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

Once you get your hands on a Tally 1200 Baud Printer 
Terminal, you'll know the difference. Tally teleprinter 
operators give testimony to quieter operation, better 
key action, the better heft and feel of overall construc­
tion. The operator efficiencies like downstream loading 
or keyboard programming, logging on as a CRT, true 
1200 Baud throughput, an easy to see LED column/ 
line readout. 

And options like the Tally quick tear attachment 
that allows fast and easy forms removal immedi­
ately after printing. Or, the auto front feed 

TALLY® 
PRINTERS 
"W"ORLD"W"IDE 
L&lJ Tally Corporation is a member 
'WJ of the Mannesmann Group. 
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attachment for handling and formating individual cut 
forms such as statements and invoices. 

Operator conveniences like easy paper loading, 
easy snap-in ribbon replacement, always consistent 
and pleasing print quality, six different type sizes, lots 
of forms control features. 

The TallyT-1612 is available in KSR or RO models. 
The unit can be tabletop or stand mounted. Service 
worldwide. See your local Tally dealer or send for 

our brochure. 
Tally Corporation, 8301 S. 180th St., Kent, 

WA 98031. Phone (206) 251-5524. 
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sanswer 
for DEC LSI 
compatJble 
1/0 cards. ~J~~~~~ I~~ optically coupled pulse-input 

When it comes to 110 functional cards 
for DEC LSl-11 microcomputers, ADAC has 
the biggest selection available. 

ANALOG 1/0 
1012 16 channels, high level inputs, 12 bit 
1012EX 32-64 channel high level inputs, 

1014 
1023 

mux expander 
16 channels, high level inputs, 14 bit 
16 channels, high level inputs, 12 bit, 
LSl-11/23 interrupt compatible 

1023EX 32-64 channel high level inputs, 
LSl-11/23 interrupt compatible 

1030 16-64 channels, high level inputs, 
12 bit, 2 DACs 

1112RL 8-16 differential low level and 
thermocouple inputs, 12 bit 

1112RX 8-16 differential low level and 
thermocouple inputs, mux expander 
8-16 differential low level and 
thermocouple inputs, 12 bit, 

1113 

LSl-11 / 23 interrupt compatible 
1113EX 8-16 differential low level and 

thermocouple inputs, mux expander, 
LSl-11/23 interrupt compatible 

1412DA 1-4 D/A channels, voltage or current 
loop outputs 

CLOCK CARDS 
16016PT Programmable crystal clock/timer 

SERIAL 1/0 CARDS 
1750 Asynchronous line interface with 

two 1/0 ports 

channels 
1604/POC 2-4 pulse output channels 
1616CCI 16 discrete inputs, contact closure 

1616/MIC 
1616/010 
1616/011 

detect 
16 discrete inputs with priority encoder 
16 parallel outputs, optically isolated 
16 parallel inputs, optically 
isolated, can cause interrupt 

162DTTL 16 latched inputs and outputs for 
DMA operation 

1616HCO 16 discrete outputs, high current drive 
1632HCO 32 discrete outputs, high current drive 
1632ffi 32TTL1/0 lines 
1&64m 64TTL1/0 lines 

BUS INTERFACE 
1620DMA Direct memory access controller 
1900 Unibus to LSI-II translator 
1950 Bus repeater 
19DOCT Cable terminator card 

Whatever your DEC system-Unibus, Qbus 
or Omnibus, write or call for full details on 
the industry's widest line of compatible cards 
and complete system enclosures. 

CORPORATION 

70 Tower Office Park• Woburn, MA 01801 
(617) 935-6668 
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8.0 
Now you can have up to 8.0 megabytes of memory in a single 

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

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

And because Dataram designed BUL K SEMI to be compatible 
with its popular BULK CORE modules , you can take advantage of 
the wide range of existing BULK CORE controllers to use 
BULK SEMI as main memory o r in disk emulation systems for 
DEC®, Data General, or Interdata minis . 

Dataram's 15%" BULK .SEMI system consists of a BULK SEMI 
Controller board and up to 16 BULK SEMI Array boards. With 
each BULK SEMI Array board bei ng 512KB, the maximum chassis 
capacity is 8.0 mega bytes. 

Error correcting is standard. as are the relia bility. perfo rmance. 
and economy of BULK SEMI. From Dataram. A nd o nly Dataram. 

r-------------------1 
I I'd like to learn more about BULK SEMI for my I 
I I 
I inicomputer. I 

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

Title _________ Phone ______ _ 

Company ________________ _ 

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

City _________ __,,tale ___L:ip __ _ 

Also send me information about 
0 BULK CORE 0 BULK MINI 

l>rC I' ii rC!!l'lcn:d trallcm;ir~ 
of l >i!!1tal h~111rml'nt C11q"111r;1tmn r:.i ~ ·•· • - .,~ -----------------..! I~ lasdMft•l 

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

C•nada: Ahern & Soper ltd . Alberta . Bnt tsh Columbia. On tario. Quebec • Finland: S·1stek OY. 90-737-233 •France: YAEL. 956 81 42 •Italy: Mact ronics Italia. 02135 36 041 • 
N•therlenda: Techrntron b v , 020-45 87 55 •Sweden: M Stenhardl AB. (08) 739 00 50 •Switzerland: ADCOMP AG. 01 1730 48 48 •United Kingdom/Ireland: Smtrom Ellmor Ltd . f0734) 85464 • 

WHI Germeny/Au1trl• : OEM -Elektron1k GmbH, 07 11 -79 80 47 • Au1tr•ll•/ New Zeeland: Anderson D1g1tal Eqwpmen1 . (03) 543 2076 • lndla: lndustnal Electronic Instruments. 79281 • 
lsrHI: K D M Electronics. 921513 • Jepan: Matsushita Electnc Trading Co . Ltd . 03 (435) 4501 • T•lwan/ Republlc of China: Syscom Computer Eng1neenng Co . 102) 7022156 
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We didn't get to the 
the most 8·bit 

The record speaks for itself. An 
I independent survey revealed that 

during the first 9 months of 1979 
General Instrument had topped all 
rivals by delivering over two and 
one-half million 8-bit microcom­
puters. That's more than twice as 
much as our nearest competitor. 

While it is a most impressive 
record, to be sure, it's a direct reflec­
tion of the success and acceptance 
of General Instrument's philosophy: 
To provide products of consistent 
high quality, backed by comprehen­
sive support and customer service, 
at competitive prices. Simply stated, 
we deliver more 8-bit microcompu­
ters, because our microcomputers 
deliver more to our customers. 

Specifically, our popular PIC 
family consists of the PIC 1650A with 
512, 12-bit words of Read-Only­
Memory, 32, 8-bit bytes of RAM, 32 
1/0 lines, real-time clock counter 
and two-level stack, packaged in a 
40-pin DIP. The PIC 1655A is a 
reduced 1/0 version,20 1/0 lines, 
packaged in a space-saving 28-pin 
DIP. Another version, the PIC 1656, 
has both external and internal inter­
rupts, three-level stack and 20 1/0 

8-BIT MICROCO.MPCITERS SHIPPED 
THE FlRST THREE Q<IARTERS OF 1979 

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

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

Source: DATAQUEST 

tu re rs, which allows applications 
with far less ROM. 

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



top 
m1 

Just delivering 
omputers. 

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

even as you're reading this, someone 
is designing a PIC into yet another 
challenging product application. 

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

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

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

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

We help you compete. 

GENERAL 
INSfRUMENT 
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Now high speed 
at half power 
is a piece of cake. 
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Fairchild has just set the standard in 8K 
PROMs with the most important develop-

. ment of the past two years. 
Our new 93L451 low-power 
l K x 8 PROM features indus-
try-standard speeds, but _-
we've cut the power in half. 

We did it with lso­
planar-S, the newest version 
of Fairchild's lsoplanar pro-
cess. lsoplanar-S also allows us to make our 
standard 8K PROM the fastest in the 
industry. And we plan to make even faster 
and denser devices in the near future, as 
lsoplanar-S technology evolves. 

.. nar·S. 
The piece de resistance. 

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

Have your cake and eat it too. 
Because of its lower junction tempera­

tures, our 93L451 low-power PROM can 

offer your system five times better reliability 
than the competition's standard-power 

PROMs. And lower power dis­
sipation means fewer problems 
getting heat out of the box. 
So now you can run cooler, but 
just as fast . 

Our new PROMs are an 
excellent energy-saving solution 
for upgrading your established 

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

• • ---
COMPARISON WITH OTHER SK PROMS 

PART# 
TAAMAX 'cc MAX 

MANUFACTURER 0-75° C 0-75° C 

FAIRCHILD 93450/51 55 ns 175 mA 

HARRIS 7680/81 60 ns 170mA 

SIGNETICS 825180/81 70 ns 175 mA . 

INTEL 3608/28 80 ns 190mA 

lvVv\I 6380/81-1 90 ns 180mA 

FAIRCHILD 93L450/51 70 ns 85 mA 

SIGNETICS 82LS 181 175 ns 85 mA 

half power, you'll never be satisfied 
with anything less than Fairchild. For all the 
details, call or write Bipolar PROM at 
Fairchild Semiconductor Products Group, 
P.O. Box 880A, Mountain View, 
California 94042. 
Tel: (415) 962-3951. FAIRCl-tlLC> 
TWX: 910-379-6435. illilllllllillill_.liliilii 

Shaping the future of LSI technology. 
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I CALENDAR I 
CONFERENCES 

MAR 14-16-West Coast Computer 
Faire , Civic Auditorium and Brooks Hol l, 
Son Francisco , Cal if. INFORMATION : Com­
puter Faire, 333 Swett Rd , Woodside, CA 
94062 . Tel : 415/ 851 -7075 

MAR 17-19-lndustrial Control & Instru­
mentation Applications of Mini & 
Microcomputers (IECI) , Sheraton Hotel, 
Philadelphia , Po . INFORMATION : Dr Pou l 
Russo. RCA Lobs . Princeton, NJ 08540 . Tel: 
609/ 452-2700, X3234 

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

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

MAR 24-27-Powercon 7, Town and 
Country Hotel , Son Diego, Ca li f. INFORMA­
TION : Ed Grogdo. Powercon 7, PO Box · 
5226 , Vent ura , CA 93003. Te l : 
805/ 985-6978 

MAR 25, MAR 27, AND APR 28-lnvita­
tional Computer Conf, Da llas. Tex; 
Houston, Tex; and Atlanta , Go. INFORMA­
TION : B. J. Johnson & Assoc, 2503 
Eostbluff Dr. Suite 203, Newport Beach, CA 
92660. Tel : 714/ 644-6037 

APR 8-10-lnternat'I Reliability Physics 
Sym , Caesar's Palace, Los Vegas, Nev. IN­
FORMATION : Glen T. Cheney, Bell 
Laboratories, 555 Union Blvd, A llentown, 
PA 18103. Tel: 215/ 439-7628 

APR 21-24-lnternat'I Magnetics Conf , 
Sheraton-Boston Hotel, Boston, Moss. IN­
FORMATION: D. I. Gordon, Con! Chm, 
Naval Surface Weapons Ctr. White Oak, 
Silver Spring. MD 20910. Tel: 202/394-2167 

APR 28-MA Y 2- Society for Information 
Display lnternat'I Sym, Town and Coun­
try Hotel, San Diego, Calif. IN FORMATION: 
Lewis Winner, 30 1 Almeria Ave, PO Box 
343788, Coral Gobles, FL 33 134 . Tel: 
305/ 446-8193 

MAY 6-8-lnternat'I Sym on Computer 
Architecture , Casino, Lo Boule, France. 
INFORMATION: Jacques Lenfont, lriso 
Campus de Beaulieu, 35042 Rennes. Cedex, 
Fronce 

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

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

MAY 20-22- CENCON '80 Industrial 
Electronics Conf , Public Auditorium 
Arena, Cleveland, Ohio. INFORMATION: 
Mike Lapine, Cleveland Electronics Con!, 
Inc, 2728 Euclid Ave, Cleveland, OH 44 115. 
Tel : 216/241-5515 

MAY 29- Computer Networks Protocol 
Sym , NBS. Gaithersburg, Md. INFORMA­
TION: Helen M. Wood, Con! Chairperson, 
Notiona l Bureau of Standards. Washington, 
DC 20234. Tel : 30 1/921-2834 

JUNE 3-5- Networks '80, Bloomsbury 
Centre Hotel, London, England. INFORMA­
TION : Online, Cleveland Rd, Uxbridge UBS 
2DD, England 

lfo matter how much 
media~feed us, 
we won't edit up. 

"ume® 
-...• DataTrak '" 
Floppy Disk Drives 
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JUNE 17-19- lnternat'I Microcomputers 
Minicomputer s Microprocessors / 
DAT ACOMM '80 Conf , Polois Des Exposi­
tions. Geneva. Switzerland. INFORMA­
TION: Industrial & Scientific Con! Mgmt, Inc, 
222 W Adams St, Chicago, IL 60606. Tel : 
312/263-4866 

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

JUNE 25-27- IFAC Sym on Large Scale 
Systems : Theory and Applications, 
Toulouse. Fronce. INFORMATION: Sympo­
sium Secretariat, A FCET-156, Bd 
Pereire-750 16 Paris, France 

I SEMINARS 

MAR 10-12- Digital Switching Trends, 
Digital Communication and Signal Pro­
cessing , and Fiber Optical Communica­
tion , Dallas, Tex. INFORMATION: Ann 
Siegenthaler, Dir of Sem, Information 
Gatekeepers. Inc, 167 Corey Rd, Brookline, 
MA02146. Tel: 617/739-2022 

MAY 7-8 AND JUNE 4-5- Micropro­
cessors: Hardwa·re, Software and 
Applications , WPI Campus. Worcester , 
Mass and Boston, Moss . INFORMATION : 
Office of Continuing Education. Worcester 
Polytechnic Institute, Worcester, MA 0 1609. 
Tel: 617/753-1411, X517 

I SHOAT CDURBEB 

MAR 10-11 - Digital Electronics for In­
strumentation and Automation ; MAR 
l 2-14- 8080-8085-Z80 Microcomputer 
Interfacing , Design , and Software; and 
MAR 17-18- TRS-80 Interfacing and 
Programming for Instrumentation and 
Control, Virginia Polytechnic Institute and 
State U. Blacksburg, Va. INFORMATION: 
Dr Linda Leffel, CEC, Virginia Polytechnic In­
stitute, Blacksburg, VA 24061. Tel: 703/ 
961-5241 

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

COMPUTER DESIGN/FEBRUARY 1980 



Before Electromask designed the Model wafer leveling-plus built-in provision for 
700SLR'" Wafer Stepper'" , we talked to fully automatic wafer-to-reticle alignment 
many of you to learn what you wanted in TOMORROWS as a future field retrofit. 
a production machine for step-and-repeating You told us that delivery time is important. 
circuits directly on wafers. You said you TECHNOLOGY and no microlithography company has a 
wanted high resolution and precise regis- TODAY better delivery record than Electromask. 
tration without sacrificing throughput. And Electromask wafer imaging systems will 
to get that you asked for die-by-die align- be delivered to meet your schedules. 
ment and automatic operation. You also said you had Electromask is a company with years of leadership 
to have delivery schedules you could rely on. in microlithography and with a well-trained, firmly 

We listened. We responded with the Electromask established, world-wide service organization geared 
Model 700SLR" Wafer Stepper'", a system that pro- to respond on an immediate basis to help you avoid 
vides die-by-die alignment through the lens and costly downtime and maximize your throughput. 
excellent machine-to-machine registration. To get For information, or a product demonstration, write 
more good die per hour, it also offers such advanced or call: 
features as fully automatic reticle loading, automatic Electromask. Inc., a subsidiary of the TRE Corpo-
reticle alignment, automatic reticle masking, automatic I ration, 6109 De Soto Avenue, Woodland Hills, California 
wafer prealignment. automatic focus, and automatic 91367, Phone: (213) 884-5050, Telex 67-7143. 

~ 
ELECTROMASK 
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Whose MCU does 8-bit ·obs on a 
Mn's S2000 FAMILY, OF COURSE. 

With power packed into every square mil 
of its tiny frame, our mighty nucrocomputer 
family is saving the day everywhere you look. -
From industrial controls on one end of the 
spectrum to handheld games on the other, our 
4-bit wonder is proving to be as versatile as 
it is rost-conscious. 

No other low-end, single chip microcomputer 
family can handle the jobs Mighty MOS can. 
Controlling pr<:>gf<lI11Jl1able thermostats for 
industry, pay-TV scrambler boxes, fuel gauges 
and instrument panels. Running washers, 
dryers, dishwashers, refrigerators and micro­
wave ovens. And masterminding timers for the 
home that will turn on lights, sprinkler 
systems and security monitors. 

In one application after another, Mighty 
MOS is finding more holes in the competition 
than Swiss cheese. 
WHAT GIVES MIGHTY MOS THE EDGE? 

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

Our tiny champion of oppressed engineers 
has a clear edge m 1/0, with a choice of LED or 
fluorescent drivers; Touch Control; or direct 
drive of SCR and Triac. It has a 50/60 Hz timer 
or counter, zero voltage crossing to cut down 
damaging current surges, and a three-level 
subroutine stack. 

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

MIGHTY MOS IS GROWING FAST. 
You OOOs now with built-in 1Kx8 

R RA¥. And S2150s, 



In a few months, three more Mighty MCUs will 
expand the memory even more and include 

features like analog 1/0, interrupts and table 
look-ups. One of them will be a CMOS 
version that can do a lot with very 

little power. When they oome flying in, 
you11 find it easy to upgrade your 
system, adding even more power and 
punch without adding much cost. 
Because all parts of our family 

software are upward compatible. 
So let Mighty MOS stretch your 

4-bit budget. Just get in touch with 
your nearest AMI sales office. California, 
(213) 595-4768 and (408) 738-4151; 
Florida, (305) 830-8889; Illinois, 

(312) 437-6496; Indiana, (317) 773-
6330; Massachusetts, 
( 617) 762-0726; 
Michigan,(313) 478-

9339; 

ewYork, 
(914) 352-5333; 

Pennsylvania, (215) 
643-0217; Texas, (214) 

231-5721; Washimrton, (206) 
687-3101. Or contact AMI S2000 

Marketing, 3800 Homestead Road, Santa Clara 
CA 95051. Phone ( 408) 246-0330. 

YOU'LL FIND IT ISN'T HARD TO BE A 
HERO WITH MIGHTY MOS ON YOUR SIDE. 

AMI 
AMERICAN MICROSYSTE MS, INC. 
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Introducing the Mostek VAX Add-In. 
Now we have all the cards. 

With the addition of our 256K byte add-in memory for the 
VAX-111780, we now have a full line of add-in, add-on memories 
for DEC minicomputers. Your advantage? All the inherent 
advantages of dealing with a reliable single source supplier. 

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

t' 

PDP.11/70~ 

MK 8601 
Total capacity of two megabytes in 
a 7" chassis. 256KB or 512KB 
increments with ECC standard. 
Can operate in the serial and 
interleave modes simultaneously. 
Maintenance program available. 

PDP·8~ 

MK 8009 A 1 "X" (PDP-SA) 
16K, 32K, 48K, or 64K words x 12 
bits. Compatible with DEC mem­
ory management to extend total 
capacity to 128K x 12 with just 
two cards. 

MK 8009 AO"X" (PDP-8E,F,M) 
16K or 32K words x 12 bits. Single 
+5V supply with synchronous 
"hidden" refresh control. 

* 

<C> 1979 MostekCorp. 



VAX-11/ 780* 

MK 8016 
256KB single board capacity (32K 
words x 72 bits with 64 bits data 
and 8 bits ECC). Totally hardware 
and software compatible. 

LSl-11/ 2' or LSl·11/23~ 
I 

MK 8005 (PDP-11/03i 23) 
BK, 16K, or 32K words x 18 bits 
with optional byte parity genera­
tion and checking. 

PDP·11/04* through 60 

MK 8011 
16K, 32K, or 64K words x 18 bits 
with on-board parity generation 
and checking. 

MK 8001 
16K, 32K or 64K words x 18 bits 
with parity standard. 

MK 8012 
64K x 18, 96K x 18, or 128K words 
x 18 bits with parity standard. 

They're available out of stock. 
Tu find out just how well Mostek Memory Systems stack up in 

density, performance, reliability, availability and price, call one 
of our offices: Eastern, (201) 842-5100; Northeastern, (617) 256-1500; 

North Central, (612) 935-4020; South Central, (214) 386-9141; South­
western, (714) 549-0397; Western, (408) 287-5081; or Memory Systems 

Marketing at (214) 323-8802. Mostek Corporation, 1215 West Crosby Road, 
Carrollton, Texas 75006. In Europe, con-

tact Mostek Brussels, phone 660.69.24. MOS I [f( Memory 
.. systems 

•A trademark of D1g1tal Equipment Corp. CIRCLE 10 ON INCj)UIRY CARD 15 



Air Land Systems 
Protocol Converter "' 
Converts ASCII 
To 2780 Or 3780 

This P1 otocol Conver1er Unit 
when connected· to a terminal 
sending ASCII asynchronous 
character streams. can accept 
data and assemble 1t into blocks 
for tr·a,1sm1ss1on \ 1a rro1jen1 ar'd 
commun1cat 1ons line under 2780 
or 3780 b1synchronous protocol 
The PCU w1 11 also receive 
EBCDIC coded brsynchronous 
traffic convert it to ASCII 
characters and effect data 
communicat ions at selectable 
i)aud rates. 

Protocol conversion software 
programs for most ma1or 
protocols as uses 1'. 1th I Bf., 
BURROUGHS HONEY\'/ELL 
UNIVAC and NCR termina ls are 
also a\a1lable 
D1mens1ons 2 x 12 x 1..\ 
110 120 VAC - 220 2..\0 VAC 
·RS232 or 20ma current loop 

For more 1nlormat1on 
AIR LANO SYSTEMS 
2820 Dorr A venue 
Fairfax. Va. 22031 
17031 573-1100 

. . 
I I 
I 8 . . . . 
I 8 
I 8 

TTY 

ASCII 
Terminal 

: : Pro tocol Converter'" 

I 

LETTERS TO THE EDITOR I 
To the Editor: 

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

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

MSB l 

y 

: 

y 

l5B l 

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

Typical propagation delay would 
be 

12 ns 74Ls40 N AND 

7 ns 748182 carry look ahead 
15 ns 7 4Ls283 adder 
34 ns 

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

George M. Hutnick 
Allentown, Pa 
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SEEING IS BELIEVING HITACHI'S 
SUPERIOR RGB COLOR MONITORS. 
Clearly the finest color monitors are available 

from Hitachi. a company that produces some of the 
finest instruments in the electronics business. 
For over a decade engineers and scientists have 
relied on Hitachi technology and products to expand 
research and production world-wide. Hitachi 's 
dedication to excellence has made its color monitors 
the best in the industry. 

The Hitachi RGB color monitors are designed 
for use in computer data and graphic display applica­
tion. These units are ideal for industrial control , 
image processing, CAD and any situation where color 
displays of computer-generated images are needed. 
Hitachi 's advanced tube technology coupled with 
quality electronic circuitry results in color monitors 
with superior performance and reliability. In addition 
the wide range of models available with a host of 
options can solve any application requirements. 

Our model HM 2619/13 and 2719/13 with self 
convergence and in-line gun are examples of the 

Hitachi America, Ltd. 
San Francisco Office 
100 California Street 

most advanced state of the art technology developed 
by Hitachi. Check the chart and specifications and 
you 'll clearly see the advantages of Hitachi's RGB 
color monitors. For further information call 
(415) 981-7871 . 

MODEL HM-2519 HM-2619/ 2613 

Screen Size 19V" 19V"/ 13V" 

Resolution High High 

Convergence High Self-
convergence 

Number of Max 720 Max 720 
Lines 525/625 std 525/ 625 std 

CRT Delta gun In-line gun 
Dot shadow Dot shadow 

mask mask 
0.31mm dot 0 .31mm dot 

pitch pitch 

Display 4,000 char. 4 ,000/ 2.000 
capability Analog char. 

Analog 

Video 
Amplifier 
Bandwidth 25 MHz ± 3 dB 25 MHz ± 3 dB 

HM-2719/ 2713 HM-1519 

19V"/ 13V" 19V" 

High Standard 

Self- Conventional 
convergence 

Max 720 Max 720 
525/ 625 std 525/625/ std 

In-line gun Delta gun 
Dot shadow Dot shadow 

mask mask 
0.31mmdot 0.61mmdot 

pitch pitch 

4.00012 .000 2,000 cha< 
char. Analog 
Analog 

25 MHz ± "3 dB 25 MHz ± 3dB 

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

San Francisco, Calif. 94111 
Tel: (415) 981-7871 

Bestronics, Inc. 
Tel : (213) 870-9191 

(714) 979-9910 
(714) 278-2150 

CIRCLE 12 ON IN9UIRY CARD 
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LSI Breakthrough for Analog 
Intel announces the 2920 Signal Processor, 

first general purpose, real-time system on a chip. 
Good news for analog designers. 

Intel breaks a new barrier in 
microelectronics: The first intel­
ligent chip powerful enough to 
proces.s analog signals in real 
time. Plus a computer-aided 
development package to help 
speed your systems to market 
faster than ever before. 

Intel's 2920 is a complete, 
micro-sized signal processing 

system that packs the equivalent 
of over 18,000 transistors on a 
single chip. It operates hundreds 
of times faster than current digital 
proces.sors. And best of all, the 

2920 allows designers to program sys­
tem values quickly, instead of having 
to match and tweak components. 

A revolution in analog design 
From the beginning, LSI tech­

nology has helped designers achieve 
dramatic improvements in product 
size, design cycles and manufacturing 
economics. But until now, the speed 
and complexity of analog processing 
has stood in the way of 
general purpose, single 
chip solutions for real­
tjme applications. 

ANALOG 
INPUTS 

as.sured to a degree not possible 
with previous methods. 

Micro-processing for 
the real world 

Applications for the 2920 are 
as broad as your imagination. Since 
analog designers can program the 
2 920 processor to perform a large 
number of standard building block 
functions, the chip can be used as 
an entire subsystem. Implement 
such functions as complex filtering, 
waveform generation, modulation/ 
demodulation, adaptive processing, 
and even non-linear functions. 
This broad capability makes the 
2920 an ideal single chip solution 
for virtually any application in the 
DC to 10 kHz range. 

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

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

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

Start making news with 
your product 

Everything you need to begin 
designing a new generation of real­
time analog processing systems 
is here today: Intel's 2920 Signal 

ANALOG 
OUTPUTS 

Today, Intel's 2920 
Signal Processor brings 
the power and flexibility 
of LSI to the analog 
world. Because of its 
size, the 2920 can fit in 
spaces too compact for 
traditional analog 
solutions. Because the 
2920 is programmable, 

Functional Block Diagram of the 2920 Signal Processor 

Processor, SP20 Sup­
port Package, and the 
Intellec Development 
System. For detailed 
information, including 
our new 2920 bro­
chure, plus a schedule 
of Intel's nationwide 
2920 Design Work­
shops and Seminars, 
contact your local 
Intel sales office or 
distributor. Or write 

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

and instrumentation, guidance or 
control systems, telecommunications, 
speech processing, and seismic or 
sonar signal processing. 

How the 2920 simplifies 
system development 

Programming Intel's 2920 Signal 
Processor is fast and easy to learn -

CIRCLE 13 ON IN9UIRY CARD 

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

infel" delivers. 
Europe: Intel International , Brussels , Belgium. Japan: 
Intel Japan, Tokyo. United States and Canadian distributors: 
Arrow Electronics , Alliance. Almac/Stroum. Component 
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial 
Components, Pioneer, Wyle/Elmar, Wyle /Llberty. 
L.A. Varah and Zentronics. 
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GenRad/Futuredata 
delivers Intel, Zilog, 
Motorola, Rockwell, Rl 

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

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

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

WE SET THE PACE 
FOR EMULATION 
Ours is the only system capable 
of delivering transparent, 
non-stop, full-speed emulation 



REGISTER OFFSET 
DISPLAY WINDOW 

to 10 MHz. And it's the only 
system capable of emulating 
many different processors 
simultaneously. 
li'ansparent, non-stop, full­
speed emulation takes all the 
guesswork out of choosing the 
right microprocessor for your 
application. It allows you to 
evaluate each chip thoroughly, 
accurately and objectively. 
The ability to emulate several 
different chips 
simultaneously 
paves the way 
to develop­
ment of smart 
products using 
more than one 
processor. 

TYPICAL 8086 SNAPSHOT 
The 2302 Slave Emulator allows you to view 
your program in single-step, snapshot or logic 
analyzer modes. This view can be formatted 
to match your requirements even for the most 
complex memory segmentatjon, interrupt­
driven or multi-processor environments. 

WE KEEP YOU 
IN THE FAST LANE 

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

Gen Rad 
future@©Ju©J 

2300 Series multi-station networks share disk 
and printer with up to eight stations. Each 
station is universal and may be ordered with 
the software and/or hardware capabilities 
required. 

WE DELIVER THE MOST 
COST-EFFECTIVE 
SOLUTION 

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

WE'RE HERE TO STAY 

There is no finish in the smart­
product race. To stay ahead 
you're going to need flexible, 
productive, expandable 
development systems and a 
supplier with staying power 
capable of giving you in-depth, 
after-sale service and support. 
Ask for a demonstration of 
the 2 300 Series Advanced 
Development System. Sales 
and service offices in major 
cities. 

GenRad!Futuredata 
5 730 Buckingham Parkway 
Culver City, CA 90230 
(21 3) 641-7200. TWX: 910-328-7202. 

GenRad/Futuredata universal development systems -
expanding your world of microprocessor-based design. 
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T · you've 
got it tough? 

See page 174 

To the E<litor: 

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

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

A circuit that overcomes this prob­
lem is shown. In this circuit the sig­
nal to the 74Lsl57s only selects the 
outputs of an adder if the carries from 
all pre~eding stages are present-as 
must be the case for correct operation. 
Note that the A and B inputs on the 
second and subsequent data selectors 
have been swapped as compared to 
the first data selector due to the neg­
ative logic output from the NAND 

gates. This circuit adds a further 9 ns 
(typ, LS/ TTL) to the add time of 24 
ns quoted in the article, which still 
represents a speed advantage (albeit 
small) over the ripple carry method 
for 16-bit numbers. 

The circuit can be conveniently ex­
tended to word sizes of uo to 36 bits 
without increasing the addition time. 
This limitation comes about because 
each stage that is added requires a 

AND gate with one more input than 
the one at the previou~ stage. Wider 
NAND gates from the Schottky range 
could be used (74Sl33, 74Sl34) but 
these would soon run the carry from 
the first stage out of fanout since it 
has to drive all the levels above it. 

If a further gate delay could be 
tolerated then an extra 2-input NOR 

gate for each of the upper stages will 
extend the method to 68 bits, which 
should be enough for most systems. 

For the upper 8 stages the select 
signal is implemented as 

n = lto8 

where sill is the select signal to the 
mth stage, ell\ is the carry signal to 
the mth stage, and 

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

Craig Clapp 
Bracknell, England 
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When YQU need 
illuminated switches, 

or more than 
illuminated switches ... 

Dialight is the first place to look. We make just about 
any kind of illuminated push button switch that any­
one could want ... Single lamp, dual lamp, neon, 
incandescent, LED lighted, you name it. 

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

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

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

an entire switch just to change a lamp. And you 
never have to use anything more complicated than 
your fingers for replacement or installation. 

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

And Dialight distributors are widely located 
throughout the United States, Canada and world­
wide. 

Call or write Dialight today. We'll send you our 
free switch catalogs so you can select a quality 
switch that's American l'-,/r Al /Gfll­
made and Dialight guar- rJ 11 - 7 / 
anteed. A North American Philips Company 

Dialight meets your needs. 
Dialight, 203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600 
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The Author replies: 

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

Thinh V. Nguyen 
ITT General Controls 
Glendale, Calif 

To the Editor: 

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

1. After step 001 ( LBL A), step 027 
(LBL B), and step 056 (LBL C) in­
sert CFl 
2. Correct step 002 from Y ~ Y to 
x~Y 

3. After step 111 ( LBL D) insert SFl 
4. Delete step 120 ( STO 1) 
5. After step 151 ( RCL 1) insert 
x~v. ?Fl, RCL 5 

Cass R. Lewart 
System Development Corp 
Eatontown, NJ 

To the Editor: 

First I would like to thank you for 
the listing of Cecil Beeson's program 
for mm1m1zmg multiple output 
Boolean functions featured in the Jan­
uary 1979 issue. There was a problem 

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

I used the FORTRAN subroutines for 
the IOR, IAND, and !ONES functions. 
The program does not work if the 
arguments are passed to the subrou­
tine by value, eg, SUBROUTINE IOR 

(A,B,C). 
The subroutine does not give the 

correct answers if A and B are vari­
ables with the same name. However, 
if the last two arguments are passed 
by location, SUBROUTINE IOR 

(A,/ B/ ,/ C/ ), the program works 

G 

74LS157 

properly and the solutions agree with 
the given sample problems. 

I. Phillip Jenkins 
Bendix F light Systems Div 
Teterboro, NJ 

Letters to the Editor should be 
addressed: 

Editor, Computer Design 
11 Goldsmith St 

Littleton, MA 01460 
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~19A Flexible Pac/Ulging 
Excellent adaptability for industrial applications. 
Available in three configurations: basic OEM (as 
shown), standard 19'' rack-mounted, and cabinet­
enclosed. All with unmatched picture clarity and 
brightness. 

The IDT-19A Price Picture 
Simply the most cost-efficient unit on the market. 
Features include automatic degauss and front access 
control Backed by quick deli1-ery and expert techni­
cal as 1stance. 
Oiw us a call, and we'll tell you why the IDT-19A is 
c;load.y The Better Choice. 

The IDT-19A Single Board 
A design that's simple and rugged. Far fewer inter­
connections and active components than competitive 
models, all assembled on a single circuit board. Dras­
tically reduces downtime and makes same-day, on­
site service a reality. 

INDUSTRIAL DATA 
TERMINALS CORP. 

1550 WEST HENDERSON ROAD • COLUMBUS, OHIO 43220 • 814/451·3282 

Solid, simple, relia.ble. 
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UNIQUE R-N SINGLE CONTACT 
DESIGN PROVES SUPERIOR 

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

In a tough, 50-G shock test of 25 ICL sockets ­
not a single IC package ca me loose from the socket! 
More convincing proof that vibration problems are 
ended with R-N's new low profile ICL sockets. 
Socket density in multi-layer board can now be 
increased without sacrificing reliability . 

. . . and this FULL LINE of low-profile R-N ICL 
sockets is priced very, very competitively. 

Beryllium copper -
for 36% greater 
contact strength 
than other commonly 
used contact alloys. 

Self lock leads hold - . 
socket firmly during --. 
high speed wave 
soldering. Also. this 
"bump" restricts solder 
fla..v and prevents 
solder wicking 

'' Back fold" contact 
design provides 

longer spring contact 
fo r maximum 

pressure against 
IC lead 

'-Side-wipe .. 
design meets 

flat. smooth 
side of IC lead 

for perfect 
contact 



low l!rofjle DIP sockei: MYTH 

•• ••• TWO con•ac•s 
are no• 

more rel~able 
•han ONE!'' 

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

Low .150" profile of !CL socket reduces board 
density by 26%. 

AVERAGE 
3.5 oz. 
minimum 
withdrawal 
force 

R-N 
SOCKET 

Fat-Skinny TESTS PROVE* 
that R-N "back fold side-wipe" 

SINGLE CONTACT design 
for low profile sockets 

provides -
4 TIMES B£ITER 

IC RETENTION FORCE 
than competiiive 

low profile dual-leaf sockets 

Mtn1mum withdrawal forces: 

.8 oz. 

SOCKET 
.. A .. 

SOCKET 
·s 

SOCKET 
·r 

* In "'Fat·Skinny test:' withdrawal forces are measured using the smallest size 
( .008") lead after insertion of largest size ( .012") lead. 

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

NORMAL FORCE * TEST SOCKET 

1. 
2 . 
3 . 
4. 
5 . 
6 . 
7 . 
8. 
9 . . . . .. . . . 

10 . . 

.. 410 grams 
. .. 465 grams 
. .. 480 grams 

.465 grams 

. 395 grams 

. 425 grams 
. .. 465 grams 

. ..... 395 grams 
..... . .. 410 grams 

. .... 425 grams 
AVERAGE-430 grams 

This force is 4 to 5 times greater than average dual contact socket NORMAL FORCE 

* NORMAL FORCE means force perpendicular or at right angles to IC lead. The single 
ICL con tact exerts this kind of force against the IC lead when inserted into the socket. 

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

800 East Eighth Street, New Albany, Indiana 47150 • Phone: (812} 945-0211- TWX: 810-540-4082 
CIRCLE 18 ON IN9UIRY CARD 
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COMMUNICATION CHANNEL 

COMMUNICATIONS IN DISTRIBUTED SYSTEMS- . 
PART 1: INTERFACING TECHNIQUES 

Melvin G. Gable 

Ford Motor Company 
Dearborn, Michigan 

R ecent adYances in communication technology and the 
e,·olution of the microprocessor have made distributed 
computing a practical system design approach. Dis­
tributed computing can be considered as the physical 
separation of the intelligence of the system into separate, 
logically organized units dedicated to the O\'erall task of 
performing a giYen function. For the total system to op­
erate and function properly, it is necessary that the sep­
arate systems be able to communicate \\·ith each other. 
This re.quirement is accompanied by the problem of in­
terfacing the Yarious intelligent units in a manner that 
pro,·ides efficient and timely communications. Delays, or 
response of the communication interfacing technique, 
should not degrade total system performance. 

There is a tendencv in distributed systems to be either 
loosely or tightly c.oupled in funct.ional organization. 
Tightly coupled multiprocessor systems usually require 
communication response times that are less than a hun­
dred times their instruction execution rate (Fig 1 ). Such 
tightly coupled processor applications range from matrix 
array computing, signal processing, pattern recognition , 
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and frontend communication processing. The requirements 
of energy management, laboratory automation , process 
control, and plant machine monitoring generally r esult in 
loosely coupled systems ha,·ing relaxed constraints on 
communication response. Communications in loosely 
coupled systems are usually by messages , and, in most 
cases, message delays greater than a thousand times the 
execution speed of the processor do not degrade system 
performance. This is because each unit is organized to 
operate with less dependency on the total system. In 
loosely coupled systems, the bandwidth of the communi­
cation bus is not as critical; therefore, the bit serial inter­
face method becomes more attracti,·e due to its simplicity. 
On the other hand , in tightly coupled systems where per­
formance is important, the high bandwidth of a parallel 
bus outw.eighs the increased complexity of the communi­
cation interfacing technique. Fig 2 illustrates serial , paral­
lel, and first ln, first out buffer interfaces, as well as 
shared memory design approaches. Such schemes have 

· been used in Yarious system designs to achie,·e the de­
sired S>'stem performance. 
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Fig 1 Channel delay vs pro­
cessor cycle time. Capability 
of communication system to 
tightly couple distributed pro­
cessors requires channel de­
lays approaching processor 
cycle time. Loosely coupled 
systems are not so rigorous 
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Parallel Interface 

Communication interfacing of h\·o processors can be easily 
accomplished through the use of either biclirectional or 
unidirectional parallel interface design . Such interfaces 
ha,·e -input and output registers as well as control inputs 
and outputs . for handshaking during data transfer. The 
major disad,·antage in using parallel ports for communica­
tion is that the processors must be synchronized for the 
exchange of data to be completed. 

Use of local buffering ,,·ithin the interface \\·ill diminish 
latency and synchronization problems. A first in , first out 
( FIFO ) buffer memor\' automaticall v stores words in the 
order in which they a;·e entered at the input, and permits 
their extraction from the output in exactly the same order. 
In addition, data entry and extraction from the FIFO 

buffer can be accomplished asynchronously. Because of 
these properties the FIFO buffer rnemorv is ideal for this 
application. . · 

Such FIFO mcmorv de,·ices are a,·ailable from Yarious 
semiconductor rnanu.fach1rers. As an example, the Fair­
child 15_,,·ord by 4-bit TTL 9-!03 permits data entry and 
extraction in either parallel or serial format. A minimum 
of hardware is needed to design a cornmunication inter­
face, since the buffer rnemorv and associated control 
functions, as well as the serial-to-parall el and parallel-to­
scrial con,·crsions, ha\'e been cornbined into a single in­
tegrated circuit. 

In the Zilog Z8000 farnih- of microprocessor compo­
nents, 1 a FIFO buffer can be used to configure parallel 
processors, peripherals, and local and common memory 
into a net\\'ork. The z-xrnc and z-FIFO components are 
organized as 8-bit \\'ide asn1chronous bidirectional FIFO 

buffer units. The z-FIFO is .used to expand the depth or 
\\'Ord " ·idth of the microprocessor buffer unit (xrnu ) and 
docs not contain the microprocessor bus and control inter­
face logic as does the xrnu. 
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2.5 3.0 

The FIFO buffers permit asynchronous communications 
bet,,·een parallel processors , and also ha\'e the capability 
to connect Yarious subsystem components operating at 
different speeds. Key to their operation is that the FIFO 

accepts data and holds them until they can be processed 
by another de,·ice in the s\·stem. The s\·stem is not 
slO\\·ed dO\\'n by Jia,·ing to \\·a.it until the recei\·ing de\·ice 
can accept the data. 

Shared Memory 

\\ 'hen there are rnultiple communication paths in a system 
configuration , the number of FIFO buffers grows accord­
ingly. A shared memory approach soh-cs the problem of 
predefining all data communication paths. The micro­
processors can be connected to the common memo1y 
through the use of a shared bus approach. Each processor 
uses the common bus to fetch instructions and data from 
mernory and to read and write input output ( 1; 0 ) dc\'ices 
or memory. As a result, the common bus becomes a bot­
tleneck to O\·erall system throughput, and this constraint 
severely limits total system performance. 

Shared bus utilization can be minimized by irnplementa­
tion of an alternate dual-bus structure, as in the Intel 
xruL nausn' system architecture. Each processor in the 
s~ ·stern has its own local mcmorv and 1 / o that it uses for 
most operations. This procedure. reduces the frequency of 
se1Yice requests for the shared svstem bus. Access to the 
shared bus is on ly necessary when global memory loca­
tions or 1 o de,·ices arc referenced in the program. In the 
XIL"L TIBL·s systems, the local and global distinction is made 
through the physical address of the reference. 

Two or more processors may simultaneously request the 
shared bus. In such an e,·ent, arbitration is required to 
resoh-c this multiple access contention.~ In the ~!ULTIBCS 
structure, arbitration is accomplished through either a 
serial or parallel hardware priority technique. 

· CO~IPUTER DESIG:'\ / FEBRUARY 1980 





Practicality 
comes to microcomputing. 

XMOSprocess a breakthrough 
in single-chip µCs. 

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

The new INS8049, which features 
2K x 8 ROM, 128 x 8 RAM and 27 1/0 lines 
on a single chip, is currently available 
in either 6MHz or 11 MHz models. And due 
to their leading edge XMOS technology, 
Notional's INS8049 µCs boast 2.5 and 
l .36 µSec cycle times for the 6 and 11 MHz 
versions. 

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

ments that XMOS bestows upon the 
INS8049. All of which result in considerable 
reductions in systems costs. 

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

In addition, the INS8049 µC hos two 
mask-programmable port drive options: 
TTL drive or open drain. 

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

Meet the family. National's 8049 
µC is but one of several Series 48 family 
devices already in production. The INS8048 
µC features l KROM and 64 bytes RAM. 
The readily available INS8039 and INS8035 
µPs are ROMless versions of the 8049 
and8048. 

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

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

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

MICROBUS is a registered trademark of and 
XMOS is a trademark of Notional Semiconductor Corporation. 

TRANSPARENT ENHANCEMENTS 

INS8049 OTHER 8049s 

l40rnA (770mW) 
50mA @ 5V ( 250mW) 

ACTIVE SUPPLY CURRENT (WORST CASE) 
STANDBY SUPPLY CURRENT 
(WORST CASE) 

MINIMUM STANDBY VOLTAGE 

BATIERY CHARGING 
INTERRUPT PIN 
PORT PINS 

70rnA ( 385mW) 
MASK-PROGRAMMABLE 
9rnA- 128 WORDS ( 20mW) 
7rnA- 96 WORDS ( l65mW) 
5rnA- 64WORDS ( llmW) 
3rnA- 32 WORDS ( 6 6mW) 
2.2V (2 NICAD CELLS) 
Sl .50-$2.00 SAVINGS 
NO EXTERNAL COMPONENTS NEEDED 
SCHMITI TRIGGER WITH HYSTERESIS 
MASK-PROGRAMMABLE 
CURRENT DRIVE 
l . ill DRIVE l 25µA @ 2.4V 
2. OPEN DRAIN ( lOµA MAX) 

4.5V ( 4 lo 5 NICADS) 

EXTERNAL NElWORK 
NO HYSTERESIS 
ONE DRIVE CHARACTERISTIC 

ill DRIVE lOOµA @ 2.4V 

MICRO·DAC™ 
Series is the 
easiest way 
fromDtoA. 

,_c_O_N_T_R_O_L_B_U_S -~ Vee 

MICRODAC"' 

The DAClOOO is the first of a series 
of 10-bit four-quadrant multiplying D/As 
that are truly µP-compatible. That's 
because each DAC looks like a memory 
location or an 1/0 port and has all con­
trol functions right on the chip. So you 
get easy interface with any 8- or 16-bit 
data bus. 

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

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

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

For non-µP interfacing needs, 
Notional hos the DAC1020 and DAC1220. 
These DACs are direct replacements for, 
and are priced 30% to 300% lower than, 
the AD7520, AD7521 , AD7530, AD7531 
orAD7533. 

These inexpensive D/As start at $4.00 
at 100 pieces. And because of Notionol's 
volume capacity, no one con sell for less . ~ 

MICRO-DAC is a trademark of 
Notional Semiconductor Corporation. 



Introducing 
STARPLEX™ with ISET~ 

The fully developed development 
system. 

The Practical Wizards have done 
it again. 

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

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

Multiprocessor capability. 
The ISE module is a separate unit 

incorporating its own CPU, 32K bytes 
of user-programmable memory and 
all the necessary logic for breakpoints, 
tracing and memory mapping. 

With ISE, you can simultaneously 

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

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

There's ISE and there's ISE. 
National's easy-to-learn ISE sottware 

comes completely integrated into the 
STARPLEX system, including the unique 
Automatic Testing or "In-Fi le" capabil­
ily In-File is an automatic testing mode 
that will implement a predefined 
sequence of tests. ISE can also record 
those results to show exactly how 
each part of the system performs during 
the tests. 

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

Look into our ISE. 
ISE 8048 has all the 8080 features 

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

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

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

Practical Wizards, indeed. :a 

STARPLEX and ISE are trademarks of 
National Semiconductor Corporation . 



Single·chip CRT controllers 
need less support. 

DP8350 Series of programmable 
controllers most widely used among 

major CRT makers. 

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

dedicated CRT display refresh circuits 
in 40-pin packages. 

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

Single-chip versatility. 
The DP8350 Series, which includes 

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

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

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

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

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

DP8350 at the heart of the best 
designs. 

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

And whars more, irs all ready for 
immediate delivery. :a 

Showcasing National's new family 
of B·bit A/ Ds. 

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

Of all the 8-bit NDs on the market, 
only National offers single-channel dif­
ferential analog input NDs in 20-pin 
DIPS- the ADC080l /2/3/4. In addition, 
their ADC0808/9 8-bit converters fea­
ture 8-channel analog input multiplexers, 
each in a 28-pin DIP The top-of-the-line 
ADC0816/17 each contain a 16-channel 
analog input mux in 40-pin DIPs. 

The new line of lOOµSec ND con­
verters eliminates the need for.external 
zero and full-scale adjustments and 
features an absolute accuracy as good 
as ±)4 LSB. 

National, the leader in innovative, 
cost-effective data acquisition products, 
now has the best price/performance 
of any ND available. In 100-piece lots, 
the ADC0804 costs only $2.95; the 

ADC0809 a low $3.60; the ADC080819 I Practical Wizardry strikes again-all 
costs just $7.95. the way down to the bottom line. :a 
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LM335-hot new linear 
temperature sensor. 

The LM335 is a two-terminal LC. that 
looks like a zener with a +lOmV!°K 
temperature coefficient. The 
LM335 is rated for operation 
over-55°C to +150°C, 
and has an over-range up 
to +200°c. Initial accu­
racies are available at 
l °C, 3°C, 6°C but a third 
lead makes the LM335 
very easy to calibrate. Typi­
cally, l °C accuracy is achieved 
over the entire range when 
irs calibrated at only one 
temperature. 

The low operating current 
means low error even for 
remote temperature meas­
urement. Further, the LM335 
eliminates the need for 
linearizing circuits, thus 

making interfacing to a readout or to 
control circuitry even simpler still. 

Whether you're designing 
measurement control, protection 

circuitry, solar heating, environ-
mental control or thermostats, 
National's new series of 
temperature sensors have a 

lot going for them. 
At only $.95, it's 

time to start sensing 
temperature with l.C.s. la 

v+ 

New LM385 l2µW micropower 
reference. The lowest power 

reference available. 
Regulators 

DVMs I D/ 

>f ~ 
A/Os I OpArr 

Power Supplies 

LM385 Design Features 
- operating current of lOµA to 20mA 
- 1% and 2% initial tolerance 
- low voltage reference ( l .235V) 
- stable under large capacitive loading 
- low temperature coefficient 
- low noise, good long-term stability 
- 1 o dynamic impedance 
- replaces older devices with a tighter 

tolerance 

The new LM385 is yet another exam­
ple of Notional Semiconductor's com­
mitment to supply high-performance 
references. Where power is a primary 
concern (as in battery-powered equip­
ment, portable meters, or general­
purpose analog circuitry with battery 
life approaching shelf life), this device 
provides performance unmatched by 
traditional discrete devices. 

For applications requiring other ref­
erence voltages or performance specifi­
cations, Notional Semiconductor has 
the device you're looking for. For example: 
- Vref 2.5V; 5.0V; 6.9V; lOV 
- Initial Tolerance as low as .01 % 
- TC max as low as 0.5ppm/°C 

Is it any wonder that more and more 
design engineers are looking to National 
Semiconductor's linear references to 
solve problems? la 

LM359 amplifies 
on current 
amplifiers. 

When design engineers said they 
needed a low-cost dual that was similar 
to the quad LM3900, but with operation 
in the video frequency range, the R&D 
Group at Notional Semiconductor came 
up with the answer. !rs the LM359 Dual, 
High Speed, Programmable, Current 
Mode Norton Amplifier. 

The primary design emphasis was 
placed on high frequency performance 
and providing user-programmable 
amplifier operating characteristics. 

Each amplifier is broadbonded to 
provide a high gain bandwidth product, 
(up to 400 MHz), a high 60V/µsec 
slew rate and stable operation. They're 
designed to operate from a single supply 
and con accommodate input common­
mode voltages greater than the supply. 

The LM359 solves a lot of applications 
problems: general purpose video ampli­
fiers; high frequency, high Q active filters; 
photadiode amplifiers; wide frequency 
range waveform generation circuits. 

Now design and application engi­
neers hove what they need, thanks to 
Notional Semiconductor. :.a 
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AFIOO active filters­
a universal solution 

to cost problems. A 
Data Acquisition­

National perspective. 
In the past, the easiest and least 

expensive means of active filtering was 
with discretes. But this is no longer the 
case thanks to National's new AFlOO 
universal active filters. 

The AFlOOs are internally adjusted 
to provide center frequency accuracies 
of ± 2.5%(fortheAF100-lCN model) 
and ± 1% (for the AF100-2CN model). 

And because of their small size and 
low external parts count, the AFlOO 
9ctive filters lend themselves perfectly 
for use in MODEMs and many other 
telecommunications applications that 
require lowpass, highpass, or bandpass 
filter configurations. 

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

Just another example of Practical 
Wizardry cutting your costs to the bane. ~ 
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SERIAL BUS 

SERIAL SERIAL FIFO 
1/0 1/0 

PARALLEL BUS c::> 

1/0 1/0 FIFO 

SHARED 
MEMORY 

CPU CPU CPU 

LOCAL 
LOCAL LOCAL BUS LOCAL 

Serial, MEMORY COMMON MEMORY MEMORY Fig 2 parallel, 
1/0 and Fl'FO buffer inter-

face techniques. Pro-
cessors access shared 
memory and common 

BUS BUS BUS 
INTERFACE INTERFACE INTERFACE 

1/0 via shared bus 

SHARED BUS 

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

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

Serial Inte rface 

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

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

scheme 

computer stands 
You can count on 

Est for stationary or 
movab le computer 
stands that are as 
sturdy and functional 
as they are hand­
some. Your 

o _ 
choice of style '---"===~~~~~~ 
and anchor plate. 
Let us design a base 
to your specifications. 

EST 
Write or phone for literature 

EST COMPANY, BOX 250, GRAFTON. WI. 53024 
(414) 377-3270 A DIVISION OF LEGGETT & PLATT. INC. 
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STAR 
RING 

processors (slaves). This structure can be hierarchical, 
since a slave processor to one star structure can be the 
master for a different star configuration. In the multidrop 
scheme, one line acts as a bus to all the pi·ocessors. Com­
munication is handled by polling from a master processor, 
and communication between processors is only possible 
by sending messages through the polling processor. In a 
ring configuration, each processor is connected to the 
other processors in a loop arrangement. Data packets 
from one processor are passed along to another, and in­
termediate prdcessors retransmit the packet until the des­
tination is reached. Usually, there is a network master to 
delete packets not acknowledged by a receiving node. 

None of these system configurations adapts well to par­
tial communication failures. When a master fails in a star 

MULTI DROP 

0 
COMPUTER 

D 
BUS 

INTERFACE 

Fig 3 Typical network 
configurations. One pro­
cessor is controller in 
star structure. In ring 
system, data are sequen­
tially transmitted around 
loop. In multidrop or 
bus network, data are 
broadcast to all proces­
sors 

configuration , the slave processors go offline. Redundancy 
is required at all levels of the system to avoid the prob­
lem of a master failure. In the multidrop arrangement, if 
the polling computer fails, no processor can communicate. 
In a ring system, any processor failure inhibits normal 
communications. 
References 
1. The Z8000 Family of Microcomputer Components, Zilog, 

Inc, Cupertino, Calif, 1978 
2. W. Plummer, "Asynchronous Arbiters," IEEE Transac­

tions on Computers, Jan 1972, pp 37-41 

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

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

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

THE ADAGE ADV ANT AGE 

For IBM System Users 
The 4250 - our higher-perform­
ance, plug-compatible replace­
ment for the IBM 3250. With 12 
displays, the 4250 offers the most 
economical price/display 
ratio available today. 
The 4370 - our full 
30 graphics termi­
nal designed to in­
terface directly to 
an IBM/370 com­
patible channel. 

Interactive Graphics ior 
IBM and Mini-Computer Users 

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

For Mini-Computer Users 
The 4100 Series - includes 20 
(4115 and 4125) and 30 (4135 
and 4145) models with state-of­
the-art graphics capabilities 

and direct inter­
faces to popular 
mini-computers. 

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

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

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

U.S.: 1079 Commonwealth Ave . • Boston. MA 0221 5 
[617) 783-1100 • rwx 710-330-0141 

Europe: Morkstrasse 9, 3308 Koenigslutter 
am Elm, West Germany 
Phone: 05353/1089. Telex 095528 

See us at SIGGRAPH '80 
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And you'll realize all the advantages offered by Itron Fluores­
cent units over ordinary digital displays. Their cost-effective 
pricing and simple, fast installation will save you time and 
trouble, as well as a great deal of money. Interfacing with peri­
pheral circuits is easy too; further reducing costs. They operate 
at low voltage and consume little power. Their bright fluores­
cent output and flat-glass packages make for easy readability, at 
a distance and at wide viewing angles, even under high ambient 
light conditions. 

450 500 550 600 650 700 

What's more, Itron displays have 
a proven long-life track record for 
reliable performance under strin­
gent conditions. And we can quickly 
and economically fabricate custom 
configurations. Since there's much 
more you should know to make an 

if rod 
WAVE LENGTH (nm) 

INTERNATIONAL REPRESENTATIVES 
WEST GERMANY: Neumuller GmbH, Eschonstr 2, 8021, Taufkirchen, 
Munich Phone. 089/611 8-245 Telex. 5221 06 

FRANCE: Europavla, France, 5 Avenue Leon Harmel 921 67 
Antony Cedex Phone. 666-21 -10 Telex. 42204381 

UNITED KINGDOM: ITT Meridian, West Road, Harlow, Essex CM20 
2BP Phone. 0279-35351 Telex. 817202 

SWEDEN: AB Nordqvist & Berg, Box 9145 S-10272, Stockholm 
Phone. 08-690400 Telex. 10407 

HONG KONG· Phone. 5-232420 TAIPEI: Phone. 351-0293 

Circle 22 for Sale1 Contact 

FLUORESCENT 
DISPLAYS 

optimum display selection , contact Patented and manufactured by 
us for all the particulars. ISE ELECTRONICS CORP. 

NORITAKE ELECTRONICS, INC. 
LA. OFFICE: 22410 Hawthorne Boulevard, Torrance, CA 90505, (213) 373-6704, Telex: 67-4910 
N.Y. OFFICE: 41 Madison Avenue, New York, NY 10010, (212) 481-3440, Telex: 12-5469 

NORITAKE COMPANY, LIMITED . 
JAPAN: 1 - 1 Noritake Shinmachi, Nishiku, Nagoya-Shi, (052) 561 -7111 , Telex: J59738 
EUROPE: Burotel Belgium SA, Rue de la Presse 3-5, 1000 Bruxelles, (02) 217-83-60, Telex: 4626962 
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Chances are, the data cartridge in your system is ours. Even though 
it may not say so. That's because most of the world's top manufacturers of 
systems like yours specify our 3M Data Cartridges. 

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

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

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

Check with your systems manufacturer when you need additional 
supplies. Or simply call 800-328-1300 for.more information. (In Minnesota, call 
collect: 612-736-9625.) Or write: Data Products, 223-5E, 3M Company, 
St. Paul, MN 55101. 

3M 
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F.cono/Mate. 
11ore~1orc 
power supply dci • 

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

You get more features as standard. OVP on all 5 volt out­
puts, standard. Dual 105-125/210-250 VAC inputs on all 
supplies. standard. Remote sense capability on all supplies 
is standard, except EMA-A and ETA-8. 

Fifty Econo/Mate models from 5 to 24 VDC, up to 25 
Amps. Single, dual, and triple outputs including the popular 
disc drive supplies. Think of them as the new old standby. 

Single Output Supplies 

Model Out pol Price Model Output 
EMA-5AV 5V@ 1.2A s 27.00 EMA· 12/ 15C 12V @3.0A 
EMA-58V 5V@ 3.0A $ 35.00 15V @2.8A 
EMA·5CV 5V@ 6.0A $ 59.00 EMA· 12/ 15CC 12V@6.0A 
EMA·5CCV 5V@11 .0A s 74.00 15V @5.0A 
EMA·50V 5V@15A s 94.00 EMA· 12/ 150 12V @8.8A 
EMA-5FV 5V@25A $149.00 15V @8.0A 

EMA· 12/15f 12V @16A 
EMA·6A 6V@ lA s 27.00 15V @1 5A 
EMA-68 6V@ 2.8A s 35.00 
EMA·6C 6V@ 5.5A s 59.00 EMA· 18/ 20A 18V@0.4A 
EMA·6CC 6V@10A s 74.00 20V @0.4A 
EMA-60 6V@13A s 94.00 EMA· 18/ 20C 18V @2.5A 
EMA·6F 6V@22A $149.00 20V @2.3A 

EMA-18/248 18V @1.2A 
EMA-9/ lOA 9V@0.75A s 27.00 20V @1.0A 

10V@0.75A 24V@1 .0A 
EMA-9/ 100 9V@1 .8A s 35.00 EMA· 18/ 24CC 18V @4.5A 

10V@1 .8A 20V @4.0A 
EMA·9/ 10C 9V@38A s 59.00 24V@3.8A 

10V@3.6A EMA-18/240 18V @ 7.lA 
EMA-9/ lOCC 9V@8A $ 74.00 20V@7.0A 

10V@7.5A 24V@6.5A 
EMA-9/ 100 9V @105A s 94.00 

10V @10.0A EMA·24A 24V @0.4A 
EMA·24C 24V@2.3A 

EMA·12/ 15A 12V@0.5A s 27.00 EMA·24F 24V @12A 
15V@0.5A 

EMA-12/158 12V@1.5A $ 35.00 
15V@1.3A 

Econo/Mate Specifications 
AC input. 105-125/ 210-250VAC at 47-63 Hz. Oerate output current 

10% for 50 Hz operation. 
DC output ratings. See Voltage/ Current rating chart. Adjustment range 

± 5% minimum. 
Line Regulation. 0.05% for a 10% input voltage change. 
Load Regulation. ± 0.1% for a zero to full load change. 
Stability. 0.05% for 24 hours after warm up. 
Output Ripple. Better than lmV RMS: 3mV peak to peak typical. 
Remote Sense. Standard on all Econo/ Mate supplies except EMA-A 

and ETA·B cases. 
Polarlty. May be either positive or negative with respect to ground 

or 'floating· up to 300 voe. 
Overshoot. No voltage overshoot on turn -on , turn -off or power failure. 
Temperature Rating . 0° C to 40° C full rated power, derated linearly 

to 60% at 71 ° C for EMA. ETA and ETA. and full rated 0° C to 50° C. 
derated linearly to 50% at 71°C for ED supplies . 

Dual Output Supplies 
Price Model Output 1 Output 2 Price 

s 59.00 ETA ·58V 5V @ 1.2A 5V @ 1.2A s 48.00 
ETA -5CV 5V @3.0A 5V @3.0A s 68.00 

s 74.00 ETA·50V 5V @6.0A 5V@6.0A s 96.00 

s 94.00 ETA·5158V 5V @1.2A 12V @0.5A s 48.00 
15V @05A 

$149.00 ETA ·515CV 5V @3.0A 12V @1.5A s 68.00 
15V @1.3A 

ETA ·5150V 5V @6.0A 12V @3.0A s 96.00 
s 2700 15V @2.8A 

s 59.00 ETA ·5248V 5V @1.2A 24V@0.4A s 48.00 
ETA·524CV 5V @3.0A 24V @1.0A s 68.00 

s 35.00 ETA ·5240V 5V @6.0A 24V @2.3A s 96.00 

ETA· 12/158 12V @05A 12V @0.5A s 48.00 
s 74.00 15V @0.5A 15V @05A 

ETA· 12/15C 12V @1.5A 12V @ 1.5A s 68.00 
15V @1.3A 15V @1.3A 

s 94.00 ETA-12/ 150 12V @3.0A 12V @3.0A s 96.00 
15V @2.8A 15V @2.8A 

s 27.00 
s 59.00 
$149.00 

Storage Temperature. - 50°C to +85°C. 
Temperature Coettlclent. ±0.005%/°C typical. ± D.02%/°C 

maximum. 
Transient Response. Occurs within 50 microseconds for a 50to100% 

load change. 
Short Circuit and Overload Protection. Sell -restoring current limiting 

lfoldback type). 
Overvoltage Protection. OVP is standard on all 5V outputs, set at 

Triple Output Supplies 
Model Output 1 Output 2 Output 3 Price 

ETA · 142EV 5V @6A 12V @l .5A 12V @1.5A Sl 15.00 
9V @1.2A 15V @l .3A 
5V @08A 

ETR · l22EV 5V @6A +12V @1.5A - 12V@ 1.5A SI 15.00 
+15V@1 .3A -1 5V @ 1.3A 

ETA· 132EV 5V @6A 18V @ 1.0A 12V@l .5A $115 00 
20V@1.0A 15V @13A 
24V @1.0A 

Disk Drive Power Supplies, Dual Output 
Model Output 1 Output 2 Price 

ED·512AAV +12V@1 .1A 1Av) +5V @0.7A s 41 .00 
+12V@l .7A 1Pk) 

Disk Drive Power Supplies, Triple Output 
Model Output 1 
ED-5248V 24V @ 1.5A (Av) 

24V @ 1.7AIPkl 
ED ·524CV 24V @ 3.0A (Av) 

24V @ 3.4A (PK) 
ED·5240V 24V @5A(Av) 

24V @6A IPK) 

Output 2 
+ 5V @1A 

+5V@2.5A 

+5V@3A 

' 

Mounting 
Surfaces 

2 
3 
3 
3 
4 
2 

Output 3 Price 
- 5V @0.5A s 72.00 

- 5V@0.5A s 94.00 

- 5V @06A $125.00 

Dimensions 

6.2V ±0.4V. OVP modules are available for all other output voltages. 

Model 
EMA-A 
EMA·B 
EMA·C 
EMA-CC 
EMA-0 
ETA·B 
ETA-C 
ETA-D 
ETR-E 
EMA·F 
ED·AA 
E0-8 
ED·C 
ED·D 

4 

3. 78" x 3.03" x 2.15" 
4.87" x 4.00" x 2.07" 
5.62" x 4.87" x 2.95" 
'/.03" x 4.90" x 3.23" 
9.00" x 4.87" x 3.2'0" 
4.90" x 4.03" x 2.25" 
7.90" x 4.03" x 2.93" 
9.40" x 4.90" x 3.23" 

11.00" x 4.90" x 3.23" 
16.75" x 4.87" x4.94" 

UL Recognized. Econo/ Mate Supplies are listed as a recognized 
component in Underwriters ' Laboratories recognized component 
index. (UL 478. File No. E 45485). 

CSA Recognized. Econo/ Mate supplies are listed as a certified 
component in Canadian Standards Association 's recognized 
component index. (LR 34 -518). 

4 
4 
3 
3 
4 
4 
4 

6.50" x 4.00" x 2.07" 
10.25" x 4.00" x 2.95" 
11 .00" x 4.87" x 3.20" 
11 .00" x 4.87" x 3.20" 

POWER/MATE CORR 
514 S. River St./ Hackensack, New Jersey 07601 /( 201)440- 3100/TWX (710) 990-5023 

3303 Harbor Blvd./Costa Mesa, CA 92626/(71 4) 957-1606/TWX (910) 595-1766 

The world'S largest supplier of quality power supplies. 
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Choose Tl's 16-bit TM990 microcomputers. 
The right price/performance combination 

for industrial controls. 
You'll be in the best of companies. 

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

38 

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

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

COMPUTER DESIGN/ FEBRUARY 1980 



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

Burn-in-reliability 
TM990 modules are specified to 
operate over the full commercial 
temperature range of0° to 70° C. 

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

' liable operation. 

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

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

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

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

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

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

Ready-to-use 
software support 

The affinity of Tl's 16-bit microcom­
puter modules for high-level Ian-

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

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

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

Tl's TM990 
Microcomputer Series 

Microcomputer Modules: 
TM990/100M 
TM990/101M 

Evaluation Module: 
TM990/180M 

Educational Module: 
TM990/189 

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

TM990/206 Static RAM 
TM990/210 Bubble Memory 

TM990/303 Floppy Disk Controller 
I/O Expansion Modules: 

TM990/305 
TM990/310 

Industrial I/O Modules: 
TM990/5MT Series 

AID and D/ A Interface: 
TM990/1000 Series (Analogic) 

TM990/1240 Series (Analog Devices) 

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

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

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

Ready-to-use 
development system 

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

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

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

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

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

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

For a copy of the latest brochure 
containing more complete informa­
tion on the TM990 mi­
crocomputer modules, 
call your TI distributor. 
Or write Tuxas Instru­
ments Incorporated, 
P.O . Box 1443, MIS 
6404, Houston, Texas 
77001. 
·Trademark of Texas Instruments Incorporated 

Fifty Years 
of . Innovation 

·~ 

TEXAS INSTRUMENTS 
© 1980 Texas Instruments Incorporated INCORPORATED 85598A 
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I COMMUNICATION CHANNEL I 

Distributed Processing System Communication Links 
Eliminate Need for TP Software 

CJ 

D 
D 
0 

TERMINAL 

LINE PRINTER 

CARD READER 

TAPE DRIVE 

NCU - NETWORK CONTROL UNIT 
LCU - LOCAL CONTROL UNIT 
RCU - REMOTE CONTROL UNIT 

Response system with extended PIXNET facilities. Transmission may be via satellite links and microwave facil­
ities as well as over land lines 

Communications capabilities of the 
ResponseT" coordinated network pro­
cessing system, recently introduced 
by Paradyne Corp, 8550 Ulmerton 
Rd, Largo, FL 33540, are based on 
the company's line of LSI and micro­
processor based high speed modems, 
the ANALYSIS network management 
and control system (Computer De­
sign, July 1978, p 18), PIX II virtual 

40 

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

Response distributes intelligence 
throughout the network and provides 
full duplex soLc-type communications 
without conventional IBM teleproces­
sing access schemes such as VTAM, 
TCAM, or NCP. Elimination of the TP 

software decreases overall processing 
workload on mainframes. Polling, 
error correction, routing, and applica­
tion selection requirements are im­
plemented within the network itself, 
without host intervention. 

Communications in the Response 
system are controlled by attached 
communications processors ( ACPs) 
that are integrated into the Response 

COMPUTER DESIGN/ FEBRUARY 1980 





, "llF connectors help me 
innMte With microprocessors. 

And AMP makes more 
llF connectors than anyone': 

1. Large boards mate 2. ZIF Connectors 3. All board edges 
easily without damage replace card guides can be used for I/ O's 



I 
I 
I 
I 
I 
I 
I 

AMP ZIF connectors-for Zero Insertion 
Force-give you more ways than ever 
to take advantage of microprocessor 
technology. While providing you with 
extra benefits of their own. 

Benefits that allow you to design-in 
such features as larger pc boards, higher 
density packaging, and modular "add­
on" capability. 

ZIF connectors will also eliminate 
problems. Such as back panels, worn 
cqntacts, and board damage during test 
or insertion. And when you use ZIF con­
nectors as card guides, all four sides of 
the board are available for interconnect, 
so you can shorten circuit traces, reduce 
voltage drops, and separate power and 
signal circuits, economically. 

To help you accomplish all this, 
AMP provides three principal types of 
ZIF connectors: Rotary Cam Actuated 

I 4. Stacking ZIF 's 
eliminate backplanes 

5. Ideal for test 
equipment 

Edge connectors, Linear Cam Actuated 
Edge connectors, and our exclusive 
Stacking connectors. 

All of them are designed to enhance 
your interconnections while providing 
easy board insertion. Just open the 
contacts with the cam, slide in your 
board from the edge or the top, and 
close the contacts the same way. No 
auxiliary devices or mallets. And later 
access to the board is easier, too. 

Of course, AMP ZIF connectors also 
come with full engineering support for 
technical assistance, whenever, or wher­
ever you need it. 

For more information about the advan­
tages of ZIF connectors and how you 
can use them in your innovative designs, 
simply call or write us. 

AMP has a better way. 

Some facts worth knowing about AMP ZIF 
connectors: 

Rotary Cam Actuated 
• .100" x .200", .125" x .250", or .156" x .200" 

contact centers 
• sizes up to 65-dual positions 
• open or closed ended with pc board 

registration lock 
• available in versions that sequentially actuate 

ground, power and signal circuits 

Linear Cam Actuated 
• .100" x .100" or .125" x .125" centers 
• available as complete assembl ies or separate 

components 
• sizes up to 140-dual positions 
• high normal force design eliminates the need 

for gold board edge fingers 
• top or side entry for maximum design flexibility 

Stacking 
• .100" x .1 00" centers, ideal for bus organized 

circuits 
• provides shorter electrical paths between 

boards 
• eliminates need for backplanes 
• sizes up to 50-dual positions 

Where to call: ZIF Connector Information Desk, 
(717) 780-8400. 
Where to write: AMP Incorporated, Harrisburg, 
PA 17105. 
AMP is a trademark of AMP Incorporated. 

AIVIP 
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Wrlveput 
a price tag on your 

backup Creams. 
Fulfilling your backup dreams for the Winchester was 
one thing. Doing it atthe right price was quite another. 
DEi is happy to announce success on both scores. 
Our new10 and 20 MByte high density streaming cart­
ridge tape drives are less than half the price of 
Winchesters . 
The basic 10 MByte is $415, the 20 MByte version is just 
$525. And here's what you get for the price: 
Speed: Transfers data at 5 MByte/per minute. _ 
Capacity: Just what you want. 10 or 20 MBytes. A per­
fect match for the 8" or 14" Winchester's capacity. 
Reliability: We certify our cartridges to provide it. 
Ease of Use: Cartridge operation is simple enough 
for a person without any computer tra ining to use. 
Size: Compact enough to be inter­
changeable with flexible disks. 
Streaming Electronics: Optional format­

r·~-,_ .. 
, ' . ... -- -·--

ter and streaming controller With 20MByteCartridgeTapeDrive 

automatic gain control and interdis­
persed resynchronization . Error cor­
rection is also available as an option. 

of"'"' """~T--

{ '; ;(, 
, L - ' -.... __ 

Delivery: Immediately, as in right now! 10MByteCartridgeTapeDrive 

And at DEi we're so sure our new products are the 
answer to your backup dreams that we've backed 
up our own production capacity with another 77,000 
square feet of plant space. 
Nowthatwe've gotthem, all we can say is "come and 
get it'. They're your backup dreams come true! 

Data Electronics Inc. 
10150 Sorrento Valley Road, San Diego, California 921 21. Call (714) 452-7640. Telex 67-5327 
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"As an engineer, I used to get pretty frazzled 
whenever I had to use twisted pairs. 

Heaven knows, I needed the performance, but 
the labor costs drove me wild! 

Then one day Dave from Spectra-Strip 
stopped by and solved all my problems-he 
showed me their new Twist 'N' Flat?i1 

How fantastic-twisted pairs in a flat cable 
with flat, parallel sections that I can mass 
terminate wherever I need them on the cable. 
(Standard spacing is 18" of twist with 2" of flat, 
but if I order as little as a thousand feet 
at one time, they'll put in any spacing 1 want!) 

Well, let me tell you-this has reduced 
termination time by 973 and cut our costs by 
363. I liked their thinking so much, I checked 
them out and found that they were a terrific 

C Spectra-Strip Inc. 1979 
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source for all my flat cable 
needs- cable, connectors, 
and even complete 
terminated jumpers and 
custom assemblies, fully 
tested and ready to go. 

If you're as concerned about your intercon­
nect performance and costs as I am, you really 
ought to write Spectra-Strip, 7100 Lampson 
Avenue, Garden Grove, CA 92642, telephone 
(714) 892-3361. In the East, call (203) 281-3200. 

But don't ask for Dave-he's at home taking 
care of the baby'.' 

When you're down to the wire. 
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transaction processor. Major ACP ele­
ments inc:lude 32k processor, byte 
multiplexer channel adapter, line con­
troller module, and peripherals con­
trollers. Remote peripheral devices are 
attached to the ACP, which connects 
to the byte multiplexer channel on the 
Response processor. ACP communi­
cates with a PJXNET network control 
unit (Neu) which communicates with 
a local control unit ( LCU) attached 
to the byte multiplexer channel of the 
IB~l host (see Figure). Each NCU 
can support up to seven lines for 
communication with other ACPs and/ 
or other transaction processors. 

PIXNET communications capability 
allows CRT terminals, with proper 
authority, to directly access any ap­
plication in the network as a local 
device. Response applications can also 
access facilities of other interactive 
systems, communicating as if they 
were local 3270s. A high speed read/ 
write transfer facility is provided for 
transmission of bulk data files. 

Response is a fully integrated dis­
tributed processing network system 
using two models of a 32-bit proces­
sor. One, a 400-ns entry level system 
has up to IM bytes of memory and 
supports as many as four integrated 
channels. The second, a 240-ns ver­
sion, has up to 2M bytes of memory 
and up to seven integrated channels. 
Both are IJJM Svstem/ 370 oriented 
and are ootimized for transaction 
processing tasks. Both processors have 
1-bit error correction, 2-bit error de­
tection, and memory 1/ 0 transfer 
rates of approximately 7M bytes/ s. 
Circle 400 on Inquiry Card 

Supervisory System Design 
Speeds Network 
Control Functions 

Communication line supervision, EIA 
interface surveillance, communication 
system fallback, and rapid network 
reconfiguration are the functions of 
network control addressed by the 
Network Control System™. The sys­
tem adds a second level of modu­
larity to conventional tech control 
concepts in the physical configuration 
of its test, patch, display, alarm, and 
switching modules. Modems and com­
puter port cables aTe attached to the 
rear of the system racks, with the 

functional modules removeable from 
the front via edge connectors. 

With this arrangement, each EIA 
interface can be equipped with a 
module for displaying major EIA inter­
face signals and producing alarms on 
selected error conditions, or a module 
for bit error testing, or a patching 
module, or one that can switch a com­
puter port between modems. Pro­
grammable options also permit alarms 
and switching to be either manual or 
automatic. This cabling and module 
configuration is said to speed detec­
tion and correction of technical prob­
lems in the network. 

The system, designed and manu­
factured in Europe by Tech-Ne! Ltd, 
is now being manufactured and 
marketed under license in the u.s. by 
Digi-Log Systems, Inc, Babylon Rd, 
Horsham, PA 19044. 

Each EIA Rs-232 interface is mon­
itored constantly for eight possible 
fault conditions. The network can be 
reconfigured by modules that contain 
port, modem, and monitor receptacles. 
Any communication port can be ad­
dressed by means of a 10-key numeric 
pad and connected to the supervisory 
system bus for failure analysis in con­
junction with the company's DLM JI 

data line monitor and tape trap for 
centralized troubleshooting. Channel 
failures are resolved by any of four 
automatic/ manual fallback techniques. 

Main system modules are as fol­
lows: supervisory alarm module moni­
tors EIA interface channel integrity; 
alarm module monitors all channels 
for failure; a programmable switch­
ing module, with a caoacity for 16 
switching routines, manually or auto­
matically switches a oort between two 
modems; switch contoller and inter­
face unit controls up to 2.56 switch­
in!I: modules. Any of 16 resident pro­
grams in each module can be selected, 
and programs can be created and 
loaded as required; error test module 
generates 511-bit pseudorandom test 
pattern and gives visual indication of 
bit and block error counts as well as 
calculated error rates. 

