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Tally's printer line is going places ... 
Tally's renowned 200 line 

per minute line printer for the 
long run is now backed up with 
125, 300 and 400 lpm. There's 

Model 2100 
125 lines per minute 
132 columns 
7 x 8 comb matrix print 
Multi-part forms to 14%" 
Up to 8-channel VFU 
Many parallel interfaces 
1200 Baud communications 

more. The beginning of a line 
of serial printers. The Series 
1000. First off the blocks is 
a 120 character per second, 

Model 2200 
200 lines per minute 
132 column s 
5 x 7 comb matrix print 
Multi-part form s to 14%" 
Up to 8-channel VFU 
Printer emulating interfaces 
Mini controllers 

132 column, high reliability 
data processing machine. 

Now, with this fine family 
of printers, you can pick the 

Model 1120 
120 characters per second 
132 columns 
9 x 7 high fidelity print 
Multi-part forms to 15" 
2-channel VFU 
Many parallel interfaces 
Asynchronous communications 



up to 400 lines per minute ... down to 120 characters per second. 

price/performance package 
that best suits your system. 
And be comfortable in know­
ing that Tally reliability won't 

Model 4300 
300 lines per minute 
132 columns 
9 x 9 comb rr1atrix print 
Multi-part forms to 19" 
Up to 12-channel VFU 
20 ips slew 
Interfaces and controllers 

let your customer down in the 
middle of a print run. 

Talk to Tally today about 
these low cost, high perfor-

Model 4400 
400 lines per minute 
132 columns 
9 x 7 comb matrix print 
Multi-part forms to 19" · 
Up to 12-channel VFU 
20 ips slew 
Interfaces and controllers 

mance printers. You'll enhance 
the value of your total system 
package. Tally Corporation, 
8301 South 180th Street, 
Kent, Washington 98031. 
Phone (206) 251-5645. 
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If you punch cards, 
readcards -

or do anything else with cards, 
we want to talk to you. 

We want to talk to you about the Tab 501 Data Entry 
Microprocessor. 

About the unique versatility and operating capabili­
ties resulting from its built-in microprocessor, RS-232C 
interface and unmatched performance characteristics: 

• Minicomputer card input or output. 
• Data transmission via modem or cable for terminal 

applications. 
•Interfacing to virtually any type of data entry or 

processing system. 
•On-line or off-line versatility. 
•Reading, punching, printing, verifying and interpret­

ing capabilities. 
•Attractive purchase or lease plans. 

We want to tell you about our standard features. 

• Constants from memory-up to 220 columns. 
• Up to 28 program levels with automatic sequencing. 
• Instant verification. 
• Completely automatic error correction. 
•High speed character duplication. 
• Exceptionally quiet. 
• Unparalleled operator acceptance of over 2,000 

installed units. 
• Easy to learn-easy to operate. 

Let's talk about ''specials!' We want your specials. 
Special applications. Special operating characteristics. 
Special interfaces. Special keyboard requirements. 
Because the Tab 501 Data Entry Microprocessor has 
this unique flexibility, we can give you what you want 
-easily and inexpensively. It's worth talking about. 

•••••••••••••••••••••••••••••••••••• 
• Gentlemen: Let's talk. Let's talk: • 

• Name 0 Interfaces. 0 Special requirements. • 

• Company 0 Terminal applications. 0 Send more information. • 

• Address rm-I '9'll. ~ 2690 Hanover Street • 

• City State Zip__ .&. ...-...-=- PaloAlto, California94304 

• Telephone PRODUCTS CO • 

•••••••••••••••••••••••••••••••••••• 
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73 PROGRAMMABLE CALCULATORS CONTROL 
DATA ACQUISITION SYSTEMS 
by Jerry Estes 

Used as a systems controller, a programmable calculator can perform nec­
essary functions at lower cost and with easier operator interaction than a 
minicomputer 

81 USING A MICROPROCESSOR: A REAL-LIFE APPLICATION 
PART 2-SOFTWARE 

by Lynn E. Cannon and Paul S. Kreager 
Conclusion of a 2-part article discusses the construction of software for 
microprocessor-based systems, pointing out problem areas encountered in 
dealing with interrupts and decimal arithmetic and some possible solutions 

91 OCR SYSTEM DESIGN BENEFITS FROM TECHNOLOGICAL ADVANCES 
by Richard K. Dove 

Advances in paper transports, scanners and digitizers, and recognizers can 
be integrated into optical character-recognition equipment to provide cost­
effective solutions to long-standing data entry problems 

98 INDEX-REGISTER LOGIC SAVES ONE INSTRUCTION PER LOOP 
by David Mandelbaum 

Here is a scheme whereby greater speed is achieved through elimination of 
the programmed instruction which decrements or increments an index 
register 

· 102 IMPROVED CRC TECHNIQUE DETECTS ERRONEOUS 
LEADING AND TRAILING O's IN TRANSMITTED DATA BLOCKS 
by Hugh C. McKee 

A simple technique detects erroneous leading and trailing O's in bit­
oriented data communications protocols 

120 MINICOMPUTER FA'MILY COMBINES UNIQUE ARCHITECTURE 
AND MEMORY CAPACITY FOR SMALL SYSTEMS 
Hardware data stack architecture, instruction trap facility , and memory man­
agement ability enable a wide range of system capabilities; n-MOS and/or 
core memory can be as high as 128K words 
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Data Tablets - Digitizers 

Uiilos 
THE 
EMERGING 
FORCE 
We Have Them All 
Data Tablets - High quality peripheral featuring reliable CYBERGRAPHIC 

closed-loop servo electronics. 

Digitizers - Active areas to 44 " x60 " with unmatched performance 
in a low cost digitizer. 

Resolution - 100 lines/inch standard, 200 lines/inch and metric output 
also available. 

Interfaces - Binary or BCD, RS 232 C, TTY, Paper or Mag. Tape, Mini 

Cursor or computers, Calculators, etc . 

Stylus Entry - Available for all sizes. Cursor available with a mag -
nifying lens. 

Our data tablets and digitizers represent a state of the art advance in. 

data reduction. Not affected by magnetic fields, noise. air movement. 
or temperature, our Formica " surface stands up to the abuse that both 
time and use will put it to. All units are permanently calibrated so our 
customers never have to remagnetize the tablet, recharge microphones, 

or replace spark-gap pen tips. There is NOTHING TO WEAR OUT in a 

Talos digitizer. liiilos TALOS SYSTEMS INC 

7311 Eas1 Evans Road • Scottsdale . Ari zona 85260 • Phone (602) 948-6540 
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o Is your moving-head disc overworked? 

o Is your system throughput too slow? 

We have the solution and the product. A reliable, 

high-capacity fast access head-per-track disc memory 
at amazingly low cost per track. Call us today. 

alpha data INCORPORATED 

20750 Marilla Street, Chatsworth, CA 91311 

Tel. (213) 882-6500 TWX (910) 494-4914 
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(sim plis'i te) n., the state of being simple, 
uncomplicated and straightforward. 

At Digi-Data, simplicity is a magnetic tape transport bui lt 
on a machined aluminum plate with direct drive motors, 
low inertia arms, superb maintenance accessibility, and no 
plastic cosmetics. This clean and straightforward design is 
the result of over a decade of concentration in tape­
handling technology. 

To the End-user, simplicity is a single supplier who 
manufactures mag tape transports, formatters , and 
software-compatible computer interfaces. 

For the OEM, simplicity generates higher profit margins 
without a sacrifice in performance or reliability- margins 
that result from low acquisition costs and minimal 
maintenance. 

Simplicity permits a lower cost to manufacture-a savings 
that is passed directly through to you. 

Simplicity promotes high reliability with a low 
MTTR-eliminating the need for an excessive spares 
inventory and requiring fewer service calls for your GE's. 
Digi-Data protects your reputation for reliability and 
enhances your image among customers and prospects. 

Quantity one price of 
a 45 ips NAZI transport is 

$2,975. 

Complete minicomputer 
mag tape systems from 

$4,750. 
Substantial OEM discounts available. 

DIGl-DATA CORPORATION 
Supplier of magnetic tape transports and systems. 

8580 Dorsey Run Road , Jessup, Maryland 20794 (301) 498-0200 

Digi-Data Europe 
FIUestrasse 632 5313 Klingnau , Switzerland Tel. 056 45 3610 
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Hurry. 
To the disk drive sale of the year. 
Featuring year-end clearance prices. 
On the fastest selling , low-cost, fixed-media 

moving head disk drives in the industry. 
On brand-new, never-before-advertised units 

from Pertee. 
Orders for two 

models are greater 
than current 

production 
capacity. So, hurry: 
Pertec's got a couple 

of hot ones. 

The 01400: Lay it away now. 
The new D1400 is our 6 megabyte capacity 

model. 
It offers a combination of outstanding features 

at exceptionally low cost, including : A 2316-type 
non-removable platter; bit density of 2200 BPI ; 
track density of 200 TPI ; available at either 1500 
rpm or 2400 rpm. 

Its Pertee-standard interface is compatible 
with almost every disk drive. And, its chassis 
(standard 19 inch panel width, by 22.4 inch rack 
depth , by 5.25 inch height) makes it fit where 
you want it to fit. 

OEM 's can use its average seek time of 70 ms 
and track-to-track seek time of 12 ms to improve 
the performance of their system design . 

So, buy the Pertee 
D1400 now. 

And start laying it 
into your new systems. 

While m 

you smile 
all the way to 
the bank. 

The new D1400. The 
buy-it-now, get-it-soon , 
lay-back-and-make-money-for­
you disk drive. From Pertee. 

It's a sweetheart. 

©1975 Pertee Corporation, Peripheral Equipment Division 

The 01600: Lay it away in December. 
The new D1600 is our 12 megabyte capacity 

model. 
[Double the capacity of the D1400: Only 15% 

more cost than the D1400.) 
It offers OEM 's a configuration of features that 

12 megabyte customers require, including : 
A 3336-type non-removable platter; bit density of 
4400 BPI ; track density of 
200 TPI ; available at either 
1500 rpm or 2400 rpm. 

(All the standard features 
in our 6 megabyte model 
are standard in the D1600 .) 

OEM 's can specify a 
Pertee-standard interface 
or configurations compati­

Buy at least one of each. 

ble with other disk drives of other manufacturers. 
Chassis size? Same as the D1400. 
Average seek times? Same as the D1400 . 
Media protection assuring highly reliable opera-

tion and data integrity, improved air filtration and 
sectoring configurations up to 64 sectors, make 
the D1600 an OEM favorite . 

But there's a catch: You can buy the Pertee 
high-capacity, low-cost D1600 now. 

But you can't lay it into your new systems 
until December. 

Orders for the D1600 are being accepted now. 
So buy it now. Lay it away now. And be among 

the first OEM's to be ahead of you r 
competition in 

December. 

The Pertee 
Training and Spares 
Programs: Too Much? 

The D1400 and 
D1600 provide 

OEM 's the benefits 
of disk with the low cost of 
tape. Each drive has four 

easily-serviced boards which lift or 



hinge for immed­
iate access to 
circuitry. (No 
other disk drives 
are so designed.) 

Why then a 
Pertee Training Pro­
gram? And a Pertee 
Spares Program? 

Our marketing people 
say, "To drive our competi­
tion crazy'. ' 

Our product people say, "To 
make the product unbeatable'.' 

Either way, OEM's use both 
programs to enhance and com­
plete the products and service 
behind Pertec's disk drives. 

• 

Is too much service too much? Ask Pertee 
customers, and decide for yourself. 

Finally. The Layaway of Layaways: 
The Dl200. 

You're looking at Pertec's prototype model 
01200, with a 3 megabyte capacity. For the OEM 
looking for lower-capacity, lower-cost drives. 
(After all, why buy a 6 or 12 
megabyte capacity when you 
only need a 3?) 

"Will it look like the 01400 
and 01600 models?" you 
ask. 

"Will it perform with 
Pertee reliability?" you 
probe. 

When the 01200 is in 
volume production, it 
will look like the 01400 
and 01600. 

And, with the first OEM 
delivery, it will perform 
with Pertee reliability. 

So, look into the 01200 
now. 

Call the Pertee 
regional office nearest you , now. 

Identify your need to lay-away a few hundred 
01200's for spring delivery. 

Then lie back and ask yourself, "Will Pertee 
really deliver a 3 megabyte disk drive? .. '.' 

"Should I wait 'til all my competitors have 
them?" . .. "Should I order a 01400 or 01600 
now?" . .. "Or should I order some of each?" 

The new Pertee disk drives. Delivering 6, 12 
(and shortly, 3) megabyte capacity at OEM low­

cost. 
Will Pertee deliver? 
Not unless you order, now. 

PEf:t 
(JJNVENIENT 
LAYAWAY 
PLAN 

So, hurry. And lay­
away the finest per­
forming fixed-disk 
drives in the industry. 

PEW I EC 
---===-Ill Call the Pertee regional office 

_ nearest you: 
Boston (617) 890-6230; 
Chicago (312) 696 -2460; 
Los Angeles (213) 996-1333; 
London (Reading) 582-115. 
Or write: Pertee , 
Peripheral Equipment Division , 
9600 Irondale Avenue, 

~~~~ Chatsworth, California 91311 . 
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I LETTERS TO THE EDITOR I 

To the Editor: 

In reference to the article by Sidney 
Davis on digital stepping motors in 
the May issue, ... although it is our 
opinion that the article stated the 
situation regarding both the PM and 
VR steppers quite well, we feel some­
what 'left out' since no mention was 
made of our unique and patented 
line of st~ppers which utilize the 
nutating chive principle. 

The use of the nutating principle 
permits Mesur-Matic to offer stepping 
motors with extremely fine step 
angles, for instance, 0.225 or 0.1125 
deg at speeds of 5 to 10,000 steps/ s. 
Most VR and PM steppers refer to 
torque in inch-ounces, whereas the 
NuSyn is rated in pound-inches with 
zero backlash, providing for true 
open-loop operation with no feedback 
required for positional accuracy. 

In addition to the fine step angle 
and very high torque for motor size, 
further benefits are in low internal 

inertia, freedom from resonance prob­
lems, and very high acceleration. 

To obtain the same, or even similar, 
fine step angle with either the PM or 
VR type of stepper requires the use of 
a gear train with the attendant prob­
lems of wrap-up; accuracy, and main­
tenance mentioned in the article. 

Torque available from our NuSyn 
ranges from 2 to 100 lb-in. in our 
largest motor, with low internal in­
ertia. Thus the ability to accelerate 
from 'dead stop' to 6000 steps Is 
( 0.225-deg steps) within 10 ms, with 
start/ stop rates as high as 2500 
steps/s. 

The NuSyn does not have the res­
onance problems referred to in the 
article since it has the ability to 
momentarily 1ead' or 'lag' the magnet­
ic field without losing control. Inter­
nal damping is quite high, which leads 
to naturally short 'ringing' titnes. 

Philip F. Dolan 
Mesur-Matic Electronics Corp 
Salem, Mass 

To the Editor: 

"A BCD Conversion Technique for 
Teletypewriter Applications" by Ells­
worth & Malloch was to me a very 
interesting article. I read it probably 
more times and more carefully than 
any other article you have pubiished 
since I first started reading your 
magazine. I think the ctitic~sm of the 
article by J. A. Titus [May 1975, p 6] 
is about six yards wide of the mark. 
Everybody knows that UARTs have 
been "available" since 1971. The last 
UART I purchased had to be ordered 
from the factory by the Seattle dis­
tributer and took over eight months 
to get here. Any of the ICs used in 
the Ellsworth-Malloch circuit can be 
purchased over the counter in Seattle 
on a Saturday afternoon. 

Jack D. Denn on 
Dennon Electronics 
Renton, Wash 

Letters to the Editor should be ad­
dressed: 

Editor, Computer Design 
Professional Building 
221 Baker Avenue 
Concord, MA 017 42 

IN WIRE-WRAPPING ok HAS THE LINE ......... . 

8 

COIL TITE® SLEEVES 
lE 

COILTITE BITS 

HAND WRAPPING • 
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At last~ 
low prices on 

Interdata 
• memories. 

Plessey Microsystems, the leading independent supplier of 
minicomputer add-ons, can expand your Interdata memory 
without putting the bite on your budget; with the PM-716 
plug-in memory card. 

The PM-716 is offered in Bk and 16.k capacity and is fully 
compatible with all Interdata minicomputers. It is available off­
the-shelf for rnuch, much less than the Interdata ~quivalent. 

It's another example of the Plessey practice of giving your 
mini a great deal more capacity and flexibility for a great deal 
less. 

The PM-716 augments our line of miniperipherals, which 
includes DEC and NOVA add-on memories, dual disc drives 
and controllers at big savings, and high performance photo­
electric paper tape equipment, as well as a powerful 16-bit 
microprocessor (MIPROC 16). 

Contact us today for details or a demonstration. Whatever 
you need, you're going to be impressed by what we can do for 
your minicomputer system. 

And love what we can do for your budgets. 

8 PIESSEY 
MICROSYSTEMS 
(714) 540-9945 
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I CALENDAR I 
CONFERENCES 

Oct 14-16--IEEE Semiconductor Test 
Sym, Cherry Hill Inn, Cherry Hill, NJ. 
Information: Miss Helen Yonan, Phila 
Sec IEEE, Moore School of Eng, U of 
Pennsylvania, Philadelphia, PA 19174. 
Tel: (215) 594-8106 

Oct 16-18-Nat'l Conf on Solid-State 
Power Conversion, New York Hilton, 
New York City. Information: Ron Birds­
all, Conf Chrmn, Powercom, Inc, 2323 
Roosevelt Blvd, Oxnard, CA 93030. Tel: 
(805) 985-2289 

Oct 20-30-Data Communications Con£, 
Iowa State U, Ames. Information: Rich­
ard Horton, 306C Coover Hall, Iowa 
State U, Ames, IA 50011. Tel: (515) 294-
3131 

Oct 21 (Cherry Hill, NJ), Oct 23 (Long 
Island, NY), Nov 20 (Palo Alto, Calif), 
Invitational Computer Con£. Information: 
£. J. Johnson & Assoc, 300 Otero, New­
port Beach, CA 92660. Tel: (714) 644-
6037 

Oct 27-29-ISHM Technical Sym, 
Sheraton-Towers Conv Ctr, Orlando, Fla. 
Information: International Society for 
Hybrid Microelectronics, PO Box 3255, 
Montgomery, AL 36109. Tel: (205) 272-
3191 

Oct 28-30-22nd IEEE Machine Tools 
Conf, Red Carpet Inn, Milwaukee, Wis. 
Information: Robert L. Douglas, Gilman 
Eng & Mfg Co, 305 W Delavan Dr, 
Janesville, WI 53545 

Oct 28-30-Canadian Computer Show 
& Con£, Exhibition Pl, Toronto, Canada. 
Information: Derek A. Tidd, Industrial 
and Trade Shows of Canada, 481 Uni­
versity Ave, Toronto M5W 1A7, Ontario, 
Canada 

Nov 3-5-SEMICON /Europa, Zuespa 
Conv Ctr, Zurich, Switzerland. Infor­
mation: SEMICON/Europa, c/o Golden 
Gate Enterprises, Inc, Marina Playa 
Office Pk, 1333 Lawrence Expy, Santa 
Clara, CA 95051. Tel: (408) 241-7400; 
or I. Willener, CH-8001, Zurich, Linden­
strasse 33, Switzerland 

Nov ll-l 4-12th Electrical/ Electronics 
Insulation Conf, Sheraton Boston Hotel/ 
Hynes Audit, Boston, Mass. Information: 
E/EIC, PO Box 159, 700 Peterson Rd, 
Libertyville, IL 60048 

Nov 18-20-Microcomputer Application 
Workshop, Islandia Hyatt Hotel, San 
Diego, Calif. Information: William J. 

10 

Dejka, Code 4050, Navy Electronics 
Laboratory, San Diego, CA 92152. Tel: 
(714) 225-6454 

Nov 19-20-IEEE Computer Soc Sym 
on Computer Arithmetic, Dallas, Tex. 
Information: Prof D. E. Atkins, Dept of 
Elec and Comp Eng, U of Michigan, 
Ann Arbor, MI 48104. Tel: (313) 763-
0038 

Dec 1-3-IEEE Intemat'l Electron De­
vices Meeting, Washington Hilton Hotel, 
Washington, DC. Information: Institute 
of Electrical and Electronics Engineers, 
345 E 47th St, New York, NY 10017. 
Tel: (212) 752-6800 

Dec 1-3-IEEE Nat'l Telecommunica­
tions Conf, Fairmont Hotel, New 
Orleans, La. Information: Institute of 
Electrical and Electronics Engineers, 
345 E 47th St, New York, NY 10017. 
Tel: (212) 752-6800 

Dec 9-12-2lst Annual Con£ on Mag­
netism and Magnetic Materials, Ben­
jamin Franklin Hotel, Philadelphia, Pa. 
Information: Conf Chrmn, R. L. White, 
124 McCiillough Bldg, Stanford Univer­
sity, Stanford, CA 94305; or Local 
Comm Chrmn, B. Stein, Univac div of 
Sperry Rand, PO Box 500, Blue Bell, 
PA 19422 

Dec 11-12-CECC/CEDPA (Calif Edu­
cational Computer Consortium/Calif Ed­
ucational Data Processing Assoc) Joint 
Conf and Trade Show, International Ho­
tel, Los Angeles Airport, Calif. Informa­
tion: Ellen Landers, Show Mgr, 1975 
CECC/CEDPA, 17123 Chatsworth St, 
# 10, Granada Hills, CA 91344. Tel: 
(213) 360-2786 

Jan 19-21-2nd Annual Sym on Com­
puter Architecture, Fort Harrison Jack 
Tar Hotel, Clearwater, Fla. Information: 
Oscar N. Garcia, U of South Florida, 
College of Eng, Tampa, FL 33620. Tel: 
(813) 97 4-2581 

Jan 20-23-Computer Soc of India An­
nual Conv, Hyderabad. Information: 
DVR Vithal, Prog Chrmn, CSI 75 Com­
puter Group, Tata Institute of Funda­
mental Research, Bombay 400 005, 
India 

Jan 29-30-3rd Intemat'l Congress on 
Computers in Industry, Hotel Hilton, 
Paris, France. Information: P. Daudier 
de Cassini, lnstitut d'lnformatique et 
de Gestion, lnsig-5, rue Quentin­
Bauchart, 75008 Paris, France 

Feb 18-21-IEE 2nd Internat'l Con£ on 
Telecommunication Switching Systems, 
Kongressbaus, Salzburg, Austria. Informa­
tion: Annemarie Cunningham-Swendell, 
Institution of Electrical Engineers, Savoy 
Pl, London WC2R OBL, England 

SEMINARS 

Oct 29-31-Computer Performance: 
Measurement and Evaluation, U of Wis­
consin, Milwaukee. Information: John M. 
Leaman, Prog Dir, Dept of Eng, U of 
Wis-Ext, 929 N Sixth St, Milwaukee, 
WI 52303. Tel: (414) 224-418'.:l 

Nov 10-12 (Washington, DC), Nov 17-19 
(Atlanta, Ga), Dec 8-10 (Dallas, Tex), 
Dec 15-17 (San Francisco, Calif)-Plan­
ning and Designing Distributed Data 
Processing Systems for SDLC and SNA. 
Information: Saroj K. Kar, Telecom 
Computer Technology, 599 N Mathilda 
Ave, Sunnyvale, CA 94086. Tel: (408) 
735-9990 

Nov 13-Annual IEEE New Orleans 
Sec Seminar, Fountainbleau Hotel, New 
Orleans, La. Information: G. Allan Led­
better, South Central Bell, 1215 
Prytania St, Rm 505, New Orleans, LA 
70140. Tel: (504) 529-8536 

I SHDRT COURSES I 
Oct 21-23 (Chicago, Ill), Oct 28-30 
(Washington, DC), Nov 11-13 (Oakridge/ 
Knoxville, Tenn), Nov 18-20 (Denver, 
Colo)-Microprocessor Design Courses. 
Information: Pro-Log Corp, 852 Airport 
Rd, Monterey, CA 93940. Tel: (408) 
372-4593 

Oct 24-25-Integrated Project Control, 
Rodger Young Audit, Los Angeles, Calif. 
Information: IEEE Los Angeles Council 
Office, 3600 Wilshire Blvd, Los Angeles, 
CA 90010. Tel: (213) 387-1203 

Nov 2-7-System Design Using Micro/ 
Minicomputers, Minicomputers-P r in­
ciples and Appli<i:ations, Microcomputers 
-Principles and Applications, Pheasant 
Run Lodge, St. Charles, Ill. Information: 
National Engineering Consortium, Inc, 
Oak Brook, IL 60521. Tel: (312) 325-
5700 

Nov 10-14-Modem Data Communica­
tions, Dec 1-2-Minicomputer Program­
ming and Interfacing Techniques, Dec 
1-3-Digital Image Processing of Earth 
Observation Sensor Data, Dec 3-5-
Engineering Applications of Minicom­
puters, George Washington U, Washing­
ton, DC. Information: Dir, Continuing 
Engineering Educ, George Washington 
University, Washington, DC 20052. Tel: 
(202) 676-6106 
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Our PCB rela s 
stack the cari 
in your favor. 

When it comes to tightly spaced pc boards, you can't lose with 
Teledyne's new low-profile solid state AC relays. These 0.50 in. 
(max.) modules are ready-made for direct pc board mounting 
- making them a sure bet to replace discrete circuits for close 
center-to-center card spacing. What's more, our low-profile 
AC relays are optically isolated to provide 1500V RMS isolation 
to protect logic lines 
from ac power circuits. 
Add to this zero volt- oc 

age turn-on and a high 
dv/dt capability, and 
you're sure to beat the 

odds against RFI and false triggering. Designed for 

Input ------
Functional Diagram 

a maximum load of 3 amps at 250V RMS, our PCB _low-profile relays come in two logic 
compatible input voltage ranges: 4-lOV DC (model 675-4), and 10-32V DC (model 675-5). 
In short, they're your best choice for superior packaging and economical solid state switching 
circuitry for machine tool and process controls, 
programmable controllers and computer 
peripherals. Contact your local Teledyne 
Relays people for full data or applications 
help. They'll show you how to win with 
our PCB relays. 

11~ TELEDYNE RELAYS 
3155 West El Segundo Boulevard, Hawthorne, California 90250 
Telephone (213} 973-4545 
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nte 1st e 
You can go into production of higher density memory systems . 

confidently now that Intel's new 2104 16-pin, 4096-bit dynamic . J"' f. l. 
Vee RAM is in stock at Intel distributors, and 

1
11 ~ .~ 

•
3 

. , •s readily available in OEM quantities. · JI ,... ,... 
_ oouTcs We are mass producing the 2104 ? 

cAS •' on the same fabrication lines and with 
A1 v

00 the same silicon gate n-channel MOS 
process as the industry standard 

21078 22-pin 4K RAM. 
Intel's 16-pin RAM assures you 

fast, reliable parts as W$ll as delivery in 
volume. The Intel 2104 is based 
on the proven single-transistor 
cell design of the Intel 21078, 
the highest performance 
22-pin 4K MOS RAM. Like the 
21078, the 2104 chip is much , 
smaller than other 4K RAM 
chips produced today. 

The fastest available I ·1 

16-pin 4K RAMs are also in ~ 
the 2104 series.Our 2104-2 guarantees an access time of only 250 
nanoseconds and a cycle time of 375 nanoseconds over the full 

02104-2 

02104-4 

02104 

21078 

21078-2 

21078-4 

21078-6 

12 

INTEL'S STANDARD 4K RAM FAMILY 0 to 70°C operating 

425 595 

temperature range. 
To keep system costs 

low, the 2104 operates 
700 on standard-5, +5 and 

400 520 
500 

........_...--+--
4
-

7
-
0
-+---

6
-
80 

_ ___, + 12V power supplies, 
470 590 
800 960 

and TTL I/O levels. All 
inputs including clock 
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inputs are fully TTL compatible. 
Overall system advantages of the 2104 

are detailed in a new application brief, 
"Which Way for 4K ... 16, 18, or 22 Pin?" It ex-

1 plains why the 16-pin 2104 is best for very 
1 compact systems such as minicomputers, 
1 microcomputers, terminals, business equip­
, ment, scientific calculators and anywhere 
, high density is needed. 

Moreover, we show how the 16-pin 
standard is compatible with the next gene­

~~~::::==:.,.~.~~--·--;ra;it~i;on of even higher density memories. The applica-
tion brief also tells why the 2107B's simple, straightforward 

22-pin design has become an in- r .., 
dustry standard for computer NO WAITING 
main memories and many other 24 
applications. 

Now the industry has two 
standard configurations-16 HOUR 
pins with multiplexed ad-

dresses and 22 pins with parallel addresses. Which- DELIVERY 
ever way you go, you'll find Intel ready to support ~ ~ 
both in volume production. For delivery of the 2104 or 2107B con­
tact our franchised distributors: Almac/Stroum, Component Special­
ties, Cramer, Elmar, Hamilton/ Avnet, Industrial Components, Liberty, 
Pioneer, Sheridan or L.A. Varah. 

For your copy of "Which Way for 4K ... "or data sheets on any 
of our 4K RAMs write: Intel Corporation, 3065 Bowers Avenue, 
Santa Clara, California 95051. 

inter delivers. 
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Why do more than half the 
peopl in the world who 

y sor te relays choose 

Maybe it's because Crydom pioneered, 
perfected and patented electro-optical 
isolation and zero-voltage switching. Or 
because we use efficient back-to-back 
SCR's. Possibly it's because we offer 
more standard models. Could be our 
encapsulation process, our broad dis­
tribution, our extensive applications ex­
perience, or the fact that you can 
specify a Crydom relay in the U.S. and 
order the same part number anywhere 
in the world. 

Back-to-back SCR's are superior to triacs in many 
applications. 

echnically Speaking ... 
All Crydom Solid State Relays use in­
verse parallel SCR's which are superior 
to triacs in many applications. Back-to­
back SCR's have much higher critical 
dv/dt ratings and greatly improved per­
formance with inductive loads . .. 
minimal need for "snubbers" or soften­
ing devices. 

Crydom was the first to use transfer­
mold encapsulation, applied under 
pressure, to fully protect circuitry from 
humidity, shock & vibration. Many 

Crydom? 

merely "pour fill"-a process that can 
leave troublesome voids or bubbles 
within the relay. 

Two more firsts. Crydom's patented 
photo-isolation & zero-voltage 
switching! The optical isolator, which 
never wears out, provides complete in­
put isolation without transformers or 
reed relays. The zero-voltage switching 
feature minimizes current surges & RFI 
noise caused by arcing contacts. 

Every Crydom relay is 100% solid state. 
There are no moving parts to mal­
function or wear out. This means in­
finite life, silent operation & no 
maintenance. Also, Crydom's SSA's 
are digital logic IC compatible. UL & 
CSA approved too. 

Cutaway photo shows complete encapsulation of 
components. 

A Single Minded Company ... 
Crydom produces only one product. 
Our total resources, including the 
manufacture of many internal com-

INTERNATIONAL RECTIFIER 

ponents, are dedicated toward refining 
and improving this product. This is why 
we've become the pace setters in the 
SSR technology. And why the name 
Crydom means ultimate quality in the 
field of solid state relays. 

World-wide D"str1 ut1on 
Crydom has a network of distributors 
throughout the world, with manufac­
turing facilities in Holland & Japan. 
Over 60 distributors service the U.S. 
alone. Each is fully stocked to provide 
immediate delivery on Crydom stan­
dard models. 

Crydom has over 50 standard models from 1 to 200 
amperes. 

More Models Th n Anyone 
Crydom has over 50 standard catalog 
models (including a complete line of 
400 Hz relays) with current ratings from 
1 to 200 amperes. We also react fast to 
the toughest OEM custom designs. 

So contact Crydom today. Or send for 
our SSR catalog and list of authorized 
distributors. 

I~ R C:RVOOM 
p c::::::> I '-/ I 55 I c:::> r--J 

1521 Grand Avenue, El Segundo, California 90245 
(213) 322-4987 
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COMMUNICATION CHANNEL 

by John E. Buckley 
Telecommunications Management Corp 
Cornwells Heights, Pa. 

Domestic Communications 
Satellite System 

On Apr 13, 1974, the first U.S. 
domestic communications satellite 
was placed into a synchronous orbit 
around the Earth. The operational 
status of that satellite was sym­
bolically inaugurated on July 15, 
1974, when the message originally 
tapped by Samuel F. B. Morse on 
the initial telegraph system (in 
1844) was transmitted between New 
York City and Los Angeles. Though 
these . cities are less than 3000 miles 
apart, the words "what hath God 
wrought" traveled over 45,000 miles 
via this Westar I domestic satellite. 
This event opened the age of domes­
tic satellite-derived communications 
channels, which is destined to exert 
great impact and influence on present 
and future information systems. 

The nature of satellite communi­
cations systems has been discussed 
in past columns; those of July and 
December 1971 presented the re­
sults of a series of reliability and 
error rate measurements that had 
been conducted by Communications 
Satellite Corp ( Comsat) on a series 
of international satellite-derived 
channels. The excellent reliability 
profile discussed has been substan­
tiated numerous times by data com­
munications users. Indicative of this 
high reliability is the fact that a num­
ber of U.S. data communications us­
ers are successfully exchanging data 
with directly dialed European loca­
tions. From U.S. areas where direct 
European dialing is provided, vir­
tually all of the available communi­
cations channels are satellite de­
rived. User experience has indicated 
that using these direct-dialed links, 
the quality of data transmission to 

Europe in many cases exceeded that 
of domestic data transmissions. 

Prior to July 1974, the only com­
munications channels available for 
U.S. domestic data transmission were 
the traditional land-based facilities, 
providing the common resources for 
leased or switched, voice or data 
communications services. Since mid-
1974, the advantages of a domestic 
satellite system for all 50 states has 
become evident to an increasing 
number of domestic users. 

The development of a domestic 
satellite system was initially given 
a priority below that of implementa­
tion of an international communica­
tions satellite system; it was natural 
that reliable, high capacity trans­
mission paths be established be­
tween continents before intraconti­
nental communications needs could 
he addressed. Nations with large 
land masses naturally turned to this 

. lower cost and more reliable method 
of improving communications facili­
ties. In 1965 the Soviet Union 
launched Molniya I-the first of a 
number of domestic Soviet communi­
cations satellites. In 1972, the first 
North American communications sat­
ellite-ANIK I-was launched, being 
placed in synchronous geostationary 
orbit for Telsat-Canada for Canadian 
use. Although Western Union filed 
application with the Federal Com­
munications Commission (FCC) as 
early as 1966 for permission to build 
a domestic U.S. system, authority to 
do so was not issued until July 1970. 

In August 1972, Western Union 
contracted with Hughes Aircraft to 
build three HS333A communications 
satellites. Two of these were launched 

in 1974, while the third is being 
kept as a ground spare to be 
launched if either of the two op­
erational vehicles should fail, or to 
meet increasing traffic loads. Initially, 
five earth stations have been imple­
mented, with New York City, Atlanta, 
Chicago, Dallas, and Los Angeles 
compnsmg the associated major 
metropolitan areas. These earth-sta­
tion locations are configured at the 
logical junction points of the Western 
Union land-based microwave net­
work. Each Westar satellite has 12 
independent amplifiers with a band­
width of 36 MHz each. Each ampli­
fier has the capacity of 1200 4-kHz 
voice-grade channels. 

The Westar Satellite system is 
available to other communications 
common carriers. Domestic satellite­
derived channels can be obtained 
from Western Union or other carri­
ers, such as Microwave Communica­
tions, Inc or Southern Pacific Com­
munications Corp. In addition, the 
interconnection policies of Western 
Union regarding privately owned sys­
tems are quite liberal. Applicable tar­
iffs make these long-distance re­
sources readily available to potential 
users via a number of methods. 
With respect to customer access, the 
Westar system cannot, under any 
circumstances, be considered an ex­
clusive-Western Union system. 

The facilities of this system are 
presently limited to leased-line ser­
vices. While these long-distance chan­
nels can be technically interfaced 
to circuit-switching equipment, offer­
ings to date have not encompassed 
the dial services of the various com­
munications common carriers. The 
result of this configuration limitation 
is the predictability of transmission 
characteristics, particularly with re­
spect to propagation time. An in­
formation system user will not en­
counter a satellite-derived channel 
unless the interconnecting circuit has 
been explicitly ordered to include a 
satellite segment. It is quite reason­
able to expect, however, that con­
finement of satellite-derived channels 
to leased services will be short-lived. 
It is considerably less expensive for 
the communications common carrier 
to use a satellite-derived than a 
land-based channel. 

The extent of this cost differential 
can be fully appreciated by compar­
ing the channel costs of leased lines 
between New York City and Los 
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ALL 8080As DON'T COME 
FROM THE SAME PLACE. 

Meet the µ,PD8080A. From Maintenance Program 
NEC Microcomputers, Inc. (MMP) for storing common 
The microprocessor that's macros and sub-routines 
both fully software and pin for use with our Macro 
compatible with Intel's new Assembler. 
8080A. And it's backed by all 

ing the only Electrically AND THE SERVICE. the chips, support systems, 
software, and service you Alterable PROM with the 

need to make it into a com- speed to match the processor. The µCOM-8 package also 
plete microcomputer system THE SUPPORT includes complete documen-
-the µ,COM-8. SYSTEMS. 

tation, an ever-expanding 
library of Applications Notes, 

THE CHIPS. We offer both a full-scale and a responsive, in-depth 
We start with not on~, microcomputer - the applications engineering 
but four 8080-type micro- PDA-80- for software de- service, available nationwide. 
processors. velopment and hardware so ... At the top of the line is emulation; and a microcom-
th~ µPD8080A. It gives you puter-on-a-board - the Whatever your application or 
everything their 8080A does, EVAKIT - for evaluation your needs - first source or 
plus extras like full BCD purposes. second source, large volume 
capability for both addition THE SOFTWARE. or small, chips or complete 
and subtraction. For low- systems - take a look at 
cost applications, we also For the PDA-80 we have a everything our 8080A gives 
have a 1. 25 MHz option - full line of resident software. you. 
the 8080A-E. Plus there are Or, we can give you a full line You really can't afford 
two other models, featuring of cross software, available not to. 
improved I/O. on national timesharing serv- NEC Microcomputers, 

In addition, we can give ices or installed on your own Inc. , Five Militia Drive, 
you the best in RAMs, computer system. This Lexington, Mass. 02173, 
RO Ms, and PRO Ms, includ- includes our unique Macro 617-862-6410. 

NEC m1crocomputers,mc. 
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WHERE TO BUY IT. 
New England: 
Circuit Sales Company 
Lexington, MA 
617 /861-0567 

Mid-Atlantic: 
Trionic Associates, Inc. 
Great Neck, NY 
516/466-2300 
C.H. Newson & Associates 
Philadelphia, PA 
215/248-3377 
C.H. Newson & Associates 
Hershey, PA 
717 /233-8576 (Harrisburg) 
301/825-0001 (Baltimore) 

Southeast: 
Perrott Associates, Inc. 
Orlando, FL 
305/275-1132 
Perrott Associates, Inc. 
Clearwater, FL 
813 /726-1549 

Midwest: 
McFadden Sales, Inc. 
Columbus, OH 
614/221-3363 (Cleveland) 
614/221-3363 (Fort Wayne) 
614/221-3363 (Indianapolis) 
Bitronics Sales Company 
Minneap()lis, MN 
612/835-7744 
RF Specialists 
Park Ridge, IL 
321/698-2044 

Southwest: 
Merino Sales Company 
Dallas, TX 
214/233-6002 
Tri-Tronix 
Albuquerque, NM 87110 
505/265-8400 

So. California: 
Electronic Component Marketing 
Woodland Hills, CA 
213/340-1745 
Electronic Component Marketing 
El Toro, CA 
714/830-3939 
Electronic Component Marketing 
San Diego, CA 
714/295-6122 

No. California: 
Trident Associates 
Mountain View, CA 
415/967-7031 

tttlEC m1erocomputers, me. 

Angeles. A land-based AT&T chan­
nel under the High-Low Tariff (FCC 
260) would incur a typical monthly 
cost of $2181. The same channel 
between the New York City and Los 
Angeles earth stations is tariffed 
at $1000. Similar long-distance chan­
nel cost savings are experienced be­
tween New York and Dallas ($750) 
and New York and Chicago ( $500) ; 
comparable land-based channel costs 
are $1223 and $635, respectively. 
These comparisons are for earth sta­
tion to earth station equivalent chan­
nels; costs of land-based channels 
between user locations and the near­
est earth stations are additive. 

While the use of satellite-derived 
channels is economically beneficial, 
other characteristics may create ad­
vantages or disadvantages, depending 
on the nature of the specific data 
communications application. Due to 
the limited :µumber of present earth 
stations (five), the cost of leasing 
land-based channels between the 
various data terminal or multiplexer 
locations and their nearest earth sta­
tions for a specific information sys­
tem configuration could negate poten­
tial cost savings. Each application 
must be carefully evaluated and com­
prehensive network cost comparisons 
developed to properly define any eco­
nomic advantages. 

The transmission error rate poten­
tial of a satellite-derived channel 
is considerably more favorable than 
comparable rates experienced on 
land-based channels. At least a 2-
order-of-magnitude improvement has 
been measured by Comsat on inter­
national channels, and an additional 
order of magnitude beyond this 
has been measured on Westar chan­
nels. Regardless of the exact statis­
tics measured for specific error rate 
tests, considerably higher quality 
channels are characteristics of this 
satellite system than traditionally ex­
perienced on land-based channels. 
The information system user, how­
ever, must recognize that these statis­
tics relate to channels between 
earth stations. Unfortunately, all us­
er locations cannot be co-located 
with the earth stations. Therefore, 
the use of land-based channels be­
tween user locations and the nearest 
earth station is required. The only 
meaningful error rate statistic will 
reflect the entire circuit's error rate, 
which will equal that of the poorest 
quality segment, ie, the land-based 
channel segment. Unfortunately, the 

high quality characteristic of the sat­
ellite-derived channel will have no in­
fluence on the associated information 
system's performance. 

The most visible and yet unavoid­
able characteristic of a satellite-de­
rived channel is its inherent propa­
gation time. Since the satellites are 
in an orbit of 22,500 miles, total 
channel mileage between earth sta­
tions is approximately 45,000 miles. 
At the speed of light, the propaga­
tion time equals approximately 242 
ms (with round-trip propagation 
equivalent to 484 ms) . It is reason­
able to estimate thaLan actual sig­
nal will propagate mere slowly than 
light. When delays of the associated 
land-based channel segments are 
added, the system -designer must 
recognize that while a lower chan­
nel cost may be realized, the as­
sociated transmission timing and 
protocol may be significantly im­
pacted so as to result in consider­
ably reduced data throughput or 
even total non-operation of the vari­
ous data terminals. The promise of 
an improved error rate is primarily 
illusionary. A higher quality channel 
will be experienced between earth 
stations; however, the poorer quality 
land-based channels will actually dic­
tate overall circuit quality. 

The launching of additional domes­
tic satellite systems is being actively 
planned by a number of common 
carrier and even private organiza­
tions. Both AT&T and MCI have 
applications pending before the FCC. 
The increase in the number of major 
e~rth stations as well as the ability 
to integrate a distributive concept 
is rapidly being developed. Such a 
concept accepts a number of small, 
low capacity earth stations to focus 
directly on the orbiting satellite, 
thereby eliminating the need for land­
hased channels between a user lo­
cation and the nearest earth station. 
One · of the first applications of this 
approach is the direct interconnect 

. of off-shore drilling platforms via 
the Westar satellite. 

The age of satellite communica­
tions is rapidly maturing, with high­
er quality data transmission at low­
er cost the immediate result. This, 
however, can be realized only by 
implementing certain adjustments in 
traditional information system op­
erating characteristics. Today, the 
use of satellite-derived channels is 
optional; tomorrow, such channels 
will be mandatory. D 
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Introducing 
the Nude 

"38" 
hundred 

*" The "Streaker" ... what it lit. First of all 
it is a stripped down version of our perfect "38" 
huridred Diskette Storage Subsystem. The new 
SA8800 "Streaker" Kit consists of a single 1,2.5 
inch by 17.5 inch PCB disk controller and from 
one to six diskette drives operating at single or 
double density. 
The "Streaker" Kit is ideal fo'r OEM's who wish 
to include their own "value added" features. 
You can add your own cabinet, power supply, 
and interface. Or, if you wish, you can purchase 
a standard Shugart SA3800 Diskette Storage 
Subsystem and add additional drives in incre­
ments of one, two, or three in a single cabinet. 
The SA3800 contains from one to three SA800 
drives, the PCB controller board and power 
supply, all in one package. 
The "Streaker'.' controller board handles up to 
six drives in the IBM 3740 format (3.2 megabits 
per drive) or in the double density format (6.4 
megabits per drive). The controller board per­
forms all of your required functions including 
formatting , serializing I de-serializing, seeking 
and error detection. All that is required to im­
plement the "Streaker" into your system is an 
interface that you design to meei your system 
specifications. , 
The "Streaker" diskette drives are Shugart's 
standard SA800s that have become the industry 
standard with more than 10,000 units installed 
worldwide. For the ultimate in reliability, per­
formance, and economy when packaging your 
system, remember the "Streaker" ... it will give 
you a good run for your money. For further in­
formation regarding the "Streaker" cpntact our 
Marketing Department in Sunnyvale, California. 

~SHUGART ASSOCIATES 
435 Indio Way, Sunnyvale, California 94086 (408) 733-0100 TWX: 910 339 9355 SHUGART SUVL 

CIRCLE 12 ON INQUIRY CARD 

/ 



I DIGITAL TECHNOLOGY REVIEW I 

Synchronous Capability 
Added to Programmable 
Data Channel Multiplexer 

Reception and transmission of syn­
chronous data at any speed up to 
50,000 baud as selected by a system 
modem can be attained by the EDS-
302 multiplexer. Configured as one 
15 x 15" add-on card for the series 
of cards in the company's EDS-8 
programmable data channel mul­
tiplexer, all of which plug into spare 
slots in Nova type computers, the 
-302 expands capability of the -8 to 
include up to eight synchronous 
channels (by increments of two ports) 
in addition to as many as 120 existing 
asynchronous channels. 

Operation can be in automatic 
buffer mode through the computer's 
DMA channel. In this mode, character 
strings are transferred via the data 
channel into or out of buffer areas in 
coi:e memory. Since size and location 
of the buffers is under software con­
trol, entire message frames can be 
transmitted or received without any 
interruption of the computer program. 

Hardware generates the cyclic re­
dundancy check ( CRC) code, and 
checks the data; the code is superior 
to use of just a parity bit in ensuring 

COMMANDS 

DATA 
CHANNEL 

EDS-300 

MUX 
·COMMON 

LOGIC 

EDS-302 multiplexer is built on a single 
card that plugs into a spare slot in Nova 
type computers. As many as eight sy.n­
ch ronous ports can be included (in in­
crements of two) 

data integrity. Moreover, its im­
plementation in hardware (rather 
than in software) reduces the com­
puter's I/O processing overhead. 

Synchronous ports are compatible 
with the ADCCP standard as well as 
SDLC and HDLC. Flag sequence, 
zero-bit insertion/extraction and 
frame check sequence are impiemen­
ted in hardware; address, control, and 
information fields are under software 
control. 

All data and control lines operate 
in accordance with EIA RS-232-C 
in either full- or half-duplex modes: 
Outgoing data set control lines (re-

EDS-302 

EDS-301 

}
SYNC 
MODEMS 

}

LOCAL 
AND 
REMOTE 
ASYNC 
TERMINALS 

'----...,--J 
NOVA TYPE 

MINICOMPUTER 
EDS-8 DATA CHANNEL 

MULTIPLEXER 

20 

Capabilities of Educational Data Systems' EDS-8 data 
channel multiplexer are expanded by the EDS-302 to 
include eight synchronous channels in addition to as 
many as 120 existing asynchronous ports. Synchronous 
data can be received and transmitted at speeds up to 
50,000 baud 

quest to send, data terminal ready, 
and secondary request to send) are 
under program control. Five incoming 
data set control lines (clear to send, 
data set ready, ring indicator, re­
ceived line signal detector, and secon.,. 
dary received line signal detector) 
are available to the programmer. 

Only interboard and multiplexer­
to-computer signals are routed 
through the computer harness. Lines 
from all -8 boards to the communica­
tions system are routed directly via 
ribbon cables. This enables the mul­
tiplexer to circumvent the pin limita­
tions of the computer connectors, and 
also provides flexibility in the com­
puter configuration itself. 

Price of the EDS-302, made by 
Educational Data Systems, 17981 
Sky Park Circle, Irvine, CA 92707, 
with eight synchronous channels is 
$3600. A 2-channel version is $1200. 
Total cost of a complete EDS-8 mul­
tiplexer system including eight asyn­
chronous channels, two synchronous 
channels, all necessary cables, con­
nectors, junction panels, and power 
supply is $4430 for a single unit. 
Quantity discounts are available. De­
livery is 30 days ARO. 
Circle 140 on Inquiry Card 

Standalone Data Station 
Features First Use of 
Mini Data Cartridges 

The first product to incorporate the 
miniaturized 3M data cartridge, 
model 2644A CRT terminal is able 
to perform on a standalone basis 
many operations that normally require 
connection to a computer. Described 
as a "mini data station," the terminal 
contains 220,000 bytes of built-in 
mass data storage on RAMs and 
p/ROMs. Mini-cartridges provide 
storage-115,000 bytes each-of daily 
"working" data. Control of all activi­
ties-program preparation, editing, 
tape copying, and tape-to-printer 
operations-is maintained bv a micro­
processor. A sufficient rang~ of micro­
programmed instructions is included 
to exercise all of the terminal's data 
handling capabilities. 

In addition to maintaining all 
features of the current 2640A termi­
nal, the 2644A-announced by Hew­
lett-Packard Co, 1501 Page Mill Rd, 
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You'll ad more 
•hanacore. 

We make the difference count. 
A completely intelligent micro-system ... that's what we 
offer, and look at the price! No compromising, no short 
cuts, no bluff-a one-card computer, it's possible by truly 
innovative micro-circuit design. The 4K memory capabi l­
ity is built-in, along with J. real-time clock to provide for 
monitoring capabilities. SPHERE SYSTEMS can be prog­
rammed with full extended BASIC, plus the intelligent 
terminal is totally compatable with existing high-

the whole system 

performance, low-cost perpherials (also available 
through SPHERE ) which make your possibilities almost 
limitless! 
We're talking about the lowest-cost complete systems 
around. Contact us for more information about ourone­
card computer, or a most complete line of peripherials 
and software support. At SPHERE CORPORATION, we 
make the difference count. 

SPHERE CO RPORATION 791 South 500 West Box C Bountilul, Utah 1:14010 

( 801) 295-1368 
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Palo Alto, CA 94304-attains its stand­
alone capability through micropro­
cessor control and two fully-integrated 
tape transports for the mini data 
cartridges. In data entry, for instance, 
forms stored on one mini-cartridge 
can be selectively retrieved in seconds 
for display on the CRT. Data can then 
be entered to the display from the 
keyboard. Entry of data is eased by 
features such as protected fields, video 
highlighting, and elaborate editing 
capability. Once confirmed, the en­
tered data can be stored on a second 
mini-cartridge by pressing a single 
button. Full mini-cartridges can be 
batch transmitted to a computer sys­
tem at the end of the day's work or 
whenever practicable. 

Single keys execute the most com­
mon tape data transfer commands. 
Touching one of eight "file" buttons 
automatically calls up the appropriate 
one of the first eight files on a car­
tridge; typically these are forms. 
"Read" and "record" are single-but­
ton functions. 

Two prefix keys speed operations. 
Input/ output functions are assigned 
by first touching a green prefix key, 
and then the appropriate input and 
output device keys. Data may be 
moved readily among any of the 
station's functional units, between 
cartridge tapes, from the keyboard, 
to or from the display's semiconductor 
memory, to a printer, or to or from 
the RS-232-C data communications 
interface. 

A gold key is the prefix for quick 
access to extended operations. For 
example, pressing "gold key + find 
file key + file-number key + car­
tridge ident key" calls up any of 255 
files at search speed ( 60 in. Is) . File 
records may vary in length from 1 to 
256 bytes, stored in ASCII or binary 
format. 
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Hewlett-Packard's microprocessor­
controlled CRT terminal can perform 
as a standalone "mini data station." 
Two 3M mini-cartridges, used here 
for the first time in a product, fit 
into tape transports located in the 
front of the display unit. (One mini­
cartridge is shown on the keyboard; 
the rear of the other is the white 
rectangle just above the right end of 
the keyboard.) 220,000 bytes of mass 
data storage are built into the ter­
minal and each mini-cartridge holds 
115,000 bytes 

The shirt-pocket size ( 3 x 2J~ x 
J~") mini-cartridge is reported to have 
longer life and better interchange­
ability than the company has · ex­
perienced with cassettes. In the 
2644A application, 115,000 bytes of 
serial information are recorded single­
track on each cartridge, using the full 
0.15" width of the mini-cartridge's 
140 ft of tape at a density of 800 
bits/in. Tape speed is 10 in.ls; there­
fore transfer rate to or from the dis­
play is up to 8000 bits ( 1000 bytes) Is. 
Since search is at 60 in. Is, average 
access time is 10 s. One cartridge 
contains the equivalent of 1000 ft of 
paper tape. 

