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MODESTY ASIDE, THE TALLY T-2000 
IS THE MOST RELIABLE 

(AND LOWEST COST OF OWNERSHIP) 
LINE PRINTER YOO CAN BUY. 

Tally's long term reliability is unmatched in the printer 
industry. Extended usage does not affect performance. 
Even after years of operation. Field tests prove it! 
And this steadfast reliability is from a 200 line per 
minute printer that doesn't require lubrication or 
adjustments of any kind. No preventive maintenance 
is ever needed; there are no duty cycle limitations. 

CIRCLE 3 ON IN9UIRY CARD 

Call Tally today. 

TALLY® 
OEM SALES OFFICES BUSINESS SYSTEMS SALES 
Boston ( 617) 272-8070 Orinda, CA ( 415) 254-8350 
New York (516) 694-8444 
Chicago (312) 325-9788 
Los An~eles (213) 378-0805 
Miami (j05) 665-5751 
San Jose (408) 247-0897 
Washington, D.C. (703) 471-1145 
San Antonio (512) 733-8153 
Seattle (206) 251-6730 

Tally's "up-time" performance means extremely 
low operating costs. Couple this with our low pur
chase price and it adds up that the Tally T-2000 
offers the lowest cost of ownership available. 

The reason for this superior reliability is the 
proven and patented print comb mechanism. Based 
on the simple design premise of moving light masses 
over short distances, it's impervious to wear or mal
function. As a bonus, it delivers page after page of 
outstanding print quality. 

Tally Corporation, 8301 S. 180th St. Kent, WA 
98031. Phone (206) 251-5500. 
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HARDWARE APPROACHES TO MICROPROGRAMMING 
WITH BIPOLAR MICROPROCESSORS 83 
by Joseph C. Conway 
Bipolar microprocessor system design can be enhanced by evaluat
ing the functional architectures and advantages of fixed-instruction 
versus bit-slice types, and using the flexible microprogramming ca
pabilities of each to match a wide range of application requirements 

PREDICTING QUEUE PERFORMANCE ON A 
PROGRAMMABLE HANDHELD CALCULATOR 93 
by Ronald Zussman 
Queuing analyses, which previously required expensive and lengthy 
computer simulations , can now be solved in minutes with a general 
purpose multiserver queuing model preprogrammed on a handheld 
calculator. The calculator program and instructions with illustrative 
examples are explained for immediate designer implementation 

CODE CONVERSION TECHNIQUES 
FOR DIGITAL TRANSMISSION 103 
by S. Ghosh 
Pulse code modulation is the digital coding plan applied to analog 
signals for transmission over national and international digital net
works, but lately delta modulation has become increasingly popular 
at local levels. It is therefore often necessary to convert the latter 
coding scheme to pulse code modulation format for network trans
mission, and back again 

INTERVAL TIMER SERVES AS A BAUD RATE GENERATOR 112 
by John Beaston 
To overcome differing serial data rates for several peripherals, a 
single LSI chip contains built-in 16-bit counters that can generate 
accurate clock timing in various functional modes under software 
control 

CONFERENCES 

COMPCON Fall 78 76 
Highlighting this year 's IEEE Computer Society International Con
ference will be three preconference tutorials and a mixture of 
program sessions incorporating papers on networks, data communica
tions, data security, and general technology of computers and 
communications 

WESCON/78 63 
The 27th annual Western electronics show and convention will 
feature awards programs, professional program sessions, and exhibits 
concerned with the theme, Micro/Evolution 
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Line Printers That 
Sell Minisystems 

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

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

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

Ol(IDATA 
Okidata Corporation 
111 Gaither Drive 
Mount Laurel, New Jersey 08054 
Telephone: 609-235-2600 
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Its Revolutionary Packaging 
Slashes Downtime and Service with 

60-Second Maintenance . .. 
by Anybody . .. No tools! 

Series 10 
Tele ray 1061 ... 
the NO-COMPROMISE TERMINAL! 

$1090°0 

Single Qty. End User 

SMART (or Dumb)• EXCEPTIONAL RELIABILITY• TELERAY 1061 
• Programmable 1/0 Speeds • Programmable Peripheral Speeds 
and Enable/Disable • Programmable Function Keys • Programmable 
WIDE-Character display• Four-level Transmission• 
Character/Line/Message/Page• Format-Protect Mode• 
Dim/ Blink/ lnverse/Underline-32 Combinations• Scroll/Page• 
Cursor Address/Read• Insert/Delete• Clear-Page/EOP/EOL • 
Transparent Mode• Typewriter Keyboard-n-Key, Auto-Repeat, 
Function Keys • Plug-in Chips 

ALL NEW 
SUPER-SERVICE, MAILORDER MAINTENANCE IS HERE! Just four 
Teleray 1061 modules snap together. Anybody can do it .. . without 
tools! Spares shipped in Reusable Mailers the same day as your 
Toll-Free Call to TELE RAY Service. 
You deal direct with our Service Dept . .. No Fussing with Shipping 
and Packaging Problems. One moderate fixed fee for factory 
maintenance on any of the four modules. You know where you're at 
with Teleray 1061 ... no surprises! 

Call Collect (612) 941-3300 

Teleray DIVISION OF 

@ ~~~~~~~.~.~!:'.: 
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I CALENDAR I 

SEPT 5-8-COMPCON Fall '78, Capitol 
Hilton, Washington, DC. INFORMATION: 
COMPCON Foll, PO Box 639, Silver Spring, 
MD 20961. Tel: (301) 438-7077 

SEPT 6-8-FOC '78, Fiber Optic and Com 
munications Expo, Hyatt Regency-O'Hare, 
Chicago, Ill. INFORMATION: Information 
Gatekeepers, Inc, 167 Corey Rd, Suite 212, 
Brookline, MA 02146. Tel: (617) 739-2022 

SEPT 12- 14-Western Electronic Show and 
Convention (WESCON ), Los Angeles Conv 
Ctr, Los Angeles, Calif. INFORMATION: 
W. C. Weber, Jr, 999 N Sepulveda Blvd, El 
Segundo, CA 90245. Tel: (213) 772-2965 

SEPT 15- 17-Personal and Business Small 
Computer Show, New York Coliseum, New 
York, NY. INFORMATION: Personal Com
puting Expo Inc, 78 E 56th St, New York, 
NY 10022 

SEPT 19-21- Computer Aided Design and 
Computer Aided Manufacturing Conf (CAD/ 
CAM VI ), Hyatt House, Los Angeles lnter
nat'I Airport, Los Angeles, Cal if. INFORMA
TI ON: Computer and Automated Systems 
Assoc of the Soc iety of Manufacturing En
gineers, 20501 Ford Rd, PO Box 930, Dear
born, Ml 48128. Tel: (313) 271-1500, X403 

SEPT 20-22-Telecomputer Application Group 
Conf, Washington, DC. INFORMATION: 
Hollis J. Sobers, Allied Chemical Corp, PO 
Box l039R, Morristown, NJ 07960. Tel: 
(201) 455-5123 

SEPT 26-28-Automatic Test Equipment 
Conf and Expo (ATEX ) , Hynes Auditorium, 
Boston, Moss. INFORMAT ION: Bill Hickey, 
Golden Gate Enterprises, 1307 S Mory Ave, 
Suite 210, Sunnyvale, CA 94086 

SEPT 26-28-Nat'I Electronics Packaging and 
Production Conf (Nepcon Central '78 ), 
O'Hare lnternot'I Trade and Expo Ctr and 
Hyatt Regency O'Hare Hotel, Rosemont, Ill. 
INFORMATI ON: Industrial & Scientific Conf 
Mgmt, Inc, 222 W Adorns St, Chicago, IL 
60606. Tel: (312) 263-4866 

SEPT 29-0CT 1-lnternat'I Microcomputer 
Expo, Dallas Convention Ctr, Dallas, Tex. 
INFORMATION: Beverly Tonner, Expo Dir, 
413 Carillon Tower, 13601 Preston Rd, Dallas, 
TX 75240. Tel: (214) 271-931 1 

OCT 3 and OCT 5-lnvitational Computer 
Conf, Volley Forge, Pa; and Washington, DC. 
INFORMATI ON: B. J. Johnson & Associates, 

. 2503 Eostbluff Dr, Su ite 203, Newport Beach, 
CA 92660. Tel: (7 14) 644-6037 
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OCT 6- 11-Japan Electronics Show, Tokyo 
Internet'! Trade Ctr, Tokyo, Japan. INFOR
MATI ON: Japan Electron ics Show Assoc, No. 
24 Mori Bldg, l 1 F, 3-23-5, Nishi-Sh inboshi, 
Minoto-ku, Tokyo 105, Japan 

OCT 10- 12-Conf of the European Cooper
ation in Informatics (ECI), Ven ice, Italy. 
INFORMATION: Prof Dr Peter Lockemonn, 
lnstitut fUr lnformatik 11, Universitat Ka rls
ruhe, Postfoch 6380, D-7500 Karlsruhe 1, 
Germany 

OCT 10- 12-USA/ Japan Computer Conf, 
Jack Tor Hotel, Son Francisco, Cal if. INFOR
MATION: AF IPS, Inc, 210 Summit Ave, 
Montvale, NJ 07645. Tel: (408) 245-5807 

OCT 16-19-ISA/78; Instrument Society af 
America lnternat'I Instrumentation -Automa 
tion Conf and Exhibit, Philadelphia Civic 
Ctr, Philadelphia, Po. INFORMAT ION: ISA/ 
78, Philadelphia, 400 Stonwix St, Pittsburgh, 
PA 15222 

OCT 18-20-Canadian Conf an Communica
tions and Power, Queen Elizabeth Hotel, 
Montreal, Canada. INFORMATION: Jeon 
Jacques Archambault, Chm-Technical Pro
gram Committee CP/PO 757, Succ C, Mon
treal, Quebec H2L 4L6, Canada 

OCT 25-2&-Electranic Connector Sym, 
Cherry Hill, NJ. INFORMATION: Electronic 
Connector Study Group, Inc, PO Box 1428, 
Comden, NJ 08101 

OCT 25-27-Sym on Computer Arithmetic, 
Miramar Hotel, Santo Monico, Calif. IN
FORMATION: Prof Milos D. Ercegovoc, 
Computer Science Dept, U of Cal if, Los 
Angeles, CA 90024. Tel: (213) 825-2660 

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

NOV 1-3- lnternat'I Sym on Computers, 
Electronics, and Control (CEC '78 ), Toronto 
Hilton, Toronto, Ontario, Canada. INFOR
MAT ION: The Secretary, CEC '78, PO Box 
3243, Sta B, Calgary, Alberta T2M 4L8, 
Canada 

NOV 6-8-Asilomar Conf an Circuits, Sys
tems, and Computers, Pacific Grove, Calif. 
INFORMATION: Donald E. Kirk, Electrical 
Engineering Dept, Naval Postgraduate Schaal, 
Monterey, CA 93940 

NOV 7-9-Mini/Micro Conf and Expo, Astro
holl, Houston, Tex. INFORMATION: Robert 
D. Rankin, Managing Dir, Mini/Micro Conf 
and Expo, 5528 E Lo Palmo Ave, Suite 1, 
Anaheim, CA 92807 

NOV 13-1&-lnternat'I Conf on Computer 
Software and Applications (Compsac 78 ), 
The Palmer House, Chicago, Ill. INFORMA
TI ON: Wallace A. Depp, Executive Dir, Pro
cessor and Computer Software Systems Div, 
Bell Laboratories, Naperville, IL 60540. Tel: 
(312) 690-21 11 

NOV 14-17-Conf on Magnetism and Mag
netic Materials, Stouffer's Inn on the Square, 
Cleveland, Ohio. INFORMATION: Dr Hugh 
C. Wolfe, American Inst itute of Physics, 335 
E 45th St, New York, NY 10017 

NOV 20-22-BIAS I nternat'I Conf: Auto
mation and Microcomputer, Mi lan Fair 
Ground, Milon, Italy. INFORMATION: 
Federazione delle Associozioni Scientifiche e 
Techniche, Piozzale Roldolfo Morandi, 2, 
20121 Milan, Italy 

DEC 18-20-lnternat'I Computer Sym ( ICS ), 
Academia Sinico, Nankang, Ta ipei, Repubiic 
of Chino. INFORMATION: K. S. Fu, School 
of Electrical Engineering, Pu rdue U, W La
fayette, IN 47907. Tel: (317) 494-8825 

••MINAR• 

OCT 4-&-Knowing and Understanding Com
puter Graphics, Son Francisco, Calif. IN 
FORMATI ON: Robert Sanzo, Frost & Sulli
van, Inc, 106 Fulton St, New York, NY 
10038. Tel: (212) 233-1080 

•HDRT cauR•li• 

SEPT 6-8-Magnetic Bubble Memory Tech
nology; and OCT 2-4-Applications of Mi
crocomputers in Control Srstems, The Georg~ 
Washington U, Wash ington, DC. I NFOR
MATION: Ma rtha Augustin, Con tinuing En
gineering Education, George Washington U, 
Washington, DC 20052. Tel: (202) 676-6106 

SEPT 11-13-Designing with Microcomputers; 
and SEPT 14-1&-Microcomputer Interfacing, 
Blacksburg Learn ing Ctr, Blacksburg, Va. 
INFORMATI ON: Dr C. Titus, Course Dir, 
Tychon, Inc, PO Box 242, Blacksburg, VA 
24060. Tel: (703) 951-9030 

SEPT 14- 15-Program Testing Tutorials, Sari 
Francisco, Calif. INFORMATI ON: Software 
Research Associates, PO Box 2432, San 
Francisco, CA 94126. Tel : (415) 921-1155 

SEPT 19-22 and OCT 3-&-Fiber Optic 
Communication Systems, Houston, Tex; and 
San Diego, Calif. INFORMATI ON: Inte
grated Computer Systems, Inc, 3304 Pico 
Blvd, PO Box 5339, Santa Monica, CA 
90405. Tel: (213) 459-2060 
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The low-risk microprocessor choice: 
Tl's 16-bit 9900 First Family. 

Complete support from concept to customer. 
Make your move in microproces
sors. With confidence. Choose Tl's 
9900 First Family. Although most 
of industry is just now trending 
toward 16 bits, TI is well ahead of 
the game. Already providing a 
complete 16-bit product family plus 
complete technological support. 

While many others talk 16 bits, 
TI offers a broad, mature family. 

Proven for use here and now in 
industrial, commercial, consumer, 
and military applications. Sup
ported by ready availability. By 
hardware development tools and 
software support. By 9900 family 
compatibility that preserves your 
software investment and avoids 
software "migration" expense. 

The 9900 First Family gives you 

great design flexibility. And econ
omy. You can change. Improve. 
Innovate. Move forward. Go to a 
single-chip system. Always build
ing on the same viable base to min
imize redesign, reinvestment, and 
obsolescence. 

For detailed reasons why Tl's 
9900 First Family is your confident, 
low-risk choice, turn the page. 
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Tl's 9900 First Fatnily supports you 
by safeguarding your soft"\Vare ... 

by keeping you in tune "\Vith technology. 
From the outset, the 
9900 First Family was 
planned to minimize 
risk by assuring the 
highest possible de
gree of protection for 
your biggest invest
ment- software. 

The family has been 
carefully structured to 
form a wide selection 
of compatible micro
processors, microcom
puters and minicom
puters using the same 
advanced memory-to
memory architecture. 
The same instruction 
set. The same develop
ment systems. All soft
ware supported and 
software compatible. 

Which means you 
can begin using the 
family at any level you 
wish - components, 
modules or systems -
and develop your soft
ware and training 
accordingly. Then move as you wish 
within the family while retaining 
all, or most, of your software. 

For example, you may have de
signed a terminal around the TMS 
9900 microprocessor. Now you can 
switch to the TMS 9940 to reduce 
system costs. Your software and 
other system hardware will work 
as well with the TMS 9940 as it will 
with the TMS 9900. 

Cost-effective CPU choices 
The 9900 Family utilizes state-of
the-art technologies (NMOS and 
FL) to provide an unmatched 
choice of microprocessors. A choice 
that helps you best match price 
and performance to your design: 
• TMS 9900: NMOS 16-bit micro

processor with full minicomputer 
capability. 

e SBP 9900A: Ruggedized PL 16-
bit microprocessor functionally 
identical to the TMS 9900. Use it 
wherever operating environ-

8 

ments are severe. Versions are 
available to meet the full mili
tary temperature range (-55°C 
to +125°C). 

e TMS 9980/81: NMOS 16-bit mi
croprocessor that minimizes cost 
of smaller systems by incorpo
rating an 8-bit memory interface, 
40-pin plastic packaging, and on
chip clock option. 

e TMS 9940: Single-chip, 16-bit 
microcomputer featuring on
chip instruction memory (2K 
bytes of EPROM or ROM) and 
data memory (128 bytes of 
RAM), plus 32 bits of program
mable input/output, and single 
5 V operation. Designed to maxi
mize performance at minimum 
system cost. 

• S481 Chip Set: TTL modularly 
expandable building blocks 
giving the performance of a 
customized microcomputer, 
extremely fast (10 MHz) 

throughput and com
plete microprogram
mability. 

Broad peripheral 
backup 

The 9900 First Family 
includes a wide selec
tion of peripheral sup
port circuits needed to 
complete your design. 
Easily. Economically. 
With full compatibil
ity. Included are MOS, 
low-power Schottky 
TTL, and PL circuits: 

Device Function 

TMS 9901 MOS Programmable 
Systems Interlace 

TMS 9902 MOS Asynchrenous Com
munications Contrell er 

TMS 9903 MOS Synchronous Ctm
m11nicatietls Cllltnlller 

TIM 9904 LS m 4-phase Cleek 
Generatar 

TIM 9905 LS m 8·11-1 Multi
plexer 

TIM 9906 LS m 8-bit Latch 
TIM 9907 LS m 8-te-3 Priority 

Encoder 

Soon to come: 

TMS 9909 Roppy Disk Controller 
TMS 9911 Direct Memory Access 
TMS 9914 General Purpose Interface Bus 
TMS 9927 CRT Controller (SMC 5027 equivalent) 
SBP 9960 12L CRU 1/0 Expander 
SBP 9961 12L Interrupt Contro!ler/Timer 
SBP 9965 l2L Peripheral Interlace Device 

In addition, TI offers a wide vari
ety of MOS memories, including 4K 
and 16Kstatic RAMs as well as 8K, 
16K, and 32K EPROMs, and pin
compatible RO Ms. 

Low-cost 
microcomputer modules 

To save the time and cost of devel
oping your own hardware, use Tl's 
TM 990 microcomputer modules. 

They are preassembled. Pre
tested. Ready to go. Supported by 
Tl's Advanced Microprocessor 
Prototyping Lab (AMPL * ). And 
instruction-set compatible with 
other First Family members. In
cluded in the series: 
"Trademark Texas Instruments Incorporated 
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e TM 990/lOOM: Utilizes Tl's 
NMOS 16-bit TMS 9900 micro
processor, 512 bytes of static 
RAM, lK words of EPROM, and 
programmable serial and paral
lel I/0 to form a powerful single
board microcomputer. 

•TM 990/lOlM: A new and ex
panded version of the TM 990/ 

100-2K words of static RAM, 
4K words of EPROM, two serial 
RS232C communication ports. 

•TM 990/lOlM-10: Duplicates the 
101M but has POWER BASIC* 
high- level language prepro
grammed into the ROM. 

e TM 990/180M: 16-bit TMS 9980 
microprocessor offers 2.5 MHz 
operation with 8-bit memory in
terface for smaller systems. 

• TM 990/201: Memory expansion 
board-8K bytes of EPROM, 4K 
bytes of static RAM. Expand
able to 32K bytes of EPROM and 
16K bytes of RAM. 

• TM 990/206: Memory expansion 
board with 8K bytes of static 
RAM. Expandable to 16K bytes. 

•TM 990/301: Microterminal for 
data entry and display. 

• TM 990/310: 48-bit input/output 
expansion module. 

•TM 990/401: Interactive debug 

monitor (TIBUG*) prepro
grammed into EPROM. 

• TM 990/402: Line-by-line assem
bler preprogrammed into the 
EPROM. 

•TM 990/450: Stand-alone evalua
tion interpreter, using 8K bytes 
of memory, for exploring POWER 
BASIC applications. 

•TM 990/451: Development inter
preter, using 12K bytes of mem
ory, for the design, development, 
de bug and EPROM programming 
of POWER BASIC programs. 

e TM 990/510: Four-slot OEM 
card cage with l " spacing. 

Cables, connectors, extender and 
prototyping boards also available. 

Now on the way: a low-cost 9900 
family software development 
board. It will include audio cassette 
interface, symbolic assembler, text 
editor, relocating loader, I/0 sched
uler-handler, debugger, and pro
grammer for EPROMs including 
the EPROM being incorporated in 
the TMS-9940E microcompute r. 
Also coming: a low-cost, stand 
alone, educational board - com
plete with tutorial text-for boot
strapping yourself into the 16-bit 
world. 

Cost-cutting compilers 
Just as the modules speed develop-

ment and hold costs in line, so do 
Tl's high-level language compilers. 

They are simple to use. Pro
grammers can write more code, 
and write it faster, with less train
ing. The result is greatly improved 
programmer productivity and sig
nificantly reduced software costs. 

Already available: PASCAL and 

FORTRAN compilers on Tl's 
AMPL. BASIC interpreters on both 
AMPL and TM 990-based systems. 

On the way: Complete runtime 
support libraries for component
based systems, including pretested 
executive modules which are easily 
interfaced with compilers and 
assemblers. 

Affordable minicomputer 
The DS990 commercial computer 
system is the First Family's most 
powerful member. Built to give 
maximum processing power, it pro
vides the high performance speeds 
demanded by many applications. 
It is backed by high-level software 
languages-PASCAL, RPG II, 
FORTRAN IV, COBOL and multi
user BASIC-as well as a large 
selection of peripherals. 

What about hardware and soft
ware development support for the 
9900 spectrum? It's in place in 
depth. Turn the page. 
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Tl's 9900 First Family 

In-depth hardware/software 
development support 

Users of the 9900 First 
Family have at their 
disposal the most 
extensive software 
support currently 
available with any mi
croprocessor. It is Tl's 
Advanced Microproc
essor Prototyping Lab. 

AMPL features the 
990 computer, and of
fers 10 MHz trace ca
pability and universal 
emulation for the 
TMS 9900, SBP 9900A, 
TMS 9980/81 and TMS 
9940 microprocessors. 

The lab is available 
as a floppy disk system 
or as a hard-disk sys
tem accommodating 
multiple users . Pro
grams can be edited, 
assembled, linked, 
loaded and executed much faster 
than conventional paper tape or 
cassette based systems. 

The 9900/9980 emulation permits 
development and debugging di
directly on a TM 990 module while 

monitoring and con
trolling the operation 
fromAMPL. 

The interactive pro
cess allows simulation/ 
test and emulation/ 
test cycles with mini
m um delay between 
identifying and imple
menting a needed de
sign change. Result: 
substantial savings in 
design time and cost. 

The First Family is 
also supported by 
nationwide timeshare 
and cross-support
transportable assPm
blers and simulators
for use with in-house 
computers. 

In addition, TI main
tains extensive learn
ing facilities in Austin, 

Texas, for the study of system de
signs and applications utilizing 
the 9900 First Family. 

An open-ended family 
One final reason to choose the 9900 
First Family. It is growing and TI 
is committed to its continuation 
and expansion. As your needs 
change - and as new technologies 
develop- you can expect other 
microprocessors and peripherals 
to join the 990/9900 Family 

For total down-the-line support. 
For protection of your software 

© 1978 Texas Instruments Incorporated 
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investment as your performance 
and cost requirements change with 
time. For keeping up with 
tomorrow. 

If you are now considering mi
croprocessors for the first time or 
have used 8 bits and now need the 
improved performance of 16 bits, 
your best choice-your confident 
choice-is Tl's 9900 First Family. 

For more information on the 9900 
First Family, call your TI Field 
Sales Office or local TI Distributor 
System Center. Or write Texas 
Instruments Incorporated, P. 0. 
Box 1443, M/S 653, Houston, Texas 
77001. 

TEXAS INSTRUMENTS ~0 

MOVING AHEAD UI 
IN MICROPROCESSORS 

TEXAS INSTRUMENTS 
INCORPORATED 85508 
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COMMUNICATION CHANNEL 

MUL Tl-VENDOR INFORMATION SYSTEMS 

John E. Buckley 

Telecommunications Management Corporation 
Cornwells Heights, Pennsylvania 

F or many years a prevailing philosophy for computer 
communications systems procurement has been to obtain 
necessary equipment components from a single manufac
turer. The assumption W!!_S that this practice would pre
clude possibility of equipment incompatibilities, and as
sure rapid resolution of system malfunctions. In many 
early online information systems, this procedure could be 
ap plied with minimal penalty in system effectiveness, and 
indeed did seem to relieve many of the more obscure 
system problems. It was always recognized that at least 
two vendors would be involved in the user's information 
system: the utility telephone company and, typically, the 
computer manufacturer. 

With the growth of information system applications and 
complexity, it became apparent that continued adherence 
to this archaic philosophy could significantly affect both 
system effectiveness and system value. Characteristically, 
a number of different vendors of equipment and services 
are involved in order to fully satisfy a total information 
system requirement. One typical application environment 
involved no fewer than six different equipment and ser
vice entities: computer manufacturer, computer-site modem 
manufacturer, manufacturer of the privately-owned com
puterized telephone system, utility telephone company, 
remote-site modem manufacturer, and remote terminal 
manufacturer. When that remote terminal was online with 
the central computer, all six maintenance responsibility 
areas interacted. Data errors as well as other sources of 
malfunction could reside in any of these elements. The 
frustrated user had to direct and coordinate the correction 
process among all these possibilities knowing all the while 
that each service entity was primarily concerned with 
demonstrating that its area of responsibility was innocent 
of any contribution to the problem. 

A number of steps that an information system user can 
implement will facilitate maintenance of satisfactory sys
tem operation in a multi-vendor environment. A major 
premise is that proper operation is the absolute respon
sibility of the system user. Even where most system com
ponents are provided by a single vendor, operational 
status is the exclusive domain of the system user. Non
acceptance of this premise will only result in recurring 
frustration as ambiguous system malfunctions continue to 
occur. The assumption that one or more of the vendors 
will somehow properly and cooperatively diagnose prob
lems and implement an effective cure is both time-consum
ing and naive. 

Based on acceptance of the above is the need for the 
system user to select and implement equipment that 

allows for component isolation. In normal operation, 
various system equipment components, such as those out
lined above, operate in series to effect proper and reliable 
data flow ' between remote terminal and centralized com
puter complex. Malfunction or incompatibility in one or 
more of these components will result in data errors or 
even in total application failure. It is important to select 
equipment components that can operate in isolated con
figurations and can perform system diagnostics. 

Remote terminals should be able to implement a local 
terminal loopback mode. In this mode, data entered from 
the keyboard pass through the transmit portion of the 
terminal to the EIA interface, where output data flow is 
connected to the terminal's input or receive section. Test 
data are then returned through terminal to output printer 

' or CRT display. It is important that in this loopback mode 
as many of the internal electronic circuits of the terminal 
are involved and therefore verified. All functions such 
as parity; communications timing, and buffer operation 
should be included and hence tested. This mode is com
monly identified as the haH-duplex mode of the remote 
terminal. Some terminals identify a half-duplex mode but 
in reality consist of a direct connection between the key
board and the output printer or display. This version of 
half-duplex provides no diagnostic advantage since the 
data are displayed before transmission through the termi
nal's electronics. 

This same type of loopback data flow should be in
herent in the modem associated with the remote terminal. 
Ideally, data flow in the modem loopback should pass 
through the entire modulator and then be loopbacked 
through the demodulator. It is recognized that some 
modems are incapable of this internal full-duplex data 
flow. To the greatest extent, however, the above operation 
should be implemented as a desired objective. As with 
remote terminals, a number of modems advertise loopback 
capability while in reality the loopback function is ac
complished prior to the modulator and demodulator sec
tions of the modem. Digital loopback at the remote modem 
is also desirable but here the modem checks out with 
the central computer. The modem's EIA interface should 
be capable of returning a test signal generated by the cen
tral computer to the central computer. This latter loopback 
is contingent upon the modem being capable of full-duplex 
operation. In addition, the associated communications 
channel must be of 4-wire configuration, actual or simu
lated. 

It is in the communication channel that the greatest 
obstacle to malfunction isolation can be encountered. This 
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problem is due either to the technical configuration of 
the communication channel or to a short term economic 
procurement decision. If the communications connection 
is via the public switched network at a data rate less 
than 300 bits/s, a simulated 4-wire channel is provided. 
Over 300 bits/s, with the exception of the Vadic 1200-
bits Is modem, the channel is only 2-wire, and therefore 
cannot be used for simultaneous transmit and receive as 
required for full loopback diagnostics. 

At the computer site, the modem should also provide 
the same 2-way loopback capability as discussed for the 
remote modem. The usual failure in this method of loop
back isolation is the central computer communications 
adapter and associated software. Many computer manu
facturers have designed communications adapters for "nor
mal" interactive processing of data Bow and therefore 
preclude simultaneous transmit and receive. In a number 
of cases, the hardware computer adapter may be full
duplex but the controlling software is only half-duplex in 
its channel activation status and data manipulation. 

During the initial design of an online application, these 
provisions must be addressed. It is usually financially pro
hibitive to attempt to retrofit an existing system in order 
to have this level of loopback diagnostics. Even if one 
or more of the equipment components, ie, communication 
channel, prohibits by design a loopback testing procedure, 
similar testing and confirmation of the other components 
can isolate the problem source by default if not by actual 
verification. 

Every online system must have a fault isolation test 
procedure to be followed in the event of suspected mal
function or where adverse error rates occur. Before any 
vendor service is solicited, the system user must perform 
and log these tests. In this manner the proper service 
vendor can be notified and supplied with a reasonable 
description of the problem area and symptoms. Following 
the attempted correction by the service vendor, the same 
test that isolated the fault can be performed and the 
correction confirmed while the vendor service personnel 
are still at the user's site. 

Many system problems are caused by degrees of in
compatibility rather than by equipment malfunctions. 
Many of these incompatibilities are detected at initial 
installation and are clearly evidenced when the system 
will not operate. Unfortunately, a significant percentage 
of incompatibilities allow marginal system operation and 
can be easily misinterpreted as malfunctions rather than 
as incompatibility caused by a design error. Typically 
these situations occur at the interfaces between the 
various manufacturer's equipments. The traditional EIA 

interface is a major source of these "grey" problems. 
Between the digital equipment and the communication 
channel minimal inteTface incompatibilities can be ex
pected unless a data connecting arrangement is employed. 
While data connecting arrangements came into existence 
with the intent to protect, they have been the greatest 
source of system problems at the digital-to-analog inter
face. Fortunately, with the rapid implementation of data 
and voice communications systems registration, this pro
tection-intended device is being eliminated from the 
equipment equation. 

It is interesting to note that two of the EIA interface 
leads can account for most of the incompatibility between 
two equipment components at this interface. These are 
the Data Set Ready and Data Terminal Ready leads. As 
an example, this type of incompatibility recently oc
curred with a dial-access interactive processing application. 
When the computer channel was initialized by software, 
the Data Terminal Ready lead was activated. This was 
interpreted by the channel's associated modem to be 
receptive to an incoming ring signal. Upon receipt of 
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ringing, the connection was answered and the modem 
activated its Data Set Ready lead. When the remote 
caller terminated the dial connection, the Data Set Ready 
lead was dropped which caused the Data Terminal Ready 
lead to drop. Without a Data Terminal Ready signal, the 
modem refused to answer any additional incoming calls. 
Upon re-initialization of the channel by the computer 
operator, the next incoming call was answered. 

It is important to not only verify which EIA interface 
leads are used by the two different manufacturers' equip
ment but also the operational sequence of those leads. 
The preconditions that must be present to change the 
status of each lead must be thoroughly reviewed and 
documented. In this context an important test device for 
a system user is an EIA interface display tester. This de
vice, typically costing less than $100, can be connected in 
series with the EIA interface between two digital equip
ment components. Status of each lead is illustrated, and 
a means of changing lead status for simulation purposes 
is provided. It is fallacious to assume that equipment 
service personnel will always be equipped with such 
test equipment or that they will properly test the inter
face on both digital equipment components. Most service 
organizations agree that it is useful to have knowledgeable 
service personnel for two equipment components jointly 
testing onsite at the same time. Many users, however, 
have been told upon the departure of one service person 
that the problem is not in their equipment and to notify 
the service personnel of another equipment component. 
When a problem is not immediately resolved by the first 
maintenance attempt, and the user is so advised, he 
should demand a joint diagnostic effort. When skilled help 
from a number of equipment components manufacturers 
jointly and cooperatively address a system problem, the 
solution is usually forthcoming. 

Virtually every equipment manufacturer's policy is to 
constructively participate in joint diagnostic efforts for a 
mutual customer. The only exception to this cooperative 
philosophy was recently promulgated by the Bell System, 
specifically The Bell Telephone Co of Pennsylvania. The 
latter organization has a policy that its service personnel 
will not jointly test on a customer's premises, with service 
personnel from manufacturers of other communications 
equipment which connects to their communication chan
nels. Their policy is for the equipment manufacturer's 
service personnel to identify the deficiency in the telephone 
company interface to the manufacturer's equipment. Tele
phone company service personnel will then come to the 
customer's site and if the deficiency is confirmed, imple
ment the necessary corrections. Despite this myopic ex
ception, the system user should insist on having joint, 
cooperative service efforts for chronic and prolonged mal
functions. 

Reliable system operation is primarly in the lap of the 
system user. He is exclusively responsible for definitive 
malfunction isolation diagnostics. This can be accom
plished by design and selection of a system that permits 
loopback testing for all online equipment components. 
The existence of marginal or sporadic incompatibilities can 
create the illusion of a malfunctioning system. During 
actual selection of equipment components, hardware and 
software, these occasions can be minimized with proper 
and prudent confirmation of various interface configura
tions and operations. While all these measures should sig
nificantly lessen frustrations caused by chronic malfunc
tions, even these hopefuly rare events can be construc
tively addressed by a joint diagnostic effort under the 
direction of the system user. Multiple vendor systems are 
commonplace. For optimum effectiveness and value they 
will continue to be installed and properly operated by 
knowledgeable customers. 

COMPUTER DESIGN/ AUGUST 1978 



A Workhorse That's A Winner • • • 
At1250 LPM 
Model 5321 is an off-the
shelf drum printer. already 
engineered for your tough 
jobs. Jobs that demand 
heavy-duty print cycles. long 
hours of reliable operation 
and consistent print quality 
- at high speed! This is a 
full-size printer for 
mainframe-size jobs. 

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

A variety of type fonts is 
readily available. Gothic style. 
IBM-compatible. ECMA. 
OCR. and CMC 7 or E 138 
MICR fonts - so important 
in financial applications 
where secure check 
imprinting is involved. 

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

*Using standard 48 contiguous 
characters. 64, 96 and 112 
character sets optionally available. 

Consider the outstanding 
features of MOS 5321: 

• High-speed paper slewing 
to 75 ips 

• Additional tractor pins to 
minimize tearing of form 
holes 

• Low-inertia servo motors 
to considerably reduce 
maintenance requirements 

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

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

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

• Optional extended inter
face for additional status 
monitoring. 

CIRCLE 7 ON INQUIRY CARD 

The 8-bit interface is 
already in place. The next 
move is yours. Whether 
you're in the OEM business 
or a systems house 
specializing in custom 
applications. it will pay you to 
look into the MOS 5321. 
Quantity discounts available. 
Send coupon today for a 
detailed Fact Sheet. Or call 
collect. H. Johnson at (315) 
866-5300 or J. Engstrom at 
(714) 772-0803. 

~I! 
Mohawk Data Sciences 
r-------- -, 
I Mohawk Data Sciences - OEM Division 
I Palisade St., Herkimer, N.Y. 13350 I 
I Please send me information on the MDS 
I Model 5321. 

1Name --------------f 
I I T1 tle __________ --1 

1company _________ __, 

1Street ----------
1 
!City ------------. 

I State Zip----< 

: D I'm in a hurry. Have a representative call. I 
L~1s ________ _J 
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I COMM~NICATION CHANNEL I 

Communicati~ns Conference Shows Impact of Digital Technology 

xcc '78, the 14th Annual Interna
tional Conference on Communica
tions, sponsored by the Communica
tions Society Conference Board and 
the Toronto Section IEEE, convened 
in Toronto, Canada June 4-7, 1978. 
The technical sessions were made 
up of more than 250 papers by 
authors from around the globe, and 
covered a wide spectrum of activities 
in the communications world. The 
program was heavily oriented toward 
the application of digital technology 
and the influence of computer-de
rived practices on system design; nor 
was the rapid emergence of fiber 
optics as a significant force in future 
network planning neglected. In the 
space available here we can present 
but brief highlights of the program 
that we consider to be of particular 
interest to our readers-but it is only 
the tip of the iceberg. 

Reliability in Data 
Communications 

Common Carrier Telephone Plant 

Since, for a variety of reasons, most 
computer communications systems use 
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r----------, 
I 
I 
I 
I 
I CONTROL 
I PROCESSOR 
I MODULES 
I ....... 

I 
I 
I 
I 
I ______ _J 

telephone channels as links, factors 
determining the reliability of these 
channels and the impact of this re
liability are of importance in the 
design of communications-based data 
processing systems.1 A detailed de
scription of the U.S. common carrier 
telephone plant was given, with 
emphasis on the factors that affect 
the reliability of channels. 

One point stressed is the fact that 
the state of our knowledge on the 
reliability of common carrier sys
tems and facilities, and of the tech
niques for modeling this reliability, 
are far from satisfactory. A number 
of possible causes of system failure 
were examined in switching systems, 
long- and short-haul carrier systems, 
as well as probable causes of short
term failures and of long-term. out
ages. 

Private line and direct-distance 
dialing (DDD) circuits were also ex
amined. Private line characteristics 
are relatively stable; impulse noise 
is greatly reduced, and line-condition
ing can provide more nearly ideal 
frequency response. However, inex
plicable anomalies can occur; for 
example, a private line in the UK 

COMMON MEMORY MODULE 

has exhibited a bit error rate (BER) 
of 2 x 10-5 on Wednesdays and a 
BER of 3 x 10-1 on Thursdays! AT&T's 
Digital Data System (DDS) is a special 
class of private line, too new, rela
tively, to provide much information 
on its reliability; but performance 
goals of DDS systems are good: BERS 
of 10·1

, 99% error-free seconds, and 
99.96% availability. All these statis
tics are far superior to those of 
current analog systems. Characteris
tics of DDD lines tend to vary dra
matically from call to call. 

Impact of common carrier reliabil
ity on computer communication sys
tems depends on the type of system 
being contemplated. The impact is 
most critical on systems that rely 
heavily on stringent response times, 
where occasional failures to obtain 
a response in a brief time period 
cannot be tolerated. 

Datapac Design Considerations 

Datapac is one of the world's first 
public packet-switched data net
works, opened by the Trans-Canada 
Telephone System (TCTS) early in 
1977, and has nodes operating in 

Nodal processor, prime Data
pac network component. SL-
10 data network processor is 
manufactured by Northern 
Telecom Ltd; each is a multi
processor machine using 
configurable set of functional 
units designated line, trunk, 
and control processors, ar
ranged on a common bus 
structure. High speed trunks 
interconnect processors to 
form call-based packet
switching network. One pro
cessor is used as a network 
control center (NCC) to prp
vide centralized control, 
maintenance, and support. 
Failure of any individual pro
cessor will not result in loss 
of availability of node 
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Our 1/0 muscle-builder 
for plant minicomputers. 

The Modicon Industrial Interface System. 
Minicomputers are very fast, very 

sharp-and very weak at getting and giv
ing signals in hot, static-filled factories. 

Mod icon has a simple, economical 
way to make the factory front- ends of 
minis a lot stronger. It's based on our 
experience as suppliers of industrial con
trol equipment for over 9 years. 

Modicon #500 1/0 modules. 

They interface easily with any mini. 
They're rugged, heat-resistant, shielded 
against electrical interference. They take 
and transmit 1/0 signals-AC, DC, analog 
and pulses-despite heat, electronic 
interference, humidity, vibrations. And 
they're individually fused, with indicator 
lights, for instant trouble-shooting. 

Result? Less downtime. Faster trou
bleshooting. More muscle, more hustle in 

I 
I 

I 
Modicon 1/0 modules highlight failures with blown 
fuse indicators. Can be replaced without changing 
wiring or shutting off power. 

your plant. Find out how to change your 
mini or micro from a plant pushover to a 
production line heavyweight. Write or 
phone Gould, Mod icon Division , P.O. Box 
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83 S.V.S., Andover, MA 01810. 
617-475-4700. Wedidn'tget tobe#l 
by being second best to anything. 

r;,~~;;u-:;:------, 
I Gould, Modicon Division , P.O. Box 83, I 
I 

S.V.S., Andover, MA 01810. 

1 O Tell me more, please, about your muscle-! builder 1/0 for plant minis and micros. I 
I NAME I 
TITLE------------

1 COMPANY I 
I STREET I 
I CITY STATE I 

ZIP PHONE _____ _ 
L_ ________ _J 

•} GOULD 
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Sperry Univac minis are doing 
In Portland, Oregon, Sperry Univac 

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

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

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

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

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

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

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

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



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

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

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

We'd like to hear from you. Even if your 
system application isn't as arresting as the 
one in Portland . s1=E~v--'LuNIVAC -ir SPERRY UNIVAC IS A DIVISION OF 
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I 
VF I 

I 
1aL·l2 I 
I 
I 
I 
I 
I 

DS-1 
PATCH 
PANEL 

TRANSMITTER 
& 

I 5,...,.._~ ----+-~~ 
I 
I 
I 

DS-2 
PATCH 
PANEL 

OPTICAL 
PAlCH 
PANEL 

FIBER 
CABLE 

I 
OPTICAL 

PATCH 
PANEL 

~VF 
~ 

OS 1 
PATCH 
PANEL 

Trial system block diagram. Actual cable length between terminal sites is 1.42 km; cable test lengths of up 
to 6 km were achieved by looping signal back and forth using connectorized fiber jumpers on optical patch 
panels at terminal sites. Burrus-type LEDs are used in transmitters and PIN photodetectors in receivers. Fi
bers are graded-index type, extrusion-coated with plastic for protection 

four major centers.2 The network 
was developed by Bell Northern 
Research (BNR) for the Computer 
Communications Group ( ccG) of 
TCTS. A network such as Datapac 
must provide a high level of avail
ability for all users, a prime con
sideration in the network's design 
and operation. 

Many considerations given to de
sign and operation of a public packet
switched network can contribute to 
high availability and reliability. An 
economic balance among all these 
factors-hardware, base software, 
subnet, customer applications, operat
ing and administrative procedures
is more important than excellence 
in any one area. As an example, the 
high reliability of a specific com
ponent is redundant if, when it might 
fail, the resultant outage is excessive 
due to poor maintenance procedures 
or faulty diagnostic capabilities. On 
the other hand an intelligent net
work can maintain high availability 
in the presence of poor component 
performance, either by the use of 
redundant components or by error 
detection and correction techniques. 

Reliability Modeling 

A set of data was collected from 
operational data communications sys
tems in Western Europe and North 
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America, in order to model reliabil
ity of a communications line.a Prob
ability distribution functions for line 
availability and duration of failures 
resulted in a rule-of-thumb summary 
of a line. The results indicate a wide 
variation in line availability-from 
99.9% to 10%. Many line failures 
observed were repaired in a few 
minutes, but some persisted for more 
than ten hours. A rule-of-thumb for 
a line selected at random to transmit 
data at 2400 bits/s indicates that 
bit errors will occur about every 
40 s; failures lasting 1 min will occur 
every day; and a 1-hr failure will 
occur each month. Since the data 
were gathered from several countries, 
the results appear to be indicative 
of telephone lines' performance 
throughout the world. 

The model finds utility in the de
sign of data communication systems. 
The great variations in performance 
indicate the uncertainty associated 
with making design decisions for 
systems where these lines serve as 
key components. 

Fiber Optic: Systems 

Trial System in Montreal 

In October 1977 an exploratory fiber 
optic trial system was installed in 

the interoffice trunk network of Bell 
Canada in Montreal, connecting two 
switching centers approximately 1.5 
km apart. Cable was 0.5" (1.3-cm) 
dia, 6 fiber; conventional under
ground conduit was used. During in
stallation direct pulling through man
holes was made, indicating feasibility 
of long cable pulling. Individual 
splicing of fibers was successfully 
carried out in three of the manholes 
along the route. Average attenuation 
of the installed cable, including 
splices, was about 7 dB /km. 

Digital signal transmission has 
been tested over the system since 
installation at the standard ns-2 
rate of 6.312M bits /s, for 96 voice 
channels. Original performance ob
jectives have been met or exceeded; 
further testing of video and higher 
bit rate transmission, and routing of 
line traffic over the system will be 
carried out in the near future:1' ,5 ,u.7 

30-Channel Fiber Optic Data 
Transmission System 

This system was designed to operate 
with the Defense Satellite Communi
cation System ( nscs) ground station 
in Waihiawa, Hawaii. Here the an
tenna facility is located about 7000 
ft (2.14 km) from the processing 
facility. To connect the two sites 30 
channels were provided, each capable 
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In order to build up a customer base of more than 40,000 units 
in three years, you have to have a superior printer. And no matter how you 
look at it, the Teletype* model 40 printer has a Jot going for it. 

Look at cost. Nowhere does anyone offer as much in a 300 LPM 
printer for as little as the model 40 costs. At tµe OEM price of under $2000, 
it even compares favorably against low-speed printer costs. 

Look at reliability. The model 40's unique design utilizes a 
minimum of moving parts for a maximum of on-line time. Plus proven LSI 
(Large Scale Integration) circuitry handles many functions formerly performed 
mechanically. This reduces hardware requirements and increases pnnter life. 