In addition to the main modules 
mentioned, the user may configure 
line drivers, modem eliminators, 
modem sharing devices, data line 
monitors. and taoe recording equip­
ment. The system can be furnished 
for standard 19-in (48-cm) rack 
mounting, or integrated into desktop 
consoles. 
Circle 40 I on Inquiry Card 



Grow with the MSC 3605 
The MSC 3605 is an add-in, single-board 
semiconductor memory system, designed 
to extend the capabilities of DEC 
computers, utilizing full hex-wide UNIBUS 
or Modified UNIBUS slots. On-board 
provisions include a standard parity 
Control Status Register (CSR) for parity 
generation and checking. Expandable in 
32K byte increments to 128K bytes with or 
without parity, the MSC 3605 provides OEM 
designers and end-users with a number 
of important operating advantages: 

Design Versatility The MSC 3605 is 
switch selectable between Modified 
UNIBUS and Standard UNIBUS interfaces. 
On-board DIP switches allow the user 
to quickly set up starting address and 

~ Monolit~ic 
~T~ !~1temJ corp 

storage capacity in !KW boundaries and 
CSR address. 

Memory Reliability Low power 
consumption and fewer components 
contribute to the high reliability inherent in 
the MSC 3605. Predicted MTBF is over 
40,000 hours. 

Future Growth Socketed elements 
provide for both simplified maintenance 
and future expansion. 

For additional information on the 
MSC 3605 and our other 41 Monolithic 
Systems Corp. products and systems , 
please contact us at 14 Inverness Drive 
East, Englewood, Colorado 80112. 
(303) 770-7400. Telex: 45-4498. 

Extending the limits of infbrmation. 
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Fiber Optic Link 
Operates to 200k Bits/s 

Like its high speed predecessor previ­
ously introduced (Computer Design, 
July 1978, p 18), this TTL-compatible 
link offers secure transmission, elec­
trical isolation, and protection against 
electromagnetic interference. It oper­
ates from de to 200k bits/s, using an 
NRZ format with no coding restriction . 
The fully assembled and tested link 
has a bandwidth of 100 kHz, comes 
in cable lengths up to 1 km, and is 
available from 3M Company, Dept 
EP9-19, Box 33600, St Paul, MN 
55133. 

The link consists of two transceiver 
modules and preterminated flat or 
round cable. Each module contains 

Protocol Converter 
Adds Intelligence to 
Dumb Terminals 

GoBetween ... " Translation 100 is a 
microprocessor based protocol con­
verter that enables ASCII, CRT, and 
printer terminals to emulate Bur­
roughs , DEC, Honeywell, NCR, and 
Univac remote devices, and allows 
them to he online compatible with 
any CPU or frontend processor. The 
unit operates asynchronously at speeds 
to 9600 bits / s, with automatic up/ 
down speed conversion. Internal DIP 
switches allow selection of specific 

an infrared-emitting GaAs LED light 
source, and a PIN photodiode detector. 
The connecting cable is made up of 
two plastic-clad silica fib ers in a PVC 
jacket for full duplex operation. Two 
cable types are currently available; a 
flat version in lengths to 1.50 m, and 
the other a round cable in lengths to 
1 km. Typical cable attenuation is 
2.5 dB/ km, and connector attenuation 
is less than 2 dB/ mated pair. 

Power requirement is .5 V. Price of 
the data link, less cable, is $228. 
Reinforced preterminated cable is 
$4.10/ m. Delivery, eight weeks ARO. 

Circle 402 on Inquiry Card 

addresses in a polled multidrop en­
vironment. The device is a product of 
Modemsplus, Inc, One Perimeter 
Way, Suite 260, Atlanta, GA 30339. 

Polling and prompting capability, 
4k P / ROM, 2k RAM, and complete self 
diagnostics are standard features. Op­
tions include 4k RAM, synchronous 
operation adapter, function key 
prompting, and forms control. 

In standalone applications, the unit 
has its own power supply; when used 
as an internal device, power is drawn 
from the associated terminal. The con­
verter can be tailored to fit virtually 
any configuration. 
Circle 403 on Inquiry Card 
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IBM 370/168 IBM 370/168 
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NET/ALERT 
1 CONTROL 8 

56 k UNIT 2741 
BITS/S NET/ALERT 

STATUS AND ALARM 
COLOR GRAPHICS 

CRT DISPLAY 
AND KEYBOARD 

Typical Net/Alert conf~guration. System is t ransparent to host computer 
and can be insta lled in any teleprocessing system using conventional 
protoc.ols 

Teleprocessing Network 
Performance Parameters 
Displayed in Real Time 

Net/ AlertT" is a microprocessor based 
monitoring system that provides real­
time, online performance information 
from every terminal on every line in a 
teleprocessing network. A series of 
multilevel display screen formats can 
track the curren t status of the entire 
system, or of a single or group of ap­
plications. A color CRT graphics dis­
play grades system conditions: green, 
normal; yellow, potential trouble; and 
red, operator attention may be re­
quired. 

Network status screen is the highest 
level summary display. It shows in 
simplified block diagram form the 
entire system status, and displays 
transaction volume and error rates for 
all lines in each line group. Among 
other data disolayed are response 
times for individual terminals, as well 
0 Patent pending 

50 

as smoothed averages over operations­
specified intervals. 

Level 2 display, line status, called 
up by lightpen, joystick, or keyboard 
en try, shows the state of individual 
lines within a specific line group, and 
details curren t status of each terminal 
on each line. 

Terminal status screen is the most 
detail ed presentation, showing cu'r­
ren t status of each terminal on a 
single line plus response time com­
parisons with prior periods. Also 
shown are transaction and error rates 
for each terminal. 

The system, a product of Avant­
Garde Computing, Inc, 21 Olney Ave, 
Cherry Hill , NJ 08003, monitors for 
three kinds of trouble in real time: 
response time unacceptable, line un­
avail able, and line marginal. Heart 
of the system is the microprocessor 
line set ( MLS), • attached to the net­
work at the point where data enter 
the computer facility (see Figure'). 
MLS includes a microprocessor, local 
memory, and intelligent line inter­
faces. Each line to be monitored is 

attached to an ~!LS by a "T'' connec­
tion either at the modem Rs-232-
C connector or at a commun ications 
panel rack. Line status and perfor­
mance are derived by interpretation of 
modem signals: transmitted and re­
ceived data and control characters 
and modem status indicators. ' 

MLS performs serial to parallel con­
version on the bit stream between 
modem and transmission control unit 
(Tcu), and interprets data and con­
trol characters according to the speed, 
protocol, and coding specified for the 
line. It monitors bisynchronous, asyn­
chronous, and HDLC protocols, and 
can interpret the transmission to de­
termine block and transaction counts, 
error retries, response times, status 
messages from remote control units 
polling frequency, and protocol va~ 
lidity. Maximum ~ILS bandwidth for 
synchronous protocols is 56k bits/ s. 

The MLS is invisible to the host 
TCU, remote control units, and ali 
other hardware units in the system. 
It is also invisible to all levels of sys­
tem software. 
Circle 404 on Inquiry Card 

Software Package Adds 
Versatility to Laboratory 

. Distributed Networks 

MINC NFT (network £le transfer) is 
a software package that permits a 
MINC or MiniMINC laboratory com­
puter system to interact with PDP-11 
or VAX-11/ 780 computer systems in 
distributed networks. It is fully com­
patible with DECnet communications 
software. File transfer can be from 
local to remote, remote to local , and 
remote to remote. The software can 
also be used for local management 
tasks such as copying, deleting, and 
displaying local £Jes. It is licensed at 
$1400, and is available from the 
Laboratory D ata Products ( LDP) 
group of Digital Equipment Corp, 
Maynard, MA 01754. 

The option is applicable to com­
puter systems using Rsx-11, IAS, and 
VAX/ VMS operating systems, and is 
compatible with MINC BASIC software. 
Connections between a DECnet host 
and MINC or MiniMINC systems can 
be via direct cable, acoustic coupler, 
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Breakout 
with our breakthrough 

Add a UDS 103 LP modem to your small system design 
• No AC connection originate only, Model 103 modem. It gives your system full 
• FCC certified duplex communications capability at any speed up to 300 
• Fits under the phone bps. 
• $195 (quantity one) Get in touch with the rest of the datacomm world. Ask 

Add the world's only line-powered modem to your small for full details from: 
system design. Forget about AC connections and exter- Universal Data Systems 
nal power supplies while accessing the whole dial-up tel- 5000 Bradford Drive, Huntsville, AL 35805 
ephone network. Telephone 205/837-8100 

Thanks to our breakthrough, the added system cost is TWX 810-726-2100 
only $195.00 (quantity one) for a fully Bell-compatible, Patent Applied For 

"Confidence in Communications" 

Universal Data Systems 
CIRCLE 33 ON IN9UIRY CARD 
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What's the best 
display system 
for you? 
Ramtek has the 
right choices to 
fit your needs­
and budget. 

Graphic displays make your 
computer data work harder. Color, 
gray scale, or black and white, 
simple or sophisticated, you'll find 
what you need in Ramtek's broad 
line of raster scan systems. the 
most complete in the business. 

Need a management 
information system? 

Ask us about our Colorgraphic 
terminals. Full color and full graphic 
capabilities in economy or 
optimum performance models. Or 
select our PASCAL-based Color­
graphic computers for stand-alone 
applications. 

Want all the 
sophistication 
you can get? 

Our 9000 series is modular for 
your customized applications; 
the 9050 pre-packages the most 
popular features for budget­
sensitive applications. The power­
house 9400 sets the state of the 
art in resolution , vector writing 
speed and image manipulation 
capabilities . 

Special for 
process control. 

The 2000 series is specially 
designed for process-control 
applications, and includes the 
2500, a one-card character 
graphics display. 

Require stand-alone 
capabilities? 

Ask us about our 3000 series, 
color and black and white graphics 
and imaging systems designed to 
off load your CPU . 

More monitors than ever. 
Ask us about our 37 different 

models of monitors. We offer color, 
gray scale, black and white, a 
choice of phosphors, a variety of 
screen resolutions to 1024 lines, 
and screen sizes to 25 ". 



What else can you ask for? 
Our hard copy color cameras and 

large screen projection systems, 
about interfacing to hard-copy color 
copiers, printer-plotters, and about 
our complete line of interactive 
devices: keyboards, light pens, 
joysticks, trackballs and graphic 
tablets. 

Intelligent alphanumeric 
terminals, too. 

Ask us about our 8000 alpha­
numeric terminal series. There are 
three basic models (including one 
especially for UNIVAC users) 
plus options to customize them for 
almost any data entry or tele­
communications use. 

Ask today. 

Why raster scan? 
Raster scan has become the preferred technology 
whenever computer-based information and images 

must be displayed. To find out what raster scan is 
and how it compares with alternative display 

technologies, write for "Raster scan, the display 
technology of the 80's'.' It's Issue Number 2 
of Ramtek 's "USE OUR EXPERIENCE" series. 

For complete information on the 
Ramtek system that best fits your 
needs, write Ramtek, 2211 Lawson 
Lane, Santa Clara, CA 95050. Or, 
call your nearest Ramtek Office. 

Ramtek 
Our experience shows. 

REGIONAL OFFICES: Santa Clara, CA (408) 988-2211 , Newport Beach, CA (714) 979-5351 , Seattle, WA (206) 838-5196, Albuquerque, NM (505) 298-2200, 
Dallas, TX (214) 422-2200, Ma itland , FL.(305) 645-0780 , Huntsville, AL (205) 837-7000, Ch icago, IL (312) 956-8265, Cleveland , OH (216) 464-4053, 
Dayton , OH (513) 278-9461 , washington , DC (301 ) 656-0350, Metropolitan NY (201) 238-2090, Boston, MA (617) 862-7720, Netherlands 31 2968 5837. 

CIRCLE 34 ON IN9UIRY CARD 



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

You11 find things a lot different at 
AMI. Were the only major LSI company 
with a group specially organized to handle 
these jobs. It's our sole responsibility. 
Last year, we ran more than a hundred 
circuits designed by a wide variety of 
customers. And the list is growing fast. 

'We want to do it our way:' 
That's okay with us. No two customers 

bring us a job at the same stage of 
development anyway. So it would be a 
waste of. our time and your effort to set up 
a lot of hard and fast requirements. 
Instead, we make it as simple as possible 
for you to interface with us at almost any 
design or production phase. 

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

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

54 

"What makes AMI so great?" 
In a word: experience. We have the 

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

Were geared to work with your 
in-house MOS designers or an indepen­
dent design firm. Or we can handle your 
We're f lexible enough to work with you at almost any stage of 
y our circuit development. After all, you're the customer. 
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circuit isn't the problem. 
a manufacturer 

Comparison of MOS Processes 
Histories Using Custom Circuits 
and Microprocessors~' 

P Chan P Cha.n P Chan N Chan Comple- N Chan N Chan 
Hi VT 1' mentary 1' 1'+ VMOS You can get hold of copies 
Metal Metal SiGate SiGate MOS dep Lds. 

_,_spee_d-"(pe'--r-un_it_are_.a) ____ 6 __ 4 __ s __ 3 __ 2 __ 3 __ 1 __ 0 by writing to AMI Customer 
_ro_we_rc_o_nsu_m.:-pti_on..;...(lo_w_,_sp_eed-'-)_6 __ 2 __ 4 --'-s __ 1 __ s __ 3 __ 3

0 

Tooling Marketing (II), 
Area (per logic function) 4 3 3 .2 5 2 1 

Noise Immunity 4 2 s s 4 3 3 3800 Homestead Road, Santa ---'------------------
Logic FI ex i bi lit y 3 1 3 3 2 Clara CA 95051. Phone (408) 
On-Chip Clock Generation 4 2 5 4 3 

..;.JBip'-'-ol.;._ar_;;..Co'-m..._pa_tib_ilit..__y __ __,_s --=2---'-3 --=----=---=----------0 246-0330. Or from one of these 
;_:;Po=wer::..:S:..::iuP=P1.<..;;YL=at=itu=de __ __,__-=2---=-4 -....::.4---=----=-3 --=2-----3 AMI sales offices: California, 
Process Simplicity 2 2 6 3 4 6 

Rankings are relative among the processes, with the lowest number being most desirable. (213) 595-4768; Florida, (305) 
L..A_M_I_of-fe-rs_2_5-va-ri-at-io-ns_o_f_fo_u_r b-a-sic_M_O_S-pr-oc-es-s-es-. 5-o-y-ou_c_a_n -pi-ck-t-he-o~ne 830-8889; Illinois, (312) 437-6496; 
that fits your product and budget. Indiana, (317) 773-6330; 
job from scratch, giving it the full custom Massachusetts, (617) 762-0726; 
treatment that has made us the leader Michigan, (313) 478-9339; New York, 
in this field. (914) 352-5333; Pennsylvania, (215) 

We're also in a unique position to 643-0217; Texas, (214) 231-5721, 
advise you on the best way to tackle your Washington, (206) 687-3101. 
application. As we also produce standard And, if you'd like a "live" show, we'll 
4, 8and16-bit microprocessors (the S2000, make a 30-minute presentation right in 
S6800 and S9900), we may be able to your office. That should be long enough 
show you a cost-effective way to mix to convince you how flexible an LSI 
standard MPUs and custom peripherals. company can be. 
Or customize a standard MPU specially 
for you. 

''Fine, but I need more details~' 
We have all the documentation 

you need, from design and test parameters 
to production schedules. And we've 
also just published two new brochures 
describing AMI's involvement in the 
custom LSI business. These are "Six Steps 
to Success with Custom LSI" and 
"MOS Systems Solutions: A Dozen Case 
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or modem interface, with software 
selectable baud rate and synchronous 
or asynchronous operating mode. 

MINC NFT is available on diskette. 
Bui lt-in user aids , including a "help" 
feature, assist in operations. The sys­
tem has 20 commands, separated into 
file commands for local file operations; 

Statistical Multiplexer 
Adds Multipoint 
Multiplexing Capability 

Multipoint multiplexing capability has 
been added for UNrnus"-based systems 
using the DCA 205/ 11 statisti cal multi­
plexer to access DCA's integrated net­
work archi tecture (INA). Configured 
in a master/ slave arrangement, the 

SYSTEM 
205/11 

T - TERMINAL 
M - MODEM 

calendar commands for data and 
time; and network commands for data 
transfer between systems. 

l\IINC and Minil\UNC are economical 
laboratory computer systems that in­
corporate an LSI version of the PDP-11 
minicomputer. 
Circle 405 on Inquiry Card 

munications Associates, Inc, 135 Tech­
nology Pk, Norcross, GA 30092. 

System 205/ 11 connects remote 
terminals to DEC PDP-11, VAX, or 2020 
computers as an alternative to using 
DEC nz-11 asynchronous terminal 
interface boards, which support eight 
interface ports. 205/ 11 , on a single 
circuit board, supports up to 128 
ports, provides statistical multiplexing, 
and takes up only one UNIBUS slot. 

Multipoint multiplexing configuration. System 105 statistical multiplexer sup­
ports 2, 4, 6, or 8 ports; system 115, up to 32. System 205/11 looks like 
multiple DZ-11s to UNIBUS, and like standard INA processor to network 

205/ 11 is the master controlling slave 
units multidropped from a single line. 
Slaves can be either DCA system 115 
or 105 statistical multiplexers, or both. 
The added multipoint multiplexing 
capability allows additional savings 
in telephone line costs, as well as a 
reduction in the number of multi­
plexers and modems required in the 
network, according to Digital Com-
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The system also provides error-con­
trolled trunk links, choice of fixed 
baud or autobaud, and choice of 
modem signal protocols, loop echo­
plex and character transparency. 

Interface is Rs-232-C/ ccITT V.24/ 
V.28, with choice of male or female 
connectors to trunk-link modem. 
Speed is up to 9600 bits/ s, synchro­
nons. Circle 406 on Inquiry Card D 

Grayhill Switches and Keyboards 
are distributed by 

ALABAMA 
Huntsville-Powell Electronics 
ARIZONA 
Phoenix-Kach ina Electron ic Distr. 
Tucson-Inland Electron ic Supply 
ARKANSAS 
Litt le Rock-Carlton-Bates 
CALIFORNIA 
Los Angeles-Electric Switches 

Fisher/Brownell 
Riverside-Electronic Supply 
San Diego-Fisher/Brownell 

Ric hey Electronics 
Santa Clara-Fisher/Brownell 
Sunnyvale-Powe ll Electronics 
gc,L,~~~bQR ichey Electronics 

Denver-Electronic Parts 
Newark Electronics 

CONNECTICUT 
Bethel-Heilind Electronics 
Greenwich-Wise Components 
~ta~1~,b~rd-Midan Electronics 

Miami Springs-Powell Electronics 
Oakland Park-Peerless Radio 
Ortando-Hammond Electronics 
ILLINOIS 
Add ison-LCOM P-Chicago 
Chicago-Newark Electronics 
Elgin-Allied Electronics 
Elk Grove Village-Pioneer/Chicago 
Northbrook-Classic Components Supply 
Peoria-Klaus Radio 
IN DIANA 
Evansville-Hutch & Son 
Ft. Wayne-Ft. Wayne Electronics Supply 
Indianapolis-Graham Electronics 

Ra-Dis-Co. 
South Bend-Rad io Distr ibuting 
IOWA 
Cedar Rapids - Deeco 
KANSAS 
Wichita-Radio Supply 
MARYLAND 
Beltsville-Powell Electronics 

~6~~:i~reb~r8;pit~~AeaeJf~~shh~~gs1~~rs 
MASSACHUSETTS 
Dedham-Gerber Electron ics 
Hingham-Sager Electric Supply 
North Adams-Electronic Supply Center 
Worcester-R .M. Electronics 
MICHIGAN 
Livonia-Pioneer/Mic higan 

R.S. Electronics 
Oak Park-Newark Detroit Electroni cs 
St. Claire Shores- Spemco 
MINNESOTA 
Minneapolis-Newark Elec tronics 
St. Paul-Gopher Electronics 
MISSISSIPPI 
Jackson - EH 1ngto n Ele ctron ic Supply 
MISSOURI 
Kansas Cuy- LCOMP-Kansas Ci ty 
Maryland He1ghts - LCOMP-St LOUIS 
St Louts- Olive lndust Electroni cs 
NEBRASKA 
Lin coln - Scott El ec troni c Supply 
NEW HAMPSHIRE 
Hudson-He1lmd Electronics 
NEW JERSEY 
East Hanover- State Ele ctronics Par ts Corp 
Springfield-Federated Purchaser 
NEW MEXICO 
Alburq uerq ue-lnternat 1onal Electro nics 
NEW YORK Walker Radio Com pany 
Bmghampton- ASI Elec tronics 
Bohem ia- Car-Lac Elect ronic Indu strial Sales 
Buffalo-Summit Distr ibuto rs 
Farmingdale - Arrow Electroni cs 
Lynbrook-Peerless Radio 
Rochester- Sim eona Electronics 
Vestal- Harvey/Federal Electron ics 
NORTH CAROLINA 
Greensboro-Hammond Electronics 

Pioneer Carol ma 
Raleigh - Southeastern Rad to Supply 
OHIO 
Cin cinnat i-Hug hes-Peters 

URI Electronics 
CI eve land-P 1oneer/C level and 
Col um bus-Hughes-Peters 
Dayton-ESCO Etectro n1cs 