Within the enhanced 5 x 10" CRT 
display, 1920 characters ( 9 x 15 dot 
cell) can be presented in a 24-line by 
80-col format. Inverse video (black 
on white), blinking, half-bright, and 
underlining may be employed in all 
of 16 possible combinations. Multiple 
character sets can be displayed. A 
128-char Roman set, including lower 
case and displayable control charac­
ters, can be used along with as many 
as three additional character sets. A 
math-symbol set and a line drawing 
set, to generate user's entry data 
forms, are available. 

Full editing capability is provided 
to correct data before transmission or 
recording. Standard features include 
character and line insert and delete, 
cursor sensing and positioning, pro­
grammable protected fields for forms, 
off-screen solid-state memory storage 
with scrolling and page-select, tabula­
tion, eight special-function keys for 
user-defined routines, and a positional 
memory lock. The t~rminal uses an 
ASCII RS-232-C communications in­
terface and can transfer from semicon­
ductor memory at rates up to 2400 
baud (9600 baud on binary output). 
Circle 141 on Inquiry Card 

Subsystems Expand 
Capabilities of 
Computer Series 
Announced by the Sperry Univac di­
vision of Sperry Rand Corp, PO Box 
500, Blue Bell, PA 19422 for use 
with its 90 / 60 and 90/ 70 computer 
systems, three subsystems meet the 
requirements of widely diverse users. 
A multichannel communications con­
troller ( MCC) increases benefits of 
communications control and provides 
a simplified method of modifying a 
network; a magnetic tape subsystem, 
Uniservo™ 14, offers non-return to 
zero inverted ( NRZI) or phase-en­
coded (PE) recording (or both in 
dual density version) ; and two disc 
drives-a fixed-head unit, 8405-00, 
for real-time applications, and a re­
movable disc system, 8433, for han­
dling large data bases-provide faster 
access times and transfer rates. All 
function under Virtual Memory Oper­
ating System/9 (VS/9). 

Multichannel 
Communications Controller 

MCC combines the design principles 
of the 3760 controller with VS/ 9 
software to expand the communica­
tions capability of the series 90 com­
puters. It emulates and provides full 
functional capabilities of the earlier 
communications controller multichan­
nel ( CCM). Improvements include 
support of more high speed lines as 
well as a mix of line speeds, disci­
plines, and protocols-including both 
Univac and industry-standard termi­
nals and high speed computer-to­
computer communications. 

Peak throughput is increased to a 
maximum of over 25,000 char/ s. Line 
speeds from 45.5 bits/ s to wideband 
speeds of 56,000 bits/ s can be accom­
modated. MCC can support up to 
eight line speeds concurrently, and 
be used with up to 59 lines, depend­
ing on the number of subchannel 
registers available on the host proces­
sor. Since MCC uses significantly less 
power, it dissipates less heat than 
older equipment. 

Three versions are available: model 
1 accommodates up to 16 half- or 
full-duplex lines; dual-scanner model 
IA handles an additional 16 lines; 
and model 2 can be used with up 
to 59 half-duplex or 29 full-duplex 
lines. A 32-line version can be 
housed in a cabinet about the size 
of a desk. The smallest model M CC 
can be upgraded in the field to fuller 
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One-Card 
Compu•er. 

• real-ti me clock 

• 16 digital 1/0 lines 

• 4kRAM 

• 512 times 8 PROM 

• serial teletype interface 

• hardwired ROM monitor 
(console emulator) 

(Complete with usage, programming, and application manuals.) 

Still, our price goes down a lot easier. 

We make the difference count. 
We 've found that most people find our CPU hard to be­
lieve - especially after they 've really looked into what our 
design innovation has created, and into how we back it 
up. SPHERE CORPORATION has designed big computer 
capabilities into a micro-processor. This CPU can monitor 
functions on a real-time basi s, analyze , and quickly arrive 
at answers in a desired format . It s functions are totally 
expandable through SPHERE' s cost-efficient peripherials 
and interface circuitry, when you find it necessary in the 
application you desire . What' s more , we.' re ready to give 
you service- not just to our units, but to our users-with 
complete hardware and software support to aid you in 
your particular usage, programming, and application . 
Contact SPHERE CORPORATION today! We can make 
things a lot easier for you and a lot less expensive for your 
company. At SPHERE CORPORATION , we make the di f­
ference count . 

* This is our 100-qua ntity price. It is now available 
for a limited ti.ID? on a single unit evaluation basis . 

SPHERE CORPORATION 791 So. 500 West Box o Bountiful, Utah 84010 

(801) 295-1368 
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Presenting the OEM branch of Digital. 
It's a complete family of 

computer tools. And it's growing 
~very day. 

Nine CPU's - from our 
smallest, the LSI-11, to oµr biggest 
and newest, the PDP-11/70-
with virtmilly every meaningful 
price/performance choice avail­
able in between. Choose one of 
them, and a whole world of possi­
bilities opens up. 

Proven operating systems 
offer real time, time-sharing, and 
batch capabilities, 
so you can 

choose the system that exactly fit$ 
your needs. Also you can hook 
up any of 60 different periph­
erals including your choice of 
4 different disc drives, 5 terminals, 
3 tape systems, 6 line printers -
among a host of others. 

What's more, you can join a 
special family called DECUS 

~~ 
tJe.~·t t~>/t ' .!;/;I. 

~v ' YJ 7 , II ~ 

\:;S ·~ 

(Digital Equipment Corporation 
Users' Society) and instantly put 
at your disposal a whole library 
compriseci of thousands of appli­
cations software packages. 



And then you can start to ready to lend a hand when and 
plan your future. Your next new where you need it. And that 

-r product, your next PDP-11 or means everything from operator 
PDP-8 computer. And to help training programs that get you 
you along the way, our family quickly up to speed, to the new 
includes 2400 field service experts OEM Referral Program that helps 

~ .. 1 · t~;~ you.: ;arketyourproduct. 
7ri:t~ ft'iJ;'·' ;•~-t;1&;0';~ :,.7).J,~{}N' · , /,· ~ ' 
iv-If' " . · ~~ :Rx!':;/.'" ., ~d.)L 
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capabilities as communications re­
quirements expand. 

Applications available in VS/9, 
and hardware supported with the 
MCC, include remote job entry or 
remote batch processing, interactive 
program development, transaction 
processing, inquiry /response, data col­
lection, and message switching. Op­
erating under host processor control, 
MCC performs such functions as 
character-sequence detection or in­
sertion; code translation; and cyclic-., 
longitudinal-, and vertical-redundan­
cy character generation on trans­
mitted messages; and checks for such 
characters on received messages. The 
controller also performs automatic 
dialing and answering, and interfaces 
a wide variety of common carrier 
lines. 

A Test Assistance Program (TAP) 

allows customer engineers to test in­
dividual lines, line adapters, modems, 
and terminals without interfering with 
production communications process­
ing. New lines and terminals can be 
verified without using host processor 
time or taking all communications 
ofHine. 
Circle 142 on Inquiry Card 

Magnetic Tape Subsystem 

Three versions of U niservo 14 are 
available: a 9-track unit with PE re­
cording format and transfer speed of 
96 kilobits/s; a 7-track unit using 
NRZI recording format at transfer 
speeds of 48, 33.4, or 12 kilobits/s; 
and a 9-track dual density unit that 
has both PE and NRZI recording for­
mats at. 96- and 48-kilobit/s transfer 

Low Cost MOSFET Memory 
Add-Ons Expand 
System/3 Efficiency 

Add-on semiconductor memory for the 
System/3 model 10 market is claimed 
to provide increased system efficiency 
at up to 70% less cost than IBM 
core memory. According to Decision 
Data Computer Corp, 100 Witmer 
Rd, Horsham, PA 19044, manufactur­
er of the 5410 System/3 memory, use 
of the add-ons not only increases the 
model lO's system capabilities, but 
also makes it a more attractive sys­
tem than the recently announced 
model 12. Savings permit additional 
memory to be used with a model 10 
to increase its performance potential 
through faster sorting, elimination of 
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speeds, respectively. Recording densi­
ties of the three versions are 1600, 
800/556/200, and 800 bits/in., re­
spectively. All operate at 60 in./s. 

Automatic tape loading assures 
ease of operation and maximum op­
erator efficiency. Single capstan drive 
design of the cartridge uses a mini­
mal number of mechanical parts with 
resultant reduced tape wear. 

Tape units are attached to the sys­
tem via a type 5045 control unit 
which incorporates features for dual 
channel and 7-track operation. A 
control unit and two tape units are 
housed in the same cabinet. VS /9 
automatically allows the interactive 
user to temporarily remove certain 
files from the disc units, when the 
demand for this space is high, and 
place them on tape. 
Circle 143 on Inquiry Card 

Disc Drives 

Both the 8405-00 fixed-head disc 
storage unit and the 8433 removable 
disc system use the microprogrammed 
5039 control unit. The 8405-00 has 
8.34-ms average latency, 622-kilo­
byte/s transfer rate, and 6-megabyte 
storage capacity on 12 recording sur­
faces. On the 8433, storage is up to 
200 megabytes in free format, 190 
megabytes in VS /9 page format. 
Transfer rate is up to 806 kilobytes/s, 
average latency is 8.33 ms, and aver­
age arm-positioning time is 30 ms. 
Eight disc units of either type can 
be attached to a control unit; and 
eight more can be added by using 
an F2047 16-drive expansion feature. 
Circle 144 on Inquiry Card 

program overlays, faster 1/0 through 
double buffering, and use of larger 
blocks. In some configurations this 
could permit communications to be 
used which were marginally justifiable 
in the past. 

Add-on MOSFET memory is of­
fered in 8-kilobyte increments up to 
56 kilobytes. Existing IBM memory 
must be 8 kilobytes. Memory cycle 
time is 1.52 µs. No extra power source 
is required; operation is off the Sys­
tem /3 ac supply. The memory is com­
pletely compatible with hardware, op­
erating procedures, and maintenance 
requirements of System/3 model 10. 

Monthly rental prices for the add­
on, including memory, range from 
$115 (BK) to $480 ( 56K) . Purchase 
prices range from $4800 to $12,900. 
Circle 145 on Inquiry Card 

Specialized Processors 
Ease Communications 
Data Transfer Problems 

Communications processor versions of 
the MODCOMP 11 and IV computers, 
MODCOMP 11/CP2 and 1v/CP contain 
all features of the standard models 
but, in addition, offer a set of hard­
ware-implemented macroinstructions 
for processing communications data. 
They also provide a direct memory 
path for transferring data between 
processor and communications lines 
via universal communications subsys­
tem-model 2. Both CP computers and 
the communication subsystem are 
manufactured by Modular Computer 
Systems, Inc, 1650 W McNab Rd, Ft 
Lauderdale, FL 33309. Data transfer 
occurs on a block basis without pro­
gram intervention. 

A set of core-to-core byte move 
instructions added to the standard 
MODCOMP instruction set permits trans­
lation, CRC or LRC accumulation, 
character insertion, deletion, or re­
placement to take place during byte 
transfers. They also permit search 
for up to eight program-selected 
characters. Any or all of these op­
tions may be activated during a given 
byte move operation. While the move 
instructions are implemented using 
microcode, high overhead functions 
such as character comparisons and 
CRC generation are implemented in 
hardware. This procedure enables the 
core-to-core move to operate at mem­
ory speeds. 

Direct memory interface (DMI) 
for the universal communications sub­
system provides 256 full-duplex direct 
memory access channels to the com­
munications controlle . Since the DMI 
multiplexes transfers to and from 
memory, all 256 channels may be 
active simultaneously. In addition to 
maintaining a memory transfer ad­
dress and byte count for each line, 
the DMI provides a special-character 
detect capability during block trans­
fers. Incoming lines may be moni­
tored for character sequences in addi­
tion to single characters. Special­
character detection is controlled by 
a program specified algorithm for 
each channel, enabling each channel 
to search for different characters or 
sequences. Automatic buffer chaining 
during input or output transfers per­
mits buffer swapping to occur with­
out program intervention whenever 
a buffer fills or empties, or whenever 
a special-character sequence is de­
tected during input. 

Major differences between the two 
CP computers are memory size and 
interface. u/CP2 is expandable to 128 
kilobytes of directly addressable mem­
ory, with either 800-ns or 1-µs cycle 

COMPUTER DESIGN I OCTOBER 1975 









DIGITAL TECHNDLDGY REVIEW 

MEMORY SYSTEM 
32K TO 128K BYTES 
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Fig. 1 Direct memory interface (DMI) on MODCOMP 11/CP2 com­

munications processor (left) shares memory port with the CPU. 

However IV /CP DMI (right) transfers data via its own port; it also 

converts virtual user addresses into physical memory addresses, 

while allowing sequential data transfers across multiple physical 

memory pages without program . intervention 

time; and DMI shares a memory port 
with the CPU. Memory on the IV /CP 
is expandable to 512 kilobytes. Basic 
memory cycle time is 800 ns, but 
since all memory is interleaved, the 
effective cycle time is 500 ns. Data 

MOO COMP 
II/CP2 

OR 
lJZ:/CP 

PROCESSOR 

MOO COMP 
U/CP2 

OR 
Dl/CP 

PROCESSOR 

are transferred by DMI to and from 
memory through one of four memory 
ports, eliminating the need to steal 
cycles from the CPU. 

Primary throughput bottlenecks in 
a communications system are trans-

UNIVERSAL CONTROLLER 

} ~TO 3 ADDITIONAL 
PERIPHERAL 
CONTROLLERS 

UNIVERSAL CONTROLLER 

} UPTO 3 ADDITIONAL 
PERIPHERAL 
CONTROLLERS 

£erring data between memory and 
the communication lines, and process­
ing data once in memory. Also, char­
acter handling on an interrupt basis 
permits program control of the pro­
cessing required for a specific protocol, 
independent of the hardware. The 
primary consideration when using di­
rect memory transfer is that of de­
tecting short blocks and of accumu­
lating or generating block check 
characters in accordance with a spe­
cific protocol. If this intelligence is 
placed in each line interface unit, 
the cost is increased significantly. The 
CP computers centralize the special­
character sequence logic in the D MI 
and place only the basic intelligence 
required to serialize or deserialize 
data in the line interface units. This 
results in lower cost for line inter­
face units. The byte string processing 
instructions provide the mechanism 
for protocol-dependent processing in 
an efficient manner without the loss 
of flexibility. 

Universal communications subsys­
tem-model 2 can interface as many 
as 256 full-duplex synchronous and/ or 
asynchronous lines to any model n 
or IV processor. Each chassis con­
nected to the universal controller 
may contain 1 to 16 dual line-inter­
face modules, permitting up to 32 
lines per chassis. These lines may be 
any combination of synchronous and 
asynchronous. 

Universal subsystem controller mod­
el 1907 provides all logic necessary 
to communicate with the attached 
communications lines. At the heart 
of the controller is a high speed RAM 
containing 64 bits of storage for each 
full-duplex line. Parameters main­
tained in RAM for each line may 
be modified by commands from the 
computer or status changes from the 

___,_--
UP TO 32 

DUAL PORT FULL-DUPLEX 
COMMUNICATIONS SYNCHRONOUS OR 

CHASSIS ASYNCHRONOUS 
LINES 

~ 
~ 

OUALPORT UPTO 
COMMUNICATIONS 32 

CHASSIS LINES 

~ 
~ 

UPTO I UP TO 
CHASSIS 32 

LINES 

~ 

Fig. 2 Redundant universal communications subsystem with communications processors. 

Dual port chassis may be assigned to only one controller at any given time 
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lt's4K! 
It's fast! 

It's static! 
It's a whole 

R 
system! 

It's all of those and more, much more. It's our new Microram 3400N - a 32K x 16 or 18 bit memory system using our own SEMI 4402, 4K STATIC RAM components ... the only pro­duction 4K STATIC RAM's available today. The 4402 is fast, with a worst case access time of 200 nsec. And ... it's second-sourced, of course! 
The Microram 3400N is form, fit, and functionally compatible with all core and NMOS mem­bers of the Micromemory family, and is completely contained on a single printed circuit card. Optional features include chassis and power supply. The Microram 3400N is immedi­ately available with a worst case access time of 275 nsec. 
Call your nearest EMM sales office and discover how "The Memory Company" can give you system building block flexibility, 4K to 32K, core or NMOS. 

EmmsEM/ 
A division of Electronic Memories & Magnetics Corporation • 3883 North 28th Avenue, Phoenix, Arizona 85017 

(602) 263-0202 

EMM OFFICES: WESTERN REGION , Regional Office, San Francisco, (408) 247-9711, Los Angeles Area, (213) 644-9881 , Orange County Area (714) 639-5811 , Minneapolis Area, (612) 941-2404, Phoenix Area (602) 968-2492, Dallas Area (214) 231-7207, EAST­ERN REGION, Regional Office, Boston, (617) 861-9650, Chicago Area, (312) 297-7090, Washington , D.C. Area (703) 941-2100, New York Area 516) 423-5800, Cleveland Area (216) 842-8920 INTERNATIONAL OFFICES, European Headquarters, Belgium(031) 76.69.75, Unitecf Kingdom (01) 751-1213, West Germany (089)714.30.40 . 
REPRESENTATIVES: Gentry Associates; Orlando (305) 894-4401, Huntsville (205) 534-9771 , Burlington , N.C. (919) 227-3639. In Canada: Megatronix, Ltd., Toronto (416) 742-8015, Montreal (514) 488-0404, Ottawa (613) 729-4004, Vancouver (604) 526-3312. In Japan, Nissho Electronics (03) 542-2351 . 
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line-interface modules. Line scanning 
is controlled by a p/ROM such that 
the scan sequence for all lines is 
controlled by a factory- or user­
supplied algorithm enabling high 
speed lines to be serviced more fre­
quently than low speed lines. 

Character buffering between proces­
sor and line-interface modules is 
provided by the controller. Data trans­
fers to and from the central processor 
use the I/O bus when the controller 
is attached to standard II and IV 

processors, These transfers operate 
under program-controlled (character 
interrupt) I/O. When the controller 
is attached to a II/CP2 or IV /CP pro­
cessor, data are transferred over the 
DMI in block mode without program 
intervention. ~ 

Universal communication chassis 
model 1930 contains power, clock 
source, controller bus interface, and 
rack-mounting hardware for up to 16 

Clustered Terminals 
Communicate Concurrently 
in Data System 

Claimed to be the lowest priced sys­
tem of its kind, the Sycor 440 com­
munications system is intended for 
use in networks with the company's 
340 and 350 standalone intelligent 
terminals. The multi-keyboard, 
shared-processor system features data 
entry with concurrent processing and 
shared files for inquiry-response ap­
plications. Announced by Sycor Inc, 
100 Phoenix Dr, Ann Arbor, MI 
48104, the 440 may be used with 
the company's proprietary Terminal 
Application Language, TAL II, to cus­
tom tailor data entry with arithmetic 
operations, conditional data entry, 
range checking, table look-up, and 
other intelligent functions. 

Communications System 

A 440 system includes control unit, 
up to eight video display terminals, 
and a variety of peripherals (de­
pendent on user requirements) . It can 
communicate with the intelligent 
terminals, other 440 systems, or main­
frame computers, emulating IBM 
2770, 2780, or 3780 protocols. 

Each display station operator can 
access common files to select con­
stant data to support data entry and 
inquiry /response applications. Con­
currently, the system offers back­
ground processing including remote 
job entry, file maintenance (editing, 
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dual line-interface modules. Fifteen 
separate baud rates are supported by 
the chassis clock source. Each asyn­
chronous line interface may select 
one of these 15 rates under program 
control. Single port models are at­
tached to one universal controller; 
dual port models may be attached 
to a pair of model 1907 controllers 
to provide a redundant configuration. 
At a given moment, a dual port 
chassis may be assigned to only one 
of the two controllers, although it 
may be switched between them. 

Plug-in line interface modules 
model 193X provide charact~r assem­
bly /disassembly for two full-duplex 
communications lines. Available in 
asynchronous and synchronous ver­
sions, the modules can be mixed in 
any given chassis. Asynchronous mod­
ules are available for either RS-232 
or current-loop lines. 
Circle 146 on Inquiry Card 

sorting, updating, and file transfer), 
report generation and multi-terminal 
printer support to allow each display 
to interleave data blocks to one 
printer while data are being key­
entered. 

The control unit contains system 
logic memory, device interfaces, pow­
er, system control panel, 5- or 10-
million-character fixed-disc drive, and 
either tape cassette or flexible-dis.c 
drive to load the fixed disc, store files 
and system data, or provide a means 
to interchange data and formats with 
the terminals. Display on the termi­
nal consists of 57 6 char on an 8-line 
x 64-char format with a 64-char 
status line. Control characters can 
be blanked out and field labels 
dimmed with an optional feature. 
Keyboard may be in either typewrit­
er or data entry (keypunch) styles. 

Pricing is $535 /mo on a 3-yr lease, 
$632 on a 1-yr lease, $22,250 pur­
chase for a single-keyboard system; 
$677, $797, $29,090 for a 4-keyboard 
system; and $894, $1050, $38,660 for 
an 8-keyboard configuration. All lease 
prices include a 5-million-char disc, 
cassette, communications, and main­
tenance. Deliveries will begin in the . 
first quarter of 1976. 
Circle 147 on Inquiry Card 

Enhanced Terminal Application 
Language 

TAL II allows users to write sophisti­
cated application-tailored editing pro­
grams. Source program instructions 

are written in single source state­
ments, omitting separate entries for 
instructions and tables; and source 
statements may be given labels and 
interspersed with comments for pro­
gram documentation. The source pro­
gram is entered in a single data 
stream, eliminating the need for sep­
arate tables, groups of field programs, 
and formats. A listing, produced dur­
ing program generation, indicates 
errors in program context if they are 
present. 

A TAL II generator runs without 
operator intervention once started. 
Source input is automatic and out­
put is an object program, a genera­
tor listing, or both. A TAL-to-TAL II 

trans.lator operates like a generator. 
Input is an existing TAL program with 
its separate tables and groups of 
field programs; output is an equiva­
lent TAL II source program. 
Circle 148 on Inquiry Card 

Interactive CAD System 
Supplies All Drawings 
For PC Board Design 

Most of the preliminary manual lay­
out necessary in designing PC boards 
with previous computer-aided design 
(CAD) techniques can now be elimi-
nated. Overall design time in one 
example can be reduced from 199 
hours to only 22 with the Design-a­
maticTM interactive graphics design 
system. Built around a Digital Equip­
ment Corp medium-scale XVM com­
puter configuration and using auto­
mated software developed by Redac 

Redac Interactive Graphics' CAD sys­
tem is built around a DEC XVM com­
puter and automated software from 
Redac Software Ltd. System is claimed 
to reduce PC board design time to one­
tenth that required by standard methods 
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Software, Ltd, this CAD system is re­
portedly priced 25% below previous­
ly available systems but provides 
greater capability. According to Redac 
Interactive Graphics, Inc, 225 Great 
Rd, Littleton, MA 01460, it is cost­
justifiable for electronic firms that 
design as few as 75 to 100 PC boards 
per year. 

Design-a-matic can supply all re­
quirements of the PCB design project 
in a single data base; schematics, 
assembly drawings, artwork, and 
drilling tape. It places components 
(by the Monte Carlo technique), 
routes the layout for both sides of 
the board, and checks spacings of 
lines and components. Depending on 
software complexity used, it can meet 
the requirements of commercial, MIL­
D-1000 ·documentation, or DOD mi­
crofilm specifications. 

Any failures of the system to auto­
matically meet specifications or in­
ability of the software to route lines 
properly are immediately shown to 
the operator. Flashes on the CRT 
indicate problem areas. On such oc-

casions an experienced PCB layout 
designer solves the problem manual­
ly, using a light pen to cancel out 
incorrect layouts and draw in new 
ones. The designer can also use the 
light pen to override the system in 
seconds if he does not agree with 
any plot. 

A typical full system includes XVM-
200 computer with 32K words of core 
memory, PDP-11 peripheral proces­
sor with 8K memory, memory proces­
sor, disc and tape mass storage, LA36 
DECwriter II keyboard printer, 17" 
refresh graphics display work station, 
high speed paper-tape reader/ punch, 
and 12" wet-ink-on-mylar plotter. 
Larger memories, displays, and plot­
ters as well as other capabilities can 
be included if the scope of projects 
requires them. 

Normally, a layout process will be­
gin with the PCB designer examining 
a rough sketch made by the engineer. 
The designer will then extract basic 
symbols previously stored in the sys­
tem's memory from the library and 
create the missing ones with the 

light pen. Next, he will position sym­
bols, sub-drawings, identification, and 
functional blocks of the design and 
specify interconnections. 

Routing of interconnect lines will 
be performed automatically. Any 
lines that the system cannot route 
will appear as point-to-point connec­
tions to alert the designer who will 
then route them properly. When a 
layout meets all requirements, it can 
be stored in memory for future use 
and also reproduced on the plotter. 
Circle 149 on Inquiry Card 

Standalone Intelligent 
Disc System Reduces 
Loading on Host CPUs 

The "world's first" intelligent disc, 
intended to remove the load of data 
base access from the user's CPU, is 
now available in either 54-megabyte 
(single spindle) or 108-megabyte 
(dual spindle) configurations. Made 
by IMS Associates, Inc, 1922 Republic 

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 

Reliability is the true secret of 
process operating economy.; 

When a continuous process requires monitor­
ing and adjustment-pressure, temperature, flow 
or other variable-a computer can provide correc­
tions better than any other system. Yet the com­
puter and the process do not talk the same lan­
guage ... and that is where an IPAC Analog and 
Digital Input/Output System comes in. 

These outstanding interface units convey the 
computer's instructions to the process and relay 

< 
the process data back to the computer, with abso-
1 ute reliability, day in and day out. IPAC equipment 
does the job precisely and efficiently. Its excep­
tional quality also provides an increasingly ob­
vious bonus: low maintenance over a long life. 

Ask for product bulletins on Series 1000 and 
1010 Computer Input/Output Systems. The IPAC 
Group, Inc., 3047 Industrial Boulevard, Bethel 
Park, Pa. 15102; or phone 412-831-9200. 

~ ·=~ :3 the IPAC group, inc. 
IG-52001 

-------------------------------------
+--CIRCLE 19 ON IN9 UIRY CARD CIRCLE 20 ON IN9UIRY CARD 41 



DIGITAL TECHNOLOGY REVIEW 

Ave, San Leandro, CA 94577, the 
IMSAI 108 functions as a standalone 
data base management system acces­
sible by multiple CPUs and/or ter­
minals or as a means to reduce CPU 
loading while increasing disc capac­
ity. Connection can be by RS-232-C 
communications or I/O bus parallel 
interfaces or by direct memory access. 

Five interacting disc-controller 
microprocessors, 16 to 128 kilobytes 
of 450-ns cache memory, and func­
tionally distributed firmware com­
bine to remove the load of data base 
access functions from the host CPU. 
Standard IBM 3336-type discs have 
806-kilobyte/s transfer rate and 6-ms 
max track-to-track access time. 

MPU 

DISC 
DRIVER 

DISC 
DRIVER 

MPU 

A data base management system, 
residing in the controller, enables 
the user's CPUs and intelligent termi­
nals to deal with symbolically named 
files, records, and fields. Under the 
data base access protocol imposed by 
most information storage and re­
trieval applications, only host com­
mands and specified data field will 
pass between the host CPU and the 
disc controllers. All indexing, search­
ing, and deblocking operations are 
performed by the controller. ·D 
Circle 150 on Inquiry Card 

The article on Codex Corp's selective 
repeat/automatic repeat request (Com­
puter Design, Aug 1975, p 18) erron­
eously states that " Efficiency of satellite 
channels Is degarded by the 600- to 
800-ns round-trip delays . . .. " This 
should have read "degraded by the 600-
to 800-ms .... " 

A major difference between 
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the two leading card reader manufacturers 
is cost. 

We're less, across the board and 
aCrOSS the COUntry •That's what value buying is all 
about. As a rule it involves a compromise in quality or features in 
order to keep cost down. like getting a price you can live with by 
giving up something you can live without. POI is the exception! Our 
card reader price is consistently lower than the competition, but 
you give up nothing to get it. In fact , you gain. You gain 640 days on 
the warranty (our 2 years vs. their 90 days). And an uncommon 
amount of spare parts commonality. And some standard features 
that are optional extras with the competition. You do lose one thing 
with POI, however. Weight. Our readers are up to 50 pounds lighter 
than competitive equivalents. This can save you a small fortune in 
shipping costs, whether you're in New England, on the West Coast, 
or anywhere in between. So anyway you look at it, POI gives you the 
most for the least. A lot of major OEM 's have been looking at it just 
that way. They went with POI and got value plus . 

••• PERIPHERAL DvNAM1cs INc. 
The card reader specialists 
1030 West Germantown Pike, Norristown, PA 19401 (215) 539-5500 
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Until now, there have been some 
good-looking lighted pushbuttons and 
indicators. 

And there have been others with 
varied electrical capabilities. But there's 
never been a line that gave you 
harmonious panel design, electrical 
flexibility, and low cost. All at the same 
time. Until now. 

Introducing the MICRO SWITCH 
Advanced Manual Line-AML. 

The most sophisticated line of 
pushbuttons 
and indicators 
ever designed. 
And you can 
see a few of 

SOLID 
STATE 

ELECTRONIC 
CONTROL 

the reasons why right here. The AML 
button height, bezel size and visual com­
patability of the square and rectangular 
sizes "harmonizes" your panel. To give 
you a panel with a clean, good-looking 
geometric face. And a panel with 
increased efficiency, because it doesn't 
distract. The low-profile square and 

rectangular buttons are 

POWER 
available in five colors: 
white, red, yellow, green, 
and blue. Display 
capabilities include split 

screen, hidden color, and a unique three 
segment lens cap indi­
cator. Illumination can 
be transmitted or pro­
jected. But what you 
can't see here is what I 
helps to make these the most advanced 
line of lighted pushbuttons and indica­
tors available: their extreme electrical 
flexibility. 

Solid state operates at 5V or 6-16V 
with a built-in regulator, sink (TTL) and 
source (CMOS). 

Electronic control is capable of 
handling low energy circuits and has a 
maximum rating of 3 amps, 120 VAC, 

with single or double pole double 
throw. 

And power control, DPST, with a 
rating of 10 amps at 120 VAC. 

The AML has snap-in mounting 
from the front of panel and can also 
be subpanel mounted. There's a choice 
of individual or strip mounting. 

All devices are the same 
shallow depth behind the panel to 
provide a unique single level 
termination system. The result is ease of 
wiring and neat appearance. 

There are 5 types - ~. · -~ · --=-. of terminals 
available: solder, 
quick-connect, 
wire-wrap, push­
on or p.c. board 

" ~ ~ .. mount. 
Relamping is 

accomplished from the 
front of the panel. And it's Iii 
done without a tool. With .. · 
a choice of lamps including 
a T-1% wedge base lamp, 
neon and LED. To provide international 
acceptance, every AML device has been 
designed to comply with essential 
IEC, CEE24, UL and CSA standards. 

For more information on the 
AML, call your nearest MICRO 
SWITCH Branch Office. Or write for 
our literature. 

What you'll see is a line of lighted 
pushbuttons and indicators that give 
you a completely harmonious panel 
design in the front. 

And the utmost in electrical 
flexibility behind the panel. 

All products shown on this page 
are actual size. 

MICRO SWITCH 
FREEPORT . ILLINOIS 61032 

A DIVISION OF HONEYWELL 

Reader Service Card 23 for data; 24 for salesman call 

MICRO SWJTCH products are available worldwide through Honeywell International . 



I DEVELOPMENTS 

World Congress Reports 
on Developments in 
Digital Control Technology 
A number of papers presented at the 
International Federation of Auto­
matic Control 6th Triennial World 
Congress, held in Cambridge, Mass 
on Aug 24-30, concerned concepts or 
work in progress that may influence 
future digital technology. Three typ­
ical but diversified papers are ab­
stracted here because of their par­
ticular interest. 

Space Shuttle 
Computer Complex 
On-board data processing for control, 
payload management, and perfor­
mance monitoring of space shuttle 
orbiter avionics will be provided by 
five interconnected but independent 
general-purpose computers-each a 
modified version of the IBM Ad­
vanced System/ 4Pi model AP-101. 
During critical phases of a typical 
mission each computer will perform 
approximately 325, 000 operations Is 
using floating-point arithmetic. 

Each computer is made up of a 
central processing unit (CPU) and 
an input/output processor (IOP) that 
operate concurrently. The CPU pro­
vides central computational capabil­
ity and control of interrupts and 
l/O requests. It processes 480,000 
instructions Is, has a 154-instruction 
repertoire, and operates with 16- and 
32-bit fixed-point and 32- and 64-bit 
floating-point operands. During criti­
cal Right phases four computers op­
erate as a cooperative redundant set 
on guidance, navigation, and control 
tasks, with the computations of each 
verified by the others. The fifth 
handles system management func­
tions. 

The IOP controls 2-way data trans­
fer between the computers and other 
units of the space shuttle over time­
shared serial digital data buses and 
frees the CPU from extensive direct 
participation in II 0 handling. A 36-
bit parallel bidirectional data chan­
nel provides communication inter­
face between CPU and IOP. Infor­
mation transfer is by direct 1/0 when 
initiated by the CPU and direct mem­
ory access when initiated by the IOP. 

Microprogramming used for both 
processors provides flexibility. Each 
CPU instruction is executed as a series 
of microinstructions which control 
CPU hardware, Row of data, and op­
erations performed on the data. The 
microprogram control unit is made 
up of a 2K-word x 48-bit monolithic 
read-only microprogram memory, ad­
dress register, data register, and de­
coder. 

Random access, nonvolatile, de­
structive-readout ferrite core main 
memory is shared by the processors. 
Capacity is 65K 36-bit words, with 
each storage word made up of 32 
bits of data, two store protect bits, and 
two parity bits. Although all 65K act 
as one memory, 41K words are phys­
ically located in the CPU box and 
24K are in the IOP box. A lower 
cost alternative main memory incor­
porating volatile monolithic semicon­
ductor storage is also available for 
use in shuttle computers allocated 
for ground installation in crew 
trainers. 

Fixed-point data representation is 
binary, 2's complement, fractional. A 
halfword consists of 15 bits of data 

r- ---- ------1 -------------------, 

CONTROL 
VNIT 
1 

MAIN MEMORY 

I 
I 
I 
1

1 

1/0 CHANNEL 

(
36-SrT PARALLEL) I BIDIRECTIONAL 
DATA CHANNEL 

I I 
I MEMORY ADalESS I -t-1 (1_9_PAR_Ali_EL_L_IN_ES-'-+) -+----l :&J~~E 

DIGITAL 
DATA BUS 
NETWORK 
TO/FROM 
AVIONICS 
SUBSYSTEMS 
AND OTHER 
GPCs 

I CONTROLLER 
I 

CONTROLS I 

REDUNDANCY .-Dl-SCRETE----.-'----(4) OTHER GPCs 
MAN.tGEMENTr-----------i IIO (S)l OTHER GPCs, 

I ')DISPLAY CONSOLE 
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MEMORY BUS 
40,960 WORDS 8V 36BITS I MAlll MEMORY I 

24,576 v.oROS BY 36 BITS I 
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~~--- - --- __ J 
Functional block diagram of one of five general-purpose computers to be used in space shuttle orbiter 
computer complex. CPU and IOP share 65K-word common main memory which is separated for packag­
ing convenience. IOP consists of 24 indepe.ndent processors which provide separate control over 
each of 24 serial data buses to interface shuttle subsystems. A twenty-fifth processor, the master se­
quence controller, controls operation of the other 24 
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MEErYOUR IOIJGHEST 
DESIGN CRnERIA 

MEEr THE REMEX 
FLOPPY DISK DRIVE 

No compromise required. There is 
one floppy disk drive with the de­
sign flexibility to meet all your 
systems requirements. The REMEX 
RFD7400. 

IBM compatibility? Remex has it. 
Complete media and data inter­
change with 37 40 Series systems. 
Guaranteed by Remex because the 
RFD? 400 meets every one of the 
3740 floppy disk specifications. We 
test for them! 

Standard media? The RFD? 400 pro­
vides a unique write enable option 
that gives fool proof operation on 
any standard IBM media. No need 
to pay a premium for specially pre­
pared media. Select from any avail­
able source. 

Fail safe design features? Our 
floppy disk drive has Track "00" 
and track "76" sensing. A unique 
feature which prevents machine 
damage and loss of data at both 
ends of diskette media. 

Long life? How about 15,000 hours? 
The RFD? 400 construction provides 
years of reliable operation with only 
12 grams of head pressure, utilizing 
a tungsten-carbide ball bearing 
stylus. The result; 50% longer life 
than competitive units. 

Extra capacity? You bet! Up to 3.2 
megabits with our special hard sec­
toring and data recording options. 
And we use standard media too. 

Random average access time? The 
RFD7400 is more than 30% faster 

/(EMEX 

l[xw® ~I Peripheral 
. . Products 

Ex-Cell-O Corporation 

CIRCLE 25 ON IN9UIRY CARD 

than competition. Think of what this 
can do for your throughput. 

Special configurations? The RFD-
7400 can be custom designed to fit 
almost any application. Test us by 
sending your design headache to 
our Applications Engineering Man­
ager. Better still, call us direct and 
order your evaluation unit for im­
mediate delivery. Chances are that 
our standard unit already meets 
your requirements. 

Write, Remex, a Unit of Ex-Cell-O 
Corporation, 1733 Alton Street, P.O. 
Box 11926, Santa Ana, California 
92711 or call (714) 557-6860. 

We work with you. 
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Theleanestpunchedtapereader 
transports for the OEM market 

The OEM's in the phototypesetting industry, 
for example, have chosen Remex 2000 and 
7000 series punched tape transports for 
preparing accurate typeset copy more 
often than all our competition combined. 
One reason is that Remex offers the leanest 
cost/performance ratio for today's complex 
typesetter industry. Every reader detail was 
designed to meet the phototypesetter's 
performance requirements. Compare these 
features. 

• Fast, easy tape loading to optimize 
production throughout. 

• Excellent read station visibility for 
on-character loading. 

• Super stable optical system reads almost 
any commercial grade tape without 
constant adjustment. 

• Electronics in many configurations 
to complement the OEM system. 

Ask your Remex salesman for a demonstra­
tion today. Better still, ask for an evaluation 
unit! Be sure to see Remex for all your 
punched tape, digital cassette or flexible 
disk requirements. 

For information, write REMEX, 1733 Alton 
Street, P.O. Box 11926, Santa Ana, CA 
92711 (714) 557-6860. In Europe and the 
U.K., contact S.p.A., Microtecnica, 
Torino, Italy. 

We work with you. 

8£MEX 

1

,..-XL<=YJ Peripheral 
. ~ ® --~. Products 

Ex•Cell-0 Corporation 
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DEVELOPMENTS 

plus sign; a full word is 31 bits plus 

sign. Floating-point data formats are 

32 and 64 bits long, differing only 

in fraction size. The 32-bit length 

provides sine, 7-bit signal exponent, 

and 24-bit fraction; the 64-bit pro­

vides 56-bit fractions. 
Design objectives for the com­

puter complex include flexibility, re­

liability, low development risk, and 

low cost. Presentation of a paper on 

"Shuttle Computer Complex" explain­

ing how these goals are being met 

was made by A. E. Cooper (speaker) 

and W. T. Chow of International 

Business Corp's Federal Systems Div 

in Owego, NY. 

Microcomputer Profile Controller 

Profile or distribution control in dis­

tributed parameter processes is one 

of many application areas where 

microcomputers can advance the im­

plementation of well known but rare­

ly applied multivariable control con­

cepts. A double-processor system with 

RAMs and ROMs and specified soft­

ware can provide a flexible and adapt­

able profile controller. Aspects of 

the hardware and software design 

16 BIT-ADDRESSSUS _l 

ARITHMETIC 
PROCESSOR 

I/O 
PROCESSOR 

16 BIT- ADDRESSBUS 2 

were reported in "The Design of a 

Microcomputer Controller for Dis­

tributed Parameter Systems" by G. 

Schmidt (speaker) and B. Posch of 

the Institut for MeB- und Regelungs­

technik, Technische Universitat Mi.in­

chen, Federal Republic of Germany. 

A hardware concept for a special­

purpose profile controller requires 

careful processing of algorithms as 

well as handling of measurement in­

put and control output data. In a 

solution featuring a double-processor 

concept, one microprocessor is dedi­

cated to the execution of profile con­

trol algorithms, including signal 

analysis and synthesis, while the other 

acts as an 1/0 processor. Basic func­

tions are control of multiplexers and 

converters for measurement and con­

trol signals, signal conditioning, and 

control of a "quick-look" display for 

the desired and actual profiles. 

Each processor functions with a 

small RAM and ROM or program­

mable ROM (p/ROM) as program 

storage devices. Interfacing from both 

processors to a supervisory process 

computer is accomplished by direct 

memory access to and from a third 

RAM, under supervision of a memory 

PROCESS 

controller. A clock generator which 

serves both processors is used as a 

reference for the time basis of the 

profile controller programs. Func­

tions of the controller can be adapted 

to various data processing control 

concepts and processes by changing 

data and/ or replacing parts of the 

read-only storage. 
Software must be organized such 

that it permits adaptation to a variety 

of processes. Pri:µcipal mathematical 

operations must be programmed in 

separate modules: preparation (a 

number of routines executed at the 

supervisory process computer level) 

and executive and application (in 

modules for the two microprocessors) . 

The first will be mostly in higher 

level language; the second will be 

made up of 1/0, analyzer, algorithm, 

and synthesizer routines. 
The authors feel that dedicated 

profile controllers are realizable 

from applications of microprocessor 

technology. Their investigations into 

a suitable hardware configuration 

and accompanying software show that 

such a controller can be adapted to 

various control concepts and mea­

surement and control device patterns. 

Developmental profile controller using double-processor concept. Each microprocessor has "its own RAM 

stack and either ROM or p/ROM for program storage. DMA provides access to the supervisory computer 

through a memory controller that accesses a third RAM 

(Continued on p 50) 
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Currently, functions of a profile con­
troller with six non-interacting con­
troller channels and up to 20 mea­
surement inputs and control outputs 
were tested with an analog plant 
model. 

Vocal Input Shows Promise 
for Machine Control 
Although development of automatic 
speech recognition techniques is pro­
gressing, much more must be accom­
plished in order to achieve adequate 
recognition of connected sentences. 
-Isolated words from limited vocabu­
laries and highly syntax-constrained 
sentences can now be recognized, but 
further work is needed in connected­
speech recognition, including seg­
mentation of the speech wave, label­
ing, and syntactic analysis. 

Man-machine communication by vocal input appears very promising, 
according to Jean-Paul Raton, Lab­
oratoire d'Electricite et d'Auto­
matique, University of Nancy, France. In a paper on "Automatic Speech 
Recognition in Oral Control of Ma­
chines" he described the application 
of a real-time isolated word-recog­
nition system using syntactic con­
straints in numerical control of a 
machine tool. 

This application uses a spectrum 
analysis technique to reduce the in­
formation rate of speech to a reason­
able rate of 2400 bits/ s. A word 
spoken into the microphone is repre­
sented by a pattern made up of a 
set of 24 component vectors (result­
ing from processing by a spectrum 
analyzer consisting of 24 bandpass 
filters covering the llO- to 7000-Hz 
range) . Since each word must be 
separated from the next by at least 
300 ms, sentences are made up of 
sequences of isolated words. 

Recognition of an incoming word 
consists of matching it with reference 
vocabulary patterns. A single tem­
plate is used for each word. Time­
normalization of patterns is necessary because of the variations of time dur­ations that might occur among several 
users pronouncing the same word. 
Nonlinear normalization used is based on a dynamic programming proce­
dure which permits similar parts of two patterns to be matched by auto­matically adjusting differences in time duration. 

The speech recognizer is based on a Nova 2/10 minicomputer with 16K words of core memory. Other compo­
nents in the voice command system 
are a tape recorder, spectrum analyz­
er, paper-tape reader /punch, tele-

50 

typewriter, and CRT display. Words 
are pronounced without special pre­
cautions in a noisy room to imitate 
an industrial environment. With a 
40-word vocabulary the rate of cor­
rect recognition for one trained speak­
er is about 98%, with a computation 
time of less than 0.5 s. With several speakers the results decrease rapidly 
since neither frequency normaliza­
tion nor special training processes 
are used. 

Presently attainable performances 
of 95 to 99% recognition accuracy for tens up to 100 words, without 
use of syntactic constraints, are mis­
leading, since only one error in di­
rect control of a machine can cause 

Binary Signals Used in 
Multiplex Transmission 
of Analog Data 
In one method devised for the multi­
plex transmission of analog data, 
binary signals in the 10-Hz to 100-
kHz range are put to use. Frequency 
chosen depends on system parameters 

Vout 1 V out 2 

II I I I 

Vmt 

Vm2 

dramatic damage. M. Raton predicts, 
however, that refinement of tech­
niques as well as syntactic analysis 
in sentence recognition will improve 
accuracies. 

Proceedings 
All of the IF AC 75 papers abstracted 
here will be published in Vol IV of 
the Conference Proceedings: "Com­
puters, Space Components, and Edu­
cation." Hardbound copies of this and 
other volumes are available for $35 
each from Instrument Society of America, 400 Stanwix St, Pittsburgh, 
PA 15222, or from John Wiley & 
Sons, Ltd, Baffins Lane, Sussex P0191UD, England. 

such as number of channels and 
sample rate required. In a circuit 
for such data transmission (Fig. 1), 
conceived by B. T. J. Holman of 
Philips Research Laboratories, Eind­
hoven, The Netherlands, the first 
pulse of input pulse train Vin brings 
all monostable multivibrators m1 ( i = 
1, 2, ... ) from the "O" to the "l" 

(al 

(bl 

(c) 

Fig. 1 Pulse pair de­
tection circuit. m1, ••• 
are non-retriggerable 
monostable multi vi­
brato rs with fixed 
time constants n, ... 

Fig. 2 Waveforms of Fig. 
1. Ta is time interval of 
succeeding input pulses. 
If n < Ta < T1+1, an output 
signal is generated 
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It pays 
to be 

narrow 
minded 

It pays in many ways to use our new Series 23000 
narrow SNAP-IN SLIMSWITCHES. They cost 
less to buy, less to assemble, less to install. They 
conserve panel space too. 

"LESS TO BUY" 
Prices start at only $2.50 per switch module ... 
that's only 25e per switch function for a 10 
position switch. 

"LESS TO ASSEMBLE" 
Using our unique assembly strap, you can stock 
parts and put switch assemblies together yourself 
without using tools. We will also build them fo r 
you at no extra cost. 

"LESS TO INSTALL" 
Snap-in mounting eliminates installation hardware 
and tools. The molded-on bezels cover irregular 
panel cut outs, chipped paint and panel abrasions. 

"CONSERVES PANEL SPACE" 
Width is only .315" (8mm) so you can put more 
switches into a given space with better readability. 

So think "narrow" ... think ~ 
SL IMSWITCH ... it really pays. 

Send for more information ~c; 
today. . . . ~® 
There 1s a D1g1tran ~ {<.. 

dist_ribut_or and sales~~ ~ I(,.~ 
engmeenng o~ 
group near ~ <(~~ 
you. f..v~ 

~~ ~,~~ ~~ ~~~~ ~ 
~~ 4.." ~~~~~ ~~ 

~~,,, ~'\.'-7 vO 

Division of Becton, Dickinson and Company []]] 

855 South Arroyo Parkway I Pasadena, Ca. 91105 

Telephone: (213) 449-3110 I TWX 910-588-3794 

Immediate requirement, Circle 97 
Information only, Circle 98 

ad II 

a•• ••• . a•• 
12 KEY MATRIX 

•••• ••••• • •••• Dama 

16 KEY MATRIX 

nB\UI 
SERIES KL MINIKEV LOW PROFILE KEYBOARDS 

e 12 AND 16 KEY CONFIGURATIONS e LESS THAN .275" TOTAL 

THICKNESS e FRONT OR REAR PANEL MOUNTING e POSITIVE TAC­

TILE CHARACTERISTICS e LIFE OF OVER 1,000,000 OPERATIONS PER 

KEY (MTBF) e CONTACTS ARE MOISTURE AND DUST PROTECTED 

NEW? Not really! We've, produced hundreds of thousands of these reliable, high 

quality, miniature Keyboards for the Electronic Calculator industry. 

NOW we'r~ ready to sell our MINI KEY keyboards on the open market. Why? 

Because during the last three years we've gained enough experience with the 

MINIKEY design to know that we can provide the same high quality and 

reliability as our DIGISWITCH ~ and MINISWITCH ® thumbwheel and digital 

switches. 

MIN I KEY Keyboards are available from factory or distributor stock. Standard 

Keyboards come with pin terminals, in both 12 or 16 key.sizes, and in either 

front-panel or back-of -panel mounting. The Series KL Keyboard provides 

outstanding tactile feel and dual wiping contacts. 

Send for our new Data Sheet, or contact the factory, or one of our representa­

tive or distributor sales engineers for complete specifications and pricing 

information. 

THE DIGITRAN~oMPANY 
A Division of Becton, Dickinson and Company [[QJ 

855 South Arroyo Parkway• Pasadena, California 91105 •Phone (213) 449-3110 •TWX 910-588-3794 

Immediate requirement, Circle 99 
Information only, Circle 100 
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can do for your bottom line. 
Stack the new ALPHA LSI, 3/05 
millicomputer up against any 
other low,end computer. 

Preferably while you're 
sitting down, b~cause on 
price alone, you're bound 
to be astounded. 

Ready? $701 total 
packaged price. And that's 
complete with 256 words 
of MOS RAM, and a CPU 
that offers a really powerful 
instruction set, Power Fail 
Restart, Real..:fime Clock 
and Autoload capability. 

Try to buy an equivalent 
computer at twice the price. 

Have it your way. 
You also get the capa, 

bility to configure your computer 
pretty well the way you want it. 
A choice of packaging, of course, 
that includes either the Oper, 
ator's or the Programmer's Con, 
sole, power supplies and so on. 

A choice of two standard 
VO options. 

And a choice of optional 
memory configurations that 

Maxi-Bus compatible ALPHA LSI-3/05 
achieves unprecedented cost-effectiveness 
with ComputerAutomation's new Distributed 
I/OSystem. 

All prices shown are for lots of 100 (U.S.A. only). 

me u e RAM/ROM, RAM/ 
EPROM and RAM,only in sizes 
from 256 words all the way up to 
32K words. Totally addressable. 

Family connections 
save you still more money. 

So far, what we've been 
talking about could easily add 
another five or six figures to 
the bottom line of your ledger. 

But there's more. Really 
big savings on off,the,shelf 
software, peripheral controllers 
and VO interfaces. 

The reason is that the 
ALPHA LSI, 3/05 millicomputer 
is a full,fledged member of 
ComputerAutomation's LSI 
Family ... Maxi,Bus compatibility 
and the whole works. So, every 
piece of Family hardware we've 
ever developed will work like 
it was made for the ALPHA 
LSI,3/05. Including Computer, 
Automation's exclusive new 
Distributed l/O System ... just 
like you see it in the picture. 

With this versatile inter, 
face system, you can interface 
virtually any kind or combina, 
tion of peripherals. Parallel or 
serial.Just by plugging them in. 

Your cost? Probably less 
than $200 per interface. 

The pros know. 
Computer,wise OEM's 

will tell you that product 
requirements sooner or later 

get ahead of the hardware. 
For instance, the computer 
you buy today may not have 
enough VO or memory capac, 
ity for tomorrow's Mark II 

uper Widget. 
Then you'll have to scrap 

your software and your 
erface designs, because 

liey're not about to work on 
some other machine. 

You lose. 
Of course, with our LSI 

Family of compatible computers 
you don't. 

You can switch to a differ, 
ent CPU or a different memory 
anytime. Faster, slower, bigger, 
smaller. The electrical interface 
will still be the same; the original 
programming will still work. 

You win. 

From the people who 
brought you the NAKED MINI~ 

And the NAKED™MILLI. 
And the Distributed l/O System. 
And the PICOPROCESSOR. 

And now the ALPHA 
LSI, 3/05 millicomputer. 

One cost breakthrough 
after another. Breakthroughs 
that didn't just happen ... a 
lot of profits got plowed back 
into R&D. 

But then, that's the price 
of leadership. 

IP& ComputerAutomation 
':t::P \\ NAKED MINI Division 

U.S.A. 18651 Von Karman, Irvine, CA 92664 
(714) 833-8830 

EUROPE 31/35 Clarendon Road, Watford, 
Hertfordshire, WDI. JJA England (0923) 39627 
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I l" J·· mz 

Vtr c • 

Vout 1 Vout 2 Vout 3 

Fig . 3 Block diagram of transmission circuit with three 
channels. da, db, de, dw, are delay circuits; mx, my, m. are 
monostable muHivibrators with adjustable time constants Tx, 
'Ty, 'Tz representing the analog value of information to be 
transmitted; V tr is transmission signal 

Vout3 

~ 

~ vout3 -------~-------

Fig. 4 Waveforms of Fig. 3; channel z operative. 'T is cycle time of sets 
of pulse pairs, ie, pulse repetition time of the oscillator in. Fig. 3. Full 
waveforms of Vtr indicates operative channel; dotted waveforms of Vtr 
are other channels. According to Figs. 2(a) and 2(b), output signal 
Vout s is generated (cycle time T). Width of Vout s depends on the value 
given to 'Tz 

state. Each returns to the "O" state 
after a period equal to its individual 
time constant, 'Ti· These time con­
stants must fulfill condition Ti < 
Ti + I for all values of i; ie, they 
increase monotonously with i. If the 
second pulse in the pulse train comes 
at time Ta after the first pulse, all 
multivibrators with a time constant 
smaller than Ta are back in the "O" 
position, and will be returned to the 
"l" position again by that second 
pulse. M ultivibrators having a time 
constant larger than Ta are still in 
the "I" position, and thus they are 
not affected by the second pulse. 

