given for line of ICN 
series solder and wrap pin and !CL low 
prafile solder sockets. Robinson-Nugent, 
Inc, New Albany, Ind. 
Circle 311 on Inquiry Card 

Circuitry Components 
Connectors, terminals, switches, sockets, 
cable, headers, application tooling, arid 
interconnection systems are portrayed in 
4-color brochure. Molex Inc, Lisle, Ill. 
Circle 312 on Inquiry Card 

Subminiature Switches 
With specs, PC layouts, and mounting in· 
formation, catalog outlines subminiature 
and microminiature toggles, rockers, push
buttons, and power switches. C & K 
Components, Inc, Watertown, Mass. 
Circle 313 on Inquiry Card 

Data Monitors 
For monitoring and diagnosing fault con
ditions in data communications networks, 
Interview IP'" standalone tool is profiled 
in 8-p brochure. Atlantic Research Corp, 
Alexandria, Va. 
Circle 314 on Inquiry Card 

Connector Tools 
Descriptions, illustrations, and insertion 
and removal methods for line of connector 
contact insertion, removal, and crimping 
tools comprise 16-p catalog. Jonard In
dustries Corp, Tuckahoe, NY. 
Circle 315 on Inquiry Card 

Data Transmission Circuits 
An addition to Bugbook.® series, BSR-6, 
NCR Data Communications Concepts con
centrates on properties and limitations of 
real transmission lines, and corrective tech
niques to optimize data transmission per· 
formance. Price is $6.95. E&L Instru
ments, Inc, 61 First St, Derby, CT 06418. 
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Multichannel Communication 
System 
Single-board computer with four serial 1/ o 
ports which can communicate asynchro
nously at 110 to 9600 baud or synchro
nously. in excess o.f SOk baud is described 
in technical bulletin including a schematic 
diagram and circuit chart. Control Logic, 
Inc, Natick, Mass. 
Circle 316 on Inquiry Card 

t2''CRT 
DISPLAY 
MONITOR 

Compatible with 
TV12 or TV120 

Priced Below the 
Competition 

Bl:Jilt-in Quality, 
Performance, 
Dependability 

MODEL CIQ-12C 
(with optional chassis) 

Dot Matrix Printers 
Folder on 'alphanumeric dot matrix impact 
printers for ·point-of-sale terminals, elec
tronic cash registers, and other systems 
gives descriptions and features of five 
basic models. LRC, Inc, Burbank, Calif. 
Circle 317 on Inquiry Card 

Lightpens and Fixed Beam Systems 
Brochure outlines specs of seven models 
of series 600 lightpen and fixed ibeam bar 
code reading systems featuring individual 
decoders and multiplexing systems. ldenti
con Corp, Franklin, Mass. 
Circle 3'18 on Inquiry Card 

MODEL 
CIQ-12 (Kit) 

The low-cost CIQ-12 CAT Display 
Monitor provides data equipment manufac
turers with sharp, highly reliable image 
presentation. 

Separate horizontal drive, vertical drive, 
and video signal inputs mean elimination of 
composite sync and video signal process
ing and simple output circuitry. 

The completely new design of the com
pact integrated PCB utilizes the latest semi
conductor and other components, providing 
a dependable performance level never 
before possible. 

Delivered with P4 phosphor as standard. 
Available options are P31 and P39 phos
phors, sturdy zinc chromate plated chassis 
and a power supply module which is com
patible with practically any power supply 
standard in the world . 

FEATURES 

• Uniform High Resolution 

• Integrated PC Board 

• Dependable Construction 

• Squareness of Picture 

~ C. ITOH ELECTRONICS, INC. 
5301 Beethoven Street Los Angeles , Call! . 90066 
Telephone : (213) 390-7778 Telex : (WU) 65-2451 

280 Park Avenue, New York, NY 10017 
Telephone: (212) 682-0420 Telex (WU) 12-5059 

242 CIRCLE 23 ON INQUIRY CARD 

Microprocessor Modems 
Family of 9600-, 7200-, and 4800-bit/s 
modems availa1ble in single or multiport 
configurations are outlined in illustrated 
booklet comprised of technical data and 
features. Racal-Milgo Information Sys
tems, Inc, Miami, Fla. 
Circle 319 on Inquiry Card 

Personal Calculators 
Personal calculator digest includes articles 
on 1anguages and programming as well as 
a catalog section providing background, 
accessories, functional explanations, specs, 
and so.ftware for calculator family, Hew
lett-Packard Co, Palo Alto, Calif. 
Circle 320 on Inquiry Card 

Monolithic Converters 
Data sheet describes 30-MHz, 8-bit A·D con
verter packaged in ,a 64-pin DIP and details 
with ,a schematic diagram the edge-con
nected, PC card that hosts this 2-W device. 
TRW LSI Products, Redondo Beach, 
Calif. 
Circle 321 on Inquiry Card 

Modular Multiplexing 
Brochure points out system/ component 
specs and general functions of electronic 
equipment used to interconnect central 
sensor ·based computers to industrial 
equipment. Towne Applied Technology, 
Inc, Buffalo, NY. 