Pioneer/Dayton 
OKLAHOMA 
Oklahoma City-Electro Enterprises 
Tulsa-Oil Capitol Electronics 
OREGON 
~~~~S~Lv~~i1t: d Rad io Supply 

Erie-Mace Electronics 
Harrisburg-Cumberland Electronics 
Ph iladelphia-Alma Electron ics 

Harbach & Rademan 
Powell Electronics 

Pittsburgh-Cam/ RPG 
Pioneer/Pittsburgh 

Reading-George D. Barbey 
RHODE ISLAND 
Warwick-W.H. Edwards 
SOUTH CAROLINA 
Columbia-Dixie Electronics 
Greenville-Hammond Electronics 
TENNESSEE 
~=~lv~lte- Electra Distr ibuting 

Dallas-Solid State Electron ics 
Tl Supply 

El Paso-Internat ional Electron ics 
Fort Worth-Allied Electronics 
Houston-Harrison Equipment 

Kent Elec tron ics 
Stafford-Southwest Electron ics 
UTAH 
~r~tJ-1~k1~ City-Standard Supply 

Richmond-Sterling Ele ctronics 
WASHINGTON 
Seattle-Interface Electronics 
WISCONSIN 
Milwaukee-Marsh Electron ics 



Total sealing 
Each Grayhill SPST Rocker DIP Switch is now 
potted as part of the assembly process, to provide a 
more professional and economical bottom seal, with 
maximum seal integrity. Flux entry during wave 
soldering is totally prevented; contamination is 
eliminated; reliability is enhanced; and prices are 
unchanged ... there is no cost premium for this im­
portant new feature. Grayhill also offers 3 topside 
sealing options, for raised or recessed rockers-a 
tape seal, applied at Gray hill; cards of tape seals, for 
your application; or re-usable protective covers . 
Whichever you choose, you get complete freedom 
during PC Board cleaning . 

Exceptional reliability 
All Grayhill DIP Switches incorporate our exclusive 
spring-loaded, sliding ball contact system. This 
highly reliable contact system provides positive wip­
ing action, immunity to normal shock and vibration, 
and exceptional 50,000 cycle life . 

Wide ranging choice 
Grayhill Sealed Base Rocker DIP Switches are available 
SPST, from 2 to 10 rockers , with raised or recessed rockers . 
Grayhill also provides the Piano DIP™ SPST side-actuated 
DIP Switch, sealed; the Toggle-DIP (SPDT or DPDT) for 
front panels, plus SPDT or DPDT back panel programming 
DIP Switches. 

Off-the-shelf 
distributor availability 
Procurement made simple-call Grayhill or your local 
distributor, for off-the-shelf delivery of most types . Only 
Grayhill offers you this purchasing convenience! 

Make sure you have your copy of the most recent 
DIP Switch Catalog ... free on request . 

§razAJ,, .. the Difference Between Excellent and Adequate. 

561 Hillgrove Avenue• LaGrange, IL 60525 • (312) 354-1040 
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DIGITAL TECHNOLOGY REVIEW 

Plug-In Voice Recognition 
Module Offers 100-Word Vocabulary 

MICROPHONE 
INPUT 

POWER 
SUPPLY 

_l__ -- ---, 

16-FILTER 
SPECTRUM 
ANALYZER 

VRM 

REFERENCE 
PATTERNS 

UPTO 
4k x 8 RAM 

MICRO­
PROCESSOR 

8 
,-----,__ PARALLEL I 

DATA 1/0 
PORT A 

8 PARALLEL I 
,-----,___,_INPUT 

8 SYSTEM 
CONFIGURATI01 
PORT B 

ANALOG TO 
DIGITAL 

CONVERTER 
TRAIN RECOGNIZE 

HOST SERIAL I 
PORT 1 
(OPTIONAL) ....----'----. 

L 

TRAINING 
RECOGNITION 
AND CONTROL 

PROGRAM 

4k >< 8 ROM 

AUXILIARY I 
SERIAL 
PORT 2 
(OPTIONAL) J 

Capable 9f identifying up to 100 words or phrases with 99% accuracy, Inter­
state Electronics' VRM analyzes speech with 16-filter spectrum analyzer. 
Module may be used standalone or with host processor since it includes all 
necessary logic and memory. 

A single-board, high accuracy OEM 
voice recognition module, the VRM 
can handle vocabularies of 40, 70, or 
100 words. Supported by hardware 
and software development tools, the 
microprocessor based module, intro­
duced by Interstate Electronics Corp, 
1001 E Ball Rd, Anaheim, CA 92803, 
contains all logic and 1/0 interfacing 
necessary to convert spoken words 
into computer codes on a single stan­
dard Multibus"" size card. 

The discrete word, speaker depen­
dent device provides recognition accu­
racies in excess of 99% regardless of 
dialect, accent, or language. A dis­
crimination threshold, to reject un­
desired inputs, is switch selectable or 
may be controlled by a host processor. 
Communication protocol is compatible 
with high level languages such as 
FORTRAN, BASIC, and Pascal, easing 
the job of host programming for in­
corporation of voice capability. 

Support for the system includes an 
emulator package that serves as a tool 
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in software development and vocab­
ulary definition. Based on the com­
pany's intelligent voice data entry sys­
tem, tne emulator allows poteT)tial 
software systems to be tested without 
requiring modifications in host pro­
gramming or logic. A programming 
workshop in the form of an intensive 
training course offers a means of ac­
quiring the necessary software skills 
and hardware familiarity to skillfully 
use VRM and development support 
tools. A portable control chassis, the 
Voterm-1 contains all power, switches, 
and indicators necessary to quickly in­
terface a VRM with a host computer 
for product development. 

The VRM contains a microphone 
preamplifier and preamplifier bypass 
switch, allowing direct input using 
lightweight SM-10, boom mounted 
Telex cs-75, or equivalent micro­
phone. Alternately, the onboard pre­
amplifier may be bypassed, and an 
audio signal used. Input is ac cou­
pled and terminated with a resistance 

of greater than 10 kn. Useful audio 
bandwidth is from 200 to 7000 Hz. 

foput speech ( 80-ms mm1mum 
length, 200-ms between-word pause ) 
is analyzed by a 16-filter spectrum 
analyzer and converted to a digital 
representation of the characteristics 
of the spoken input. These digital 
data are then converted to a fixed size 
pattern that preserves the information 
content of spoken inputs while dis­
carding redundant features. During 
word training these patterns are used 
to derive templates for each vocabu­
lary item, which are then used in the 
recognition process for comparison 
with incoming spoken words. Vocab­
ulary templates are stored in onboard 
RAMS, while processing algorithms re­
side in ROM, operating in conjunction 
with a microprocessor. 

During training, the VRM auto­
matically rejects utterances that do 
not sufficiently agree with the same 
utterance from previous training sam­
ples of that word. This prevents a 
vocabi.ilary reference pattern from 
being significantly altered by spurious 
noises such as coughing or speaking 
inconsistencies. 

First and last word indices 
1 

may 
be specified when selecting the mode 
of operation. Consequently, any con­
tiguous sequence of vocabulary words 
may be selected for use with the op­
eration. This ensures that only valid 
responses are accepted as input to the 
system. A second, common vocabu­
lary level of syntax enables users to 
select a second contiguous sequence 
of vocabulary words to be appended 
to the first set in the recognize mode. 
Thus , without complex or redundant 
vocabulary structuring, command and 
edit words can be automatically ap­
pended to the specified set of valid 
input words. Both functions may be 
selected with the total vocabulary 
resident in VRM memory minimizing 
the need to download small vocabu­
laries . 

The unit's serial interfaces are 
switch selectable to Rs-232-C or 20-
mA current loop. A full duplex, 8-bit 
wide parallel signal interface uses 
common TTL signal levels for easy 
connection to a host computer com­
munications port or to the digital 
control logic typical of control system 
panels. An option replaces the par­
allel interface to the host with a sec­
ond serial interface that permits full 
compatibility with standard communi­
cation ports and associated software 
drivers . 

(Continued on page 62) 
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Shugart delivers the lowest cost Qer 
megab)'.'.te in an 8-inch Winchester drive. 

, The company with more experience 

, 

in low-cost Winchester technology than 
anyone else in the industry has broken 

the $1 ,000 price barrier with its SA 1000 
series of 8-inch fixed disk drives. Here's 

your 5or10 megabyte system upgrade 
at an affordable price. Here's Winchester per­

formance in a compatible floppy-sized package. 
Here's an 8-inch drive that will be built in the 

quantities that you need for your market­
plac.e, using Shugart's high volume 

manufacturing technology. Introducing 
the SA 1000. Packed with valuable 

features. And priced to give you the 
competitive edge. 

Introducing the 
8 11 ed disk drive 

It's eas)'.'. to UQgrade )'.'.our s)'.'.stem. Our design objective for the SA 1000 
was to create an 8-inch Winchester drive as mechanically and electrically 
identical to our floppy disk drives as possible. The result is a drive that has the same 
physical dimensions and mounting holes as our 8-inch floppy drives. Also , the SA 1000 

has a simple "floppy-like" interface and command 
structure. And drive control signals use the same pin 

assignments as our SA850/851 floppy drives so 
you can daisy chain both fixed and floppy 

drives from the same controller. Software 
development is simple too, because the 

SA 1000 has the same capacity per track as 
the double-density SA850. Even the power 
voltages are the same. All this means that 
we've made it easy and economical for 
you to increase data throughput to 4.3 
Mb/sec., average access time to 70 msec., 
and capacity to 5or10 Mbytes. Shugart 
gives you value where it counts. 



Product reliabilt):'. - we're Headstrong about it. The SA 1000 has 
40% fewer parts than a floppy drive. That means high .A·~~~ 

MTBF-8000 power-on hours of typical duty. And 
no preventive maintenance is required. Error 

rates equal 1 x 1010 soft (recoverable) , 1 x 1012 

hard (non-recoverable), and 1 x 106 seek. 
The belt-driven AC spindle drive motor 

eliminates the need for a separate 
power supply. Our new Fasflex™ Ill ball 

bearing - supported actuator provides 
more precise head-to-track positioning . 
Data reliability? We've eliminated possible 

media contamination and further protected your data by 
locating the AC drive and stepper motors outside the 
media chamber and by shock-mounting the drive on 

three points within its casing . We don't take 
shortcuts when it comes to 

product reliability. 

SAtOOO. e only 
under $1000. 

Shugart's Headstrong about Qroduct availability. From initial product concept through 
manufacturi rn g, Shugart has designed the SA 1000 for high volume, highly 

mechanized production and backed it with it's own dedicated engineering 
and manufacturing organization. This kind of commitment has ~~:;..~~!'Jl~I 

made it possible for us to bring you the lowest _ 
cost per function 8-inch fixed disk drive available 

today. We'll be delivering the SA 1000 drives in 
the first quarter of 1980. Optional controller 

and data separator will also be available. The 
new SA 1000 from The Headstrong Company. 

Contact your nearest sales office. Shugart 
headquarters: 435 Oakmead Parkway, Sunny­

vale, CA 94086 ( 408) 733-0100; West Coast 
Sales/Service: ( 408) 737-9241 ; Midwest Sales/ 

Service: (612) 574-9750; East Coast Sales/ 
Service: (617) 893-0560; Europe Sales/Service: 

Paris (1 ) 686-00-85; Munich (089) 17-60-06. 

~®Shugart 
The Headstrong Company 
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DIGITAL TECHNOLOGY REVIEW 

With a TI'L signal level parallel 
1/0 interface, a 40-word vocabulary 
VRM costs $1650 in quantities from 
1 to 9. A 70-word unit with the same 
interface sells for $1815, and a 100-
word unit has a tag of $1980. 
Circle 175 on Inquiry Card 

Wideband Si9nal Di9itizer 
Uses Priority Arbitration 
For Versatile Operation 

wso-210 is a high speed signal digi­
tizer and storage system designed to 
interface with the PDP-11 computer 
via the Unibus. Developed by Bann­
comm Corp, 1121 San Antonio Rd, 
Palo Alto, CA 94303, the powerful 
unit can process analog signal data 
up to 8-MHz analog bandwidth, all 
under software control of the host 
computer. 

High speed analog to digital con­
verters permit 8-bit sampling at each 
of two input ports at any rate up to 
10-MHz sample rate (read only) or 
a single port at up to 20-MHz using 
high byte/low byte packing in mem­
ory. Digital to analog conversion rates 
are equivalent for write only oper­
ation. Rates for simultaneous read and 
write are half the read only or write 
only rates. 

The memory has a 32k-word ( 16-
bit) capacity and is partitioned into 
32k-byte ( 8-hit) high and low byte 
sections. Memo1y appears to the PDP-
11 as a standard 32k-word RAM and 
can he used either for storage of 
captured data or as general purpose 
computer memory. In addition to 
high byte/low byte partitioning, the 
memory can he further partitioned 
into 256 suhpartitions whose size, 
address range, and allocation (read, 
write, or general storage) arc under 
fu 11 software control. 

Key to versatile operation of the 
digitizer is the priority arbitration and 
control section. Priorities can he es­
tablished for read (one or two ports), 
write (one or two ports), simultane­
ous read/write, and PDP-11 interrupt. 
The control section sets the software 
controlled sample rates, address loca­
tions, and in general controls the bi­
directional flow of data between the 
memory and the Unibus. 
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SIGNAL OUT 
Hl·MHz SAMPLE RATE 

SIGNAL IN 
10·MHz SAMPLE RATE 

MEMORY 
32k WORDS 

32k 
HIGH BYTES 

(OR ONE SIGNAL AT 
20·MHz SAMPLE RATE) 32k 

LOW BYTES 

(OR ONE SIGNAL AT 
20-MHz SAMPLE RATE) 

SIGNAL IN 
10·MHz SAMPLE RATE 

SIGNAL OUT 
10-MHz SAMPLE RATE 

PRIORITY 
ARBITRATOR 

AND 
CONTROL 

BUS 
PDP-11 , NOVA, MICROPROCESSOR, ETC 

Interfacing with PDP-11 via Unibus, Banncomm's WBD-210 permits 8-bit 
sampling on two input ports at up to 10 MHz. System functions are under 
software control from host. Memory appears to host as standard RAM and 
can be used either for storage of captured data or as general purpose memory 

In operation, the unit serves as a 
powerful tool to capture and analyze 
wideband signal data. Signal data cy­
cling through the memory can be con­
tinuously analyzed for feature recog­
nition. Once recognized, the data seg­
ment of interest may be captured for 
further analysis, modification, or trans­
mission to external analog or digital 
analysis equipment. The transmission 

Software Combines 
Word/Data Processin9 
Across Product Line 

Extending the applications range of 
Eclipse systems running AOS, Data 
General Corp, Office Products, Rt 9, 
Westboro, MA 01581, has offered 
AZ-TEXT software and a letter quality 
printer for the systems. This inte-

rate is under softwa~e control, inde­
pendent of the input rate, and can be 
synchronized to an external clock. 

Housed in a DEC H909-BA en­
closure, the unit weighs approximately 
75 lb ( 34 kg). Dimensions are 5.25 x 
19 x 19" ( 13.3 x 48.3 x 48.3 cm) 
rack mount, and power requirements 
are 500 W. 
Circle 176 on Inquiry Card 

grates word processing and data pro­
cessing functions, and allows the word 
processing function to benefit from 
an intelligent multiprogramming sys­
tem with a sophisticated file security 
mechanism, various peripherals, and 
system communication capabilities. 

Security features of the AOS soft­
ware protect documents from unau­
thorized access but allow sharing of 
documents when authorized. This se-
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BEEHIVE'S MICROJB FAMILY 
OF SMART TERMINALS 

does it all ••• 
DATA ENTRY EDITING INQUIRY 

TRANSACTION PROCESSING 
COMMUNICATIONS CAPABILITY 

while lowering OEM/System costs 
and increasin.g total performance 

CPU 

/ 
/ '----~----' 

/ 

/ 

/ 

MODULAR CONSTRUCTION 
C(J// for applications assistance and delivery 

~~i~ (800) 453-9454 
CALIFORNIA Costa Mesa (714) 540-8404 TWX 910-595-2572 •Sunnyvale (408) 738-1560 
·FLORIDA Altamonte Springs (305) 830-4666 ILLINOIS Arlington Heights (312) 593-1565 

MASSACHUSETTS Woburn (617) 933-0202 NEW YORK New York (212) 682-2760 UTAH Salt Lake City (801) 355-6000 
WASHINGTON, D.C. (VA) Falls Church (703) 356-5133 

EUROPE Amsterdam , The Netherlands Phone 020-451522 

BEEHIVE INTERNATIONAL 
"A p roven competitive manufacturer of smart terminals " 
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FLOPPY DISKS 
Storage capacity: limited. 

Handling problems. 
Low cost. 

REEL-TO-REEL TAPE DRIVES DISK CARTRIDGES 
Low performance: 36 megabyte capacity. Storage capacity: 5-10 megabytes. 

High performance: 90-100 megabyte capacity. Back-up data remains on a disk. 
Large, bulky, high cost drives. Large drive mechanisms. 

Cost: very expensive, up to 20 times that of Cost: up to $5000.00. 
floppy disks. 

HERE'S THE 
Storage capacity: 75 

megabytes formatted 
(144 Mbytes unformattedl. 

Drive dimensions: 
4.62" x 7" x 8.625". 

Preformatted tape, 
allows unlimited record 

replacement. 

Built-in error detection/ 
correction capabilities. 

3M HCD-75 DATA CARTRIDGE DRIVE 
Fully-buffered 1/0 channel. permits 
asynchronous data transfers. 
Serpentine recording, eliminates 
wasted rewind times. 
List price. including Controller. 
$2,150.00. 
To learn more, check the listing 
at the right and contact the Data 
Products Representative nearest 
you. Or write : Data Products/ 3M, 
Building 223-5E/3M center. 
Dept. 127, St. Paul. MN 55101 . 

1HE DISK IACK·UP SYSTEM 1HAM SUDDENLYWAYOUJ FRONl 

3NI 
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3M DATA PRODUCTS 
REPRESENTATIVES 
Data Products/3M 
3M Center, 223-5E Dept. 121, 
St. Paul. MN 55101 
612 {733 -8892 

WEST 
Hefte Industries, Inc. 
Los Gatos. CA 
400 /264 -8319 
CTI Data Systems, Inc. 
Long Beach, CA 
213 /426 -737 5 
P.A.R. Associates 
Denver, CO 
303 /355 -2363 
P.A.R. Associates South 
Albuquerque, NM 
505/881-5000 

MIDWEST 
OASIS Sales Corporation 
Elk Grove Village, IL 
312 /640-1850 
Carter. McCormic & Peirce, 

Inc. 
Farmington Hills, Ml 
313/477-7700 

EAST 
J.J. Wild of New England, Inc. 
Needham. MA 
617 /444 -2366 
Wild & Rutkowski. Inc. 
Jericho, Long Island, NY 
516/935 -6600 
COL-INS-CO., Inc. 
Orlando, FL 
305/423-7615 

OIGITAL TECHNOLOGY REVIEW 

curity mechanism provides the com­
patibility necessary for transportabil­
ity of documents between Eclipse 
systems either via magnetic media or 
through a communications network. 

Menus displayed on the terminal 
screen allow operators to select the 
tasks to be performed, such as docu­
ment creation, editing, or printing. 
Menus are also used to define print 
format options such as the number of 
lines per page, top and bottom mar­
gins, and the number of copies. 

A template is placed on the key­
board of a Dasher D2 display ter­
minal to indicate function key com­
mand assignments. These assignments 
include insert/ delete copy and move 
blocks of text, insert/ delete charac­
ters, and find and replace words or 
phrases. A HELP feature displays com­
mands with their descriptions when 
the operator needs assistance. 

By combining the text editing soft­
ware with a 55-char/ s letter quality 
printer that provides fully formed 
characters and changeable print styles, 
the user attains a versatile word pro­
cessing system. The printer operates 
over a standard serial interface so that 
it can he located anywhere within 
the office. Its automatic sheet feeder 
allows the use of standard letter­
head paper. 

AZ-TEXT is available on all Eclipse 
datasystems from C/ 1.50 to M/ 600 
as well as on scientific processors 
ec1nipped with character instruction 
set options. Menus and HELP files are 
stored separately in memory to allow 
easy translation into other languages, 
an cl the software supports the inter­
national character set options on 
Dasher displays. 
Circle 177 on Inquiry C ard 

Graphics/Hi9h Reliability 
Options Added to ATE 
Analysis System 

.Management communications for stan­
dard and high reliability testing ap­
plications arc offered through two 
options for the Integrator" n, a host 
computer system that provides a cen­
tral data base for processing and 
analyzing data generated by auto­
matic test systems (sec Co1117niter De­
sign, Jan 1979, pp 42, 47). The 
graphics option, introduced by Fair­
child Camera and Instrument Corp, 
Test Systems Group, 1725 Technology 

Dr, San Jose, CA 95110, consolidates 
data from multiple sources into a 1-
page summary presented in graphic 
form, while the high reliability soft­
ware option tracks and tailors reports 
to operators and managers for sophis­
ticated high reliability facilities. 

Large quantities of tabular data 
are reduced to a single page of 4-
color concise information that focuses 
attention on and helps in understand­
ing complex data with the aid of the 
graphics option. The 4-color pen 
plotter /digitizer, fully compatible 
with the Integrator, produces charts, 
wafer maps, shmoo plots, and com­
posites with boundaries, line and 
curve drawings, and 3-dimensional 
illustrations. Included in the graphics 
package are enhanced video keyboard 
terminal with dual minicartridgc stor­
age devices, Graphics 1000 software/ 
firmware, and Fairchild software/ 
firmware. The package is intended 
for use on any Integrator u standard 
1/ 0 interface. 

A computer software package that 
is designed spcciRcally to solve com­
plex data coll ection prohlcms of high 
reliability test facilities, the hi rel 
program efficiently accommodates re­
quirements for data collection, serial­
ized devices, t ime point testing, sort­
ing and merging, delta calculations, 
device conditioning, and data archiv­
ing retrieval. It provides complex con­
trol over specific device data during 
complex series of test exercises. 

Data arc collected in realtimc, in­
cluding a test number with each test 
rcsnlt and a serial number for each 
device. Each lot is maintained by con­
trol and device numhcr at the same 
time point. Data arc identified con­
sistently in both internal data man­
agement and external operator control 
and archival data. A directory shows 
the current status of all logged data. 

The software sorts test data into 
appropriate serial number sequence 
category, then merges that data with 
data from the same lot at another 
test point. From this, reports com­
paring test data on absolute or per­
centage difference and evaluated 
against a limit can be prepared with 
operator selected heading, serial num­
ber range, test number limit, time 
points, and delta measurements. De­
vices may he rejected or classified at 
time of comparison and space be­
tween time points is unlimited. 

The graphics option is available for 
$17,600. The high reliability option 
costs $11,000. 
Circle 178 on Inquiry Card 
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Word/Data Processing 
Integrated with Electronic 
Message Systems 

Word processing and electronic mes­
sage systems overlaid or integrated 
with exis tin g data processing and 
voice communications extend the 
multifunction capabilities of the line 
of business processors offered by 
Datapoint Corp, 9725 Datapoint Dr, 
San Antonio, TX 78284. Based on the 
Attached Resource Compute1.T" sys­
tem architecture, these products form 
the core of the integrated electronic 
office, which will increase office pro­
ductivity. 

Capabiliti es available under the 
word processing system allow users 
to view text exactly as it will appear 
in print, including right justified mar­
gins. Standard formats may be stored 
and used or modified as needed. Users 
can easily change modes from the 
workstation to access data fil es for 
appending or inserting into text. Elec­
tronic message capability permits this 
text to be placed in m essage form 
and transmitted to its intended re­
cipien t. 

Extending beyond the keyword in­
dex of other WP systems, the Asso­
ciative Index Method (AIM) random 
association research and recall feature 
offers a universal search ensurin g that 
any document can be located from 
limited information concerning the 
text. Any word, key phrase, partial 
word/or name can be en tered and 
the system will search out all docu­
ments con taining these factors and list 
the names of the documents contain­
ing them on the screen. The user can 
then electronically scan the text until 
the correct document is located. 

Other features provide easy to 
learn commands to simplify editing, 
flexible format elemen ts for page jus­
tification, line spacing, and tab set­
tings. The ability to scroll stored 
text over the screen offers convenience 
in editing and correction. 

The electronic message system op­
erates with the same processors as the 
data and word processing systems. A 
6600 series advanced business pro­
cessor functions as the electronic net­
work controller. This processor is 
dedicated to collection, routing, deliv­
ery, and costing of messages. D edi­
cated disc storage contains all infor­
mation on message status and all un­
delivered messages. 
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Among the system's features are 
fl exible priorities, encryption , verifi­
cation of delivery, and acknowledge­
ment of receipt options, full manage­
ment and accounting reports, and the 
ability to transmit messages within a 
building, between buildings, and to 
remote sites. Control of this function 
is assured by priorities and verifica­
tion features. 

Increased security is provided 
through encryption and use of the 
AIM feature in addressing messages. 
Senders may enter a code within 
highly confidential messages that will 
ensure their encryption. These mes­
sages will be scrambled and trans­
mitted through the system in en-

I 
I 
I 

Single processor within Data-
point's Attached Resource 
Computer System can partici -
pate in as many as six systems 
linked together through com-
mon processors called con-
joint systems. Structure allows 
applications processors in one 
system to use files in others 
without opening file access in 
both directions 

I 
I 
l 

crypted form until decoded by the 
recipient. The AIM feature automati­
cally appends mailstops to mail, en­
suring tha t messages are not routed 
to incorrect parties. 

Supplementing and enhancing these 
activities, the Long Distance Con­
trol System and Light Link provide 
the capability to transmit information 
beyond the constraints of the office. 
With the long distance control sys­
tem, users can interleave voice and 
message traffic, providing a cost­
effective method of transmitting mes­
sages. Messages with destinations 
withi'n a 2-mi range can be trans­
mitted via the Light Link device. 
Circle 179 on Inquiry Card 
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Run SCOUT; run. 
Oh, oh! See the red light? 

It means SCOUT'"does 
not feel good. That can 
sometimes happen with 
minicomputers. 

Oh, dear. This will cost 
a bundle to fix, won't it? 

No, no. SCOUT has 
ISOLITE~ It lights a red 
light to tell which board 
is bad. Bad board! 

So all you do is 
replace the board 

with a spare quarter card. 
It does not take a computer 

genius to make SCOUT run again. All 
it takes is three minutes. 

Think how much money the OEM 
and the end user will save! 

Are you an OEM or an end user? 
You should buy lots of SCOUTS 

as they are 
very good. 

-------------------, 
Also, they are 

a very good deal. 
Under $1000 for 
CPU, I/O, 32K RAM 
and card cage. And 
with ISOLITE, your 
system is up more, 
so you get more run 
for your money. 

Run SCOUT, run. 

Name 

Company 

Address 

City 

See SCOUT run. 
And save more time and money than you ever 
imagined. It's all in our how-to-save-on-mainte­
nance primer. Get your free copy with this 
coupon and a business card. Or, for immediate 

information, call 714/ 833-8830, Ext. 455. 

Title 

State Zip 

ComputerAutomation 
NAKED MINI" Division 

Where OEM's come first. 

SCOUT AND ISOLITE are registe red trademarks 
of Computer Automation, Inc. L 18651 Von Karman, Irvine, CA 92713 _J 

----------------------
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Multifunction Standalone 
And Cluster Systems 
Share Central Data Base 
Office Mate, Mini Clusterrn, and Maxi 
Cluster"'' systems incorporate a sys­
tem architecture that allows stand­
alone terminals, complete with pro­
cessor software and disc storage, to 
connect to a large central data base 
having its own file management soft­
ware. This combination was designed 
by XMARK Corp, 3176 Pullman St, 
Suite 119, Costa Mesa, CA 92626 to 
provide small business users with 
powerful, flexible word processing sys­
tems that can also handle many in­
formation management applications. 

Priced in the $9500 to $14,500 
range, standalone Office Mate systems 
con tain an intelligent input terminal, 
48k RAM, two built-in 5.25" double­
sided, double-density floppy disc 
drives with 600k-byte capacity, high 
speed NEC Spinwriter printer, and 
software. Where more than one work­
station is required, the Mini Cluster 
information processing system per­
forms data and communication pro­
cessing as well as word/text process­
ing with a common fil e structure for 
word, data, and communication data 
hascs. In a standard configuration, 
this unit is composed of master pro­
cessor, an intelligent information stor­
age module (nsl\1) that consists of the 
New World 2M-byte Winchester t ech­
nology disc in combination with an 
8" floppy disc, multifont printer, and 
up to four secondary processors. 

Maxi Cluster, a shared resource 
hard disc system designed for multi­
ple users , supports up to four 20M­
byte hard disc drives or two 96M­
byte drives and up to 32 terminals. 
This configuration can include a file 
controller and up to eight master pro­
cessors, each supporting up to four 
secondary processors each having its 
own printer. 

In two other configurations of this 
system, each master processor con­
sists of a Mini Cluster with its own 
local memory storage. These systems 
operate as true shared resmuce sys­
tems with each processor functioning 
as an independent standalone draw­
ing on its own processor and local 
memory while accessing the com­
mon data base of the hard disc sys­
tem. 

All systems are programmahle in 
BASIC, FORTRAN, BTL, DEAR, and Pas­
cal. Communications process ing uses 
asynchronous, remote data base diag­
nostics, 2780 /3780, uT200, and Bur­
roughs and 3270 disciplines. 
Circ le 180 on Inquiry Card 
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DIGITAL TECHNOLOGY REVIEW 

Midrange Minicomputer 
Offers Large System 
Capacity /Performance 

console, and prov1S1on for optional 
floating point and commercial instruc­
tion set processors. Designed to fit 
between the top of the line -11/70 
and the -11/ 34, the unit from Digital 
Equipment Corp, Maynard, MA 
01754, provides twice the perfor­
mance of the / 34 at a price only 
20% higher. 

Large system features of the midrange 
PDP-11/44 include IM-byte memory, 
integral Bk-byte cache memory, mi­
croprocessor controlled programmer's 

70 

Smart move 

for a dumb terminal. 
Retro-Graphics™ 

Retro-Graphics trans- by 250 plotting grid. 
forms the ordinary 

Dumb Terminal into a 
sophisticated graphics 
terminal. Check these 

features: 
Packaging: 

Mounts inside the Lear 
Siegler ADM-3A. 

Installation requires no L---=== 
cutting or soldering. 

Performance: Micropro­
cessor based. Generates 

graphs a nd pictures on a 512 

Compatibility: 
Tektronix Plot 10 soft­
ware compatible. 
Replaces Tektronix 
4006's, 4010's and 
4025's in many 
applications. 
Affordability: 
$1150.00 Domestic 

single unit price. Retro-Graphics 
is now available through US 
and European distributors. 
Call or write today for details. 

l> DIGITAL ENGINEERING 
I N C DR P ORAT E D 
1775-K TRI BUTE RD. • SACRAMENTO, CA 95815 • (916) 920-5600 

Lear Siegler and Dumb T enninal are registered trademarks of Lear Siegler Inc. 
Tektronix, 4006, 4010, 4025 and Plot 10 are registered trademarks of Tektronix Inc. 
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The general purpose minicomputer 
is available in standard system con­
figurations and as a separate CPU. 
CPU features include a minimum 256k 
bytes of ECC MOS memory, two serial 
line units, microprocessor controlled 
ASCII interface, Bk-byte cache mem­
ory, and power supply. System con­
figurations are made up of CPU, dual 
Tu5B DECtape II drives, DEcwriter III 

terminal, and choice of mass storage 
devices. Storage options include the 
lOM-byte RL02, 2BM-byte RK07, and 
67M-byte RM02 disc drives, and the 
45-in/s, 1600-bit/in Tsll tape sub­
system. 

Functional features of the system 
permit economical development of 
large database applications. The ma­
chine uses the full -11/70 instruction 
set, and extends capabilities of the 
midrange machine toward the top of 
the line. Reliability and maintain­
ability features include a micropro­
cessor controlled console with built-in 
diagnostics to promote fast, efficient 
troubleshooting, and an optional re­
mote connection between the com­
puter and a company operated diag­
nostic center. 

Operating software encompasses 
RSx-llM, RSX-llM-PLUS, and version 
7 of the multiuser, multitasking 
RSTS/E system. This version provides 
twice the performance of previous re- • 
leases with features such as software 
disc cache, shared RMS, and expanded 
file handling capabilities. Bundled in 
are a multikeyed records management 
system and sort utility. 
Circle 181 on Inquiry Card 

Dual-Channel Digitizer 
Samples at 200 MHz, 
Retains 8-Bit Accuracy 

Dual-channel waveform digitizer mod­
el 7612D offers full programmability 
and incorporates GPIB compatibility 
to allow its use in either user de­
signed or company supplied wave­
form processing systems. A propri­
etary digitizer within the unit, from 
Tekh·onix, Inc, PO Box 500, Beaver­
ton, OR 97077, achieves a 200-MHz 
sampling rate while retaining B-bit 
accuracy. 

Providing an important p erfor­
mance improvement over single-chan­
nel instruments, the unit has two 
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At Lear Siegler, you 
don't have to decide 
among dozens of 
smart terminals, each 
offering something 
slightly different, each 
not quite right for you. 

We have just two smart 
terminals for you to look at. 
But they can handle a range 
of tasks it takes other manufac­
turers four, five, or even six 
models to accomplish. 

On the ADM-42 for example, 
you get 16 function keys, 

shiftable to 32 functions, 
and optionally program­
mable to store up to 64 
characters. This lets you 
store escape code func­

tions (such as personality modi-
fications) to reduce several escape 
sequences to one key stroke. And you 

can store frequently-used phrases up to 
64 characters, which provides you with 

impressive time savings. 

ize th~~ ~~:::~~~i~:f1· PERSONALITY PROMS AND 
manufacturers might FACTORY ASSISTANCE MAKE 

When you get right 
down to it, the ADM-31 
and ADM-42 are really 
functions of your 
imagination. 

say t,hat two models USER-REPROGRAMMING 
aren t enough to 
qualify as a complete line. But we A SNAR 
like it that way. 

After all, we want to 
make your life simpler, not 
more complicated. 
THE ADM-31 & ADM-42 
WILL LET YOU CHANGE 
THEIR MINDS. 

When we designed the 
ADM-31 and ADM-42, we real­
ized we couldn't second-guess 
our customers. Because no mat­
ter what capabilities we gave 
them, somebody out there might 
want something different. So 
we did the next best thing. 

We gave each a truly flex­
ible personality by putting the 
instruction sets inside their 
PROMS. So, unlike the hard­
ware, the firmware is capable 
of easy OEM reprogramming, 
thanks to the fully-documented 
programming instruction man­
ual we provide. And you end up 
with a terminal that performs 
to your exact specifications. 

We even have a special 
Application Engineering Staff 
to answer any questions you 
may have about reprogramming. 
Consult with you on interfacing 
problems. Help you set the ter­
minals' personality. Explain the 
features and functions. Talk about 

special applications. Or even 
suggest something you maybe 
never thought of. 

Feeling your life getting 
simpler yet? 
THE ADM-31 & ADM-42. 
ALL THE TERMINALS YOU'LL 
EVER NEED. 

Even if you decided not to 
reprogram their PROMS, our 
two terminals come with all the 
standard features you need in 
a smart terminal. And then some. 

Features like full editing 
capabilities. Formatting. Reduced 
intensity for identification of 
protected fields. Blinking, blank­
ing, and reverse video. High 
resolution monitors. Even limited 
line drawing capabilities. 

What's more, both the 
ADM-31 and ADM-42 come 
equipped with a micropro­
cessor, making them even more 
reliable and easy to use. Because 
their design architecture has 
a microprocessor with multiple 
microprocessor-based control­
lers that tie into the master 

Nor did we forget those 
indispensable function keys. 
Naturally, both the ADM-31 and 
ADM-42 have them. 

THE CHOICE IS SIMPLE. 
THE CHOICE IS YOURS. 

So the ball's in your court. 
Choosing your new smart 

terminal can go one of two ways. 
You could start sifting through 
dozens of data sheets, talking to 
dozens of salesmen, and look­
ing at dozens of expensive, 
slightly different terminals. 

Or you can look at two smart 
terminals from Lear Siegler -
the ADM-31 and ADM-42. Com-
plete with user-reprogrammable 
personality, function keys, and 
an eager and willing Appli­
cations Engineering Staff to 
help you with any problems 
you may run into during the 
reprogramming. 

The choice seems pretty 
easy to us. But if you want more 
information, call or write to us 
at Lear Siegler, Inc./Data Prod­
ucts Division, 714 North Brook­
hurst Street, Anaheim, California 
92803, (800) 854-3805. We'll be 
happy to tell you all about the 
ADM-31 and ADM-42. 

And show you how you 
can make your terminals behave. 

..... LEAA SIEGl.£R,INC. ~· Di\TA PRODUCTS DIVISION 

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

England (4867) 80666. 
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channels with two independent time 
bases. Rather than the fixed format 
memory of other digitizers, each 
channel has a 2048-word memory that 
can be formatted as one 2048-, two 
1024-, four 512-, or eight 256-word 
records. The ability to switch the 
sampling rate up to 13 times within 
each record provides time resolution 
appropriate to both fast changing and 

slower changing portions of the wave­
form without wasting memory space. 

H eart of the digitizer is a CRT A-D 
converter for each channel. Inside 
the CRT, a rectangular electron beam 
is projected on an 8-column photo­
diode array that is laid out in Gray 
code format and provides beam de­
flection that is proportional to the 
analog input of the digitizer. Output 

Tektronix' model 76120 dual-channel waveform digitizer provides independent time 
bases on two channels, and achieves 8-bit accuracy while offering sampling rates 
to 200 MHz 

74 

for best results ... 
first convert to IMC 

IMC PEWEE BOXER FAN 
This small fan delivers the 
highest available air flow for 
any unit of its size-up to 36 
cubic feet of air per minute. 
It's the answer for cooling 
radio transmitters , tape 
decks, power suppliers , 3" 
high relay rack panels etc . 
Varied designs are well built 
for long life . Literature on 
request! For further informa­
tion please call Stan Barbas, 
Sales Manager at 603 / 332-
5300 or write : 

iQlii'il3 
IMC MAGNETICS CORP. 

NEW HAMPSHIRE DIVISION 
ROUTE 168, ROCHESTER, NEW HAMPSHIRE 03867 
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of the array is therefore an 8-bit 
Gray code representation of the ana­
log input. This approach provides a 
significant improvement in digitizer 
speed and accuracy over past im­
plementations. 

Vertical accuracy of the digitizing 
process is specified by feeding a 
negligible distortion into the digitizer 
and comparing the digitized signal 
point to point with the results ob­
tained by digitizing the same sine 
wave with an 8-bit digitizer. Over­
all accuracy achieved is greater than 
7.8 bits at 300 kHz and over 6.0 bits 
at 20 MHz. On the horizontal axis, 
a crystal controlled sampling clock 
allows time interval m easurement 
with accuracy approaching 0 .001%. 
Ultimate accuracy depends on the 
nature of the waveform and the 
means used b y the computer to in­
terpolate waveform values between 
sample points. 

Front panel selectable record length 
enables the user to divide each chan­
nel's memory into eight records or 
to concatenate channels A and B to 
achieve a 4096-word record. Regard­
less of record length, the time base 
sweep rate can be switched up to 
13 times/s to most efficiently use 
storage capacity when digitizing com­
plex records. Pretrigger mode of op­
era tion is selectable in integer multi­
ples of eight samples from zero up to 
eight less than the number of sam­
ples in the first record segment. Post­
trigger position is selectable in integer 
multiples of eight from zero to the 
record length. 

A built-in GPIB interface ties the 
unit to waveform processing com­
puters, waveform displays, and other 
GPIB instruments without additional 
hardware. Waveform data is trans­
ferred in binary block format over the 
GPIB to allow high speed data trans­
fers. Values range from 0 to 377 8 . 

In addition to the GPIB interface, the 
unit provides analog X, Y, and Z 
equivalents of stored waveform data 
to drive a refreshed display monitor. 

SPS BASIC software facilitates con­
figuration of waveform processing 
systems based on PDP-11 minicom­
puters. The unit is also avail able in 
WP 3000 signal processing systems 
consisting of 7612D, minicomputer or 
programmable calculator, p eripherals, 
and software. 
Circle 182 on Inquiry Card 
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SIEMENS 

• • .TM 
II 1n1. 

5~" double-sided, double-density industry compatible mini-disk drive. 

Maximum storage capacity in mini­
mum space. Siemens offers a SOOK byte 
capacity in a compact drive half the size 
of a standard 8-inch . And our plug-to­
plug compatible Maxi-Mini disk drives 
are available for immediate delivery. 

Siemens Maxi-Mini disk drives 
utilize Wangco technology which has 
been proven in over 20,000 installations. 
Available with either single or double 
head, these mini-disk drives also pro­
vide many other important features. 
Such as a true anti-crunch mechanism 
which prevents cover closure until the 
diskette is fully in place. This helps avoid 
data loss and provides a very real dollars 
and cents savings on disk replacement. 
There's also a wide mouth which permits 
easier, more convenient insertion of 
media, shortening load/unload time. 

Also available from Siemens are 
single- and double-sided 8" floppy disk 
drives and mini-disk controllers. For 
immediate delivery of the Maxi-Mini or 
information about other OEM products 
from Siemens, contact us at: 

Siemens Corporation 
OEM DIVISION 
1440 Allee Street 
Anaheim, CA (714) 991-9700 
District Offices: 
Boston , MA (617) 444-6580 
lselin, NJ (201) 494-1000 
Chicago, IL (312) 671-2810 
Dallas, TX (817) 461-1673 

The technology to do more. 
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Big~ fr91n the 
prmter giant. 

Dataproducts introduces the 180 cps matrix 
printer with the features systems builders want. 

A name you know you can trust. 
We're the world's largest independent printer 

manufacturer. 
(The giant, you might say.) 
F~r 18 year~, we've built printers for the biggest 

OEMs m the busmess-customers with some pretty 
to~gh standards. All our printers must be proven 
reli~ble before we can attach those big names to the 
cabmets. Our new M-120 matrix printer is now 
available with our name attached to the cabinet. Or 
with your name. 

The M·120.Easy to recommend.Easy to own. 
The M-120 is priced to be competitive 

with ordinary printers. 
But this is no ordinary machine. 

This one prints as many as six 
copies at once. With crisp, 

easy-to- read print. In 
condensed, standard 

or expanded 
characters. 

It's designed for minimum cost of ownership. 
There's no preventive maintenance needed 
whatsoever. 

Its unique removable head is good for 200 million 
~haracters .at least: Then the operator simply replaces 
1t. No service call is required. 

Its long-life ribbons come in cassettes, so they're 
easy to load, clean to handle. 

It has its own diagnostics with LED status display 
available. The operator can identify troublespots and 
ofte~ correct them in a snap, without waiting for a 
service representative. Downtime is less. 

Fully compatible with our 340 cps printer. 
For customers who need a faster printer, we 

offer our M-200 model. 
It combines the economy of matrix printing with 

remarkable speed-340 characters per second. 
Its 14-wire printhead lasts through a 300 

million character life. Over two years of typical use. 
No one else has anything like it. 

30 day delivery. 
Often we can deliver a partial order even faster 

than that. If time is a problem, give us a call. 

Available locally. And around the world. 
Some people prefer to deal with our sales offices 

directly. 
Others like the convenience of a distributor 
nearby. 

We have more than 50 distribution points in the 
United States alone. 

Call for information. 
Call (213) 887-8451 to learn more about the 

M-120 or the M-200. 
Or write to our marketing department at 6200 

Canoga Avenue, Woodland Hills, California 91365. 

cP Dataproducts 
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The first fanlily of bubble nlenlory systeflls. 
Non-volatile. Conlpact. Easy interface. 

Fronl Texas Instrmnents. 
Tl's family of bubble memory sys­
tems offers you tlie non-volatility of 
magnetic storage media, plus com­
pactness, silent operation, solid­
state reliability, and lower error 
rates and faster access times than 
disk and cassette systems. 

Because TI bubble memory sys­
tems are easily interfaced to micro-

78 

processor systems, many designers 
have already made their choice. 

And, they've chosen from the TI 
family of bubble memory systems. 

It's a design decision that makes 
sense. That's why you'll find TI bub­
ble memory systems improving the 
performance of intelligent ter­
minals, word processors, industrial 

process controls, instrumentation 
and telecommunications equipment, 
add-on buffer/cache memories -
and more. 

Because bubble memories are so 
small and lightweight, they're 
ideally suited to portable applica­
tions such as small computers, data 
loggers and a variety of educational 
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and home entertainment products. 
And the innovations keep on com­

ing. In product breadth. Tech­
nology. Production. 

New bubble memory systems 
with storage capacities ranging 
from 23K to 768K bytes are being 
supplied. All the custom-designed 
peripheral and support circuitry for 
bubble memory systems are 
available. 

New wafer processing tech­
niques, including state-of-the-art 
planar construction - coupled with 
Tl's innovative two-micron techno­
logy - are making newer and bet­
ter things happen all the time. 

Tl's eight years of experience in 
bubble memory design and produc­
tion have provided keen insights 
into customer requirements. 

Requirements that demanded we 
deliver. And we have. In fact, TI 
has delivered more bits of bubble 
memory than all other suppliers -
combined. 

Only Texas Instruments can offer 
you a full family of bubble memory 
systems. A family built on know­
how and experience. A family that 
reinforces Tl's established position 
as the leader in bubble memory 
technology- and products. 

Systems components 
Tl's complete family of bubble 
memory systems is comprised of 
component devices with capacities 
from 92K bits to 1 megabit.With ac­
cess times from 4.0 to 11.2 ms. 

These various capacities, along 
with the necessary support circuits, 
offer you a wide choice of com­
pact systems for ease of use and 
design configuration flexibility. 

The 1 megabit TIBlOOO, for ex­
ample, is electrically and physically 
interchangeable with family mem­
bers TIB0500 at 512K and the 256K 
TIB0250. Both are supported by 
the same comprehensive line of cus­
tom interface circuits. 

The planar processing tech­
niques, and new refinements in pho­
tolithography allow TIBlOOO to 
offer the highest commercial bit 
density ever - by a factor of two. 

Custom support circuits 
All TI bubble memory systems con-

tain a complete set of interface and 
peripheral circuits - including two 
custom controllers. One for the 92K 
devices. One for the megabit family. 
So, it's not necessary to emulate 
controller function and you save a 
design step. Both are available. 

These circuits, designed 
specifically for bubble memories, 
encompass state-of-the-art bipolar 
and MOS integrated circuit technol­
ogies. This provides high level in­
terface between all of today's 
popular microprocessors and all of 
Tl's bubble memory products. 

The 92K TIB0203 is supported by 
its own family of custom peripheral 
circuits. The binary TIB0250, 
TIB0500 and TIBlOOO are all sup­
ported by a common set of interface 
circuits. 

TI'S FAMILY 
OF BUBBLE MEMORY SYSTEMS 

PART STORAGE BOARD 
NUMBER CAPACITY COMPONENTS FORMAT 

TM990/210-1 23K Bytes 2 92K-bit TM990 
TM990/210-2 46K Bytes 4 92K-bit TM990 
TM990/210-3 69K Bytes 6 92K-bit TM990 
TBB5005 64K Bytes 1 512K-bit OEM Board 
TBB5010 12BK Bytes 11024K-bit OEM Board 
TM990/211-1 12BK Bytes 1 1024K-bit TM990 
TM990/211 -2 256K Bytes 2 1024K-bit TM990 
TM990/211-3 512K Bytes 4 1024K-bit TM990 
TM990/211-4 768K Bytes 6 1024K-bit TM990 

Custom support circuits for all 
families of devices include: coil 
drivers, sense amplifiers, function 
drivers, controllers and function 
timing generators. 

An advanced family of support 
circuits, coming soon, has been de­
-signed for parallel operation as well 
as error correction. 

Bubble memory systems 
Tu provide ease of use and a conven­
ient production board, each new 
member of Tl's bubble memory 
family is available on a completely 
assembled, fully tested, compact 
printed circuit board. 

TBB5005 and TBB5010 
systems 

Non-volatile bubble memory sys­
tems assembled on a 4" x 6" board 
with custom controller and all other 
peripheral devices and using the 

new family components. Features 
common to both systems include: up 
to 128K bytes of memory capacity, 
interface with TMS9900, 8080 and 
Z80 microprocessors, access times 
of 11.2 ms, data transfer rates of 
85K bits/sec., system expansion 
capability and a choice of board 
connector styles. 

TM990/210 system 
Here's a non-volatile bubble mem­
ory system using the production­
proven 92K bit TIB0203 device. Up 
to 69K bytes assembled on a single 
board, including a full complement 
of custom control circuits. Inter­
faces directly with TMS9900-based 
microcomputer modules. This sys­
tem is in stock and available for im­
mediate off-the-shelf delivery from 
your TI distributor. 

TM990/211 system 
A non-volatile bubble memory sys­
tem utilizing the TIBlOOO with up 
to 768K bytes capacity. Bus com­
patible with TM990/100 microcom­
puter modules, the TM990/211 
system features 11.2 ms access time 
with data transfer rates of 85K bits/ 
sec. A new module, coming, will be 
able to be combined with the 
TM990/211 system to provide a me­
gabyte bubble memory system with 
on-board error correction, direct 
memory access, and compatibility 
with TM990 file management. 

And the innovations 
keep on coming 

Texas Instruments is firmly com­
mitted to innovative, cost-effective 
bubble memory technology and 
product development. 

So, for a full line of bubble mem­
ory systems - standard or cus­
tomized to your application - turn 
to the leader - turn to Texas In­
struments for magnetic bubble 
memory products. 

For complete, detailed informa-
tion and specifications, ___ _ 
send for a copy of our 
new 12-page brochure, 
CL-473. It's free. Write 
to Texas Instruments In­
corporated, P. 0. Box 
225012, MIS 308, Dallas, 
Texas 75265. 

Fifty Years 
of . Innovation 

~ 

TEXAS INSTRUMENTS 
© 1980 Texas Instruments Incorporated INCORPORATED 83729B 
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Typing Unit Produces 
Synthetic Speech To 
Verify Input Data 

An audio typing unit produces syn­
thetic speech with an unlimited vo­
cabulary to help blind typists to in­
dependently produce error-free copy. 
Announced by the Office Products 
Div of the International Business Ma­
chines Corp, Parsons's Pond Dr, 
Franklin Lakes, NJ 07417, the unit 
attaches to any of four magnetic 
media typewriters, allowing the op­
erator to review and proofread typed 
material by listening to information 
as it is stored on the magnetic media, 
and resulting in error free copy. 

Using voice synthesis technology, 
the audio typing unit produces sounds 
that correspond to the keys that have 
been touched. These responses are 
created by combining a stored set of 
basic speech sounds (phonemes) ac­
cording to preprogrammed pronunci­
ation rules stored in memory. A voice 
synthesizer produces and blends the 

phoneme sounds to form continuous 
speech. 

The unit consists of audio keypad, 
audio console, and optional 'headset, 
and attaches to IBM Mag Card u, /A, 
Memory, or Memory 100 typewriters. 
A typist uses the audio keypad, in­
stalled next to the typewriter, to acti­
vate audio responses that include 
pronunciation and spelling of indi­
vidual characters, words, or lines of 
text. The unit also verbalizes punc­
tuation and capitalization, provides 
audio prompts to guide in use of the 
typewriter, and gives audible indica­
tion of typing position on the page. 
Circle 183 on Inquiry Card 

User Query Language 
And Report Writer 
Run on VAX-11/780 

An English like query language for 
direct data access and a nonpro­
cedural .report definition language are 

Non-returnable 
Capacitive Keyboards 

80 

Practically Speaking, that is! 
When AM KEY ships a keyboard, it's likely that we'l l never 

see it again . And that's because our products pass the most 
stringent and exacting quality controls. Our QC program assures 

durable characteristics in every keyboard we sell. For example, 
a 1 OKv static charge won't disturb the strobing process. Steel top 

plate construction prevents warping under most conditions . 
To our customers, it all adds up to uninterrupted operation . 

Reliable Capacitive Keyboards - We've been 
delivering them for years. 

~mkey 
AMKEY , Inc ., 7 Andover Street, 

Andover , MA 01810 
617 /475-4268 
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both supplied by HARVEST. A product 
of International Data Base Systems, 
foe, 2300 Walnut St, Suite 701, 
Philadelphia, PA 19103, the software 
runs on the DEC vAx-11/780. 

The query language uses six com­
mands (display, let, show, report, set, 
and exit) to define temporary vari­
ables to do arithmetic calculations, 
and 'to provide automatic functions 
for total, maximum, minimum, and 
average values for a field or tem­
porary field. Using the where com­
mand, the user designates the p_or­
tion of the data base to be used to 
answer the query. 

As HARVEST automatically finds the 
optimum access path to the ne~ded 
records, the user need not know the 
database structure, but may treat the 
data base as a flat file with easily 
specified fields and retrieval condi­
tions . 

SEED, a CODASYL-type database man­
ager, supports the report definition 
language. Page headings and footing~, 
column and line labels, control breaks 
of up to 15 levels, aut?matical cal­
culation of percentages of cumulative 
totals, and a choice of line printer or 
terminal directed output are included 
in the report writer. It can produce 
financial statements, inventories, pa­
tient charts, or student transcripts. 
Circle 184 on Inquiry Card 

ANSI Xl.9-1978 
FORTRAN Runs on 
990/10, /12 Minis 
Designed around the recently ap­
proved ANSI FORTRAN version X3.9, 
1978 oxlO FORTRAN-78 runs under 
the o'x10 operating system. Developed 
by Texas Instruments Inc, Digital 
Systems Div, PO Box 1444, Houston, 
TX 77001, the language will run on 
models 4 through 30 of the ns990 
computer family, and any system 
based on the 990/10 or 990/12 
minicomputers. 

The high level programming lan­
guage allows natural expression . of 
algebraic formulas and numenc~l 
problems. Scientific, industrial, engi­
neering, and business applications are 
programmable in FORTRAN. nx-10 
FORTRAN-78 includes process control 
extensions recommended by the In­
strument Society of America, a mathe­
matical/statistical library, plus inter­
faces to a generalized forms language, 
sort/merge, and database manage­
ment. Circle 185 on Inquiry Card 
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Many printers can give you good requires fewer moving parts, 
print quality on a first copy. The real eliminates most bearing surfaces, 
challenge is to give you that same and employs simple hammer drive 
qualitv, copy after copv, on multi- circuits. All of which means there's 
part forms. less to go wrong. And that's why 
· Obviouslv, most printers can't. The Printronix can give you a full one-year 

further they get from the first copv, warrantv, not the 90-day warranty 
the more their quality fades. But, typical of most other printers. 
as you can see here, the quality of For more information on the 
Printronix' sixth copy continues sharp complete line of Printronix printers, 
and clear. call: (714) 549-7700. or write: 

This superior quality is achieved-.,·--~~~-.., Printronix Inc., 
through a simple printing 17421 Derian Ave., 
mechanism quite unlike any P.O. Box 19559, 
other. It forms characters by Irvine, CA 92713. 
printing one dot row at a time, 
overlapping rows vertically and 
horizontallv, while maintaining 
uniform hammer impact energy. 
The result is unequalled print quality 
and characters that appear solid. 

This same design approach also 
PRINTRONIX 
lt'S slmple, to be rellable. 

REGIONAL SALES OFFICES: WESTERN; 17421 Derian, PO. Box 19559, !Nine, CA 92713. CENTRAL; 414 Plaza Drive, Suite 106, 
Westmont, IL 60559. SOUTHERN; 2220 Parklake Drive. Suite 180, Atlanta, GA 30345. EASTERN; 7Y, Harris Road, Nashua, NH 03060. 
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Whenyou need acustomc~ 
make sure it's you pulUng the strings. 

For the control you need over 
your custom circuit, go C.O.T­
Customer Owned Tooling. Today, 
more and more customers are doing 
just that: performing the circuit design 
themselves and taking it to the semi­
conductor industry for production. 

It makes sense to take it to 
Synertek. We're one of the top custom 
houses in the industry. We can meet 
head-on your volume custom de­
mands with our N-channel Silicon 
Gate production lines. Efficiently. 
Economically. It takes outstanding 
engineering talent, all out service, 
attention to detail and the ultimate in 
reliability controls. It takes Synertek. 

We can do it because our engi­
neering staff works closely with you . 
To provide insight into design rules 
and process capabilities. To insure 
your design works the first time out. 
So you can meet your production 
schedule. On time. 

The whole point is to save you 
money. And time. Customer Owned 
Tooling gives you minimum design 
cost and production timing yet maxi­
mizes your design security, profits 
and control. Enough to cut the 
Average Selling Price of the circuit 
to less than half. 

As the industry matures and 
develops, design of custom proprie­
tary circuits is moving out of the 
semiconductor houses and back to 
the user. It's created a tremendous 
demand for design talent that can 
only continue to outstrip the 
available talent pool. To learn 
how VLSI may impact you 
and your design team, send 
for our brochure, "The Future 
of VLSI'.' 

And remember. To get 
ahead of the competition, 
take your C.O.T to the com­
pany that made its mark in 

Cost 
per 

System 

custom. Take it to Synertek. To control 
the design. To control the costs. With 
no one but you pulling the strings. 
Contact Custom Product Marketing 
direct at ( 408) 988-5671. 
TWX:910-338-0135. 

Synertek performs as a major 
MOS supplier of high volume parts 
with advanced technologies and 
techniques behind everything we 
make. ROMs. Static RAMs. EPROMs. 
Custom circuits. Single-chip Micro­
computers. Systems. 6500 Micro­
processors and Peripherals. 

C01 VS.J:LP 
and Classic custom 

CUSTOM 

COT 

Volume 

§ SYNERTEK 
3001 Stender Way, Santa Clara, Calijornia 95051 
( 408) 988-5600. TWX: 910-338-0135. 
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HOW TO GET BETTER 
TOUCH TONE*DECODI 

AT A BETTER PRICE. 
If you need something that 

receives and decodes 'Ibuch 'Tune 
signals, is small and sells for around 
$60 in moderate quantities, give us 
a shout. 

Here at Teltone, we make 
Dual-'Ibne Multi-Frequency ('Ibuch 
'Tune) decoders for the telephone in­
dustry. Since 1968, we've made hun­
dreds of thousands of them. 'Ib exact­
ing telephone standards. And you 
could use them to interface with 26 

million existing Touch Tone tele­
phones as potential data terminals. 
So here's the deal: 

We have decoders in stock and 
we'll send you a sample. You hook it 
up, test it, bounce it off a wall, do 
whatever you need.to do. 

After you see how well it works, 
give us a shout and we'll give you a 
quote. In other words, you make us 
prove we've got both better quality 
and a better price. We plan to do both 

\CEL-CCNE® 

•'Ibuch Tune isa registered sel'111Ce mark of A.T&T 

Teltone Corporation 
1080 I-!20th Avenue N. E., Kirkland, Washington 98033 
Phone (206) 827-9626, TWX (910) 449-2862. CIRCLE 52 ON IN9UIRY CARD 



DIGITAL TECHNOLOGY REVIEW 

High Speed COBOL 
Compiler Automatically 
Segments Virtual Memory 

COBOL-PLUS, a full ANS '74 standard 
COBOL compiler and runtime system, 
will run on any PDP-11 or LSI-11 with 
56k-hytes of memory. The high speed 

compiler produced by S & H Com­
puter Systems, Inc, 1027 17th Ave S, 
Nashville, TN 37212, runs under the 
RT-11 operating system or under TSX, 
a timesharing extension for RT-11 that 
all ows up to 10 users. 

Designed to run programs much 
larger than physical memory, the 
compiler allows automatic virtual 

82 CIRCLE 53 ON IN(j)UIRY CARD 

memory program segmentation by a 
least recently used technique that 
keeps the most active set of segments 
in memory. Runtime routin es for 
OPEN-CLOSE, 1/ 0, and ISAM arc man­
aged the same way. 

Support of data types, including dis­
play and computational items, pro­
vi<le programming flexibility. Display 
items may have leading, separate, 
trailing separate, or trailing nonsep­
arate signs and may be up to 18 
digits long. Computational data items 
may be one, two, or four words long. 

The compiler executes approxi­
mately four times faster than DIBOL-11 
running un<ler the cTs-300 operating 
system. Running the u.s. Steel COBOL 
benchmark program on an 11/ 34 
gave a productivity index factor of 
40 compared to 22 for the COBOL-11 
running on the same machine. 
C ircle 186 on Inquiry Card 

Large Scale Memory 
Testers Formed From 
Common System Base 

Compatible models within the series 
6000 large scale memory tester line 
have been formed from a common 
system base to cover individual user 
needs as closely as possible. System 
control and pattern generation con­
sist of a fully implemcntc<l micro­
computer and ultrastablc ECL micro­
programmed pattern unit and check 
circuitry. 

Intended primarily for testing large 
sys tems such as plug compatibl e mem­
ory units for IBM .360-xxx and 303X 
computers, the sys tem, developed b y 
Tcstmastcr, 3191-D Airport Loop, 
Costa Mesa, CA 92626, is also appli­
cable in hurn-in me mory testing. Sys­
tem features include 16M words of 
memory (up to 72 bits in length ), 
I0-\1Hz max clock rate ( 20 MHz in 
interl eaved mode), and 16-way inter­
leave controller (20 MHz) . Address 
and data hit con trol are front panel 
fun ctions. Rcaltimc error RAM auto­
matically logs errors without re<luc­
ing test throughput. 

System peripherals can inclu<le a 
du al single- or double-density diskette 
operating system, that operates on 
ns-232-c, TTY current loop, or par­
allel 8-hit r/ o interfaces. Software 
support consists of disc operating sys­
tem, assemhler, editor, 1~0M based 
monitor, interpre ter for test p attern 
generation, ROlvr based diagnostics, 
and disc handler routines. Optional 
arc FOJITRAN and llASIC languages. 
Circ le 187 o n Inquiry Card 
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ROLM's Mil-Spec ECLIPSE® Data System ... 
anewpower 

in military computers 
with ROLM's new 3400 Series Interfaces. 
These compact MIL-STD-1397 modules 
come in SLOW, FAST, ANEW, and 
SERIAL types with 8, 16, and 32-bit config­
urations. They are interchangeable and 
feature software transparency. Designers 
can configure a system to match the 
data requirements of any ship . . . without 
restriction on future expansion. 

ROLM's Mil-Spec ECLIPSE System 
lets you move out with power never 
before available in a military computer 
system. Designed to meet MIL-E-5400, 
MIL-E-4158, and MIL-E-16400 specifica­
tions, it gives you extensive software, full 
peripheral support, and ROLM reliability 
and service. 

That's Why We're #1 In 
Mll-8pec Computer Systems 



Image processing. Your way. 

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

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

- Convolution 
- Image mult iplication and ratioing 
- Zoom and pan 
- 512 x 512 panning window on a 1024 x 1024 

image 
- Function memories 
- Pseudo-color tables 
- Video digitizers with frame averaging 
- Split screen and image toggling 
- Full graphics and alphanumerics 
- Up to four overlay memory planes 
- Independent cursors 
- Trackballs and joysticks 
- External synchronization 
- Plug compatible interfaces for most 

minicomputers 

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

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

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

Photographs provided by Stanford Univers ity Department of Appli ed 
Earth Sciences. Palo Alto, California. 

GRINNELL SYSTEMS 
2159 Bering Drive, San Jose, California 95131 (408) 263-9920 
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tiij1tal ayarem ~ 
new glitth fixer. the J..A...SOOO A 
in cost and capability to the ~f~.J-~ 
system designers. 

The lA-5000 is ideal for data dornairi and ~ 
analysis with clock rates from 12.5MHzwith16 rec0Idit\g 
channels, to 50 MHz with 4 channels. Three display 
modes give you: data domain information in binary, octal 
or hexadecimal; timing diagrams; even a graphic plot 
of successive word values. 

Three full screen interactive menus-Acquisition, 
Format, and Special Function-make set-up fast and 
simple. There are also partial menus of frequently needed 
parameters as part of the display modes. An Elecrtfcal/Eleofronlce COmpenr 

Convenience features? The LA-5000 features two 
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72hour Factory 
Burned-in Confi~d 
Reliability. and sted. 

. Tek's Theirs Tek's Theirs 

8080A .I .I 
8085A .I .I 
8049 .I .I 
8039 .I .I 

8039-6 .I .I 
8035 .I .I 
8021 .I .I 
8048 .I .I 
6802 .I .I 
6800 .I .I 

F8 .I .I 
3870 .I .I 
3872 .I .I 
Z80A ti' ti' 

TMS9900 ti' ti' 
SBP9900* ti' ti' 

1802 ti' ti' 
•contact your MDL Sales Specialist for a quotation. 

On-Site On-Site Extensive Total 
Installation. Local Des~ Development 

Service. Works ops. Support. 

Te k's Theirs Tek's Theirs Tek's Theirs Tek's Theirs 

.I .I ./ 7 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I .I .I 

.I .I ti' ti' 
ti' ti' ti' ti' 
ti' ti' ti' ti' 
ti' ti' ti' ti' 
ti' ti' ti' ti' 

For Technical Data Circle No. 57 on Reader Service Card 
For Demonstration Circle No. 58 on Reader Service Cord 



You'll find 
there's 

• no comparison. 

Tektronix Microprocessor 
Development Labs offer the 
broadest range of quality 
multiple-microprocessor sup­
port available today. Tektronix 
won't lock you into one microp­
rocessor family or vendor. Plus, 
every Tektronix MDL is backed 
with over 30 years of design ex­
perience. We test our Develop­
ment Labs thoroughly to ensure 
maximum performance and 
reliability. Each one provides , 
complete development capabil­
ity and the Tektronix commit­
ment that guarantees you'll keep 
abreast of the fast-paced micro­
processor technology. 

72 Hour Burned-in 
Reliability. 

Every Microprocessor 
Development Lab shipped from 
Tektronix has been burned in at 
elevated temperatures for 72 
hours. 

Tektronix 
microprocessor 
development labs. 

Designed by 
people on your side 
of the bench. 

Factory Configured 
and Tested. 

Your system is configured at 
the factory, then checked and 
doublechecked against your 
requirements and om specifi­
cations. 

On-Site Installation. 
Tektronix can send a 

trained technician to your com­
pany to install your Micropro­
cessor Development Lab. You 
don't have to worry about get­
ting the system running, since it 
will be set up and ready to work 
when you are. 

Tektronix' full on-site war­
ranty covers any system mainte­
nance or part replacement for 
three months. Yow· new MDL is 
guaranteed to perform at top 
efficiency from the minute it's 
installed. 

Service Like 
Nobody's Business. 

Tektronix offers localized 
support in the largest network of 
MDL service centers throughout 
the United States and the world. 
You'll get fast on-site service , 
without waiting weeks for parts 
or repairs . 

What's more, Tektronix 
will train your service personnel 
in system maintenance and 
troubleshooting. 1\vo-week 
courses are offered at various 
service centers. 

Week Long Design 
Workshops. 

Tektronix also offers work­
shops that give your design 
personnel intensive, practical, 
results-oriented training. 
Request the courses ~hat best suit 
your needs: The Microprocessor 
Design Workshop, Microproces­
sor Design Lab Operations 
Workshop, or the High-Level 
Language Software Design 
Workshop. 

Your personnel can enroll 
in regularly scheduled sessions 
or Tektronix can schedule one or 
all of these workshops at any 
field location. Or even at your 
company. 

Full Software and 
Hardware Support. 

Once your MDL has been 
put in place, you have total de­
velopment capabilities at your 
fingertips. Everything essential 
to software and hardware de­
sign is there when you need 
it-from our Modular De­
velopment Language (MDL/ µ,), 
macro relocatable assemblers, 
text editor and debugging 
software to full in-circuit emu­
lation and real-time prototype 
analysis. 

Send for our free Systems 
Comparison Chart and compare 
our Microprocessor Develop­
ment Lab with anyone's. You'll 
choose Tektronix because of our 
unmatched breadth of support, 
quality and reliability. So don't 
lock yourself into one micro­
processor vendor when in all 
ways-performance, service 
and training support­
Tektronix is your best choice. 

Contact your local Tektronix 
Sales Office, or write: 
Tektronix, Inc. 
P.O. Box 1700 
Beaverton, OR 97075 
In Europe: 
Tektronix International, Inc. 
1180 AV Amstelveen 
Amsterdam 
The Netherlands 
For immediate action, dial toll­
free 1-800-547-1512. 
Or in Oregon call collect, (503) 
644-9051. 

lektronix~ 
COMMITTED TO EXCELLENCE 



Advanced Micro Devices began by 
making the best integrated circuits in 
the business. We've built our reputa­
tion on microprocessors, memories, 
digital and linear peripherals and 
development systems. A $225-million 
dollar reputation. 

There's a logical next step, and 
this is it. 

THES 
88 

ANNOUNCING THE 
ADVANCED MICRO DEVICES 

SCHOOL OF 
ADVANCED ENGINEERING. 

If you'd like to know all there is to 
know about our parts, come to our 
new School of Advanced Engineering. 

You'll find it in our Custo­
mer Education 

Center, a 
complete 
educational 
facility 
designed just 
for you. 

Ill 
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There's no better way to learn all 
about the AmZ8000 and Am2900 
families. To get hands-on experience 
with our development systems and 
evaluation boards. To find out about 
everything from microprogramming 
to PASCAL to microprogrammable 
computer architecture. 

Although our School of Advanced 
Engineering is new, we've been teach­
ing the courses for years. And our cus­
tomers have told us our courses are 
the best. Clear. Quick. To the point. 

Send in the coupon and we'll send 
you all the details on our School, our 
staff, our courses. If you can't come to 
us, don't worry. Ask us about arrang-. . . 
1ng a seminar in your area. 

The Advanced Micro Devices 
School of Advanced Engineering. 
Because these days, you need all the 
smarts you can get. 

--------------------
Advanced Micro Devices 
Customer Education Center 
490-A Lakeside Drive 
Sunnyvale, CA 94086 
I want all the smarts I can get. Send me your brochure 
on the School of Advanced Engineering. 

Name ____________ _ 

Title _____________ _ 

Company ___________ _ 

Address ____________ _ 

City ______ State ____ Zip_ 

2/80/CD 

--------------------
Advanced Micro Devices ~ 

901 Thompson Place, Sunnyvale, CA 94086 
Toll Free phone: (800) 538-8450, ext. 2325, 3665 



DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

Online Control of a Laboratory Instrument 

By a Timesharing Computer 

Geor9e Horner* 

Xerox Research Centre of Canada 
Mississauga, Ontario, Canad'a 

Data acqu1s1t10n in a laboratory often necessitates the 
use of instruments that require repetitive operator inter­
vention, often a tedious procedure. An example of such 
an instrument is a Zeiss microdensitometer-essentially 
an optical microscope with a built-in photomultiplier and 
a precision aperture. When examining a specimen, the 
instrument can select only a small portion of the viewing 
field for light intensity analysis. The microscope stage, 
therefore, must be moved in a predetermined pattern in 
X and Y directions-and a light intensity reading must 
be made at each point. 

An initial attempt was made to automate the pro­
cedure by interfacing it to a dedicated Data General 
Nova 2 minicomputer with 2k memory. Since that com­
puter system did not include a disc, it was cumbersome 
to operate and was used only as a controller for raw 
data acquisition. Subsequently, the data were transferred · 
to a Nova 830 computer for offline processing. 

1t 11 as then decided that the occasional use of the 
microdensitometer did not justify dedicating a computer 
lo the control of this instrument. Therefore, a more 
flexible and less costly approach was chosen that ad<led 
an intelligent controller lo the original microdensitometer 
and ran the instrument on a timesharing basis under 
the control of a remote commercial computer through 
a standard serial communication port. A !though this idea 
is not unique, 1 it was conceived independently at Xerox 
Research Centre of Canada. In addition, the resulting 
project was much smaller and custom tailored to the 
specific application. 

System Design 

As noted, the micro<lensilometer measures light trans­
missi·on at various points of a material specimen in a 
series of repetitive moves. Under control of the time­
share computer (Fig 1), programmed commands cause 

90 

the instrument's stage to move so as to bring a particular 
point of the sample into the measuring aperture. The 
instrument then measures the light intensity (or op­
tical density) at that point and the value is transmitted 
to the computer. All commands are forwarded to the 
microdensitometer through the microprocessor based con­
troller. 

Essentially, this intelligent controller serves three func· 
tions. The first is to share or "switch" the serial line. 
Normally, this line connects an ASCII terminal to the 
computer. However, on command the controller discon­
nects the terminal and starts communicating with the 
computer. At the end of a series of measurements, the 
terminal is reconnected. This is one point where the ap­
proach differs from the procedure in Ref 1, where the 
microprocessor emulates a particular terminal with all 
its required features. 

Jn its second function, the controller serves as a com­
mand decoder and data encoder. Because the computer 
link is a standard communications line (ASCII), it is ad­
visable lo encode all data and control transfers into 64 
ASCII printable characters. That way the controller be­
comes completely transparent lo the timesharing com­
puter. Commands were encoded using all 128 ASCII char­
acters since it was possible to transmit both control and 
lower case codes from the computer. However, the input 
into the computer "as restricted to upper case only since 
the control codes would have been intercepted by the 
operating system. 

The third contro ll er function is to prnvide interface 
lo the particular laboratory instrument. In this case, it 
generates appropriate pulses to the stage stepping motors 
and controls the 12-bit analog to digital ( A·D) converter. 
That again differs radically from Ref 1, where the sys­
tem could support many different instruments, with a 
variety of requirements, simultaneously. 

*Curn·ntly with Snnot<'k Ltd, ~ississauga, Ontario, Canada 
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concentrate onl'l:hi!lller'ISI 
problems ... HP's 64000 ~ It 
brings minicomputer programming features to fnk:ro.. 
computer development for faster, easier and more enjoy­
able software development, hardware emulation and 
system analysis. And because it's a universal system, you 
can use it with today's most popular microprocessors. 

/,;JI • MICROPROCESSORS NOW SUPPORTED BY HP'• 64000 

FuU Maao 
Microprocessor Support• Assembler Miaoprocalor 

Support 

"Includes macro _...blllls. llnkels. emulallon and arialyoio 

Put your fingers on a "soft key" 
One of the system's key features is Its ability to help 
you make decisions. At power up, for example, soft keys 
(keys whose functions are defined by CRT labels) give 
you a choice of 17 development functions, including edit, 
compile, assemble, link, emulate, PROM program and 
more. Pressing the edit key and typing in the name of 
a previously stored file result in a program listing and soft­
key choices that simplify program editing, (shown above 
right). The CRT even flashes momentary directed-syntax 
messages to guide you in proper command entry. 

The combination of minicomputer power and directed 
syntax using soft keys means you spend less time memo­
rizing syntax, referring to instruction manuals, doing 
routine searching and entering line-by-line program 
changes. The 64000 handles most of those routine tasks 

so you can concentrate on the real problems. And that's 
true kl assembling. linking, emulating and other develop­
ment modes as well. 
Work with a friend ••• or five 
With HP's 64000, serial development Is a thing of the past 
Now, up to six team members can do software develop­
ment and/or real-time emulation simultaneously. And 
each has immedtllte access to the latest version of soft­
ware. Thaf s because the 64000 has a hard disc that 
provides a common data base for all operators. 

To assure accurate, real-time emulation, the 64000 
has sepal'Bte buses and memory for both the host and 
target processors. In addition, we use high-speed memory. 
As a result, there's no contention problem and your 
system runs at QPerating speed with no wait-states. 

Of course there's much more to the 64000, including 
a wide choice of PROM programmers, up to 128K of 
emulation memory, an optional analy2er that gives you a 
real-time, transparent view of bus activity, and architecture 
powerful enough to adapt to future processor trends 
such as increased speed and bus width. Price for a mini­
mum operating system Is $25,500. • 

Find out how much fun microcomputer development 
can be. For a copy of the HP 64000 brochure, write to 
Hewlett-Packard, 1507 Page Mill Road, Palo Alto, CA 
94304. Or call the HP regional office nearest you: 
East (201) 265-5000, West (213) 970-7500, Midwest 
(312) 255-9800, South (404) 955-1500, 
Canada (416) 678-9430. ·~us.A.pr1ceoallf. 

HEWLETT 
PACKARD 
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System Implementation 

For thi s application, the controller is a Motorola Semi­
conductor MEK6800D2 microprocessor evaluation kit. Al­
though that may seem like an overkill , in th is instance 
it proved to be a very cost-effective solution because the 
kit provided all the system elements required for a single 
application. T hose elements included working processor, 
read on ly memory (ROM), random access memory (RAM ), 
serial input/ output lI / O) for communication, and paral­
lel 1/ 0 for interface. Additional benefi ts of the kit were 
•keyboard and display for interfacing with the operator. 
Fig 2 shows the block d iagram of the controller, and 
Fig 3 depicts assignment of PIA 2 (programmable in ter­
face adapter) 1/ 0 lines. 

l 
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REMOTE 
COMPUTER 

TELEPHONE 
LINE 

ACOUSTIC 
COUPLER 

MICROPROCESSOR 
BASED 

CONTROLLER 
INTERFACE 

ASCII 
TERMINAL 

MICRO­
DENSITOMETER 

Fig 1 Block diagram of microdens itom­
eter control system t ied to timeshar ing 
computer. Controller disconnects ter­
minal when computer is online and re­
connects it other t imes 

LINE 
SWITCHING ASCII 
NETWORK TERMINAL 

R, D \ D 

INT MICRO· ACIA PROCESSOR 
ROM-

P/ ROM 

Microdensitometer stage motion control requirements 
call for 100-µs pulses spaced at 5 ms on one of four 
lines ( + X, - X, + Y, - Y). When the stage fini shes its 
motion the analog signal ( 0 to 5 V ) corresponding to 
the light inten sity at the given point has to be converted 
to 12-bit binary value. It was decided that for operator's 
convenience the converted value would be displayed in 
b inary coded decimal (BCD) on the k it display. This was 
accomplished by writ ing a b inary / BCD conversion rou­
tine and a 4-digi t display routine. f ig 4 shows the en­
coding fo rmat for the stage motion commands and the 
12-bit returned value. 

Among the command codes the two redundant ones 
( 40rn, 60111) corresponding to - Y = 0, - X = 0 were 
used as specia l "switch" characters to disable and enable 
the terminal connection. Upon 'receiving these _characters, 
the controller through PIA 2 line CA2 controls the gates of 
the line switch ing network !Figs 2 and 3). 

MICRODENSITOMETER 
INTERFACE 

5 13 

PIA2 

M6800 BUS 

7-SEGMENT DISPLAY 

KEYBOARD 

RAM PIA 1 

Fig 2 Block diagram of controller. In add ition to switch funct ion (via asynchronous communi­
cations interface adapter), controller serves as command decoder and data encoder and inter­
faces to microdensitometer via programmable interface adapter 
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In Data Display ... 

HD means 
hi!tt density of 

characters 
BALL HD Series CRT monitors are your best choice for 

BALL HD Series 
HD15H and HD17V 
High Density Data 
Displays 

In data display, 
BAU. means 
experience, quality 
and service. 

word processing and 
phototypesetting text display 

• Displays full typewritten page 
• Both horizontal and vertical CRT formats 
• Stable, uniform alphanumeric display 

Look to BALL for a good look in word processing 
alphanumeric display. Choose from HD Series 15 and 
17-inch diagonal CRT measurements, in both 
horizontal and vertical formats. 

These high density units can display over 6000 
characters . . . a full typewritten page of information, 
in either standard or inverted video. 

Dynamic focus circuitry gives clean, crisp characters, 
and controlled linearity keeps your data sharp, day 
after day. HD Series low voltage supplies are regulated 
for optimum stability. 

HD Series displays are designed especially for the 
unique needs of word processing and phototypesetting 

systems, with timing and deflection specifications 
built around high density display requirements. 
Specific horizontal line rates may be set between 26 
and 36 KHz. 

Select HD Series displays for your word processing 
systems, and you get the performance, dependability 
and design experience of the data display leader. Give 
your customers something good to look at. HD Series 
displays from BALL. 

Box 43376 St. Paul , MN 55164 (612) 786-8900. TWX : 910-563-3552 
Sales Office•: 
Downers Grove, IL (312) 960-4434 Campbell , CA (408) 374-4120 
Ocean, NJ (201) 922-2800 Upland, CA (714) 985-7110 
Lewisville, Texas (214) 436-2383 Burlington , MA (617) 273-0608 
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Whatever your digital systems require­
ment, there's just one name you need 
to know: Ampex. 

If you need a processor to build 
around, consider the Ampex minicom­
puter. It executes the instruction set 
used by IRIS, ROOS, BUS / COBOL 
operating systems to preserve your soft­
ware investment. 

As for memory, we make reliable 
plug-compatible memories for almost 
any CPU you can name. From the 8080 
microprocessor through DEC and Data 
General minicomputers to the DEC, 
IBM, Univac and Sigma 9 mainframes. 

We 're big in peripherals, too. A full 
line of 5- and 10-high disk drives all 
using a single, industry-standard SMD 
interface. Megastore, the solid state disk­
replacement memory. Rugged, reliable 
tape drives. And intelligent single-board 
controllers that make it easy to interface 
Ampex disks to Ampex, Data General 
and PDP-11 computers. 

And since we make all the parts that 
comprise a system, why not a system, 
too? The Ampex Datacube is the 
all -Ampex product. Complete with CPU, 
peripherals and operating system 
configured to suit your needs. A com­
pletely checked out system for the OEM, 
so you generate revenues instead of 
hardware modifications. 

Best of all , Ampex memory 
products are available now. Prices? 
Al Horowitz will make you an offer you 
can 't refuse when you call him at 
213 / 640-0150. Or write to him at Ampex 
Memory Products, 200 North Nash 
Street, El Segundo, California 90245. 

AMPEX 
MAKES IT WY 
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As shown in the main program flowchart (Fig 5), the 
program was designed so that upon initialization the 
terminal communicates with the computer in the normal 
manner and the controller monitors the serial line wait­
ing for the occurrence of the switch character. When 
that character is found, the controller switches into 
measurement mode ; ie, it disconnects the terminal and 
proceeds further in the program. Once in the measure­
ment mode the controller receives the stage motion com­
mand (one byte), executes it, and returns the reading 
(two bytes I. Then it waits for the next command. 

This loop continues until a special character ( 6010;) 
is received; execution is then stopped and the terminal 
is reconnected to the line. While in this loop, the echo 
from the timesharing computer must be disabled. 

Since the microprocessor evaluation kit uses a multi­
plexed drive of the display and keyboard, the 4-digil 
display routine must run continuously.~ Therefore, the 
receive section of the asynchronous communications in­
terface adapter {ACIA) had to be operated in the interrupt 
mode. Interrupts a re handled in two ways depending on 
the interpretation of the received character. If this char­
acter, when examined, does not result in a stage motion , 
the return from the interrupt is orderly, ie, via RTI in­
struction. On the other hand, if th~ stage is to move, 
there is no reason to return to the interrupted program. 
The execution becomes faster if it jumps straight into 
A·D conversion routine after the stage finished motion. In 
this case, the slack pointer has to be reset and the inter­
rupt mask flag cleared. The entire program occupies less 
than 400 bytes and resides in a programmable read only 
memory ( P/ ROM). 

It is important to note that this program was designed 
to suit a specific application (and a particular com­
puter). Under different conditions it might have been 
advantageous Lo send a string of commands, execute 
them while storing the acquired readings in the con­
troller's RAM, and transmit all the readings to the remote 
computer only after the execution. Such an arrangement 
utilizes the microcomputer capabilities to a greater extent 
and indicates the superiority of the programmable logic 
concept. This and other tradeoffs depend on marw as­
pects of the particular application. 

System Performance 

Two computers were studied in setting up the system. 
Originally considered was a Data General Nova 830, 
already available in a different laboratory of the research 
center. This system runs under RDOS with foreground and 
background. The controller was connected to a fore­
ground serial port running at 4800 baud. Once the sys­
tem was operating successfully, a Xerox Research time­
sharing computer that runs on XDS ~9 was tried. That 
machine, located in Webster, NY, was connected to the 
laboratory through an acoustic coupler and telephone 
line running at 300 baud. 
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Wh Hay81C 
for a I Jal effect sensor 
when oucan~tone 

or$2.21. 
It all depends on your application. 
For 81ct~ you can get a solid state Hall effect sensor 

from the people who invented it. Us. 
And that may be all you need. 
But, if your application requires precision, our fully 

engineered $2.21 * position sensor may be a better deal. 
The Hall effect sensor and magnet are matched 

and adjusted to get operate and release points that are 
specified to tight tolerances. 

All this can add up to a lot if you start out with 
the wrong sensor. 

When you come to MICRO SWITCH, you're dealing 
with people who have made over 100 million Hall effect 
sensors. So you get experts to help fit each sensor to your 
application. And you always get the right sensor for the job. 

Which means a $2.21 sensor can tum 
out to be a lot better deal than one 
that costs 81 ct. 

For details, and the loca­
tion of our sales off ices and 
distributors around the world, 
write MICRO SWITCH, The Sensor 
Consultants. Freeport, Illinois 
61032. Or call 815/235-6600. 

-clQe d1ousaad piece pricing for 7SS and XL. Series devices, respectively. 

MICRO SWI IOI 
a Honeywell Division 
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Million Bit Memory Kit 
Intel delivers the first megabit bubble system and 
all the support you need to start designing today. 

Step into the megabit bubble. 
You'll find an entirely new class of 
non-volatile storage-and vast 
new opportunities to exploit the 
microcomputer. 

Bubble memory for 
microcomputers 

System designers have 
always been attracted to 
bubble memory for com­
pact, low power, high relia­
bility applications. Until 
now, though, bubble mem­
ories have been difficult to 
use and costly, since they 
require complex address, control 
and interface circuitry. 

Today, Intel introduces a 
million bit bubble system 

perfectly matched in size and 
performance to the world of 
microcomputers. Intel's 
bubble memory gives you 
128K bytes of low power 
read-write memory, plus all 
the system components 

I 

you need for compatibility 
with advanced microcom­
puters like our 8-bit 8080, 
8085 and 8088 and our 

16-bit 8086. 

Our system makes 
it simple 

To simplify designing and 
manufacturing, Intel's bubble 

memory system consists of only 
seven components. All of them 
fit easily on a pc board as small 
as 4"x4''. 

The heart of the system is our 
7110 Magnetic Bubble Memory 
chip. It interfaces directly with our 
7242 Formatter/Sense Amplifier, 
7230 Current Pulse Generator, 
7250 Coil Pre-Driver and two 
7254 Quad Transistor Packs. 

Intel® Bubble Memory System 

The user interface, system timing 
and control functions are provided 
by our 7220 Controller, available 
QI, 1980, or by our Controller 
Emulator Kit CPK-72, here today. 

For systems exceeding a 
megabit, you can design with the 
same component family. Since 
one 7220 Controller will accom­
modate up to eight megabit chips 
and their support devices, larger 
system designs are simplified 
dramatically. 

Bubble you can believe in 
Intel's bubble memory means 

unparalleled data integrity. It's a 
rugged, solid state device. And 
it's completely non-volatile, 
so your data remains when the 
power goes off. No battery 
backup is necessary. 

But the bubble system goes 
even further to ensure reliability. 
Intel's megabit chip works with 
the 7242 Formatter to give your 
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system built-in error correction 
and detection. The 7110's ECC 
detects and corrects burst errors. 

Start designing today 
Intel's megabit bubble memory 

system is an ideal solution for 
microcomputer-based in­
strumentation, terminals, 
process controls and tele­
communication systems. 
Everything you need to 
start designing is here 
today. Build your own 
system with our bubble 
memory prototyping kit. 

It gives you all the components 
for a one megabit system, plus 
complete documentation for easy 
designing. Or get a head start 
with our ready-to-use develop­
ment board with complete system 
software. For a copy of our Bubble 
Memory Design Handbook, 
contact your local sales office or 
distributor. Or write Intel Cor­
poration, Literature Department, 
3065 Bowers Avenue, Santa 
Clara, CA 95051. Or call ( 408) 
987-8080. 

intJ delivers. 
Europe: Intel International , Brussels, Belgium. Japan: 
Intel Japan, Tokyo. United States and Canadian distributors: 
Arrow Electronics, Alliance, Almac/Stroum, Component 
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial 
Components, Pioneer, Wyle/Elmar, Wyle/Liberty, 
L.A. Varah and Zentronics. 
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PORT B 

PORTA 

CB2 0---- lI"' 1µs START CONVERSION COMMAND 

CB1 0--- A-D STATUS BUSY/READY 

0 

4 

6 

7 

0 

1 

2 

3 
4 

5 
6 

7 

LSB 

MSB 

12 BITS FROM 
A·D CONVERTER 

STAGE STEPPING 
-Y} MOTOR CONTROL 

~: _n__n_ 
+X PULSE > 50µs 

PERIOD"' 5 ms 

CA1 D NOT USED 

CA2 0--MODE CONTROL (TERMINAL/CONTROLLER) 

Fig 3 Assignment of PIA 2 1/0 lines. Microdensitom­
eter movement controls from computer are transferred 
through this adapter 

When testing the operation speed, it was decided to 
eliminate the effects of stage motion. Therefore, the test 
program was set up to read 1000 times at the same point. 
Based on this test, throughput of about 2 to 3 measured 
points/ s was experienced when going to the timesharing 
computer. This slow speed is about 50 times faster than 
taking the measurements manually. The main limiting 
factor was the setup of the timesharing port. That resulted 
in swapping the tasks with extensive memory 1/ 0, be­
cause of the transaction oriented timesharing operating 
system structure. Therefore, single- and double-byte 
transactions were very inefficient. Using a dedicated serial 
port on the Nova 830 (running at 4800 baud), the 
throughput of 65 readings/ s became execution limited. 
In real application this throughput would decrease, de­
pending on the extent of the stage motion required. 

A further point of interest is that after power-up, the 
operator has to enter the configuration pattern for ACIA. 

This allows the user to select the serial transmission for-
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76543210 

@1111111 
7-BIT ASCII 
SIGN + MAGNITUDE NOTATION 

~ NUMBER OF STEPS (0-31) 

XOR Y "O"=Y "1"=X 

SIGN "O" =POSITIVE "1" =NEGATIVE 

NOT USED IN ASCII 

(a) 

76543210 76543210 

111 I I I I I 11 I 11 I I I I I 
/ /I I 

I //I I 
I / I I 

1111 I I I 111 111 I 

+ 100000 + 100000 

6543210 6543210 

111111 11 11 1 1 111 I 

(b) 

ORIGINAL 12-BIT UNSIGNED 
BINARY VALUE STORED IN 
11/z BYTES 

BROKEN DOWN INTO 
TWO 6-BIT "BYTES" 

+ 202015 EACH BYTE 
OFFSET BY 2015 · 

RESULTING 2 BYTES BECOME 
PRINTABLE ASCII 
CHARACTERS BETWEEN 2015 
AND 5F15 ··UPPER CASE 
ONLY 

Fig 4 Data transmission formats for (a) move stage 
and (b) measured value. Redundant command codes 
serve as switch characters to disconnect and recon­
nect terminal 

mat (seven or eight bits, number of stop bits, parity). 
The-same approach could be used for selecting the proper 
communications protocol (number of bytes in and out, 
optional carriage returns, etc), thereby making the con­
troller truly universal when talking to any computer sys­
tems. 

Summary 

In both described cases, system performance was satis­
factory. Speed of measurement was orders of magnitude 
higher than when performed manually. At the same time, 
the measured values were directly available in the ma­
chine form. Replacement of the original Nova 2 re­
sulted in capital and energy savings without performance 
degradation. The simple standard interface was an ad­
ditional benefit of the design. 

This approach appears to have · adequate universal 
value to be used in various applications. Examples of 
such applications include calibration of nonlinear de-
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IP IRTIAM9

§ § 
CCON CTilONOOO 
For Low ... Cost Winchester Data Storage, 
Using Your Existing Controller! 

Now you can add Winchester disc drives to your 
systems using your present Storage Module Drive 
controller. PRIAM'S DISKOS 3350 provides capa­
cities of 33, 66, and 154 megabytes, at costs far lower 
than other Winchester drives of comparable capa­
cities. And you get the improved reliability, compact 
size, and environmental tolerance that only high­
level Winchester disc drive technology can provide. 

Points To Compare ... 
Compare the low cost-per-megabyte that PRIAM'S 

DISKOS 3350, 6650, and 15450 can bring to your 
system with the costs of drives using disc packs or 
cartridges and other Winchester drives. Compare 
PRIAM'S easy upgrade, through identical size, per­
formance, and interface for all capacities. Compare 
the convenience and low cost of packaging PRIAM'S 
Winchester disc drives in the computer cabinet in­
stead of in a separate cabinet. Consider the important 
economy and time saved in extending the life of your 
SMD controller to another, new generation of disc 
drive systems. 

Reliable, Advanced Technology . .. 
PRIAM'S DISKOS Winchester disc drives use IBM 

3350-level technology for efficient, reliable data re­
cording. fully servoed linear voice coil head position­
ing assures high data density and increased future 
capacity. A brushless DC motor reduces size, cost, 
and mechanical complexity. Small size, only 7" x 
17" x 20", including optional power supply, fits the 
DISKOS family to almost any enclosure. 

For a brief and handy history of Winchester technology 
and its advantages, call or write to PRIAM and ask for a 
copy of WHO'S SELLING RIFLES TO THE INDIANS? 
A Winchester Oise Drive Technology Primer. It's FREE! 

Make The Connection . .. 
Find out today how quick and easy it can be to 

move up to this generation's disc storage. Send for 
PRIAM'S DISKOS 3350 specifications and more infor­
mation about how to make the SMD CONNECTION! 
Call or write to 

c=J 

IP~IlAM 
3096 Orchard Drive , San Jose, CA 95134 • (408) 946-4600 •TWX: 910-338-0293 
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Here come the 
Supercomponents! 
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Advanced Micro Devices announces a family 
of LSI-intensive boards built to save the serious 
systems designer a whole lot of time and 
money. Supercomponents are changing the 
make-or-buy rules. Here's why: 

They're absolutely state of the art. They are 
designed-in like components and they think 
like VLSI. They save you a ton of interface 
design time. They're plug-in ready. All are 
iSBC80* compatible and have a Multibus; And, 
of course, we have all the enclosures and power 
supplies and card cages and back planes and 
software you need to cut your costs and accel­
erate your project. 

Now for the big reason: Supercomponents 
are better because the parts are better. They're 
made from the finest, freshest, most advanced 
LSI in the business. 

You picked a terrific time to be in this busi­
ness. Supercomponents are here. 

The Am95/4005. 
Our single-board computer, The Monoboard~ 

is very powerful. It has all the features 

others in its class have, but- over and above 
-it includes a sophisticated arithmetic 
processor, four DMA channels and speeds up 
to 3 megahertz! 

The Am95/6110. 
Our floppy disk controller has its own 

built-in intelligence. It has its own Am8085A 
CPU plus a high-speed buffer and its own 
PROM-based firmware. A DMA is included. 
There's much more. You'll have to read the full 
specs to believe it. 

The Am95/1118. 
128K bytes of RAM on a board plus parity 

with its own built-in refresh. The RAM can 
be dual-ported. Smaller capacities can be 
achieved by depopulating the board. The 
Am95/1128 has twice the capacity of its 
nearest competitor. 

These are just a few members of our 
Supercomponent family. Call or write us for the 
facts on all of them. 
·;ssc and Multibus o re trodemol1<s of Intel Corp. 

Advanced Micro Devices ~ 
901 Thompson Place, Sunnyvale, CA 94086 
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INITIALIZE INTERRUPT 

Fig 5 Main program flowchart. Terminal is online until receipt of switch character by 
controller, which then switches microdensitometer into measurement mode to receive 
stage motion command . When special character is received , controller reconnects terminal 
to line 

vices, measurement of frequency / phase response of lin­
ear systems, tabulation and plotting of parameters of 
multivariable systems, or any measurements where a re­
sponse to a stimulus is investigated. 

Advantages of using a timesharing computer lie in its 
high level processing capabilities. That is, complex algo­
rithms and statistical routines may be applied to the 
acqui red data and, if desired, a " feed forward scanning 
techn ique"** can be realized. 

The procedure is transparent to the remote computer, 
it is simple and inexpensive to install, and it allows large 
vo lume data acquisition straight into th e large computer 
with subsequent on- or offline processing. The concept 
can be easily adapted to a variety of laboratory instru­
ments. In many cases where there is no onsite computer 
and the occasional need for measurements does not jus­
tify the installation of one, thi s approach cou ld provide 
an attractive solution. 

•*Feed forward scanning is the technique wh ereby the previously 
nwasured va luPs arc us<'d to dct«rminc the future X, Y scanning 
lrajcC'tory. 
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Di sadvantages are occasional slow response (this is 
not realtime processing), slow communication (serial 
line at low baud rates), and vulnerability of communica­
tion connection, since it uses common carriers. In this 
specific application , as well as man y others, these factors 
are of no importance- making this method of computer 
con trol perfectly feasible. 
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The idea of thi s proj ec t was originated by Mr Larry Marks who 
also wrote the 1 Io driver rou tines for the timesharing computers 
and carried out th e mechanica l construction of the system. 
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Easily acquire 
the data you need. 

Select parallel state, parallel 
timing, serial, or signature opera­
tion. Simply press the appropriate 
key. 

Choose synchronous or asyn­
chronous sampling. Use the clock 
of the system under test or the 308's 
own internal clock. In either case, 
sampling rates up to 20 MHz are 
~ible. 

Enter the word you want to 
use as a trigger to acquire data. 
Other keys let you select an external 
trigger and trigger delay. 

Press "start" and you're done. 
Now, you can view the acquired 
data in the format you want. Or, 
store the data in the reference 
memory by pressing the "store" key. 
Other function keys allow you to 
acquire new data and compare it 
with the reference memory. 

In each data acquisition mode, all meas -
urement parameters are displayed for your 
convenience. 

Minimum 
keystroking 
with the new 
308Data 
Analyzer fro1n 
Tektronix. 

Of course, the 308 Data Analyzer 
can do a lot more than we've 
shown here. For example, there's a 
self-test routine at power-up, plus 
seven diagnostics, to ensure accu­
rate results. And the 308 weighs 
only 8 pounds (3.6 kg), for easy 
portability. 

For the full story, contact your local 
Tektronix Field Office, or write us. 

Tektronix, Inc. Tektronix 
U.S. Marketing International, Inc. 
P.O. Box 1700 European Marketing 
Beaverton, Oregon Centre 
97075 Postbox 827 
Phone: 1180 AV Amstelveen 
(503) 644-0161 The Netherlands 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Copyright @ 1979, Tl'ktronix, Inc. All r ights reservt"d. 843 

~DTU EXCEUENCE 

For immediate action, dial our Toll Free Automatic Answering Service 1-800-547-1512 
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Manufacturin9 Control System 
Monitors and Expedites Operations 

Activity and status levels of semiconductor circuit man­
ufacturing operations at the F ullerton, Ca lif plant of 
Hughes Aircraft Co are to be monitored by the first pro­
duction control system delivered by Digital Datacom, 
Inc, 17951 Skypark Circle, Irvine, CA 92714. ] n this or 
other production operations, the system can function 
either as a standalone device or as a terminal subsystem 
in a distributed network to track, control, and measure 
the movement of work in near real time. 

Components of a system include controller, CRT ter­
minal / console, 132-col serial prin ter, from 1 to 30 
card/ badge readers, and applications programs. The 
controller, a 232-2 data station, consists of a micro­
processor, 4k RAM buffer, and two 3M oco-1 cartridge 
transports. 

A standard module generates man/ machine readable 
tab card job travelers that accompany the product being 
manufactured through the production area. These trav­
elers are marked by production or quality control per­
sonnel with a pencil and then inserted into one of the 
mark sense card / badge readers distributed throughout 
the manufacturing operation to collect data such as part 
numbers, serial numbers, employee numbers, operation 
numbers, and fai lure codes. Transaction date and time 
are recorded lo the nearest minute. Each cartridge can 
store 9600 transactions_ 

System commands, entered through the terminal, are 
carried out by the controller. Operator actions are 
prompted through a menu of steps to generate data on 
the job travelers, to design report forms, and to sum­
marize collected data. Ci rcle 450 on Inquiry Card 

NOW YOU CAN AFFORD TO 
IMPROVE YOUR IMAGE. 

BLACK AND WHITE MODEL 3400 COLOR MODEL 3450 
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Production control system monitoring posit ion . Menu prompts operator through required procedures to maintain near real­
time knowledge of manufactu ring activities . As many as 30 card/badge readers can be located at individual work stations 
throughout plant. Prod uction personnel mark job travelers and insert them into readers to supply job status data 

We've made raster technology afford­
able. So OEM systems designers can 

finally buy flicker-free graphic display 
terminals with high resolution and rapid 
response once available only on custom­
designed systems. 

CLEARLY A CASE OF BLACK 
AND WHITE. 

The microprocessor-based Genisco 
3400 generates a full-screen raster, black and 
white pattern with 768 horizontal lines and 
1024 pixel locations along each line. 

This ultra-high, full-bit-mapped screen 
density practically eliminates distortion and 
stair-stepping. And makes it possible to 
selectively change picture elements in a frac­
tion of a second. 
A NEW KIND OF COLOR GRAPHICS. 

The Genisco 3450 is the first reason­
ably priced graphics terminal with precise 
color control at each pixel location. That's a 
resolution with 384 lines and 512 address­
able pixel locations. 

With 3450 you get diagrams in up to 

8 colors while enjoying fast response, selec­
tive erase, a 60 frame per second refresh 
rate and most features found in more expen­
sive systems. 

Both the Genisco 3400 and 3450 
represent an economic breakthrough for 
systems designers. They provide the latest 
technology with a new low price tag. 

It never can hurt to improve your image. 

~w~e~n~o~b~o~a~r~ 
I a better image through better graphics. I 

Name itle ____ _ 

I Company ivision I 
I 
I 

s~~ II 
City/ State ________ ~iP'---

Genisco is a Division of Genisco Technology Corp. 
17805 Sky Park Circle Dr, Irvine, CA 92714 11 

.. ). 4;.T; 9 ; 5;4 •• ~ 

S GENISCO 
THE PERFECT PICTIJRE PEOPLE. 
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Here are 5 ways 
to tell if it's for you. 

1. You need 32-bit hardware and software 
performance: Your transaction processing system 
requires instantaneous terminal response. Your real-time 
control system must offer very high throughput. Your 
scientific programs must run incredibly fast and yield 
exceptionally accurate results. 

2. You need help to develop programs quickly 
and easily: You need one language-COBOL-for all 
business applications, whether batch or transaction 
processing. You require multiple high-level languages. 
The faster you can identify programming errors, the 
faster you can correct them-so you really appreciate 
the value of our globally optimizing FORTRAN Vil. It has 
a separate development compiler that produces object 
modules at a speed of 2,000 lines per minute. And with 
our Multi-Terminal Monitor, you can have 32 program­
mers working simultaneously with COBOL, FORTRAN, 
CAL MACRO, or RPG II. 

3. You need a system with unmatched integrity: 
Your commercial data base needs to be fully safeguarded 
from media faults and system failures. Your scientific 
results require single- and double-precision floating 
point accuracy. And your time-critical , memory-resident 
programs for real-time control applications need the 
protection of our dynamic memory relocation and 
protect hardware. 

4. You need 32-bit performance at 16-bit prices: 
The Perkin-Elmer Model 3220 starts at $33,500 (U.S. 
only). And our OEM terms and conditions are unmatched 
in the industry. 

5. You need a vendor that stands behind its 
products: Perkin-Elmer maintains a worldwide field 
service operation and offers a variety of support program 
contracts. We offer comprehensive hardware and 
software training courses. And we pride ourselves on 
responsive systems and software support. 

The Perkin-Elmer Model 3220. It may not be for 
everyone. But if even one of these points touched a nerve, 
you should find out more about this remarkable super­
mini. Send the coupon for a fact file. Or call toll free 
800-631-2154. In New Jersey: (201) 229-6800. 

r-----------------------------, 
Perkin-Elmer· 2 Crescent Place· Oceanport, NJ 07757 J 

Please send me your fact file on the 3220. 

Name __________ Tel. ____ _ 

Title ----------- -----
Company __________ ____ _ 

Street _______________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

City State Zip I 
L---------------------------~D!..J 

PERKIN-ELMER 
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Data Warehouse. 
When Floppies aren't 
enough. But you can't 
live without them. 

There comes a time when your system out­
grows flexible disk drives. 

You need more storage capacity and higher 
throughput. But you don't want to give up the 
input/ output convenience of floppies. 

The Remex Data Warehouse storage system 
just solved this dilemma. It gives your system 
20MB Winchester capacity, reliability and 
speed. Plus, it gives you the flexibility of 
floppies. 

And Remex put it all together in one self­
contained package under the common 
command of an advanced controller/formatter. 

THE BRAINS BEHIND THE DATA 
WAREHOUSE. 

The most complex and time-consuming task 
in building your own disk subsystem is design­
ing the controller. We've done it for you. 

Our very intelligent, microprocessor-based 
controller gets you to market quickly, with 
"capabilities previously associated only with 
large disk-oriented systems," to quote Computer 
Design magazine. 

In fact, our built-in controller is so powerful 
that it increases throughput by 40% or more 
over existing systems. 

Normally about half of I/O overhead is 
between CPU and disk. We've cut these 
communications to a bare minimum with 
techniques such as DMA (direct memory 
access) of commands and 
status, as well as data. 

PACKET POWER SUPER­
CHARGES YOUR 
SYSTEM. 

Whenever data is trans­
ferred to or from the disk, 
the controller retrieves 

packets containing all command data via DMA. 
The starting memory address of these packets is 
stored in the programmed I/O portion of the 
CPU. And that's all the CPU needs to instruct 
the controller to retrieve data, perform functions, 
transfer data and communicate status of that 
function to the CPU. When the function is 
complete, the controller returns the starting 
memory address of the packet to the CPU. 

With DMA, multiple sector transfers of up to 
64K words are accomplished with a single 
command. 

The Data Warehouse also copies "off-line" so 
that updated or newly-created files can be 
safely stored outside the system. 

Simply, the Data Warehouse distributes 
intelligence to the disk and frees your CPU for 
computing. 

AVAILABLE NOW. SO YOU DON'T HA VE 
TO LIVE WITHOUT IT. 

The Data Warehouse is built for 19" rack 
mounting and includes its own power supply. 
Only one CPU slot is needed for interfacing. 
And a variety of interface cards for mini­
computers and microprocessors are available. 

Best of all, Data Warehouse is available today 
in OEM quantities. Write Remex Division, 
Ex-Cell-O Corporation, 1733 East Alton 
Avenue, P.O. Box Cl9533, Irvine, CA 92713. 
Or call (714) 957-0039. 

Ex-Cell-O Corporation 
REMEX DIVISION 
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RASTER DISPLAY SYSTEM DESIGN NOTE 1. 

How to display 
a1280x1024 

• 1mase 
that doesn't 

flicker 

9 n11nosec 
1~ pixel~ 

System 3400's fast rise time 
and minimal ringing yield sharp, 
uniform pixels at 60 Hz refresh. 

up to 18 nanosec. 

~pint ~I 

Competitive systems typically must 
run slower to minimize slow 
rise time and ringing problems. 

Do it with the Lexidata System 3400 image 
and graphics processor. 

If you're designing high­
resolution raster scan video 
display systems, only Lexidata 
can give you a 1280 x 1024 
picture that doesn't flicker. 

The high-speed, micro­
processor-controlled System 
3400 is unique among video 
processors in its ability to 
generate a pixel in only nine 
nanoseconds. This means you 
get a refresh rate that's at 
least twice as fast as other 
processors on the market 
And your happy system 
users get none of the eye 
fatigue common with 
conventional systems. 

But a display that doesn't 
flicker is just one of the ways 
the System 3400 can help 
improve your image. Its ex­
tensive line-drawing and tonal 
imaging capabilities make it a 
perfect fit in a wide range of 
color, gray-scale and mono­
chrome display applications. 

So, whether you're design­
ing a specialized system for 
medical imaging, or mass 
producing systems for a 
variety of CAD/CAM applica­
tions, the 3400's repertoire of 
over three dozen standard 
and optional features can give 
you the ideal mix of hardware 
and software tools to handle 
the job. And at a price you're 
sure to like. 

Send For New Detailed 
System Description 

To find out more about the 
System 3400, send for a copy 
of our new 12-page system 
description booklet Or, if you 
need information immediately, 
call us at (617) 273-2700. 

lll~LEXIDATA 
~II I CORPORATION 
37 NORTH AVENUE. BURLINGTON, MA 01803 
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DIGITAL CONTROL ANO 
AUTOMATION SYSTEMS 

Onboard Computer Provides 
Multifunction Service 
for Automobile Driver 

Onboard computer for automobiles. Joint BMW/Siemens AG 
development mounts on dashboard. It has 12 keys for in­
putting commands, digital display to output information, and 
both audible and visual alarms 

An automotive computer that looks somewhat like a 
pocket calculator but mounts on the dashboard to the 
right of the steering wheel is currently in the test stage 
of development. Commands are entered through 12 keys. 
As with other similar computers (Computer Design , June 
1979, pp 74-79), several functions are served. 

Normally the display shows time of day; however, 
pressing key 1 calls for a reading of outside temperature 
for 8 s. If the outside temperature goes below 3 °C 
( 37 °F ), an audible alarm sounds and a red LED is il­
luminated to warn the driver lo watch for slippery roads. 

The computer stores distances up to 999 km and on 
command will display the remaining di stance to destina­
tion or the estimated time of arrival (based on current 
average speed I. Other commands will display current 
fuel consumption, average speed, and how many miles 
the car can travel on the remaining fuel supply. Fast 
drivers can enter the posted speed limit and both audible 
and visual alarms will activate if the speed limit is ex­
ceeded. These drivers can also enter the distance from a 
turnoff- as noted on a highway sign-and the computer 
alarms will notify them before the turnoff is reached. 

A command can be entered to start the heater al a 
specified time. Still another can be used to enter an ar­
bitrary 4-d igit code that protects against unauthorized 
use of the vehicle. If the wrong code is entered three 
consecutive times, the computer sounds the horn. 

Being developed jointly by BMW and Siemens AG of the 
Federal Republic of Germany, this product is not yet 
commercially available. It is intended for overseas appli­
cations and will not be marketed in the U.S. 
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"My problems were monstrous. 
When I could find the connectors I needed, 

I would have to go digging around for the cable. 
If the price was right, the products weren't. And 
on and on, eon after eon. 

Until one day my doctor suggested 
Spectra-Strip. 

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

They do, and now I get all my JDC receptacles, 
headers, DIP plugs and sockets, PCB transi­
tions and card-edge connectors from a single, 
reliable source: Spectra-Strip. 

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

l Spectra·Strip Inc. 1979 

See us at booth 907 at NEPCON WEST. 

Their products 
are just what the 
doctor ordered, their 
Q.C. has real teeth in it, 
and their prices never 
put the bite on 
my budget. 

For the name and 
number of your nearest distributor or rep, write 
Spectra-Strip, 7100 Lampson Avenue, Garden 
Grove, CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200 . 

And tell them Frank sent you'.' 

When you're down to the wire. 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

DC&AS BRIEFS 

Servo Drives Engineered for 
Machine Tool Applications 

The Hyamp III line of 3-phase half-wave, bidirectional 
SCR servo drives has been expanded by Hyper-Loop Inc, 
7459 W 79th St, Bridgeview, IL 60455, to include models 
with armature supply voltage and current ratings of 40, 
60, and 90 A continuous for 90-, 120-, or 15-V motors. 
In machine tool applications, the drives satisfy require­
ments for closed velocity and position loop applications; 
they also can be used in special purpose machine systems 
such as welding, metal forming, or transfer lines. Pack­
age size is 14 x 9.625 x 6.75" (35.6 x 24.45 x 17.15 cm ). 
Hinged circuit boards allow access to SCRs and test points 
aid troubleshooting. The drives operate motors from 0.1 
to 15 hp. Optional linear acceleration and deceleration 
ramps help extend motor and machine life. Other op­
tions include fault detector output signals for phase loss, 
power supply loss, tachometer loss, and over-speed and 
over-temperature monitors. 
Circle 451 on Inquiry Card 

Up to I 00 Transducer Measurements 
Monitored by Microprocessor Based System 

Temperature, humidity, solar radiation, pressure, and 
flow as well as other variables measurable by transducers 
can be monitored from data collected by the cso-936 
monitoring and alarm system. Hy-Cal Engineering, 12105 
Los Nietos Rd, Santa Fe Springs, CA 90670, says that the 
microprocessor controlled and firmware programmed sys­
tems allow the user to determine sequencing, data storage 
and presentation, printing format, and alarm limits. 
Limits can be set or data entered through keyboard, 
thumbwheel switch, or toggle switches. Depending on 
input sensor types, as many as 100 inputs can be scanned. 
A 3-digit channel indicator advances as input channels 
are scanned. 

A math option permits data to be operated on as 
variables in equations selected by the operator; an RS-
232-C serial output allows the system to communicate 
with computers for data accumulation and with printers 
for data formatting. Battery backup retains data in up to 
4k words of memory for 10 days if power is turned off. 
A realtime crystal controlled clock has a 6-digit readout 
for hours, minutes, or seconds. 
Circle 452 on Inquiry Card 
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ADC Mounts Up to 250 ft 
From Computer For Remote Data Acquisition 

RADl, a high speed, high performance analog to digital 
converter intended for use with the company's RIM line 
of remote instrumentation modules, has been introduced 
by Precision Data Systems, 2030 N Forbes, Tucson, AZ 

85705. Designed for realtime computer controlled remote 
data acquisition and control applications with either 
mini or microcomputers, this A-D converter module re­
ceives all control signals, data, and power from a single 
cable at up to 250 ft (76 m) from the computer. At re­
duced rates it can operate at a distance of 3300 ft ( 1 km ) 
with up to 16 modules daisy chained to a single line. 

Resolution is 12 and 14 bit, and linearity is ± % 
LSB. A 16-bit quantization D-A converter section ( in 
model .Al but not in .A2) of the module can be used 
as a 14-bit output for calibration or general use or to 
increase accuracy and resolution of the analog input 
channels. Specifications include 20-/Ls conversion time, 
5-JLS transfer interval, 10-JLS channel change time, 6-
JLS acquisition time, and 4-MHz transmission rate. A 
MUXl multiplexer external accessory box permits up to 
64 channels with switched gain to be accessed; an RTDl 
resistance temperature converter permits one of the four 
analog input channels to be used for precision tempera­
ture measurements. 
Circle 453 on Inquiry Card 

DAC Outputs Provide Direct Drive of 
Process Control Actuators 

The 8-bit DAcl420 and the 10-bit DAcl422, said to be the 
industry's first such devices to be powered entirely from 
the loop supply voltage over the 10- to 36-V range, fea­
ture 4- to 20-mA outputs to drive process control actu­
ators. Accuracies are ±0.2% and ±0.05 % , respectively, 
with both guaranteed to be monotonic over their full 0 
to 70 °C op temp range. Introduced by Analog Devices, 
Inc, PO Box 280, Norwood, MA 02062, these devices will 
also supply a 5-V output to power external CMOS cir­
cuitry, a voltage reference output, and span and offset 
adjustability of ±10%. If computer power fails, each DAC 
will hold the last data word in its latches. Specs include 
integral and differential linearity of ± % LSB, and offset 
and span tempcos of 25 and 50 ppmj°C, respectively. 
Package sizes are 2 x 2 x 0.4" (5 x 5 x 1 cm). 

Circle 454 on Inquiry Card 
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DIGITAL CONTROL ANO 
AUTOMATION SYSTEMS 

Portable Data Acquisition System 
Functions in Severe Environments 

A portable microcomputer for mobile or remote data 
acquisition applications in severe field or industrial en­
vironments has been introduced by Applied Systems 
Corp, 26401 Harper Ave, St Clair Shores, MI 48081. The 
8085 microprocessor based unit contains plug-in cards 
for CPU, memory modules, analog and digital 1/ 0, and 
optional data displays as well as space for an operator's 
control panel and ac or de power supplies. A standard 
data display can contain from 16 to 40 alphanumeric 
characters; custom options allow up to 240 characters 
to be displayed. Modules are available for multiple ADCs 
and DACs, high or low level analog multiplexers, and 
communications interfaces. Available units operate on 
120 Vac, 12/ 24 Vdc, or battery power supply. 
Circle 455 on Inquiry Card 

Solid State Sequencer Replaces 
Electromechanical Components in 

Process Control Systems 

Intended to interface directly with microprocessor based 
process controllers, the model 42S programmable se­
quencer replaces cam timers, stepping relays, drum pro­
grammers, and tape readers. The all solid state unit, 
offered by Electronic Services, Inc, 16 E Franklin St, 
Danbury, CT 06810, has 21 to 42 output channels with 
up to 4096 completely reprogrammable steps (via key­
board) . An Rs-232-C connection for a computer or cas­
sette deck is available as an option for remote program 
loading. 
Circle 456 on Inquiry Card 

Industrial Control Computer Built from 
Replaceable Function Cards 

By choosing the specific cards required from among a 
number of available choices, a designer can build a 
microcomputer that exactly meets his needs. Users of 
the industrial microcomputer system, made by N V 
Philips' Gloeilampenfabrieken, Elcoma Div, PO Box 523, 
5600 AM Eindhoven, the Netherlands, can select a CPU 
card with lk RAM and 4k EPROM; 8k- or 16k-byte p / ROM 
card; 4k- or 8k-byte RAM card; input and output cards 
with two 8-bit ports each; teleprinter card with Rs-232 
interface, current loop with optocoupler, and audio cas­
sette interface; debug and display cards; and MODEST 
software development cards. The cards mount in a stan­
dard 19" ( 48-cm) Eurocard rack and connect through 
a common back panel that operates as an asynchronous 
system bus. 
Circle 457 on Inquiry Card 

Speech Synthesizer Enables Verbal Instructions 
For Industrial Applications 

Basic technology used in the company's Speak & Spell"" 
talking learning aid and the Language Translator have 
now been applied to industrial and commercial opera­
tions. The TM990/ 306 speech synthesizer module from 
Texas Instruments Inc, PO Box 1443, MS-6404, Houston, 
TX 77001, offers an opportunity to provide verbal in­
structions or signals where indicator lights or audible 
alarms are now being used, such as in learning aids to 
prompt trainees or to alert operators for maintenance 
procedures. 

Sentences-having human but relatively flat inflection 
-can be constructed from a 160-word industrial vocabu­
lary. Numbers from 0 to 12 and the full alphabet are also 
included, and by combining certain letters and words 
the basic vocabulary can be expanded. (N can be com­
bined with "crease" to produce "increase"; D can be 
added to "crease" to make "decrease"; and B, R, N, C, 
and Y can be used for "be," "are," "in,'' "see,'' and 
"why.") 

The plug-in board speech synthesizer module is fully 
compatible with other TM990 microcomputer modules. 
An onboard amplifier can drive an 8-n speaker with a 
2.5-W output, but more output power can be provided 
by connecting an external amplifier to the module's pre­
amplifier output. 
Circle 458 on Inquiry Card 

Laboratory Automation System 
Processes Throughputs up to 125 kHz 

A family of four factory configured and one user con­
figurable analog 1/ 0 systems for laboratory automation, 
LAB-DATAX models are microprocessor based instrumenta­
tion packages. Each contains an LSI-11 / 2 CPU, 64k bytes 
of RAM, and instruction sets for both fixed and floating 
point arithmetic. All operate under the DEC RT-11 real­
time operating system in FORTRAN IV. A standard Q-bus 
compatible backplane enables full use of all LSI-11/ 2 
Q-bus compatible peripherals. Available from Data Trans­
lation Inc, 4 Strathmore Rd, Natick, MA 01762, each unit 
is contained in a 5.25 x 19 x 21" (13.3 x 48 x 53-cm) 
rackmountable enclosure containing a multiple-output 
power supply rated 5 V at 25 A and 12 V at 3 A, a cool­
ing fan, and an internal card cage that holds up to 16 
dual-height, single-board analog 1/ 0 systems. DT4021 and 
4023 include 16 digital inputs, 16 digital outputs, and 
21 control lines; 4022 and 4024 include 32 each digital 
inputs and outputs. The high throughput model, DT4023, 
processes 125-kHz, 12-bit ADC words. 
Circle 459 on Inquiry Card 
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·-------------------~--------------. 
THE NEW DSD 480. DOUBLE SIDED. DOUBLE DENSITY. 

DOUBLE THE CAPACITY OF THE DEC® RX02. 
•DEC LSl-11 AND PDp®-11 COMPATIBLE-Hardware, software and media. 
•DOUBLE THE CAPACITY-One megabyte on each diskette. 
•ALL DEC AND IBM FORMATS-Convenient data exchange between 

DEC and IBM systems. 
• BUILT-IN BOOTSTRAP-Automatic system loading without an 

expensive extra board. 
•EXCLUSIVE "HYPERDIAGNOSTICS"-Built-in intelligence for selectable 

self-testing and display. 
• LOW PROFILE, MODULAR PACKAGE-One half the size of the RX02. 
• HIGHER PERFORMANCE-34% faster average access than the RX02. 
Advanced technology and innovative engineering deliver DEC-compatible flexible disk 
systems with added capabilities and superior performance. When you need incr~ased 

storage capacity and proven reliabil ity for your DEC computer, 
look to the leader-DATA SYSTEMS DESIGN. 

D Please call me. D Please send me more information. 
My system: D LSl-11 , PDP-11/ 03, LSl-11/ 2, D LSl-11/ 23, D PDP-11/_ 

Name _________ Title _______ Company ______ _ 

Address City State Zip 
Telephone Data Systems Design, Inc. Eastern Regional Sales 

• 

3130 Coronado Drive 990 Washington Street, Suite 101 
~ Santa Clara, CA 95051 Dedham, MA 02026 
~ (408) 249-9353 (617) 329-5730 

TWX 910-338-0249 TWX 710-348-0563 

~----------------------------:~~=~~~ 
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IECI '80 

Sheraton Philadelphia Hotel 
Philadelphia, Pennsylvania 

March 18-20 

Paul M. Russo 
General Chairman 

David L. House 
Keynote Speaker 

J. David Irwin 
Technical Program Chairman 

The Spring Conference and Exhibit on Industrial, Con­
trol, and Instrumentation Applications Of Mini and 
Microcomputers will be sponsored by the IEEE Industrial 
Electronics and Control Instrumentation Society. Under 
the direction of technical program chairman J. David 
Irwin, professor at Auburn University, 16 program ses­
sions will present topics ranging from process control 
and interfacing instrumentation to energy monitoring 
and testing systems. The conference, under the general 
chairmanship of Paul M. Russo, RCA Laboratories, will 
include two evening panel sessions, one Tuesday and one 
Wednesday evening, plus two all-day tutorials to be con­
ducted the day before the conference, Monday, March 
17. The keynote address will be delivered Wednesday, 
March 19, by David L. House. Mr House, operations 
manager at Intel Corp, Microcomputer Components Div, 
will speak on trends in microcomputers. 

The first session of the conference, Tuesday morning, 
March 18, will advance several specific uses of mini and 
microcomputers in process control. A controller for a 
lumber kiln , chemical reactor control, and improvement 
of process control measurement accuracy are the micro­
computer uses ·to be presented. Also to be discussed are 
software design of a minicomputer based transducer 
calibration system and an intelligent sugar crystalliza­
tion controller. System design aids and techniques to be 

120 

examined at another Tuesday morning session will in­
clude a Petrie net based industrial sequencer, design 
automation of microprocessor based control systems for 
industrial sequential processors, a higher level language 
to simplify programming of microcomputer control sys­
tems, challenges in design aids for microprocessor sys­
tems, and using minicomputers to solve decision making 
problems in interactive design. The third Tuesday morn­
ing presentation will feature aspects of motor control. 
The papers will include the use of microprocessors in 
electrical variable speed drives, performance improve­
ment of microprocessor based digital PLL speed control 
systems, microprocessor controllers for a modified thy­
ristor converter, and microprocessor control of a 3-phase 
inverter. 

Process Control II, the first of the three Tuesday after­
noon sessions, will expand the process control coverage. 
Paper topics will include a microprocessor based high 
level programmable controller, an inexpensive modular 
process control computer, a universal process control 
interface, and a microprocessor based adaptive control 
system. Power converters are the subject of the second 
session slated for Tuesday afternoon. Microprocessors 
figure in three of the papers: control of thyristor con­
verters, a minimum time settling control scheme for line 
computated converter output, and a multimicroprocessor 
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An Entire Family of Disk Drives for 
APPLE, TRS-80*, and S-100 Computers 

Only LOBO DRIVES offers you an entire family of 
fully-compatible disk drives to select from. 
Whatever computer you're using, APPLE, TRS-80, 
or S-100, you can add a LOBO drive now, with the 
peace-of-mind of knowing there's a whole family of 
drives available when you're ready to expand. 
And every drive you order comes complete with 
chassis and high reliability power supply. Each 
drive is 100% calibrated, burned-in, and 
performance tested on either an APPLE, TRS-80, 
or S·100 computer before it's shipped. We are so 
proud of our drives ... our quality, reliability, and 
performance, that we back-up every drive with a 
one year, 100% parts/labor warranty. 

400 SERIES FLOPPY DISK DRIVES 
Meet our low-cost 5.25-inch 
mini drive that records data 
in either hard or soft 
sectored format. It is 
available in single or double 

density configurations, with a total storage 
capacity of 220K bytes. 

800/801 SERrES FLOPPY DISK DRIVES 
Here is our dual 8-inch 
Floppy disk memory unit. It 
records and retrieves data 
on standard 8-inch 
diskettes to provide BOOK 

bytes of data storage unformatted, or 512 K bytes 

INTERNATIONAL 

935 Camino Del Sur 
Goleta, California 93017 
(805) 685-4546 

"CAN YOU REALLY AFFORD 
TO PAY LESS?" 

in IBM format per drive. It is also available with 
double-sided, double-density capabilities, for a 
maximum storage capacity of 1.6 Megabytes. 

7000 SERIES HARD DISK DRIVES 
The latest member of our 
drive family, the Series 
7000 is an 8-inch, 1 O Mega· 
byte Winchester Technology, 
hard disk drive. It is fully 

hardware/software compatible and comes 
complete with disk controller. Now you can have 
the convenience, speed, reliability, and all the 
storage capacity you need. 

Call or write for the complete LOBO DRIVES story. 
Find out just how competitively priced a quality 
drive can be. 
Quantity discounts available -
Dealer inquiries invited. 
,------------1 
I Yes, I want to know more about LOBO Drives I 
I 

and what they can do. Send me information on: 
D TRS-80 DAPPLE D S·100 I 

I O 5 1 /4-in. Floppy drive D 8-in. Winchester hard I 
I 

disk, 10 Mbyte drive 

1 O 8-in. Floppy drive O Double density 

I Single sided expansion interface I 
Double sided 

I Name / 

I Company I 
I Address I 
I 

City State Zip____ 

1 Ptione No. _____________ _ 

I If dealer, provide resale no. I 
L__ ______________ _J 
*TRS-80 is a registered trademark of ~adio Shack, a Tandy Company. 
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system to measure speed and control motors. Also to be 
presented are a microcomputer based continuous output 
PWM inverters controller, and the analysis, design, and 
test results of realtime digital controllers. Programmable 
battery test cyders, a dynamic monitoring system for 
motor bearings, a microprocessor based controller for 
an IC wafer prober, and an alignment and test system for 
TV remotes are among the intelligent testing systems to 
be reviewed in the final Tuesday afternoon session. 

Wednesday morning finds sessions covering manage­
ment, distributed systems, and power applications on 
the agenda. The management papers will offer a cor­
porate approach to software, a method emphasizing pro­
ductivity to develop software, and a paper contrasting 
micros with other computers. A decentralized computing 
system based digital blending system, a microprocessor 
based parallel processing system for the relaying of power 
transmission lines, and a supervisory control and moni­
toring system for water and sewage treatment works 
will be explored during the session focusing on control 
applications of distributed systems. P'ower applications 
to be discussed will include a microprocessor based sys­
tem to control a low head hydroelectric generation fa­
cility, and a microcomputer based control system for 
power system simulation at the Hydro-Quebec Institute 
of Research. Other applications to be presented will in­
clude a high voltage power system monitoring interface, 
microprocessor based control of a photovoltaic solar pow­
er system for an am radio station, and DIMS for ETIV 
substation control hardware and software design effi­
ciency. 

Automated manufacturing, energy monitoring system, 
and interfacing instrumentation are the subjects sched­
uled for discussion during Wednesday afternoon sessions. 
Microprocessor aids lo be presented during the automated 
manufacturing session will include control for an auto­
mated low loss optical fiber connector termination ma­
chine, control of a steel punching machine, and modi­
fications to a LeBlond precision lathe to improve safety 
of machining high explosives. Also discussed will be 
use of microcomputers in mining process control and an 
automatic optical axes manipulating system for optical 
fiber communication devices. Engineering monitoring 
systems will report on functional partitioning in dis­
tributed processing energy control systems, as well as 
two uses of micros in energy monitoring systems to 
augment solar systems. One of the latter is a micro­
computer based, 2-axis tracking collector for a concen­
tration solar collector; the other details use of micro­
processors for solar circuit control. Papers to be pre­
sented during the interfacing instrumentation session 
will discuss a portable self-contained wind generator 
statistical analyzer, a microprocessor based flux wire 
evaluation and analysis system, intelligent data acquisi­
tion instrumentation for nuclear material assay data 
analysis, and a universal approach in asynchronous 
serial interfacing. 

Several facets of data acquisition will be explored in 
one of the three Thursday morning sessions. Topics to 
be considered include microprocessor based CTDS equip­
ment, a low cost optical data acquisition system, a dy­
namic scheduler for realtime multiport data acquisition 
system, design of the digital interface and computation 
portion of an automotive data acquisition system, and a 
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high speed data acqms1t1on and hardware signal proces­
sor for the TM990/ 101 microcomputer. Among the com­
munications applications to be reviewed will be a multi­
terminal timesharing display system, the design of a pro­
grammable protocol translator, a microprocessor con­
trolled user interactive telephone information dissemina­
tion system, the call process system, and a multiprocessor 
remote terminal. Biomedical applications of minis and 
micros will be presented in the third Thursday morning 
session. An extrasystole monitor using FIFOs, a micro­
processor system for quantitative chromatographic data 
analysis, a pressure chamber control system for research 
in hyperbaric physiology, and a computerized technique 
for body surface isopotential maps will be described. 

Thursday afternoon sessions on microprocessor based 
controllers will feature a robot control system, a control 
system for industrial sewing machines, a microprocessor 
controlled amusement ride, and an engine/ generator con­
trol system. Under the heading signal processing, papers 
covering a programmable function generator based on a 
microcomputer, data acqu1s1t10n with the Motorola 
MC68000 microprocessor, minicomputer aided analysis of 
eddy current signals, a microprocessor implemented fast 
Walsh transform, and software modem realization will be 
presented. The final session of the conference will ex­
amine transportation applications. Application of a mi­
crocomputer to dead reckoning of an electric cart, a 
hybrid traffic controller for isolated intersections, auto­
matic monitoring system for the CCR and Aerodrome 
lighting system on airport runways, and radar headway 
control of an automobile will be detailed. 

Tuesday evening's panel session will consist of vendor 
presentations. There will be eight 15-minute presenta­
tions by vendors having exhibit suites at IECI '80. The 
Wednesday evening special session will discuss software 
engineering techniques for microcomputer based systems. 

Two parallel tutorials are scheduled for the day before 
the conference, Monday March 17. Tutorial 1, Data 
Acquisition System Technology, will be instructed by 
Richard C. Jaeger, professor at Auburn University. The 
course will provide a foundation for understanding the 
characteristics of data acquisition system components, in­
cluding both analog and digital 1/ 0. Microprocessor inter­
facing and standard buses will also be covered. Tutorial 
2 on Mini/Microcomputer Applications will be taught by 
Michael Andrews, professor at Colorado State University. 
This course, intended for engineers, physical scientists, 
and managers who understand minicomputers and have 
some knowledge of microcomputers, will supply further 
information about applying microcomputers, with hands­
on explanation of several current hardware offerings. 
For additional information regarding cost and registra­
tion for the tutorials, please contact Vince Giardina, 
IEEE Education, 445 Hoes Lane, Piscataway, NJ 08854. 
Tel: 201/ 981-0060. 

Conference registration before March 1 is $70 for IEEE 
members and $75 for nonmembers. Registration at the 
door is $85/ members and $90/ nonmembers. These fees 
include one copy of the proceedings and the awards 
luncheon. One-day registration at the door is $55 and 
includes one copy of the proceedings. For more informa­
tion, contact V. K. L. Huang, Room 2Dl09, Bell Tele­
phone Labs, Murray Hill, NJ 07974. Tel: 201/ 582-4630. 
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"Intelligence" is the latest intelligent 
reason to choose Marksman disks. 

Century Data's Marksman brought Winchester 
capacity and reliability 
to the mini/micro 
marketplace. 

Systems designers 
haven't seen anything ....... ,,.....,,,, .. 
else like it for the money 
before or since. What's 
more, it's available. 

And now it has the intelligence to match- a 
storage system interface that's built right in. 

Intelligence gives you an even bigger headstart 
on incorporating Winchester into your system 
than before. Interfacing now takes only 4 or 5 
days instead of 4 or 5 months. 

Already, we've had customers up and running 
diagnostics on Marksman in less than a day and 
systems which were shippable to users in less 
than a month. 

And Century provides the application info~ 
mation to make your software job quick and 
inexpensive. Give us a call today and we'll help 
you bring 10, 20 or even 40 MB on line smartly. 

Century Data Systems, 1270 N. Kraemer Blvd., 
Anaheim, CA 92806. Phone: (714) 632-7500. 

WE FEEL LIKE A NEW COMPANY 
0 Century Data SY!!~?m!~y 
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Pick this Microperipheral1111 bundle and you can put together a floppy disk sub-system to meet your design needs. 
One more example of how we save you development time and money. Because we do all the work for you. 
We "bundle" together the ideal sub-systems, provide all the equipment (our own) and service them, too. 
Example-the 3812. A full megabyte of microcomputer formatted storage. Two floppy disk drives. Power 
supply. Built-in dual-density controller that handles up to four drives. 
The 3812 lets you use your current programs because it reads and writes in single- or double-density. You save 
on design simplification. 
You can use S-100 bus, Intel MultibusJM Motorola Exorcisor™ and other interfaces. 
It's IBM format compatible. Its retractable heads are long-lasting ferrite. 
You can have an optimal direct memory access data transfer to and from disk. 
The 3812 operates under CP/M~lt supports Microsoft's FORTRAN, 
COBOL and BASIC. 
It's the best sub-system we make. Except for the bundle on the right. 

©Pertee Computer Corporation 1979, 12910 Culver Boulevard. Los Angeles, California 90066 
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- ---- ~--- -

Pick this Microperipheral bundle and you can put together 40MB from one hard disk sub-system. 
One more example of how we save you development time and money. Because we do all the work for you. 
We "bundle" together the ideal sub-systems, provide all the equipment (our own), software and interfaces. 

And we service them, too. 
The 4511 . We start with 10MB-5MB fixed, 5MB removable. We then include a controller that lets us daisy­

chain three drives to it. Which means it can go all the way up to 40MB. 
We also include performance in the bundle. The 4511 has 40 Msec average access time. It transfers data at 

2.5MHZ. It has a security controller that's bus-oriented, with key-lock. 
It speaks FORTRAN, COBOL and BASIC. It has CP/M?l' 

It's the best sub-system we make. Except for the bundle on the left. 
The 4511 and 3812 are products of Pertee Computer Corporation, 

an international company that designs, manufactures and services 
computers and computer equipment. 

Microperipherals~ is a registered trademark of 
Pertee Computer Corporation. 

For more information, write Ray Kristiansen, 
Pertee Computer Corporation, 20630 Nordhoff Street, 

Chatsworth, California 91311. Or call toll-free 800-331-1001 
in the continental U.S. (In Oklahoma, call collect 918-664-8300). 
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Instead of putting all the capability 
we could on one large board, like other 
micro companies, we put it on two very 
small boaras. The resUlt is the best form 
factor you can find in 16-bit entry-level 
micros. 

And for just $826 in lOO's. 
On one 5.2" x 8.9" (13.2 cm x 22.8 cm) 

board you get the 16-bit LSI-11/2 micro­
computer, with the PDP-11 instruction 
set and a 380ns cycle time. On the 
other board you get everything else to 
implement your system-8Kb RAM 
standard (or 32.Kb optional), space for 

up to 8Kb PROM, console 
interface port, asynchro­
nous serial 1/0, and clock. 

You also get the flexi­
bility to configure more 
powerful systems simply 
by replacing the LSI-11/2 
processor ooard with our 
new LSI-11/23. 

. At D~gital, we look at 
rrucros wifh a systems 
understanding. That's why 
we offer our 16-bit micro­
computer family-in 
boards, boxes and systems­
with the most powerful, 
advanced, and proven 
software on the market. 
And why we offer hun­
dreds of hardware tools­
memory and interface 
boards, complete devel­
opment systems, periph-
erals and terminals. 
All backed by over 
11,000 support people 
worldwide. 

It's the total 
approach to micros, 
oruy from Digital. 

For more informa­
tion, contact Digital 
Equipment Corporation, 

t-ei oe i 
9 11 MR2-2/M70, One Iron 

-- - Way, Marlborough, MA 
01752. Or call toll-free 800-225-9220. 
(In MA, HA, AL, and Canada, call 
617-481-7400, ext. 5144.) Or contact your 
local Hamilton/ Avnet distributor. In 
Europe: 12 av. des Morgines, 1213 Petit­
Lancy/Geneva. In Canada: Digital 
Equipment of Canada, Ltd. 

It took the minicomputer company 
to make micros this easy. 
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ENCODING/DECODING TECHNIQUES 
DOUBLE FLOPPY DISC CAPACITY 

Double-density storage increases standard disc capacity without 
requiring modifications to the drive unit. Evaluation of different 
encoding, decoding, and format schemes shows how each impacts 
critical design considerations 

John F. Hoeppner and Larry H. Wall Shugart Associates, Incorporated, Sunnyvale, California 

E ver increasing data storage requirements have 
caused designers to investigate new methods of ex­
panding the 410k-byte single-density capacity of the 
standard 8" ( 20-cm) floppy disc. Double-density encod­
ing, double-sided recording, and double-track density are 
the methods most often evaluated. Of these three, only 
double-density encoding has the advantage of doubling 
the system disc capacity with the same lloppy disc drive 
used for single density. Additionally, improvements in 
head and media resolutions have made double-density 
encoding a highly reliable storage technique. 

To double disc data density, one of several different 
encoding and decoding schemes can be implemented. Of 
these, modified frequency modulation encoding has be­
come virtually the industry standard because of support 
by IBM as well as by several floppy disc controller 
chip manufacturers. With this method, twice as many 
data bits can be written on the disc medium than with 
single-density encoding. This increased storage impacts 

the design of the disc controller and the format of the 
medium. It also makes the decoding of data bits more 
susceptible to bit shift problems, in which bits are 
shifted away from their nominal positions_ These effects 
must be carefully considered in the design of a double­
density disc controller if soft error rates comparable to 
those of single-density drives ( 1 in lQ!I bits) are to be 
maintained. 

Single-Density Encoding Schemes 

The fact that double-density controllers are more com­
plex in design is easily explained by examining the dif­
ferences between single- and double-density encoding. 
Parameters of various single- and double-density schemes 
are compared in the Table. 

Frequency modulation (FM), based on the IBM 3740 
'method of encoding I Fig 1), is the industry standard 

127 



Slngle· and Double-Density 
Encoding Parameters 

Parameter FM 

Bit Cell 4 µ.S 

Flux Changes/Cell 2 

Flux Changes/in 6536 

Data Rate (kilobits/s) 
Storage Device 250 
System 250 

Frequency Ratios 2/1 

Bit to Bit Spacings 2 µ S 
4 µ.S 

Diskette Capacity 410 
(kilobytes) 

method of single-density encoding. With this scheme, a 
clock bit is written at the beginning of each bit cell, and 
data bits are written between clock pulses. Each bit cell 
is 4-µs wide with the data bit written in the middle of 
the cell, or 2 µs after the clock bit. Effectively, this 
scheme amounts to two flux changes per bit cell. 

To decode a data bit in single-density recording, the 
data separator generates a 2-µs data window 1 µs after 
the clock pulse. Therefore, the data window-centered 
around the expected position of the data bit-allows the 
presence or absence of a data bit to be detected. Due to 
the 2-µs size, bits, even if shifted, are still likely to re­
main inside the window. 

A constant bit cell reference, provided by the clock bit, 
simplifies encoding and decoding with this scheme (Fig 
2). Many large scale integrated (LSI) disc controller 
chips are available to handle single-density data encoding 
and disc drive interfacing. The data separator circuit 
required to decode single density usually consists of 
simple timing circuits that generate the 2-µs data window. 

Higher-Density Encoding Schemes 

Three double-density encoding schemes are presently used 
to increase floppy disc capacity: modified frequency 
modulation {MFM), modified-modified frequency modu­
lation ( M 2FM), and group coded recording ( GCR). Each 
scheme increases disc capacity by replacing clock bits 
with data bits, using slightly different techniques. In 
each scheme, data rate as well as drive capacity is in­
creased. The increased data rate might not affect con­
troller design since most controllers incorporate a data 
buffer to transfer data asynchronously. Encoding 
schemes, however, do affect disc controller design. 
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Record ing Technique 
MFM M"FM GCR 

2 µ S 2 µS 1.6 µ S 

1 1 1 

6536 6536 8170 

500 500 625 
500 500 500 

2/1 2.5/1 3/1 

2 µ S 2 µ S 2 µ S 
3 µ.S 3 µS 3.2 µ S 
4 µ S 4 µ.S 4.8 µ S 

5 µs 

820 820 820 

MFM Encoding 

With available head and media technology, MFM en­
coding is the most easily implemented and may become 
the industry double-density standard. It is used in the 
IBM System/ 34 and in all available double-density LSI 

disc controller chips . MFM encoding doubles Aoppy disc 
data capacity to 820k bytes by replacing the clock bit 
positions (used in FM encoding) with data bits (Fig 1) . 
This scheme reduces the size of the bit cell by one-half to 
2 µs, thereby doubling data bit capacity. 

Clock bits are still used , but are written only when 
data bits are not present in both the preceding and 
the current bit cell. As a result, there is only one Aux 
change per bit cell. Clock bits are written at the begin­
ning of the bit cell, while data bits are written in the 
middle, or 1 µs after the bit cell's leading edge. 

To decode data bits in MFM encoding, a data separator 
must generate a 1-µs data window and a 1-µs data win­
dow complement for a clock window. Because not every 
bit cell has a clock pulse, the data/ clock windows can­
not be timed from the clock pulse. Instead, the data 
separator must continuously analyze the bit position in­
side the windows so that the data/ clock windows remain 
synchronous with the data / clock bits. Ideally, the bit will 
appear at the center of the window. However, data bits 
can shift outside the 1-µs data window due to bit-shift 
effects. 

Consequently, data separator design, as well as overall 
disc controller design, for double-density encoding is 
more complex than for single-density encoding. Present 
LSI controller chips can handle the drive interface, double­
density encoding function, and bit-shift pattern detection. 
However, bit-shift compensation circuits and a high reso­
lution analog data separator must be added (Fig 2 I. 
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FM ENCODING 
DATA 

_J PATIERN 0 0 0 0 

FM 
~µs~ c D c c D c c 

ENCODED 
DATA 

FLUX 
TRANSITIONS 
(HEAD 
CURRENT) 

DATA 
WINDOW 

DECODED 
(SEPARATED _Jl n n DATA) 

MFM ENCODING 
DATA 
PA TIE RN 1 ~1--0 __ 0 __ 0 __ 0 __ 0 __ 0 __ 0 __ 0 __ 0 Fig 1 FM vs MFM encoding schemes. 

MFM encoding doubles number of 
data bits on disc media by replacing 
clock bits used in FM encoding with 
data bits. Scheme reduces bit cell 
width from 4 to 2 µ,S and reduces 
data window to 1 µ,S 

MFM 
ENCODED 
DATA 

FLUX 
TRANSITIONS 
(HEAD 
CURRENT) 

DATA 
WINDOW 

CLOCK 
WINDOW 

D D c c c c c c c 

-I f-1 µs 

MFM DECODED __ILJl n.._ _____________ _ 
DATA 

Despite these constraints, disc controller design for MFM 

is simpler than that for either of the other two double. 
density encoding schemes. 

M2FM Recording Scheme 
Until recently, M 2FM has been the commonly used double­
density encoding scheme, because the resolution of the 
medium and the read/ write head was not adequate for 
the 1-µs data window used in MFM. In M 2FM, a clock is 
written only if no data or clock bit is present in the pre· 
ceding bit cell, and no data bit occurs in the current 
cell. Because clock pulses are relatively isolated on the 
medium, the effect of bit shift on clock pulses is minimal. 
Therefore, a narrower clock window can be used to de­
code the clock pulse. The width of the data window can 
thus be increased to 1.2 µs, which allows more margin 
for shifted data bits. 

Today's ceramic based read/ write heads have much 
better resolution than those used in the past. This head 
design reduces the effects of bit shift, and makes the 
window margin provided by M 2FM unnecessary. Addi­
tionally, M 2FM is subject to a droop problem, which oc· 
curs in the read amplifier circuit when a low frequency 
pattern is read. 

GCR Encoding 
GCR encoding evolved from methods used in magnetic 
tape recorders. This method translates four data bits 

SINGLE DENSITY 
CONTROLLER FLOPPY DRIVE 

ENCODER t-----'1-'"~ WRITE CIRCUITRY 

1--------i 1-------
INTERFACE ----'!-"'~ CONTROL LOGIC 
CIRCUITRY 

t-------< i-------
SEPARATOR ._ READ CIRCUITRY 

DOUBLE DENSITY 
CONTROLLER (MFM) FLOPPY DRIVE 

ENCODER 
PRECOMPENSATION ,__ _ ____.....,._ WRITE CIRCUITRY 

r------ 1------
INTERFACE 
CIRCUITRY • . CONTROL LOGIC 

I-- SEPARATOR- - 1-- - - - - -
(PHASE LOCK LOOP) ...,_._ _ __, READ CIRCUITRY 

Fig 2 Single- vs double-density circuits. Ef­
fects of bit shift require more complex c ir­
cuits for double-density floppy disc controllers 
than for single-density controllers. In addition 
to different encoding circuits, bit-shift com­
pensation circuits are necessary, as well as 
high resolution analog data separator 
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into a 5-bit code during a write (Fig 3). During a read , 
the 5-bit code is retranslated to four data bits; no clock 
bits are generated. Using data rates specifi ed by drive 
manufac turers, this scheme results in an 80 <,Yc increase 
in density ra ther than a 100% increase. If the data ra te 
is increased to provide double density, the number of 
flu x changes per inch increases beyond reliable limits for 
fl oppy disc drives. This method requires m ore circuits 
to code, decode, and provide necessary lookup tables, and 
costs more than either of the other two double-de nsity 
encoding schemes. 

Bit-Shift Calculations 

Bit shift occurs on any NRZ ( nonreturn to zero) reco rded 
medium-single or double density. Using the NRZ meth ­
od, data a re recorded by reversing polarity of current 
flow for each flu x transition. This shift is, however , more 
noticeable with double density due to smaller bit cells 
and resulting smaller data/ clock windows. Some aspects 
of bit-shift phenomena are predictable; other aspects 
are not. 

Pred ictable bit-shift effects result from normal read/ 
write head operation. Data are written when the read/ 
write head generates a flu x change in the gap of the 
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DATA 
PATTERN 
(4 BITS) 

GRC 
ENCODED 
DATA 
(5 BITS) 

i 
I 
I 
I 

0 1 1 0 1 l 
! 

• I • I 1 I I I 
I I I I 
I I I I 
1 I I I 
I 1 I I 
I t I l 
I t I I 

FLUX : : I I 

TRANSITIONS ~ 
(HEAD CURRENT) I 1 

I I 
I I 
I I 

I ' 

CLOCK : ! 
(PHASE LOCK : [ 
LOOP) ......... _._._..:....,.._ .... ._.!_. __ ...,; 

DECODED 
GRC DATA 

I ' I I : : 
I ! 
I ' ' ' ' 

i 

Fig 3 GCR encoding scheme. Four data bits are 
tran slated into 5-bit code during wr ite ; for example, 
data pattern 1101 is encoded into seria l bit stream 
01101 , according to GCR encode rules . To decode, 
data window is generated arou nd expected position 
of each bit. Result is serial read data of 01101 , 
which must be decoded to 1101 by lookup table 
circuitry 

head, which causes a change in magnetiza ti on of the 
medium oxide. In reading, a current is induced into the 
read/ write head when a flu x transition on the medium is 
encountered . The current change is not instan taneous, 
since it takes a fi nite time to build up to peak a nd then 
to return to zero (Fig 4). If flu x transitions are close 
together, the cur rent buildup a fter one flu x transition de­
cl ines, but it does not reach zero befo re a second transi­
ti on begins. When current pulses are summed by the 
read/ write head, the peaks are shifted. A negati ve flux 
change, for example, appears late because it has been 
added to the remnant o f a positi ve transition. 

This type of bit shift is p redictable. Spacing between 
bits results in greater bit shift on the inner tracks ( 43 
to 76) of the fl oppy disc (Fig 5). On those t racks, b its 
can be expected to shift up to 350 ns. On the outermost 
tracks (00 to 42 1, bit shift is negligible. 

However , other causes for bits shifting fr om the po­
si ti on where they are written are not predictable. Varia­
ti ons in disc d rive ro tati onal speed can cause bits to 
sh ift by a constant, but unpredi ctable, amount. Drives 
a re specified as 360 r/ min ± 2 '/< ro tati onal speed . The 
2'/< vari a tion includes a l '/, a llowance for 120-Vac line 
frequency variati ons and a 1 '/, allowance for belt pulley 
tolerances. These va ri a ti ons will shift bits by as much 
as ± 40 ns from their o rigina ll y written positions. 

WRITE 
TRAN SITION 

SUPERIMPOSED 
READ BACK 
PULSES 

I 
I 
I 
I I 

-----~ 

I 
I 

I I 

12.0 µs (NOMINAL) 

SUMMATION ------ -+--

READ DATA 

1 

I 
I 
12.7 µs (SPREAD) I 

I I 