Loo'k at features. The unit is completely operational to give you 
everything necessary to go on-line. You also get 32 switch-selectable no-cost 
options to choose from, easily changeable character sets, and self-diagnostics. 

Finally, look at product support. Not only do we offer nation
wide service, we'll maintain your printer for as little as $23 per month-and 
that includes labor and material. 

With all that going for the model 40, how could we make it even 
better? Two ways. 

First, we gave it a new, simplified OEM interface. Simply com
mand the motor on, watch for the next character command, and send data. 

Next, ribbon life has been significantly extended with our new 
re-inker mechanism that's available as a low-cost option. 

No wonder we're getting a reputation as the OEM printer people. 

'B~ 
THE OEM PRINTER PEOPLE 

*Teletype is a trademark and service mark of the Teletype Corporation. 
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I COMMUNICATION CHANNEL I 

of data rates up to 20M bits/s 
( NRZ-L line code) . A comprehensive 
summary of the data channel per
formance is given in the Table. 

This project demonstrates that op
erational, multiple channel, wide
band fiber optic data transmission 
systems can be readily produced. As 
the price of fiber optic components 
continues to come down, more and 
more similar applications will find 
the technology an attractive choice 
on economic grounds alone. s 

Integrated Networks 

Advances in voice digitizing tech
niques, as well as in the packet 
switching concept for data communi
cations, and the relative inefficiency 
of conventional switching techniques 
for diverse traffic applications, have 
focused attention on integrated net
works . One paper9 addresses inte
grated switching networks as being 
justified by more efficient utilization 
of transmission facilities which result 
from matching the switching concept 
to the traffic characteristics. A tech
nically viable candidate for the 
integrated switching superstructure 
is a synchronous time-division multi
plexed frame technique (see Figure). 

A design procedure is presented, 
representing efforts to extend known 
techniques in the design of circuit
and packet-switched networks to this 
new area. Cost/performance studies 
are carried out in the areas of fixed 
vs movable frame management poli-

CIRCUIT 
SWITCHED 

BOUNDARY 

I 
PACKET 
SWITCHED 

L_TIME DIVISION 
,- MULTIPLEXED FRAME 

SYNCHRONOUS TRAFFIC 

• CSV CSD • CSD 

Data rate 
Bit error rate 
Mean time between failure 

a-so ·c 
Input/output electrical signal 

Data format 
Output electrical algnakllgltal 

Rise/fall time (1) 
Pulse spread (2) 

Output electrlcal algnal-anatog 
SNR (3) 

Peak-to-peak voltage (4) 
Rise/fall time (1) 
Pulse spread (2) 
Overshoot 
Droop (5) 

20k bits/a to 20M bllllla 
<10-• 

>5000 h 
Standard TTL 
NRZ-L 

<15 na 
<20ns 

>30:1 
4±1V 
<25na 
<15na 
<10% 
<10% 

(1) 10% to 90% peak-to-peak amplitude 
(2) Change from Input pulse width to output pulse width meuured at 50~ polnla 
(3) Ratio of peak-to-peak 10-MHz square wave signal amplitude out of 1o-MHz 

filter to nna noise out of filter with aource conatantly on 
(4) Measured acl'088 a 1-lcO load 
(5) Measured for 100 consecutive logic ones at 20k btta/a, NRZ 

cies; cost sensitivity to design op
tions; and cost sensitivity to switch
ing alternatives. 

Network Analysis 

To cost-effectively determine the 
number and locations of network 
access facilities, such as multiplexers, 
concentrators, packet switches or 
satellite earth stations, in a hierar
chically-structured data / computer 
communication network, has been 
generally regarded as theoretically 
difficult and computationally com
plex, even for heuristic approaches. 

CIRCUIT 
SWITCHED 

PACKET 
SWITCHED 

BOUNDARY 

CIRCUIT 
SWITCHED 

ASYNCHRONOUS TRAFFIC 

PSM PSM PS D PSD 

PACKET 
SWITCHED 

PSD 

An algorithm has been developed 
that is effective, flexible, and com
putationally efficient.10 Through its 
implementation, various heuristic 
techniques, taken independently or 
in combination, have been evaluated 
in determining optimal topological 
designs. 

Based on results in applying the 
add, drop, exchange, and merge tech
niques, the drop was judged to be 
the most effective alone than any 
of the other techniques in combina
tion. Use of more than one heuristic 
technique is recommended however, 
to insure that certain pathological 
cases which may come under evalua-

Example of hybrid switch
ing channel structure illus
trating channel multiplexing 
on an integrated link. Un
der fixed boundary frame 
management, partition of 
link capacity between cir-
cuit-switched and packet
switched traffic is fixed. Un
der movable-boundary man
agement, packet-switched 
traffic can dynamically util
ize idle circuit-switched 
slots 

CSV - CIRCUIT SWITCHED VOICE SLOT 
CSD - CIRCUIT SWITCHED DATA SLOT 
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PSM - PACKET SWITCHED SIGNALING MESSAGE SLOT 
PSD - PACKET SWITCHED DATA SLOT 
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PLUS three more ways 
to enhance DEC's LSl-11 

• 16K x 18 
CORE ADD-IN 

• 2.0 Megabyte 
BULK CORE 

Disk Emulation System 

• 1.0 Megabyte 
BULK CORE MINI 



I~ 
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I COMMUNIC~TION CHAN':'IEL I 

tion do not result in a less than 
optimal solution. 

Computer Communication 
Design and Analysis 

Loop Systems 

The feasibility of a loop system for 
local data conc'entration, in an en
vironment restricted to "" . si'ngle 
building with up to 150 ' terminals, 
was considered'. 11 Computer communi
cation networks, such as '. A"1-PA, 

CYCLADES, and DATAPAC, allow us.ers 
at local terminals access to informa
tion stored iri a remote compi:iter. 
With the bursty nature of terminal 
traffic, it is economical to ·"connect 
a group of local terminals to. a <'l.lita 
concentrator, which acts as an inter
face to the network, in either a 
point-to-point, multidrop, minimal 
spanning tree, or loop configuration. 
In this examination of the latter or
ganization, reliability and perfor
mance of three simplex loop systems, 
ranging from de-centralized to cen
tralized are studied. 

Another paper on loop systems de
scribed a microprocessor-based con
troller for a computer communica
tion switching system comprised of 
a number of stations connected in a 
loop. 12 At each station a controller is 

used for protocol management-the 
established protocol being High Level 
Data Link Control (HDLC). A proto
type controller allows verification 
and demonstration. A brief descrip
tion of the use of a loop as an ex
tension for an X.25 network was 
also given. · 

Communications Privacy 

Aspects of the effects of recent tech
nological development, especially 
the development of large semicon
ductor memories, on enciphering tech
niques were examined.13 Evidence 
was presented for the case that the 
relatively recent availability of inex
pensive semiconductor memories and 
microprocessors is overwhelmingly 
to the advantage of the cryptograph
er in his never-ending battle with 
the cryptanalyst. With the availabil
ity of cheap, powerful computing 
hardware and the right theoretical 
tools, the development of practical 
cryptographic systems which are com
putationally secure, becomes possible. 
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in the 3-volume ICC '78 Conference 
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1. J. Spragins, "Data Transmission Over 

TERMINAL 

Loop distribution system, central bypass. Concentra
tor bridges across any malfunctioning port, restoring 
service to balance of system. Slight complexity and 
cost increase is compensated for by deletion of 
automatic bypass features from port interfac'es. Re
liability of concentrator and of bypass units deter
mines system reliability 

22 
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As stated, the above is necessarily a 
broad-brush treatment of the excellent 
presentations at ICC '78. Copies of the 
3-volume ICC '78 Conference Record, 
containing the full text of the sessions, 
are available from: IEEE Single Copy 
Sales, 445 Hoes Lane, Piscataway, NJ 
08854. Order by IEEE Catalog Number 
( 78cH 1350-8 csCB) and title. Price is 
$50 each set of three volumes. Standard 
discount is available for IEEE members. 

Support Processor Adds 
Remote Batch Capabilities 
To 360/370 Mainframes 
An attached support processor en
ables users of IBM 360/370 and 
equivalent computers which lack 
teleprocessing features to implement 
remote batch telecommunications 
functions. Datapoint Corp, 9725 
Datapoint Dr, San Antonio, TX 78284, 
says that DASP™ permits any appli
cation that may be executed on a 
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Its true 95% of our standard model• are priced the 
same today as they were five years ago Take our B case 
models, for example. In 1973 they sold for $24.95. Today, 
they're still $24 ~5 ... and holding/ Amazingly, Power-One 
~-frames were price competitive In 73 think what 
they are today. 

'18lk about reliability •• we lmnmanm 
they dm't bum out. 

Every single unit bearing the Power-One label 
undergoes a full functional test, followed by a 2-hOur 
bum-in, plus a final full functional test We repeat - every 
single unit/ Compare this to other manufacturers who 
conduct only a single operational test. That's why no other 
open-frames match ours for long life and overall reliability. 

dotlbt Power-One has the broadest selection 
of lloff-the-sfieft" open..frames "' the industry - 84 different 
models Single outputs, duals and triples ... plus new 
FtOppy-Olsk and Microprocessor series. And these are 
all off-the-shelf standards, ready for delivery when you need 
them. Last year alone, we delivered over 100,000 of these 
standards - on time! That makes 
Power-One the largest producer 
of open-frames in the world. 

'lBlk about cataJop ••• 
we'\le got a~ 

It's all new, and all inclusive. 
Complete specs, dimensional 
drawings, and prices on every 
standard model. So don't delay. 
Get your free copy now. 

Also, for off-the-shelf 
delivery in your area, call us for 
the location of your nearest 
Power-One distributor. 

Power-One Drive• Camarlllo, CA 93010 • (805) 484-2808 • lWX: 910-336-1297 
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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 !CL sockets
not a single IC package came loose from the socket! 
More convincing proof that vibration problems are 
ended with R·N's new low profile !CL 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. 

SeJf.Jock leads hold -- _ 
socket firmly during ---. 
high speed wave 
soldering. Also. this 
"bump" restricts solder 
flow and prevents 
solder v.ricking. 

'"Back fold" contact 
design proVides 

longer sra~~a~~~~ 
pressure against 

IC lead. 

"Side-wipe" 
design meets 

flat , smooth 
side of JC lead 

for perfect 
contact. 



low 11rof~le DIP socke• tlYTH 

•• ••• TWO con-eac-es 
are no• 

more rel~able 
-eban OME!' ' 

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 ICL socket reduces board 
density by 26%. 

AVERAGE 
3.5 oz. 
minimum 
withdrawal 
force 

R-N 
SOCKET 

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

SINGLE CONTACT design 
for low profile sockets 

provides-
4 TIMES BEITER 

IC RETENTION FORCE 
than competiiive 

low profile dual -leaf sockets 

Minimum withdrawal forces: 

.8oz. 

SOCKET 
"A" 

.7 oz. 

SOCKET 
"S" 

SOCKET 
'T '' 

* 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 .......... . ... ... .... . . . . . ...... 410 grams 
2 ............ . . 
3. 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 

10 .. 

. .. 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 contact exerts this kind of force against the IC lead when inserted into the socket. 

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

800 East Eighth Street, New Albany, Indiana 47150 • Phone: (812) 945-0211-TWX: 810-540-4082 
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Some of these components will probably never 
The others will just come close. 

Snap-action V3, SM and SX switches offer 
wide variety of actuators, electrical capacity and 
termination. 

Mercury switches offer hermetic sealing, a 
variety of electrical capacity and broad temperature 
ranges at a low cost. ,.,, 

The SR, XL, XK and AV are solid state position 
sensors featuring almost infinite life. All offer zero 
speed operation with some up to 100 Khz. ES current 
sensor utilizes Hall-effect IC and protects against 
damage from short circuits or overcurrent conditions. 



wearoul. 

The solid state key
board, AML lighted push
buttons and sensors you see 
here Wlll probably never 
wear out. Because they're all 
solid state. 

Each is based on a Hall
effect integrated circuit. A 
circwt that's been tested 
through billions of opera
tions without failing. And 
proven by performance in 
thousands of applications. 

The precision electro
mechanical components you 
see here come close. Simply 
because of the careful way 
they're designed and put 
together. 

Like the long-life 
versions of our snap-action 
V3, SM and SX precision 
switches. Available in a wide 
variety of sizes, electrical 
ratings, terminals, actuators, 
contact forms and operating 
characteristics some tested 
to a mechanical life of over 
10,000,000 operations .. 

MICRO SWITCH will 
provide you vv.:ith field 
engineers for application 
assistance and a network of 
authorized distributors for 
local availability. Write us for 
details or call 815/ 235-6600. 

And find out how you 
can get a component that 
goes on forever. Or at least 
comes very, very close. 

MICRO SWITCH 
I f i f f I • 1 l { T I j l I ~J ( I I ' , f. 1 I 

A DIVISION OF H ONf.YWE LL 

MICRO SWITCH products are 
available worldwide through 
Honeywell Internat1onal 

I COMMUNICATION CHANNEL I 

CDMMtA'41CATIONS r--- - -- -- - - - --, 
DIAL-UP INTERFACe5 I ~-~ 

LINES I t-:==-=1 

I 

' , 

DASP™ 

~"=i,i!~~~-;;=;;"iJl-;;:='\""1 

Datapoint Attached Support Processor. DAS.PT" spools data to 
its own discs while submitting jobs or accepting completed 
output through byte multiplexer channel of IBM mainframe. Re
mote jobs may be submitted to or completed jobs retrieved 
through systems while mainframe is on other tasks or even 
completely offline 

360/370 to be submitted to it for 
processing via telephone lines from 
a distant location. The processor ap
pears to the system it serves as an 
IBM card reader or punch, line printer, 
and alternate system console. It can 
handle thousands of records per 
minute, requires no IBM teleprocess
ing hardware or software, and adds 
no telecommunication or disc re
trieval overhead to the IBM system 
to which it is attached. 

Comprising hardware and software 
components, the processor simultane
ously controls up to four telephone 
lines, in any combination of multi
point, leased point-to-point, or direct 
dial, and operates at speeds up to 
9600 baud. Depending on calling 
volume, any number of remote sites 
can be accommodated; additional 
units can be attached should volume 
exceed that of a single system. 

Time-stamped output and routing 
feature permits job-entry user to 
specify who receives completed out
put, at what time, and delivery 
method-autodial, polling, or dial
in. An administrative message-switch
ing feature includes storing and rout
ing of administrative messages, mem
oranda, or data files from any termi
nal to any other. Messages may be 
stored and forwarded at night when 
DDD rates are low. System also com
piles statistics by both line and re
mote processor to support individual 
billing and accurate system analysis. 

Disc storage capacities range up 
to 160M bytes. A system consisting 
of an Advanced Business Processor, 
5M bytes cartridge disc storage, chan
nel adapter, and all software is 
priced at $37,500, or may be leased 
for $1044/mo on a 3-yr basis. 
Circle 400 on Inquiry Card 
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How fo get Jhe hottest 
"'' 1n tlle industry without 991ting burned 

on crel1very. 
The safest way to order the new industry 
standard 3870 microcomputer is to put an F in 

front of it. Because Fairchild has more 
microcomputer capability than 

li anyone else. And we're putting 
it all to use on the F3870. 
So when you order from us, 
you 're getting the most 
advanced process and 

production capability in the 
industry. Which means on 
time delivery at the lowest 
possible cost. 

It's all due to a technology 
that's years ahead of its time. 
We're on-line with a MEBES

Micro Electron Beam System 
for mask making-an industry 
first. We've got 4"wafers. And 
improved projection alignment. 
All of which addsuptolowercost. 

Like money in the bank. 
The F3870 saves you money in several ways: It's got an 

inexpensive+ 5 V ± 10% power supply that 
requires less power: 

It's got a 40-pin plastic DIP 
that reduces device cost. 

And F3870 pinouts 
are optimized to 
allow single-sided 
pc boards. This makes 
the connections easier 
and the pc boards cheaper: 

COMPUTER DESIGN/ AUGUST 1978 



All of which means 
economy for you with no 
sacrifice in performance. 

Million dollar 
performer. 

The F3870 delivers 
higher performance than 
other single chip micro
computers. It's organized 
2Kx8 mask programmable 
ROM and 64 x 8 scratch
pad RAM. With 32 
bi-directional individually 
controllable 1/0 pins, 
a programmable binary 
timer and prioritized 

$8 

7 

6 

5 

4 

3 

2 

\ 
\ 

\ 
\ 

\ 

' 

1978 

' 

F3870 ASP predictions 

',, ,, 
.......... 

1979 

......... ....... 

1980 

... _ 
-------

1981 

vectored interrupts. Time vs. cost comparison graph. 

It has an 8-bit processor, 72 instructions, output ready strobe, 
programmable internal and external vector interrupts and on-chip 
clock. 

There's also on-chip regulated back bias generation and triple ion 
implanted n-channel tech
nology.And the F3870 is fully 
software compatible with 
ourentireF8multi-chipfamily. 

Growi~ by leaps and 
bounds. 

The F3870 family is 
expanding so you can take 
advantage of its cost savings 
now and still add intelligence 
and flexibility to your future 
designs. 

MEBES-Micro Electron Beam System. Fa i rch i Id offers complete 
low-cost software development and hardware emulation options. 

If you'd like more details about how to take delivery of the hottest 
part in the industry, just contact your Fairchild sales office, distributor or 
representative today. Or use the direct line at the bottom of this ad 
to reach our Microcomputer Products Division. Fairchild Camera and 
Instrument Corporation, P.O. Box 880A,Mountain View, California 94042. 
Telephone: (415) 962-3671. TWX: 910-373-1227. 
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Call us on it. 
(415) 962-3671 
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Distributed Networks 
Complemented by 
Packet-Based Architecture 

A resource-sharing distributed data 
processing system called Network 
Data Series ( NDS) and complemen
tary AUTONETT" network architec
ture have been introduced by General 
Automation, 1055 South East St, 
Anaheim, CA 92803. They will be 
used to configure the company's 
Solution series compatible 220 and 
460 computers into resource sharing 
distributed data processing networks 
in production automation functions. 
Data base sites and system resources 
are transparent to NDS applications 
programs; users have access from 
any network terminal. 

Typical 460 NDS host systems can 
include 128k to 2048k bytes memory 
with error correction, and support 
up to four discs in lOM, 80M or 
300M byte capacities, up to two 200-, 
300-, or 600-lihe/min printers, 400-
or 1000-card/min readers, up to 
four 800- or 1600-bit/in (315- or 
630-/ cm), 25/ 75-in/ s (64/ 190-cm/ s) 
mag tape units, and console serial 
printers. 220-based terminal clusters 
can accommodate up to four CRT 

display stations, and can be con
figured with lOM-byte disc or 200-
line/min printer as required. In 
highly interactive environments with 

centralized data base, each 460 NDS 

host can support up to eight terminal 
clusters for a total of 32 terminals. 

AUTONET is based on packet 
switching concepts from ADCCP (Ad
vanced Data Communication Control 
Procedures) X.25 recommendations. 
It uses full duplex SDLC line proto
cols for message formatting and 
error correction at rates to over 2M 
bits/s. The framework can accom
modate up to 255 individual network 
nodes, each with as many as 32 in
dividual communications links. Stan
dard capabilities include asynchron
ous program-to-program communica
tion; remote control of any proces
sor's operating system; total network 
management, unattended operation 
at any node; transparent access to 
remote peripherals, files, and data 
bases; memory image uploading; 
and maintenance troubleshooting on 
remote systems. Standard modems 
can be used for communication speeds 
to 2400 baud, high speed units to 
56k baud, or local 460 host links 
to over 2.5M bits /s. A wide selec
tion of emulators is available to 
connect the NDS to any other host, 
including packages for IBM 2780, 
3780, and 3270. 

First NDS installations will be 
made in the fall of 1978, with vol
ume production of complete network 
configurations scheduled for March 
1979. 

r------~~~~------~ 

I DATA BASE MGR USER --~~~S:?_~T-~Ol I 
rfAA-NSCArOA APPLICATION TRANSLATOR : 

L____ ----~ 

NETWORK MANAGER 

· MESSAG E CONTROL 

PAC KET CO NTROL 

LINK PROTOCOL LINK PROTOCOL 
CONTROL CONTROL 

LI NE CONTROL LI NE CONTROL 

AUTONET architecture 
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30 

SALES OFFICES 
ALABAMA 
Pen-Tech Assoc. 
Huntsville 
(205) 533-0090 

ARIZONA 
Intel Corp . 
Phoenix 
(602) 242-7205 
BFA Corp . 
Scottsdale 
(602) 994-5400 

CALIFORNIA 
MAC-I 
Berkeley 
(415) 843-7625 
MAC-I 
Cupertino 
(408) 257-9880 
MAC-I 
Fountain Valley 
(714) 839-3341 
Earle Assoc . 
San Diego 
(714) 278-5441 
Intel Corp . 
Santa Ana 
(714) 835-9642 
Intel Corp. 
Sherman Oaks 
(213) 986-9510 
Intel Corp . 
Sunnyvale 
(408) 738-3870 
MAC-I 
Woodland Hills 
(213) 347-1374 

COLORADO 
Intel Corp . 
Denver 
(303) 373-4920 
Mountaintek 
Evergreen 
(303) 674-5255 

CONNECTICUT 
Intel Corp. 
Danbury 
(203) 792-8366 
CMACorp. 
Fair Haven 
(203) 789-1013 

FLORIDA 
Pen-Tech Assoc. 
Deerfield Beach 
(305) 421-4989 
Intel Corp . 
Ft . Lauderdale 
(305) 771-0600 
Pen-Tech Assoc . 
Maitland 
(305) 645-3444 
Intel Corp . 
Orlando 
(305) 628-2393 

GEORGIA 
Pen-Tech Assoc. 
Atlanta 
(404) 955-0293 

ILLINOIS 
Dytek-Central 
Arlington Heights 
(312) 394-3380 
Intel Corp . 
Oakbrook 
(312) 325-9510 

- IOWA 
Technical Reps . 
Cedar Rapids 
(319) 393-5510 

KANSAS 
Technical Reps . 
Lenexa 
(314) 888-0212, 3 , 4 

MARYLAND 
Mesa, Inc . 
Rockville 
(301 ) 881-8430 
Glen White Assoc . 
Timonium 
(301) 252-6360 
Intel Corp . 
Timonium 
(301 ) 252-7742 

MASSACHUSETTS 
Intel Corp . 
Chelmsford 
(617) 256-4131 
CMA Inc . 
Waltham 
(617) 894-7000 

MICHIGAN 
Lowry and Assoc . 
Brighton 
(313) 227-7067 
Intel Corp . 
Southfield 
(313) 353-0920 

MINNESOTA 
Intel Corp . 
Bloomington 
(612) 835-6722 

MISSOURI 
Technical Reps. 
Hazelwood 
(314) 731 -5200 

NEW JERSEY 
Intel Corp. 
Edison 
(201 ) 985-9100 

NEW MEXICO 
BFA Corp . 
Albuquerque 
(505) 292-1212 
BFA Corp . 
Las Cruces 
(505) 523-0601 

NEW YORK 
Measurement Tech . 
Great Neck 
(516) 482-3500 
Intel Corp . 
Hauppauge 
(516) 231-3300 
T-Squared 
Pittsford 
(716) 381-2551 
Intel Corp . 
Poughkeepsie 
(914) 4 73-2303 
Intel Corp . 
Rochester 
(716) 328-7340 
T-Squared 
Syracuse 
(315) 463-8592 

NORTH CAROLINA 
Pen-Tech Assoc . 
Highpoint 
(919) 883-9125 

OHIO 
Lowry and Assoc . 
Clev eland 
(216) 464-8113 
Intel Corp . 
Dayton 
(513) 890-5350 
Lowry and Assoc . 
Dayton 
(513) 435-4795 
Intel Corp . 
Euclid 
(216) 289-0101 

OREGON 
ES/ Chase 
Beaverton 
(503) 642-2732 

PENNSYLVANIA 
Intel Corp . 
Ft. Washington 
(215) 542-9444 
0 .E.D . Electron ics 
Hatboro 
(215) 674-9600 
Lowry and Assoc . 
Pittsburgh 
(412) 922-5110 

TEXAS 
Intel Corp . 
Dallas 
(214) 241-9521 
Mycrosystems Mktg . 
Dallas 
(214) 238-7157 
Intel Corp . 
Houston 
(713) 784-3400 
Mycrosystems Mktg . 
Houston 
(713) 783- 2900 

UTAH 
Mountaintek 
Salt Lake City 
(801 ) 266-9617 

WASHINGTON 
ES/ Chase 
Seattle 
(206) 762-4824 

CANADA HDQTRS. 
Ottawa 
(613) 232-8576 
Multitek 
Ottawa 
(613) 226-2365 

EUROPEAN HDQTRS. 
BELGIUM 
Brussels 
Tel : (32-2 ) 660 30 10 
Telex : 2481 2 

ORIENT HDQTRS. 
JAPAN 
Tokyo 
Tel : (03) 426-9261 
Telex : 781-28426 
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"Intel announces 
the first MOS PDP:11 memory 
with full parity capability, 
control status register 
and more--
all on a single board!' 

Introducing in-5034, our new single-board add-in 
MOS memory. It's the latest addition to our growing 
family of add-in, add-on memory systems for the 
PDP-11 computer. The high-density, low-cost in-5034 
is totally hardware and software compatible with 
PDP 11/04s and llf34s. 

Because we've included everything you need on 
a single hex-height card, the need for a DEC parity 
controller module is eliminated, and memory 
throughput is increased. Better performance, on-board 
spares and Intel MOS reliability. That's what the 
in-5034 is all about. 

Intel is the world's largest supplier of MOS memory. 
So when you order add-in memory from us, 
you're assured of proven performance. Every in-5034 
is thoroughly tested at both component and board 
level, and backed by a full one-year 

Two extra pretested 
MOS memory devices provide 
on-board spares. 

Parity generation and checking 
circuits insure data integrity. 

Best of all, the in-5034 is available now. For additional 
information, contact your local sales office or use 
the coupon. 

r--------------------------1 
Intel Memory Systems I 
1302 N. Mathilda Avenue, Sunnyvale, California 94086 : 

Have an Intel representative call me at ( ) . I 
Send me information on the in-5034 memory for PDP II/04s and II/34s. : 

Send me information on other memory systems for the PDP- I 
Name/Title _________________ _ 

C.ompany ___________ Mail Station __ _ 

Address ___________ Phone ____ _ 

I 
I 
I 
I 
I 

City/State/Zip I 
L--------------------------~ 

PDP is a registered ttademark d Oi!fi1al Equipment C.orp 

Intel low-power MOS memory 
----- components reduce operating 

power to only 20 watts (12 watts 
in standby). 

On-board control status 
register and parity circuits 
eliminate need for separate 
parity controller module. 

32K, 48K or 64K x 18-bit 
MOS memory on a single board. 
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4K bytes PROM. 

32 line Digital 1/0. 

ACTUAL SIZE. 
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Introducing the Data General microNOVA 
Board Computer, MBC/1. The smallest, 
most functional 16-bit single board micro
computer you can buy. More power and 
capability in less space than any other. 
It's a full 16-bit processing unit. And it has 
multiply I divide, stack architecture, data 
channel (D MA) and 16-level priority inter
rupt, 2K bytes static RAM, sockets for 
up to 4K bytes of PROM. It also has async 
interface, 32-line digital I/0, optional con
sole debug software and self-test diag
nostics. All in a space of 7. 5 x 9. 5 inches. 

It's all supported by our MBC/M 
real-time multi-tasking monitor and moni
tor emulator that lets you develop soft
ware under Data General's AOS, RDOS 
and DOS operating systems for execution 
onMBC/l. 

To go along with all of this, there's 
a full array of compatible interfaces, design 
interface support, compatible software 
and excellent program development tools. 
If you want more board in less room, 
reserve a Data General MBC/1 micro-
N OVA Board Computer. For more infor
mation, mail the coupon, call D~ta General 
or your nearest full service industrial 
distributor: Schweber or Wyle (Elmar/ 
Liberty). Or call your local dealer. 

*Single unit price. Quantity discounts available. 

r---------~----, 
I Mail to: microNOVA PRODUCT INFORMATION I 
I 

DATA GENERAL CORPORATION, I 
WESTBORO, MA 01581 

I Name Title I 
I Company .., Tel. No. I 
I Address I 
I City State Zip I 
I Data General Corporation, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd. , I 

Ontario. Data General Europe, 61 rue de Courcelles, Paris, France, 766.51. 78. Data General 

I Australia, (CX3) 89--0633. Data General Ltda., Sao Paulo, Brazil, 543-0138. Data General Middle I 
East, Athens, Greece, 952-C657. © Data General Corporation, 197& 

L 
microNOVA is a registered trademark of Data General Corporation. CD-8 .J --------------t •Data General 

We make computers that make sense. 
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DIGITAL TECHNOLOGY REVIEW 

32-Bit Multiprocessor System 
Based on Variable Resource Architecture 

Model 8000, a 32-bit modular multi
processor system designed to simul
taneously support hundreds of inter
active terminals and multistream 
batch tasks, uses variable resource 
architecture. This design concept, 
developed by BTI Computer Systems, 
870 W Maude Ave, Sunnyvale, CA 

94086, involves multiple modules, 
all operating in parallel, which 
provide computational power, mem
ory, and 1/0 channels in the specific 
mix needed for a range of configura
tions, system expansion, and fail-soft 
capability. 

CPU ... 

Engineering basis for the design 
is the high speed, distributed logic 
master bus, which provides 32-bit 
communication among up to 16 re
source modules at a rate of 60M 
ibytes/s. There are four types of 
resource modules: computational 
processing unit (CPU), memory con
trol unit ( MCU), peripheral process
ing unit ( PPU) , and system services 
1.1nit ( ssu). System configurations can 
include up to 8 processors operating 
in parallel, up to 8 parallel paths 
into a total core memory capacity 
of lOOM bytes, up to 32 1/0 channels, 

UP TO 16 SYSTEM RESOURCE MODULES 

32-BIT, 67-NS BUS 

••• • •• 

up to 512 high speed asynchronous 
terminal ports, and up to 128 disc 
spindles with 33M to 252M bytes I 
spindle. 

Key to the system's operation is 
the virtual machine multiprocessing 
monitor which creates a standard 
virtual machine environment for 
each running program, or process, 
independent of the mix of hardware 
modules present in the system. It 
dynamically supports its va.rying 
workload by treating all hardware 
including the processors as a resource 
pool. The specific mix of peripherals 

ssu 

MEMORY UP TO 4 CONTROLLERS PER PPU 
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GOMPUTATION 
1 TO 8 
CPUS. 
TYPICAL 

MEMORY 
256k BYTES 
TO 4M BYTES 
TYPICAL 

DISC DISC 
DRIVE DRIVE 

MASS STORAGE 
INCREMENTS OF 
33. 66. 126 
OR 252 M BYTES 

INPUT/OUTPUT 
4 TO 32 
CONTROLLER 
CHANNELS. 
TYPICAL. 
MULTIPLE DEVICES 
PER CONTROLLER 

USER 
COMMUNICATIONS 
8 TO 512 
USER PORTS. 
TYPICAL. EACH AT 
t9.2k BAUD 

SYSTEM SERVICES 
AUTO SYSGEN 
DIAGNOSTICS. 
TIMING. ETC 

A modular 32-bit multiprocessor, BTI 8000 uses variable resource architecture. Computational power, memory, and 
1/0 resources are automatically pooled by system monitor software to process overall system workload 
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{MCA) provides compt8t8 mutt sor capability for 
ROLM's family of AN/UYK-19 processors including the 
half mill ion word 1666. As many as 15 of these 
processors may be tied to a single MCA bus, providing 
redundant processing capability in large or critical 
systems, or for OMA-speed parallel communications in a 
multiprocessor environment. The MCA is an economical 
way to increase systems capability by easily connecting 
additional processors to the current system. 

.... ...................... ' ~ ·~ ,.., .... ,.. ... " ,.., ,.., 
• • 1. 1 •• 

. . . ..... . 
';' ............ ';" ';" ':' ............ 7-: 7 ........ .... 

(~ =~= ===~; ! ~-' =~= 2~=-;:; 

AoLM's MCA Is now available for off-the-shelf de
livery. It is fully supported by ROLM real time software 
systems. Processors sharing an MCA bus may operate 
under RMX/ROOS, ROOS, ATOS or a combination of 
all three. If you have system requirements for ROLM's 
MCA family plan, write or call for more technical 
information. 

ROLM-innovation, performance, reliability and 
value engineering. 

That's Why We're #1 in Mil-Spec Computer Systems 
MIL-SPEC 
Computers 

4900 Old Ironside:; Drive, Santa Clara, CA 95050. (408) 988-2900. TWX 910-338-7350. 
In Europe: 645 H•neu, MuehlatrHa• 19, Germany, 06181 15011, TWX 418-4170. 
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With Zilog, it's 
all in the family. 
If you're an OEM interested in micros, take 
a look at the Zilog MCZ·l family. 
It's ready today to start working for you. 

We've got the goods for OEM's. 
There are rack-mountable units, as 
well as table-top model units with 
integrated CRTs, all sizes of disks and 
some new low-cost configurations. 
Plus, four full programming languages. 
Flexible configurations ready to fit 
almost any product development 
strategy. 
• Want a low cost disk computer? 

Our MCZ-1/05 is a table-top unit with 
two floppies, RS232 terminal inter
face, parallel printer interface, up to 
60K memory and lots of room for 
1/0 expansion. It's under $5,000. 

• Need a cartridge disk computer? 
Our moving head MCZ-1/35 disk 
system sports two Z-80's. The file 
management system is right in the 
disk control unit, and up to four 
cartridge disk drives are supported. 

• Need smarts to drive a display 
unit? Our MCZ-1/60 gives you two 
CPU's to work with. Programs for the 
CRT can be down-loaded from the 
system's floppy disk. Terminal 
memory can go to 52K. 

• Go ahead and pull out the stops. 
The MCZ-1/90 is a totally integrated 

computer package with three CPU's: 
the central computer, cartridge disk 
controller, and a programmable CRT 

Our micros speak your 
language. Zilog 's MCZ-1 
family gives you your choice 
of four software families. 
•COBOL.Extended BASIC 
•FORTRAN• PLZ (Zilog's 
powerful systems program
ming language) 

We'll show you how to put it 
together. A whole family of 1/0 
expansion boards are directly com
patible with every mircoprocessor in 
the MCZ-1 series. There's a parallel 
interface, a serial interface, an analog 
interface, a RAM memory, a PROM 
memory-even PROM programmer 
boards. 
Compatible all the way. Zilog's 
RIO operating system lets you start 
with a text editor, macroassembler, 
linker, file management system or any 
one of a variety of other 1/0 drivers 
and system commands. Then add any 
of our language processors: COBOL, 
Extended BASIC (decimal or binary), 
FORTRAN or the powerful PLZ family 
of system programming languages. 
Move your programs in any language 
at will up and down the whole MCZ-1 
hardware family. 

Tested. Then, tested again. Quality 
is monitored at every step of the way. 
Plus, every board and sub-assembly 
is burned in at elevated temperatures. 
And, after the system is assembled, it 
is burned in again at the same 
elevated temperatures. 
Why wait? The Zilog MCZ-1 family 
delivers dramatic price/performance 
ratios unmatched by most minis. Every 
product is backed by Zilog's commit
ment to technological superiority, 
quality and service. 

Name your volume. Name your 
deadline. Zilog is prepared to ship 
in OEM quantities with 30-day 
deliveries. 
Write. Better yet, call. Let us know 
your needs. There's a Zilog small 
computer system that's just the right 
size for your application. You wouldn't 
expect less from the company that's 
pledged to stay a generation ahead. 

10460 Bubb Road, Cupertino, 
California 95014. 
(408) 446-4666 •TWX 910-338-7621 
EASTERN REGION: (617) 667-2179 
OHIO REGION: (614) 457-0820 
MIDWESTERN REGION : (312) 885-8080 
SO. WESTERN REGION : (714) 549-2891 
NO . WESTERN REGION : (408) 446-4666 
EUROPE (ENGLAND): (0628) 36131 / 2/ 3 

An affiliate of 
E)f{ON ENTERPRISES INC. 

We want you to know more 
about Microcomputers. 



~ 
Zilog 
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WHEN IT COMES TO PURING IT ALLON DISPIAl 
THE ORION-60 RANDS ALONE. 

A display terminal thatoon'tstandalone 
can't be as versatile or as adaptable as 
the Orion-60, the rmdular plasrra dis
play system that stands by itself or 
mterlares with existing hardware to 
let you create yotrr own program;. 

To begin with, the Orion-00 is an 
easy touch: besides offering full alpha
mnreric, floppy di~ and rear-projection 
capabilities, it lets you create displays 
and enter data simply by touching the 

38 

screen with yotrr finger. 
That rreans you can project a slide 

onto the screen <XXJrClinates and plot 
yotrr own ootrrse over it You can pro
gram yotrr own dlaracter sets. You can 
generate vectors of any length to ab
~lute screenarrdinates. Insmrt, you11 
have a flexible terminal that will keep 
up with yotrr needs today-and grow 
with yotrr operations torrorrow. 

Of ootrrse, sinre Magnamx was a 

~ MagnaV'O:ll<. ~ 
•ll•1@r;fl.f l.i iiUi~ 

CIRCLE 19 ON INtj)UI RY CARD 

leader in the developrrent of plasrra 
terminals, you can be sure yotrrOrion-60 
will have a bright, hiW'l-oontrast display 
free from jitter and c:llstortion. 

There's a lot rmre you should know 
about the ways this remarkable terminal 
can help you get rrore out of graphic 
displays. For a derronstration, call or 
wnte Tyler Hunt at Magnamx Display 
Systems, 2131 S. wliseum Blvd, Ft 
Wayne, IN 46003, (219) 482-4411 
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is transparent to a program since 
all device and file 1/0 is performed 
by standard record writes and reads 
through logical 1/0 units assigned 
external to the ptogram. 

Software offered with the system 
includes ANSI standard COBOL, FOR
TRAN iv, a CODASYL compliant data 
base management system, RPG 11, ex
tended BASIC, an assembler, and an 
extended version of PASCAL. The sys
tem's control mode command lan
guage for both interactive and batch 
processes has a simple verb-noun 
structure. It supervises user access 
to the system, ensuring legal entry 
;ind accountability when the user 
logs on. 
Circle 170 on Inquiry Card 

Commercial Computers 
Speed Transactions 
In Online Applications 

A low cost computer for small com
panies and a system offering online 
transaction processing capability ex
tend the business computer line of
fered by Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 94304. 
Both provide full data base manage
ment capability. In addition MFG/ 
3000 materials planning and control 
system offers three products that en
able manufacturers to improve in
ventory management, control costs, 
and obtain timely and accurate in
formation on whi~h to base purchas
ing and manufacturing decisions. 

The HP 250 has a built-in IMAGE 
data base manager, software mod
ules for generating printed reports 
and forms, 32k bytes of built-in user 
memory, 128k bytes of system mem
ory, two l.2M-byte flexible disc 
drives, 180-char Is printer, and full 
typewriter keyboard and CRT termi
nal. Providing four times the capacity 
of Series 11 models, the HP 3000 
series III expands to 2M bytes of 
main memory. It uses the MPE-III 
operating system to speed online 
transaction processing and adds a 
number of data management capa
bilities. 

Programming language used with 
the 250 is a business version of 11p's 

BASIC, featuring subprograms, mul
tiple character variable names, and 
flexible output formatting. A stan
dard system includes the IMAGE/250 
data base manager, a subset of the 
3000 series IMAGE package. To make 

programming and operating as simple 
as possible, three software modules 
are provided. Query/250 allows 
unprogrammed access to information, 
permitting data to be retrieved, up
dated, or modified without additional 
programs. FORMs/250 consists of 
utilities foi: creating and modifying 
forms, and provides a programmable 
means of displaying/erasing forms 
and entering/retrieving data. Re
port Writer/250 aids in production 
of reports by providing automatic 
paging controls and built-in restart 
and pause capability for the CRT or 
single sheet printout. 

In addition to larger main memory 
the series III uses the HP 7925 120M
byte disc drive. As many as eight 
drives can be supported for ~ maxi
mum of 960M bytes. The enhanced 
MPE-III operating system for 3000 
series III computer systems speeds op
ei·ations such as entry and updating 
of data base without compromising 
the system's effectiveness in time
sharing uses such as program develop
ment and problem solving. The . sys
tem enables as many as 32 local 
terminals, operating synchronously 
or asynchronously, to be connected 
via a single hardwired line to a single 
input port. Using asynchronous re
peaters the multiport option on 
multiport CRT terminals allows a 
single input port to accommodate a 
line up to 64,000' ( 19.5 km) long 
while operating at 9600 bits/s. 

The operating system's serial disc 
interface structure allows any disc 
pack to be treat~d as a private file 
and improves backup procedure speed 
as much as 2.5 to 1, by allowing 
backup to disc to be substituted for 
backup to tape. 
Circle 171 on Inquiry Card 

Semiconductor Memories 
Expand 3031/3032 
Capacity to 12M Bytes 

Semiconductor memories for IBM 3031 
and 3032 processors added to the 
6300 family offer users up to lOM 
bytes of external main memory in a 
single cabinet. Providing double the 
capacity currently available from 
IBM, models 6331 and 6332 are sup
plied by Memorex Corp, San Tomas 
at Central Expy, Santa Clara, CA 
95052 in lM- or 2M-byte increments 
up to a total ,of 12M bytes when 
combined with the minimum 2M 

bytes required on the CPUS. Perfor
mance improvement is attained 
through increased throughput, re
duced paging frequencies, and ex
tended data base/data communica
tions applications: 

Using 8k-bit MOS RAM technology 
the memories provide 128k-bytes of 
storage on a single board. Storage 
devices can be replaced individually, 
eliminating the need to replace en
tire boards when an error is detected. 
A microprocessor controlled main
tenance panel further enhances main
tainability by monitoring online mem
ory status; sensing, collecting, and 
logging error conditions; isolating 
memory interface problems; and 
identifying failing memory compon
ents as they occur. The panel also 
provides a complete history of ma
chine status and facilitates chip fault 
isolation and replacem·ent. 

Full compatibility is maintained 
with 3031 and 3032 processor ad
dress relocation for up to 6M bytes. 
Address relocation is extended be
yond IBM's 6M byte maximum so that 
the entire CPU address range may be 
reconfigured when memory in excess 
of 6M bytes is present. 
Circle 172 on Inquiry Card 

Minicomputer Family 
Expanded at Upper 
And Lower Levels 

Low end model 23 and high perfor
mance model 57 have been added to 
the Level 6 family of minicomputers 
by Honeywell Information Systems, 
Inc, 200 Smith St, Waltham, MA 
02154 to offer true mix or match 
capability without affecting a user's 
application. Priced at under $14,000, 
the model 23 operates in the 200k 
instructions/s range, while model 
57 CPUS are capable of performing 
over 700k instructions/s, support 
direct addressing of 2M bytes of 
memory, and include a scientific in
struction processor for efficient execu
tion of FORTRAN. 

A diskett~ based, communications 
oriented system the model 23 is best 
suited to dedicated application where 
it will remain installed over a long 
period performing one or more spe
cific functions. Offered in rackmount 
or prepackaged versions, the unit has 
maximum memory of 64k words and 
supports diskettes, serial printers, 
line printers, and communication to 
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9600 baud. System cost was kept low 
by modifying the physical packaging 
structure. 

The central processor features the 
same internal register organization 
and instruction set as the larger 
model 33, but uses a low cost syn
chronous bus that can accommodate 
a 64k-word system with up to 18 
peripheral devices and/ or communi
cation lines. The processor is imple
mented on a single PC module that 
includes CPU logic, control, and tim
ing circuits for the synchronous bus. 

A high performance, commercially 
oriented minicomputer, model 57 has 
two processors-one that executes the 
standard Level 6 instruction set and 
one that executes an additional set 
of COBOL instructions-as well as a 
4k cache memory and a memory 
management unit. Megabus architec
ture accommodates all system ele
ments. 

Directly addressable main memory 
can range in size up to 2M bytes, 
It is accessed only if the desired 
word is not in cache. Whenever a 
word already in cache is to be 
written, it will be modified both in 
main memory and in cache. 

Modular Keyboard Based 
Interactive 1/0 Terminals 
Operate at 9600 Bits/s 

Made up of a number of office en
vironment modules, the 4500 data 
terminal family provides efficient, 
economical, and reliable data com
munications in computer based sys
tems. Components form a variety of 
terminal configurations to provide a 
range of system solutions to user 
needs in sophisticated computer based 
communication systems. Teletype 
Corp, 5555 Touhy Ave, Skokie, IL 

60076 is offering the terminal in 
configurations for interactive, batch, 
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In the entry level model 23 minicom
puter, Honeywell has packed up to 
128k bytes of memory on half-size 
board by using 16k-bit memory chips 
(right foreground). Chassis holds pro
cessor and 12 half-size modules for 
memory, and peripheral and communi
cations controllers 

The model 57 processor requires 
three slots on the Megabus-one for 
the primary central processor board, 
on which a secondary board for 
memory management is mounted; 
one for the commercial instruction 
processor; and one for cache memory. 
The central processor ( CP) and the 
commercial instruction processor 
( CIP) normally operate in parallel. 
The GP extracts operation codes and 
sends them on to the CIP, which then 
begins autonomous operation, leaving 
the CP free to execute the next in
struction. 

Supporting a multiuser transaction 
processing environment, ccos /6 MOD 

200 entry level transaction process
ing system is capable of operating 
as a standalone system or as a multi
functional intelligent terminal in a 
communication network. Transaction 
control is memory efficient and can 
result in decreased development 
time and effort. General features in
clude higher level language support 
for entry level and intermediate 
COBOL and automatic self-generation 
during bootstrap loading. 

Circle 173 on Inquiry Card 

and data entry requirements. It has 
protocol features and host compati
bility for easy application. 