AND gates in the circuit are so 
connected that a signal, Vout i> is 
generated only if multivibrator mi 
is in the "l" and multivibrator mi+ 1 
in the O" state. Figs. 2 (a), (b), and 
( c) show that this will happen when 
their time constants obey the relation 
Tf < Ta < Ti+l· The circuit can 
therefore be said to be sensitive to 
pulse pairs, and time Ta between 
the leading edges of the two pulses 
of pair Ti < Ta < Tn determines 
which output is activated. If, after . 
a pulse pair with Ta, the delay is 
long enough for all multivibrators 
to return to the "O" state, another 
pulse pair can be given with spacing 
Tb to activate another output. 

The circuit has been extended so 
that each output can be controlled 
by the width of the individual pulses 
of the corresponding pulse pair. Width 
of each of the pulses is varied; and 
the width represents the analog value 
of the information to be transmitted. 
If the transmitted input signal, V tr, 

is now added to the AND gate, the 
output signal shows a content that 
depends on this pulse width. 

Fig. 3 is a diagram of a sending 
and receiving circuit for a 3-channel 
multiplex, pulsewidth-modulated 
transmission system. An oscillator 
pulse with cycle time T, squared by 
a Schmitt trigger, ST, is used to com­
pose the transmission signal, V tr• 
with the aid of delay circuits da, dw, 
. . . (preferably monostable multi­
vibrators) with fixed delays Ta, Tw, 
Tb, . . . , differentiating circuits and 
monostable multivibrators ( mx, . . . ) 
with variable pulsewidths TX> . . . . 
In Fig. 4 these widths represent the 
analog values of the information to 
be transmitted. Switches Sa, Sb, . . . 
determine whether or not information 
is transmitted. Output signal Vout 3 
is shown for the case where only 
channel z is in operation. All chan­
nels can be used simultaneously. 

Possible applications are in indus­
trial remote control and traffic con­
trol. However, the results described 
refer to laboratory experiments and 
do not necessarily imply a follow-up 
in production or marketing. O 
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What do you get when you merge 
the speed of Bright 

with the technology of Data Disc! 

-11film1111111111111111 

You get better disc and tape drive capability-
and from one vendor. The company whose disc dependability 

has been proven for well over a decade is the same company 
you can rely on for state-of-the-art tape drives. 

Through the years you've learned both the name and 
the dependability of Data Disc and our head-per-track 

disc drives. Choose from the 8400 Series, with storage capabilities 

from 2.4 to 19.2 million bits, or the new ruggedized 8500 Series, 

with its storage of up to 38.4 million bits. Both have 8.6 
milliseconds (3600 rpm) or 17.2 milliseconds (1800 rpm) 

average access time. 

The Bright line of tape drives are of equal quality. 

Three speeds-45, 75, and the new 125 ips-and two drive types 

(tension arm or vacuum column). Four compatible models 

give you a varied and necessary breadth of line. Add that 
to 80% parts commonality and you've eliminated costly 

inventory and training requirements. 

DATA DISC tape and disc drives: 
Leading-edge-of-the-technology equipment designed for the user 

who wants the engineering support of a high-technology company 

along with the dependability of field-tested and proven systems. 

DATA DISC, INCORPORATED 
686 W. Maude Ave., Sunnyvale, California 94086 

(408) 732-7330 
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DIGITAL CCNTRDL AND 
AUTDMATIDN SYSTEMS ;, 

The Role of Microcomputers in Robotics 

K. Goksel* and E. A. '9arrish, Jr 

University of Virginia 
Electrical Er:igineering Department 

Charlottesville, Virginia 

Having found a place in dedicated applications as 
diverse as industrial control and electronic coin-op­
erated games, it should not be surprising to see micro­
computers also playiQg active roles in robotics. Their 
slow speeds (relative to state-of-the-art minicomputers) 
are not deterrents since any processing delays would 
be small compared to other time constraints in the 
system hardware. In addition, their low cost and abil­
ity to function reliably in adverse industrial environ­
ments are important incentives. 

The basic commercially-available industrial robot is 
a machine that is sequentially driven to points whose 
coordinates are stored in memory. More sophisticated 
robots are programmed by "teaching," where a skilled 
worker leads the machine through the task while posi­
tions are stored in memory. These robots are equipped 
with very few low-level sensors. 

Only the robots in research laboratories and institutes 
use sensors of considerable complexity and have a com­
puter that enables them to interpret the sensory infor­
mation and make decisions accordingly. Commercial 
robots of the next decade, however, are expected to be 
equipped with vision, including a ranging device, and 
a set of tactile (force, torque) sensors. They will be 
able to modify their tasks by making decisions based 
on the information collected from the environment. 

In most complex systems, task and trajectory plan­
ning and execution as well as sensory information in­
terpretation are handled by a central computer. The 
low cost of microcomputers makes them very attractive 
for decentralizing these functions. In the system de­
scribed here to illustrate the role of the microcomputer 
in the robot of the future, a supervisory minicomputer 
handles task and trnjectory planning while a localized 
microcomputer attends to the control of the robot 
while simultaneously interpreting sensor functions. A 
suggested application for a feasible present-day com­
,mercial robot has a microcomputer acting as a stand­
alone controller for a "programmable by teaching" 
robot. 
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Multiprocessor System 
One system under development at the University of 
Virginia uses a Hewlett-Packard 2100A minicomputer 
with 16-bit word length as the central computer and 
an Intel MCS-4 microcomputer' as a control processor. 
An I / O channel for the minicomputer consists of a 
dual 16-bit buffer, a control hit which serves as a 
request line to the microcomputer, and a flag bit which 
is set by the microcomputer to interrupt the minicom­
puter to acknowledge the completion of an operation. 
The microcomputer is made up of an Intel 4004 micro­
processor, lK-word x 8-bit p/ROM, 320-word x 4-hit 
RAM, and I/ O buffers. 

Data describing the task are transferred to the 
microcomputer fr~m the minicomputer as a sequence 
of macrocommands along with arm-joint positions and 
constraints on force levels and trajectories. After trans­
ferring these data, the minicomputer continues process­
ing the central routines. The microcomputer interprets 
the data, executes the macrocommands by utilizing the 
information fed back from position potentiometers and 
sensors, and interrupts the minicomputer when the 
task is completed. At ,this time, the microcomputer 
transfers the final joint positions and the status of the 
sensors to the minicomputer. When not executing a 
task, the microcomputer maintains the joints in position, 
continuously scanning the joint potentiometers. 

The manipulator (Fig. 1) is a general-purpose in· 
dustrial arm with one translational and five rotary joints. 
All joints are hydraulically powered, but the prime 
mover is pneumatic. The arm is equipped with a grip­
ping mechanism or hand which consists of parallel 
gripping fingers, a palm that moves along the surface 
of the fingers, and clutching prongs to grasp irregular­
ly-shaped objects. An extension plunger in one of the 
fingers can he used to press pushbuttons. Tactile in­
formation is derived from touch sensors placed on the 

*Dr Goksel is now associated with M B Associates, San Ramon, 
Calif. 
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DATARAM 
SOl•ARES OFF AGAINST 
THE COMPETITION. 
We're Dataram Corporation, the fastest-growing core memory company around, 

and the one to watch in the 32K single-board core memory market. 

A look at the chart below will show you why ... but if you want even more than 

specs from a company, consider this: 

• Since the introduction of our 4K system in 1969, we've shipped thousands 

of 11.5" x 13.7" systems in our compatible 4K/8K/16K/32K family. 

• As the only company dedicated ex'Clusively to core memory products, we 

make all of our own core, sell raw core to the outside market, string in high 

volume in three offshore locations, supply stacks to minicomputer manu­

facturers, maintain our own extensive manufacturing capability, and market 

a complete line of systems. 

We're not alone in the 32K single-board core memory market. Familiar names 

like Ampex and EM&M are there too, but we can offer significant-and proven­

performance and cost advantages. For more details, 

call Dataram at 609/799/0071. But don't 

take our word for it. Call Ampex (213/821/8933) and 

EM&M (213/644/9881) and hear their side of the story. 

PICK THE WINNER. 

32K Characteristic Ampex EM&M 
1600 Series Micro 3000QD 

Cycle Time 750 ns 750 ns 

Access Time 300 ns 300 ns 

Board Size 11.3" x 15.75" 11. 75" x 15.4" 

DC Voltages Req'd. 2 3 

Tolerances Req'd. ±3% & ±5% ±3% & ±5% 

on DC Voltages 

Complete Component Yes No 

Accessibility 

Maximum 32K 2 4 

Systems in Standard 
5 V4" Chassis 

Other Compatible BK, 16K BK, 16K 

Sizes Available 

Standard Chassis 5%" 5%" 

Sizes 12V4" 12V4" 

Data ram 
DR-103 

75.0 ns 

300 ns 

11.5" x 13.7" 

2 

±5% 

Yes 

4 

4K, BK, 16K 

3V2" 
5%" 

12%" 

Look to Dataram for ADD-ON/ 

ADD-IN minimemories for DEC, 

Data General, Varian and Interdata 

minicomputers. 

~~•amiM.m 
PRINCETON-HIGHTSTOWN ROAD 

CRANBURY, NEW JERSEY 08512 

TEL:609-799-0071 TWX: 510-685-2542 
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ARM 
SWEEP 

CLUTCHING PRONGS 
(CLOSE/OPEN) 

I 

inner faces of the fingers, palm, tips of fingers, 
and outer surfaces of the fingers. The touch sensors 
on the inner face of one of the fingers are arranged 
in a 2 x 4 array to provide information for rudimentary 
pattern recognition. Slip sensors located on the inner 
faces of each finger indicate slippage of a grasped 

l!:,.~T 12 
...-----.ROMO POSITION 8 

POTS 
ANALOG 

MUX 
CONVERTER DATA SEa~:OR 4 

ROMl 

ADDR SC 
EOC ADDR rO~ 2 

----+---+----' SE~s-6~~ 4 

16 

ATA MINI-

DATA PRESSURE ROM 3 
SENSORS 

MICROCOMPUTER 

Fig. 1 Industrial manipula­
tor equipped with one 
translational and five rotary 
joints. Hand consists of 
parallel gripping fingers, 
palm, clutching prongs, and 
extension plunger. Tactile 
information is derived from 
touch sensors on fingers 
and palm. Microcomputer 
receives task identification 
from a supervisory mini­
computer (Reprinted with 
permission from Ref. 1} 

l 
object. Position feedback is provided by direct-coupled, 
continuous film potentiometers on the joints. 

Manipulator joints are controlled in a bang-bang 
dual-speed mode (fast traverse and slow close-in). As 
indicated in Fig. 2, data from position potentiometers 
are multiplexed to a 12-bit A-D converter through an 

MICRO­
COMPUTER 

MANUAL 
CONTROLS 

ccws 
LOGIC 

SOLENOID 
COIL 

DRIVERS 

ARM 
SOLENOIDS 

COMPUTER CONTROL BIT ROM3 NC ROM 2 

58 

FLAG BIT 4 

Fig. 2 System data flow diagram showing arrangement of minicomputer, microcomputer, and associated interface. Manipulator joint positions are scanned by analog mult iplexer, analog-to­digital converter, and data selector (Reprinted with permission from Ref. 1} 
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Let's 
face it. 
Modern 
circuit 
boards are 
fast becoming eyond the ken 
of mortal man. That's why 
we've decided to abolish 
manual labor when it comes 
to automatic logic testing. 

PUSHBUTTON PROGRAMMING 
With our new 3000 Series, 

test program pin assign­
ments are made with 

the flick of a fore­
finger on an 

innovative 
pushbutton 

program 
panel. 

A mind-boggling 
array of over 700 different 

test sequences, initialization 
signals and bi-directional bus 
assignments can all be 

conveniently 
keyed in. 

On-line editing is standard. 
Program debugging is simple. 
Whenever a pin number is 
entered, the sequence assign­
ment is displayed. Sequences 
can be changed simply by 
depressing the appropriate 
pushbutton. 
There are no assemblers or 
compilers to fuss with. Highly 
comprehensive programs are 
completed in hours, not days 
or weeks. 

"CREDIT CARD" STORAGE 
Once a complete program has 

been entered into memory, 
you can record it easily · 

on a handy little 
magnetic card that looks 
exactly like all those credit 
cards in your wallet. 

Our little card also records 
the correct output count sig­
nature for GO/NO-GO testing. 

A MATCHED PAIR FOR 
FACTORY AND FIELD. The new 
3020A LOGICTESTER is a 
feature-packed console for 
production applications. 

It offers 4 million tests per 
second, test sequences to 40 
million words, programmable 
logic levels and much, much 
more. Its 128 comparators, 
displays, and stop-on-fail 
circuitry immediately detect 
and display any functional 
failure. IC clips and probes 
speed precise isolation of the 
board fault. 
The new 3010A compact is a 
fully program-compatible 
unit which is ideal for field 
service as well as low volume 
production. 

IFLUKEITRENCJAR 
a subsid iary of John Fluke Mfg . Co .. Inc. 

500 Clyde Avenue, Mountain View, CA 94043, (415) 965-0350, TW 
910-379-6573. Europe, Fluke (Nederland) B.V., P.O. Box 5053, Til~Url 
Netherlands, Tel. 013-673973, Telex 52273. U.K., Fluke lnternat1om 
Corp., Garnett Close, Watford, WD2 4TT, Tel. Watford (0923) 3306t 
Telex 934583. Fluke (Deutschland) GmbH, lmhofstrasse 3, 8 Munche 
40, Tel. 09-4989369086, Telex 5216087. Fluke (Deutschland) Gmbl­
Meineckestrasse 53,4-Dusseldorf, Tel. 09-49211450831, Telex 85i557 



60 

HP invites you to step inside your 16-bit parallel 
circuits for an overall view - and a detailed view - of 
logic-circuit operation. How? Just connect our new 
1600A Logic State Analyzer to an operating circuit, 
and view actual logic states on the CRT - at clock 
rates to 20 MHz. Select the data you want to observe 
with pinpoint accuracy. And choose from two display 
methods for viewing the data words. 

What does this mean to you? It means a better way 
to see hardware and software in action ... a faster way 
to spot problems and find solutions. For example: 

In the mapping mode, the 1600A can display all 
possible combinations of its 16 data-channel inputs -
over 65,000 in all. Each input combination or "word" 
appears as a discrete point whose location on screen 
identifies its address. Spot intensity shows relative 
frequency of occurrence, and the vectors show the 
sequential state locations. 

This mode converts parallel data into a pattern that 
your eye can easily scan to quickly spot changing 
conditions or unusual events. You can even expand 
the view to zoom in on data of interest. And, with a 

cursor, locate the address of any spot. You can then 
use the address as a trigger point for a detailed look 
with the tabular display, or to trigger your scope for 
electrical analysis. 

In store and compare mode, the 1600A triggers 
on any preset word up to 16 bits wide. The analyzer 
then displays the trigger word and 15 sequential 
words before, after, or surrounding the trigger word , 
so you can easily analyze logic states in detail. You 
can store one table of data and compare it with an 
active data display ... have the analyzer compare 
the two tables and give you a display of logic 
differences on a bit-by-bit basis for easy comparison 
... or you can set the instrument to automatically halt 
when all the data in one table isn't identical to data 
in the second - freeing you from the tedious task of 
waiting and watching for infrequent sequences. 

And that's just the beginning. The 1600A gives you 
qualifier inputs to help locate the specific data you 
want on a busy bus. It gives you a sequential trigger 
by providing a trigger arm that inhibits the word 
trigger until an arming signal is received. You can 
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delay the display up to 99,999 clock pulses from the 
trigger point, which lets you look virtually anywhere 

in your program flow. 
The 1600A, priced at $4,000*, gives you new 

insight to operating logic circuits. With 16-bit word 
size, parallel operation, and 20 MHz speed, it's the 
ideal instrument for designers of minicomputers, 
peripherals , microcomputers, and microprocessor­
based systems. 

If 16-hit words aren't enough, our new 1600S, 
priced at $6,800*, displays words up to 32 bits wide. 
This powerful system includes bo~h the 1600A and 
our new 1607 A Logic State Analyzers . Hook it up to 
your 16-bit machine, and in single clock you can look 
at both the data and address simultaneously. In dual 
clock, you can view two independent active tables 
of 16 bits each-synchronized together through the 
bus triggering capabilities. 

When you have all the details , you 'll see how these 
new logic-state analyzers put you inside your logic 
programs for a better overall picture ... and for a clear 
detailed look. And you'll see how they can save you 

hours in design, 
debugging and troubleshooting. For 
the complete story, just contact your local HP field 
engineer. Or, write for our new 8-page data sheet on 
Logic State Analyzers. 

For low-cost logic state analysis and electrical 
measurements too, add HP's new 1607 A to your 
present scope and have a complete digital system 
... see the next page for details. 
·:· Domestic USA price on ly . 

= 

H EWLETT ffif PACKARD 

Sales and service from 172 offices in 65 countries 
1501 Page Mill Road. Palo Alto. Cali fornia 94304 

08517 

For technical information, circle 32 on Inquiry Card. 
For immediate applications assistance, circle 33 on Inquiry Card. 
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Introducing a powerful new team to speed logic 
analysis -llP's 1607A and your present scope. 

You already have half of a complete digital-analysis system 
.. . the scope you've been using for level and timing measure­
ments. The other half is HP's new 1607A Logic State 
Analyzer. Simply make four BNC connections, and you 
have a combination logic analyzer and oscilloscope - a 
complete analysis system for the digital designer. 

Data domain or time domain. In the data domain , the 
system shows you a display of logic states in operational 
circuits so you can pinpoint a program problem. Then, in 
the time domain , the 1607A triggers your scope at the point 
where the problem occurs so you can analyze the electrical 
characteristics of the waveform using the conventional 
scope input. Now you can really pin down those hardware/ 
software compatibility problems. 

Parallel words to 16 bits. The 1607 A triggers on any pre­
set word up to 16 bits wide ... and at clock speeds to 20 MHz. 
In the data domain, it displays-on your scope's CRT-15 
sequential words before, after, or surrounding the trigger 
word. You see the bits as O's or l's for easy analysis of your 
circuits or programs -while they're operating full speed. 

Qualifier inputs help locate data. If you're looking for 
specific data on a busy bus. the 1607 A's qualifier inputs let 
you selectively extract data of interest. In addition, a trigger 
arm gives you a sequential trigger by inhibiting the word 
trigger until an arming signal is received. You can delay the 
display up to 99,999 clock pulses from the trigger point , 
which lets you look virtually anywhere in your program flow. 

With the 1607A, and your scope, you can select the data 
you want to observe with pinpoint accuracy ... then observe 
either logic states or electrical parameters. 

Drives a scope or display. The 1607 A. priced at just 
$2,750 '\ drives nearly all modern scopes. You can even 
combine the logic state analyzer with a large-screen CRT 
display for easy viewing at a distance, such as a classroom 
situation. 

Put this team to work in program analysis of micro ­
processor based systems ... for microprogram analysis in 
minicomputers ... or in situations where flow diagrams are 
the best way to describe your design. You'll find that its 
detailed view will result in faster design and debugging. 
And easier troubleshooting. 

There 's more to learn about this new logic-state analyzer 
... and how it gives you a better way to see hardware and 
software in action for faster solutions to your digital-design 
problems. Get all the details by contacting your local HP 
field sales engineer. Or by writing for the 8-page data sheet 
on H P's new Logic State Analyzers. 
• Domestic U.S.A. price only. 

HEWLETT t~ PACKARD 

Sales and service from 172 offices in 65 countries 
1501 Page Mill Road. Palo Alto. California 94304 

For technical information, circle 34 on Inquiry Card. 
For immediate applications assistance, circle 35 on Inquiry Card. 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

analog multiplexer that is made up of two 4-channel 

chips. The 12-hit digital position is multiplexed to a 

4-bit input port by a data selector composed of four 

multiplexer chips. Four of the data selector's channels 

are used to multiplex the 16-bit data from the mini­

computer to the 4-bit input port. 

The microcomputer receives data from the mm1-

computer and position potentiometers on the arm, and 

monitors hand sensors, pressure sensors, the control bit 

from the minicomputer, and the End-of-Conversion signal 

from the A-D converter. Data to the minicomputer and 

addresses to the analog multiplexer and data selector 

are sent on a 4-bit bus connected to one output port. 

The Start Conversion command to the A-D converter 

and flag bit to the minicomputer are sent through 

START 

READ TASK 
DESCRIPTION 

two output lines. Valve solenoid coils are controlled 

by 24 output lines from the microcomputer through 

optically coupled photo-SCRs. Solenoid coil driver hoards 

are isolated from the rest of the hardware by a metal 

card grounded to the card cage. 

Software 

The supervisory mm1computer handles scene analysis 

and task and trajectory planning routines (not dis­

cussed here since they are beyond the scope of this 

article) . After planning the task, the minicomputer in­

terrupts the microcomputer (by setting the control bit) 

to transfer the data that describes the task. The mini­

computer specifies a task by sending a group of 16-hit 

command words to the microcomputer. Each such task 

description consists of a list of macrocommands, made 

STOP MOTION 

ACTIVATE ALARM 

FAllURE 
RECOVERY 

E'XeCUTE TASK 

INTERRUPT 
MINICOMPUTER 

Fig. 3 Microcomputer control 
routine. Microcomputer interprets 
task description, executes macro­
commands utilizing position and 
sensory feedback, and returns 
final position and sensor status to 
the minicomputer 

TRANSFER FINAL 
POSITION AND 

SENSOR STATUS 
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Interdata announces 
minicomputer EASYWARE. 
Interdata and Megamini are trademarks of Interdata, Inc. 
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lnt~rdata's 7/16 minicomputer 
is a 16-bit machine that combines 
high-performance with low cost. 
Its architecture, packaging 
and programmability make it a 
proven , cost-effective solution for 
the OEM buyer. 
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lnt~rdata's 7/32 minicomputer is 
an economical 32-bit machine with 
a main memory expandable up to a 
qirectly-addressable million bytes 
of 750 ns core. 
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Interdata's 8/32 Megamini 
is the industry's most powerful 
32-bit minicomputer. It is an 
unequalled combination of power, 
flexibility and reliability 
compactly packaged. 
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A family of hardware 
and software that's easy 

to work with. 
Interdata offers a family of 16- and 32-bit 
hardware and software designed to be 
compatible throughout-from the low to 
the high end of the product line. Our 
Common Assembly Language enables 
you to go up or down in performance 
ranges always knowing your Interdata 
software will work. 

Hardware. 
From the beginning, Interdata built its 
minicomputers with a microprogrammed 
architecture, using the same architectural 
principles as the companies who build 
large-scale machines. As a result, our big 
machine architecture offers you 360/370-
like instruction sets. Multiple registers. And 
the ability to scale-up from our 16-bit 
minicomputer to our one-megabyte, 32-bit 
Megamini. 

With Interdata comes component 
compatibility which minimizes your 
inventory and guarantees inter­
changeability. Whether you use a 7/16, 
7132 or 8/32, you get the same front panel, 
power supply, memory, and same family 
of peripherals. Also, when you choose 
Interdata hardware, you can be sure 
anything you buy from us today is com­
patible with what you bought from us 
yesterday-or will buy from us tomorrow. 

Plus software. 
Interdata makes operating systems for 
the systems builder. Not only do they 
take advantage of the hardware; but they 
optimize the use of systems software and 
the human user. In addition, both the 16-bit 
OS and the 32-bit OS are completely 
compatible at all user interfaces-namely, 
file structure, supervisor calls, operator 
commands, etc. 

To help the user build his system, Interdata 
offers a variety of higher level languages. 
These include: FORTRAN V-a very 
well-known version of FORTRAN extended 
for system construction. MACRO CAL 
(Common Assembly Language)- a 
macro-assembler which guarantees 
application program compatibility 
across the family. And BASIC-a simple, 
easy-to-use language. 

Equals EASYWARE. 
Interdata's philosophy has always been to 
make the hardware-the least expensive 
part of a minicomputer system-work 
the hardest. Our software then provides 
the tools Which make it easier for you, 
and your people, to use our systems 
to solve your automation problems. 

That's why we call it EASYWARE. 

Subsidiary of PERKIN-ELMER 

Oceanport. N.J. 07757. (201) 229-4040 

6486 Viscount Road, Mississauga, Ontario, Canada L4V 1 H3. (416) 677-8990 • Arundel Road, Uxbridge, Middlesex, England. Uxbridge ~2441 . 

8000 Munchen 71 , Forstenrieder Allee 122, West Germany. 089-75-30-81 . • 92 Chandos Street, St. Leonards, Sydney, Australia 2065. 439-8400 
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DIGITAL CONTROL A ND 
AUTOMATION SYSTEMS 

up of 4-bit bytes, along with data for joint positions 
and constraints on force levels and trajectories. 

A maximum of three macrocommands may be listed 
in one 16-bit word since the first 4-bit byte (most sig­
nific::tnt byte) of . the word acts as an identifier for the 
rest . of the word to distinguish between macrocommands 
and· : different types of data. Macrocommands are exe­
cuted in the order sent in the data transfer. A joint 
position is specified in 12 bits preceded by the joint­
position data identifier. 

Macrocommands are instructions to move the speci­
fied joints of the arm (see Table). Their use enables 
the user, whq programs the supervisory routines, to 
avoid involvement with the details of the arm. 

Eleven different force levels can be applied by the 
hand. The force level data word uses the first three 
bytes of the 16-bit word: the identifier, followed by 
the minimum and maximum force levels in the next 
two bytes. 

IC.K +1 

NO 

66 

SfART 

JcO 

SENO J, AS 
ADDRESS, TO 
ANALOGMIJ( 

K=O 

SEND K ,AS 
ADDRESS, 10 

DATA SELECTOR 

READ 4·BIT BYTE 

EXIT 

Constraints can be placed on the relative positions 
of the joints throughout a trajectory using a constraint 
data word made up of two 16-bit words. The task 
description is terminated by an Execute command, which 
consists of a 16-bit word containing the associated tag. 
Only the most significant 4-bit byte of this word is 
read by the microcomputer. The minicomputer con­
tinues processing central routines after transferring 
the task description. 

In the microcomputer control routine (Fig. 3), man­
ual reset starts the program. Output ports are cleared 
by software and the arm is switched from manual to 
computer confrol. Joints are then driven to a set of 
predetermined reference positions. The microcomputer 
maintains these joint positions within a specified tol­
erance by sampling joint potentiometer readings, compar­
ing them with the reference positions, and making the 
necessary corrections. Fig. 4 illustrates the joint-position 
reading routine. The control bit and the pressure sensor 

NO 

J" J+ 1 
Fig. 4 Joint position read­
ing routine. Microcomputer 
scans joint positions through 
analog multiplexer, analog­
to-digital converter, and 
data selector 
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NEW! 
APL/ASCII 

The Elite 1520A 
Video Terminal. 
New from Datamedia. 
Conversational. The Elite 1520A speaks your application language, 
and is ideal for interactive programming, data entry, information retrieval 
and simply anyplace the need for data communication is important. 

Expandable. The Elite 1520A offers the standard 64-character ASCII 
set displaying 1920 alphanumeric characters in a 24-line/80-character 
format, and is optionally expandable to a 128-character set, including upper 
and lower case. And now, APL/ ASCII switch-selectable capability. 

Separable. This newest video terminal from Datamedia is a stand-alone 
un it , with the display and keyboard separated for greater applications 
flexibility. 

Compatible. It's plug-compatible with Teletypewriter* Models 33 
and 35, either via a standard RS232C or an optional 20/60mA current loop 
interface. Data rates from 50 to 9,600 bps may be accommodated. · 

Economical. No matter which performance yardstick or competitive 
unit you stack it up against, the Elite 1520A's $1555 price ($1655 with upper 
and lower case option) in quantities of 1 to 9 (20% lower in quantities 
of 100) is tough to beat. 

Reliable. Our practical design approach is the answer, and our list of 
users worldwide of other proven Elite video terminals can tell you what 
reliability is all about in a CRT. Or we can tell you. 

Available. The Elite 1520A is not one of those announced-today, 
promised-tomorrow, delivered-someday products. It's here. It's available. 

Phenomenal. 
Datame ia 
Corpora ion 
7300 N. Crescent Boulevard 
Pennsauken, New Jersey 08110 
TEL: 609-665-2382 
TWX: 710-892-1693 

138 Duvall Lane 
Gaithersburg , Md . 20762 
301 / 948/1670 

5456 McConnell Avenue 
Suite 150 
Los Angeles, Calif. 90066 
213/397 / 3556 

I 
• Teletypew ri ter is a registered trade name of Teletype Corporati on , Skoki e, Illi nois 
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ugh in mass termination. 

J\Ver-cost coaxial ribbon 
····-...... ·-.-hie assentblies. 
In any length. 
New AMP coaxial ribbon cable 
is just that-true coax in ribbon 
form. With no compromises. 
No degradation in system performance. 
Solves the long-existing coaxial cable termination problem. 

We can provide complete assemblies for your specific requirements. In any 
length, with 6 to 26 positions. The assemblies come in 50-, 75- or 93-ohm 
ratings, on .100-inch grid spacing. And 95-ohm rating on .125-inch spacing. 
Connectors mate with .0252 posts-either 90° board-mount pin headers 
or 1-0 posts. 

Revolutionary patented concept with drain wire parallel to center 
conductor, permits low-cost gang stripping and terminating, and still 
further demonstrates AMP' s leadership in quality solutions to 
termination problems. 

For information on AMP coaxial ribbon cable that gives you true 
coaxial performance, and reason~ble price, call (717) 564-0100, circle 
the Reader Service Number, or write AMP Incorporated, 
Harrisburg, PA 17105. 
AMP is a trademark of AMP Incorporated. 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

are also monitored within this program loop. When 
the setting of the control bit is detected by the micro­
computer, the data describing the task are received. 
These data are then decoded and stored. If the data 
size exceeds the available memory, the minicomputer 
is interrupted and an error message is transferred; if 
available memory is sufficient, the microcomputer goes 
on to execute the task. 

Task execution is accomplished by activating the 
appropriate control lines for the given commands, 
utilizing tactile information provided by the hand sen­
sors. When holding an object, the microcomputer will 
raise the applied force by one level when a slip flag 
is received. If the slip flag is not cleared, force is 
increased one level at a time (not to exceed the maxi­
mum) until it is cleared. A delay is allowed between 
slip-sensor samples to permit the hand to respond. 

Moving to a new position is accomplished by replac­
ing the reference positions in memory with the new 
joint positions and branching to the position-maintaining 
routine. When the task is completed, the microcom­
puter interrupts the minicomputer and transfers the 
final joint positions and sensor status. The microcom­
puter maintains this position until a new task request 
is received. 

The pressure sensor is queried throughout the process. 
Loss of pressure in the arm hydraulics or pneumatics 
sets the flag, causing the microcomputer to stop motion, 
interrupt the minicomputer, and activate both visible 
and audible alarms. 

Less than lK x 8 bits of p/ROM storage is required 
by the program. RAM storage of 320 words x 4 bits 

Macrocommand Set 

Mnemonic Code Command Word 

E 0000 End list 
P1 0001 Position all specified joints 

simultaneously 
P2 0010 Position all specified joints 

in specified order 
P3 0101 Position all specified joints 

simultaneously at slow speed 
P4 0110 Position all specified joints 

In specified order at slow 
speed 

PT 1100 Position hand with touch 
feedback 

PH 1110 Position hand followed by hold 
PG 1111 Position hand followed by 

grasp 
HH 1000 Hold 
GG 1001 Grasp 
RR 0111 Release 
TE 1010 Thumb extend 
TR 1011 Thumb retract 

has been found adequate for most tasks. Position error 
due to processing time is small when compared with 
other sources of error. The longest time interval be­
tween two readings of · the same joint position is under 
3 ms. On the other hand, maximum times for the 
photo-SCRs to switch off and a solenoid to drop are 
8 ms each. The dynamics of the hydraulics would 
raise the total time constant to a worst-case figure of 
30 ms. A low speed of 0.3 in./s would cause a worst­
case error of less than 0.01 in. 

Microcomputer as a Standalone Controller 

Not only are microcomputers functional in a multi­
processor control environment, they can also be used 
as standalone computers in some applications. An ex­
ample would be a manipulator which is "taught" the 
task it is to perform. 

A microcomputer controller can be used to sample 
and record positions into memory while a manipulator 
is lead through a task under manual control. The task 
would then be repeated by a program which causes 
the manipulator to track the stored positions. Position 
recording can be done either in a synchronous fashion, 
where the sampling frequency is preprogrammed, or 
asynchronously where the store command is given by 
the operator. Each position requires 24 x 4 bits of 
memory for storage for the manipulator discussed here. 
Hence, a task described by 1000 points would require 
24 kilobytes of storage. However, this requirement may 
be reduced by using selective storing, ie, recording 
only the joint positions in which a change has occurred 
with respect to the previous position. 

In "play-back" mode, when the manipulator is made 
to track the stored task, the microcomputer can again 
be used to many advantages. The task can be modified 
during execution according to information derived from 
the sensors. 

An example for this application is an "inspection" 
situation where the parts manipulated by the hand 
are placed in different locations according to their 
size. Size of a part is derived from the opening of the 
fingers. A record of the measurements may be ob­
tained, if desired, by listing them on a printer. 

Programmable tracking accuracy can also be used 
during task execution. This feature would increase 
manipulator speed by imposing a low level accuracy 
requirement on intermediate points on the trajectory. 

Finally, the microcomputer can be programmed to 
monitor the sensors and to indicate a failure in the 
system or the presence of a human being or an object 
at an unexpected location. Detection of any of these 
events would cause the microcomputer to terminate 
motion. 

In another configuration, the minicomputer in the first 
system is replaced by a human operator and a tele­
typewriter. The operator types the task description us­
ing the same format employed with the minicomputer. 
The microcomputer executes the task and prints the 
final joint position and sensor status on the teletype-
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writer. This configuration has been found especially 
useful as an intermediate stage during the develop­
ment of the multiprocessor system. 

Conclusion 

In the described system, which uses a microcomputer 
as a control processor for an industrial robot, parallelism 
in processing is achieved by allowing the minicomputer 
to handle central routines while the microcomputer 
attends arm motion. The system is general in . the sense 
that it can be extended to different central computers, 
different industrial manipulators, and various micro­
computer·s. Modularity in software and hardware im­
proves the efficiency as well as the reliability of the 
system. Use of macrocommands simplifies central com­
puter routines, relieving the user from the details of 
the manipulator control. 

As an immediate application of a microcomputer in 
today's commercial robot as a "programmable by teach­
ing" controller, it is suggested that the use of a micro­
computer may provide data reduction by selective stor­
ing, programmable tracking accuracy, ability for the 
robot to modify the task during execution utilizing 
sensory feedback, and facilities for the implementation 
of safety features. 

Several additional applications for microcomputers 
in robotics can be suggested. Using a microcomputer 
as a preprocessor for a TV camera, which provides 
vision for the robot, would control the associated fast 
interface that digitizes the picture and stores it in 
memory. It might then perform a data reduction, obtain 
a feature signature, and transfer this signature to the 
central computer. 

A microcomputer also can be used as a tactile sensor 
processor, with sensors sampled through an analog 
multiplexer and an A-D converter. The microcomputer 
would then compare digitized sensor outputs with pro· 
grammed thresholds and set the appropriate status 
lines to the control and central computers. 

Additional areas where a microcomputer could be 
used include a voice-command interpreter and a laser 
ranging-device controller. In addition, for assembly 
tasks which usually require systems with multiple arms, 
a microcomputer locally controlling each arm would 
provide simultaneous motion of the arms. 
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The Harris Report. 

4K GENERIC PROM-
new addition to the family. 

With the introduction of the Harris 
family of GENERIC PROMs, stand 
alone PROM design is fast becoming 
obsolete. Diverse requirements for 
density, modularity, and performance 
within a system can be totally satisfied 
by this one generic family. 

And now there's a brand new 
addition to the family. The 512x8 ( 4K) 
PROM device. Like the 256x4 (1K), 
the 512x4 (2K), and the 32x8 (256) 
devices, it is now in volume 
production. And can help upgrade 
your system's performance as well 
as lower your costs. 

The advantages of the Harris 
GENERIC PROM family over 
ordinary PROMs are many. For 
instance, each device within a series 
features identical DC electrical 
specifications plus common 
programming requirements, 
permitting easy use of other family 
elements. 

GENERIC PROMs have fast 
programming speeds. Equivalent I/O 
characteristics for easy upgrading. 
Faster access time. Guaranteed AC 
and DC performance over full 
temperature and voltage ranges. 
And improved testability. 

For Harris, the addition of the 4K 

PROM device marks another step in 
the continual development of the 
GENERIC PROM concept. A 
concept that only Harris offers. . 

So if you're considering PROM 
devices, consider the Harris 
GENERIC family. For details see your 
Harris distributor or representative. 

Max. 
Access Price 

No.of Organi- No.of Time* 100UQ 
Device# Bits zation Pins !Comm. Mil. [Comm. Mil. 

HM-7602 256 32x8 16 40ns 50ns $2.95 $5.95 
(open coll) 

HM-7603 256 32x8 16 40ns 50ns $2.95 $5.95 
(three-state) 

HM-7610 1024 256x4 16 60ns 75ns $4.95 $9.95 
(open coll) 

HM-7611 1024 256x4 16 60ns 75ns $4.95 $9.95 
(three-state) 

HM-7620 2048 512 x4 16 70ns 85ns $9.95 $19.95 
(open coll) 

HM-7621 2048 512x4 16 70ns 85ns $9.95 $19.95 
(three-st:ate) . · 

HM-7640 4096 512x8 24 70 85ns $19.95 $39.95 
(open coll) 

HM-7641 4096 512x 8 24 70 85ns $19.95 $39.95 
(three-state) 

HM-7642 4096 1024 x 4 18 70 85ns 
(open coll) 

HM-7643 4096 1024 x 4 18 70 85ns Available 
(three-state) January 76 
HM-7644 4096 1024 x 4 16 70 85ns 
(active pullup) 

*Access time guaranteed over full temperature and voltage range. 
Industrial (TA = 0° Cto 70° C, Vcc±5%) 
Military ~TA == 55° Cto 125°C, Vee ± 10%) 

m ~~~~~~1g 
P.O. Box 883;_ Melbourne, Florida 32901 (305) 724-7412 

WHERE TO BUY THEM: OEM SALES OFFICES: CALIFORNIA: Long Beach, (213) 426-7687; Palo Alto, ( 415) 964-6443 FLORIDA: Melbourne. (305) 724-7 430 ILLINOIS: Hinsdale. (312) 325-4242 MASSACHUSETTS: Wellesley Hills, (617) 237-5430 MINNESOTA: Minneapolis, (612) 835-2505 NEW YORK: Endwell .. (607) 754-5464; Melville, U, (516) 249-4500 0HIO: Dayton. (513) 226-0636 PENNSYLVANIA: Wayne, (215) 687-6680 TEXAS: Richardson, (214) 231-9031 . 
SALES REPRESENTATIVES: ARIZONA: Scottsdale, (602) 948-5590 CALIFORNIA: Los Angeles , (213) 870-9191 ; Mountain View, ( 415) 961-8121 ; San Diego, (714) 565-9444 COLORADO: Denver. (303) 77 1-4920 FLORIDA: Boca Raton. (305) 395-6108; Oviedo, (305) 365-3283; Tampa, (813) 933-3183 ILLINOIS: Elk Grove Village, (312) 640-1850 KANSAS: Wichita , (316) 943-6221 MARYLAND: Randallstown, (301) 922-1248 MASSACHUSETTS: Lawrence, (617) 685-7973 MISSOURI: Hazelwood , (314) 731-5799; Kansas City, (816) 761 -6543 NEW JERSEY: Middletown , (516) 549-4283 NEW YORK: Al bany, (518) 489-7 408 or 4777; Huntington Station , (516) 567-5900 NORTH CAROLINA: Raleigh, (919) 828-0575 OHIO: Cleveland, (216) 831-8292; Dayton, (513) 890-2150 OREGON: Beaverton, (503) 643-1644 PENNSYLVANIA: Allison Park, ( 412) 487-4300; Ki ng of Prussia, (215) 265-0634 TENNESSEE: Shelbyville, (615) 684-4544 TEXAS: Dallas . (214) 691-4592; Houston, (713) 661-3007 VIRGINIA: Falls Church, (703) 534-1673; Lynchburg . (804) 237-4 140; Troutville, (703) 345-3283; Virginia Beach, (804) 481 -7200 WASHINGTON: Bellevue, (206) 454-0300. 
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In many cases instrumentation systems and similar test projects can 
be controlled by a calculator just as well as by a minicomputer, often 
at less cost; here are some of the tradeoffs involved 

Programmable Calculators Control 
Data Acquisition Systems 

Jerry Estes 

Hewlett-Packard Company 
Loveland, Colorado 

For the past several years programmable calculators 
have been approaching those capabilities once solely 
in the minicomputer's domain. Today's calculators have 
sufficient memory capacity and language to displace 
minicomputers in most instrumentation systems. Tech­
nology has accelerated their capability to the point 
where they can do the same job as minicomputers­
yet more people . find them easy to understand, and 
use them because they need not wait for a computer 
programmer or for keypunch service. 

When applying a programmable calculator in an in­
strumentation system, memory cycle time is seldom 
a limiting factor. Instead, speed restrictions are almost 
always imposed by digitizing of analog signals. Many 
physical parameters do not change fast enough to justify 
data rates exceeding 10,000 measurements per second, 
and most, such as temperature, require only a few 
readings per second. 

Acquisition, storage, and manipulation of data are 
common to all engineering disciplines. The parameter 
of interest is usually not electrical, and must be con­
verted, by a transducer, to an electrical signal. A 
broad spectrum of such transducers is available for 
converting physical parameters, such as acceleration, 
pressure, angular position, or velocity, to an electrical 
signal. If many measurements are necessary, the easiest 
course is first to convert them to analog voltages and 
then to digital form; alternatively, a nonelectrical 
quantity may be directly digitized. 

Data acquisition systems are used in three basic 
areas: research and development laboratories, process 
industries, and factory production. In laboratories they 
monitor electrical and physical parameters of experi­
mental systems. In process industries they monitor 
process parameters, calculate and predict trends, and 
occasionally control the process itself on the basis of 

these calculations. Finally, in factory production, they 
permit more complete testing of the factory's product 
in less time-for example, testing printed circuit boards 
for faulty, incorr·ect, or missing components. 

Data acquisition is not necessarily complex. It can 
be as simple as a digital voltmeter and a printer, 
logging voltage measurements that represent other 
variables, such as pH or temperature. On the other 
extreme, it can involve data from multipoint transduc­
ers, periodically scanned under the control of a com­
puter. The latter reduces data online and makes ap­
propriate · calculations to correlate data, test limits, and 
predict trends, such as the sulfur dioxide (S02 ) con­
centration in the thick juice when extracting sugar 
from sugar beets where the system can also control 
the process by modifying the S02 generating mechanism. 

Gas Turbine Measur~ments 

The steps required to instrument an experimental gas 
turbine offer an example of the use of a program­
mable calculator as the controller for data acquisition. 
At Chrysler Corporation's engineering center in Detroit, 
where a program for gas-turbine development is under 
way, researchers in the component test lab have in­
creased the speed and sophistication of their data 
gathering and analysis by this means. 

By nature, turbine and compressor component tests 
require large amounts of data to properly characterize 
their operation. These data, primarily temperature and 
pressure, may include up 'to 18,000 individual measure­
ments during one test. Measurements are taken on 70 
temperature channels and on 196 pressure channels us­
ing signal levels ranging from 10 m V to 16 V. From 
these measurements, the system calculates efficiency, 
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slip factors, pressure ratio, and air flow; compensates 

for nonlinearities in the transducer; and records the 

results on a digital plotter and a paper-tape punch. 

System Considerations 

Any instrumentation system requires consideration of 

four areas: transducers, measurements, linearization, 

and programming. 
Transducers develop usable electrical output signals 

in response to physical phenomena-specifically tem­

perature and pressure, in the gas turbine project. The 

turbine requires temperature measurements in the range 

from 50 to 800°C, most easily measured with a thermo­

couple (a junction between two dissimilar metals, which 

creates a voltage related to its temperature) . In thermo­

couples, sensing and transduction take place in the 

same element, which requires no external power. 

Theoretically, three quantities are necessary in apply­

ing thermocouples. One is the voltage generated by a 

thermocouple at the point where the temperature is to 

be measured; a second is a reference voltage, gen­

erated by another thermocouple at a point of known 

temperature; and a third is the thermocouple char­

acteristic, which describes the behavior of the junction 

as its temperature changes from the reference level 

toward the unknown. 

In practice, the third quantity is assumed, because 

highly standardized commercial devices have precisely 

known characteristics. The second quantity, thermo­

couple response at a known temperature, can be ob­

tained from the meter leads themselves, which form 

reference junctions where they are connected to those 

of the thermo~ouple at the unknown temperature. These 

connections, in general, involve different materials and 

can be maintained at a fixed temperature by immer­

sion in an ice-water bath, or by otherwise refrigerating 

or heating them. 
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Fig. 1 Noise guard. Protection from worst ef­
fects of common-mode noise is obtained by 
shielding meter leads and circuits with a con­
ductive guard grounded at the end opposite the 

meter. The guard shunts common-mode current 
(color) away from the meter 

Pressure is measured through a mechanical multi­

plexer connecting one pressure transducer to many pres­

sure lines. It avoids the expense of a pressure transducer 

for each data channel. 

Measurement 

At low levels such as the approximately 50 µ. V / ° C 
' . 

developed by thermocouples, measurement accuracy. is 

often limited by normal- and common-mode noise. 

Normal-mode noise appears between the two voltmeter 

inputs, superimposed on the desired signal. It can be 

minimized only by filtering. 

Common-mode noise appears on both voltmeter in­

puts when meter and signal-source references are sep­

arate. In a perfectly balanced system, . the appearance 

of common-mode noise will not create a problem; how­

ever, no system is perfectly bahnced. Therefore, this 

form of noise is minimized by using a voltmeter guard­

an electrostatic shield which surrounds input lines and 

measurement circuits and is connected to signal ground 

(Fig. 1) . This connection shunts the common-mode cur­

rent away from the measurement circuit. The meter's 

internal impedance to system ground, Z3, is o_n the 

order of 107 n, and the guard circuit's impedance is 

low-no more than 10 n. These two impedances form 

a voltage divider, with a ratio which is approximately 

equal to the common-mode rejection. For the impedances 

cited, rejection ratio is 120 dB. 

When a system includes many channels of a single 

type of measurement-as 70 temperature channels in 

the case of the gas turbine project-some form of 

multiplexer must be included in ihe system to com­

mutate the various channels to the digital voltmeter, 

regulated by the system controller. Thermocouple chan­

nels and multiplexer must impose little or no thermal 

offset-a positive or negative voltage added to that 

of the thermocouple, which could be interpreted as a 

temperature error. Another requirement is 3-wire 

switching, which is necessary to maintain guard con­

tinuity through the multiplexer. If a single multiplexer 

has insufficient capacity, two or more can often be 

used in tandem, connected to a common bus.1 For 

example, the HP 3495A scanner provides forty 3-wire 

channels with low thermal offset. 

Linearization 

Many transducers are nonlinear. Although they inay 

sometimes be assumed linear over a restricted range, 

nonlinearities must usually be taken into account over 

an extended range-for example, with tables or cali­

bration curves, which may either be imprecise or use 

large memory spaces. In data acquisition systems, the 

calculator provides a powerful tool for linearization, 

correcting the measurement with a power-series poly­

nomial that describes the thermocouple table. For ex­

ample, a polynomial of degree 5 can describe a par­

ticular thermocouple to an accuracy of 1 °C over its 

entire operating range. Execution time is saved by using 

the polynomial in its nested form, ie, the second expres­

sion following: 
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START 

COEFFICIENTS 

DVM REMOTE 

DVM RANGE & 
FUNCTION 

START CHANNEL 

STOP CHANNEL 

MEASURE CHANNEL 

CALCULATE 
TEMPERATURE 

PRINT CHANNEL 

{4
0

35
~ .048868252-RO 

19873.14503-R 1 
218614.5353-R2 
11569199.78-RJ 
264917531.4-R4 

i------ 6 ~~1L8L4:~+4 -R5 

7: CALL DVM 2,3 

8 : ENTER "START CHAN", A 

9: ENTER "STOP CHAN': B 

10: MEASA-X 

12: PRT"CHAN NO': A, "DEG C=", B, SPC3 
NUMBER & TEMPERA-
TURE; MOVE PAPER 
UP 3 SPACES 

YES CHANNEL Nll't\BER 
SSTOP CHANNEL 13 : IF (A+l-A)SB,GTO -3 

PRNT END OF TEST 14: PRT "END OF TEST" 

OVM LOCAL 15: CALL LOCAL 

E D 

T = ao + aix + a2x2 + aax8 + a4x' + asX6 

= ao + x(a1 + x(a2 + x(aa + x(~ + asx)))) 
This equation can be stored in the calculator's mem­
ory and used for many thermocouples of the same 
type.2 

Programming 

Flowchart and program statements (Fig. 2) illustrate 
the ease of generating programs to control instruments. 
This program scans selected channels, programs the 
digital voltmeter to range and function, measures ther­
mocouple voltage on each channel, converts this volt­
age to degrees Celsius, and prints results on the cal­
culator's printer. 

In the first step, six thermocouple coefficients are 
loaded into storage locations Ro to R 5, for use in cal­
culations which compensate for the thermocouples' non­
linearity. (These coefficients as listed are for an iron­
constantan thermocouple.) The second step (statement 
6) places the digital voltmeter in remote control, so 
that it can be programmed externally through the in­
terface bus. Next, the voltmeter is programmed to the 
proper range and function. In the listing, for an HP 
3490A digital voltmeter, the 2 sets the range to 100 mV 
and the 3 specifies direct voltage. 

Fig. 2 Easy programming. Calculator is 
programmed from keyboard, which has 
a key for each function to be performed. 
Listing of instructions is matched to steps 
in the flowchart 

Up to this point, the system has been set up for mak­
ing measurements and calculations, but has not ac­
tually made any. Before it can do so, the test operator 
must use interactive instructions to specify which chan­
nels are to be measured. An "Enter" statement causes 
the program to display the characters in quotes im­
mediately following the statement, and to wait for 
the operator to enter information. In this ease, the 
display is "Start Chan"; the operator enters the number 
of the channel at which measurements are to begin, 
and presses the Run key. Stop channel data are en­
tered in the same manner. 

The next statement measures the voltage on channel 
A and stores the measurement in memory location X. 
With the aid of a subprogram, this simple statement 
performs four functions: ( 1) sets scanner to specified 
channel; ( 2) takes a reading with the voltmeter; ( 3) 
transfers the reading into the calculator, storing it 
in memory location X; and ( 4) changes the data to 
fixed-point decimal form and rounds it to six places 
to the right of the decimal point. 

Temperature is calculated using the nested poly­
nomial to approximate the voltage-temperature coeffi­
cient of the thermocouple. Channel number and tem­
perature are then printed and the program branches 
to measure the next channel. The channel number is 
automatically incremented as part of the "If" statement. 
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Rating Tradeoffs BetwGen 
Programmable Calculatot and Minicomputer 

Minicomputer 

Parameter Rank Characteristic Score* 
-"'-

Speed 2 Microsecond cycle time 

Memory 4 Greater upward expandability 
Usually nonvolatile 
BASIC compiler takes 6K of 
memory 

Cost 8 Requires peripherals to gain 
access 

Ease of use 7 Requires compiler for software 
Additional hardware necessary 
to gain access 

Flexibility 5 Language flexibility-
BASIC, FORTRAN, assembly 

Total 26 

* Score = Rank x Weight 

Manual Data Acquisition 

Former methods used to gather test data manually 

required a test engineer and two technicians--one to 

adjust and monitor the test-run parameters, the other 

to transfer temperature and pressure measurements onto 

forms, called "run sheets." A complete series of tests 

took a week or more. After correction and approval, 

run sheets were sent to the computer center for key­

punching and processing through the data-reduction 

program. This data processing turnaround averaged 

another week following the tests. 