~~~~~n~~~___.n~~~~ 

Fig 4 Bit-shift effects . During reading , bits are shifted 
predictably from their written posit ions as result of 
normal read / wr ite head operation . When flux change 
occurs on medium, current is induced into read/write 
head . Current change is not instantaneous, since finite 
time is required to build up to peak and then to return 
to zero. If flux transitions are close together, current 
buildup after one f lux transition declines, but does not 
reach zero before second transition begins. Peaks 
shift when current pulses are summed by read / write 
head 

COMPUT E R DESIGN/ FEBRUARY 1980 



PRECOMPENSATION 
NECESSARY TRACK 0 

TRACK 43 

TRACK 76 

UNUSED SURFACE 

NO PRECOMPENSATION 
NECESSARY 

Fig 5 Bit shift vs track pos ition . Significant 
bit sh ift occurs on innermost tracks of floppy 
disc (43 to 76) because bits on these tracks are 
packed closer together and therefore are more 
susceptible to bit shift. On outermost tracks 
(00 to 42) bit density is less, so that predictable 
bit shift is minimal 

Instantaneous speed changes, although smaller than 
r ota ti onal speed changes, a lso cause bits to appear 
shifted ; thi s shifting effect varies fr om dri ve to drive. 
Write over, or incomplete erasure of, previously re­
corded data ca n also shift bits. These shifts can range 
up to ±50 ns; again, they are variable and unpred ictable. 
Other variable components of bit shift include electrical 
noise, radi al a li gnment (offtra ck ), and nonsymmetry of 
th e read/ write head and associated electronics . 

A bit shift of up to ±450 ns can be expected . This 
num ber is obtained using obser ved figures for predictable 
and unpred ictable components of bit shift. 

Double-Density Controller Chip Design 

Both predictable a nd unpredictable bi t shifts must be 
accommodated in the design of a double-density di sc 
•contro ller if d a ta are to be read reli abl y. Controll er 
chips reliably per form MFM encodin g a nd decoding. To 
compensate for predi ctable bit shift, however , compensa­
tion circuits must be added, and the da ta separator cir­
cuit must generate and position a high r esolution data 
window so th at a bit can be read reli ably even if un­
predictably shifted. 

Despite the problems posed by bit shift, double-density 
controller design has been simplifi ed with th e recent in­
troduction of LSI controll er chips. For example, the NEC 

uPD765 and the Western Dig ital FDl 79 1 perform MFM 
encoding and decodi ng as well as pa tte rn detection to 

provide signals that identify which bits will be predictably 
shifted. These chips also perform serial/parallel conver­
sion , generate cyclic redundancy check ( CRC) characters 
for error detection, provide write current switches to 
reduce write current as density increases on the track, 
perform address mark detection for the IBM double-den­
sity format, and furnish intelligent status reporting. Both 
chips interface to commonly available 8-bit microproces­
sor based interface systems. Although they differ in soft­
ware overh ead and in hardware interface signals, the 
two chips are functionally the same_ 

Discrete logic circuit implementation of the same con­
troller chip fun ctions typically requires at least 60 to 70 
integrated circuits ( ICs), including a dedicated micro­
processor, although greater format flexibility is possible 
than with the LSI chips, which require fixed gap lengths 
in the formats. Bipolar logic implementations of the same 
controller chip fun ctions also r esult in a larger pa rt 
count. Because some error detec tion fun ctions can be 
performed in softw are, the bipolar parts count is some­
what less than tha t of discrete logic parts. Still , either 
method is substantially more complicated than the LSI 
chip implementa tion. 

Bit-Shift Compensation Circuits 

Since some aspects of bit shift can be predicted, it is 
possible to compensate for this shift within the design 
of the disc controller. Two methods currently being used 
are precompensalion and poslcompensation. 

With precompensation , bits are deliberatel y shifted in 
the direction opposite that of the expected shift. As data 
are being written, the LSI controller chip detects bit 
patte rn s. From these bit patterns, the controller ca lcu­
lates which bit will shift in which direction . Since bit 
shift is neg li gible for the first 43 tracks of data, the 
controlle r issues no precompensation signals until a fter 
track 43. 

For example, a 4--bit pallern of 0110 on an inner track 
would cause the third bit to appear as much as 350 ns 
later than its nominal position. The controller chip, a fter 
detecting thi s late bit-shift pattern, would generate an 
early . signal, indicating that the thi rel bit should be 
written earlier to make it appear closer lo its nomina l 
position when read. Converse ly, if the third hit were 
going to appear early , a late signal would be generated 
so that the bit co ul d he written later. 

How early or late the bit should be written is a fun c­
tion of its position in the clata patte rn and its track po­
sition, among other.factors. The shift al middle and outer 
tracks can range from 50 lo 350 ns. For optimum pre­
compensation in a ll cases, I50 to 175 ns of p recom pensa· 
tion is recommended for both early and late bits. Timing 
circuitry that achieves thi s precompensation includes 
co unters, shift registe rs, delay lines, and l -shot delay 
c ircuits . 

For example, a I -shot precompensation circuil ( Fig 
6) is connected lo the controller chip ea rly- and la te-bit 
signals. Based on precornpensation of 175 ns, a .) 00-ns 
delay is used fo r an on-time bit, a I25-ns I -shot delay is 
used for a bit to be written early, and a 475-ns I-shot is 
used for a bit to be written late. The trailing edge of 
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each of these 1-shot pulses fires a fourth 1-shot to provide 
a standard width write pulse to the disc drive. 

Postcompensation alters the read signal rather than the 
write signal. Since bit shift is, in part, a function of read 
channel frequency response (phase characteristics), post­
compensation circuitry changes the read signal after 
track 60 to compensate for bit shift. This IBM method is 
relatively new; floppy discs written on System/ 34 are 
incompatible with disc drives that do not use postcom­
pensation. 

Data Separation 
Substantial reductions m the amount of bit shift can be 
achieved using either a pre- or post-compensation method. 
However, unpredictable bit shift can still occur. There­
fore, special design consideration must be given to the 
type and resolution of data separator used in reading 
data bits from the disc. 

The bit stream transferred from the disc to the con­
troller consists of composite clock and data bits. With 
single density, a data bit is decoded by a data window 
that is generated from the clock bit. In double density, 
the lack of consistent clock bits makes it impossible to 
generate a data window in this manner. Instead, the 
separator circuit must first determine the nominal po­
sition of clock and data bits and then generate a 1-µ.s 
clock and data window that is centered around the bit 
positions. The more accurately the bit position can be 
determined and the tighter the resolution of the data 
window, the lower the soft error rate of the disc. 

The 1-µ.s data window must be centered on a bit that 
can potentially shift as much as ±450 ns. This shift leaves 
less than a 50-ns margin to the edge of the window; a 
data bit appearing on the edge of the data window could 
be read as a clock bit. The total error from the data 
separator circuit must therefore be less than ±50 ns. 
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Fig 6 Precompensation circuit. 
To compensate for predictable 
bit shift, circuit writes early bits 
that would normally be shifted 
late during reading. Conversely, 
bit expected to appear early is 
written late 

To determine the nominal bit position around which 
to center the window, the data separator must track data 
bit frequency changes. In this manner, even if an un­
predictable bit shift occurs, the data separator can adjust 
the window's position to compensate for the change. 
Otherwise, the shifted bit could be positioned outside the 
window. To remain within the error rate specified by 
drive manufacturers, not more than 1 in ion bits can 
appear outside the window. With present technology, 
only an analog data separator based on a phase-lock loop 
technique can provide the necessary reliability. 

Digital data separators have lower resolution than an 
analog phase-lock loop type of separator, and cannot 
accurately determine the nominal position of the data 
bit around which to position the window. As a result, 
error rates higher than those specified may result from 
the use of digital data separators. 

For clarity, the performance of a typical digital data 
separator is examined. To generate a data window, a 
crystal clock is divided down by a value preloaded in 
a counter to create a 50/ 50 data/ clock window. Assum­
ing that a 20-MHz clock is used, the smallest increment 
to which the window can be adjusted is the least signifi­
cant bit ( LSB) of the counter, which in this case is 50 
ns. The separator determines the nominal bit position 
around which to center the data/ clock window by sam­
pling bit positions within the window. From sampling 
results, the data separator adjusts the window position 
using a feedback mechanism that changes the preload 
value in the counter. This effectively shifts the window 
position relative to the nominal bit position. 

The 50-ns resolution, however, creates a problem. As 
shown in Fig 7, if a bit is shifted a maximum of 450 
ns in one direction, the digital data separator will com­
pensate by moving the window 1 LSB or 50 ns in that 
direction. If a subsequent bit is then shifted 450 ns in 
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Fig 7 Data separator timing diagrams. 
'Unpredictable bit shift is handled different­
ly by digital and analog data separators. 
Typical digital data separator, using 20-
MHz clock, provides 50-ns resolution. 
Assuming two worst case bit shifts in 
opposite directions, data bit would appear 
outside data window. Analog data sep­
arator, however, provides 1-ns resolution. 
As result , it can handle unpredictable bit 
shift more reliably than digital data sep­
arator DATA 

BITS 

I 
' 500 ns-: 

2 µs 
BIT CELL 

BIT SHIFTED 
LATE 

450 ns
1
-

' ' 
' 499 ns-: 

PHASE LOCK LOOP DATA SEPARATOR 

the opposite direction, that bit will appear 50 ns outside 
the window, resulting in a misread. 

An analog phase-lock loop separator, on the other hand, 
has tighter resolution (±1 ns) and handles bit frequency 
changes more reliably (Fig 7). With this method, a 
phase-lock loop locks onto the basic frequency of data 
bits read off the disc, and determines nominal bit posi­
tions for data and clock bits by sampling every bit (clock 
and data). lt uses the phase relationship between a bit 
and its window to vary the position of the window. By 
sampling each bit, the phase-lock loop determines the 
phase error between a bit and the frequency being gen­
erated. 

Changes in the data window position depend both on 
an integration factor and on the amount of bit position 
error. For an integration factor of 100:1, the data win­
dow would move 1 ns per bit cell for each 100-ns change 
in bit position, until the entire error had been compen­
sated. 

Using the same example as described for the digital 
data separator, the phase-lock loop would detect the data 
bit shifted late by 100 ns. Then, the data window would 
be adjusted so that it appeared 1-ns late. If the next bit 
is shifted early, the analog separator would also detect 
that shift and position the next data window, not late, 
but early. In this manner, the phase-lock loop reliably 
tracks frequency changes. A block diagram of a typical 
phase-lock loop circuit is shown in Fig 8. 

Double-Density Formats 
In double density, data are encoded differently from 
single density, but are formatted more or less identically 
on the disc. Each of the 77 data tracks on a standard 
8" (20-cm) floppy disc is organized in data records, 
which are also referred to as sectors. Two methods of 

sectoring currently exist: hard and soft. In the more 
prevalent soft sectoring, the number of sectors and their 
length can vary. Optimum sector size for systems with 
small main memories and smaller data bases may be as 
low as 128 bytes. For those systems with larger main 
memories and large data bases, 256 or 512 bytes per 
sector may be optional. 

Soft sectoring is supported by IBM in both double- and 
single-density controllers. The double-density format 
shown in Fig 9 is used in the IBM System/ 34 and will 
likely become the industry standard. It is also the format 
supported by available LSI disc controller chips. Similar 
in most respects to the standard single-density format, the 
double-density format has the same number of sectors 
( 26), each with twice as many bytes (256). 

Double-density format differs from single-density for­
mat in the way an address mark is detected. An address 
mark flags the beginning of every index, identification 
(ID), and data field. In both single- and double-density 
recording, the address mark is unique in terms of its 
clock pattern; the single-byte single-density address mark 
contains two or three missing clock pulses. 

This method is modified for double density because 
dropping two or three clock bits in a row could cause 
the data separation circuit to lose synchronization. In 
double density, each of the first three bytes of a 4-byte 
address mark has one active data bit followed by four 
zero data bits. According to double-density encoding 
protocol, the three zero data bits should have an asso­
ciated clock pulse. However, to make the address mark 
unique, the middle clock pulse is dropped. The respective 
address marks for index, identification, and data fields 
are made unique by their associated data pattern. For 
example, an index address mark has three C2 bytes 
(hexadecimal), followed by an FC byte; an ID address 
mark has three Al bytes followed by an FE byte; and 
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Fig 8 Analog phase-lock loop data separator. Input selector selects write clock sional as in­
put to phase detector until start logic has detected synchronized area preceding address mark 
of formatted disc. At that point, input selector switches from write clock to read data as input to 
phase detector. Phase detector then begins sampling difference between read data and output 
of voltage controlled oscillator (VCO) . A + N counter continually divides VCO frequency down to 
same frequency as read data. Finally output of + N counter becomes data/clock window 

data has three A 1 bytes fallowed by an FB byte. Th is 
bit pattern is automatically generated by the controller 
chip, as is the CRC character at the completion of the 
data and ID field . 

Obviously, LSI controller chips simplify disc form atting, 
but offer some limitations on formal fl ex ibility. l f a 
designer chooses to confi gure a custom format , ce rtai n 
design guidelines for gap length must be obserrnd if 
data are to be recorded reliably. 

Gap 1 of 22 bytes must be present if an index address 
mark is used to separate the ind ex address mark from 
the first identifi ca tion field. Gap 2 of 22 bytes, which sep­
arates the identifi cation and data fi e lds, is necessary to 
protect the ID field from erasure during a write. Gap 3 of 
54, bytes is a speed tole rance gap, which again protects 
the ID fi eld if the medium is inte rchanged between drives 
with different rotational speeds. Gap 4 is a lso a speed 
tolerance buffer. This gap length is de termined by the 
difference between the format length and the actual trark 
capacity, which may vary from drive to drive. 
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A double-density format (shown in Fig f)) is, wi th 
some exceptions, the same as a s ingle-dens ity format 
11ilh gaps and data fi elds that are twice as long. 

Summary 

Improvements in head and media resolution have made 
double-density encoding a reliable meth od of doubling 
the capac ity of a fl oppy di sc from 410k to H20k bytes. A 
minifl oppy drive, using doubl e density, can increase its 
capacit y from llOk to 220k bytes. Resea rch analysis 
into th e problems of bit shift has enabled designers to 
re liabl y compensa te for bit-shift e ffects so that a mini­
mum so ft error rate in excess of ] in ] ff1 is possible with 
d oubl e-densit y encod ing. LSI controll e r chips have m ade 
d oubl e-density system design less complex , less time con­
sumin g, and therefore less costl y. ln addition , douhl e­
densily fl oppy di scs with doubled capacity can be im­
plemented on single-dens ity drives. These capabiliti es 
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4-byte address mark flags beginning of every index, identification , and data field. Address marks are dis­
tinguished from data by missing middle clock pulse in each of first three bytes. Index, ID; and data 
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should broaden the applications of floppy disc drives 
and make systems with multiple floppy di sc drives more 
compact. 
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How to trim gold­
without trimming quality. 

Our AuTac® selective gold platlng 
process for PC connectors gives you a lot 
more than the usual take-It-or-leave-it 
single choice. 

With AuTac you have two choices, so 
you get the degree of reliability you need 
with the lowest price for gold. 
1st Choice 

The actual mating surfaces - the wiping 
surfaces themselves - are plated with 30 
mils of gold, the highest commercial 
standard. 

However, the gold coverage is more 
than simply a dot or strip of gold. Gold is 
carried beyond both the outside and in­
side curves. That guarantees sure. positive 
contact under virtually every condition. 

No danger of gold popping off and 
contacts gouging the board. 

A flash of gold - 10 mils thick - is laid 
over the rest of the contact. including the 
tails. It's not much gold. Actually It's about 
as little gold as you can have and still 
have some. But when your contacts need 
protection, our gold flash does a big job. 
2nd Choice 

No gold at all beyond the wiping 
surfaces. Instead, the tails are tin-plated, 
excellent for dip or wave solder. 

We first introduced AuTac on our 
Wire-Wrap* connectors. It's now available 
in seven selective plating options 
on virtually our entire line. And because 
we happen to have the broadest line of 
PC connectors made by a single manu­
facturer, just about any connector you 
need is available with AuTac. 

Send for the details. 
Or. if you want 

some information 
right now, call 
us. One of 
our applica­
tion engineers 
is available at 
the other end 
of your phone. 
Call (213) 
341-4330. 

\ \ 
.000010 Gold flash over .000030 Heavy gold plotlng 
nickel undercoat.or tln plotlng over nlckel undercoat 

on the mating surfaces 

21001 Nordhoff Street. Chatsworth. CA 91311 , U.S.A. 
TWX 910-494-2094 

·wire-Wrap - a registered trademark of Gardner-Denver Company. 
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MULTIPROCESSING SYSTEM MIXES 
8- AND 16-BIT MICROCOMPUTERS 

Combining different single-board computers on a single 
bus and assigning to each the tasks most suited 
enable a cost-effective multiprocessing system configuration 
with improved throughput and reliability 

Joseph P. Barthmaier Intel Corporation, Hillsboro, Oregon 

T wo or more single-board computers can share a com­
mon system bu!! to provide improved performance, 
reliability, and cost-effectiveness in medium to large 
scale applications. Interfacing multiple computers across 
a system bus affords a dual-bus architecture . in which 
global system traffic is isolated from local traffic on the 
board buses. This allows a straightforward design of 
modular multiprocessing systems that combines different 
computer boards, and allocates to each that portion of 
the overall system fun ction to which it is best suited. 

In a typical design, 8- and 16-bit single-board com­
puters (sscs) communicate across a system bus to ser­
vice an application that requires both realtime data ac­
quisition and extensive signal processing. Partitioning 
system tasks and assigning each to the appropriate SBC 
optimizes performance without adding components. Dual­
port memory provides a convenient way to synchronize 

processes on different SBCs. Because most system func­
tions are isolated on one SBC, reliability and throughput 
are increased, and implementation is facilitated. 

Single-Board Computer Concept 

In earlier SBC design, the fundamental goal was to pro­
vide a board containing all the resources required for a 
large variety of microprocessing applications. A typical 
processor board supplies an 8080A processor, 4k bytes 
of random access memory (RAM), sockets for up to Bk 
bytes of erasable programmable read only memory / read 
only memory (EPROM/ ROM), a serial input/ output (r/ o) 
interface, 48 parallel 1/ 0 lines, three timer/ counters, and 
eight levels of priority interrupt. With this hardware 
configuration, many small applications can be served 
with no need for additional memory or digital logic. 
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Because larger applications require additi onal re­
sources, an external bus structure was defin ed . T he 
MULTIBUS.,." system bu s was designed for communication 
between SBCs and system expansion boards. Address, data, 
and handshake lines were defin ed for memory and 1/ 0 

transfers between SBCs and expan sion boards. There a re 
bus expans ion boards for system expansion in areas of 
11 AM and ROM storage, seria l and parallel 1/ 0, analog 
1/ 0, and periph eral controll ers. 

In Fig 1, two buses interconnect a system with an SBC 
an d two expans ion boards. An onboa rd bus accesses 
loca l resources, and the system bus accesses globa l re­
sources. A key advantage of thi s s tructure is tha t a n SBC 
may not require the system bus for a large porti on of its 
memory or 1/ 0 transactions. In man y applicati ons, less 
th a n 10'/, of the time is taken by system bus accesses. 
The la rge amount of potential system bus capacit y makes 
this a rchitecture a natu ral candidate for multi processing 
app lica ti ons. As additi onal SBCs are included in the sys­
tem, the incremental amount of system bus band wid th 
req ui red is usually small. 

Motivations for 'Multiprocessing 

Certa in system appli cati ons benefit fr om using more th an 
a single SBC. Motivations for constructing multiprocessing 
systems with SBCs include : 
Resource sharing. In a multiprocessing system designed 
a round the resource sharing concept, t wo or more pro­
cessor boards share a common resource, such as a high 

MULTIB US is a registered lrademark of Intel Corp. 
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Fig 1 Single SBC system with 
two expansion boards. CPU 
uses data, path 1 to access 
local memory and I/ 0 , and 
data path 2 to access expan­
sion boards on MULTIBUS sys­
tem bus 

speed mathematics board or a peripheral controller. 
These boards perform independent fun ctions with no 
relati onship to one another except for the shared r e­
sou rce. Low cost is the obvious m otivati on for using a 
reso urce sharing multiprocessing configuration. If two 
processo r boa rds share the same diskette controller, for 
example, ove rall system costs a re considerably reduced. 

Enha11 ced system th roughput and performance. In m any 
appli cations, signi fica nt improvements in performance 
may be achieved by using more than one processo r in 
the system. Two ways of allocating or partitionin g sys­
tem fun ctions among multiple processors, such as pipe­
line a nd parall el partitioning, are sli own in Fig 2. In pipe­
line pa rtiti oning, system fun cti ons (tasks) a re di vided 
among se\'eral processo rs, so tha t data fl ow through the 
system is primaril y seri a l. Each processor performs its 
po rt ion of system fun cti ons, and then ca lls upon an­
other processo r to pe rform another set. An examp le of 
pipeline pa rtiti oning is wh en one processor perfo rms 
da ta acq ui s it ion and buffering, while a second uses the 
da ta lo perform di gita l signal processing. 

Para ll el pa rtiti oning a ll ocates system fun ctions among 
seve ra l processo rs in such a way that each processo r per­
fo rms a sepa rate system Lask in parall el. An exam ple is 
a system where one processo r pe rforms an industr ial 
process cont rol loop, whil e another monitor s and con­
t ro ls a \' ar yin g pa rameter, such as temperature. 

Few systems may be characte rized as totall y para lle l 
o r pipe line partiti oned , but desig nating sys tems in this 
manner can often be helpful during th e system design 
phase, particula rl y when inter processor communicat io n 
softw are is being des igned . 

Mo dularly configured system s. A primary design goal, 
pa rticularl y in systems tha t a re produced in low volume, 
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is often flexibility of system configuration. Using modu­
larly configured systems, independent hardware and soft­
ware modules are designed and implemented with indi­
vidual processors or intelligent slave boards. When a 
particular configuration is required, the system designer 
selects the necessary hardware and software modules and 
combines them with interprocessor communication soft­
ware. Shortened system development time, simple debug­
ging, and a convenient upgrade path for system expan­
sion are the benefits of such a technique. 

High reliability. Multiprocessing may be used to isolate 
system tasks on individual processors in applications 
where a high degree of reliability is a requirement. If 
a processor fails, the remainder of the system continues 
to operate. Redundant designs, where a second processor 
may be dynamically assigned to perform the functions 
of a disabled processor, are a possibility. 

Multiprocessing With 
Single-Board Computers 

The MULTIBUS architectural design facilitates multiproces­
sing because multiple bus masters are accommodated, 
bus masters generate and acknowledge bus interrupts, 
and dual-port memory and intelligent slave architecture 
can be implemented. 

Multiple Bus Masters 

A bus master is a dynamic board that takes control of 
the bus by asserting address and control lines. Only one 
bus master may control the bus at any given moment. 
Examples of bus masters include single-board computers 

PARALLEL PARTITIONING 

8 ~-x~x~x~x~--

Fig 2 Pipeline and parallel 
partitioning. Single processor 
A performs tasks X, Y, and Z. 
Pipeline partitioning among 
three processors allows pro­
cessor B to perform task X 
and pass result to processor 
C; processor C to perform 
task Y and pass result to 
processor D; and processor D 
to perform task Z. Each pro­
cessor except first must wait 
for input data generated as 
output from another processor. 
Parallel partitioning allows 
each processor to perform its 
task independently 

and direct memory access (OMA) controllers. A bus 
slave is a passive element on the bus that does not assert 
address and control lines. Examples of bus slaves include 
memory or 1/ 0 expansion boards and intelligent slaves. 

Several control lines exist on the bus so that potential 
bus masters can exchange control. These control lines, 
plus logic on the master boards, implement a priority 
scheme in which the highest priority master requesting 
the bus obtains control. There are two priority resolution 
schemes for exchange of the bus, serial and parallel. Us­
ing serial priority resolution, there may be up lo three 
bus masters in the system; the parallel technique allows 
up to 16. A bus master is always given the opportunity 
to complete a bus transaction before being preempted by 
a higher priority master. In addition, bus masters may 
retain control of the bus by "locking" the bus. The bus 
lock feature is required when a master must have ex­
clusive control of the bus for such functions as testing 
and setting software semaphores and completing opera­
tions involving 1/ 0 devices. 

Since SBCs have extensive onboard resources, system 
bus transactions are not required for all 1/ 0 and memory 
accesses. Depending on the application and system design, 
multiple bus master systems with a small number of 
transactions can be con figured. The system design goal 
is to use onboard resources whenever possible. Frequently 
executed or time critical code should be stored in on­
board memory to minimize system bus accesses and to 
avoid delays while contending for the bus. 

Interprocessor Interrupts 

Eight interrupt lines exist on the system bus. In addition 
to interrupts from 1/ 0 slave boards or OMA controllers, 
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these interrupt lines can be used for communication be­
tween master SBC boards. Individual master boards may 
either generate interrupts or be interrupted from one or 
more of the interrupt lines. Interprocessor interrupts pro­
vide a fast and effective way for multiple SBCs to com­
municate over the system bus. 

Dual-Port Memory 

Single-board computers have been designed with onboard 
RAM containing two access ports. Dual access ports per­
mit the onboard CPU to access the RAM directly using the 
onboard bus. Other SBCs also access the RAM using the 
system bus. The amount of memory available for system 
bus access may be selected from all memory accessible to 
no memory accessible, in increments of one-half or one­
quarter of available memory size. This ability to block 
RAM access from the system bus provides memory pro­
tection for data and code stored in those nonaccessible 
areas of the dual-port RAM. Fig 3 illustrates an example 
of two SBCs accessing the dual-port memory of one SBC. 

Two important benefits are gained by using the dual­
port architecture. First, in a multiple-processor system, if 
two processors communicate through shared memory, 
only one must access the memory using the system bus, 
and the amount of system bus traffic may be significantly 
reduced. Second, in a multiprocessor configuration where 
limited RAM storage is required, a separate memory 
board is not needed. Such small systems have all the 
required system bus-accessible memory on one or more 
of the SBCs. 

Intelligent Slave Architecture 

To distribute intelligence in larger systems, the intelligent 
slave concept was developed. An intelligent slave is a 

86/12A BOARD 

180/05 BOARD 

8085A 

board that contains a CPU, some dedicated 1/ 0 capability, 
and a dual-port HAM for interfacing to the system bus. 
For example, the isBc 5441

"
1 intelligent communications 

controller contains an 8085A processor, four 8251A 
serial 1/ 0 devices universal synchronous/ asynchronous 
receiver / transmitters ( USARTs), 12 levels of priority in­
terrupt, and 16k of dual-port RAM. All communication be­
tween a master processor board, such as an iSBC 86/ 12A ni 

board, and the 544 takes place using the 544 dual-port 
RAM (Fig 4). The 8085A processor does not have the 
capability of taking control of the system bus (becoming 
a bus master ) and accessing other system resources. 

The 544 board was designed to operate using only 
onboard resources. The master SBC in the system transfers 
blocks of data and parameters to or from the 544 using 
the onboard dual-port RAM. To facilitate communication 
with the 544, an interrupt occurs when a master SBC 
writes into the lowest byte of memory of the dual-port 
RAM. The intelligent slave board can interrupt a master 
SBC by asserting one of the system bus interrupt lines 
with an 1/ 0 instruction. The address space occupied by 
the dual-port RAM may be set anywhere within lM bytes; 
20 address hits are decoded. 

Primary advantage of intelligent slave architecture is 
the ease with which multiprocessing applications may be 
implemented. The intelligent slave may be sent a buffer 
of data and commands with an interrupt occurring, via 
a write to the lowest byte of memory, as a start command. 
The master SBC may continue operation with other func­
tions to be notified, via an interrupt or a status byte in 
dual-port RAM, when the slave has completed a task. Since 
the intelligent slave may not access system resources via 
the system bus, no interference with the master SBC can 
occur. 

iSBC and th e com bi nation of isoc and a numerica l suffix are reg­
istered trademarks of Intel Corp 

F g 3 Dual-port memory archi­

MULTIBUS 
ACCESSIBLE l 8086 

tecture. 8086 microprocessor 
on 86/12A uses dual-port con­
t roller to access onboard RAM. 
8085A on 80/05 accesses this 
same RAM across system bus. 
bitterent configurations allow 
8085A access to part or all 

MULTIBUS ACCESSIBLE 

ACCESS 
BLOCKED 

of dual port memory 
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86/12A BOARD 

8086 

The 86/12A Board 

DUAL· 
PORT RAM 

544 BOARD 

MULTIBUS™ SYSTEM BUS 

The iSBC 86/ I2A single-board computer 1 has many of the 
architectural features of 8-bit boards (se rial and parallel 
1/ 0, multiple interrupt levels, and timer / counters) but 
includes a 5-MHz 8086 microprocessor and larger 
amounts of RAM and EPROM/ ROM storage. The I6-bit 
8086 permits byte and word transfers, hardware multi­
ply / divide, IM-byte addressability, extensive string ma­
nipulation instructions, and many other features. The 
86/ I2A contains 32k bytes of dual port RAM and sockets 
for up to I6k bytes of EPROM/ ROM, doubling the memory 
available on previous boards. If more RAM or EPROM/ ROM 
storage is required, memory expansion modules permit 
doubling RAM and/ or EPROM/ ROM storage to 64k bytes 
of RAM and 32k bytes of EPROM/ ROM. 

Memory expansion modules ·are small printed circuit 
boards that attach to the 86/ I2A board using sockets and 
nylon bolts. Use of the expansion modules is advan­
tageous from a price/ performance point of view. Price 
of either of the memory expansion modules is significant­
ly less than that of an equivalent separate memory ex­
pansion board with its own system bus interface and 
support circuitry. Memory expansion modules also offer 
higher performance since it is not necessary to use the 
system bus for memory transactions. All transactions 
take place using the onboard bus with no additional 
wait states or bus contention. 

8- and 16-bit MULTIBUS Compatibility 

The 8086 microprocessor performs 8- or I6-bit transfers 
to or from memory or 1/ 0 devices. When a byte (8-bit) 
transfer is requested from an even address, data are pre-

8085A 
Fi{) 4 Intelligent slave archi­
tecture. 86/12A and intelligent 
slave board 544 communicate 
using dual-port RAM 

sented to the microprocessor on its low order data lines, 
DO through D7. When a byte transfer is requested from 
an odd address, data transfer must occur on the high 
order data lines, D8 through DIS. When a I6-bit (word) 
transfer is requested, data are transferred on all 16 data 
lines, DO through DIS. When an 8-bit microprocessor 
I 8080A or 8085A) is used, however, all byte transfers 
must take place on data lines DO through D7, the only 
lines available. 

To maintain compatibility between boards with 8-bit 
and I6-bit processors, a system bus transfer protocol has 
been developed where all byte transfers, regardless of 
whether from an odd or even address, take place on 
the low order system bus data lines, DATO/ to DAT7/ ; 
word transfers, however, use all I6 data lines, DATO/ to 
DATF /. To accomplish these byte transfers, an 8-bit 
buffer is used on I6-bit master and slave boards for trans­
ferring data from the high order data lines on the board 
to the low order data lines of the system bus. An addi­
tional signal line, byte high enable, (BHEN/ ) indicates 
whether a word transfer is taking place on the high order 
and low order data lines or whether a byte transfer is 
taking place only on the low order data lines. Fig 5 
illustrates 8- and I6-bit transfers and the use of the ad­
ditional buffer for transferring the signal to or from the 
high order data byte. 

Multiprocessing System Example 

A data acquisition and signal processing system design 
demonstrates the capabilities of a multiprocessing system, 
where improved performance is mandatory. General ap­
plication of the system is power spectrum analysis of 
vibration and acoustic signals. Application areas for such 
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MULTIBUS DEVICE 
CASE 16-BIT DEVICE MULTIBUS™ BHEN/ ADRO/ TRANSFER BYTE 

DATA PATH TRANSFERRED 

DO· LOW, EVEN DATO/ · DAT7/ D7 BYTES 

8-BIT A. H H DATO/ - DAT7/ EVEN 

DB- HIGH, ODD DAT8/ - DATF/ 
D15 BYTES 

Fig 5 Three mechanisms for 
DO- LOW, EVEN DATO/ - DAT7/ byte and word transfers. All D7 BYTES 

byte transfers use DATO to 
B. 8-BIT 

H L ODD DAT7. Only word transfers use 
DATO/ - DAT7/ 

high order bus lines OATS to 
DB- HIGH, ODD 

DAT8/ - DATF/ DATF. Slash (/) after name 
D15 BYTES ind icates active low signal 
DO- LOW, EVEN 

DATO/ - DAT7/ D7 BYTES 

16-BIT EVEN 
c. L H AND DATO/ - DATF/ 

ODD 

DB- HIGH , ODD 
DAT8/ - DATF/ D15 BYTES 

systems include vibration analysis in mechanical struc­
tures such as electric motors, automobiles, aircraft, and 
buildings, as well as speech, sonar, and low frequency 
radar analysis. 

Design objective is to monitor the condition of large 
electric motors. Power spectra of vibration signals from 
various points on the motor are calculated in order to 
detect bearing wear and to predict an impending motor 
failure. Calculated power spectra are compared with ref­
erence spectra, and, if thresholds in various regions of 
the spectra are exceeded, an operator alarm is activated. 
Information rega rdin g the state of the motors and the 
reference spectra is stored on disc. 

The system monitors 16 channels of analog input sig­
nals generated by pairs of accelerometers mounted on 
each of eight motors. Sampling and calculations for the 
two channels of a single motor are performed simulta­
neously; then the next motor in sequence is monitored. 

Fast Fourier transform (FFT) of a buffer of samples 
from an analog to digital converter (ADC) performs 
power spectrum calculations. Real and imaginary parts 
of the FFT results are squared and summed to form a pow­
er spectrum that is compared to the reference power spec­
trum in order Lo determine if the motor vibrations are 
within acceptable tolerances. A CRT displays calculated 
and reference power spectra. At periodic intervals, data 
are stored on disc for archiving the condition of each 
of the motors. If the motor spectra exceed the reference 
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spectra, the CHT display and a control panel indicator 
alert the operator. 

System Hardware 
As shown in Fig 6, the 711 analog input board, contain­
ing a 12-bit ADC, samples the 16 analog signals from the 
moto rs. The 80/ 05 processor board drives the 711 analog 
board and handles all system data acquisition activities. 
The 80/ 05 contains an 8085A CPU, 512 bytes of RAM, up 
to 4k bytes of EPROM/ ROM, a timer/ counter, parallel and 
serial 1/ 0 lines, and four levels of priority interrupt. The 
86/ 12A board is the main system processor. The 8086-
based board performs all the signal processing functions, 
displays the spectra on the CRT, drives the system control 
panel, and transfers motor condition data onto disc using 
the 204 single-density diskette controller. 

J ncreased system performance is the design motivation 
for using two processor boards. The 86/ 12A board, with 
its 5 MHZ 8086 CPU, 16-bit multiply / divide capability, 
64k bytes of dual-port RAM, and 32k bytes of EPROM/ ROM, 

is used for the mathematically intensive power spectrum 
calculations. 

The 80/ 05 processor board is used to offload data 
acqui sition activities from the main processor. It assumes 
all the overhead of handling the 711 analog board. Sam­
pling is performed at 250-,us intervals using the onboard 
timer; data from the two channels are scaled , demulti­
plexed, and stored in a buffer. The 8-bit processor board 
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CONTROL PANEL 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

INTELLIGENT ANALOG SUBSYSTEM 
r - ---- - ---------- --------------, 
I I Fig 6 Data acquisition and 

signal analysis system. 80/ 05 
drives 711 to handle all data 
acquisition functions while 86/ 
12A performs signal analysis , 
operator interfacing, data stor­
age, and data retrieval func­
tions 

I ' 
1 ANALOG 
: SIGNALS 
I 
I 
I 
I 
I 
L-----

was chosen for this function because it had the necessary 
onboard resources, yet was low in cost. Throughput per­
formance improvements of up to 40 1/< can be achieved 
using this 2-processor approach. 

The 80/ 05-711 combination assumes the role of an 
intelligent analog s11bsystem, when viewed by the 86/ 12A 
processor. The 86/ 12A sends the 80/ 05 commands via 
a parameter block, and the 80/ 05 collects the data samples 
in buffers. When a buffer is complete, the 80/ 05 signals 
the 86/ 12A using the parameter block. Thus, the 80/ 05 
acts as an intelligent DMA controller for the 711 board. 

System Software 

Due to the large RAM requirements of the system, the 
issc 300.,." RAM expansion module is used to increase RAM 
capacity to 64k bytes. Memory has been configured to 
make 16k bytes of memory accessible to the system bus, 
with the remaining 48k bytes reserved for use by the 
onboard 8086 and not accessible to the system bus. The 
amount of 86/ 12A dual-port RAM that is system bus ac­
cessible may be configured in 16k increments from zero 
(no memory accessible) to 64k (all memory accessible) . 
The parameter block used for interprocessor communica­
tion and a pair of buffers used for storage of the analog 
samples are stored in the memory accessible to the 80/ 05. 
Memory not accessible to the 80/ 05 contains the data and 
buffers used for the calculated averaged power spectra, 
reference spectra, CRT displays, and disc data. The 16 
bytes of the parameter block contain all information re­
quired for communication between the two SBCs in the 
system, including buffer addresses, status, size, sample 
rate, and start and end channel. 

Fig 7 is a flow diagram illustrating how buffer status 
bytes are used to synchronize the filling and processing 
of the data buffers. Each buffer may be in one of two 
states, FULL or EMPTY. Initially, both buffers are EMPTY. 
At initialization, the 80/ 05 fills buffer 0, sets its status 
to FULL, fills buffer 1, sets its status to FULL, and waits 

for buffer 0 to become EMPTY. lt then fills buffer 0, sets 
its status to FULL, waits for buffer 1 to become EMPTY, 
etc. Initially, the 86/ 12A waits for buffer 0 to be FULL, 
processes it, sets its status to EMPTY, waits for buffer 1 
to be FULL, etc. Using this simple technique, the two 
processors synchronize each other with a minimal amount 
of overhead. 

The parameter block approach is used to provide a 
simple means for interfacing the two sscs. At system in­
itialization, the 80/ 05 board needs only to know the bas.e 
address of the parameter block. Once this is knowh, all 
other information required for the 80/ 05 to function 
properly is available. The end application and even the 
specific type of SBC that calls upon the 80/ 05 for data 
samples remain irrelevant to the 80/ 05. Driver software 
for the 80/ 05 is therefore highly modular and may be 
used in a variety of applications and configurations with 
no changes required. 

A key capability of thi s system design is that the 
86/ 12A board does not use the system bus to access data 
samples, thus minimizing execution time for the highly 
iterative FFT computation. The 80/ 05 processor takes 
the samples from the analog board and stores them di­
rectly into the 86/ 12A dual-port memory. Therefore, ex­
cept for occasional disc transfers by the 86/ 12A, the 
80/ 05 is the only processor using the system bus. This 
increases system throughput and eliminates conten tion 
for the system bus. 

Signal Processing Software 

The algorithm used for the FFT in this application is 
known as "time decomposition with input bit reversal."2 

Using this algorithm, an in-place FFT has been pro­
grammed for an input frame size of 128 complex points. 
Sixteen-bit integer mathematics is used for all internal 
calcu lations of the FFT. The 86/ 12A board computes the 
128-point complex FFT in 110 ms. Computation of the 
averaged power spectra is performed using a double pre-
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SET POINTER 
TO BUFFER 0 

WAIT FOR 
BUFFER F 
TO EMPTY 

FILL 
BUFFER F 
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BLOCK 

SET STATUS = EMPTY 
FOR BOTH BUFFERS 

PROCESS 
BUFFER P 

EMPTY 

= 1 

SET POINTER 
TO BUFFER 0 

WAIT FOR 
BUFFER P 
TO FILL 

PROCESS 
BUFFER P 

SET STATUS 
OF BUFFER 
P = EMPTY 

SWITCH BUFFER 
POINTERS 

BUFFER 0 STATUS 

BUFFER 1 STATUS 

Fig 7 Synchronization of two SBCs. Buffer status bytes are used in shared parameter block. 
Simple semaphore mechanism is natural extension of double buffered acquisition technique 

cision integer format. The 16-bit integer real and imagi­
nary values which result from the FFT are squared and 
summed to obtain a 32-bit power spectrum. Thirty-two 
frames of data are processed and summed to form the 
averaged power spectrum. 

Summary 

Two reasons for the slow growth of multiprocessing have 
been the limited selection of SBCs and the relatively small 
application base. These conditions are changing rapidly 
due to the large number of SBCs now available. These 
boards contain dual-port RAM and newer 8- and 16-bit 
CPUs, and provide system designers with a comprehensive 
set of tools for tackling applications that require the 
power of multiprocessing. Thus, the SBC application base 
has grown significantly in recent years. 

The system application combines a low cost 8-bit SBC 
and a high performance 16-bit sac in a configuration 
designed for both data acquisition and signal analysis. 
The 8-bit SBC relieves the 16-bit SBC of all system data 
acquisition functions. Because the 16-bit board spends 
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full time processing data, system throughput can be in­

creased by as much as 40'/c . 
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R24.1he first 2400 bps 
modular modem. 

Rockwell's compact MOS-LSI modem 
gives new physical design freedom. 

Rockwell's R24 Modem is the 
most compact 2400 bps MOS-LSI 
modem available today. Its small 
size and modularity give designers 
a whole new form factor flexi­
bility. Requiring only 25 square 
inches of system area, the R24 
is ideal for terminals and com­
munications equipment. 

The R24 provides functional 
flexibility also. Of its 3 modules, 

one is the transmitter, two the 
receiver. Terminal designers can 
offer transmit-only or receive­
only options. And, the R24 is Bell 
201 B/ C and CCITT V.26 and 
V.26 bis compatible. 

With its major functions in 
LSI circuits, the R24 is solid-state 
reliable and economical. It can 
be configured for operation on 
either leased lines or the general 
switched network. And, each low-

profile module can be plugged 
into standard connectors or wave 
soldered onto system PC boards. 

A new generation of modems 
from the company that's delivered 
more high-speed modems than 
anyone in the world. That's 
Rockwell Micropower! 

For more information, contact 
Modem Marketing, Electronic 
Devices Division, Rockwell Inter­
national, P.O. Box 3669, RC 55, 
Anaheim, California 92803. 
(714) 632-5535. 

Rockwell International 
.. .where science gets down to business 
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Thanks to our new Sprint 5'WideTrack™ Terminal , the Sprint 5 family of terminals, the Sprint 5 Wide Track 
days of worrying about wide-document preparation offers all of the features that have made Sprint 5 an 
are over. The Sprint 5 Wide Track is a high-quality, acknowledged leader in the quality font terminal 
letter-perfect printer that's wide enough to handle industry. Features like MOS/LSI microprocessor 
balance and ledger sheets, accounting reports, over- electronic logic. Like the same printer mechanism 
size-paper printing masters, multiple-page form that guarantees letter-perfect printing and RS-232C 
letters, charts, visual aids, and even special word Serial Interface. Plus all of the things that have 
processing applications. And you can interface it to earned Ou me its reputation for uncompromising 
the Serial RS-232C interface port of your minicam- quality and reliability in the thousands of printers that 
puter. The possibilities are endless. have been produced and delivered worldwide. 

The Sprint 5 Wide Track is the widest printer on the The Sprint 5 WideTrack. It 's just one more in a con-
market today. It spaces 264 columns at 10 characters tinuing supply of innovative new products that Oume 
per inch, 316 columns at 12 characters per inch, has developed to meet the needs of your growing 
and can space in increments of 1/120-inch left or market. And it 's available today. 
right. Vertical spacing is 1/48-inch up or down, and For more information on Sprint 5 WideTrack and our 
you control it through the MOS/LSI micro- complete family of quality data terminals , just con-
processor's extensive set of software Qume tact your nearest terminal dealer or 
commands. Oume, 2350 Oume Drive, San Jose, 

As the newest member of the proven ® California 95131. 

Qume sales offices: California: Santa Clara ( 408) 727-6930, Torrance (213) 326-7812. Georgia: Stone Mountain (404) 294-0788. 
Illinois: Oak Brook (312) 323-2802. Massachusetts: Needham (617) 449-1052. New Jersey: Upper Saddle River (201) 327-4244. Texas: Dallas (214) 688-0074. 
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SEMICONDUCTOR MEMORY UPDATE 
-PART 3: HIGHER DENSITY 
TECHNOLOGIES 

Merging memory technologies have evolved magnetic bubbles, 
charge-coupled devices, Josephson junction, and gallium arsenide 
techniques that hold the promise of megabit and gigabit densities, 
impacting immediate and potential computer storage 

Eugene R. Hnatek Monolithic Memories, Incorporated, Sunnyvale, California 

Parts 1 and 2, published in December and January, 
revised and updated data on the status of read only 
and random access memories, respectively. Together 
they have managed to yield the memory storage 
necessary for most applications. Increasingly, how­
ever, microprocesso-rs are demanding greater storage. 
Thus, as shown in Part 3, the growth of larger capacity 
memories is evolving naturally from this existing tech­
nological memory base, appearing as magnetic bub­
bles, charge-coupled devices, Josephson junction 
logic circuits, and gallium arsenide LSI circuits. 

The discussion of metal oxide semiconductor and bi­
polar random access memories in Part 2 dramatically 
demonstrated that these two technologies are indeed 
merging. Address access times of metal oxide semicon­
ductor are approaching those of bipolar more rapidly 
than bipolar access times are being reduced. Both are 
powered from a single 5.y source, with bipolar power 
dissipation decreasing to approach that of metal oxide 
semiconductor. Random access memory storage cell sizes 
of both are comparable since device geometries are 

smaller and similar for the same density random access 
memory due to die scaling; in addition, the number 
of masks used for high performance metal oxide semi­
conductor is equivalent to that used for bipolar. 

Fabrication complexity increases as high density and 
high performance designs are implemented. When com­
pared with the 10 to 12 masks needed in 2-metal transis­
tor-transistor logic (TTL), advanced {scaled) metal 
oxide semiconductor (Mos) processes clearly are as com­
plex to implement as most intricate bipolar technologies. 
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Thus, the advantage of MOS over bipolar will tend to 
disappear. For example, a 2-poly 2-,um HMOS process 
uses 10 to 12 masks and a 2-poly VMOS process uses 
11 masks. Table 1 compares several bipolar and MOS 
processes from this masking viewpoint. 

Therefore, with these developments, manufacturing 
costs for the same density bipolar and MOS random 
access memories (RAMs) should approach each other as 
well. Fig 1 shows the effects of merging bipolar/ MOS 
technologies and how they relate to RAM usage. The 
TTL memory share of microcomputer through mainframe 
applications will dwindle through 1982 due to increased 
performance of MOS. After 1982, MOS will be the domi­
nant RAM technology for microprocessor controlled sys­
tems through large computers. Emitter-coupled logic 
(ECL) will dominate the high end of the performance 
scale for super computer and large, high performance 
applications. TTL will still be used, but sparingly; it 
will not be the primary memory technology. 

Magnetic Bubble Memories 

If a storage capacity (bit density) of greater than 64k 
bits is needed, the logical choice is magnetic bubble 
technology. Memory systems based on magnetic bubble 
technology have a number of significant potential ap-

plications, notably in filling the prominent speed/ cost 
and capacity/ cost gaps in conventional memory hier­
archies, as well as serving as microperipherals. Mag­
netic bubbles can be viewed as a solid state imple­
mentation analogous to rotating electromechanical mem­
ories such as discs, drums, and tape recorders. Also, 
magnetic bubble memories offer a combination of high 
demand capabilities : nonvolatility of stored data, reason­
ably fast access time compared to mechanical storage 
systems (but slower than semiconductor RAM systems, 
7 to 10 ,us), relatively low power drive requirements, 
and high reliability. Just as attractive is the very high 
density of lM bits and more in a package slightly 
bigger than a large dual-inline package. 

Large memory systems, such as multiple disc drives, 
derive their low cost per bit by spreading the high 
fixed cost of electromechanical components over a very 
large number of bits. If the actual data capacity needed 
in a system is less than a few megabits, disc cost per 
bit rises dramatically. The minifloppy disc drive is a 
partial answer to reduced storage requirements, but 
actually the cost per bit goes up even as the hardware 
cost comes down. 

Bubble memory components, however, permit the 
memory system to be expanded in smaller increments 
( 64k-, 92k-, 254k- or 256k-, and lM-bit steps) with 

TABLE 1 

Technology Comparison 

Typical No of Diffusions No of Metals 
Technology Logic No of Masks* (Or Implants) Epitaxial (Or Poly) 

Bipolar STIL 7 to 10 4 Yes 1 
STIL 9 to 12 4 Yes 2 

Bipolar Local Oxidation 7 to 12 4 Yes 2 
Bipolar Ill 7 to 12 3 to 4 Yes 1 

MOS Metal Gate 5 to 7 1 to 2 No 
MOS Silicon Gate 6 to 8 1 to 2 No 
MOS Scaled NMOS 8 to 10 2 No 2 
MOS VMOS 9 1 Yes 
MOS Double Poly/ 9 to 11 1 to 2 No 2/3 

Triple Poly 
MOS CCD 4 to 9 No 2 
MOS CMOS 6 to 8 2 to 3 No 
MOS CMOS/SOS 6 to a 2 to 3 No 

GaAs 6 to 10 2 Yes 2 to 4 

Magnetic 4 0 No 2 
Bubble 

"Exact number of masks used Is determined by an Individual supplier's process 
refinements. Consequently, a range Is listed for most technologies to account 
for these variations from manufacturer to manufacturer. 
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currently available products. As a result, the optimum 
memory size for a system can be designed in immedi­
ately. Then, the system can be expanded in inexpensive 
blocks, with the cost per bit staying low at all times. 

Presently, traditional full floppy disc memory systems 
offer a larger storage capacity than do available mag­
netic bubble chips. However, technological developments 
will soon bring bubble chip cost down to that of a 
disc system. The two technologies can be melded to 
provide fast access to frequently used data, yet minimize 
mechanical wear and access delays. Bubble memory 
technology in harsh environments is already cost-com­
petitive, and there are some applications where no other 
device can do the job. Costs of 50 to 100 millicents 
per bit are competitive in severe vibration, contaminated 
atmosphere, and continual access situations. 

How rapidly bubble memories achieve equality with 
semiconductor and disc memories depends on the ability 
of the semiconductor industry to solve existing tech­
nology problems: the significant difference of magnetic 
bubbles from static and dynamic RAMs that requires 
diverse design rules; lack of standardization in pack­
age, pinout, organization, function, and architectures; 
and need for test and characterization equipment, as 
well as support circuits. Until these problems and the 
lack of second sources are solved, bubble chips having 
IM-bit and larger densities will not be in high volume 
production in the near future. 

In current devices, small cylindrical magnetic domains, 
called magnetic bubbles, are formed in single crystal 
thin films of synthetic ferrites or garnets when an ex­
ternal magnetic field is applied perpendicularly to the 
.surface of the film (Fig 2). A rotating magnetic field 
is used to move the bubbles along a path o.utlined by 
a deposited layer of metal on the surface of the mag­
netic filter in a shift register fashion; the presence of 
a magnetic bubble represents a digital I, and the ab­
sence a digital 0. Types of material and techniques 
used for processing magnetic bubbles are similar to 
those used for semiconductor memories. However, with 
fewer mask levels and without stringent alignment 
requirements in processing, the bubble memory price 
per bit should be lower than that of silicon integrated 
memories. 

Before bubbles can be shifted through the magnetic 
film, they must be generated and must correspond to 
input data. A microscopic I-turn metallized loop, lo­
cated in a secondary layer just above the magnetic 
film, is used to produce the magnetic bubbles. A pre­
cisely defined current pulse passing through the loop 
alters the local magnetic field and generates a magnetic 
bubble. 

In addition to the onchip bubble generating circuit, 
special control functions for destroying, transferring, 
and sensing are also required to write, swap, and detect 
bubbles, respectively. All these functions are performed 
in aluminum-copper patterns deposited over the magnetic 
film. Also deposited on the chip are permalloy (80 % 
Ni, 20% Fe) metal patterns; these form an easily 
magnetized layer on the chip above the aluminum­
copper metal and are separated from it by an oxide 
deposition. The permalloy pattern defines the path that 
the bubbles travel in the magnetic film. A commonly 
used pattern is the chevron structure. Once a bubble 
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is created, it moves along the path determined by 
chevron shaped patterns (guides) of soft magnetic 
material deposited on the magnetic epitaxial film. Under 
the influence of the rotating magnetic field, these chev· 
ron guides set up magnetic polarities that shift the 
magnetic bubble domains (Fig 3). 
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-- c:1'J ~~ cJ1l 
+ -+ -+ -+ 

DIRECTION OF DIRECTION OF 
ROTATING MAGNETIC FIELD ROTATING MAGNETIC FIELD 

·~~~~ t~~ + ++ ++ ++ + 

Fig 3 Shift of magnetic bubble domains. Magnetic 
bubbles are propagated along path of chevron shaped 
patterns under influence of rotating magnetic field 

A feasible, recent development for constructing de­
vices capable of storing 25M bits in an area of only 
1 in2 ( 6.5 cm2 ) departs from the conventional chevron 
pattern. Developed by IBM, the contiguous disc approach 
to bubble control permits bubbles to ride on the edge 
of a guide rather than beneath it. This results m a 
smaller bubble size and a denser memory, but uses 
conventional photolithographic techniques. 

Forming closed tracks or loops, permalloy paths con· 
tain a fixed number of bit positions. Major and minor 
loops are formed on the chip. A major loop holds one 
bit from each of the large minor loops, which actually 
store the data. Contents of the same relative bit posi· 
tions of each minor loop in the chip represent a block 
of binary data. Data are typically entered at the gen· 
erators through transfer-in switches to a major loop. 
The desired data block is then lined up on the major 
loop with the desired minor loops that will actually 
store the block, and the entire data block is written 
into the minor loops. Other circuits on the chip perform 
the read operation. Replicate transfer gates reproduce 
a data block from the minor loops to the read major 
loop. This nondestructive readout technique prevents 
accidental data loss if the wrong signals are fed to the 
memory. 

Basically, packaging consists of a bubble memory 
chip surrounded by two orthogonal coils. The coils, 
sandwiched between two permanent bias magnets, pro­
vide nonvolatility and stable domains. This entire group­
ing is then enclosed in a magnetic shield to prevent 
external magnetic fields of up to about 20 Oe from 
affecting the data. The bubbles, being magnetic dipoles, 
interact strongly and must be separated from each 
other by several bubble diameters. In practice, a spacing 
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of four bubble diameters (center to center) minimizes 
this interaction. Bubble diameter, however, is a func­
tion of material composition and applied bias field 
strength at a given temperature. 

A magnetic bubble memory needs various circuits to 
operate as a complete memory system. These circuits 
include a controller to provide a central processing unit 
interface and to generate enable pulses for a function 
timing generator, coil and function drivers, and a sense 
amplifier to increase the bubble detector signal. As a 
high level interface between the microprocessor and 
the bubble memory, the controller performs parallel to 
serial conversion from microprocessor to bubble memory, 
and serial to parallel conversion from bubble memory 
to microprocessor. Primary controller functions are to 
stop and start bubble movement, maintain page position, 
and raise or lower flags for such bubble memory func­
tions as generate, swap, block replicate, and redundancy 
replicate. Control signals from the controller are sent 
to the function timing generator-a monolithic inte­
grated circuit (IC) that provides the precise timing 
signals necessary to operate the function driver, coil 
driver, and sense amplifier during each field cycle. The 
function driver circuit converts TTL level signals from 
the function timing circuit into current pulses required 
by the bubble memory control elements. The coil driver 
circuit and diode array produce the rotating magnetic 
field by generating currents with triangular waveforms 
in the bubble module coils. The coil driver receives 
TTL inputs from the function timing generator and pro­
duces a higher level driving voltage. The coils integrate 
this voltage into a ramping current that produces the 
desired triangular waveforms. 

The sense amplifier receives voltages from the de­
tector that are too small to be directly useful in the 
system. The bubble signal is amplified, level detected, 
and latched by signals provided by the function timing 
circuit. Data output is then coupled to the MOS con­
troller. 

Although bubble technology scores high on adaptabil­
ity, it differs in this respect from IC memories. Parti­
tionability is about the same, but garnet chips carry 
more bubbles. Lower defect densities, smaller cells, and 
simpler processes allow economical integration to levels 
higher than are possible with silicon. Logic, memory, 
and switches can be intermixed on a finer scale within 
the garnet because no restructuring is needed. Bubble 
serial bit speed is slower, about 1 µ.s, but system through­
put may approach that of the highest speed silicon 
RAMs, where associative and parallel processing can 
be used. 

Magnetic bubble memories combine most of the out­
standing capabilities of solid state and mechanical mag­
netic storage; however, they perform better against 
some of these competing technologies than against 
others. In comparison with fixed head and floppy discs, 
bubbles have higher reliability and lower error rate 
since they employ no moving parts. Other assets are 
faster access time, lower power consumption, smaller 
physical size, simple interfacing, and lower entry price­
all resulting from the elimination of mechanical ele­
ments. Data transfer rates are lower than those of 
fixed head discs, though, and their per bit cost at 

COMPUTER DESIGN/ FEBRUARY 1980 



present is much higher than that of floppy discs, except 
in small systems. 

A comparison with semiconductor memories is some· 
what indirect since bubbles will probably work in con· 
junction with RAMs. Due to dramatically better access 
times, higher data transfer rates, and simpler interfac­
ing requirements, RAMs will hold their ground as main 
memory, transferring data into and out of bubble 
storage. In relation to charge-coupled devices ( ccos), 
bubble chips have the advantage of nonvolatility and 
high packing density, but suffer from slower access 
times and slower data transfer rates. 

Presently, the Texas Instruments (TI) 92k-bit TIB0203 
and 254-bit TIB0303, the Fujitsu 64k FBM3I oB/ 
FBM32DA and 256k FBM42DA/ FBM43DA, the Intel IM-bit 
7110, and the Rockwell RBM256 256k-bit magnetic 
bubble memory device and support circuits are com· 
mercially available, reflecting a similar frenzied de­
velopment/ production pace previously encountered in 
static and dynamic MOS RAMs. Storage of IM bits on 
a single chip is a significant achievement since it paves 
the way for very high density but small size memory 
system development. This certainly is the beginning of 
a new era in data storage applications and system 
design. 

In September I979, TI introduced its new family of 
256k, 5I2k, and IM-bit magnetic bubble circuits that 
share packaging and semiconductor support circuits. 
The strategy is to offer a family of physically and elec­
trically interchangeable bubble memories for easy 
system upgrading and maximum flexibility. Based on 
2-µm diameter bubbles and using a block replicate 
structure, the TI devices are organized differently than 
the Intel I M-bit device. With an access time of Il.2 
ms, the binary IM-bit device (TrnlOOO) is organized 
as 5I2k x 2, while the 5I2k-bit device (Trn0500) has 
a 5I2k x I organization. Initially, these TI products 
will be offered only as fully assembled memory boards, 
such as Intel offers. In addition, the National Semicon· 
ductor 256k-bit NBM2256 will be sampled in early I980. 
Furthermore, NEC, Motorola, IBM, and Western Electric 
are developing magnetic bubble circuits and memory 
systems. 

Table 2 summarizes both current and expected mag· 
netic bubble memories. Table 3 summarizes various 
parameters of magnetic bubble memories and compares 
them to available 64k ccos. The ccos exhibit lower 
power dissipation and faster dr ive speed. In I98I to 
I982, TI and Rockwell should announce IM-bit magnetic 

TABLE 2 

Magnetic Bubble Memory Avallablllty Summary 

Capacity Package 
Manufacturer Part No (Bits) Organization (Pins) Available 

Fuj itsu FBM32DA 64k bits Major/minor 18 Yes 
FBM31DB 64k bits Serial 18 Yes 
FBM43DA 256k bits Maj/min block rep 20 Yes 
FBM42DA 256k bits Major/minor 16 Yes 

Intel 7110 1M bits Maj/min block rep Lead less Yes 

National NBM2256 256k bits Maj/min block rep 16 Early 1980 

Rockwell RBM256 256k bits Maj/min block rep 18 Yes 
1M bits Maj/min block rep 18 Yes 

Texas TIB0203 92k bits Major/minor 14 Yes 
Instruments TIB0303 254k bits Maj/min block rep 28 Yes 

TIB1000 1M bits Maj/min block rep 24 Yes 

TIBOSOO 512k bits Maj/min block rep 24 Yes 

TIB0250 256k bits Maj/min block rep 24 2nd Qtr 1980 

Motorola* RBM256 256k bits Maj/min block rep 18 Late 1980 

Siemens* RBM256 256k bits Maj/min block rep 18 Late 1980 

* Second source to Rockwell RBM 256 
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TABLE 3 

Magnetic Bubble Memory and CCD Chip Characteristics 

Storage 
Capacity* Average Max Transfer Power Standby 

Manufacturer Part No (bits) Access Time Rate (bits/s) (W) Power 

Magnetic Bubble Memory Chips 

Texas TIB0203 92k 4 ms so 0.7 N/A 
Instruments TIB0303 2S4k 7.3 ms 100 0.9 t'l/A 

TIB02SO 2S6k S.6 ms 100 1.2 N/A 
(2S6k x 1) 

TIBQSOO S12k 11.2 100 1.2 N/A 
(S12k x 1) 

TIB1000 1M 11.2 100 1.2 N/A 
(S12k x 2) 

Rockwell RBM2S6 2S6k 4 to 6 ms 100 0.82 N/A 

National NBM22S6 2S6k 7 ms 100 0.7S typ N/A 

Intel 7110 1M 40 ms t 1.9 0.29 w 
(SO-kHz 

shift rate) 

Fujitsu FBM31DB 64k 370 ms 100 0.5 N/A 

FBM32DA 64k 4.S ms so o.s N/A 

FBM42DA 256k 8.S ms 50 0.67 N/A 

FBM43DA 256k 6.0 ms 100 0.67 N/A 

Charge-Coupled Devices 

Texas TMS3064 64k 410 µ,S SM 0.26 26 mW 
Instruments 

Fairchild F464 64k 410 µ,S SM 0.34 66 mW 

*Effective capacity is normally higher due to extra loops/bit in case of nonfunctional loops/bit. 
tMax data rate is 100 kHz (active is 78 kHz); R/W time is 6.5 µ.s. 
N/A-Not applicable 

bubble memories, followed by similar devices from 
National Semiconductor. Bubble diameter decreases to 
1 ftm by 1985 will enable SM- and lOM-bit magnetic 
bubble memories. 

CCD Memories 

CCDs are low cost alternatives for bulk storage appli­
cations, filling a void between magnetic memories and 
semiconductor RAMs. While ccos are volatile semicon­
ductor storage devices, they are not likely to compete 
with RAMs. However, ccos have benefited from fabrica­
tion techniques developed for MOS RAMs and are manu­
factured by the same production facilities. 

Architectures, processes, and clocking schemes all 
affect cco characteristics. Three major architectures, 
each having its own cost/ performance tradeoffs, are 
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serpentine, line addressable RAM (LARAM), and serial­
parallel-serial (sPs), as shown in Fig 4. Serpentine or 
synchronous is the simplest organization; this architecture 
has a wide operating frequency range. Additional 
parameters are good density, high power, high clock 
loading, and average latency. LARAM is a combination 
of CCD and RAM a~chitectures. While this type has low 
power dissipation, low clock capacitance, and excellent 
latency, it lacks the high qensity required for low cost. 
Its frequency range is also limited. SPS is the best or­
ganization for high density, because serial to parallel 
and parallel to serial conversions involve clocking the 
cells in different directions, and it needs little overhead 
logic. While SPS has lower power dissipation, it also 
has limited frequency range and poor latency. 

Charge coupling is the process by which mobile minor­
ity charge carriers are collectively transferred from one 
semiconductor storage element to a similar, adjacent 
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Operating Packaging Onchip 
Temp (°C) (Pins) ECC 

o to 50 14 No 
0 to 50 20 No 

0 to 50 24 Yes 
(1.3 x 1.4 x 0.37) 

0 to 50 24 Yes 
(1.3 x 1.4 x 0.37) 

o to 50 24 Yes 
(1.3 x 1.4 x 0.37) 

-10 to 70 18 No 
(1.2 x 1.2) 

0 to 70 16 Yes 
(1 .2 x 1.1 x 0.36) 

o to 70 20 Yes 
Nonstandard 
(1.7 x 0.43) 

0 to 55 18 Yes 
(1.22 x 1.1 x 0.433) 

0 to 55 18 Yes 
(1.22 x 1.1 x 0.394) 

o to 55 16 Yes 
(1 .22 x 1.1x0.394) 

0 to 55 20 Yes 

o to 70 16 No 

o to 55 16 No 

storage element by manipulating the external voltage. In­
formation in each element is represented by the amount 
of electrical charge present. The storage elements are 
interconnected through the substrate, reducing space 
requirements. 