Modules in the initial offering in
clude data entry and typewriter style 
keyboard modules with optional 
numeric pad, magnetic stripe opera
tor badge reader, and keyboard lock 
for terminal security; display mod
ule with capacity for display of 24 
or 32 lines of 80 char each; serial 
matrix printer module operating at 
speeds to 47.5 char/s and printing 
132 char at 10 char/in (3.9/cm); 
and a 132-col line printer module 
that provides full font character 
printing at 300 lines/min. A micro-

processor based controller module 
interconnects individual components 
and defines operating characteristics 
of each configuration. 

The controller incorporates up to 
64k bytes of addressable memory 
and three direct memory access cir
cuits for efficient data manipulation 
within the terminal. It provides up 
to 32 ss1 ports for device connection 
and two EIA Rs-232 ports to interface 
to transmission facilities and auxiliary 
devices. 

First members of the family, the 
4540 series are keyboard display 
based interactive terminals designed 
for inquiry / response, data entry, 
and data retrieval. With operating 
speeds ranging from 2400 to 9600 
bits /s, the units provide a choice of 
ASCII or EBCDIC code, and error check
ing and correcting scheme. 

Single display and clustered ver
sions are available; a cluster may 
contain up to 32 devices, 8 of which 
may be printers. All terminals can 
be coupled to multipoint or point 
to point private line communication 
facilities. 
Circle 174 on Inquiry Card 

Five Models Added 
To Intelligent 
Terminal Systems Family 

To provide a complete family of dis
tributed processing systems, Texas 
Instruments Inc, PO Box 14444, Hous
ton, TX 77001 has added five mem
bers to its series 700. Models 771 I1 
and /2, and 774 /2, / 3, and 
I 4 offer low cost solutions to require
ments such as source data entry, local 
file inquiry /response, local printing 
and data preprocessing, as well as 
batch and remote data entry com
munication with a host computer or 
other family member. 

A single-station intelligent termi
nal with 1920-char video display, 
two diskette drives, a 16-bit TMS 

9900 microprocessor, and data entry 
keyboard, the 771/1 has a 64k-byte 
memory ( 24k bytes are user acces
sible). A built-in thermal printer is 
included with the 771I2. Both can 
be equipped with 150-char Is model 
810 receive-only print~r. 

The model 774 /2 is a multi
station intelligent terminal system 
with dual diskette storage. Standard 
configuration includes a 96k-byte 
processor, 1920-char model 911 video 
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Anode lead wire for Impressed 
current anodes for use in deep 
ground beds, sea water and 
other severe cathodic protec
tion environments. 

Heat shrinkable tubing protects 
critical diodes and capacitors, 
carbon deposited resistors and 
provides support for butt-welded 
connections. 

Solder Sleeves® provide elec
trical solder connections for 
wires, cables, cable shields 
and coaxial cables. 

Cable ties for nu
clear and other tough 
environmental 
applications. 

Kynar insulated wire is ideal for 
automatic wire wrapping opera
tions for computer back panels. 

Jackets for use as cladding 
over glass fiber bundles in 
transportation applications 
utilizing fiber optics. Electrical heat tracing .-:ystems 

maintain process temperatures 
in liquid-handling systems 
(pipes, valves and fittings) . Also 
used to freeze-protect pipes 
under extreme climatic condi
tions. 

constructions 
for aerospace, electrical and 
electronic systems, airframe 
wiring, outerspace environ
ments, high density wiring 
and other complex circuitry. 

Insulated terminals for 
nuclear ROWer plant, air
craft , aerospace and 
pipeline installations. 

KYNA~® Resin protects 
your wiring system end to end. 
It's the unique balance of th~se properties that enables 
KYNAR to perform in many ~ough applications: 

Kynar can be marked, printed, striped, or hot stamped for 
identification. It can also be pigmented for color coding. 

Kynar has high dielectric strength and good 
insulation resistance. 

Kynar has a temperature range from -80° to + 300°F. 

Kynar is nondripping, self-extinguishing (UL STD 94 V-0) 
and has an LOI (Limiting Oxygen Index) of 45. 

Kynar has good chemical resistance, low permeability. 

Kynar has a tensile strength of 7000 psi. It is mechani
cally strong and has good abrasion and cut-through 
resistance. 

Kynar has low-moisture absorption (0.04% ), excellent 
radiation and UV resistance. 

For list of fabricators, more technical data, specifications 
(UL and military), write or call Joe Michaud. Plastics 
Department, Pennwalt Corporation, Three Parkway, 
Philadelphia, PA 19102. (215) 587-7520. 
•KYNAR is Pennwalt's registered trademark for its polyvinyli~ene fluoride resin . 
®Solder Sleeves is a registered trademark of Raychem Corporation. 

~filE~T 
CHEMICALS • EQUIPM.ENT 

HEAL TH PRODUCTS 
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display terminal, dual 256k-byte disk
ettes, and two communication ports. 
The system supports up to four 
diskette drives, two model 810 print
er~. or one 810 and one 300-line/min 
model 2230 line printer. Memory 
expands in increments of 64k, 128k, 
and 192k to a maximum of 352k 
bytes. 

A standard configuration 774/3 
adds 5M-bytes of fixed disc capacity 
and 5M-bytes of removable cartridge 
to the /2. The 774/4 substitutes 
a 160k-byte processor and adds an 
expansion cabinet to support eight 
display stations and five printers. 

All models use TPL 700 data entry 
language which combines a fill-in
the-blanl<s forms package with a 
high level English like procedure lan
guage for data processing applica
tions. System operation on the 77 4 
is supported by a multitasking mem
ory resident system executive, which 
serves as interface between operator 
and task to be executed, providing 
operator communication, data file 
management, task scheduling, and 
data input/output. 
Circle 175 on Inquiry Card 

Standards Team Will Meet 
To Consider Standard 
Nomenclature for FORTH 

A team formed to encourage con
formity in use of the FORTHT" pro
gramming language and operating 
system will hold its fifth meeting in 
Los Angeles during September. Gom
posed of members volunteered by 
major research institutions located in 
several European countries, Chile, 
Canada, and the U.S., the FORTH 
International Standards Team is at
tempting to formulate a standard 
model of nomenclature, formatting, 
and documentation. 

Working since 1976, the group has 
provided a preliminary version of 
international standards which, when 
coupled with parallel CAMAC stan
dards for computer and instrument 
hardware, has permitted faster veri
fication and sharing of results and 
has alleviated duplication of experi
ments and programming. At the 
fourth session the team agreed to 
divide commands into several levels 
of subsets. The most fundamental, 
Level 0, subset was considered, and 
a set of basic standards of nomen-
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clature, called FORTH 77, was 
adopted. 

The upcoming meeting will focus 
on the more difficult questions posed 
by the Level 1 vocabulary, which 
arise because the application oriepted 
language provides a choice of methods 
for solving problems that arise in 
particular technical fields. In con
junction with the meeting, sugges
tions and comments from users in
terested in standardization are being 
solicited. Such material should be 
addressed to the FORTH Internation
al Standards Team, c/o FORTH, Inc, 
815 Manhattan Ave, Manhattan 
Beach, CA 90266 before August 1. 
Circle 176 on lnq11iry Card 

Color Graphics Terminals 
Offer Affordable 
Raster Scan Systems 

Claimed to IJ1ake raster scan color 
graphics display techniques econom
ically viable, · Colorgraphics 6110 
and 6310 computer terminals feature 
modular microprocessor controlled 
architecture and TTY compatible in
terfacing. Ramtek Corp, 585 N Mary 
Ave, Sunnyvale, CA 94086 introduced 
the family to provide the ability to 
easily con'vert from black and white 
to raster color graphics without 
heavy software development costs 
later on. 

Compatible in · software, options, 
and peripherals the terminals use 
resident control software which sup
ports the communication interface, 
keyboard, and joystick, and includes 
a TTY emulator and graphic lan
guage interP.reter. Basic software is 
extended with options that provide 
graphic subroutines and patterned 
vectors. Resident firmware provides 
an easy to use ·interpreter that al
lows the user to develop software 
offiine without costly host computer 
overhead. 

Terminals are initialized as TTY 

emulators, but convert to the graph
ics· state on command. All communica
tion with the host computer is serial 
asynchronous and in the for~ of 
printable ASCII text strings that are 
generated by high level applications 
programs. Dual architecture gives 
the · user separate memories for 
graphics and alphanumerics. Text 
and graphics may be viewed separate
ly or together, for user flexibility. 

A low priced terminal, the 6110 
features 320 x 240 ~ 3 graphics dis
play matrix, 72 x 24 alphanumerics 
format, and 13" (33-cm) medium 
resolution color monitor. Offering 
eight graphics colors, the system has 
a TV-compatible format. A high 
resolution terminal, the 6310 pro
vides an 800 x 600 x 3 graphics 
display matrix and 72 x 24 alpha
numeric format. The system has a 
19" ( 48-cm) monitor and offers pro
grammable colors, as well as color 
zoom and pan over the standard 1024 
x 1024 x 3 memory. 
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Distributed Processing 
System Serves Four 
Input/Inquiry Terminals 

XL20 distributed processing system 
is a multimicroprocessor unit that 
provides processing intelligence and 
data storage for data capture, report 
generation, file 'inquiry, and data 
communications. The system serves 
up to four video display input/ 
inquiry terminals and accommodates 
up to four disket~e drives totaling 
4.8M bytes for program/file storage 
and 1/0 media. 

Input/inquiry terminals for the 
system, offered by Pertee Computer 
Corp, CMC Div, 12910 Culver Blvd, 
Los Angeles·, CA 90066, have either 
480- or 2000-char video displays. 
Hardcopy output is handled by sys
tem printers capable of from 170 to 
900 lines/min. 

Diskettes are available with single
sided, single-density IBM format or 
double-sided, double-density XL ex
tended format. Memory expands in 
16k-byte increments from 80k to 
128k bytes. 

xL/os operating system provides 
2770, 2780, 3780, and HASP com
munications protocols as well as 
checkbox/coBOL for programming 
and indexed direct access . method 
(IDAM) for local indexed file inquiry. 
Network communications is provided 
for SL40, CMC 1800, and CMC 3/5 
and for certain mainframes. 

When operated as remote online 
subsystems to an xL40, the terminals 
can share the system data bases and 
processing power, including 3270 
mode capability. Using this feature, 
they can interactively access data 
bases in a remote host mainframe 
through the xL40. 
Circle 178 on Inquiry Card 
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INTRODUCING 
THE BENDIX 

PORTABLE MODULE TESTER 
Now automatic, on-the
spot module testing is on 
the way. 

Here's a new way to test 
anything from a printed 
circuit board to a complex 
logic system. And you can 
do it on the job. 

Our new portable unit 
weighs just 30 pounds and has no moving parts. 
Yet it does everything that stationary digital 
cabinet-type units can . It eliminates downtime 
while modules are tested away from the job site. 
Does away with trial-and-error testing and un
warranted returns , too. 

You can take it on board planes or ships, to 
hospitals, to labs, to computers or communica
tions equipment, and to sophisticated quality-

control operations in mass production plants. 
Highly trained operators are not needed. Pro

gramming procedures are so easy to pick up. 
And an interactive display system makes 
operation easier still. Test systems are stored on 
solid-state cards , providing reusable data 
memory. 

The Basic Bendix unit is capable of testing 
cards to 64 pins and has the capacity to ex
pand to 256. Additional options are available 
including : 
• Fault Isolation Testing 
• Digital Voltmeter/ Frequency Counter 
• Teletype Interface and Advanced Software Aids. 

For more information, contact: Bendix Cor
poration , Test Systems Division, Teterboro, N.J. 

07608. Or call (201) 288-2000, 
extension 1789. 
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Acce11 Cycle Temperature 
Time Time Range {Ambient) 

MKB4116·83/ 84 200/250ns 375/ 410ns -55 Cto +B5 C 

MKB4027· 83/84 200/250ns 375ns -55 Cto ; 85'C 

MKB4104-85/86 300/350ns 510/610ns -55 C to +125 C 

M KB34000-84 450ns 450ns -55'C to +125 C 

MKB36000·84 250ns 375ns - 55 Cto +125 C 

© 1978MostekCorporatten 
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Add-On Memories 
Offer IB'M Compatibility 
Plus Added Capacity 

Three models of IBM compatible 
303X add-on memory from Electronic 
Memories and Magnetics Corp's Com
pµter Products Div, 2311 W El 
Segundo Blvd, Hawthorne, CA 90250 
are designed with small size as a 
criterion. Based on 4k MOS RAMs, all 
models feature a power controller 
that provides added capability dur
ing brownouts. Use of the same basic 
memory board throughout the series 
provides flexibility in expansion and 
upgrades. 

Plug compatible with IBM's 3032 
processor complex, the 7 /3032 has 
capacity for up to 8M bytes. Users 
can expand to the maximum in lM
byte increments. Units are designed 
for conversion to other 303X, 370/ 
158, or I 168 memories. Fetch and 
store time is 320 ns. Power supply 
is 208 V, 3 <f>, and operating tem
perature is 59 to 95 °F ( 15 to 35 
°C). Power consumption is 1.2'5 kVA 
at 208 V. for the first megabyte and 
0.80 kV A for each additional lM
hyte increment. 

Fetch and store times for 7 /3031 
and /3033 are specified as 345 and 
290 ns, respectively. The /3033 has 
a standby memory feature that can 
take over in the event ·of double hit 
errors. Power supply and operating 
temperatures are the same as for the 
/3032. 

The models share enhancements, 
mechanics, power, and deferred main
tenance. Deferred maintenance al
lows any 1024k-byte section of mem
ory to be taken offline by simply 
flipping a switch on the front panel. 
The external operator's panel visual
ly alerts the operator to status and 
existing malfuµctions. 
Cirele 179 on Inquiry Card 

Strate9ic Architecture 
Allows Plug-In Up9rade 
Of IBM Compatible CPUs 

Two models of the M80 series IBM 
compatible central processors, the 
M80/3 and M80/4, introduced by 
Magnuson Systems, 2500 Augustine 
Dr, Santa Clara, CA 95051, are said 
to operate significantly above the 
performance level of the 370/138 
and the 370/148, respectively. 

MAIN 
STORAGE 

3601370 
COMPATIBLE 
CtwNLS 

PERIPHERAi. DEVICES 

MIO SYSTEM BUS 

321513270 
E~ 

SYSTEM 
CONSOLE 

LOCAL 
CONSOLE 

VOLTAGE 
MONtlOR 

CPU 

DUAL FLOPPY DISCS 
I READ/WRITE I 

CONSOLE 
PRINTER 

REMOTE 
CONSOLE 

Magnuson's M80 series uses strategic architecture design concept to 
eliminate traditional constraints on system expansion, performance 
range, and software compatibility. Basic system contains CPU, resident 
firmware, data channels, main storage, an~ system consol~ 

M80/5, with a performance range 
claimed to surpass that of the 3031, 
will be announced later this year. 
Systems are 100% software and hard
ware compatible with IBM Systems 
1360, /370, and 303X. 

While called a series, M80 is ac
tually one basic coqfiguration that 
can be user upgraded with plug-in 
card modules, due to a design con
cept called strategic architecture. 
System organization is structurally 
as well as functionally modtdar; 
logic and memory boards are essen
tially independent subsystems. Bus
structured CPU design minimizes pos
sibility of failures caused by complex 
cabling and backplane wiring. 

Memory uses ~urrently available 
MOS devices; hut the architecture 
permits any desired mix of memory, 
including charge-coupled device 
( CCD) and bubble. Schottky TTL MSI 
logic is used in the CPU and other 
logic subsystems; modularity allows 
use of higher performance circuits 
if required, or when economically 
feasible. The basic system can ex
pand from 562k- to 16M-bytes mem
ory, anq from 3 to 16 data channels. 
Control store is expandable from 
Bk to 256k bytes. 

Strategic architecture PCB modules 
include central processor (up to eight 

CPUS may be used in a multiproces
sor) ; storage coqtrol board, includ
ing memory error correction, RAM, 
and all required address encoders; 
two console hoards with independent
ly programmed microprocessor sys
tems to provide a variety of console 
functions; IBM compatible data chan
nel; peripheral controllers; and 
system bus. An M80/4 system with 
4M-hytes main storage, 8 data chan
nels, and CPU, requires 27 memory 
and logic cards plus 3 console cards. 

System console, functionally simi
lar to that of a 370/158, fully con
trols CPU as well as access to mem
ory and channels. An alter display 
mode permits display and alteration 
of system memories. In diagnostic 
mode, memory faults are traced to 
the chip, and channel faults to the 
board level. Channels may he recon
figured to match either byte or block 
multiplexing. Console processor also 
contains floppy disc, light pen, print
er, and communications modem. 

Systems are packaged in a com
pact desk-high unit and do not re
quire special air conditioning. Power 
consumption is claimed to be 75% 
less than comparable I 370 models. 
The unit can accommodate up to 4~
hytes memory and 8 data channels 
in addition to CPU and console. Add-
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on units expand this capacity to 16M 
bytes and 16 channels. 

Basic system is not limited to IBM 

compatibility but can be modified to 
emulate Burroughs, Honeywell, 
and Univac computers, and be recon
figured at the console to run either 

Solid-State Keyboards 
Use Ferrite Core Switches 
For Reliability 

A solid-state keyboard using linear 
ferrite core technology, Series III is 
being offered at a price competitive 
with reed and mechanical designs. 
Introduced by Cortron, a div of 
Illinois Tool Works Inc, 6601 W Irv
ing Pk Rd, Chicago, IL 60634, the 
keyboards use a scanning technique 
for keyswitch array interrogation and 
code generation. Keyboards may be 
address encoded or encoded with any 
code set. 

Ferrite core technology is not 
susceptible to failure through dust, 

Multiuser Virtual Memory 
Minicomputer System for 
Sophisticated Applications 

PROTosT><, a terminal oriented, multi
user virtual memory computer sys
tem, includes a high speed cache 
memory, overlapped instruction exe
cution, memory mapping and protec
tion logic, and expandability to 2M
bytes of semiconductor memory. De
veloped by the Naked Minia Div of 
Computer Automation, Inc, 18651 
Von Karman, Irvine, CA 92713, the 
system combines advanced software 
with minicomputer based hardware 
designed specifically to support it, 
and is capable of sustained mixed 
instruction processing rates above 
lM instructions/s. 

A small configuration includes 
256k-byte processor with eight asyn
chronous 1/0 ports, hardcopy termi
nal, 300-line/min printer, SOM-byte 
disc unit, and two flexible drive 
units, and will sell for approximate
ly $100,000. A larger system consists 
of 512k-bytes memory, 16 1/0 ports, 
hardcopy terminal, 600-line/min 
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IBM or non-IBM software. System may 
also be organized as a central proces
sor, multiprocessor, distributed pro
cessing system (either central data 
base or remote), or as front- or 
back-end processor. 
Circle 180 on Inquiry Card 

moisture, or other environmental 
hazards. Insensitive to static dis
charge noise and emi, the switches 
maintain switch to switch consistency 
and essentially constant performance 
across a broad temperature/humid
ity range. 

ss3 keyswitches are contactless, 
with a low profile-0.5" ( 1.27 cm) 
from mounting plate to keyboard 
bottom. Switch travel is a full 
0.150" ( 3.81 cm) . Life test rating is 
lOOM cycles. 

Standard keytops are 2- or 3-shot 
molded. Keytops and legend are 
available in standard colors as well 
as gloss, semimatte, and matte 
finishes. 
Circle 181 on Inquiry Card 

printer, two 200M-byte disc drives, 
dual flexible disc drives, and three 
video display terminals. 

Principle features of the operating 
system are AUTOMAPT", a virtual file 
mechanism; a hierarchical multi
volume file system incorporating re
movable private subfile systems; 
intertask communication, synchroniza
tion, and control; and independence 
of command language and operating 
system. Additional software support 
includes ALAMOT"', a block structured 
system implementation language; 
macroassembler; interactive com
mand language; and a metacommand 
language that permits users to write 
routines in which executable state
ments are commands. 
Circle 182 on Inquiry Card 

DIP-Type Battery Serves 
As Standby Power For 
Electronic Components 

A standardized DIP-type nickel-cad
mium battery, Data Sentry™ serves 

as an auxiliary power source in direct 
circuit board mounting applications. 
Developed by the General Electric 
Co, Battery Business Dept, PO Box 
861, Gainesville, FL 32602, the bat
teries are rated at 70 mAh at 15 
mA. They are offered in voltage 
modules of 2.4 or 3.6 Vdc to permit 
the designer to build the proper volt
age for his system. 

Battery design uses the µ.P-80 
'battery cell and is provided in a 

2.8 rr--r---r-..,--r-..--.-..., 

2.4 ~l==~~~~\~Kl-1 
"' 2.0 l--~+--l--+--+-'11++1--1 
':::; 1.6 ~-l--+----1-+--+--'JH-iJ--I 

;> i.2 f--t---t--+--t-t~"'11 ... :!ljlr .. ,11a;;':a;::I 

0.8 f--1---1--+--t- +--+--I 
0 .4 ~-+---1--+--+-+--+---1 

20 40 60 80 100 120 140 
% RATED CAPACITY 

13 26 39 52 65 78 91 
MILLIAMPERE-HOURS 

Typical discharge curve for 2.4-V 
Data Sentry, General Electric's 
PC board mountable NiCd bat
tery. Housed in 4-pin DIP-type 
package, device provides backup 
power for semiconductor RAMs 

board mountable 4-pin DIP for PC 
board mounting. It is rated for a 
capacity of 65 mAh at a 1-h dis
charge rate and is designed for a 
continuous overcharge rate of 7 mA. 
Storage temperature range is from 
-40 to 50 °C. The batteries provide 
standard pin locations on polarity 
keyed modules, multiple pins for 
mechanical integrity, and are con
tained in a rugged plastic case. As 
an electronic component, they can 
be constant current overcharged con
tinuously to keep them in ready to 
serve mode. 
Circle 183 on Inquiry Card 

COMPUTER DESIGN I AUGUST 1978 



Amplitude Measurement 
System Has Removable 
Calibration Module 
Based on a precision digital multi
meter, the series 6000 amplitude mea
surement system also includes a com
pletely removable National Bureau 
of Standards traceable cal-module, 
high speed digitizer, direct dB mea
surement conversion, 7-segment sort
ing, full math, and diagnostics. It 

32-Bit Minicomputer 
Line Expanded With 
MOS Memory Units 
One of eight computer systems an
nounced by Systems Engineering 
Laboratories, Inc, 6901 W Sunrise 
Blvd, Ft Lauderdale FL 33313, the 
SEL 32/30 MaxiBox consists of pro
cessor with floating point arithmetic 
in firmware, memory bus controller, 
256k bytes of Ecc MOS memory, and 
a turnkey panel. Selling for a basic 
price of $27,300, the unit expands 
to IM byte of 900-ns memory in 
256k-byte increments. 

Four models make up the 32/57 
packaged systems series. Based on 
architecture of the 32 series proces
sors, the units include single-cabinet 
packaging, ECC MOS memory, 26M
byte/s throughput, floating point 

was designed by Racal-Dana Instru
ments, Inc, 18912 Von Karman Ave, 
Irvine, CA 92715 to save user time 
while improving measurement and 
systems capability. 

To reduce calibration costs, the 
unit is calibrated for most functions 
and ranges by simply flipping the 
switch on the rear panel, applying 
standard voltages and resistances to 
the front and rear panel inputs, and 
a simple sequence of front panel 

Basic accuracy determining 
elements of Racal-Dana's 
series 6000 amplitude mea
surement system are con
tained in removable calibra
tion module. All other cir
cuits are automatically cali
brated when module Is in
serted into instrument 

instructions, and physical expansion 
to I.BM bytes of memory. All include 
the RTM (realtime monitor) operat
ing system. 

Priced from $70,500 to $43,300, 
systems in the /57 line provide from 
256k to 128k bytes of memory and 
!OM-byte capacity cartridge disc. 
The I 5750 also provides a 300-
card /min reader, 9-track magnetic 
tape unit, 300-line/min printer, .and 
console CRT. Options include inter
facing capability for up to eight 
local or four remote terminals. /5740 
incorporates a 200-card/min reader 
and 340-char /s matrix printer. With 
200-card /min reader and combina
tion 30-char /s printer/console, the 
/ 5730 has either 256k- or 128k-byte 
memory. Aimed at dedicated real
time applications, the /5720 con
sists of 128k- or 256k-byte memory, 

keyboarding. The removable calibra
tion module contains both front and 
rear input term~nals; all relays, di
viders, and other components affect
ing calibration accuracy; as well as 
ac and ohm converters. Once cali
brated the module automatically 
calibrates all other circuits when 
inserted into the instrument. Circuit 
cards outside the module may be 
changed without affecting its validity. 

To eliminate most of the time
consuming routines traditionally re
quired to accomplish resistor sorting, 
the instrument is equipped with a 
hi/lo limit function. It stores up to 
three low limits and three high limits 
to provide 7-bin sort capability. By 
entering one high and one low limit 
go /no-go testing can be attained. 

Hardware costs can be reduced 
through selection of appropriate ac 
or de reference and. signal functions, 
with the instrument reading directly 
in ratio of the gain or attenuation. 
The calculator or lookup tables nor
mally needed to convert to gain or 
attenuation in dB are eliminated, 
only the shift dB key need be pressed. 

To reduce downtime and main
tenance expense, a built-in diagnos
tic routine generates error messages. 
These messages allow a failure to 
be isolated to a single plug-in 
board. 
Circle 184 on Inquiry Card 

!OM-byte disc, and 20-char/s com
bination printer I console. 

In the higher performance 32177 
packaged series, systems offer real
time multiprogramming executive 
and macroassembler. Options include 
high speed floating point arithmetic 
and memory expansion to 16M bytes. 
Consisting of 512k-byte memory, 
80M-byte disc, 9-track magnetic tape 
unit, 300-card/min reader, 600-
line /min printer, and console CRT, 

the 17760 fills large storage needs, 
the 17750 replaces the /7760's 
disc with an 24M-byte capacity fixed 
media disc to meet reduced storage 
and performance needs. A starter 
system, the 17720 contains 256k
byte memory, !OM-byte cartridge 
disc, and 30 char/s combination 
printer I console. D 
Circle 185 on Inquiry Card 
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DIGITAL CDNTRDL AND 
AUTOMATION SYSTEMS 

The Computer in Machine Tool Control Today, and Its Future 

ls direct numerical control finally a viable process /or 
machine tools? Can its inherent values overcome the 
problem of its initial high cost sul/iciently to permit 
recovery of investment within a reasonable time? Will 
it eventually replace standalone numerical control? 

Those three questions introduced a summary of 
Westinghouse Electric Corp's 39th Annual Machine Tool 
Forum held in Pittsburgh, Pa on June 2 to 4, 1975 
(Computer Design, Aug 1975, pp 42-44). Now, exactly 
three years later, speakers at the 42nd Annual Forum 
(June 12 to 14) in essence repeated the same questions. 

Relative technologieii have advanced drastically. The 
minicomputer has replaced the mainframe computer 
in nearly all applications except those requiring tre
mendous number crunching capacities. Even more im
portant, perhaps, the microcomputer has progressed from 
a "toy" on the engineer's bench to an accepted device 
that has proven itself in thousands of control applica
tions. Yet direct numerical control ( DNC) still has not 
been universally accepted as viable, economical, and 
practical. 

Choices Available in DNC 

One of this year's speakers, C. A. Hudson of Westing
house's Industry Systems Div, defended DNC and at· 
tempted to clear up some of the unknowns that have 
made prospective users shy away from its application 
("Direct Numerical Control: Which Way is Best"). Mr 
Hudson claimed that although "thousands of small- and 
medium-size firms, as well as many manufacturing giants, 
are still put off by DNC" and "others (who) tried to 
justify it in the past ... found it too expensive-requir-

Although DNC has been too expensive for 
some firms in the past, it's now worth 
taking another look. 

ing a big front-end cost," the technology has changed 
and "it's worth taking another look at nNC." 

DNC can be implemented either as a modification to an 
existing NC system or by a complete retrofit. The first 
involves use of a behind-the-tape-reader (BTR) approach 
and can be implemented if the existing NC system is ade
quate. However, if the NC system is old and obsolete, the 
user may redesign his system around computer numerical 
control ( CNC). Both are valid approaches. In some cases, 
the two can he combined. 
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As his first step in "taking another look," Mr Hudson 
reviewed the benefits of a DNC system consisting of a 
supervisory computer tied to an individual NC at each 
machine tool. This setup-which might additionally be 
linked with a mainframe data processing computer at 
a central facility---<:an be a complete control and feed· 
back system that not only manages shop operations but 
also provides necessary manufacturing information. 

Benefits of DNC include elimination of paper tape 
handling and the a'bility to make immediate program 
changes--even from the shop floor-as well as pro
vision of realtime management information and access 
to remote computers from the shop floor. In addition 
there now are features available that were not prac· 
ticable even a year or two ago. For example, on a 
typical system now in use, as many as 50 machine tools 
can be linked to a single control computer via serial full 
duplex communications, online machine control data 
storage can 'be almost unlimited, and data fed into the 
machine can be of practically unrestricted length, there 
is no need for costly multiconductor cables, large buffers 
can store the total library of machine tool information 
locally, and up to 8000 ft (2400 m) of data can be fed 
in-as opposed to a 300-ft (90-m) previous limit. 

Additionally, recently provided capabilities enable 
blocking of machine control by logical operations through 
buffering, high level diagnostics that predict machine 
and tool wear, performance threshold monitoring and 
alarming, and reliability of control through use of dual 
computers. These identical DNC computers enable the 
data base management system to maintain data in non· 
redundant fashion while still providing control redun· 
dancy that allows one computer to assume full control 
if the other fails. [Mean time between failures ( MTBF) 

is said to now be 100,000 h instead of 2000 h for a 
single computer system.] Also, parts programs are' now 
stored and compiled at the DNC computer and many 
other factory operations are under computer control
affecting virtually every aspect of the manufacturing 
process. 

When revamping existing NC systems, a BTR provides 
the necessary DNC connection by electrically interfacing 
with the controller of the NC paper tape reader. Not only 
is this technique the quickest and least expensive method 
of providing DNC, it works with all types of existing NC

no matter how old-and even with a wide mix of tools 
made by different manufacturers. It provides h~nefits of 
DNC without the cost of new controls and drives, retains 
investments in proven parts programs, minimizes ma
chine downtime, and is cheaper overall-particularly 
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TheAP-1208 
ARRAY PROCESSOR COMPUTER 
Interfaces to all popular minicom· 
puters ... a typical AP-1208 com· 
plete is less than $SOK. 

TheAP·l90L 
ARRAY PROCESSOR COMPUTER 
Interfaces lo IBM 380/370. UlllVAC 
1100, Sigma 5.9, and DEC System I 0 
... a typical AP· I 90L System is less 
than$97K. 

Simulation: Mechanical Systems, 
Flight, Theoretical Physics • 
Chemistry, Electric Power Distribu· 
lion • Image Processing: Satellite 
Imagery, X·Ray Tomography • UI· 
trasonics • Graphic Research • Finite 
Element Analysis • Meteorology • 
Signal Processing: Speech, Vibra· 
lion Analysis, Geophysical and 
Seismological. 
More than 500 FPS Array Processor 
computers are in use worldwide, 
providing their users with the computa
tional power of large, mega-dollar scien
tific computers at greater reliability, 
greater applicability, easier pro· 
grammabilily, and al a small fraction 
of the cost. 
A typical minicomputer/FPS Array Proces
sor system (such as a PDP 11/34 and AP-
120B) provides a computational throughput 

for scientific and signal processing 
algorithms that is on the order of two 
hundred limes greater than the 
throughput of the mini alone. 
A large computer/FPS Array Processor sys
tem allows heavy data processing, which 
would severely load the host CPU. to be 
off-loaded to the AP· 190L for effi· 
cienl processing while the host CPU is 
utilized for tasks more appropriate to its 
architecture and operating system. 

The unique, efficient instruction set and 
complementary architecture of FPS Array 
Processor computers are specifically de· 
signed lo accommodate the vector 
and matrix algorithms for scientific 
data processing. High processing speeds 
result from the seven independent data 
paths that move operands synchronously 
to and from the 38·bil floating0 poinl 
arithmetic units, accumulators, and 
multiple memories. This inherent 
simplicity allows FPS Array Processors to 
be readily simulated on the host or front
end computers for program development. It 
allows FPS to provide you with a large vol
ume Scientific Math Library (more than 
200 functions) and additional volumes for 
Signal Processing and other special 
operations. And it allows you to pro· 
gram FPS Array Processors so you can 
create your own special. unique, or pro
prietary functions. 

FPS Array Processor computers offer high 
reliability (much more than your present 
computer) and compactness (only slightly 
larger than minicompu tars). They are found 
in research , shipboard, airborne, and 
mobile installations, as well as computer 
rooms throughout the world. 
FAST 
167 nanosecond multiply/add 
The following algorithms are memory to memory 
2.?ms 1024 pt real FFT 
26. lms 8192 pt real FFT 
l.5Ss 512 x 512 real 20 FFT 
10.2ms 20 x 20 matrix inverse 

EASY PROQRAMMJlfQ 
The power of FPS Azray Processors is easily called through 
FORTRAN subroutines resident in the host or front-end 
minicomputer. A Vector Function Chainer permits 
routines to be chained together for a single call . reducing 
host overhead. Extensive documentation and a 
simulator/debugger help you create new routines. 

HIGH CAPACITY 
Data memory to 512K words (2-million bytes) 

PRECISJOlf 
38-bit floating point arithmetic 

FPS can bring new power to your computer 
system. Find out how FPS Array Processor 
technology can benefit your application. 
For more information and an FPS Array Pro
cessor brochure, use the reader re• 
sponse number or coupon below. For 
immediate consultation, contact Float• 
ing Point Systems directly. 

CALL TOLL FREE 800-547-9677 
P.O. Box 23489, Portland, OR 97223 
nx: 360470 FLOATPOINT PTL 

r------------------, 
I 0 I have an immediate need. Please have a technical ~ I 

consultant contact me. 
In Europe & UK: Floating Point Systems: SA Ltd. 
7 Rue du Marche, 1204 Geneve, Switzerland 
022-280453. TLlC: 28870 FPSE CH 

Floating Point Systems, Inc. 
FPS Sales and Service Worldwide: Boston. Chicago. Dallas. Detroit, Houston, Huntsville. 
Los Angeles. New York, Orlando, Ottawa. Philadelphia. Phoenix. Portland. San Francisco. 
Washingtan, D.C. International offices: Geneva. London. Munich, Paris. Tel Aviv (F.astronix. Ltd.). 
Tokyo (Halruto Co. Ltd.) 

I 0 Please send me an FPS Array Processor brochure. ~ I 
I Name Title [fl I 
I Company Phone ~ I 