Circle 322 on Inquiry Card 

Modular Power Supplies 
Short-form cata1log offers specs for de-de 
series L regulated converters, de-de series 
B minfoonverters, de-de series D single
output converters, and ac-dc series T regu
lated miniature power supplies. Wall In
dustries, Inc, Bedford, Mass. 
Circle 323' on Inquiry Card 

Circular Plastic Connectors 
Furnishing contact arrangements and 
specs, performance characteristics, and 
mated and component dimensions, 45-p 
catalog profiles circular plastic connectors 
available in three interconnection series. 
AMP Inc, Harrisburg, Pa. 
Circle 324 on Inquiry Card 

Photosensitive Devices 
Dimensional outlines and spec charts as 
well as illustrations of measuring TV sys
tems comprise 20-p catalog listing radia
tion detectors, photoconductive cells, in
frared detectors, light sources, and image 
pickup tubes. Hainarnatsu Corp, Middle
sex, NJ. 

Circle 325 on Inquiry Card 
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MATERIALS 
MAGNETIC MATERIALS AND FORMS 

Magnet ic Materials 

PAGE 

Permag ...... .. .. .. ... ........ ................ ... ................ 234 

METALS AND METAL FORMS 

Cast Aluminum Plate 
Alumax Mill Products/ Alumax ........... ..... 182 

OPTICAL MATERIALS AND FORMS 

Fiber Optic Cable 
Galileo Electro-Optics ........ ......... ............ ... 31 

HARDWARE 
BREADBOARDS 

Prototyping 'Boards 
Vector Electronics ... ... ...... ... .. .. ... ............ ...... 190 

CABINETS AND ENCLOSURES 

Enclosures 
Buckeye Stamping ........ .... ....... ..... ................ 232 

CONNECTORS AND INTERCONNECTION 
SYSTEMS 

Connector 
AirBorn .. ............. ................. .. ................. .. ....... 235 
AMP ..... .. ................. .. .. .. .... ........ ... .... ............. 32-40 

PC Connectors 
Molex .... ................... ... ......... ..... ... .... ............... 224 
Viking Industries ... .... .. .. .................. ............. 201 

Flat Cable Connectors 
T & B/ Ansley ................ .. .. ... ....... .. ........ ..... . 226 

Metal-on-Silicone Connectors 
Hulltronics ..... .... ............................ ............ .... . 238 

Optical Cable Hardware 
Siecor Optical Cables ... ........ ................... 231 

Fiber Optic Interconnection Systems 
AMP ........... .... .. .. .......................... .... ..... ... ...... . 218 
Augat ...... .. .... ......... .. .. .......... ... .. .. ........ ... .. ....... 235 

FANS AND BLOWERS 

Blowers 
Mclean Eng ineering Laboratories .. .......... 233 

OEM Air Filters 
Alum inum Filter ..... ... ... ................... ...... ... .. ... 222 

HEAT SINKS 

Card Guide Heat Sink 
Unitrack/Caiabro Plastics .......... ..... ... ...... 225 

INDICATORS; READOUTS; 
DIGITAL DISPLAYS; LAMPS 

Digital Readout System Chips 
RCA Solid State ........................................ 204 

LED Logic Status Indicators 
Dial ight/North American Philips ........... ... 235 

PACKAGING 

Packaging Components 
Cambridge Thermionic ................................ 238 

RECEPTACLES 

Power Cord Receptacles 
Panel Components ...................................... 239 

SHIELDING PAGE 
Shielding Components 

Instrument Specialties ... .. .. .. .. .. .. ...... ..... ...... 168 

WIRE AND CABLE 

Flat Cable 
AMP ....... ......... ...... ........ ................................ 32-40 
Spectra-Strip ..... ............... ... . 8, 9; 42; 78, 79; 

132, 133; 211 

Round Conductor Ribbon Cable 
W. L. Gore Associates ............ .. .. .............. 225 

COMPONENTS AND ASSEMBLIES 
ELECTRON TUBES: CRTs 

CRTs 
GTE Sylvania/Electronic Components .... 5 

FILTERS 

RFI Power Line Filters 
Corcom ....... ............... ................... .. .. ... .. .......... 234 

MOTORS; ROTATIVE COMPONENTS 

Motors 
Canon U.S.A./Electronlcs Components .. 228 
Doerr Electric ....... ......... ... ..... ............ .. .......... 125 

Micromotor 
Portescap U.S. . ... ... .................. .. .. ... .... ... .. .. . 230 

Synchro Components 
Muirhead/Vactric ........... ......................... ...... 234 

PHOTODEVICES; PHOTODEVICE 
ASSEMBLIES 

LED Logic Status Indicators 
Dialight/North American Philips ............ 235 

POWER SOURCES, REGULATORS, 
AND PROTECTORS 

Power Supplies 
Motorola Semiconductor Products .... .... 234 
Standard Power ... ......... ... ... .. ..................... ... 229 

Switching Power Supplies 
Almond Instruments .................. 229, 231, 233 
Digital Power ..... ........ ................ ..... .. .. .... .. .. .. 247 
Elpac Power Systems ..... .................... ..... .. .. 199 
LH Research ....... .. ........... .... ................ 128, 129 
Pioneer Magnetics .... ............... .............. ..... 227 
Power/Mate ... ............... .... ... ... ...... .. ................ 222 

Power Line Conditioner 
Deltec ................ .. ...... ............ .. ... .. .... .. .. ........... 217 

DC-DC Converter 
Burr-Brown ... .. ............... .. .. ........ ... .... ...... .... .. . 211 

Circuit Protectors 
Heinemann Electric ... .............. .. .. .. ............. 146 