Engineers cited several problems with the procedure, 

including ( 1) the sheer volume of numbers, and the 

2 

4 

0 

0 

5 

11 

Programmable Calculator 
_._ 

Weight Score* Characteristic 

1 0 0 Millisecond cycle time 

1 0 0 Usually volatile memory 
All memory available for pro-
gram and data. Auxiliary mem-
ory available via disc and 
cassette 

0 1 8 Built-in peripherals, diagnos-
tics, editing. Can cost as 
much as 30% less 

0 1 7 Resident com pi ler- requ Ires 
no memory. Fixed algebraic 
or basic language. Conven-
ient program generation and 
editing 

Limited, fixed-language, some 

1 0 0 ROM capability 

15 

limited amount of t ime and personnel available just 

to write them down; (2) the delay of up to two weeks 

in detecting measurement errors, which might become 

evident only after keypunching and processing, result­

ing in the loss of two weeks of testing and processing 

time; ( 3) the time and money spent on keypunching; 

and ( 4) the engineers' time, most of which was spent 

conducting test runs instead of planning new tests. 

These difficulties called for a new testing approach, 

under some kind of automatic control. The problem 

imposed several requirements on the controller, in­

cluding: 

( 1) Performing online data reduction 

GAS 
TU RBINE 

PLOTTER 

DIGITAL 
VOLTMETER 

CASSETTE 
MEMORY 

Fig. 3 System configuration. Calculator (center of photo} is brains of system monitoring transducers. Gray box 

at left is pressure multiplexer, fed from pressure junction box behind calculator; thermocouple leads are on rear 

wall. Cassette drive is on top of the calculator and plotter is beside it; other units (in block diagram} are lo­

cated in the rack next to the technician. 

76 COMPUTER DESIGN/OCTOBER 1975 



(2) Linearizing transducer data 
( 3) Controlling all instruments 
( 4) Storing up to 18,000 individual data points 
( 5) Producing output on an X-Y plotter and on 
punched-paper tape 
( 6) Permitting easy program writing and modification 
( 7) Flexibility and expandability 

The last requirement is satisfied by using instruments 
and a controller interconnected by a common interface3

•4 

bus. In turn, this makes controller selection independent 
of the particular instrumentation, as long as it remains 
bus-compatible. 

Several tradeoffs are illustrated in the accompanying 
Table. Parameters in the leftmost column are ranked 
more or less arbitrarily on a scale of 1 (least im­
portant) to 10 (most important) in this application. 
The two center columns give each of these a binary 
weight of 0 or 1 for each of the two alternatives, 
calculator or minicomputer, depending on which it 
favors. That weight is multiplied by the numerical 
ranking to give a score for that particular parameter; 
~he sum of the scores provides a rough indication of 
which alternative is preferable. In this case, the cal­
culator scores somewhat higher, although the margin 
is not large-36% higher than the minicomputer total 
and only 58 % of the maximum possible score, given 
the arbitrary rankings. 

Because the rankings are arbitrary, they apply only 
to this application at this time; clearly, the choice is 
largely subjective. Slightly different ranks and weights 
would shift the choice to a minicomputer. 

System Configuration 

The system configuration for the gas turbine project 
(Fig. 3) includes an HP 9820A calculator, with 5800 
words of memory, cassette memory unit, digital plotter, 
digital voltmeter, paper-tape punch, and the previously 
mentioned scanner or multiplexer. 

Program writing for the calculator is straightfor­
ward; with editing keys, program lines can be changed, 
added, or deleted. Cassettes hold previously written 
programs and data, storing up to 32,000 16-bit words 
per cassette-more than enough for the data storage 
requirement of 18,000 data points. 

Preliminary plots such as the one shown (Fig. 4) 
insure that test data are valid during a test, and indi­
cate necessary adjustments of test procedures. At the 
end of a successful run, a paper tape is punched with 
the results, for further processing at the company's 
computer center. 

Although the calculator does not do all data reduc­
tion online, it does convert transducer input to engineer­
ing units, recalibrate all pressure channels, and warn 
of leaky channels in the pressure transducer, in addi­
tion to those functions mentioned previously. 

Conclusion 

Introduction of a calculator-based data acqms1t10n sys­
tem has resulted in several major changes in the com­
pressor test lab. Test time has been reduced from 2% 

Fig. 4 Preliminary plots. Graph­
ic output on calculator gives 
online indication that test is 
going well, before offline com­
puter analysis is attempted 

weeks to three days, while the amount of data gathered 
has increased by 40 % . Turnaround has been reduced 
to less than one day, since the system, at the end 
of a successful run, punches a paper tape in standard 
format that is compatible with readers in the computer 
center. 

Cost-justification was based on savings in keypunch 
time and operator time as well as on increased data 
output. Total system implementation and programming 
took less than six weeks. 

Although Chrysler engineers chose to use the 9820A 
calculator, programmed in algebraic language through 
a numeric and function keyboard, the 9830A, which 
is programmed in BASIC, could have been used to permit 
operator interaction through a typewriter-like keyboard 
and alphanumeric display. 

In instrument systems, the programmable calculator 
is attractive as a system controller. It can now do 
many jobs formerly reserved for minicomputers, includ­
ing process monitoring and control, R & D lab design­
verification and prototype testing, and multiparameter 
production testing. Its user-orientation and built-in high. 
level language have served to open the number-handling 
and computational power of the minicomputer to a 
much broader spectrum of users. 
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*Trademark of Motorola Inc. 

Bipolar MEGALOGIC* LSI 
will get you there. 

When you consider design objec­
tives, you now have a new working 
tool ... MEGALOGIC LSI! MEGA­
LOG IC LSI is a combination of 
design techniques and technologies 
for the implementation of cost-effec­
tive bipolar LSI. The result is a new 
bipolar LSI family of low cost prod­
ucts directed to the computer, indus­
trial and consumer markets, for both 
MPU and non-MPU applications. 

Technology /technique oriented 
Standard and customized functions 

are generated by bringing together 
various technologies and design tech­
niques. Requirements such as speed, 
circuit density, power dissipation, 
design time and cost are met by 
selecting appropriate technology I 
technique options. Various design 
methods (including the proven gate 
array technique ) are utilized. And, 
technologies such as TTL, TRL and 
PL are used to produce functions 

ranging from 160 to 1,000 or more 
gates in complexity. 

Lower system costs 
When you consider i terns such as 

PC board costs, inspection and stock­
ing costs, assembly time, etc., system 
costs mount rapidly. System cost 
studies prove that elimination of large 
SSI I MSI blocks by LSI results in 
lower overall system costs. In fact, in 
one study of a typical tape drive con­
troller, 15 bipolar LSI functions 
replaced 335 SSI / MSI packages. Sys­
tem cost savings ranged from 303 to 
503 ; and, additional benefits, such 
as improved reliability, reduced 
stocking and lower testing costs were 
realized. 

Evaluate MEGALOGIC LSI now 
Whether you are designing ·a new 

system or updating older SSI / MSI 
systems, you should investigate the 
potentials of MEGALOGIC LSI. To 

MOTOROLA MEGALOGIC 
The modular approach to Bipolar LSI 

CIRCLE 43 ON IN9UIRY CARD 

make your job easier, we have com­
piled a design file which covers design 
approaches, a listing of standard prod­
ucts, plans for new MPU support 
functions and an Evaluation Form to 
assist you in determining specific LSI 
requirements. 

Request your copy by writing to 
Motorola Semiconductor Products 
Inc., P.O. Box 20912, Phoenix, Ari­
zoha 85036. You'll find that MEGA­
LOGIC LSI is the practical way to 
accomplish design objectives. 

Ql)""oroRO&.A 
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NEW 5V/30A SWITCHER 
FROM ACDC 

This mini-switcher is the newest addition to ACDC's 5 volt power supply 
line. It operates from a selectable input of 1151230 VAC, 47-63 Hz or 
48-60 VDC. Like most power supplies, it's rated for full output at 40°C, 
but will also deliver over 83% of rated output at 50°C without internal 
fans or forced air cooling. 

THE MOST DEPENDABLE SWITCHERS ON THE MARKET, AND 
YOU CAN PROVE IT 
Just ask for an evaluation unit and put it through its paces ... at your plant 
... under your own supervised test conditions. ACDC switchers will work 
better, longer and more dependably than any other switcher you can buy. 

HOW CAN WE BE SO SURE? 
Switchers are complicated devices ... tricky, tem­
permental and tough to build, but we've been 
building them for over six years and have 
eliminated all the major problems. 

We start with a proven electrical 
design, proper derating of quality 
domestic components and rigid, 
comprehensive, in-process 
controls. All semiconduc-
tors, the most common 
cause of switcher 

*100 piece quantity 

failure, are thermally shocked for three cycles from 0°C to 100°C, fol­
lowed by a 48-hour bake at 150°C. A thorough electrical test eliminates 
marginal devices and isolates potential failures due to thermal stress 
and infant mortality. 

A second phase of testing occurs after final assembly. Each power 
supply is subjected to a no load/full load burn-in at elevated tempera­
tures for a minimum of 24 hours, then put through another test cycle 
before it gets an inspector's stamp of approval. 

ACDC switchers are designed to work when you get them and built to 
last so you can depend on them. 

A WIDE RANGE OF POWER SUPPLIES SOLD 
AND SERVICED INTERNATIONALLY 

In addition to these 5 volt switchers, ACDC also 
offers 12, 15, 20 and 24 volt switchers 

rated at 150, 300, and 500 watts. These 
switchers and 200 other conventional 

power supplies are available from 
stock and serviced at eighteen 
service centers throughout the 

world. The complete line is 
detailed inournew 72-page 

catalog. Write for it. 
It's free. 

Ii 
liMliRSDN ® 

acdc electronics 
401 Jones Road Oceanside, California 92054 (714) 757-1880 
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Microprocessor users accustomed to hardware and puzzled by the 
art of executing a function with a program will benefit from general­
izations based on software prepared for a lumber testing machine 

Using a Microprocessor: 
A Real-Life Application 

Part 2-Software 

Lynn E. Cannon and Paul S. Kreager 

Washington State University 
Pullman, Washington 

Software necessary to make a microprocessor-based 
system perform its intended function is frequently dif­
ficult for even skilled engineers to understand and to 
write, despite their experience in hardware design. 
To illustrate how such software is put together to ex­
ecute a well-defined task, this article, the second in a 
2-part series, describes the software in a lumber-grad­
ing machine built at Washington State University. 

In Part 1 (Computer Design, Sept 1975, pp 69-77), 
the ~ardware implementation of the microprocessor­
based system was described, including details on the 
microprocessor, interconnections, and operation of 
various components. Briefly, the tester (Fig. 1) induces 
a longitudinal stress wave and measures the time 
required to propagate the wave through successive 
2-ft long segments of the specimen, computing the 
modulus from this elapsed time and the specimen's 
density. Thumbwheel switches specify the specimen's 
dimensions, and a load cell measures its weight. As 
the stress wave passes a sensor, a 1-MHz clock begins 
counting the time; at the next sensor, this counter 
turns off and the next counter turns on. Displays show 
the specimen's density, average modulus, and the 
lowest measured modulus, along with the location of 
the weakest segment as indicated by the low modulus. 

Part 2 discusses the software, emphasizing con­
cerns common to most users of microprocessors in 
general, but dealing with the Motorola MC6800 in 
particular, since the Washington State University proj­
ect is based on this device. Little weight is placed on 
fine details of the particular software for the system. 

Software requirements for the tester depend heavily on 
the system's input/output (1/0); in this case, all 1/0 
is in binary-coded decimal (BCD) representation (see 

Table). After specifying the length, width, and thick­
ness of the lumber to be tested, the system operator 
selects one of several different modes in which the 
system can operate, and depresses a start button. In 
normal mode, software collects dimension and weight 
information and issues a command to release the ham­
mer and strike the lumber. After giving the hammer 
command, the software waits for an interrupt, signi­
fying that the stress wave has passed all of the accel­
erometers; it then calls in the data from the counters, 
placing them in the read/write memory for processing. 

After all input information has been stored, the 
microprocessor must evaluate several equations and 
display the results to the operator: 

Software lnpuVOutput 

Software Inputs Digital Format Units 
Function switch FFFF 
Length switch LLL.L in. 
Thickness switch T.TTT in. 
T-counters TTT. µS/2 ft 
Weight WW.WW lb 
Width WW.WW in. 
Software Outputs 

Density Db.DD lb/ft3 
Modulus of elasticity E.EE lb x 10°/in.2 

MOE low point E.EE lb x 108 /in:• 
Location of low MOE L 
T-counter at low point TTT. µS/2 ft 



ACCELEROMETERS 

T-COUNTERS 
(10 EA) 

(µ.s TIMERS) 

DEVICE I 

T-COUNTER 

INTERFACE 

DEVICE 2 

IMPACTOR 
CONTROL 

SYSTEM 
BUS 

LOAD 

CELL 
1------1 WEIGHT(DPM 

LENGTH 

DEVICE 3 

~----1 DATA INPUT 

Fig. 1 Lumber grading ma­
chine. Software techniques 
for microprocessors are il­
lustrated by this system, 
which computes the modu­
lus of elasticity (stiffness) 
of a specimen of lumber 
from the velocity of a longi­
tudinal compressive stress 
wave induced by a sole­
noid-operated hammer. Pro­
gram releases the hammer, 
reads elapsed-time intervals 
from counters, and com­
putes modulus of elasticity 
from these and from manu­
ally entered data 

D2 = 1728 D1 

MOEn = ~) 

THUMBWHEEL 

SWITCHES 

FOR DATA ENTRY 

7- SEGMENT 

DECIMAL DISPLAYS 

FOR DATA OUTPUT 

WIDTH 

THICKNESS 

FUNCTION 

MOE-
LO POINT 

MOE­
AVERAGE 

LP LOC
1

N 

T-COUNT 

DENSITY 

Density in poqnds per cubic inch, 
from the specified dimensions (L, 
W. T) and weight (w), for further 
computation 

Density in pounds ;per cubic foot, 
the standard unit, for display 

Modulus of elasticity (MOE) for 
each segment of the specimen (up 
to 10) in millions of pounds per 
square inch; computed from the 
density and the ipverse velocity 
(microseconds per foot) of the 
stre(;s wave 

MOELP = min (MOEn) Lowest MOE in any segment (weak­
est part of the board) 

1 n 

MOE..,.,= - ~ (MOEn) 
n i 

Average MOE for all segments of 
a single specimen 

For display, all outputs, except location, consist of 

three or four digits with decimal point; the location 

output is a single digit indicating the section of lum­

ber that has the lowest MOE value. Additional out­

puts provide abnormal result indications, including, for 

example, errors detected by the firmware, interrupt 
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DEVICE 4 

DISPLAY 
INTERFACE 

DEVICE 5 

CONTROL 
PANEL 

CONTROL ---------
MPU ---------
M.S~Q~:! __ _ 

SYSTEM 

PROCESSOR 

response failures, operator errors, divergent counter 

values, and power problems. If any of these are un­

recoverable, yet another output tells the operator to 

reset the system and start again. 
Since the system was composed of untested hard­

ware and software, software design goals were formu­

lated to minimize potential problems: 

• Many tasks were written in modular form with 

arguments (data var iables) passed through reserved 

areas in the read/write memory. While inline code is 

less difficult to write, isolating programming errors in 

it is more difficult. Modularity would have been less 

important in a smaller program [ours occupies 2048 

bytes of read-only memory (ROM)]. 

• Programming shortcuts were avoided, even at the 

cost of additional space in ROM, so that those not 

intimately familiar with the software can follow its 

logic more easily. For the same reason, the symbolic­

language listings contain many comments. 

• A test program, written as an integral part of the 

software, serves three purposes: it aids initial hard­

ware debugging of the system, assists operators check 
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" 
NAM EXAMPL 
OPT M 

ADDRESS DEFINITION AREA 

CNTRBD EQU $07FE CONTROL BOARD ADDRESS = 07FE 

STACK 
* 

RESTRT 

IRQ 

NM! 

SWINT 

ORG 0 START OF RAM 

FIRST 256 BYTES = DIRECT ADDRESSING AREA 

ORG 

RMB 
RMB 
RMB 
RMB 
RMB 
RMB 

ORG 

$OOF9 STACK SAVE AREA 

MPU CONDITION AREA 
ACCUMULATOR B 
ACCUMULATOR A 
INDEX REGISTER 
PROGRAM COUNTER HIGH 
PROGRAM COUNTER LOW 

$0800 START OF ROM 

PROGRAM AREA 

ORG 

FDB 
FDB 
FDB 
FDB 

END 

$0FFB 

IRQ 
SWINT 
NM! 
RESTRT 

MPU PO INTER AREA 

DEVICE INTERRUPT 
SOFTWARE INTERRUPT 
NON-MASKABL E INTERRUPT 
RESTART ADDRESS 

Fig. 2 Software structure. Program begins 
with definition of 1/0 equipment and ad­
dresses, and specifies that storage be­
gin at address 0. Pushdown stack is de­
fined at end of 256-byte directly address­
able portion of memory, followed by pro­
gram. Fixed pointers for responding \O 
interrupts are at end of program 

for proper system operation, and when problems occur, 
helps maintenance personnel troubleshoot the system. 
• To permit sections of code found to be in error 
to be patched without recompiling the entire program, 
blocks of no-operation (NOP) instructions were scat­
tered throughout the program. Since this is not as easy 
as it sounds, the process will be described later. 

Program Structure 

While a program's structure depends heavily on the 
application, the basic structure of the program which 
was written for the lumber-grading machine (Fig. 2) 
demonstrates concepts that are applicable to many 
programs in general. For example, 256 bytes of read/ 
write memory, with the address range from '0000' through 
'OOFF' are directly addressed. (Addresses in hexadeci­
mal notation appear in single quotes (') in the text, and 
are preceded by a dollar sign ( $) in the listings. When 
neither mark is used, the notation is decimal.) In our 

preferred address structure, described in Part 1 of this 
article (Computer Design, Sept 1975, p 74), this directly 
addressed area of memory was followed by another, 
accessible with the extended address mode, up to 
'077F'; this upper area is not needed in the lumber 
tester, hut remains clear. The next address is '0780', 
the first of up to 127 I/O devices; the 128th address, 
'07FF', is reserved for a dummy device that is "read" 
in response to an interrupt. All I/O devices, therefore, 
have addresses of the form '07mn', where m ranges 
from '8' to 'F' and n from 'O' to 'F'. Finally, the pro­
gram itself begins at '0800' and ends at 'OFFF', a 
2048-hyte area usually implemented in ROM. 

The listing begins with a program name (such as 
EXAMPL) and a list of options (in this case, only option 
M-which specifies that assembled code is reproduced 
on a specified output medium such as printer or 
punched tape, and is also retained in the memory, so 
that a simulation or other process can immediately 
follow assembly. Other options are available with most 
assemblers, specifying the exact machine configuration, 
available peripherals, and so on.) Device addresses are 
assigned with EQU, an assembler directive or pseudo­
instruction, which replaces all occurrences of the sym­
bolic addresses with the assigned numerical addresses. 
In the partial listing only one such address is shown, 
that of the control board, symbolically designated 
CNTRBD. 

The first origin statement, ORG, directs the assembler 
to store the machine-code listing in memory, beginning 
at address 0, to take advantage of the microprocessor's 
direct-addressing capability. Another ORG places the 
stack at the end of this directly addressed area; the 
symbolic address STACK indicates address 'OOFF', and 
successive bytes pushed into the stack go into loca­
tions having successively lower addresses. Since seven 
bytes are required to store all the data that must be 
saved when responding to an interrupt, the second ORG 
begins '!t 'OOF9' (seven bytes beginning at this loca­
tion end at 'OOFF') . Individual items in the stack are 
identified by the directive RMB (Reserve Memory Byte) 
accompanied by a number that indicates how many 
bytes should be reserved. 

While only the stack shown was implemented in the 
lumber tester, a small buffer area was left in the 
memory immediately preceding the stack as a precau­
tion against possible software or hardware errors that 
might prevent the stack pointer from being reset, thus 
destroying data in the memory. This precaution would 
fail in microprocessors where the stack pointer normally 
loops from the end of the stack area to the beginning, 
if the pointer were to keep on decrementing; but it can 
prevent destruction of data by any occasional mishan­
dling of the stack pointer. 

ROM program area is next; it begins with a third 
ORG, to '0800'. The program itself is not shown here; 
however, the four symbolic addresses are entry points 
to user's routines that begin at the hardware-defined inter­
rupt and restarting addresses. The microprocessor unit 
(MPU) is internally designed to address four predefined 
areas among the highest addresses in the range when 
these events occur; the ORG to 'OFF8' defines the 
last eight bytes to be used for this purpose. FDB is an­
other assembly directive which "Forms a Double Byte." 

For example, a device interrupt causes the MPU 
to branch to location 'FFF8', which turns out to be 
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(a) HARDWARE INTERRUPT 
OCCURS WITH INTERRUPTS 
ENABLED 

MPU SAVES MACHINE 
STATE IN STACK 

MPU PICKS UP INTERRUPT 
HANDLER ADDRESS AT 
1

FFF8
1

AND BRANCHES 

SET IRQACK BIT IN 
CONTROL BOARD 

LOAD ACCUMULATOR VIA 
NONEXISTENT DEVICE 
ADDRESS (DUMMY READ) 

RESET IRQACK BIT IN 
CONTROL BOARD 

SERVICE ROUTINE FOR SERVICE ROUTINE FOR 

DEVICE 1 DEVICE N 

MPU RESTORES PREVIOUS 
MACHINE STATE FROM 
STACK 

MAIN PROGRAM RESUMES 

INTERRUPT 
HANDLER 

DEVICE 
DEVICE 

(b) 

REfURN BYTE = 01 
RETURN BYTE = 02 

CNTRBD EQU $07FE CONTROL BOARD ADDRESS 

DUMMY EQU $07FF DUMMY ADDRESS 

IRQ 

SKIP 

SERVDl 

SERVD2 

ERROR 

INTERRUPT HANDLER 

LOA A #$04 
STA A CNTRBD 
LOA A DUMMY 
CLR CNTRBD 
CMP A #01 
BNE SKIP 
JMP SERVDl 
CMP A #02 
BEQ SERVD2 
JMP ERROR 

IRQACK BIT :JN 
SET IRQACK LATCH 
GET INTERRUPT! NG ADDRESS 
RESET IRQACK LINE 
DEV I CE 1 INTERRUPT ? 
NO, GO SEE IF DEVICE 2 
YES, GO ~ERVICE 
DEVICE 2 INTERRUPT.? 
YES, GO SERVICE 
NO, ERROR CONDITION 

SERVICE DEVICE 1 

SERVICE DEVICE 2 

SERVICE ERROR CONDITION 

Fig. 3 Interrupt handler. Flowchart (a) shows general form of MPU's response to i·nterrupt from one of several 

devices. Blocks in color correspond to detailed listing (b), which shows how MPU determines which of two de­

vices caused interrupt 

a pointer to IRQ, the address of the beginning of the 

routine that services the device interrupt. Although the 

MPU executes a branch to an address with the most 

significant four bits true, shown by the first of the three 

F's in the hexadecimal address, the ROM is wired to 

ignore those bits and to use the address 'OFF8' instead. 

A similar response follows the Software and Non­

Maskable Interrupts ( SWI and NMI) . The fourth pre­

defined area, RESTRT, is entered whenever the power 

passes from a low to a high state. In general, this 

address is set at the start of the program where the 

software initialization takes place. 

As mentioned earlier, blocks of NOPs were inserted 

at intervals throughout the program. Care is required 

in choosing where to insert them, to avoid difficulty 
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with relative branches, for example. We used blocks 

containing from two to eight NOPs-the larger blocks 

in areas that were judged to have a higher p:rohability 

of errors. These blocks provide space for insertion of 

instructions to correct erroneous sequences without hav­

ing to change addresses throughout the program. If 

ROM consists of several integrated circuit (IC) pack­

ages, this scheme a lso allows errors to he corrected 

in only those chips that contain the error, without re­

coding the entire ROM. 

Special-Purpose Routines 

In the lumber tester, interrupts are handled using an 

interrupt acknowledge, rather than with the software 
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polling scheme, as suggested in MC6800 literature. 
Det~ils of the interrupt response are described in Part 
I (p 72). Essential steps in the associated software 
(Fig. 3) check for one of two possible interrupts. If 
neither is valid, the program transfers to an error 
routine. 

Upon recognizing an interrupt condition, the MPU 
disables fqrther interrupts and branches to the inter­
rupt handler routine. Accumulator A is loaded with '04', 
which is all O's except the third bit from the right end. 
This byte is then sent to the control board-that is, it is 
"stored" in the location occupied by the control board. 
The solitary I in this byte sets the interrupt acknowledge 
( IRQACK) latch. Accumulator A is then loaded with 
the interrupting device address via the dummy read. 
As described in Part 1 and previously in this part, no 
device responds to the symbolic address DUMMY except 
when it has highest priority among those devices that 
caused an interrupt. After acquiring the interrupting 
address, the control board is cleared, turning off the 
IRQACK line. The remaining compare, branch, and jump 
instructions in the routine determine which device 
caused the interrupt. A number sign ( #) specifies an 
immediate address. 

Generally, after this routine has been executed, in­
terrupts are re-enabled. Again, it is important to recog­
nize that the return byte for the dummy read can be 
set up to represent an address, number, index, or any­
thing with a specific meaning relative to a particular 
interface. 

Likewise, BCD algorithms using the Decimal Adjust 
Accumulator (DAA) instruction can be confusing. An 
example of such an algorithm implements BCD divi­
sion with repeated Subtract (SUB) and DAA instruc­
tions. It is based on a prenormalized restoring algorithm, 
in which each digit of the quotient is generated by 
counting the number of times the divisor must be sub­
tracted from the dividend to obtain a negative result. 
When the negative result appears, the quotient count 
is complete, so the divisor is added (restored) once. 
The sum is the remainder, if the quotient's last digit 
has been counted up; otherwise, it is shifted left and 
the process is repeated. 

As implemented in the lumber tester, the quotient 
is a fixed-point BCD number with an extra binary 
byte containing the decimal point displacement. If 
necessary, divisor and dividend are normalized by shift­
ing left one digit at a time until the most significant 
digits of both numbers are nonzero. (If the divisor 
is small, normalization gives it a string of trailing O's.) 

In the process of successive subtractions, beginning 
after normalization, SUB will not work with the DAA 
instruction, as pointed out in the description of the 
instruction set (see "MC6800 Instruction Set,'.' p 87). 
Therefore, instead of subtracting the divisor, the lO's 
complement of the divisor is added; the lO's comple­
ment is obtained by replacing each digit of the divisor 
with the difference between it and 9, and adding I 
to the resulting number. Equivalently, the extra 1 is 
added first, simplifying the instruction sequence. (Again, 
the complement of a small normalized divisor has a 
string of trailing O's). 

In each subtraction, the whole 8-digit divisor is sub­
tracted from the whole dividend. However, since the 
8-bit microprocessor can accommodate only two digits 
at a time, several passes through an inner loop are 

required for each individual subtraction. One such 
subtraction increments one digit of the quotient; if the 
difference is still positive, there is an iteration through 
an outer loop that repeats the several inner loops. 
After one digit of the quotient has been counted up 
to the proper value, the dividend is shifted one place 
to the left and the whole process of inner and outer 
loops is repeated for the next digit of the quotient. 
A separate index register keeps track of which quotient 
digit is accumulating. 

The key idea in the algorithm, the central part of 
which is detailed in Fig. 4, is use of the DAA instruc­
tion to convert the results of adding decimal numbers, 
which the hardware interprets as binary, and use of 
a complemented-add instead of subtraction, since the 
DAA will not work following the latter. The program 
first clears the memory location in which the digits 
of the quotient will be collected. Then the carry-bit, 
part of the condition-code register, is set to I, starting 
the routine's outer loop, in preparation for forming 
the IO's complement of the divisor. As are other quanti­
ties in the system, the divisor and dividend are basically 
8-digit numbers before normalization, after normaliza­
tion, two digits are added at the high-order end of 
the dividend, making it a IO-digit number, to insure 
that the :q.egative result is detected at some point 
following repeatefl subtraction of the divisor. Both 
extra digits are 0. The process subtracts two digits 
(one byte) at a time, so that the whole length of the 
IO-digit dividend is serviced by five subtractions in an 
inner loop, generating one count of the quotient; thus 
the number 5 is placed in the index register. 

Next, the IO's complement is formed. This step be­
gins by placing the number '99' in BCD form in the 
accumulator. In BCD these digits are identical to their 
hexadecimal representations; therefore, they must be 
specified in hexadecimal (by the symbol $) in the 
listing. Hexadecimal specification is important, since 
the instruction uses the immediate address (the symbol 
#) , and if hexadecimal is not specified, the number 
99 would be placed in the accumulator in pure binary 
form, which would be incorrect. 

Then the number 0 is added with the carry-which 
simply adds the previously set carry-bit to the 99 in 
the accumulator, producing hexadecimal '9A'. From 
this, two digits of the divisor are subtracted, resulting 
in the lO's complement of those two digits. The index 
register specifies which two of the IO digits are comple­
mented. (When the divisor is small and the index 
register has been decremented no more than once or 
twice, these complemented digits are likely to be 00.) 

This lO's complement is now added to the corre­
sponding two digits of the dividend, and the result 
is converted to BCD by the DAA instruction. These 
are two BCD digits of the dividend after part of a 
single subtraction, which when complete adds one count 
to the quotient; the two digits are in the accumulator 
and must be restored to corresponding positions in the 
dividend-achieved with the Store Accumulator (STA) 
instruction, indexed as before. 

SUB, ADD, and STA instructions in the listing do 
not address the divisor and dividend as such, but in­
stead point to locations immediately to their left, as 
modified by the index. Since the symbolic address 
DIVISR points to the most-significant byte (two most­
significant digits) of the divisor' and since the con-
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INCREMENT INDEXED 
QUOTIENT DIGIT 

(a) 

START 

NORMALIZE 
DIVISOR 

SET INDEX FOR 
QUOTIENT DIGIT TO 
ZERO 

SET INDEXED QUOTIENT 
DIGIT TO ZERO 

SUBTRACT DIVISOR 

FROM DIVIDEND 

ADD DIVISOR 
TO DIVIDEND 

SHIFT DIVIDEND 
LEFT ONE DGIT 

INCREMENT INDEX FOR 
QUOTIENT DIGIT 

RETURN 

/ 
/ 

// 

DETERMINE 
FIRST DIGIT 

DETERMINE 

----- OTHER DIGITS 

/ 
/ 

/ 

/ 

DETAILS IN 
ACCOMPANYING 
LISTING 

// ....._~~~~~-

--- -- - --{RESTORE ) 

SETCRY 

SUB LP 

CLR QTEMP 
SEC 
LDX #5 
LDA A #$99 
ACA A #0 
SUB A DIVISR-1 ,X 
ADD A DIVIDN-1 ,X 
DAA 
STA A DIVIDN-1 ,X 
DEX 
BNE SUBLP 
BMI RESTOR 
INC QTEMP 
BRA SETCRY 

(b) 

CLEAR THE QUOTIENT DIGIT 
SET THE CARRY BIT 
INDEX POINTS TO BYTES IN DIVISOR AND DIVIDEND 

.LOAD ACCUM. WITH 2 BCD 9'S 
ADD THE CARRY BIT 
SUBTRACT TO GET TEN'S COMP. OF DIVISOR 
ADD DIVIDEND TO GET THE DIFFERENCE 
DECIMAL ADJUST TO GET GOOD BCD 
PUT THE DIVIDEND BYTE BACK 
DECREMENT THE INDEX 
LOOP UNTIL DONE 
IF RESULT NEG. GO RESTORE 
IF NOT COUNT THE SUBTRACT 
AND GO SUBTRACT AGAIN 

Fig. 4 BCD division. Outline of entire algorithm is in flowchart (a), beginning with elimination of leading O's 

in dividend and divisor, and showing how quotient is determined one digit at a time by successively shifting the 

dividend to the left. Each quotient digit is determined by counting number of subtractions of divisor from divi­

dend necessary to obtain negative result (colored blocks). Because microprocessor works in binary, this requires 

use of DAA instruction to restore result to BCD; because DAA will not work with subtraction, process requires 

that the divisor be complemented and added, as shown in detailed listing (b) 
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MC6800 Instruction Set 

The MC6800 offers the programmer an extensive set 
of instructions (see Table), which range in length from 
one to three bytes, as well as hardware features that 
include two 8-bit accumulators, a 16-bit index register, 
a 16-bit stack pointer, and a 6-bit condition-code 
register. 

Six different addressing modes enhance program­
ming flexibility: 

Immediate-Operand (data processed by the instruc­
tion) forms part of the im>truction, appearing in the 
second or second and third bytes of the instruction. 
Direct-Second byte of the instruction contains the op­
erand's address. The operand must be stored some­
where within the first 256 bytes of read/write memory, 
since that is the maximum space aqdressable by a 1-
byte address. 
lndexed-Conten.ts of the index register are added to 
contents of the second byte of the instruction; the sum 
is a 16-bit operand address. The 16-bit address allows 
the operand to be stored anywhere in memory, which 
can have a capacity of 216 = 65,536 bytes. 
Extended-Second and third bytes of the instruction 
form a 16-bit address of the operand in memory. The 
extended address is like the direct address except that 
its length removes the location restriction on the latter. 
Implied-Instruction implies the location of the op­
erand; for example, DECA decrements accumulator A. 
Relative-(Used only for branch instructions.) Con­
tents of the second byte of the instruction constitute 
a displacement that is added to or su~tracted from the 
program counter. 

Direct mode allows the first 256 bytes of memory to 
be accessed more rapidly than the rest, because the 
second byte of the address need not be fetched. How­
ever, not all instructions can use this mode; those that 
cannot include clear, increment, decrement, test, com­
plement, negate, and all shift and rotate instructions. 

Indexing can trip up the unwary programmer because 
only one byte is added to the 2-byte index register. 
In many computers, the address part of an instruction 
indicates one end of an array of data somewhere in 
memory, while the index register contains a small num­
ber that defines the exact point in the ·array where 
processing is currently taking place. As the computer 
reiterates a loop of instructions, the index register 
decrements; when it reaches O, control passes out of 
the loop to another program subroutine. In the MC6800, 
however, the index register holds such a large number 
that the programmer must take care that its contents, 
when added to the address in an indexed instruction, 
do not take the program out of the first 256 bytes of 
memory. While an indexed array could be elsewhere, 
if necessary, the index register would then have to 

tents of the index register are added to the numerical 
equivalent of this address, the - 1 is required to insure 
that the correct digits are involved in each iteration. 
For example, on the first iteration through this loop, 
if DIVISR were specified and indexed, subtraction would 
take place on the byte with the address DIVISR + 5, 
whereas the least-significant digits of the divisor are 
in DIVISR + 4. 

Since two digits of the origina l dividend have been 
replaced with two others following a partial subtrac­
tion, the index register is decremented. If this decre­
ment leaves a nonzero number in the register, subtrac­
tion is not yet complete; the routine returns to the 

carry a constant displacement-that is, the loop would 
end when the register decremented to a prescribed 
number, possibly large an(j cert~inly not O. 

Condition-code register bits indicate interrupt mask, 
negative, zero, overflow, carry, and half-carry-a carry 
from the low-order tO the high-order digit in BCD mode. 
They are set or cleared according to the result of in­
struction execution. Since not every condition code is 
changed by every instruction (details are given in 
MC6800 documentation), problems may arise if the 
programmer is not aware that, for example, the test 
instruction clears the carry and overflow bits, that 
decrement index does not affect the negative bit, or 
that compare index does not work with some condi­
tional branches. 

The MC6800 has no input/output (1/0) instructions; 
instead it treats device registers as if they were mem­
ory locations, somewhat in the manner of the Digital 
Equipment Corp PDP-11 minicomputer. Since most in­
structions can act on operands in memory without first 
moving them to an accumulator, 1/0 is strai'ghtforward. 

Binary-coded decimal (BCD) arithmetic is simplified 
by the Decimal Adjust (DAA) instruction, which follows 
a binary addition of two bytes (each consisting of two 
BCD digits) and adjusts the result to form the correct 
BCD sum and carry. Since DAA does not work follow­
ing a subtract, however, BCD subtraction requires a 
1 O's complement and an add and DAA. 

Subroutine calls are simplified by the Branch to Sub­
routine (BSR) and Jump to Subroutine (JSR) instruc­
tions, which store the contents of the program counter 
in the pushdown stack-a reserved sectiOf'1 of memory. 
Return from Subroutine (RTS) restores the most re­
cently stored program address to the program counter. 
Similarly, interrupts automatically save the six condi­
tion codes and contents of accumulators, index reg­
ister, and program counter in the stack, and transfer 
control to an interrupt address. Only one ex1ernal in­
terrupt ad(jress is available in the MC6800, which can 
not distinguish between different kinds of interrupts an~ 
branch to different addresses. Return from Interrupt 
(RTI) restores all this information. 

The Software Interrupt (SWI) instruction stores the 
same information in advance of an external interrupt, 
but branches to its own interrupt address. Wait for In­
terrupt (WAI) saves the information in the stack and 
suspends execution until an external interrupt occurs. 
This instruction speeds response to an expected inter­
rupt by skipping the stacking cycles. 

Three MC6800 instructions were known to cause 
problems (at the time this article was written). Clear 
Interrupt Mask and Set Interrupt Mask create a prob­
lem if they are preceded by certain byte values fetched 
from ROM ; Software Interrupt also causes a problem 
under certain specific conditions. Users should contact 
Motorola to obtain the latest information on these 
problems. 

start of the inner loop, reloading 99 into the accumu­
lator to obtain the lO's complement of the next two 
digits. On the other hand, if the index register now 
contains 0, subtr action is complete. If the most recent 
addition of the complemented divisor left a positive 
result, another subtraction is necessary; 1 is added 
to the quotient count and another outer loop is under­
taken. However , if two 9's have appeared in the two 
extra digit positions at the high-order end of the 
dividend, the result is recognized as negative, the 
quotient count is nmitted, and the program branches 
to a separate routine to restore the divisor. Two 9 's in 
binary are 1001 1001; the leading 1-bit is the negative 
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Mnemonic 

ABA 
ADC 
ADD 
AND 
ASL 
ASR 
BCC 
BCS 
BEQ 
BGE 
BGT 
BHI 
BIT 
BLE 
BLS 
BLT 
BMI 
BNE 
BPL 
BRA 
BSA 
BVC 
BVS 
CBA 
CLC 
cu 
CLR 
CLV 
CMP 
COM 
CPX 
DAA 
DEC 
DES 
DEX 
EOR 
INC 
INS 
INX 
JMP 
JSR 
LOA 
LOS 
LOX 
LSR 
NEG 
NOP 
ORA 
PSH 
PUL 
AOL 
ROR 
RTI 
RTS 
SBA 
SBC 
SEC 
SEI 
SEV 
STA 
STS 
STX 
SUB 
SWI 
TAB 
TPA 
TST 
TSX 
TXS 
WAI 

Instruction Set 

Instruction Descriptio11 

Add Accumulators (not with carry) 
Add with Carry 
Add 
Logical AND 
Arithmetic Shift Left 
Arithmetic Shift Right 
Branch if Carry Clear 
Branch if Carry Set 
Branch if Equal to Zero 
Branch if Greater or Equal Zero 
Branch if Greater than Zero 
Branch if Higher 
Bit Test 
Branch if Less or Equal Zero 
Branch if Lower or Same 
Branch if Less than Zero 
Branch if Minus 
Branch if Not Equal to Zero 
Branch if PIUS 
Branch Always 
Branch to Subroutine 
Branch if Overflow Clear 
Branch if Overflow Set 
Compare Accumulators 
Clear Carry 
Clear Interrupt Mask 
Clear 
Clear Overflow 
Compare 
Complement 
Compare Index Register 
Decimal Adjust (accumulator A only) 
Decrement 
Decrement Stack Pointer 
Decrement Index Register 
Exclusive-OR 
Increment 
Increment Stack Pointer 
Increment Index Register 
Jump 
Jump to Subroutine 
Load Accumulator 
Load Stack Pointer 
Load Index Register 
Logical Shift Right 
Negate 
No Operation 
Inclusive-OR Accumulator 
Push Data 
Pull Data 
Rotate Left 
Rotate Right 
Return from Interrupt 
Return from Subroutine 
Subtract Accumulators (not with carry) 
Subtract with Carry 
Set Carry 
Set Interrupt Mask 
Set Overflow 
Store Accumulator 
Store Stack Pointer 
Store Index Register 
Subtract 
Software Interrupt 
Transfer Accumulators 
Transfer Condition Code Register 
Test 
Transfer Stack Pointer to. Index Register' 
Transfer Index Register to Stack Pointer· 
Wait for Interrupt 

indication, which sets the sign bit in the condition code. 

These digits will always be 9 when the subtraction pro­

duces a negative result, so that the leading bit will 

always turn to 1 at this moment. If the two extra 

leading digit positions had not been added, the last 

subtraction might have produced a result having a first 

digit of less than 8 or 9; the microprocessor, basically 

a binary machine that can do BCD arithmetic with the 

aid of the DAA instruction, would not recognize such 

a result as being negative. 
Restoration is shown in the flowchart but not in 

the listing. It adds the true divisor to what remains 

of the dividend. 

Application Software 

The program structure, interrupt routine, and BCD 

division routine described to this point are generally 

useful in many applications. Specific software for the 

lumber-grading machine includes, for example, a power­

up restart vector, which transfers to a routine that 

clears the memory, initializes console lamps and dis­

plays, and generates a programmed reset through the 

control board. The machine is then ready, with inter­

rupts enabled, but not processing until the operator 

generates a command from the console. 

Similarly, the power-fail vector, a non-maskable inter­

rupt (NMI), transfers to a routine that turns on two 

console lamps, indicating the error and telling the op­

erator to reset the machine. These are important in 

short-duration power glitches, which might cause a 

problem since the operator would not otherwis'e be 

aware of them. An appropriate power-failure de~ector 

in hardware is necessary to utilize this routine. 

Routines that test the displays require a time in­

terval between changes so that the operator can visually 

check their operation. They use the software interrupt 

instruction (SWI) to transfer to a routine that gen­

erates a 1-s time delay. The same instruction can be 

used wherever else this delay is required-for ex­

ample, to delay execution of the ROM testing routine 

until the operator has had time to remove his finger 

from the start button after initiating the test. 

The prototype lumber-grading machine was designed 

as a research project involving many computational 

steps in the software. Future machines for commercial 

use based on this system could be restricted to lumber 

with standard dimensions. Such a restriction would 

eliminate the necessity for many calculations by per­

forming them with tabular methods. For instance, 

dimensions and weight of standard lumber could serve 

as indexes to a table containing density values, elimi­

nating two of the five equations previously listed. 

Software Development 

Development of software for a microprocessor general­

ly involves the use of another computer. This may 

be a large batch or time-sharing system, a minicom­

puter, or a developmental system based on the micro-
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processor itself. MC6800 software support, including 

such items as a cross-assembler and a simulator, was 

available through the General Electric and United 

Computing Systems time-sharing services at the time 

this article was written. Batch versions were also 

available. All these systems cost money; for small pro­

grams, hand-compilation may be less time-consuming 

and cheaper in the long run. 
With time-shared systems, assembly-language instruc­

tions are entered through a local terminal into a re­

mote computer, and are edited as required. Then, using 

the same terminal, support packages resident on the 

computer are invoked to assemble and simulate the 

program. Other packages, available through the termi­

nal, aid software development still further. These same 

software support packages may also be purchased to 

run in batch mode on the user's own computer facility; 

this may be less costly when users anticipate doing 

a substantial amount of software work with a par­

ticular microprocessor. 
Charges for time-sharing service vary between ven­

dors and depend on computer time used, file storage, 

terminal connection time, and amount of terminal I / O 

performed. There is generally an initial charge to the 

user for gaining access to the system; in some cases, 

there may be a minimum monthly charge for services. 

Some microprocessor chip manufacturers also put a 

royalty on computer time, which shows up in the billing 

to the user. 
Accumulated software development costs can be­

come quite significant with a sizable program. For 

example, even when using cost-cutting techniques, en­

try, assembly, and listing of a 2-kilobyte program for 

the lumber-grading project cost approximately $100 

• per run . Needless to say, some users cannot afford 

many program errors at those rates. 

Benchmark comparison of two time-sharing services 

offers a better understanding of the potential costs. 

A 60-byte program containing no errors was entered, 

compiled, and listed by both previously named services 

~ under the same conditions. While I / O charges were 38% 

cheaper on one system, computer time charges were 

36% cheaper on the other. However, since the gen­

erality of a benchmark is difficult to judge, potential 

users may profit by shopping around among various 

services, considering whether their needs are more I/ O 

or computation bound. 

Cost Cutting 

To reduce costs, we developed our software on an in­

house IBM 360/ 67 using a conversational text editor 

called WYLBUR. The program was entered, edited, and 

filed. Then, using editing capabilities, a shortened ver­

sion of the program was placed in another file, with 

all comments and unnecessary blanks deleted. This 

version was copied onto a local cassette tape and then 

read into a remote time-sharing system, thereby mini­

mizing both errors and the time required for entry. 

The remote computer assembled the program and sent 

the output back to the local cassette tape. Finally, 

this tape was read into a third file on the local 360/67 

and merged with original source code to produce a 

listing complete with comments and object code. 

To reduce software development costs even fµrther, 

a simple simulator for the MC6800 checked out por­

t ions of the microprocessor software on the in-house 

computer . The simulator repeatedly .dumps selected 

port ions of the memory as execution progresses, giving 

a series of "snapshots" of the process. While not as 

convenient as an interactive simulator, this simulator 

could make many r uns for the cost of one run on a 

time-sharing system. 

Conclusions 

With a few minor exceptions, the instruction set of 

the MC6800 is well laid out and easily learned. Per­

sons having only limited experience in programming 

should not be dissuaded from using this chip, especially 

for projects having small to moderate coding require­

ments. However, care should be taken to choose an 

appropriate interrupt scheme, which will minimize prob­

lems in coding space and response time. Also, although 

the MC6800 has a DAA instruction, decimal arithmetic 

is sometimes troublesome, requiring a considerabl~ 

amount of storage and posing problems in keeping 

track of the decimal point. For relatively large soft­

ware requirements, as was the case in this project, 

developmental costs of software can equal or exceed 

the investment in hardware. 
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lllll'OdllCilld 1200 fEEI 
of SIEP·MalE. • 

This is an ad about an unusual tape 
reader : Step-Mate. And about what 
makes it even more unusual than it 
already is: our new spooler. 

With the spooler, Step-Mate can 
handle up to 1200 feet of tape at a 
time, on 71/2-inch spools. The whole 
unit, only 83/4 inches high, fits in any 
RETMA rack. And, with a choice of 
three different connector types (edge 
card, ribbon, or subminiature 25-pin), 
it's exceptionally easy to interface. 

Step-Mate, if you don't mind our 
reminding you, is our reader which 
reads one character per command 
pulse. And it does this at speeds up 
to 150 characters per second. In addi-
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tion it has a life expectancy greater 
(probably) than yours, with LEDs for 
never-fail light sources, error-free 
phototransistor read sensors, a gentle­
on-the-tape barrel sprocket, a genu­
ine step-motor drive, and a self­
cleaning read head. Finally, it reads 
virtually all 5, 6, 7, and 8-level tapes 
without adjustment. 

So there you are, a new tape reader 
without equal, at a price also without 
equal , $905 with power supply, $795 
without. 

Our brochure will tell you more. 
Write for it. Or, for instant action, 
call collect. 

EECD 
FOR READERS 

1441 East Chestnut Avenue, Santa Ana, California 92701 
Phone 714/835-6000 
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Lower costs and higher reliability in optical character recognition 

bring data entry systems into a new developmental phase that utilizes 

marketing, mathematical, and engineering skills 

OCR System Design Benefits 

from Technological Advances 

Richard K. Dove 

Ball Computer Products, Incorporated 
Oakland, California 

Technological advances have recently enabled optical 

character recognition to enter a new phase of develop­

ment. These advances offer the system designer con­

siderably lower costs and higher reliability and ac­

curacy-a new cost-effective solution to old data entry 

problems. 
Furthermore, as part of this phase, both systems and 

product designers have learned that they cannot assure 

success by simply applying the latest state-of-the-art 

components and techniques. They now realize that suc­

cess is most likely to result from an integrated design 

team that combines the skills of engineers, mathemati­

cians, and marketing people. 

This phase-transition results from advances in paper 

transports, in scanners and digitizers, and in recogniz­

ers-as well as in system integration. Transports bring 

the document into position for data entry; scanners 

and digitizers transform data on the document into 

patterns of electrical pulses; and recognizers interpret 

those patterns and translate them into conventional 

standard codes for further processing. 

Advances in Paper Transports 

One of the problems that mechanical designers live 

with has been aptly expressed: "There is no such thing 

as mechanical hi-fi." These mechanical limitations must 

be tolerated in many electronic systems, including op­

tical character recognition (OCR) devices, where serious 

difficulties arise from the mechanics of paper movement, 

the source of most machine failures. For example, 

a machine cannot scan documents any faster than it 

can unstack and restack them. Although it can work 

faster with heavy paper or card stock, it should be 

able to accommodate less expensive and lighter papers, 

including common bond, which have irksome aerody­

namic qualities. 
Vacuum and friction belts, previously not feasible 

in many designs, can now be useful if they are made 

from certain new materials that are based on synthetic 

fibers impregnated with natural or synthetic rubber. 

In particular, rubberized nylon is such a material; 

another is neoprene with dacron. Both of these are 

very strong, and have good friction characteristics and 

long wear. 
For example, one simple paper-feeding mechanism 

uses four l/2-in. wide belts, side by side, that extend 

into the top margin area of a stack of forms placed 

facedown directly on the scanner (Figs. 1 and 2) . 

After the bottom sheet has been read, the friction belt 

pulls it out of the scanning area, through a gate ad­

justed to let a single sheet pass but not two. This 

belt mechanism functions as both picker and trans­

porter; documents need not be moved before scanning. 

The weight of the stack itself, with perhaps a cap 

to hold down the last few sheets, is the force that 

creates the friction against the belt. If the transport 

mechanism fails, documents may be manually placed 

on the scanner; unfortunately, if the scanning mecha­

nism fails, the transport is useless. 

Other mechanisms feed the top sheet from the stack, 

which must rest on a pallet that rises as the stack 

diminishes in height (Fig. 3) . In general, these mecha­

nisms require that the sheet be moved into position 

for scanning, and then moved out to make room for 

the next sheet. 
Nevertheless, moving paper, even at low speeds, 

makes the registration problem difficult. To maintain 

rigid and positive control over a moving piece of paper, 
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Fig. 1 Simple transport 
assembly. Success of 
this method of moving 
paper in an optical char­
acter reader is due in 
part to a new high-fric­
tion material used in the 
four belts that carry the 
paper 

mechanisms must be designed with such close tolerances 
that the incidence of mutilated documents rises sharply. 

Since any device that moves documents is subject to 
jamming, the product designer must not only make 
paper-jam clearing easy, but must also keep such jams 
and other single-point failures from seriously affecting 
the system's throughput. Most downtime of electronic 
systems is attributed to its mechanical portions-in an 
OCR system, the paper mover. As OCR equipment cost 
continues to decrease, instant service response by resi­
dent engineers grows less economical. Thus, to protect 
installations that cannot tolerate downtimes of more 
than 15 minutes or so, an OCR system's paper-trans­
port mechanism should be designed so that, if it fails, 
documents can be manually placed for scanning. 

One way to bypass some paper handling problems 
is to keep the paper stationary and move the scanner. 
Although scanners in the past have required solid mount­
ing, the advent of plastic lenses, which make optical 
systems much lighter, as well as other weight savings 
that are possible with the newer solid-state electronic 
devices, have made the use of moving scanners feasible. 

However, moving the scanner introduces a new prob­
lem: finding a way of getting electrical signals from 

the moving scanner to the rest of the system, which 
remains stationary. This can be done using flat cables, 
developed to withstand many million flexings before 
failure. These cables are used, for example, in IBM's 
3886 and in the Ball Computer Products OCR 7600, 
both of which use mechanically moving scanners. 

Advances in Scanners and' Digitizers 

In its simplest form, a scanner consists of a light 
source, a means of directing the light over the two 
dimensions of a document, an optical subsystem to 
form an image from the reflected light, and a light 
sensor to detect the resulting image. The scanner must 
also be capable of correlating each sample of reflected 
light with the coordinates of the position on the 
scanned document from which it was obtained. 
The source must provide enough light in the short time 
allowed, limited by the instantaneous character recog­
nition rate, to insure a good signal-to-noise ratio in 
the sensor and to permit adequate resolution in the 
digitizer, while not exceeding the amount of heat that 
is allowable. 