Address w I City State Zip __ 5 f 
I My Computer System is My application is ~ I 

~~~~~~~~~~~- OJ 
L------------------
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Intel delivers µScope 820. · 
Finally, a diagnostic instrument just right 

· for the Age of the Microprocessor. 

Troubleshooting micropro
cessor systems is easier than ever 
with Intel's new µ.Scope™ 820 
Microprocessor System Console. 
It's a powerful, programmable, 
fully portable real-time diagnostic 
instrument. And it's designed 
specifically to speed and simplify 
system checkout of your 
microprocessor-based products. 

µ,Scope 820 is really the 
first test instrument of its kind. 
It's built around its own micropro
cessor, to provide a "smart" solu
tion that's highly sophisticated, 
yet easy to use. Because it's user 
programmable with interchange
able plug-in ROMs or PROMs, 
it's like taking a design engineer 
along on every service call. 
And because it's fully portable, 
the µ,Scope 820 console goes 
wherever the action is-to the 
design lab, the production line 
or into the field. 

Unlike logic analyzers, the 
µ,Scope 820 console provides a 
genuine solution for test and 
service personnel. It provides the 
same inside look at system opera
tion that you get with a logic 
analyzer. But the µ,Scope 820 

goes far beyond the mere collec
tion of data. Its internal micro
processor system can actually 
analyze the data it collects. It does 
that with diagnostic programs 
you design specifically for your 
end product. 

Rather than passively watch
ing system operation, the µ,Scope 
820 console lets you execute 
application programs or diagnos
tics you develop, in real time or 
single steps. And it provides full 
breakpoint capability 
and a large trace 
memory. 

High level command keys, oper
ator prompting, and binary/hexa
decimal display of all system 
registers, 1/0 ports and memory 
give you greater control and make 
it easier to use than any other 
test instrument. 

Until now the only way to get 
this kind of diagnostic capability 
was to use your lntellec® Micro
computer Development System. 
Now we've taken the lntellec 
features that have proven most 
useful for field service and 

production-level system 
checkout and have 
packaged them in this 

self-contained 21-lb attache case. 
That's portability. 

Circle 26 for information. 
Circle 27 for a demonstration. 

And µ,Scope 820 is priced 
to enable you to take advantage 
of its portability. At $2495,* you 
can afford to put a µ,Scope 820 
console wherever you need one, 
and free your development lab 
instruments to concentrate on 
development. 

No longer must you invest in 
in-house-designed custom test 
instruments for each of your end 
products. The µ,Scope 820 
console will be available with a 
selection of front panel overlays, 
"personality" cards and system 
probes to support a variety of 
microprocessors. And, our new 
iSBC'"80/10 diagnostic is available 
for our Single Board Computer 
users, and to serve as a step-by
step example how to write your 
own diagnostics. 

To get your copy of our 
µ,Scope 820 brochure and appli
cation note, or to arrange for a 
demonstration right in your 
lab, contact your local Intel dis
tributor or sales representative. 
Or write: Intel Corporation, 
3065 Bowers Avenue, Santa 
Clara, California 95051. 
Telephone {408) 987-8080. 

infel" delivers. 

*Domestic U.S. price only, quantities 1-10. 





DIGITAL CDNTRCL AND 
AUTDMATIDN SYSTEMS 

now that tlie necessary intelligence at the machine tool 
can be provided by a microprocessor. 

Microprocessor based stored program buffers (sPBs) 
provide full duplex communications with the DNC or 
alternately with a remote timeshare computer via data 
link, memory to store the equivalent of up to 500 ft 
(150 m) of tape, and operator selection of program 
and/or block. Cassette tape or floppy disc memory can 
he added for local offiine storage and part program 
entry and a plotter can he included for plot verification. 
This configuration retains the paper tape reader so that 
it can he used if the DNC fails or even while the DNC 
interface is being installed. 

Computer numerical control ( CNC) should he con
sidered as an alternative to NC if controls are old or 
obsolete or if a new factory is to he designed. Mr 
Hudson pointed out that CNC "offers many advantages 
and improvements over NC." A CNC system, which re
places punched tape with a data cartridge or floppy disc, 
permits modification and recording of machine control 
data and provides both on- and offiine diagnostic capa
bilities-all at the CNC. In addition machining data and 
operator instructions can he displayed on a CRT for easy 
viewing. All manual handling of data can he eliminated, 
resp~nse time or part programming cycle time can he 
imprpved, and machine data can he retrieved in rreal 
time via 2-way communications. 

Mr Hudson stressed that each technique-revision, 
retrofit, or combination-has advantages. The potential 
user must review . his present installation, his require· 
ments, and the pros and cons of DNC and CNC-and then 
make his own decision. 

Symbolic Control 

Numerical control, whether direct numerical control 
( DNC) ar computer numerical control ( CNC) , is based on 

The potential user must review his present 
installation, his requirements, and the pros 
and cons of DNC and CNC-and then 
make his own decision. 

techniques that are 30 yearrs old, and according to Mr 
Donald C. Cumming of Symbolic Systems "it is time to 
rethink our concepts of machine tool control and de
velop new directions that will reap even greater gains in 
machine tool productivity." Mr Cumming believes that 
NC inherently places restrictions on the machine process. 
Adding a computer in a net of NC machine tools (DNC) 
or placing a computer on each machine tool ( CNC) does 
not remove the restrictions ("The Coming Age of Sym
bolic Control"). 

According to Mr Cumming there are several of these 
restrictions. For example, control information is input 
from a single source, whether tape or an electronic de-

vice. Also, data presented to the tool are sequential. The 
machine tool's steps are performed in a set order pre· 
determined by the commands; they cannot he modified 
unless a new set of commands is prepared. Next, the 
process is numerical, with each command reduced to a 
series of numbers that alone mean nothing to the op· 
erator. Finally, the NC process does not obtain data in 
real time. Data are based on conditions that existed at 
the time the part was programmed. 

"Symbolic control," on the other hand, "is the control 
of the machining process through the use of multiple 

"It is time to rethink our concepts of 
machine tool control and develop new 
directions that will reap even greater gains 
in machine tool productivity." 

sources of data executing symbolically defined realtime 
machining procedures." Information needs are obtained 
from multiple sources. Although tape is still used, the 
operator can become an active part of the process to 
improve productivity in real time. In addition, data pre. 
sented to the machine do not have to he sequenti~l. The 
machine procedure is flexible and allows the computer 
to change the order of steps in real time as the part is 
being machined. Also, information input is based sym
bolically at both part description and machining pro· 
cedure '.levels and the control operates in real time. "The 
key difference between the symbolically controlled ma
chine and the numerically controlled machine is the ;ihility 
of the symbolically controlled machine to integrate in 
real time data inputs from multiple sources and to op
erate from symbolically based machining procedures." 

Mr Cumming cla~ms that symbolic control allows re
turn of the learning curve to the machining process.* 
Whereas NC makes it difficult or even impossible to tie in 
experience, symbolic control allows man to ohi;erve the 
machining process and to use the knowledge gained to 
improve the machining process. 

Adaptive control methods, too, can he developed. NC 
does have the capacity for limited process adaptive con
trol. However, it cannot he geometrically or operationally 

Symbolic control allows return of the 
learning curve to the machining process. 

adaptive; it cannot change metal removal strategies or 
rearder sequences. Symbolic control has capability for 
all three. 

*See "Learning Networks Improve Computer-Aided Prediction 
and Control," R. L. Barron, Computer Desisn, Aug 19.75, pp 65·70 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

To illustrate the relation of symbolic control to NC, 

Mr Cumming defined 10 levels of machine control. The 
lowest four levels are for NC: I-simple multiaxis NC 

machine with fixed sequential numeric input; 2--CNC 

without accessible memory (today's level); 3-CNC with 
extensive online memory; and 4---cNc with built-in post
processor. 

Next are basic symbolic control levels: 5-without 
decision making capability (similar to level 3) ; 6--with 
logical decision making capability (true definition of a 
symbolically controlled machine) ; and 7-with computer 
programmed control (level 6 but with user added pro
grammed memory). Three further symbolic control lev
els exist: 8-integrat -~s process, geometric, and opera
tional adaptive controller; 9-returns learning curve to 
adaptive control, remembers optimization from one part 
to the next, and generates new tape; and 10--the "in
telligent machine" (level 9 with the capability for long 
term optimization). 

The Microprocessor 

No one device seems to have influenced advances in ma
chine tool control more than the microprocessor. Main
frame computers were impractical for such control func
tions; and even the minicomputer, although far less ex
pensive, has been too costly for effective use in machine 
tool control. The microprocessor (and the resultant micro
computer), however, can now meet the basic require
ments. It is capable of standalone control of individual 
machine tools or can function as local controller under 
direction of a central computer-and is cheap enough 
to be economically practicable. 

At the Machine Tool Forum, Mr J. W. Froggatt of 
Westinghouse's Computer & Instrumentation Div dis
cussed in detail the effect that this would have on the 
machine tool industry ("Impact of New Microprocessor/ 

No one device infiuenced advances in 
machine tool control more than the 
microprocessor. 

Microcomputer Technology on the Future of Machine 
Control"). A key point was that the control engineer has 
been able to take advantage of advanced technology and 
design capability in fields outside of his own. Although 
"he must learn about the product to apply it . . . (he) 
does not need in-depth knowledge of the inner workings." 
He can buy a vendor's product, such as a floppy disc 
controller, that contains a microprocessor and the nee- · 
essary software to perform the function. He also can buy 
the microprocessor and all peripheral chips such as 1/ 0 

and memory to comprise a microcomputer. 
Mr Froggatt said that predicting the impact of micro

processor /microcomputer technology on the future of 
machine control has two aspects: the continuation of the 
trend of evolving improvements in existing products and 
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methods, and the quantum jumps in control technology 
and productivity due to new ideas that emerge as de
signers discover what the new components can do for 
them. Initially, the trend toward distributed intelligence 
and remote intelligence will continue. As control com
ponents get smaller, more powerful, and cheaper, they 
will be feasible for use in smaller machine tools, will 
provide more sophisticated control, and will offer better 
diagnostic capability. 

"Better design tools and more powerful, comprehen
sive components will allow the control design engineer 
to expand his imagination and scope of design capa
bility. He will have a wider choice of modules and con-

"Better standardization in programming 
languages and in input/ output inter/ aces 
will allow better interchange of ideas, designs. 
and application technology." 

trols to purchase and at the same time have more capa
bility to design and build on his own. He will be able 
to concentrate more on the needs of the manufacturing 
processes. 

"Better standardization in programming languages and 
in input/ output interfaces will allow better interchange of 
ideas, designs, and application technology, enabling 
more effort to be spent in new areas. This standardization 
will also permit machine controls to be augmented with 
intelligent control products and more easily retrofitable 
with new control features." 

Mr Frnggatt also said that with "the arrival of big 
jumps in raw computational capability, many of the 
ideas now being tried in the laboratories and universities 
with minicomputers and larger computers will become 
practical realities for applications in the factory. Many 
of the ideas used now in large graphic CAD systems will 
become economically feasible for application to smaller 
users, who actually have the greater need for better, more 
machine shop oriented methods of inputting instructions 
to machine controls. At MIT recently, an experimental 
control system for machine tools was demonstrated which 
allows the skilled machinist to display a drawing of a 
part on the screen of a video display and to move a 
simulated tool as he would tq remove metal to form the 
desired part. An attached computer automatically gen
erates the numerical pa•rt program for later producing the 
parts. The machinists, who had no past programming 
background, were able to program with this method in 
a relatively short time. The new trends in microcomputers 
will enable ideas such as this to be an affordable, prac
tical product." Still other research areas related to ma
chine tool control in which the microprocessor may he 
useful are artificial intelligence, voice recognition, and 
robotics. 
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Advanced Micro 
Devices continues its 

.. i I 

I + 

course in advanced microprogrammable 
microprocessing. 

This week, we'll look at the latest addition 
to the Am2900 family. 

Chapter Seven, DMA. 
In every computer system you'll find 

peripherals: discs, line printers, modems. 
In high-performance systems, data transfer 
between peripherals and memory is generally 
handled through a direct-memory access, or 
DMA, channeL And with today's high-speed 
peripherals, it has to be fast. 

That's where the Am2940 comes in. 

TheAm2940. 
It's a word count and address generator for 

DMA channels, an expandable 8-bit slice that 
generates an address and keeps track of the 
number of words transferred. (Just three parts 
give you a full 24-bit address.) And it 's fast 
enough to keep up with a lOMHz transfer rate. 

On each and every transfer you can 

increment or decrement the address 
and word count. Then , when it 's all 
over, the Am2940 signals "done." 

Are you looking for high speed in 
your DMA? Or low parts count? 

Would you settle for both? Ask 
about the Am2940. 

Build your library. Free. 
Each of these monthly messages 

is backed by a ton of theory and 
applications information. Send in 

this coupon and we'll send you 
Chapter Seven and tell you how to 

get the whole book. 

------------------------Advanced Micro Devices 
901 Thompson Place 
Sunnyvale, California 940&6 

I want to build a DMA Controller. 
Sign me up. 

Name _______________ _ 

Title ________________ _ 

Mail Stop ______________ _ 

Company ______________ _ 

Address _______________ _ 

. City _______ State _____ Zip __ 

L------------------~=~---

Advanced 
Micro Devices 

~ 
Muliple technologies. One product: excellence. 

901 Thompson Place, Sunnyvale, California 94086 
Telephone (408) 732-2400 

BUILDING A 
MICROCOMPUTER, 

CONTINUED. 
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DC&AS BR IEFS 

Microprocessors Control 
Energy Management Systems 

Microprocessors are the key elements in each of three 
different energy control and management systems in
troduced recently. One is intended for residential and 
commercial applications, a second is designed for small 
and medium size commercial and industrial customers, 
while the third is for use in large complexes. However, 
the promise inherent to all is energy savings. 

Home Systems 

EcotrollerT", a system announced by Ecotronics Inc, 
8502 E Cactus Wren Rd, Scottsdale, AZ 85253, provides 
16 individually programmable channels for residential 
and commercial uses. Its 24-V outputs drive relays 
and solenoid valves for coi:itrol of setback thermostats 
or interior/ exterior lighting as well as time control 
of appliances and sprinkler ot drip irrigation systems. 
Control is maintained by a Motorola M6800 micro
processor. Pushbutton keyswitches allow new times to 
be entered, stored times to be examined, or previously 
programmed intervals to be overridden. 

Timing is based on a repeating cycle of 14 24-h 
periods (cycle days) and is accurate to within 1 min/ yr 
under normal operating conditions. A channel may be 
programmed with one or two control intervals during 
which time that channel provides 24 V at its rated 
output. Intervals may range from 1 min to 24 h in 
duration. Each channel may be programmed with its 
own intervals and may be set to operate on any day 
or days within the 14-day cycle. 
Circle 160 on Inquiry Card 

Commercial Installations 

Energy management system model 50 for small and 
medium size commercial and industrial installations 
uses microprocessor control to monitor up to four 
different metered inputs on energy consumption. One 
to 64 loads can be controlled by peak demand limiting, 
total consumption limiting, and independent control 
function limiting such as time-of-day scheduling. 

A human-engineered control pariel allows an op
erator without knowledge of computer language to 
effectively modify all system parameters that are pro
grammed into P/ ROMs. All new program entries are 
automatically checked for validity and errors are 
indicated fot correction. The system continuously checks 
its own internal hardware for proper operation and 
has a built-in system checking procedure for locating 
hardware failures quickly. Available from Franklin 
Electric Energy Conservation Products, 995 Benicia Ave, 
Sunnyvale, CA 94086, the system can he expanded 
in the field to meet changes in customers' requirements. 
Circle 161 on Inquiry Card 

58 

Large Complexes 

Delta distributed computer control system (Delta 
DCC) , a system introduced by Honeywell Cotnmercfal 
Div, 10800 Lyndale Ave South, Minneapolis, MN 55420 
for monitoring building functions and managing energy 
in large complexes, is said to offer payback of invest
ment in one to three years, based on energy savings 
of 20 to 30% that are typical with such systems. (An 
earlier model installed at Camp Pendleton Marine 
Corps Base reduced energy consumption by nearly 50% 
in 83 buildings audited by the u.s. General Accounting 
Office, avoided over $900,000 in fuel and electrical 
costs in the first two years of operation, and assumed 
the monitoring duties of 29 men.) . 

Basic element of Delta DCC is a Delta 1000 micro
processor-based control and monitoring system includ
ing sensors, data-gathering panels, and peripherals. 
Each Delta 1000 can be dedicated to a particular 
function within a building, such as energy manage
ment, fire protection, security, or monitoring of elec? 
trical and mechanical systems; but it also communi
cates to the master control center over a data bus. 
Circle 162 on Inquiry Card 

Calculator-Based System Reduces 
NC Programming Time and Errors 

An interactive computer program that reportedly sim
plifies the programming of numerical controlled equip
ment has been made available in North America by 
Centech, Inc, 10835 N Dearlove Rd, Glenview, IL 60025, 
a subsidiary of CECN lndustrie SA of Lyon, France. 
Called ELAN, the system is said to reduce the time 
required to prepare a program in some cases by 70% 
over standard methods for a machining operation, and 
to provide virtually an error-free program. 

Programmer and Hewlett-Packard calculator-proces
sor interface in conversational mode; the calculator 
asks questions on its display concerning the geometrical 
definition and machining operation of the part to he 
produced, and the programmer responds with simple 
answers or relevant data. Typically the system defines 
all machining functions into a series of points, lines, 
and circles. Then the programmer reduces ihe part 
to be machined into geometrical elements and feeds 
the information into the calculator through a series 
of answers to the calculator's questions. As the data 
are entered, the calculator prqvides a continuous print
out of each step and a high speed plotter monitors 
the program by plotting the profile of each step. 

Syntax and logic errors are noted in the calculator 
printer or display. All geometries are substantiated by 
an X-Y plotter which shows the scaled dimensions of 
the element as defined (inches or metric) , and plots 
the geometry sequence for the total profile and the 
tool path. A high speed punch produces the final tape 
through a fast postprocessor. 0 
Circle 163 on Inquiry Card 
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Design your 
stnart product 

fast. 
Start your microprocessor
based product with 
HP's 2649A. 

It's an 8080 MPU, CRT, dis
play subsystem, power supply and 
15-slot backplane, all in a good

looking case. 
You choose the RAM, PROM, ROM, 

serial or parallel I/O, dual cartridge tape drives 
or keyboard you need for your product. 

Then take advantage of our standard firm
ware, including utility subroutines for data display 
manipulation, keyboard switch translation, 
data transfer and communcations 

protocol. It's 
software 

you 
don't 

have to 
write and debug. 

Study our . 
documentation o 
understand the 2649A. 

Our 2649A hardware and 
firmware documentation was writ

ten by engineers who know the 2649A inside and 
out. Because they designed it. 

For easy reference, its 1,800 pages are or
ganized in two volumes like an encyclopedia. So, 
for example, if you need the pin assignments for 
our keyboard interface module, it's easy to look 
up. And you'll find the details in the words of the 
engineer who designed it. 

The more you know about our 
product, the less time you'll spend 

on yours. 



Write, assemble and debug 
your software on the 13290B 
Development Terminal. 

The 13290B has a source pro
gram editor so you can quickly write 
8080 assembly language programs. A resi

dent assembler to convert source programs into 8080 
object code. 64K bytes of RAM as a test bed for your 
software. And a friendly, interactive debug program 
that lets you watch your program run step by step, 
in mnemonics, not ones and zeroes. 

And because the 13290B is a 2649A, your 
program runs in your product's environment, which 
is a big help if timing or execution speeds 
are important. 

It's probably the only development 
tool you'll need. 

Get hands-on 
experience at our 
2649A workshop. 

Monday morning we'll ask you 
about your product. Then we'll spend five days 
showing you how to use the 2649A, 13290B and 
documentation to make it. 

Of course, in just five days you probably 
won't be able to design your product completely. 
But by Friday night you'll have a good head start. 

HEWLETT i:rJ PACKARD 

42804HPT8 

CIRCLE 30 ON INQUIRY CARD 

Name 

Company 

Address 

City/State/Zip 

Send us this coupon. 
We'll tell you more about 

how HP's 2649A OEM Support 
Program will help you design your 
smart product fast. 

Title 

Phone 

My smart product is 

Mail to: Hewlett-Packard, Attn: Ed Hayes, Marketing Manager, 
Data Terminals Division, Dept. 1226, 

19400 Homestead Road, Cupertino CA 95014. 





Western Electronic Show and Convention I September 12-14 Dr c. Lester Hogan 
Los Angeles Convention Center/ New Bonaventure Hotel Keynote Speaker 

Accenting the theme Micro/Evolution, Wescon/78, the 
27th annual Western electronics show and convention, 
will be previewed on Monday, September 11 and will 
run for three consecutive days thereafter. The Los 
Angeles Convention Center and the Bonaventure Hotel 
'clre the sites for the keynote luncheon, marketing con
ference, exhibits, film theater, professional program 
sessions, and awards programs. 

On Monday, September 11 the keynote luncheon will 
be held at the Bonaventure Hotel, and will be aug
mented by the second annual presentation of the Don 
Larson Award, which honors outstanding contributions 
to Wescon. Keynote speaker for the luncheon will be 
Vice Chairman of the Board of Fairchild Camera and 
Instrument Corp, Dr C. Lester Hogan. Electronics mar
keting awards will also be presented at this time, the 
purpose being to encourage college students to pur
sue careers in electronics marketing and sales. 

Moving into Wescon/78 itself, Tuesday through Thurs
day will feature exhibits, sessions, and awards pro
grams. The All-Industry Reception will take place on 
Tuesday evening from 6:30-8:30 pm in the Bonaven
ture's California Ballroom, with "Auld Lang Sine" 
setting the mood for this $9.50/person event. 423 ex
hibitors will display products and systems from 9:30 
am to 6:30 pm on Tuesday, 9:30 am-7 pm on Wednes
day, and 9:30 am-5 pm on Thursday. A special theme 
exhibit displaying the winners of "Microprocessor Ap-

Joseph Statsinger 
Program Chairman 

plications Center and Awards Program," which encom
passes eight categories of microprocessor use, will 
highlight the Convention Center floor. 

Thirty-six professional program sessions will cover 
technical topics such as the future of single chip 
microcomputers, design and installation considerations 
for fiber optic links, control systems, and legal rights 
and security developments. Program sessions will be 
held each day from 10 am-12:30 pm and from 2-4 :30 
pm. Chairman for the program this year is Joseph 
Statsinger, Aerospace Corp, El Segundo, Calif. 

Wescon Flyer commuter bus lines will operate every 
20 min to and from major suburban areas and the 
Convention Center for a roundtrip fare of $2. Two 
downtown shuttle lines will also provide transportation 
in 15-min intervals for attendees traveling in that sec
tion of town . 

Wescon/78 is sponsored by the Los Angeles and 
San Francisco Bay Area Councils of IEEE and the 
Northern and Southern California Chapters of ERA. 
Advanced registration fee is $5, with an August 25 
deadline. After this date, fees will increase to $6 for 
IEEE members and $9 for nonmembers. For further 
information, write to William C. Weber, Jr, 999 N Se
pulveda 'Blvd, El Segundo, CA 90245, or call {213) 
772-2965. 

Only sessions of interest to Computer Design read
ers will be covered in the following pages. 

Professional Program Excerpts 

Tuesday Morning 

Session I 

Industrial Control Systems 
Using Mini/Micro Computers 

Organizer: Dr George W. Zobrist 

JO am-12:30 pm 

This session will present ideas on the trend of using mini/micro 
computers as the controlling element in industrial applications. 
The trend will be discussed in papers on computer control, tur
bine blade temperature acquisition using an optical pyrometer 
and microcomputer, de servo control, and an adaptation of BASIC 

for realtime applications. 

Session 2 10 am-12:30 pm 

Advances in Applied 
Computer Imagery Generation 
Organizer: Dr Ted Zavodny 

R ecent advances in computer imagery generation (ere) techniques 
have enhanced the realism of simulated images. State-of-the-art 
systems generate realistic, high resollution images by incorparat
ing models which include effects of curved surfaces, variable 
shading, environmental conditions, illumination, •highlighting, tex
ture, and other special effects. This session will involve disci
plines such as flight simulators, pilot training, animation, archi
tectural design, multispectral sensor imagery simulation, and 
automatic student instruction, which all utilize these systems. 



Session 3 10 am-12:30 pm 

Programmable Bipolar Logic for High 
Performance Application 
Organizers: T. A. Longo and J. M. Early 

Nanosecond and subnanosecond gate arrays and other program· 
mablle bipolar logic arrays bring LSI savings to digital system 
design. Product and technology advances and applications will 
be presented-particularly LSI gate fuse link and ECL gate arrays, 
and the use of high speed P/ROMs in Boolean function generation. 

Session 6 10 am-12:30 pm 

Personal Programmable Calculators Come of Age 
Organizer: Richard J. Nelson 

Applications and daily usage of personal programmable calcula· 
tors have increased in 1977 and 1978. Wide range of topics in· 
eluding design considerations, applications studies, usage in 
education, and advanced applications will be presented here to 
demonstrate the present state of programmable calculators. 

Tuesday Afternoon 
Session 7 

Single-Chip Microcomputers-

2-4:30 pm 

Distributed and Multiprocessing Techniques 
Organizer : Jim Vittera 

This session will attempt to determine the architectural evolution 
of 8-bit single-chip microcomputers and to investigate the imple
mentation of large computer concepts such as multiprocessing 
and distributed processing as they apply to single chip micro· 
computers. Topics to be covered include architectural features 
of each machine that allow multiprocessing and distributed pro
cessing and techniques of using these features to implement 
multiple CPU systems. 

Session 8 2-4:30 pm 

Computer Based Energy Management Systems 
Organizer: D. Genovese 

This session will cover several areas of the Energy Management 
System marketplace from the points of view of owners, engineers, 
and suppliers. Tlie highlights of an ongoing survey of maior 
universities and colleges will be presented. Department of Energy 
will give an overview from the Federal viewpoint. 

Session 9 

Advances in Bipolar Memory 
Organizer: Thomas A. Longo 

2-4:30 pm 

The variety, size, and complexity of bipolar memories are increas
ing. Advances in static, programmable read-only memories, in· 
eluding fast accessing and power down arrangements together 
with progress on large static bipolar memories and design limi· 
tations will be discussed. Future developments in bipolar dynamic 
memor.ies wiU be predicted during this session. 

Wednesday Morning 
Session 14 I 0 am-12:30 pm 

Evolution of the 16-Bit Microprocessor 
Organizer: James M. Early 

Implications and possibilities for users of ·bipolar, n-channel, and 
CMOS 16-bit microprocessors are brought out in this session along 
with a discussion of compatibility in microprocessors. Special 
emphasis is placed on software origins and implications of various 
appmaches. 

Session 15 10 am-12:30 pm 

Modern Communications Techniques and 
Applications: Part I 
Organizer: Bernard Sklar 
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Consisting of tutorial papers on digital communication technology 
including detection of digital waveforms, coding scenarios, and 
synchronization techniques for digital communication systems, ses
sion will attempt to blend theoretical basics and present day 
applications. 

Session 16 10 am-12:30 pm 

The Impact of New Memory Technologies on 
Computer Design 
Organizer: Andy Santoni 

Hardware for computer data storage including large semicon
ductor RAM s, charge-coupled devices, bubble memories, and com· 
pact magnetic media are replacing core and other traditional 
memory equipment. This session will explore computer memory 
devices and their applications and how computer design can be 
changed to take advantage of this new storage media. 

Session 19 10 am-12:30 pm 

Process and Device Modeling for VLSI Design 
Organizer : C. D. Maldonado 

The field of very large-scale integrat·ion (VLSI) is important be
cause of its potential economic impact on the microelectronics 
industry during the next decade. In this session process and 
device modeling for integrated circuit design will be discussed 
with special emphasis on VLSI. 

Wednesday Afternoon 

Session 20 2-4:30 pm 

A Close Look at the 16-Bit Microcomputer: 
Past, Present, and Future 
Organizer: Rudolf Panholzer 

This session will look at new 16-bit microcomputers including the 
Intel 8086, Motorola MACS, ·and Zilog ZSOOO, alongside the mini· 
computer oriented micros, DEC LSI-11, TI 9900, and Fairchild 9440. 
The main goal of this session is to compare these two categories 
and to speculate the future. 

Session 21 2-4:30 pm 

Modern Communications Techniques and 
Applications: Part II 
Organizer: Bernard Sklar 

This session will provide tutorial papers on digital communication 
technology including papers on satellite channels, communications 
systems, and digital techniques. As in Part I, the scope is a b'lend 
of theoretical 'basics plus present day applications. 

Session 22 2-4:30 pm 

Memory Technologies: Systems Considerations 
and Applications 
Organizer: Richard H. Lee 

This session will present a tutorial ·paper on memory system archi
tecture, focusing on speed, density, and cost considerations for 
various parts of the system. MOS, 'bipolar, CCD, and bubble mem
ories will be examined from a technology and applications view. 
point as they relate to system architecture. 

Session 25 2-4:30 pm 

Desi9nin9 with Single-Chip Multipliers 
Organizer: Alan J. Weissberger 

Concentrating on application aspects of single-chip multipliers 
and high performance arithmetic units, this session will be com· 
prised of paper presentations and a panel discussion. Topics to 
be considered include significance of the units' application to the 
practicing engineer, device characteristics and functional organi
zation, system design examples, and applications in digital fil· 
tering, FFT, matrix operations, microprogrammed minicomputers, 
and 16-bit microprocessors. 
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Ifl~icboa 
problems have you feeling like this .. . 

Testing may be your most frustrating and 
costly production bottleneck. But now, HP 
can help you make the right move in logic
board testing. Here's how the DTS-70 can 
help you increase throughput while cut
ing production and warranty costs. 

HP's simulator-based system, at a 
cost roughly equivalent to comparison 
testers, increases testing efficiency. It gives 

known fault-detection effectiveness. And it provides design feed
back by analyzing circuits for failure modes and testability before 
they're even built. 

Fauit-diagnosls, under computer direction, quickly isolates 
faulty components, part failures with intermittent symptoms, and races. 

Compatlbillty with other HP instruments via the HP-18* lets 
you easily adapt the DTS-70 to your specific testing requirements. 

Independent test-program generation, using a separate 
station and the DTS-70's minicomputer, eliminates a big bottle
neck by allowing test-program generation while testing is in 
progress on the same system. 

Expansion capabillty lets you add up to two more test stations 
and up to ten software generating stations as you expand without 
investing in additional computing power. 

Learn more about HP's strategy for circuit board testing and 
why a simulator-based system can be a more cost-effective 
solution. Mail the coupon today or call your local HP field engineer. 
• HP's implementation of IEEE Standard 488-1975. 

HP Board Testers-the right decision. 

Check HP's strategy. 
HEWLETT. PACKARD 

P.O. Box 60001 , Loveland, Colorado 80537 

For assistance cal : Washington (301) 948-6370. Chicago (312) 
255·9800, Atlanta (404) 955-1500. Los Angeles (213) 877-1282 "'""' 

,-----------------, 
I 

I want to make the right decision nowt-Please send me 
the FREE brochure describing HP's solution to logic-board testing. J 

I Hewlett-Packard, P.O. Box 60001, Loveland, CO 80537 I 
I ~~ I 
I Title Phone I 
I Company I 
I Address I 

City/State Zip _____ _ L ____ ____ _______ __ ~ 
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''We can help 
put quality lie ind 
your nameplate~' 

"Our new OEM Product Selector shows you 
how we can do that. It's a representative cross
section of our OEM product line, and it 
features some of our most popular products. 

"As one of the world's largest suppliers of OEM equipment, 
Control Data knows what your customer is looking for. 

"Quality, price, performance, reliability and support service. 

"Control Data products are built with high-quality components, 
designed with advanced technology and engineered for 
performance. 

"But prove for yourself that Control Data quality-built into 
every product we manufacture-delivers price/ performance 
advantages that give your products the competitive edge. Test. 
Evaluate. Compare. 

"Then check our OEM Financing, Maintenance and Spare 
Parts-all designed to make it even easier to put our experience 
behind your nameplate. And to help you establish a quality 
marketing position for your entire line. 

"So send for your OEM Product Selector today. The sooner 
you do, the sooner we can work together on putting our quality 
behind your nameplate. Write us at HQNlll, P.O. Box 0, 
Minneapolis, Minnesota 55440. Or call us at 612/853-7600:' 

r;:J I:;'\ CONTR.OL DATA 
\!:I ~ COR_P01'ATION 

More than a computer company 

Dale C. Showers 
Vice President O.E.M. Marketing 
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Thursday MorninCJ 

Session 27 10 am-12:30 pm 

Single Component Microcomputers: 
A Better Solution for Processor Type Design 
Organizer: Hudolf Panholzer 

Single component microcomputers present a cost-effective solution 
to design problems. Controller oriented microcomputers, which 
now incorporate more peripherals on the chip itself, will be in
troduced <in this session. Specifically, the TMslOOO series family 
and the Zilog 28 will be discussed along with in-socket expand
ability and onchip A-D. 

Session 28 10 am-12:30 pm 

Speech Recognition and Processing 
Organizer: William T. Bis.ignani 

Research in improving man to man and man to machine com
munications via voice has •been rapidly increasing. Factors con
tributing to this growth include improved speech signal processing 
techniques and advances in computing hardware. This session 
will present recent work in several speech processing areas in
cluding word and speech recognition, speech synthesis, speaker 
verification, ·and speech inte1ligi0bility enhancement, as well as 
provide an estimation of t.he relevance of automated speech 
techniques in the military. 

Session 29 I 0 am-12:30 pm 

Solutions for Microprocessor Product Testing 
Organizer: Martin J. Weisberg 

Digital fault isolation in microprocessor based products is a 

problem confronting general management, engineering manage
ment, production test managers, and field service personnel. This 
session will scrutinize various approaches for fault isolation, in· 
cluding circuit waveform display, signature analysis, and in-cir
cuit emulation. Their effectiveness in design debugging, ·produc· 
tion testing, and field servicing will be assessed. Participants will 
discuss techniques in regard to speed of fault isolation, . effective
ness in identifying defective components and circuit board defects, 
and cost effectiveness as compared with alternative techniques. 

Session 30 I 0 am-12:30 pm 
Reducing the Cost of 
Microcomputer Software Development 
Organizer: Andrew A. Allison 

This session will illustrate the needs of the microcomputer soft
ware designer by describing the evolution of software develop
ment within a major terminal manufacturer, then wiU discuss 
three approaches to improving efficiency, and hence reducing 
cost of software development. Two leading microprocessor manu
facturers and an independent software house will be represented. 

Session 32 10 am-12:30 pm 
Alternative Procurement Approaches for Low to 
Intermediate Volumes of Custom LSI 
Organizer: Jim Meyer 

Six companies offering different approaches for custom LSI, in
cluding array or mastersHce, the subcontractor route, or the 
full-service route, will each present a case stressing their indi
vidual choices. These choices will cover custom LSI design with 
IIL gate arrays, along with advantages of array or masterslices, 
and advantages/ disadvantages of other custom LSI approaches. 
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GRINNELL DISPLAYS: 

Full color image processing . . . 
grayscale and pseudo-color . . . 
basic B/W graphics ... and 
everything in between: our 100% 
solid state, modular graphic tele
vision display systems can be 
matched to your computer display 
reejuirement, easily and 
economically. / 

And, they're intelligent. Power
ful instruction sets minimize soft
ware overhead, simplify program
ming and eliminate the need for 

complex macro-instructions and 
high order programming 
languages. 

Further, every Grinnell system 
includes a standard computer 
interface, full alphanumerics and 
graphics, 4K MOS random access 
refresh memories and your choice 
of standard resolutions: 256 x 256, 
256 x 512 or 512 x 512. Plug
compatible Interfaces for most 
minicomputers are available, 
along with a large number of 

operating options. All systems 
drive standard TV monitors. 

Grinnell displays are already at 
work in tomography, ERTS imag
ing, process control , data plotting 
and many more applications. 

So, before you decide on a 
display system, talk to our ex
perts. Complete operating systems 
start at $5,450, and quantity dis
counts are available. For detailed 
specs and/or a quotation, call 
or write. 

GRINNELL SYSTEMS 
2986 Scott Boulevard , Santa Clara, Cal iforn ia 95050 (408) 988-2100 
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Take our stacking zero insertion force connectors, for 
example. They effectively reduce costs, not only because they 
prevent board insertion damage but also because they 
eliminate board routing, beveling, and gold card edge fingers. 

Their stacking design permits high density, bus organized 
packaging, eliminating backplanes and allowing shorter 
electrical paths from board to board. And card cages are no 
longer necessary. Add all these advantages and you can see 
why AMP stacking ZIF connectors are ideal for the new 
generation of microprocessors, intelligent terminals, and 
distributed processing systems. 

There's another important advantage, too. AMP technical 
support. And it's available even when your product is in early 
development. In fact, that's when we urge you to get us 
involved. So you can take full advantage of the capabilities 
and willingness of our people to help you find a better way 
to increase your product's effectiveness. 

There are more benefits in AMP ZIF stacking connectors: 
Maintenance is simplified because every board is accessible 
without the need for extender boards. Contacts are on .100" 
grid spacing and feature the AMP Action Pin to reduce board 
hole damage. 

Why not get the complete story on our Zero Insertion Force 
Stacking Connectors, as well as card edge types with 
side-entry capability. Just call Customer Service at 
(717) 564-0100. Or write AMP Incorporated, 
Harrisburg, PA 17105. 

AMP has a better way. 

~IVIP 
INCORPORATED 

AMP is a trademark of AMP Incorporated 
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Thursday Afternoon 
Session 33 

Structured Logic Design Using Fuse 
Programmable Logic 
Organizer: Joh)'l Birkner 

2-4:30 pm 

Fuse programmable logic including the P /ROM, FPLA, FPGA, PMUX, 

and PAL allows the top down structure design of microprocessor 
systems architecture. This session will address the design method
ology used to implement these fuseable devices as generalized 
Boolean transfer functions, synchronous state machines, and bus 
oriented microprocessor systems. Emphasis will be placed on a 
systematic ·approach to synthesis of optimal hardware functions. 

Session 34 

Fiberoptic Links: 
Design and Installation Considerations 
Organi2ler: David R. Weller 

2-4:30 pm 

New approaches to fiberoptic links including specifications, termi
nations, field instaHation, and interconnections will be presented 
in this session. The o'biective is to offer ideas on design and field 
experience in developing and installing fiberoptic systems; for 
example, the handling of fibers in the field which includes splic
ing and termination of cables; and the design and miniaturiza
tion problems with drivers and receivers to insure reliable opera-
tions. 

Session 35 

Automated Test and Control Systems
The Building Block Approach 
Organizer: Robert L. Morrison 

2-4:30 pm 

Recent advances in small computers and associated components 
required for automated test and control have necessitated im-

provements in the in terconnection of these systems. The method 
that most facilitates in terconnection of a large variety of dif
ferent systems functions comes from the development of the 
IEEE 488 bus. This session will discuss the bus' operation and 
will present numerous application examples. Hardware necessary 
for bus interfacing will ·he explained, as well as techniques for 
troubleshooting. Finally, application of the bus to complete, 
automated systems wiU be discussed for both instrument and 
component based systems. 

Session 37 2-4:30 pm 

Problems and Solutions of Standardizing Desi9n 
Methodology in Microprocessor Application 
Engineering 
Organizer: Howard I. Cohen 

This session will address the problem of establishing and apply
ing standardization to the use of microprocessors in system de
sign work. Levels of standardization that will be discussed en
compass component selection, architectural characteristics, hard
ware design practices, programming language, .busing method
ology, unit and system level testing, and test equipment. 

Session 38 

A New Breed of Integrated Circuits 
Invades Telecommunications Systems 
Organizer: Rudolf Panholzer 

2-4:30 pm 

Integrated circuits for telecommunication systems •available for 
the design engineer wi11 1be discussed. Devices to ·be ·presented 
include tone and pulse dialers, dual-tone multifrequency detectors, 
variaJble slope delta modulators/ demodulators, pulse code modu
lators/ demodulators, and ·active filters. The session will be semi
tutorial and will emphasize both traditional and unorthodox 
applications. D 

FOLLOW THE SIGNS 
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They're Pointing to California .....& 
Where Technologlcal History Continues To Be Made .... 
Where Sunshine Recreation Is a Year-Round Reallty 

Where INTERSIL Offers You the Freedom to Implement Your Prolesslonal Ideas. 
LOGIC DESIGN ENGINEER 

Will be involved in the design and develop
ment of computer systems logic utilizing 
ECL and TTL logic families . Experience should 
include overall memory systems interface 
knowledge and general knowledge of com
puter systems architecture. Familiarity with 
IBM 370 architecture preferred. Minimum 

requirements are a BSEE plus engineering 
experience. We also have additional open
ings for individuals to assume project 
engineering responsibility for design and 
development of OEM memory for small add
on memory systems and/or storage board 
design 

INTERSIL. the leading independent supplier of add-on main 
memory systems, offers exceptional advancement oppor
tunities, a generous benefit package including profit sharing. 
and relocation. If you are interested in a move up. please 
send us your resume or call us collect to arrange an 
interview. INTERSIL MEMORY SYSTEMS. 1275 Hammer
wood Ave ., Sunnyvale, CA 94086. (408) 743-4300. 
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THE NEC SPINWRITER "THIMBLE" 
NEC built the Spinwiiter family of bidirectional character 

printers to be better than today's best. That required a high qual
ity print element able to outperform "daisy wheels," and we 
have one. 

Our unique "thimble" p1int element lasts up to three times 
longer, p1ints faster, offers greater applications flexibility, and 
costs less than daisy wheel elements. 

Spinwiiter thimbles are made from plastic specially reinforced 
\Vith fiberglass - and specially molded - to provide normal element 
life of more than 30 million impressions. Thimbles are smaller in 
diameter and lighter in weight than daisy wheels. They have less 
mass, which means they can reach the next character faster and, 
therefore, print at a faster effective rate. 

Spinwiiter thimble elements can print up to 128 characters 
compared with 94 printable on daisy wheels. One thimble can 
hold two type fonts, and output those fonts with OCR quality. 
That means a Spinwiiter can be used even in those applications 
normally requiring metal wheels or other modifications which 
slow printers down. 

Spinwiiter thimbles are available in a wide variety of type 
fonts, and are priced approximately 30 percent less than daisy 
wheel elements. Like Spinwiiter 1ibbons, thimble elements are 
easily accessible, and can be replaced in seconds by operators 
using one hand. 

better than today's best character printers. Consider 
ow· much longer lasting print hammer assembly: it has fewer 
moving parts than those on competing printers, and the voice coil 
actuated piint hammer is strengthened with special alloys. 

Ami consider the way highly reliable Spinwiiters meet your 
p1inter needs: the Spinwiiter family includes microprocessor· 
controlled receive-only and keyboard send/receive models, and 
basic mechanisms for those wishing to add their own power 
supply and housings. 

Spinw1iters featw·e Mean-Time-Between-Failure rates of 
better than 2,000 hours, and are serviced by one of the largest, 
most competent organizations serving the computer industry. 
Spinw1iters are priced approximately IO percent below competi
tion, and we can deliver in OEM quantities in 60 days or less. 

Tell me more about the Spinwiiter family. 
0 Please have a sales representative call. 
0 Please send literature. 

CD 8/78 Name: ____________________ _ 

Title: ---------------------
Company: ____________________ _ 

Street: ---------------------
City: _________ State: ___ Zip: ___ _ 

Telephone: -------------------Spinwiiter thimbles are noticeably quieter than either plastic 
or metal daisy wheels, which means that Spinwiiter p1inters fit 
well in office environments. A Diablo-compatible inte1face is ,.aj~~~~=~~~ To find out more about how a better piint 
available for Spinwiiters, m~king direct ' ~ element helps make a better printer, fill 
replacement easy for origi- _ ,, .- " out the coupon, or call NEC 
nal equipment manufactur- · · ,, , ~ Information Systems, 
ers (OEMs) and end users. "'-~ ~ ~ Five Militia Drive, 

The thimble is only part r a f Lexington, Mass. 02173 
of what makes Spinwiiters I! (617) 862-3120. 

NEC NK INFORMATION SYSTEMS, INC. 
Eastern Office: NEC Information Systems, Inc., Mr. Richard G. Gilbert. 5 Militia Drive, Lexington, Massachusetts 02173 

Central Office: NEC Information Systems, Inc., Mr. Stephen A. Kadash, 3400 South Dixie Drive, Suite 105, Dayton, Ohio 45459 
West Coast Office: NEC Information Systems, Inc., Mr. Marty Rubin, 8939 S. Sepulveda Blvd., Suite 330, Los Angeles, California 90045 
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communicates ... 
Cost effective communications 

capability has been a primary M6800 
consideration from the start. 

When the M6800 Family's design 
concept was finalized, one of the 
features that raised it above the ordi
nary new microprocessors of the day, 
that made it unique, was its orientation 
toward data communications. 

The MC6850 Asynchronous Com
mun ications Interface Adapter and the 
MC6852 Synchronous Serial Data 
Adapter were part of the original 
M6800 Family. A MODEM, the MC6860, 

was the first addition to the basic 
family. Later, the MC6862 2400 bps 
MODULATOR was added. 

Data communications is now, more 
than ever, one of the special provinces 
of the M6800 Family. Powerful new 
family LSI functions keep expanding 
its capabilities. Functions like the 
Advanced Data Link Controller, 
MC6854, which is available now, and 
the MC6851 Universal Communica
ti ons Interface Adapter scheduled for 
availability in the first half of 1979. 

Advanced Data Link controller 
implements all major bit-oriented 
protocols-on chip. 

MC6854-ADLC 

RSo 

RS • 

The MC6854 ADLC is Motorola's 
new 28-pin MPU / data communica
tions link dedicated to doing its bit
sync job better than any 40-pin general 
purpose device can, and doing it less 
expensively. 

CONTROL 
REGISTER 

#2 

CONTROL 
REGISTER 

#3 

CONTROL 
REGISTER 

#4 ~-------<< DCD 
CHIP SELECT --E r 

It's available off-the-shelf now for 
$16.95 (plastic) in 100-up quantities. 
Because the MC6854 maximizes effec
tiveness of its specific function , 
software overhead and associated 
costs are minimized. 

In addit ion to SDLC, the bit
orierited protocol implemented by 
most devices, the MC6854 also 
handles ADCCP and HDLC on chip, 
without any sacrifice of its complete 
MODEM controls (RTS, DCD, CTS, 
DTR), DMA capabil ity, or loopback 
self-test. The ADLC implements NRZ 
and NRZI, and also provides complete 
on-chip loop control. Quad buffers, 
instead of the usual pair, allow two
byte transfers. 

Three speed variations, 1 MHz, 1.5 
MHz, and 2.0 MHz, are now available, 
and the 1.0 MHz MC6854 is offered in 
your choice of 0 to +70, -40 to +85, 
or -55 to + 125 degrees C. 

DATA 
BUS 

llllfRFACE 

CONTROL 
REGISTER 

#1 

....__ ______ _. + ~-----+----<- RxD 

RECEIVE 
DATA FIFO 
REGISTER 
(3 BYTES) 

#1 

" 

RECEIVER 

FCS CHECK 

ZERO 
DELETION 

Fl.All ABORT I 
IDLI! DETECT 

LOOP ON-LINE OONTROL/ DTR 

Txd 

~~~- ~--~ L-~~~-.....---'-~RTS 

Vss PIN 1 
Vee PIN 14 

We have a reference sheet for all 
of our M6800 Family communications 
data sheets and wide range of 

applications notes. For a copy of the 
MC6854 data sheet .and the reference 
sheet with request reply card , write 

to Motorola Semiconductor Group, 
P.O. Box 20912, Phoenix, AZ 85036, 
or circle the reader service number. 

MOTOROLA 
Semiconductor Group 
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COMPCON Fall 78 
September 6-8 

Capitol Hilton Hotel, Washington, DC 

Kenneth H. Crandall, Jr 
General Chairman 

Marshall D. Abrams 
Program Chairman 

David C. Hartmann 
Tutorial Chairman 

The 17th IEEE Computer Society International Con
ference under the direction of General Chairman 
Kenneth H. Crandall, Jr, Satellite Business Systems, 
Mclean, Va will be composed of three preconference 
tutorials and a variety of program sessions surround
ing the theme of computers and communications: 
interfaces and interactions. Program Chairman for 
this year's conference is Marshall D. Abrams from the 
National Bureau of Standards, Washington, DC. On 
Wednesday, September 6, a 9:30 am plenary session 
and an 11 am keynote session will focus on both 
governmental and carrier's policies and perspectives 
on telecommunications as well as ideas on the evolv
ing computing and communications environment. 

Tutorials 

Tutorial chairman David C. Hartmann of the Library of 
Congress has initiated a preconference tutorial pro
gram consi;sting of three sessions all 'beginning at 
9 am on Tuesday, September 5. "A Practical View of 
Computer Communications !Protocols" will examine 
fundamental design and protocol choices in com
puter communications systems and discuss existing 
offerings. 

Explaining recent developments in system and pro
gram testing techniques, "A Survey of Software Valida
tion Methods" discusses developments including meth
ods for analyzing program structure, techniques for 
quantifying test coverage and analyzing test results, 
systematic methodologies for planning and controlling 
the testing process, and automated tools and software 
aids for testing. 

"Computer Networks: A Tutorial, 1978 Revision and 
Update" will cover network topology and communica-
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tions media, network technology and its effect on net
work performance, resource sharing requirements and 
techniques, and approaches to network performance 
measurement, access, and management. 

Networks 

COMPCON Fall 78 will incorporate several sessions 
concerned with various aspects of computer networks. 
Wednesday sessions will cover flow control analysis 
by touching upon numerical analysis of networks 
with multilevel flow control, error detection and re
transmission, and radio network analysis. One session 
will give an overview of information retrieval services 
and will particularly cover the Lockheed dialog, the 
System Development Corp '(SDC), orbit, and BRS ser
vices. Internetwork routing and addressing, message 
addressing modes, and response routing in large com
puter nets will comprise another session. Other dis
cussions will revolve around the areas of packet bus 
structures, analyses of network performance, and 
micronetworks. The paper presentations for these 
sessions will confront such topics as high bandwidth 
local computer networks, nodes, the vans system, in
terface processor for a recirculating data network, 
and design of a microsubnetwork. Still more sessions 
concerned with networks will encompass architectures, 
specifically of a modular network and a distributed 
data network. Interface standards for public data net
works and network control protocols will be covered. 
Network management, particularly operational control 
and computer security along with various network op
erating systems will also be confronted. Final sessions 
on networks will involve discussions of performance 
evaluation trends and approaches to network design. 

(Continued on p 80) 
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Why 01icrocom 
with our 

We've just introduced two new speed 
selections of our 2716 16K EPROM. 
The 2716.-2 access time is 390 
nanoseconds, the 2 716.-1 is 
just 350 ns-fast enough to 
take full advantage of the 
new multiplexed micro .. 
processors, such as the 
SMHz 8085A .. 2 and 
the HMOS, 16 .. bit 8086. 

To ~nable you to operate your system at 
high clock rates without bus contention 
problems, we've built the 2716 with two 
separate control functions-Output 
Enable (pin 20) and Chip Enable (pin 
18). Using both control functions is your 
key to high performance. 

And because the 2716 is a +5 volt 
part, you can design your entire system
EPROMs, ROMs, RAMs, CPU and peri .. 
pherals-all operating from a single 
+ 5 volt stipply. 

Using the 2716 gets you to market 
sooner, too, with fast, easy reprogram .. 
mability and no "turnaround time" for 

COM P UTER DESIGN I AUGUST 1978 



systent design starts 
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2716 2332 2364 
2Kx8 4Kx8 8Kx8 

Active Ice (max) 

grade capability 
of pin .. for.-pin 

interchange .. 
ableROMs

100mA 40mA 40mA 

Standby Ice (max) 25mA 15mA 15mA 

Access Time (max) 350-450 ns 300ns 300ns 

the 2316E (16K), 2332 (32K) and 2364 (64K). 
Just as important, designing with the 2716 

today assures you of easy mobility to the higher density memories 
needed for the system upgrades you'll be implementing tomorrow. 
Utilizing the 2716's pinout, for example, not only gives you com .. 
patibility with our 32K and 64K ROMs, but gives you the design 
flexibility to move to our 32K EPROM when it's introduced. 

Design flexibility is such an important consideration for 
maximizing your product's life cycle that we've devoted an entire 
application note to it. For a copy of AP30, 
with the complete story on the ROM/EPROM 
upgrade path, along with an updated 2716 data 
sheet, write: Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, CA 95051. 

inter delivers. 
Europe: Intel International, Rue du Moulin a Papler, 51-Bolte 1, B-1160, Brussels, Belgium. Telex 24814. 
Japan: Intel Japan, K.K., Flower Hlll-Shlnmachl East Bldg. 1-23-9, Shlnmachl, Setagaya-ku, Tokyo 154. Telex 781-28426. 
US and Canadian distributors: Almac/Stroum, Component Specialties, Cramer, HamlHon/Avnet, Harvey, Industrial Components, Pioneer, Sheridan, 
Wyle/Elmar, Wyle/Llberty, or L.A. Varah, Zentronlcs. 
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Data Communications 

Four sessions, two which are panel discussions, will 
focus on data communications. One panel will explore 
communications services and systems, user applica
tions, and political problems-all related to interna
tional data flow. The second panel will discuss the 
FCC's impact on industry, market, and regulatory 
structures. Satellite communications, circuit switching 
technology, and distributed routing in hybrid packet 
and circuit data networks will comprise the remaining 
sessions. 

Data Security 

On Thursday afternoon panel members will discuss 
the effect computer networks have on privacy. The 
efficacy of the data encryption standard (DES) in data 
processing together with communication standards for 
using the DES will comprise a session on computer 
cryptography. 

General Technolo9y 

Voice memory systems, services, and storage systems, 
along with issues in digitized voice will be included 
in Wednesday afternoon ses'Sions. Validation tools 

will also be discussed. On Thursday, papers concern
ing standard interfaces and protocols for distributed 
systems will be presented. Virtual systems will be 
covered in another session. General sessions on 
Friday will contain papers on the use of an incomplete 
gamma function for improving measures ·of response 
time and measurement of an X.25 service. Outlooks on 
hardware to be explored include optimiz·ing microcom
puter development systems, minimizing risks in hard
ware/software partitioning, and random errors in 
digital systems due to flip-flops. Prospects and theo
ries in information accessing will be dealt with in a 
Friday afternoon sessi'on. 

Re9 istration 

Advanced registration for COMPCON Fall 78 must be 
completed before August 26. Tutorial registration fee 
includes luncheon and bound text. COMPCON fee in
cludes one copy of the Proceedings and two com
plimentary drink tickets. Advanced registration fees 
are $60 and $75 (member and nonmember) for attend
ing either one tutorial or COMPCON only. Advanced 
fees for one tutorial in addition to COMPCON are 
$120 and $135, respectively. Late registration fees 
(after the August 26 deadline) show an increase of 
$10 throughout. During COMPCON week, attendees 
may register for tutorials on September 5 and for 
COMPCON on September 6-8. D 

PICKA 
PITTMAN® 
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LO-COG® Servo Motors 
3 series: 1.2, 1.6 and 2.0" OD 
Stall torques: about 1 to 128 oz.-in. NEW Rare Earth Field 

D-C Motors 

D-CMOTOR 
FOR YOUR 
PRODUCT 1 x l % " cross-section 

PITMO® Gearmotors 
2 series: 1.38 and 
2.00" OD gearboxes 
Torque limits with 
standard gearing: 
100 & 175 oz.-in. 

Stall torques: 12 to 24 oz.-in. 

PITMO® Motor-Tachs 
2 series: 1.2 and 1.6" O.D. 
Standard tachometer gradient: 
2 volts/1,000 rpm 

THE PITTMAN CORPORATION 
A Subsidiary of Penn Engineering & Manufacturing Corp. 

© 1978 Harleysville, PA 19438 • 215:256-6601 9A 
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Weigh These Facts: 
Model Nonlinearity Throughput 

SDM856JG :i:0.024% 38kHz 
SDM856KG :t0.012% 27kHz 

SDM857JG :i:0.024% 38kHz 
SDM857KG :i:0.012% 27kHz 

Internal 
Amp 

No 
No 

Yes 
Yes 

Price (100's) 

$ 99.00 
$125.00 

$125.00 
$138.00 

An integral, low drift differential amplifier with gains 
programmable from 2 to 500 handles transducer inputs down to 
±10mV FS! And you have total design flexibility because all 
input/output connections to internal functions are available at 
the pins. 

... and include all the functions you need in a powerful 12-bit, 16-
channel data acquisit ion system - including 3-state digital 
outputs that interface quickly to 4-, 8- or 16-bit data buses. 

This hybrid measures only 2.2" x 1. 7" x 0.22". Its exclusive 80-pin 
quad-in-line design lets you run circuit traces under the single 
ceramic substrate, without insulation, to save up to 2 square 
inches of board space . 

Learn much more - call , write Burr-Brown, Box 11400, Tucson, 
Arizona 85734. Phone: (602) 7 46-1111 . 

BURR-BROWN 

I E:1E:1 I 
Putting Technology 
To Work For You 



When gou're big on qualitg 
but short on space 
Ball measures up. 

Our ready-tQ-run monitor-pack helps you save dollars 
as well as rooni in custom terminal installations. 