RELAYS 

PCB Relays 
Fujitsu America/Component Sales ........ 228 

SEMICONDUCTOR COMPONENTS 

VMOS Power FET 
Silicon ix .... ......... .. ...... .. .. .. .. ........................... 214 

SENSORS; TRANSDUCERS 

Audio indicators 
Citizen America ........... ............... ............... .. . 246 

SWITCHES PAGE 
Switch Modules 

Grayhllt ... .................... ... .. ............................ .. 136 

PC Switching Modules 
T-Bar/Swltchlng Components ................ 224 

PC Rotary Switch 
Centralab Electronics/Globe-Union .. .. .. .. 131 

Slide Switches 
Switchcraft. ............................. ....................... 235 

Communications Switch 
Pichler Associates ..... .. .... ....... .................... 231 

CIRCUITS 
CIRCUIT CARDS AND MODULES 

Line Printer Logic Module 
Tri log ... ... .... ............ ........................................ 225 

DIGITAL AND INTERFACE 
INTEGRATED CIRCUITS 
(See also Semiconductor Memories 
under Memory/Storage Equ ipment) 

Microprocessor 
Advanced Micro Devices .................... 160, 161 

Microprocessor Family 
NEC Microcomputers .............. .......... ........ .. 154 

Single-Chip Microcomputers 
Intel ........... .... ....................... .. ... .... ............... .. 174 
Texas Instruments/Semiconductor .......... 172 

CMOS Counters 
lntersii ............... ................... ... ........ ............ .. . 202 

Multiplier/ Accumulator 
TRW LSI Products .......... ... .. ......... 24, 25, 208 

Digital Readout System Chips 
RCA Solid State ............ .. .......................... 204 

Data Communications ICs 
Harris Semiconductor Products ............. . 135 

Speech Synthesizer Chip System 
Texas Ins truments/ Components ............ .. 200 

CRT Controller IC 
National Semiconductor ........ .. .. ................ 208 

DRIVERS AND DECODERS 

Display Driver 
Exar Integrated Systems .. .... .. .. ................ .. 214 

Fiber Optic Emil1er Drivers 
Radiation Devices ... .................................. .. . 229 

HYBRID CIRCUITS 

Hybrid Sample-Hold Amplifier IC 
Date I Systems .......... ........... ... ........... ......... .. 211 

LINEAR INTEGRATED CIRCUITS 

Op Amps 
Harris Semiconductor ...... .. ..... ....... .. ........ .. 214 

Hybrid Sample-Hold Amplifier IC 
Date I Systems ............. .. ... ....................... .. . 211 

Analog Comparator 
Optical Electronics ..•. ................... ............. 214 