In recent years, beginning with the invention of the 
laser, many new components have been developed that 
improve scanner technology. The most interesti!lg ad­
vances have come in solid-state technology, including 
silicon junction diodes, self-scanned linear arrays, light­
emitting diode arrays, TTL-compatible phototubes, sili­
con photodiodes with modified spectral response curves, 
and hybrid packaging of photosensing devices. Others, 
however, are not to be discounted, such as fiber optics, 
high resolution vidicons, and optical shaft encoders. 
These developments increase scanning speed, improve 

PICKER/SEPARATOR 
INPUT 
DOCUMENTS 

~--- -----:;:-;.---- - -i-.~~ \ L"a.~ L'.<l 

SCANNING GLASS 

Fig. 2 Paper transport 
mechanism. Cross-section of 
assembly pictured in Fig. 1 
shows how documents are 
scanned before being moved. 
Stack of documents is placed 
facedown on glass platen; 
scanner moves under glass 
to read data from bottom 
document. After scanning, 
picker pulls bottom docu­
ment from stack; transport 
deposits it in one of two 
output hoppers, usually de­
pending on whether it was 
read successfully 
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Fig. 3 Alternative transport 
method. Some OCR machines re­
move top document from stack, 
pull it under a scanner (read sta­
tion), pause for reading, then drop 
it into one of two or more output 
hoppers 
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resolution, and reduce the size and weight of the 

scanner-the last opening up possibilities for moving 

subassemblies. Eventually, volume production of these 

components will considerably reduce associated manu­

facturing costs. 
One of the primary problems in choosing a light 

source is obtaining enough illumination without generat­

ing too much heat. A significant advance in this re­

spect, the laser, produces an extremely narrow beam 

of coherent light and does not waste power; it con­

centrates the full power of the light source on that 

portion of the document which is being illuminated, 

losing none to the surrounding area. Additional ad­

vantages of the laser are that the light beam itself 

can be directed to effect the actual scanning; the usual 

red light is well suited to silicon junction sensing, thus 

using energy efficiently. 
Primary drawback of the laser is the danger that 

its beam will enter someone's eye, causing severe dam­

age or blindness; consequently, it can generate an un­

comfortable feeling in the minds of operators and 

other personnel near the machine, even when the beam 

is shielded. Lasers also tend to make production ma­

chines difficult to ship and install. 
Flash tube technology has been refined to a state 

that may lead to a significant breakthrough. For in­

stance, a flash tube could be used in conj unction with 

a high resolution vidicon in a high speed OCR system. 

As documents are moved continuously past a scan area, 

a high speed strobe unit would illuminate the entire 

document; the vidicon would capture all the data in­

stantly, and scan it electronically while the next page is 

moved into position. 
Tungsten filament bulbs have become brighter, small­

er, and lighter, all concurrently; their output wave-

length is suitable for sensing in a silicon junction. 

Their small size makes them suitable for use in mechan­

ical scanners previously mentioned. 

Light-emitting diodes produce wavelengths well matched 

to those sensed by silicon junctions and, like lasers, 

use energy efficiently. They are available in linear 

arrays, which can be coupled with a single sensor [as 

in the IBM 3886 (Fig. 4)] to achieve a scanning digi­

tization that is the inverse of the digitization of an 

array of photodiodes coupled with a single light source 

(as in the Ball Computer Products OCR 7600) . 

Scanning the Document 

Light can be sensed from various points on a 2-di:men­

sional document in any of several ways. In some appli­

cations, the problem is considerably simplified if only 

one or two lines on each document must be read. If 
these documents contain many lines of printing or 

graphic material from which the alphabetic characters 

must be distinguished, the data to be read must be 

identified in some way that is intelligible to the OCR 

machine. This identification may be as simple as pre­

cise placement of the characters on the document or 

the appearance of a special character at the beginning 

of readable lines; or it may require a servo-controlled 

search. 
If, however, many lines or a whole page must be 

read in toto, a true 2-dimensional scan is necessary 

(Fig. 5). The scanner may be fixed, and the documents 

moved past a read station; difficulties in moving docu­

ments have already been discussed. Second, the scanner 

may move as a unit, going from point to point over a 

fixed document, presenting both mechanical and inter­

connection problems. Third, a combination of these is 

Fig. 4 Multiple light source 
scanner. One method of scan­
ning documents is to move an 
array of sources (light-emitting 
diodes in this example) back 
and forth across the document, 
in the X direction, turning on 
one source at a time to scan 
at different levels in the Y di­
rection. Output is an image of 
the character in the buffer 
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possible, with the scanner moving in the X direction 
and the document in the Y direction, or vice versa. 
Fourth, the direction of the optical imaging path may 
change--an alternative that also presents problems, 
because optical paths that change direction usually 
also change length, and therefore must be refocused. 

However, at least one optical reader curves the docu­
ment along a cylindrical arc and deflects the imag­
ing path along the same arc without refocusing it. 
Another approach is to make the focal length of the 
optical path very long relative to the degree of de­
flection, so that focusing changes caused by deflection 
are negligible. However, this requires either a physical­
ly large (but not necessarily heavy) scanner, or a con­
voluted optical path with many mirrors, prisms, and 
lenses. 

With fiber optics, a fifth alternative becomes pos­
sible: a bundle of fibers can be mechanically trans­
ported across a document, providing an imaging path 
of constant length from source to document. 

One manufacturer has put a series of self-scanned 
linear photosensing arrays end to end, with a total 
length equal to the full width of a page. Documents 
move past this array, which reads everything in its 
field across the whole width of the page, in a single 
sampling. Data are shifted out of the array serially 
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between samples. While this design is imaginative, 
it is also extremely expensive, compared to alternative 
ways to use the same technology. Linear arrays cost 
$300 per half inch, and this design ties up $5100 in 
sensing devices alone in a scanner for 81f2-in. wide 
pages. Whether or not this particular design will be 
successful in the market depends on future cost reduc­
tion in arrays, which may or may not bring the price 
to a competitive level. 

Vacuum-Tube and Solid-State Sensors 
The sensor, which is more or less independent from 
the scanning method, was originally a photomultiplier. 
However, silicon photosensors, self-scanned arrays, and 
spectral response modification offer reduced weight and 
size, 'ITL compatibility, and a better spectral response, 
leading to smaller packaging and lower costs; they 
also contribute to other possibilities ·such as the mechan­
ical scanning previously mentioned. 

Photomultiplier tubes, which respond primarily to 
ultraviolet light, are also sensitive to visible light that 
is emitted by paper and ink, some types of which 
fluoresce under ultraviolet light. This spurious radiation 
is a source of noise, and papers emitting it were for­
bidden in old OCR systems. The problem was largely 

Fig. 5 Scanning techniques. In some machines, 
the scanner (1) is fixed while documents move 
beneath it; in others (2) documents are fixed 
while the scanner moves. A third technique (3) 
swings the scanner (or a mirror) back and forth 
over a quasi-cylindrical document that incre­
ments along the axis. Focusing problems are 
minimized (4) by using a long beam path with 
small deflections. Fiber optics (5) keep both 
document and scanner motionless, directing light 
through flexible "pipe" 
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eliminated by the introduction of silicon photosensors 
which respond to infrared light. Recent developments 
in silicon technology have produced photosensors that 
respond to shorter wavelengths; their spectral response 
curves are said to be green- and blue-enhanced. These 
devices, offered by several manufacturers, provide prod­
uct designers with a much wider choice of characteristics 
and media interaction. 

Photomultiplier tubes are necessarily rather bulky, 
while silicon photosensors can be closely packed into 
complex linear and planar imaging arrays, arranged 
either in a straight line or in a square array. How­
ever, silicon photosensors, singly or in arrays, do have 
disadvantages, some of which have been overcome by 
recently developed types of vacuum phototubes. Some 
phototubes, for example, are compatible with solid­
state cir'cuitry. In others, new cathode materials offer 
a much wider selection of spectral wavelength sensi­
tivity than that obtained with silicon technology or 
the classical photomultiplier. Other advantages include 
higher resistance in the dark, higher sensitivity and 
linearity, and long-term stability. 

All sensors react to incoming light to an extent that 
varies with its intensity-that is, they are analog rather 
than digital. Therefore, their outputs must be con­
verted into digital form-usually with rather low reso­
lution. Four bits provide 16 levels of resolution, which 
is adequate for most documents. Successive 4-bit units 
corr'espond to the black and white areas of the docu­
ment crossed by a narrow stripe across a character or 
line of characters swept during a scan. (The reflec­
tance of whole characters varies too little from one 
to another in samples of equal quality, and too much 
between samples of different quality, to be reliably 
recognized as such. A whole character, or a whole 
line of characters, is therefore assembled during the 
recognition process from several successive scans across 
small parts of characters.) These 4-bit units are gen­
erally easily distinguishable from one another, unless 
the document being read is unusually faded or dirty; 
therefore, they are replaced by 1-bit equivalents. For 
example, on a perfect document, printed with dense 
black ink on bright white paper, black may be re­
corded as 1111 and white as 0000, which are replaced 
by 1 and 0, respectively. The same document, using 
faded black ink on old newsprint, might be recorded 
as 1101 and 0011. Although these numerical equiva­
lents to intensity of reflected light are closer together 
than in the perfect case, they are also easily dis­
tinguishable, and are replaced by 1 and 0. An isolated 
flyspeck might be picked up in either case, recorded 
as a dark ( 1100) , and replaced with an isolated 1 in 
a field of O's, but the recognition algorithm would 
ignore it. A problem might arise with a coffee ·stain, 
which might show up as an intermediate 0111 amid all 
the 0000 and 0001 for white paper and the 1101 and 
1110 for black ink; the white and the black could 
be easily classified, but the stain might be put into 
the wrong class and confuse the algorithm. 

From 1000 to 1500 of these successive equivalent 
bits, obtained from scanning a single character, are 
stored in a buffer (Fig. 6). A recognition algorithm 
acts on data in the buff er, transforming them into 
individual characters in computer code, usually seven 
or eight bits per character. 

Advances in Recognizers 

Matrix matching provides the most straightforward 
method for recogmzmg characters. Basically, this 
technique compares an image of an unknown character 
with a set of idealized patterns, identifying the un­
known character with the one pattern to which it cor­
responds most closely. At one time, optical matching 
with masked cathode-ray tubes was tried; more re­
cently, idealized patterns have been made with resistor 
arrays which are faster and can compensate for mis­
alignments more easily. 

In such an array, resistors are connected to various 
stages in a long shift register (Fig. 7) into which 
the bits of an individual character are shifted from 
the scanner/ digitizer. Certain combinations of bits cor­
respond to individual characters that the system cap 
recognize; when those combinations line up with the 
corresponding resistors, a current pulse appears in the 
line corresponding to that character. Smaller pulses 
appear from time to time in other lines as the bits 
propagate through the register, but only one pulse is 
big enough to unequivocally identify the character. The 
diagram is a vastly simplified representation of such 
an array, which in a practical system would have 
several hundred shift register stages, one horizontal 
line for each character in the set it can recognize, 
which might number several dozen, and thousands of 
resistive interconnections--60 to 100 for each character. 
However, one resistor array must be built for every 
character in the font to be recognized; consequently, 
the method is both bulky and costly. 

These factors become especially significant in multi­
font machines-those capable of recognizing characters 
in any of several fonts-and have stimulated the use 
of semiconductor memories to store the matrix patterns. 
Read-only, programmed r·ead-only, and read-mostly mem­
ories have all been used this way, maintaining high 
speed while achieving a new degree of flexibility. 

Recognition can be performed in software as well 
as in hardware. Large general-purpose computing sys­
tems have been doing this for many years, working 
with patterns much more complex than simple alpha­
numeric characters. Similar techniques are now pos­
sible with minicomputers, subject to the drawback of 
low speed that is intrinsic to software. While many 
OCR applications are well suited to these speeds, others 
are being served with hardware-augmented software 
recognition methods. Such implementations relegate 
high speed digitization totally to hardware, using soft­
ware strictly for making decisions. 

Some optical character recognition systems now on 
the market can read a limited set of hand-printed 
characters-usually the ten decimal digits, a few letters 
of the alphabet, and some special symbols. Minicom­
puters offer a potentially cost-effective means to extend 
the recognizable sets, possibly to all 26 letters, com­
mon punctuation marks, and business and technical 
symbols. 

Further decrease in cost can be expected when micro­
processors are applied to OCR. Although they are not 
fast enough yet, they have already shown attractive 
cost reductions in other applications. 

Software techniques and hardware-augmented tech­
niques now available include versions of the fast Fourier 
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transform. These transforms can be processed quick!) 
and inexpensively using currently available hardware 
sub assemblies. 

Eventually, character recognition using holographic 
techniques will be developed. This will represent the 
closing of a full circle, because it will be a return to 
the original optical matrix-matching technique. A holo­
graphic mask containing a coded "A," for example, 
used with a laser, could pinpoint the location of all 
A's on a given document simultaneously. Coordinates 
of these locations would correspond to memory loca­
tions into which A's would be loaded. Then the pro­
cedure would be repeated with other masks correspond­
ing to other characters. Whether or not holography 
can be used with degraded print quality may be the 
primary technical problem. 

System lnte9ration 

Whether holographic techniques or any other tech­
nology will find their way into successful commercial 
machines depends on a total system design approach 
rather than specific component selection. This approach 
requires system designers to select a component tech­
nology that is consistent with successful integration 
of the recognition system with its expected environment, 
including operator interaction, serviceability, and data 
input and output. 

Selecting correct component technologies will not 
in and of itself guarantee a successful design because 
many human factors must also be considered. Opera­
tors of some previous OCR systems, which had bright 
flashing lights and laser beams, whirling gears, moving 
belts, flying paper, and loud bumps and clunks that 
shook the floor, were best recruited from the engine 
room of a battleship. Today's system designers might 
consider packaging their equipment in a physical con­
figuration that resembles card readers or office copiers, 
to allow operators to use familiar document loading 
techniques and ordinary stop and go buttons. 

High speed applications, such as mail sorting and 
credit card processing, may well continue with today's 
physical monstrosities simply because they store docu­
ments efficiently after recognition. There are, however, 
many prospective mediµm and low speed reading ap­
plications that will require reasonably compact devices 
resembling standard input and output data processing 
peripherals. A large market exists in business environ­
ments for document-to-OCR-to-magnetic tape, where the 
tape will be processed later at a different location. 

For such remote data capture, businesses cannot af­
ford specially qualified operators. A secretary who 
can operate a Xerox machine should also be able, 
with equal ease, to perform data entry functions on 
an OCR machine. 

The large numbers of machines that are designed 
and installed in this new phase will require service 
from time to time. Inevitably, some of this service will 
be rendered by less than fully capable service people, 
or by third party service organizations. Another critical 
factor is the loss of data entry redundancy that will 
arise as one OCR machine replaces from five to 12 
keypunches; while loss of a single keypunch machine 
in such an installation only slightly degrades the data 
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Fig. 6 Scanned character 
in buffer. After analog 
sensor output is con­
verted to digital form and 
then into individual 1 's 
and O's, the bits are 
stored in computer words 
which, if arranged in the 
proper order and rendered 
visible, would resemble 
the original character. 
This representation is in­
put to the recognition al­
gorithm 
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Fig. 7 Resistive recognition. Bits representing an in­
dividual character propagate through the shift register 
(top) in different combinations for different characters. 
Each bit causes a current pulse in resistors that con­
nect the register stages to the horizontal character 
lines; for a particular character, the resistors form an 
adder that accumulates a larger pulse in the line cor­
responding to that character than in any other line. 
In practice, the register has hundreds of stages, dozens 
of character lines, and thousands of resistors 

entry process, downtime on the OCR machine can stop 
the whole system. 

For these reasons, machines should be designed for 
maintenance by exchanging modules, and should re­
quire no tools, simple tools, or perhaps built-in tools. 
Furthermore, systems should be capable of self-diag­
nosis that can isolate the most common failures. OCR 
designs based on mini- and microcomputers can easily 
incorporate sophisticated self-diagnosic features at small 
additional cost. 

Similarly, machines must be installable by field per­
sonnel rather than factory engineers, without critical 
alignments; and must permit easy crating for shipment 
by ordinary transport without sustaining damage to 
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critical parts. These criteria make laser systems less 
and less desirable. 

Throughput, Accuracy, 
and Error Correction 

The only meaningful measure of speed in a character 
recognition system is the throughput achieved at the 
output interface. It should be stated in terms of the 
number of forms output per hour across the interface 
for a given input quality and kind of document type. 
This throughput figure has little to do with instantane­
ous scanning speed or recognition speed, because paper 
movement generally accounts for a significant fraction 
of system operating time. In many systems, degraded 
input copy requires lines or even whole documents to 
be rescanned, further reducing the throughput. Finally, 
the size of the document can be critical, as can place­
ment of characters on that document; they affect, re­
spectively, the ease of handling by the mechanism and 
the time required for the scanner to find the beginning 
of the data that are to be read. 

Although accuracy is a function of the scanning and 
recognition process, it is measurable only at the output 
interface, where it can be subjected to real-time correc­
tion processes. Quoted reject and substitution rates 
(proportion of characters not recognized or incorrectly 
recognized) are virtually meaningless, because they are 
contingent upon the quality of the input documents. 
The only meaningful measure of these rates is a suffi­
ciently large sample of real rlocuments run through the 
machine, followed by an output analysis. 

Some currently available machines offer sophisticated 
error detection and correction techniques. When the 
machine encounters an unrecognizable character, it can 
display it on a cathode-ray screen, perhaps with the 
context. An operator at a console can often figure 
out what the rejected character should be and enter 
it through a keyboard. Some systems may stop and 
wait for such corrections; others store rejected lines 
on a magnetic tape or disc to wait for more leisurely 
correction while continuing to process other documents. 

Substitution errors in textual input-an occasional 
misspelled word or even a name-carry enough con­
text to be recoverable, whereas the misrecognition of 
numbers can cause devastating problems through in­
accuracy. Nevertheless, numerical substitutions can be 
recovered through a few simp~e techniques. Check digits, 
for example, can be used with serial numbers, part 
numbers, invoice numbers, or similar input, and veri­
fied by the machine. Forming part of the number, the 
check digit is related to the other digits by an explicit 
formula. Other numbers, such as prices on an invoice, 
cannot have check digits, but can be checked for ac­
curacy by arithmetic techniques. For example, an in­
voice ordinarily lists both the prices for the individual 
items and the total bill; individual prices as read by 
the OCR system can easily be added up and compared 
with the total as read. If the recognized sum and the 
internally computed sum are different, a substitution can 
be presumed somewhere along the line. For both types 
of numbers, the substitution is detected, but not cor­
rected. It can only alert the operator or the system 
that an error has occurred. 

Scanner resolution also affects accuracy. A recognizer 
working from digitized characters in a 7 x 9 matrix, 
over the long run, will give considerably different re­
sults from a similar recognizer working with a 20 x 
32 matrix. Here again, accuracy or departure from 
accuracy manifests itself at the output interface. 

Input Is Important 

The data input interface is more important than it 
may seem. Customers buy optical character recognition 
systems to serve as tools in processing important docu­
ments. They are interested in the scannable documents, 
not in the machine that processes them. A corollary 
to this is that an OCR system, whenever possible, must 
process existing forms in their present formats and 
on their present paper stock, using the same ink. Try­
ing to sell a customer a system that works only with 
redesigned forms is almost sure to fail. 

On the other hand, selling the customer a system 
with the assurance that it will work with his present 
forms, when in fact it would work better with rede­
signed forms, is likely to create ill will. His forms 
may contain data that the machine should ignore, or 
preprinted information that it should pick up along 
with variable data printed in a different ink. With OCR 
registration (accurate placement) of printed data can 
be important. With such considerations as these in 
mind, forms redesign could make the difference be­
tween success and failure. 

At least two machines now on the market can de­
scribe the format of a scannable document and differen­
tiate scannable from nonscannable areas in a flexible 
manner. 

Rapid technological advances in the computer and 
peripheral industry can make a machine purchased to­
day obsolete tomorrow. To combat obsolesence, an 
OCR system's fixed mechanical and electronic components 
can he built with general-purpose control capability, 
with readily alterable operational characteristics stored 
in memories, floppy discs, or other interchangeable 
media, so that the user can upgrade his system at 
minimum cost. Such machines are most flexible when 
controlled by a minicomputer or microprocessor. At 
least one machine now on the market maintains all its 
operational characteristics on a single floppy-disc 
cartridge-including recognition font algorithms as well 
as the document processing and scanning control sys­
tems. As new fonts or more sophisticated error-correc­
tion techniques become available, this machine's users 
will benefit from them without replacing the machine. 

Richard K. Dove holds a BSEE degree 
from Carnegie-Mellon University, Cur­
rently director of marketing at Ball Com­
puter Products, where he is responsible 
for three product lines, his background 
includes experience in systems pro­
gramming and in systems analysis. 
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I DESIGN NOTE I 

Index-Register Logic 

Saves One Instruction per Loop 

David Mandelbaum 

Army Electronics Command 
Avionics Laboratory 

Fort Monmouth, New Jersey 

Two added registers and a few gates eliminate a decrementing instruction 
from a loop, thus increasing a program's speed under some conditions 

Index registers-an important sub­
system in any modern digital com­
puter--contribute to easy program­
ming and fast execution of repeated 
subroutines (loops) , by simplifying 
address modification through added 
logic hardware. Even greater speed 
of indexed loops is possible if the 
programmed instruction that incre­
ments or decrements the index reg­
ister is eliminated,* through use of 
additional hardware. It can save one 
instruction per loop. 

If the number of instructions in 
a loop is small and the number of 
times the loop is executed is large, 
the modification may save a sufficient 
amount of computer time to warrant 
the cost of the extra hardware. The 
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modification is clearly application 
dependent; it could pay off hand­
somely in some dedicated systems, 
and not pay off at all in others. 

For example, a simple loop can 
consist of four instructions-in mem­
ory locations Ai, A2, A3, and A4-
that are to be repeated in sequence 
a predetermined number (N) of 
times. Initially, an index register 
( XR) is loaded with the number N. 
Suppose the fourth instruction in the 
loop decrements the XR hy 1 and 
tests to see if the XR contains 0. 
If it does, the program exits from 
the loop and executes the instruc­
tion at the next address, A 5 ; but if 
the XR does not contain 0, the pro­
gram returns to the instruction at 

Ai for another iteration, address Ai 
being specified as an operand address 
of the instruction in A4• Many com­
puters contain index-register logic 
that works in essentially this way. 

The programmed instruction in A4 

can be eliminated by adding extra 
registers and logic. One new register, 
called the index address (IA) reg­
ister, is loaded with address A3 

before beginning the first iteration 
of the loop (just before or just after 
loading N into the XR) . A second 
new register, called the loop address 

*D. Mandelbaum, "On Parallel-Acting 
Index Registers," IEEE Transactions on 
Computers, Mar 1971, p 361 
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The 
don't-do-it-yourself 

microcomputer 
The Plessey MIPROC 16. 

Not just bits and pieces of hardware, 
hassle and headaches, but a full-fledged, 
ready-to-use, high-speed computer on 
a card. 

Ideal for real-time, 
real world systems 

The MIPROC 16 is the perfect replace­
ment for hardwired logic in any high­
speed application, OEM or end-user. 

Use it for process control and data 
acquisition. Machine tools and intelligent 
terminals and instrumentation. Periph­
eral control and data communications. 
FFT processing and digital filtering. 

There's even a ruggedized version 
for avionics and navigational systems or 
severe military and industrial environ­
ments. 

Quick and powerful 
Our MIPROC 16 has a 350 ns cycle time, 
16-bit word length and 82 instructions. 
With our parallel fetch 
and execution, most in­
structions take a single 
cycle. Conditional 
branches take 700 ns. 
And multiply I divide 
times are 5.6/11.2 µs. 

The Plessey MIPROC 
16 is a powerful, functional 
"black box" that's ready 
to go the day you get it. 

A complete support system 
With 2 years of field use behind it, the 
Plessey MIPROC 16 can get your designs 
into your systems faster, for less. 

It's supported by an experienced sys­
tems group and technical staff, a versatile 
prototype development system and a 
FORTRAN IV cross-assembler and simu­
lator for use on the Tymshare and GE 
Mark III networks. 

And besides the computer, we can 
provide high-speed core and semicon­
ductor memories, high performance tape 
readers, and interfaces for a broad range 
of peripherals. 

Ask for the Plessey MIPROC 16, 
16 bits of high-speed, functional com­
puting power. 

8 PIESSEY 
MICROSYSTEMS 
(714) 540-9945 
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The hext time you buy a microprocessor, you don't have 
to sign away your freedom of choice. 

The AMI S6800 family is totally unbundled. You can 
order any part of it with no strings attached. 

You're free to take just the MPU and hook it up with 
somebody else's peripherals. Or you may like the speed 
and density of our SK ROM and the organization of our 
128 X 8 RAM. If that's the case, you can use our 
memories with another company's microprocessor. 
The same goes for our communication and peripheral 
interface chips, Modem, and 16 or 22 pin 4K RAM. 

For software support. you're free to use AMI's new 
relocating macroassembler, linking loader and simulator 
- all available on a major time-sharing service. You don't 
even have to buy the processor to get this support. 

So the AMI S6800 doesn't make you a slave to us. 
It's even second sourced by Motorola, which gives 
you more independence and keeps us on our toes. 

But think about this: our S6800 is the fastest, 
most cost-effective microprocessor family in 
the world. And the easiest to get along with, 
because the whole system goes together 
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without any TTL So a funny thing is happening. 
Although we don't insist on bundling, many of our 
customers do. 

Whether you want the whole bundle or just part of it, 
feel free to call our sales offices for brochures and 
information. 

SALES OFFICES: 
Manhattan Beach CA, (213) 379-2452 •Mountain View 
CA, ( 415) 969-0610 • Altamonte Springs FL, ( 305) 830-8889 
•Elk Grove Village IL , (312) 437-6496 •Norwood 
MA, (617) 762-0726 • Livonia MI, (313) 478-9339 • 
Minneapolis MN , (612) 546-3354 • Monsey NY, 

(914) 352-5333 •Cleveland OH, (216) 292-6850 •Ambler 
PA, (215) 643-0217 • Richardson TX, (214) 231-5721 • 

American Microsystems Inc., 3800 Homestead Road, 
Santa Clara CA 95051 . ( 408) 246-0330. 

it's 
standard 
at AIM ii. 

AMERICAN MICROSYSTEMS. INC. 
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Here's 
AMI: 
SALES OFFICES 

Manhattan Beach CA• (213) 379-2452 
Mountain View CA• (415 ) 969-0610 
Altamonte Springs FL• (305) 830-8889 
Elk Grove Village IL• (312 ) 437-6496 
Norwood MA• (617 ) 762-0726 
Livonia Ml• (313) 478-9339 
M inneapolis MN• (612 ) 546-3354 
Monsey NY• (914) 352-5333 
Cleveland OH • (216) 292-6850 
Ambler PA• (215) 643-0217 
Richardson TX• (214 ) 231 -5721 

DISTRIBUTORS 

ALTA ELECTRONICS : 
Utah - Salt Lake C ity (801 ) 486-7227 

ARROW ELECTRONICS : 
M innesota - Bloomington 

(612) 888-5522 

CENTURY ELECTRONICS : 
New Mexico - Albuquerque 

(505) 292-2700 

INTERMARK ELECTRONICS : 
Wash ington - Seattle (206) 767-3160 

~ SCHWEBER ELECTRONICS : 
Cal iforn ia- Costa Mesa (213) 924-5594 

and (714) 556-3880 
Connect icut - Danbury (203) 792-3500 
F lorida - Hollywood (305) 927-0511 
Georgia - Atlanta (404) 449-9170 
Illinois - Elk Grove Village 

(312 ) 593-2740 
Iowa- Cedar Rapids (319) 393-0100 
Maryland- Rockville (301 ) 881 -3300 
Massachusetts - Waltham 

(617 ) 890-8484 
M ichigan - Troy (313) 583-9242 
M innesot a- Ed ina (612 ) 941-5280 
New Jersey- Somerset (201) 469-6008 
New York- Rochester (716) 461-4000 

Westbury (516) 334-7474 
Ohio-Beachwood (216) 464-2970 
Texas-Austin (512) 837-2890 

Dallas (214) 661 -501 o 
Houston (713) 784-3600 

Canada - Miss issauga, Ont . 
(416) 678-9050 

SEMICOMP CORP ; 
Cal iforn ia- Newport Beach 

(213) 971-5253 and 
(714) 833-3070 

STERLING ELECTRONICS : 
Arizona - Phoenix (602) 258-4531 
Louisiana - Metairie (504) 887-7610 
Massachusetts - Watertown 

(617 ) 926-9720 
New Jersey- Perth Amboy 

(201 ) 442-8000 
New Mexico- Albuquerque 

(505) 345-6601 
Texas- Dallas (214) 35 7-9131 

Houston (713) 627-9800 
V irginia - R ichmond " Meridian" 

CB04J 335-6521 

R.V. WEATHERFORD CO .: 
Arizona - Phoenix (602 ) 272-7144 
Californ ia- Anaheim (714) 54 7-0891 

Glendale (213) 849-3451 
Palo Alto (415) 493-5373 
Pomona (714) 623-1261 
San Diego (714) 278-7400 

Colorado - Englewood 
(303) 761-5432 

New Mexico-Albuquerque 
(505) 842-0868 

Texas-Dallas (214) 243-1571 
Houston (713) 688-7406 

Washington - Seattle (206) 243-6340 
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Parallel comparison. When the last instruction in the shortened loop is 
fetched, equality of the contents of index-address (IA) and instruction-address 
(IAR) registers decrements the index register (XR), which forces another pass 
through the loop, unless it has been decremented to 0 

(LA) register, is loaded with ad­
dress Ai, also before executing any 
part of the loop (see Figure). 

When the processor fetches the 
instruction in A3, the contents of its 
instruction .address register ( IAR) 
match those of the IA register; the 
equality condition is a signal to 
decrement the XR. If this makes 0 
appear in the XR, the computer's 
next instruction is in location As 
(the IAR is incremented normally 
and A4 has been deleted) ; but if 
the XR is not yet 0, LA register 
contents are transferred to the IAR, 
so that the next instruction again 
becomes the first instruction in the 
loop. 

Two additional registers (IA 
and LA) and associated gates are 
required, together with simple arith­
metic logic for decrementing the 
XR. In some computers, the main 
arithmetic unit is used for this decre­
menting; but if that unit is in use 
while the last instruction in the loop 

is being executed, a separate decre­
menter is necessary. 

A similar modification that is more 
generalized requires a third added 
register (RA) in addition to the IA 
and LA registers. The RA is set with 
a specified number before beginning 
the loop. Then, when the contents 
of the IA and LA registers match, 
XR's contents are compared with 
those of the RA, and the program is 
made to branch or not branch, de­
pending on the match. Special in­
structions in the program before the 
loop is entered specify what hap­
pens at this point. Another modifica­
tion can specify that the XR be 
incremented or' decremented by steps 
greater than 1. 

These additional instructions are 
executed only once, before the loop 
is started; they save one instruction 
per loop, which otherwise would be 
executed many times and detract 
significantly from the computer's op­
erating speed. 0 
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I TECH NOTE I 

Improved CRC Technique Detects 
Erroneous Leading and Trailing O's 

in Transmitted Data Blocks 

Hugh C. McKee 

The MITRE Corporation 
Bedford, Massachusetts 

New bit-oriented data communication protocols using conventional CRC 
error-detection methods can fail when presented with erroneous leading 
or trailing 0-bits. A simple artifice overcomes this deficiency 

Conventional error detection proce­
dures with cyclic redundancy check 
( CRC) codes fail to detect erroneous 
leading or trailing 0-bits because, 
when the shift register implementing 
the code reaches an all-O's state, any 
number of additional O's can be 
shifted into it without changing its 
state. A solution to this problem is, 
first, to set the register initially to all-
1 's instead of all-O's, and second, to 
invert (ie, complement) the CRC 
check bits that follow each trans­
mitted block of data. 

This solution, developed by IBM, 
is being incorporated by the Ameri­
can National Standards Institute 
(ANSI) into its proposed Advanced 
Data Communication Control Pro­
cedures ( ADCCP1 ) , presently being 
developed by Task Group 4 of ANSI 

X3S3. (Committee X3 develops 
standards related to computer tech­
nology, and subcommittee S3 is con-

102 

cerned with digital data transmission 
between computers and related equip­
ment.) This article provides the 
rationale for the new procedure and, 
in doing so, presents some elemen­
tary concepts concerning error de­
tection, shift registers, and link con­
trol procedures. 

Background 
CRC error detection involves poly­
nomial division using modulo-2 ad­
dition, equivalent to the exclusive-OR 
logic function. The procedure will 
be illustrated with a specific example; 
a more formal and rigorous discus­
sion can he found in the classic 
paper by Peterson and Brown. 2 

In order to transmit the eight data 
hits 11101100 with detection of er­
rors arising during transmission, five 
check hits are appended. To deter­
mine what these five hits are, five 
O's are appended to the data bits and 
the string of 13 bits is divided mod-

ulo 2 by a divisor of six bits { ie, a 
fifth-order polynomial). In general, 
the division will not "come out 
even" ; there will he a remainder 
which replaces the five added O's. 
Choosing 100101 (ie, x5 + x2 + 1) 
for the divisor, the operation and its 
results are 

1110110000000 00001 
100101 = llllOlOl + 100101 

Adding the remainder 00001 to the 
data hits, the transmitted string be­
comes 1110110000001. 

In mathematical terms, the data 
hits to he transmitted are represented 
by the polynomial 

D (x) = 1 • x7 + 1 • x6 + 1 • x5 + 0 • Y.." 

+ 1 • XS + 1 • X
2 + 0 • x1 + 0 • x0 

= x7 + xe + x5 + xs + x2 

Adding the five O's is equivalent to 
multiplying this polynomial by x5, 

and the divisor corresponds to an­
other polynomial, P(x), whose order 
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D (X), FOR TRANSMISSION 
OR 

M (X), FOR RECEPTION 

Fig. 1 Linear feedback shift register. When a data block to be transmitted-viewed as polynomial D(x) or message M(x) as received-passes through this shift register, it is effectively divided by the polynomial P(x) = X5 + x 2 + 1, producing either a string of redundant check bits for the end of a message, or an indication of errors picked up dur­
ing the message transmission 

is the same as the number of check 
bits. The division is 

x
5 

• D (x} = Q (x) + R (x) 
P(x} P(x) 

Replacing the five added O's with 
the five bits of the remainder creates 
a new polynomial, M ( x) , the mes­
sage that is actually transmitted: 

M(x) = x5 
• D(x) + R(x) 

= 1110110000001 

When M ( x) is constructed in this 
manner, it is guaranteed to be evenly 
divisible by P(x) at the receiver, if 
no errors have been picked up in 
the communication channel. If, fol­
lowing the same division process at 
the receiver, R(x) =F 0, M(x) as 
received is known to contain one or 
more errors. ( CRC error detection 

TABLE 1 

Shift Register States in Simple CRC 

Shift 
Register Transmitted Bits 

Initial state 

\tansm\tted by -----------1~ 
sender 

Final state at 
rece\'ler 

00000 

10100 

11110 
11011 
11001 
01100 
10010 

01001 
10000 
01000 
00100 
00010 

00001 

00000 

0 

0 

0 

0 

0 

0 

0 

T 
D(x) 

CRC 
bits 

M(x) 

provides no information on the lo­
cation or number of errors.) If 
R ( x) = 0, we conclude that either 
no errors have occurred or an error 
has occurred which is undetectable. 

Any number of 0-bits may precede 
or trail M (x) and, when the di­
vision process is completed, the re• 
mainder will still equal 0. Thus the 
conventional CRC error detection 
procedure will not, by itself, detect 
the presence of erroneous leading or 
trailing 0-bits. 

Choosing the number of check 
bits, selecting a polynomial, and 
evaluating the probability of an un­
detected error is a rather esoteric 
art. The decisions are based Strongly 
on maximum length of the data block 
to be transmitted, probability distri­
bution of channel errors, highest 
probability of undetected error that 
is acceptable to the user, and efficien­
cy (ratio of data bits to data hits plus 
check bits) with which the channel 
is to be operated. 

Linear Feedback Shift Registers 
Linear feedback shift registers in 
CRC calculation perform polynomial 
division with modulo-2 addition using 
simple components. The shift register 
shown in Fig. 1 performs the cal­
culations for the preceding example; 
its successive states are shown in 
Table 1. 

The procedure begins by setting 
the initial state of the register to 0. 
After the last bit of D ( x) has been 
shifted into the register, its contents 
are the CRC bits, the same as the 
remainder calculated in the example. 
They would be shifted out of the 
register and into the communications 
channel at the transmitter. At the 
receiver, the identical division pro­
cess is performed on M(x). In the 
absence of channel errors, the final 
state of the register, as shown, will 
be 0. 

Link Control 

Starting and stopping the CRC com­
putation are typically determined by 
the link controller, usually a de­
vice connected to a processor's I/ O 
bus. It controls the line equipment 
( eg, a modem) and performs con­
versions between the parallel data 
format of the I/O bus and the serial 
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SYN • STX, • •• DATA CHARACTERS •• •• ETX • CRC . CRC 

Fig. 2 Character-oriented data 
block. Synchronizing characters 
(SYN) precede the block; start-of­
text (STX) signals its beginning and 
end-of-text (ETX) indicates its end, 

just before the CRC bits arrive 

OPENING FLAG CLOSING FLAG 
SEQUENCE SEQUENCE 

'\F , • • • DATA BITS ••• , FCS , F/ 

F = FLAG SEQUENCE= 0 1 1 1 1 1 1 0 

FCS= FRAME CHECK SEQUENCE ( 16 CRC BITS) 

Fig. 3 Bit-oriented data block. 
As proposed for ADCCP, this for­
mat permits any arbitrary se­

quence of bits in the data block 

data format of a communications 

channel. 
Most synchronous data communi­

cations circuits perform link control 

functions through the use of control 

characters in the American Standard 

Code for Information Interchange 

(Asen). A typical character-oriented 

link control procedure is IBM's 

Binary Synchronous Communications 

(Bsc) protocol. In this procedure, 

ASCII control characters STX and 

ETX delimit a block of data (Fig. 2). 

Control characters consist of seven 

ASCII bits plus one parity bit: 

SYN-(S y n ch r on i z at i o n) 

(0010110). One or more pre­

cede every data block and are 

used by the link controller to 

establish character framing 

STX-(Start-of-Text) (0000010). 

Indicates beginning of data 

block; used by the controller 

to determine when to begin 

the CRC computation 

ETX-(End-of-Text) (0000011). In­
dicates end of data block; its 

arrival at the link controller 

signals that the next two char­

acters constitute 16 CRC bits, 

and tells the link controller 

to stop the CRC computation 

Link controllers using the BSC pro­

tocol have no difficulty detecting er­

roneous leading or trailing O's. The 

reason, however, has nothing to do 

with the CRC computation; rather, 

it is because specific nonzero control 

characters are used to delimit a 

data block. Thus, for example, if the 

TABLE 2 

Shift Register States in Revised ADCCP 

Shift 
Register Transmitted Bits 

Nonzero initial state ~ 11111 

01111 -r 00111 

00011 1 

10101 0 D(x) 

01010 

1 10001 

11100 0 M(x) 

These CRC bits are complemented ___,. 01110 0 
before transmission 10010 1 i 11101 0 Inverted 

11010 0 CRC bits 

01101 0 J_ Unique nonzero final state ~ 00110 1 

STX character that immediately pre­

cedes the data characters is errone­

ously changed to all O's, the link con­

troller will refuse to accept it as a 

valid block delimiter. 
No such restriction applies to 

ADCCP, which is a bit-oriented, rather 

than character-oriented, link protocol 

-as are IBM's recently announced 

Synchronous Data Link Control 

(sDLC) and the High-Level Data Link 

Control (HDLC) of the International 

Standards Organization (ISO) . A 

data block in ADCCP is called a frame 

(Fig. 3). Flag sequences, which com­

bine the functions served by STX, 

ETX, and SYN in BSC, delimit the 

frame and establish character syn­

chronization. 
Unlike BSC, ADCCP places no re­

strictions on any of the data bits. 

Any combination of bits can be used 

anywhere in a message; yet ADCCP 

will be transparent to it. Transparen­

cy is achieved through the use of a 

0-bit insertion/ extraction technique. 

The transmitter inserts a 0-bit fol­

lowing five consecutive I-bits any­

where between the beginning and 

ending flag of the frame. The receiver 

continuously monitors the received 

bit stream. When five contiguous 1-

bits are received, the sixth bit is in­

spected: if it is a 0-bit, it is dis­

carded: if it is a 1-bit, the seventh 

bit is inspected. If the seventh bit 

is 0, a flag sequence has been re­

ceived: if it is I, an abort sequence 

has been received. As seen on 

the transmission link, 0-bit inser­

tion may increase the length of a 

frame by as much as 20%. For ex­

ample, if 100 consecutive I-bits were 

to be transmitted, a total of I20 bits 

would actually be sent (100 I-bits 

plus a 0-bit inserted after every fifth 

I-bit). 

The Problem 

In ADCCP, as in BSC, conventional 

CRC computations will fail to detect 

erroneous leading or trailing 0-bits. 

Unlike BSC, however, ADCCP has no 

means of distinguishing between false 

starts and true starts. CRC computa­

tion begins with the first non-flag 

character, rather than a specific con­

trol character, and continues until a 

closing flag is detected. As a result, 

if channel errors change the opening 

flag to all 0-hits, these hits will not 

change the state of the register 

which has b 11 inii I" d l 0 Th ' 
error will not he detected S · ~I 1 - im1 ar y 
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ITL01t'ERS 
YOUR TOTAL 
I~STALLED UOST. 
Want interconnecting and pack­
aging solutions as flexible as your 
designs? Want six weeks normal 
delivery on backplane assem­
blies? Three weeks turnaround 
on prototypes? Need standard 
metal backplanes at a real cost 
savings? Or delivered with 1/0 
connectors? Then compare what 
Cannon has to offer: total back­
plane capability, from initial 
design to final assembly. We can 
do it all-at a lower installed cost. 

For Printed Circuit Boards-

PR ESS-T-MATE™ Connectors: 
•Gas-tight joint• No soldering · 
• Replaceable contacts on .100'.' 
.125" and .156" centers • 
Removable contacts. 

For Metal Backplanes­
Cannon Edgecard Connectors: 
• Replaceable contacts on .100'.' 
.125" and .156" centers • Bottom 
preload •In-between contact pair 
polarizing. 

For 1/0 Connections to either 
of the above-Zero Insertion 
Force DL Connectors: • Rated to 
10,000 mating cycles• Remov­
able crimp snap-in contacts• 
Machine wi re-wrappable contacts. 
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ADAPTA-CON Post and Re­
ceptacle Printed Circuit Inter­
connections: • Contacts on .100'.' 
.125'.' .150" centers, single or 
double row. 

Applications: Computers • 
Business machines• EDP equip­
ment• Telecommunications. 

Today, find out how Cannon 
engineering can lower your total 
backplane installed costs. Send 
for "Cannon Cost Cutters" bro­
chure. Contact ITT Cannon Elec­
tric, 666 E. Dyer Rd., Santa Ana, 
CA 92702. (714) 557-4700. 
u~o~ EJ\TGIJ\TEERIJ\TG 
LOWERS YOUR UOSTS. 

CANNON ITT 
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SERIES 200 
Display Controllers 

Plus Keyboards, Video Monitors, & Accessories 

APPLICATIONS: Data Entry/Retrieval •Data 
Readout/Display •Industrial Monitoring/Control 
• TV/Video Tape Titling • TTY Replacement 
•Printer Add-On •Multi-Drop. 

TYPES: •RO(Read Only) •KSR(Keyboard 
Send/Receive) •ASR(Automatic Send/Receive). 

DISPLAYS: 7 Formats, 256 to 3200 Characters. 

AVAILABLE FEATURES: Alphanumerics, Graph­
ics. Video Overlay •Selectable Data Rates to 
9600 Baud • RS232-C, Current Loop, TTL 
Interfaces • I/O Multiplexing •Upper/Lower 
Case & Special Character Sets • Switchable 
Characters •Blinking, Dual Intensity, Reverse 
Video •New Line, Hold at EOL, Auto LF on CR 
•Protected Format, Compressed Transmission, 
Error Detection. 

Styling to match every application, configuration, and budget requirement. 
Engineering assistance for the toughest application. And immediate availability. 

See our listing in the 75/76 EEM, 
RnnRRBOR Volume l, Pages 134 through 140. 
1e:~""'1•NALS, •NC ... creating new ways to communicate 

6107 JACKSON RD .•ANN ARBOR, MICH. 48103•TEL : 313·769·0926•TWX : 810-223-6933 
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Whatever your hard-copy need - alpha-numeric/ digital print­
out; multi-copy; multi-color; ordinary calculator paper/pressure­
sensitive tape; card, label, fan-folded forms, sales slip, - one 
of our 12 basic field-proven impact printers will suit you 
perfectly. 
Products of Shinshu-Seiki, world-famous for a decade of re­
liability. Choose up to 21 columns, up to 42 characters/ column, 
3.4 lines/ sec printing speed. Lowest sample prices. 
Phone Hans Weck, Sales Manager, or write ... 

~ C. ltoh Electronics, inc. 
~ SYSTEMS & COMPONENTS DIVISION 
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~ 280 Park Avenue, New York, N.Y. 10017 
(212) 573-9456. Telex: WUD 12-5059 
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if channel errors change the closing 
flag to all 0-bits, when the last CRC 
bit is shifted into the register it will 
reach an all-0 state. The erroneous 
trailing 0-bits will not change the 
state of the register, and thus will 
not be detected. 

The Solution 

Non-detection of erroneous leading 
O's occurs because the shift re5ister 
is set to 0 before beginning a CRC 
computation. The solution, which is 
somewhat obvious, is to initialize the 
shift register to any nonzero value. 
Leading O's will then change the state 
of the register and be detected. In 
ADCCP, the register is set to all l 's. 

Non-detection of erroneous trail­
ing O's occurs because, in the ab­
sence of channel errors, the shift 
register reaches an all-0 state. Initial­
izing the register to a nonzero value is 
no help. The division process will 
still come out even, and the remain­
der will be 0. The solution, which is 
not obvious at all, is to transmit the 
l's complement of the CRC bits. In 
terms of the example, after D ( x) 
has been transmitted, each CRC bit 
is complemented (inverted) prior to 
transmission. This technique causes 
the receiving shift register to reach 
a unique nonzero state. Trailing O's 
will then change the state and be 
detected. This technique is illustrated 
in Table 2. 

There is more than one method 
of achieving a solution that is func­
tionally identical to the one described 
above. With respect to the example 
shown in Table 2, rather than pre­
setting the 5-bit shift register to an 
all-1 state, the first five data bits may 
be inverted prior to entry into the 
shift register. Starting with an all-0 
register state and inverting the first 
five data bits is functionally identical 
to starting with an all-1 state and not 
inverting the first five bits. (A math­
ematical description of the alterna­
tive design approaches is provided 
in Ref. 1, which may be obtained 
from CBEMA, 1828 L St NW, Wash­
ington, DC 20036.) 

Reference 

1. ANSI Document X3S34/ 589, Proposed 
American National Standard fo r Advanced 
Data Communication Control Procedures 
2. W. W. Peterson and D. T. Brown, 
"Cyclic Codes for Error Detection," Pro­
ceedings of the IRE, Jan 1961, pp 228-235 
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Get Tektronix 
TM500 
versatility 
• 1na 
counter / DMM 
combo 

*U.S. Sales Prices FOB Beaverton, Oregon. 

DC SOSA / DM S02 
for only $1900 

When you plug in a TEK­
TRONIX DC SOSA Uni­
versal Counter alongside 
a OM S02 Digital Multim­
eter, you get more than 
a 22S MHz counter and a 
full-function DMM. The 
TM SOO Mainframes that 
receive these plug-In 

, modular instruments fea­
ture a common interface 

circuit board, allowing the instruments to work together and with other 
instrumentation. For example, with the interface connections set up, you 
can read counter trigger level on the DMM at the touch of the INT 
(internal) pushbutton. Touch INT again, and you have separate and 
simultaneous universal counter and DMM capability. Among other exam­
ples: A TM SOO counter/DMM combo can work with the TEKTRONIX 
31 ;S3 Programmable Calculators for applications such as obtaining data 
from mechanical measurements. 

The 10 nanosecond clock rate of the DC SOSA Universal Counter ($139S) 
means you get single shot resolution to 10 nanoseconds in period or 
time interval measurements ... and resolution to 100 picoseconds on 
repetitive events when you set the averaging to 105 cycles. A single func­
tion switch selects FREQUENCY (channel) A, PERIOD (channel) B, 
RATIO A!B, TIME A+B, WIDTH B, EVENTS A DURING B, and TOTALIZE 
A. Flip the slide switch on the front panel to CH A or CH B to read chan­
nel A or B trigger level on an adjacent TM SOO digital multimeter con­
nected through the rear Rlug-in interfacing, or on other instruments, 
such as an oscilloscope, through the tip jacks on the front panel. The OM 
S02 Option 2 Digital Multimeter ($32S) measures ac and de voltage and 
current, dBm, dBV, and resistance. Temperature ($12S more) can be 
read in ° F and °C. A single front panel switch selects all ranges. A 
pushbutton called dB provides dB readout of ac functions in lieu of ac 
voltage or current, and the INT pushbutton selects the input available at 
the rear plug-in interface (trigger level from an adjacent DC SOSA 
counter or any other voltage routed to that point). But the OM S02 is 
even more versatile: Internal jumpers provide readout in dBm or dBV 
and FET input > 1000 Mn or 10 Mn input on the two lowest de voltage 
ranges. And the temperature probe lets you check for abnormally oper­
ating components in tightly packed circuitry. 

The TM SOO Product Line includes mainframes with 1, 3, 4, S, and 6 
compartments. Plug the DC SOSA and OM S02 into a TM S04, 4-compart­
ment mainframe ($180) for the equivalent of a monolithic instrument 
offering exceptional capabilities ... the DC SOSA/OM S02 Combo $1900. 
Utilize the additional compartments for later expansion, selecting from 
the total TM SOO line of more than 30 plug-in instruments including signal 
sources, power supplies, oscilloscopes, and more. 
Contact your local Tektronix Field Engineer for a DC SOSA / OM S02 
demonstration, or write Tektronix for the TM SOO Catalog containing full 
specifications and applications discussions. 
Write to Tektronix, Inc., P.O. Box SOO, Beaverton, Oregon 97077. In 
Europe write Tektronix Limited, 
P.O. Box 36, St. Peter Port, 
Guernsey, Channel Islands. 

TEKTRONIX@ 

-

committed to 
technical excellence 

For a demonstration, circle 51 on Inquiry Card. 
For more information, circle 52 on Inquiry Card. 
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Our bright engineers are 
turning us Into a bunch 
of order takers. 

Everybody should have 
our problems. 

Ordinarily, a salesman's life 
isn't easy. You're really working 
for your money. Then along 
comes ASTRO. The Universal 
Interface Chip that's an Asyn­
chronous/Synchronous Trans­
mitter/Receiver. Our bright 
engineers put it all into one 
chip. One chip, mind you. And 
everybody wants some. So we're 
busy writing and filling orders. 
But for all management knows, 
we're out there hustling. 
ASTRO. It's not just a 
better mousetrap. 

Actually, it's a link that's been 
missing all this time. State-of-

the-art. One chip that helps 
computers and terminals talk 
to each other. 32 ASTROS can 
be addressed on a bus. And our 
ASTRO is IBM blsynch com­
patible. Has transparent mode 
and full duplex capabilities. 
It can replace as many as 50 
chips in one computer-based 
system. And just think how 
many of those are being de­
signed today. It's mind-boggling. 
Seems there's no letup. 

Not to leave well enough 
alone, our engineers came up 
with the MCP 1600. A 3-chip set 
for microprocessors, originally 
designed by Western Digital 
and used in Digital Equipment 
Corporation's LSl-11 program. 
You can use the set to interface 
with all kinds of peripherals. 
Build it up so it bridges the gap 
between micros and minis. 
Another missing link. And that 

means more orders. 

CIRCLE 73 ON IN9UIRY CARD 

Now our engineers are 
talking about something else. 
Only a couple of months away. 
They claim it's management 
that makes them do it. Whoever 
is behind those schemes is 
doing something right. It sure 
beats knocking on doors. 

Keep those cards and letters 
rolling in. 

As usual, we in sales take 
the brunt of it all. Maybe one of 
these days, our engineers will 
get tired and design a me-too 
chip. Then we'll be out there 
selling again. In the meantime, 
we're filling orders. Probably 
yours, too. But if you're not 
convinced, give us a chance to 
sell you. (We need the practice). 
On anything in our line. Even 
on ASTRO or the MCP 1600. 
Write: Western Digital, 3128 
Red Hill Ave., Newport Beach, 
CA 92663; or call (714) 557-3550; 
TWX 910-595-1139. 

WESTERN 15 DIGl;.AL 

CD RP DRAT I ON 

The Smart Company with the 
Dense Chips. 
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If anybody can 
hand you the ready-made 
P/C connector you need, 
r we can. --, 
I That's because we have more of them when we make our connectors -we don't I 

on the shelf than anybody else we know. like to see your P/C designs compromised 

I 
We have them from .050 contact cen- by a make-do connector. So, we have a I 
ters through .156, from 6 to 210 contacts, lot of them. 
with full bellows, semi-bellows and canti- They're all cataloged in our latest 44-
lever designs, with gold saving AuTac™ page brochure. Send for your free copy 

I plating, low Insertion force contacts, in so you'll have it when you need it. I 
micro miniatures, dual and single read- Or, if you need help right now, just pick 
outs . . . and on and on and on. up your phone and call Customer Service. 

I 
We've been at this 23 years. And - (213) 341-4330. I 

because we don't compromise on quality 

Ok S d. D Details on your line of P/C connectors . 