If you haven't got the room for a full size chassis, or 
if you just plain insist on adding Ball performance to 
your own electronics, size up our flexible TVX-Series 
monitors. 

We fully assemble, test and align our 9" and 12" 
direct drive sets then ship them to you securely 
mounted on money-saving, disposable baseboards. 
Just slide four components - tube, PC board, vertical 
and horizontal transfotmers - into whatever room 
you've got. Hook-up a single edge connector for both 
DC power and signal input, and you're fully 
operational. 

You're assured of peak performance, too. Complete 
electronic controls, including horizontal and vertical 

Ball Electronic Display Division 
PO. Box 3376. St. Paul, Mn. 55165 (612) 786 -8900. TWX : 910-563 -3552 

General Sales Offices : 
Addison . Illinoi s (312) 279 -7400 Santa Clara. California (408) 244 -1474 
Ocean. New Jersey (201) 922 -2800 Upland. California (714) 985 -7110 

linearity, allows us to precisely align each set to your 
particular requirements. 

It's that easy to add field proven Ball monitors with 
do-it-yourself savings. 

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

If you need a monitor for compact installations, you 
need Ball quality more than ever. Crowded component 
layouts and reduced air circulation make Ball's 
conservative engineering and careful component 
selection important factors in reliability. 

Your Ball representative would be pleased to give 
you full information. After all, helping customers in or 
out of tight spots is a big part of his job. 
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HARDWARE APPROACHES 
TO MICROPROGRAMMING 
WITH BIPOLAR MICROPROCESSORS 

Design advantages, limitations, and alternatives of bit-slice and 
fixed-instruction bipolar microprocessors are explored and 
compared to aid designers in implementing effective microprogrammable 
hardware for complex data processing applications 

Joseph C. Conway Signetics Corporation, Sunnyvale, California 

Design engineers are presently confronted with two 
important alternative technologies when developing func
tionally complex devices for use in computer systems, 
such as central processing units, memory controllers, 
floppy disc controllers, and high speed fixed- or moving
head disc controllers. The first approach, designing the 
system using small-scale and medium-scale integration 
logic elements, results in a device that is highly inflexible 
to modification. If a design error is discovered or a 
functional parameter is changed, circuits must be physi
cally added or deleted, and printed circuit boards must 
be modified. Both result in increased costs and design 
delays. 

The second system design approach, microprogram
ming with bipolar microprocessors, minimizes supple
mentary hardware and places functional control in 
microprogram memory. Additional hardware is limited 
to the circuits required to supply test-operating parameters 
for the microprocessor, and to the output circuits that the 
microprocessor sets and resets for controlling external 
events. If an operating parameter must be changed, 
modification will probably be limited to microprogram
ming without any hardware alteration. 

In controller applications where small size and hard
ware flexibility are primary design factors the advantages 
of microprogramming are evident. An intelligent micro-

programmed controller can carry out complex multiple 
function operations without host system intervention. A 
microprocessor also has inherent self-diagnostic ability. 
With simple built-in test routines, it can test itself and 
its associated logic, and pinpoint faulty memory locations 
and internal registers. Maintenance and repair times are 
minimal and data integrity improves because the pro
cessor can be programmed to verify its own ability to 
function. Because fewer components are required, the 
system design realizes increased reliability and overall 
cost effectiveness, with considerable savings in circuit 
board size and assembly costs. 

Bipolar Microprocessors 

Two basic types of bipolar microprocessor architecture
bit slice and fixed instruction-can be organized as a 
computer, or can be used to control external input/ output 
(1/ 0) devices. Each configuration has self-contained 
control, processing, and source/ destination logic. In ad
dition, each configuration receives operational commands 
from microinstruction memory, called a "control store." 
This memory controls the functional characteristics of 
the microprocessor-in other words, its individuality. 
For the microprocessor to perform complex functions, 
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Fig 1 Bit-slice microprocessor . 
Arch itecture is organized in two ma
jor sections: microprogram control 
and central processing element 
(CPE). Since bit slices are only 2 to 
4 bits wide, they are organized to 
allow cascading to wider words. 
Slices pass status to microsequencer 
for use in determining order of mi
croinstruction execution 

I I 
I ~y ALU -- : 

I I 

STATUS : Bl T SLICES : 

I I 
I I 

-~·~:::.-------F ----- _J 

TO/ FROM MEMORY 

strings of microcommands are executed sequentially at 
rates of more than 4M instructions/ s. 

Bit-slice and fixed-instruction microprocessors differ 
in that a fixed-instruction microprocessor has fixed
format instructions and is completely self-contained. Bit 
slices are only a portion of the arithmetic and register 
section of a microprocessor and require a control store 
sequencer to address the microprogram. In these devices 
the microword is not fixed as in a fixed-instruction mi
croprocessor; each field can be separately assigned to 
control the slices, 1/ 0, microsequencer, and any other 
required logic to complete the design. 

Microprocessors are often used to execute exactly 
(emulate) the instruction set of a standard minicomputer. 
This is accomplished by organizing the microprocessor 
so that memory addressing, system control, data 1/ o 
buses, and bus control signals match those of the central 
processing unit (CPU) being emulated. However, internal 
operation of the emulator can be organized so that an 
efficient string of microinstructions will accomplish each 
required CPU instruction. As each instruction is received, 
it is decoded by the microprocessor, which executes a 
specific string of microinstructions to accomplish the 
required function. 

Extra capability may be added to the emulator by 
defining an expanded instruction set. Commands, such 
as multiply, divide, and binary-coded decimal (BCD) add, 
can be accomplished within microcode while retaining 
downward compatibility with the original instruction set 
for execution of existing systems software. 

Bit-Slice Architecture 

Bit-slice microprocessors come in 2- and 4-bit wide ver
sions and contain a register stack, an arithmetic logic 
unit (ALU) , shift logic, and data bus drivers (Fig 1) . 
These circuits are organized as modular building blocks 
and can be linked together to form a microprocessor 
that meets design objectives efficiently. Although bit slices 
are functionally complex, no provisions are inherently 
available to address a control memory or to determine 
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the order of microprogram execution. To accomplish 
these functions in a bit-slice design, a microsequencer 
is used to delegate the order in which microinstruc
tions are executed and to control all decisions the mi
croprocessor makes on incoming information. 

From an external source, a series of related micro
instructions, or macrocommands, and data are routed 
to the microsequencer and bit slices, ·respectively. The 
microsequencer decodes the command and executes a 
string of microinstructions from control store memory. 
These microinstructions determine what functions the bit 
slices will perform on the data and what type of deci
sion the microsequencer will make to determine the next 
microinstruction address. This address may be dependent 
on status information from the bit slices, from external 
hardware, orr from the program stack within the micro
sequencer. Basically, bit slices perform all arithmetic 
operations, and the microsequencer makes all decisions 
and sets the order of microprogram execution. 

The complete design of a bit-slice microprocessor 
entails considerably more than connecting a microse
quencer to some bit slices and adding programmable read
only memory (P/ RoM) to control them. Other support 
circuitry also must be managed from the microprogram. 

-In addition to the microword bits required for the central 
processing element ( CPE) bit slices and microsequencer, 
other bits are necessary for dedicated functions, such as 
bus control, test input selection for branching, and write 
enables for registers or random-access memories (RAMs). 
In other words, extra microword bits must be assigned 
to control the auxiliary circuitry around the bit slices. 
Since the bit-slice design is totally modular in nature, 
the designer can tailor the power and function of the 
microinstructions to best support the design require
ments. 

Fixed-Instruction 
Architecture 

The fixed-instruction bipolar microprocessor (Fig 2) is 
based on an entirely different organization than the bit 
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Fig 2 Fixed-instruction microprocessor. Archi
tecture is organized with three separate buses, 
each dedicated to particular task. Address (ADA) 
bus is used to address control store and is 13 
bits wide (8192-word addressability). Command 
(CMD) bus is 16 bits wide and carries fixed-in
struction commands to microprocessor. All data 
to and from processor are carried on bidirec
tional data bus. 1/0 ports interface this bus to 
external data sources 

slice. The instruction set is predetermined, and micro
word functions and fields are preassigned, unlike the bit 
slice which allows use of a customized microword. This 
microprocessor also contains a program counter and does 
not require an external bipolar microsequencer. The data 

bus has a fixed width (eight bits), and control signals 
have fixed organization and timing. Almost everything 
necessary for a complete microprocessor is self-contained, 
including a system clock/ oscillator circuit that needs only 
an external crystal. With the addition of control store 

w
CONTllOL 
STORE 

f l 
( ! 
ll CPE COMMAND 

-f l 
I I 

PIPELINE : J 
REGISTER I 

I t 

EXTERNAL LOGIC CONTROL 

1 ... T 
CPE 

DATA BU 

MULTIPLEXER ~~ I ~CPE 
111h3Zl 1-----------..-+--!----I~· STATUS CONTROL 

EXTERNAL L J rl MULTIPLEXIR Ji------+-FL_AGS 

FUNCTION 

ADDRESS 

TEST 
j_.J lllCRO

JUllP 
WCllO- BRANCH ~~ON iNClfl ,__ __ ~__.OINlllATDR 14-------' 
ROii ;;,DRESS H.DOIC 

AARAYI 

MICllO
COllllAl'ID 

1--c_oM_M_A_N_D_A_N_D_Ju_M_P_F_1E_L_D __ ..._..-1 DECODE 

HARDWARE 
CONTROL 

Fig 3 General-purpose bit-slice 
processor. Microprogram control 
and CPE are entirely separate, with 
microsequencer controlling micro
program next address and bit
slices performing ALU functions. 
By adding a pipeline register 
(dotted lines), operating speed can 
be increased by allowing new in
struction to be fetched as previous 
one is being executed in CPE 
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memory (ROM·P/ ROM) and some 1/ 0 interface circuitry, 
the fixed-instruction bipolar microprocessor becomes a 
complete computer system. 

All data going to or from the microprocessor are trans
ferred via the bidirectional 8-bit data bus. The micro
processor receives data, performs an arithmetic or logic 
operation, and places processed data in an internal 
register or routes it to an 1/ 0 port on the data bus. 
Microinstructions are fixed at 16 bits (2 bytes) wide, 
and a microinstruction address is generated entirely 
within the microprocessor. 

Bit-Slice Application 
Bit-slice microprocessors are well suited for general
purpose data processing applications. A simplified block 
diagram of a CPU organized with bit slices and a micro
sequencer is given in Fig 3. Purpose of the micro
programmed CPU is to perform macro-level instructions 
required by a minicomputer by executing a definitive 
series of microinstructions. An example of a macrocom
mand (complex instruction) would be a multiply in
struction that requires a string of shifts and adds. This 
is accomplished in microcode by setting up a string of 
microinstructions (microprocessor one-cycle instruc
tions) , each of which does part of the macrocommand. 
As an example, the first micro shifts, the second adds, 
the third decrements a register and checks for zero, etc, 
until the macrocommand is complete. 

In this CPU design, the sequence in which microinstruc
tions are executed is controlled by the microsequencer, 
and arithmetic and logic functions performed on the 
data are accomplished in the CPE (bit slices). Functional 
parameters of the design are contained in the micro
word, which simultaneously commands the CPE, controls 
all sources and destinations of data buses, and selects 
the type of operation the microsequencer will perform. 
The microword also steers the proper external flag in
formation into the microsequencer for use in conditional 
branching, test and skip, interrupt handling, and sub
routine operations. 

A control word for this application might have the 
field assignments shown in Fig 4, with each group of bits 
individually controlling a function that the microprocessor 

performs. Since a bit-slice design uses this type of micro
word organization, the microprocessor can have as many 
different commands as the total number of combinations 
of bits in the microword. In addition, the structure of 
the microprocessor can be altered by the organization 
of microword fields, allowing the design to closely match 
the function it must perform. This functional control is 
the greatest asset of a bit-slice design. Separate control 
of each distinct part of the microprocessor by the micro
word allows the design to be directly adaptable to system 
requirements. Microwords are often very wide--40 to 
64 bits of code are common-with each bit dedicated to 
a particular task. By using a bit or group of bits to 
directly control a function (ie, bus steering), overlapping 
of operation can be achieved by allowing different sec
tions of the microprocessor to simultaneously perform 
small tasks. Depending on the organization and assign
ment of the microword, the following three items could 
be accomplished in one microcycle (less than 200 ns) : 
an arithmetic or register instruction in the CPE, a com
mand to external hardware, and the testing of an external 
parameter with the microsequencer. 

To obtain the fastest cycle times possible, a pipelined 
architecture can be used. Addition of a pipeline register 
between control store memory and CPE, as shown by the 
dotted lines in Fig 3, allows the microsequencer to ad
dress the next microinstruction while the previous one 
is being executed by the CPE. Pipelining refers to the 
multifunction effect that the pipeline register has on the 
sequence of microinstructions. In a microprocessor with
out a pipeline register, each instruction must be com
pleted before a new instruction can be started. The micro
sequencer must address control store and control store 
outputs must become stable before the CPE can execute 
its function and the microsequencer can operate on the 
results of the CPE operation. In other words, the CPE, 

control store, and microsequencer are in series, each con
tributing to the cycle time of the machine. When a pipe
line register is added, a new microinstruction is retrieved 
from control store memory as the one previously retrieved 
is being executed. In this manner, the microprocessor acts 
as a pipeline with instructions starting in one microcycle 
and ending in the next. This effectively eliminates the 
microstore access time from the microcycle, allowing a 

131302929272925241 2322212011111111 l1s 14 13 12111 10 sis 1es4 3 21 o 
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MICROSEOUENCER COMMANDS 
(NEXT ADDRESS COMMANDS) 

TEST MULTIPLEXER CONTROL 
(CHOOSE 1 OF 16 INPUTS FOR TEST) 

MICROSEOUENCEA JUMP/MICROPROCESSOR COMMANDS 
(SHARED FIELD, DEPENDING ON MICROSEOUENCER COMMAND) 

EXTERNAL LOGIC CONTROL AND ENABLES FOR VARIOUS 
REGISTERS (IE, MEMORY ADDRESS , INSTRUCTION) 

Fig 4 Microword for bit-slice processor. 
Each group of bits has definite purpose 
and contro ls separate part of micropro
cessor. Independent command fields allow 
each section to operate independen!I)', 
making microprocessor highly flexible 
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faster overall throughput. Pipelining, however, will actual
ly waste a microcycle when a conditional branch in the 
program is required. The next instruction automatically 
fetched by the microcontroller must be abandoned and a 
new instruction fetched, requiring an extra microcycle. 

Fixed-Instruction Application 

A microprogrammed cathode-ray tube (CRT) display 
terminal (block diagram, Fig 5) contains a synchronous/ 
asynchronous interface for connection to a modem or 
host computer through an Rs-232-c interface. The inter
face also supports a keyboard and a bidirectional, paral
lel, high speed data port. Refresh memory and cursor 
control logic are directly controlled by a fixed-instruction 
bipolar microprocessor. The complete programmability 
of this design approach allows an intelligent terminal to 

REFRESH 
MEMORY 

• 2k JC. 
STATIC 
RAM 

be customized to almost any specialized application by 
simply changing the microcode. 

Within the CRT display controller, the 8-bit micro
processor receives data from all sources and redistributes 
it via a single 8-bit bidirectional data bus. For each 
250-ns instruction cycle ( 4M cycles/ s), data can be re
trieved from a source on the bus, a logic or arithmetic 
operation can be performed by the microprocessor, and 
the result can be placed in an internal register or re
turned to the same or different port on the data bus. 
The design is simplified by the 8-bit microprocessor's 
separate instruction and data buses. The P / ROM control 
store is individually addressed by the microprocessor, 
and 16-bit instructions are received via the command 
( CMD) bus, allowing the data bus to be dedicated com
pletely to carrying data and status required to fully con
trol the operations of the display terminal. 
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The extremely fast cycle time and full 8-bit architec
ture make possible the data processing or formatting 
functions required for complex operations of an intelli
gent terminal, including data manipulation and 1/ 0 

protocols. In turn, realtime processing of incoming or 
outgoing data can occur while the microprocessor con
tinues to perform basic housekeeping required for the 
display and 1/ 0 . 

Since the fixed-instruction bipolar microprocessor can 
directly address 8192 words of program memory and 
since many programs require significantly less storage 
( lk to 4k typically ) , additional memory can be added to 
the design and addressed by the microprocessor without 
using extra hardware. This allows program expansion 
without hardware modification. 

External hardware required for a basic system is mini
mal because the ALU and register file along with program 
counters and sequencing logic are contained within a 
single integrated circuit. The design uses only one data 
bus, which is expandable. Extra interface requirements 
can he incorporated by simply attaching more 1/ 0 ports 
to the bus since the microprocessor can address up to 512 
ports. Furthermore, a working buffer memory (RAM ) 
can be added to allow expansion of microprocessor ca
pabilities. This buffer can he used as an extra scratchpad 
register for programs or for extra data storage. Since 
fixed-instruction microprocessors are modular in nature, 
a designer can begin with a small system and add ca
pability later. The result is a design that can grow to 
meet future needs, thereby avoiding imposed obsoles
cence by new system requirements. 

Microprocessor Selection 

To choose the microprocessor that best suits application 
requirements, the designer first must thoroughly evaluate 
functional parameters, operating speed, cost, and future 
expandability. Second, the system must he programmed, 
and design bugs resolved. The microprogramming stage 
of design will require development aids such as writable 
control store, microprogram compilers, and perhaps a 
microprocessor e:inulator. Prototyping kits may also he 
employed as learning aids to gain a comfortable level of 
understanding before the actual development project is 
undertaken. 

Although there are many parameters to be considered, 
the different organizations of the hit-slice and fixed-in
struction types of microprocessor make certain choices 
more suitable for particular applications than others. Each 
type has an unique organization and can effectively ful
fill a variety of specialized applications. 

The 8X300 single-chip, fixed-instruction micropro
cessor (Fig 6 ) , with completely self-contained program 
sequencing and microstore addressing, lends itself to 
low cost microprocessor based systems for medium to 
high speed control and data handling applications. The 
8-bit wide, single bus architecture is ideal for situations 
where bytes of data must he processed and redistributed 
to other parts of the system. 

Using entirely separate instruction and data buses, 
this microprocesimr includes full instruction decoding, 
which interprets each instruction; decides the type of 
arithmetic or logic operation to he performed; and con-
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trols the source, destination, and pumher pf hits to he 
operated on. Organization of the data paths anq ALU 

allows the microprocessor to bring in data from the data 
bus, rotate, mask, perform an ALU operatipn, and place it 
in an internal register; or shift, merge, and place it hack 
on the data bus in one 250-ni; instruction cycle. Data 
source for the A input of the ALU is an internal auxiliary 
register; the B input can he either an internal register or 
the external data bus. 

A fixed-instruction microprocessor performs the follow
ing eight classes of instructions. 

MOVE 

ADD 

AND 

XOR 
(Exclusive-OR) 

XMIT 

(Transmit ) 

XEC 

(Execute) 

NZT 

(Non·Zero 
Transfer ) 

J M P 

(Jump ) 

Data from data bus or internal register can be 
moved to data bus or another internal register. 
Data can be shifted any number of places and/or 
masked to any length. 

Data from data bus or internal register are 
added to co11tents of internal auxiliary register 
and placed either in internal register or on data 
bus. [)a ta may be shifted and / or masked. 

Data from data bus or internal register u e ANDed 
with ·contents of internal auxiliary register, and 
results are placed on data bus or into internal 
register. Data ml!Y be shifted and /or masked. 

Data from data bus or internal register are ex· 
clusive-ORed with auxiliary register and results 
are placed on data hus or into internal register. 
Data can ·he shifted and / or masked. 

Literal data fi eld ( part of instruction word) re
places data in internal register or is output on 
data bus. 

Executes instruction at address formed by -re
placing least significant bits of program a ddress 
with sum of a literal field in instruction a nd data 
from data bus. 

Literal field of instruction replaces current con
tents of program counter if selected internal 
register or data bus is non.zero. 

Program <:ounter contents are replaced by a literal 
field in the instruction (unconditional ium p from 
0 to 17777.). 

Three of the 16 hits are used to choose the class of 
instructions. The other 13 bits are used for source, des
tination, and number of bits to be operated on or, in 
the case of an unconditional jump, become the address 
of the next microinstruction. The microprocessor is organ
ized to handle hit-through-byte manip4lation efficiently, 
making it ideal for high speed controller applications. 

Bit-slice microprocessors, on the other hand, are best 
suited for central processing applications and for high 
speed peripheral con~rollers such as fixed-head disc con
trol. Of the two types of bit slices described-3002 and 
2901-1-the 3002 2-bit-slice microprocessor has the 
most effective organization for contr~llers because of its 
multiple data and memory input buses arid self -contained 
memory address register (Fig 7) . Both types fulfill 
requirements for CPE applications with certain individual 
advantages. 

The 3002 has the fastest cycle time, a multiple bus 
architecture, and a built-in memory address register. The 
2901-1 (Fig 8 ) has the advantage of being 4-bits wide 
instead of 2-l>its wide, and is orgiJnized ~round a 16 x 4-
bit, 2-port RAM. This 2-port scheme is effective for execu
tion of complex arithmetic operations, making it an effec
tive building block for central proc~ssing. 

The 3002 2-bit wide bit-slice microprocessor (Fig 7) 
contains three separate data input bu!'es, an accumulator 
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OVF 

RI 

R2 

R3 
R4 

R5 
R6 

Rll 
AUX 

<: ) IVBiHvB7 '.------~ DATA BUS 

Fig 6 8X300 architec
ture. Microprocessor is 
organized to allow data 
from external source to 
be fetched, operated on 
by ALU, and passed 
back to data bus o~ de
posited internally, all 
within one processor 
cycle (250 ns). Addi
tionally, micropro!'.jram 
address register (AR) is 
used to address control 
memory, and 16-bit in

struction data bus (1¢-
115) provides commands 

INTERNAL CONTROL 
SIGNALS 

BUS 
AR5- ARl2 

OE CODE 
AND 
CONTROL 
LOGIC 

,___ ___ , CONTROL 

AO-A12 
INSTRUCTION 
ADDRESS 

IR 

10- 115 
INSTRUCTION 
DATA 

c:=I XTAL 
IRO-IR2 

EA0--0~:---------1 .. ~~ - - , ~ ~ - -- - :~'° 
I I 
I I 
I I 
I 

I 
AC I 

XO-+-----------f""-_.__.._._....._ __ ---, 

I 
I 
I 

vo--,--------------t i.-~--1---+---+<>-<> c 1 

coo-...... 0--------------t ALU 

LIO-+----------·~---A'------~8'---~ 

I 
I 

FUNCTION 
DECODER 

L _____ _ 

MO Ml 

MULTIPLEXER 
A 

10- 11 KO - Kl 

jo-<> RD 

I 
I 
I 
I 
I 
I 
I 
I 
I 

___ J 

Fig 7 3002 2-bit-slice micro
processor. Bit slice has three 
separate data paths into ALU 
and two separate output paths . 
Additionally, there are 11 inter
nal registers, and accumulator
shift in (LI), shift out (RO), carry 
in (Cl), and carry out (CO) which 
are provided to allow cascading. 
Built-in memory address register 
(MAR) provides inherent buffer 
storage capabilities by simply 
connecting RAM addressing to 
AO and A 1 outputs and RAM 
data to two M inputs 

lAC) on the output of the ALU, and 11 internal registers. 
A and B multiplexers (Mux) are separately controlled by 
the microword, allowing data from two different sources 
to be routed to the ALU at the same time. Also, the two 
K inputs (KO-Kl) allow masking of multiplexer B data 
(also simultaneously). The 3002'5' huilt-in memory ad-

dress register (MA H.), which can be loaded and incre
mented via the microword, offers additional capability. 
Extra working registers or data storage can be imple
mented by simply connecting external RAM between AO 
and A] outputs for addressing, and MO and Ml inputs 
for data. 
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.----=-----.ROI L 
LO/RI - RAMO RAM SHIFT RAM3 

CLOCK------! 

B DATA IN 

A (READ!-'\ A 
ADDRESS -,I ADDRESS 

8 IREAD/WRITEI-'\ B A 
ADDRESS-,1 ADDRESS DATA 

DIRECT 
DATA 
IN 

OUT 

CP 

0 REGISTER 

..---....,,..-----:---.,... ... G !GENERATE! 

CARRY IN 

OUTPUT 
ENABLE-

A F 
OUTPUT DATA SELECTOR 

y 

DATA OUT 

ADDRESS OUT 

BUFFER..,..L2...._ .t:n 
ENABLE' ~ 

10 10 

10 

STACK 
REGISTER 

P(PROPAGATEI 
CN+4 (CARRY) 
FJ (SIGN) 

OVERFLOW 
F • 0000 (0 RESULT) 

10 

MULTIPLEXER 

.__F..,IL_E_"""'·-+-110 

Fig 8 2901-1 microprocessor. This bit-slice 
microprocessor is organized around 16 x 4 
dual-port register. Data from dual-port register 
file, external data, logic 0, or Q register data 
can be operated on with 8-function ALU. 
Subsequently, data can be shifted and stored 
back in register file and are available via 
Data Out bus. Each·'command is broken into 
three separate fields as defined: ALU source, 
destination control, and ALU function 

.. /r 1 
TEST INPUT 

Fig 9 Control store sequencer. Micro
sequencer contains all necessary ele
ments for microprogram control. It 
directly addresses 1024 words of micro
program and contains 4-level (LIFO) 
program stack for subroutining pur
poses. Next microprogram address can 
be external branch address, program 
stack, current address +1 or +2, or 
all-zeros (reset) 

BRANCH ADDRESS 

CLOCK 
GROUND 

vcc 

+2 +1 

10 

STACK 
POINTER 

~ACO ADDRESS 

~;:;:;=:~! CONTROL 

A 4-bit wide microprocessor CPE slice, the 2901-1 is 
organized around a 16 x 4 dual-port RAM and an 8-func
tion ALU. The microword is divided into three separate 
control fields: ALU source, ALU function, and destination 
control. A Q shifter and Q register are included to allow 
left/ right shifting independent of the ALU, which allows 
add and shift operations to be accomplished in one 
microcycle. The ALU has four output status flags avail
able: F = 0, overflow, F3 (sign), and CN + 4 (ripple 

carry) . It also has an output data selector that allows 
output directly from internal RAM or ALU. 

Each bit slice has definite performance advantages ; 
however, a bit-slice CPE does not have the ability to con
trol its own microprogram. This must be done by a 
microsequencer, whose function is to control the order in 
which microcommands will be executed. A typical micro
sequencer, or control store sequencer (Fig 9), contains 
all logic necessary to address control store memory ; 
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Next Addre11 Control 

Function 
Mnemonic Description AC.--0 Test 

---
TSK Test and skip 000 False 

True 

INC Increment 001 x 
BLT Branch to loop if 010 False 

test Input true True 

POP POP Stack 011 x 

BSR Branch to subroutine 100 False 
If test input true True 

PLP PUSH for looping 101 x 

BRT Branch if test 110 False 
Input true 

RST Set microprogram 111 
address output to zero 

manage a program stack for use in subroutining or loop
ing; and conditionally increment, skip, or branch to a 
new microprogram address. It also contains a 10-bit 
address register, which is used to address a control store 
memory; and is loadable from an external source, 
internal 4-level stack, or increment + 1 or +2 logic. 
Control of the next address multiplexer is independent of 
the type of instruction executed and the state of the ex
ternal test input. 

This microsequencer executes the commands listed in 
the Next Address Control Function Summary. The TSK 

and BRT instructions allow instruction skipping and con
ditional branching, respectively, according to the polarity 
of the test input. Two other instructions, PLP and BLT, 

are used to set up a program loop and conditionally re
turn to it, respectively, allowing conditional looping 
within a microprogram dependent on external test pa
rameters. Mnemonics BSR and POP are used to establish 
a branch to subroutine and return to the original pro
gram address + 1, respectively. Finally, RST is used to 
unconditionally return to all /is in the address register 
(reset program address), and INC is used to simply 
advance the program counter to fetch the next 
instruction. 

Some types of bit-slice microsequencers are 4-bits wide 
and are cascadable to form longer word lengths. There 
are also 10-bit (or wider) single chip sequencers. 
These microsequencer circuits vary in architecture, 
speed, function, and ease of use from one manufacturer 
to another, but the primary function of microprogram 
control remains the same. Choosing a microsequencer 
basically requires as much consideration as the choice of 
CPE circuits. The designer must weigh the different char
acteristics-simplicity of the instruction set and its use
fulness (power), number of control bits required for 
operation, and number of parts needed to address the 
required control storage to support the design. 

Summary 

Fixed-instruction and bit-slice bipolar microprocessors 

True 

x 

Function Summary 

Stack 
Next Address Stack Pointer 

Current +1 No change No change 
Current +2 No change No change 

Current +1 No change No change 

Current + 1 POP Decrement 
Stack register POP (read) Decrement 
file 

Stack register POP (read) Decrement 
file 

Current + 1 No change No change 
Branch address PUSH (curr +1) Increment 

Current +1 PUSH (current Increment 
address) 

Current +1 No change No change 
Branch address No change No change 

All Os No change No change 

each have distinct advantages. The fixed-instruction bi
polar microprocessor ( 8X300) is easy to use, is almost 
completely self-contained, and is efficient for bit manipu
lation in medium to high speed control applications. The 
3002 and 2901-1 bit slices are more powerful for high 
speed controller and CPE applications requiring a large 
amount of arithmetic capability, or any design needing 
tailored microprocessor functions. A microprocessor de
signer must fully understand these differences to effec. 
tively choose the bipolar microprocessor approach that 
best fulfills specific requirements. 

Although the effort necessary to develop an effective 
microprogrammed design approach initially seems sig
nificant, the benefits far outweigh the investment. After 
microprogramming techniques are developed, new appli
cations become much easier to accomplish. Although a 
designer may have to learn a new method of structuring 
logic functions, once mastered, a powerful design tool 
can be applied to solving complex data processing or 
control systems. 
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As reed switches and 
reed relays get smaller, 
the demand for them 
grows larger. Many 
companies are trying to 
meet this demand. But 
one company does It 
better than others. That 
company Is Fujitsu. 

We don't depend on 
what someone else 
thinks Is good 
enough. We manufac
ture every part of our 
reed switches and 
reed relays. That makes for 
tight quality control every step of 
the way. From stamping to plating 
to winding to vacuum sealing. 
From the capsules to the cases, all 
are Fujitsu made to meet Fujitsu 
standards of excellence. 

Fujitsu manufactures Its reed 
switches and reed relays on au
tomated production. This keeps 
our costs down and standardized 
quality up. You benefit from both. 

You also benefit from our other 
features. Like rhodium plated con
tacts preferred by many. Com
pletely molded relays to cut 
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cleaning problems, saving you 
time. Like our self-latching Memo
reed® relays that need no extra 
power or magnets to hold them In 
place, saving you energy and 
space. These, and many other tea-

fUJITSU AMERICA, INt:. 
COMPONENT SALES DIVISION 

tures, are just some of 
the reasons for you to 
consider Fujitsu. 

As far as service, 
Fujitsu considers it a 
point of pride, as well 

1 as good business, to 
cater to your com
pany's needs before, 
during and after the 
sale. Our warehouse 
Is stocked to supply 
your company with 

samples and small 
production lots. Larger or

ders come directly from the 
factory. And Fujitsu can 
match any source's time 
for processing and ship
ping. 
Fujitsu's reed switches and 

reed relays are available In a var-
iety of sizes to meet your various 
requirements. 

Considering everything we 
have to offer, you'd be smart to 
switch to Fujitsu for your reed 
needs. Quality, reliablllty and ser
vice are parts of our product. 

For more information on our 
superior components, call or 
write us. 
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PREDICTING QUEUE PERFORMANCE . ' 

ON A PROGRAMMABLE 
t-IANDHELD CALCULATOR 

Coded for a portable reprogrammable calculator, a multiserver 
queuing model estimates CPU~ channel, and peripheral utilizations, and 
determines queue sizes and response times for rapid and accurate data 
processing analyses. Attaching a hardcopy printer results in a 
complete interactive and convenient queuing investigative system 

Ronald Zussman Securities Industry Automation Corporation, New York, New York 

Q ueues are wa1tmg lines encountered in almost all 
data processing disciplines. Whenever several requestors 
compete for the service of a limited resource, queues 
form. Some diverse fields to which queuing theory can 
be applied include product line assemblies, hospital 
admissions. aircraft arrivals and departures, computer 
timesharing, communication networks, and processor 
job scheduling. The number of queues, and all too 
frequently the lengths of the queues themselves, evolve 
rapidly. 

By recording the presented program code on two 
small magnetic cards, designers can turn the Texas 
Instruments' TJ-591 calculator into a highly accu
rate and economical queuing analysis design tool. 
The calculato-r is handheld and interactive, essen
tial features for engineers needing quick and ef
fective evaluations of alternative computer configura
tions. Designers can solve queuing problems, isolate 
congestion bottlenecks, and iterate solutions for immedi
ate and optimum decisions. Even more computing power 
develops when the companion PC-lOOA thermal printer 
is attached to the calculator, resulting in a completely 
interactive self-contained device that rivals a data entry 
terminal tied to a large timesharing computer in terms 
of performance, and exceeds it in terms of convenience. 

Queuing Model 

A simple 3-part shorthand notation-arrival distribu
tion ' service distribution/ number of servers-has been 
adopted in technical literature for classifying the large 
number of different types of queuing situations that 
exist. Letters are used in the three fields to indicate 
ei ther the type of distribution or the number of servers. 

M exponential interarrival or service times 

GI general (arbitrary ,l independent interarrival 

G general (arbitrary ) service time 

D constant l deterministic) interarrival or service 
times 

Ek Erlang-k interarrivals or service times 

m number of servers 

Typically, queue specifications are written as M/ G/ l, 
M/ M/ m, Gl/ M/ m, M/ D/ m, GI/ G/ l, and so forth. To 
completely define the queue, the other parameters that 
also must be consid~red are queue discipline (first in, 
first out; last in, first out; or random), maximum num
ber of queue waiting positions, and the number of items 
that can reside in the system. 

To obtain the Multiserver Queuing Equations that 
could be programmed to fit within the 960-step capacity 
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Multiserver Queuing Equations 

Input Parameters 

Average arrival rate 

Average service rate 

Number of servers 

Performance Attributes 

Facility utilization : U =>./us 

u 

s 

Probability of finding no-or zero-items• in 
system: 

•-1 
P(O) = 1/(( 2: (>./u) " /N!) + (>./u) ' /(s!(1-U))) 

N=O 

Probability of finding N items• in the system : 
P(N) = P(O)(>./u) " (1 /N!) , N < s 

P(N) = P(O)(>./u) "(1/(s!s"-•)) , N ;::: s 

the 

Probability of finding all servers busy and having to 
wait on the queue (ie, that ;::: s items are in the system): 

B = 2: P(N) = (>./u)'P(O)/(s!(1-U)) 
X=ll 

Average waiting time in the queue : 
TW = B/(su(1-U)) 

Average system response time (ie, total time that an 
item spends in the system): 
TR = TW + 1/u 

Standard deviation of system response time : 

SDTR = .VB(2-B) + s2(1-U)" TW/ B 

Probability of waiting time in the queue exceeding T: 
P(TW> T) = Be-•uo-nT 

Probability of response time exceeding T: 
P(TR>T) = e-•T(1 + (B/s))((1-e-u•rn-r-o "')/ (1-U-(1 Is))) 

Average number of items in the queue: 
Q =>.(TW) 

Average number of items in the system: 
N =>.(TR) 

•items in the system either reside in the queue or are being 
processed by one of the servers. 

of the TI-59 calculator, assumptions have been made 
that there is a first in, first out (FIFO) queue discipline 
and that both the arrival of inputs and the service 
times are completely random. Fortunately, such ran
domness is frequently encountered in the real world 
and, in any event, always results in a conservative 
worst-case analysis. Mathematically, this is the classic 
M/ M/ m queue which, because of its memoryless 
Markov property, reduces the complexity of the queuing 
formulas. The model assumes an infinite queue capacity 
where items wait until they are serviced; there is no 
limitation to the number of possible items residing in 
the system. Although FIFO processing is assumed, pre
emptive priority queue disciplines can be modeled via 
techniques previously discussed.2 

Designers with TI-59 calculators* can run the multi
server queuing model merely by referencing the user 
instructions in Tables 1 or 2 and the Program for Multi
server Queuing Model listing; further knowledge of 
either queuing theory or programming is not required. 
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All TI calculators use the same Algebraic Operating 
System (Aos**) hierarchy, and all HP calculators use 
reverse-Polish notation ( RPN). Therefore, by eliminat
ing printing of prompting messages and labeling of 
results and by breaking up the model's programming 
into independent parts that can fit into calculators 
with less memory capacity, the queuing model can be 
made to run on such calculators as the TI-57, TI-58, 
HP-19, HP-25, HP-29, and Sharp Pc-1201. If each 
equation in the listing is coded and executed separately, 
the model can he made to fit into calculators with 
even fewer steps and registers. The applicable owner's 
manual should be consulted for specific programming 
details. 

Calculator Programming Procedure 

Partition TI-59 calculator memory into 720 instruction 
steps lnumbered 000 through 719) and 30 data registers 
(numbered 00 through 29) by keying in "3 Op 17"; 
the "3" instructs the calculator to reserve 30 data 
registers. Then, reset ( RST) the instruction address 
pointer to address 000, press the learn key (LRN), and 

. begin entering the keystrokes for the Multiserver Queu
ing Model Program (see Listing ) . Press the Label (Lbl) 
key, and the instruction address count advances from 
000 to 001; press X (multiplication ) and the count 
goes to 002; continue with STO, 8, and so on. Any 
keystroke errors made during entry can be corrected 
with the calculator edit keys: single step (SST), back
step I BST) , delete (Del ) , and insert (Ins) . The left
most column of the Program Listing gives the address 
of the first keystroke on its respective line and is pro
vided to help make certain that entries are placed 
at their correct addresses; for example, Lbl is found 
at address 000, RCL at address 022, and If fig at 
address 040. 

After the entire program listing is input, the display 
will read "712 00," indicating that the next instruction 
will be placed at address 712. Since the program has 
already been completely entered, LRN is pressed to 
get out of learn mode. 

Data registers 10 through 29 need to be loaded with 
the numeric representations of the alphanumeric sym
bols to be printed on the PC-lOOA for prompting messages 
and headings. Store { STO) the integer number 3041273-
724 in data register 10, the number 3617354217 in regis
ter 11, ... 1617270000 in register 16, etc. The 10 digits 
stored in each register represent 5 symbols. For ex
ample, dissecting the number 3617354217: 36 = S, 
17 = E, 35 = R, 42 = V, and 17 = E. The 
program will print the letters "SERVE." 

Next, make a final validation check of the program 
listing by resetting (RST) the program counter to address 
000 and printing a listing (List ) of the instructions 

•Designers who have SR-52 calculators should consult Ref 2 for 
an applicable model. Those with Hewlett-Packard HP-67 and HP-97 
programmable calculators can request copies of translations coded 
by B. Treppa from Computer Design (see "Letters to the Editor," 
Feb 1978, p 11), or those coded by H. Gowen .from the Hewlett
P.ackard Users' Library, 1000 NE Circle Blvd, Corvallis, OR 97330. 

• • AOS is a registered trademark of Texas Instruments, Inc, Dallas 
Texas. 
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TABLE 1 

Instructions for Multlaerver Queuing Program 
Using Tl-59 Without PC-100A Printer 

Step Procedure Enter Press Display 

0 Load two program cards 

>. STO 01 
2 u STO 02 
3 s STO 03 
4 A P(O) 

Steps 5 through 13 may ·be executed in any order: 

5 A' u 
6 N B P(N) 

7 B' B 
8 c TW 

9 T C' P(TW>T) 

10 0 , RUN TR, SDTR 

11 T D' P(TR>T) 

12 E Q 

13 E' N 

TABLE 2 

Instructions for Multlaerver Queuing Program 
Using Tl-59 With Attached PC-100A Printer 

Procedure Enter Press Print ~tep 

0 Load two program cards 

A 

>. RJS 

u R/S 

s R/S 

ARRIVAL RATE? 

SERVICE RATE? 

NUMBER SERVERS? 

u 
P(O) 
B 
Q 

N 
TW 
TR 
SDTR 

Steps 2 through 4 may be executed in any order: 

2 N B P(N) 
P(TW>T) 
P(TR>T) 

3 T C' 
4 T D' 

on the printer. Similarly, list the contents of the data 
registers with the two keystrokes "INV List." If no 
printer is available, check accuracy by manually 
single-stepping (SST) through all 712 instructions and 
recalling (RCL) the contents of the data registers. 
Correct any wrong instruction entry by reentering that 
keystroke and, if necessary, using the calculator editing 
keys. Data register errors are corrected by re-storing 
( STO) the right number over the wrong one. 

Finally, repartition the calculator into 480 instruc
tions and 60 data registers with the keystroke sequence 
"6 Op 17," and record the entire calculator memory 
on 2 magnetic cards for future use. Each card [2.9375" 
(7.46 cm) in length and 0.625" (1.59 cm) in width] 
is recorded twice, once in each direction. There are 
four hanks of calculator memory; two are recorded 
on each card. Press "l" and then "Write" to record 
the first memory bank on the top side of card 1; "2" 
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Partition: 719.29 

Program Listing: 

Program for Multiserver Queuing Model 

000: Lbl X STO 8 ( x= t 15 RCL 8 X Dsz 8 005 1 ) INV SBA STO 9 Op 00 
022: RCL Ind 9 Op 1 Op 29 RCL Ind 9 Op 2 Op 29 RCL Ind 9 Op 3 Op 29 
040: If fig 3 50 RCL Ind 9 Op 4 Op 29 Op 5 CLR INV St fig 3 INV SBR 
057: Lbl A' CLR 1 STO 05 41372427 Op 4 RCL 1 + RCL 2 + STO 4 RCL 3 = 
084: INV SUM 5 Op 6 INV SBR Lbl A CLR INV St fig 1 CP Adv 3 Op 17 INV 
102: St fig 7 20 Op 7 Op 18 CE If fig 7 158 10 SBR 18 SBR 20 Adv St fig 3 
126: SBR 20 R/S STO 1 Prt St fig 3 SBR 20 R/S STO 2 Prt St fig 3 SBR 020 
147: R/S Int STO 3 Prt Adv St fig 3 SBR 20 SBR 59 RCL 3 - 1 STO 7 = 
168: x = t 190 STO 0 RCL 4 y• RCL 0 + RCL 0 SBA X =SUM 7 Dsz 0 173 RCL 04 
192: y• RCL 3 + STO 6 RCL 5 + RCL 3 SBR X + 2033550156 Op 4 RCL 7 = 1/x 
222: STO 7 Op 6 If fig 7 17 SBR 316 SBR 377 SBR 390 SBR 329 GTO 353 
245: Lbl B STO 0 - Adv St fig 1 SBR 610 31 Op 4 RCL 0 Op 6 RCL 3 = x~t 
268: 277 RCL 0 SBR X GTO 287 Exe 3 y• Exe 3 X RCL 3 SBR X + RCL 7 + 
291: RCL 4 y• 2033553156 Op 4 RCL 0 = 1/x Op 6 R/S Lbl B' CLR 14 Op 04 
320 : SBR 442 Op 6 INV SBR Lbl C CLR 3743 Op 4 SBR 506 Op 6 INV SBR 
341: Lbl C' Adv SBR 400 Op 6 INV SBR Lbl D CLR 3735 Op 4 SBR 502 Op 06 
364 : If fig 7 456 SBR 458 Op 6 INV SBR Lbl E CLR 34 Op 4 SBR 519 Op 06 
386: INV SBR Lbl E' CLR 31 Op 4 SBR 498 Op 6 INV SBR X STO 0 INV St fig 0 
406 : SBR 610 37 Op 4 RCL 0 Op 6 RCL 3 X RCL 2 X RCL 5 +!-= INV lnx X 
430: 2037436037 Op 4 RCL 6 X RCL 7 + RCL 3 SBR X + RCL 5 = INV SBR CLR 
458: 2 - 2036163735 Op 4 SBR 442 X SBR 442 + RCL 3 x• X RCL 5 x' =\ix 
489: + ( SBR 442 X GTO 506 RCL 1 X ( RCL 2 1 /x + RCL 2 1 /x + RCL 3 + 
513: RCL 5 X GTO 442 RCL 1 X GTO 506 Lbl D' Adv STO 0 St fig 0 SBR 610 
535: 37 Op 4 RCL 3 1/x - RCL 5 = X RCL 0 Op 6 X RCL 2 X RCL 3 = INV lnx 
560: +!- + 1 = + ( RCL 5 - RCL 3 1/x = + RCL 3 X SBR 442 + 1 = X ( RCL 02 
587: X 2037356037 Op 4 RCL 0 +!-) INV lnx = Op 6 R/S 3335321455 Op 01 
622: If fig 1 682 If fig 0 643 3743002713 GTO 653 3735002713 Op 02 35221735 
663: 00 Op 03 3756000000 Op 4 Op 5 INV SBR 3100243717 Op 02 3036560000 Op 03 
706: INV St fig 1 GTO 675 

Prestored Data Registers : 

10: 3041273724 3617354217 3500003441 1741243122 4040404040 4000003032 
16: 1617270000 4040404040 1335352442 1327003513 3717710000 3617354224 
22: 1517003513 3717710000 3141301417 3500361735 4217353671 3637133724 
28 : 3637241536 2000000000 

and "Write" to record the second bank of memory 
on the bottom side of card 1; "3" and "Write" to 
record the third memory hank on the top side of card 
2; and "4" and "Write" to record the fourth memory 
hank on the bottom side of card 2. 

for a calculator operating alone and Table 2 for 
a calculator with a printer attached. The calculator has 
been programmed to automatically sense when a printer 
is connected and to respond accordingly. The three 
necessary input parameters are arrival rate (,\), ser
vice rate (u), and number of servers (s). Units of time 
for ,\ and u should correspond. If both ,\ and u are 
in units of items/ second, then waiting time and re
sponse time also will he in seconds. If ,\ and u are 
in items/ hour, then waiting and response times similar
ly will he in hours. The term item is used here to 
convey the general nature of the model and can he 
interpreted as representing almost any entity seeking 
service. Depending upon the application, items can rep
resent patients, visitors, automobiles, airplanes, mes
sages, jobs, transactions, or disc accesses. 