The first commercial cco, introduced in 1975 by Fair­
child, was a 9216-bit device whose simple architecture 
demonstrated the feasibility of the cco memory concept, 
in which regions of charge move. Subsequent archi­
tectural advances, while boosting density and perfor­
mance, were expensive in the long run. More recently, 
high volume RAM and CCD manufacturing technologies 
have merged, and the viability of now familiar fabrica­
tion techniques made production of a dense, low cost, 
bulk storage device possible. By 1978, CCD memory chip 
capacity increased sevenfold to 64k bits. 

In the Fairchild 64k dynamic cco, bits are organized 
as 64k x 1 in 16 randomly accessible SPS shift register 

Second Available 
Source Support 

None { Controller chip, coil driver, sense 
None amp, function driver, function timer 
None { TIB0902/0903/0904 oo,tmllera, 

0953/0954 function time gen, 
None 0863/0864 read function gen, 

0883/0884 write function gen, 

None 0804 coil driver, 
0833/0834 dual-channel amp 

Motorola Controller board, magnetic 
Siemens bubble memory board 

None Not yet available : INS82851 controller, 
DS3615 function driver, DS3616 
coil driver, DS3617 sense amp 

None 7220 controller, 7242 SA/formatter, 
7230 cu rrent pulse gen, 7250 coil 
predrivers, 7254 quad transfer packs 

None 

None r•mplete mem0<y 
cards up to 32k bytes; 

None 
no individual support 
circuits 

None 

NEC Not requ ired 

Motorola Not required 

blocks of 4k bits each. Four TTL compatible address 
inputs are provided to select one of 16 blocks for read/ 
write or read only operation. Each block is implemented 
with an interlaced SPS structure in which each serial 
input register stores 32 bits, using 64 electrodes that 
service 64 parallel shift registers. Jn conventional 
( noninterlaced) SPS structures, each serial shift register 
bit serves only one parallel shift register. The inter­
laced SPS structure doubles packing density, and an 
8-phase ripple technique shifts data in the parallel 
registers at a rate almost twice the speed of 2-phase 
systems. 

Prior to 1978, the interest in ccos, because of their 
bit density, was high and a proliferation of products 
was available. cco memories were intended for applica­
tions involving data storage in large blocks where access 
times of 100 µs or so could be accepted. However, this 
intention has changed. The advent of the 64k dynamic 
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Fig 4 CCD architectures. Major types of CCD ap­
proaches comprise serpentine, serial-parallel-serial, and 
line addressable random access. Serial-parallel-serial 
has higher density and lower power than either of 
other two 
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n-channel MOS (NMOS) RAM and its performance, density, 
and cost implications coupled with CCD processing and 
design problems that result in lack of product avail­
ability, has led many companies to switch their next 
generation systems design from ccos to MOS RAMs. This 
has virtually signaled the demise of the cco as a wide­
spread memory component. National, Intel, Motorola, 
and others have already ceased cco memory efforts. 
Actions of the remaining cco suppliers (TI and Fair­
child) are to support a limited select application base 
and not to solicit new areas. 

However, things do not remain static in the semi­
conductor industry very long. IBM announced that it 
has produced experimental 256k cco memories. This 
may be the impetus required to elicit an interest in cco 
devices again, because IBM has recently gone to the 
commercial market (16k and 64k dynamic RAMs) to sup­
plement its own manufacturing capability. Whether this 
will cause a revival by semiconductor manufacturers of 
commitments to cco technology remains to be seen. 

Siemens is also designing a 256k CCD memory and 
Hitachi has had a 262,144-:bit CCD memory in research 
and development for the past two years. The IBM an­
nouncement may pave the way for commercial devices 
by the second quarter of 1980. Thus, the 256k level 
will be the crucial focal point. 

While magnetic bubble memories represent the future 
and highest form of data storage possible at the lowest 
potential cost per bit, the future of ccos-forecast as 
the panacea of bulk storage support-is dim. The only 
possibility of saving cco as a viable technology would 
be the introduction and production of a 256k-bit cco in 
late 1980. Whatever IBM chooses to do will determine 
the future of CCD memories. 

Josephson Junction Circuits 

Due to increased emphasis on subnanosecond logic by 
mainframe computer manufacturers, future generations 
of computers (ie, super computers) might well utilize 
superconducting Josephson junction circuits.* These cir­
cuits are based on cryogenic operation at near absolute 
zero temperature ( -273 °C). 

The theory of Josephson junctions centers primarily 
on four physical properties: 

(1) Certain materials, known as superconductors (for 
example tin, lead, and niobium), when cooled to a tem­
perature a few degrees above absolute zero ( -273 °C)' 
lose all resistance to the flow of electric current. If 
current is made to flow in a loop or ring of such mate­
rial, it will flow continuously. 

(2) Magnetic flux cannot penetrate an "ideal" super­
conductor because shielding supercurrents are set up 
to oppose external magnetic fields. Consequently, mag­
netic flux can be trapped in superconducting rings, 
where it threads through a hole in the ring and is 
linked with persistent circulating currents in the ring. 

*This section is partially excerpted with permission from "Com­
puting at 4 degrees Kelvin," W. Anacker, IEEE Spectrum, May 
1979, pp 2.6-37. 
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(3) When a material becomes superconducting, it fo:ms 
a macroscopic quantum mechanical system of paired 
electrons, called "Cooper pairs," which react in unison 
to external electrical and magnetic disturbances and 
account for all superconducting properties. The electrons 
participating in the pairing process are taken from the 
electron population of the metal and leave behind a 
"superconducting energy gap" in the electron energy 
spectrum of that metal. 

( 4) If two superconducting materials form a junction 
with a very thin oxide layer (about 40 A thick) sand­
wiched in between, the oxide, normally an insulating 
barrier allows a current to flow by a tunneling mech-

' an1sm. 
Although still in its infancy, Josephson junction tech­

nology has now reached the level where the capability 
for total digital computer technology-that is, for con­
structing all digital logic and all necessary memories, 
both large and small-is within reach. This technology 
has already succeeded experimentally in implementing 
and verifying four basic logic elements: OR, AND, invert, 
and LATCH. 

In contrast with the voltage driven logic of present 
semiconductor circuits, Josephson junction logic circuits 
are current-driven elements. When inputs of more than 
one logic circuit are to be connected to a single circuit 
output (fanout), their control lines are incorporated 
serially along the output lines. The control lines, or fan­
out sections, constitute inductive discontinuities in the 
output line. When properly matched to the line imped­
ance these discontinuities transmit the output signals 
unal~ered but with additional delay. The fanout delay 
curtails the otherwise unlimited serial fanout capability 
of Josephson junction circuits in accordance with total 
permissible delays. When properly designed, each fanout 
contributes about 5 ps to the signal delay along the 
output line. 

A special capability of Josephson junction logic cir­
cuits is that they operate in a latching mode. They 
must, therefore, be periodica)Iy reset and then reacti­
vated. Applying trapezoidally shaped voltage pulses to 
the voltage bus, with the leading edge of each pulse 
activating all circuits connected to the bus, accomplishes 
this. Logic functions are carried out during the time 
the trapezoidal pulses are fully established; resetting 
of the switched circuits is accomplished by the trailing 
edges of the pulses. 

Since Josephson junction circuits operate equally well 
with positive and negative gate and control currents 
and voltages, the positive and negative trapezoidal 
voltages can be alternated. This circuit capability leads 
to an ac power supply for Josephson junction circuits­
sinusoidal generators that produce alternating trape­
zoidal voltage-pulse sequences. The generators operate 
at room temperature in conjunction with integrated 
thin-film transformers and voltage-clipping Josephson 
regulator devices arranged on chips. Typical strings of 
four Josephson switching devices connected between 
the voltage bus and ground are integrated on the chip 
to form the ac power regulators. Current thresholds of 
these regulators are virtually suppressed for this appli­
cation, so that they clip the sinusoidal voltage ampli-

tude at about 10 m V and thus provide the desired 
alternating trapezoidal pulse sequence. 

Storage of binary data in memory cells relies on the 
phenomenon of trapping magnetic flux in a supercon­
ducting ring, which permits a persistent circulating 
current to flow. As long as the ring remains entirely 
superconducting, the amount of magnetic flux threading 
the hole of the ring cannot increase or decrease. Mag­
netic flux can be admitted or released, however, when 
the superconducting path is interrupted somewhere in 
the loop with a Josephson switching device. 

Under development are two types of RAM cells: a non­
destructive readout (NDRO) cell for use in ultrafast 
access arrays, and a memory cell for high density arrays 
designed to operate in the destructive readout mode. 
Memory cells, drivers, and decoders needed for the 
construction of a fast RAM array have already been 
experimentally evaluated, and decoder delays of 30 
ps/ stage have been measured. These and other results 
support the estimation that NDRO memory arrays, with 
2048 bits, approximately 1-ns access time, and 2-ns cycle 
time, can be fitted on a chip area of 6.4 x 6.4 mm. 
Chip power dissipation will amount to about 5 mW. 
Current semiconductor memories with comparable density 
exhibit about 20 times longer access times and dissipate 
about 1000 times more power. 

An experimental high density memory array, com­
prising about 2000 cells, has been operated in write and 
read modes with only about 10 ns of total delay through 
decoder, driver, array, and read circuits. Estimates from 
this experiment indicate that 16k-bit arrays with about 
15-ns access and 30-ns cycle times can also be arranged 
on 6.4 x 6.4-mm chips. Power consumption of these 
arrays is extremely low. Onchip standby power is zero 
while data are being stored, and dissipated power is 
40 µ W (including power consumed in peripheral cir­
cuits) when the array is operated at full speed. Low 
power levels of peripheral, driver, decoder, and logic 
circuits are obtained by use of loop logic-switching 
devices connected to superconducting loops rather than 
to terminated transmission lines. Logic and decoder 
operation is slower in this case, but still fast enough 
for access times on the order of 10 ns. 

Despite fundamental differences in physics and mode 
of operation between Josephson junction and silicon 
devices, processing tools and procedures for Josephson 
large scale integration (LSI) chip fabrication are simi­
lar to those used in semiconductor LSI technology. In 
principle, photo and electron beam lithography tech­
niques are the same, even though different materials, 
multilayer structures, and permissible temperature pro­
files may require adaptation of process parameters. 
Thin-film deposition by evaporation and sputtering is 
relied upon in both technologies, although perhaps to 
a larger degree in Josephson junction technology. Other 
process steps, such as ion implantation, high tempera­
ture diffusion, and epitaxial deposition, are not needed. 
Unique to Josephson junction technology is the prepara­
tion of tunnel barriers. 

Josephson junction circuit chips are typically made 
of silicon wafers, chosen for their compatibility with 
microcircuit processing procedures, not for their semi­
conducting properties. A typical Josephson LSI "vertical" 
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structure on a wafer may comprise about ten thin-film 
layers-four superconducting, four insulation, one re­
sistive material, and, of course, tunnel barriers. 

The IBM Thomas J. Watson Research Center has de­
veloped a high speed Josephson junction technology 
called current injection logic ( CIL). The experimental 
CIL family consists of 2- and 4-input OR gates and 
2- and 4-input AND gates. Experimentally measured 
logic delay averaged over four gates is claimed to be 
30 ps/ gate (an average fanin of 4.5 and an average 
fanout of 2.5). Average power dissipation for the family 
has been measured at 6 µ. W, while that of the 2-input 
OR gate has been measured at 2.6 µ. W. Previously 
fabricated Josephson junction circuits of comparable 
geometries (5-µ.m diameter Josephson junctions and 2.5. 
µ.m minimum linewidths) exhibited average switching 
delays of 60 ps-twice as long as the average numbers 
for CIL devices. 

The CIL family is based on two types of superconduct­
ing devices. A magnetically controlled 3-junction inter­
ferometer, which provides isolation through magnetic 
coupling, is used for the 2-input OR function; a direct 
coupled, current injection gate is used for gain and 
as a 2-input AND function. The interferometer has been 
used in previous Josephson junction circuits, but in 
this case, it has been optimized for a large operating 
margin on the control current. 

Areas that require much additional work in imple­
menting Josephson junction technology are applying 
logic circuit design techniques to LSI circuits; develop­
ing and implementing LSI circuit design guidelines; 
investigating physics of materials and fabrication pro­
cesses; producing suitable packaging to allow operation 
at cryogenic temperatures, while not degrading sub­
nanosecond access/ cycle times; maintaining cryogenic 
temperatures continuously and reliably; evolving main­
frame construction techniques for handling cryogenic 
environment (liquid hydrogen) and associated heat 
transfer; and developing connections able to maintain 
picosecond switching speeds. The potentially high reli­
ability of the cryogenic environment may eventually 
allow the construction of extremely large (multiproces· 
sor) mainframes with perhaps millions of logic circuits, 
billions of memory bytes, and computing power on the 
order of 109 instructions per second, if the need exists 
and adequate auxiliary storage and 1/ 0 devices can 
be provided. Characteristics of such a proposed super 
computer are listed in Table 4.1 

TABLE 41 

Mainframe Characteristics of Hypothetical 
Computer Using Josephson Junction Technology 
Attribute Value 

Performance 
CPU cycle time 
Cache capacity 
Main RAM capacity 
Cache access time 
Main RAM access time 
1/0 data rate (max) 
Power at 4 "K 
Power at 300 °K 
Volume of mainframe 
Volume of cryostat 
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70M instructlons/s 
4s 
32k 

16M bytes 
4 ns 
20 ns 

360M bits/s 
7W 

15 kW 
4 liters 

460 liters 

The cost per circuit of Josephson junction and semi­
conductor LSI with comparable dimensions is similar 
because circuit density, process complexity, and chip 
yield can be expected to be similar. Overall performance 
lead of Josephson junction technology over analogous 
LSI semiconductor technology is currently estimated to 
be ten· to twentyfold, and there is no reason to believe 
that this advantage will be substantially reduced in 
the future. Hence, a cost/ performance advantage re­
sults for Josephson junction technology. 

Technology aspects-not performance or cost/ per­
formance-are most likely to influence whether Joseph­
son .i unction computer designs will reach the market­
piace. The technology data base assembled thus far is 
still small. It is not yet known how long it will take 
and how much it will cost to understand and control 
materials and fabrication processes well enough to pro­
duce commercial Josephson LSI computer hardware. 
However, because of the tremendous amount of de­
velopment effort being spent on Josephson junction de­
vices, commercially available products should be offered 
by 1985. 

Gallium Arsenide LSI Circuitst 

Semiconductor technology has been dominated by de­
vices made from silicon. The industry has progressed 
from the single transistor to the IC to large scale inte· 
gration of thousands of devices on a chip. The wide­
spread use of silicon 1cs has been driven by the achieve­
ment of about twice as many operational functions per 
chip each year, at a lower cost per function. As a 
result, applications of silicon LSI chips are growing 
prodigiously, and a new revolution in the form of very 
large scale integration (VLSI) is possible, with systems 
or subsystems placed on a single chip. 

In the background of the silicon LSI/ VLSI revolution, 
gallium arsenide (GaAs) is quietly gaining momentum. 
It could possibly become the first major "second wave" 
beyond silicon technology, with potential gigabit cir­
cuitry having gate switching times of less than 100 ps 
and dynamic switching energies of less than 0.1 pJ. Con­
sequently, GaAs is of great interest for its VLSI potential. 

Application of silicon 1cs, particularly LSI chips, has 
been limited to low data rates and has not invaded 
the microwave regime (Fig 5). Various silicon IC tech­
nologies, including complementary MOS/ silicon on sap­
phire, NMOS, and ECL (bipolar), generally have gate 
propagation delays of 1 ns or more. Except for small 
scale ECL ( eg, high speed prescalers) , clock rates and 
function execution times are well under a gigabit. In 
contrast, GaAs digital ICs made with depletion-mode 
metal semiconductor field-effect transistors (MESFETs) 
and Schottky diodes have demonstrated gate propaga­
tion delays of less than 100 ps, breaking the gigabit 
barrier and moving directly into the microwave area. 
The low power, high speed advantage of GaAs MESFET 
ICs stems directly from the high electron mobility and 

tThis section is partially excerpted with perrruss1on from F. A. 
Blum, "Gigabit Logic: Prospects for GaAs LSI," Microwave Sys­
tems News, Feb 1979, pp 57-63. 
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semi-insulating substrate of the GaAs MESFET, which 
gives it high transconductance and unity current gain 
bandwidths of approximately 80 GHz for 1-µ.m gate 
devices (compared with about 12 GHz for a similar 
silicon MESFET) . Of course, these same properties are 
the basis for the current attention given to the de­
velopment and use of discrete microwave GaAs field­
effect transistors ( FETs) . 

Since the principal advantage of GaAs is its high 
electron mobility, a feature best exploited in a majority­
carrier device technology, most GaAs re efforts have 
been based on the use of n-channel FETs of various 
types. Fig 6 summarizes the various GaAs device types 
and circuit technologies that have been modeled, fabri­
cated, and investigated. Of these, the Schottky diode-FET 
logic (SDFL) structure, which uses high speed Schottky 
diodes for most logic functions, and low power deple­
tion mode MESFETs for inversion and gain hold much 
promise for LSI circuit application. SDFL achieves speeds 
( td = 75 ps) close to those of buffered FET logic 
(BFL) at much lower power levels (Pn = 200 µ.W to 
2 mW/ gate), promoting chips of much higher com­
plexity. SDFL does, however, require a more sophisti­
cated fabrication approach m order to optimize both 
diodes and FETs. 

Two independent studies by Rockwell's Science Cen­
ter and IBM's Thomas J. Watson Research Center project 
just what the speed advantage will be if LSI circuits 
are fabricated on GaAs instead of silicon, using MESFETs. 
Although the research is tackled differently-IBM uses 
computer simulations for its projection while Rockwell 
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Fig 5 Speed/power performance of IC technologies.• 
Map of gate propagation delay vs power dissipation 
shows advantages of low power, planar GaAs MESFET 
logic compared with Si technologies 

bases its projection on actual device measurements­
both arrive at the same answer: all things being equal, 
GaAs MESFET LSI circuits exhibit a sixfold speed advan­
tage over silicon MESFET circuits for the same power­
delay product; GaAs circuits exhibit a 25 to 40 times 
lower power dissipation than silicon for the same td; and 
GaAs res operate up to 200 °C without changes in tAA 
or Pu. 

Gate delays and power-delay products of the en­
hancement-mode MESFETs are orders of magnitude bet­
ter than those of today's n-channel transistors-but the 
devices are formed with gate widths of 1 µ.m and less. 
For 1-V logic swings, Rockwell expects gate delays of 
60 ps and power-delay products of 35 fJ in its 1-µ.m 
MESFET technology. The Rockwell GaAs program has 
an aggressive goal of putting no fewer than 1000 gates 
on a GaAs substrate within two years, and integration 
certainly will not stop there. 

Rockwell has fabricated and tested long chains of 
NOR gates, chains of D-flipflops, and other medium 
scale integrated {MSI) circuits. Examples include a 24-
gate, 3-stage binary ripple counter (divide by 8) imple­
mented with T connected D-flipf!ops, and a 33-gate, 
3-stage synchronous counter. Power dissipation per gate 
for these MSI circuits has been running in the few­
milliwatt range, somewhat higher than that of the ring 
oscillators due to higher supply voltage requirements 
(approximately 3 V). However, the speeds have been 
maintained. For example, the first stage divide by 2 
of a ripple counter has been operated at clock frequen­
cies of 1 to 2 GHz, implying gate switching times of 
approximately 100 ps. The few-milliwatt power dissi­
pations yield PIJtct's of a few hundred femtoi oules per 
gate, which is much lower than that achieved with 
BFL. Finally, complete 8: 1 data multiplexers and de­
multiplexers containing approximately 60 gates have 
been fabricated, as has a 93-gate array. MSI GaAs cir­
cuits are the largest ever fabricated and represent a sig­
nificant step toward demonstrating LSI chip operation. 
In April 1980, a 2 x 32 shift register containing 532 
gates should be available. 

While performance results achieved for GaAs lCs 
have been outstanding, there has been some disagree­
ment about these results, with some ascribing them 
principally to the 1-µ.m geometries and semi-insulating 
substrates used in GaAs re work, rather than to superior 
GaAs electronic properties and FET characteristics. It 
is extremely important to note that the GaAs devices 
that have been fabricated to date use 1-µ.m geometries, 
while scaled NMOS uses 2.0- to 3.0-µ.m line geometries 
and bipolar uses a 3.0- to 4.0-µ.m geometries (although 
TRW's high performance triple-diffused process is fabri­
cated with 1.5-µ.m geometries). 

However, a comparison of experimental data on short 
channel GaAs and silicon FETs2 shows that for any 
given V ,,., - V,, bias, the saturated drain current and 
transconductance values for the GaAs MESFET are at 
least six times larger than the values for the silicon 
MESFET. These transconductance characteristics are also 
reflected in superior microwave properties (gain, noise 
figure, etc) for GaAs MESFETs. 

GaAs MESFETs give much better performance char­
acteristics, particularly at low biases, than silicon FETs. 
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GaAs FET 

DEVICE 
OPERATING MODE 

ENHANCEMENT 
MODE 

DEPLETION 
MODE 

~ 
LOGIC CIRCUIT 
APPROACH 

DIRECT COUPLED 
FET LOGIC (DCFL) 

BUFFERED FET 
LOGIC (BFL) 

SCHOTTKY DIODE­
FET LOGIC (SDFL) 

SPECIFIC ACTIVE MESFET JFET 
DEVICE TYPE 

TYPICAL LOGIC o.5v· o.95 v· 
VOLTAGE SWING, Vm 

CHIP COMPLEXITY RING OSC RING OSC 
PRESENT STATUS SSI ONLY 

tpd (ps) 400 140 to 300 

Po/GATE (mW) <0.25 0.2 to 1 

• VOLTAGE SWING LIMITED BY GATE CONDUCTION 

••WORK IS AT VERY PRELIMINARY STAGE TO QUOTE RELIABLE RESULTS 

HJFET MOSFET 

1.5 v · 1to5 V 

DISCRETE DISCRETE 
FETS FETS 

~ 
MESFET 

2.5 v 

20-GATE 
MSI 

75 

20 to 40 

~ 
MESFET, FAST 

DIODES 

0.5 to 2.0 V 

>93-GATE 
MSI 

75 

0.2 to 2 

Fig 6 GaAs IC hierarchy. Most models which have been probed are based on n-channel FETs to achieve 
high electron mobility 

For any given logic voltage swing (or Pntd product) , 
the GaAs MESFET IC will be over six times faster than 
the silicon MESFET circuit. On the other hand, if equal 
propagation delays are demanded from both circuits, 
the GaAs device can achieve the speed with much 
smaller logic swings and hence enormously lower speed­
power products than the silicon IC. This is, of course, 
extremely important for high speed VLSI applications. 

To date, the performance attained with GaAs ICs has 
been excellent. However, the most serious concerns 
about the future of GaAs, particularly for LSI and VLSI 
applications, are focused on the questions of produci­
bility and yield. On the basis of silicon IC experience, 
it seems unlikely that LSI circuit complexities could be 
achieved with mesa GaAs IC fabrication approaches. 
In addition, the single layer (epitaxial or uniform im­
plant) available with these techniques also results in 
some restrictions in circuit approach. More recently, 
a fully planar GaAs IC process making use of multiple 
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localized impl~ntations directly into a semi-insulating 
GaAs substrate has been developed which avoids these 
problems. Because multiple implantation steps makP, 
it possible to optimize more than one type of active 
device with this process, it has been extensively used 
to fabricate SDFL type circuits. 

Attainment of LSI or VLSI circuit complexities in high 
speed logic requires low gate dissipations and hence 
ultralow Pntd products. This implies relatively low logic 
swings with relatively low pincho:ff voltage MESFETs, if 
depletion-mode logic is used. The FET pincho:ff voltage 
must be controlled to a small fraction of the logic swing, 
the achievement of which has proven quite difficult in 
GaAs MESFETs, due to the extremely thin ( 1000 A) 
active layers involved. Also, MESFET drain currents must 
be reasonably well matched for optimum circuit function. 

As mentioned before, the goal of the current Rock­
well program is to demonstrate the operation of ap­
proximately 1000-gate LSI parts within two years. While 
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this is aggressive, very significant progress has been 
made in the past two years and the basic LSI compatible 
process technology and circuit design techniques have 
been demonstrated. LSI GaAs is clearly on the horizon. 
Roadblocks in both the processing technology and the 
quality of semi-insulating GaAs substrates are expected; 
the main obstacle will be the smooth transition from 
current 93-gate parts through 523-gate parts to 1000-
gate parts. 

With the proper resources and effort, these goals 
and more would seem to be in the offing for the 1980s. 
Apparent extensions of GaAs digital LSI technology are 
development of analog circuitry and combinations of 
analog and digital circuitry. While the performance 
demands of analog circuits can be stringent indeed, 
the technology being developed should lend itself nicely 
to refinement for analog appli.Gations. The recently 
demonstrated GaAs cco would complement the digital 
technology for such applications as high speed filtering. 
Also, high speed analog to digital (A-D) converters made 
from GaAs will certainly attract the interest of many 
systems engineers. Possible combinations of silicon and 
GaAs on the same circuit substrate are also foreseen. 

Once GaAs enters the LSI stage, VLSI lies around the 
corner, presuming that material quality and processing 
technology can keep pace. Performance-wise, improve­
ments in the technology will push GaAs toward the 
lower lefthand corner of Fig 5, and femtojoule GaAs 
ICs would seem to be a real possibility. This can be 
achieved in two ways. First, capitalizing on the current 
development of submicron device technology using elec­
tron beam and/ or x-ray lithography, shorter FET gate 
lengths ( 0.25 to 0.5 µm) can be employed to bring 
switching times into the 10- to 20-ps range. Indeed, 
a high power, buffered FET inverter with 0.5-µm FET 
gate lengths was recently operated by Hughes with a 
34-ps switching time. Alternatively, cryogenic cooling 
of GaAs ICs may be acceptable for such applications 
as mainframe computers. Bulk n-type GaAs can have 
mobilities in excess of 100,000 cm2 / V-s at liquid nitrogen 
temperature. If FET channel mobilities close to this 
value can be achieved on a reliable basis, the devices 
would be extremely fast. Indeed, a combination of sub­
micron geometries and low temperatures could yield 
ICs with properties rivaling those of Josephson junction 
circuits, which currently have much more formidable 
requirements of operation at liquid helium temperatures. 

Besides Rockwell, the list of companies investigating 
this technology is impressive: Texas Instruments; Lock­
heed Space and Missile Systems Div anticipates de­
velopment of smart satellites using superspeed processing 
of GaAs LSI; Hewlett-Packard has opened a small pilot 
or prototype line at Santa Rosa, Calif, for MSI circuits 
to be used in counters; and TRW Defense and Space 
Systems Group continues work with A-D converters that 
may find application in 60-GHz spread spectrum links, 
or in a radio on a chip used for sophisticated pseudonoise 
coded signals in air to air missile guidance. 

Even with the existing performance demonstration, 
skepticism exists. To become a proven entity, GaAs 
technology must move from the laboratory to the pro­
duction line. Within the next five years, the true poten­
tial of digital and analog GaAs ICs should become clear. 

Summary 
The microprocessor is creating a demand for more 
semiconductor memories-programmable read only, read 
only, and random access memories. Further increasing 
the impetus for high density RAMs ( 4k, 16k, 64k, and 
greater) is the replacement of core memory with semi­
conductor memory in computer systems, which began 
in 1976. Within the next several years, the merging 
and coalescing of · bipolar and MOS technologies for 
RAMs should take place. 

A wide and diverse base of semiconductor memory 
elements exists from which designers may select to meet 
application objectives. It is from this grouping that the 
next generation of semiconductor memories will be de­
rived, thus providing the impetus for the super computer. 
The future will see the memory categories discussed 
in Parts 1, 2, and 3 implemented with VLSI technology. 
As such, the need for submicron technology with onchip 
fault tolerance, built-in test, and error detection and cor­
rection will be common to all. 

A rational prediction has been attempted as to the 
new products in each memory category that will be­
come available, and the timing as to when this will 
occur. Many factors have entered into these projections 
which are achievable if certain designs, processes, and 
support equipment requirements are met. The type of 
memory technologies that will find widespread use in 
super computers are ECL, scaled MOS, magnetic bubble, 
and Josephson junction devices. In the long term, the 
fastest access times will be found in technology based 
on insulating substrates, such as GaAs. 
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I DESIGN NOTE I 

Benefits and Limitations of 
Wire Matrix Printer Technology 

Serial matrix technology is steadily evolving to satisfy 
medium speed line printing and high quality word 
processing applications 

James W. Adkisson Florida Data Corporation, West Melbourne, Florida 

R ecent serial wire matrix printer 
developments are producing line and 
character speeds of 300 lines/ min 
and 600 char/ s, respectively, with 
the reliability for print volume ap­
plications previously dominated by 
medium speed line printers. Parallel 
developments are demonstrating print 
quality equaling those of daisy wheel 
and inkjet technologies. 

The first matrix printer, introduced 
in 1970, operated at approximately 
66 char/s. Shortly afterward, a 165-
char / s serial matrix impact printer 
appeared. These first wire matrix 
printers used solenoid wire drivers 
with the stylus directly attached to 
the solenoid armature. 

Development of free flight and bal­
listic printheads improved heat effi-
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ciency and doubled printhead life, 
achieving print speeds of 180 to 200 
char/ s. Development of a stored en­
ergy printhead further improved ef­
ficiency and head life, increasing 
print speed to more than 250 char/ s. 
Use of a double column of wires­
vertically offset from each other­
increased print speed to more than 
300 char/ s. Recently, development of 
magnetic stored energy wire drivers 
has boosted print speed to 600 char/ s. 
Ongoing technology developments 
will continue to achieve significant 
gains in performance. 

The emerging demand for systems 
supporting both data processing and 
word processing applications will 
challenge printer manufacturers to 
offer multi-utility printers that will 

satisfy both requirements in one 
pr inter. The advantages of technolog­
ical maturity, · multi-part printing, 
low cost, and manufacturing experi­
ence should give serial wire matrix 
printers the competitive edge over 
inkjet and laser print techniques for 
the next several years. 

Speed Considerations 
Serial wire matrix printers use a 
printhead that moves horizontally 
across the paper (Fig 1) . Actual 
printing is accomplished by actuation 
of various combinations of wire ham­
mers that are configured in a vertical 
column. Each wire, when activated, 
impacts the end of the associated 
wire into an ink ribbon and onto the 
paper to create a single dot. Each 
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Executing PASCAL or MACRO Assembler, 
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... With commander 
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IEEE and OMA 1/0 ports. 
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A large capacity version of the Commander series provides 
1 megabyte storage in dual SSDD 8 inch floppies ... ideal for 
integrating your CRT terminals, modems and printers. 

Applications SOftware 
Not only does the Commander accept the higher level 
languages you and your customer want. .. but we alsQ offer 
a host of proven application packages for a modest one-time 
charge, including diagnostic software. 

D File Management, Editing and Word Processing Systems 

D General Ledger, Accounts Payable and Receivable, Payroll 
and other accounting packages 

D Mail List Management, Inventory Control and more general 
business packages 

*OEM quantity 50 price for dual ZBOA, 32kb RAM, 160kb disk, keyboard. CRT 
four RS-232 ports and parallel 1/0. 

@)Trademark of Digital Research 

commanders Are Available For Delivery In 30 Days. 

9050 Red Branch Road, Columbia, Marvland 21045 TEL: (301 l 992-3400 TWX: (710l 862-1891 
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character is formed by firing the 
wires at selected intervals, forming 
a dot matrix array. 

Primary factors determining maxi­
mum print speed of a wire matrix 
printer include maximum wire cycle 
rate, number of wire sets per print­
head, and number of printheads. The 
majority of existing wire matrix 
printers use a solenoid wire actua­
tion technique to drive the wire onto 
the paper. Maximum cycle rates for 
solenoid actuators are approximately 
1000 cycles/ s, or 180 to 200 char/ s, 
for standard printing. 

WIRE DRIVE MODULES 
ARE CONFIGURED 
RADIALLY SO THAT 
IMPACT WIRES CAN BE 
CONFIGURED IN 
VERTICAL COLUMN 

Fig 1 Serial wire matrix printer. 
Printhead moves horizontally 
across paper. Wires, configured in 
vertical column, are selectively 
activated by wire hammer drivers 
to impact paper through ink rib­
bon, creating dot matrix charac­
ters on paper 

Actual throughput of a serial ma­
trix printer is also a function of the 
line length to be printed. Since the 
printhead is moving at a constant 
velocity, the time to print a line is 
directly dependent on the length of 
the line. Short lines take less time 
to print than long lines. However, 
the curve is not exactly linear be­
cause of the additional time re­
quired to feed the paper and to re­
verse printhead direction. 
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Use of more than one printhead in­
creases print speed and throughput. 
Two printheads can share print load 
of a line by dividing the paper form 
in half with each printing its re­
spective half. Multiple printheads can 
reduce the effective line length for 
each printhead and, thus, the time to 
print a line. However, this technique 
is only effective for long lines. For 
example, a serial matrix printer at 
150 char/ s with a printhead velocity 
of 15 in (38 cm) / s can print a full 
line of 132 ten-pitch characters in 
0.88 s. Two printheads, each printing 
150 char/ s and moving at 15 in (38 
cm) / s but printing one-half of the 
line, can print the line in 0.44 s. If 
the lines to be printed are only 66 
characters in length, the time to print 
is 0.44 s for both a single- and dual­
head printer since the second head 
never has data in the second half of 
the page to print. Thus, the extra 
throughput speed of two printheads 
is only effective with lines longer 
than one-half the page width. Me­
chanical complexity and added cost 
have generally eliminated this ap­
proach from current developments. 

L / 
0 0 
0 0 

PRINTHEAD 0 0 .. ... 0 0 
MOTION._ 0 0 

0 0 v 

DOT 
ROW 

0 0 
I I 

-R I L-1-R 
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, -++-1v1-+-+-++-1H-
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a-', 2 3 4 ~'t'1 8 
DOT COLUMN 

Fig 2 Two wire sets in one 
printhead. Two sets of vertical 
wires alternate printing every 
other dot row. If left wire prints 
first column dot, right wire prints 
second column dot 

The use of two sets of vertical wire 
elements in one printhead can in­
crease effective print speed by almost 
a factor of two (Fig 2). A matrix 
printer with two sets of vertical wires 
using solenoid wire actuators can 
achieve over a 300-char/ s print speed. 
Each wire set operates at a maximum 
cycle rate and alternates the printing 
of each dot column of the matrix. 
Because the two wire sets are in one 
printhead, the advantage of higher 
throughput is independent of line 
length. 

Recent developments in magnetic 
stored energy wire actuators have 
enabled wire cycle rates to exceed 
3000 cycles/ s, a speed that translates 
into 600 char/ s or more than 400 
lines/ min for average width text. The 
stylus wire is attached to a cross 
flexure spring that is held in a cocked 
position by a magnet (Fig 3). A coil 
is energized to cancel the magnetic 
field, releasing the spring and achiev­
ing wire flight times as short as 180 
µ.s. More efficient magnetic materials, 
such as samarium cobalt, have re­
duced the weight of these printheads, 
and the efficiency of the stored energy 
hammer has reduced the power dis­
sipation by a factor of four over 
solenoid actuators, thus extending 
life. 

Print Quality 

The main drawback in present ma­
trix printer design is the quality of 
the printed characters. Generally, a 
dot matrix of 5 x 7, 7 x 8, or 7 x 9 
produces a character with noticable 
gaps between the dots, and character 
shapes are limited by the points on 
the grid at which a dot can be 
placed. New developments, using 
higher resolution dot densities and 
more precise location of dots, have 
alleviated these deficiencies. 

Print quality, a measure of appear­
ance and legibility, depends on such 
variable factors as printer technology, 
ribbon, paper, and subjective judge­
ment. The de facto industry stan­
dard of high quality or word process­
ing quality print is the output, with 
carbon or film ribbon and bond pa­
per, of a maintained daisy wheel or 
IBM Selectric printer. These printer 
types form solid characters from an 
engraved ball or daisy wheel impact­
ing the paper through the ribbon. 
This benchmark of quality has been 
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Delivery That's OEM Responsive 
Perkin-Elmer tape and disk drives are avail­
able now. When we saw the demand for our 
drives grow, we responded by making the 
investments necessary to be responsive to 
OEM delivery requirements . Our commitment 
to OEMs includes a new 250,000 square foot 
manufacturing complex with the production 
capacity that can meet today's requirements. 

Our OEM Commitment Our commitment 
to the OEM goes beyond new facilities. It's a 
multi-faceted corporate commitment that in­
volves a powerful combination of investments 
in advanced production and testing equip­
ment, responsive management, financial 
strength and competitive products. A commit­
ment that assures product reliability, on-time 
delivery, and responsiveness for our OEM 
customers. 

Responsive Products We offer the OEM 
tape and disk drives that have become the 
industry standards . Our tape drives are avail­
able in sizes from 7 inches to 101/2 inches 
with speeds ranging from 12.5 ips to 75 ips 
and recording densities up to 1600 cpi. 
Our Super Series cartridge disk drives are 
available in front-loading and top-loading 
configurations. Storage capacities are from 
2.5 to 20 megabytes. 

Responsive Answers For a responsive 
answer to your tape or disk requirements, 
write or call today. Then, you 'll see what it 
means when we say we're OEM responsive . 

Perkin-Elmer, Memory Products Division, 
7301 Orangewood Avenue, Garden Grove , 
CA 92641 (714) 891-3711 

PERKIN-ELMER 
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reduced slightly with the acceptance 
of the IBM inkjet, using ink dots to 
form characters, as acceptable word 
processing quality. 

Matrix printers generate high qual­
ity print by placing dots on paper 
exactly and accurately. The dot di­
ameter of these printers varies from 
0.010 to 0.020" (0.254 to 0.508 mm). 
The smaller the dot, the more dots 
are required to form a solid char­
acter, while allowing higher resolu­
tion print. Exact dot location is a 
difficult printing parameter and is 
essentially the limiting factor of ma­
trix printer resolution. 

Some problems in dot placement 
are due to the requirement of precise 
paper motion and position control. 
The major problem is controlling 
the location of the dot impact. Since 
the printhead is moving horizontally 
while printing, dot position must be 
determined by actuating the wire and 
anticipating its impact on the paper. 
Wire flight times may vary due to 
mechanical tolerances, and interac­
tion of wire actuators for one or 
simultaneous multiple wire impacts. 
Also, heat buildup in the print ele­
ment causes flight time variances. 

Integration of electronics to com­
pensate for wire flight time varia­
tions, and the development of more 
efficient wire actuator technologies 
such as magnetic stored energy, 
which do not deteriorate with heat 
or usage, have alleviated dot place­
ment problems. Generally, printing 
acceptable word processing quality 
characters requires dot placement 
within a ±0.002" (0.051-mm) toler­
ance. 

Two common techniques of gen­
erating high density dot placement 
are multipass print and staggered 
overlapping wires in the print ele­
ment. The multipass technique fills in 
the vertical dots on each successive 
pass of the printhead, as the paper 
is moved vertically one-half of a dot 
position (Fig 4). A character is gen­
erated on two passes with 16 dots 
overlapped vertically. By using a 
printhead with 14 or more wires that 
overlap the dots vertically, one pass 
can generate the same vertical dot 
resolution. Printhead complexity and 
cost are increased due to additional 
wire actuators in the printhead and 
more electronics. Horizontal dot 
placement is most efficiently devel-
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WIRE STYLUS 
~ 

EXTENSION DIRECTION t 
ARM OF FLIGHT 

CROSS FLEXURE SPRING ' TO PAPER 

L~ oool 
~ ,J._ POLE TIP GAP 

[MAGNET ][ ~1 
COIL 

( :( -
Fig 3 Magnetic stored energy printhead. Magnetic 
energy is stored by cross flexure spring held cocked 
by magnetic field at pole tip gap. Energized coil can-
eels magnetic field of gap, releasing spring and allow-
ing wire to impact paper at high speed 

DOT COLUMNS PRINTHEAD MOVES .... 
1 2 3 4 5 6 7 8 9 10111213141516 

DOT YI' 
ROWS 1 ,. 
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PAPER MOVES y 
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tL 
,"I: 
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16 

Fig 4 Printhead and paper movement. Printhead 
moves horizontally and prints odd rows during first 
pass. Then, paper moves one-half dot position, approx 
0.0078" (0.1981 mm) vertically. Printhead moves in 
reverse direction and prints even row dots 

COMPUTER DESIGN/ FEBRUARY 1980 



oped with vector generation algo­
rithms that reduce the amount of 
memory required to store a char­
acter shape. 

The tradeoff of speed for quality 
is almost linear. Creating a word 
processing quality character requires 
approximately four times the number 
of dots used in a standard 5 x 7 ma­
trix character. Character speed is 
thus reduced by a factor of four. For 
example, to print word processing 
quality characters, a standard 5 x 7 
matrix printer would be slowed from 
600 to 150 char/ s. However, char­
acter speed is slightly misleading 
since character pitch is also impor­
tant. Because the wire cycle rate and 
the printhead velocity are generally 
held constant, a high pitch character 
(for example, 12 pitch) is printed 
at a faster character speed than is a 
low pitch (for example, 10 pitch) 
character. A machine that prints qual­
ity 10-pitch characters at 150-char/ s 
can print quality 12-pitch characters 
at 180-char/ s. Higher pitch char­
acters require fewer dots horizontally 
to generate quality print. 

With the use of microprocessors 
and low cost memory, character fonts 
can be stored in read only or random 
access memory. Since the characters 
are formed by overlapping dots, the 
matrix printer has the flexibility of 
changing character fonts, varying 
character sizes, and printing graphics 
without changing print elements. This 
multifunctional flexibility is not avail­
able with solid character print ele­
ments. Because speed and quality can 
be varied in inverse proportion, the 
matrix printer can satisfy the need 
for both high speed draft output and 
high quality final copy. The matrix 
printer offers multi-utility for word 
processing and data processing ap­
plications with multi-copy capability. 

Reliability 

Matrix printer reliability is usually 
measured as the life time of printable 
characters of the machine. Duty cycle 
and page density have a significant 
bearing on printable life since they 
determine the time the printer is 
printing versus nonprinting. In gen­
eral, character print life of a matrix 
printer is limited by the character 
life of the printhead. Wire matrix 
technology has seen significant im­
provement in reliability over the past 

few years. Development of ballistic 
or free flight solenoid actuators has 
significantly increased printhead life. 
Ballistic printheads are achieving 
character print life of 300M char­
acters as compared to 60M just a few 
years ago. Magnetic stored energy 
heads are now achieving a print life 
exceeding lG characters. 

In regard to band printers, the ma­
trix printer compares favorably. 
Presently, the life of an individual 
character on a print band is limited 
to approximately 30M characters. If 
that character is a high usage char­
acter, such as a zero or a lower case 
e, the life of the band is a function 
of the life of the zero or e. A 5 to 
10 % usage of the zero, for example, 
will net a band life of 300M to 600M 
characters. The cost to replace a band 
is several hundred dollars, which is 
similar to the replacement cost of 
a matrix printhead. The simplicity of 
matrix printers with fewer parts and 
lower cost makes them a formidable 

competitor with medium speed line 
printers. 

Summary 

The inherent flexibility of the matrix 
printer coupled with technological 
improvement in speed, print quality, 
reliability, and cost continue to make 
it a strong contender in data process­
ing, graphics, and word processing 
systems for the next several years. 
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I DESIGN NOTE I 

A Row Buffer LSI Controller 
For CRT Refresh 

Row buffer technique for CRT refresh in a raster scan video terminal 
utilizes an LSI controller design and eliminates both OMA controller 
and special dynamic RAM interface parts 

Dusty Morris and Robert Ferguson* 

Motorola Semiconductor Products Incorporated, Phoenix, Arizona 

, Two basic types of large scale in­
tegration cathode ray tube controllers 
have evolved in recently designed data 
terminal systems. One type employs a 
row buffer cathode ray tube technique 
that uses a direct memory access con­
troller to update two row buffers inside 
the controller. This technique, 
although not requiring a microproces­
sor for data transfers for cathode ray 
tube refresh, occupies excessive pro­
cessing time due to direct memory 
access controller use of the data bus 
for row buffer update. The second type 
eliminates the direct memory access 
controller and row buffers, and di­
rectly addresses random access mem­
ory, which is shared with the micro­
processor. 

This direct memory access (DMA) 
type cathode ray tube (CRT) controller 

provides data from random access 
memory (RAM) directly to the character 
generator read only memory (ROM). 
However, the clock rate of the micro­
processor must be compatible with the 
video output rate to the CRT since the 
memory is shared. If a biphase clocked 
microprocessor is used, CRT RAM is 
accessible to the processor 100% of 
the time; this is accomplished by oper­
ating the CRT on clock 4>1 and the 
microprocessor on clock 4>2. If a single­
phase microprocessor is used, modifi­
cation of the CRT RAM may be done 
only during the horizontal and vertical 
blanking periods with the second type 
of CRT controller. 

The MC6845 CRT controller has been 
designed principally to use, but is not 
limited to, transparent DMA for screen 
refresh. In addition, this CRT 

•Mr. Ferguson is currently with Sun Systems, Incorporated, Phoenix, Arizona. 
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controller may be implemented to 
work with an external row buffer 
without a DMA controller. This alter­
nate method allows the MC6800 system 
bus, or other type of microprocessor, 
to operate at its own clock frequency. 
Operation and update of the row buf­
fer occur at a divisional rate of the 
video clock. For example, with a 
character dot size of 5 x 7, the 
character dot matrix size would be 
7 x 10. Update of the row buffer 
would occur during the blank scan line 
preceding the first scan line used for 
data presentation. The row buffer 
would be loaded with a new character 
every seven video clock pulses, which 
becomes the character rate. When dy­
namic RAM is used as the shared RAM, 
the video clock rate is limited to the 
slower clock rate. 
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He should have 
used a CMOS 
Monochip; 

Our $59 Monochip Design Kit has 
everything you need to develop your 
own CMOS IC. You choose the size­
from 100 to 400 gates. 

CIRCLE 84 ON INQUIRY CARD 

Here's another good idea that didn't 
quite make it because the designer 
didn't choose the right technology for 
his circuits. If he had used CMOS, he 
could have cut the power consumption, 
size, and weight of the finished product. 

And with Monochip, he could 
have had his CMOS prototypes in just 
6 weeks for under $5000. 

That's because Monochip's circuit 
components-the first five layers­
are already in place. All you do is tell 
us how you want them connected 
for your application. 

Working from your layout, we'll 
etch the sixth layer to produce your 
prototype. When you've approved it, 
we'll make from 5000 to half a million 
parts for you. 

Our $59 Monochip Design Kit has 
everything you need to lay out your own 
CMOS IC. And free help from our CMOS 
experts is as near as your phone. 

Now you can have the advantages 
of custom CMOS IC's without paying 
$50,000 and waiting a year for full­
custom development. Break through 
to CMOS technology today with 
Monochip, the semi-custom IC. 

Call or write today for more infor­
mation. Interdesign, 1255 Reamwood 
Avenue, Sunnyvale, CA 94086. 
( 408) 734-8666. 

Interdesign is a Ferranti Company. 
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System Design 

The row buffer technique of CRT re­
fresh allows the implementation of dy­
namic RAM. This CRT controller system 
design (Fig l) provides sequential row 
addressing often enough for refresh­
ing. During the longest nonrefresh 
period (video blanking), the time with­
out refresh is less than the permissible 
2 ms. A DMA controller is not required 
since the CRT controller has its own 
memory address output lines (MAO to 
MA13). 

An 8().character by 24-row 9'' (23-cm), 
M-2000 CRT display is used in this de­
sign. Only 64 American Standard Code 
for Information Interchange (ASCII) 

CCLK 

AO·A15 

MC6845 

characters are decoded in this system 
design by DO to D5, but 128 characters 
are possible by presenting another bit 
to the MCM6674 character generator 
ROM through the 2-AM2847 row 
buffer. 

Character data are accessed by the 
CRT controller during zero scan line time 
of each character row for each character. 
Data stored in 8-MCM6616 RAM are trans­
ferred to the 8().character row buffer. 
This buffer circulates its contents at the 
character clock rate of every 648.4 ns. 
As each character circulates, it is pre­
sented to the character generator ROM 
for the character clock period. These 
data, along with the scan line address in­
puts (RSO to RS3~ select ROM data 

AO-A15 

CRT MAO-MA13 2-71LS95 AO-A6 

MICRO · 
PROCESSOR 

MC6800 

4>1 4>2 

MC 
6875 

CLOCK 
GEN 

CONTROLLER BUFFER 

00-07 

BLANKING 

HORIZ SYNC 
~--- VERT SYNC 

TO CRT 

16k x 8 
DYNAMIC RAM 

8-MCM6616 

74LS165 
PARALLEL TO 

SERIAL 
REGISTER 

SRO 

BLANKING 

VIDEO CLOCK 

that are output on the DO to D4 outputs 
of the character generator. Data bits are 
strobed into a 74I.Sl65 serial shift regis­
ter and shifted out as serial register data 
at the video clock rate. Video serial 
register data are then conditioned for 
output through two NANO gates and a 
D-type flipflop for VIDEO OUT. 

CRT Controller and 
Row Buffer Principles 

The CRT controller performs the inter· 
face functions of a microprocessor sys­
tem to the raster scan CRT display. It 
contains logic for generating the verti· 
cal and horizontal synchronization 
pulses required, with their output 

SYSTEM 
BUS 

BUS 4'2 
CONTROL 

C CLK 

CONTROL 
LOGIC 

VIDEO CLOCK 

3/4 
74LSOO 

VIDEO 
CLOCK 

Fig 1 CRT controller system block diagram. Row buffer technique uses two row buffers external to CRT controller (MC6875). 
As each ASCII character circulates through row buffers, it is presented to character generator ROM. Scan line data needed to 
help form character on CRT are stored in parallel-to-serial shift register. Serial register data (SRO) are output through NANO gates 
and flipflop for delivery as Video Out to CRT 
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times under software control. In addi· 
tion, memory address lines MAO to 
MA13 point to the address of the data 
(DO to D7) required to refresh the CRT. 
Using this technique, memory address 
for each character · is presented to 
memory only once per screen refresh. 
Data retrieved are stored in an 80-byte 
row buffer that is shifted, except dur· 
ing blanking, at the character rate. 
The row buffer is updated during scan 
line 0 of each character row. Because 
each character circulates through the 
buffer 10 times (once for each scan 
line), the amount of time the CRT con· 
trailer must access memory for refresh 
is minimized. Memory address data 
must be buffered and multiplexed by 
four 3-state octal buffers (4-71LS95) so 
that memory address inputs have only 
a single source at any one time. The 
reason is because dynamic RAM uses 7 
of the 14 address bits, bits 0 to 6, for 
row address select (RAS), and the re· 
maining seven address bits, bits 7 to 
13, for column address select (CAS). On· 
ly seven bits of address may be 
presented to dynamic RAM at any one 
time. In addition, two sources of the 
full 14-bit address are present, one 
from the CRT controller and the second 
from the microprocessor. 

The CRT controller also outputs the 
scan line count (or address) as RSO to 
RS3. These outputs are presented to 
the character generator and the con· 
trol logic. Blanking-or display enable 
(DE)-is also output from the CRT con· 
trailer to control when the video data 
being shifted out are valid. 

RAM Operation 

A 16k-byte dynamic RAM is shared by 
both the CRT controller and the micro· 
processor. System design organization 
requires the memory timing circuits to 
generate pulses from two different 
clock sources. To operate with the 
microprocessor, the bus </>2 signal from 
an MC6875 clock register is used to de· 
rive 1-MHz memory timing syn· 
chronous with </>l and </>2. The CRT 
controller and row buffer, however, 
operate at the character clock rate, 
which is one-seventh of the video clock 
rate. The origin of memory timing dur· 
ing row buffer update is based on 
character clock (C CLK). Memory clock 
generator logic derives the memory 
clock (MCYC) pulses from these two 
asynchronous sources, thus allowing 
access to shared RAM from two asyn· 

chronously timed address ports (AO to 
Al3 and MAO to MA13). This timing 
design allows row buffer operation 
with the CRT controller. 

System Memory Timing 

Two timing sources, </>2 for the micro· 
processor and character clock for the 
CRT controller, need to be controlled to 
interact with the shared RAM and not 

cause conflict for either microproces· 
sor or CRT controller (Fig 2). Since the 
shared memory timing is asyn· 
chronous, the microprocessor must be 
halted during the CRT controller 
accessing period. The CRT controller 
updates the row buffer during each 
zero scan line time; this is accom· 
plished by requesting a halt of micro· 
processor operations on its Go/Halt 

Disk Memory 
Power supplies 

Power-one, a leading 
supplier to the Disk Drive 
Industry, now offers a 
complete line of power 
supplies for FLOPPY DISK 
and new WINCHESTER 
FIXED DISK applications. 

Call or write for our 
New catalog. 

WINCHESTER FIXED DISK 
SHUGART. CENTURY. MICRO POLIS are Just a few drives powered by this new 
universal model. Powers (1) Winchester drive plus controller circuitry. 

1st output 2nd output 3rd Output Model Price 11·9l 

+SV @ 9A -12V @ .SA + 24V @ .SA / 4.SA PK CP384 $120.00 

FLOPPY DISK· 5%'' MEDIA 
BASF. SHUGART. PERTEC. SIEMENS plus all other popular 51/4 ' media drives. 

1st output 2nd output Model Price 11 · 9l 

+SV @.SA /.7APK + 12V @ .9A / 1.8A PK CP340 s 44 .9S 

+SV @ 2A +12V@4A CP323 s 74.9S 

CP323 powers up to (4) drives simultaneously. 

FLOPPY DISK· 8" MEDIA 
SHUGART. PERSCI. CDC. WANGCO plus many other single and multiple drive 
applications. 

1st output 2nd output 3rd Output Model Prlce 11·9l 

+ SV @ 1A - SV @ .SA + 24V @ 1.SA / 1.7A PK CP20S s 69.9S 

+SV @ 2.SA - SV @ .SA + 24V @ 3A / 3.4A PK CP206 s 91 .9S 

+ SV @ 3A -SV @ .6A + 24V @ SA / 6A PK CP162 $120.00 

+ SV @ 1.7A/ 2.2A PK - SV @ . 1 SA / .2A PK + 24V @ .2A / 3A PK CP272A s 91 .9S 

+ SV @ 2A +12V @ .4A -1 2V @ .4A HTAA·16W s 49 .9S 

CP272A powers Persci Drives oncludes unregulated 7·10V @ 1.2A/10A PKl. 
HTAA·16W powers Persci controller. 

Power one Drive • Camarillo, CA 93010 • (805l 484·2806 • TWX 910-336-1297 
Eastern Regional Headquarters• (518l 399·9200 
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MPU CLOCK TIMING ACCESS 

¢2 

1-MHz SIGNAL FROM MC6875 USED AS BUS ¢2 

2 x to 
2-MHz SIGNAL AVAILABLE FROM MC6875 

4 x to 
4-MH z SIGNAL AVAILABLE FROM MC6875 

MCYC -----~ 

LOGICAL NANO FUNCTION 
OUTPUT USED TO TRIGGER 
MEMORY TIMING CIRCUITS 

MEMORY-----~ 
READY 

500-ns PULSE INDICATING 
WHEN MEMORY CYCLE 

IS OCCURRING 

250-ns PULSE WITH ADDRESS 
BUFFERS TO DIFFERENTIATE 

BETWEEN ROW AND 
COLUMN ADDRESS SELECTS 

RAS ---+-1-0-0--'ns PULSE WHOSE NEGATIVE 
EDGE IS USED TO STROBE 

ROW ADDRESS INTO 
MEMORY PARTS 

CAS ---3-0-0--n-s-'PULSE WHOSE NEGATIVE 
EDGE IS USED TO STROBE 

COLUMN ADDRESS 
INTO MEMORY PARTS 

CRT CONTROLLER TIMING ACCESS 

CCLK~f 
VIDEO CLOCK DIVIDED BY 7 

BUS AVAILABLE ~f 
MPU SIGNAL GRANTING DMA 

FOR CRT CONTROLLER 

MCYC--, 11 11 r' 
NANO OUTPUT f?f._f.~.9VE L_j L_j L_j 

THAT STARTS EACH ~ 
MEMORY CYCLE ACCESS 

MEMORY READY -----;1 

PERIOD OF EACH 
MEMORY CYCLE 

ROW ENABLE ------41 

At • 30 ns 

At• 30 ns 

TIME THAT ROW ADDRESS IS PRESENTED 
TO DYNAMIC MEMORY THROUGH BUFFERS 

RAS~f 
ROW ADDRESS TIMING STROBE 

(NEGATIVE EDGE) 

CAS~f 
COLUMN ADDRESS TIME STROBE 

(NEGATIVE EDGE) 

4>2 
SYSTEM TIMING PULSE, GENERATED BY MC8B76 CLOCK CHIP, IS THE 1-MHz 
TIMING PULSE REQUIRED BY M8BOO SYSTEMS. IT IS IN PHASE WITH MPU 4>2 . 
TRAILING EDGE OF •2 IS DATA TRANSFER TIME IN AN M6BOO SYSTEM 

2 x fo 
2-MHz TIMING SIGNAL IS AVAILABLE FROM MC6B76. ITS CONSISTENT PHASE 
RELATIONSHIP WITH •2 PROVIDES MEANS OF DECODING PULSES 1/2 WIDTH OF 
4>2. OR APPROX 260 na 

4 x fo 
4-MHz SIGNAL PROVIDED BY MC6B75 BECAUSE OF ITS PHASE CONSISTENCY 
WITH •2 AND 2 x fo PROVIDES MEANS OF DECODING PULSES % WIDTH OF •2 OR 
APPROX 126 na 

MCYC 
THIS MEMORY CYCLE STARTER PULSE USES THE MCBB76 DERIVED SIGNALS, 4>2. 2 
x fo, AND 4 x fo, TO INITIATE MEMORY CYCLE. BA FROM MPU AND OMA REQ 
THEN DETERMINE WHEN MCYC SIGNAL SHOULD BE BASED ON CRT CONTROLLER 
TIMING 

MEMORY READY 
500-na NEGATIVE-GOING PULSE DEPICTS TIME PERIOD OF MEMORY CYCLE. ITS 
NEGATIVE LEADING EDGE CAUSES ROW ENABLE, RAS, AND CAS 1-SHOTS TO FIRE 

ROW ENABLE 
SELECTION OF ROW ADDRESS AND COLUMN ADDRESS IS DONE BY ROW ENABLE. 
250-na NEGATIVE PULSE SELECTS ROW ADDRESS BITS FROM MPU. WHEN IT 
RETURNS HIGH, COLUMN ADDRESS FROM MPU IS SELECTED 

RAS 
ROW ADDRESS SELECT'S NEGATIVE EDGE STROBES ROW ADDRESS LATCHES 
INTERNAL TO DYNAMIC RAMS TO CAPTURE ROW ADDRESS BITS FROM MPU. THIS 
POSITIVE PULSE IS APPROX 100-na IN LENGTH. RAS SIGNAL REMAINS LOW UNTIL 
NEXT MEMORY CYCLE BEGINS 

CAI 
COLUMN ADDRESS SELECT' $ NEGATIVE EDGE STROBES COLUMN ADDRESS 
LATCHES INTERNAL TO DYNAMIC RAMS TO CAPTURE COLUMN ADDRESS BITS 
FROM MPU. CAS ALSO LATCHES DATA INTO RAMS WHEN A WRITE OPERATION is 
PERFORMED FROM MPU TO MEMORY. CAS REMAINS LOW UNTIL NEXT CYCLE 
BEGINS 300-na POSITIVE PULSE 

CCU< 
CHARACTER CLOCK IS DERIVED FROM VIDEO CLOCK CIRCUIT BY DIVIDING IT BY 7, 
THE TOTAL HORIZONTAL QUANTITY IN THE CHARACTER MATRIX 

IUI AVAi.AiLE llAI 
THIS MPU SIGNAL IS GIVEN BY MC6BOO WHEN HALT IS RECEIVED. SIGNAL 
INDICATES TO CRT SYSTEM HERE THAT OMA TRANSFERS TO UPDATE ROW 
BUFFERS MAY BEGIN 

MCYC 
THIS SIGNAL IS NANO FUNCTION OF OMA REQ, BA, AND C CLK. IT INITIATES EACH 
MEMORY CYCLE USED DURING ROW BUFFER UPDATE PERIOD. FREQUENCY IS 
BASED ON C CLK AND IS 1 .6432 MHz 

MEMORY READY 
600-na NEGATIVE-GOING PULSE DEPICTS TIME PERIOD OF MEMORY CYCLE. ITS 
NEGATIVE LEADING EDGE CAUSES ROW ENABLE, RAS, AND CAS 1-SHOTS TO FIRE 

ROW ENABLE 
SELECTION OF EITHER ROW ADDRESS AND COLUMN ADDRESS IS DONE BY ROW 
ENABLE. 260-na NEGATIVE PULSE SELECTS ROW ADDRESS BITS FROM CRT 
CONTROLLER. WHEN IT RETURNS HIGH, COLUMN ADDRESS FROM CRT 
CONTROLLER IS SELECTED 

llAI 
ROW ADDRESS SELECT'S NEGATIVE EDGE STROBES ROW ADDRESS LATCHES 
INTERNAL TO DYNAMIC RAMS TO CAPTURE ROW ADDRESS BITS FROM CRT 
CONTROLLER. POSITIVE PULSE IS APPROX 100 na IN LENGTH. RAS SIGNAL 
REMAINS LOW UNTIL NEXT MEMORY CYCLE BEGINS 

CAI 
COLUMN ADDRESS SELECT'S NEGATIVE EDGE STROBES COLUMN ADDRESS 
LATCHES INTERNAL TO DYNAMIC RAMS TO CAPTURE COLUMN ADDRESS BITS 
FROM CRT CONTROLLER. CAS REMAINS LOW UNTIL NEXT CYCLE BEGINS 300-na 
POSITIVE PULSE 

Fig 2 Dynamic RAM timing diagram. Circuit design eliminates special dynamic RAM interface parts by using two asynchronous clock timing 
sources-MPU and CRC controller. 
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( G/H) input. When the scan (RSO to 
RS3) line count equals nine (the highest 
reached for ten scan lines), the request 
for the microprocessor to halt is issued 
synchronously with cf>l. When a bus 
available (BA) signal is received, the 
memory pulse circuits are started by 
each character clock. When scan line 0 
time begins, two 3-state buffers for 
addressing memory from the CRT con­
troller are enabled. With each suc­
ceeding character clock, one of the 80 
characters for the character row is 
read from memory and stored in the 
row buffer. 

The system design, as implemented, 
makes no distinction between the last 
scan line of the last row to be displayed 
and the last scan line of any character 
row. Thus, a OMA request (DMAREQ) 
flipflop is set at the end of the display 
time and causes Halt to be output to 
the microprocessor during the entire 
vertical blanking period. Additional 
logic may be incorporated into the 
design to prevent the halting of the 
processor during this period. The only 
requirement is that the microprocessor 
be halted and the bus available signal 
be issued prior to the start of scan line 
0 after the vertical blanking period. 

Summary 

By not requiring a direct memory 
access controller, a cathode ray tube 
controller design reduces parts count 
and, therefore, system cost. Dynamic 
memory may also be employed due to 
the screen refresh time being less than 
the memory refresh time, further re­
ducing cost. 
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LSI-11, SBC 80, 6800 

CORE MEMORIES 
*NON-VOLATILE *WRITE-PROTECT *POWER-FAIL INTERRUPT* 

MM-8086 

32 K BYTES 
PLUGS DIRECTLY TO INTEL'S 8 OR 16 BIT MULTIBUS 

MM-8080/16 

16K BYTES 
PLUGS DIRECTLY TO INTEL'S 

MULTIBUS 

32K BYTES 

PLUGS DIRECTLY TO DEC LSl-11, 
LSl-11/2,PDP 1103 COMPUTER 

MM-8080 B 

16K EROM & 8K CORE 
PLUGS DIRECTLY TO INTEL'S 

MULTIBUS AND OFFERS 16K EROM 
AND SK BYTES OF CORE 

MM-6800/16 

16K BYTES 

PLUGS DIRECTLY TO MOTOROLA'S 
EXORCISER BUS 

ONE YEAR WARRANTY ON PARTS AND LABOR 

* ON 8080, 6800, 5-100, IMP, PACE MODELS 
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Now that lnfoton has changed its name to 
there~ only one button to push for 

We're General Terminal Corpora­
tion. GTC, for short. 

Over the past decade, as 
lnfoton Incorporated, we' ve come 
a long way by pushing all the right 
buttons for our customers. 

In the decade ahead, as GTC, 
we'll be pushing even harder to be­
come the only connection you' ll ever 
really need, in display terminals. 

And we don't have far to go. 
Because we already have 

extraordinary products like the 

GT-101 and GT-400. Both right on 
the button for quality, versatility and 
reliability. Both with standard fea­
tures that'll beat the options off their 
competitors. 

Because we already have the 
capacity to deliver and service our 
products anywhere in the world, at 
push-button speed. 

Because we're now the one 
and only display terminal manufac­
turer with ma;or production and 
service facilities on both U.S. 

Coasts. So we can help you keep a 
button on today's ever-increasing 
freight costs. 

And because we' ve always 
been willing to break away fro m 
button-down thinking. To try new­
fangled innovations in the spirit of 
old-fashioned service. 

So if you 're ready for all these 
things today, and more to come in 
the years ahead . .. you don 't have 
far to go. 

Just push the right button. 
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General Terminal Corporation, 
all your display terminal needs. 

GT-101 
ENGINEERING HIGHLIGHTS 
• Z-80 microprocessor • Solid stote 
• Modulor firmware keyboard 

STANDARD FEATURES 
•Block mode 
• Dual intensity 
• Reverse video 

• Line drawing 
character set 

• Printer interface 
• ADM-3A mode 

OPTIONAL FEATURES • Composite video 
• 8-user program- output 

mable function keys • 220 volt operation 

GT-400 
ENGINEERING HIGHLIGHTS 
• Z-80 microprocessor • Modular firmware 
• Block/ character • Function keys (8 

mode std.124 option) 

OPTIONAL FEATURES • Modem cable/ 
• Line drawing 

character set 
• 2 additional pages 

of display memory 

modem printer 
cable 

• Hazeltine 2000 
emulation 

• Time sharing option 

For more information on GTC products and services, call toll-free today. In California, dial 
800-432-7006; anywhere else in the United States, dial 800-854-6781. Ask for Barbara 
Worth. Or write Barbara Worth at General Terminal Corporation, 14831 Franklin Avenue, 
Tustin CA 92680. We have offices throughout the world. In Canada, contact Lanpor Limited, 
85 Torbay Road, Markham, Ontario, L3R 1G7. 416-495-9123. 

-GIC:l 
The right button to push:M 

Genera/ Terminal Corporation 
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Now, high-performance graphics 
for minicomputer-based~ don't 

have to be expensive. 

HP's 13505 Display System 
provides high speed 
interaction, brightness and 
high resolution ••• 
at low cost. 
When your minicomputer-based graphics systems require 
high-quality, real-time displays -with no price premium -
you'll want the HP 13505. 

With the 13505, you get a high-resolution display system that 
generates bright, sharp vectors and alphanumerics at fast 
writing speeds. Which means higher speed and 1000 x 1000 
addressable resolution at a lower cost than high-resolution raster 
graphic systems. 

That's because the 13505 offers a choice of high-perform-

ance random scan graphic displays in a variety of CRT sizes, 
plus digital storag~ and refresh. The bottom line to you is 
display flexibility, and an exceptional price/performance value. 

Other system features include rapid updating of information 
displayed and simultaneous display of different information 
on up to three additional CRTs. 

For compatibility with a variety of minicomputers, two easy­
to-use interfacing alternatives are available: The serial RS-232C 
with baud rates to 57k; and the HP-IB parallel interface. 

The HP 13505, priced at $8,900*, provides a cost­
effective graphics solution for computer aided design, data 
acquisition, analytical instrumentation, simulation, medicine or 
radar - anywhere a high speed, bright and clear graphics 
display is required. For more information, write to Hewlett­
Packard, 1507 Page Mill Road, Palo Alto, CA 94304. Or call the 
HP regional office nearest you: East (201) 265-5000, West 
(213) 970-7500, Midwest (312) 255-9800, South (404) 
955-1500, Canada (416) 678-9430. 
*Domes11c U.S.A. price only. 00011• 

HEWLETT 
PACKARD 

HP-IB: Not just IEEE-488, but the h•rdwwe, documenllltion and support th•t 
delivers the shortest path to • measurement system. 
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MICRO DATA STACK 
COMPUTERS, E LEME NTS, AND SYSTEM S 

INTERFACING FUNDAMENTALS: 
A COMPARISON OF BLOCK DIAGRAMS FOR 1/0 
TECHNIQUES 

Peter R. Rony 
Virginia Polytechnic Institute and State University 
Blacksburg, V irginia 

.. 

D ifferent types of input/output techniques are available 
for use with microcomputers. One such method employs a 
concept, handshake cycle, which is defined in the IEEE Std 
488·19781 as: "The process whereby digital signals effect 
the transfer of each data byte across the interface by means 
of an interlocked sequence of status and control signals. 
Interlocked denotes a fixed sequence of events in which one 
event in the sequence must occur before the next event may 
occur." 

The simplest technique can be called unconditional in­
put/output (liO), a form 'of data transfer in which it is assumed 
that the external l/O device is always available and ready for 
communication with the microcomputer.2 Other techniques 
cian generally be included in the category called conditional 
IIO, in which data are transferred to or from an external l/O 
device only when it or the microcomputer is ready for the 
transfer. Status bits, in the form of individual flipflops that 
can be either set or reset, are communicated between the 
microcomputer and the external device, indicating when a 
condition exists or when an event has occurred. 

Figs 1, 2, and 3, respectively, compare three types of l/O 
techniques for both input and output data transfers: uncon­
ditional !10, conditional l/O in which a single flag is used, 
and conditional I/O in which one semaphore is used. Both 
the flag ana the semaphore indicate when a condition exists 
or when an event has occurred. In the context of the three 
Figures, the flag outputs its information only to the micro­
computer, whereas the semaphore outputs its information 
to both the microcomputer and the external I/O device. 

Following are typical conditions and events associated with 
the use of either a flag or a semaphore: 

Busy/Done 

Data not available/Data available 

Data not accepted/Data accepted 

Data not valid/Data valid 

Data available/Data accepted 

Not ready for data/Ready for data 

Data accepted/Data available 

Busy /Ready 

The bar represents the logic 0 condition of the flag. The 
term semaphore is attributed to Dijkstra,3 who applied it to 
the synchronization of parallel software processes. (For 
further information, refer to the books by Freeman4 and 
Tanenbaum.5) 

Fig 1 depicts commonly occurring unconditional l/O data 
transfers, numerous examples of which have already been 
given in previous columns in this series. ROX and WR X are 
device select pulses, which simultaneously choose the l/O 
device and initiate the 110 data transfer. Quantity X is the 
device code or device address, typically an 8- to 16-bit 
quantity. When 8080A, 8085, or Z80 microcomputers ate 
employed, these two pulses are labeled INX and OUT X, 
respectively, and data transfer occurs between the 
accumulator and the I/O device. The data bus is 
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MICRO · 
COMPUTER 

MICRO · 
COMPUTER 

0 

MICRO· 
COMPUTER 

MICRO· 
COMPUTER 

DATA BUS 

DATA BUS 

INPUT 
DEVICE 

OUTPUT 
DEVICE 

Fig 1 Unconditional techniques. Data transfer method 
utilizes external input or output device (top and bottom, 
respectivelyl that is constantly prepared to communicate 
with microcomputer 

a 

FLAG 

cm 1511 /DATA AVAILABLE PuLsE 
DATA 

ACCEPTED-. 
PULSE 

0 

WA X 

DATA BUS 

FLAG 

m 

INPUT 
DEVICE 

'DATA ACCEPTED PULSE 

~ 

DATA BUS 
OUTPUT 
DEVICE 

MICRO · 
COMPUTER 

DATA 
AVAILABLE_. 

PULSE 

MICRO· 

a 

COMPUTER 1----~ 

SEMAPHORE 

/DATA AVAI LABLE PULSE 

STB 

BUFFER 

SEMAPHORE 

INPUT 
DEVICE 

'DATA ACCEPTED PULSE 

ACR 

BUFFER OUTPUT 
DEVICE 

Fig 2 Conditional 1/0 with flag. External input or output 
device transfers data only when it is ready; single flag out­
puts information on status of 1/0 device to microcomputer 

Fig 3 Conditional 1/0 techniques with semaphore. As in Fig 
2, prepared external 1/0 device transfers data in conjunction 
with semaphore, which can communicate to external device 
and microcomputer 
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bidirectional; one of the arrows associated with the data 
transfer path has been omitted for clarity in each of the three 
Figures. 

Fig 2 delineates the equally common conditional 110 data 
transfers in which a single flag serves to communicate the 
status of the 110 device to the microcomputer. For microcom­
puter input (top of Fig 2), a strobe signal (STB) from the 
input device sets the flag to a logic 1, thus indicating to the 
microcomputer that data are available. Upon detecting this 
logic 1 state, the microcomputer proceeds to input the data 
and at the same time clears the flag, with both operations be­
ing accomplished by the RD X pulse. For microcomputer out­
put (bottom of Fig 2), the WR X pulse simultaneously writes 
data into the output device and also sets the flag. The output 
device acknowledges the receipt of these data by sending an 
ACK pulse to clear the flag. 

Fig 3 demonstrates the use of a semaphore, the basic prin­
ciple behind the conditional 110 technique known as strobed, 
or handshaking, 110. A single flipflop is used, as it was in Fig 
2, but in this instance the output from the flipflop-the 
semaphore-is sent both to the microcomputer and to the 1/0 

device. 
With the input device, the buffer stores a single input data 

byte or word. When the buffer is full, the semaphore is at 
logic l; when empty, the semaphore is at logic 0. An input 
device first tests the semaphore to determine that the buffer 
is empty, and if so, simultaneously inputs a new data byte and 
sets the semaphore to logic 1 using an STB pulse. The micro­
computer tests the semaphore to determine when it becomes 
logic l; at that time the microcomputer simultaneously inputs 
the data from the buffer and uses the RD X pulse to clear the 
semaphore to logic 0. The distinction between a semaphore 
and a flag is thus clear: a semaphore is tested by both the 
microcomputer and the input device, whereas a flag is tested 
by only one of the two devices, typically the microcomputer. 

In the case of the output device in Fig 3, the microcomput­
er first tests the semaphore to determine that it is logic O; that 
is, the buffer is empty. When this condition is satisfied, the 
microcomputer simultaneously outputs a data byte to the buf­
fer and sets the semaphore using the WR X pulse. The output 
device tests the semaphore to determine when the buffer is 
full; when such a condition is detected, an ACK pulse 
simultaneously transfers data from the buffer to the output 
device and clears the semaphore. 

Clearly, both the microcomputer and the 1/0 device are 
interlocked with the use of a semaphore; the combined 
system consisting of the microcomputer and 110 device ex­
hibits a fixed sequence of events in which one event must oc­
cur before the next event can occur. Integrated circuits that 
exhibit strobed 110 are the 8155 and the 8255. Although the 
asynchronous preset and clear inputs to the flipflops are the 
ones used in the examples in Figs 2 and 3, a more common 
situation is the use of one asynchronous input, such as the 
clear input, and one edge-triggered input-the clock input. 
Timing diagrams for unconditional and conditional 1/0 

techniques will be discussed in subsequent columns. 
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BY 
AMERICAN 
MAGNETICS 

Proven, World-Wide Performance 
Field proven, economical means for collecting data from 

magnetic stripe cards or badges. 

Standard models read ANSI X 4.16-1976, any combination of 
tracks 1, 2, or 3 (75 and 210 BPI); special models available for any 
track density up to 400 BPI. 

Self-contained spatial decoding electronics provide TTL 
(data and strobe) outputs. Card velocity range 3 to 120 inches/ 
second; completely acceleration independent. Less than one 
error per 108 bits. 

Reliability in reading warped and soiled cards is achieved by 
means of a patented read head assembly - each head individ­
ually suspended on parallelogram springs in a gimbal mount. 
Low contact force guarantees lowest head and card wear. 

Rugged construction permits outside installation and 
exposure to the elements. Virtually maintenance free. 

Many major system manufacturers, after extensive testing , 
have chosen our readers which out-perform all others in read­
ing "real world" cards. Our MAGSTRIPE'" Readers are used 
world-wide in a variety of applications including : 

•Airline Ticketing Terminals •Computer Access Devices 
•Bank Terminals •Fare Collection Systems 
•Building Access Systems •Identification & Badges 
•Bulk Fuel Dispensing Terminals • POS Terminals 
•Data Input for CRT Terminals •Self-Service Gas Stations 

For more information and 
technical data, contact: 
American Magnetics 
Corporation 
2424 Carson St., Torrance, Cal if. 90501 
(213) 775-8651, TWX 910-349-6956 
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MICRO DATA STACK 
COMP UTER S, ELEM ENTS, ANO SYSTEMS 

Universal Language Communicates 
With All 8- And 16-Bit Microprocessors 

OPERATING 
SYSTEM 

DEPENDENT 

EXECUTIVE 
MODULE 

MACHINE INDEPENDENT 

LEXICAL 
ANALYSIS 

SYNTAX 
ANALYSIS 

MACHINE D!OPENDENT 

Modular structure of Systems Consultants' PLMX compiler allows one inter­
face to operating system and another to microprocessor, neither of which 
requires modification of main body of compiler. Direct substitution of alter­
nate 1/0 routines or alternate code generators is accomplished 

A modular, universal high level com­
piler, PLMX interfaces to a variety of 
development systems for use with 
any type of 8- or 16-bit micropro­
cessor, as well as those yet to be 
developed. As a true, not interpretive, 
compiler, it runs faster and therefore 
is aimed at realtime applications such 
as process control and product de­
velopment. Thus, a user can handle 
a programming problem, without con­
sidering the assembly language pro­
gramming of different microprocessors 
in a system. Advantages include re­
duced costs and programming, and 
standardized documentation. 
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Key feature of the language is that 
application and standard systems pro­
grams can be transferred from one 
microprocessor to another. Its modu­
lar structure allows one interface to 
the processor and another to the op­
erating system, without modifying the 
compiler. In addition, large programs 
can be divided into modules that 
are programmed, debugged, and 
tested separately and then linked to­
gether. Maximum module size, rough­
ly proportional to the number of 
source code lines, is limited by the 
amount of program memory available 
to the compiler. 

Syntax of the user oriented lan­
guage is identical to that of Intel's 
PL/ M. This allows PL/ M programs 
to be compiled under PLMX, and used 
on microprocessors other than the 
8080 and 8086. 