MEMORY /STORAGE EQUIPMENT 
BUFFER MEMORIES 

Buffer Memory 
Columbia Data Products ............ .. .............. 230 

243 
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PAGE 
Cache Memory 

Able Computer Technology .... .... ... ..... ... ... 238 

FLEXIBLE DISC UNITS 

Flexible Disc ' Drives 

~~~;:'~~%~e;~~ ... : :::::::: : :: : ::: :: :: ::: :::: :: :::::::::::: :2~~ 
Flex ible Qlsc Systems 

Apple Computer ........ .. ............................ .... 183 
Charles R Iver Data Systems .............. ...... 227 
Data Systems Design .... .......... ... .. ....... .. .... 13 
Pertee Computei/ICOM ........................... . 179 

Flexible blsc Formatter 
Applied Data Communications .............. .. 240 

PB.per Tape Emulator 
GSI Systems .............. ...................... ...... .. ... . 226 

Flexible D,lscs 
Maxell America ................ .... ............. .... ..... .. 111 

I 

MAGNETIC CORE MEMORIES 
Core Membrles 

Dataram ........ ............ ... ....................... ...... 65, 127 
lmparl~I Technology ....... ............. .. .... ........ .. 191 
Push pa I ntarnatlonal ... ....... ...... ............ 88, 183 
Stanilird Memorl11 .................................... 219 

I . 
MAGNETIQ DISC AND DRUM UNITS 
(See also ; Flexible Disc Units) 
Disc Drive~ 

Control Data ........... ....... ........................... ... 159 
Shugart AHoclatH ............ ............ .............. 63 

Disc Systems 
1 

Computer Labs ......... .. ......................... ... ..... 228 
Xyloglc1 .... ..... ................ ......................... ... ..... 144 

Cartridge Disc Controller 
Pen Iron ..................... ... .. ..... ..... .......... ............ 229 

MAGNETIC TAPE UNITS 

Tape Transports 
Kannady ...... .... ...... ......... .... ..... .............. ..... .. .. . 

Tape Systems 
Dig I-Data ... ................................... ............. ..... 99 
Qantax/ North Allantlc lndu1lrlea ............ 222 

Tape Controllers 
Dynus .... .. ...... ........ ... ... .. ............................... .. . 188 
Western Perlpherals/WESPERCORP ..... ... 225 

Cassette Recorder 
Raymond Engineering ................................ 195 

MEMORY/STORAGE TEST EQUIPMENT 

Disc and Tape Exercisers 
Wiison Laboratorlae ...... .............................. 88 

ROM/RAM PROGRAMMERS AND 
SIMULATORS 

P/HOM Programmers 
Olivar Advanced Engineering ................. . 238 
Data I/ 0 .... .. ............... .. ................................. 235 

P/ROM Eraser 
Turner Daslgns ............ .... .......................... .... 240 

EPROM Erasing Cabinet 
Ultra-Violet Products ........ .......................... 220 

SEMICONDUCTOR MEMORIES 
RAMs 

EMM SEMl/Elactronlc Memories & 
Magnetics .... ...... .. ...... ... .......... ..... .............. 71 

Intel ..... ................ ....... .... ............................ 86, 87 
Mostek ................................................ 74, 75, 77 

RO Ms 
National Semiconductor .................... 176, 177 

EPROMs 
Intel ... ...... .. ........ ............................. ............. ... 112 
Motorola Semiconductor Products ... .. ... 202 

Semiconductor Memory Systems 
Cambridge Memories .................................. 236 
Chrlslln Industries ............................. .. ....... 232 
Dataram ...... ....... .. ............ ..... ......... ..... .......... .. 127 
IMSAI Manufacturing ............ ......... ........... 235 
Monolithic Systems ..... ............. 170, 171 , 188 
Motorola Semiconductor Products .......... 169 
National Semiconductor/Computer 

Products ...... .... .......... .............. ....... .... ......... 225 
Plessey Peripheral Systems ............ 209, 229 

244 

INPUT/OUTPUT AND 
RELATED EQUIJ:IMENT 

AUDIO RESPONSE EQUIPMENT 
Speech Synthesizers 

PAGE 

Telesensory Systems ...... .... .. ............ .... .... 220 
Speech Synthesizer C·hlp ·System 

Texas Instruments/Components ...... .. ...... 200 

BAR CODE EQUf PM ENT 
Bar Code System 

Interface Mechanlams .... .. ..... ........ ............. 156 

CHARACTER/MARK RECOGNITION 
EQUIPMENT 

OCR System 
Caere ... ... .. ... ......... .. .... ..... ..... .... .. .... .... ..... .... ... 231 

COMPUTER PERIPHERALS 

Microcomputer Peripherals 
Andromeda Sy1tam1 ............ ........................ 225 
·Northwest. Microcomputer Systems ..... ..... 184 

DATA TERMINALS 
(See also Graphic Equipment) 
Printer Terminals 

Datapoint ....... ..... .......... ............................. ... 239 
Hewlett-Packard ........................... .. ......... 52, 53 
Honeywell/ Information Systems ................ 240 
NEC Information Sy1tem1 ... ..................... 59 
NCR/Terminal Systems .... ......... ................... 239 
Teletype .. ..... ................... .................. .... .......... 151 

CRT Display Term inals 
Coltec Data Systems ............ .... ...... ............ 240 
Conrac ........... .... ................. ........ .................... 247 
Delta Data Sy1tem1 ... ......................... ........ 228 
ECO .................... ................................. ..... .. .. .. 228 
EECO ..... .. .............. .................................. ....... 181 
lnfoton ................................... ........................ . 186 
ReHarch/Taleray ........ ....... ......... .......... ...... 205 

DISPLAY EQUIPMENT 
(See also Data Term inals 