The next time a queuing analysis is needed, it is 
not necessary to reenter instructions or prestore data 
registers; merely feed the two magnetic cards into the 
calculator, one side at a time. Press either "O" or 
the number of the next memory hank before each 
feed. All 712 instructions and 30 data registers will he 
read from the 2 magnetic cards and loaded into the 
calculator memory. The first program execution reallo
cates memory from its initial 479.59 partition to the 
required 719.29 partition. 

User Instructions 

Two sets of user instructions are included, Table 1 

96 

To initiate a simulation with the TI-59 calculator 
connected to a printer, follow the user instructions in 
Table 2. Pressing the "A" key at the top of the cal
culator starts the program by printing the heading 
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"MULTISERVER QUEUING MODEL," followed by an inquiry 
requesting the arrival rate. 

either integers or times, and then depressing whichever 
calculator key (B, C', or D') is. desired. 

The calculator waits until an arrival rate is entered 
and the run/ stop (R/ s) key is pressed. Entries are 
displayed immediately on the calculator light emitting 
diode readout. Mistakes can be cleared (CE) and cor
rected by reentry. Pressing R/ s prints the arrival rate 
and continues calculator processing by printing a second 
prompting message requesting the service rate. When 
this input is followed by an R/ S, the calculator prints 
the service rate and then requests the number of servers. 

Utilization (U) of each server {s) is the same be
cause work is distributed equally. The probability of 
finding N items-those queued and those being serviced
in the system is P (N), which can be computed for any 
N value. P ( 0) is the probability of finding a completely 
empty system with no items queued and none being 
serviced. 

As long as no more than s items are simultaneously 
in the system, items are immediately serviced without 
waiting, and the queue remains empty. As soon as a 
system has more items than servers, a queue forms. :B 
is the probability of finding s or more items in the 
system or, in other words, having to wait on a queue. 
The average time an item spends waiting in the queue 
is TW; P(TW>T) can be computed for any time T 
and represents the probability of having to wait for 

After this third parameter is input and the R/ S 

key is pressed again, the calculator prints the number 
of servers, does the simulation, and ends by printing 
eight queue performance attributes with appropriate 
mnemonics at their right. Additional probability statis
tics can be obtained, via steps 2 through 4 in Table 
2, by entering appropriate values corresponding to 

~· 16 .9 

! 

3 
SERVERS 

u. s. 7 

(o) 

MULTISEAVEA QUEUING 
MODEL 

ARRIVAL RATE? 
16.9 

SERVICE RATE? 
5.7 

NUMBER SERV~S? 
3. 

STATISTICS-
0.8883040936 
0.0026331897 
0.97711858368 

82.83980321 
85.60471549 
4.889929184 
5.08536778 

5.001885983 

PAOB(N ITEMS) 
1. 

0.0078071786 

PROB(N ITEMS) 
2. 

0.0115737969 

PR08(N ITEMS) 
3. 

0.0114384308 

UTIL 
P(O) 

B 
Q 
N 

TW 
TA 

SOTR 

N 
P(N) 

N 
P(N) 

N 
P(N) 

Fig 1 3-aerver queuing model. Assume that three IBM 1403 line 
printers (a) are servicing one large batch computer system, where 
an average of 16.9 Jobs/h needs to be printed. If, according to speci
fications, each printer Is only capable of outputting 5.7 Jobs/h, then 
operation with three printers will be Inadequate according to queuing 
mod&I (b). High 98.83% printer utilization (UTIL) causes queue 
to back up with procea!led• but as yet unprinted, Jobs. Mean queue 
length Is 82.64 Jobs (Q), and average time to get a Job printed, 
once its processing has been completed, Is slightly more than 5 h 
(TR). There Is a 13.24% probability of processed Jobs having to wait 
more than 10 h for printing (TW t 10) 

PROB(N ITEMS) 
4. N 

PROB(TW LARGER T) 
8. T 

0.011304848 P(N) 0.1117451~1 TWf T 

PROB(N ITEMS) 
20. N 

0.0093849735 P(N) 

PROB(TW LARGER T) 
10. T 

0.1823559902 TW t T 

PROB(N ITEMS) 
100. N 

0.0038538784 P(N) 

PROB(TR LARGER T) 
O. T 
1. TRt T 

PROB(N ITEMS) 
140. N 

0.002282327 P(N) 

PROB(TR LARGER T) 
2. T 

0.8794020326 TR t T 

PROB(TW LARGER T) 
0. T 

0.11779858388 TW t T 

PflOB(TR LARGER T) 
4. T 

0.4554189034 TRt. T 

PROB(TW LARGER T) 
2. T 

0.8555835111 TW t T 

PROB(TR LARGER T) 
8. T 

0.30527507117 TR t T 

PROB(TW LARGER T) 
4. T 

0.439437383 TW t T 

PROB(TR LARGER T) 
8. T 

0.2046320054 TR t T 

PROB(TW LARGER T) 
6. T 

0.2945636734 TW t T 

PROB(TR LARGER T) 
10. T 

0.137188113&3 TR t T 

(b) 
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lo) 

• SERVERS 

u• S .7 

MULTISERVER QUEUING 
MODEL 

ARRIVAL RATE? 
16.9 

SERVICE RATE? 
5.7 

NUMBER SERVERS? 
4. 

STATISTICS-

0.7412280702 
0.0397881205 
0.4948028745 

1.417318708 
4.382228989 
0.083864894 

0.2593034905 
0.2284188332 

PROB(N ITEMS) 
1. 

0.1179030591 

PROB(N ITEMS) 
2. 

0.174788114 

PROB(N ITEMS) 
3. 

0.1727418319 

UTIL 
P(O} 

B 
Q 
N 

TW 
TR 

SDTR 

N 
P(N) 

N 
P(N) 

N 
P(N) 

Fig 2 4-server queuing model. According to this model, In
stalling additional printer (a) alleviates queuing problem of Fig 1 
by lowering utilization of each printer to 74.12% (UTIL), which 
Is below critical 80% level (b). Response time (TR) drops to 
0.26 h (15 min, 36 s), and queue contains only average of 1.42 
jobs (Q). Probability of response time ever exceeding 1 h ts 
only 1.19% (TR t 1) 

PROB(N ITEMS) 
4. N 

PROB(TW LARGER T) 
0 .5 T 

0.1280410947 P(N) 0.025897837 TW t T 

PROB(N ITEMS) 
5. N 

PROB(TW LARGER T) 
1. T 

0.0949076535 P(N) 0.0013554852 TW t T 

PROB(N ITEMS) 
10. N 

PROB(TR LARGER T) 
0.1 T 

o.0212354038 P(N) 0.7234404837 TR t T 

PROB(N ITEMS) 
14. N 

PROB(TR LARGER T) 
0.2 T 

0.0064101465 P(N) 0.486880615 TR t T 

PROB(TW LARGER T) 
0.02 T 

PROB(TR LARGER T) 
0.3 T 

0.4397293614 TW t T 0.329398148 TR t T 

PROB(TW LARGER T) 
0.08 T 

PROB(TR LARGER T) 
0 .5 T 

0.3472897514 TW t T 0.1354697508 TR t T 

PROB(TW LARGER T) 
0.08 T 

PROB(TR LARGER T) 
1. T 

0.3088350312 TW t T 0.0118990479 TR t T 

PROB(TW LARGER T) 
0.1 T 

PROB(TR LARGER T) 
10. T 

0.2742827339 TW t T 2.3204449-24 TR t T 

(II) 

a time longer than T. Response time TR is the sum 
of waiting and service times; it is the total time an 
item spends in the system from input to output. SDTR 
is the standard deviation of response time; P(TR>T) 
can be computed for any T and is the probability that 
response time is greater than time T. The average 
number of items in the queue and in the entire system 
are Q and N, respectively. 

out any items in it. Conversely, there is a 99.74% 
probability of finding items somewhere in the system. 

When utilizations go above 80% , queues build and 
waiting times on queues increase significantly. In Fig 1, 
the probability (B) of having to wait for service on the 
queue is 97.80% , an almost absolute certainty. There is 
an average of 85.60 items (N) in the system, 82.64 (Q) 
of which are in the queue. Items are delayed in the 
queue for an average of 4.89 s (TW) ,_ and it takes 
5.07 s (TR) for an item to go through the entire sys
tem, from input to output. The response time distribu
tion is approximately exponential because standard de
viation (SDTR = 5.00) is very close to the mean 
(TR = 5.07). 

Applications 

Fig 1 shows three servers, each capable of processing 
5.7 items/ s, subjected to a 16.9-item/ s arrival rate. 
Input parameters are, therefore, .\ = 16.9, u = 5.7, 
and s = 3. Running the model for this M/ M/ 3 
queuing system predicts that each server will be 98.83 % 
utilized (UTIL); that is, 9.883 s of activity will occur 
for each 10-s time period. High utilization increases the 
probability of items residing in the system, either in 
the queue or at the servers. P ( 0) reveals that there 
is only a 0.26 % probability of finding the system with-

98 

According to Fig 1, the likelihood of exactly 20 items 
(N) residing in the system [P(20)] is 0.94%. Summing 
P(N) from N = 0 through N = 20 results in a proba
bility of 

P(01 +PO) + P(2) + P(3) + P(4) . + ••• .. 
+ P(20) = 2: P(N) 

N=O 
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0.26% + 0.78% + 1.16% + 1.14% + 1.13% + ... 
+ 0.94% = 20.61 % 

Adding together values of P(N) for N = 0 through 100 
gives 69.12 % . Summing P(N) from N = 0 through 140 
gives 80.71 % , or a 19.29% (100% - S-0.71 % ) prob
ability of having more than 140 items in the system 
at any time. 

An upward arrow ( t ) in printer outputs Teplaces 
the conventional greater than ( >) symbol, which is 
not included in the 64-character capability of the printer. 
These two symbols are used interchangeably in this 
article. 

Since both B and P(TW>O) represent the likelihood 
of having to wait for service, they give an identical 
result in Fig 1 of 97.80% . The probability of having to 
wait longer than T seconds, P(TW>T), is determined 
by inputting T and then pressing the C' key. In Fig 1, 
for example, there is a 65 .56% probability (TW t T) of 
having to wait on line for longer than 2 s (T), or con
versely, a 34.44% (100% - 65.56% ) probability of hav
ing to wait for 2 s or less. Even though the average 
waiting time TW is 4.89 s, P(TW>lO) means that there 
is still a 13.24% probability of an item having to wait 
more than 10 s before receiving service. P(TR>O) is 
always 1.0 (or 100% ), because even if the waiting time 
is zero, servicing an item still takes some time. Given 
any T, P(TR> T ) will be greater than P(TW>T) due 
to service time. Although the average system response 
time (TR) computes to 5.07 s in Fig 1, there is still a 
13.72% probability of response time (TR t T) exceed
ing 10 s (T) . 

Designers must consider the maximum response times 
of all items and not be content only with average response 
time. If a certain response time is intolerable, queue input 
parameters should be modified until the probability of 
ever exceeding that response time is sufficiently small. 
Suppose the occurrence of response times in excess of 
10 s needs to he minimized. Then the configuration in 
Fig 1 may not meet specifications because of the 13.72% 
probability (TR t T) of response time exceeding 10 s 
(T). However, as the model in Fig 2 illustrates, adding 
a fourth server reduces the likelihood of a 10-s (T) re
sponse time to only 2.32 x 10-22 % (TR t T), which is 
a negligible amount. 

Iterative Design 

Having this multiserver queuing model preprogrammed 
on a handheld calculator enables designers to interac
tively change input parameters and to experiment with 
prospective alternatives. In Fig 2, an additional-or 
fourth-server is provided, but >.. and u are not changed. 
For this M/ M/ 4 queuing system, note that server utiliza
tion ( UTIL) reduces from 98.83 % to 74.12% , queue size 
(Q) decreases from 82.64 to 1.42 items, and waiting 
time (TW) shortens from 4.89 to 0.08 s. Summing P(N) 
from N = 0 through N = 14 gives 98.16% as the prob
ability of finding 14 or fewer items in the system at any 
one time. Conversely, this leaves only a 1.84% (100% -
98.16% ) probability of there ever simultaneously being 
more than 14 items in the system. 

When P(TW>l) is computed, there is only a 0.14% 
probability of waiting time (TW t T ) exceeding 1 s (T). 

According to P(TR>l ) , there is only a 1.19% likelihood 
of response time (TR t T) exceeding 1 s (T). The addi
tion of the fourth server (Fig 2) to the configuration of 
Fig 1 has resulted in significantly improved system per
formance. Without the queuing model, designers would 
be unable to quantitatively compare the performance of 
these two configurations in a fast and easy manner. By 
using the model, designers can predict and evaluate 
system performance conveniently in just a few minutes. 

Fig 3 lists modeling results when the arrival rate is 
increased by 25%, the service rate is doubled, and the 
number of servers is reduced to two. Due to the high 
92.65 % utilization ( UTIL) at each server of this M/M/2 
system, most arriving items find both servers busy; the 
probability of their having to wait for service in the queue 
is 89.12 % (B) . Mean queue length at equilibrium is 11.24 
items (Q), and there is an average of 13.09 items (N) 
in the entire system at any time. Items are queued for an 
average of 0.53 s (TW) , and their total system response 
time, from input to output, is 0.62 s (TR). SDTR is 0.60, 
quite large and almost equivalent to response time itself, 
indicative of an exponential distribution. Summing P (N) 
from N = 0 through N = 5 gives 34.33% , which trans
lates to a 65.67 % (100% - 34.33 % ) probability of the 
system containing more than five items. Since a maximum 
of one item can reside at each of the two servers, this 
also predicts a probability greater than 65.67 % of queue 
size exceeding three. There is a 16.69% (TW t T) prob
ability of waiting time exceeding 1 s, and the possibility 
of response time exceeding 1 s is 19.57% (TR t T ) . Only 
a very small likelihood exists of either finding waiting or 
response times longer than 10 s. 

Modeling of queues is accomplished accurately and 
quickly. Reading the two magnetic cards that program 
the calculator takes less than 30 s, and the printer can 
print its prompting messages for >.., u, and s in less than 
15 s. After these input parameters have been entered, 
execution of the Multiserver Queuing Equations begins. 
Running time for the examples in Figs 1 and 3, including 
the printing of " STATISTICS," takes 50 and 30 s, respec
tively. Even the more complicated 4-server configuration 
in Fig 2 computes in less than 1 min. 

Summary 

The Multiserver Queuing Equations can rapidly be im
plemented on both programmable calculators and micro
computers with relative ease; programming is compar
able because firmware in the calculator read-only memory 
replaces the microcomputer's high level application lan
guage instruction set. Microcomputers would not be much 
faster than calculators since the equations would prob
ably be programmed in BASIC, an interpretive language 
whose floating point arithmetic operations are not noted 
for their speed. Three advantages of using the pro
grammable calculator/ printer package over a video dis
play terminal type of microcomputer are portability, 
hardcopy printout, and cost. 

Discrete detailed models programmed on large com
puter systems in powerful simulation languages, such as 
GPSS (General Purpose Simulation System ) and SIM· 

SCRIPT, require a great deal of preparatory effort on the 
part of the analyst/ programmer and many minutes, or 
even hours, of computer run time before results reach 
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). • 21.125 

(a) 

2 
SERVERS 
u• 11.4 

Fig 3 2-server queuing model. Level of performance Is predicted for 
configuration requiring average of 21.125 jobs/h (>.) to be printed, with 
four printers of Fig 2 replaced by two high speed printers (a) that op
erate twice as fast, at 11 .4 Jobs/h (u). Poorer performance than In Fig 2 
can be expected because printer utilization rises above 80% ; In this case, 
up to 92.65% (UTIL). In (b), an average of 11.24 jobs Is queued (Q), each for 
an average of TW = 0.53 h (31 min, 48 s). Although probability (TR t 1) of 
response time exceeding 1 h Is 19.57%, probability of response time 
ever exceeding 10 h (TR t 10) is Infinitesimal 

MULTISERVER QUEUING 
MODEL 

ARRIVAL RATE? PROB(N ITEMS) PROIS(TW LARGER T) 
21 .125 4. N 1. T 

0.0582057205 P(N) 0 .1889218783 TW t T 
SERVICE RATE? 

11 .4 PROB(N ITEMS) PROB(TW LARGER T) 
6. N 10. T 

NUMBER SERVERS? 0.0520766722 P(N) 0.0000000474 TWt T 
2. 

PROB(N ITEMS) PROB(TR LARGER T) 
STATISTICS- 10. N 0 .2 T 

0.9266350877 UTIL 0.0366591805 P(N) 0.7427422737 TRt T 
0.0381331818 P(O) 

PROB(N ITEMS) PROB(TR LARGER T) 
0 .891203357 B 
11.23980353 Q 14. N 0.4 T 

13.09287371 N 0.0262059088 P(N) 0.5341148523 TRt T 

0.6320817057 TW PROB(TW LARGER T) PROB(TR LARGER T) 
0.8197810039 TR T 0.8 T 0.2 
0 .5999188075 SOTR 0.6875117039 TW t T 0.3823594005 TR t T 

PROB(N ITEMS) PROB(TW LARGER T) PROB(TR LARGER T) 
T 1. N 0 .4 T 0.8 

0.0706634814 P(N) 0.4580384023 TW t T D.2735455872 TRt T 

PROB(N ITEMS) PROB(TW LARGER T) PROB(TR LARGER T) 
2. N 0 .8 T 1. T 

0.0854721784 P(N) 0.3262202073 TWt T 0.1958805821 TRt T 

PROB(N ITEMS) PROB(TW LARGER T) PROB(TR LARGER T) 
T 3. N 0.8 

0.0808822887 P(N) 0 .2333577389 

steady state and are valid. Although the described multi
server queuing model is meant to supplement these more 
detailed simulations and is not intended to replace them, 
a queuing analysis performed on a programmable calcu
lator is a fast and economical approach, and a useful and 
powerful computer system design tool for pinpointing 
inherent weaknesses, determining critical paths, and fine
tuning system performance. 
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In addition to its proven reliability, sensible one has a 12-inch diagonal screen. Full or 
features, and $895 price tag, the Dumb half duplex operation at 11 selectable data 
Terminal™ has yet another admirable quality. rates. 1920 easy-to-read characters in 24 

Availability. rows of 80 letters. A typewriter-style key-
Whether you buy a Dumb Terminal directly board with 59 entry keys. RS232C interface 

from us at LSI, or through our worldwide extension port. Direct cursor addressing. 
distributor network, you won't have to wait Plus options galore. 
for it. We'll ship it out to you pronto. Just So when you want to order a Dumb 
like we ship one out to someone else about Terminal, don't let worries about prompt 
every five and a half minutes these days. delivery stop you. 

The reason we ship so many DUMB TERMINAL. We may be Dumb, but we're 
Dumb Terminals is simple. Each SMART BUY. not slow. 
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You can use our complete 
NRZI Magnetic Tape System with your 
PDP·ll or Nova for under $5250.* 
or, you can pay 20-100°10 more to other 
Independent peripheral suppliers 
like Pertee wangco, Kennedy ... 
and even to DEC and Data General. 
Then try to justify It. 
Unless your firm likes giving money away, Digi-Data is the only 
recommendation that makes sense. 

And whether you need compatibility with PDP-11 or NOVA, Eclipse 
or even HP21 MX, it's not just our price advantage that gives 
you the edge. 

• It's the product reliability that results 
from our ultra-simplistic design. 
Thousands of field installations have 
verified that reliability. 

• It's the confidence that our 16-year 
record of corporate stability assures. 

• It's our 30-day ARO delivery for 
most standard configurations. 

• It's our long-term 
record of responsible 
service. 

• And it's the perform
ance, serviceability and 
economy realized by us
ing common designs for 
the many different 
configura
tions avail 
able in our 
Minidek, 
Mididek and 
Maxidek tape 
transport models. 

And after all what really 
counts is the overall value that 
Digi-Data provides. Whether you 
need stand-alone tape drives, formatted 
systems or minicomputer mag tape systems, 
Digi-Data is First in Value. Call or write today 
for details. 

*Single quantity price. 
Substantial volume discounts available. II DIGl-DATA 

,~ ~~~~e?R~n~~~~e~up, MD 20794 
- (301) 498-0200 
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CODE CONVERSION TECHNIQUES 
FOR DIGITAL TRANSMISSION 

Systems using delta modulation techniques are becoming popular. Two 
design approaches for converting delta modulation to pulse code mod
ulation, standard format for digital transmission networks, can be 
implemented with currently available digital technology 

S. Ghosh TRW Vidar, Mountain View, California 

T echnical and economic advantages of coding audio 
and video signals into digital formats are well estab
lished. Digital representations permit simpler data trans
mission methods, processing of complex signals, and 
convenient storage and retrieval. Common techniques for 
converting audio and video signals into digital formats 
include pulse code modulation, differential pulse code 
modulation, and delta modulation.1 Historically, pulse 
code modulation has been extensively used for speech 
digitizing and is the standard format for transmission 
over digital networks in the U.S. and abroad. Additionally 
the pulse code modulation format is convenient for com
plex digital signal processing, such as filtering or level 
adjustments. However, the other two schemes are be
coming increasingly popular. Compared with pulse code 
modulation, differential pulse code modulation generally 
requires a slower bit rate for the same fidelity. Delta 
010dulation is the simplest and most economical of the 
three coding techniques. 

Increasing implementation of delta modulation (DM) 
for speech digitization has been discernible at local 
levels.2

• 3• 4 Concurrently, suitable techniques have evolved 
for converting DM into pulse code modulation {PCM) 
when necessary. For example, DM should be converted 
to PCM format for transmission over national networks, 
since digital transmi~sion systems using cable or radio 
terminate at PCM channel :banks, or at digital switches 
like No 4 ESS, which are based on PCM format. One con-

version technique decodes DM to analog signals and then 
reconverts these signals to PCM. A more efficient method 
is conversion by digital signal processing. Another im
portant application of DM-to-PCM conversion is to design 
PCM encoders (analog-to-digital converters for coding 
audio signals into PCM) based on DM-to-PCM conversion 
techniques.5• 6• 7• 8 Speech is digitized by using a :nila
tively simple delta modulator, followed by digital signal 
processing to produce PCM. LSI technology enables an 
increasing complexity of digital hardware on a single 
chip, and digital signal processing for DM-to-PCM con
version offers an efficient and attractive alternative for 
realizing a PCM encoder. 

PCM Format 

Speech encoding into PCM involves the following process 
(Fig 1) : 

( 1) An analog input signal is bandlimited by a low 
pass filter to W Hz (about 3400 Hz for speech) . 
(2) The bandlimited signal is sampled at a rate {f.) 
that must equal or exceed the Nyquist frequency 
(fr~2W). (The commonly used value for fr is 8k bits/ s 
for speech.) 

( 3) The sampled signal, which ideally represents an 
instantaneous signal value, is held in a sample-a!ld-hold 
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Fig 1 B Quantizing noise. PCM encoding 
quantizes continuously variable input signal 
into one of 2m discrete levels. Difference 
between input and quantized output is error 
voltage. This voltage produces noise-like ef
fect on reconstructed output, known as 
quantizing noise 

011100 . .. 
13-BIT 
WORDS 

capacitor during the period between two sampling in· 
stants. During this interval, the sample is quantized into 
one of 2m levels, if the coder is designed to produce 
m-hit words per sample. For example, a 4-hit coder with 
a quantizing step size of 1 will encode an input sample 
of amplitude 13.2 as 13 ( 1 1 0 1) 2• The larger the 
number of hits per word, the more accurate is represen
tation of input samples by the coder. 

( 4) A coder with uniform quantizing step sizes is called 
a linear coder, and it produces linear PCM (LPCM) 
words. An m-hit coder will require f. x m hits/ s. A 13-
hit coder (North American telephone quality standards 
require 13 hits to encode low level signals) will, there
fore, need 104k hits/ s per speech channel. To reduce 
this excessive bandwidth requirement, the linear PCM 
words are compressed according to a well-defined algo
rithm (µ-law in North America, A-law in Europe, µ and 
A being the compression parameters) 9 to produce 8-bit 
compressed PCM words (referred to as CPCM or Log 
PCM because of the near logarithmic characteristics of 
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Fig 1A PCM encoding. This type of 
modulation converts speech signals 
into 8-bit words at Sk words/s. En
coding process involves: (a) input 
filtering, (b) sampling at Sk words/s, 
(c) quantizing, and (d) compression 

compression laws) . This compression involves increas
ing step sizes when input signal is large ; thus, the fine 
structure required for encoding an extremely low level 
signal is no longer required. In conventional PCM en
coders, the two functions of quantization and compres
sion are often combined. However, the configuration in 
Fig 1 is pertinent, since digital processes described are 
concerned with DM-to-LPCM conversion and LPCM-to-DM 
reconversion. Compression from, and expansion to, 
LPCM may he done digitally9• 

(5) For decoding, the 8-hit compressed words a,re 
mapped hack into amplitude levels, and the amplitude 
pulse samples are low-pass filtered by a filter having 
bandwidth W Hz. 

To facilitate later discussions, it is convenient to 
summarize the characteristics of the m-hit PCM coder 
described above. The nth input sample (y11 ) is repre
sented at the coder output by an m-hit word, such that 

m -1 

Y. = k 2: a12' 

where 

k = quantizer step size 
a1 = 1or0 
am = 0 for positive signal or 1 for negative signal 

(1) 

The PCM coder is, therefore, an analog-to-digital con
verter of bandlimited input signals with sign-magnitude 
representation. 

The process of quantization, (rounding off a sample 
to one of 2m discrete lt:vels) , produces errors. These 
errors as they occur from sample to sample are random 
in nature, and have noise-type effects on the recon
structed signals. This is called quantization noise, and 
its nearly uniform spectrum extends approximately to 
£./ 2. 

Total quantizing noise power (n1 ) is given by 

n1 = k'/12 (2) 

Minimum amplitude that the coder can represent is k, and 
maximum level it can encode without overloading is 
given by 

(3) 
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In PCM, an instantaneous sample of the input signal is 
converted into an m-bit word. The principles of DM 

encoding are quite different (Fig 2). Bandlimited input 
s~gnal y(t) is always being compared with x(t), which 
is an approximation (or prediction) of the input de
rived from the encoder's digital output. At intervals 
controlled by clock (£.), the output of the comparator, 
which is the error signal e(t) = y(t) - x(t), is quan
tized into one-bit words ( qn) . If e ( t) is positive, the 
qµantizer outputs a 1, otherwise a 0. Output sequence 
( qo) controls injection of two current pulses ( ± I) into 
a linear feedback network H(s); a 1 switches + I, and 
a 0 switches - I. Design of the feedback network en
ables its output to be an estimate of the input at the 
next clock pulse. 

The following characteristics of DM (also known as 
1-bit predictive encoding) should be noted: 

(1) Coder structure is inherently simpler than that of 
the PCM coder. There is no sample-and-hold operation, 
and the quantizer produces one-bit words compared with 
m-bit words for PCM. The quantizer can be imple
mented by a limiting amplifier with zero threshold. 
(2) Clock rate (corresponding to the saJilpling rate in 
PCM) is generally much higher than the PCM sampling 
rate f.> >fr), which permits use of a much simpler 
(and therefore less expensive) bandlimiting input fil
ter. To illustrate this point, consider a PCM coder and a 
DM coder both operating at 64k bits/ s. Sampling rate 
for PCM is 8k bits/ s. PCM input filter must PllSS 3400 
Hz (upper edge of speech band), but must cut off at 
4000 Hz, requiring a relatively steep-sloped filter. For 
DM, however, the input filter must also pass 3400 Hz, 
but must cut off at 32 kHz (half of the clock rate of 
64k bits/ s), which can be realized with a gradually 
sloped filter. 
(3) Feedback network H(s) is optimized to produce as 
close an approximation to the input signal as possible; 
therefore, its design depends on the statistics of the 
input signal. In its simplest form, H (s) is an integrator 
for speech-type inputs, but double integrators can be 
shown to yield better performance.10 

Fig 2A Delta modulation. This type 
of modulation converts analog signal 
into 1-bit digital words every clock 
interval. Encoding process involves: 
(a) input filtering, (b) subtracting 
estimate of output from input, and 
(c) quantizing error voltage into one
bit words 

Fig 28 Quantizing noise. Waveforms 
show input voltage, y(t), its estimate, x(t), 
and quantizing errors, e(t), at clock inter
vals. If error is positive (input greater than 
estimate), output is 1; otherwise, output 
is 0 

( 4) Step size of the delta modulator is determined by 
impulse response of H(s) to input current pulses (±1). 
Each time this current pulse is switched in, the output of 
H ( s) changes by + (or - ) O· If injected current pulses 
are always equal, step sizes are uniform and the delta 
modulator is called a linear DM ( LDM) • As in the case 
of PCM, step sizes may be adapted to follow the input to 
reduce the bit rate required for operation. Coders that 
employ variable step sizes are referred to as adaptive 
Di'd (ADM). 

( 5) For an LDM, the maximum sJope at the output of 
H(s) occurs when coder output is successive ls (or Os), 
and is given by 

Maximum slope = of. (4) 

If the input slope is greater than that indicated by Eq 4, 
slope overload will occur. This should be contrasted with 
the amplitude-overload condition of a PCM coder [Eq 
(3) ]. To avoid slope overload, the design criterion for 
o is taken as 
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of. = a,...,.f. 
where 

0- = rms ·amplitude of foput signal 
f. = rms input frequency 

(6 ) Total quantizing noise power, (n2 ), of a linear 
coder is given by 

n, = 0'/3 

(5) 

(6) 

As in the case of PCM, the noise spectrum is nearly 
uniform and extends to f./ 2. 
(7) Note that when H(s) is an integrator, analog 
input y ( t) to the coder approximates the integral of 
digital output ( q;,). This is different from PCM, where 
output words tend to equal sampled values of input. 

DM· To·PCM Conv~rsion 

Referring to Fig 2, x(t), which is an approximation 
of input y ( t ) , is obtained by passing digital output se· 

ANALOG IN 

CLOCK 

'· 

qtience (q0 ) through linear feedback network H (s) . 
It follows, therefore, that if coder output ( q0 ) is ap
plied to a digital processor, H (z), having the same 
transfer function in the frequency domain as H (s), 
output of H ( z) is an approximation of the digital rep
resentation of y ( t ) , and LPCM samples may be obtained 
by intertogating H(z) at the Nyquist rate (f.). Fig 3 
illustrates this basic concept. Note that in this simple ap
proach, since sampling rate is fr (PCM sampling rate), 
input filter should cut off at f./ 2 (as in the PCM input 
filter). 

Fig 4 shows a practical implementation of a DM-to
PCM converter based on principles of Fig 3. It is as
sumed that H(s) is an integrator and therefore H(z) 
is either an up-down counter or an accumulator. The 
delta modulator is an LDM operating at clock rate f., as 
in 'Fig 2, except that the input filter is similar to a 
PCM input filter of bandwidth W ( = f./ 2 ). Digital output 
of the LDM controls the count of an m-bit up-down coun
ter; a 1 causes a count-up, and a 0, a count down. The 
counter is organized to count in 2's complement mode. 

'---LPCM 
OUT 

x(t) QUANTIZER DIGITAL 
PROCESSOR 

Fig 3 OM-to-PCM conversion. 
This type of conversion is ob
tained by applying OM output to 
digital processor H(z), which is 
equivalent to feedback network 
H(s). Output of H(z) is digital 
equivalent of x(t), and is there
fore PCM representation of y(t) 

ANALOG IN b__ 
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INTEGRATOR 

UP·DOWN LOAD(t,) 

CONTROL SHIFT (m f,) 

Ul'·DONN 
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OVERFLOW 
CONTROL 

LPCM OUT 

Fig 4 Practical OM-to-PCM conver
ter. This conversion is real ized by 
accumulating OM output in up-down 
counter, then interrogating contents of 
counter at sampling rate f,. Note 
that up-down converter is digital 
equivalent of integrator 
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Assume that at time t0, the input y ( t0 ) is 0, and the 
counter is also in a 0 state (positive 0 = 00000 ... , or 
negative 0 = lllll. .. ) . Given these conditions, the 
counter output can be shown to be the PCM represen
tation of the analog input. Let the input after n clock 
puls·es be y ( t 0 ) • From DM principles of operation, 

y(t.) = o(M, - M.) (7) 

where M1 = number of ls in output (q0 ) during n 
clock pulses and M2 = number of Os during same in
terval 

However, the up-down counter at t = tn also repre
sents M1 - M2• If the binary states of the m-bit counter 
are designated a1 (LSB), ai, ... , am (MSB) , 

m-1 

M, - M, = 2: a,2 1 

1 

and 

(8) 

a .. = 0 if y(t.) is positive, or 1 if y (t.) is negative 

Comparison of Eq ( 1) and ( 8) shows that the counter 
output is the LPCM representation of input signal y(tn). 

The MSB (am) of the counter represents the sign of the 
input signal. It is used to balance quantizer threshold 
so that average number of ls and Os over a period of 
time is equal (assuming that the input signal has no 
de content1 a correct assumption for speech). Balanc
ing the quantizer this way ensures that the counter 
sign bit changes with the input signal sign bit, or that 
counter contents are 0 when input signal is 0. The 
MSB also controls a set of Exclusive-OR gates that con
vert the 2s complement output of the counter into the 
sign magnitude representation required for PCM. Out
puts of these gates are parallel-loaded into an m-bit reg
ister at sampling intervals (fr), and the register may be 
serially read out at a clock rate of mfr. 

A practical detail concerns overflow control of the 
counter. When the counter has reached its maximum 
count, one more 1 or 0 should not be allowed to cause 

ANALOG IN 

~ 
LOW· PASS 
FILTER 

INTEGRATOR 

eltl 

CLOCK 
fs 

QUANTIZER 

O·A 
CONYRTER 

f, 

PARALLEL 
IN 
SERIAL 
OUT 

DIGITAL 
LOW·l'ASS 
FILTER 
1W•WH1.. 

overflow or underflow. The counter should then be main
tained in a saturation state, indicating an overload of 
PCM output. 

The simple approach outlined above, while basic in 
demonstrating principles involved, has two serious draw
backs. First, clock rate to produce m-bit PCM words is 
extremely high: 

'f. ""' 2"' x f, (9) 

For 13-bit words and a sampling rate of 8k words/s, 
f. ""' 64M bits/ s. Second, since the spectrum of the 
quantization noise produced by the DM extends to f./ 2, 
which is much wider than the Nyquist bandwidth, sam
pling this noise at fr results in folding over the entire 
noise power into the signal passband. Total noise at 
coder output is, therefore, the sum of quantization 
noise n1 (Eq (2 ) ] and foldover noise n2 (Eq (6)]: 

n , = n, + n2 (IO) 

In all practical realizations of DM-to-PCM converters, the 
clock rate is much lower than that given by Eq (9), 
and a digital filter is introduced before the PCM sampler 
to eliminate foldover noise. However, some of the cir
cuit details described, such as balancing the quantizer 
or overflow control, are applicable to any practical de
sign. 

Practical Designs 

Adaptive Delta Modulators 
An effective method to reduce speed of operation is to 
use adaptive delta modulation (ADM) rather than linear 
delta modulation (LDM ) . As mentioned, step sizes in 
ADM are made to vary with the slope of the input signal, 
resulting in a corresponding reduction in clock rate. 
There are two types of ADM, syllabic and instantaneous. 
In syllabic ADM, step sizes change with syllables of 

ADM OUT 

Fig 5 ADM-to-PCM conversion. In
stantaneous step sizes are decoded 
and accumulated to produce PCM. 
Step sizes are varied depending 
upon magnitude of input signal, re
sulting in reduced speed of opera
tion for delta modulator 
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input speech relatively slowly. For instantaneous ADM, 
step sizes vary according to defined algorithms, depend
ing on latter transmitted hits. For example, if the latter 
four transmitted hits are ls, step size is doubled, or if 
the latter four transmitted hits are Os, step size is halved. 
Instantaneous ADM is more suitable for conversion to 
PCM because step size information, contained in the 
bit stream, can be expanded easily into linear binary 
words for subsequent digital signal processing. 

Fig 5 shows an ADM·to-PCM converter based on this 
principle. 5• H, 8 The step-size logic monitors the number 
of successive ls and Os in the coder output, and pro
duces binary words representing instantaneous step size. 
These binary words are translated into a series of binary. 
weighted current pulses by a digital-to-analog converter 
for injection into the integrator. The accumulator main
tains a running sum of the binary words, and contents 
of the accumulator are transferred to a parallel register 
at a rate fi. which is much higher than the Nyquist rate 
( f1 is generally 32k bits/ s). Note that because of the 
much higher sampling rate, input filtering requirements 
are again considerably eased. Contents of the parallel 
register, representing LPCM words at a high sampling 
rate, are processed in a digital low-pass filter to restrict 
bandwidth to W Hz before being resampled at PCM 
sampling rate (fr). PCM filtering of Fig 1 is, therefore, 
done digitally in this approach. The ADM bit rate re
quired for generating PCM words of 13-hit accuracy is 
about 256k bits/ s, considerably less than the clock rate 
indicated in Eq (9). 

Digital Interpolation 

Clock rate in ADM is reduced by varying step sizes, but 
this entails extra complexity in the analog circuitry, 
such as a digital-to-analog converter in the feedback 
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Fig 6 OM-to-PCM converter. 
Output of sigma delta modu
lator is processed by interpola
tion filter to produce PCM. Ex
cept for delta modulator, hard
ware is entirely digital 

loop. However, it is also possible to reduce the clock 
rate entirely by digital interpolation techniques.7 • 11 • 12 

Fig 6 shows a DM-to-PCM converter using interpola
tion techniques. The linear delta modulator differs from 
that shown in Fig 2 in that the integrator is now in the 
forward path of the loop and not in the feedback path. 
This type of delta modulator is referred to as sigma
delta modulator (l-DM) .13 Characteristics of l·DM dif
fer significantly from those of the DM shown in Fig 2. 
For l-DM, input y(t) is the average of coder output 
( qn), and not its integral as in Fig 2. This important 
difference is illustrated in Fig 7. Another difference is 
that the ~-DM does not suffer slope overload, unlike the 
DM in Fig 2, hut limits when input amplitude is high. 

The reason for using this type of modulator is that 
the digital network used as an interpolator after the 
modulator (Fig 6) has a nonrecursive low-pass filter 
structure, which has an output that is the average of its 
input in the passband. Filter coefficients (g0 , gi> . . . , gn) 
are chosen to define frequency response in the passband 
and for maximum out-of-band noise rejection. 

To understand how use of digital interpolation per· 
mits a reduction in speed of operation of the l-DM, 
consider the DM of Fig 2. Assume that input changes 
from minimum to maximum during one PCM sampling 
interval (I/ fr). The output must produce 213 ls during 
this interval; this dictates the speed of operation to be 
64M bits/ s, Eq (9). Now, assume that the l-DM is 
operating at SM bits/ s; for the same input condition, it 
will produce 210 ls. Let the output be processed in a 
digital interpolation circuit (Fig 8) (this circuit can 
be realized, as shown in Fig 6, by suitable choice of 
filter coefficients). Notice that even though the l-DM 
is producing 210 ls, the digital interpolator is averag
ing 213 ls during one clock interval, thereby increasing 
accuracy of the coding process. 
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( o) OUTPUT OF OM (FIG 2) 
Fig 7 Difference between OM and ~-OM. 
Sigma delta modulator (~-OM) used with inter
polation filter differs from delta modulator 
shown in Fig 2. In Fig ?(a) for OM, input is 
integral of output. Jn Fig ?(b), for ~-OM, input 
is average of output 

'I 

(b) OUTPUT OF :!:·OM(FIG 6) 
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Fig 8 Digital interpolation. By re
ducing speed of operation of OM, digital 
interpolation improves resolution of out
put samples. During sampling interval, 
~-OM produces 210 bits, but digital 
interpolator averages 2" bits to produce 
output 

Fig 9 Simple PCM-to-OM converter. 
This converter uses bit-rate multiplier 
(BRM), in which low-pass filter con
verts BRM output into analog form . 
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This explanation is an oversimplification of prin
ciples involved, but gives an insight into the digital 
interpolation process. lnterpolator output is actually 
sampled at a rate ft (32k words/ s), and is further pro
cessed in a digital filter to restrict the bandwidth to 
W Hz before being resampled at a PCM rate of fr. 
Clock rate required for this type of modulator is about 
4M hits/ s. 

LPCM-To-DM 
Conversion 

In a digital transmission system based on DM-to-PCM 
conversion at the transmitter, it is desirable to perform 
the reverse process at the receiver and to convert PCM 
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to DM, for >relatively simple digital-to-analog conversion. 
The most straightforward method for converting LPCM 
to DM is the use of a bit-rate multiplier (BRM), as 
shown in Fig 9. 

Output of the BRM at bit rate f. (operating speed of 
the transmitting DM) is passed through a simple low
pass filter to recover the original analog signal. This 
method, although simple, requires an extremely high op
erating speed, as given in Eq (9), and is, therefore, 
not always useful. 

However, processes used for reducing speed of op
eration for DM-to-PCM conversion may be used in re
verse to achieve a slower speed in PCM-to-DM conver
sion as well. These methods involve an initial stepping 
up of the PCM word rate from the Nyquist rate (fr) 

Fig 10 Increasing the sampling rate. Three 
methods for increasing sampling rate (f.) to 
nf. are: (a) repeat each sample (n-1) times, 
(b) use linear interpolation between samples, 
and (c) introduce n-1 zero-valued samples 
between successive samples. Methods (a) and 
(b) exhibit frequency distortion at the output, 
while method (c) does not 

ANALOG 
OUT 

Fig 11 PCM-to-OM noise feed
back. Using noise feedback in 
PCM-to-OM converter reduces 
required speed of operation of 
bit-rate multiplier. For example, 
I MSBs of m-bit PCM words are 
used in the BRM, and m-/ LSBs 
are fed back to input through 
feedback network 

COMPUTER DESIGN/ AUGUST 1978 



to a higher sampling rate (nfr). Fig 10 shows three 
different methods of achieving the higher sampling rate. 

Repeating each original sample n times [Fig lO(a)] 
results in an output frequency response given by 

I H ( f) I = I sin7rf/ f, I 
7rf/ f, 

(11) 

Straight-line interpolation between successive samples 
[Fig lO(b)] shows a response of 

I H(f) I = I si;~f2, ,. (12) 

These responses may sometimes be unsatisfactory, and 
to obtain distortionless increases in sampling rate, it is 
necessary to insert (n - 1) zero-valued samples be
tween the original samples, and to process the sequence 
in a suitably designed digital filter operating at a word 
rate of nfr [Fig lO(c)] .14 

A useful technique for PCM-to-DM conversion is shown 
in Fig 11. The LPCM, with word rate stepped up to nfn 
is quantized to l bits, which is less than the PCM word 
length of m bits. Without the feedback arrangement, 
spectral density of quantization noise at the quantizer 
output is given by 

[VJ" 2 q(f) = "21 x anf,, f ~ nf, / 2 

where V = peak analog signal amplitude. 
With the feedback shown, however, noise 
modified to15 

n (f) = (1 _ F<l•••!•'·>J• q(f) 

(13) 

spectrum 1s 

(14) 

By suitable choice of feedback network F ( z) , it is pos
sible to have an acceptable passband noise performance 
even though input to the BRM is only l bits (less than 
the LPCM word length). This allows the BRM to operate 
at a bit rate much less than that indicated in Fig 9. 
Bit rate required for 13-bit PCM quality is about 4M 
hits/ s. 

Summary 

Two alternative designs for converting a delta modula
tion bit stream to PCM format have been discussed. Both 
are aimed at reducing the rather excessive speed re
quirement for the straightforward conversion method. 
One approach is based on instantaneous adaptive delta 
modulation and uses an analog digital-to-analog con
verter. The other method uses digital interpolation, and 
employs entirely digital techniques. Both methods are 
equally suitable for integration onto a large-scale inte
gration chip. Digital techniques for the reverse process 
of DM-to-PCM conversion have also been presented. 

Speed of operation of these DM-to-PCM coders has 
been dictated by the requirement that their performance 
should match that of 13-bit linear PCM. The rather exact
ing specifications for 13-'bit PCM quality originated from 
the needs of long haul, tandem transmission systems, 
where each link might involve several analog-to-digital 
and digital-to-analog conversions of the same analog 
signal. As both national and international networks be-

come more digitally oriented, the number of such con
versions per link should decrease. Also, several inde
pendent sources have reported experimental results that 
DM, operating at much less speed than indicated herein, 
gives adequate subjective performance. 1• 16 It may 
therefore be possible to reduce, in the not too distant 
future, hardware complexity for delta modulator and 
DM-to-PCM conversion 'by considerably reducing speed of 
operation. 
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I DESIGN NOTE I 

Interval Timer Serves 
As a Baud Rate Generator 

With onchip, independent, multimode counters, a programmable 
interval timer can be configured to supply software selectable baud 
rates for peripherals or to overcome microcomputer timing problems 

John Beaston Intel Corporation, Santa Clara, California 

M any microcomputer systems uti
lize some form of serial communica
tion to provide an inexpensive 
interface to peripherals such as 
cathode-ray tubes, printers, and key
boards. The interface is generally 
implemented using universal syn
chronous/ as yn ch r on ou s receiver/ 
transmitters. Since different periph
erals require different serial data or 
baud rates, these units are provided 
with receiver and transmitter clock 
inputs. Until recently, generating 
baud rate clocks involved the use of 
either a dedicated, fixed frequency 
oscillator if only a single baud rate 
was needed, or the use of program
mable divjde-by-N transistor-transis
tor logic counters to count down the 
processor clock if multiple speed se
lection was required. 