Runtime routines and high level ex­
ecutive procedures allow simple inter­
face to the operating system. The 
compiler runs under TEKDOS on the 
Tektronix 8002A universal micropro­
cessor development system, as well as 
under cP / M, an operating system that 
supports 8080 based systems. Micro­
processors currently handled by the 
compiler are the 8080, 8085, Z80, and 
6800. Systems Consultants, Inc, 4015 
Hancock St, San Diego, CA 92110, in­
tends to introduce interfaces to other 
op erating systems and to support the 
9900, 1802, 8086, and Z8000 micro­
processors during 1980. 

The compiler's structure, which is 
transparent in use, consists of a ma­
chine independent portion ( approxi­
mately 85%) that produces intermedi­
ate code, an executive module ( 5X) 
which is dependent on the operating 
system, and a machine dependent por­
tion ( 10%) that provides final code 
(see Figure). PLMX source code com­
piles first to an intermediate code, 
which is then converted by the modu­
lar code generator into assembly lan­
guage code for the particular micro­
processor. The programmer has ac­
cess to the code at any point after 
the compilation for modification or 
manipulation. 

Features of the language are sim­
ple, compact notations; free format 
with comments occurring anywhere in 
source text, except within reserved 
wordsl identifier names, and numbers; 
and based variables and pointers for 
manipulating microprocessor mem­
ory. Expressions of arbitrary com­
plexity are allowed for programming 
at a high level; programming may 
also be done at the assembly or ma­
chine language level and later linked 
to the PLMX output. 

Resident on an 8" ( 20-cm) diskette, 
the $1000 compiler may also be 
placed on hard disc. The user in­
vokes the compiler to start the pro­
cess. Final code is space optimized, 
suiting the language to ROM based 
programs ; PLMX, in addition, keeps 
ROM and RAM areas separate. A future 
version will allow the user to opt 
for either faster execution speed or 
optimized space. 
Circle 410 on Inquiry Card 
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"One visit from my Spectra-Strip rep convinced 
me that their Spectra-Guard™ extruded jacketed 
cable is my kind of flat cable. 

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

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

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

C Spectra·Strip 1979 

and tested 
Jumpers 
and custom 
assemblies, 
and does that 
ever save time and money! 

So if you've been trying to dig up a reliable 
source for your planar cable, IDC connector<; and 
assemblies, I strongly recommend that you write 
Spectra-Strip, 7100 Lampson Avenue, Garden Grove, 
CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200. 

Tell them you want to see how tough 
they are'.' 

When you're down to the wire 
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MICRO DATA STACK 
C OMPUTERS, ELEM ENTS, A ND SYSTEMS 

128k-Byte Dynamic 
Read/Write Memory Card 
Appears As Static RAM 

Contained on a single Intel Multibus 
compatible board, this 128k-byte 
read/ write memory functions with 8-
bit ( 8080, 8085, Z80) or 16-bit 
( 8086, Z8000) systems. A fully popu­
lated MEGA-1 from Matrox Electronic 
Systems Ltd, 5800 Andover Ave, Mon­
treal, Quebec H4T 1H4, Canada, 
contains 64 16k dynamic RAMs; to 
the user, though, the card appears as 

SYSTEM 
ADDRESS 

~~Tt-.( 
~ONTROL 

BUS 

,.- ADDRESS 
. ~I BUFFER 

~ DE~~gER 

static RAM having an access time of 
375 ns and a cycle time of 480 ns. 
A dynamic controller performs trans­
parent refresh functions and resolves 
conflicts between refresh cycle re­
quests and read or write cycle re­
quests. 

A memory read/ write control sets 
the memory configuration, either byte 
or word oriented; the attribute-read/ 
write disabled, read only, write only, 
or read/ write-is assigned manually or 
under program control to each bank. 
Partitioning is in 32k-byte increments. 
The memory in 8-bit systems is nor-

_rD~_ 
OUT 0·6.-----~ 
RAS 0 

:~: ~ r----, 
RAS 3 t----i 

CAS I--
WE ~f-t--+--+-.. 

DYNAMIC 
RAM 

CONTROLLER 

7} 

I< 

.----' '-­

~---Jo.~ MEMORY 
~--~/) READ/WRITE 

~ CONTROL 

.... 

.... 

.... 

mally configured as two pages of 64k 
bytes each that are switched in and 
out of memory space under program 
control. The 16-bit systems with IM 
bytes of address space have memory 
positioned on any 128k-byte address 
boundary via onboard jumpers. 

Connected to the backup supply 
terminals, a single ·<12-V battery pro­
viding 400 mA of current maintains 
memory contents during a power loss. 
Only the memories and refresh cir­
cuitry are maintained, resulting in the 
low 400-mA battery drain currents. 

Circle 411 on Inquiry Card 

DYNAMIC RAM ARRAY 
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AND l"--.."r--------------------------l LATCH 

Functional components of MEGA-1 memory. Heart of Matrox Electronic Systems' 128k-byte card is LSI 
dynamic RAM controller chip; it performs all read/write cycle and refresh cycle functions 
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Off-line editing, plus local storage up to 48K, make the TermiNet Edit Buffer a valuable and economical accessory. 

The problem with many other 
edit buffers is you often end up pay­
ing too much for your particular 
application needs. Install our Edit 
Buffer Accessory in a TermiNet 200 
teleprinter, however, and you get 
the flexibility and price you want. 
The economical way to access 
and change data 

For as little as $900, you can get 
48K of data storage capacity. Capa­
bilities? The TermiNet 200 Edit 
Buffer allows the operator to receive, 
temporarily store, access and trans­
mit data at any time. Data can be 
entered from the keyboard or com­
munication line and manipulated off­
line for file updating. In addition, a 
wide variety of editing functions con­
trolled by 16 simple operator com­
mands offer full editing capability 
with or without line numbers­
including string and line deletion, 
alteration and insertion. Plus, you 
can swap data between the transmit 
and receive buffers. This allows you 
to build and work two files at one 
time. 

What's more, all this can be done 
without tying up valuable and expen­
sive computer time. With the Edit Buffer 
Accessory, copy can be prepared, 
edited and corrected off-line, then 
held for a single daily data transfer 

to the computer at 120 cps speed. 
This capability makes the EBA even 
more practical and economical. 

More memory gives you more 
flexibility 

Available in 4K, 16K, 32K and 
48K bytes of solid-state memory, our 
new Edit Buffer provides the flexible 
storage capacity that's just right for 
your application requirements. 

And, unlike most other edit 
buffers, ours enables the operator to 
ask for remaining storage capacity. 
Result: you'll avoid the inconven­
ience of undetected data loss. 

The printer that pays off in 
other ways, too 

The Edit Buffer accessory is one 
more reason TermiNet 200 printers 
are such an exceptional value. 
More examples? Up to 200 cps speed 
and more total throughput. Indi­
vidual servo motors for faster paper 
slew and head motion. Straight-wire 
printhead. Very high print quality. 
Very low maintenance. And much, 
much more. 

Find out for yourself. Mail the cou­
pon today and see why TermiNet 200 
teleprinters with Edit Buffer offer 
superior and less expensive local 
storage and editing capabilities. 

Quality that will make a lasting impression 

GENERAL. ELECTRIC 
CIRCLE 91 ON INCj)UIRY CARD 

With more 
memory; 

TenniNet®200 
Edit Buffers 
standout . ' ma sea 
of bubbles 

I 

• Mail today to : 

I I 
I 

., J. Walsh, 
General Electric 

Company, 
TermiNet 794-46, 

Waynesboro, VA. 22900. 
Telephone: (703) 949-1474. 

D Send me more information about the 
TermiNet 200 teleprinter with Edit Buffer. 

D Have a sales representative contact me. 

D I'm also interested in a TermiNet 200 
printer demonstration. 

Name ___________ _ 

Title ____________ _ 

Company ____________ _ 

Address _____________ _ 

City _______ State ____ Zip __ _ 

Telephone _______________ _ 



MICRO DATA STACK 

Performance Jumps 
60 Percent With 16-Bit 
Central Processing Unit 

Production designs that were orig­
inally developed with 8-MHz capa­
bility built-in can be upgraded with 
the addition of the 8-MHz, 16-bit 
8086-2 microprocessor, retaining total 
software compatibility with existing 
applications. Fabricated using HMos-n 
technology, the CPU achieves a 60% 
increase in performance. This solves 
design problems encountered with 
fast, high precision processing and 
control systems. Price in quantities of 
100 is $200. 

Support is provided by the exist­
ing family of 5-MHz 8086 LSI periph­
eral, dynamic and static memory, and 
bipolar bus devices. In addition, use 
of the 8089 I/ o processor-as a co­
processor-in an 8086-2 system in­
creases 1/ 0 capabilities. I/o pro­
grams and the main program are thus 
executed concurrently. 

Intel Corp, 3065 Bowers Ave, Santa 
Clara, CA 95051, expects the micro­
processor to provide expansion into 
new applications. These cover such 
areas as telecommunications, dis­
tributed processing, small business 
computers, data processing, and real­
time process control. In addition, re­
duced program development time is 
achieved through combined higher 
CPU performance and increased code 
generation efficiency of PL/M 86. Per­
formance levels of assembly language 
programming are reached with high 
level languages. Finalizing PL/M pro­
grams with assembly language modi­
fications maximizes the 8086-2's per­
formance. 

Program storage is available with 
the new 2732A 32k-bit, 200-ns EPROM 
(introduced in "Around the IC Loop," 
p 199) ; other storage units are the 
2716 16k-bit EPROM, 2732 32k-bit 
EPROM, and interchangeable, mask 
programmed ROMS. The 2732A EPROM 
supports the 210-ns 8086-2 require­
ments, while eliminating the need of 
wait states for program store memory 
requirements. Static and dynamic 
RAMs, particularly 4k-bit static RAMS 
in the 2114A, 2142, and 2148 families, 
serve as data memory. The 16k-bit 
2118 dynamic RAM family functions 
with large memory systems. 

Bipolar support components include 
the 8284 clock generator and driver, 
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8282/8283 octal latches, 8286/8287 
octal bus transceivers, and 8288 bus 
controller. The clock generator and 
bus controller, in addition to the mi­
croprocessor, support the MultibusT" 
architecture for multiprocessing uses. 
The transceivers and controllers ex­
tend the bus structure for medium 
and large systems. Dedicated and 
general purpose interface and control 
devices are available for peripheral 
equipment. The UPI-41AT" universal 
peripheral interface microcomputers 
(8041A/8741A) handle custom inter­
faces. 

Since the 8086-2 is a family exten­
sion, it also utilizes existing develop­
ment tools for the 8086 and 8088 
microprocessors. These include the 
IntellecR microcomputer development 
system, the ICE-86T" in-circuit emu­
lator, and the SDK-86 system develop­
ment kit. The isBc 86/ 12A™ com­
puter, based on the 8086, allows 
hardware prototyping and volume 
production. Resident lntellec software 
supports modular high level PL/ M 86 
and assembly language ASM 86 pro­
gram development. In addition to 
PL/ M, the 8080 and 8085 families are 
supported by Pascal, FORTRAK, BASIC, 
and COBOL. 
Circle 412 on Inquiry Card 

Development System 
Increases Programmer 
Performance 

Software development that previously 
required the use of timeshared facili­
ties or several standalone systems is 
eased by the Muos-11 multiuser micro­
processor development system. In­
creased performance on mnrnnum 
hardware is achieved through several 
programmers simultaneously perform­
ing program generation, assembly, and 
simulation. The assembled programs 
can be downloaded to an online l\IDS 

or in-circuit emulator for final real­
time emulation. 

The DEC PDP-11 based system, with 
memory, tape, disc, and terminal 
peripherals, configures to a range of 
8- and 16-bit microprocessors. In­
cluded are utilities, operating system 
software, and FORTHAN IV. Interna­
tional Data Services, Inc, 453-D Rav­
endale Dr, Mountain View, CA 94043, 
performs the system generation for 
the user's configuration. 

Both relocatable and absolute cross 
assemblers feature macro facility, con-

ditional assembly capability, list con­
trol pseudo-ops, and alphabetically 
organized symbol or cross-reference 
table listing. The 2-pass assemblers 
produce an object module file and 
output listing. Larger programs are 
segmented into diverse modules that 
are assembled and debugged separate­
ly using the relocatable version. These 
modules are then combined into a 
single absolute object program using 
the linking loader. 

Functioning in interactive or batch 
mode, the simulators perform inter­
pretive execution of the object module 
or program. It supports simulation of 
1/ 0 operations, interrupts , operand 
and instruction breakpoints in RAM/ 
HOM mode, as well as dump, patch, 
and trace routines. Error messages 
and cumulative cycle counts are gen­
erated and displayed. 
Circle 413 on Inquiry Card 

Plug-In Intelligent 
Printer For uComputers 
Doubles As Typewriter 

Simplifying text printout for personal 
computers, the HY-Q lOOOT" contains 
five built-in microprocessors. The let­
ter quality daisy wheel printer plugs 
into a microcomputer, without com­
plex software. The unit automatically 
converts simple codes into instruc­
tions for text formatting functions 
that include justification, proportional 
spacing, automatic tabbing, and un­
derlining. 

Xymec, 17791 Skypark Circle "H," 
Irvine, CA 92714, also features 
Quadra-Pitchnr-10, 12, or 15 char­
acters/in (4, 5 , or 6/cm) or pro­
portional spacing; up to 198 char­
acters/line; 100 characters in English, 
Italian, Spanish, French, and German 
without changing the daisy wheel; and 
21 typestyles in five colors. Reverse 
printing produces white characters on 
a black background for added em­
phasis. 

The printer further functions as a 
typewriter, made by Olivetti Corp. 
As such, it provides a 224-character, 
2-line memory; a nonvolatile 1024-
character memory for common 
phrases, margins, and tabs ; automat­
ic paper positioning; electronic mar­
gin reset; and a digital readout of 
column position and remaining lines 
to end of page. 
Circle 414 on Inquiry Card 
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Until now, 
computer gr:aphics suffered 

from tenninal high cost. 
If you've ever considered displaying 
Tektronix* graphics data from a host 
computer. you know all about terminal 
high cost. A hunk of hardware like a 
Tektronix 4010 graphics terminal can 
set you back quite a few kilobucks. Ifs 
enough to drive a person of modest 
means to the drafting table. 

The .Affordable Alternative 
ABW Corporation has just made 
graphics display as practical as the 
personal computer. With TEKSIM. The 
Apple II /Tektronix 4010 Simulator. 
TEKSIM is a read-only memory (ROM) 
that plugs direcUy into an inexpensive 
Apple ll* computer. Combining an 
advanced programming technique 
known as distributed processing with 
Apple·s high resolution plotting 
capabilities enables TEKSIM to emulate 
Tektronix 4010-series terminals at a 
fraction of the cost. (A symbolic represen­
tation ofTEKSIM in operation is provided 
below for the technically minded.) 

Outstanding Features 
The TEKSIM-Apple combination 
functions in the same way as a Tektronix 
terminal. displaying graph ical output 
from a host computer without any 
modification to the host-resident 
progmm You can also input data to the 
host using game paddles or a joystick. 
And a TEKSJM-Apple terminal even has 
features not available in the 4010-series. 
Six-color "palette" for multicolored 
displays. Selective erase. Video output 
to allow any size television to serve as 
the screen. Plus the added benefits of a 
powerful Apple lI computer to use both 
in and out of graphics mode. Any 
compromise? Just one. Apple's resolu­
tion is about a fourth that of a Tektronix 
tenninal. Still more than adequate for 
most applications. 
Best Buy for Business; Education 
TEKSIM is the logical choice for cor­
porations and educators. A Tektronix 
terminal can be too much for a limited 

/-lere's how TEKSIM works: FiisL Tektronix data Then TEKSIM transjonns it into Apple dala ... 
comes out of the host computer. 

budget.And investing in TEKSIM-Apple 
terminals will make any budget-big 
or small-go a lot further. 

Exceptional performance. Affordable 
price. That's TEKSIM, from ABW 
At $795t. TEKSIM marks the end of 
terminal high cost. 

r F~ ~;:; TEKSIM info~Uo~...., 
mail this coupon to: 

ABW Corporation 
P.O. Bax M 104 7 
Ann Arbor, MI 48106 

Or call (313) 971-9364. 

Name ___________ ~ 

Position __________ _ 

Company __________ _ 

Address __________ _ 

Ci ty ____ State. ___ ~ip __ _ 

Please contact me. Phone ____ _ 

. .. so it can be displayed on the Apple's 
TVscreert 

1e~sim· 
(; 1979 by ABW Corpcrat1on 
·Tektronix is a registered trademark of Tektronix . Inc 
Apple II is a registered trademark ol Apple Computer Inc 

tMtgr s sugg retail pnce Quantity discounts available 

APPLE D/TEKTRONIX 4010 SIMULAlOR 
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MICRO DATA STACK 
COMPUTERS, ELEM ENTS, AND SYSTEMS 

6800 Single-Board 
Memory System Features 
Diagnostic ROM 

PCM 16-32 is a 16k RAM and 32k 
EPROM or ROM board for 1- to 2-MHz 
operation with M6800, 6801, 6802, 
6809, and 650X series microcom­
puters. RAM expands in 4k-block in­
crements to 16k, while the EPROM/ 
ROM expands from 2k to 16k with 
2716 type parts and 4k to 32k with 
2732/ 2532 parts. Interchange ROM 
parts can provide up to 32k of perma­
nent memory, as well as 48k with no 
RAM. 

Addressable via the 86-pin card 
edge, the board has separate RAM and 
EPROM enables. The user can config­
ure address schemes with eight mem­
ory maps. ROM and RAM address can 
be overlapped with ROM/ EPROM tak­
ing priority. The single board from 
Phoenix Digital Corp, 3027 N 33rd 
Dr, Phoenix, AZ 85017, also offers 
write protect capability. 

With 16k of RAM and 32k of 
EPROM, the system draws 1.6 A from 
a single 5-V supply. Using 16k of 
CMOS RAM dissipates less than 160 
mA per 4k block while active and less 
than 400 µA standby. Industrial and 
commercial temperature versions are 
available. 

Onboard power-on reset circuitry 
protects the RAM during system initial­
ization. Separate power busing is pro­
vided to each 4k block of RAM. RAM 
is enabled via a programmed gate 
array. 

Signature analysis test techniques 
designed into the system allow mem­
ory system test, diagnostics, and 
troubleshooting. A diagnostic ROM 
performs incoming inspection tests, 
system and field tests, and diagnostics. 
Stimulating nodes within the memory 
interface, timing, and memory ele­
ments, the ROM contains such test 
strategies as alternating patterns and 
soft error detection algorithms. 
Circle 415 on Inquiry Card 

Packaging Technique 
Permits Economical 
Program Development 

During the prototyping stage, pro­
grams can be stored economically in 
separate EPROMs in this ROMless ver­
sion of the Z8 single-chip microcom­
puter. Z8-03 MPE (Microcomputer 
ProtopacP"-Emulator) simplifies pro­
totype development and preproduc­
tion of mask programmed, Z8 based 
applications. The 40-pin package from 
Zilog Inc, 10460 Bubb Rd, Cupertino, 
CA 95014, offers the same capabilities 
as the standard Z8 and 64-pin Z8-02 
MPD (see Computer Design, Nov 
1979, p 180). 

Protopack carries a piggyback style 
24-pin socket for direct interface to 
program memory. The socket provides 
12 ROM address lines, 8 ROM data 
lines, and control lines for use with 
2716 EPROMS. Unlike usual EPROM 
versions of single-chip microcom­
puters, this one allows separate EPROM 
program storage. In applications 
where the same hardware configura­
tion is used with many programs, the 
result is cost-effective program devel­
opment. 
Circle 41 6 on Inquiry Card 

WHY CAN'T 
MICROPOLIS DO 

THINGS LIKE 
EVERYONE ELSE? 
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Development Tool Aids 
Programming of 6502 
Series Microprocessor 
Users of the 6502 family may write 
programs and debug both hardware 
and software with the MDT 1000. 
Comprised of a 12" ( 30-cm) CRT 
display, 54-key keyboard, software, 
and 5-V power supply, the develop­
ment tool is compatible with Motor­
ola's EXORciser/Micromodule bus, 
which permits the addition of stan­
dard digital and analog boards. In­
terfaces are included for a dual cas­
sette, and serial and parallel print­
ers; the latter interfaces are located 
on the CPU card. The Rs-232-C inter­
face uses the SY6551 ACIA with pro­
grammable baud rates of llO to 
19.2k baud. Video interface permits 
display of 25 lines of 80 upper and 
lower case characters (from the 128-
character set), with two intensity 
levels. 

Other components are a 4k-byte 
static RAM board ( 8k and 16k RAM 
versions are also offered by Synertek 
Systems Corp, 150 S Wolfe Rd, Sun­
nyvale, CA 94086); 2716 and 2732 
EPROM programmer; sockets for four 
ROMS, system RAM, and ACIA for 
serial communications; and a 4-slot 
motherboard with two sockets in­
stalled. 

Full text editing and assembling 
capabilities are performed with the 
resident assembler/ editor ( RAE-1), 
contained in 8k bytes of ROM. Among 
the functions of the editor are char­
acter string search, block insert, edit­
ing line numbered text, tabbing, and 
error messages. This facilitates enter­
ing and modifying source code. 

The relocatable machine code that 
is produced may be directly executed 
or burned into EPROM. Large pro­
grams are assembled through the dual 
cassette interface using the cassette 
or RAM for source entry and object 
output. 

A 4k monitor in ROM, containing 
debug features, is similar to SYM-1 
and runs with SYM software. An 8k 
floating point BASIC in ROM (BAS-1) 
is optional. Additional software han­
dles CRT control, printer and cassette 
interfacing, EPROM programming, and 
the keyboard. Circle 417 on Inquiry Card 

The assembler provides macro and 
conditional assembly capability; 16 
assembler pseudo ops; 23 error codes; 
and hexadecimal, binary, and decimal 
nonsymbolic data types. Source may 
be assembled from memory or tape. 

To be honest, we could . But our customers 
have come to expect a lot more from us. 

They've come to appreciate our desire to 
innovate, to improve upon, to blaze new trails 
in floppy disk technology, That's how we got 
our reputation as the industry's undisputed tech­
nological leader. 

96 TPI is nothing new for us. 
Consider the current hubbub about "new" 

96 TPI disk drives. You should know that what may 
be new to our competition is anything but new 
to us. 

A~er all, we brought the 100 TPI Mega Floppy™ 
disk drive to the marketplace more than two years 
ago. And we've delivered more than 50,000 drives 
already, 

To us, a 96 TPI drive is no big deal. So for the 
customer who's looking for a double track drive 
offering compatibility with 48 TPI drives, Micropolis 
can deliver. 

Think of us as double headquarters. 
We should also mention that our double track 

disk drives give you all the storage capacity of an 
8-inch floppy in the body of a 5Y4 -inch floppy, And 
with our double head version, you get up to 1.2 
megabytes. That's more than ten times the capacity 
of other 5Y4 -inch floppies. 

But our innovations don't stop there. Over the 
years, many of our ideas have gone on to become 

industry standard. And many more will. 
Things like stainless steel, precision-ground 

lead screws instead of cheaper, less reliable plastic 
positioners. 

We also developed a special disk centering 
mechanism that is the most accurate in the industry 

And who do you think successfully adapted 
Group Code Recording technology to the floppy 
disk drive industry? None other than Micropolis. 

Remarkable as our technical achievements 
may be, some people still wonder how we got 
to be number two so rapidly in such a fiercely 

competitive business. 
Obviously, we did 

it by design . 

MICRO POLIS™ 
Where the 5114-inch OEM drive grew up. 

M1crcpolts Corporation. 21329 Nordhoff Street. Chatsworth. CA 91311 For 
the telephone number of your nearest OEM rep, call 12131 709 -3300 
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MICRO CATA STACK 
COMPUTERS, ELEMENTS, ANO SYSTEM S 

Microcomputer Combines 
High Speed of NMOS With 
Low Power Needs of CMOS 

Fabricated using double poly CMOS, 
the Nsc800 family of one CPU and 
two memories incorporates architec­
tural features of the 8085 micropro­
cessor with those of the Z80. The 
combination of these three devices 
into one device reduces chip count 
and power. The 40-pin Nsc800 CPU 
uses the multiplexed address/data 
bus structure of the 8085 with the 
Z80 register structure and instruction 
set. Providing memory and general 
programmable interface capabilities, 
the Nsc810 RAM-1/ 0 timer and Nsc830 
ROM-1/ 0 dedicated peripherals con­
tain onchip logic for interfacing di­
rectly with the multiplexed bus. 

The P2CMOS process, developed by 
National Semiconductor Corp, 2900 
Semiconductor Dr, Santa Clara, CA 
95051, combines steps of CMOS and 
NMOS fabrication techniques to im­
prove performance. This silicon gate 
process · uses oxide isolation rather 
than diffusion isolation. Two levels of 
polysilicon interconnects increase den­
sity over standard CMOS. To ensure 
producibility, geometries' of 5-µ.m 
lines and spaces are used, although 
reductions to 3- or 3.5-µ.m geometries 
will produce further improvements. 
P2CMOS uses electron beam masks 
and 4" ( 10-cm) wafers. 

A minimum 3-chip system of these 
elements has 2k bytes of ROM, 128 

. bytes of RAM, two timer/ counters, 
five interrupts, and 32 l/ o lines. The 
CPU is capable of 1-µ.S instruction 
cycle times. The system dissipates 
only 100 mW, due to the lower power 
consumption. This also allows in­
creased component density with re­
duced package size. The devices op­
erate from a single power supply 
with a range of 3 to 12 V. 

Sample quantities of the family will 
be offered during the first qua1ter of 
1980, with initial pricing for a set of 
three components in plastic expected 
to be $175 in quantities of 100 and 
up. The existing line of CMOS com­
ponents-memories, analog interfaces, 
logic devices, and general or dedi­
cated function peripherals-support 
this family. In addition, a line of 
P2CMOS memory and interface com­
ponents are being developed. 

The CPU has an 8-bit data bus 
that internally communicates with 
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REGISTER DECR 
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1---1 
CONTROL LOGIC 

l INSTRUCTION 
DECODE 

INTR/BUS STATE 
LOGIC TIMING 

P' CMOS is used to fabricate National Semiconductor's 
NSCBOO CPU that offers 1-µs instruction cycl e times 
while dissipating 5% of power consumed by compar­
able NMOS CPUs. CPU is supported by two memory-
1/0 (RAM and ROM) peri phera ls 

the register array, arithmetic logic 
unit, and status registers, as well as 
between the data/ address buffers and 
instruction register. Also included are 
a 16-bit address bus and 22 registers 
accessible to the programmer. A total 
of 65k bytes of memory are directly 
addressed, as are 256 locations in 
separate l/o memory space. 

Identical to that of the 8085, the 
multiplexed bus structure saves on 
pin functions and simplifies PC board 
layout. The instruction set is Z80 
software compatible; all Z80 instruc­
tion set features such as block, 1/ 0, 
and memory transfers, and bit sets, 
resets, tests, and indexed addressing 
apply to the Nsc800. 

A power save function, when acti­
vated, causes the cPu to stop all in­
ternal clocks at the end of the cur­
rent instruction, while maintaining 
all internal status and data register 
values. Power dissipation is halved 
d4ring power save, because only the 

oscillator and system CLK output are 
operating. 

Nsc800A is a speed selected ver­
sion with a 1-µ.S execution time. The 
company plans to provide develop­
ment support with the STARPLEX de­
velopment system. 

Containing lk bits of static RAM 
organized as 128 x 8 bits, the 40-pin 
Nsc810 contains 22 programmable l/ o 
bits arranged as three separate ports 
with each bit definable as input or 
output. The timer portion operates 
over a range from de to 4 MHz; it 
consists of two programmable 16-bit 
binary down counters that function 
in six modes. 

The 40-pin Nsc830 contains 16k 
bits of ROM arranged as 2048 x 8 
bits. 1/0, arranged similarly to the 
810, consists of 20 programmable l / o 
b its. For prototyping work or when 
onchip ROM is not required, the 
Nsc831 is a ROMless version. 
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TRI LOG 

... and now Trilog's 
impact printef/plotter 

does, too. COLORPLOT 100, the world's 
first multicolor printer I plotter, gives you super-quality 
full-color printouts on plain paper! Trilog has selected the 
industry 's standard for reliability - the Printronix P-300 -
and enhanced it with our own proprietary multicolor ribbon 
and bi-directional drive system. The result: you get 
high-resolution 100 x 100 dot matrix images in brilliant 
color for the breakthrough low price of only $9980. See 
for yourself - write or call today for your own 
COLOR PLOT 100 sample packet 

TRILOG , 17391 Murphy Avenue, Irvine, CA 92714 
(714) 549-4079 

C I RCLE 94 ON INCj)UIRY CARD 
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MICRO DATA STACK 
COIVIPUTERS, ELEM ENTS, AND BVBTEMS 

Computer's Interfaces 
Promote Rapid Data 
Exchange Between Devices 

A self-contained microcomputer, the 
580 is based on a 4-MHz Z80A mi­
croprocessor, backed by a 65k-byte 
dynamic RAM. It supports two Rs-232 
serial ports, two parallel ports and a 
parallel printer port, one hard disc 
port, and one floppy disc drive con­
nector for two external mini or 8" 
(20-cm) floppy disc drives. Two 

standard double-density minifloppy 
drives with DMA controller store 400k 
bytes online; with the system's disc 
controller, total capacity through com­
binations of drives can exceed 3.4M 
bytes. 

A high speed DMA channel may be 
programmed to interconnect most in­
terfaces with the internal RAM, key­
board, and video display. Zeda Com­
puters International, 1662 W 820 N, 
Provo, UT 84601, has included this 
capability so that the devices may 
transfer data quickly. 

The video screen displays 25 lines 
of 80 characters. The 108-key key­
board has 24 software programmable 
keys to produce 48 special functions . 
In addition, 128 alphanumeric and 
line-drawing video characters may be 
reprogrammed to facilitate foreign 
language or graphics video displays. 
Other components are a realtime 
clock, audio beeper, and parity check­
ing logic. 

ZEDOS, the disc operating system, is 
CP /M compatible. It handles all inter­
rupts, data transmissions, keyboard 
definition, error detection, and disc 
storage retrieval. The system operates 
with BASIC, COBOL, and FORTRAN. 
Circle 41 9 on Inq uiry C ard 

Interface Products 
Are Aimed At Multibus 
Single-Board Computers 

Two general purpose bus foundation 
modules and a universal wirewrap 
module are the first in a series of inter­
face modules being marketed by MDB 
Systems, Inc, 1995 N Batavia St, 
Orange, CA 92665, for Intel Multibus 
computers. Each module takes only a 
single slot in the computer chassis. 
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Interfacing between 8- or 16-bit 
computers and peripherals, the bus 
foundation modules consist of basic 
Multibus logic elements plus wire­
wrap positions for up to 38 IC devices 
using low profile sockets or direct 
mounting of 14- to 40-pin xcs. De­
signer wired options permit multiple 
controller applications, address selec­
tion, and interrupt control. Containing 
wirewrap posts on the component side 
of the board, the modules also provide 
for three 50-pin ribbon cable con­
nectors to external devices. 

The wirewrap module provides for 
up to 60 low profile sockets or Ics 
chosen from 14- to 40-pin packages. 
Wirewrap posts on the component 
side achieve 0.5" ( 1.27-cm) spacing 
in a single chassis slot. Three I/ o po­
sitions can be used with 16- to 50-
conductor ribbon cable edge con­
nectors to external devices or modules. 
An extender board and I/ o cable sub­
assemblies complete the accessories 
for the computers. 
C ircle 420 on Inquiry Card 

Memory System Supplies 
EXORciser With Hard 
Disc Expansion 

STORAGE DEMONT" is a disc controller, 
!OM-byte Winchester disc drive, and 
sDos interrupt driven disc operating 
system that overcomes the limited 
disc storage of Motorola's 6800 EXOR­
ciser system. It is upward and down­
ward compatible with the EXORciser 
I and n. The sealed media system 
from Software Dynamics, 2111 W 
Crescent Ave, Suite G, Anaheim, CA 
92801, provides 19k 512-byte sectors 
for use under most environmental con­
ditions. Latency times are 8.3 ms. 
Track to track seek time is 10 ms, 
while full seek takes 100 ms. 

Support by the interrupt driven 
SDOS offers keyboard type ahead, auto­
matic disc read ahead and disc sector 
pooling, dynamic files with random 
access to the byte, and device inde­
pendence. EXORdisk I, II, or III is sup­
ported by the operating system, per­
mitting floppy disc drives to supply 
added disc storage or backup for the 
hard disc drive. SDOS accommodates 
the company's Business BASIC com­
piler, with 10-digit BCD arithmetic, 
long names, file 1/ 0, and error trap­
ping. 
C ircle 421 on Inquiry Card 

What the 
1980Census 

can do for 
a small 

business 

Help you increase profits. 
"The Census is an 

essential tool in modern 
marketing research'.' 
That's what Arthur C. 
Nielsen, Jr., Chairman of 
the Board of one of the 
country's larg~st mar~et­
ing research firms, said 
about data gathered by 
the Census, which is avail­
able for your business 
use. 
How you can use 
Census data 
• Study buying habits and 
changes in purchasing 
power 
• Select areas for testing 
• Determine best loca­
tions for new stores, 
plants, shopping centers, 
warehouses 
• Allocate salesmen, 
advertising and outlets 
• Determine sales forces, 
routing schedules, terri­
tories and quotas 

We're counting on you. 
Answer the Census. 
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People have all kinds of reasons 
for moving to Florida. 

We offer you a special reason. 
Your career. 

Florida is more than a place for growing oranges and suntans. 
Today, careers grow here, too. In a thriving electronics industry 
that we helped to build . 
At our Miami headquarters, we design and build state -of-the-art 
data communications equipment. Our customers include many of the 
world 's largest airlines, banks, government agencies , and more than 
half of the Fortune 500 companies . Dynamic applied research 
and development programs keep us right on the leading edge of 
data communications technology. We intend to stay there . 
That's why we're looking for the best people available. 

If you 're experienced in communications hardware or software, 
we can offer you the perfect career combination-challenge, security, 
satisfaction, and reward. We have important openings at every level. 
Send today for a copy of our "Opportunity Portfolio:· You 'll learn . 
about building an exciting career (and discovering a special lifestyle) 'i' 
with Racal-Milgo in Florida. 

Racal-Milgo·· 
Employee Relations Department 
Racal-Milgo, Inc. 
8600 N.W. 41st Street, Miami , Florida 33166 Telephone (305) 592-8600 

*All photographs shown are Racal-Milgo employees or their families. 
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NOWIN 
STOCK 
O 1979 Belden Corporation 

. ::( 

It's fast. Simple. Reliable. Accurate. In fact, it's the ultimate 
interface for your data terminal and communications equipment 

employing serial binary data exchange. 

Belden's new 25 conductor molded cable assemblies are designed 
and built to meet EIA standard RS-232-C and types A 

through M standard interfaces. 

These are cables you can count on. Belden's rugged 8459 
cable (UL style number 2576) is used in these assemblies. 
This cable also passes the FR-1 vertical flame test and is 

the preferred cable for critical interfaces. And positive 
pin-to-pin mating using subminiature "D" type plug 

connectors means no mix-up . 

. ~~~~~~~~~~..)l~Complete cable assemblies are now in stock in 
:' four standard lengths of up to 70' (21m). Bulk 

cable is available in put-ups of up to 1000'. 
Custom designed assemblies are also 
available on special request. Belden 

Corporation, Electronic Division, 
P.O. Box 1327, Richmond, IN 47374; 
319-966-6661. Out West contact our 
Regional Sales Office in Irvine, CA 

714-833-7700. 

BELDEN@ 
Coming through .•. 
with new ideas for moving electrical energy 

8-15-9 
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Commercial And 
Industrial Uses Are 
Served By Microcomputer 

Total system p erformance is obtained 
from the 900 single-board computer 
packaged with quad-density flexible 
disc drives to provide a simple modu­
lar design. The 4-MHz, Z80 based 
model 90F microcomputer (see Com­
puter Design, Feb 1979, p 146) used 
in the system is a member of the OEM 
board family manufactured by Quay 
Corp, PO Box 386, Freehold, NJ 
07728; it contains the system's mem­
ory and peripheral controllers. The 
48k bytes of dynamic RAM are ex­
pandable to 65k bytes. 

All disc access is under DMA control 
for high speed data transfers and mul­
titasking CPU operation. Two double­
sided, double-density flexible disc 
drives from Control Data Corp are 
standard, with a formatted capacity 
exceeding 2.5M bytes . Track to track 
access time is 3 ms. 

Automatic diskette type identifica­
tion allows single-sided diskettes to 
be used also. Activity indicator, write 
protect, and transparent IBM 3740 
format compatibility for loading or 
generating single-density diskettes are 
standard. 

A disc expansion port can support 
up to four 2-sided flexible disc drives. 
Remaining system components include 
a parallel line printer port. Rs-232-C 
or 20-mA current loop serial port, dual 
power supplies with overvoltage pro­
tection, dual ac outlets for peripheral 
use, and a fan . The system requires 
50 to 60 Hz for operation. 

Optional features are an add-on 
dynamic RAM (to 65k bytes), add-on 
disc subsystem (for total of SM 
bytes), rackmount enclosure, and 
P / ROM programmer for 2708 or 2716 
EPROMs. Further expansion is possible 
with an S-100 bus adapter and two 
additional Rs-232-C ports with pro­
grammable baud rates, synchronous/ 
asynchronous operation, and modem 
control. 

Enabling program construction with 
its context editor, assembler, and de­
bugger, the CP / M disc operating sys­
tem offers diskette initialization, ab­
solute copy utility, and P / ROM resi­
dent bootstrap. For rapid access to 
programs, a file management packai;e 
supports a named file structure, dy­
namic allocation of file space, and se­
quential and random file access. High 
level languages are BASIC, FORTRAN, 
and COBOL. Several business applica­
tion packages are also available. 
Circle 418 on Inquiry Card 

OS BRIEFS 

Programmable Controller Olfers 
Full Floppy Disc Mass Storage Capa­
bility-Compatible with IBM 37 40 
and TI disc formats, TM990 / 303 sup­
ports up to four double-sided drives. 
Texas Instruments, Inc, PO Box 1433, 
MS6404, Houston, TX 77001, has de­
signed in soft sector compatibility, 
write precompensation, and 5 or 8" 
(13- or 20-cm) diskette compatibility 
for use of the controller board with 
the TM990 series of microcomputer 
products .... Flat Display Panel In­
terfaces Directly With Microprocessors 
-Lxl40 is a I-line, 40-char, alpha­
numeric, 5 x 10 dot matrix liquid 
crystal display system that interfaces 
via a 20-pin socket connector. Intro­
duced by Kylex, Inc, 420 Bernardo 
Ave, Mountain View, CA 94043, the 
unit features integral drive, refresh, 
temperature compensation, and power 
supply electronics. lt operates from a 
5-V power supply with typ power 
drain of < 400 mW .. .. Parallel In­
terface Provides 64 I/ 0 Data Lines 
for LSl-11 Microcomputers-The 8.9 x 
5.2" (22.6 x 13.2-cm) nRvll-J module 
for the LSI-11/ 23, -11/ 2, PDP-11/ 23, 
and -11/03 features programmable 
interrupt structure with bit interrupts 
on up to 16 lines. Digital Equipment 
Corp, Maynard, MA 01754, has or­
ganized the 64 lines into four ports; 
data line direction for each port is 
program selectable. 

Z8000 Cross Assembler Programs 
Are Reproduced in P /ROM for Tar­
get Microprocessor Execution-Gen­
Rad/ Futuredata, 6151 W Century 
Blvd, Suite 1124, Los Angeles, CA 
90045, claims that the Z8000 relocat­
able macro cross assembler is up to 
10 times faster than other assemblers 
because parts are written in assem: 
bly language to optimize speed and 
memory usage, the assembler pro­
gram overlaps I/ o operations, and 
all disc operations are handled by a 
disc controller. Operating with the 
2300 series universal development 
system, the assembler contains macro 
facility, conditional assembly, and 
pseudo op, all compatible with 2300 
series assemblers . .. . RAM Boaril for 
Multibus Units Hold's 48k Bytes-On­
board LSI refresh for 16k dynamic 
RAMS, 8- or 16-bit mode, and 20 
address bits for IM-byte addressing 
are features of RAM-048. Reliability 
is assured by Electronic Solutions, 
Inc, 5780 Chesapeake Ct, San Diego, 
CA 92123, with a 168-h burn-in at 
55 °C. Specs include 450-ns access 
time and 700-ns cycle time. D 

Flatheads deliver 6VA in less 
than 0.85" H. or squeeze 12VA 
into 1.06" H. Flatheads use Sig­
nal's split-bobbin, balanced­
coil, hum-bucking construction. 
This semi-toroidal configura­
tion SiSf?lificantly reduces 
magnetic field radiation which 
can cause havoc with seu1itive 
IC's or low-level circuits. And 
the LP's split-bobbin provides 
unprecedented insulation and 
isolation. Minimal electro­
static coupling suppresses line 
noise and prevents false trig­
gering of digital circuits. 
S~nal 'n'ansformer Co., Inc., 

500 Bayview Avenue, Inwood. 
N .Y.. 11696 Tel. (516) 239-7200. 

l c SECONDARY• USER NET 
Put No. Sia SeriH P•r1ll1I (1 .9 pc1. ) 

LP-10-600 6 IOV CT @ 600 MA SV @ 1.2 A $10.15 
LP -10-1200 12 IOV CT@ 1200 MA SV @ 2.4 A 12.50 
LP -12- 450 6 I 2.6V CT @ 450 MA 6.JV @ 900 MA 10.15 
LP -12-900 12 12.6V CT @ 900 MA 6 - ~~ ~ ~ij~ AM~ 12.50 
LP· l6·350 6 16V CT @ 350 MA IO . IS 
LP -16· 700 12 16\1 CT @ 700 MA 8\1@ 1.4 A 12.50 
LP-20-300 6 20\1 CT @ 300 MA IOV @ 600 MA 10.37 
lP-20 -600 12 20V CT @ 600 MA IOV @ 1.2 A 12.85 
LP-24 -250 6 24\1 CT @ 250 MA 12V @ 500 MA 10.37 
LP-24 -500 12 ~:~ g~ ~ ~~g ~: 12\1 @ IA 12.85 
LP-34 -170 6 17\1 @ 340 ~; 10.37 
LP-34 -340 12 34V CT @ 340 MA ~~~ $ ~gg ~A 12.85 
LP-40-150 6 40\1 CT@ 150 MA 10.37 
LP-40-300 12 40V CT @ 300 MA 20\1 @ 600 MA 13.10 
LP-56-100 6 56V CT @ 100 MA 28\1 @ 200 MA 10.60 
LP -56 -200 12 56\1 CT @ 200 MA 28\1 @ 400 MA 13 .10 
LP-88 -65 6 ::~g ~ 1~6~: 44V @ 130 MA 10.60 
LP-88 -130 12 44V @ 260 MA 13.45 
LP -120-50 6 120V CT @ 50 MA 60V $ 100 MA 10.60 
LP-120-100 12 120Y CT @ 100 MA 60V~200 MA 13.45 
LP-230 -25 6 n~~g ® ~6~: 115V 50 MA 10.60 
LP-230 -50 12 l 15Y 100 MA 13 .45 
•Regulat!on of Siu 6 units is 30%, i. e ., no load -seconda1y voltage is 
30% higher than full load . Regulation of Size 12 units is 20%. 

~o ,, ... i·i ·J •• ,., 
- "' 041 [ ~11 ViI1 o/i 10. 85~t.6oo o.37-gr 11 

~ .... .., 12 211i 2 1.065 2.000 0 .500 II 
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I AROUND THE IC LDDP I 

MEMORY AND 1/0 IMPLEMENTATION 
IN 8-BIT SLICE ECL 

Paul Chu 
Fairchild Camera and Instrument 
Mountain View, California 

Computer systems utilizing large scale integrated 
emitter coupled logic components at the 8-bit slice level 
benefit from various advantages inherent in that advanced 
technology. Implementation of bit slice components re­
quces system complexity, component count, and costs. 
When specific capabilities such as error correction are 
built into the components, additional circuits normally 
provided by the system designer become superfluous. 
Simplifications of this kind, coupled with the high gate 
speeds, lead to more sophisticated capabilities in high 
speed microprogrammed system design. 

Capabilities provided by ADIU and MFN components of 
the Fl00220 family, discussed in preceding columns, are 
essentially cPu-like, filling such roles as ALU, memory in­
terface, bus multiplexer and demultiplexer, and Exclusive­
OR logic array. Here, the picture will be rounded out with 
the description of components of this family that provide 
capabilities oriented toward memory and r/ o. These com­
ponents (mentioned briefly in the earlier discussions) are 
the dual access stack (DAS) and the programmable inter­
face unit ( PIU). The combined capabilities of all four 
components provide diversified building blocks for digital 
systems requiring subnanosecond gates. 

Dual Access Stack 

Designed around a 32-register by 9-bit memory, the DAS 

(Fig 1) has a read access time of 14 ns (maximum) or 
9 ns (typical) from addresse to data out on the bus. 
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The A and B buses are bidirectional and, although 
the inputs and outputs for each bus are illustrated sep­
arately in the figure, it should be noted that A "in" and 
A "out" are common and B "in" and B "out" are common. 
These ports are controlled by completely independent sig­
nals which may or may not be in synchronization extern­
ally. Thus, one port may be reading from or writing into 
one register, while the other may be reading from or 
writing into another register. 

Each port has its own address lines, control lines, and 
error indicators via parity checking of both addresses and 
data. The address-equal output detects contention for 
possible error recovery or retry. Contention is flagged 
in the following situations: simultaneously writing to a 
common location via both ports, and writing to one lo­
cation via one port while simultaneously reading the same 
location via the other port. 

Programmable Interface Unit 

The programmable interface unit (Pru) is designed to 
handle communications with a system element interface 
via the data access lines (DAL) bus and its associated 
controls, while communication between PIUS utilizes a 
common bus structure designated as A, B, and C buses. 
As shown in Fig 2 (a), the DAL bus (eight data bits, one 
parity bit) allows bidirectional transfer into and out of 
the PIU. This path may be used by the controller to load 
the program information and data into the PIU registers. 
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WEA 0---------­
A DATA BUS 

A PARITY , 
DATA 

B DATA BUS 
B PARITY 

DATA 

BUS 
RECEIVER 

WEBn--+---------.1 

PARITY 
CHECK 

32 x 9 
STACK 

A DATA 
SELECTOR 

B DATA 
SELECTOR 

B ADDRESS 
PARITY 

PARITY 
CHECK 

ADDRESS 

CLK A EN A 

A OUTPUT 
HOLDING 

LATCH 

PARITY 
CHECKER 

PARITY 
CHECKER 

B OUTPUT 
HOLDING 

LATCH 

CLK B 

BUS 
DRIVER 

A SELECTOR 
PARITY 

B SELECTOR 
PARITY 

BUS 
DRIVER 

EN B 

A DATA BUS 
A DATA 
f'ARITY 

B DATA BUS 
B DATA 
PARITY 

,__----+-I CONTENTION 1-----------J0.,0 ADDRESS 
6 

A 
ADDRESS 
A PARITY 

6 

B 
ADDRESS 
B PARITY 

LOGIC EQUAL 

Fig Dual Access Stack (DAS) F100222. Stack, addressing, A and B buses, parity checks, and controls 
are indicated. Device is designed around register memory organized as 32 x 9 

The lines write address, address ( 3 ) , write DAL, and 
read/ write are used to control operations on that inter­
face. Chip m lines ( 4) are connected internally through 
a comparator to four bits of the B bus, allowing the PIUS 

to identify which PIU components should be active. In­
terrupt lines are used to signal the system element on the 
status of functions within the component. 

Fig 2(b) illustrates the common buses connecting a 
multiplicity of PIUS. Data may be transmitted in a uni­
directional or a bidirectional mode over buses A and B 
(nine bits each) and in some instances on bus C. In an 
automatic handshaking mode, bus C (eight bits) is uti­
lized to communicate data service requests and acknowl­
edgements. 

PIU Registers 

A more detailed block diagram of the PIU is presented in 
Fig 3. The registers in the PIU and their associated func­
tions are 

Register 
---
DAL 

A Register 

Function 

Used for data and for loading instructions 

Used for data 

B Register 

C Register 

Interrupt 
Mask Register 

Mode Register 

Bus Control 
Register 

Address Register 

Used for data and ID comparison 

Used for handshaking and, in some cases, 
for data transfer 

Controls interrupt conditions in PIU 

Controls A bus and B bus input and out­
put modes with and without automatic 
handshaking; and controls conditioning of 
interrupt A and interrupt B lines on DAL 

interface 

Indicates interrupt/ service conditions on 
"priority request," "priority grant," and 
"busy" lines 

Stores the address of internal register 
active during an operation 

A 9-bit bidirectional internal bus allows communication 
between these registers. Note that, as in other family 
members, parity is carried and checked in all appropriate 
operations. As bit patterns in appropriate registers are set 
from external sources (or from internal operations), mode 
of operation, interrupt conditions, data direction, and pari­
ty checking are program controlled. 
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CHIP ID 

READ/WRITE 

</) 
w<IJ ,_w 
-a: a:c 
i:o 
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MODE 
REGISTER 

(a) 

INTERRUPT 
MASK 

Fig 2 Programmable Interface Unit (PIU) F100223. 
Interconnects via timeshare bus and control lines are 
shown in (a); devices that utilize common bus system 
for intercommunication are shown in (b) 
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PIU Transfer Operations 

CHANNEL 
INTERFACE 

Cl 
Cl 
<( 

,_ 
z 
0 
(..) 

The PIU has three modes of transfer operations in which 
two groups of 13 lines may be individually programmed. 

Mode 0: Bidirectional 

A ( 8 Bits + Parity) transferred in either direction. 
Two C bus lines perform automatic handshaking and two 
C bus lines for control signals may be defined by the user. 

B ( 8 Bits + Parity) and 4 bits of C (same operation as for 
A) . 
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Cl 
0 
<( 

z 
8 

PERIPHERAL 
INTERFACE 

PERIPHERAL 
INTERFACE 

(b) 

Mode 1 : Unidirectional, Input or Output Latched 

A ( 8 Bits + Parity) transferred in one direction only, with 
two C bus lines doing automatic bidirectional handshaking 
and two (unidirectional) available for user definition. 

B ( 8 Bits + Parity) and 4 bits of C (same operations as for 
A). 

Mode 2: Unidirectional Output Latched, Input Unlatched 

A ( 8 Bits + Parity) and 4 bits of C with output data lines 
latched. 

COMPUTER DESIGN/ FEBRUARY 1980 



New high resolution graphics 
from the leader in low-cost color. 

With our 8001G graphics terminal . ISC pioneered low 
resolution color graphics at black and white prices. Now 
we're able to offer the worlds most cost effective high 
resolution capabilities - at prices that are true-to-I SC 
tradition . 

Announcing the 8001H . Its based on the 48-line 
19 intelligent display terminal that has revolutionized 
the process control industry. But the 8001 H gives you 
the added advantages of high resolution capabilities , 
making it more than sufficient for all work required in 
process control and most other applications. including 
limited imaging. 

The high resolution graphic hardware consists of 512 
software programma-
ble characters. each 
comprised of a 6 x 8 
dot matrix with all 48 
dots addressable 
by software. This 
translates into a 
480 x 384 resolu-
tion for random 
vectors and sym-
bols . resulting in a 
6x improvement 
from the stan-
dard 8001G . 

Three main 
modes of opera­
tion are avail ­
able . including a 
special character 
mode . ISC stan­
dard plot mode. 
and the high 
reso lution plot 
mode for drawing 
bar graphs . vec­
tors and point 

Unretouched photo of s creen 

plots. Eight brilli ant commun1cat1ve colors are at your 
d isposal . to convey informati on quick ly an cJ accu rately 
with critical contro l over detail 

The 8001 H has an 8080A microprocessor capablt? 
of handling data on a two megahertz processi ng cyc le It 
provides 2K of ROM RS-232C interfacin g capab1l1t1es 
and fl ex ibl e edit ing made sti ll easier by a keyboarcJ with 
color and numeric key c lusters 

And 1tscost 1s nothing short of phenomenal* S3695 1s 
all you pay for a single uni t :* S2695 each for 100 or more 

If you d li ke to upgrade your present 800 1G uni ts to 
high resoluti on hardware and softvvare options ar<? 
available for as li ttl e as S 1500 per singl e unit S 1000 for 

100 or more 
All lntecolor 

te rminals are cov-
erecJ by a six month 
warranty. and cash 
with order guaran­

tees del 1very of a 
single evaluation 

uni t at S2990 with-
in 30 days or your 

money back If 
you need high 

resolution color 
but have founcj th"' 

cost proh1b1t1ve 
heres your oppor­

tunity Now that 
lntecolor is per­

fect ly capable of 
high reso l ut 1on 

co lor. you can be 
too Call your ISC 

rep today 
Color 

Communicates 
Better 

Lo!S..~,;sA4~~9~:.~~~~~~~'(;;~~~~1!1~~~~~~~~~-~~~~i>~f~~%~~5~~c~~2J1~2~'.i~~~-g~1f>;~~1~r~~~~~i~.3b~=1i~~f~o~i~:1~i~.~;ft5~;.~~r~~~4~ii~~i~6ga!Jg~~~t~~n~1gb~~2~~6i66. 
Orlando 305/425-5505, Tallahassee 904/878-6642, GA: Atlanta 404/455-1035, HI: 808/524-8633, IO: (GA) 404/449-5961 , IL: (No.) 312/564-5440, (So. MO) 816/765-3337, IN : (IL) 312/564-5440, 

IA: (MO) 8161765-3337, KS: (MO) 8161765-3337, KY: 606/273-3771, LA: 504/626-9701, ME: (MA) 617/729-5770, MO: (VA) 703/569-1502, MA: 617/729-5770, Ml : Brighton 313/227-7067, 
Grand Rapids 6161393-9839, MN: (GA) 404/449-5961 , MS: (AL) 205/883-8660, MO: 8161765-3337, MT: (GA) 404/449-5961 , NB: (MO) 8161765-3337, NH: (MA) 617/729-5770, NJ: (No.) 201/224-6911, 

(So.) 215/542-9876, NV: (AZ) 602/994-5400, NM: 505/292-1212, NY: Metro/Ll(NJ) 201/224-6911, N. Syracuse 315/699-2651 , Fairport 7161223-4490, Utica 315/732-1801, NC: 919/682-2383, 
ND: (GA) 404/449-5961 , OH: Cleveland 2161398-0506, Dayton 513/435-7684, OK: (TX) 214/661-9633, OR: 503/620-5800, PA: (E) 215/542-9876, (W) 412/922-5110, RI : (MA) 617/729-5770. 
SC: 8031798-8070, SO: (GA) 404/449-5961, TN : 615/482-5761 , TX: Austin 512/454-3579, Dallas 214/661-9633. El Paso Area (Las Cruces, NM) 505/523-0601 , Houston Only 713/780-2511 , 

UT: (GA) 404/449-5961, VT: (MA) 6171729-5770, VA : 703/569-1502, WA: 2061455-9180, WV: (PA) 412/922-5110, WI: (IL) 312/564-5440. WY: (GA) 404/449-5961, 
EUROPEAN EXPORT SALES: EUROPE: (MA) 617/661-9424 , BELGIUM: Brussels 02-242-36-04, FRANCE : Rueil Malmaison 749-40-37, GREECE: Athens 642-1368 , ITALY: Milano 02600733, 

THE NETHERLANDS: Poeldijk 01749-7640, SPAIN: Barcelona 204-17-43, SWEDEN: Vallingby 08-380-370, SWITZERLAND: Mutschellen 057-546-55, UNITED KINGDOM: Bournemouth 0202-293-115, 
WEST GERMANY: Koblenz (0261)-31025/6, AUSTRALIA & NEW ZEALAND: Auckland 814-9385, Canberra 58-1811 , Chermside 59-6436. Melbourne 03-543-2077, Sydney 02-808-1444, 

Wellington 64-4585, CANADA: Dorval 514/631>-9774, Ottawa 613/224-1391 , Toronto 416/787-1208, Vancouver 604/684-8625. CENTRAL ANO SOUTH AMERICA & CARIBBEAN: (GA) 404/394-9603, 
MEXICO: Monterrey 564-876, FAR EAST: (CA) 2131382-1107, HONG KONG: 5-742211, JAPAN: (Tokyo) (03) 463-9921, TAIWAN: (Taipei) 02-7026284, MIDDLE EAST: (GA) 404/581-0284, 

ISRAEL: Ramal Gan 03725749, KUWAIT: Kuwait 438-180/1/2, LEBANON : Beirut 221731/260110, SAUDI ARABIA: Jeddah 27790, Riyadh 25083-39732. 
For sales and service in other countries contact ISC headquarters in Norcross. GA., U.S.A. 

Intelligent Systems Corp .. lntecolor Drive• Technology Park/Atlanta• Norcross, Georgia 30092 •Telephone 404/ 449-5961 •TWX 81 0-766-1581 
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Fig 3 Detailed block diagram of PIU indicates registers and register functions . Bidirectional and unidirectional trans­
fer operations are available. In unidirectional modes, inputs and outputs may or may not be latched 

A ( 8 Bits + Parity) and 4 bits of C with input data lines 
unlatched. 

A ( 8 Bits + Parity) input data lines unlatched and any 
directional combination of remaining four C lines. 

A ( 8 Bits + Parity) output data lines latched and any direc­
tional combination of remaining four C lines. 

B ( 8 Bits + Parity) and 4 bits of C (same operations as 
for A) . 

PIU Compatibility and Standardization 
TTL compatible inputs and outputs characterize the PIU, 

and the 3-state DAL lines also interface with commonly 
used TTL components. Level converters (Fl00124, 
Fl00125) must be used with the component when it is 
interfaced to the other ECL members of the family. The 
A, B, and C buses have high current sinking capability 
( 48 mA) with open collector outputs and Schmitt trig­
gered receivers providing built-in hysteresis for greater 
noise rejection. 

196 

This component is currently a candidate for the ANSI 

small computer to peripheral bus interface (Committee 
X3T9) standard. It has also been submitted to the Inter­
national Standards Organization (1so) for possible ap­
proval as an international standard. 

Summary 
The 8-bit slice components described in this 3-part series 
supplement other subnanosecond ECL components, to pro­
vide designers of high speed systems with sophisticated 
system elements. In addition to the advantage of bidirec­
tional architecture, the incorporation of parity checking 
and Hamming check and syndrome bit generation for 
error detection/ correction vastly enhances system reli­
ability. The computer system diagram in the first 
column of this series (see Computer Design, Dec 79, p 
135), in light of the descriptions of the components, may 
now be reviewed with a better appreciation of the capa­
bilities of this ECL family. 
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Inventory reports 
Data entry 

Environmental control Computer graphics 

Sylvania breaks the color barrier. 
Introducing America's first 19-inch color data 
display tube. 
Not just a tube with color. 
A tube with gorgeous, glorious, 
sharp Sylvania color. 
Color that provides clearer images 
and better contrast than anything 
available anywhere. 
Color that makes small characters a 
breeze to read, with less fatigue. 
Crystal clear color created by a 
high density tri-dot mask. 
Color sharpened by a multiple-beam 

electron gun and enhanced by a Chromatrix dark 
surround negative guard band, and a rare earth 

phosphor system. 
Sylvania color. 
It's completely changed the 
picture in data display tubes . 
Write Product Marketing Manager 
for our latest catalog: 
GTE Sylvania 
Data Display Tube Division 
700 North Pratt Street 
Ottawa, Ohio 45875 

SYLVANIA 
197 
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Dear Ma: 
Racal-Vadic 

now has a Triple Modent 
for remote terminal users tool 

Racal-Vadic has really done it this time, Ma, with a 
direct-connect originate-answer TRIPLE MODEM for 
remote terminal and computer users. 

It's a 212A, a 103 AND a VA3400 in a compact, low 
profile cabinet. Including the VA3400 at NO EXTRA 
COST is very important, Ma. There are over 50,000 
in operation. Also, both Racal-Vadic and Anderson 
Jacobson have 1200 bps full duplex acoustic 
couplers built 
around the VA3400. 
And major terminal 
manufacturers are 
incorporating 
VA3400 modems 
in their latest 
equipment. 

Available from these stocking reps ... 

With TRIPLE MODEMS at remote terminals AND 
central computer sites, users can now standardize on 
Racal-Vadic and satisfy every switched network 
requirement from 0 to 1200 bps. 

The whole story is much too long to tell in this 
letter, Ma. Better phone or write for complete details. 

Your independent thinking son, 

~b~~­
Racal-Vadic Member 10CMA 

222 Caspian Drive, 
Sunnyvale, CA 94086 

The Electronics Group 

Tel: (408) 744-0810 •TWX: 910-339-9297 

Racal.Vadic Regional Offices: West: (408) 744·1727 •East: (301) 459-7430 •Central: 
(312) 932·9268 • Northeast: (617) 245-8790 •Southwest: (817) 277-2246 

Alabama: (800) 327-6600 • Alaska: (907) 344-1141 • Arizona: (602) 947-7841 • California: S.F. (408) 249·2491, LA (714) 635-7600, S.D. (714) 578-5760 • Canada: Calgary 
(403)243-2202, l"lontreal (514) 849-9491, Toronto (416) 675-7500, Vancouver (604) 681-8136 • Colonldo: (303) 779-3600 •Conn~ (203) 265-0215 • Dlst.ofColumblll: (301) 
622-3535 • Aot1da: Ft. Lauderdale (800) 432-4480, Orlando (305) 423-7615, St Petersburg (800) 432-4480 •Georgia: (800) 327-6600 • Dllnols: (312) 255-4820 • lncllana: (317) 
846-2591 •Kansas: (913) 362-2366 • Maiyland: (301) 622-3535 •Mass.: (617) 245-8900 •Michigan: (313) 973-Jf33 •Minnesota: (612) 944-3515 • llllasoull: (314) 821-3742 
rlewJersey: North (201) 445-5210, South (609) 779-0200 • NewYork: Binghampton (607) 785-9947, NY.C.(212) 695-4269, Rochester (716) 473-5720, Syrac.- (315) 437-6666 
rl.c.rotna: (800)327-6600 •Ohio: Cleveland (216) 333·8375, Dayton (513) 859-3040 •Oregon: (503) 224-3145· Penn.: East(609) 779-0200, West(412) 681-8609• S.Carollna: 
(800) 327-6600 •Texas: Austin (512) 451-0217, Dallas (214) 231-2573, Houston (713) 688-9971 • <Jtah: (801) 4844496 •Wash.: (206) 763-2755 •Wisconsin: (414) 547-6637 
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I ARCUNC THE IC LCCP I 

32k-Bit EPROM Operates at 
200-ns Maximum Access Time 
Twice as fast as the present industry 
standard for high density erasable pro­
grammable read only memories 
( EPROMs), one version of the 32k-bit 
2732A operates at a maximum access 
time of 200 ns. The ultraviolet eras­
able and electrically programmable 
devices were designed by Intel Corp, 
3065 Bowers Ave, Santa Clara, CA 
95051, to complement its concurrently 
introduced 8-MHz 8086-2 16-bit mi­
croprocessor (see p 182, this issue), 
as well as other very high perfor­
mance microprocessors and microcom­
puters. However, the EPROM access 
speeds surpass even the companion 
microprocessor's typical 210-ns re­
quirements and provide the backup 
speed that might be needed for very 
large system applications with up to 
lM bytes of memory. In such sys­
tems, the microprocessor can operate 
without the addition of wait states 
for program store memory references. 
Except for programming, this 32k­
bit EPHOM is a direct board replace­
ment for the 450-ns 2732. 

For use in multiple bus micro­
processor systems, an output enable 
(OE) control (see block diagram) 
separate from the chip enable (CE) 
control eliminates bus contention. 
With this 2-line control, the CE line 
selects a device, but device outputs 
cannot become active on the bus until 
an OE pin receives a control signal 
from the microprocessor. When the 
microprocessor is ready to receive 
data from the EPROM, it sends the 
OE signal. (In large systems, this is 
handled by a bus controller.) 

Operating temperature range is 0 
to 70 °C. Absolute maximum ratings 
are -10 to 80 °C temperature under 
bias and -65 to 125 °C storage. All 
input to output voltages with respect 
to ground must be in the 6 to -0.3 V 
range. Vee power supply is 5 V ±5%. 
Maximum active current is 150 mA; 
in standby mode, achieved by apply­
ing a TTL-high signal to the CE input, 
the maximum current is reduced to 
35 mA. 

nc operating characteristics in read 
operation include 10-µA max input 
load and output leakage currents; 
-0.l-V min and 0.8-V max input low 
voltages; 2.0-V min and (Vee + 1)-V 

Vee 0---­
GND 0---­
Vpp 0----

DATA OUTPUTS 00-07 

AO-All { ADDRESS 
INPUTS 

Y-GATING 

32,768 - SIT 
CELL MATRIX 

max input high voltages; 0.45-V max 
output low voltage; and 2.4-V min 
output high voltage. AC characteristics, 
respectively, for three available ver­
sions ( 2732A, 2732A-2, and 2732A-3) 
are 250-, 200-, and 300-ns max access 
times; and 100-, 70-, and 150-ns max 
output enable to output delay as well 
as output enable high to output float. 

Unlike earlier generation EPHOMS 
produced by this company using 
PMOS and NMOS technologies, the 
2732A is fabricated with HMOS-E, the 
company's patented process for manu-

Multiplying DAC 
Provides High Accuracy 

Maximum gain errors of ±)~ LSB at 
25 °C and ±1 LSB from -55 to 125 
°C characterize a 4-quadrant, 12-bit 
multiplying digital to analog con­
verter, the MN3412 from Micro Net­
works Corp, 324 Clark St, Worcester, 
MA 01606. Corresponding gain drift 
is 1 ppmj° C over the operating tem­
perature range. Its manufacturer 
claims it to be the most accurate 12-
bit multiplying DAC on the market. 

This converter finds use in high 
performance multiplying applications 
of computational and servo systems, 
and in high accuracy data conversion 
when used with a precision fixed 
reference. Additional applications in-

Intel 2732A EPROM block diagram. 
Intended to complement high per­
formance 8086-2 microprocessor, 
EPROM has 200-ns max access time 
for use in large system applica­
tions without addition of wait states. 
Separate OE and CE controls elimi­
nate bus contention 

facturing high performance NMOS de­
vices. This silicon gate technology is 
credited with the device's capability 
for much faster access speeds. 

Devices are now available in limited 
quantities for customer sampling. 
High volume deliveries are expected 
to begin in 1980. The high perfor­
mance 2732A-2 200-ns max access 
time version and the 2732A-3 350-ns 
for less stringent applications will be 
available initially at single-unit prices 
of $570 and $475, respectively. 
Circle 350 on Inquiry Card 

elude digital to synchro converters, 
programmable gain amplifiers, and 
ratiometric ADCS. 

The device also features a low zero 
error, less than ±5 mV at 25 °C with 
drift of only ±5 µ.V/ °C. Linearity is 
guaranteed to be better than ±J~ 
LSB over the full operating tempera­
ture range, insuring monotonicity. In 
addition, settling time is specified to 
be less than 20 µ.s, and feedthrough 
is 80 dB down at 400 Hz. 

Available for operation over the 
full -55 to 125 °C military tempera­
ture range, the DAC can be processed 
to MIL-srn-883 for military / aerospace 
applications. It is packaged in a 32-
pin minimodule that offers a low off­
board height and has a standard dual­
inline footprint. 
Circle 351 on Inquiry Card 
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S1602 UART from American Microsystems. Device is second source to Fujitsu MB8868A. Operating from single 5-V 
supply, chip replaces existing parts requiring dual supplies 
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Programmable UART 
Uses 5-V Supply, 
Replaces 2-Supply Devices 

Full- or half-duplex operation, TTL 
compatible 1/ 0, and a single 5-V pow­
er supply characterize the Sl602, a 
completely programmable · UART that 
generates start bits automatically. 
Produced by American Microsystems, 
Inc, 3800 Homestead Rd, Santa Clara, 
CA 95051, the chip is a second source 
for the Fujitsu MB8868A and is a 
functional and pin compatible replace­
ment for Western Digital's TR1602 
A/ B. The Sl601 requires only a 5-Vdc 
supply instead of the 5- and -12-Vdc 
supplies needed by its predecessor, 
the 1602, and the Western Digital 
device. 

This n-channel silicon gate device 
operates at up to 50k baud, full or 
half duplex . Additional features in­
clude the automatic synchronization 
of data and clock rates, a 3-state out­
put capability, and completely static 
circuitry. 

The UART transforms asynchronous 
serial data from terminals or other 
peripherals to parallel data for a mi­
croprocessor, computer, or other ter­
minal. Parallel data are converted by 
the transmitter section of the UART 
into a serial word consisting of the 
data, plus start, parity, and stop bits. 
The receiver section converts serial 
data into parallel data and verifies 
correct code transmission by parity 
checking and receipt of a valid stop 
bit. The programmability of this chip 
allows options in accepting word 
lengths of 5, 6, 7, or 8 bits, setting 
even or odd parity, and inhibition of 
paritv generation checking. The 
number of stop bits can be pro­
grammed for 1, 2, or rn during trans­
mis~ion of a 5-bit code. 

Absolute maximum ratings require 
that V cc relative to V ss stays between 
-0.3 and 7.0 V. Input voltage is con­
strained to these same limits. Temper­
ature must remain between 0 and 70 
°C during operation and between 
-55 and 150 ·c in storage. The de­
vice comes in a standard 40-pin DIP. 

Circle 352 on Inquiry Card 

lk ECL RAMs 
Are Second Sourced 

Applications for an ECL random ac­
cess memory chip produced by Fujitsu 
America, 2945 Kifer Ave, Santa Clara, 
CA 95051, include high speed scratch-

pad, control, and buffer storage. Or­
ganized as 1024 x 1, the MBM 
10415AH is completely compatible 
with industry standard lOk-series ECL 
families, and specifically with Fair­
child's 20-ns ECL RAM, the Fl0415A, 
for which it is a second source. It is 
produced by means of proprietary 
DOPOS (doped polysilicon) and IOP 

(isolation by oxide and polysilicon ) 
processes, which make possible small 
cell and chip sizes and fast access 
times. Address time is 12 ns ( typ), 
and 20 ns (max); chip select time 

is 5 ns (max). Power dissipation is 
only 0.5 mW/ bit. 

Memory cell selection is achieved 
by means of a 10-bit address. Read 
and write operations are controlled by 
the state of the active low write en­
able (wE) input. With WE and chip 
select (cs) held low, data at DIN are 
written into the addressed location. To 
read, WE is held high, while Cs is held 
low. Data at the addressed location 
are then transferred to DouT and read 
out noninverted. Open emitter out­
puts are provided to allow for maxi-

Electronic 
Engineers 
Every facet of state-of-the-art design centered in one 
facility (not spread out among divisions) awaits you at 
Burroughs Small Systems Group. 

We provide the stability of an international leader in the 
computer industry. Combined with a "small company" 
environment that stimulates and rewards individual 
achievement. No engineering "bullpens"-just 
comfortable two-person offices. 

And we have openings right now for Electronic 
Engineers at our Coral Springs, Florida facility. 

These positions require 2-3 years' experience in digital 
and logic des ign. 

The Burroughs salary and benefits package is excellent. 
And the Florida lifestyle is ideal. 

For prompt consideration, please forward your resume 
and salary history to : 

Manager, Professional Employment 
Burroughs Corporation-Small Systems Group 
4000 Coral Ridge Drive 
Cora l Springs, Florida 33065 

An Equal Opportunity Employer 

CIRCLE 101 ON IN9UIRY CARD 201 



mum flexibility in output wired-OR 
connection. 

The memory is provided in a frit­
sealed 16-pin DIP. It is specified over 
a temperature range of 0 to 75 °C. 
Circle 353 on Inquiry Card 

Track/Hold Amplifier 
Meets Speed Requirements 
Of Flash A-D Converters 

An acquisition time of 10 ns and an 
aperture uncertainty time (jitter) of 
20 ps are typical performance char­
acteristics of the DDC-8530 track and 
hold amplifier. It is designed primar­
ily for use with parallel (flash) ana­
log to digital converters and is said to 
be nearly twice as fast as comparable 
products on the market, as well as 
being the smallest T/ H or s/H avail­
able in its speed range. 

Flash conve1ters with parallel input 
comparators as used in high speed 
A-D conversion applications have low 
input impedances. In order to utilize 
the full capability of these converters 
effectively, a high speed track/ hold 
or sample/hold unit with buffered 

output is required at the ADC input. 
This amplifier from ILC Data Device 
Corp, Airport International Plaza, Bo­
hemia, NY 11716, provides a 100-MHz 
bandwidth input, buffered output, 
and the speed necessary to fulfill this 
requirement. It is suited for applica­
tions in high speed radar pulse pro­
cessing and in video data acquisition 
systems. 

The typical acquisition time of 10 
ns to within 0.1% of final value is for 
a 2-V input change. With a 0.2-V 
input change, the acquisition time falls 
to 5 ns (typ) and 8 ns (max). For 
improved droop rate, an optional ex­
ternal capacitor qm be used to paral­
lel the internal holding capacitor. This 
will reduce the specified droop rate 
of 1 mV/ p,s at 25 °C (typ) but will 
increase acquisition time. 

Additional characteristics include a 
± 0 .2% max linearity error at rated 
load, a linearity tempco of 5 ppmj° C 
(typ) and 15 ppm/°C (max), and a 
400-V / p,s min slew rate. Manufac­
tured and processed to conform to 
MIL-STD-883 procedures, the ampli­
fier is available in a 24-pin double DIP. 

Circle 354 on Inquiry Card 

Charge-Coupled Devices 
Perform Digitization 
of Picture Elements 

A charge-coupled imager from Hughes 
Aircraft Co, Industrial Products Div, 
6155 El Camino Real, Carlsbad, CA 
92008, converts picture elements (pix­
els) into a series of pulses, with the 
height of each pulse being the analog 
of the light incident on the associated 
pixel. With the addition of an analog 
to digital circuit, the image is con­
verted ihto digital data compatible 
with digital computers. The HCCI 
032A has a 32 x 32 array imaging 
section of 1024 pixels, and the HCCI 
lOOA has a 100 x 100 array of lQ-1 

pixels, providing 32 and 100 stages 
of time delay and integration, respec­
tively. Both are illuminated register 
frame transfer ccos with a buried n­
channel transparent polysilicon gate 
structure. 

These devices, called OmneyeT" 
imagers, are designed for use in siz­
ing, orienting, identification, and other 
control functions. They offer a number 

SHIELD AGAINST 
INTERFERENCE 

(EMl/RFI) 

LET US CUSTO~~COAT 
YOUR PLASTIC SUBSTRATES 

PennDixon wi ll expertly custom-coat with elec­
trically conductive compounds of graphite, copper, 

· nickel , silver, etc. and eliminate electromagnetic 
interference. Won 't peel , chip or crack. Low cost 
protection for each specific application. 

You Don't Have To Order 
5,000 Motors to Get Our Attention 

We can meet your specifications and solve 
your interference problems. Four complete 
modern coating facilities, nationwide. 

We customize our P.M. DC motors and motor 
generators to meet your specifications - even on 
orders of 100 or less. And, it doesn't cost you a 
fortune. Or even a long wait. We ship most small 
quantity motor orders in 5-10 working days. 

Designed for precision instrument drive applica­
tions, each motor is individually crafted . ls run in for 
12-48 hours. And then tested. Long life, low ripple. 
DC motors to 1/10 H.P. from Dynetic Systems. 

202 

~)f'jN~j~~ Dynetic Systems Corporation 
~ '\Q\.~c:;=r: A A~ 19128 Industrial Boulevard 
r::!J// r::!J I l.!::.UV~r::!J Elk River, MN 55330 
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Sample parts coated on request. 

p~~~~E~!~~ 
A Bundy Company It 
P.O. Box 188 
Sharon Hill, PA 19079 
(215) 622-3700 
Telex No. 84-5212 

Send for 
FolderEMI 
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More cost efficiency . .. 

Introducing 
Series III soL1D sTATE KEYBoARDs 
Now: Ferrite Core Reliability At Lower Prices 

More cost efficiency 
you can put your 
finger on ... 
Just imagine, a solid state keyboard 
at a price you can afford that de­
livers MTBF's in excess of 40,000 
hours, is unaffected by contami­
nants, has excellent resistance to 
static discharge and EMI, plus high 
speed operation without "misses." 
Well the keyboard professionals 
have done it again-the Series III 
keyboard. 

That's right, the SERIES III will 
provide cost efficiencies you can 
put your finger on. It's designed to 
increase operator productivity and 
performance under demanding 

opera tional and environmental 
conditions. This means cost effi­
ciency for you-reduced down­
time, lower repair cost, fewer ser­
vice calls, satisfied customers, and 
lower prices. That's total value! 

It's in the unique 
SS3 ferrite core 
keys witch 
We've built our reputation on fer­
rite core switching technology. And 
once again, we've advanced our 
technology through the unique SS3 
keyswitch . 

Like its proven and successful 
predecessor, the SS3 keyswitch is 
mechanically simple and contact-

less. The SS3 is designed with 
fewer parts, lower profile and ex­
ceptional feel while maintaining 
excellent resistance to environmen­
tal factors. This combined with a 
100 million cycle life test rating 
offers unsurpassed cost efficiency. 

You have our word on 
quality-Cortron 
All Cortron® Series III Solid State 
Keyboards are 100% inspected and 
tested to insure your specifications 
are met. We're so sure of our relia­
bility that we have extended our 
warranty to 2 full years. Let us con­
vince you. 

We've touched on a few of the 
many cost efficiency benefits that 
Cortron Series III Solid State 
Keyboards offer you and your cus­
tomers. There's much more we can 
talk about. For full cost efficiency 
details and our Cortron Series III 
Solid State Keyboard brochure, 
write or call Cortron, A Division of 
Illinois Tool Works Inc., 6601 West 
Irving Park Road, Chicago, Illinois 
60634. Phone (312) 282-4040. TWX: 
910-221-0275. Toll free line : 800-
621-2605. 

[iJ Q"QHJ:JtON 
THE KEYBOARD PROFESSIONALS 
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of advantages over vidicons, including 
the inherent reliability and rugged­
ness of a solid state device, together 
with low voltage and power con­
sumption. 

Operation occurs in either of two 
modes-as an imager, much like a 
camera, or as a line scanner with time 
delay and integration when images 

are moving and maximum response 
with low noise is necessary. The de­
vices offer three modes of readout. 
There is a burst mode in which the 
section clocks are "frozen" for the 
integration period, after which the 
entire frame is read out one line at 
a time. In the strobe illumination 
mode, the imager section is continu-

204 CIRCLE 104 ON IN9UIRY CARD 

ously clocked while the scene is il­
luminated by a strobe light at one 
flash / frame. Finally, in the TDI mode, 
the image is scanned across the array 
in synchronization with the motion of 
the charge packet. 