and Graphic Equipment) 
CHT Display 

C. ltoh Electronlc1 ...................... ... ...... .. ... 242 
VI deo Interface Boards 

Nucleonic Products ... .... ......... .... .. .............. 229 

GRAPHIC EQUIPMENT 

Color Graphic Display Term inals 
Ramtek ............... ....................... ...... .... Cover IV 

Plasma Graphic Display Terminal 
lntaretata Elactronlc1 ........ ................ ........ 123 

Image Processing System 
Comtal .......................... ....................... ........... 221 

Graphic Translator 
Hewlett-Packard ............ ..... .......... ..... Cover II 

Graphic Subsystems 
Digital Research & Engineering ............ 245 
Matrox Electronic Systems .......... .. ........ 154 

Graphic Displays 
CPT ..... ... ... ..... .... .. ......... ......... .......... ..... ... ...... 229 
Systems Research Laboratories ............ 222 

Graphic Display Interface 
MiniTerm Associates .............. .................. 188 

Light Pens 
HEI .... .... ... .... .... ..... .. ... ...... ....................... ........ 235 
information Control .......... .......................... 220 

INTERFACE EQUIPMENT; CONTROLLERS 
Interface Boards 

MOB Systems ............ .. ... .. .... ......................... 21 
Analog 1/0 Board 

Daiei Systems ....... ......... .......... ...................... 230 
Graphit Display Interface 

MiniTerm A~sociates .................................. 188 
Video Interface Boards 

Nucleonic Products ............ .... .................... 229 
Bus Interface 

Rockland Systems .................... ......... .. ... ...... 218 
Universal Control Interface 

Cooper Computing .............................. ........ 178 
Programmable Controller 

Austron ............................ .............................. 10 

PAGE 
Controller Board 

Rianda Electronics ... .... .. ........ .. ................... 220 
Cartridge Disc Controller 

Pen Iron ............... ........ .............. ...... ........ .... ... 229 
Magnetic Tape Controllers 

Dynus .. ....................... ... .. .. .. ......................... ... 188 
Western Peripherals/WESPERCORP ...... 225 

Line Printer Controller 
Computer Extension Systems ........ .. ...... 224 

Plotter Conlrol ler 
Houston Instrument/ Bausch & Lomb .... 231 

CRT Controller IC 
National Semiconductor .......................... 208 

Flexi ble Disc Formatter 
Applied Data Communications ........ ........ 240 

Communications Adaptor 
Rolm .... ..... ..... .. ... .. .... ..... ... ......................... .. .. 225 

KEYBOARD EQUIPMENT 

Keyboards and Keyswitches 
Fujitsu America ............................................ 185 

Keyboards 
Dlgltran ....... ..... .. ...... .... ......... ..... .. .. ..... ........... 15 
Micro Switch/Honeywell ............................ 7 

Encoded Keyboard 
Maxi-Switch ...... ............................ .. .............. 184 

MAGNETIC CARD EQUIPMENT 

Magnetic Card Reader 
Ve rte I .......... .. ................. .. ... ..... .................. .. . 232 

PLOTTING EQUIPMENT 

Plotters 
Calcomp .... .. .. .... .... .. ... ......... ...... ......... ..... .. ...... 138 
Houston Instrument/Bausch & 

Lomb ............ .. ........ ........................ .. Cover 111 
Plotter Controller 

Houston Instrument/ Bausch & Lomb .... 231 

PRINTER/PLOTTERS 

Printer/Plotters 
Gould/ln1trument ................. .. ..... ..... .. ......... 23 
Versatec/Xerox .............. .. ......... .......... .... ..... 237 

Thermal Printer/ Plotter 
B-G Instruments .. ......... .. ... .. .............. ....... . 21 8 

PRINTING EQUIPMENT 

Printers 
Anadelt ..... .. ... ............................................ ...... 139 
Dataproducts .................... 152, 153, 155, 157 
Hewlett-Packard ............. .. .... ,. ............... 52, 53 
Printronlx ... .... .... ..... .. .......... ............................ 145 
Tally .... ...... ........................ .............................. 2 
Trllog ........ .. ............. ............ ..................... 29, 225 

Line Printers 
Ax iom ....... ..... .... .. .... .... ..... ......... ... ................. 226 
Centronlcs Data Computer .......... ................ 203 
Data 100 ...... .......... .. ....... ............................... 167 
Data General ...... ......................................... . 100 
Houston Instrument/Bausch & 

Lomb ........ .. .......................... ......... ... Cover 111 
Okidata ..................................... ......... .. ... ......... 4 

Chain Printer 
C. ltoh Electronics ... ............. .. .. .................. 11 

Drum Printer 
Mohawk Data Sciences ................ ....... ..... 189 

Dot Matrix Impact Printer 
Data Interfaces .. .. ............................ .......... .. 224 

Digi t.al Printers 
Gulton Industries/Measurement & 

Control Systems ................ .. .......... 236, 227 

Line Printer Controller 
Computer Extension Systems ............ .... 224 

Printer Mechanisms 
Epson America .......................................... .. 207 

PUNCHED TAPE EQUIPMENT 
Paper Tape Equipment 

Facit Data Products ... ..... ......... ................. 73 

Paper Tape Emulators 
GS I Systems ................................................ 226 

Punched Tape Reader 
Decitek/Jamesbury ..... .. ............................... 175 

Tape Punch 