Speed selection inflexibility and 
high parts count disadvantages usual-
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ly associated with these methods have 
been overcome with large-scale inte
gration (LSI). Special purpose, dedi
cated function baud rate generators 
(BRGs), such as the Fairchild F4702, 
SMC coM5016/ 5017, or Motorola 
Mcl4411, are now available. These 
BRGs provide either multiple, simul
taneous outputs (Mc14411) or a 
single output that is programmed via 
rate select inputs. Another more flex
ible option available is the program
mable interval timer; the Motorola 
MC6840, Zilog CTC, and Intel 8253 
are members of this group. These in
terval timers usually provide one to 
three independent, multimode coun
ters onchip to solve a common micro
computer system problem-the gen
eration of accurate time intervals 
under software control. In addition 
to implementing BRGs, these counters 
offer flexibility for use as complex 

motor controllers, realtime clocks, 
function generators, or event coun
ters. 

Functional Principles 
Intel's 8253 contains ·three indepen
dent 16-bit counters-CO, Cl, and 
C2 [Fig l(a)]. Each counter op
erates as a presettable downcounter 
capable of either binary or binary 
coded decimal (BCD) counting. Six 
programmable modes are available: 
(a) output on ferminal count (mode 
O) ; (b) programmable one-shot 
(mode 1); (c) rate generator, di
vide-by-N (mode 2); (d) square 
wave generator (mode 3); (e) soft
ware triggered strobe (mode 4) ; and 
(f) hardware triggered strobe (mode 
5). Since the counters are independ
ent, any combination of modes may 
be used with each counter. Addition
ally, 
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FOR 
E 

WESPEf\.LiNE 51151 
EXPaNSiON CHaSSiS 

Need some room to add PDP-11* small peripheral controllers, extra 
memory, embedded mass memory controllers? • Need accommodations 
for your LSl-11* collection of boards and modules?• The Wesperline 
919 Expansion Chassis is designed for you. Competitively priced, fast 
delivery, and styled to gb with your DEC equipment. 
• Trade names of 01g1tal Equipment Corporation 

• Front access. 

• Holds two 4-slot system units , or 
one 9-slot unit. 

• Integrated power supply 5V, 15A 
± 15 (12JV at 2A fully regulated. 

• Mount your LSl-11 system. Front 
panel control switches available. 

• 5 .25" high X 20" deep; Standard 
19" RETMA width. 

• Separate forced air cooling for 
power supply and PC boards. 

SEND FOR COMPLETE INFORMATION 

Snap-off 
front panel. 
Inner module extends for service, 
allowing system unit mounting 
without chassis removal. 

When have you seen access like this? 

\NESPEFlLiNET" 
Division of WESPERCDRP 

1100 Claudina Place. Anaheim, California 92805, U.S.A. 
(7141 991-8674 TWX: 910 591-1687 Cable: WESPER 
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CLK 0 

D7·Do 
DATA 
BUS 
BUFFER 

GATE 0 

OUTO 

R5 
CLK i 

WR REAOI 
WRITE GATE i 

Ao LOGIC 
OU T i 

Ai 

cs 

CLK 2 
CONTROL COUNTER WORD 

' 2 GATE 2 
REGISTER 

OUT2 

INTERNAL BUS 

(o) 

Fig 1 (a) Block diagram of programmable interval 
timer. 8253 contains three independent, presettable, 
downcounters. Each counter has own input (CLK), 
gate (GATE), and output (OUT) controls. Remaining 
pins form traditional microprocessor bus structure 

the current residual value of each 
counter may he read repeatedly by 
reading the count register. 

In Fig 1 (a), the clock, gate, and 
output lines provide a separate con
trol for each counter. Their functions 
vary depending on the mode. How
ever, in general, CLK supplies the 
events to he counted or serves as the 
basic time unit ; GATE either inhibits 
or enables counting; and OUT indi
cates terminal count or supplies the 
divided CLK output. The remaining 
pins serve the standard micropro
cessor system bus. Each counter is 
addressed by decoding the AO and 
Al pins. Fig 1 (h) lists pin condi
tions required to select various inter. 
nal registers, depending on the op
eration desired. 

Operation of each counter is con
trolled by programming a control 
word followed by loading the count 
register of the desired counter. The 
control word specifies the counter 
number, the reading or loading of the 
internal count register, mode selec
tion, and counting format (binary or 
BCD), as shown in Table 1. Using a 
common control register saves valu
able chip area plus reduces the 1/ 0 

space required by the device. 
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rr R1i Wll Ai Ao 

0 1 0 0 0 LOAD COUNTER 0 
0 1 0 0 1 LOAD COUNTER 1 

0 1 0 i 0 LOAD COUNTER 2 
0 1 0 i 1 WRITE CONTROL WORD 
0 0 i 0 0 READ COUNTER 0 
0 0 i 0 i READ COUNTER i 

0 0 i I 0 READ COUNTER 2 

0 0 i i i NO-OPERATION J·STATE 
i x x x x DISABLE J· STATE 
0 i i x x NO·OPERATION J·STATE 

(b) 

Fig 1 (b) Control word and counter de
coding formats. Each 8253 counter con
tains Load/Read register for count values. 
Common Control register is used to define 
each counter's mode and counting format 

TABLE 1 

Control Word 

07 06 05 04 03 02 01 DO 

I sc1 I sco f RL 1 f ALO I M2 I M1 I MO I ec?J . . 
SC Field 

SC1 sco Functions 

0 0 Select Counter O 
0 1 Select Counter 1 
1 0 Select Counter 2 
1 1 Illegal 

RL Fleld 
RL1 ALO Functions 

0 0 Latch counter value 
1 0 Read/load MSB only 
0 1 Read/load LSB only 
1 1 Read/load LSB first, then MSB 

M Field 
M2 M1 MO Functions 

0 0 0 Mode O 
0 0 1 Mode 1 
X* 1 0 Mode 2 
X* 1 1 Mode 3 
1 0 0 Mode 4 
1 0 1 Mode 5 

BCD Bit 
BCD Functions 

0 Binary 16-bit counting 
1 BCD counting (4 decades) 

•x: "don't care" 



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 

operational 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 
keys witch. 

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. 

[jJ QQ!Jt!:~ON 
THE KEYBOARD PROFESSIONALS 

Copyright: © Illinois Tool Works lnc. 1978 
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New Developments from SYSTEMS ... 

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

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

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

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

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

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

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

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

MOS MAXIBOX: 

SYSIEMS 
ENGINEERING LABORATORIES 
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For the BRG application, consider 
the system shown in Fig 2. This typi
cal configuration comprises an 8085 
processor, an 8251A universal syn
chronous/ asynchronous receiver/ 
transmitter (USART) , and an 8253 
interval timer implementing a serial 
communications channel. The USART 
baud rate clocks are supplied by 
counter 0 of the 8253. (Choice of 
counter 0 is arbitrary; any counter 
could be used.) To obtain accurate 
baud rate clocks, the CLK 0 input of 
the 8253 is driven with a 1.536-MHz 
source. This signal may be derived 
by several methods. However, one 
convenient method is to use a 6.144-
MHz crystal for the 8085 and to di
vide the CLK output (3.072 MHz) 
of the 8085 by two with a 7473 flip
flop ('Fig 2); the maximum 8253 
CLK input frequency is approximate
ly 2.6 MHz. The GATE 0 input (8253) 
is held high (5 V) since baud rate 
generation requires no gating, and 
OUT 0 ( 8253) directly drives the re
ceiver and transmitter clock inputs, 
RXC and TXC respectively, to the 
8251A. The remaining two counters 
(Cl and C2) of the 8253 are avail
able to the system designer for imple
menting other timing or counting 
functions. 

Software Principles 

The software required to implement 
counter 0 as a baud rate generator 
is listed below. First, the control 
word is written to the 8253. Bits SCI 
(D7) and SCO (D6) of the control 
word (Table 1 ) select counter 0 
(SCO and SCl = 0). Bits RLl (D5) 
and RLO (D4) specify that the count 
register is loaded first with the least 
significant byte, followed by the most 
significant byte (RLO and RLl = 1). 
Bits M2 (D3), Ml (D2), and MO 
(Dl) denote that Mode 3 is used; 
Ml and MO = 1 and M2 = "don't 
care" (X). USARTs normally require 
square waves for data clocks. Bit 
BCD (DO) is set to zero to indicate 
that the count register data are bi
nary. The input/ output ( 1/ o) port 
address is such that CS = 0, AO = 1, 
and Al = 1 [Fig 1 (a) J, to obtain 
write control word as follows: 
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TABLE 2 

Baud Rate Divisors at 1.538 MHz 

USART 
Mode 

X16 
Async 

X64 
Aaync 

X1 
Sync 

5V 
3.0n MH1 

6.144 MH1 

D 

Baud 
Rate 

50 
110 
150 
300 
600 

1200 
2400 
4600 
9600 

50 
110 
150 
300 
600 

1200 
2400 

300 
600 

1200 
2400 
4600 
9600 
19.2k 
38.4k 

56k 

ADDRES S BUS 

8085 

TXC 
RXC 
(Hz) 

800 
1760 
2400 
4600 
9600 
19.2k 
38.4k 
76.8k 

153.6k 

3200 
7040 
9600 
19.2k 
38.4k 
76.8k 

153.6k 

300 
600 

1200 
2400 
4800 
9600 
19.2k 
38.4k 

56k 

8253 
INTERVAL 

TIJW:R 

Divisor at 1.536 MHz 
Decimal 

1920 
873 
640 
320 
160 

80 
40 
20 
10 

460 
218 
160 
80 
40 
20 
10 

5120 
2560 
1280 
640 
320 
160 
80 
40 
27 

MSBto 

07 
03 
02 
01 
00 
00 
00 
00 
00 

01 
00 
00 
00 
00 
00 
00 

14 
OA 
05 
02 
01 
00 
00 
00 
00 

SERIAL 
INTERFACE 

LSB11 

80 
69 
80 
40 
AO 
60 
28 
14 
OA 

EO 
DA 
AO 
50 
28 
14 
OA 

00 
00 
00 
80 
40 
AO 
50 
28 
18 

(TRANSMITTER 
DATA 

RECEIVER 
DATA) 

RXD TXD 

8251A 
USART 

PROCESSOR t-----------~"-t-+-------~~-t--r-
CONTROL BUS 

DATA BUS 

Fig 2 System block diagram. 8253 allows this serial communications 
channel to operate at any of common baud rates under software control 
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MVI A, 36H ;move control word 
to A register 

OUT 83H ;output control word 
to control register 

After the control word is entered, 
the count register needs both bytes 
of the divisor, the least significant hit 
( LSB) and the mos!.... significant hit 
( MsB ) . Therefore, CS, Al, and AO 
are selected to load counter 0 [Fig 
I (h ) ] as follows: 

MVI A, LSB ;move divisor LSB to 
A register 

OUT 80H ; output LSB to coun· 
ter 0 count register 

MVI A, MSB ;move divisor MSB to 
A register 

OUT 80H ; output MSB to coun-
ter 0 count register 

Table 2 shows the divisor (LSB and 
MSB ) for various baud rates and 
USART modes, assuming the 1.536-
MHz clock input. After both bytes of 
the count register are loaded, coun· 
ter 0 starts generating the selected 
baud rate. The baud rate may he 
changed at any time during the main 
program by simply repeating the 
above procedure with a different di
visor. 

Summary 

Baud rate generators can he imple· 
mented using either fixed frequency 
or programmable transistor-transistor 
logic (TTL) oscillators; however, 
their flexibility and versatility are 
limited due to their dedicated func
tion. As a better solution, program· 
mable interval timers offer software 
selectable baud rates and multiple 
simultaneous outputs if more than 
one counter is used. If only one coun
ter is needed, the remaining counters 
are free to solve other system timing 
or counting problems. While the max
imum frequency of the timers may 
not be sufficient for some counting ap
plications, such as frequency counting 
above 3 to 4 MHz, they make up for 
this disadvantage in flexibility and 
convenience. 

Bibliography 

"MCS·85 User's Manual," Intel Corp, Santa 
Clara, Cal if, 1977 

® 

VENT-RAK ® 

AND CHASSIS-TRAK 

THE CHOICE FOR 
ONE·SOURCE BUYING 

-~-~~ IN ELECTRONIC 
·r PACKAGING 

Ball Bearing Slides, Circulating 
Ball Slides , Electronic Cabinets , 
Desk Top Consoles can all be had 
from just one source ... Chassis-Trak 
or Vent Rak . Available for immediate 
delivery at low cost, the CB Series come 
in lengths of 16 thru 60 inches. Support 
weights up to 500 lbs . per pair . Move the 
heaviest loads with the least effort. The LB Series is available 
in lengths from 10 thru 30 inches, in one inch increments. 
Vent-Rak Cabinet Series 6000 with heavy-duty heliarc welded 
frame and hinged removable side panels has 24" overall width . 
Choose from 24" to 30" depths. The 4300 Series of Desk Top 
Consoles offers a choice of seven models. 
Get to the source of choice buying in electronic packaging. 
Chassis-Trak and Vent-Rak . 
VENT-RAK 
CHASSIS-TRAK 

DIVISIONS O F 

GENERAL DEVICES COMPANY, INC. 
P. 0. Box 19188, Indianapolis, Indiana 46219 

(317) 897-7000 Telex : 27-2169 (GENDEVI CO IND) 
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COMPUTER CONFERENCE AND EXPOSITION 
November 7 - 8 - 9, 1978 

Astrohall · Houston, Texas 

A Major Computer Conference in a Major Computer Market 

THE CONFERENCE PROGRAM: 

Min icomputers and microcomputers-low cost 
and versatile-are putting convenient and effective 
computer power at our fingertips in a vast array of 
products that will affect every facet of our lives, 
making minis and micros the fastest growing 
segment of today's and tomorrow's data proces
sing industry. Designed into systems ranging from 
traffic lights and numerical control, to paint 
mixers and kitchen applia'nces, they offer a new 
versati I ity and striking competitive advantages in 
the end products. We'll examine these aspects
and much more-in the conference rooms at the 
MINI / MICRO COMPUTER CONFERENCE & 
EXPOSITION this fall . 

Approximately twenty sessions consisting of 
eighty papers covering both application. and 
design topics are planned. 

Some session titles to date would include: 

1. The Semiconductor Impact on Computer 
Systems. 

2. Practical Aspects of Audit Control and Security 
of Minicomputer Systems. 

3. Business, Entrepreneurial, and Investment 
Opportunities in Minis and Micros. 

4. From Service Bureaus to In-House D.P . ... 
and Vice Versa. 

5. Small Business Systems - How to Get Started. 
6. The Growing Impact of the Microprocessor in 

Computer Graphics. 
7. Network Computers and Process Control. 

8. The Business Aspects of Minicomputer Distribu
torships. 

9. Future Technology for Small Computers. 
10. Network Troubleshooting. 
11. Minicomputer Tape Subsystems 

( 12-20). Being Organized 

Conference Program Committee - Chairman : 
Dr. Dennis J. Frailey (Texas Instruments), 
Drake Lundell (Computerworld), Stanley Klein 
(Mini-Micro Systems), Neil Kelley (lnfosystems), 
Dr. George Ligler (Texas Instruments). 

THE EXPOSITION ... is growing on a daily 
basis and is expected to be the largest in the 
greater Southwest in 1978. The list includes 
(as of July 10): 

Datap rodu cts , Tektronix, Texas Instruments, CalComp, Centron 
ics, General Automation , Datum, Lear Sieg le r, Hewlett-Packard, 
Crea I Comp Systems, Megatek , Honeywell, Ball Electronic, 
lnterdyne, Computer Design , Trilvy , Matrix Publ ishing, Cipher 
Data, Small Systems World , Poly Morph ic Systems, Tally Corp. , 
Datamation , Summagraph ics , Aero May fl ower, Matr ix Data 
Service , EECO, MDB Systems, Control Log ic, Computerwo rl d , 
Printronix , Cap-CPP, Data Systems Design , Cahne rs 'Publish ing , 
Digital Equipment Corp., Monol ithic Systems, Ab le Computer, 
E M & M Computer Automation , Televideo , Intell igent Systems 
Corp .. IPI, Triple I, Computer Divisions, Atlas Energy Systems, 
Tano Corp., Dataflux 

Exhibits Committee Co-Chairpersons : 
Paul Eisner (General Automation 
Linda LaCross (Texas Instruments) 

If you design mini-micro computers, sub-systems, 
peripherals, or components, use them in your 
business- or plan to-the hundreds of product d is
plays will also be of valuable interest to you . 

~---------------------------------~-----------~ 
To: MINI/MICRO COMPUTER CONFERENCE AND EXPOSITION 

5528 E. La Palma Avenue, Suite 1, Anaheim, CA 92807 Phone: (714) 528·2400 

My Primary Interest Is : 

0 Attending. Pfease send me a Preview Program (available early Octo ber) 
listing information on se ss ions/papers, exh ibitors, and hotel reservati o ns. 

0 Exhibiting. Please send a copy of the Exh ibit Prospectus. 

Title ____ ______________________ _ 

Company _____ ____________ _______ _ 

Address ___________________ M/S ____ _ 

City ____________ .State ____ __ Zip _____ _ 

~---------------------------------------------~ 
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Onlyfn>mCPT 
Un~ue clarity and 
higli density 1n a 
new black-on-white 
display module 

This is an un-retouched photo of the new CPT HRD-15 
Model S, black-on-white high resolution, high density raster 
display. As a result of faster scanning speeds and faster 
rise/fall rates, it gives you this unique clarity and high 
density. The "smear" at the edge of the dot is eliminated. 
The dot has more edge contrast, better definition. Developed 
to look as much as possible like the typewritten page, the 
CPT HRD-15 is human engineered for daily use without 
eyestrain. 

for this photo, the non-interlaced system scans at 
50,000 scan lines per second, refreshing the entire image at 
60 times per second. Dot resolution is rated at .01 inch 
with clear definition, since rise/fall time is less than 3 
nanoseconds. The phosphor is P-4, with others available on 
request. 

Designed for text processing, the HRD-15 uses a 15" CRT 
to display up to 64 lines of text, 96 characters to the line 
and at a lower cost· per character than ordinary display 
tubes. Other applications include graphics, typesetting, and 
data terminal users. 

This monitor component is offered with an attractive OEM 
schedule, and is available within 30 days of receipt of 
order. Choose from two models: 

Horizontal Scanning Frequency 
Visible Lines 
Rise/Fall rate less than 

Model S 

50,000 Hz 
800 

3 nanoseconds 

Model H 

64,000 Hz 
1024 

2 nanoseconds 

With more than 12,000 word processing systems 1n use, 
CPT has proved itself an established and reliable leader 1n 
the field. CPT products are sold and serviced 1n over 100 
U.S. c1t1es and 30 countries around the world. 

For more 1nformat1on or a demons tration on the new 
HRD- 15, write: CPT Cor poration, 1001 Second Street South, 
Hopkins , MN 55343. Or phone: (612)935-0381 



MICRO CATA STACK 
PROCESSORS ANO ELEMENTS 

INTERFACING FUNDAMENTALS: 
THE 8085 FAMILY OF MEMORY DEVICES 

Christopher Titus and Jonathan A. Titus 
Tychon, Inc 

David G. Larsen and Peter R. Rony 
Virginia Polytechnic Institute and State University 

One advantage obtained from using the Intel 8085 
microprocessor chip, an upgraded 8080-type device de
scribed last month (Computer Design, July 1978, p 114), 
is the availability of "family" devices that may be used 
with little or no additional external logic. Thus, the 8085 
microprocessor and its family of devices are suitable for 
small controllers, instruments, and games, where expan-

CLK 
CE llcc 

CE .. , 
CLK ... READY 

RESET •a. 
••• AO,, , , 

READY .. , 
IO/M .. , 

A11 - 10 ... ... CE 

IOW •A, 101"1 

ALE ALE .... 
R5 

AD1 .... 
AD2 •A, IOW 

AD3 •A, RESET 

AD4 •A, IOR 
AD1 •A, 
AD1 A" 
A01 ... 
"u 

sion and the ability to run large programs such as BASIC 

may not be required. 
Two of the 8085 family devices are the 8155 read/ 

write (R/w) memory chip and the 8355/8755 read-only 
memory (ROM) device. Pin configurations and block dia
grams for each are shown in Figs 1 and 2. The 8355 and 
8755 ROM devices are equivalent, as far as the user is 

G 
PAo-. 7 

2l •• 
EPROM 

G P80- 1 

PROG /Cf.~ 
VoD 

~Vee (5VI 

v 55 10 VI 

Fig 1 Block diagram and pin configuration for 8755 ROM used in 8085 based 
system 
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COLOR GRAPHIC COMPUTERS IN 3 SCREEN SIZES: $8,995* 
If you haven't met the smart, new kid on the block, 
you 're missing one of today's most exciting tech
nological advances in the field of high resolution color 
graphics! It's the Chromatics CG line of single pack
age intelligent computers ... 13': 15" and 19" color 
screen sizes ... 512 x 256 and 512 x 512 resolution ... 

E Chromatics 
NEW DIMENSIONS IN COLOR GRAPHICS 

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

Oakcliff Industrial Court. Atlanta. Ga. 30340. Phone 404/44 7-8797. 

Z-80 CPU with full memory and 1/0 structure .. . 
stand-alone CRTs with optional floppy disc . . . a soft-
ware development system ... keyboard accessible 
graphics design machine with vector, circle, arc, and 
rectangle . .. variable size alphanumerics ... all with eight 
color display. Try it. Its smarts will make you smarter! 
Single quantity domestic USA price ; 13" screen ·with 512 x 256 resolution. 

SALES REPRESENTATIVES 
Ala .:Huntsville Col-Ins-Co. 800/327-6600 
Ariz.: Phoenix Thorson Co. 602/956-5300 
Calif.: Irvine Thorson Co. 714/557-4460 
Calif. : Los Angeles Thorson Co. 213/476-1241 
Calif.: Mountain View Thorson Co. 415/964-9300 
Calif.: San Diego Thorson Co. 714/292-8525 
Calif.: Santa Barbara Thorson Co. 805/964-8751 
Colo.: Denver Thorson Co. 303/759-0809 
Fla.: Orlando Col-Ins-Co. 305/423-7615 (local) 

800/432-4480 (1ns1de Fla.) 
800/327-6600 (outside Fla ) 

Ga.: Atlanta Col-Ins-Co. 800/327-6600 
la.: Baton Rouge Col-Ins-Co. 800/327-6600 
Mass.: Framingham Bartlett Assoc 617 /879-7530 

Md.: Bethesda Bartlett Assoc. 301/656-3061 
Mich.: Detroit WKM Assoc. 313/588-2300 
N. Mex.: Albuquerque Thorson Co. 505/265-5655 
N. Y. : White Plains Bartlett Assoc . 914/949-6476 
N.C.:Winston-Salem Col-Ins-Co. 800/327-6600 
Ohio: Cleveland WKM Assoc. 216/267-0445 
Ohio: Dayton WKM Assoc 513/434-7500 
Pa.: Pittsburgh l'll<M Assoc. 412/892-2953 
Pa.: Wayne Bartlett Assoc. 215/688-7325 
Tex.:Austin Thorson Co. 512/451-7527 
Tex.: Dallas Thorson Co. 214/233-5744 
Tex. : Houston Thorson Co. 713/771-3504 
Utah: Salt lake City Thorson Co. 801 /973-7969 
Wash.: Seattle Thorson Co. 206/455-9180 
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concerned: the 8355 is mask-programmed, while the 8755 
may be erased and reprogrammed much like the l 702A 
and 2708 EPROMs. The 8755 contains 2048 (2k) bytes 
of ROM that may be accessed by using 11 address bits 
and 2 chip enable inputs, CE and CE. These two control 
inputs must be at logic 1 and 0, respectively, for the 
memory to be accessed. Since the 8755 belongs to the 
8085 family, the low address and data bus signals are 
multiplexed on the bidirectional address/ data bus lines, 
AD7 to ADO. As such, the 8755 is not very exciting. How
ever, it does contain two 8-bit input /output (1/0) ports, 
allowing a great deal of flexibility. 

1/ 0 ports on both ROMS may be programmed on a bit 
by bit basis so that individual bits may be for either input 
or output. This allows the user to select any combination 
of r/o bits, from 16 inputs to 16 outputs. Each of the two 
1/ 0 ports on the ROM chip has a control register to facili
tate bit programming. To make our system simpler to 
understand, we have chosen to use the accumulator 1/0 

technique to interface the two 1/0 ports on the ROM chip 
to the 8085. The necessary microprocessor control signals 
are gated together to generate the IN and OUT required for 
1/ 0 control. These signals are applied to the ROM chip's 
IOR and 10w pins. Device addresses for the 1/0 ports and 
their control registers are 

Port A 
Port B 

xxxxxxoo 
XXXXXXOl 

Port A Control Register XXXXXXlO 
Port B Control Register XXXXXXll 

The X represents "don't care" bits, since their states do 
not have to be known to select one of the four functions. 
This flexibility is possible since the chip is also controlled 
with the CE and CE inputs; these two inputs must be in 
their proper states before the chip can operate on the 
ports or port control registers. The contents of neither 
control register can be read; they can only be updated, 
not checked. 

In this small 8085 system, the chips have been con
figured so that the ROM in the 8355 or 8755 starts at 
address 000 000 and continues through address 007 377. 
The 1/ 0 ports have addresses 001 and 002, with the con-

l'C3 11cc 
l'C, PC, 

TIMER IN l'C , 10/M 

RESET l'Co 

l'C5 I'll, 

T IMER OUT I'll. 
ADO 7 

10/M 1'115 

Bit 

DO 
D1 
D2 
D3 

D4 

D5 

D6 

D7 

D7 

0 
0 
1 

Bit DHlgnaUon• and FuncUons For 
Programming 8155 Control Register 

Function 

Defines Port A1 Logic 1 = Input, Logic 0 = Output 
Defines Port B) 

Defines Port C) Four modes possible 
Defines Port C) 
Port A Interrupt Enable 
Port B Interrupt Enable 
Timer Control 
Timer Control 

D8 Timer Control Bits 

O No effect upon counter 
1 Stop counting 
O Stop after this count has been completed 

Load counter and start counting. If counter 
is running, load and restart after current 
count has finished 

trol registers having addresses 002 and 003. The final 
system does not have absolute addressing, since some of 
the unused address bits are ignored. More decoding is 
necessary in order to expand the system. 

The 8155 chip contains 256 bytes of Rlw memory, 
which is probably more than enough for a small system. 
In most cases, it is used for temporary storage of data 
or results, as well as register and address information. 
The 8155 is bus compatible with the 8085 system through 
the use of the bidirectional address data bus and stan-

D PAo- 1 

2541 XI 
STATIC 

RAM 

8155 =CE I'll, 8155 : CE -

G RJj 1'113 
PS,,_ , 

WR 
ALE 

1'112 

AL E I'll , RD 
A00 l'llo 

WR 

G 
AD 1 PA7 PCo- s 
AD2 PA6 RESET TIMER 

A0 3 'As 
A0 4 PA4 

A0 5 PA 3 TIMER CLK Vee 15 VI 

AD1 PA2 TTilllfOuT v55 {O VI 

A0 7 PA1 

v .. '"" 
Fig 2 Block diag ram and p in configuration of 8155 R/W memory for use in 8085 
based system 
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x, Vee 

X2 HOLD 

RESET OUT HLDA 

SOD CLK (OUT) 

SID liEID'lN 
TRAP READY 

RST 7.5 10/M 

RST 8.5 s, 
RST 5.5 lffi 

INTR WR 

INTA ALE 

AD0 s. 
AD1 A,5 

AD2 A,. 

AD3 Au 

AD4 A12 

AD5 A11 

AD1 A,o 

AD7 Ao 
Vss Ao 

Fig 3 Pin configuration of 8085 
CPU or microprocessor chip 

dard control signals. In this case, only the 10/M, RD, and 
WR signals are needed for memory control. ALE, CLOCK, 
and RESET signals from the microprocessor are provided 
for internal control of the chip. Fig 3 gives the pin con
figuration for the 8085 microprocessor chip. 

Like the ROM chips, the R/w chip has some 1/0 lines. 
In fact, there are two 8-bit 1/ o ports, A and B, and one 
6-bit 1/ 0 port, C. Ports A and B may be operated in input 
or output mode; however, individual bits cannot be se
lected, as was the case with the 8355/8755. Port C 
may be operated in a number of ways, but these are 
beyond otir present discussion. Let it suffice to say that 
they allow the 1/ 0 ports to operate in a manner that is 
similar to that encountered in mode 1 and mode 2 opera
tion of the 8255 programmable peripheral interface chip. 

The R/w memory chip also contains a 14-bit program
mable counter, referred to as a timer, which may use 
either the microprocessor's clock output or an externally 
applied clock signal. The timer's output is available as a 
pin on the memory chip, and may be used in a number 
of ways, depending upon the situation. It could be con
nected to the serial input data pin (SID pin 5), so that 
it could be sensed by the RIM instruction; or it could be 
connected to one of the microprocessor's interrupt pins, 
RST 7.5, for example, so that the end of the timer's period 
could be detected through an interrupt action. The timer's 
output is fairly flexible, being programmed to operate in 
one of four ways. 
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5V GND 

XI Alll 

Cl AIO 
X2 8085 

A9 

Al 
11£9 ET 

AD7- ADO ADDllESS/DATA BUS 
5 v ___ ,.,.___---l 

llEADY 

119 T 7.0 

TllAP CLOCK CLK CLK 

llST ~ . O ALE ALE ALE CE 

llST 0 . 5 10/il 10/i 10/il 

INTI! TI liD Il 

Wll Wll 

llEHT llUCT lllSET 

8355 
TlllEll OUT 

8155 1011 (iii) 

Tiiii (Out) 

" • c A • 

110 PORTS 

Fig 4 Minimum configuration using 8085 CPU, 8155 RAM, and 8355 ROM chips to perform 
control and memory functions 

M2 Ml Mode of Operation 

0 0 Output a logic 0 during second half of count 
0 1 Output a square wave, same as 00 above, but 

reload and restart count at end of each count 
sequence 

1 0 Output a single, short pulse at end of count 
sequence 

1 1 Output a single pulse at end of count, but re-
load and restart count at end of each count 
sequence 

Control bits M2 and Ml are the most significant bits in 
the 16-bit count value programmed into the counter. 
Since the counter is only 14 bits long, the control bits 
are not included in the count itself; instead, they are 
used by the counter's control logic to determine the state 
of the counter's output when the count has been finally 
decremented to 0. Whenever a new 14-bit count value is 
reprogrammed into the counter, these two control bits 
must also be included in the new 16-bit word. 

An internal control register in the R/w memory chip 
is loaded with an 8-bit byte that is used to determine the 
operatio~ of the l/o ports and 14-bit counter. The various 
control register bits and their function are shown in the 
Listing of Bit Designations and Functions. 

Six device addresses are associated with the 8155 in 
an 8085 based system. They control the l/O ports, timer, 
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and control register. The control register's address may 
be used in a read operation to read various conditions or 
status bits. Individual addresses and their functions are: 

Command/Status Register xxxxxooo 
Port A XXXXXOOl 
Port B XXXXXOlO 
Port C XXXXXOll 
Counter Bits D7 to DO XXXXXlOO 
Counter Bits Dl3 to D8 and Counter XXXXXlOl 

In this 8085 based system, these devices have addresses 
200 through 205. The 8155's CE input must be at logic 
0 for the memory or 1/0 devices to operate properly. The 
configuration of our final, minimum system is shown in 
Fig 4. Two additional integrated circuits-an sN7 404 hex 
inverter and SN7 402 quad NOR-are needed to provide 
gating and inverting functions. Note the use of address 
bit Al5 to select between the 8155 and 8355 chips; the 
latter has been chosen as the system's ROM. Use of this 
system and development of some software examples that 
may be used in small control systems will be explored 
next month. 

This article is based, with permission, on a column I' J 
appearing in American Laboratory magazine. • . • 
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Most 2114s are new products with new 
product problems. Not ours. The SEMI 
2114 is a member of the Royal Family 
of Static RAMs. It is, in fact, 
a new pin-out of an 18-pin, 
5V, 1 Kx4 static RAM that we've 
been delivering in production quan
tities for a year and a half. 

The SEMI 2114 features low power 
(only 300 mw), TTL compatible 110, 

and all the speed you need for 
microprocessor applications. 

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

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

distributor, or contact us directly. 

Memory at Work 

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

REGIONAL SALES OFFICES: ARIZONA: EMM/SEMI, Inc., 3883 North 28th Avenue. Phoenix 85017, TEL: 602/263-0202, TWX: 910-951-1583 • CALIFORNIA: EMM/SEMI. Inc .• 
1663 Old Bayshore Highway, Burlingame 94010, TEL: 415/692-4250 • NEW YORK: EMM/SEMI, Inc., 150 Broad Hollow Road, Melville 11746, TEL: 516/423-5800, TWX: 510-
22&-78·i7 • ENGLAND: EMM, Ltd., 92 The Centre, Feltham, Middlesex TWt3 48H, TEL: (Of) 751-1213, TELEX: {851) 935187. DISTRIBUTORS.· ARIZONA: Sterling Electronics 
602/258-4531 • NORTHERN CALIFORNIA: Bell Industries 408/734-8570; Sterling Electronics 4081985-7.Cl 1 • SOUTHERN CALIFORNIA: Bell Industries 213/321-5802; 
Sterling Electronics 714/565-2441; Emitter Electronics 714/557-7131; Sterling Electronics 213/767-7001 • COLORADO: Bell Industries 303/424-1985 • CONNECTICUT: 
Arrow Electronics 203/248-3801 • FLORIDA: Arrow Electronics 305/776-7790 • GEORGIA: Arrow Electronics 404/455-4054 • tLLINOIS: Arrow Electronics 312/893-9420 
• LOUISIANA: Sterling Electronics 504/887-7610 • MARYLAND: Arrow Electronics 301/247-5200 • MASSACHUSETTS: Arrow Electronics 617/933--8130; Sterling Elec
tronics 617/926-9720 • MICHIGAN: Arrow Electroriics 313/971-8220 • MJNNESOTA: Arrow Electronics 6121887--6400 • NEW HAMPSHIRE: Arrow Electronic& 603/868-6968 
• NEW JERSEY: Arrow Electronics 609/235-1900 (Morrestown); 201/797-5800 (Saddlebrook); Sterling Electronics 201/442-8000 • NEW MEXICO: Bell Industries 505/292-
2700 • NEW YORK: Arrow Electronics 516/694-6800 • NORTH CAROLINA: Arrow Eleclronics 919/996-2039 • OHIO: Arrow Electronics 513/253~9176 (Dayton): Arrow Etec
tronics 216/464-2000 (Cleveland) • TEXAS: Sterling Electronic$ 713/627~9800 (Houston); 214/357-9131 (Dallas); 512/836-1341 {Austin) • UTAH: Bell lnduetrles 801/972-6969 
• VIRGINIA: Sterling Electronics 804/226·2190 • WASHINGTON: Bell Industries 206/747-1515; Sterling Electronics 206f762~9100 • WASHINGTON, D.C.: Arrow Electronics 
2021737-1700 • WISCONSIN : Arrow Electronics 41-4/764"6600. 
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Simultaneous or Independent 9900 Development Work 
Can Be Performed With Multiuser Prototyping Lab 
The ns990-AMPL TM multiuser proto
typing lab for TMs9900 micropro
cessor family applications allows de
velopment work to be done simul
taneously, or different projects to be 
operated on independent schedules, 
through the use of multiple stations. 
Each station has the capability of the 
single-user AMPL floppy disc system 
plus software development and file 
management power of a disc based 
minicomputer. 

The system supports up to four lab 
stations, each consisting of a model 
911 video display terminal, AMPL 
emulator kit, and AMPL logic state 
trace module. It provides prototyping 
capability implemented on the pre-

vious Fs990 diskette based system, 
with the addition of multistation and 
disc based features. 

With the full AMPL lab configura
tion, the user can develop software 
with the interactive text editor, macro 
assembler with relocatable object 
code, link editor, and high level 
languages (including PASCAL) under 
the disc based nxlO operating system. 
Users can control debug operations 
interactively from the terminal. Debug 
can be begun at full target system 
speed prior to target system hardware 
availability by emulating the proto
type system microprocessor and mem
ory. Microprocessor address and data 
buses can be traced with the emula-

tor and AMPL logic trace modules. 
The operator can also monitor ex
ecution and change programs at the 
instruction level during debug by 
using disassembly and online assembly 
features. 

The system's three versions are 
based on the ns990 models 4, 6, and 8 
computer systems with one or more 
AMPL microprocessor prototyping lab 
stations. With their 990/ 10 minicom
puters, the systems include a 128k
byte memory, lOM to lOOM bytes of 
disc storage, nxlO disc based soft
ware, and model 911 video display 
terminals (VDT). Hardware installa
tion includes this basic system, one 
810 printer, one expansion 911 VDT, 
and one AMPL station. For two or 
more AMPL stations, an expansion 
chassis is required. Disc expansion 

SINGLE STATION MULTIPLE STATIONS 

911 
VDT 

11 Oii 2) 

810 
PRINTER 

P/ROM 
PROGRAMMING 

Kil 

1 911 VDT CONTROLLERS MAY BE INSTALLED IN 
ANY CHASSIS , WITH A MAXIMUM OF TWO 
CONTROLLERS (FOUR VDT1) IN THE 990/ 10 
CHASSIS ANO ONE CONTROLLER (TWO VDh) 
IN EACH EXPANSIQt..I CHASSIS 

20NE 810 PRINTER INTERFACE MAY BE 
INSTALLED IN ANY CHASSIS 

FIRST 
TWO 
STATIONS 

THllW 
STATION 

FOURTH 
STATION 

990/10 

e 10 
PRINTER2 

PIROM 
P1il0GRAMMING 

Kil 

08990-AMPL TM prototyping lab systems for Texas Instruments' 9900 family of 
microprocessors are based on DS990 model 4, 6, and 8 compute r systems, together 
with one 810 printer, one expansion 911 VDT, and one AMPL stat ion. Expansion 
chassis is required for two or more AMPL stations. System shown would support 
eight terminals, with any four of them controlling AMPL modules 
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You need to be versatile 
enough to tackle a variety of 
digital design problems every 
day. To turn from hardware to 
software analysis. Or from 
microprocessor to non-micro
processor design. And so you 
need a logic analyzer as ver
satile as you are. 
And that means a logic 
analyzer that lets you see logic 
the way you think logic; that 
lets you look at logic in the most 
convenient language; that 
gives you a variety of logic dis
plays ... to solve a variety of 
problems. 

Tektronix Logic Analyzers/ 
Display Formatters provide 
this essential versatility. So you 
- not the logic analyzer - de
cide how you'll look at logic: in 
mapping for an overview of 
program flow; in timing to view 
timing relationships between 
signals; in state tables (binary, 
octal, hexadecimal, GPIB 
mnemonics, or ASCII) to view 
system language. 
Go from one logic display to 
another - without going from 
one logic analyzer to another. 
To make your job easier, faster, 
and more convenient. 

Display Formatters: they 
help make our Logic 
Analyzers versatile. So you 
can do today's Job and to
morrow's. So you can 
change appllcatlons without 
changing your logic 
analyzer. 
Contact Tektronix Inc., P.O. 
Box 500, Beaverton, OR 
97077. In Europe, Tektronix 
Ltd., P.O. Box 36, St. Peter Port, 
Guernsey, Channel Islands. 

ll!kl:ron~ 
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Announcing a faster, fully spec'd 2901A 
4 Bit microprocessor slice. 

It's a unique blend of ECL and Schottky 
(we call it SCL), fully pin-compatible, and faster 
than any other 2901A in the world. 

Here are the numbers. 
Typical Commercial Military 

25°C 0°-70°C - 55-+125°C 
Our data: (5V) ( 4.75-5.25V) (4.5-5.5V) 

A, B Inputs --7 Y Output 37ns 65ns 80ns 

Cn --7 Y Output 18 30 35 

D Input --7 Y Output 20 40 45 

Clock --7 Y Output 35 60 65 

Minimum Clock Period 45 60 75 

Read-Modify-Write Cycle 45 60 75 

And if you think those are hot specs, 
check out our 2901A-1 sampling now. 

Specs like this really shouldn't come as a 
big surprise to you. 

After all, we're the industry leader in 
bipolar technology. And we invented Bipolar 
Tri-State™(which is used with the 2901A). 
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And another nice thing is all the parts we 
support the 2901A with. 

First off, a family of 19 products, all 
fully spec'd. 

Our family: 
IDM2901A 4 Bit Microprocessor Slice 
IDM2901A-1 Super 4 Bit Microprocessor Slice 
IDM2902 Carry Look-Ahead Generator 
IDM2909A Microprogram 
IDM2911A Microprogram Sequencer 
IDM29702 16 x 4 Bit RAM (Open Collector) 
IDM29703 16 x 4 Bit RAM (Tri-State) 

*IDM29704A Fast 16 x 4 Bit RAM, 2-Port (Open Collector) 
*IDM29705A Fast 16 x 4 Bit RAM, 2-Port (Tri-State) 
IDM29750 32 x 8 Bit PROM (Open Collector) 
IDM29751 32 x 8 Bit PROM (Tri-state) 
IDM29760 256 x 4 Bit PROM (Open Collector) 
IDM29761 256 x 4 Bit PROM (Tri-state) 
IDM29803 16 Way Branch Controller 
IDM29811 Next Address Controller 
IDM29901 Octal D-Type Flip Flop <Tri-State) 
IDM29902 Priority Encoder 
IDM29903 16 x 4 Edge-Trigg_ered Register (Tri-State) 
IDM29908 Quad Gated Flip Flop (Flag Control) 

*Available soon. 

Also, we supply a complete line of low
power Schottky MSI, MOS static and dynamic 
RAM's, as well as all the other parts you need to 
build a complete, high-performance processor. 

So if you need to know who to go to for 
everything you need, now you know. 
,-----------------------------, 

National Semiconductor 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

Gentlemen: 
DPlease send more information on your 2901A and its support products. 

Name __________ Title _____ _ 

Comp~Y---------------~ 
Address. ________________ _ 

City State Zip ___ _ 

L---------------------------~~~ 

~National Semiconductor 
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and addition of peripherals is pos
sible. 

Texas Instruments, Inc, Digital Sys
tems Group, PO Box 1444, Houston, 
TX 77001 has developed AMPL soft
ware as a high level prototyping lan
guage that controls debug functions 
and executes under the DxlO operat
ing system. A 1-yr software update 
service is included with the system. 
A FORTRAN compiler is available as 
a DxlO option for more effective cod
ing and program development. Other 
languages such as COBOL, BASIC, and 
Business BASIC allow applications of 
the Ds990 systems to be extended be
yond microprocessor development. 

An emulator kit includes the 
TMs9900 emulator, TMS9900 or 9980 
buffer, and the target system con
nector. Emulation support is available 
for the TMs990 and TMs9980A micro
processors; TMs9940, SBP9900, and 
TMs9981 are soon to be added. Ex
panding the emulator module's trace 
function which is dedicated to the 
microprocessor address bus, the logic 
state trace module is a general pur
pose logic analyzer on a single logic 
board. It is controlled by AMPL com
mands. A P/ROM programming kit 
permits the target system memory 
to be implemented in P/ROM or 
EPROM, 
Circle 420 on Inquiry Card 

Service Rents JI Processor 
Development Facilities 
To Small Businesses 

Micro Development Lab is a short 
term, around the clock time rental 
service of microprocessor development 
and test equipment. W & B Instru
ments, Inc, Suite 103, 2483 Old Mid
dlefield Way, Mountain View, CA 
94043 has aimed the service at con
sultants and small businesses who may 
have equipment failures or temporary 
overloads. 

For software development, the lab 
has disc operating systems with 
editors, resident assemblers, compilers, 
linkers, and loaders. Emulators, os
cilloscopes, power supplies, and digi
tal voltmeters perform hardware de
velopment and debugging. The 8080, 
8085, 6800, and Z80 CPUs are current
ly handled by the .service; support of 
others is planned. 

When required, programs already 
started on floppy disc or paper tape 
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may be converted to the appropriate 
system. In addition, microprocessor 
development training for both be
ginners and experienced users is being 
planned, as is software and hardware 
consulting. 
Circle 421 on Inquiry Card 

6802 Emulator 
Expands Support of 
Microprocessor Line 

To support the Motorola 6800 series 
of microprocessors, Tektronix, PO Box 
500, Beaverton, OR 97077 has begun 
development of a 6802 microprocessor 
emulator for the 8001 and 8002 mi
croprocessor development labs. Users 
will then be able to take advantage 
of such capabilities as software de
velopment and debugging support, 
hardware and software integration, 
and realtime in-circuit emulation of a 
6802 based prototype system (see 
Computer Design, Apr 1977, p 120). 
Inherent in the 6802 emulator system 
is support for the companion 6846, 
whic!i together form a 2-chip micro
computer. 

The development labs now support 
the Motorola 6800, Intel 8080A and 
8085A, Texas Instruments TMS9900, 
and Zilog Z80 microprocessors. Also 
under development are emulators for 
the Mostek 3870/3872 microcomput
ers and Fairchild F8 microprocessors. 
Circle 422 on Inquiry Card 

Microprocessors Can 
Communicate Via 
Input/Output Modules 

Four optically isolated modules pro
tect sensitive microprocessor terminals 
while allowing them to receive inputs 
and control ac and de power loads. 
Introduced by Motorola Semiconduc
tor Products, Inc, PO Box 20912, 
Phoenix, AZ 85036, the units are color
coded and plug vertically into one of 
the company's I/o boards which inter
face with any system having CMOS, 
TTL, LS, NMOS, or PMOS logic. 

De input module mc5 translates 10-
to 32-V input signals to MPU logic 
levels, while ac input module IAC5 
does the same to 95- to 130-Vac 
stimuli. Both have a status indicator 

terminal for driving an LED in visual 
troubleshooting applications. 