I . . en me: D and, come to think Of it, your low cost circular connectors, too. I 
Name Title I Company I 
Address 

City State Zip 

I v;k;ngge~c~O~N9J:9h!:lw~ Cal;f 91311 
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COMPUTER 

System Teaches User 
How To Design Micro· 
Processor-Based Products 
A microcomputer system that serves 
both users who want to design their 
own microprocessor-based products 
and those who simply want to learn 
about microprocessor concepts has 
been announced by Mostek Corp, 
I3300 Branch View Lane, Dallas, TX 
75234. The general evaluation micro­
processor system ( GEMS-8) can func­
tion in applications such as test/in­
strumentation, data terminals, POS 

terminals, communications, industrial 
control, education, medical instrumen­
tation, or traffic light controllers by 
adding teleprinter interface, cabinet, 
and power supplies. 

Each system is made up of proces­
sor board designed around the MK 
5065, 8-bit microprocessor; a PAR 
(Programmer Aid Routine) ROM to 

Company Announces Price 
Reductions on Micro· 
Processors /Computers 

Price reductions ranging from 16 to 
23% have been announced by Pro­
Log Corp, 852 Airport Rd, Monterey, 
CA 93940 on its PLS-400 series 4000, 
4-bit logic processor systems and MPS-
800 series 8008, 8-bit microcomputers. 
Both series couple the microprocessor 
with memory, clock, and flexible 1/0 
circuitry for use in dedicated control 
and data processing. Crystal-clock cir­
cuits, previously an extra~cost option, 
are now standard. 
PLS-401, a I-card system, includes an 
Intel 4004 microprocessor, crystal 
clock, 256-word instruction p /ROM 
with 1024-word capacity, 80-char 
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aid in development of specific appli­
cation programs; and a I2K x 8 mem­
ory board with direct interface to the 
processor board. Software support in­
cludes a resident assembler which 
can generate object tapes from source 
tapes, an ASCII dump, which dumps 
memory in ASCII format, and a text 
editor for generating and modifying 
the source text prior to assembly. 
Documentation is provided through a 
system manual with detailed descrip­
tions of hardware, programs, and ap­
plications. 

The processor board has a universal 
I/O port, TTL-compatible variable 
baud rate, and 5I basic instructions 
with a typical execution time of 7 
fLS, and addresses a 32K x 8 memory 
space with IK RAM located on the 
board. Triple-level architecture al­
lows rapid interrupt servicing. The 
PAR ROM contains a standard load­
er and allows initialization of in­
ternal registers including the stack 
pointer, execution of the standard 
loader, writing and dumping of mem­
ory data, execution of user programs, 
and breakpoint operation. The mem­
ory board features totally transparent 
automatic refresh and separate ad­
dress, data input, and data output 
buses. Both data input and data out­
put can be wire-oRed. Power supply 
requirements are 5, ± I2 V for all. 
Price for the complete GEMS-8 sys­
tem is $995. 
Circle 170 on Inquiry Card 

data RAM with 320-char capacity, 
and external power-on reset; reduced 
from $355 to $295. 
PLS-402, a 2-card system, includes a 
256-word instruction p/ROM with ca­
pacity to I536 words, and an 80-
char data RAM with 320-char capac­
ity; reduced from $470 to $395. 
PLS-403, a 3-card system, includes a 
256-word instruction p/ROM with 
2560-word capacity card expandable 
to 4096 words, and an 80-char data 
RAM with 640-char capacity card 
(expandable to I280 char); reduced 
from $590 to $470. 
PLS-411, a I-card system, includes a 
256-word instruction p /ROM with 
capacity to 768 words, a socket for 
the Intel 8316 2048-word ROM or 
for a ROM simulator card, and an 

80-char RAM with 560-char capacity; 
reduced from $420 to $320. 
(-40I and -411 have I6 TTL input 
and 16 TTL output lines; -402 and 
-403 have 32 field-selectable TTL 
1/0 lines, card-expandable to I28. 
All have four MOS output lines.) 
MPS-803, a 3-card system, includes a 
256-word instruction p/ROM with 
1024-word capacity, and a 1024-word 
program or data RAM with 2048-word 
capacity; has 28 TTL I/O lines, field­
selectable in groups of four as input 
gates or output latches; reduced from 
$810 to $620. 
MPS-805, a 5-card system, includes 
a 256-word instruction p / ROM with 
2048-word capacity, and a 1023-word 
program or data RAM with 4096-word 
capacity p/ROM or RAM card ex­
pandable to 16,384 words; has 32 
TTL output latches and 32 TTL in­
put gates; 1/0 is card-expandable to 
192 output latches and to 64 input 
gates; reduced from $980 to $790. 
Circle 171 on Inquiry Card 

First of Software· 
Compatible pProcessor 
Family Announced 
Plug-compatible with the bus system 
of Motorola's MC6800, the MCS650I 
microprocessor has the ready and in­
direct memory access capability of 
Intel's 8080 and the on-chip clock of 
Fairchild's F-8. In addition, it uses 
instruction sets based on DEC's PDP­
Il. The 8-bit device is the first of a 
family of n-channel, silicon-gate, ion­
implanted, depletion-load microcom­
puter components to be announced by 
MOS Technology, Inc, 950 Ritten­
house Rd, Norristown, PA 19401. Al­
though the present device uses the 
same clock structure as the MC6800, 
future versions will not have that 
limitation. 

In addition to other members of the 
software-compatible microprocessor 
family, future announcements will in­
clude both compatible and advanced 
1/ 0 devices, ROMs, and RAMs, based 
on MC6800 bus architecture which 
the company feels will become an 
industry standard. The MCS6501 will 
sell for under $20. 
Circle 172 on Inquiry Card 
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MOD 10 

Front Loading 

SERIES-N 
Fixed Disc 

Top Loading 

NEW! WANGCO DISC and TAPE SYSTEMS 
for NOVA COMPUTERS 

W ANGCO's disc and tape OEM peripherals continue to 
set the pace in these new sub-systems that plug directly 
into NOV A computers, at money-saving low cost. 

With the W ANGCO Disc System, up to four disc drives, 
recording at 2200 bpi, with 100 tpi or 200 tpi capability, 
can be daisy chained to a single W ANGCO controller to 
achieve a maximum of 40 million bytes of storage. 

W ANGCO Tape Systems provide up to 10 times more 
tape configurations than Data General. Systems include 
WANGCO's new Magnetic Tape Adapter, and the widely 

accepted, dependable W ANGCO magnetic tape drives, 
configured to meet your computer or system require­
ments. 
Now, with W ANGCO sub-systems, you can expand your 
NOV A's capability, with increased disc or tape capacity, 
at many times the operating flexibility presently available 
from Data General. 

Phone or write for your W ANGCO sub-system data pack­
age. 

WANGCC 
SETTING THE PACE IN PERIPHERALS 

5404 Jandy Place, Los Angeles, Calif. 90066 
(213) 390-8081 

In Europe: W ANGCO Incorporated, The Lodge, 362 Cranford Lane, Harlington, Middlesex. England. Telephone 897-0202. 

Offices in France, Germany, Sweden, Switzerland, Australia, Brazil , Canada, I s rael , Japan and South Africa. 
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Microcomputer System 
Capabilities Enhanced 
By Added Components 
A number of additional components, 
including a higher performance CPU, 
which enhance the company's 8080-
based MCS-80TM microcomputer sys­
tem have been announced by Intel 
Corp, 3065 Bowers Ave, Santa Clara, 
CA 95051. Included are an 8080A 
CPU, with four options; two LSI CPU 
group components; and five program­
mable I/ O and peripheral devices. 

The 8080A CPU is a single-chip, 
8-bit parallel unit (byte processor) 
fabricated with silicon-gate, n-chan­
nel MOS technology, and is com­
pletely interchangeable with the 8080. 
Whereas the 8080 operated with a 
2-µs instruction cycle over the com­
mercial temperature range, the 8080A 
can operate at that speed over the 
military temperature range ( M8080A) 
and at 1.3 µs over the commercial 
range (8080A-l), providing up to 
35% more throughput than other n­
MOS microcomputers. Two other op­
tions are available: operation at 1.5 
µslcycle (-2) and 2 µslcycle (stan­
dard 8080A) , both over the commer­
cial temperature range. 

Full TTL drive on all outputs ( 1.9 
mA at TTL levels) enables the CPU 
to drive p/ ROM, ROM, and RAM sys­
tems directly. In addition, it provides 
direct interface to TTL or MOS I/ O 
devices. Logic improvements can be 
used to simplify direct memory ac­
cess (DMA) operations in smaller 
systems and interrupt control in larg­
er systems. Because the program 
counter is not incremented for each 
byte of the instruction, a multi-byte 
instruction can be used as an inter­
rupt vector. This facilitates control 
of more than eight interrupt levels. 
The use of vector information for 
interrupt definition allows a virtually 
unlimited number of priority interrupt 
levels to be processed by an 8080A­
based svstem. 

Functions which normally would 
require the addition of 10 to 15 TTL 
packages and a variety of discrete 
components for timing, bus control, 
buffer, interface, and other functions 
have been combined in the two CPU 
group components. A standardized 
bus structure permits all present and 
future MCS-80 components to be 
attached directly in building-block 
fashion. The group makes all CPU 
inputs asynchronous in nature, allow-
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ing other components to be attached 
to the bus without timing or interface 
problems. In addition, system noise 
immunity is increased. 

The 8224 clock generator includes 
a tank circuit that allows either 
overtone or fundamental crystals to 
be used, so that stable system tim­
ing can be achieved at any desired 
clock rate. Among the extra functions 
provided are TTL clock output, which 
is synchronized with MOS clock out­
puts; auxiliary timing functions, which 
can be used to establish communi­
cations baud rates, delays, or gating 
operations during DMA activities; and 
built-in control of power-on reset and 
"ready" synchronization (as well as 
control of single-step operation, often 
required in development work) . 

The 8228 system controller re­
places latches, TTL gates, and buff­
ers normally added to a CPU to 
isolate bus sections and attain asyn­
chronous bus control. It latches the 
CPU status and then generates I / O 
and memory control signals. In addi­
tion, it provides a built-in dual bi­
directional bus driver operating at 
bipolar drive levels, providing the 
current-sinking capability required 
for simple interfacing of the CPU 
with I / O and memory devices; isola­
tion of the data bus by the driver, 
allowing memory bus timing to be 
optimized independently and relax­
ing memory speed requirements; and 
built-in single-level interrupt vector. 

Programmable in the system with 
software rather than at the time of 
manufacture, programmable I/ O and 
peripheral devices enable operating 
modes to be changed dynamically 
during system operation. Variety of 
building blocks per system is mini­
mized, allowing the equipment man­
ufacturer to use a basic component 
set or microcomputer assembly for a 
wide variety of equipment models. 
The devices, all silicon-gate, n-chan­
nel MOS LSI, are: 
8251 programmable communications 
interface, a software-reconfigurable 
universal synchronous-asynchronous 
receiver / transmitter (USART) inter­
facing with serial data communica­
tions lines, implements virtually all 
serial communications protocols in 
use today, including IBM Bi-Sync, 
under program control. Unlike con­
ventional USARTs, it does not require 
supplementary posts, logic, or bus 
interfaces. Character length is vari­
able from 5 bits to a full 8-bit byte. 

Clock rate is variable. Asynchronous 
baud rates are de to 9.6 kilobaud, 
and synchronous baud rates are de 
to 56 kilobaud. In synchronous mode, 
sync character insertion is automatic. 

8255 programmable peripheral inter­
face provides three multipurpose, 8-
bit I/ O ports. The 24 I/ O lines can 
be combined in various software-or­
ganized configurations to interface 
peripheral devices. Built-in bit-set and 
-reset functions reduce the amount 
of software required to change con­
trol words in external equipment. 
High current output is provided for 
driving long lines, Darlington-type 
drivers, and displays. 

8253 programmable interval timer 
provides software-variable control of 
system timing functions, and gener­
ates such timing signals as baud rates, 
as well as time-out delays for mo­
tors and timing for peripherals. Three 
independent 16-bit counters allow the 
timer to simultaneously track three in­
dependent events. The device counts 
at de to 3 MHz, as well as in binary 
or BCD, eliminating conventional 
binary-to-BCD conversions and con­
version software. 

8257 programmable DMA controller 
interfaces bulk storage devices, and 
can provide DMA to multi-drive 
memories. It features four prioritized 
channels of DMA request logic, sim­
plifies use of system DMA/ hold func­
tions, and allows these functions to 
be "hidden" in the CPU execution 
cycle. The resulting increase in data 
transfer rate allows more efficient 
use of RAM. All channels provide 
modulo 128 and terminal count flags 
for disc sectoring and "transfer com­
plete" indication. 
8259 programmable interrupt con­
troller allows the system's response 
to interrupts to be varied dynamical­
ly. It simplifies interrupt control, in­
creasing system response speed. In 
addition, it simplifies ' programming 
and allows interrupt priorities to be 
varied "on the fly" whenever equip­
ment operating requirements change. 
I t controls eight interrupt levels per 
device, and can be expanded to con­
trol 64 levels with eight controllers. 
Vector "anywhere" operation eases 
programming. Simple call instructions 
are inserted as vectors, enabling any 
interrupt processing routine to be 
selected. 

All devices listed are available 
from stock, with the exception of the 
8253, 8257, and 8259, which will be 
available late this year. The 8080A 
is supplied in a standard 40-pin 
DIP; all others are provided in stan­
dard 16--, 28-, or 40-pin DIPs. 
Circle 173 on Inquiry Card 
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One plot is worth 
thirty pages of printout. 

There is no shortage of data. The smallest minicomput­
er can swamp you with a stream of alphanumerics. But 
words and numbers aren't information. Not when they 
are buried in pages of printout. 

Why not use an electrostatic line printer that 
draws? Plotting translates pounds of data into ~ picture. 
And that data compaction does more than cut paper 
cost. It helps you interpret 
information. Isolate com-
plex variables. Sr.ot 
trends. Reveal subtle 
changes. 

Pictorialized in­
formation is powerful 
proof, too. Charts, 
diagrams, maps, and 
other graphics are 
persuasive. 

Adding print/plot 
capability is practical. 
Printing up to 1000 lines 
per minute, the Versatec 
printer/plotter costs less 
than an impact printer of 
comparable speed. 
Maintenance cost is about 
one-third that of impacts. 
And it's far quieter. 

You get a complete 
output package. Versatec 
computer-matched con­
trollers and Versaplot™ 

FORTRAN software make plotting as easy as plug­
ging in. Simple subroutines allow programming of 
virtually any graphic representation with a few words 
of instruction. 

So if you use your computer to organize informa­
tion, improve productivity, or aid decision-making, 
consider the line printer that draws- The Versatec 
printer/plotter. 

·--VERSATEC T Making inform~tion visible. 

Versatec 
2805 Bowers Avenue 
Santa Clara, CA 95051 
(408) 988-2800 

Send me your 16-page brochure. My special interest: 
0 Line printing 
0 Plotting 
0 Plotting software 
0 Permanent copy from CRT display 

My computer model: ----------

Telephone -------------~-­

Company ---------------~ 

Address ________________ _ 

City ______ .State _____ Zip ___ _ 

™Versaplot is a Versatec Trademark 
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Support Product 
Aids in Development 
of M6800-Based Systems 
First in a series of support products 
designed for the M6800 microcom­
puter, the EXORciserTM development 
aid for microcomputer-based systems 
incorporates hardware/software ele­
ments of the 6800 family. It can 
emulate a 6800-based design in real 
time or can be configured to simu­
late other logic approaches. The in­
strument is being built in a facility 
dedicated by Motorola Semiconductor 
Products Inc, PO Box 20912, Phoenix, 
AZ 85036 solely for the manufac­
ture of 6800-related products. 

Basically, the instrument is made 
up of three plug-in logic modules 
(cards) and a power supply within 
a standard 19" wide chassis that is 
available in either rack-mountable 
or table-top versions. A printed-cir­
cuit "mother board" in the bottom 
of the chassis provides signal and 
power distribution among 14 sockets; 
two sockets are reserved for two of 
the basic modules, and the remain­
ing 12 allow for expansion of the 
configuration. Optionally offered or 
customer-designed memory, 1/0, or 
special-function cards inserted into 
the 12 expansion locations have ac­
cess to both the EXORciser power bus 
and the M6800 system bus. 

One basic module, the MPU, con­
tains an MC6800 microprocessor; a 
2-phase clock generator that can be 
controlled by an external source or 
an internal 1-MHz crystal oscilla­
tor; circuitry to provide power-on/ 
restart and DMA functions; and 3-
state, TTL-level buffers on the data 
and address lines. The second mod­
ule, the debug, contains ROMs and 
RAMs, circuitry that provides an 
asynchronous serial data link between 
the EXORciser and a data terminal, 
plus bus and control interface logic. 

Exbug™ software, a group of diag­
nostic/ debugging and housekeeping 
routines, is masked in ROM. A 
MAID Tu (Motorola Active Interface 
Debug) routine in the Exbug firm­
ware permits examination and manip­
ulation of the designer's program after 
it has been loaded into the EXORcis­
er' s memory. Two 128 x 8-bit RAMs 
store interrupt addresses and vari­
able parameters. 

The third basic module, the baud 
rate, is located in the back of the 
chassis. It completes an ASCII-for­
matted, duplex serial data path be­
tween the EXORciser and a data ter-
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Motorola Se mi conductor Products' 
EXORciser™ can be used for real-time 
emulation of M6800-based de~igns. 
Combinations of basic logic modules 
and optional memory, 1/0, and special­
function cards provide wide range for 
user in developing dedicated system 

minal. An asynchronous communica­
tions interface adapter plus 20-mA 
and RS-232-C level interface circuitry 
on the debug module, together with 
a bit rate generator on the baud 
rate module, allow connection of the 
EXORciser to a variety of terminals. 
Eight rates between llO and 9600 
baud may be chosen by a switch on 
the back of the chassis. 

Additional options include a 2K 
static RAM module which permits 
assignment of two 1024 x 8-bit mem­
ory arrays to various address loca­
tions within 61 kilobytes of address 
space that is utilized for the proto­
type system design. (An additional 
4 kilobytes of the address range hold 
the Ex bug program.) An I/ O module 
is available to link MPU and periph­
eral equipment. Peripheral inter­
face adapters may be assigned to 
locations within the 61-kilobyte ad­
dress space. Other currently available 
options are the universal wirewrap 
module, with 75 sockets for proto­
typing, and the extender module, 
which permits plug-in cards in the 
chassis to be raised above the top 
of the frame for access to the com­
ponents. 

A resident assembler/ editor pro­
gram, formatted in a variety of stor­
age media, is offered as several pack­
aged options. A source language for 
the M6800 system, built around the 
MPU's 72 mnemonic instructions and 
a set of 12 assembler directives, is 
used to create source programs. As­
sembler routines translate these 
source programs into MPU-under­
standable language (object codes), 
and editor routines are used by the 
designer for construction and modi­
fication of the programs. 

An Exbug "load" routine transfers 
the resident assembler/editor software 
to the EXORciser memory. Debugging 
of and interaction with subsequent 
source programs is accomplished via 
other Exbug routines. Resident soft­
ware is currently available in 12 
options: a cassette, a floppy disc, a 
paper tape, services of the GE Inter­
national Timeshare Network, or eight 
other formats containing 8 kilobytes 
of RAM plus one form of the storage 
media. Two memory configurations 
are offered: a module containing four 
2K static RAMs and a module con­
taining one BK dynamic RAM module. 
Circle 174 on Inquiry Card 

jlComputer Development 
System Is 
Hexadecimal Based 
Up to 64 kilobytes of directly address­
able RAM, p/ROM, or a combination 
may be ordered with the MicroPac 
80 /A microcomputer development 
system. Basic configuration of the 
hexadecimal-based system includes 8 
kilobytes of RAM and 2 kilobytes of 

p/ ROM, terminal interface, and con­
trol panel. A p / ROM programming 
system is also available. · 

Made by PCS, Inc, 5467 Hill 23 
Dr, Flint, MI 48507, the system is 
compatible with a broad line of pe­
ripherals as well as I/O interface and 
communications modules. A basic op­
erating system (BOS 80 / A) residing 
in p/ ROM, contains built-in power­
fail-restart linkages and interrupt-de­
bug capabilities. Other software fea­
tures include a standalone macro­
assembler. 

A desktop (or alternate rack-mount­
ing) enclosure contains room for the 
CPU and any combination of up to 
15 memory or I/ O modules. As many 
as 15 enclosures (up to 255 modules) 
can be attached through a "flexibus." 
The user can alter the module mix 
during development without rewiring 
the bus. 
Circle 175 on Inquiry Card 
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Straight talk 
about IC sockets. 

I ntegrated-circuit sockets are becoming 
such a household item, people are starting 
to forget something. 

They're not all alike. And the differ­
ences can have a major impact on the 
performance and profitability of the prod­
ucts they're used in. 

That's why we've decided to go over a 
few socket basics. 

THE REASONS ... 
AND THE RISKS. 

All sockets serve basically the same 
purpose: they allow you to replace ICs 
without damaging either the IC or the PC 
board. In so doing, they make both design 
changes and field service economically 
feasible for you and your customer. 

There's only one problem. When a 
socket fails, troubleshooting can be a 
nightmare- to a point where you'd have 
been better off without sockets in the first 
place. So it pays to be sure that the sockets 
you buy are right for your application. 

CHOOSING THE 
RIGHT SOCKET. 

Buying the right socket is much more 
than a matter of profile and price. It's 
matching the right one to the demands of 
your application. 

For low-cost, high-volume products 
where the risk and consequences of socket 
failure are minimal- and where repeated 
IC insertion and high retention aren't 
required-buy the cheapest sockets that 
will do the job properly. 

But for high-shock and vibration envi­
ronments, or other situations where per­
formance is critical, by all means get 
the best sockets money can buy. 

At Augat, we understand these 

differences. That's why we make sockets 
for both needs, in the widest range of sizes 
and specifications in the industry-from 
6 to 40 contacts, on .300", .400", and .600" 
centers. These include low-profile, LED, 
and test sockets, socket carrier assem­
blies, and more- with PC, wire-wrapping, 
and solder pocket terminations. 

And thanks to high-volume, automated 
production economies, these sockets are 
priced competitively despite many fea­
tures you can't get elsewhere. 

SMALL POINTS MAKE 
A BIG DIFFERENCE. 

It's amazing how the fi:p.er points of 
socket construction can affect reliability. 

Take the material the contacts are made 
of. For repeated IC insertion and good 
retention no other material can match the 
beryllium copper used in all Augat PC 
sockets. Cost alone leads other producers 
to use other materials. 

Designs vary, too. 
Among low-priced sock­
ets, Augat's new low­
profile series grip the IC 
lead along both flat 
sides, rather than by the 
edge, for best contact. The Augat 

And they'll take the full method since 1965. 

range of lead sizes, too. 
Among premium sockets, Augat's Series 

500 and 700 are the only ones in the 
world to include the two-piece machined 
contact assembly designed and perfected 
by Augat. While stamped "equivalents" 
abound, their looser tolerances have given 

AUGAr 

rise to a series of pitfalls avoided by the 
Augat design: 

iJ ~ 
The corroded The bent The loose 

contact. IC lead. contact. 

In the important matter of flow solder­
ing, both series again provide a decisive 
edge. The closed-end construction com­
pletely eliminates the possibility of flux 
or solder wicking. 

These distinctions may seem small. But 
taken together, they're a good indication 
of how well the sockets you buy will 
stand up under long-term use. And in a 
market flooded with lookalikes, they're 
something to shop for. 

A SUPPLIER YOU 
CAN COUNT ON. 

As the pioneer and leader in the IC inter­
connection industry, Augat has always been 
the world's prime supplier of IC sockets. 

Now, after completing a multi-million 
dollar program of vertical integration, 
we're better equipped than ever to main­
tain that position- by providing the best 
sockets, the best service, and the finest 
distributor network in the world. 

For all the facts, send today for our new 
brochure. We're convinced that the more 
you know, the more you'll come to Augat 
for all your IC interconnection needs. 

YOU ONLY GET IT 
ALL FROM AUGAT. 

Augat Inc., 33 Perry Avenue, P.O. Box 779, Attleboro, Massachusetts 02703. Tel. (617) 222-2202. 

Europe-AugatN.V., Boulevard A. Reyers, 103, 1040 Brussels, Belgium, Tel. {02) 7369399. 

Japan-Kyokuto Boeki Kaisha Ltd., New Otemachi Bldg., 2-1, 2-Chome Otemachi, Chiyoda-Ku, Tokyo 100-91, Japan, Tel. (03) 244-3788. 

Canada-AC. Simmonds&. Sons Ltd., 285 Yorkland Blvd., Willowdale, Ont. M2JlS8, Tel. {416) 491-1010. 
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G-P Microcomputer 
Has Capabilities 
of Minicomputer 
Designed around three n-MOS/LSI 
circuits, the general-purpose PFL-16A 
microcomputer is said to provide an 
array of functions equivalent to mini­
computer systems. Panafacom Ltd, PO 
Box 4637, Mountain View, CA 94040 
claims that the system's architecture 
stresses ease-of-operation, modularity, 
and reliability and establishes cost/ 
performance throughput that is "un­
paralleled in current 16-bit competi­
tive offerings." Hardware architec­
ture can support a varied comple-

ment of software modules for busi­
ness, manufacturing, measurement, 
and control and communications. 

The CPU circuit performs 16-bit 
parallel operations in 3 µs. Subchan­
nel adapter (SCA) and the direct 
memory access channel controller 
( DMAC) circuits provide an I/O 
transfer rate capability up to 1 mega­
bit/ s. Hierarchical design supports an 
expanded set of standard cards that 
provide total hardware/ software sys­
tems modularity and flexibility. Mini­
computer features include five 16-bit 
registers; six addressing modes; three 
external level interrupts, priority 
multiple level interrupt; diversified 
arithmetic instructions; DMA; and 
extended memory capabilities. 

To complement hardware concepts 
in the CPU circuit, I/ O control is 
predicated upon achieving maximum 
systems throughput while supporting 
a broad assembly of peripheral de­
vices. Throughput and support are 
achieved via the operations per­
formed by the DMAC and SCA chan­
nels and subchannel arrangement. 
Based upon the systems requirements 
established by the end-user, the I/O 
design provides comprehensive flexi­
bility through features such as DMA 
capability, byte or word data chan­
nels, attachment of 32 subchannels 
to CPU, asynchronous interface, se­
lectable transfer modes, party-select-
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able data feature, program-specified 
subchannel modes, interrupt control 
functions, and readily attachable 
peripheral devices. 

Software support modules also pro­
vide characteristics comparable to 
minicomputer offerings. Self-standing 
system (SSS) software contains pro­
gram modules used for debugging 
hardware and software with links to 
the object program. Basic SSS sup­
port programs include initial program 
loader, micromonitor, I / O control 
subroutines, and arithmetic subrou­
tines, as well as utility programs en­
compassing linkage loader, debug­
ging utility, and ROM support utility. 
Support software under development 
includes cross-assembler and simula­
tor programs written in FORTRAN IV. 
These programs will run on U. S. 
Timeshare and standalone computer 
systems. 
Circle 176 on Inquiry Card 

Microprocessor Product­
Planning Consulting 
Service Available 
Organized to be a continuing service 
for both users and manufacturers of 
microprocessors, a series of detailed 
studies, quarterly · updates, data bank 
access, and other support are being 
introduced by Darling & Alsobrook, 
1801 Avenue of the Stars, Los An­
geles, CA 90067. The management 
consulting firm states that the ser­
vice will act as "an essential product 
planning tool for both management 
and design personnel" and believes 
that this is the first time such a ser­
vice has been offered for microproces­
sors. 

The first study or volume in the 
series, available Dec 1, will cover 
the impact of the microprocessor on 
the analytical instruments industry. 
Advance subscribers will also receive 
two pre-release reports, "Microproces­
sor Technology" and "Current Micro­
processors," which will contain signif­
icant late -data and evaluations con­
cerning microprocessors. Four quar­
terly update reports will maintain the 
timeliness of the basic volume, and 
will report on late introductions of 
microprocessors, software, and sys­
tems, as well as on developing trends 
in the use of microprocessors in analyt­
ical instruments. Following delivery 
of the final material for the study, 

a debriefing will be provided at each 
client's facility. At this time a prin­
cipal of the consulting firm will fur­
ther probe topics relating to the study 
and assure proper use of the informa­
tion within the client's organization. 
Continuing update reports in 1977 
and beyond will be made available 
separately. 

The data bank service will enable 
clients to obtain detailed information 
through Dec 1, 1976, on microproces­
sors for analytical instruments. In 
addition, a range of proprietary ser­
vices will be offered to purchasers of 
the study, including such areas as 
the evaluation of specific applica­
tions, corporate strategy considera­
tion, and analyses of selected mar­
kets. 

Chapter 1 of the analytical instru­
ments volume will include general 
information on microprocessor history 
as an introduction to the remainder 
of the study. Chapter 2 will contain 
a comprehensive overview of micro­
processor technology: chip design, 
architecture, memory devices and sys­
tems (RAMs, ROMs, and mass mem­
ories), I/O devices, software support 
and development aids, and applica­
tion decisions (microprocessor vs 
minicomputer and microprocessor vs 
hardwired systems) . 

Chapter 3 will analyze the micro­
processors currently available from 
each manufacturer, and Chapter 4 
will provide extensive details on ap­
plications of the microprocessor to 
analytical instruments: control; in­
strument testing, calibration, and 
standardization; direct readout and 
data display; data logging, retrieval, 
and transmission; and application de­
sign, including microprocessor selec­
tion. Design examples for applica­
tions will also be discussed. 

Chapters 5 and 6 will provide cur­
rent market data as well as projec­
tions to 1982 for analytical instru­
ments by type and use, and for each 
microprocessor application in this 
area. Breakdowns will be by micro­
processor type, by instrument type, 
and for captive vs noncaptive. 

Price for the Analytical Instru­
ments volume of the Microprocessor 
Impact Series, four quarterly updates, 
pre-release reports, and other services 
is $6500. A prospectus describing 
the on-going program and the Ana­
lytical Instruments volume is avail­
able. Later volumes will cover studies 
on microprocessors in other applica­
tion areas. 
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well-stacked floppy 
disk systems and 

s2790 
quantity 1 

with interface 

Stack our fe~tures against anyone's! 
• You do no programming to run these operating sys­

tems. 
• Hardware, not software, performs all searching , data 

blocking, CRC handling, address verification and 
head unloading. Smart controller! 

• IBM 3740 compatible at all levels, including use of 
any sector sequence. 

• Dual and single drive systems with field proven inter­
faces . 

• 256K byte diskettes available with various sector se­
quences to optimize data access time. 

• Well stacked and well stocked , call us for immediate 
delivery. 

software 
drivers 

Now running: 

DEC 
•OS/8 
• RT-11 
• 4K disk monitor 

NOVA 
•ROOS 
• SOOS Qper. System 
•APL Loader 

VARIAN 
•VORTEX 
•MOS 
• E-Basic 

H.P. 
• DOS Ill 
•MTS 

INTER DATA 
•DOS 

SYKES DATATRONICS INC.• 375 ORCHARD ST.• ROCHESTER, N.Y.14808 • 718 · 458-8000 •TELEX 97-8328 

Circle reader card 57 for PDP-8, 58 for PDP-11, 59 for Nova, 
60 for Varian, 61 for H.P., and 62 for Interdata. 
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,uProcessor Seminars 
A series of seminars, conducted by 
Microcomputer Technique and spon­
sored by Cramer Electronics, has been 
scheduled for the last quarter of 
1975. Each lasts three days and 
emphasizes "how-to" engineering 
aspects involving microprocessors. 

Seminars will be held in 11 major 
cities in 1975, and plans are under­
way for an international program in 
1976. Information about registration 
and the course outline details can 
be obtained from Microcomputer 
Technique, Inc. 11227 Handlebar Rd, 
Reston, VA 22091. Seminar fee is 
$395; attendance is strictly limited. 
Registered attendees are invited to 
view introductory video tapes at any 
of Cramer's offices to prepare for 
the course. 
Circle 177 on Inquiry Card 

Wirewrap Section On 
Microcomputer Board 
Simplifies Development 
The MSC8080, an 8-bit single-board 
microcomputer from Monolithic Sys­
tems Corp, 14 Inverness Dr E, Engle-

wood, CO 80110, includes a general­
purpose wirewrap section to simpli­
fy computer I system interfacing. Intel 
8080 microprocessor and interfaces 
for input, output, optional memory, 
and control panel as well as room 
for lK x 8 of p/ROM are provided 
on the 7~~ x 13J~" board. A number 
of preprogrammed p/ROMs are avail­
able as options. 

Connections from the processor 
board to memory, control panel, and 
I/ 0 device are made by flat cable. 
A power inverter on the board sup­
plies all necessary processor volt-
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age levels from a single 5-V input. 
The microcomputer is completely 
compatible with the Monostore fam­
ily of semiconductor memory systems. 

Options are available to tailor it for 
use in specific system or for dedicated 
microcomputer development, includ­
ing several semiconductor memory 
systems such as CM OS nonvolatile, 
low-power static, and high-density 
4K RAM systems; control panel with 
pushbutton input, 4-digit hexadeci­
mal LED readout, and teleprinter in­
terface connection; and p/ROM soft­
ware for memory test, processor 
checkout, TTY monitor and test, and 
edit. All 1/0 levels are TTL com­
patible. 
Circle 178 on Inquiry Card 

Study Predicts 60-Fold 
Increase in European 
Microcomputer Market 
Total cumulative shipments of micro­
computers in Europe over the 1974-84 
decade are predicted to total $2.5 
billion. A study by Frost & Sullivan, 
Inc, 106 Fulton St, New Yark, NY 
10038, says that of this total, micro­
processor components will account 
for $1 billion; memories $8F>O million, 
divided into read-only at 29%, read/ 
write at 71%; 1/0 interfaces $550 
million; and other ancillary circuits 
$75 million. 1974's $10 million level 
will expand to $600 million in 1984. 

Industrial control, the "largest po­
tential market" in Europe, will 
cumulatively total $720 million 
through 1984. Predominating will be 
production control applications in 
which microprocessors will replace 
existing hardwired controllers. Utili­
ties will account for about 15% of 
the microprocessor market. 

Laboratory equipment will account 
for $183 million worth of microproces­
sors, primarily for "smart" instru­
ments; and data collection, entry, 
and communications markets will use 
nearly $1 billion worth of micro­
processors, excluding that portion ac­
counted for by IBM. Other markets 
will be transportation, building, en­
vironmental control, and word pro­
cessing, accounting for $20 million 
worth of microcomputers in 1979 and 
rising to $200 million by 1984 for a 

cumulative consumption of $350 mil­
lion. 

"Europe" for this study consists of 
the eight European Economic Com­
munity countries-Belgium, Denmark, 
France, West Germany, Ireland, Italy, 
The Netherlands, and the United 
Kingdom. France, Germany, and the 
United Kingdom will account for 
over two-thirds of European micro­
computer usage. Significant markets 
will also be present in Scandinavia, 
accounting for 6J~% of total con­
sumption; the Benelux countries, 
BJ~%; and Italy, 5%. 
Circle 179 on Inquiry Card 

Microprocessor Users 
Offered Advanced 
Software Capabilities 
Designed to provide increased de­
sign flexibility and advanced software 
engineering capabilities to users of 
Intel 8008, Intel 8080, and DEC MPS 
series microprocessors, the Micropro­
cessor Cross Assembler permits soft­
ware to be designed and developed 
in-house under a real-time disc op­
erating system. Offered by Innovonics 
Corp, 14119 Castle Blvd 402, Silver 
Springs, MD 20904, the cross assem­
bler will also permit programs de­
veloped for the 8008 or the MPS 
to be directly translated into 8080 
code with no user software modifica­
tions. 

Significant features include more 
than 20 levels of error reporting to 
facilitate program debugging; sym­
bolic addressing; FORTRAN type DAT A 

initialization directive; extensive ex­
pression-evaluation capability; define 
word, define byte, text, and listing 
format-control directives; assembler 
directive and instruction mnemonic 
redefinition during the assembly 
process; symbol value redefinition 
during the assembly process; variable 
length symbol table allowing ex­
panded symbol tables for larger host 
machine core memory installations; 
and absolute-load paper tape gen­
eration from predefined binary files. 
Output listing controls are provided 
for either 132-col line printers or 
80-col terminals with a user select­
able option of hexadecimal or octal 
output listings. D 
Circle 180 on Inquiry Card 
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Ampex Unibif Cores: 
30 million identical 
18-mil cores from 
a ·single batch of tape. 
Uniform. Fast. Low CO$t. 

AMPEX 

When cost, delivery, 
reliability and 
uniforq:iity count, 
don't let apy MOS 
grow under your feet. 

*·ff 

Arppex Memory Products Division 
~ 13031 West Jefferson Blvd. 

Marina Del Rey. CA 90291 
(21~) 821-8933 

119 



PRODUCT 
FEATURE 

120 

Minicomputer Family 

Combines Unique Architecture 
and Memory Capacity 

for Small Systems 

BEFORE SAVE AFTER SAVE 

DATA A 

DATA B 

DATA C 

AC= ACCUMULATOR 
C= CARRY "" 

A last-in, first-out (LIFO or "push-down") stack eases programming 
of real-time re-entrant subroutines in the Nova 3. Stack and frame 
pointers reside in CPU hardware registers and reference a main 
memory stack area. In operation, subroutine parameters and re­
turn information are pushed onto the stack by single-word "push" 
and multi-word "save" (shown here) instructions, and can be re­
moved by single-word "pop" or multi-word "return" instructions. 
The frame pointer can be set randomly to access words stored in 
stack frames without "popping''' an entire frame 

Use of hardware data stack archi­
tecture and an instruction trap fa­
cility, plus memory management 
architecture in the larger model, 
permits Nova 3/4 and 3/ 12 mini­
computers to be configured for a 
wide range of system capabilities. 
Choice of high performance n-MOS 
semiconductor or nonvolatile core 
memory (up to a maximum of 128K 
words for the model 3/12) is offered. 
Memory types may be mixed. Where 
n-MOS speed is desired but volatility 
is a problem, an optional battery 
backup with automatic recharge will 
maintain memory contents for up to 
two hours during power failure. 
Word parity is also optionally avail­
able for n-MOS memory systems. 

The medium to high performance 
family of 16-bit word length mini­
computer systems is instruction- and 
peripheral-compatible with Data Gen­
eral Corp's other Nova minicomput­
ers. All Nova line options and periph­
erals can be ·used. Systems are 
completely supported by software 
such as RDOS, FORTRAN IV, FORTRAN 
5, ALGOL, and Extended BASIC. 

Configurations fit a wide range of 
system requirements from a low of 
4K words of MOS to a maximum 
of 128K of MOS and/ or core. The 
4K n-MOS chips were specially de­
signed for this application and are 
being manufactured at the com­
pany's Sunnyvale facility. 

Performance and Features 

Comprehensive stack architecture in­
cludes variable frame length and 
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If your bench scope says your ECL 
logic looks like this ... 

••• you're using the newlOOMHz 
8100-D Digital Logic Recorder 

from Biomation. 
Introducing the new lOOMHz Glitch Fixer: 

Biomation's 8100-D puts a faster fix on 
faster glitches. 

The original Glitch Fixer, Biomation's 810-D, 
has been helping a lot of engineers study timing 
relationships of 8-bit signals at speeds up 
to lOMHz. 

But because the world 's going faster-with 
MECL, ECL II, ECL Ill and Schottky-clamped 1

2 L 
parts in your boards-we've built a new digital 
logic recorder, the 8100-D, with speeds up to 
lOOMHz. 

It's the new-and-faster way to turn your 
ordinary bench scope into a data stream display. 
It records 8 data channels at once and presents 
them in the same format you 're used to seeing on 
data sheets. 

The 8100-D features built-in com bi natory 
logic setting to help you isolate your problem 
event fast. It has a big memory, too; can store up 
to 2,048 8-bit data words, includ ing the often 
cr itical information that lies ;ust ahead of the 

triggering event. And it also provides digital 
output for computer analysis or mass storage. 

The 8100-D is a piece of diagnostic instru­
mentation that ci rcuit designers and trouble­
shooters have been asking us for. We will be glad 
to send you a l l the splendid details. Just use the 
reader service number or get in touch with us 
directly. Biomation, 10411 Bubb Road, Cupertino, 
CA 95014. (408 ) 255-9500. TWX 910 338 0226. 

,,,, 
@_:.@ 0) <lt . ..-o.-~-----~ 

biomation 
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powerful state-save instruction capa­
bilities implemented with CPU stack 
and frame pointer registers. The 
stack facility contains one stack 
pointer and one frame pointer. State. 
save and restore commands are at 5.2 
and 4.8 µs, respectively; register 
"push" and "pop" stack commands 
are 1.4 to 1.5 and 1. 7 µs, respectively. 

Memory management hardware 
offers dual program-space maps and 
expanded data channel map capa­
bility. Dual mapped program space 
is allocatable in lK-word incre­
ments via 32 registers in both pro­
gram spaces. Each of 64 data chan­
nel map registers addresses a lK­
word space. Physical (unmapped) 
program space is 32K words. 

Multi-accumulator architecture is 
16 bits, with an efficient single-word, 
multi-function instruction set. lK 
words can be directly addressed via 
absolute, relative, and indexed 
modes; 32K words can be indirectly 
addressed on a multi-level basis 
(128K with memory management). 
Memory-based stack addressing is on 
both a last-in, first-out basis and 
random using indexed addressing. 

Included in each unit are four 
accumulators and 18 index regis­
ters-two hardware, 16 memory. 
Both a standard high speed direct 
memory access (DMA) data chan­
nel and a 16-level priority inter­
rupt structure are operable in CPU 
"run" or· "halt" states. Maximum 
DMA word transfer rate is 1.1 MHz. 

Units have separate memory and 
input/ output buses. I/O bus levels 
are ground and 3 V. The I/ O sys­
tem is 16-bit word length and has 
16 priority interrupt levels. 61 de­
vices are addressable. 

Each minicomputer chassis is con­
figured with slots for various boards: 
four in the 3/ 4 and 12 in the 3/ 12. 
A 12-slot expansion chassis can be 
added to the 3 / 12 for large systems. 
Slots in the 3/ 4 hold a CPU, power 
fail/ auto restart, auto program load 
board; a memory board; choice of 
a second memory board or an option 
board with multiply/ divide and/ or 
parity logic for the optional parity 
on MOS; and a peripheral interface 
board. The 3 / 12 contains CPU 
boar·d; an option hoard containing 
any combination of memory manage­
ment, multiply/ divide, and parity 
control; as many as eight memory 
boards; and up to three peripheral 
interface boards; the expansion chas­
sis can hold 12 peripheral interface 

boards. System memory and 1/0 
~uses are carried in the CPU main· 
frame but only the 1/0 bus is avail­
able in the expansion chassis. 

MOS memory boards are available 
in 4K-, BK-, and 16K-word incre­
ments; memory cycle time is 700 ns. 
Core memory is available in 8K-word 
boards with 800-ns cycle time and 
16K-word boards with 1-ms cycle 
time. Full 128K-word capacity is at· 
tained in the 3 / 12 by using eight 
16K-word boards. 

Since the n-MOS memory chip was 
designed specifically for use in the 
company's computers, rather than for 
sale separately, it was possible to 
obtain benefits that might not other­
wise have been attained. Output 
is non-TTL; a bipolar sense am­
plifier boosts the chip's natural 
output to the TIL level. In addi­
tion, a TTL clock driver was designed 
which also provides significantly 
higher performance. The decision to 
design a 20-pin chip gives space ad­
vantage on the board without a sacri­
fice in speed. All need for multiplex­
ing has been eliminated by the de­
sign features. 

General Specifications 

Power requirements are l15 V 
±20% , 10 A, or 230 V ±20% , 5 A; 
4 7 to 63 Hz, single phase; with 900-
W max power dissipation. Unit di­
mensions are 51;4 x 19 x 23" for the 
3/ 4 and 101/2 x 19 x 23" for the 
3/ 12. Weights are 40 and 100 lb, 
respectively, fully loaded. Heat gen· 
erated is 1000 and 3000 BTU/ hr 
max. 

Temperature ranges are 0 to 55°C 
at 90% RH operating, -35 to 70 °C 
at 95 % RH storage. Altitude ranges 
are to 10,000 ft operating, 50,000 
ft storage. 

Price and Delivery 

Because of the advanced status of in­
formation received from the manu­
facturer, prices for the Nova 3 family 
were not available at press time. How­
ever, the 3/ 4 and 3/ 12 and memory 
hoards will be sold on an OEM 
basis with applicable quantity dis­
counts. Delivery times are 30 days 
ARO for the 3/ 4 and 60 days ARO 
for the 3 /12. Data General Corp, 
Southboro, MA 01772. Tel: ( 617) 
485-9100. 

For additional information circle 
199 on inquiry card. 
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Big technology 
for Mini-computers. 

The mini-computer 
market has grown to the 
point where it demands 
"3330" disk technology in 
a package that fits. 

Introducing: 
The Trident Disk Drives. 

Greater track density 
helped get us down to size. 
The new Trident Series 
brings you 370 tracks­
per-inch. And up to 6,060 
bits-per-inch. Storage 
capacities range from 
27-82 megabytes. 

Designed for the OEM. 
The Tridents are each 

compact, self-contained 
and rack-mountable. 

Their start or stop 
time is only 20 seconds. 
Pack changes take less 
than one minute. 
Rotational speed is 3600 
r.p.m. Track access time 
is 6 milliseconds. 

The Trident Series 
has one of the lowest 
cost-per-byte ratios 
in the industry. 

CIRCLE 66 ON INc;>UIRY CARD 

These features make 
the Tridents easy to buy 
and easier to sell. Call 
or write California 
Computer Products, 
Inc., CD-10-75, 
2411 West ta Palma 
Avenue, Anaheim, 
California 92801. 
(714) 821-2011. 
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Unbundled Microcomputer Offers 
Designer Choice of Control Components and Modules 

D-A Converter Interfaces With Microprocessors 
To Form 1/0 Peripheral 

VCC DGNO VDO VRff 

27 

Floppy Disc System Increases 
Microcomputer Program Development Speed 

124 
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Flexibility in the design of control products for applications where 
standard microcomputer systems may not be suitable is enabled 
by a plan that permits choice of portions to fit a specific require­
ment. Series 300 components, shown in the bottom left of the 
photo, include interpreter, p/ROMs, and 1/0 interface. Modules 
or subsystems, bottom right, include processor, 1/0 interface, 
and read/write storage. (Standard System 20 MicroController is 
in background.) The 48.pin interpreter is a monolithic, bipolar 
Schottky microprocessor capable o·f executing complete instruc­
tions within 300 ns. It contains an 8-bit ALU and eight 8-bit 
scratchpad registers. Communication is via instruction and I/ 0 
data paths. All I/ 0 pins are TTL compatible. Interface com­
ponents are 8-bit 1/0 registers, one with 3-state outputs and one 
with open-collector input, in 24-pin packages. A wide range of 
standard memory and support circuits can be used. Processor 
module includes interpreter and Sl2, 1024, or 2048 16-bit words 
of ROM program storage. R/W storage module contains 2S6 
bytes of bit-addressable bipolar memory. A starter kit provides 
interpreter, four 1/0 interface ·packages, and six Sl2 x 8-bit 
p/ROMs. Scientific Micro Systems, S20 Clyde Ave, Mountain 
View, CA 94043. 
Circle 200 on Inquiry Card 

Claimed to be the first monolithic D-A converter featuring double­
buffered inputs for direct interfacing with microprocessors, the 
bus-oriented AD7S22 c'an ·be selectively addressed and therefore 
treated as an output peripheral. Double-buffered digital inputs 
enable provision ·of an analog output for the previous digital mes­
sage, while the microprocessor is loading a new value into the 
DA C's front buffer (which can also be loaded in a serial 
fashion). CMOS construction limits quiescent Inn supply current 
to 2 mA max. Resolution is 10 bits with linearities, depending on 
model, of 8 bits ±0.2%, 9 bits ±O.l %, or 10 bits ±O.OS%. Dif­
ferential nonlinearity tempco is ±2 ppm/ ° C max; gain tempco is 
±IQ ppm/°C max. With a 5-Vdc logic supply, it interfaces with 
TTL; with 15 Vdc, it interfaces directly with CMOS. A lS-Vdc 
power supply is also required. The DAC, counterpart to the 
10-bit CMOS AD7S70 ADC, is available with 0 to 75°C temp 
range in 28-pin plastic or ceramic DIPs, and -SS to 12S°C in 
ceramic. Analog Devices, Inc, PO Box 280, Rt 1 Industrial Pk, 
Norwood, MA 02062. 

Circle 20 I on Inquiry Card 

Fully hardware and software compatible with Intel's lntellec 
MDS-800, the FD360-'S3 floppy disc system speeds up program 
development for MDS users. Interconnection is through a ribbon 
cable to an interface card that plugs directly into the MDS 
chassis; installation requires <5 min. The interface card contains 
a 512-byte p/ROM which is preprogrammed with the floppy disc 
driver software. An operating system software package, supplied 
on a diskette, contains assembler and editor and features variable 
length files, automatic file packing, and automatic file creation. 
Possible single command operations are memory program loading, 
disc-to-disc editing, asssembling and file transfer, disc-to-paper 
tape transfer, and paper tape-to-disc transfer. Fi1les can be created 
and maintained with either hexadecimal object or program source 
data. Special features of the controller I formatter, which provides 
full compatibility with IBM 3S40 and 3740 formats, include sep­
arate read and write data buffers, hardware track seek and veri­
fication, and complete hardware CRC generation and verification. 
System storage capacities range from 2S6 kilobytes to more than 
1 megabyte, using one to four disc drives. iCOM Inc, 6741 Variel 
Ave, Canoga Park, CA 91303. 
Circle 202 on Inquiry Card 
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TAKE THE LEAD WITH THE 2ND 
NEW 4K STATIC RAM FROM EMM 

TTL-COMPATIBLE; FULLY STATIC. 
The new SEMI 4200 is fully static like the 4402 
we recently introduced. But in addition it is 
TTL-compatible, output as well as input. 
Thus you can not only forget about 
refresh and charge pump circuitry 
when designing high performance 
MOS memory systems, you can a!so 
forget about drive amplifiers. 

225 NANOSECONQ ACCESS. The SEMI 4200 4K static 
RAM has a worst case access time of 225 nsec, and a 
worst case cycle time of 400 nsec. It is the fastest 
TTL-compatible 4K static RAM in production. 

LOW POWER. Th~ SEMI 4200 requires 450 mw 
operating power. And, just as with the 4402, power 
conservation is achieved by the 
Chip Select Input, which .--:. 
causes the 4200 to 
enter a low power 
standby state 
whenever it is 
unselected. Normal 
V00 is 12Vdc, but V00 

can be reduced to 4 volts 
without risking loss of stored 
data, thus permitting the design 
of effectively non-volatile systems. 
Power consumption in this mode is 
less than 2µW/bit. 

MICRORAM 1240. 
16K x 8/ 9 using 

SEMl-4200 4K Static RAM 

Ideal for 
microprocessor applications. 

DOUBLE TESTED. Like all SEMI NMOS 
components, the 4200 TTL-compatible 4K 

static RAM must meet our own tough 
test standards, since we use it in our 
memory systems. In fact, our normal 
procedure requires 100% ac and de 

testing of all components twice -
at wafer and again in the package. 

MODEL SELECTION. EMM SEMI 
offers you a growing line of 

static RAM and ROM components 
to help you take the design lead. 

Pick out the 
one that best meets your needs 

from the adjacent chart. 

PROVEN TRACK RECORD. At EMM 
we've been making memory components 

and systems since 1961. Unlike memory suppliers 
who market components only, all EMM components 
are performance proven in our own systems. When 
you buy from 
EMM, you get 
the benefit of 
the unusually 
high 
acceptance 
standards we 

impose on 
ourselves, 

as well 
as our 
years 
of 

Part No. 

RAMS 

SEMl-4200 

SEMl-4402 

SEMl-1801 

SEMl-1802 

SEMI RA-3-4256 

SEMI RA-3-42568 

ROMS 

SEMI R0-3-4096 

SEMI R0-3-5120 

SEMI R0-3-16384 

SEMI R0-3-8316A 

Bit Org. Access Time 

4096 x 1 225 nsec 

4096 x 1 200 nsec 

1024x 1 90 nsec 

1024 x 1 70 nsec 

256 x 4 1 usec 

256 x 4 1 usec 

512 x 8 500 nsec 

512 x 10 500 nsec 

4096 x 4 1 usec 

2048 x8 850 nsec 

eXperi- More new products to come . . . additional 4K static RAMs, ROMs. 

encein 
meeting the needs of the memory marketplace. If 

you'd like further information about any of the 
products featured here, or any other EMM components 
or systems, contact your local EMM office today. 

EmmsEM1 
A subsidiary of Electronic Memories & Magnetics Corporation 
3883 North 28th Avenue, Phoenix, Arizona 85017 
Telephone (602) 263-0202 
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How to Enter 
Source Data 
with Data I/O's 
New Optical Mark 
Sense Card Reader 

Few people have mastered the 
keypunch or the keyboard of a 
computer terminal. With Data 
I/ O's Mark Sense Card Reader 
(MSCR) the complications of 
quick and accurate source data 
entry to a computer system or data 
communications network are eased by 
the simple slash of a pencil. 