The imagers use 4-phase clocking, 
and both input and output registers 
contain an onchip 2-stage output 
amplifier with a 3-MHz max output 
rate. Signal-noise ratio measures 150 
at full well. 
C ircle 355 on Inq uiry Card 

Family of Programmable 
llL Chips Generates 
Spectrum of Sounds 

Combining logic functions and linear 
audio circuitry on single chips, a 
family of circuits based on integrated 
injection logic ( IIL) provides complex 
sound generation capabilities. The 
SN76488N from Texas Instruments 
Inc, PO Box 84, Sherman, TX 75090, 
includes a noise generator, a voltage 
controlled oscillator ( vco), and a 
super low frequency oscillator ( SLF) , 

together with a noise filter, mixer, 
attach/ decay circuitry, audio ampli­
fier, and control circuitry to provide 
noise, tone, low frequency sounds, 
and any combinations of these. Pro­
gramming is accomplished via control 
inputs and user defined external com­
ponents, allowing a wide variety of 
sounds to be created and tailored for 
particular applications. It can produce 
simultaneous sounds, such as musical 
chords, without a multiplexer, since 
it has an internal clock. The device is 
provided in a 28-pin DIP. Direct pin­
outs from the oscillators and a I-shot 
circuit provide added design flexi­
bility. 

This circuit operates from a 7 .5-
to 10-V supply applied to a built-in 
voltage regulator through the V "C 

terminal. A regulated 5 V is available 
from the v reg terminal to power a 
small amount of external circuitry or 
to provide a high logic level voltage 
to logic inputs. 

Another addition to this family of 
circuits is the SN76487N, which is a 
low cost version of the sN76477N, 
introduced in early 1978. Available 
in a 16-pin package, the new model 
is designed for high volume, low cost 
applications not requiring the outputs 
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Versatility 
Creativity is an ongoing process at Talas. The 
applications for the digitizer seem to be endless. 
Some of the most recent applications include: 
printed circuit board layout, pipeline and 
subdivision layout, digitizing oil logs, digitizing 
electrocardiograms, counting cells, digitizing 
tumors, locating crime areas on city maps, and 
digitizing sub surface formations on 
seismograph location maps. 

Taloa Systems, Inc. 
7419 East Helm Drive 
(602) 948-6540 



The 20 or 80 megabyte B&ITOUghl PD tlO 
eubeyatem is the newest member of our gr 
of intelligent, compatible peripherals for oar 

This unit has an average access time of 36 
transfer rate of over 7 million bits per second. 
microprocessor controller lets you select the 
factor to match your system transfer rate. n. 
performs high level functions such as ~ll'Vllnr 

search and off-loads the following~ 

with a storage subsystem, not just a drive, 
product to market quickly and easily. The 

a simple parallel interlace and command set 
lntegratlon with your system. It's also interface­
tlbJe with our new 6 megabyte floppy drive, so one 

suffices for both products. 
RllUMI FD 210 into your system. Put it in your cabinet 

the optional rack mount or free-standing 
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Complex sound generator. SN76487N is implemented on single chip in Ill 
technology. Produced by Texas Instruments, programmable device mixes 
noise, tone, and low frequency sounds 

and controls offered by its predecessor 
or by the device detailed above. Both 
the -88N and the -87N are TTL and 
Mos compatible, enabling them to be 
used with microprocessor based sys­
tems, or they can act as standalone 
devices. 

The SN76489AN sound generation 
controller is an IIL bipolar integrated 
circuit designed to interface with an 
8- or 16-bit microprocessor system. It 
contains three programmable tone 
generators and a white noise gener-

Differential l.nput ADC 
Desi9n Emphasizes 
_a-Processor Compatibility 

A family of 8-bit CMOS successive ap­
proximation analog to digital con­
verters utilizing differential inputs has 
been designed to provide compatibil-

ator, all controlled by internal reg­
isters. In addition, each tone generator 
and the noise generator are connected 
to programmable attenuators. The out­
puts of the attenuators are fed into 
an audio summer and output buffer, 
which, in turn, drive an external audio 
power stage to drive an 8-n speaker. 
Unlike the two sound generators, 
which are available now, this chip is 
to be available in the second quarter 
of this year. 
Circle 356 on Inquiry Card 

ity with a wide range of microproces­
sors while eliminating the need for ex­
ternal interface logic. These Anes are 
configured to allow operation with 
the standard control bus of 8080 mi­
croprocessor derivatives, with TRI­
STATE n output latches directly driving 
the data bus. The devices appear to 

MAKE THE 
CONNECTION 
WITH ICS 

Let's assume you presently 
-==="" have a time-

share or mini­
. ~~;:;~~ computer 
'-- that doesn't 
connect with the IEEE 
BUS. That's an expensive 
waste of time and money: 

With the new ICS 
4885A your pres­

"~~ entsystem 
becomes an 
IEEE BUS 

+-' ___ .. _ ... .:----· \ .... 
controller in 

any language. And 
that's just the beginning. 

IEEE BUS 

---
-

Add the ICS 4883 and you've got 
a talker/listener to use with your 
existing instruments, no matter 
how old they are, so long as they 
have BCD output. 

Tu ensure the proper 
function of the 
system the 
ICS4810 
Fault Analyzer 
debugs the initial hookup 
and system program. It also acts as a 
manual controller, checkout device 
or field trouble-shooting aid. 

These BUS interface products are just a 
few of the res components that extend 
your present test equipment capabilities. 
A new OEM module is also now 
available. 

Get on the BUS with ICS! Call today 
for more information. 

1450 Koll Circle, Suite 105 
San Jose, CA 95112 ( 408) 298-4844 
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Fig 1 National Semiconductor's ADC0801 analog to digital converter, also designated Naked-ST"'. On high­
to-low transition of WR input, internal successive approximation register latches and shift registers are re­
set. As long as CS and WR inputs remain low, ADC will stay in reset state. Conversion will start from one 
to eight clock periods after at least one of these inputs makes low-to-high transition 

the processor as memory locations or 
1/ 0 ports, accepting active low chip 
select (cs), write (wR), and read 
(RD) inputs, and outputting an active 
low interrupt ( INTR) (Fig 1). 

This series from National Semicon­
ductor Corp, 2900 Semiconductor Dr, 
Santa Clara, CA 95051, includes four 

208 

models. All provide 8-bit resolution, 
100-µ.s conversion time, and 135-ns 
access time. However, they differ in 
max total error, which is ±l~ LSB with 
full-scale adjustment for the ADc0801, 
±l~ LSB completely unadjusted for the 
ADc0802, ±~ LSB with full-scale ad­
justment for the ADC0803, and ± 1 

LSB completely unadjusted for the 
ADc0804. The monolithic converters 
are fabricated using a CMOS process 
that adds silicon-chromium (Si Cr) 
thin film resistors to form the internal 
DAC ladder. 

The internal DAC resembles that 
used in the standard potentiometric 
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Fig 2 Successive approximation ADC. Converter utilizes coarse or more 
significant ladder and fine or less significant ladder. Coarse ladder pro­
vides two MSBs and fine ladder provides two LSBs for 4-bit approxi­
mation, time sequential switches Tz and Ts providing inputs to capacitor 
C,. Ladder is accessed by additional analog switches to complete full 
8-bit approximation, via capacitor C2 

approach. However, the standard ap­
proach would require a series ladder 
of 256 resistors (2n) and 510 analog 
decoding switches (2n+l - 2) for 
n = 8 bits of resolution. The DAC 

used in this ADC family requires only 
7 series resistors and a tree decoder 
of 24 switches. This is accomplished 
through the use of different resis­
tances in different · stages of the series 
ladder. The first three resistors in 
series with the positive voltage ref­
erence are of equal resistance, R. The 
next four resistors (the last of which 
leads to ground) are of a lower re­
sistance, R/ 4; this section of the 
ladder acts as a vernier scale in the 
successive approximation process. 

Differential inputs to the compar­
ator select tap locations along this 
ladder first utilizing the coarse scale 
that consists of the three larger re-

sistances for a 2-bit approximation. 
Additional 2-hit refinement of this 
approximation is provided by access­
ing locations in the vernier part of 
the ladder (See Fig 2) . These two 
steps are accomplished by first select­
ing the negative input to tap the lo­
cation between these two ladder sec­
tions, while the positive input tests 
locations in the more significant 
(coarse) section. Then the positive 
tap is left fixed while the negative tap 
explores locations in the less signifi­
cant (vernier) section. The sequence 
described determines the four most 
significant bits of the input to the 
comparator-that is, the more signifi­
cant half byte. 

Differential voltages tapped from 
the same ladder are also switched 
through a network that diminishes 
their effects on the comparator by a 

factor of 24 • In this phase, too, the 
coarse section of the ladder is used to 
establish the two most significant bits 
of the less significant half byte, and 
the vernier section is used to estab­
lish the two least significant bits of 
the less significant half byte. 

A fourth pair of differential inputs 
to the comparator (in addition to the 
analog and two 4-bit reference pairs) 
is provided as a J~-LSB offset, utilizing 
ground and the center point of the 
grounded resistor. The comparator can 
directly compare the sum total of the 
effects of all of the differential inputs. 
In a charge-balancing scheme, capaci­
tors are used to convert voltages to 
charges, which are then algebraically 
summed. The net result of the design 
is that the 7-resistor, 24-switch cir­
cuit performs a successive approxima­
tion that is the equivalent of that per­
formed by the 256-resistor, 510-
switch standard circuit, providing 8 
bits of resolution at J~-LSB (or better) 
accuracy over the full dynamic range. 

Conversion is initiated by the 
standard chip select, which is de­
coded from the address bus, and the 
write strobe. When the conversion is 
complete, an output pin of the con­
verter asserts an interrupt. This re­
places the conventional end of conver­
sion signal. If the ADC is restarted or 
if the data are read, this interrupt 
will automatically be reset to remove 
the interrupting signal. Finally, to 
read the digital output from the con­
verter, the microprocessor will issue 
a chip select and a read strobe, which 
is the same as a memory read cycle. 
This activates tristate output buffers 
on the ADC and places the digital data 
on the bus in time to be read by 
the microprocessor. 

Additional features of the family 
include standalone capability, TTL 

compatible logic 1/ 0, an onchip clock 
generator requiring only an external 
RC, external clock option, a 0- to 5-V 
analog input range with a single 5-V 
supply, and the capability to operate 
ratiometrically or with 2.5 Vdc, 5 
V de, or analog span adjusted voltage 
reference. No additional hardware is 
needed in microprocessor applications. 

The devices are provided in 20-pin 
DIPS and are available in three grades 
with respect to operating temperature: 
-55 to 125 °C, -40 to 85 °C, and 
0 to 70 °C. Absolute maximum ratings 
limit supply voltage (Vee) to 6.5 V, 
while voltage at any input must lie 
between -0.3 V and Vee +0.3 V. 
The <1llowable storage temperature 
range is -65 to 150 °C. Package dis­
sipation at TA = 25 °C must not ex­
ceed 875 mW. 0 
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PRQDUCT 
FEATURE 

Personal Computer for Professionals Provides 

Powerful Computation for Dedicated Applicatioos 

Engineering, scientific, and business 
professionals who require powerful 
computational capability but who 
prefer not to timeshare a large com­
puter are now offered the HP-85 
standalone computer system. Manu­
factured by Hewlett-Packard's Cor­
vallis Div, the self-contained system 
includes central processor, CRT dis­
play, keyboard, tape cartridge, and 
printer in a portable typewriter size 
package. 

Because of English-like BASIC lan­
guage programming, the system is 
said to be easy to use by even those 
without previous computer expe­
rience. In addition, data can be 
plotted on the CRT display to clarify 
complex information in pictorial 
form, further easing system opera­
tion. Built-in interactive graphics can 
display or plot data on a chart or 
curve, which then may be output as 
hard copy from the built-in printer. 
Capabilities include 16 graphics com-
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mands, independent x and y scaling, 
and labels. 

Design Features 

The system includes 16k bytes of 
read/ write memory (14.5k bytes 
available to the user), expandable 
with an optional plug-in memory 
module to 32k byt~s. A 32k ROM 
operating system in firmware leaves 
most of the RAM for the user. 

Storage and retrieval of programs 
and da'ta are handled by the tape 
drive; HP data cartridges have a ca­
pacity of 217k bytes, and operate 
at a read/ write speed of 10 in (25 
cm) / s and a search speed of 60 in 
(152 cm) / s. A tape directory is au­
tomatically set up at the beginning 
of each tape. 

In alphanumeric mode, .the 5-in 
( 13-cm) blacJc and white CRT dis­
plays up to 16 lines of data at 32 
char/ line. With scrolling, 64 lines 
may b~ reviewed. High resolution 

graphi~s are produced in a 256 x 
192-dot plotting area. The computer 

"stores the last alphanumeric and last 
graphics displays, perm1ttmg the 
user to switch between modes with­
out losing data. 

Four sets of keyboard functions 
are th~ typewriter keyboard of 128 
ASCII characters plus underlining to 
enter alpha data; the 20-key numeric 
pad to enter numbers and perform 
addition, subtraction, multiplication, 
division, exponentiation, and integer 
division; eight soft keys that are 
user assigned during program de­
velopment; and display, editing, ap.d 
system control keys for user control 
of the CRT, operating system, tape 
drive, and printer. 

The thermal printer prints two 
32-char lines/ s. A 128 ASCII char­
acter set, underlined, can be printed 
in alphanumeric mode. For graphics 
mode, any plot on the CRT can be 
reproduced under program control 
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or by pressing a button. The printer 
rotates the display 90°, producing 
strip charts. 

A total system measures 16.5 x 
17.8 x 6.3" ( 41.9 x 45.2 x 15.9 cm), 
and weighs under 20 lb (9 kg). No 
fan is required because of the low 
power consumption of 25 W-the 
printer and CRT cannot operate at 
the same time. Quartz crystal timer 
accuracy for the system clock and 
three timers is 1 s/ h depending on 
the line voltage. 

Four I/ o ports permit optional 
interface modules, as well as plotters, 
impact printers, and 5" ( 13·cm) 
floppy disc drives, when available, 
to expand the system for data ac· 
quisition and control applications. 
I/ o communications are HP·IB, serial, 
BCD, and bit-parallel GPIO. 

Software 

Based on the ANSI standard, the com­
puter's BASIC interpretive language 
features 12-digit accuracy, versatile 
string operations, editing, 42 prede­
fined functions, and four levels of 
program security. Flexible output for­
matting allows the user to include 
headings, columns, and spaces. Also 
included are a programmable tone, 
remarks after any statement for doc-

umentation, multistatement lines, 
and timers for branching at specific 
times. Programs of any size may he 
developed in segments and combined 
with the chain-common command. 

Nine application packages on pre­
recorded cartridges include BASIC 

training for beginners, general sta­
tistics, finance, waveform analysis, 
math, circuit analysis, linear pro­
gramming, text editing, and games. 
Additional packages are under de­
velopment. Other written programs 
will be available for a user's library. 
BASIC programs developed for the 
company's desktop computer system 
can be adapted to this system, as can 
most BASIC software that complies 
with the ANSI standard. 

Price and Delivery 

Unit price of the HP-85 computer is 
$3250, with applicable OEM discounts, 
and units are immediately available; 
each application package costs $95. 
A 350-page owner's manual and 
standard applications package of 15 
programs are standard accessories. 
Hewlett-Packard Co, 1000 Northeast 
Circle Blvd, Corvallis, OR 97330. 
Tel: 503/ 757-2000. 
For additional information cir· 
cle 199 on inquiry card. 
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Data Acquisition Modules Provide Needed 
Precision for High Performance Applications 

A series of modular devices intended to ease data acquisi­
tion interfacing problems have been introduced for system 
designers. One module, the AID/ A/M-724, combines a 6.8-µ,s, 
14-bit A-D converter with a low feedthrough sample/hold 
amplifier, a pin programmable differential amplifier, and a 
buffer amplifier, in a single 0.375" (9.525-cm) high package 

Full Function Video Display Terminal 
Isolates Errors with Self-Diagnosis Routines 
A microprocessor based smart terminal with many features 
found on standard intelligent terminals, the ZMS-30 Zephyr 
is a plug compatible replacement for some video display 
terminals now in use. Extensive built-in diagnostic self-test 
routines isolate operator or equipment errors. A 12" (30.5-

. cm) nonglare CRT provides 24 lines of 80 char each, plus 
I another line that displays operator error messages and ter-
1 minal status information . 

Editing features include full cursor addressability as well 
as insert and delete line or character. A protected forms 
mode allows complete forms to be displayed on the screen ; 
data entry or editing can be accomplished by filling in the 
blanks. The displayable character set is formed on a 7 x 9 
dot matrix within a 1 O x 1 O cell and includes the 128-char 
ASCII set and all control codes. Screen areas may be 
highlighted under program con1rol by dim, reverse back­
ground, blinking, and underlining. Two pages of 1920 char 
each can be stored; a blinking underline cursor may be 
positioned anywhere within either page display. An integral 
alphanumeric keyboard is combined with a separate keypad 
containing an industry standard numeric entry section, 
cursor control keys, 12 special purpose function keys , and 
16 programmable function keys that may be used in both 
shifted and unshifted modes. An auto-repeat feature on most 
keys simplifies operator entry. 

Both RS-232-C and 20-mA current loop interfaces are 
standard. The terminal can function in either conversational 
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that is shielded to eliminate interface problems and to guar­
antee end-to-end accuracy. Also included in each module 
are all signal condit ioning and support circuitry. Throughput 
rates exceed 100k measurements/s, differential nonlinearity 
is ±Y2 LSB max, and nonlinearity tempco is ± 3 ppm /° C 
FSR max. Computer bus lines are driven directly via byte 
selectable, latched, 3-state outputs. 

True 17-bit resolution, integral linearity within ± 0.00075% 
(7.5 ppm) FSR, and differential linearity of ±0.00025% (2.5 
ppm) FSR enable the triple-slope integrating, TTL compatible 
MP8037 A-D converter to fit highly precise applications. Be­
cause it automatica lly zeros in standby mode, referenced 
conversions are always guaranteed. Other features include 
± 5-ppm/ °C gain tempco, 50-nA input current at 100 conver­
sions/s, 1-Gfl min input impedance, and the ability to make 
true ratiometric measurements. A 17-bit conversion requires 
4 ms max. 

MP260 and MP261 sample/hold amplifiers feature sam­
pling nonlinearity of ± 0.002% FSR max and support system 
throughput speeds of up to 100 kHz, in 1 x 2" (2 .5 x 5-cm) 
packages. The 260 has a 3.5-µ,s acquisition time; the 261 
has a 20-µ,V /ms max droop rate. Both have 0.001 % offset 
pedestal nonlinearity, -100-dB typ hold mode voltage feed­
through attenuation, and user selectable input configurations. 
Analogic Corp, Audubon Rd , Wakefield , MA 01880. 
Circle 200 on Inquiry Card 

TTY mode or blocked (buffered) communications mode. The 
communications interface operates in either full- or half­
duplex asynchronous mode at switch selectable speeds of 
11 O to 19.2k baud. A special monitor mode for application 
program debugging displays al I received characters on the 
screen, including control codes and escape sequences. An 
optional serial printer interface which functions at operator 
selectable speeds up to 9600 baud is available. Zentec Corp, 
2400 Walsh Ave, Santa Clara, CA 95050. 
Circle 201 on Inquiry Card 
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You can bet "Decitek" earned its " glitch­
free" disk drive reputation honestly. And, 
through long experience in manufacturing 
computer peripherals. 

For example, DecitekPunched Tape 
Readers are considered the "recommended 
reading" of the industry. 

The same goes for Decitek single-sided disk 
drives. Decitek believes " glitch-free" is just as 
imperative in disk drives as in tape readers. 

Here are some of the features that 
give Decitek Floppy Disk Drives fail-safe 
dependability pl us long-life with minimum 
maintenance. 
• direct linear head positioning • microproces­
sor controlled drive electronics • industry com­
patible formats • sealed front panel • jumper 
configurabili ty. 

If you need single-sided drives today; 
go glitch-free. Get Decitek. When Decitek 
announces its double-sided drive you can 
bet it will be glitch-free, too. 

Write or telephone for complete informa­
tion: Decitek, 129 Flanders Road, Westboro, 
Massachusetts 01581, (617) 366-8334. 

Decitek Standard Floppy Disk Drive 
uses 811 removable diskettes single­
sided, single and double density 
recording . 48TPI, industrycompatible 
forma ts. 

A Division of Jamesbury Corp. 
CIRCLE 110 ON INQUIRY CARD 

HARI1vVARE SOFTWARE Barcelona, Spam • Telex #54682 NAVIS • !ER Courbevo1e, 
France • Telex #620289 IER COURB • TELEPRINTER EQUIPMENT Tring, Herts, United Kingdom 

• Telex #851-82362BATECOG • OEMELECTRONIKGMBH Echterdingen, West Germany •Telex #72558120EMD 





PRODUCTS I 

Single-Board SMD Controller Is 
Fully Compatible With PDP-11 Minicomputers 

Packaged on a single standard hex board , the S33/ A stor­
age module disc (SMD) controller for Digital Equipment 
Corp's (DEC) PDP-11 series of minicomputers is completely 
software compatible with DEC's RM02 1/0 driver and will 
operate with Control Data Carp's (CDC) 9762 SMD drive and 
equivalent SMD drives from Ampex, Ball , and Century Data 
Systems. It offers media compatibility with the RM02 SMD 
drive and its diagnostics, and operates with DEC's RSTS/E 
and RSX11-M operating systems. The controller emulates the 

UPS Maintains Full 'Power to Micro or 
Minicomputer During 5-Min Line Failure 
Four de voltage outputs required for micro and minicomputer 
systems with floppy or Winchester disc drives are provided 
during power outages of up to 5 min by the model AED 401 
uninterruptible power supply, enabling an orderly data trans­
fer back to disc without loss. Power outputs provided by the 
UPS are 5 Vdc, 12 A for logic; 12 Vdc, 0.7 A for memory; 
and - 5 Vdc, 0.5 A and 24 Vdc, 3.5 A for a single- or dual­
floppy disc drive. 

Two logic signal lines provide handshaking between the 
UPS and the computer. Within 10 ms after a power outage 
occurs, an interrupt signal from the UPS to the CPU in­
structs it to secure all data. Once the system has stored 
the data on disc, the CPU sends a shutdown signal to the 
power supply. When line power is restored , the UPS waits 
3 s and then signals the CPU that de power is available. 
An integral circuit then recharges the battery. This circuit 
provides a 0.3-A charge current and is optimized for a 30-V, 
lead acid battery (1.5- to 5-Ah battery not supplied) . The bat­
tery is maintained at a 35.2-Vdc, temperature compensated 
float voltage, corresponding to the optimal maximum charge 
at a given ambient temperature. A battery saver circuit pre­
vents excessive battery discharge, disconnecting the battery 

functions and operations of the DEC RH11 Massbus con­
troller and attached RM02 disc drives; when used with 1 to 
4 SOM-byte CDC 9762 or equivalent storage modules, it is 
functionally equivalent to an RM02 subsystem of the same 
configuration, for a maximum SMD storage capacity of 
320M bytes, unformatted. 

Dual-port capability enables two controllers to access 
one or more common discs equipped with a dual-port op­
tion. Using a std SMD 14" (36-cm) dia removable disc pack 
with 5 plotters, the controller provides a formatted disc ca­
pacity of 67M bytes/drive. Data are recorded on the discs 
in a format identical to that of the RM02. Internal self-test 
is a std feature. 

Redundancy and reliability enhancement are provided by 
error detection and isolation operations performed on all 
information read from the disc. An RM02 compatible header 
block has provisions for accepting codes to indicate that 
the sector is unacceptable for data storage. A 2k-byte RAM 
provides a 4-sector data buffer to eliminate data late errors 
and to enable multiple sector cross track read or write op­
erations. A 32-bit code allows correction of a single 11-bit 
error burst. Offset commands cause the heads to move off 
the tra9k centerline to recover data that would otherwise 
be lost. Dataram Corp, Princeton-Hightstown Rd, Cranbury, 
NJ 08512. Circle 202 on Inquiry Card 

when the terminal voltage drops to 21 ±1 Vdc . Following 
an outage, the battery recharge period is normally an hour 
for each minute of battery powered operation. However, in 
most cases, normal battery capacity will allow many repet­
itive power interruptions within a 5-h period. 

The UPS can be powered from 100-, 110-, or 220-V, 50/60-
Hz lines. Dimensions are 3.5 x 11 .0 x 6.25" (8.9 x 28 x 15.9 
cm); weight exclusive of battery is 11.5 lb (5.2 kg). Ad­
vanced Electronics Design, Inc, 440 Potrero Ave, Sunnyvale, 
CA 94086. Circle 203 on Inquiry Card 
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PRODUCTS 

10M-BYTE CARTRIDGE 
DISC SYSTEM 

High performance system interfaces to 
and is software compatible with PDP-
11 , LSl-11 , Nova, and Interdata com­
puter systems. Disc systems include 
series 6000 Western Dynex cartridge 
disc drive and imbedded controller com­
patible with chosen computer system. 
Each system is certified to meet pub­
lished specs and to be fully interface 
compatible and software transparent to 
the applicable computer system. Datrex, 
Inc, 3101 W Thomas Rd, Suite 109, 
Phoenix, AZ 85017. 
Circle 204 on Inquiry Card 

TRANSMISSION CONVERTER 
AND RECEIVER 
Dual-line system functions either in an 
independent off line mode or as the 
interface for on line reception of ter­
minal transmissions by a host computer. 
It can operate in either an attended or 
unattended mode. The MSI 2732 can 
output to its own 1- to 4-drive diskette 
subsystem, functioning as a 2-line 
standalone receiver. It can also reformat 
terminal inputs for output to a local 
bisync port. MSI Data Corp, 340 Fischer 
Ave, Costa Mesa, CA 92626. 
Circle 205 on Inquiry Card 

VIDEO HARDCOPY UNIT 
FOR MINC SYSTEMS 
High resolution hard copies from DEC 
MING systems-the MINC, MiniMINC, 
and VT105 based DECLAB-11 /MNC-are 
produced on the desktop 4632 Option 
8, with the enhancement of a circuit 
board r~placement. Both alphanumerics 
and graphics are copied simultaneously. 
Dry-process development on dry-silver 
paper takes 18 s to produce the first 
copy and 8 s for subsequent copies of 
the same display. Tektronix, Inc, PO 
Box 500, Beaverton, OR 97077. 
Circle 206 on Inquiry Card 

IC SOCKETS WITH 
4-TINE CONTACTS 
Low profile DIP IC sockets feature 
Quad-Spring stamped contacts that 
wipe the IC lead on all 4 sides, making 
contact with the face and edge of the 
pins at the same time. Beryllium-copper 
contacts are available in a closed-entry 
model socket of either thermoplastic 
(GE Valox) or high temp diallyphthalate 
FS-10 material. Series QS520/QS530 
are available with 8 to 24 contacts in 
std 0.3" (0.8-cm) spacing and 24 to 40 
contacts in std 0.6" (1 .5-cm) spacing. 
Garry Manufacturing Co, 1010 Jersey 
Ave, New Brunswick, NJ 08902. 

Circle 207 on Inquiry Card 

THE PITTMAN® LINE OF D-C MOTORS 
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LO-COG® Servo Motors 
3 series: 1.2, 1.6 & 2.0" OD 
Stall torques: 
about 1 to 128 oz.·in. 

Better check it out! 
PITMO® Gearmotors 

2 series: 1.38 & 2.00" OD 
gearboxes 
Torque limits with 
standard gearing: 
100 & 175 OZ.·in. 

PITMO® Motor-Tachs 
2 series: 1.2 & 1.6" OD 
Standard tachometer gradient: 
2 volts/1,000 rpm 

Samarium 
Cobalt Field 
4-Pole Motors 

1 x 11,4" cross-section 
Stall torques: 
12 to 24 oz.·in. 

THE PITTMAN CORPORATION 
A Subsidiary of Penn Engineering & Manufacturing Corp. 

@ 1979 Harleysville, PA 19438 • 215:256-6601 21A 
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National helps DEC®usen 
improve their memories. 

Contrary to popular belief, all memories 
are not created equal. And if you're a DEC 
user, you should know that National's 
boards actually operate faster than DEC's. 
In fact, they run at UNIBUS., cache 

only +5V power and function with any 
PDP-11 modified, standard, or special bus. ----- ., 

I 
I 
I 
I 
I 
I 
I 

The NS23P card boasts the same fea­
• National Semiconductor 

memory speed. 
The truth is, National Semiconductor 

offers the highest quality add-in memories 
available for all ClBUS and UNIBUS systems, 
including the newly-announced PDP-11 /44. 
That's because National's boards offer 
faster throughput by making basic decisions 
earlier in the memory access cycle. 

Exclusive Products. Exclusive features. 
National's UNIBUS product line features 

the fastest, densest production card around, 
not to mention the only ECC memory avail­
able for PDP-11 s. 

The high-speed NSl 1 L memory offers 
128K x 18 bits, including the parity controller. 
The NSl 1 E memory corrects single-bit 
memory errors on the fly, and still runs foster 
than DEC. (Double bit errors are reported 

ture density and reliability in a half-size I 
format for ClBUS., processors, supplying up 
to 64KB of parity memory per card for the 
LSl-11 /2 and the new LSl-11 /23. I 
And there's no need to wait. 

National doesn't just make better memo­
ries, however. They make them for less, and 
deliver them faster because every one is I 
readily available from stock. National also I 
provides a one-year warranty on every board 
they make. Could you expect anything less 
from a billion dollar corporation responsible I 
for much of today's latest technology? 

So if you're looking for memories, talk to 
your local rep. Or fill out the coupon below 

1 and send it to National Semiconductor. Or 
coll them at (800) 538-8510. In Colifornia, 
coll (408) 737-5894. 

They'll be happy to give you complete I 
information on the best memories money 

2900 Semiconductor Drive 
Mail Stop MS7C265 
Santa Clara, CA 95051 

Yes, National, I want to improve my 
memories. Please send me the information 
I have checked below. 
D UNIBUS products 
D Q-BUS products 
D Other, _ _______ _ 

Name, _________ _ 

Title, __________ _ 

Company ________ _ 

Address ________ _ 
City, _________ _ 

State Zip 
as parity errors.) And both cards require 
DEC, UNIBUS, and ClBUS are registered trademarks 

con buy. • Telephone Ext _ • ------of Digital Equipment Corporation. 

Union Grave, AL 205/ 498-3380 • Glendale, AZ 602/269·2649 • Inglewood, CA 213/673-4300 • San Diego, CA 
714/278-8021 • Santa Clara, CA 408/727-1800 • Sauthberry, CT 203/264-9494 • Casselberry, Fl 305/339-0978 
Ft. Lauderdale, Fl 305/791-2488 • Largo, Fl 813/596-5331 • Attanta, GA 404/252-6609 • Chicago, IL 
312/775-7594 ·Indianapolis, IN 317/253-4606 · CNer1and Pork, KS 913/649-6996 ·Needham, MA 617/444-2366 
Bethesda, MD 301/656-4535 • Farmington Hills, Ml 313/553-9lll • Bloomington, MN 612/881-3300 • St. Louis, MO 
314/569-1406 • Greensboro, NC 919/294-4783 · Fairlawn, NJ 201/797-5560 • Jericho, NY 516/935-6600 
Columbus, OH 614/885-6682 • BecNertan, OR 503/644-9164 • San Juan, PR. 809/762-2688 • Dallas, TX 
214/661-9633 · Houston, TX 713/681-0200 Richmond, VA 804/264-2341 • Bellevue, WA 206/455-4922 
Richordland, WA 509/942-1264 

CIRCLE 113 ON INQUIRY CARD 

'?'A National 
~ Semiconductor 

The Practical Wizards 
of Silicon Valley. 
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PRODUCTS 

TRIPLE FLOPPY DISC 
DRIVE SUBSYSTEM 
Providing instantaneous visual diagnos­
tics for each drive, model 4400 features 
a realtime indicator control panel on 
each drive that verifies major disc func­
tions to facilitate development, debug­
ging, and operation of computer sys­
tems. Subsystem incorporates 3 8" (20-
cm). floppy disc drives for up to 1.5M 
bytes. An LED display panel indicates 
read, write, ready, load disc, in-use, 
and write protect. A write protect switch 
safeguards the system. lnnotronics 
Corp, Brooks Rd, Lincoln , MA 01773. 

Circle 208 on Inquiry Card 

BELL COMPATIBLE MODEM 
WITH INTEGRAL MULTIPLEXER 

Microprocessor based T209A transmits 
and receives synchronous serial binary 
data in half- or full-duplex mode over 
a 4-wire line at 9600 bits/s. Integral 
multiplexer multiplexes various input 
combjnations into composite 9600-bit/s 
data stream. Front panel switches pro­
vide self-test plus analog and digital 
loopback in conjunction with 11 front 
panel lights for malfunction isolation. 
Rixon Inc, 2120 Industrial Pkwy, Silver 
Spring, MD 20904. 
Circle 209 on Inquiry Card 

2-COLOR LED PANEL LIGHTS 

Bi-Color panel lights package two 
colors of super-bright LEDs-red, am­
ber, or green-in a single, panel mount­
ing enclosure. Since the two LED cir­
cuits are electrically isolated in the 
4-lead package, different resistor values 

may be chosen for different operating 
voltages. The lens permits light from 
either LED to be presented with little 
attenuation. Lenses may be clear or 
transparent; there is room for short 
legends. Data Display Products, 303 N 
Oak St, Inglewood, CA 90302. 
Circle 210 on Inquiry Card 

RS-232 SWITCH AND 
LINE MONITOR 
GRS 232-SMB, -SM16, and -SMC each 
consists of a std RS-232 line monitor 
plus a 3-way switching unit. Units can 
be cascaded, offering configuration 
flex ibility. Model GRS 232-SMB monitors 
7 RS-232 signals and switches 8 EIA 
pins, model GRS 232-SM16 adds switch­
ing of 8 more EIA pins to the capa­
bilities of the -SMB. The GRS 232-SMC 
adds several options to the -SM16. Gil­
tronix, Inc, 450 San Antonio Ave, Suite 
44, Palo Alto, CA 94306. 

Circle 211 on Inquiry Card 

6250 bpi is available today 
for DEC & DG users 
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, Aviv's new GCR tape system~ 
AVIV is delivering GCR tape systems now for NOVA/Eclipse· and 
PDP-11/VAX .. computers. Each offers ANSI/IBM media com­
patibility in 6250 and 1600 bpi modes. increased data capacity 
and speed four times over conventional 1600 bpi systems. 

AVIV 's tridensity 625011600/800 bpi tape systems are designed 
for flexible system configuration, high data integrity and the 
highest effective throughput in the industry. 
• Large record capability. • Read/write ··on the fly "". • 4k FIFO data buffer. 
•45 . 75 or 125 ips drives. • Im bedded controller uses one host computer 
slot. •2 track error correction . • Software transparent to DEC and DG 
operating systems. • Comprehensive diagnostics.• From $30 .200. 

Other AVIV mag tape products: PE and NRZI controllers 
and systems for NOVA/Eclipse, PDP-11 /VAX and LSI- l l /23. • 
computers. From $3.100. OEM discounts available. 

Advanced GCR/minicomputer technology. 

6 Cummings Park 
Woburn . Massachusetts 0180 I 
(617) 933-1165 

• Data General Corporation 
• • Digital Equipment Corporation 
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Color 
hard copy 
is finally 
at hand! 

CIRCLE 115 ON IN9UIRY CARD 

Color hard copy: the luminescent 
electronic image, captured in the per­
manence of photographic prints and 
transparencies. Dunn Instruments 
makes it brilliant, accurate and effort­
less to obtain from an affordable 
system. At last you can hold the new 
computer graphics and digital images 
in your hands. 

The source is the 631 Color 
Camera System. It packs a high resolu­
tion , high linearity CRT, sophisticated 
optics and microprocessor exposure 
control into a compact, fast and friendly 
unit. For instant hard copy for immedi­
ate analysis , use it with Polaroid Type 
808 film to make stunning 8x10 color 

prints . Add the 
optional motor­
driven 35mm 
system for 
beautiful color 
slides. Or load 
8x10 transpar­
ency film and _ _ _ ._.. _____ produce 

Actual 631 images on Polaroid instant 8x10 film . 

images you can project overhead . 
The 631 economically records the 

data from any raster scan CRT, for 
presentation, reproduction , access 
and display. Applications range from 
management information graphics to 
satellite remote sensing . Call or write 
for more information. We'll arrange for 
you to get your hands on actual results 
from the 631 Color Camera System. 

Dunn Instruments, Inc , 
544 Second Street, P.O. Box 77172, 
San Francisco, CA 94107. 
415/957-1600. 

The631 
COLOR 
CAMERA 
SYSTEM 

1 
I 

1
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.. Polaroid .. 1s a registered trademark of the 
Polaroid Corporation . 
LANDSAT image courtesy NASA-Ames Research . 
Cartographic study courtesy Harvard Laboratory 
for Computer Graphics. Management information 
graphics courtesy ISSCO. 

DUNN 
INSTRUMENTS 



PRODUCTS 

For synchronous or asynchronous oper­
ation at distances up to 400 ft (122 m), 
the 300 allows direct connection be­
tween terminals and computers. Digital 
regeneration of signals from any termi­
nal equipment to another achieves the 
increased operating distance and pro­
vides the necessary EIA signal inter­
change between the terminals. Internal 
crystal controlled oscillator provides 
operating speeds of 2.4k, 4.8k, 9.6k, 
and 19.2k bits/s. Avanti Communica­
tions Corp, Box 205, Broadway Sta, 
Newport, RI 02840. 
Circle 212 on Inquiry Card 

220 

THE JJP 
MEMORY 
• For program loading, 

diagnostics, PROM 
emulation 

• Over 1 megabits, 2.4K 
Baud rate, 4.8K optional 

• Includes all read/write 
and motion electronics 

• Power 1 Watt @ 5VDC, 
TTL 1/0 

Model CM-600 Mlnl-Dek® 

BRAEMAR 

CoMPUTER 

DEVICES, INC. 

11950 TWELFTH AVENUE SOUTH 
BURNSVILLE, MINNESOTA 55337 
(612) 890-5135 

LSI TESTING MODULE FOR 
IN-CIRCUIT TEST SYSTEMS 
FF303 in-circuit test systems can ac­
commodate LSI device populated 
boards using this LSI testing module. 
Functioning with the tester hardware 
and the system 's minicomputer, a soft­
ware program subjects devices under 
test to actual test instructions. The 
CHIPS test language compiler features 
a software testing technique, with each 
LSI testing algorithm contained in a 
macro assembly language module. Fair­
child Camera and Instrument Corp, Sub­
assembly Test Systems Div, 299 Old 
Niskayuna Rd, Latham, NY 12110. 
Circle 213 on Inquiry Card 

DUAL-SPEED 
212A COMPATIBLE MODEMS 
Improved versions of the Western Elec­
tric 212A data set, P-212A and -212C 
provide full-duplex transmission of 300-
or 1200-bit/s serial binary data over 
2-wire dial-up lines. Automatic speed 
selection in the answer mode allows 
adjusted operation to match the trans­
mission rate of the originating modem. 
Self-test during idle periods on the C 
version provides a constant modem 

Avail. N. Amer. only. 

CIRCLE 116 ON IN9UIRY CARD 

condition review. A selectable delayed 
busy-out feature is also included. 
Prentice Corp, 795 San Antonio Rd, 
Palo Alto, CA 94303. 
Circle 214 on Inquiry Card 

CENTRIFUGAL BLOWERS FOR 
TIGHTLY P~CKED PCBS 
Each of 16 UL-approved, packaged 
centrifugal blowers features different ex­
haust configurations and is designed 
for limited space requirements. Units 
deliver 290 ft'/min (8.22 m•/min) to 
pressurize computers and other sys­
tems to prevent dust infiltration. Height 
and width of units is 3.5 x 19" (8.9 x 
48.3 cm) or 5.25 x 19" (13.33 x 48.3 
cm) . Motors require 115 V, 50/60 Hz 
and can be furnished to commercial, 
military, or EMI shielding specs. Mclean 
Engineering Laboratories, 70 Washing­
ton Rd, Princeton Junction, NJ 08850. 

Circle 215 on Inquiry Card 
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Teach us a thing or two. 
You know things we don't know. 

Okay, so we 're the leader in MOS and 
bipolar VLSI circuitry, sonar, spread­
spectrum TDMA digital communication, 
electronically quiet radar, and much more. 

Still, we need your experience and skills 
to stay in front. 

Sure, we 're the world 's foremost devel­
oper of high-technology data display 
consoles. 

Nevertheless, we want people who can 
figure out how to make them better. 

Here at Hughes Ground Systems in a 
quiet part of Southern California's 
Orange County, we have perhaps the best 
undersea lab in the world. 

But it is the individual engineer and 
scientist that makes it best , and keeps us 
ahead of the pack. 

In this company, with management by 
and for engineers , risk-taking is sup­
ported, not frowned on. 

So if you 're a venturesome electronic 
engineer, computer science graduate, 
mechanical engineer, mathematician , 
or physicist, we 'II give you all possible 
recognition and reward. 

If you want to continue your education , 
we'll work out an agreeable work-study 
schedule and pay the bills. We know 
our success is built on the achievements 
of highly trained members of our. 
technical staff. 

The more you learn , the more we learn 
from you. 

Make us a job offer. 
Think about bringing your training and 
expertise to Hughes , the company with 
l ,500 high-technology projects to work 
on-a four-billion-dollar backlog that 
adds up to both variety and security. 

What 's more , we have in our midst some 
of the foremost scientists in dozens of 
different fields. 

Working with them, all of us can learn a 
thing or two. Every day. 

The first step is a simple one. 
Send your resume to: 

Hughes Aircraft Company 
Ground Systems Group 
Professional Employment Dept. DC-2 
1901 W. Malvern Ave. 
Fullerton, CA 92634 

CIRCLE 133 ON IN9UIRY CARD 
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GROUND SYSTEMS 
U.S. ci tizenship requ ired. 
Equal Opponunity M/F/HC Employer. 



FINANCIAL DATA ENTRY 
TERMINAL 

The 90/12 teller terminal for window ap­
plications has a 5" (13-cm) CRT display 
screen and typewriter style keyboard. It 
also functions in a 3270 compatible 
mode for other data entry related tasks. 
Keyboard contains a 58-key format, 
11-key numeric keypad, 4 adding 
machine keys, 24 function keys, plus 
clear and transmit kits. A magnetic 
stripe card reader is optional. CRT 
displays 6, 8, or 12 lines of 40 alphabetic 
and numeric char each. Bunker Ramo 
Corp, Information Systems Div, 35 Nut· 
meg Dr, Trumbull, CT 06609 
CIRCLE 264 ON INQUIRY CARD 

FLAT CABLE DIP CONNECTORS 
Connecting flat cable to PC boards per­
manently by DIP soldering, mass ter­
minating system terminates 1.27-mm 
center spaced flat cables of 10 to 60 con­
ductors. U-shaped contacts, gold plated 
over phosphor bronze, ensure corrosion­
resistant gas tight connection. Manufac­
tured with solvent-resistant resin, con­
nectors mate with std IC sockets. Also 
featured are dual-inline terminals and 
low profile of 5.3 mm above the PC 
board. Fujitsu America, Inc, Component 
Sales Div, 910 Sherwood Dr, Lake Bluff, 
IL 60044. 
CIRCLE 265 ON INQUIRY CARD 

PORTABLE INTERFACE TESTER 

Battery powered tester monitors and 
breaks out the RS-232N.24 interface be· 
tween a modem and a terminal. Data· 
check-VF can also monitor audio signals 
found on dedicated or dial voice com­
munications channels. An internal 
amplifier and speaker with level control 
provide signal monitoring over a 3· to 
- 50-dBm range. Noise and crosstalk 
can be detected on the communications 
channel. Navtel Limited, 8481 Keele St, 
Concord, Ontario L4K 1B1, Canada. 
CIRCLE 266 ON INQUIRY CARD 

A POWERFUL 
STATEMENT FROM 

"NJE Power Supplies and Systems 
are THE BEST INVESTMENT 

in terms of watt hours per dollar 
of any available a~ywhere!" · 

ASK US-WE CAN PROVE IT! 
e FERRORESONANT e 

The same model can 
handle both 50Hz and 
60Hz inputs. MTBF's 
in excess of 100,000 
hrs. and efficiencies 
from 70% to 85%. 
Output power to 1000 
watts. Densities up to 
0.9 watts per cubic 
inch. 

e SERIES-REGULATED e 
High reliability, excel­
lent line and load 
regulation, very low 
output ripple and 
nois~, fast transient 
response, and remote 
control capability. 
Outputs available to 
500 volts. 

P.O. BOX 50 CD 

DAYTON, N.J. 08810 
(201) 329-4611 • TWX 710-480-5674 

A DIVISION OF TECHNOLOGY DEVELOPMENT CORP. 

e POWER SYSTEMS e 

Incorporate up to eight modular supplies 
in one rack assembly. Systems may be 
tailored to your custom requirements by 
incorporating options from the extensive 
list available including panel metering, 
individual controls, test jacks, redun­
dancy and load sharing. Combinations of 
ferroresonant and series regulated sup­
plies may be accommodated. 

NJE is a team dedicated to building Quality 
Power Supplies and lasting relat ionships with 
its customers. 

Send for our Catalog 
ALL PRODUCTS COMPLETELY MFRD. IN U.S.A. 
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PRODUCTS 

COLOR DISPLAY MONITORS 

Offering 20-MHz (± 1 dB) bandwidth , 
switchable 4:3 and 1 :1 aspect ratios, 
and improved convergence controls, 
CDCT 3 series monitors replace the 
CDCT 2 line. Models 3/37 and 3/51 
are offered in both std and high resolu­
t ion versions. All models are equipped 
with a 90 ° shadow mask CRT. High 
resolution versions incorporate a CRT 
with 4 times as many dots as the 
standard. E & 0 Systems, Ltd, 2998 
Scott Blvd, Santa Clara, CA 95050. 
Circle 216 on Inquiry Card 

RIBBON CABLE ASSEMBLIES 

Preterminated assemblies with up to 28 
conductors mate with 0.025" (0 .064-cm) 
square inline posts on 0.100" (0.254-cm) 
centers mounted on PC laminates. For 
0.045" (0.114-cm) square or round posts 
on 0.156" (0.396-cm) centers, up to 24 
conductors are available. Styles include 
jumpers, daisy chain , and single-ended 
types. One end can be full or part ially 
stripped. Connector housings are 94V-2 
flame retardant thermoplastic and con­
tacts are copper alloy with gold or tin 
plating. AMP Inc, Harrisburg , PA 17105. 
C ircle 217 on Inquiry Card 

PRECISION 3-TERMINAL 
FIXED VOLTAGE REGULATORS 
MC7800A series 3-terminal fixed voltage 
regulators offer 2% output voltage tol­
erance. The devices employ internal 
current limiting, thermal shutdown, and 
safe-area compensation . With adequate 
heatsinking, they can deliver output 
currents in excess of 1 A. The devices 
are available in temperature ranges of 
0 to 125 and - 55 to 150 °C; case op­
tions are T0-220 plastic and T0-3 metal. 
Motorola Semiconductor Products Inc, 
PO Box 20912, Phoenix, AZ 85036. 
Circle 218 on Inquiry Card 

The GNT 3601 is the only tape punch station 
with a µ-processor-based interface. And it's 

the smallest, quietest, most-reliable tape 
punch available. 

This unit is one of the few punches specifically designed for Mylar® tapes -
proven reliable by many numerical control users. 

• Small: 19" x 10" x 5" (477 x 246 x 122mm) • Punching speed 50 Cps or 75 Cps 
• Quiet • RS 232 serial interface available 
• Reliable: (MTBE = 10 million 

die block= 150 million) Call today for complete specs . 

ii!GNT AUTOMATIC INC. 
1560 Trapelo Road, Waltham, MA 02154 (617) 890-3305 Telex: 923318 

224 CIRCLE 120 ON IN9UIRY CARD 

PREASSEMBLED PRESS FIT 
CARD EDGE CONNECTOR 

-,__ 

Connector cons ists of an insulator and 
contact assembly that is pressed into 
the motherboard by means of simp le 
tool ing . Insertion forces are low due 
to compliant press fit section on the 
pins; press fit joint makes both me­
chanical and electrical connect ions in 
one operation. Connectors are self­
aligning with proven gas tight press fit 
joint insuring a reliable connecti on. 
Elco Corp, Interconnect Systems Div, 
2250 Park Pl , El Segundo, CA 90245. 
Circle 219 on Inquiry Card 

MAGNETIC TAPE SYSTEM 
MTS 1050-22 is an IBM/ ANSI compat­
ible 0.5" (1 .3-cm) digital tape system. 
Designed to operate with Data General 
RTOS and ROOS software, the system 
requires one 15 x 15" (38 x 38-cm) 
PCB adapter to occupy one slot in the 
computer chassis. The system cons ists 
of TOI 1050 tape transport and TDF 
4050 formatter. It provides dual-density, 
9-track, 45 in(114 cm)/s, having both 
NRZI and PE recording/playback capa­
bility. Innovative Data Technology, 4060 
Morena Blvd, San Diego, CA 92117. 
Circle 220 on Inquiry Card 

PRECISION A-D CONVERTER 

Converter combines 15-ms conversion 
time and ±Q.003% accuracy with 16-bit 
binary or 2's complement resolut ion 
and a linearity of ± Q.0015%. Model ADC 
121·6 is a self-contained unit for d ig it iz­
ing high speed analog input signals. 
The converters are fully assembled, 
tested, and calibrated system ready 
modules. The only external requirement 
is a power supply input; no external 
voltage source or amplifiers are re­
quired. Phoenix Data, Inc, 3384 W Os­
born Rd, Phoenix, AZ 85017. 

Circle 221 on Inquiry Card 
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6800 EXORciser Users ••• 

TM 
The new STORAGE DEMON 
Memory System brings you high 
performance 10 Megabyte storage 
capabilities for your EXORcisor I, 
II, or III system. This high speed, 
high reliability Winchester 
technology system means virtually 
trouble-free operation in almost 
any environment. 

The STORAGE DEMON is 
fully supported by SOFTWARE 
DYNAMICS' new SDOS interrupt­
driven disk operating system. It 
features: 

0 Keyboard Typeahead 
0 Automatic Disk Read­

ahead 
0 Automatic Disk Sector 

Pooling 
0 Dynamic Files With Ran­

dom Access To Byte 
0 Complete Device In­

dependence 

CIRCLE 121 ON IN9UIRY CARD 

TM 
SDOS supports EXORdisk I, 

II, and Ill, and permits you to use 
your existing floppy disk drives for 
additional memory storage and/ or 
as back-up for the Winchester hard 
disk. The STORAGE DEMON 
utilizes the field-proven, depen­
dable LOBO DRIVES INTERNA­
TIONAL 10 Megabyte hard disk 
and controller and comes with the 
famous LOBO DRIVES 1 year, 
100% warranty. 

Make your dream of expanded 
memory come true ... Write, call or 
mail the coupon today. 

SOFTWARE DYNAMICS 
2111 W. Crescent, Ste.GI Anaheim, CA 92801 
(714) 635-4760 

r------------------------1 CD280 

I You've got my attention, tell me more about: 0 STORAGE I 
I DEMON Memory System D 6800 Development Software I 
I 0 SDOS 0 MDOS Simulator Pkg. 0 BASIC Compiler I 
I 0 EDIT 0 ASM I 
I Name Title I 

Company I 
I Address~~~~~~~~~~~~~~~~~~~~~ 
I c· s z· I 
I 

1ty, tate, 1p I 
Phone.~~~~~~~~~~~~~~~~~~~~~~-

L - - - - - - - - - - - - - - - - - - - - - - - -~ Quantity Discounts Available- Dealer Inquiries Invited 
EXORcisor and EXORdisk are trademarks of Mo1orala, Inc. 225 



PRODUCTS 

80-COL OCR AND 
BAR CODE PRINTER 

M80 MC, a 200-char/s matrix serial 
printer, features microprocessor con­
trolled logic seeking bidirectional print­
ing. Printheads allow choice of OCR A 
and OCR B, bar code , and upper/lower 
case (with descenders) char styles. 
Pitch is alterable for 10, 12, 14, or 16.5 
char/in (4, 5, 5.5, or 6/cm); 3 matrix 
heads provide 7 x 7, 7 x 9, or 9 x 9. 
Printhead automatically adjusts itself 
to accommodate varying form thick­
nesses. Tally Corp, 8301 S 180th St, 
Kent, WA 98031 . 
Circle 222 on Inquiry Card 

10.4M-BYTE CARTRIDGE 
DISC DRIVE 
Rackmountable, toploading RL02 em­
ploys the dual-density , 5440 type disc 
cartridge as storage medium. It operates 
on all PDP-11 based minicomputer sys­
tems, PDP-11 /03L and -11 /23 based 
microcomputer systems, and PDP-8/ A 
systems. A subsystem configuration 
consists of a disc drive and controller. 
Up to 3 additional drives can be sup­
ported by the controller. With a max 
of 2 controllers per CPU, total storage 
capacity of max configuration is > 83M 
bytes. Digital Equipment Corp, Maynard , 
MA 01754. 
Circle 223 on Inquiry Card 

SILICONE-POTTED LIGHTED 
PUSHBUTTON SWITCHES 

Silicone-potted lamps in this series of 
pushbutton switches are said to result 
in fewer lamp failures in applications 
subject to shock and/ or vibration. Rat­
ings are up to 10 A, 125/150 Vac. 
Snap-in mounting and quick-connect or 
solder type terminals ease installation. 
Behind panel depth is 1" (2.54 cm) . 
Oslo Controls Inc, 328 Industrial Ave, 
Cheshire, CT 06410. 
Circle 224 on Inquiry Card 

HERMETIC DIGITAL 

• Hermetic, metal 14-pin DIP 
(.870"L x .498"W x .250"0) 

• 50ns-250ns Delays (ten 10% taps) 
• :!: 5% Total Delay Accuracy 
• 4ns Rise Time 
• Schottky Buffered 1/ 0 
• Thick Film Hybrid 
• Pin for Pin Compatible with other 

leading manufacturer 

Ideal for dynamic RAM timing. in Commercial and 
Military equipment the HY5010 is the newest 
product from the delay-line experts. Call today for 
more information. 

hYm!~kms ~!9a8J~~!:J991 
incorporated LOS GATOS, CA 95030 

DUAL-OUTPUT 
DC POWER SUPPLY 

Model HCC24-2.4 is another addition 
to the Hi-Vol series line. The unit out­
puts ± 18 to ± 24 V at 2.4 A, continuous­
ly variable. Std features include 115/ 
230-Vac ± 10% ac input capabilities, 
± 0.05% line and load regulation, and 
full protection against short circuit and 
overload. Max output ripple is 5 mV 
pk-pk while the full load operating 
temperature specs are O to 50 °C , 
derated to 71 °C. Power-One, Inc, 
Power One Dr, Camarillo, CA 93010. 
Circle 225 on Inquiry Card 
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....... 
Up to four 18Mb Winchester­
type hard disk drives 

Unsurpassed Performance and Capacity! 
North Star now gives you hard disk capacity and process­
ing performance never before possible at such a low 
price! Horizon is a proven, reliable, affordable computer 
system with unique hardware and software. Now the . 
Horizon's capabilities are expanded to meet your growing 
system requirements. In addition to hard disk perform­
ance, the Horizon has 1/0 versatility and an optional hard­
ware floating point board for high-performance number 
crunching. The North Star large disk is a Century D~t~ 
Marksman, a Winchester-type drive that holds 18 ~1lhon 
bytes of formatted data. The North Star controller inter­
faces the drive(s) to the Horizon and takes full advantage 

North Star Computers Inc. 
1440 Fourth St. 
Berkeley, CA 94710 
(415) 527-6950 TWX/Telex 910-366-7001 

....... 
Letter-quality or dot 
matrix printer 

..-.. 
Horizon 1/0 flexibility 
allows expansion to 
meet your needs 

of the high-performance characteristics of the drive. Our 
hard disk operating system implements a powerful file 
system as well as backup and recovery on floppy diskette. 

Software Is The Key! 
The Horizon's success to date has been built on the qual­
ity of its system software (BASIC, DOS, PASCAL) and 
the very broad range and availability of application s?ft­
ware. This reputation continues with our new hard disk 
system. Existing software is upward compatible for use 
with the hard disk system. And, with the dramatic increase 
in on-line storage and speed, there will be a continually 
expanding library of readily available application software. 
For further information, contact the OEM sales depart­
ment at North Star Computers Inc. 

North Star OEM System Prices 

HORIZON-HD-1 
Horizon computer with 64K 
RAM, 2 quad capacity mini 
drives and one HD-1 8 hard 
disk drive $5880' 

•in OEM quantities 

HD-18 
Additional 18Mb hard disk drive 
for expansion of HD-1, or your 
present Horizon 

$3150' 
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PRODUCTS 

DELA YEO SWEEP 
OSCILLOSCOPE 

IEEE 488 BUS 
INTERFACE MODULE 

All handshake protocols for controlling 
and moving data between multiple in­
struments on the IEEE 488 instrument 
bus are automatically handled by this 
module. The MC68488 general purpose 
interface adapter performs talker and 
listener functions ; these include pri­
mary address recognition, secondary 
address capability, and programmable 
interrupts. The software driver BUSCON 
performs system controller functions 
such as receive or pass control from 
or to another controller. Wintek Corp, 
1801 S St, Lafayette, IN 47904. 
Circle 227 on Inquiry Card 

reverse voltage protection. Power Dy­
namics Corp, 9421 Telfair Ave, Sun 
Valley, CA 91352. 
Circle 228 on Inquiry Card 

ELECTROSENSITIVE 
MATRIX PRINTER 

Model 1530, a 30-MHz scope, uses de­
layed sweep to evaluate digital pulse 
trains and other complex waveforms. 
Min expansion at 30 MHz is five times. 
Features include variable hold-off, high 
triggering sensitivity, and flat response. 
Chop or alternate modes of dual-trace 
display are selectable. Five ranges of 
time base delay are from 1 µs to 100 ms 
with vernier adjustment. Vertical input 
sensitivity is 2 mV/division. B&K-Pre­
cision/Dynascan Corp, 6460 W Cortland 
St, Chicago, IL 60635. 

100-W OPEN FRAME 
SINGLE-OUTPUT SWITCHER 

Intended for OEMs, PD 100 100-W 
power supply features 115/230-Vac in­
put voltage, 70 to 75% efficiency, with 
30-ms typ holdup time. Designed to 
meet UL, VOE, and CSA specs, the 
unit's standard output voltages are from 
2 to 48 Vdc. Temperature ranges are 
- 40 to 85 •c storage, and o to 50 •c 
operating. 2.75 x 4 x 9.5" (6.99 x 1 O x 
24.1 cm) unit offers overvoltage and 

Low power consumption, medium 
speed, and silent operation are 
achieved with the ESP40. Primarily used 
as a 40-char alphanumeric printer op­
erating with 2 line shift increments, the 
device uses electrosensitive paper; 4 
fonts are selectable. Operation is in 
local or online mode from a 12-V sys­
tem. Print rate is 280 char/s sync for 
80 char/line. Data line buffer is 320 
char deep. Self-checking is optional. 
Rank Numbering Machines, Inc, Printer 
Div, 411 E Jarvis Ave, Des Plaines, IL 

Circle 226 on Inquiry Card 

Tarbell Double Density 
Floppyf]?a!~~ D\~!erface 

228 

Under Tarbell Double-Density CP/M, single and double density 
disks may be intermixed. The system automatically determines 
whether single or double density is in place. 
•Software select single or double density. 
•Phase-locked-loop and write precompensation for reliable 

data recovery and storage. 
•On-board phantom bootstrap PROM is disabled after boot­

strap operation so all 64K memory address space is available 
to user. 

•OMA in single or double density permits multi-user operation. 
• E.xtended addressing provides 8 extra address bits, permitting 

d 1rect transfer anywhere in a 16 megabyte address range. 
•Select up to 4 drives, single or double sided. 
•New Bl OS for CP/M included on single-density diskette. 
Assembled and Tested ........•...•........ $425 

CP/M is a reg. trademark of Digital Research. 

950 Dovlen Place, Suite B,Carson, Ca. 90746 
(213) 538-4251 (213) 538-2254 
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Meet the IMPs. A pair of stylish 3 1/2 inch high 
impact printers that will look great on any desk. 

Styled for desk top use, these sleek units stand just 3V2 
inches high, yet the unique fan-cooled printing system 
can knock out 80, 96 or 132 columns of crisp hardcopy 
with continuous throughput of one line per second . 
A winning pair. IMP-1, with friction feed, can make 
multi-copies on plain 8Y2 inch wide paper, or on teletype 
rolls. In addition , IMP-2 has tractor feed and full forms 
control , with tractors adjustable from 1 inch to 9V2 inches. 
Interfaces abound. All IMPs have Centronics parallel 
and RS232C/20mA serial inputs as standard equipment. 
But if you need something different, then we make 
interfaces for just about any system - high speed serial , 
Apple , Pet, TRS-80, IEEE 488 . .. 

Versatile, too. 96 ASCII character set is standard . And 
you can select 6 character sizes, even graphics, under 
software control. Options include 2K buffering and 
special character sets. 
Service - a big difference. No other printer 
manufacturer offers Axiom's combination of low cost and 
nation-wide service and distribution - in the USA and 
eighteen overseas countries. 
Pssst - the price!!! It's low. $695 for IMP-1. $795 for 
IMP-2. And that's the single unit price. 

Better phone, write or mail the bingo card today! 

AXIOM 
AXIOM CORPORATION 

5932 San Fernando Road, Glendale, CA 91202 
Tel: (213) 245-9244 •TWX: 910-497-2283 

CIRCLE 127 ON IN9UIRY CARD 229 



PRODUCTS 

LOW PROFILE INDICATING 
FUSEHOLDERS 

Two series of square cap fuseholders 
that light when the fuse blows snap 
into a 0.625" (1.588-cm) square mount­
ing hole without mounting hardware. 
Available with 0.1875" (0.4 76-cm) com­
bination quick-connect/ solder terminals 
(344600 series) or 0.25" (0.635-cm) 
quick-connect/solder terminals (344800 
series), devices may be ordered with 
120- or 240-V neon lamps or with 6-, 
14-, or 28-V incandescent lamps. They 
are rated at 15 A to the max voltage 
of the lamp. Littelfuse, Inc, 800 E North­
west Hwy, Des Plaines, IL 60016. 
Circle 230 on Inquiry Card 

SERIAL PRINTER 
FOR 3270 SYSTEM 
The 6541 printer directly replaces the 
IBM 3284 and 3286 printers used with 
the 3270 Information Display System. 
Performance is said to increase from 
227 to 375%. Bidirectional printing pro­
duces 150 char/s along a print line 
of 132 columns. Individual char from 
a set of 64 are formed by a 9 x 7 dot 
matrix. Decision Data Computer Corp, 
100 Witmer Rd , Horsham, PA 19044. 

Circle 231 on Inquiry Card 

12-BIT DAC 
High output current capability of 50 
mA, max glitch energy of 5000 mV-ns, 
and linearity error of only ±0.0125% 
are specs of the TIL compatible DAC­
LGT. Settling time for 1-LSB input 
change is 50 ns typ and 400 ns typ 
for a full-scale input change. Unit has 

a low skew digital input register and 
an internal reference. Pin program­
mable voltage ranges are ±2.5, ±5, 
±10, O to - 5, and O to -10 V. Coding 
is binary or offset binary; ±15- and 5-V 
power supplies are required. ILC Data 
Device Corp, Airport International Plaza, 
Bohemia, NY 11716. 
Circle 232 on Inquiry Card 

LITHIUM CELLS FOR 
PERMANENT PCB MOUNTING 

For permanent PCB mounting as long 
term (10+ yr) continuous or standby 
power sources for CMOS circuits, mi­
croprocessors, memories, sensor cir­
cuits, and emergency and unattended 
equipment, lithium thionyl chloride cells 
feature high energy density and cell 
voltage of 3.4 V. Discharge curves re­
main flat throughout ceil life. Cells will 
not explode or release gases even if 
short-circuited. Op temp range, -55 to 
75 °C. Plainview Electronics Corp, 8 
Manetta Hill Rd , Plainview, NY 11803. 
Circle 233 on Inquiry Card 

MARKETING CONSULTANTS 

230 

We wish to retain marketing consultants to 

prepare market research reports analyzing and 

forecasting the market for the following: 

• Security Equipment 

• Personal Identification Products 

• Computer and Communications Security 

Equipment 

All replies will be kept strictly confidential. Fees 

will be paid commensurate with qualifications. 

We are an internationally known firm and can 

provide continuous assignments. 

FROST & SULLIVAN 

CIRCLE 128 ON INCj)UIRY CARD 

Magnetic Shielding by Eagle 
CUSTOM SHIELDS e STANDARD SHIELDS • FINISHING 

e DESIGN ENGINEERING • FOIL e HEAT TREATING 
•SHEET •TESTING •CONSULTING • FABRICATION 

Eagle can help improve your Choose from a wide selec · 
product, and lower costs, by lion of sheet and foil , so you 
designing the right shield can form your own shields. 
for you. Take advanta~g . ..,.,. ·For helpful design and 
of Eagle's vast back· . cost data, write or call. 
ground in shield de- •·. Offices worldwide. 
sign and production. 

P.O. BOX 24283 • INDIANAPOLIS. IN DIANA. 46224 • PHONE (3171297· 1030 
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Meet the Mini Wini: 
The new a·· fixed disk dr_M! 
that stores 20 megabgtes. 

It's the lowest-cost way of getting 20 megabytes in an 
8" floppy slot. And with Winchester-type technology, to boot. 

So you can expand the on-line capacity of your present 
desk-top system without having to redesign one bit of 
your present chassis. 

Interfacing? 
It's a snap. The Mini-Wini (alias the PCC 08000 fixed 
disk) has a microprocessor-controlled interf<jce, featuring 
a bidirectional command/status bus and serial data trans­
fer. It's easier and simpler to design the CPU interface. 

And maybe best of all , it's made by Pertee Computer 
Corporation. At PCC, we don't just innova,te. We have 
the production capacity to supply those innovative 
products when we say we will. Which is reassuring . 

The PCC Mini-Wini . Small size. Big capacity. Call us 
for details. 

l;l•)lt~~~~~LS 
Theg won·t let You down_ 

For further information, call toll-free 800-528-6050, Ext. 1323. 
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PRODUCTS 

14-BIT DIGITAL TO 
SYNCHRO CONVERTER 

14-bit resolution synchro driver series 
B1670 positions up to 3 size 11 torque 
receivers (TRs) with an accuracy of 
± 4 arc min. Units will switch TRs 
through 180° step and are protected 
against shorts and synchro load mal­
functions. Low power TTL input reg­
isters enable units to be paralleled and 
multiplexed. Internal damping prevents 
current surges for smooth rotation and 
oscillation-free settling . Transmagnetics, 
Inc, 210 Adams Blvd, Farmingdale, NY 
11735. Circle 234 on Inquiry Card 

FIBER OPTIC EMITTER 
AND DETECTOR 

IRE-170 a visible LED coupled to 30 cm 
of DuPont PIR-40 step index fiber and 
terminated in an AMP # 530530 F/O 
connector typ yields 5 µW into the fiber 
at 100-mA de drive. Peak wavelength 
is 670 nm with typ rise and fall time of 
70 ns. DIR-170 high speed silicon PIN 
detector, similarly coupled and termi­
nated, has responsivity of 0.2 A/W at 
670 nm with good sensitivity from 350 
to 1150 nm. Typ rise/fall times are 3 ns 
at 100 V bias. Laser Diode Laboratories, 
Inc, 1130 Somerset St, New Brunswick, 
NJ 08901 . 
Circle 235 on Inquiry Card 

WAVE SOLDERABLE 
TOGGLE SWITCH 
The E100 series blocks the 3 potential 
leakage paths for flux and solvents to 
prevent contamination from wave sol­
dering during PC board assembly. Ter­
minals are epoxy sealed to the case ; 
the toggle is sealed by an internal 0-
ring ; and the top and bottom of the case 
are made from high temp thermoplast ic 
an~ are ultrasonically bonded together . 

Ratio • Compact..same size at all ratios 
• Center output shaft 

5 100 • Light weight 

10 • Servo or face mount 

25 150 
• Very low backlash .. . high quality steel gearing 
• Low torque ripple .. . 5 slot armature 

30 200 • Low mechanical noise 
50 • Long life motor and gearhead 
60 • Starting torque up to 5 times running torque 

100 300 • Low electrical nolse ... special internal filter 
• Low electrical feedback 150 (Other gearheads available) 

200 400 
250 For complete technical data : 

300 500 Canon 500 
750 

1000 Canon U.S.A .. Inc. 

1500 150 
Electronics Components Div . 
10 Nevada Drive. Lake Success . N.Y. 11042 

3000 516/488-6700 Telex 96-1333 Cable -canon USA LAKS 

Available are 2 toggle lengths, 4 ter­
minal lengths, 4 mounting versions , and 
5 funct ion options. C&K Components, 
Inc, 15 Riverdale Ave, Newton, MA 
02158. Circle 236 on Inquiry Card 

FLOPPY DISC 
MASS STORAGE SUBSYSTEM 
A double-sided, single-density subsys­
tem, the 3442 provides direct access at 
low cost. It stores approx 600k bytes / 
diskette, with a transfer rate of 250k 
bits/s. As many as 4 floppy drives can 
be supported by a single micro­
processor based controller, for over 2M 
formatted data bytes of storage capac­
ity. The subsystem also includes auto­
matic track verification and standard 
write protect. General Automation, Inc, 
1055 S East St, Anaheim, CA 92803. 

Circle 237 on Inquiry Card 
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Now with the 
introduction of our new 
9214X tension arm 
tape transport, OEM's 
can incorporate 
exceptionally reliable 
tape capabilities into 
their design. And at 
low costs of acquisition 
and ownership. 

Technical innovations 
like microprocessor 

control, solid-state write enable sen~ing, and a design 
with fewer parts have brought 5000 hour MTBF 
reliability to half-inch tape. 

Our optional embedded formatter simplifies 
interfacing and provides multiple-drive capability of 
up to four drives. The formatter can be moved from 
drive to drive quickly, if necessary. 

Your customer will appreciate the easy tape loading 
and quiet operation. Low power consumption and a 
compact design save energy and space. And this 
newest member of Control Data's family of OEM 
tape equipment completes our line-now we can 

satisfy your requirements for high-speed, medium­
speed and low-speed tape peripherals. 

Put quality behind your nameplate. For more 
information, call us at 612/ 853-3180. In Europe, 
contact one of our European representatives. Or 
return coupon to: 

,-----------------CD-2-0 
Robert C. Urban, Product Sales Manager 
Control Data Corporation, P.O. Box 0 
Minneapolis, MN 55440 

Tell me more about your new 9214X. 

Name Title ______ _ 

Firm Address _____ _ 

City State ____ Zip ___ _ 

Phone __________________ _ 

&J I:'\ CONTl\.OL DATA 
\::. r::J COR['O~TION 

Addressing societys major needs 
CIRCLE 88 ON IN(j)UIRY CARD 



PRODUCTS 

LIGHTWEIGHT PORTABLE 
DATA ANALYZER 

Microprocessor controlled Maxichek 
isolates faults in telecommunications 
networks either by simulating computer 
terminals or the CPU, or by performing 
bit or block error rate tests to check 
modems and phone lines. The 2.5 x 
5.75 x 7.5" (6.4 x 14.61 x 19.1-cm) de­
vice connects with communications 
links using std EIA RS-232-C or CCITT 
interfaces. Speeds are 11 O to 9600 
bits/s (async) and up to 19.2k bits/s 
(sync). Astrocom Corp, 120 W Plato 
Blvd, St Paul, MN 55107. 
Circle 238 on Inquiry Card 

VMOS FET FAMILIES 
Additions to VMOS power FETs include 
the IVN5000 family and 30 direct re­
placements for Siliconix devices. Mem­
bers of the IVN5000 family are propri­
etary n-channel, enhancement mode 
power FETs rated at 2.5 11 on resistance 
and available in ultra-small T0-52 and 
T0-237 packages. The Siliconix com­
patible devices are function for function 
and pin for pin replacements for the 
VN30A, -35A, -46A, -66A, -67A, -88A, 
-90A, -98A, and -99A device families. 
lntersil, Inc, 10710 N Tantau Ave, Cuper­
tino, CA 95014. 
Circle 239 on Inquiry Card 

SMALL SIZE 
HYBRID STEPPER MOTOR 
50-mm long x 32-mm dia hybrid stepper 
motor in size 13 case develops holding 
torque of more than 600 g/cm and 
running torque greater than 500 g/cm. 
Resolution is 200 or 400 steps/r. Unit 
is designed to supplement existing 
ranges of size 23 and 34 hybrids, vari­
able reluctance, and permanent magnet 
types. Motor can be used as drive or 
positioning device in instruments, pro­
cess control, business machines, and 
opto-electronic systems. Muirhead-Vac­
tric Div, Muirhead, Inc, 1101 Bristol Rd, 
Mountainside, NJ 07092. 
Circle 240 on Inquiry Card 

LOW COST 35-MHz SCOPE 
35-MHz, dual-channel, portable oscillo­
scope with chop frequency of 500 kHz 
and with alternate sweep and calibrated 
delay capabilities is comparable to the 
Tektronix T935A, but offers improved 
performance characteristics and specs. 
Horizontal axis sweep time for channel 
A (main sweep) and channel B (de­
layed sweep) is 0.1 µs/div to 0.5 s/div 
in 21 steps. A 10X magnification .can 
accelerate the sweep time to 10 ns/div 
to 50 ms/div. Kikusui International Corp, 
17121 S Central Ave, Unit #2M, Carson, 
CA 90746. 

Circle 241 on Inquiry Card 

Girl-meets-flat-cable 
and lives happily 

ever after. 

See page 46 
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19" RACKMOUNT TERMINAL 

Requiring only 7" (18 cm) of panel 
space, the R301 19" (48-cm) rackmount 
computer terminal includes a 6" (15-cm) 
diagonal display monitor, alphanumeric 
keyboard, logic, and power supply. The 
ruggedized unit features full/half-du­
plex, RS-232/20-mA loop interfacing, 
and transmission rates from 11 O to 
9600 baud. Std display format is 32 
columns by 16 lines, with 64 columns 
by 16 lines optional. Three-quarter size 
keyboard can be removed from the 
panel and used up to 8' (2.4 m) away. 
Informer, Inc, 8332 Osage Ave, Los 
Angeles, CA 90045. 
Circle 242 on Inquiry Card 

WIDE INPUT VOLTAGE RANGE 
DC-DC CONVERTERS 
Hi-power series converters operate with 
typ efficiency of 65% over input ranges 
of 4.5 to 6.5, 9 to 18, 18 to 36, and 36 
to 54 Vdc; within each input range 5-, 
12-, 15-, ±12-, and ± 15-Vdc output volt­
age models are available. All units em­
ploy an input filter to minimize emi/rfi 
reflected ripple current and are fully 
isolated with continuous short circuit 
protection. Calex Manufacturing Co, Inc, 
3355 Vincent Hd, Pleasant Hill, CA 
94523. Circle 243 on Inquiry Card 

QUAD SIZE 
MAGNETIC-TAPE COUPLER 
Intelligent magnetic tape coupler in­
cludes TM-11 emulation circuitry plus 
circuitry to handle streamer mode oper­
ation. Model 00130 interfaces most in­
dustry compatible imbedded formatter, 
dual-density (NRZl/PE) magnetic tape 
drives to a CPU. Self-contained single 
quad size module requires only 3.5 A 
from the CPU. The unit physically 
couples up to 2 formatted tape drives, 
with 3 slave units each, for a total of 
8 drives from an LSl-11 Q-bus slot. 
Distributed Logic Corp, 12800-G Garden 
Grove Blvd, Garden Grove, CA 92643. 

Circle 244 on Inquiry Card 
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Introducing the new BASF 6170 Series 210mm Fixed Disk Drives. 
High Performance. Perfect 
for multi-user multi-tasking 
applications, the BASF 6170 
Series drives give you an 
average time-to-data of 50 
milliseconds ... four to seven 
times faster than standard 8" 
floppy drives. 

Capacity. The BASF Model 
6171 provides 8 megabytes 
and the Model 6172 provides 
24 megabytes of fully usable 
unformatted capacity. Unique 
BASF circuitry eliminates 
user mapping. 

Easy System Integration. 
BASF's exclusive SMD 
interface option offers cost­
effective and convenient 
ihterface compatibility with 
industry-supported control­
lers. Low-cost BASF G8k. 
bus or intellieent 

write now. 

P roven Reliability. BASF, 
because of its experience in 
both magnetic media and 
drives, is highly qualified to 
develop drives using reliable 
3350 Winchester technology. 
BASF 6170 drives have a 
10, 000 hour MTBF and require 
no scheduled maintenance 
or operator intervention. 

Compact Size. Far smaller 
than 14" drives, the quiet, 
lightweight floppy-sized 
BASF 6170 drives are suit­
able for desktop office envi­
ronments. 

BASF Systems, OEM Peripheral Sales, Crosby Drive, Bedford, MA 01730 
Please send me complete details and specifications on the new BASF 
6170 Series 210mm Fixed Disk Drives. 

____________ Title---------
Company _____________________ _ 

______________ Telephone _____ _ 

City State Zip ___ _ 

In a hurry? Call Dave Edwards at (617) 271-4168 



2.36 

We present the information in our articles clearly, 
accurately and objectively. That's good writing. Which 
means good reading. 

We present the information in our circulation 
statement clearly, accurately and objectively. That's good 
arithmetic. 

BPA (Business Publications Audit of Circulation, Inc.) 
helps us provide precise and reliable information to both 
advertisers and readers. 

An independent, not-for-profit organization, BPA 
audits our circulation list once a year to make sure it's 
correct and up to date. The audit verifies your name, your 
company, your industry and your job title. 

This information enables our advertisers to determine 
if they are reaching the right people in the right place with 
the right message. 

The audit also benefits you . Because the more a 
publication and its advertisers know about you, the better 
they can provide you with articles and advertisements 
that meet your information needs. 