GNT Automatic ..... ....... .... ................ .. ......... . 217 

Tape Punch Mechanism 
Epson America ............ ................................ 207 

COMPUTERS AND 
COMPUTER SYSTEMS 

GRAPHICS PROCESSORS 
Graphics Processor 

Megatek ................................. .. .. ....... .......... ... . 51 
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Color Graph ics Processor 

Chromatics ... ........ .... .... ..... .... .......... ........ 68, 69 

Image Processing System 
Comtal ............ ..... ..... ...................... .. ... ....... .... 221 

MICROCOMPUTERS AND 
MICROPROCESSORS 
Microprocessor 

Advanced Micro Devices ................ 160, 161 

Microprocessor Fam ily 
NEC Microcomputers ... .. .... .... ....... ............ 154 

Single-Chip Microcomputers 
Intel .... ................. ........ ................. .... ... ..... ...... 174 
Texas Instruments/Digital Systems .. ...... 172 

Microcomputers 
Dataram ... .. .... .. .............................. ... .............. 65 
Intel ........ .................. ............... ... ................ 44, 45 
Intelligent Systems ...... ..... .................... .. ... .. 26 
Oh io Scientific ..................... .. ... ... .. .......... ... 188 
PieHey Microsystems ..... .. ......................... 173 
Process Computer Systems ...... .. ........•... 85 
Zllog ... ...... .. .... ................... ......... ............ ...... .. . 141 

Microcomputer Systems 
AB ATEW ..... ..... ...................................... ..... . 178 
National Semiconductor/ 

Computer Products .............. ................ 16, 17 
Multiple Microcomputer System 

R2E America ..... .. ...... .......... ....... ..... ............ . 180 
Programmable Microprocessor-Based 
Controller 

Icon .............. .. .... .... .. ........ ......... ....... ... .. ...... .. . 224 
Color Graph ics Microcomputer 

Chromatics ... ........ ...• ......... .... ..... ............... 68, 69 

Desktop Computer Systems 
IMEX Computer/International 

Materials .....•... •......•.. ..... ............ ............ .. 188 
Personal Computing Systems 

APF Electron ic ... ........ ..... ....... ..................... 174 
Microcomputers Development Systems 

Mlllenlum Systems ...... .. ........ ......... ....• 142, 143 
Motorola Semiconductor 

Products ... ............... .. .................. 48, 49, 180 

National Semiconductor/ PAGE 
Computer Products ... .. .. ........... .... .......... 150 

Process Computer Systems ...... .. .. .. .... .. ...... 183 

Microprocessor Development Labs 
Tektronix .............................................. 148, 149 

Microprocessor Software 
Computer Applications .... .. .. ........................ 156 
Micro Business Systems ...... ... ... ......... .. ... .. 156 
RCA Solid State ... ......... .... ........... ........ .... . 158 
Tektronix .. ........................ .. ................. ..... .... 158 

Microcomputer Software 
PennMicro .... .... .... .. .. ...... ... ... ........................ 190 
Scientific Systems Services ... ..... ... ..... .... 190 
Zilog .... .. .... .... ......... .. .... .. ... ..... ....... ... .. ......... .. 190 

Microcomputer Language 
Hemenway Associa tes ........ ... ........ ....... ... .. . 190 

MINICOMPUTERS; SMALL- AND 
MEDIUM-SCALE COMPUTERS 
Minicomputers 

Ampex Memory Products ... .. ........ .......... ..... 47 
Modular Computer Systems ... ... .... .... ... ... 223 
New England Digital .... .. ... ... .. ... .. .. .. .... ..... 234 
Sperry-Univac/Mini-Computer Operatlons .. 61 
Systems Engineering Laboratories .... 82, 83 

Medium-Scale Computer 
Nanodata ....... .. ..... ............. .. ......... .... ..... ..... .. .. 187 

Mi litarized Computers 
Rolm .. ......... ... ...... ............. .... ... .. .. .. .. .. ... ........ ... 147 

DATA COMMU"llCATIONS 
EQUIPMENT 

COMMUNICATIONS INTERFACES 

Communications Adapter 
Rolm .............. .... ... .. ....... .. .. ............ ... .. .. ..... ..... . 225 

COMMUNICATIONS SYSTEM 

Network Control Uni t 
Multiplex Communications .... .... .. ........... ..• 232 

DATA COMMUNICATIONS TEST EQUIPMENT 

Modem Analyzer 
Mult i-Tech Systems ........... ........................• 240 

DATA TRANSMISSION EQUIPMENT PAGE 
Fiber Optic Interconnection Systems 

AMP .. .. ............. ... ..... ...... .. ....... ..... ............. ..... . 218 
Augat .. ... ..... .......... .. ... .. .. ............................. .... 235 

MODEMS; DATA SETS 

Auto-Answer Auto-Dial Modem 
Nortek .. ...... .. ..... .... .... .... .. ...... ............. .... ...... .. 188 

Data Sets 
Rixon ... .... ....... ............... .... .... .......... .. .... .. ....... 231 

DATA ACQUISITION ANO 
CONTROL EQUIPMENT 

A-D AND D-A CONVERTERS 

A-D Converter ICs 
Teledyne Semiconductor ......................... .. . 214 

A-D Converter Modules 
Zeltex ... .. .. ... ........... ..... ...... ...... .. ... ... ..... ... ..... ... 228 

D-A Converter 
Date I Systems ........ ............ ................. ....... 188 

ANALOG MULTIPLEXERS 

Control Multiplexer 
Cutler-Hammer ... .. .... ....... .. .. ... .... .... ............. 54 

DATA ACQUISITION SYSTEMS 
Data Acquisition Modules 

Burr-Brown ...... .. ........ ... .. .. .. .. ....................... .. 90 
Data Acq ulslt.ion System 

Adac .. ..... .. ................ ... ........ .. ..... ............ ..... .... 137 

DATA TRANSFER AND INTERFACE 