Data I/ O's Series 700 MSCR reads 
standard 3-1/ 4" X 7-3/8" punched tab 
cards or cards marked with pencil. 
Insertion into the loading chute 
causes circuitry within the reader 
to sense the card's presence, and 
the card is automatically trans-
ported past the optical read head. 
Data is outputted and the card 
ejects from the top. 

If you're an OEM and wish to provide your 
own electronics, our Model 710 has a 
parallel interface. Or we can provide 
ASCII serial output at data rates of 
110, 300 or 1200 bits per second. 
There's no doubt about it. Optical 
Mark reading is a great way to 
bypass the keypunch and key-
board roadblock, and we're 
leading the way with a reader 
that's inexpensive, easy to op-
erate, and reliable. Write us 
for complete data information . 

DATAl/0 
CORPORATION 

1603 Aviation Blvd. • Suite 22 
Redondo Beach, Calif. 90278 

(213) 372-1266 
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PRODUCTS 

CONSTANT-CURRENT 
STD POWER SUPPLIES 

Seven de power supplies control current 
to within 0.1 % and have compliance volt­
ages from 8 to 30 V de, in adjustable cur­
rent ratings from 0.1 to 15 A. All models 
operate on 115/230 Vac, 47- to 440-Hz in­
puts, and provide line/load regulation to 
0.1 % (min load to short circuit). Ripple 
is 0.1 % typ, and response time is 50 µs. 
Standard Power, Inc, 1400 S Village 
Way, Santa Ana, CA 92705. 
Circle 203 on Inquiry Card 

S"CRT 

• L _ j 

This 5", 3%-lb CRT is offered as an en­
hancement to the company's portable 
Telecomputer™ and Data Line Monitor 
product lines. A specially designed brief­
case to house either product plus the CRT 
makes each one extremely portable at 
approx 20 lb. Digi-Log Systems, Inc, 
Babylon Rd, Horsham, PA 19044. 
Circle 204 on Inquiry Card 

p/ROM PERSONALITY MODULES 
Through use of five plug-in, interchange­
able modules, the company's series 90 p/ 
ROM programmer can now program Intel 
2704 and 2708; MMI 6335, 6340, 6300/01, 
and 6305/06; and lntersil 5603/23, 5604/ 
24, and 5600I10. Modules include zero in­
sertion force ·p/ROM sockets for master and 
copy p/ROMs; binary data display for 4-
or 8-bit copy p/ROMs; specialized inter­
face circuits, regulators, and program in­
structions for specific p/ROMs; and con­
trol switches as required to implement spe­
cial functions. Pro-Log Corp, 852 Airport 
Rd, Monterey, CA 93940. 
Circle 205 on Inquiry Card 

DELAY GENERATOR 
Combining a crystal-controlled digital time 
base with an analog vernier, model 989 
achieves delays to 50 s with fractional 
nanosecond resolution and resettability. 
Crystal oscillator gives simultaneous out­
puts in 9-decade steps plus division by 2 
and 5-a total of 27 phase-locked fre­
quency I time outputs. Selected digital out­
puts are then used to trigger analog delays, 
which interpolate between the crystal ref -
erences. Four independent analog outputs 
are provided. Instrument Research Co, 
PO Box 231, Lincoln, MA 01773. 
Circle 206 on Inquiry Card 

SWITCHING ·REGULATOR 
POWER SUPPLY 

The 175-W series 672 delivers up to 35 A 
in a 202-in.8 package and will have UL 
recognition. Conversion efficiency is >70% 
with no audible noise. Fixed output volt­
ages of 2 to 48 V de can be provided. In. 
put is 102 to 130 or 198 to 256 Vac, 
45 to 440 Hz, 1¢, selected by front-panel 
connection. Static regulation is ±0.2% out­
put voltage change for worst line/load 
combination; dynamic regulation is 1 % 
for each 10% of load current step with re­
covery to static regulation band in 300 µs. 
Trio Laboratories, Inc, 80 Dupont St, 
Plainview, NY 11803. 
Circle 207 on Inquiry Card 

PRECISION HIGH VOLTAGE 
POWER SUPPLIES 

Series 205A lab devices feature linear cir­
cuit techniques resulting in accurate and 
stable high voltage output. Outputs range 
from 0 to 1 kVdc at 30 mA to 0 to 50 
kVdc at 0.3 mA. Included as std are dig­
ital voltage controls, front-panel voltage and 
current metering, remote voltage and cur­
rent monitoring, remote voltage and re­
sistance programming, and reverse polar­
ity. Regulation-ripple are 0.001 % and 
tempco is 50 ppm/ ° C. Bertan Associates, 
Inc, 180 Miller Pl, Hicksville, NY 11801. 
Circle 208 on Inquiry Card 
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Six of the best reasons for buying 
Data General computer systems. 

If a computer system can't do a good 
job of file handling, chances are it won't 
do your job well either. 

So we give you a lot of good ways to 
handle your files. 

We offer six different disc subsystems. 
From 0.3 to 360 megabytes in size; with 
transfer rates from 30K to BOOK bytes 
per second; and prices from $2,900 to 
$110,000. So you can pick out the ones 
that work the way you work. 

And we fully support all our disc 
drives with our systems software. With 
ROOS and MRDOS for example, you 
can keep your high-use data on fast access 
discs, and data you need less on slower 
discs. With INFOS, you can logically 
partition a file across different physical 
media to get the most efficient use of your 
system peripherals. 

All our operating systems treat all 

our peripherals like files. Which makes 
our files device independent. And a lot 
easier for you to use. 

And because all our operating systems 
share the same file structure, you can 
maintain and operate your files with any 
of our languages: FORTRAN, BASIC, 
ALGOL, RPGII, MAC~O assembler. 

And you can use any combination of 
disc drives. So you can manage files from 
one to one billion bytes and match your 
file handling to your application. 

Yet with all the flexibility we give you, 
we don't demand a lot in return. You can get 
an Edipse S/200 system with 48K bytes 
of core and a 10 megabyte disc file for 
under $30,000. (quantity one, list price.) 

Write for more information. 
You may end up buying our com­

puter systems because of the way 
we handle your files. 

Data General 
Data General, Route 9, Southboro, Mass. 0 I 77 2 ( 61 7) 48 S-91 00. Data General (Canada) Ltd., Ontario. 

Data General Europe,l 5Rue Le Sueur, Paris 75116. France. Data General Australia, Melbourne (03) 82-1361 /Sydney (02) 908-1366. 

CIRCLE 69 ON IN9UIRY CARD 



Adac Data Acquisition Systems give the 
user a superior alternative to expensive 
external systems and the time-consuming 
task of assembling a system. 
Adac systems are available for most pop­
ular minicomputers . They offer superior 
performance at savings up to $4000 over 
other approaches. 
Advantages: 

• Lowest cost 
• Up to 64 channel multiplexer 
• Direct interface to bus 
• Software control 

programmable gain 
•High speed 12 bit 

A/D converter ( 100 KHz) 
•Up to 4 DAC's 
•Plugs directly into 

computer mainframe 
Compatible with the following computers 

PDP-8E,F,M,N 
PDP-11 series 
Nova, Eclipse, 800 and 1200 series 

Consult factory for other minicomputers 
not listed. 

GET THE FACTS. 
A critique comparing the price and per­
formance of our systems against alternate 
approaches is available for the asking. 

For additional information contact 
our representatives or Adac Corpor­
ation, 118 Cummings Park, Woburn, 
MA 01801. Phone (617) 935-6668. 

GSA CONTRACT GROUP 66 

corporation 
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PRODUCTS 

A-D CONVERTER 

Model 2116, a 16-bit converter, features 
2.5-µs conversion time, ±0.005% plus ~ 
LSB full-scale accuracy, 1-ns aperture 
time, 5-ppm/ °C tempco, ±10-V full-scale 
input level, ±20-V max input, and >20-MO 
input impedance. Contained in a 514" high 
rack-mounting cabinet, it is available as 
a single-channel converter or with an input 
multiplexer, instrumentation amp per chan­
nel, and/ or simultaneous S /H amps. 
Tustin Electronics Co, 1431 E St. An­
drews Pl, Santa Ana, CA 92705. 
Circle 209 on Inquiry Card 

UNINTERRUPTIBLE 
POWER SYSTEM 
Designed to give the minicomputer user 
the protection normally justifiable only on 
larger systems, UPS can supply 115 or 230 
Vac to a 1-kW load for either 15 or 30 min. 
Output is both voltage and frequency 
regulated to insure continuous "clean" 
power; furthermore, output is totally iso­
lated from the power line. Synergetic 
Scientific Systems, Information Prod­
ucts Div, PO Box 926, Gainesville, FL 
32602. 
Circle 210 on Inquiry Card 

SOLID-STATE RELAYS 

Models added to the 611 series ac line 
include -7 (10 A/140 Vac) , -8 (10 A/250 
Vac), and -8H (10 A/250 Vac), which pro­
vides a 600-V peak transient immunity ca­
pability to prevent false triggering due to 
high line transients and inductive load 
switching. All feature logic-compatible 3- to 
28-Vdc input, high dv/dt capability (typ 
200V I µs min) , and zero voltage turn-on/ 
zero current turn-off. Teledyne Relays, 
3155 W El Segundo Blvd, Hawthorne, CA 
90250. 
Circle 211 on Inquiry Card 
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Xecon ™ is the most advanced 

conductive elastomer ever devel­
oped for EMl/RFI shielding and 
pressure sealing. Available in a 
wide range of sizes, shapes, and 
strength/ durometer combinations, 
this unique new material is much 
lighter, more resilient, and more 
stable (thermally, electrically, and 
mechanically) than any other con­
ductive elastomer. 

The secret of Xecon's supe­
riority is in the conductive filler, 
uniformly dispersed through the 
silicone medium. (Flouro-Silicone 
·also available.) 

Gaskets, molded shapes, bulk 
sheets, or shapes vulcanized-to­
metar parts-Metex makes them 
all. Shielding effectiveness is out­
standing. 

Perfect pressure seals to above 
100 psi. Conductivity is preserved 
despite flexing, stretching, com­
pression and continuous environ­
mental exposure. 

Call or write, for full data and 
free representative samples. Metex 
Corp., 970 New Durham Rd., Edi­
son, N. J. 08817, (201) 287-0800, 
or Cal-Metex Corp., 509 Hindry 
Ave., Inglewood, Calif. .i" 
90301. (213) R .. ~, 
641-aooo. f0Rit\ON 

c~~fl~~f\ 
~M\£\.O\NG· 
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The rationale: fewer 
parts moving around means 
fewer parts wearing out. 

But we didn't stop there. 
We also gave consider­

able thought as to how wel I 
our page printer shou Id 
produce a print-out. 

So, unlike most page 
printers, our 4554 uses a 
character by character 
(asynchronous) print-out 
and an automatic ribbon 

In Canada: Facit-OEM Division, 
2270 Speers Road, Oakville, Ontario, 
L6J-SK2 Canada. 

I 1l 
II 11 

control to give you big, 
easy-to-read characters at 6 
or 60 characters per second. 

And whether you need 
one, two or even three 
copies, your print-out will 
a I ways come out crysta I 
clear. 

Our 4554 is even less 
trouble to hook up than 
most page printers. That's 
because we give you several 
interface versions. Among 
them are: The Facit SPI in­
terface for bit parallel data 
transfer, and the EIA, 
RS232C. 

CIRCLE 71 ON IN9UIRY CARD 

All things considered, 
the F acit 4554 page printer 
isoneofthose rare instances 
where less for your money is 
really more for your money. 

Facit-OEM Division, 
66 Field Point Road, 
Greenwich, Connecticut 
06830. 

8)1--=-~-c-.-'T--I 
Dedicated to Efficiency 
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If visual analysis and/ or visual con­
trol is an important part of your op­
eration, now you can enlist the help 
of your computer. EMR 's Optical 
Data Digitizer eliminates costly and 
time consuming hours by automat­
ically translating what it sees into 
workable input for your computer­
virtually giving it the sense of sight. 

On-I ine input from an optical source 
makes the 0 . D. D. and your com­
puter ideal for use in: 

• Inspection/quality control 
• Film reading and image analysis 
• Medical instrumentation 
• Astronomy 
• Dimensional Analysis 

Call or write today for EMR 's packet 
of informational material describing 
how to expand your computer 's ca­
pabilitywith an Optical Data Digitizer . 

EMR 
PHOTOELECTRIC 
Box 44, Princeton , New Jersey 08540 

609•799-1000 TELEX 84-3459 

REGIONAL OFFICES 
Eastern 301•593-71 71 
Western 213•822-1 441 
lnt'I. (Paris) 655-62-22 

17702 
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ROCKER SWITCH WITH 
RIGHT-ANGLE TERMINALS 

A V2 is an illuminated rocker with right­
angle PC mounting terminal. Mounting 
angle is beneficial where std vertical mount­
ing terminals will not fit or would demand 
costly internal instrument rewiring, Con­
tact material is gold-plated brass, and 
switch is available in 1- or 2-pole models. 
C&K Components, Inc, 103 Morse St, 
Watertown, MA 02172. 
Circle 212 on Inquiry Card 

600-LINE/1MIN. PRINTER 
Printer is designed for use with the com­
pany's model 340 and 350 intelligent ter­
minals and model 440 clustered-terminal 
processing system. Drum printing unit may 
be run by cassette, flexible disc, or magnet­
ic tape drives, producing an original and 
up to five carbon copies on continuous, 
fan-folded, pin-fed forms measuring from 
3.5 to 9.5" wide. Syco~ Inc, 100 Phoenix 
Dr, Ann Arbor, MI 48104. 
Circle 213 on Inquiry Card 

LSI CONTACT SOCKETS 
On 324-AG (24-contact) and 340-AG (40-
contact) series, beryllium copper contacts 
meet on the flat surface of both sides of 
LSI leads. Sockets offer closed, tapered 
entry insulator design with large contact 
openings for quick LSI insertion and full 
seating. Termination styles include straight 
lead for smaller PC hole sizes, and "dap" 
lead which holds the socket in place on PC 
board during wave soldering. Low profile 
provides closer center-to-center spacing of 
parallel PC boards as well as positioning 
for maintaining continuous 0.1" spacing, 
Aug at Inc, PO Box 779, 33 Perry Ave, 
Attleboro, MA 02703. 

Circle 214 on Inquiry Card 

PCB EDGE-LIGHTED PANELS 
Aerospace optics technology is used in the 
design and manufacture of these high per­
formance, repairable type V panels. Lamps 
are attached to replaceable circuit boards. 
Panels meet MIL.JP-7788 and -8335. Uni­
form brightness is maintained at rated 
and low voltage. Mil and commercial colors 
are available. Aerospace Optics, Inc, 
7112 Burns St, Fort Worth, TX 76118. 
Circle 215 on Inquiry Card 

LIGHT PEN SERIES 

Two series, designed for symbol sensing, 
editing functions, and graphics, feature 
touch-actuated switching and no moving 
parts. LP-300 has a finder beam projected 
through its optical system to illuminate ac­
ceptance area of as small as 20-mil dia, 
and eliminate parallax problems. Response 
time is <300 ns. LP-200 features inter­
changeable tips. Information Control 
Corp, 9610 Bellanca Ave, Los Angeles, 
CA 90045. 
Circle 216 on Inquiry Card 

DC MICROMOTORS 

With a frame dia of 28 mm, escapn 28 PL 
series, at rated voltages, have typ no-load 
speed of 5000 rpm and a range of stall 
torques to 8 oz-in. Torque constants are 
to 9.9 oz-in./ A. Unloaded mechanical time 
constants range from 13 to 17 ms. Devices 
utilize an ironless rotor consisting of a 
cylindrical self-supporting skew-wound coil 
tolerating l00°C max. High stall torque, 
low moment of inertia, and small electrical 
time constant allow for several hundred 
start/ stop cycles per second. Portescap 
U.S., 730 5th Ave, New York, NY 10019. 
Circle 217 on Inquiry Card 
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BUFFERED DATA 
TRANSMISSION SIMULATOR 

DISC CONTROLLER 

Models 114, 213, 214, and 215 Calcomp 
disc memories can he added to any Varian 
series 620 or V70 minicomputers using type 
70-5032 controller. It operates from PMA, 
!>MA, or HDMA channels, includes its own 
cycle-steal hardware, and fits into the std 
Varian I/ 0 slots. Information Displays, 
Inc, 150 Clearbrook Rd, Elmsford, NY 
10523. 
Circle 219 on Inquiry Card 

BDTS is a programmable message genera­
tor for exercising data communications 
systems. System installation/repair time is 
reduced by testing modems, terminals, or 
controllers with actual polling sequences 
under simulated operating conditions. It 
may be used to debug hardware and soft­
ware by testing new communications 
protocols online without need for CPU 
time. Data streams may be stored in 1024 
bytes of customer-specified ROM and/ or 
RAM. Transmission may be synchronous 
or asynchronous, 5 through 8 bits/ char, 
and at any of 16 std communications rates. 
Spectron Corp, Church Rd & Roland 
Ave, Mount Laurel, NJ 08057. 

TEMPERATURE-INDEPENDENT 
MEMQRY CORES 
Two uniform-drive 18-mil cores compatible 
with industry-std medium-temp cores, 
UNITEMP cores operate with UNiform drive 
at TEMPeratures of -10 to 90°C. Cores 
withstand high disturb ratios and provide 
wide stack operating margins over the full 
0 to 70°C range without drive current com­
pensation. Types 2230 and 2244 operate 
with drive currents of 580 and 750 mA, 
respectively; all are 100% tested and in­
spected to 0.015 AQL. Control Data 
Corp, OEM Computer Memory Prod­
ucts, 3857 Louisiana Ave, St. Louis Park, 
MN 55426. 

Circle 218 on Inquiry Card Circle 220 on Inquiry Card 

Fluke Model 8000A 

NootherDMM • Best accuracy statement of any 
3V2 digit DMM: 0.1 % accuracy 

offers you ± 1 digit ; one year accuracy 

all of these time span; 25 ° C ± 10° C 
accuracy temperature span. 

outst~nding • Normal mode rejection: 60 dB 
at 50 and 60 Hz. 

specs1n • Common mode rejection: 120 
dB with 1 Kn unbalance. 

one box • Overload protection specified 
for al I ranges. 

• 26 ranges of volts, amps and 
ohms. 

• More option power than any 
other DMM. Includes low ohms 
option with 1 milliohm resolu-
tion. 20 amp ac/dc current 
capability. BCD output. Built-in 
rechargeable battery pack. 

• More accessories than any 
other DMM. Includes 600 amp 
AC clamp-on current probe. 
40 KV high voltage probe. 100 
and 500 MHz rf probes. 

IFLUKEI 
• Auto zero (no zeroing 

necessary) . 
Add to this the incomparable Fluke 

~ reputation. No wonder this is the 
best selling DMM in the world . Still 

John Fluke Mfg. Co., Inc. only $299 (domestic only). For 
P. 0 . Box 7428 data out today, dial our toll-free 
Seattle, WA 98133 hotline, 800-426-0361 . 

TRIPLE-OUTPUT 
SWITCHING POWER SUPPLIES 

Designed for OEM computer peripheral ap­
plications, supplies provide single voltage 
output for driving IC logic and dual volt­
age output for driving op amps and A-D 
converters. These 20-kHz inaudible switch­
ers operate from a selectable input of 115/ 
230 Vac, 47 to 63 Hz; output is 5 V at 50 
A, ±12 V at 5 A, ±IS V at 4 A. Overvolt­
age protection is built into the single 
output, optional on the dual. Overload pro­
tection is std and EMI is minimized by 
shielding and filtering. ACDC Electronics, 
401 Jones Rd, Oceanside, CA 92054. 
Circle 221 on Inquiry Card 

For a demonstration, Circle 63 on Inquiry Card. 
For literature only, Circle 85 on Inquiry Card. 
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SIXTEEN STATE AREA 

Designed to run on the IBM System/360 or 370, Gould 
Plotmaster Systems have the power and versatility in both 
on-line and off-line operation. Without any sacrifice in main­
frame CPU time. High-speed printer/plotters have paper 
widths from 8V2 to 22 inches, resolution of 80 to 200 dots per 
inch, and output speeds of 1.5 to 7 inches per second. And, 
of course, printing capability. 

Easy-to-use software packages like our PLOT package 
provides background grids, variable line weights, automatic 
stripping, text annotation and erasure of previously pro­
grammed line segments for any geometric construction. 
DISPLAyrMprovides even non-programmers with the cap­
ability of easily generating line, bar and 
pie charts. And with FAST-DRAW™ a Gould 
Plotmaster can add engineering/scien­
tific graphics and computer-aided 
design capabilities to your operation. 

Get all the facts from Gould Inc., 
Instrument Systems Division, 3631 Per­
kins Avenue, Cleveland, Ohio 44114 
U.S.A. or Gould Allco S.A., 57 rue St. 
Sauveur, 91160 Ballainvilliers, France. 

For a free full line brochure in the U.S. 
call toll free (800) 648-4990. 

•)GOULD 
CIRCLE 74 ON IN9UIRY CARD 

PRODUCTS 

12-CHANNEL 
CARD READER ASSEMBLY 

Two modules make up OPB 112: one con­
taining an array of GaAs IR LEDs; the 
other, an array of npn silicon phototran­
sistors. Assembly offers 12 channels spaced 
at 0.25" to match row spacing of std 
punched cards. Built-in collimating lenses 
on both modules eliminate crosstalk be­
tween channels; and noise from back­
ground illumination is eliminated by an 
optical filter. Also featured is a 0.02 x 
0.04" aperture over each sensor. With as­
sembly modules at a separation distance 
of 0.05", typ sensor output is 2 mA with 
LED input of 40 mA. Optron, Inc, 1201 
Tappan Cir, Carrollton, TX 75006. 
Circle 222 on Inquiry Card 

120-CHAR/s SERIAL PRINTER 
Series 1000 132-col, multi-copy desk unit 
features a needle printing method, micro­
processor-oriented electronics, cartridge rib­
bon, and tractor engagement above and 
below the print line. Char-by-char visibility 
is achieved with p. technique that moves the 
printhead a fixed number of columns after 
a ·pause in the printing operation. Model 
1120 provides an original plus four copies 
on form widths from 4 to 15". Specs in­
clude 6 lines/in., 10 char/in., 64-char ASCII 

set, and 9 x 7 half-space matrix char. Tally 
Corp, 8301 S 180th St, Kent, WA 98031. 
Circle 223 on Inquiry Card 

SOLID-STATE RELAY 
The 5505-SJ series meets Class I VDE 
European requirements, or is available with 
direct CMOS (10 V, 1 mA) input, elimi­
nating the need for power amplification. 
The relays range from 2.5 to 40 A and up 
to 810 PIV for European 380-V lines, and 
have zero voltage switching with an internal 
snubber network. The devices operate from 
24 to 250 Vac, and provide 2500-Vac iso­
lation. Input is 3 to 32 V de. Output specs 
include 120 Vac, 47 to 63 Hz, line voltage; 
200 V de peak repetitive blocking voltage. 
Electronic Relays, Inc, 7106-08 W Touhy 
Ave, Niles, IL 60648. 
Circle 224 on Inquiry Card 
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1024-BIT SCHOTTKY RAM 
Static Schottky TTL 1024 x 1-bit RAMs, 
IM55S08 and -18 provide open-collector 
and 3-state ouputs, respectivelY, and con­
tain on-chip address decoding and chip­
select capability. Both are available in 
CERDIP packages in commercial (0 to 75°C) 
and military (-55 to 125°C) temp ranges. 
The -08 is equivalent to the N82S08, and 
and both are replacements for 93415/25 
RAMs. Typ access time is 45 ns; input 
current is 250 µ,A max. Max read/write 
cycle times are 70 ns for commercial and 
75 ns for military devices. lntersil, Inc, 
10900 N Tantau Ave, Cupertino, CA 95014. 
Circle 225 on Inquiry Card 

1" LED DISPLAY 
Single-digit "light-pipe" series l 720R/ 
l 723R feature l" high char designed for 
r-'60', single-plane, >160-deg viewing. Dis­
playing 0 to 9 with right-hand decimal 
point, and available with either common 
anode or common cathode, units are slim­
line configured in an electrically noncon­
ductive, plastic compound base with 14-pin 
DIP connections oil 0.6" spacing. GaAsP 
material provides max brightness-to-current 
efficiency with pk light emission in the 
visible red spectrum at 655 nm. Industrial 
Electronic Engineers, Inc, 7720-40 Le­
mona Ave, Van Nuys, CA 91405. 
Circle 226 on Inquiry Card 

IMPACT ·P·RINTER 

With plug-in compatibility to HP 9800 
series programmable calculators, model 
9306 can be uti11ized as the primary printer 
or as an addressable secondary printer in 
the system. Each self-contained unit in­
cludes electromechanical components and 
all electronic logic required for interfacing 
and char generation. It produces an 
original plus up to four carbon copies, 
with paper supply located below or to the 
rear. Std 64-char set can be expanded to 
128; elongated boldface char may be 
printed on command. Print speed is 100 
char Is using std 5 x 7 dot matrix. 
Spanti'onics Engineering, 702 Bowling 
Green, Moorestown, NJ 08057. 
Circle 227 on Inquiry Card 

By the time your 
drum plotter tums this out, 

a Gould printer/plotter 
can turn it out 400 times. 

100. 
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LRMBDR - MTCRCINS 

The engineering test data illustrated above was generated 
on a Gould 5000, on-line to an IBM 370, by ITEK Corporation , Lexington , Mass. 

Get higher plotting speed, lower plotting costs, and a use­
ful printing capability in the bargain. A Gould printer/plotter 
is so fast, it can turn out this plot in only 2 seconds-versus 
an average 13V2 minutes for your old drum plotter. 

Our software is upward compatible with the leading drum 
plotter. Without any sacrifice in mainframe CPU time, or a 
need to retrain your personnel. 

In addition, a Gould printer/plotter gives you a lower unit 
cost, as well as lower paper cost. And better-looking output, 
since there's no ink to smudge, clog or run out of. Few mov­
ing parts for quiet operation, high reliability. 

This all adds up to the best printing/plotting hardware 
and software available anywhere. And it's backed by Gould's 
own factory-trainedservicetechniciansthroughouttheworld. 

To learn more about Gould electro­
static printer/plotters-get in touch with 
Gould Inc., Instrument Systems Division, 
3631 Perkins Ave., Cleveland, Ohio 44114 
U.S.A. or Gould Allco S.A., 57 rue St. 
Sauveur, 91160 Ballainvilliers, France. 

For a free full line brochure in the U.S. 
call toll free (800) 648-4990. 

-) GOULD 
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t-. •• • .7:=; How do you direct 2,000 low 
:r·· level transducer lines into a back-up 

computer without changing 200 cables? 
Easy. T-Bar® 48-pole latching relays. 

T-Bar makes high density switches and 
relays ... designs and fabricates special 

switching systems ... reliably and 
economically. If you -switch a lot of lines -

all at once or a few at a time - write or 
phone today for complete T-Bar literature. 

~~~~NCORPORATED 
SWITCHING COMPONENTS DIV •. 

134 

1440 Danbu.ry Road 
Wilton, CT 06897 
Phone: 203/762-8351 

arr-;;;;;;;;-..~ 
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CENTRIFUGAL BLOWER 
A high volume, min space centrifugal blow­
er that operates at a low noise level, the 
double-inlet unit delivers 1525 cfm with a 
min back pressure of 0.6" H:iO when op­
erated at 115-Vac, 60-Hz, single-phase. 
Shut-off occurs at 1.45" H20. Measure­
ments of 151;2 x 15%6 x 101h" are achieved 
through use of a double-inlet centrifugal 
blower wheel that uses little space and 
permits the motor to be mounted inside the 
package envelope. Installation may be hori­
zontal or vertical. McLean Engineering 
Laboratories, Inc, 70 Washington Rd, 
Princeton Junction, NJ 08550. 
Circle 228 on Inquiry Card 

ORIGl'NATE/ ANSWER 
ACOUSTIC COUPLER 

A redesigned LSI version of the company's 
originate/ answer acoustic coupler, which 
used discrete logic, model 702B offers im­
proved reliability as well as advanced fiil­
tering technique. Using a phase-lock loop 
filtering system, the device is designed 
particularly to operate where line condi­
tions create data · transmission problems. 
It can be used for terminal-to-terminal or 
terminal-to-computer operation and features 
TTY (20-mA current loop) and RS-232 
terminal interface, half- or foll-duplex 
switching, and optional hardwire (DAA) 
connection. Omnitec Corp, 2405 S 20th 
St, Phoenix, AZ 85034. 
Circle 229 on Inquiry Card 

SERIAL-TO-PARALLEL 
INTERFACE IC 
A single n-channel, Si-gate IC designed to 
interface serial data communications with 
parallel digital systems combines functions 
of two existing IC chips into a single chip. 
Compatible with IBM BiSync and other 
modes, UC1671B asynchronous/synchro­
nous transmitter/receiver (ASTRo™) han­
dles full-duplex data rates of up to 1 million 
baud. It also features transparent mode 
capability for min system interfacing. 5-
to 8-bit word lengths can be selected by 
either a control word or hardwiring to set 
up the chip. Western Digital Corp, 3128 
Red Hill Ave, Newport Beach, CA 92663. 
Circle 230 on Inquiry Card 

0.27" .LED READOUTS 

740-0005 is a 0.27", 7-segment, bright red 
LED char with decoder I driver to produce 
numbers 0 thrugh 9. -0007 is a plus/minus 
sign and a 1. Both have decimals and ap­
propriate resistors and are immune to 
shock and vibration. Decoder I driver re­
quires four lines or bits of information in 
8421 BCD code. Terminals on the PC 
board allow automatic blanking of leading 
and/ or trailing edge zeros, and a lamp test 
overrides BCD inputs to check for possible 
display malfunctions. Dialight, a North 
American Philips co, 203 Harrison Pl, 
Brooklyn, NY 11237. 
Circle 231 on Inquiry Card 

HIGH SPEED, LOW DRAIN 
SOS RAM 
SCM5520S is a 256-bit CMOS device that 
is pin compatible with comparable bipolar 
and n-channel MOS RAMs. Access time 
is <100 ns; typ values from production 
measure 50 to 80 ns. Also featured are low 
power drain and operating power at 1-
MHz cycle rate of 5 mW typ. Only 2-V 
battery backup is needed to store data. 
Unit is supplied in a 16-pin ceramic pack­
age. Solid State Scientific Inc, Montgom­
eryyille, PA 18936. 
Circle 232 on Inquiry Card 

LINE..1POWER 
DISTURBANCE TESTER 
To test susceptibility of electronic '-equip­
ment to power disturbances, the NSG200 
simulates short breaks or voltage changes, 
potentially destructive, superimposed high­
energy pulses, and fast interference pulses 
which may be generated by switches and 
static discharges. Its modular mainframe 
accepts individual plug-in units which .sim­
ulate different types of interference, per­
mitting thorough analysis of circuit be­
havior to ensure design integrity. Aiken­
wood Co, Zi-Tech Div, 223 Forest Ave, 
Palo Alto, CA 94301. 

Circle 233 on Inquiry Card 
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COUNTER/CONTROLLER 
KE provides high speed up/ down counting 
on a 5-digit LED display with 0.3" high 
char. Count capacity is expandable by 
cascading to 10, 15, or more digits. Fea­
tures include I-MHz counting rate; battery 
backup; external programmability; inde­
pendent preset memory to allow online 
multilevel control; optional piggyback pow­
er supply; TTL, relay, or transistor output; 
automatic recycling without loss of counts; 
and power requirement of 5 V de ±5% at 
2.2 W. Sodeco/Landis & Gyr, 4 West­
chester Plaza, Elmsford, NY 10523. 
Circle 234 on Inquiry Card 

DEMAND PRINTER/ ALARM 

: ... 1•.:•• 
,,f 
i, ' 

~ '<i 

The 9100 is designed to offer a solution 
to electric power demand monitoring and 
control. Automatic printout includes day, 
time to the minute, and kilowatt demand. 
An optional alarm may be used for manual 
qr semiautomatic control during pk usage 
periods; an optional KWH meter may be 
provided for a complete demand/ energy 
study and permanent record. Experimenta­
tion by shedding various loads for specific 
time periods allows the unit to determine 
effects and feasibility of demand control. 
Scientific Columbus, 1035 W 3rd Ave, 
Columbus, OH 43212. 
Circle 235 on Inquiry Card 

HYBRID MICROELECTRONICS 
PACKAGE 

The Tekform, a single-piece, plug-in Uni­
walFM metal microcircuit package, features 
0.04" thick walls and base materials made 
of iron-nickel-cobalt alloy, ASTM Spec F-15. 
Package cavity and sidewalls are formed 
as a single unit, eliminating the need for 
braze joints. Substrate attach area is en­
closed by sidewaHs, protecting the circuit 
work surface from damage during assem­
bly. Terminal seals are low thermal expan­
sion-matching borosilicate glass. Fifteen 
std substrate sizes range from 0.25 x 0.55" 
to 1 x 1.64", with up to 63 leads. Tek­
f orm Products Co, 2770 Coronado, Ana­
heim, CA 92806. 
Circle 236 on Inquiry Card 

GRAPHICS SYSTEM ARABIC CHARACTER DISPLAY 

Consisting of a vector generator and large 
screen (up to 21") electrostatic display 
oscilloscope, QVEC produces XY deflection 
voltages for the oscilloscope from digital 
information stored as a display file in the 
user's minicomputer memory. 10-bit reso­
lution is used for each axis, allowing pic­
tures to be drawn on a 1024 x 1024 grid. 
Various modes of operation allow dots, 
absolute and incremental vectors, and al­
phanumeric char to be drawn at high 
speed. Sigma Electronic Systems Ltd, 
37 King Charles Rd, Surbiton, Surrey, 
England. 

Q620 controller generates 64 Arabic char, 
including numerals and u/l case, allowing 
the user to transcribe the language in an 
80-char x 24-line display format. Char 
which must connect may do so. Ascenders 
and descenders are provided, and a com­
mand function places a Nuqta ( •) over a 
char when required. Write operation is 
from right to left with char entered and 
displayed on the bottom line of the screen. 
Display is written from a 5-level CCITT 

serial data source at 50 baud. Ann Arbor 
Terminals, Inc, 6107 Jackson Rd, Ann 
Arbor, MI 48103. 

Circle 400 on Inquiry Card Circle 237 on Inquiry Card 

Here's all you need to convert 
your minicomputer to direct 
digital control of multi-zone 

electrical heating for as little 

#186 

as s375a4* a channel. 

You supply the PDPB mini, heaters and 
thermocouples. The rest comes in the Research 
Inc P-812-TP16 Process Control Package. 
Everything you need to hook-up and go is 
included - software ... even the plug-in cables. 
Closed-loop-control temperature and power 
with computer accuracy in 16, 32 or 64 channels. 
Software provides: Closed-loop temp. control 
of electrically heated processes with thermo­
couple feedback, data logging of zone temp. in 
F°. or C 0 

., alarming on temp. deviation from set 
points, time-temp. programming. Solid-state 
switching of electrical power rated as high as 
480V with load ratings from 10 to 800 amps. 

Direct Digital Control Division standard. Call (612) 941-3300 collect and ask for 
RESEARCH INC Direct Digital Control. 
BOX 24064 MINNEAPOLIS MINNESOTA USA 55424 

·Price based on 64 channels and load currents of 10 A. at 230 VAC . 
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Computer 
Peripherals from 

Canon 

DIG.ITAL 
READERS 

(with Write capability) 

Card 
Stripe 
(Credit Card) 

Read Only. Write Only. 
Read/Write. 
Process any standard size card (ABA, 
IATA, Thrift, security identity, :etc.) -
75 to 210 bits/inch, stripe length 2.8 
inches. Standard read velocity 3.15 
in./sec. Can be supplied to customer 
spec. 

Flex 
Card 
(Program Card) 

For short programs. 
Uses 2 in. wide flexible card with 2 x 
2, 2 x 3, 2 x 4, 2 x 5 or up to 1 x 9 
tracks. · Recording density, 21 O bits/ 
inch. Output TIL. Stock cards, up to 
8" record length. 

Endless 
Tape 
(Digital Memory) 

Up to 208 K bits/track, 2 or 3 
tracks. Very useful as a small digital 
memory. Compact and light enough 
for incorporation in portable equip­
ment. Uses .150 tape in an endless 
cartridge. Tape length to 315 inches. 
Recording density 660 bits/inch. Tape 
speed 3.75 inch/sec. Input/Output, 
TIL/DTL. 

PLEASE CHECK SPEC YOU WANT 
0 PCR 0 CCR 0 EDM 

Canon®u.s.A., 1Nc. 
Electronics Components Division 
10 Nevada Drive 
Lake Success, L.1., N.Y. 11040 
516 I 488-6700 Telex 96-1333 
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PRC DUCTS 

SOLID-STATE OSCILLOSCOPES 

Model 170 is a de to 1.5-MHz scope having 
a 5" flat-faced CRT. Vertical sensitivity is 
20 m VI cm, input impedance is 1 MO 
shunted by 30 pF, and sweep frequency is 
10 Hz to 100 kHz. Model l 70T includes 
triggered sweep (10 µ,s/ cm). Model 230 
has a bandwidth of de to 5 MHz, sweep 
frequency of 10 Hz to 500 kHz. Model 
230T features sweep speed to 1 µ,s/ cm. 
EDL Instruments, Inc~ 6366 Gross Point 
Rd, Niles, IL 60648. ' 
Circle 238 on Inquiry Card 

LIGHTED SNAP-IN 
PUSHBUTTON SWITCH 

300SL series offers up to 4pdt switching 
capacity and 100,000-cycle max life, no 
load. Momentary or push-push action as 
well as single or split legends are available. 
Lamp terminals are independent of switch 
terminals, and PC lugs are available for 
the switch on}y. Contact resistance is <10 
mn initially. Electrical ratings are 0.5 A at · 
28 V de, 0.25 A at 110 Vac, 6000 operations 
under load (silver-plated brass), . and 1 
A at 28 V de, 0.5 A at 110 Vac, 50,000 op­
erations under load (silver alloy). Oak 
Industries Inc, Switch Div, Crystal Lake, 
IL 60014. 
Circle 239 on Inquiry Card 

MICROPROCESSOR 
COMPONENTS 
N3001 microprogram control unit · and 
N3002 2-bit central processing element· are 
said to off er 30% faster clock cycle time 
( 45 ns typ) than corresponding devices. 
In addition, through use of ceramic pack­
ages, case temp is significantly lower, pro­
viding higher reliability. Signetics Corp, 
811 E Arques Ave, Sunnyvale, CA 94086. 
Circle 240 on Inquiry Card 

POWER SUPPLY WITH 
BATTERY BACK-UP 
A 5-V, 6-A power supply featuring auxili­
ary battery back-up, the microcomputer 
memory power supply automatically main­
tains permanent power on a 4K x 8-bit 
memory bank of 2102 RAMs. The standby 
battery pack is continuously trickle­
charged as long as line voltage is present. 
Power outages from 1 wk to 1 mo long 
result in no data loss. The open-frame mod­
ules are short-circuit proof, and provide 
overvoltage crowbar protection. Scarpa 
Laboratories, lire, 46 Liberty St, Brainy 
Boro Station, Metuchen, NJ 08840. 
Circle 241 on Inquiry Card 

SWITCHING POWER SUPPLY 

800 series regulated supply provides 1'5{){) 
W in a package measuring 5.25 x 9.12 x 
14.38" and weighing <23 lb. Output w1l tage 
is 5 V de, 300 A, with 50-m V pk-pk ripp\e/ 
noise on the output. Line regulation is 
0.2% ; load, 0.4%; response time is 200 
µ,s; and typ efficiency is 75% for 5-V out­
puts. Featured are a built-in EMI filter, 
thermal overload switch, overvoltage pro­
tection, remote sensing, and long hold-up 
time. LH Research, Inc, 2052 S Grand 
Ave, Santa Ana, CA 92705. 
Circle 242 on Inquiry Card 

DUAL ROW PC BOARD 
EDGE CONNECTOR 

t. 

4338 series Edgecon dual row connector, 
available in eight through 30 dual contact 
positions, with 0.156" contact spacing, 
features crimp-type contact and low mois­
ture absorption, dimensionally stable hous­
ing. Terminals have a bifurcated contact 
and are available with pre-tinned plating 
or gold-over-nickel plJting. Anti-overstressed 
tabs help prevent terminal from collapsing 
if the PC board is inserted on an acute 
angle. Wire barriers are also available. 
Molex Inc, 2222 Wellington Ct, Lisle, IL 
60532. 
Circle 243 on Inquiry Card 
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TRACKING S-D CONVERTER 

Model 1651, a 14-bit tracking synchro-dig­
ital converter has 14-bit resolution and 
4-min. accuracy. This miniaturized solid­
state device continuously transforms syn­
chro or resolver data into digital form that 
are error free, at tracking rates to 5760 
deg Is. Type 2 servo loop error processing 
techniques insure that data are always 
fresh and continuously available. Refer­
ence and signal inputs are transformer 
isolated and TTL/DTL compatible. Std 
inputs are 11.8 or 90 V rms line-to-line, 
50 Hz to 10 kHz. Transmagnetics, Inc, 
210 Adams Blvd, Farmingdale, NY 11735. 
Circle 244 on Inquiry Card 

MEMORY EXPANSION PACKAGE 
In addition to a more extensive instruction 
set, memory expansion option provides 4 
kilobytes of RAM capacity for program­
ming, while TICOL 11, an enhanced program-

ming package, expands the types of ap­
plications programs that can be imple­
mented on the company's model 742 pro­
grammable data terminal. Users may re­
trieve data from tape cassettes in one-third 
the amount of time previously required, 
perform relative addressing of memory, di­
rect transfer of data to and from memory, 
and receive data from communications lines 
for direct processing by their program. 
Programs previously written for the 742 
will be fully compatible with models hav­
ing expanded memory. Texas lnstru• 
men ts Inc, Digital Systems Div, PO Box 
1444, M/S 784, Houston, TX 77001. 
Circle 245 on Inquiry Card 

MICROPROCESSOR 
TEST SYSTEM 
A computer-controlled test system which 
performs high speed functional tests and 
fault diagnoses on microprocessors and 
other complex digital logic circuits on PC 
boards, model 103 of the System 390 
series incorporates a 2-fami}y digital word 
generator I receiver that enables the user 
to test up to four different levels of logic 
simultaneously. Bidirectional pins allow 
testing of bidirectional buses in real time, 
and enable testing of associated RAMs, 
ROMs, shift registers, and the CPU. In· 
strumentation Engineering, Inc, 769 
Susquehanna Ave, Franklin Lakes, NJ 
07417. 
Circle 246 on Inquiry Card 

SOLID-STATE 
FREQUENCY CONVERTERS 
Offered in 2.5-, 5-, 10-, 15-, 25-, and 30-
k VA sizes in single- and 3¢, No-Break 
power system combines battery charger, 
battery bank, solid-state inverter, and by­
pass facility to provide disturbance-free, 
continuous power to critical loads. Charger 
converts ac mains power to de. Under nor­
mal conditions, de power float charges the 
battery and simultaneously provides power 
for the inverter. Upon serious distortion 
and/ or loss of input ac mains, inverter 
continues to supply critical load with unin­
terruptible ac power. Manufacturing 
Processes Ltd, Belvedere Works, Pump 
Lane Industrial Estate, Hayes, Middlesex, 
England. 
Circle 401 on Inquiry Card 

4 x 80-BIT n-CHANNEL 
SHIFT REGISTER 
Featuring a single 5-V power supply, M 
142 is an n-channel Si-gate MOS device 
consisting of four 80-bit registers, each hav­
ing a control input to enable external data 
to be shifted into it or output data to be re­
circulated back into it. Operating fre­
quency range is from de to 3 MHz. The de­
vice is supplied in a 16-lead DIL ceramic 
and plastic package. SGS-ATES Semi­
conductor Corp, 435 N ewtonville Ave, 
Newtonville, MA 02160. 
Circle 247 on Inquiry Card 

SYSTEMS ANALYSTS ~------------, I MEMORY SERIES NO. 11 

Systems Software 
Strong knowledge of teleprocessing software sys­
tems for Advanced Development Department. Fa­
miliarity with high level languages and operating 
system technologies. Responsible for determining 
the impact of network architecture on software re­
quirements and performance. Degree plus 7 years 
experience. 

Data Communication Systems 
Senior Communication Specialists with extensive 
background in domestic and international data 
transmission facilities. Require knowledge of inter­
faces to common carrier offerings. Experience de­
sired in real time, transaction-oriented network and 
SDLC and SNA · protocols. Re~ponsible for corpo­
rate policy recommendations and communications 
technology forecasting. Degree plus 7 years ex­
perience. 

If you are interested in these immediate openings 
with NCR's Communication Systems Division, 
please forward your resume and salary history to: 

Mr. Thomas B. Thrailkill 
Communication Systems Div. 
NCR Corporation 
3325 Platt Springs Rd. 
West Columbia, S.C. 29169 

An Equal Opportunity Employer 

CIRCLE 900 ON IN9UIRY CARD 

I WHAT ARE 16 I 
I INPUT VARIABLES I 
I WORTH IN OUR FPLA'S? I 
I Four times the address-scan capability of compet- I 

itive Field Programmable Logic Arrays. As a bonus I you get chip enable. Simplifies expansion of our 48 I 
product terms and 16 input variables . Permits tristate I application in bus organization. Provides logic inhibit, I 
preconditional decoding. Got it? Get it now. 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I THINK I 

:1.. !iiDOAl!li,l;,5 ..1: __ ::J _______ _ 
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Permanent 
Magnet 
D.C. Motors 
that solve design problems 

Tape Drive Motors 

Choose from five models of 
permanent magnet motors. 
1/125-1/2 hp, 18-172 oz. in. 
of torque at 2000 rpm. 

Blower Motors 

Optional lead positions. Single 
or double end shafts . Ball 
bearings for lower friction. 
Ventilated or enclosed end 
frames . 

Starter Motors 

Case lengths from 2 .92"-4.86" 
Less current draw and heat 
build-up with ceramic 
permanent magnets . 
12-120 volt D.C . 

Learn more about how our 
motors can help you solve 
design problems. Send for our 
FREE product portfolio. 

201 S. Delaney Road 
Owosso. Michigan 48867 
(517) 725-5151 

MANUFACTURERS OF ~®MOTORS 

CIRCLE 80 ON IN9UIRY CARD 

PRODUCTS 

BELL-COMPATIBLE 
MODEM 
The ESP-201, a 201-compatible modem, is 
suited for mixed system applications since 
it automatically senses interface require­
ments and provides the necessary response. 
When switched to a dial line, it auto­
matically provides fast turnaround (echo 
suppression protection) ; when switched to 
an autodial line, the answer-back tone; or 
when switched to a Bell modem, necessary 
handshake interface. Other features include 
built-in diagnostic testing, data quality in­
dicator, status indicator lamps, manual 
busy-out switch, and a call-abort timer. 
Syntech Corp, 11810 Parklawn Dr, Rock­
ville, MD 20852. 
Circle 248 on Inquiry Card 

4K BIPOLAR 
MEMORY BOARD 
Designed for use in systems where high 
speeds are required, such as complex sim­
ulation problems and ultra-fast control re­
sponse, M511-AP memory matrix board 
features 4096 words of bipolar parity mem­
ory for PDP-11/45 and /50 computers. Up 
to 32,744 words can be installed, as op­
posed to the previous max of 8192. Dig­
ital Equipment Corp, Maynard, MA 
01754. 
Circle 249 on Inquiry Card 

SLIDE SWITCH 
MSS-2450 is a 2-pole, 4-position subminia­
ture switch designed specifically for printed 
circuit applications. Si~ver-plated brass ter­
minals and beryllium-copper contacts are 
std. Optional is 1.25-µ gold plate over 
nickel. Positive wiping action assures low 
contact resistance. Four corner tabs add 
stability when the devices are mounted 
free-standing on PC boards. Alco Elec­
tronic Products, Inc, 1551 Osgood St, 
North Andover, MA 01845. 
Circle 250 on Inquiry Card 

16- AND 22-PIN 4K RAMs 
Employing small die size, single-transistor 
cell design, and n-channel processing, 
54021 devices are pin compatible with 
TMS4060/2107B and MK 4096. Max access 
time can be 200, 250, 300, or 400 ns. Low 
power dissipation results from an avg Inn 
supply current of 30 mA typ, 40 mA max. 
Read/write cycle time is 375 ns min, and 
read/modify/write cycle time is 520 ns 
min. American Microsystems, Inc, 3800 
Homestead Rd, Santa Clara, CA 95051. 
Circle 251 on Inquiry Card 

CONTROL MOt>ULE 

This combined programmable digital fall­
back switcher with 4-wire VF signal patch­
ing permits re-routing signals for 16 chan­
nels at both the digital and analog sides 
of modems. It handles 16 full.duplex RS-
232-C digital channels and 16 4-wire VF 
channels. In the digital interface, unit 
covers individual channels or all 16 as a 
group. LEDs provide continuous monitoring 
of transmit data, receive data, and carrier 
for each channel. When carrier is lost on 
any channel, an audible alarm sounds. 
Cooke Engineering Co, div of Dyna­
tech Laboratories, Inc, 900 Slaters Lane, 
Alexandria, VA 22314. 
Circle 252 on Inquiry Card 

DAC AND ADC MODULES 
CyMOS family features total power re­
quirements of from 100 to 150 mW. Mod­
ules can be powered with a 5- to 15-V 
logic supply applied to a single terminal; 
voltage used determines logic threshold 
level. Analog supply voltage may be from 
±IO to ±15 V. Family includes 8., 10-, and 
12-bit binary units and 2- and 3-digit BCD 
units. Both complementary binary and 
straight binary as well as BCD codes are 
available. Cycon, Inc, 1240 Elko Dr, 
Sunnyyale, CA 94086. 
Circle 253 on Inquiry Card 

CASSETTE TAPE HEADS 

Line of 0.15" format read-after-write dig­
ital cassette magnetic tape heads feature 
guaranteed feedthrough of <2% at 10 
in./ s, 150% of saturation, 2-µs rise time, 
and 1600 foi. Available in either one or 
two channels, and having an all-metal face 
for long wear, heads meet ANSI, ECMA, 
and ISO stds. They are offered with a pre­
cision base dimension when required, and 
are designed for higli-rel digital cassette 
transports demanding mm1mum feed­
through. Creative Magnetics, Inc, 49 E 
Industry Ct, Deer 'Park, NY 11729. 
Circle 254 on Inquiry Card 
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250-ns 4K n-CHANNEL RAM GAS PLASMA 
DISPLAY DEVICE The 4096, a 16-pin, 4096-bit n-channel 

dynamic circuit featuring 250-ns access 
time, utilizes a single-transistor memory 
cell and silicon nitride capacitor tech­
nology. A 300-ns access time version is 
also available. Both are housed in a 
ceramic DIP and are folly TTL compatible. 
Power dissipation is specified at 250 mW, 
and typ active access power is 120 mW. 
Address multiplexing/latching method al­
lows reduction in package size, permitting 
80% increase in packing density on mem­
ory boards. Fairchild Camera and In­
strument Corp, MOS Products Div, 464 
Ellis St, Mountain View, CA 94042. 

Designed for equipment ranging from POS 
devices to large scale audience information 
systems, Self-Scann II module has 20 char 
which are 0. 7" high and arranged in a 5 
x 7 dot matrix alphanumeric display. 
Orange dots can be seen to 50'; horizontal 
viewing angle is 150 deg. Only 18 con­
nections are required to control the display. 
The 14 x 1.9 x <!"panel displays, in ad­
dition to ASCII, all Western languages as 
well as Cyrillic, Hebrew, and Katakana. 
Burroughs Corp, Detroit, MI 48232. 
Circle 257 on Inquiry Card 

Family of Class 83 series-regulated de sup­
plies, with dual and triple outputs, features 
split-bobbin transformer design that pro­
vides I/ 0 isolation tested at 1000 MO de, 
2500 Vac, and assures full isolation be­
tween independent outputs. Each output 
has individual manual adjustment for both 
output voltage and current limiting. 
Reverse voltage protection and short circuit 
protection with automatic return are built 
in, and overvoltage protection is available. 
Input voltages are 120 and 240 Vac, with 
tolerance for ±10% variation. Sola Elec­
tric, 1717 Busse Rd, Elk Grove Village, IL 
60007. 
Circle 258 on Inquiry Card 

Circle 255 on Inquiry Card 

POWER MODULE 
DUAL/TRIPLE-OUTPUT 
POWER SUP'PLIES 

INDUSTRIAL/MILITARY 
MODULAR POWER SUPPLIES 

Capable of operating over full mil temp 
range of -55 to l00°C, BN50 series reg­
ulate de input voltages to 0.5% over full 
input range of 20 to 32 V de, converting 
28-Vdc input to 50 W of power from 5 to 
50 V de. Load regulation is 0.5% for no 
load to full load at constant input voltage. 
Ripple/noise is 25 mV rms, 100 mV pk-pk, 
over a range of 25 to 100 ° C. Other features 
include full rated output current over -55 
to 85°C, derated to 80% of full load rating 
at l00°C. Tempco is 0.03%/°C. Abbott 
Transistor Laboratories, Inc, 5200 W 
Jefferson Blvd, Los Angeles, CA 90016. 
Circle 256 on Inquiry Card 

THE PROCESS INDUSTRIES 
DIGITAL CONTROLS MARKET 
The market for digital controls in the process industries is 
poised for dramatic growth during the next decade. Sales 
of digital control products will surge from $245 million in 
1973 to $404 million in 1977 reaching $845 million in 
1983 (in constant 1973 dollars). 

Frost & Sullivan has completed a 183-page analysis and 
forecast of the market through 1983. The forecast encom­
passes these products: digital Instrumentation; supervisory 
control computers; direct digital control computers; and 
these end users: petroleum, chemicals, iron and steel, 
aluminum, extractive metals, pulp and paper, food, textiles, 

cement, glass and building materials, rubber and plastics. 
Export sales forecasts are made by geographic region. 
Sales and market shares to 1977 are distributed by these 
supplier classes: digital computer manufacturers, process 
instrumentation manufacturers, semi-conductor manufac­
turers, specialized equipment manufacturers and systems 
contractors. 

Price $595. Send your check or we will bill you. For free 
descriptive literature plus a detailed table of contents 
contact: 

S::::.. FROST & SULLIVAN, INC. 

!5 106 Fulton Street 
New York, New York 10038 
(212) 233-1080 

Family of militarized line-to-de encapsu­
lated power supplies is designed to pro­
vide high rel performance while operating 
in rugged environments. MIL-approved, 
hermetically sealed active components and 
tantalum capacitors are rated for full OP· 
era:tion across specified op temp range. 
100% of power is available through 85°C. 
Storage temp range is -55 to 125°C. 
Single-output models offer 5 V de at 500 
and 1000 mA; dual-output versions have 
ratings of ±12 or ±15 V de at ±lQO and 
±200 mA. Semiconductor Circuits, Inc, 
306 River St, Haverhill, MA 01830. 
Circle 259 on Inquiry Card 

.. ------------, I MEMORY SERIES NO. 13 

I PICK ANY 48 WORDS I 
: FROM A 65,538 POOL : 

I 
IN THE FIELD, WITH JUST ONE FPLA. And edit I 

your program at will. In our Field Programmable 

I 
Logic Arrays with 16 inputs to the decoder, product I 
terms can be added (up to 48) or removed-or delete 

I 
input variables from your terms. And outputs pro- I 
grammed active-high are reprogrammable to 
active-low. 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I ™ I TH INK 0 Call me with sample part ~. 
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One 
good turn ... 

007 NORMAL. 1'32 C 
00e NORMAL 14:1.C 

009 ALARM 

•series 
another. 

,... t-u: s :r s .Ff· 
' pflil!J: OR l: T~ 

MESSAcui 

You flipped over our Matri-Dot alphanumeric mini for " first 
line down" data printing; now we've flipped our design to 
give you "first line up" text print format, too. So you're 
ahead, whatever your point of view. Because no one else 
makes printers as small as 3"H x 3Y2"W x 7"0. No one 
else sells them as low as $140 (in quantities of 100). And 
no one else offers our features. Instead of a drum, our 
unique print head purrs along at 138 lines per minute for 18 
data columns, even faster for fewer columns. Instead of 
messy ribbons, our exclusive drop-in ink platen lasts for 
75,000 lines and replaces from the front panel. And instead 
of engraved drum limitations, our 7 x l ~ ... ,.,.......,, 
5 dot matrix characters provide full j ,, 111 
alphanumerics with a complete ASCII / • • 
63 character set. Enhanced charac- • • 
ters are also available ... 8, 10, 12, or I • • • • • 
14 characters per inch. All this, \ • • 
plus multiple-copying capabilities ·and 1 • • 

plug-in panel mounting. No matter \ • • 

~i~h~o~~~~~ ii QiC~t. = ~. 
• ! AUfOMATION, 

INC. 

Trap Falls Road• Shelton, Connecticut 06484 
Tel: (203) 929-5381 

PRODUCTS 

STEPPING MOTOR CONTRO·LLER 

A programmable controller, the DMC-10 generates and updates 
speed/ distance profiles by means of front-panel thumbwheels or 
rear-panel remote inputs, and requires no software. Crystal-con­
trolled precision permits max stepping motor speeds without 
stalling or overshooting target. Jog, Run, and Index functions can 
be operator-controlled by front-panel buttons or signals brought 
in from remote inputs (computer or multiplexed BCD inputs) 
permitting its use for lab testing and debugging of stepping 
motor systems, or for production line motion control. Inputs are 
optically isolated from internal logic through special rear-panel 
terminals to minimize noise and ground loop problems. Output 
step rate is up to 9990 Is; a speed-doubling option is available. 
Sigma Instruments, I n c, 170 Pearl St, Braintree, MA 02184. 
Circle 260 on Inquiry Card 

DUAL DATA TABLET/DIGITIZER SYSTEM 
By using a data tablet as a keyboard, the dual sygtem provides 
economy and flexibility in digtizing graphics and entering alpha­
numeric, control, and variable data. A 36 x 48" digitizer is used 
for supplying X-Y coordinate values for applications in cartog. 
raphy, interactive graphics, or CAD; the map, or plan, to be 
digitized is placed on the surface of the digitizer, and data are 
entered via either a stylus or cursor. An 11 x 11" tablet, sharing 
the same controller, is placed on the surface of the large tablet. 
It usually holds a menu, chart, table, or listing, whose coordinate 
values have pre-programmed specific meanings, and serves as a 
"keyboard" to permit entry of both alphanumeric and symbolic 
data. Basic system offers resolution of 100 or 200 counts/in. 
Summagraphics Corp, 35 Brentwood Ave, Box 781, Fairfield, 
CT 06430. 
Circle 261 on Inquiry Card 

DATA LOGGERS 
The System 70 series includes six basic Datalogger configurations, 
each centered around a particular DMM, electrometer, or nano. 
voltmeter. A IO-channel scanner precedes the measuring instru­
ment in the circuit and an .18-col printer provides a record of 
time-of-day, channel, data, exponent, and engineering units. The 

number e>f input channels can 
be expanded in multiples of 
10. System 70/616/18, an 
electrometer-based unit, fea­
tures current sensitivity from 
10-13 A (0.1 PA) to 100 mA, 
and is suitable for high im­
pedance (1010 I 0) de voltage 
measurements as well. Remov­

able jumpers convert the scanner switching to more conventional 
voltage configuration of open-circuited idle channels. System 
70/160B/18 provides similar results but uses a general-purpose 
microvolt DMM rather than the electrometer. Keithley Instru­
men ts, Inc, 28775 Aurora Rd, Cleveland, OH 44139. 
Circle 262 on Inquiry Card 

+---- CIRCLE 37 ON IN9UIRY CARD 
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ADD-ON CORE MEMORY SYSTEM 

Designed to double the capacity of DEC 
PDP-11/15 and /20 computers within their 
available chassis spaces, the SK-word x 
16~hit LM-820 is pin compatible with both. 
Using a connector block, max storage 
capacity of 32K words can he achieved by 
utilizing only four of the available memory 
card slots within the computer chassis. 
Two blocks accommodate full internal 
memory capacity without extra equipment 

or power sources. Memories have 650-ns 
cycle time, 280-ns access time, and 86-pin 
edge-type connectors. Litton Memory 

Products, div of Litton Industries, 
Canoga Park, CA 91303. 
Circle 263 on Inquiry Card 

DIP PANELS 

Line of DIP and universal IC panels fea­
tures screw-machined sockets with wrap­
type posts and gold-over-nickel plated, 
seamless beryllium copper contact springs. 
DIP panels are supplied in 30- or 60-posi­
tion sizes for either 14- or 16-lead pack­
ages; IC panels are provided in 1- to 8-
group sizes in the universal 0.1 x 0.3" 
pattern with each group consisting of nine 

rows of 50 sockets. All are available with 
either sockets, posts, or card-edge connector 

pads for I/ 0 connections. AMP Inc, Har­
risburg, PA 17105. 

Circle 264 on Inquiry Card 

D-A CONVERTERS 

TVDA-0815 and -1015 feature an internal 
deglitcher which suppresses transients in 
the analog output of the converter, making 
them useful when reconstructing . video 
signals whose presentation would other­
wise be impaired. Std unit provides min 
settling to either 8- or 10-bit accuracy 
with slightly over 1 V of output drive 
into an open circuit; it is suited for 
applications requiring 1 or 2 V into 50 to 

100 n. Input word rate for both models 
is 15 MHz, with accuracies (including 
linearity) to ±0.05%. Computer Labs 
Inc, 1109 S Chapman St, Greensboro, NC 
27403. 
Circle 265 on Inquiry Card 

r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------------, MEMORY SERIES NO. 14 

L 

6 THINGS TO DO 
WITH OUR FPLMS. 

Coupon clipped to letterhead gets 
you detailed applications data on 
FPLAs #825100 (Tri5tate) & 
#825101 (Open Collector) . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Tel Ext I 
TH INK 0 Rush me sample parts quote 
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This isn't just an 
ink roll-
it's the 11··· whole ~ 
inking system. 
It's the Porelon system. An ink-bearing, 
microporous plastic roll replaces fountains, transfer 
rolls, distribution rolls, even ribbons on some jobs. 

.-....,,..---. That's because the ink roll is Porelon -.---1 plastic, with a life-time supply of ink molded 

• 

into its pores - enough ink for millions of 
lines of type. This gives you plenty of 

design versatility. 

It simplifies the space problem, 
for example. When your 

whole inking system is a single 
roll, you can work it into a 
small space. And you gain 
design freedom. 

Location has no restrictions. 
Put the Porelon system 
where it'll do the most good. 
Forget about gravity. Ink flows from 
Porelon plastic by capillary action 
where it meets the type - up, down or in any 
direction. Forget about accessibility for refilling 
fountains, too. No one ever sees the ink roll until it 
needs replacement - after millions of crisp, 
legible impressions. 

0 

0 

Porelon offers advan­
tages in weight. The 
system's complete in a 
small cartridge that 
weighs only ounces. 

Porelon can take a load 
off your mind when it 

comes to cost, too. Savings start with design - you 
transfer a lot of this work to us. And you eliminate 
many conventional inking components, so you 
can reduce manufacturing costs substantially. 
(That's more important now than ever.) 

Like to know more 0 
about cutting costs? 
Write for this free 
booklet: PORELON 

a 
"solid inking systems 0 a 
for business machines." 

~-.:::::~:::::::::=~---.:::.:::; 

A SUBSIDIARY OF JOHNSON 
DIVERSIFIED, INC., CD-10 
Racine, Wisconsin U.S.A. 53403 
Porelon is a registered trademark 
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PRODUCTS 

CASSETTE-TO-CASSETTE DUPLICATOR 
"""" Copying all popular formats of 

digital cassettes with typ copy time 
of 30 s for a 100-ft and 90 s for a 
300-ft cassette, the D-200 copier 

. meets ISO, ECMA, and ANSI stan­
dards for Philips type computer 
cassettes and is expandable by the 
addition of slaved copy stations. 
The unit copies either side A or 
side B or both tracks at once, and 
automatically rewinds after making 

copy. Information can be merged from several cassettes onto one 
new one to combine program subroutines, data, and text material. 
Signal and control inputs and outputs are available at a remote 
receptacle in the rear of the machine. Ta'.Pe speed is 300 in. Is; 
packing density is up to 1600 fci. Sunrise Electronics, 228 N El 
Molino, Pasadena, CA 91101. 
Circle 266 on Inquiry Card 

S-D AND D-S CO"'VERTERS 
Trigac I converters are available as either PC cards or as cased 
units, and feature a reference voltage range of 1 to 115 V and 
a frequency range of de to 10 kHz, available in any combina­
tion; 3-wire, 4-wire, linear de, or magnesyn inputs; and multi­
plexing up to 32 channels without system modification. Any num­
ber of channels can be multiplexed by addition of a Scott-T or 
isolation transformer and a FET switch for each channel. Avail­
able cards include analog, digital, multiplex, power supply, 
serial converter, storage register, 28-V buffer, and 400-Hz refer­
ence supply. Cased units accept any combination of cards, and 
include single-channel S-D, 2-channel resolver-to-digital, and 16-
channel synchro /resolver-to-digital converters. The Singer Co, 
Kearfott Div, 1150 McBride Ave, Little Falls, NJ 07424. 
Circle 267 on Inquiry Card 

HIGH SPEED PRINTERS 

Sprint 55 and 45 produce letter-perfect final copy at speeds of 
55 and 45 char/s, respectively, using the company's daisy print­
wheel. Both offer a low cost option to increase carbon ribbon life 
up to 33%; the option is compatible with all existing multistrike 
carbon ribbon cartridges. The daisy printwheel is positioned by 
two servomotors for sharp letter registration. Impact on the tall 
printhammer is automatically adjusted to one of six intensities, 
to match the size of the character being printed. Critical carriage­
to-platen alignment is maintained by a rigid unitized frame and 
oversized floating guide rails which require no adjustments to 
maintain straightness. The units print on any form up to 15" wide. 
Qume Corp, 2323 Industrial Pkwy, Hayward, CA 94545. 
Circle 268 on Inquiry Card 

COMPUTER DESIGN/ OCTOBER 1975 



POWER FREQUENCY CHANGER 

Designed to provide conversion from 
domestic to foreign or foreign to domestic 
power line stds for any application re­
quiring a voltage and frequency stable 
power source such as tape or disc drives, 
SMG-5-5 operates at 92% nom efficiency, 
no load idling loss of 2% of ratings, and 
produces 62-dB sound level. It offers pro­
tection from overloads and short circuits, 
low output impedance, and fast response. 
Any number of units may be paralleled to 
increase capacity or obtain redundancy, 
and a UPS option is available. A• L-S 
Electronics Corp, 733 E Edna Pl, Covina, 
CA 91723. 
Circle 269 on Inquiry Card 

SMALL COMPUTER SYSTEM 

0/100 consists of a 16K-word CPU, 12 
megabytes of fixed disc, a 24 x 80-char 
CRT, and a 100-line/min. printer. A wide 
variety of options allows the unit to be 
tailored for individual end-user require­
ments. The system utilizes a powerful disc 
operating system called BDSOS and features 
EXBASIC, an extended BASIC that supports 
up to eight users. Business Data Systems 
of California, Inc, 260 Sheridan Ave, 
Suite 100, Palo Alto, CA 94306. 

Circle 270 on Inquiry Card 

How sensitive is your equipment 

to Power Disturbances? 
If you dqn't know how line voltage vari'ltions, high 
energy spikes and high frequency interference on th~ 
line affect your product, then you need to find out more 
about our power fault simulator. 

It looks like this 

and is known as the 

NSG 200 Line Power 
Disturbance Simulator 

For more details call or write 

ZI-TECH 
223 Forest Avenue 
Palo Alto, CA 94301 
Telephone (415) 326-2151 