BPA. For readers it stands for meaningful information. 
For advertisers it stands for meaningful readers. Business 
Publications Audit of Circulation, Inc. Wfi9nA 
360ParkAve.So.,NewYork,NY10010. Vi rt'\ 

~make sure you get what you pay foe 
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OEM 
America Meets 

at the Invitational Computer Conferences 
In Boston . . . in Ft. Lauderdale ... 
in Palo Alto and seven other cities, 
OEM decision-makers meet the 
country 's top computer and 
peripheral manufacturers at the 
Invitational Computer Confer­
ences - the only seminar/displays 
designed specifically for the 
unique requirements of the 
quantity user. 
In one day, at each 1979/80 
ICC, guests will receive a concen­
trated, up-close view of the newest 
equipment and technology shap­
ing our industry. Some of the 
companies which participated in 
the 1978/79 ICC Series were: 
CalComp, Cambridge Memories, 
Inc., Centronics, Cipher Data 
Products, Inc., Compugraphic 
Corp., Computer Automation, 

Inc., Computer Design , Com­
puterworld, Control Data Corp., 
Data 100 Corp., Datamation, 
Datamedia Corp ., Dataproducts 
Corp., Dataram Corp., Data 
Systems Design, Inc. , Datum, 
Inc., Diablo Systems, Inc., Digital 
Design, Electronic Engineering 
Times, Honeywell Information 
Systems, Houston Instrument, 
!SS/Sperry Univac, Kennedy 
Company, Lear Siegler, Inc., 
MDB Systems, Inc., Microdata 
Corp., Mini-Micro Systems, 
Monolithic Systems Corp ., 
National Semiconductor, NEC 
Information Systems, PCC/ 
Pertee Division, Perkin-Elmer 
Data Systems, PerSci, Inc., 
Pioneer Magnetics, Inc. , Plessey 
Periperhal Systems, Powertec, 
Inc., Printronix, Inc., Remex, 
Rianda Electronics, Ltd ., Shugart 
Associates, Storage Technology 
Corp., Sykes Datatronics, Inc., 
Tally Corp ., Tektronix, Inc., Tele­
type Corp., Telex Computer 
Products, Inc., Texas Instruments, 
Inc., Trilog. 

I 
\ 

The schedule for the 1979/80 
Series is: 
Sept. 6, 1979 
Sept. 27, 1979 
Oct. 10, 1979 
Nov. 1, 1979 
Nov. 15, 1979 
Jan. 15, 1980 
Feb.6, 1980 
Mar. 25, 1980 
Mar. 27, 1980 
Apri I 28, 1980 

Palo Alto, CA 
Minneapolis, MN 
Newton, MA 
Cherry Hill, NJ 
Southfield, MI 
Orange County, CA 
Ft. Lauderdale, FL 
Dallas, TX 
Houston, TX 
Atlanta, GA 

Invitational 
Computer 
Conferences 

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

DUAL-PLANE DRAWER 

238 

Model LPD-11 holds 4 full panels, 16-
pin pattern or universal dual-contact 
(D/C) pin socket panels, and provides 
from 30 to 720 IC positions with up to 
1200 1/0 connections. DIC interconnect 
panels allow either facewipe or edge­
wipe interface between wirewrap pin 
socket and IC lead frame. 1/0 panels 
are provided with cutouts for 1 to 10 
connectors; covers are provided over 
these cutouts if connectors are not sup­
plied. Scanbe Div of Zero Corp, 3445 
Fletcher Ave, El Monte, CA 91731. 
Circle 245 on Inquiry Card 

CIRCLE 136 ON INCj)UIRY CARD 

DIP NON-NOBLE 
RESISTOR NETWORKS 
Epoxy transfer-molded series 500 net­
works in 14- and 16-pin packages are 
suited for machine insertion. Schemat­
ics include N-1 with common lead, and 
N/2 isolated resistors. Patented non­
noble resistive materials such as 
TanTinT" are fired in inert nitrogen gas 
at 1000 °C. Conductors are compatible 
thick film copper, also fired at high 
temps. Over 50 std resistances are 
available from 33 to 1 M fl in either ± 2 
or ± 5% tolerance. Power ratings at 25 
•c range from 1.625 to 2.0 W/package, 
or 0.125 to 0.25 W/resistor. TRW/IRC 
Resistors, PO Box 1860, Boone, NC 
28607. Circle 246 on Inquiry Card 

900-CHAR/S MATRIX PRINTER 

Designated model 600C, this enhanced 
model 600A offers compressed print of 
900 char/s in 15-pitch font. Also fea­
tured are 600-char/s printing in a 10-
pitch font and selectable 6- or 8-line/ 
in (2 or 3/cm) formats. Full 96-char 
set, 894-char buffer, adjustable tractors, 
elongated char, and multipart forms are 
std. Print speed results in throughput 
capabilities that are better than those 
of 600-line/min printers. Florida Data 
Corp, 3308 New Haven Ave, West Mel­
bourne, FL 32901. 
Circle 247 on Inquiry Card 

±0.005% TOLERANCE 
PRECISION ·RESISTORS 
Expanded qualified resistance range of 
the RNC90Y /S555 bulk metal precision 
resistors, designed for military systems 
and severe industrial environments , is 
from 36.5 to 100k fl. Tolerances are 
from ± 0.005 to ± 1.0% . Full industrial 
range is 1 to 1 OOk o. Norn resistance 
tempco is 2.2 ppm/ °C from - 55 to 
25 °C, and -1.8 ppm/ °C from 25 to 125 
0 c. Standard spread from nom is ± 2.0 
ppm/ ·c. S555 is qualified to the P reli­
ability level of 0.1%/1000 h at 60% 
confidence level. Vishay Resistive Sys­
tems Group, 63 Lincoln Hwy, Malvern, 
PA 19355. 
Circle 248 on Inquiry Card 
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OCIR COMPETITIVE EDGE 
Precision, extra-long life character elements for high-speed printers, point of 
sale equipment, teleprinters and similar printing and stamping equipment. 

By what criteria do you design the character transfer 
elements of your printing and stamping equipment? 
Are they engineered to give the performance you 
require throughout the product life? 

Mark Stamp Steel, a division of Mohawk Data 
Sciences Corp., engineers and manufactures quality 
print drums, print wheels, type slugs and similar 
character elements for some of the largest printer 
and teleprinter manufacturers in the world. 

Quality design and engineering insure that your 
specifications are exactly met. Availability of high· 
technology processes, including powdered metal, 
cold rolling, and precision engraving, insure that your 
character elements are manufactured using the best 
possible process. The result, optimum uniformity 
throughout product life. 

Choose from a library of over 5000 characters, 
including OCR, MICR, IBM, CDC, and numerous 
special and foreign fonts. Or, let us design a font to 
your specifications. 

Mo.hawk Data Sciences is one of the leading 
suppliers of distributed data processing, key-to-disk 
and peripheral systems, with a customer base of 
over 7000 worldwide. Mark Stamp Steel has played a 
major role in the success of MDS products and their 
reputation for exceptional performance and reliability. 

To receive additional information, or a 
price/performance quotation on your application, fill 
out and return the attached coupon. We'll tell you 
how our competitive edge can improve the price and 
performance of your product. 

------------------------------------~ 
I'd like to learn more about your products and services: 

D Please send literature. 
D Please send quotation (My specifications and 

requirements are attached). 
D Please have a design specialist call. 

Name Title------­

Company-----------------
Street ________ City _______ _ 

State Zip Phone (_) -----

Mark Stamp Steel, a division of Mohawk Data Sciences Corp.,1 Palisade Street, Herkimer, N.Y. 13350 1 
Telephone: (315) 866-5300 (Ext. 5406). CD280 I '-------------------------------------· .. 



custom 
encoder 

disks 
available in glass, 
metal or plastic . 

BMC designs and produces custom encoder 
disks in glass, plastic or metal. We can provide one 
of several glass encoder production methods, 
including chrome, photo emulsion, glue silver, and 
etching and filling. Metal encoders are made to 
precise tolerances by photochemical machining. 
Plastic encoders with photo emulsion surfaces 
are also available for use where stability and line 
tolerances are less critical. BMC will help you 
select the material and method that meet your 
specifications and performance requirements at 
minimum cost. 
BMC encoders are produced with tolerances as 
fine as ± 3 microns. Disks may be supplied with 
precision mounted hubs as desired. 
BMC experience in precision photochemical 
machining and custom glass part manufacturing 
goes back over forty years. Count on us for 
qualified design guidance and the very best in 
encoder quality. Call or write. (612) 228-6302. 
Buckbee-Mears. . . to be precise! 

BUCKBEE-MEARS COMPANY bmc 
Precision Components Group 

MICRO PRODUCTS DIVISION 
245 EAST SIXTH ST., ST. PAUL, MN 55101 

240 CIRCLE 138 ON IN9UIRY CARD 

PRODUCTS 

MUL Tl FUNCTION, MULTIPROTOCOL 
COMPUTING TERMINAL 

An information resource management terminal designed for 
distributive information networks and standalone computing, 
the 4500 series automatically interfaces with all major U.S. 
mainframes. As a standalone data processing system, it is 
supported with a variety of development and application 
software. For applications, several high level development 
languages are offered, including BASIC, COBOL, and assem­
bler to handle virtually any programming requirement. In an 
information resource management environment, disc data 
storage and processing capability are combined with ability 
to communicate with remote mainframes using a variety 
of protocol options. ECS Microsystems, Inc, 215 Devcon Dr, 
San Jose, CA 95112. Circle 249 on Inquiry Card 

LOW SPEED OEM TAPE TRANSPORTS 
Tension arm magnetic tape transports that operate at speeds 
ranging from 18.75 to 45 in (47.62 to 114.3 cm)/s, 92140 
series single capstan drives read and write std 9-track data 
in densities of 800 and 1600 bits/in (314 and 629/cm) using 
NRZI and PE modes, respectively. All transports provide 
microprocessor based control logic, and microdiagnostic 
aids to simplify maintenance. An optional embedded format­
ter is -available with dual recording modes and is contained 
on a single PC board, enabling the unit to be switched from 
1 transport to another. Daisy chain connection of up to 
4 tape transports is also optional. Control Data Corp, PO 
Box 0, Minneapolis, MN 55440. 
Circle 250 on Inquiry Card 

VOICE DIGITIZER 
Microprocessor based Digi-phoneT" converts voice into a 
2400-bit/s digital signal that can be multiplexed with data 
and other digital voice signals to greatly reduce communi­
cations costs. A dial option is also available for digitizing 

conventional dial and 
tone signaling to estab­
lish std telephone ac­
cess to the user's net­
works. Other advantages 
include increased net­
work flexibility, and elim­
ination of separate voice 
and data transmission 

facilities. A commercial encryption unit may be added to 
provide max security of voice communications. Codex Corp, 
20 Cabot Blvd, Mansfield, MA 02048. 
Circle 251 on Inquiry Card 
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rite or call for 
1mplete information 

F'SON AMERICA, INC. 
1844 Hawthorne Blvd. 
1rrance, California 90505 
1lephone (213) 378-2220 
wx 910 344-7390 
aw York Office 
3 Cutter Mill Ad ., Room 350, 
1reat Neck. N.Y. 11021 
' lepbone (518) "'87-Q860 
WX 510 72a-07G 

EPSON 



Plug into an 
INSTANT-PERIPHERAL® 

for highly reliable 
cassette program 

loading and storage. 
EPl's Speed Tolerant Recording (STR®) technique gives you error 
rates of less than 1 bit in 100 million. That's reliable! Good enough 
for recording, storing and loading critical programmable controller 
instructions or digital system diagnostic routines. Unlike many 
loaders using low-cost cassettes, these systems offer guaranteed 
unit-to-unit compatibility. That's backed by experience with more 
than 4000 units in the field. 

Fast, reliable program loading .. . convenient program and data 
storage ... easy interface to your system. Good reasons to rely on 
an INSTANr-PERIPHERAL@ for all your low-cost digital recording 
and programming tasks. Contact Electronic Processors, Inc., 
1265 W. Dartmouth Ave., Englewood, Colorado 80110. 
Phone (303) 761-8540. 

Mlcroproceaaor con­
trolled STR-LINK II 
provides manual or re­
mote control of Standard 
RS-232 functions via 
handshake lines or with 
control characters in se­
rial data stream. Buffer 
option allows 9600 peak 
BAUD rate. Starts at 
$1735 in single quantity. 

8-blt parallel STR-110 
allows memory dumps or 
i:rogam loading up to 125 
characters per second. 
$1328 in single quantity. 

1 
• • • • "l.- = ... _-_t •YY~a;t· • ~ ~ _ 

-

Cu•tom design•, 
like this STR-llOT 
for the Texas Instru­
ments STI Program­
mable Control Sys­
tem, can handle 
special loader needs. 
We can provide auto­
matic verification in 
both read and write 
modes, remote con­
trol and more. Just 
ask us. 

II 111 ELEETRODI[ PROCESSORS 
1 IDEORPORATED 
The INSTANT-PERIPHERAL@ Company 
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HIGH RELIABILITY CA:RTRIDGE DRIVE 
STR-810 digital cartridge recorder, designed for use with 3M 
DC-300A tape cartridge, allows OEMs designers to do their 
own formatting, select tape speeds, and choose read/write 
heads with from 1 to 4 tracks for remote data logging, data 

acquisition, and disc 
backup systems. Data 
rate, packing density, and 
formats can also be se­
lected. Optional ANSI 
X3.56 formatter turns the 
unit into a plug-in com­
ponent. There are no mov­
ing parts except the car­

tridge engagement cam. An LED is used to sense EQT I BOT, 
and the drive meets ANSI specs for cartridge to head posi­
tioning. Under microprocessor control, the recorder monitors 
its own tape movement. Fault indications are provided for 
tape underspeed, acceleration, time out, and position. Elec­
tronic Processors, Inc, 1265 W Dartmouth Ave, Englewood, 
CO 80110. Circle 252 on Inquiry Card 

LSl-11 COMPATIBLE ANALOG INPUT BOARD 
Two 32-channel, plug-in compatible analog input systems 
interface directly wi th DEC's LSl-11, LSl-11/2, LSl-11/23, 
PDP-11 /03, and PDP-11 /23 microcomputers, accept inputs 
ranging from 1 O mV to 1 O V, and offer 12-bit resolution. 
MP1216-PGA includes an on board amplifier that is soft­
ware programmable allowing the host computer to select 
gains from 1 to 1024 V /V. An on board RAM stores each 
channel's gain level and automatically sets gain (without 
software or operator involvement) when a channel is ad­
dressed. MP1216, wi th a resistor programmed amplifier, of­
fers gains to 1000. It also features a unique software se­
lectable delay/no-delay feature. Delay time from 18 to 70 µ.S 

is hardwired on the board to allow for settling time at 
various gains. Burr-Brown Research Corp, International Air­
port Industrial Pk, Tucson, AZ 85734. 
Circle 253 on Inquiry Card 

WIDE LOAD RANGE SWITCHING POWER SUPPLIES 

XL series models can handle a wide load range on all out­
puts while providing tight regulation, and maintaining com­
patibility with ac line voltages and frequencies in use world­
wide. To do this, the series uses an output regulation tech­
nique that maintains good regulation on both secondary and 
primary outputs at up to 5 times the load range of previous 
standardized switching supplies. 25-W XL25, 75-W XL75, 
and 130-W XL130 have user selectable ac power line voltage 
ranges of 90 to 130 and 180 to 265 V; ac frequencies can 
vary from 47 to 440 Hz on either range. All have a 5-V pri­
mary output with ±1 % regulation over a 5:1 load change; 
and -5-, 12-, and -12-V secondary outputs with ±3% reg­
ulation over a 10:1 load change. Boschert Inc, 384 Santa 
Trinita, Sunnyvale, CA 94086. Circle 254 on Inquiry Card 
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There's a bright new face 
in 12" data monitors. 

If yoo've got a need for a 12" CRT monitor, Sanyo has a 
model that will fill It. 

For cost-sensitive applications, choose the 5000 
series. You get yoor choice of AC or DC power, P4 or P31 
phosphors, and separate or composite video and sync 
inputs.15 MHz bandwidth and standard 15.75 kHz scan 
rate provide excellent resolution and easy application. 

For extra-demanding jobs, pick H 
the 6000 series. You get1,000 line I 0

-
1
0" 

resolution and 22 MHz bandwidth 
for ultra-sharp graphics and crisp, I 
high definition 80-character lines. I 
TTL-compatible sync inputs make I 
interfacing a snap. · 

Wrth either series, yoo get a I 

compact, rugged steel chassis with adjustable CRT 
tiltback to frt virtually any enclosure design. You also get 
adjustable scan size, plus remote brightness control 
capability. Single-PCB construction and one-connector 
hookup save time in assembly, testing, and 
maintenance. And Sanyo's many years of 
manufacturing field-proven CCTV monitors, and our 
unparalleled QC assure long, trouble-free service. 

For all the facts on these exciting new open-chassis 
monitors, contact your local Sanyo sales representative 
listed below. 

•SANYO 
Communications Products Division 

1200 W. Artesia Blvd., Compton. CA 90220 (213) 537-5830 

Contact your nearest Sanyo rep: 
AKRON: .Allcorn, Inc. (216) n7-2060 ATLANTA: Len Elliott Ci>mp_any (404) 875-9701 ATLANTIC CITY: Austin Associates (609) 871-9290 BALTIMORE: David H. Brothers. Inc. (301) 764-7189 

BOSTON: Piper Associates (617)449-1144 CHICAGO: George Pet~ Compa!)Y, Inc. (312)261-0342 DALLAS: The Crockett Sales Co. (214) 748-8209 DENVER: Mile-High Marketing (303) 457-2058 
DETROIT: Burcaw Co. & Associates (313) 533-7700 INDIANAPOLIS: Midwast-Rep. & Assoc .. Inc. (317) 844-4555 KANSAS CITY: Pacer Sales Corporation (816) 358-6638 LOS ANGELES: 
Marketing Specialists (213) 341-1471 MIAMI: L. Haas Company (305) 945·6544 PORTLAND: Earl & Brown Co .. Inc. (503) 245-2283 SAN FRANCISCO: Tech-Rep Associates (415) 785-4531 

SEATTLE: Earl & Brown Co .. Inc. (206) 284-1121 ST. PAUL: Skor, Inc. (612) 645-6461 WHITE PLAINS: Irving Langbaum Assoc .. Inc. (914) 634·1141 

© 1979 Sanyo Electric Inc .. Compton, CA 90220 
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WHAT'S HOT 
IN 

DAJA 
COMMUNICATIONS 

AND DDP? 

TEIFllE~ll 
HOT NEWS The INTERFACE '80 

comprehensive Confer­
ence brings you the information you 
need to stay ahead . Four full days of 
information-packed sessions will 
examine all aspects of datacomm, ddp 
and networking. The goal : to provide 
cost-effective solutions to your 
problems. 
Among the more than 60 sessions are 
topics such as Hardware Advances • 
Network Productivity • Distributed 
Data Processing: Accommodating the 
End User• Net Control • DDP Appli­
cation Case Studies • Toward the 
Transparent Interface • Simplifying 
Datacomm Software • The All-Digital 
Dimension • and Datacomm School: 
The Fundamentals. 

HOT PRODUCTS The_ l".'JTERFACE 
Exh1b1t Floor 

grows hotter every year. This year an 
estimated 250 companies will occupy 
more than 200,000 square feet, to dis­
play virtually every product and service 
you may be looking for: 
Mini- and Micro-based Systems • Dis­
tributed Data Processing Systems, 
Subsystems and Peripherals • Modems 
• Multiplexers • Concentrators • 
Front-End Processors • Terminals • 
Interface Devices • Switching Equip­
ment • Word Processing Systems • 
Tech Control and Test Equipment • 
Data Base Management and Telepro­
cessing Software• Network and Value 
Added Services • and More! 

HOT SOLUTIONS INTERFACE has 
a reputation for 

delivering datacomm/ddp solutions to 
users at every level of experience and 
sophistication. This year's Conference 
builds on that record by offering the 
combined experience of the most 
knowledgeable consultants, users and 
educators. This year's Exposition fea­
tures the largest display of datacomm/ 
ddp products and services ever assem­
bled under one roof. 

Four full days of sessions• 250 exh ibit­
ing companies - all aimed at bringing 
you the state-of-the-art, with the hottest 
ideas • the hottest products • the 
hottest solutions. 

PLAN NOW TO ATTEND THE ONE INDUSTRY EVENT YOU CAN'T AFFORD TO MISS! 
THE HOT SPOT -- THE ONLY MAJOR CONFERENCE & EXPOSITION 

DEVOTED TO DATA COMMUNICATIONS AND DISTRIBUTED DATA PROCESSING 
MARCH 17-20, 1980 • MIAMI BEACH CONVENTION CENTER 

FOR COMPLETE INFORMATION, CALL TOLL-FREE (800) 225-4620 IN MASS., (617) 879-4502 

co-Sponsored by DATAMATION Magazine 

The INTERFACE Group, Conference and Exposition Management• 160 Speen Street, Framingham, MA 01701 
Producers of Data Communications INTERFACE, INTERFACE WEST, FEDERAL DP EXPO, COMDEX 
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20M-BVTE 8" WINCHESTER DISC DRIVE 
Series 7000 drives have unfor­
matted capac ities of 4M bytes 
in the single-disc version , 12M 
bytes in the double-platter 
model , and 20M bytes in the 
3-disc un it. Two drives mount 
side by side in a std 18" (46-
cm) rack. Data transfer rates 

are 5.5M bits/s. Using Winchester techn ique, an ironless 
rotary actuator accurately positions the read/write heads in 
response to prerecorded servo tracks on the lower side of 
the bottom disc. Lightly loaded (9.5 g) heads fly at 1 O µIn 
(0.025 µm) above the recording surface and land in lubri­
cated areas adjacent to the tracks, preventing head damage 
or lost data. Recoverable read errors are 1 in 10' 0 bits trans­
ferred. Track to track time is 12 ms, while avg head move­
ment time is 50 ms, with 100-ms worst case max. Kennedy 
Co, 1600 S Shamrock Ave, Monrovia, CA 91001. 
Circle 255 on Inquiry Card 

MINIATURE ALPHANUME·RIC THE'RMAL PRINTER 
A miniature 20-col panel-mount printer weighing 4.25 lb 
(1 .9 kg) uses only 2 input data wires to simplify user inter­
facing . Internal microprocessor and serial port reduce circuit 
complexity so that all electronics are contained inside the 
printer housing. APP-20A2 prints up to 96 ASCII alphanu­
meric char at up to 1.2 lines/s (24 char/ s) at high baud 
rates. Basic print and advance period is 720 ms/line with 
the rest consumed by data char input buffe r loading. Printer 
life is 30M lines (600M char) typ. Optional OEM pin func­
tions are included on the rear connector, including pin 
selection of isolated TTY current loop inp·ut or std data 
terminal RS-232-C connections. Data rate is settable from 
50 to 9600 baud. Datel-lntersil, 11 Cabot Blvd, Mansfield, 
MA 02048. Circle 256 on Inquiry Card 

136-COL, 9 x 9 DOT MATRIX 
SERIAL IMPACT PRINTER 

Series 6000 is microprocessor controlled to provide bidirec­
tional , logic seeking printing at 150 char/s. Char are formed 
into a 9 x 9 dot matrix, allowing true lower case descenders, 
and are spaced at 10/in (3.9/cm) with selectable line spac­
ing of 6 or 8 lines/in (2.3 or 3.1 I cm) . Unit can accommodate 
paper widths from 2 to 17.5" (5 to 44 cm) from single-part to 
muHipart forms of 6 parts. Vertical forms control is produced 
via microprocessor control and a top form button on the 
control panel. The printer includes a 96-char ASCII set with 
either an RS-232 serial interface or a Centronics compatible 
parallel interface. Other features include a 240-char buffer 
and out of paper sensor. Qantex Div, North Atlantic Indus­
tries, Inc, 60 Plant Ave, Hauppauge, NY 11787. 

Circle 257 on Inquiry Card 
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KYNAR®gtves you another advantage. 

MECHANICAL 
STRENGTH. 

KYNAR PVDF insulation delivers 
high tensile strength a nd good 
elongation, high impact 
strength, resistance to fat­
igue, excellent abrasion 
and cut-through resistance, 
and cold-flow protection. 
Get full information . Write 
KYNAR, Pennwalt Corporation , 
Three Parkway, Philadelphia, 
PA 19102. Or call (215) 587-7514. 

CHEMICALS • EQUIPMENT 
HEAL TH PRODUCTS 

®KYNAR is a reg istered trademark of Pennwalt Corporation 
for its polyvinyl idene fluoride. 
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after 

PDP-11* 
TCU-100 • $495 
• Provides month, day, hour, minute and second. 
• Can interrupt on date/time, or periodic intervals. 

TCU-150 • $460 
• Provides year, month, day, hour, minute and 

second. 
• Automatic leap year. 
• Patches for RSX-11M, RT-11 FB/SJ V02, V03 

and UNIX. 

LSl-11/2* 
TCU-500 • $325 
• Provides month, day, hour, minute and second. 
• Dual size board. 
• Patches for RT-11 SJ/FB V02, V03B. 

Lockheed SUE 
TCU-200 • $550 
• Provides year, month, day, h·our, minute, second 

and milli-second. 
• Interval interrupts between 1/1024 seconds and 

64 seconds. 

Computer Automation (Naked Mini} 

TCU-310 • $385 

Multi-Bus* * 
TCU-410 • $325 
• Provides year, month , day, hour, minute and 

second. 
• SBC/BLC compatible . 

HP 2100 
TCU-2100 • $395 
• Correct time restored after power failure. 
• Compatible with the HP TBG card . 

Serial Clock (RS 232 or 20 mA) 
SLC-1 • $640 
• Connects between any terminal and host computer. 
• Provides date, time and more! 

All Digital Pathways TCUs have on board NICAD 
batteries to maintain time and date during power 
down. Timing is provided by a crystal controlled 
oscillator. Prices are U.S. domestic single piece. 
Quantity discounts available . 

For more information on these products, contact: 
Digital Pathways Inc. 
4151 Middlefield Road 
Palo Alto, CA 94306 
Phone: (415) 493-5544 

• Provides year, month, day, hour, minute and 
second. 

~~ 

DIGITAL PATHWAYS 
*Trademark of Digital Equipment Corporation •*Trademark of Intel Corporation 

•••Trademark of Computer Automation Incorporated 
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MODEM TEST SET 
Self-contained MTS-1 tests asyn­
chronous modems from 300 to 
19.2k bits/s and internally timing 
synchronous modems up to 76.8k 
bits/s. An internal crystal con­
trolled clock used for timing allows 
end to end testing of data lines 
with two separate test sets. The 
unit generates and receives 4 dif­
ferent patterns: all spaces, all 
marks, alternating marks and 

spaces, and CCITT 511-bit pseudorandom pattern. Errors 
are detected and counted on all patterns and displayed on 
a 3-digit display. Indicators show when the error count has 
exceeded 999 and when the receiver has established syn­
chronization with the incoming pattern. Using wire jumpers 
provided, the device can perform a complete self-test func­
tion. Electrodata, Inc, PO Box 46130, Bedford, OH 44146. 
Circle 258 on Inquiry Card 

DISC SUBSYSTEM 
Connected to Control Data's 3300 and 3500 computers via 
CDC communications channels, subsystem interfaces with 
the Master operating system through a supplied driver. The 
unit consists of 1 or more controllers, each capable of han­
dling up to 16 disc drives. Each drive may contain more 
than 320M char, providing large online capacity and fast 
access for user data. Designed to replace the controllers 
and disc drives of host computer systems by emulating the 
basic characteristics of units normally supported by the 
Master operating system, the subsystem will emulate basic 
characteristics of the CDC 844-44 while providing more 
capacity per drive. Subsystem controller performs necessary 
mapping to the physical device. Advanced Computer Tech­
niques Corp, 222 N Central Ave, Phoenix, AZ 85004. 
Circle 259 on Inquiry Card 

CHARACTER GRAPHICS 
COLOR VIDEO DISPLAY CONTROLLER 

Microprocessor based graphics system features an easily 
programmable display of 254 char and 64 foreground/back­
ground color combinations or 8 levels of gray scale. FS 2500 
color video display controller consists of rackmountable dis­
play generator unit plus optional freestanding desktop key­
board with full u/lc tri-mode and numeric/control pad, and 
optional 13 or 19" (33- or 48-cm) color monitors. Char in­
clude 64 ASCII upper and 31 lower case in an effective 
10 x 8 matrix and effective 12 x 9 field . Semigraphics sets 
include 2 x 3 element symbols, 64 in an effective 12 x 9 
matrix and 31 which replace the lower case char set. The 
system displays 32 lines of 80 char each at 60-Hz refresh 
rate. Ramtek Corp, 2211 Lawson Lane, Santa Clara, CA 95050. 
Circle 260 on Inquiry Card 

1. Replace Skew Tapes after 100 passes or 
12 months, whichever comes first, and avoid 
marginal alignment problems. 

2. In case of a crisis use our 
emergency service. 
Guaranteed delivery with­
in two working days. 

CALL THE ALIGNMENT SPECIALISTS 

PERl~P 
CORPORATION 
14 Huron Dr., Natick, MA 01760 
(617) 237-4052 

Manufacturers of SKEW• TRACKING• MASTER OUTPUT TAPES 
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KYNAR®glves you another advantage. 

FLAME 
RESISTANCE. 

KYNAR PVDF wire insulation 
won't support combustion, nor 
will it drip. KYNAR withstands 
solder iron contact. Stands 
up to 30D°F. Good to -BD°F. 
Get full information. Write 
KYNAR, Pennwalt Corporation, 
Three Parkway, Philadelphia, PA 
19102. Or call (215) 587-7514. 

~ r.JE~'MLT 
CHEMICALS • EQUIPMENT 

HEALTH PRODUCTS 

"'KYNAR is a registered trademark of Pennwalt Corporation 
for its polyvinyl idene fluoride. 
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· Cu~tomize for high performance ••• 

If you need a high performance display terminal, 
go to the top. 



UNIVERSAL FLOPPY DISC DRIVE EXERCISE·R 
With model 108, single­
or double-sided, single­
or double-density mini­
floppy and std floppy disc 
drives can be tested and 
aligned in the field, lab, 
or incoming inspection. 
The unit can also be used 

for testing and alignment of most top or front loading car­
tridge disc drives such as the Diablo series 30/ 40, CDC 
Hawk, and others. The exerciser simplifies head alignment, 
index detector adjustment, track O adjustment, and other 
normal maintenance procedures. It is compatible with all 
floppy drives using std Shugart interface; 2 connectors are 
provided, one 34-pin for minifloppy drives and one 50-pin 

· for std drives. Other features include manual or alternate 
seek (with track 0) to any track address, and manual or 
automatic restore/recalibrate function . Ava Instrumentation, 
Inc, 9672 Manzanita Ave, Ben Lomond, CA 95005. 
Circle 261 on Inquiry Card 

IN-CIRCUIT/CONTINUITY TEST SYSTEM 
Combining in-circuit features for testing resistance with con­
nectivity features for testing shor·ts and opens on both loaded 
and bare PC boards, the 2245 pinpoints a range of process 
errors like under- or over-etch, poor wash, and uneven 
cladding . The Z80 microprocessor based system prescreens 
loaded boards to measure resistance values from 10 to 10k n. 
It also allows testing of pull-up, pull-down, and ECL resistors. 
Bed of nails fixturing is identical to that of the 2270 analog/ 
digital in-circuit test system, equipping users with a dual­
purpose fixture. Typ board test times are 1 to 2 s. Diagnostic 
messages are reported at 1 s/fault. A 'built-in 20-col printer 
provides diagnostic information; cassette · tape cartridge 
stores multiple test programs for fast program loading. 
GenRad, Inc, 300 Baker Ave, Concord, MA 01742. 
Circle 262 on Inquiry Card 

DISCRETE SEMICONDUCTOR TEST SYSTEM 

An easy to use system with the same high throughput as the 
company's discrete test systems, the T347 provides data­
logging capability and menu programming. The menu pro­
grammed software is versatile and easy to use. A prompting 
sequence leads users through the steps necessary to struc­
ture or create test plans of a test bin scheme. Datalogged 
results and summary information are available on a CRT 
screen, a thermal printer, or optional line printer for hard 
copy, and floppy discs can record information for perma­
nent storage. The system can accommodate more than 6 dif­
ferent jobs at once. High voltage and high current options 
extend the current range from 16 to 50 A and voltage range 
from 400 V (600 V pulsed) to 2 kV. Teradyne, Inc, 183 Essex 
St, Boston , MA 0211 1. Circle 263 on Inquiry Card 

Now, X-10, Al-250, and Al-400 piezo audio indicators 
from Projects Unlimited come with PC·pins making 
mounting fast and simple. 

Get great features, too! Continuous tone. Wave solder­
able. 2.7-4.0 KHz frequency range. -50° to +80°C 
operating range. 84-98 dbA at 1 foot. Minimum 1000 
hours design life. And more. 

For full details on these simple-to-use warning devices, 
write for free catalog: Projects Unlimited, 3680 Wyse 
Road, ~ayton. Ohio 45414. • proects® 
Phone.(513)890-1918. · 

1

1 ,.+;ed 
TWX: 810-450-2523. LJn lm1u 

A SIMPLE 
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KYNAR®gtves you another ac:IVantage. 

DIELECTRIC 
STRENGTH. 

KYNAR PVDF wire insulation 
protects against leaks. 
Dielectric strength: 
1280 volts/mil. Choose 
KYNAR, too, for excellent 
mechanical properties 
over a broad temper­
ature range. Get full 
information. Write KYNAR, 
Pennwalt Corporation, 
Three Parkway, Philadelphia, 
PA 19102. Or call (215) 587-7514. 

~ li!E~VALT 
CHEMICAL S • EQUIPMENT 

HEALTH PRODUCTS 

®KYNAR is a reg istered trademark of Pennwalt Corporation 
for its polyvinylidene fluoride. 
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I LITERATURE I 
Programmable Digital Switches 
Checklist details P/ROM vs RAM program 
storage, individu·al ·station billing, reliabil­
ity, •and .toll-cost manag·ement for PBX 

equipment. D igital Teleph one Systems, 
Novato, Galif. 
Circle 300 on Inquiry Card 

Solid State Capacitive Keyboards 
Brochure contains specs, ·block diagrams, 
and schematics plus flowchart to aid in 
customizing k eyboards. Cher ry Electrical 
Products Corp, Waukeg·an, Ill. 
Circle 30 1 on Inqu iry C a rd 

Industrial Microcomputers 
Fa mily of RacPac computers and acces­
sories, including software packages, is out­
lined in illustrated br-ochure. Process 
Computer Systems, Inc, Saline, Mich. 
Circle 302 on Inq uiry Card 

Socket and Terminal Strips 
Dimensional drawings and descriptions of 
sockets and terminal strips for DIP and 
SIP devices are cited in catalog. Samtec 
Inc, New Albany, Ind. 
C ircle 303 on Inquiry Card 

Microcomputer Analog 1/0 Systems 
Selection guide details applications, specs, 
and user instructions for 80 analog 1/ o 
families ; application article guides in se­
lection of analog 1 / 0 system. D ata Trans­
la t ion, Natick, Mass. 
C ircle 304 o n Inquiry Card 

Short Haul Modems 
Data sheet gives general description and 
lists transmission characteristics, t erminal 
interface, transmission range, and dimen­
sions of 410 asynchronous line driver. 
Micom Systems, Inc, Chatsworth, Calif. 
C ircle 305 o n Inq uiry Card 
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Switching Power Supplies 
The 30- to 300-W single-output high effi­
ciency (68 to 80% typ) TDK series supplies 
are profiled with specs, dimensions, and 
characteristics in brochure. Kepco, Inc, 
Flushing, N Y. 

Circle 306 on Inquiry Card 

Data Converters 
Question ·and answer format of pocket 
sized guide addresses considerations in 
selecting a converter, including defin itions 
of performance specs, state of the art ad­
vances, and performance tradeoffs. ILC 
Da ta Device Corp, Bohemia, N Y. 

C ircle 307 on Inquiry Card 

Telecommunications Equipment 

Sections in catalog briefly describe tele­
communications products including micro­
wave radio, FDM cable, n-type repeatered 
line, a nd PCM equipment. GTE Lenkurt 
I n c, San Carlos, Calif. 
C ircle 308 on Inquiry Card 

Small Business Computers 
Audio-tutorial program consisting of three 
cassettes and illustrated workbook describes 
memory, compares storage media and 1/0, 

discusses ·software, and covers personnel 
needed for using a computer in business. 
Price is $49.95. Heath Co, Benton Har­
bor, Mich. 
Circ le 309 on Inquiry Card 

Delay Lines and Transformers 
Lumped constant delay lines and digital 
delay modules are profiled with photos, 
operating characteristics, specs, and per­
forman ce graphs in catalog. Rhombus 
Ind ustries, Huntington Beach, Calif. 
Circle 310 on Inquiry Card 

Custom Integrated Circuits 
Reference guide describes radiation hard­
ened, dielectric isolated digital circuits ; 
radiation hardened llL processes; M IL-STD 

interface technology ; and custom bipolar 
JI P / ROM S. Request on company le tterhead 
from H arr is Sem icon ductor Programs 
Div, PO Box 883, Melbourne, FL 32901. 
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What to do 
when your disk supplier starts 

delivering sloppy floppies: 
Find a manufacturer who can maintain consistent quality. 

Who delivers fast and gives responsive technical support. 
A manufacturer like KYBE. 

We make all types of flexible disks, data cassettes and mag 
cards. Each is competitively priced, backed by an uncondi­

tional 90 day warranty and in stock for fast delivery. 

We've been building high performance magnetic 
media for OEM's for years. And delivering 

products that consistently meet specification. We 
start with a base material proven in over 50 
million disks worldwide. We manufacture 

Try us. See how responsive a media supplier can be. 

with state-of-the-art equipment in the 
industry's newest plant . And we test each 
product using our unmatched experience as 

the company that invented and perfected 
media certifying. 

CIRCLE 151 ON INQUIRY CARD 

(800) 225-8715 

~~~~~ 
Tel . (617} 899-0012: Telex 94-0179 
Offices & representatives worldwide 
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LITERATURE 

Data Communications 
Diagnostic System 
Outlining system capability, operation, and 
flexibility, 'brochure provides specs for the 
Encore 100 and compares it with the 
earlier Pacer. Digitech Data Industries, 
Inc, Ridgefield, Conn. 
Circle 311 on Inquiry Card 

Bipolar Memories 
Cross reference guide classifies the corn· 
pany's P/ROMs and RAMs by size, organi· 
zation, output, pins, ~d competitive man­
ufacturer. Advanced Micro Devices, Inc, 
Sunnyvale, Calif. 
Circle 312 on Inquiry Card 

High Technology Courses 
Facilities ·and course offerings at the com­
pany's Technology Center are described in 
brochure. Texas Instruments, Inc, Ar­
lington Heights, Ill. 
Circle 313 on Inquiry Card 

NOVA* USERS ... 

Cables and Connectors 
Photos, descriptions, and dimensional data 
for planar cables, mass termination con­
nectors, and cable assemblies are provided 
in catalog. Spectra-Strip, Garden Grove, 
Calif. 
Circle 314 on Inquiry Card 

Microcircuit Packages 
Case and cover styles, plating and con­
struction features, and dimensional data 
for standard platform plug-fo metal pack­
ages for integrated and hybrid microcir­
cuits are presented in catalog. Tekform, 
Anaheim, Calif. 
Circle 315 on Inquiry Card 

Breadboards and Accessories 
General purpose breadboards, card racks, 
connectors, IC sockets, and minicomputer 
compatible interface breadboards are fea­
tured in catalog, Douglas Electronics, 
Inc, San Leandro, Calif. 
Circle 31 b on Inquiry Ca rd 

THINK CUSTOM SYSTEMS! 
@QO[J ~®W ©®~fr ITOO@UQO®[J~ 
©®OUfr[J®~ mouofr ©GJOU ®OU ~GJOU ©® 
~®QO[J rn@WGJ ~~ 0®QO[J WGJ~@ 
The Custom Systems Series 720 controller 
combines four important performance 
options on one board: 

• Memory expansion 
beyond J2K words 

• Memory protect 
• Memory parity 
• Hardware integer 

multiply and divide 
Individual options may be 
selected in any combination, 
and the Series 720 Controller is fully 
compatible with Doto General operat-
ing system software. Expand your system 
capabilities at minimum cost, and on your 
schedule with delivery from stocl~ . Coll or write for 
information. 

Portable and Desktop Terminals 
Brochure compares Mini'termR KSR and 
ASR printers' features with those of Texas 
Instruments' Silent 700 series models. Com­
puter Devices, Inc, Burlington, Mass. 
Circle 317 on Inquiry Card 

Digital Image Analysis 
Implementation of the color display and 
capabilities of VIEWS, a standalone sys­
te m designe d for image anahsis, are de­
scribed in illustrated brochure. Interpre­
tation Systems Inc, Ove rland Park, K,ans. 
C ircle 318 on Inquiry Card 

Resistors, Delay Lines, 
Switches, and Networks 
Catalog/ engineering handbook includes di­
mensional drawings, electrical features, 
and engineering data for rotary switches, 
precision and 'POWer resistors, and delay 
lines. Electro-Components Div, AMF 
Inc, Manchester, NH. 

Circle 319 on Inquiry Card 

!Al g~~I~~~~~~~~~.~ INC 
~Telephone: (612) 553-1112 Telex: 290975 

*Trademark of Data General Corporation 
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ADDS IMPROVES 
YOUR IMAGE WITH END USERS 

From their handsome, contemporary design to 
their advanced screen formatting, ~~termi-
nals from ADDS impress end users with more 
visible value. Here's just a glimpse of what 
you can offer when you design your systems 
using these terminals. 

~25: Sets a standard 
for simple display terminals. Fea­
tures full upper and lower case key­
board and display, easy-to-read 
5 x 8 characters in a 24-line by 80 
character format, full incremental 
cursor movement and addressabil­
ity, interface for serial printers with 
a "print transparent" capability, 
and a separate 18-key cluster to 
speed numeric entry. 

~ 40 and 60: Highlights information with 
blinking, underlining, reverse video, and varying inten­

sities. Plus eleven special graphic symbols for bar 
charts, histograms, and line graphs. Includes 

a 14-key numeric pad to streamline data 
entry and a 25th line-a "Status Line" that 

lets users see the state of the terminal. 
.~60 offers the further advantage of 

buffered transmission and additional 
editing capability. 

I 
I I 

Custom OP-tions: For larger commitments 
you can order ADDS terminals with custom-design 
options such as character selection, key cap size and config­
uration, power and logo alternatives and up to 14,000 cabinet 
color /texture combinations. For more information, 
contact your ADDS representative. 
Applied Digital Data Systems Inc., 
100 Marcus Boulevard, Hauppauge, NY 11787 (516) 231-5400 

WE'VE SOLD OVER 100,000 TERMINALS 
TO OEMS. MORE THAN ANYONE ELSE. 

Applied Digital Data Syst:ems Inc. 
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DESTROYING A CIRCUIT 
IS AS EASY AS 

WALKING ACROSS A CARPET 
Acrylics, wools , 
silks and 
moving nylons 
in a computer 
room increase 
susceptibility to 
static charges. A 
few steps and a 

spark from body to computer cabinet 
is all it takes to produce a charge as 
high as 30,000 volts . And, if the 
cabinet and/or components are 
poorly grounded, the charge can be 
transmitted to components causing 
overloading and circuit malfunction. 

Metex Shielding Provides 
Ideal Protection from 
Low Signal IC Overload 
Metex shielding products such as 
Combo Strip® Gasketing, Xecote® 
Conductive Coating and Xecon® 
Conductive Elastomer protect your 
equipment by shielding it from this 

© Metex Corporation 1978. All rights reserved. 

predatory energy ... keeping it away 
from digital IC's and other 
vulnerable components. 

Metex Products Protect 
Against Unwanted 
EMllRFI Too 
Viewing screens , air vents, cabinet 
slots and any other enclosure 
openings are access points for 
EMl/RFI energy. Easily picked up by 
sensitive components by induction, 
EMl/RFI radiat ion can cause 
distortion of low power signals and 
overloading of subsequent circuits. 
This may lead to IC degradation, or 
catastrophic failure. 

Metex provides Shield-Vu® Shielded 
Windows of any size or shape, 
constructed of finely knitted wire 
fused between panes of acrylic or 
glass, that offer effective attenuation 
with over 90% visibility. We also 
make air intake and exhaust vents 

that permit free airflow but are almost 
totally opaque to EMl/RFI. 

Available in configurations to meet 
your needs, Metex shield ing products 
are produced to the most exacting 
demands, including France's CISPR, 
the German VDE and U.S. IEEE. 

Protect your digital IC circuitry. Ou r 
staff of applications engineers will 
assist you now in finding solutions to 
your present and potential shie lding 
problems. In the East call 
201-287-0800, west of the Rockies 
call 213-320-8910. To write: 970 New 
Durham Road, Edison , N.J. 08817 or 
20437 S. Western Avenue, 
Torrance, CA 90501 

Al~ud. 
ElECIRONC SHIELDING GRal» 
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LITERATURE 

CRT Monitors 

Brochures outline monochrome 5-, 7-, 9-, 
and 12" BHD series TV monitors, designed 
to be mechanically and electrically com­
patible in std data terminals. Bell & 
Howell Display Devices, Newport Beach, 
Calif. 
Circle 320 on Inquiry Card 

Alphanumeric Dot Matrix Printers 
Brochure contains photos, specs, charac­
teristics and options for 2-station bi­
or unidirectional printer and for single­
station slip printer. Sweda International, 
Inc, OEM Products, Pine Brook, NJ. 

Circle 321 on Inquiry Card 

Absolute and Incremental 
Optical Encoders 
Separate data sheets detail electrical, me­
chanical, and military specs; and provide 
outline dvawings for each optical encoder. 
Itek Measurement Systems Div, New­
ton, Mass. 
Circle 322 on Inquiry Card 

Manufacturing and 
Process Control 
Brochure gives ·an overview of computers 
in warehousing and distribution, in ma­
terials handling, and on the factory floor, 
with the focus on problem solving appli­
cations. Digital Equipment Corp, May­
nard, Mass. 
Circle 323 on Inquiry Card 

Custom Display Terminals 
Foldout brochure describes how 51005 
and SlOOE terminals, featuring dual in­
tensity characters, underscore, reverse 
video, and blink, can be tailored to spe­
cific requirements. Data General Corp, 
Westboro, Mass. 
Ci rcle 324 on Inquiry Card 

Magnetic Particle Clutch/Brake 
Specs, operating and performance infor­
mation, plus dimensional drawings for 
FASTEPR·SOFSTEPTM line of clutches and 
brakes are supplied in catalog_ Simpla­
trol-Dana Industrial, Webster, Mass. 
Circle 325 on Inquiry Card 

Data Communications 

"Sherry Says" ca1endar lists dates of 
maior trade shows and conferences, plus 
historical events relating to communica­
tions. Racal-Milgo, Inc, Miami, F1a. 
Circle 320 on Inquiry Card 

Miniaturized Switching Supplies 
Catalog describes high reliability ac-dc 
and de-de supplies and provides mec}tani­
cal specs and reliability data. Arnold 
Magnetics Corp, Culver City, Calil 
Circle 327 on Inquiry Card 

W'hen we introduced the SMC11 back in 1978, we 
caused something of a sensation. We'd just given DEC 
PDP-11 users the first disk controller ever to offer all the 

features of expensive multi-board controllers in a 
single hex-wide card. Suddenly it was possible 

to have sophisticated capabilities like multiple-sector 
transfer and hardware ECC without wasting space 

and money on extra fans, power supplies, 
rack mounts, and cabinets. 

Now, after more than a year and hundreds of 
installations, we have another announcement: 

The SMC11 has proven itself to be the most capable 
and reliable storage module disk controller made. 
Which is an even better reason to get in touch with 

us if you happen to be in the market. After a ll, in 1978 
we were asking you to try something new. Now we're 

asking you to buy something tried. 

SMC11. 
The first single eard 

SMD controller for DEC is 
still the best. 

MiniComputer Technology 
2470 Embarcadero Woy Palo Alto, CA 415/856-7400 
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I GUIDE TD PRODUCT INFORMATION I 
MATERIALS AND FORMS 

INSULATION 

Insulation 
Pennwalt.. ............................................. 245, 247, 249 

MAGNETIC MATERIALS AND FORMS 

Magnetic Materials 
Permag .................................................................. 262 

HARDWARE 
CONNECTORS AND 

INTERCONNECTION SYSTEMS 

Interconnection Components 
Spectra-Strip .... .................................................... 115 

PC Connectors 
Viking Connectors ............................................... 136 

Card Edge Connectors 
Elco/Interconnect Systems ... .. ... ..... ................... 224 

Flat Cable ,DIP Connectors 
Fujllsu America/Component Sales .. .................. 201 

Cable Assemblies 
Belden ................................................................... 190 

Ribbon Cable Assemblies 
AMP ....................................................................... 224 

FANS AND BLOWERS 

Fans 
IMC Magnetlcs ............... ........................................ 74 

Blowers 
Eastern Air Devlces ............................... .............. 245 

Centrifugal Blowers 
Mclean Engineering Laboratorles ..................... 220 

INDICATORS; READOUTS; 
DIGITAL DISPLAYS; LAMPS 

Displays 
Norltake Electronlcs .............................................. 35 

Indicating Fuseholders 
Llttelluse .................................. ............................ 230 

MOUNTING HARDWARE 

Dual·Plane Drawers 
Scan be/Zero .............. ........................................... 238 

PARTS 

Parts 
Supermet .............................................................. 228 

Encoder Discs 
Bukbee·Mears .......................... ............................ 240 

SHIELDING 

Shielding 
Metex ......... ........................................... ................ 254 

Magnetic Shielding 
Eagle Magnetlc .......................... .............. ............ 230 

Shielding Compounds 
PennDlxon ............................................................ 202 

SLIDES Paga 

Slides 
Grant Hardware ...................................................... 98 

SOCKETS 

Sockets 
Garry Manufacturlng ........................................... 216 

Robinson Nugent... .......................................... 28, 29 

WIRE AND CABLE 
(SM aleo Connectora) 

Flat Cable 
Spectra-Strlp ................................................... 48, 179 

COMPONENTS AND ASSEMBLIES 
DELAY LINES 

Delay Lines 
Hytek Mlcrosystems ................................ ............ 226 

ELECTRON TUBES: CRTs 

Color CRTs 
GTE Sylvanla ...................................... .................. 197 

INDUCTIVE COMPONENTS 

Transformers 
Signal Transformer .............................................. 191 

MOTORS; ROTATIVE COMPONENTS 

Motors 
Dynetlc Syatems ..... ............................................. 202 
Plttman .................................................................. 216 

Hybrtd Stepper Motors 
Muirhead Vactrlc ............. ., .................................... 234 

Motor-Gearheada 
Canon U.S.A ......................................................... 232 

PHOTODEVICES; PHOTODEVICE 
ASSEMBLIES 

Lights 
Data Display Products ......................................... 218 

Fiber Optic Emitter/Detectors 
Laser Diode Laboratory ....................................... 232 

POWER SOURCES, REGULATORS, 
AND PROTECTORS 

Power Supplies 
NJE ....................................................................... . 223 
Power Mate .............. ............................................... 37 
Power-One .................................................... 169, 226 

Switching Power Supplies 
Boschert .... ........................................................... 242 
Power Dynamlca .................................... ............. . 228 

Unlnterruptlble Power Supplies 
Advanced Electronics Deslgn ............................ 215 

DC·DC Converters 
Calex Manufacturlng ........................................... 234 

Lithium Cells 
Plainview Electronlcs .......................................... 230 

Just what the 
doctor ordered for 

• • mass ternnnat1on. 
See page 115 

256 

RELAYS Paga 

Relays 
T·Bar ........................................................................ 68 

RESISTIVE COMPONENTS 

Resistors 
Vishay Resistive Systems ................................... 238 

Resistor Networks 
TRW/IRC Reslstors .............................................. 238 

SEMICONDUCTOR COMPONENTS 

VMOS FET Families 
lntersll ................................................................... 234 

SENSORS; TRANSDUCERS 

Hall Effect Sensors 
Micro Swltch .......................................................... 99 

Audio Indicators 
Projects Unllmlted ............................................... 249 

SWITCHES 

Toggle Switches 
C&K Components ............................................. ... 232 

DIP Switches 
Grayhlll.. ........ .................................................... 56, 57 

Illuminated Switches 
Dlallght.. ..................................... ............................. 23 

Lighted Pushbutton Switches 
Oslo Controls ............................ ........................... 226 

CIRCUITS 
DIGITAL AND INTERFACE 

INTEGRATED CIRCUITS 
(SH also Semiconductor Mamortaa under 
Mamory/Storaga Equipment) 

Custom ICs 
Synertek ........ ................................................. 80b,80c 

LSI ICs 
American Microsyatems ................................. 54, 55 

CMOS ICs 
lnterdeslgn .......................................... ................. 167 

ECL RAMs 
Fujitsu Amerlca ................ .................................. .. 201 

Graphics Simulator ROMS 
ABW ...................................................................... 183 

Bipolar PROMs 
Fairchild Semiconductor Products .................... 8, 9 

EPROMs 
lntel ....................................................................... 199 

Charge Coupled Devices 
Hughes Alrcraft... .. ............... ............................. ... 202 

Microprocessor Family 
lntel ........ .... .......................................................... . 182 

Single-Chip Microcomputers 
American Mlcrosystems ................................. 12, 13 
General Instrument Mlcroelectronlcs ................ 6, 7 
National Semlconductor ............................... ...... 186 
Zllog ...................................................................... 184 

UART Chips 
American Mlcrosystems ..... .......... ...................... 201 

Signal Processor Chips 
lntel ................ .................................................... 18, 19 

A·D Converters 
National Semlconductor ..................................... 207 

D·A Converters 
ILC Data Devlce .................................................... 230 
Micro Networks ....... ....... ..... ................................. 199 

LINEAR INTEGRATED CIRCUITS 

Voltage Regulators 
Motorola Semiconductor Products .................... 224 

Sound Generator ICs 
Texas lnstruments ............................................... 204 

Track/Hold Amplifiers 
ILC Data Devlce ............ ........ ............ .................... 230 

MEMORY/STORAGE EQUIPMENT 
BUBBLE MEMORIES 
Bubble Memories 

Intel.. .............................................................. 100, 101 
Bubble Memory Systems 

Texas lnstruments .... .................. ..................... 78, 79 
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FLEXIBLE DISC UNITS Peg1 

Flexible Disc Drives 
Decltek/Jamesbury ... ............... ................. ........... 213 
Mlcropolls .............................. ... ...............•.... 11M, 185 
Qume ....................................................................... 10 
Slemens .................................... .............................. 75 
TEAC ................................ ..................................... 204 

Flexible Disc Drive Subsystems 
lnnotronlcs ............... ............................................ 218 

Flexible Disc Mass Storage Subsystems 
General Automatlon ............................................ 232 

Flexible Disc Systems 
Data Systems Deslgn ................................... 118, 119 

Flexible Disc Controllers 
Texas lnstruments ... .......... .................................. 204 

Flexible Disc Interfaces 
Tarbell Electronlcs ............................................... 230 

MAGNETIC CORE MEMORIES 

Core Memories 
Micro Memory ........................................ ........... ... 171 

MAGNETIC DISC AND DRUM UNITS 
(Sff 1lao Fl1xlble Dlac Unite) 

Disc and Tape Drives 
Perkin-Elmer/Memory Products .......... ............... 163 

Disc Drives 
Lobo Drives International.. .................................. 121 

Fixed Disc Drives 
BASF Systems ........................................ .. ........... 235 
PCC Perlpheral/Pertec ..................................... .... 231 
Shugart .............................................................. 60, 61 

Winchester Disc Drives 
Kennedy ................................................................ 245 
Priam ..................................................................... 103 

Winchester Backup Drives 
Data Electronlcs .. ............................................. 44, 45 

Cartridge Disc Drives 
Digital Equipment Corp .................. ...................•. 226 

Disc Subsystems 
Advanced Computer Technlques ....................... 247 

Disc Systems 
Software Dynamlcs .............................................. 225 

Fixed Disc Systems 
Burroughs/OEM ................................................... 206 

Winchester Disc Systems 
Century Data Systems ........................................... 48 
Software Dynamlcs .............................................. 191 

Cartridge Disc Systems 
Datrex .................................................................... 216 

Disc Controllers 
Advanced Electronics Deslgn .............................. 49 
Dataram ............................................................. 5, 215 
Mini Computer Technology ................. 255, 257, 259 

MAGNETIC TAPE UNITS 

Tape Transports 
Control Data ......................................................... 240 

D lsc and Tape Drives 
Perkin-Elmer/Memory Products ............. ............ 163 

Cartridge Tape Drives 
3M ...................... .... .......... .................................. IM, 65 

Tape Systems 
Avlv ........................................................................ 218 
Dlgl-Data ............... ................................ .................. 59 
Innovative Data Technology ............... ................ 224 

Cassette Systems 
Braemer Computer Devlces ................................ 220 

Cartridge Tape Systems 
Qantex ..................................................................... 71 

Cartridge Tape Recorders 
Electronic Processors ..................................... .... 242 

Tape Couplers 
Distributed Loglc ... .............................................. 234 

SEMICONDUCTOR MEMORIES 
ECLRAMs 

Fujitsu Amerlca .................................................... 201 

Graphics Simulators ROMa 
ABW ........................................................... ........... 183 

Bipolar PROMs 
Fairchild Semiconductor Products .................... 8 ,9 

EPROMa 
lntel .......................•............................................... 199 

Semiconductor Memory Systems 
Electronic Solut lons .................... ........................ 188 
Matrox Electronic Systems ................................. 180 
Phoenix Dlgltal.. ............................ ....................... 11M 

INPUT/OUTPUT AND Peg• Display Terminals Pege 

RELATED EQUIPMENT Informer ...... .......... ........... : ............ ... ..................... 234 

CRT Display Terminals 
AUDIO RESPONSE EQUIPMENT Beehive lnternatlonal ............................................ 63 
Voice Digitizers Delta Data Systems .......... ................................... 248 

Codex .................................................................... 240 General Termlnal. .... .......................... ........... 172, 173 

COMPUTER PERIPHERALS - GENERAL 

Microcomputer Accessories 

Lear Slegler .... ...... .......... ................. .. ................ 72, 73 
Zentec ............................................... .................... 212 

Printer Terminals 
Godbout Electronlcs ....... .................................... 260 NEC Information Systems ........ ............................ 41 

Computer Peripherals Qume .................. .................. ................ ......... ........ 146 
PCC Systems/Pertec .................................... 124, 125 Tally ........ ........... ........................... ....... ...... ............... . 2 

DATA TERMINALS 
(Sff 1lao Grephlc Equipment) 

Data Terminals 

DISPLAY EQUIPMENT 
(Sff 1lao D1t1 T1nnln1ls 
ind Gr1phlc1 Equipment) 

Flat Display Panels 
General Electrlc ...... ......... ......... ........................... 181 Kylex ..................................................................... 188 

'l'he SMC12 is an intelligent single card disk controller 
that will interface any Nova or Eclipse compatible 

minicomputer with up to four storage module 
compatible disk drives. It has dual full-sector RAM buffers, 

which allow contiguous sector transfers of up to 
64K words at a single command. It has hardware ECC 
which permits detection and correction of data error 

bursts of up to eleven bits long. It also has 
microprogrammed TTL logic, dual access support, and 

sector flagging. And the SMC12 comes with a 
no-nonsense guarantee of reliability. 

That's the latest statement of the disk controller art for 
Data General. Get in touch with us for a surprising 

statement of the price. 

SMC1Z. 
The latest statement ol 

the disk controller art lor DG. 

Minicomputer Technology 
2470 Embarcadero Wcry Palo Alto, CA 415/856-7400 
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For graphics Software, Firmware, 
Hardware, the best way to sell it 
Is to show it ... at a show where 
graphics is not just another 
peripheral! 
SIGGRAPH, the Special Interest 
Group on Computer Graphics of 
the Association for Computing 
Machinery provides a forum for all 
us.ers and suppliers of computer 
graphics. 

SIGGRAPH '80, the Seventh 
Annual Conference on Com­
puter Graphics and Interactive 
Techniques, is an opportunity 
for you to present your computer 
graphics wares to a uniquely 
qualified group of potential cus­
tomers. Some 5000 businessmen, 
engineers, scientists, and edu­
cators are expected to attend 
SIGGRAPH '80, July 14-18, in 

SIGGRAPH 'BO 
258 

Seattle, Washington. Shouldn't 
you be there too? 

For more information on how 
you can participate as a vendor 
contact: Hank Cronan at 
Robert T. Kenworthy Inc. 
866 United Nations Plaza 
New York, New York 10017 
(212) 752-0911 
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GUICE TC PRCCUCT INFCRMATICN 

CRT Display Monitors 
Ball/Electronic Dlsplay ..................... ..................... 95 
Sanyo .................................................................... 243 

Color Display Monitors 
E&O Systems ....................................................... 224 

GRAPHICS EQUIPMENT 

Digitizers 
Talos Systems ...................................................... 205 

Graphics Displays 
Hewlett·Packard ................................................... 174 

Color Graphics Displays 
Hitachi Amerlca ..................................................... 17 
Industrial Data Termlnals ...................................... 27 

Graphics Display Terminals 
Sanders Assoclates ............................................... 91 

Color Graphics Display Terminals 
Genlsco ..................................... .................... 108, 109 
Intelligent Systems ............................ : ................. 195 

Graphics Subsystems 
Digital Englneerlng ................................................ 70 

Graphics Display Systems 
Adage ........... ........................................... .. ....... .... ... 34 
Advanced Electronics Design .............................. 47 
Lexldata ................................................................ 114 

Color Graphics Display Systems 
Grinnell Systems ................................................... 84 
Ramtek ........ .............................................. 52, 53, 247 

INTERFACE EQUIPMENT; 
CONTROLLERS 

Interface Modules 
Digital Equipment Corp ................ .................... ... 226 
MOB Systems ....... .. .............................................. 191 

Tape Couplers 
Distributed Loglc ................................................. 234 

Flexible Disc Interfaces 
Tarbell Electronlcs ........................... .................... 230 

Instrument Interfaces 
Wlntek ................. .................................................. 228 

Instrument Interface Equipment 
ICS Electronics ............. .... ................................... 207 

Controllers 
Custom Systems ....................... ......... .................. 252 

Tape and Disc Controllers 
Western Perlpherals ..................................... Cover II 

Disc Controllers 
Advanced Electronics Oeslgn ............... .......... 47, 49 
Dataram ..... ............. .................... ....................... 5, 215 
Mini Computer Technology ................. 255, 257, 259 

Flexible Disc Controllers 
Texas lnstruments ..... ................................ ... ....... 204 

KEYBOARD EQUIPMENT 

Keyboards 
Amkey .. ...... ........................................................ ..... 80 
Cortron/ITW ................... ................ ......... .............. 203 

MAGNETIC CARD EQUIPMENT 

Magnetic Card Readers 
American Magnetlcs ................................... ......... 177 

OTHER INPUT/OUTPUT EQUIPMENT 
Information Resource Management Terminals 

ECS Mlcrosystems ................. ......... .................... 240 

PRINTER/PLOTTERS 

Printer/Plotters 
Trllog ........ ................................. ........................... . 187 

OEM Printer/Plotters 
Versatec ................................................................ 226 

Strip Printer/Plotters 
Houston lnsrument.. ..................................... Cover 3 

PRINTING EQUIPMENT 

Printers 
1'xlom ................. ........................ ........................... 229 
Centronlcs Data Computers ................................. 31 
Datametrlcs ... ................................... ..... ............... 165 
Dataproducts .................................................... 76, 77 
Decision Data Computer ................... ............. ..... 230 
Epson Amerlca ............ ............. , .............. ............. 241 
Florida Data ............... ............ ......... .............. ........ 238 
Hycom .......................... ....................................... .... 82 
Integral Data Systems ........ ..... ...... ... .... ........... .... 221 
Okldata .................................................................. 264 
Oantex/North Atlantic lndustrles ....................... 245 

P•ge COMPUTERS AND Pmge 
Rank Numbering Machlnes/Prlnters .................. 228 
Xymec .... ................. .. ............................................ 182 

Hard Copy Printers 

COMPUTER SYSTEMS 
COMPUTER AUXILIARY UNITS 

Program Loaders 
Tektronlx ........................ ................ ................. ...... 216 Electronic Processors ........................................ 242 

Bar Code Printers 
Tally ....................... ................ .. ............... ....... ........ 226 

DESKTOP COMPUTERS 
Personal Desktop Computet'S 

Alphanumeric Thermal Printers 
Datel·lntersll ............ ................. .................... ........ 245 

Hewlelt·Packard ...... .............................. ............... 210 

Desktop Computers 
Printer Elements 

Mohawk Data Sciences/ 
Columbia Data Products .......... ........ ................... 161 

Mark Stamp Steel... ......... ............................. 239 
Zeda Computers lnternatlonal... .............. ........... 191 

MICROCOMPUTERS AND 
PUNCHED TAPE EQUIPMENT MICROPROCESSORS 
Tape Punches Microprocessor Family 

GNT Automatlc .................................................... 224 lntel ....................................................................... 182 

A simple concept. Not everybody with a computer 
and a disk drive needs or even wants a controller with 
all the ultra-sophistication that can be built into one 
today. There isn't much point in out-performing the 

purpose of a system. Especially when that 
over-performance can cost a lot of money. 

That's why we built the SMC902. It's a storage module 
disk controller that will interface any Nova, Eclipse, 

or Keronix minicomputer to one or two storage module 
compatible devices. It incorporates all the basic disk 

controller features into a tough and proven single card. 
Get in touch with us for more information about the 

SMC902. It will really help you control your costs. 

The SMC902 Disk Controller 
for Data General. 

You don't pay for what 
you don't need. 

MiniComputer Technology 
2470Embarcadero1/1/ay Palo Alto, CA 415/856-7400 
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Microprocessor Cards P8ge 
Pro-Log ............................................... .......... Cover IV 

Single.Chip M lcrocomputera 
American Mlcrosyatems ................................. 12, 13 
General Instrument Mlcroelectronlcs ........... ..... 6, 7 
National Semlconductor .................. ....... ............ 186 
Zllog ............ ......................... ................ ........... .. .... 184 

Microcomputers 
Digital Equipment Corp ....................................... 126 
DOSCIOEM Products ................................... 188, 263 
North Star Computers .... .......... ..... ................ ...... 227 
Quay .................. ................................... ........... ...... 188 
Texas lnstruments ........................................... 38 ,39 

Industrial Microcomputers 
Process Computer Systems ........................ .... ... 237 

Development Systems 
GenRad/Futuredata ......................................... 20, 21 

Microprocessor Development Systems 
International Data Servlces ...... ........... ................ 182 
Synertek Systems ... ..................................... .... .... 185 
Tektronlx ............... ........................ .................... 86, 87 

MINICOMPUTERS; SMALL· AND 
MEDIUM·SCALE COMPUTERS 

Computers and Peripherals 
Ampex Memory Products ................................ 96, 97 

Computers 
Computer Automatlon ..................................... 67, 89 

Minicomputers 
Perkln·Elmer ................................................. 110, 111 
Sperry Unlvac ......................................... ...... ..... 24, 25 

Militarized Computers 
Rolm ..... .............. ..... ....................... ................ .... ..... 83 

DATA COMMUNICATIONS 
EQUIPMENT 

COMMUNICATIONS INTERFACES 
Protocol Converters 

Air Land Systems .................................... ............... 16 
Transmission Converter/Receivers 

MSI Data ........ ...... ....... ..... ..... ......................... ........ 216 

COMMUNICATIONS MONITORS 
Switch/Line Monitors 

Glltronlx .. ........ ....... ....................................... ........ 218 

DATA COMMUNICATIONS 
TEST EQUIPMENT 

Modem Teat Sets 
Electrodata .......................................... ................ 247 

Portable Data Analyzers 
Astrocom ........... ....... ............................. ............... 234 

DATA TRANSMISSION EQUIPMENT 

Modem Eliminator/Drivers 
Avanti Communlcations .............. ... ..................... 220 

· MODEMS; DATA SETS 
Data Modems 

Prentice ............................................ .. ...... ............. 220 
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Phoenix Data ....................................... ................. 224 

D·A Converters 
ILC Data Devlce .............. ........ .............................. 230 
Micro Networks ......................................... ..... ...... 199 

DATA ACQUISITION SYSTEMS 

Data Acquisition Modules 
Analog Corp .. ..................... ............................. ...... 212 

DATA TRANSFER AND INTERFACE EQUIPMENT 

110 Modules 
Teledyne Relays .......... ............................. ............ 214 

110 Subsystems 
Adac ........................... ........................................... .... 4 

Analog Input Boards 
Burr·Brown Research ....... ... ............................. ... 242 

There's no need 
to compromise 

with GmpuPro'M 
We don't compromise on our designs so you don't have to compromise on 

performance. Whether you use the S-100, SBC/BLC, H8, Digital Group, Radio Shack, 
or other busses, we have no-compromise products for you. Take our expanded 
5-100 line, fo r example; it is the ideal answer for the needs of professional 
computer users who assemble 5-100 systems for scientific, industrial, and 
commercial applications. And, our products are now available from more dealers 
and computer stores than ever before . .. which makes it even easier for you to 
experience Godbout quality in person. Shop around, compare prices, and compare 
specs: W e think we know whose products will earn a well-deserved space in your 
computer. 

CompuPro is another quality product line from Godbout Electronics. 

For the full story on all of our computer products, send today for our free catalogue. 

GmpuPro™ trom ®~E~R~!~~ 
Bldg. 725, Oakland Airport, CA 94614 (415) 562·0636 
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PRODUCTION AND ASSEMBLY EQUIPMENT 
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SOFTWARE 
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When nobody's got 
just what you need in 
Magnetic Materials 

In stock. Off-the-shelf. 24-hour 
delivery . Grinding to your prints. 
Engineering assistarice. Fabricating 
facilities . In additi on , PERMAG has 
exotic , exclusive hard-to-get items. 
Complete facilities for measuring, 
testing, and producing special 
materials. 8 modern plants stocked, 
staffed, and equipped to meet your 
every requirement. 
Write for new catalog. 

IN THE MAGNETIC FIELD 
PERMAG IS NO. 1. 
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YOUR NO. 1 SOURCE 
f O R All li.IA. G"O[TIC MATERIA LS 

• All ACROSS THE COUNTRY 

Consult your Yellow Pages !or 
address and telephone number 
of Permag near you 
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Stocking genuine 
DEC computer 

spares 

Call Radgo. We handle genuine DEC parts manu­
factured by DIGITAL EQUIPMENT CORPORATION. 
We sell at factory pric~s with FACTORY WARRAN­
TY. Radgo is stocked and staffed to help you with 
your requirements for most general purpose K & M 
series and many COMPUTER SPARE MODULES 
and COMPONENTS. We also stock a large assort­
ment of COMPUTER SUPPLIES. 

Radga Sales Ca. 
To order or for free catalog call: 

1-800-543-1986, Ohio customers phone 
1-513-752-6880. 

3988 McMANN RD , CINCINNATI , OH 45245 
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Introducing 
The Most Complete 
Microcomputer 

Available 
Today! 

TCB-85/ 
Total Computer Board 

One Board Does It All .. . This powerful single-board 
microcomputer uses the Intel 8085A CPU and is 
capable of supporting CP/ M and PASCAL. 

Compatible with Intel's Multibus, the TCB-85, com­
bines an impressive variety of features: 64K Memory, 
Dual-Density/ Double-Sided Floppy Disk Controller , Pro­
grammable CRT Controller with up to80 ASCII or custom 
characters by 25 lines, Serial 1/0 Port, Printer Interface 
and S trobed or Scanned Keyboa rd Interface. 

A New High 
Resolution 
Graphics 

System. 

SVB-80P/ 
Soft Video Board Prototyping Kit. 

Featuring Dual-Board/S tand-Alone capability, this 
completely new prototyping package combines 
the SVB-80/Soft Video Board and the MIB-85/ Memory 
Intensive Board in an Inte l Multibus configurat ion . . . 

The SVB-80 displays 640 x409 or 576 x455 pixels, 
Alphanu meric characte rs displayed over 80 x40 or 
72 x44 lines, Intermix of characters wi th graphics. 

The MIB-85 uses Intels's 8085A CPU with up to 32 K 
PRO M and 4K Static RAM , Programmable Keyboard 
Interface, Serial 1/0 Port, Programmable Interrupt 
Controller and Monitor Software to go "O n-Line" 
immediately. 

GET ALL THE DETAILS . .. C ontact Alexander 
Newman at: (516) 62 1-6640 

DOSC 
OEM PRODUCTS DIVISION 
175 I. U. W il lets Road ·Albertson,N ewYork 11507 
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By Any Measure­
The Best Buy 

Performance Continuous operation at up to 300 lines per minute 
... Letter perfect printing through five copies. 

I 

Flexlblllty .•.• Four Slimline models from 125 to 300 LPM with 
interchangeable spares. 

Graphics •••• Print anything displayed on a CRT screen with 125 
and 250 LPM Slimlines ... Outperform Brand P's 
300 LPM model by 60% with the 250 LPM Slimline. 

Intelligence .• Slimlines are microprocessor smart-Program 
selection of twelve fonts including lower case with 
descenders through a choice of CPU saving 
interfaces. 

Servlceablllty A pleasure with stored program diagnostics and 
stored program machine history. 

Rellablllty .•.. Field proven in thousands of installations 
worldwide. Slimline headS' carry a warranty that is 
unique in the industry-500,000,000 characters! 

Size . • . . . . . . . Slim tabletop design ... Half the size of Brand Pl 

Price • . . . . • • . An unbelievable $2695 for the 300 LPM model in 
OEM quantities. Compare that to Brand P and T 
and C and DP and all the others! 

SLIMLINE PRINTERS-
300 LPM/$2695 Only from 

Ol(IDATA 
Okidata Corporation, 111 Gaither Drive, Mount Laurel, NJ 08054 609-235-2600 
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SALES OFFICES 

NEW ENGLAND AND 
UPSTATE NEW YORK 

CALDWELL ENTER­
PRISES, INC. 
Lindsay H. Caldwell 
129 Cedar Hill Rd. 
East Dennis. MA 02641 
( 617) 385-2533 

LONG ISLAND AND 
MIDDLE ATLANTIC 
STATES 

CALDWELL ENTER­
PRISES, INC. 
Richard V. Busch 
6 Douglass Dr., R.D. #4 
Princeton, N.J. 08540 
(201) 329-2424 

SOUTHEASTERN 
STATES 

COLLINSON & CO., INC. 
Newton B. Collinson, III 
Anthony C. Marmon 
4419 Cowan Rd., Suite 302 
Tucker, GA 30084 
( 404) 939-8391 
( 800) 241-9461 

MIDWESTERN 
STATES 

Berry Conner, Jr. 
88 West Schiller St. 
Suite 2208 
Chicago, IL 60610 
( 312) 266-0008 

WESTERN STATES 
AND TEXAS 

BUCKLEY / BORIS 
ASSOC., INC. 
Terry Buckley 
Tom Boris 
John Sabo 
22136 Clarendon St. 
Woodland Hills, CA 91367 
( 213 ) 999-5721 
(714) 957-2552 
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a new 
g•lcs 

proCluct for 
a new 

generation 

the ideal graphical 
device for builders of 
microprocessor controlled 
instrumentation systems 

Do you need your data 
annotated with alphanumerics? 
Our TISPP prints before, after, as well as during curve 
data input, on the same chart with simple ASCII inputs. 

TI 
Do you want to 
graphically display 
processed data? 
Our TISPP databus will accept 
your digital data and plot it 

Is your strip 
1~--' chart recorder 

data analog or digital? 

along with raw sensor data. 

The Series 6000 
Thermal/Intelligent/Strip 
Plotter/Printer DOES IT ALL 
•Raw detector data 
• Alphanumeric printing 
• Processed data 

Thermal writing speed com­
pensated; print speed 20 char­
acters per second; sensitivity 
from 10mv to 5v full scale ana­
log; 12 bit binary full scale dig i­
tal; plot speeds up to 75cm. (30 
in.) per second; 0.3 % full scale 

*U.S. omestlc Price Only 

accur­
acy; chart 
speeds from one 
second per cm. to over 
one hour per cm. Who else can 
give you this hardcopy capabil­
ity, ready to be built into your 
system? Prices start at $1640* 
(quantity discounts available, 
of course). 

haust:an 
1ns'frumen'f 

Our TISPP can handle both. Two 
pens if you like. And even anno­
tates both traces. Who else 
can do it? 

.. ·· -· 
.. / 

For more infor­
mation, contact 

Jim Bell, Houston In­
strument, One Houston 

Square, Austin, Texas 78753 
(512) 837-2820. For rush litera­
ture requests outside Texas call 
toll free 1-800-531-5205.1 n Eu rope 
contact Houston Instrument, 
Rochesterlaan 6, 8240 Gistel 
Belgium.Phone 059/277445 Telex 
Bausch 81399. 

I D IV I S ION OF BAUSCH&LOM• @ 

''the graphics - recorder company'' 
CIRCLE 164 ON INQUIRY CARD 



Mtcroprocessordeslgncanbeslmpla ... 
• • • with oar 8efte• 7000 
l'l'D m ..... De.tcu4, 
maa11futan4, au tene4 tor 
nM•4 ia4ua'la111H. 

Our Series 7000 ca.rds handle 
a.nyth1nS from data processing to 
instrumentation or industr1&1 con­
trol. Ta.lte your choice of Z-80, 6800 
and 8086 CPU cards. We also have 
other cards including memory, 
input/output, industrial control 
(like TBIAC outputs a.nd AC/DC 
opto-isolated inputs), and com­
munications interfaces (such as 
RS-232 and TTY). We also have ca.rd 
racks and compatible power 
supplies. Our Series 7000 oa.rds con­
form to the STD BUS, so all of our 
cards work together. Just plug them 
into our standard bused mother­
board. No messy, inconvenient 
backplane wiring. 

leooad.·ll01l1'0• 4e~1ia at 
ftmTlneL 

We use all second-sourced 
parts, parts which have been 
proven through years of use. Buy 
250 of a.ny one card, and we give you 
free nonexclusive manufacturing 
rights, photo-reacy artwork, a parts 
list and assembly prints. Bo you can 
build your own cards relying on us 
u your second-source. 

B.elia'bW.Q' 'baoke4 'bJ' a 1-:year 
»UU an41a'bor warranQ'. 

We test every card before and 
after power-on burn-in. If some­
thing does go wrong, our modular, 
plug-in concept means easy service. 
Just swap cards. 

CIRCLE 165 ON IN9UIRY CARD 

01l1' OOlln .. aad.liter~llhow 
J'O'A how •U:J" min'opa"ooOllO:I' 
4e81Cn oaa 'be. 

Writs for a copy of our STD BUS 
Technical Manual, our Micropro­
cessor User's Guide, and for a 
schedule of our tree half-daiY micro­
processor economics seminars and 
our microprocessor design courses. 
Pro-Log Corporation, 2411 Garden 
Road, Monterey, CA 93940, phone 
( 408) 372-4693. 