EQUIPMENT 

110 System 
Opto 22 ... ......... ... ........ ................ .. ...... ..... ..... . 154 

Analog 1/0 Systems 
Data Translation ........ ..• ... ........ ....... ......... .... 198 
Daiei Systems .. ........ ........ ........ .................. .. 230 

Bus Interface 
Rockland Systems ..... .. ..... ........ .. .. .... ... ... .... 218 

DIGITIZERS 
Computer-Interfaced Camera 

Hamamatsu .... ..... .............. ...... .... ........ ........... 215 

Retro-Graphics™ 
TERMINALS FROM TRANSNET 

PURCHASE 
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12-24 MONTH FULL OWNERSHIP PLAN 
36 MONTH LEASE PLAN 

PURCHASE PER MONTH 
DESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS. 

DECwriter II .......... $1,495 $145 $ 75 $ 52 
DECwriter Ill . . . . . . . . . . 2,695 257 137 95 
DECprinter I . . . . . . . . . . 1, 795 172 92 63 
VT52 DECscope . . . . . . 1,695 162 85 59 
VT100 DECscope . . . . . 1,695 162 85 59 
VT55 DECgraphic CRT 2,395 229 122 84 
ADM 3A CRT . . . . . . . . . 875 84 45 30 
HAZELTINE 1400 CRT. 845 81 43 30 
HAZELTINE 1500 CRT. 1,195 115 61 42 
Tl 745 Portable ....... 1,875 175 94 65 
Tl 765 Bubble Mem. . . . 2,995 285 152 99 
Tl 810 RO Printer ..... 1,895 181 97 66 
Tl 820 KSR Terminal . . 2,395 229 122 84 
Data Products 2230 . . . 7,900 725 395 275 
QUME, Ltr. Qual. KSR. 3,195 306 163 112 
QUME, Ltr. Qual. RO .. 2,795 268 143 98 
DATAMATE Mini floppy 1,750 167 89 61 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
10% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 
ACOUSTIC COUPLERS• MODEMS• THERMAL PAPER 

RIBBONS • INTERFACE MODULES • FLOPPY DISK UNITS 

PROMPT DELIVERY • EFFICIENT SERVICE 

J RANS°NET CORPORATION 
2005 ROUTE 22, UNION, N.J. 07083 

201-688-7800 
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BUICE TC PRCCUCT INFCRMATIDN 

PAGE 
Video Digitizer 

Environmental Interfaces .... ... ...... .. ... .. .... .. 237 

MONITORING AND CONTROL EQUIPMENT 
Microprocessor-Based Programmable 
Controller 

Icon ... ...... .. ...... .. .... ........ .. ... ... .... .. ....... .. .... .... .. 224 

Mult iple Loop Industrial Controllers 
Emerson Electric/Doric Scientific .. .... .. 234 

SYNCHRO-DIGITAL AND 
DIGITAL-SYNCHRO CONVERTERS 
Synchro Components 

Muirhead/Vactric ......... ........ ...... ..... .... ... ..... 234 

TEST AND MEASUREMENT 
EQUIPMENT; INSTRUMENTATION 

DATA GENERATORS 

Programmable Pulse Generator 
EH International .. .. ........................................ 235 

Clock General.or 
Pulse Instruments .............. ...... .. ...... .......... 238 

DIGITAL EQUIPMENT TESTERS 

LSI Board Test System 
Teradyne .... .... .... ........ .. .... .. ............ .. .... 192, 193 

Logic Analyzers 
GouldlBlomatlon .............. .. ..... ............... ..... . 197 
Tektronix ............ .............. ............. ..... ............ 43 

Programmable Monitor/ Analyzer 
Interface Technology .... .... .... ... .. .... ........ ... 216 

Modem Analyzer 
Multi-Tech Systems .... ....... .... ........... .. ..... ... 240 

Logic Troubleshooter 
Information Scan Technology ......... ......... 232 

Logic Probes 
Alco Electron ic Products ......... .... .... .. .... . 220 

PAGE PAGE 
AQ Systems .................... .................... .. .. ...... 154 EQUIPMENT BUYING, SELLING, AND 

LEASING 
INSTRUMENTATION RECORDERS 
Portable Data Logger 

Terminal Rentals 

A.D. Data Systems ............ ........ .. ........ .. .. .. 236 
Rental Electronics .. .... .. .............................. 67 

Terminal Distributor 
METERS Trans Net .... .. .. .. ..... .... ......... ...... ...................... 245 
Digital Panel Meter Distributor 

Ahalogic .. ..... ................................................... 230 Hamilton/Avnet .. ................... .. .... ........... .. .... 19 
Millivoltmeter 

Racal/Dana Instruments .... .. .. .. ........ .. .... .... 222 
EXHIBITIONS 

Picoammeter 
Computer Conferences 

Keithley Instruments ..... ............ .. ................. 231 
lnvltallonal Computer Conference .......... 210 

Phase-Angle Meter MARKET REPORTS 

Dranetz Engineering Laboratories ........ 233 Market Reports 

OSCI ~LOSCOPES 
Frost & Sullivan .. .... ................................. ... 246 

Oscilloscopes SERVICES 

Hickok Electrical Instrument ..... .. ......... 237 Transportation 

OTHER TEST AND MEASUREMENT 
Della Air Lines .... ........ .......... ...................... 230 

EQUIPMENT SOFTWARE 

Test Probe Minicomputer Software 
ITT Pomona Electronics ...... ......... ......... .... 227 Data General .... .... ................ ......... ............... 233 

Reference Junction Microcomputer Software 
San Diego Instrument Laboratory .. ...... .. 236 PennMicro .......... .. .................. ........ .. .............. 190 

Scientific Systems Services .................... 190 

OTHER PRODUCTS; SERVICES 
EDP ACCESSORIES AND SUPPLIES 

Zilog .......... .. ............ .. ........................... .. ... .. .... 190 
Microcomputer Language 

Hemenway Associates .. .. .... .. .................. .. .. 190 
Data Encryption Modules Microprocessor Software 

Motorola Government Electronlca ..... .. . 237 Computer Applicat i ons ................... ........... .. 156 

EDUCATION 

Seminars 

Micro Business Systems .... .. .. ...... .......... .. .. 156 
RCA Solid State .. .. .. ............ .. .. ..... ............. 158 