~~~;, 

!-°Jt1 

DIGITAL TRANSMISSION 
MULTIMETER 

Model 430 is used to test noise, level, and 
frequency, as well as line resistance and 
capacitance, loop current, station battery, 
and ac power influence of telephone lines. 
All measurements are made from one input 
connection, with push1button control and 
digital display of measurement. Signal 
level (-70 to 15 dBm, 50-kHz bandwidth) 
and noise metallic (80 to 0 dBm) are 
measured with selectable termination im­
pedances and bridging. Built-in C-message, 
3-kHz flat and 15-kHz flat filter weighting 
are provided. Wavetek, Telecommunica­
tion Products, PO Box 651, San Deigo, 
CA 92112. 
Circle 271 on Inquiry Card 
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Inside 
Story 

Beat the "bends". EMC's Nurl-Loc® Terminals 
spread the stress evenly throughout the panel, 
eliminating warp (and the need for stiffeners) ... 
even on J{6" boards. The straight male splined cyl­
inder guides the terminal securely into a more 
accurate true position than a barbed ring. And the 
internal burr-free, four-finger contact grabs any 
IC lead firmly, even as small as .011 dia. Proto­
types or production, call Allan Klepper (401) 
769-3800 for a copy of our new, interesting "Inside 
Story" ... or write Electronic Molding Corp., 96 
Mill Street, Woonsocket, R. I. 02895. 

EMC's Wire- Wrap® Panels 
with Nurl-Loc® Terminals 
... better performance 

by design! 

Wl,...Wr .... •....,.·Denver Co. 
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PRODUCTS 

BRU'SHLESS DC MOTORS 
A field-tested hrushless de motor pack­
age, 1AD4002-0QQ99-AF includes the 
basic motor integral with electronics, 
designed to run continuously and with­
out service for a min of 10,000 hr, with 
continuous torque capability of 0.35 oz­
in., and a speed adjustment range of 
2200 to 3300 rpm. Speed regulation 
over the entire torque range is 1 %- The 
housing measures 1.57" dia x 1.49" 
long, and requires a 2-wire input for 

operation from a 12-Vdc ±5% power supply. The basic motor 
without electronics has a permanent dynamically balanced alnico 
IV cylindrical magnet, four windings, and two Hall generators. 
With an appropriately designed commutator, it has torque capa­
bility of 1.2 oz-in., continuously running in the -10 to 55°C temp 
range. Siemens Corp, Power Engineering Div, 186 Wood 
Ave S, lselin, NJ 08830. 
Circle 272 on Inquiry Card 

DIGITAL IC TESTER 
Self-programmable via a switch 
panel which allows selection of the 
function for each pin of the device 
to he tested, the model 1550 provides 
a separate socket for a known-good 
reference device. Each pin on the 
reference and UUT test sockets are 
wired to receivers which compare the 
status of corresponding inputs or out­
puts at each program step. Parallel 

operation allows %-s test time for all devices. Data applied to in­
puts are gray-code weighted and then randomized by enciphering 
circuits to ensure full functiona1l exercising of the device under 
test. The mac'hine tests DTL, TTL, CMOS, HTL, and HINIL. 
Other features include a fault locator switch to identify failed 
pins, 5-/12-V power supply operation, and handler interface. 
Electromedics, 3295 Brookdale Dr, Santa Clara, CA 95051. 
Circle 273 on Inquiry Card 

PRECISION A·D CONVERSION SYSTEM 
GMAD-4 combines front-panel manual controls with rear-panel 
interface signals and controls that easily interface with widely 
used minicomputers and controllers. Available with either 10-, 
12-, or 15-bit resolution, the unit interfaces with hardware and 
software configurations of the DEC PDP-11, HP 2100, Varian 

V-73, Data General Nova, and 
other similar computers. Com­
pletely enclosed within a 5112" 
high rack-mounted enclosure 
are A-D converter, internal 
clock and addressing circuits, 
central power supply, and up to 
256 single-ended or 128 differ­
ential input multiplexer chan-
nels. Norn full-scale analog in­

put voltage range is ±IQ or ±5 V. Input impedance for the analog 
input signals is 1000 MO, and linearity of the system is within 
±0.01 %. Preston Scientific, Inc, 805 E Cerritos Ave, Anaheim, 
CA 92805. 
Circle 274 on Inquiry Card 
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MODULAR POWER SUPPLIES 

Offering direct PCB mounting and delivering 10 W of de output 
power, model PM597 supplies ±12 V de at 400 mA; PM545, 
5 V de at 2000 mA. The supplies measure 2.5 x 3.5 x 1.62", and 
are available in popular pin configurations. Specs include: 115 
±lQ.Vac or 230 ±20·Vac input voltage; 50- to 400-Hz input 
frequency; and ±400. or 2000-mA output current. Line regula­

tion is ±0.02% max, load regulation is ±0.02% max, and ripple 
and noise are 0.5 or 1 mV rms. Tempco is 0.02%/°C. Computer 
Products, Inc, 1400 NW 70th St, Fort Lauderdale, FL 33307. 
Circle 275 on Inquiry Card 

FLOPPY DISC TEST SYSTEM 

Based on the series 70 microcomputer and series 61 IBM-com­
patible floppy disc system, test system performs complete diag­
nostic testing and exercising including error rate, compatibility, 
and media testing on IBM-compatible floppy disc drives. Various 
tests and combinations of tests are provided for appropriate use 
in production assembly testing, receiving inspection testing, QA 
analysis, and life testing. Test program is supplied on an IBM. 
compatible floppy disc for initial automatic system load. The test 
operator specifies tests and test sequence from a CRT or TTY 
terminal. Thorough test of a disc drive requires 5 min; compre­
hensive drive and media test and error rate require 15 min. Con­
figurations are available to test 1, 2, 4, 6, or 8 drives. Applied 
Data Communications, 1509 E McFadden Ave, Santa Ana, 
CA 92705. 
Circle 276 on Inquiry Card 

PROGRAMMABLE DATA ACQUISITION/TELEMETRY 
CONTROL SYSTEM 

For use on std dial telephone network; radio link, leased line, or 
private WATS network; or hardwired for in-plant use, model DAS-
16C is a 4K-word, processor-based integrated digital system. 
Compatible with existing process sensors, meteorological sensors, 
and other analytical instruments, the system interfaces with exist­
ing computer peripherals and data acquisition systems. Basic sys­
tem consists of a central station processor, CRT and/ or tele­
printer, and a remote data terminal capable of up to 24 analog 
inputs, 36 status inputs, and 15 remotely controlled output relays. 
The number of additional remote terminals is limited only by 
availability of common carrier telephone network or private com­
munications system. FX Systems, PO Box 818, 77 Cornell St, 
Kingston, NY 12401. 
Circle 277 on Inquiry Card 

If you1re using screw machined parts 
as circuit board terminals, 

we can save you money. 
---d\ 

~~di$\ We manufacture a variety of circuit board 

~
- w...n;IP.! I 

,,,. wire terminals and clips. We fabricate them ~MaO..W\ \ accurately ... at far less cost than parts made 
i..11 !..!) on screw machines. We supply these parts 
\I'~.---- made from. round wire, square wire, flat 
~ stock and ribbon ... plated or unplated. 

We'll supply a head or upset to solve your "locating" prob­
lems, a knurl or flat to prevent "rocking" and a radius or 
chamfer to facilitate insertion and wire wrapping. We do this 
as a single operation and pass the savings on to you. 

If you•·re using these terminals ... especially if you're 
using screw machine parts ... send us a sample or print. We 
may be able to save you a lot more money than you realize. 

ART WIRE & STAmPIDG romPADV 
120 Wing Drive, Cedar Knolls, New Jersey 07927 
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PRODUCTS 

200-TRACK/IN. MOVING-HEAD DISC DRIVE 

Data MiserTM model DM06 has 5-megabyte capacity, is completely 
plug-compatible with DEC RKll and all std DEC operating sys­
tems, such as DOS, RSTS, RSX, and RTll, and requires no software 
modification. In combination with the DMlOOO controller, it is 
compl~tely compatible with the UNIBUS cahle as a PDP-11 sys­
tem expansion. The drive uses a single 14" disc as media. Its 
head-positioning motor provides 15-ms track-to-track access time, 
with 120-ms full stroke time and 75-ms average time. Recording 
density is 2200 bits/in. with a data transfer rate of 1.58 MHz 
at a disc rotation speed of 1500 rpm. The complete electronic 
interface is contained on one 10 x 10" PC board. International 
Memory Systems, 14609 Scottsdale Rd, Scottsdale, AZ 85260. 
Circle 278 on Inquiry Card 

INCREMENTAL SHAFT ENCODER 
Offering full-swing square w·ave output signals capable of 0.1-A 
sinking capacity for high noise immunity, std OPTACH incremental 
encoders operate from a single positive supply of 5, 6, or 10 to 
15 V with a regulation tolerance of ±20%. Differential configura­
tion of photocells and use of high quality differential amplifiers 
allow the units to operate at speeds from 100,000 to 500,000 
counts/ s. Rise or fall times are 0.5 µs max. The units are avail­
able in basic, heayy duty, and hazardous duty enclosures. Use 
of wide-aperture moire optics yields a strong signal which is 
averaged out over a large number of lines, minimizing effects 
of pattern imperfections. Differencing the outputs of diametrically 
opposed photocells results in a balanced symmetrical signal. 
HH Controls Co, Inc, 16 Frost St, Arlington, MA 02174. 
Circle 279 on Inquiry Card 

PROGRAMMABLE CONTROLLER 
A high speed, relay-logic programmed controller, the 384 achieves 
high speed capability with max utilization of core memory at min 
logic solving times, for use in applications involving extensive 
use of data transfer functions. The PC has a 4K read/write core 

memory, provides three times 
the logic line capacity of the 
company's current 4K PC, and 
contains all data transfer func­
tions now available and can 
accept future functions. It per­
forms complex data transfer 
functions such as matrix han­
dling, coupled with multiplica­
tion and division, ten times 
faster than the current machine, 

yet is hardware compatible and uses the same relay logic symbols, 
function codes, and references for programming. Modicon Corp, 
PO Box 83, Shawsheen Vililage, Andover, MA 01810. 
Circle 280 on Inquiry Card 
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Process Control Computer 
Covering the 2570, which contains a 2500 
computer and process I/ 0 subsystems, 
brochure details std I/O hardware, ter­
mination options, and std software. West­
inghouse Electric Corp, Computer and 
lnstrume:µtation D~v, Pittsburgh, Pa. 
Circle 300 on Inquiry Card 

Data Storage Buffer 
Highlighting features of the Comstore 1032, 
brochure provides application diagrams 
and specs on the data communications 
tool. International Communications 
Corp, Miami, Fla. 
Circle ~01 on Inquiry Card 

Uninterruptible Power Systems 
Discussing different techniques used to 
protect both large and small computers, 
brochure describes hoth single and redun­
dant UPS configurations. International 
Power Machines Corp, Mesquite, Tex. 
Circle 302 on Inquiry Card 

Synchro Converters 
Brochure contains application and specifi­
cation information for solid-state synchro 
converters, describing both digital and 
analog types. Na tel Engineering Co, Inc, 
Canoga Park, Calif. 
Circle 303 on 1-nquiry Card 

Computer Products 
Photos and descriptions of peripherals and 
minicomputer operating systems, I/ 0 ex­
tenders, and communications interfaces 
are contained in catalog. Hewlett-Pack­
ard Co, Data Systems Div, Palo Alto, 
Calif. 
Circle 304 on Inquiry Card 

Function/'Pulse Generators 
Catalog contains data on series 30, 50A, 
and 70 function generators and pulse gen­
erators, and includes an applications se­
lector wheel. Interstate Electronics Corp, 
Anaheim, Calif. 
Circle 305 on Inquiry Card 

Pushbutton Switches 
Cl60 I CI 70 series snap-action switches are 
presented in bulletin describing features, 
electrical and mechanical characteristics, 
and providing dimensional photos. Con­
trol Switch, a Cutler-Hammer Co, Fol­
croft, Pa. 
Circle 306 on Inquiry Card 

International System of Units 
To help in preparing documents using the 
International System of Units (SI) ac­
cording to the Federal Information Pro­
cessing Standards Program, pamphlet is 
available for 25¢ from the National Bu­
reau of Standards, Dept of Commerce, 
Washington, DC 20234. 
Circle 307 on Inquiry Card 

Magnetic Tape Unit$ 
Catalog illustrates and describes line of 
tape units, formatters, and controllers, pro­
viding specs for 9-track incremental trans­
port, synchronous/ asynchronous recorder, 
and vacuum-column unit. Kennedy Co, 
Altadena, Calif. 
Circle 308 on Inquiry Card 

Magnetic Disc Memories 
Features and specs on the SYS-10 and 
-20, head-per-track memories designed for 
use with Nova and PDP-11 minicom­
puters, are provided in brochures which 
discuss hardware/ software compatibi1itY. 
General Instrument Corp, Rotating 
Memory Products, Hawthorne, Calif. 
Circle 309 on Inquiry Card 

Measurement and Controi 
Equipment 
Describing design concepts, brochure con­
tains typ configurations for both local and 
remote applications of the RTP family 
of computer-independent direct analog and 
digital I/ 0 equipment. Computer Prod­
ucts, Fort Lauderdale, Fla. 
Circle 310 on Inquiry Card 

Flexible Etched-Circuit 
Cable Systems 
Including descriptions of advantages and 
manufacturing techniques, brochure con­
tains an application information form list­
ing optional specs for materials, electrical 
requirements, mechanical, and physical 
data. ITI'./Cannon Electric Div, Santa 
Ana, Calif. 
Circle 311 on Inquiry Card 

Optoelectronic Devices 
252-page Optoelectronics D.A.T.A. Book 
contains electrical, optical, and physical 
characteristics for more than 5000 devices 
and assemblies, organized into five major 
categories: emitters, photocouplers, dis­
plays, sensors, and special detectors. Price 
for a 1-Yr, 2-edition subscription is $54.50 
in the U.S. ($56.20 elsewhere). D.A.T.A., 
Inc, 32 Lincoln Ave, Orange, NJ 07050. 

Dynamic Disc Testing 
Brochure details a system for testing as­
sembled single- and double-density com­
puter disc packs at speeds to 3600 rpm 
under true operating conditions. ADE 
Corp, Watertown, Mass. 
Circle 312 on Inquiry Card 

Basic UPS Systems 
Text, diagrams, and oscillograms in bro­
chure describe continuous, static switching 
bypass, extended time protection, and par­
allel-redundant types of UPS systems. Cy­
herex, Inc, Meqtor, Ohio. 
Circle 313 on Inquiry Ca:d 

Flatbed Graphic Plotter 
Bulletin pictures the 430/101 DataplotterR 
and provides technical data, specs, appli­
cations, features, and other pertinent in­
formation on the high speed plotter. 
Broomall Industries, Inc, Broomall, Pa. 
Circle 314 on Inquiry Card 

Microcomputer System 
Featuring M- (8080-based) and L- (8008-
based) series microcomputer system mod­
ules, catalog also details development sys­
tems, support hardware, software library, 
and custom design services. Control Logic, 
Inc, Natick, Mass. 
Circle 315 on Inquiry Card 

Benchtop Power Supplies 
Illustrating the unit's stacka'bility, bro­
chure includes electronic and mechanical 
specs on 11-model line of single-, dual-, 
and triple-output supplies. Acopian Corp, 
Easton, Pa. 
Circle 316 on Inquiry Card 

Thumbwheel Switches 
Front- and rear-mount versions are de­
scribed with mechanical and electrical 
specs as well as data on PC board codes 
and accessories in catalog that includes 
easy reference tables. Inter-Market, Inc, 
Glenview, Ill. 
Circle 317 on Inquiry Card 

Open-Frame Power Supplies 
Literature lists Q-series models, specs, and 
features, and cross-references models by 
voltage. Deltron, Inc, North Wales, Pa. 
Circle 318 on Inquiry Card 

Wire and Cable 
Product guide acts as quick reference for 
information, listing product insulation, 
temp rating, A WG range, and approval 
agencies in easy-to-read form. Berk-Tek, 
Inc, Reading, Pa. 
Circle 319 on Inquiry Card 
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If we're Number 1, it's your fault. 
Computer Products, Inc., is 

the world's leading manu­
facturer of encapsulated 
power supplies. And we owe 
it all to you, for recognizing 
the value of: 

• "Triple-testing" before 
delivery to insure reli­
able performance 

• Internal short circuit pro­
tection 

• 24 month warranty 
• Flexibility ... single and 

dual outputs from 3.6V 
to 28V with output cur­
rents from 65mA to 
2,000mA. 

• Low cost and fast de­
livery. 

With 49 models to choose 
from, chances are we can fill 
your every need. Like to find 
out more? Just circle our 
number on the Reader Ser­
vice Card, and we'll send you 
our new Power Supplies 
catalog. If you just can't 
wait, give Bill Ford a call at 
305-974-5500. He can't wait 
to send it to you. 
~Computer Products.inc. 

Distributors: Indianapolis 317-899-2890/Dallas 214-341-8311 / 
Los Angeles 213-877·5518/Albuquerque 505-255·2440/Sunnyvale 408-735-9040. 
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Need Peripheral 
Intedaces? Name your equipment ••• 

tape and card readers 
tape punches 
CRT displays & TTY's 
communications 
line printers 
disc memories 

I ·­--i 
ci 

Custom Systems builds interfaces for all of them. If you need con­
trollers for your Data General, Digital Equipment or Digital Computer 
Controls minicomputer, contact us. We can save you time and money 
on special interfaces or peripherals, too. 
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• Controllers handle most popular 
peripheral brands 

• Boards designed for 
standard mainframe 

mounting 
• Over 350 installations 

• Prices $300 to $1500 

CUSTOM·SYSTEMS INC 
4935 BOONE AVENUE NORTH 
MINNEAPOLIS, MINNESOTA 55428 
TELEPHONE 533-2124, AREA 612 
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LITERATURE 

Dynamic Memory Burn-In Systems 
Systems 15 and 12, designed for burn-in of 
MOS or bipolar semiconductor memory or 
logic devices, are featured in brochure, 
which contains a color-coded schematic 
block diagram showing design organiza­
tion and function of the systems. Marin 
Controls Co, div of FRL, Inc, Belmont, 
Calif. 
Circle 320 on Inquiry Card 

Subminiature Lamps 
Specs and drawings of 177 lamps, tips on 
selecting the proper type, and data on 
wedge-base and halogen cycle lamps are 
contained in revised catalog. General 
Electric Co, Miniature Lamp Products 
Dept, Cleveland, Ohio. 
Circle 321 on Inquiry Card 

Paper-Tape Reader 
Describing working components of the 
"Fly Reader 30," which requires a single 
5-V, 2-A power source, brochure also gives 
specs, timing diagram, interface connector 
wiring, and installation drawings. Tele­
terminal Corp, Burlington, Mass. 
Circle 322 on Inquiry Card 

Intelligent Remote Batch Terminals 
Benefits offered by Series 500 terminals are 
defined in literature that describes the 
system, customer support program, instal­
lation and maintenance procedures, and 
software and available options. Singer-M 
& M Computer Industries, Inc, Orange, 
Calif. 
Circle 323 on Inquiry Card 

Programmed Batching Control 
Model 5120, engineered to control a wide 
variety of batching and blending processes, 
is described in brochure with details on 
system operation, features, and components. 
StreeterAmet, div of Mangood Corp, 
Grayslake, Ill. 
Circle 324 on Inquiry Card 

De Power Supplies 
Providing electrical and mechanical specs 
on 275 std products, selection and refer­
ence guide lists key parameters of line­
operated, de-operated, and high-efficiency 
line-operated supplies, as well as de-de 
converters. Semiconductor Circuits, Inc, 
Haverhill, Mass. 
Circle 325 on Inquiry Card 
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I GUIDE TD PRODUCT INFORMATION I 

NOTE: The number associated with each item in this guide indicates 
the page on which the item appears--not the reader service number. 
Please do not circle the page number on the reader service card. 

MATERIALS 
INKING MATERIALS 

PAGE 

Microporous Plastic for Type Inking 
Porelon/Johnson Diversified •..•................ 142 

MAGNETIC MATERIALS AND FORMS 
Temperature-Independent Memory Cores 

Control Data/OEM Computer 
Memory Products .................................... 131 

SHIELDING 
Shielding Materials 

Metex .............................................................• 128 

HARDWARE 
CABINETS AND ENCLOSURES 
Enclosures 

Stantron/Wyco Metal Products ................ 122 

COMPONENT PACKAGES 
Hybrid Microelectronics Package 

Tekform Products ........................................ 135 

CONNECTORS AND INTERCONNECTION 
SYSTEMS 
PC Connectors 

Viking Industries •....................................... 109 
PC Board Edge Connector 

Molex ............•...................................•........... 136 
Ribbon Cable/Connector Assemblies 

AMP ........................... ......... ...............•..•........• 68 
Flat Cable/Connector System 

3M .......................................................... Cover Ill 

FANS AND BLOWERS 
Centrifugal Blower 

Mclean Engineering Laboratories •.......•... 134 

INDICATORS; READOUTS; 
DIGITAL DISPLAYS; LAMPS 
LED Readouts 

Dialight/North American Philips ............ 134 
1" LED Display 

Industrial Electronic Engineers ................ 133 
Gas Plasma Display Device 

Burroughs ........................................... ................. 139 

PANELS AND BACKPLANES 
Backplanes 

ITT/Cannon Electric .........•.................. ........ 105 
Wire-Wrap Panels 

Electronic Molding ....•..............................•.... 144 
DIP Panels 

AMP .................................................................. 141 
PCB Edge-Lighted Panels 

Aerospace Optics ....•...•................................. 130 

SOCKETS PAGE 
IC Sockets 

Augat .......................................... .. .......... 115, 130 

WIRING PINS AND TERMINALS 
Wiring Pins and Terminals 

Art Wire & Stamping .................................... 145 

COMPO·NENTS AND ASSEMBLIES 
MAGNETIC COMPONENTS 

Cassette Tape Heads 
Creative Magnetics ...............•.................... 138 

MOTORS; ROTATIVE COMPONENTS 
DC Motors 

Motor Products Owosso .....•...•............•....•.. 138 
DC Micromotors 

Portescap U.S .................. ........•................. ... 130 
Brushless DC Motor 

Siemens/Power Engineering .................... 144 

PHOTODEVICES 
Photodarlington Transistors 

Clairex Electronics •.........•........................... 131 

POWER SOURCES, REGULATORS, 
AND PROTECTORS 
Power Supplies 

Bertan Associates .........................•.............. 126 
Pacific Electronics ........................................ 141 
Sola Electric ............ .......................•............ 139 

Power Supply Modules 
Abbott Transistor 

Laboratories .............................................. 139 
Computer Products ............................ 145, 148 

Switching Power Supplies 
ACDC Electronics .... ....•....................... 80, 131 
LH Research ........... ........... .....................•...... 136 
Trio Laboratories .........................•.....•......•. 126 

Constant-Current Power Supplies 
Standard Power ........................................... . 126 

Microcomputer Memory 
Power Supply 

Scarpa Laboratories .................................... 136 
Industrial/Military Modular 

Power Supplies 
Semiconductor Circuits ....................... ....... 139 

Uninterruptible Power System 
Synergetic Scientific Systems/ 

Information Products ..............•.............•. 128 
Frequency Converters 

A•L•S Electronics ........................................ 143 
Manufacturing Processes •......................... 137 

line-Power Disturbance Tester 
Zl-Tech/Alkenwood ... .........•............•.. 134, 143 

RELAYS PAGE 
Solid-State Relays 

Electronic Relays ........................................ 132 
International Rectifier/Crydom Controls .. 14 

PC Relays 
Teledyne Relays .................................... 11, 128 

SWITCHES 
Switches 

Digitran ...........................................................• 51 
Lighted Pushbutton Switches 

Micro Switch/Honeywell ...........................• 44 
Oak Industries/Switch .............................. 136 

Right-Angle Rocker Switch 
C&K Components .......................................... 130 

PC Slide Switch 
Alco Electronic Products .......................... 138 

Switching Systems 
T-Bar/Switching Components •......••.•......•.. 134 

Communications Switching System 
Cooke Engineering/Dynatech 

Laboratories ................ ...................•.......... 138 

CIRCUITS 
CIRCUIT CARDS AND MODULES 
Core Memory Modules 

Dataram .......................................................... 57 
Plessey Microsystems ..................•..........•.• 9 

Semiconductor Memory Boards 
Digital Equipment .............. .......................•.. 138 
EMM SEMI/Electronic Memories & 

Magnetics ............. ......................................• 31 
Semiconductor Memory Expansion Package 

Texas Instruments/Digital Systems ........ 137 

D-A and A-D Converter Modules 
Cycon ........... .. ..............................•...............•.• 138 

S-D and D-S Converter Cards 
Kearfott/Singer .. .. ........................................ 142 

DIGITAL AND INTERFACE INTEGRATED 
CIRCUITS 
LSI ICs 

Motorola Semiconductor Products .......•.. 78 
Interface ICs 

Signetics .... .................................................... 145 
Western Digital ........•........................... 108, 134 

Field-Programmable Logic Arrays 
Signetics ............................ 137, 139, 141, 143 

4K RAMs 
American Microsystems .· ............................. 138 
EMM SEMI/Electronic Memories & 

Magnetics ............................•....................•.. 125 
Fairchild Camera and Instrument/ 

MOS Products .............................•...•.•... :\39 
Intel ................ .................... .................•...........• 12 
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Schottky RAM PAGE 
lntersil ............................................................ 133 

SOS RAM 
Solid State Scientific ................................ 134 

4K p/ROMs 
Harris Semiconductor .................................. 72 

n-Channel Shift Register 
SGS-ATES Semiconductor ........................ 137 

Microprocessors 
American Microsystems .... ....... ................... 100 
MOS Technology .......................................... 110 
NEC Microcomputers .................................• 16 
Plessey Microsystems ...............................• 99 

Microcomputer System Components 
Intel ................................................................ 112 
Signetics ........................................................ 136 

D-A Converter 
Analog Devices .......................................... 124 

INTEGRATED CIRCUIT TEST 
EQUIPMENT 

Digital IC Tester 
Electromedics ................................................ 144 

MEMORY /STORAGE EQUIPMENT 
FLEXIBLE DISC UNITS 

Flexible Disc Drive 
Ex-Cell-0/Remex ...........•........................•....• 47 

Flexible Disc Systems 
iCOM ................ .............................................. 124 
Sykes Datatronics •....................................... 117 

Flexible Disc Subsystem 
Shugart Associates ............................••...... 19 

Flexible Disc Test System 
Applied Data Communications .................. 145 

MAGNETIC CORE MEMORIES 

Core Memory Systems 
Ampex Memory Products ..•......................... 119 
Dataram ...................... .................................... 57 
Pleilsey Microsystems ................................ 9 

Add-On · Core Memory System 
Litton Memory Products/ 

Litton Industries ...............................•........ 141 

MAGNETIC DtSC AND DRUM UNITS 
(See also Flexible Disc Units) 

Disc Memories 
Alpha Data ........................... ........................... 4 
General Instrument/Rotating 

Memory Products .....................•.............• 18 

Disc Drives 
California Computer Products .................... 123 
Data Disc ...................................................... 55 
Wangco ..... ........ .............................•............•..•. 111 

Moving-Head Disc Drive 
International Memory Systems ................ 146 

Disc Controller 
Information Displays ................................ 131 

MAGNETIC TAPE UNITS 

Tape Drives 
Data Disc ........................................................ 55 
Wangco ...................................................•........ 111 

Tape Transports 
Digi-Data ................ .... ...........•.... .................... 5 

Cartridge Tape Recorder/Reproducer 
Genisco Technology/Systems •................. 146 

Cassette-to-Cassette Duplicator 
Sunrise Electronics ...................................... 142 

ROM PROGRAMMERS 

p/ROM Programmer Modules 
Pro-Log ............ ... ........................................... 126 

SEMICONDUCTOR MEMORIES 

4K RAMs 
American Microsystems ............................ 138 
EMM SEMI/Electronic Memories & 

Magnetics .................................................. 125 

Fairchild Camera and Instrument/ 
MOS Products ............ .................•..•........... 139 

Intel .... ............................. .. ............................... 12 

SOS RAM. 
Solid State Scientific .................................. 134 

Schottky RAM 
lntersil ............................................................ 133 
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4K p/ROMs PAGE 
Harris Semiconductor ...................... ............ 72 

n-Channel Shift Register 
SGS-ATES Semiconductor ..............•......... 137 

Semiconductor Memory Systems 
Digital Equipment ........................................ 138 
EMM SEMI/Electronic Memories & 

Magnetics •..................................•.............. 31 

Semiconductor Memory Expansion Package 
Texas Instruments/Digital Systems •......... 137 

INPUT /OUTPUT AND 
RELATED EQUIPMENT 

DATA TERMINALS 

Data Terminal System 
Teletype .......................................................... 43 

CRT Display Terminals 
Ann Arbor Terminals ...•........•..................... 106 
Datamedia ..........•.....•...........................••........ 67 

DISPLAY EQUIPMENT 
(See also Data Terminals and Graphic Equip­
ment) 

5" CRT Display 
Digi-Log Systems ........................................ 126 

Gas Plasma Display Device 
Burroughs ...................................................... 139 

Arabic Character Display Controller 
Ann Arbor Terminals .................................. 135 

GRAPHIC EQUIPMENT 

Graphics System 
Sigma Electronic Systems ........................ 135 

Optical Digitizer 
EMA Photoelectric ...................................... 130 

Data Tablets and Digitizers 
Talos Systems •................... .......................... 4 

Dual Data Tablet/Digitizer System 
Summagraphics ............................................ 140 

Light Pen 
Information Control .....•.............................. 130 

INTERFACE EQUIPMENT; CONTROLLERS 

Interface and Controller Boards 
Custom-Systems ............................•..•............ 148 

Disc Controller 
Information Displays .................................. 131 

Arabic Character Display Controller 
Ann Arbor Terminals .................................. 135 

KEYBOARD EQUIPMENT 

Keyboards 
Maxi-Switch ................................................•. 71 

MAGNETIC CARD EQUIPMENT 

Magnetic Card and Tape Readers 
Canon U.S.A ................................................. 136 

PAPER TAPE EQUIPMENT 

PUhched Tape Readera 
EECO ................................................................ 90 
Ex-Cell-0/Remex ........................................ 48 

PRINTER/PLOTTERS 

Electrostatic Printer/Plotters 
Gould/Instrument Systems •...........•... 132, 133 
Versatec ................... .......................•...........•. 113 

PRINTING EQUIPMENT 

Printers 
Qume ................................................................ 142 

Serial Printer 
Dlablo Systems ................................ Cover IV 

Line and Serial Printers 
Tally .......................... .................... Cover 11, 132 

Page Printer 
Facit-Addo ...................................................... 129 

Impact Printer 
Spantronics Engineering ............................ 133 

Drum Printer 
Sycor ................................•..............•...........•.... 130 

Digital Printers 
c. ltoh electronics .....................•..•..•..•....... 106 
Practical Automation .................................... 140 

PUNCH CARD EQUIPMENT 

Card Readers 
Peripheral Dynamics .................................. 42 

Card Reader Assembly PAGE 
Optron ...... ..........................•........... ................ 132 

OTHER INPUT/OUTPUT EQUIPMENT 

Computer Peripheral Equipment 
Pertee/Peripheral Equipment .....................• 6 

COMPUTERS AND 
COMPUTER SYSTEMS 

AUTOMATIC TEST SYSTEMS 

Automatic Logic Test System 
Fluke/Trendar ................................................ 59 

Microprocessor Test Systems 
Instrumentation Engineering .................... 137 

COMMUNICATIONS PROCESSORS 

Communications Processors 
Modular Computer Systems .......................• 28 

MICROCOMPUTERS AND MICROPROCESSORS 

Microprocessors 
American Microsystems ............ ..•............... 100 
MOS Technology .......................................... 110 
NEC Microcomputers ...•................... ............. 16 
Plessey Microsystems ..•.........................••.... 99 

Microcomputers 
Panafacom ...................................................... 116 
Pro-Log ............................................................ 110 
Sphere ........................................................ 21, 23 

Microcomputer Board with Wirewrap Section 
Monolithic Systems ...................................... 118 

Control Microcomputer 
Scientific Micro Systems ............................ 124 

Microcomputer System Components 
Intel ................................... ............ ................. 112 
Signetics ........................................................ 136 

Microcomputer Development Systems 
Mostek ..... ............... ................................•....... 110 
Motorola Semiconductor Products ............ 114 
PCS .................................................................. 114 

MINICOMPUTERS; SMALL- AND MEDIUM'-SCALE 
COMPUTERS 

Computers 
Digital Equipment •....................................... 24 

Computer Systems 
Data General ...................................... 120, 127 

Minicomputers 
Interdata .......................................................... 64 
Systems Engineering Laboratories ...... 33-40 

Minicomputer System 
Computer Automation •................................. 52 

Small Computer 
Rolm •. ...................................... ... ..................... 27 

Small Business Computer System 
Business Data Systems of California .... 143 

DATA COMMUNICATIONS 
EQUIPMENT 

COMMUNICATIONS COUPLERS 

Originate/ Answer Acoustic Coupler 
Omnitec .......................................................... 134 

DATA COMMUNICATIONS TEST EQUIPMENT 

Buffered Data Transmission Simulator 
Spectron .......................................................... 131 

Digital Transmission Multimeter 
Wavetek/Telecommunication Products .. 143 

MODEMS; DATA SETS 

Bell-Compatible Modem 
Syntech ............................................................ 138 

OTHER DATA COMMUNICATIONS EQUIPMENT 

Communications Switching System 
Cooke Engineering/Dynatech 

Laboratories ........ .....................•.................. 138 

DATA ACQUISITION AND 
CONTROL EQUIPMENT 

A·D AND D-A CONVERTERS 

A-D Converter 
Tustin Electronics ........................................ 128 

A-D Conversion System 
Preston Scientific ... .. .........•............•........•... 144 
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D-A and A-D Converter Modules PAGE 
Cycon .............................................................. 138 

D-A Converters 
Analog Devices ............................................ 124 
Compuier Labs .............................................. 141 

ANGLE AND POSITION ENCODERS 

Incremental Shaft Encoder 
HH Controls .................................................. 146 

DATA ACQUISITION SYSTEMS 

Data Acquisition System 
Adac .............. .................................................. 128 

Remote Data Acquisition/Control System 
FX Systems .......... .......... .. .............................. 145 

DATA TRANSFER AND INTERFACE EQUIPMENT 

Process-Computer 1/0 Interfaces 
lpac Group .................................................... 41 
Research/Direct Digital Control ................ 135 

MONITORING AND CONTROL EQUIPMENT 

Control Microcomputer 
Scientific Micro Systems .......................... 124 

Relay-Logic Programmable Controller 
Modicon .......................................................... 146 

Stepping Motor Programmable Controller 
Sigma Instruments ........................................ 140 

Counter/Controller 
Sodeco/Landis & Gyr .................................. 135 

Power Demand Monitor/ Alarm 
Scientific Columbus .................................... 135 

SVNCHRO-DIGITAL AND DIGITAL·SYNCHRO 
CONVERTERS 

S-D and D-S Converters 
Kearfott/Singer .............................................. 142 

Tracking S-D Converter 
Transmagnetics ............................................ 137 

TEST AND MEASUREMENT 
EQUIPMENT; INSTRUMENTATION 

COUNTERS 

Counter/Digital Multimeter 
Tektronix ........................................................ 107 

Counter/Controller 
Sodeco/Landis & Gyr .................................. 135 

DATA GENERATORS 

Delay Generator 
Instrument Research .................................. 126 

DIGITAL EQUIPMENT TESTERS 

Digital IC Tester 
Electromediics ................................................ 144 

Logic Analyzer 
Hewlett-Packard ........................................ 60-62 

Digital Logic Recorder 
Blomation ........................................................ 121 

Automatic Logic Test System 
Fluke/Trendar ........... :.................................... 59 

Microprocessor Test Systems 
Instrumentation Engineering .................... 137 

Flexible Disc Test System 
Applied Data Communications ................ 145 

INSTRUMENTATION RECORDERS 

Data Loggers 
Keithley Instruments .................................. 140 

METERS 

Digital Multimeters 
John Fluke Mfg ............................................ 131 

Digital Transmission Multimeter 
Wavetek/Telecommunication Products .... 143 

OSCILLOSCOPES 

Sol id-State Oscilloscopes 
EDL Instruments .......................................... 136 

OTHER PRODUCTS; SERVICES 

EDP ACCESSORIES AND SUPPLIES 

Cassette-to-Cassette Duplicator 
Sunrise Electronlcs ...................................... 142 

EDUCATION 

Microprocessor Seminars 

PAGE PAGE 
PRODUCTION AND ASSEMBLY EQUIPMENT 

Microcomputer Technique ........................ 118 Wire Wrapping Equipment 

EMPLOYMENT OPPORTUNITIES 
OK Machine & Tool .................................... I 

Employment Opportunities PUBLICATIONS 

NCR/Communication Systems .................. 137 Microprocessor Product Plannlng Service 

Siemens .......................................................... 151 Darling & Alsobrook .................................. 116 

SOFTWARE MARKET REPORTS 

Market Reports 
Frost & Sullivan .................................. 118, 13tJ 

M.icroptocessor Software 
lnnovonics ...................................................... 118 

SIEMENS 
As the leading manufacturer of MOS circuits 
in the Federal Republic of Germany, we are 
currently seeking experienced engineers to 
work along with our present technical and 
electronic engineering staff. 

For the coming years, we are devoting our 
efforts in IC's on large-scale integration and 
micro-miniaturization. 

Microprocessors 
We are concentrating on the following: 

• Process development for the microproces­
sor systems in N-Channel Silicon Gate tech­
nology. 

• Design of MOS circuits (RAM, ROM, CPU, 
1/0) 

• Logic and systems development for micro­
processors. 

• Development of software systems and pro­
grams for microprocessors. 

If you are experienced in any of these areas, 
please contact: 

Siemens AG 
Personalabteinlung 1, D-8000 Munich 80 

Postfach 80 17 09, West Germany 

Kindly send your resume in confidence, stat­
ing your experience, salary requirements and 
when you would be available to begin work 
in Munich. A good working knowledge of the 
German language is a definite requirement. 

Interviews can be arranged for you in the 
United States. 

Siemens AG 
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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 
520 5th A venue 
New York, NY 10036 
phone: ( 212) 682-5844 

MIDWESTERN 
STATES 

Hajar Assoc., Inc. 
Emile H. Hajar 
100 West Chicago Avenue 
Chicago, IL 60610 
phone: ( 312) 337-8008 
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Lindsay H. Caldwell 
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East Dennis, MA 02641 
phone: ( 617) 385-2533 
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Los Angeles, CA 90049 
phone: ( 213) 826-4621 
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