Tektronix ........................ .. .............. .. .............. 158 

Integrated Computer Systems .. ...... 212, 213 
Speech Synthesizer Software 

EMPLOYMENT OPPORTUNITIES Upper Case Books ........ .. .... .......... ............ 190 

Employment Opportunities Multiuser Operating Systems 
Harris/Controls ......... ... .. .... .... .. ... .. ... ....... .. .. . 239 Path Systems .... ..... .. .. .. ........ .. ... .... .. .. .. .......... 234 

TEST AND MEASUREMENT 
INSTRUMENT MARKETS 

Frost & Sullivan has completed a 248-page report on 
the test and measurement instrument market. Analyses 
and sales forecasts to 1985 are furnished for 43 
individual products. Although the forecasts are for non
U.S. markets as well as for the U.S., the emphasis in 
the report is on the latter. Sales forecasts are provided, 
by product in numbers of units and sales value for U.S. 
and the world; suppliers are ranked according to sales 
with market shares presented in most cases ; end user 
market prospects are assessed and product trends are 
identified including a discussion of technological devel
opments. About 30% of the ·report is devoted to a 
tabulation and interpretation of the responses to a 
questionnaire survey of engineers who specify and/or 
purchase test equipment. 

Unit forecasts are supplied for the following product 
categories: 

SOURCES 
COUNTERS 
DMM 
OTHER MICROWAVE TEST EQUIPMENT 
AUTOMATIC TEST EQUIPMENT 

Price $675. Send your check or we will bill you . For 
free descriptive literature plus a detailed Table of 
Contents contact: 

-- FROST & SULLIVAN, INC. 
Ill: 106 Fulton Street 
~ New York, New York 10038 

(212) 233-1080 
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SALES OFFICES 

NEW ENGLAND, 
NEW YORK STATE 

Lindsay H. Caldwell 
129 Cedar Hill Road 
East Dennis, MA 02641 
phone: ( 617) 385-2533 

MIDDLE AND SOUTH 
ATLANTIC STATES 

Hajar Assoc., Inc. 
Emile H. Hajar 
Paul Hajar 
Silvio Mandino 
521 5th Avenue 
New York, NY 10017 
phone: ( 212) 682-5844 

MIDWESTERN 
STATES 

Hajar Assoc., Inc. 
Emile H. Hajar 
Paul Hajar 
Joan Donahue 
664 North Michigan Avenue 
Suite 1010 
Chicago, IL 60611 
phone: ( 312) 337-8008 

SOUTHWESTERN 
STATES 

Lindsay H. Caldwell 
129 Cedar Hill Road 
East Dennis, MA 02641 
phone: ( 617) 385-2533 

WEST COAST 
STATES 

Buckley Boris Assoc. 
Terry Buckley-Tom Boris 
John Sabo 
912 South Barrington Avenue 
Suite 202 
Los Angeles, CA 90049 
phone: (213) 826-4621 

Power Fail Warning 
Programmed Shutdown 

Guaranteed Hold Up Time 
Power On-Off Sequencing 

of Voltages 
Self Checks Voltage Tolerances 

Before Power-On Signal 

Call or write to: 

DIGITAi POWER 
2060 The Alameda, San Jose, CA 95126, (408) 246-4337 
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The soft terminal is hard to beat. 
It may be soft but it's a solid 
favorite with design engineers. 

Because the Soft Terminal - the Conrac 
480 - is designed to be redesigned. 
To meet your needs exactly. 

It's an intelligent, micro-based system 
just waiting to accept your software. 

And our architecture makes your job 
practical and cost effective. 

Instead of the one or two 
big circuit boards in most 
other terminals, we offer you 

a card cage with room for up 
to 16 cards - along with a wide 

choice of off-the-shelf cards, including 
one with 48K bytes of user RAM. 

For specialized capabilities, you can design your own cards. Our 
bus is clean, our documentation comprehensive. 

We also otter some pretty powerful programming tools, like AMI 6800 MDC 
development software and a new compiler BASIC that automatically 
produces object code. All run perfectly on our terminal. You won't need a 
separate computer! 
So, write for our brochures. (They're new and soft-bound, of course.) Or better 
yet, call Harold Weiss, Marketing Manager .. 

Comae Division 
Comae Corporation CDNRAC 

•••••••••••• •••••••••••• ••••••••••••• ••••••••••• 

600 North Rimsdale Avenue 
Covina, CA 91722 
213/966-3511 
Telex 67-0437 
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DP-8 in '78 

The 

\NICE 
Plotter 

C$ZSMPL/6T® DP-8 

• One or 3 pens 

• Speeds up to 4.5 IPS 

• 6 switch selectable step sizes 

• Optional paper widths 

• Positive paper feed or optional 
roll take-up 

• Prices from $ 7600* 

*u S Domestic Price only 

"'A registered trademark of Houston Instrument 

~~~:Ji:n'1 I DIVIS I ON OF BAUBCH & LDMa~ 
"the recordf'r company" 
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CRT COPIER HI PL0T™ 

lar264D' 

haust:an 
1nsTrumenT 

ONE HOUSTON SQUARE 
(512) 837-2820 

I DIVISION OF BAUSCH & LOMB \i> 
AUSTIN, TEXAS 78753 

TWX 91~874-2022 
RochesteriMn 8 8240 Gistel Belgium 

EUROPEAN HEADQUARTERS Phone 069/277445 Telex S...ICh 81399 

CIRCLE 147 ON IN9UIRY CARD 
For rush literature requests or local sales office information 

only, persons outside Texas call toll free 1-800-531-5205 

adiaifalplotter 
with performance 
uc1 rena 

price you won't 
believe 

Both serial and parallel 
inputs built-in 

Uses standard 8 Yi " x 11" 
paper 

Plotting speed up to 2.4 
inches per second 

Resolution of both 0.01 and 
0.005 inch 

Baud rate and step size easily 
changed 

$1085 * (Quantity l price) 
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hauat:anl 1ns1'rumen1' DIVISODN OF-..&..-~ 
"tlae ncorder company" 

Visit us at Booth 1010 at the WESCON Show. 