De output module onc5 drives 3 A 
into a load, while withstanding up to 
60 V across its output terminals. Ac 
output module OAc5 switches 3 A 
into a line load at voltages from B 
to 140 V rms with zero crossing, low 
noise internal triggering. All four 
modules withstand 1500-V transients 
between isolated terminals, and meet 
UL isolation requirements. 
Circle 423 on Inquiry Card 

PC Board Transformers 
Simplify Microprocessor 
DC Power Supply Design 

The MP family of PC board trans
formers, specified in terms of de out
put, allow users to design triple out
put regulated power supplies required 
in conjunction with microprocessor 
based devices and other logic /op amp 
circuits. The series includes single or 
dual primaries, with outputs for 5 
and ±12 Vdc or 5 and ±15 Vdc from 
5 to 25 VA. Signal Transformer Co, 
Inc, 500 Bayview Ave, Inwood, NY 

11696 has also compiled data sheets 
listing auxiliary components for each 
rating. Both standard PC board types 
and low profile Flat HeadTM models 
are available. 
Circle 424 on Inquiry Card 

Higher Speed Parts 
Are Introduced for 
S6800 )I Processor Family 

The S6800 microprocessor family has 
been upgraded with devices that op
erate at up to twice the speeds of 
earlier versions, thus specifically suit
ing them to high speed microcomput
er I controller applications. The addi
tions include A and B versions of the 
S6800 microprocessor itself, the 
S6810 RAM, S6821 peripheral inter
face adapter (PIA), and S6850 asyn
chronous communications interface 
adapter ( ACIA) . 

B ver~ions of the microprocessor, 
PIA, and ACIA from American Micro
systems, Inc, 3800 Homestead Rd, 
Santa Clara, CA 95051 operate at 2.0 
MHz, while A versions operate at 
1.5 MHz. The static RAM B version 
has a maximum access time of 250 ns; 
for the A version, it is 360 ns. 
Circle 425 on Inquiry Card 
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settle for 
a 'half'prinler. 
A whole Printronix 

noniore! 
Today, you can choose from several alphanumeric impact 

printers. Compare ours with the others. You 'll find that 
Printronix impact matrix line printers offer print quality 

and reliabi lity that no other matrix, drum, chain or 
belt line printer can match. We think you'll agree: 

it 's the better printer . . . it's your best buy! 

But we bel ieve that alphanumeric printing meets 
only half of the distributed data processing needs 

of today ... and especially tomorrow. 

The other half has to do with printing graphics 
that can compact pages of printed data into simple, 

easy-to-understand forms . Printronix printers can plot almost 
anything. Graphs. Charts. Large Characters. 

Labels. Bar Codes. In fact, they offer a full 
plotting capability that no other impact drum, 

chain or belt line printer can provide! 

Printronix Printer/Plotters give you both "halts" 
of full printer capability for about the same 

price, or less, than you would pay for an 
alphanumeric printer alone. 

Contact us for complete information on our 
150, 300 and 600 line-per-minute printers. 

Get the whole answer to printer 
problems ... for the price of a "half" printer! 

Printronix, Inc .. 17421 Derian Avenue. 
P.O. Box 19559, Irvine. CA 92713. 

(714) 549-8272 . TWX:(910) 595-2535 

The "whole" 
printers. 

CIRCLE 59 ON INCj)UIRY CARD 



MICRO CATA STACK 
PROCESSO R S ANO ELE M E NTS 

Low Cost Digital Logic 
Service System Locates 
Component Failures 

Discrete, LSI, and microprocessor cir
cuit troubleshooting and repair can 
be accomplished with minimal cost 
and technical knowledge. The Ls-100 
series logic signature system is s.100 
bus compatible. It identifies hardware 
failures and verifies correct digital 
patterns providing go/no-go testing 
and diagnostics. Applications include 
commercial, industrial, and personal 
microcomputer equipment. 

The device generates a 4-charac
ter signature from any repetitive logic 
state sequence-whether simple or 

Standalone Unit 
Expands Development 
System Line 

The zns-1/25 supports software and 
hardware development of Z80 and 
Z80A based systems, functioning as 
an emulator of a prototype system, as 
a logic analyzer for monitoring and 
storing CPU bus activity and ter
minating program activity, and as a 
ROM / RAM simulator with memory 
mapping in blocks of 256 bytes. Zilog, 
Inc, 10460 Bubb Rd, Cupertino, CA 
95014 has introduced the 1125 for 
prototype development systems with 
clock rates not exceeding 2.5 MHz. 
It is a low cost version of the zns-
1140. 

The system is a single chassis, 
19 x 9 x 15" (48 x 23 x 38-cm) 
standalone microcomputer with dual 
floppy disc drives for up to 60k bytes 
of memory storage as well as optional 
peripherals and interfaces. The ~ /25A 
has 48k bytes of dynamic memory 
for $7740, the l/25B has 60k bytes 
of dynamic memory for $8340, and 
the l/25C has a .60k-byte memory 
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complex. Board exercmng sequences 
are developed with available utilities 
and instructions. Using the system, 
most computer system component 
failures can be isolated without an 
oscilloscope by those who do not 
understand hardware operation. 

The system consists of a monitor 
board, display module, data probe 
with built-in logic state readout, 32-
line multiplexer, accessories, test de
velopment utilities, and operating 
manual. A number of software and 
firmware support packages for other 
microcomputer systems are also of
fered by Phoenix Digital Corp, PO 
Box 11628, Phoenix, AZ 85017. 

Features include 99.99% error detec
tion accuracy; TTL compatible logic 
levels; s.eparate control of enables, 
clock, and data inputs; signature clock 
rates up to 10 MHz; and 32-line 
multiple input selection. Other bus 
structures such as the EXORciser, 
Unibus, Multibus, SWTP, Altair, and 
Imsai may also be supported by plug
ins to the expandable system. Options 
are LED signature display, logic 
probes, and standalone test ability. 
C ircle 426 on Inquiry Card 

with the company's PLZ programming 
language for $9340. 

There are two modes of operation. 
In monitor mode, the system enables 
the user to utilize the Relocatable 
l / o (RIO) operating system to develop, 
edit, and modify software. In user 
mode, system memory and peripheral 
devices may be allocated partially or 
totally to the prototype system (with 
the exception of a few l/O ports), en
abling program execution in a real
time environment. 

Standard features include a Z80 
CPU; 32k bytes of RAM expandable 
to 60k bytes ; 3k P/ ROM monitor pro
gram with lk of dedicated monitor 
scratchpad area; in-circuit emulation 
via 3-ft (0.9-m) cable connection, 
and user clock verification. The pro
grammable hardware breakpoint mod
ule enables suspension of instruction 
execution at a given address or ac
tivity, and programmable realtime 
storage module holds CPU or l/ o port 
activity or monitors memory. The RIO 

operating system provides the os ex
ecutive, text editor, assembler, linker, 
PIROM monitor and znos file man
agement system. 
Circle 427 on Inquiry Card 

For off-the-shelf delivery, contact 
your nearest Standard Distributor: 
ARIZONA Phoenix-Liberty Elec. (602) 249-2232 

Weatherford Co. (602) 272-7144 
CALIFORNIA Anaheim- Weatherford Co. 

(714) 547-0891 , 633-9633 
Burlingame-Rose Elec. (415) 348-2740 
El Segundo-liberty Elec. (213) 322-8100 
Glendale-Weatherford Co. (213) 849-3451 
Mt. View-Elmar Elec. (415) 96t-3611 
Palo Alto-Weatherford Co. (4t5) 493 -5373 
Pomona-Weatherford Co. 1714) 623-t261 
San Diego-Liberty Elec. (714) 565-917 t or 
Weatherford Co. (714) 278-7400 

COLORADO Commerce City-Elmar Elec. (303)287-96t 1 
Englewood- Weatherford Co. (303) 770-9762 

CONNECTICUT Hamden-Arrow Elec. (203) 248-3801 
FLORIDA Ft. Lauderdale-Arrow Elec. (305) 776-7790 

Miami-Lykes Elec. (305) 633-8538 
Orlando-Harnmond Elec. (305) 849-6060 
Tampa-Lykes Elec. (813) 886-6621 

GEORGIA Doraville-Arrow Elec. ( 404) 455-4054 
Norcross-Lykes Elec. (404) 449-9400 

ILLINOIS Schaumburg-Arrow Elec. (312) 893-9420 
Broadview- LCOMP Chicago (312) 865-7600 
Westmont - RM / Bobelle Co. (312) 323-9670 

INDIANA East Chicago-Aero Elec. (219) 397-8681 
Ft. Wayne-Ft. Wayne Elec. (219) 423-4322 
Indianapolis-Graham Elec. (317) 634-8202 or 
Sheridan Sales Co. (317) 297-3146 

KANSAS Wichita-Radio Supply Co. (316) 267-5216 
LOUISIANA Metairie-Trionics (504) 837-9025 

New Orleans-Lykes Elec. (504) 733-3400 or Radio 
Parts, Inc. (504) 581-5959 

MARYLAND Baltimore-Arrow Elec. (301) 247-5200 
Beltsville-Treeko Sales (301) 937 -8260 

MASSACHUSETTS Cambridge-Apollo Elec. 
(617) 868-3120 ' 
Hingham-Sager Elec. (617) 749-6700 
Woburn-Arrow Elec. (617) 933-8130 

MICHIGAN Ann Arbor- Arrow Elec (313) 971-8220 
Farmington-Sheridan Sales Co. (313) 477-3800 
Grand Rapids- RS Elec. (616) 241-3483 
Kentwood-RM Elec. (616) 531-9300 
Livonia-RS Elec. (313) 525-1155 _ 

MINNESOTA Bloomington-Arrow Elec. (612) 888-5522 
Minneapolis-Arneson Sales Co. (612) 835-2 177 or 
Northern Elec. Specialists (612) 835-2247 

MISSOURI Florissant-Sheridan Sales Co. 
(314) 837-5200 . 
Kansas City-LCOMP • Kansas City. Inc. 
(816) 221-2400 . 
St. Louis-LCOMP - St. Louis, Inc 
(314) 291 -6200 or Vansickle Radio Elec. 
(314) 291-5000 

NEBRASKA Lincoln-Scott Elec. Supply Co. 
(402) A64-8308 

NEW JERSEY Bellbawr-Mid Atlantic (215) 923-6868 
Moorestown-Arrow Elec. (609) 235-1900 
Saddlebrook-Arrow Elec. (201) 797 -5800 

NEW MEXICO Albuquerque-Era Elec. (505) 266-5548 
NEW YORK Buffalo-Summit Distributors Inc. 

(716) 884-3450 
Corning-Corning Elec. (607) 962-0555 . 
Farmingdale-Arrow Elec. (516) 694-6800 or Hamson 

~~"v~~~;E~~;T,;igustrial Sales (914) 699-2224 
Rochester-Rochester Radio Supply Co. 
(716) 454-7800 

NORTH CAROLINA Greensboro- Hammond Elec 
(919) 275-6391 
Raleigh-Southeastern Radio Supply (919) 828-231 t 

OHIO Cincinnati-Hughes-Peters, Inc. (513) 351-2000 
or Sheridan Sales Co. (513) 761-5432 
Cleyeland-Arrow Elec. (216) 464-2000 or Sheridan 
Sales Co. (216) 831 -0130 
Columbus-Hughes-Peters, Inc. (614) 294-5351 
Dayton-Arrow Elec. (513) 253-9176, Esco, Inc. 
(513) 226-1133 or Sheridan Sales Co. (513) 223-3332 
Toledo-RS Elec. ( 419) 531-5544 

OKLAHOMA Oklahoma City-Radio, Inc. 
(405) 235-1551 
Tulsa-Radio, Inc. (918) 587-9123 

PENNSYLVANIA Pittsburgh-CAM/RPG Industrial Elec. 
( 412) 782-3770 or Sheridan Sales Co. ( 412) 244-1640 

SOUTH CAROLINA Greenville-Hammond Elec 
(803) 233-4121 

TENNESSEE Knoxville-Sheridan Sales Co. 
(615) 588-5386 
Memphis-Bluff City Elec. (901) 345-9550 

TEXAS Austin-Quality Components, Inc. 
(512) 458-4181 
Corpus Christi-Douglas Elec. (512) 883-5103 
Dallas-Quality Components, Inc. (214) 387 -4949 or 
Weatherford Co. (214) 243- 1571 
El Paso-Era Elec. (505) 266-5548 
Houston-Quality Components, Inc. (713) 772-7100 
or Weatherford Co. (713) 688-7406 

UTAH Salt Lake City-Century Elec. (801) 972-6969 
WASHINGTON Bellevue-Liberty Elec (206) 453-8300 

Seattle-Weatherford Co. (206) 575-1340 
WISCONSIN Mequon-Taylor Electronic Co. 

(414) 241-4321 
Milwaukee-Arrow Elec. (414) 764-6600 

STANDARD 
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Why take the heat for a power supply that 
runs hot? 

Standard's Switching Regulated de Power 
Supply delivers big power more efficiently. And 
it offers cool specs and features too. 

• High power ratings-750 watts 
• High efficiency-to 80% 
• Wide range of voltages-5 to 28 volts 
• High reliability design-exceptionally low 

parts count 
• High frequency switching-20 kHz 
• Soft-start circuitry limits inrush current 
• Overvoltage protection 
• Low-input shutdown 
• Full load burn-in 
• Designed to meet UL 478 
For detailed specs and prices on the switcher 

that beats the others cold, or to place a direct 
order, call your nearest 
distributor, or contactliii::::=:::::i~:Di3111-~ 
Standard Power, 
Incorporated, 
1400 South 
Village Way, 
Santa Ana, CA 
92705, 714/ 
558-8512. 

MODEL VOLTS AMPS SIZE WT. 
(LB) 

sws 750-5 5 f50 10.10 x7 .75x4 .94 15 
sws 750-12 12 60 10.10 x7.75x4.94 15 
sws 750-15 15 50 10.10 x7.75x4 .94 15 
sws 750-24 24 33 10.10x7.75x4.94 15 
sws 750-28 28 28 10.10x7.75x4.94 15 

Standard Power has a better way 
to take the heat off engineers 

The Spec Meeter 
Why iet your temperature soar, when our cool switcher can lake the heat off? 

Free Poster "Spec Meeter," an 11 x 14 in. color poster, is available. from participating 
Standard Power Distributors. Complete portfolio of four cartoon posters offered free with 
purchase. A $5 value. 

Cl.RCLE 60 ON IN(j)UIRY .CARD 

STANDARD 
POWER 
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MICRO CATA STACK 
PRc;>CESSORS A N D ELE M E NTS 

jsoFTWARE I 

8080/ 8085 Assembler 
Transfers Programs 
To Development System 

The ASMB-80/85 mnemonic assembler 
for 8080 and 8085 microprocessors 
permits users with previously written 
assembler programs to transfer easily 
to the company's multiuser disc de
velopment system. The object code 
which is output is 100% compatible 
with the company's block structured 
assembler BSAL-80/85 ·obiect code 
(Computer Design, Feb 1977, p 134). 
The use of old programs is retained, 
with the added gain of mnemonic or 
block structure assembler language 
for future work. 

Developed by Mupro Systems Div, 
424 Oakmead Pkwy, Sunnyvale, CA 
94086, the assembler provides relo
catable code, parametric macros, 36 
error diagnostics, and conditional as
sembly capability. Mnemonics are 
compatible with Intel's 8080 and 8085 
instructions. Also, identifiers may con
tain up to 15 characters and may 
optionally be listed in a cross refer
ence table. 
Circle 428 on Inquiry Card 

6800 Disc Operating 
System Aids Development 
And Applications 

snos disc operating system for 6800 
microprocessors handles from 32k to 
64k of RAM and any combination or 
number of disc drives (with storage 
capacities of up to 2. l 4G bytes) 
online for application software or de
velopment tasks. Random and sequen
tial disc files, device independent 1/0, 

user customizable command interpret
er, and tailoring of disc drivers are 
supported. Disc files, created automat
ically, increase or decrease in size be
cause the operating system does all 
space management on a dynamic 
basis. 

Command files allow prepackaged 
sequences of keyboard commands to 
be executed automatically. Errors are 
reported by English messages. The 
command interpreter supports list, 
copy, delete, file, rename, and help 
commands. Turnkey systems and en
hancements can be built by replacing 
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the interpreter with the desired ap
plication program. The system's utility 
programs allow the user to initialize a 
new disc, check the validity of disc 
files, and repair damaged disc file 
structures. 

Versions of the operating system 
operate on Midwest Scientific Instru
ments, Cincinatti Milacron model 20, 
Electronic Product Associates Micro-
68, and Wavemate 6800 systems; ver-

Meta Assembler Supports 
2900 Bit-Slice 
Microprocessor 

Meta Assembler language, compatible 
with Advanced Micro Devices' 
AMDASM language, is written in ANSI 
standard FORTRAN IV and will run on 
any computer with a word length 
greater than or equal to 16 bits. The 
instruction set of the microprogram
mable bit-slice microprocessor can be 
defined by the user; programs are 
then assembled utilizing that instruc
tion set. The program features con
ditional assembly, complex expression 
evaluation, and a cross reference table 
listing. 

A separate program included by 
Microtec, PO Box 60337, Sunnyvale, 
CA 94088 in the package is used to 
break up the assembled object code 
into organizations that are compatible 
with the target P/ROM or ROM array. 
Additionally, the object module for
mat is translated into either BNPF or 
Data I /o's ASCII hexadecimal format. 
C ircle 430 on Inqui ry Card 

Resident 8080 Assembler 
Gains Speed Through 
Hashing Technique 
A 2-pass resident assembler for the 
8080 microprocessor is Intel com
patible except for macros, conditional 
assembly, and logical expression op
erators. Free format source is also 
accepted. Due to the hashing tech
nique used by the label handler, the 
assembler is reported by Technical 
Systems Consultants, Inc, Box 257 4, 
West LaFayette, IN 47906 to be very 
fast. Labels may be any length with 
six characters significant. Both passes 
and the initialization required for each 
are written as subroutines. 

sions for several other 6800 systems 
will also be offered by Software Dy
namics, 17914 S Laurelbrook Pl, Cer
ritos, CA 90701. The company's 1/0 

package interfaces soos to the assem
bly language, allowing all available 
company software to be run under 
the operating system without change. 
Application programs compiled by the 
BASIC compiler on other systems will 
run on snos with little or no change. 
Circle 429 on Inquiry Card 

The assembler supports all standard 
pseudo-ops, as well as such options 
as pagination; titling; spacing; listing 
suppression; hexadecimal or octal out
put; decimal line numbers; hexadeci
mal, decimal, octal, or binary con
stants; and alphanumerically sorted 
symbol table. Object code may be 
output in Intel ASCII tape format or 
directly into RAM. Break and escape 
keys, and auto field formatting are 
also included. Source and symbol 
table space and 5.5k bytes of RAM 
are required. 
Circle 431 on Inquiry Card 

Cross Assembler 
Speeds Microprocessor 
Software Development 

A cross assembler package, available 
on printed tape, translates instruc
tions and data for the company's INS 
8060 (sc/MP) microprocessor pro
grams on Intel MDs-800, 210, 220, 
230, or other host microprocessor de
velopment systems capable of running 
the ASM80 macroassembler. With a 
set of macros loaded into macro tables 
of the host system assembler, the 
MDSMAC allows fast applications soft
ware development. Assembly object 
code output is in the host's format, 
permitting direct programming of 
P/ROMS or ROMS. 

Most directives, pseudoinstructions, 
expressions, constant defini.tions, and 
memory reference instructions are in 
the host computer dialect. National 
Semiconductor Corp, 2900 Semicon
ductor Dr, Santa Clara, CA 95051 has 
also devised two macros for high and 
low address orders. Conflicting 
INs806018080 instructions are slightly 
modified by appending an "S" to the 
8080 mnemonic. . D 
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minal. 
Designed to be redesigned. 

Chances are, the intelligent terminal you really need 
doesn't exist yet. 
That's why we build the Conrac 480, The So~ 
Terminal. It's designed to be 
redesigned by your software to 
fit your system like a glove. 

Flexible hardware to start 
you off. 
Most CRT terminals are built 
around one large c ircuit 
board, wh ich doesn 't 
leave you much flexibility. 
The Conrac 480, on the other 
hand, offers you the benefits of a 
clean bus architecture. Plug in four 
cards, and get a basic working terminal. 
Plug in up to twelve additional cards, and 
get some real power. Cards like RAM up to 
48K bytes, PROM up to 16K bytes, and interfaces 
to floppy disk drives, printers and other peripherals. 

Software to make it happen. 
Do you need a special keyboard , char
acter set, or set of terminal attributes? 
No problem. Just plug in a special 
PROM. 
With the proper MPU software, the Conrac 
480 can be configured as a polling terminal 
or as a powerful microcomputer. Or as 
anything in between. Th is software can reside in 

PROM, or can be downloaded into RAM from a host 
computer or from disk. 
Many software modules are available off-the-shelf, 

like a basic editing package, and proto
col handlers for IBM, Burroughs, and 

Univac. More are on the way. 
To make microprogramming 
easy,"you can use the AMI 6800 
Microcomputer Development 
Center software, which runs 
perfectly on our terminal. 
That's power! 

Attractive outside as well as 
inside. 

Any way you look at it, the Conrac 
480 is attractive. The basic version 
is only 20" deep and fits where 
space is limited. Its understated 

modern styl ing blends into virtually any decor. 
And you can have your own color and texture. 
Operators love the feel of our long-life capacitive 

keyboard with sculptured keys. And our sharp 
and stable CRT display. As a matter of fact, 

we're known worldwide as the manufac
turer of professional video monitors. 

Write to us or give us a call for more facts. 
We'll send you a comprehensive 12-page 

brochure on The Soft Terminal. And we promise 
not to use "hard sell ." 

CON RAC NORTH AMERICAN SALES 

•••••••••••• •••••••••••• ••••••••••••• ••••••••••• 

Conrac Division, 600 N. Rimsdale Ave., Covina, Californ ia 91 722 
Telephone (213) 966-3511 , Telex 670437 

EUROPEAN SALES 
Conrac GmbH, lndustriestrasse 18, 0 -6992 Weikersheim, W. Germany 
Telephone (07934) 675, Telex 7 4250 
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MICRO CATA STACK 
COMPUTERS ANO SYSTEMS 

AN ADD-IN RECOGNITION MEMORY 
FOR S-100 BUS MICROCOMPUTERS
PART 1: AN INTRODUCTION 

Sydney Lamb 
Semionics Associates, Berkeley, California 

C on tent addressable or associative computer memory is 
available for the first time at a price that makes it prac
tical for use with microcomputers . Called recognition 
memory, it differs from conventional memory by eliminat
ing serial searching. An item may be accessed simply by 
being named. If it is present, those locations which have 
it recognize it and respond instantly, greatly reducing 
search time (compared to conventional memories) as well 
as reducing the amount of money and memory space in
vested in conventional software. 

Recognition memory (REM) can be written into and 
read from like ordinary memory, but it also has parallel 
processing functions, including six types of recognize and 
multiwrite. Recognition operations replace serial search
ing, while multiwrite allows the central processing unit 
(CPU) to write into multiple locations with a single in
struction. Moreover, individual bit masking may be ap
plied to all operations, including ordinary (location ac
cessed) read and write. A data processing system with 
these functions is known as a content addressable parallel 
processor. Suiting pattern recognition and information re
trieval applications, it is also capable of performing 
parallel arithmetic operations. REM S-100, priced at $325, 
operates with Z80 ·or 8080 microprocessors or with any 
other microprocessor connected to the S-100 bus. 

Multiwrite 
Besides the basic recognition capability, or content ad-
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dressability, REM has the multiwrite function: the ability 
to write data into multiple locations with a single instruc
tion. Thus, the user can perform a recognize operation to 
find all records with certain properties, followed by a 
multi write into all those records (the responders). Multi
write data might be a flag for use in some later recognize 
operation, or might be a rewriting of the recognized data 
to correct or update it. 

There are three varieties of multiwrite. The user can 
write data into all records, into all responders to a pre
ceding recognize operation or sequence of recognize 
operations, or into all nonresponders. 

Ordinary RAM Functions 
and Bit Masking 
In theory, a content addressable memory (CAM) need be 
addressable only by its contents, and some CAMS have 
been designed that way. However, REM has been designed 
as a CAM that can also be used as ordinary random-ac
cess memory (RAM) whenever the user desires-that is, 
a CAM whose contents can also be accessed by location. 
Thus, the capabilities of REM subsume those of RAM, 

just as those of RAM subsume those of read-only memory 
(ROM) . A comparison of ROM, RAM, and REM is contained 
in the following table. 

COMP UTER DESIGN/ AUGUST 1978 



ROM 

RAM 

REM 

BYTE 0 
BYTE I 
BYTE 2 
BYTE 3 

IYTE 255 
SUPERWOllO SUPERWORO SUPERWORO 

0 I 2 

Modes of Operation 

2nd 
FIELD RECORD 

RECORD 

Single Location Parallel Operations 

Read Write Recognize Multiwrite 

+ 
+ + 
+ + + + 

REM also has a bit masking capability. The mask is a 
combination of ls and Os, written by the user to mask 
out certain bits. Those bits in positions where the mask 
has 0 are ignored. The mask can be used not only with 
recognize and multiwrite operations, but also with ordinary 
location accessed read and write. With the read opera
tion, the data received by the central processing unit 
(CPU) are the logical AND of the mask and the data 
stored in the addressed location. 

Nonmatch Recognition Functions 
The recognize function has been described only in its 
simplest and most direct variety-that in which a memory 
location recognizes that its contents exactly match the 
presented data. REM also has five additional recognitioil 
functions: greater than or equal to, greater than, less 
than or equal to, less than, and not equal to. These 
varieties of recognition are built into the REM hardware. 
Besides being directly usable, they provide the basis for 
various additional functions that are software specifiable, 
such as between (ie, greater than lower limit, but less 
than u9per limit). Different recognize functions can be 
performed on different fields . For example, it is possible 
to ask for the records from a stored data file of all in
dividuals living in Kansas, with annual income greater 
than or equal to $25,000, age less than 30, and last name 
beginning with A, B, C, or D ( ie, less than or equal to D) . 

255 
SUPERWORO 

31 

Layout shows Bk of REM (two 4k 
boards) with two equal length records/ 
superword, and records divided into 
fields. Shaded bytes are accessed in 
parallel in REM operation if byte 
position 2 is specified by low order 
address bits 

Complex Functions 
Systems with all of these capabilities are called content 
addressable parallel processors (CAPPS) by Foster. 0 Such 
machines are quite powerful. By interweaving recognition 
and multiwrite operations with appropriate use of bit 
masking, a CAPP is able to achieve speeds, flexibility, 
and programming ease well beyond the range of eveu 
very large and expensive conventional computers. 

Thus, as previously mentioned, a recognition operation 
can be followed by a multiwrite operation, using a mask, 
to flag all records meeting the particular set of recognition 
criteria. These flags may now be included in the criteria 
for subsequent recognition operations. 

It is easy to include "either-or" conditions in the recog
nition criteria. •Instead of asking in the above example 
for the records of all persons living in Kansas, one could 
specify Kansas, New Mexico, or Colorado. The appropri
ate REM system subroutine can multiwrite a flag in all 
records with Kansas, then try New Mexico and multiwrite 
a flag in the same position of these responding records, 
and likewise for Colorado; the resulting records with the 
flag are the ones that satisfy the disjunctive criterion. 

Some complex operations, among others, that are made 
possible by the abilities of REM include: 

(I) incrementing the count field of all records meeting 
specified recognition criteria, 
(2) bit by bit comparison of an input pattern with 
stored patterns, 
( 3) locating the record having the maximum value for 
a specified byte position or field ( eg, the count field), 
( 4) similar to ( 3) for minimum value (useful in alpha-

"Caxton C. Foster, Content Addressable Parallel Processors, 
Van Nostrand Reinhold, 1976 
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betic sorting, since alphabetic order corresponds to numer
ic in standard binary codes for alphabetic characters), 
( 5) finding best fit in pattern recognition situations in 
which there is not likely to be a perfect match, by com
bining (1), (2), and (3), 
( 6) printing out an ordered list (based on alphabetic 
or numeric order of the specified field) of all records 
meeting the specified recognition criteria, 
(7) moving information from one field to another within 
all records, or all records meeting specified recognition 
criteria, and 
( 8) . various logical operations upon flags. 

2-Word Sizes: Easy Interface With CPU 
As the above examples illustrate, an associative memory 
is most useful if it has a very large word size-much 
larger than that of ordinary computers. However, a very 
large word size could lead to two problems: a large bus 
is expensive, and the associative memory could be diffi
cult to interface with an ordinary CPU. The effects of 
these problems can in fact be seen by looking at prior 
associative memory designs. Associative memories have 
generally been built with their own tailor-made CPUS, 

capable of operating with very large word sizes. 
A simple solution, however, to the problem of interfac

ing with ordinary CPUS is the use of two word sizes. The 
smaller word is that of the CPU, simply called the word, 
as usual. In the case of most microcomputers, this is of 
course eight bits (one byte). The larger unit may be 
called the superword or REM record. Different varieties 
of REM may be built with different sizes of superwords. 
In the current version, the superword is 256 bytes long. 
This length is sufficient for most data records that would 
be put in to REM, and since 256 = 2s, 1 byte ( 8 bits) 

can serve to locate byte position within superwords. Of 
course, the user can put shorter records into the super
words-two, three, or more. The Figure illustrates a lay
out with two records per superword. (The terms entry 
and record are used interchangeably, although the term 
REM record is sometimes used for the full 256-byte super
word.) Different types of records, of different sizes, may 
also be stored in REM. For example, a language pro
cessing system could have 7 lexical entries of 30 bytes 
each (for lexical rules) and 3 syntactic rule entries of 15 
bytes each (for a total of 255 bytes) per superword. 

Since the smaller word-eight bits in the current de
sign-makes it easy to interface REM with a microprocessor, 
the memory needs no CPU of its own. REM can therefore 
be built as an add-in associative memory. The current 
version is designed for the S-100 bus, which means that 
an S-100 microcomputer can be converted into a CAPP 

just by plugging a REM board into the S-100 bus. 
The CPU can only operate upon one word at a time 

(one byte in the case of most microprocessors), but when 
it is performing a REM function, it operates upon the 
specified word position within all superwords in parallel, 
no matter how many there are. Multiple boards can be 
plugged into the same computer, subject only to power 
requirements ( 1.5 A per S-100 board) and the availability 
of slots. Since multiple boards are accessed in parallel, 
they can occupy the same address space if desired. How
ever for use with ordinary RAM functions, they must then 
be assigned to different banks. 

This discussion of associative memory, part one of a 
3-part series, will be continued in next month's column 
with the presentation of specifications and a description 
of the memory structure. The final part will detail various 
applications in which the REM may be utilized. 

Low Profile LED Keyboards 
High performance LEDs mounted inside keybutton give visual 
indication of function status. 10, 12, or 16 station keyboards 
easily mounted from front of panel. Square or round keys, key
top or overlay decal marking. Universal circuit and pin-outs 
interface with most logic. Unlighted keyboards offer same 
design advantages but without LED lighting. Low cost, depend
able, attractive. Wide selection of colors offer custom design at 
off-the-shelf prices. 
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Single station keyswitch modules, LED or unlighted, round or 
square, provide inexpensive method of assembling custom 
layouts or short-run prototype keyboards. Mount on PC or pre
punched boards with holes on .100" centers. Optional BCD or 
hexadecimal encoder "Adder-Boards" can be added to the Low 
Profile Keyboards. Compact packaging minimizes required 
space behind the panel. 
Get the complete story now. Write for colorful descriptive 
catalog covering complete keyboard line. 

n, SfJl~Q.~~yrG=-O 
. D 1139 BAKER STREET, COSTA MESA, CALIF. 92626 

® (714) 549-3041 TWX , 910/ 595-1507 

Other STACO Company products: Custom Transformers, STACO , 
INCORPORATED, Richmond , Indiana: Variable Transformers, STACO, 
INCORPORATED. Dayton, Ohio. 
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To im~ve our industry standard 
we took our best shot. 

-... --

Our 96S02 Schottky TIL dual 
retriggerable resettable monostable 
multivibrator has been the industry 
standard ever since we invented it. 
But now it 's getting some competi
t ion from Fairchild's brand new 
96LS02 Low Power Schottky TIL 
dual one shot. A lower power 
version of a proven, ti me-tested pa rt. 

If you have delay or high
speed timing needs, one of our 

one shots is right for you. 

Hot shot performance. 
Our one shots feature 

very short propagation 
delays to output. 12 ns 

for the 96S02. 35 ns for 
the 96LS02. 

Variable output pulse width 
between 35 ns and infinity over a 
1300: 1 range by use of the timing 
resistor alone. 

0-100% duty cycles allowed 
without jitter. 

Complete compatibility w ith all 
TIL families. 

All of wh ich provides a wide 
delay range. Stability. Predictable 
accuracy. And excellent noise 
immunity. 

CIRCLE 63 ON INCj)UIRY CARD 

Our one shots hit the bull's-eye. 
Our 96LS02 provides hysteresis 

on both trigger inputs and can 
utilize timing resistors up to 1 Mo. 

Our 96S02 provides hysteresis 
on the positive trigger input and 
can use timing resistors up to 2 Mo. 

And both require less power 
and less expensive timing 
components for long pulse widths. 

If you 'd like to take a shot at 
using our one shots in your next 
design, or if you 're just interested 
in more details, contact your 
Fairchild sales office, distributor 
or representative today. Or use the 
direct line at the bottom of this 
ad to reach our Digital Products 
Division . Fairchild Camera and 
Instrument Corporation, P.O. Box 
880A, Mountain View, CA 94042. 
Telephone: (415) 962-3716. 
TWX: 910-379-6435. 

F=AIRCHIL.C 

Call us on it. 
(415) 962-3716 
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Sin9le Board Holds 12-Bit Resolution Analo9 Input I 
Output System Compatible With Zilo9 Microcomputers 

MP2216 provides 12-bit, 32-channel 
analog input and 2-channel analog 
output on the. same board. Mechan
ically, electrically, and logically 
compatible with Zilog Z80-McB® 
and Z80-Mcs systems, the board is 
powered from the computer's 5-V 
logic supply. Logic levels and drive 
capacity are matched to the system 
bus. 

The input section accepts 16 dif
ferential cir 32 single-ended channels. 
Inputs ranging from millivolts to 
volts can be digitized because of the 
analog system's variable gain instru
mentation amplifier. Input range is 
set for ±10 V and amplifier gain is 
1. Throughput accuracy is ±0.025% 
FSR and throughput time is 40 µSI 
channel. 

The 2-channel output section ac
cepts 12-bit inputs from the data bus 
and converts them to analog outputs. 
Input data for each DAC are double 
buffered to minimize output glitches 
during data updates. Output ranges 
of ± 10, 0 to 10, ±5, 0 to 5, and 
±2.5 V at 5 mA are strap selectable; 
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ABO 
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output settling time is 10 p.S on all 
ranges. Bipolar and unipolar opera
tion are jumper selectable. 

Interfacing is accomplished primar
ily through a Z80 PIO that is con
tained within the system. The card is 
plugged into any l/O slots in the 
MCS chassis. For the MCB system, any 
slot that is first connected with the 
proper bus signals can be used. 

The board interfaces with the Z80 
l /o bus, occupying 10 locations for 
the complete l/o system. The first 
four locations are required for the 
PIO, the next two to transfer input 
channel address and board status, 
and the remaining locations to pass 
data to the two DACS. 

Data can be acquired from the 
analog inputs in either polling or in
terrupt mode. Programming is simpli
fied as all are treated as l /o loca
tions. The board's analog input sys
tem must be initialized to operate in 
either mode; the analog output sys
tem does not require initialization. 

Although factory set by Burr
Brown, International Airport Indus-

Compatible with Zilog 280 MCBW and MCS series 
microcomputers, Burr-Brown's MP2216 microperipher
al is a 12-bit, 32-channel analog input/2-channel 
analog output system. Operating from computer power 
supply, board has high level or low level inputs 
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trial Pk, PO Box 11400, Tucson, AZ 
85734, the onboard PIO and registers 
may be moved independently 
throughout the l / o address space. 
The only address selection limitations 
are that the PIO and board registers 
cannot occupy the same locations 
and that the three most significant 
address bits of both must be the 
same. 

The microperipheral board is 
available in two versions. The 
MP2216-Ao configuration includes all 
features of the MP2216 system. The 
MP2216 includes all features except 
the two DAcs. Prices in one to nine 
quantities are $745 and $595, re
spectively. 
Circ:le 432 on Inquiry Card 

16-Bit Microcomputer 
On Sin9le Board 
Has Advanced Capability 

Minicomputer performance and sys
tems capability have been combined 
with microcomputer board technol
ogy and economy to produce a 16-
bit single-board computer. The 
MCB/l microNOVA board computer 
from Data General, Route 9, West
boro, MA 01581 includes a 16-bit 
microNOVA CPU, 2k bytes of static 
RAM, sockets for up to 4k bytes of 
P /ROM, an asynchronous conununica
tions interface, and a 32-line digital 
l / o port on a 7.5 x 9.5" ( 19 x 24-cm) 
board. 

The CPU provides NOvA® archi
tecture, hardware stack and frame 
pointer, 16-bit hardware multiply 
and divide, realtime clock, hidden 
memory refresh, data channel ( DMA ) 
control, and 16-level priority inter
rupt. The metnory bus extends off 
the board, allowing addition of more 
memory. 

The digital l /o interface provides 
16 input lines, external interrupt 
line, 16 output lines, data strobe, and 
system reset line. It provides full
duplex communication with an asyn
chronous terminal or modem via a 
20-mA current loop or ElA Rs-232-c 
lines with speeds of 110 to 9600 
baud. Line speed, data bits, parity, 
and stop bits are jumper selectable. 
The l/O bus also extends off the 
board for expandability. The com-
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The biggest problem with buying a new computer is that you have 
to buy a new computer. An untried, unproven computer. 

The new Classic 7870, the newest member of the MODCOMP 
Classic family, solves that problem. Because it has all the perform
ance features of the Classic 7860, which we introduced earlier this 
year. Except for one thing. It has four times the memory capacity. 

With its large solid state 
memory (up to 2 million bytes) 
and an effective memory cycle 
time as low as 125 nanoseconds, 
it gives you the speed and ca
pacity you need for demanding 
scientific, engineering and large 
process control applications. 

And because the 7860 has al
ready been tried and proven, the 
7870 gives you something that 
no other new computer can 
offer you- a track record. 

Classic beats DEC, Interdata, 
Prime and SEL. 

In benchmark tests by com
puter users measuring both 
computational and I/0 perform
ance, the Classic 7860 has 
outperformed DEC's 11/70 and 
VAX. Interdata's 8/32. Prime's 
400. And SEL's 32/75. 

Hard to believe? Not really. 
Not when you consider some of 
the features we've built into 
the Classic. 

Both the 7860 and 7870 have 
our unique multi-word ( 16-64 
bit) architecture. Pipelined in
struction processing. Our super 
fast floating point processor. 
And hardware instructions that 
are specifically designed for fast 
Fortran execution. 

You don't have to trade 
reliability to get Cassie's 
performance. 

The best thing about the 
Classic isn't its performance. It's 
the fact that its state-of-the-art 
performance isn't achieved at 
the expense of reliability. 

CIRCLE 64 ON INQUIRY CARD · 

Since its introduction, the 
7860 has been tested exhaus
tively by computer users in both 
scientific and process control 
applications. 

They report that the Classic 
is as reliable as any computer 
MODCOMP has ever intro
duced. And that's saying some
thing. Because independent 
surveys have consistently rated 
MODCOMP computers as the 
most reliable real-time systems 
on the market. 

Why buy a new computer 
when you can buy our new 
computer? 

The Classic is supported by a 
comprehensive set of operating 
systems and network exten
sions that have been used suc
cessfully by some of the most 
demanding computer users in 
the world. We also provide all 
the documentation you need to 
implement it quickly and easily. 
Plus a worldwide network of 
service specialists. 

In fact, the only thing the new 
Classic 7870 doesn't give you is 
something you don't want anyway. 

The problems associated with 
new computers. 

For more information, send 
for our "MODCOMP Classic 
Family" brochure. 

·:~MODCOllR 
Dedicated to your success 

Modular Computer Systems, Inc. 
1650 W. McNab Road 
Ft. Lauderdale, FL 33309 
(305) 974-1380 
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Eliminating packaging constraints, Data General's MBC/1 is complete 16-bit computer on single 
board. It contains 16-bit microNOVA CPU with full NOVA architecture, hardware stack and 
frame pointers, realtime clock, OMA, priority interrupt, 2k bytes of RAM, 4k bytes of 
P/ROM, and 32-line 1/0 interface. System is supported by MBC/M multitasking software 
package 

puter is compatible with the micro
NOVA and NOVA 3 computer lines. 

Software includes a multitasking 
support package (MBC /M) with an 
emulator for program development 
under the company's operating sys
tems (nos, AOS, and RDos) and with 
a monitor for program execution. Op-

SBC Compatible 
64k RAM Implements 
Error Correcting Logic 

The necessity for higher data relia
bility and easier maintenance in MOS 
dynamic RAM storage for Intel SBC-
80 systems is provided by a family of 
RAM boards containing error correct
ing circuitry. Mupro's Computer 
Products Div, 424 Oakmead Pkwy, 
Sunnyvale, CA 94086 offers a com
plete line that includes seven mem
ory sizes: 4k, 8k, 12k, 16k (two 
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tional onboard ROM console debug 
and self-test diagnostics permit soft
ware development on larger mini
computer systems. 

With the software, users can write 
and debug applications programs on 
a development computer. A library 
of routines minimize the program-

versions), 32k, 48k, and 64k bytes. 
The 4k to 16k boards are available 
with 4k dynamic RAM; 16k and larger 
are available with 16k RAMS. 

Three configurations are available 
for each of the 8 board sizes-with
out error detection, with single-bit 
parity, or with single-bit error cor
rection and double-bit error detec
tion-for a total of 24 boards. All 
error correcting configurations have 
diagnostic indicators to pinpoint the 
precise memory chip in which any 
correctable error occurred. 

ming effmt necessary to implement 
applications. Utility programs gen
erate tapes for P/ROM burners; an 
optional console debug/ diagnostics 
program provides two 512 x 8 
PIRoMs that plug into the board's 
sockets. 
Circle 433 on Inquiry Card 

Error condition information is 
stored in an onboard register, and 
displayed by the onboard status LED 

indicators, which differentiate a sin
gle- or double-bit error, as well as 
the chip row and column in which a 
single-bit error occurred. Single-bit 
errors are automatically corrected in 
either case, and the system con
tinues to operate. Failed parts may 
be replaced as part of regular main
tenance. 

Each board is provided with on
board refresh of the dynamic RAM. 
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Our new MegaFloppy family of disk drives zeroes in on 
the needs of both large and small quantity OEMs. These 
5X-inch floppies offer the capacity you'd expect only from 
8-inch diskette drives, at 5X-inch prices. 

Our 1015 MegaFloppy lets large OEMs incorporate it right 
into their system. Select from the 1015 Mega Floppy Mod I and 
Mod 11135-track models. Or the Mod II and Mod IV 77-track 
models. They're double density single drives available with 
single or dual heads and capacities up to 946K bytes of for
matted storage per drive, when used with the Micropolis 
Intelligent Controller.™ You can also daisy-chain up to four 1015 
MegaFloppy drives-for a staggering total capacity of 
approximately four megabytes on-line. 

Or you can choose from our1055 MegaFloppy, complete 
system packages for small quantity OEMs. The 1055 Mega
Floppy Mod II and Mod IV are 77-track, dual drive models
featuring the integrated Micropolis Intelligent Controller. 

The Controller uses a simple, bi-directional interface, so 
an 8-10 chip personality card is all you need for attachment 
to a variety of 8 or 16-bit hosts. 

It performs data formatting, encoding and decoding. 
Sector buffering. Error detection and recovery. Provides versa
tile user commands. And interfaces easily with the host system. 

So, if your size and price needs call fora 5X-inch disk drive 
system, write to us about our million-byte MegaFloppy family. 

Just one more first from the citizens of Micropolis. 

MICROPOLIS™ 
More bytes in store for you. 

For a descriptive brochure. in the U.S. call or write Micropolis 
Corporation. 7959 Deering Avenue, Canoga Park California 91304. 
Phone (213) 703-1121. Or. better yet see your local distributor. 

The citizens of Micropolis introduce 
the MegaFloppy.M 

The first 5114-inch floppy that gives you 1 million bytes. 

CIRCLE 65 ON INQUIRY CARD 

Eric Dunstan 
Vice President 
Engineering 
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Provision for external refresh syn
chronization, such as the Z80 pro
vides, is also included. Battery ·back
up is included. Refresh logic and es
sential circuitry to power the RAMs 
are connected to a separate battery 
backup power distribution bus to 
mm1m1ze backup power require
ments. An input line for externally 
generated memory R/w protect in
sures against spurious R/w cycles 
during power fail switching periods. 

Single quantity prices range 
from $455 ( 4k without error correc
tion) to $2750 ( 64k with error de
tection and correction), with quantity 
discounts available. Delivery is 30 
days ARO. 
Circle 43'4 o n Inquiry Card 

Users Alter J1Computer's 
Operational Functions 
With Plug-in Cartridges 

Expandability of user programmable 
languages and simplicity of prepack
aged programs on magnetic tape 
cassette are featured in the SorcererT" 
computer, introduced by the Data 
Products Div of Exidy Inc, 969 W 
Maude Ave, Sunnyvale, CA 94086. 
The self-contained computer need 
only be plugged into a video display 
and cassette tape recorder to be a 
fully functioning system. It can op
erate one or two audio cassette tape 
recorders for playing applications 
programs on cassettes, serving both 
communications and timesharing ap
plications. 

Rom Pacur cartridges that plug 
into the side of the computer contain 
high level programming languages, 
operating systems, or special pro
prietary software. Standard BASIC 
comes with the computer; also avail
able or under development are a 
user programmable EPROM Rom Pac, 
an assembler, editor, disc operating 
system, and word processing package. 

System components are an 128 
ASCII set, 79-key keyboard with up
per /lower case alphanumeric char
acters and graphic symbols; 16-key 
numeric pad; Z80 microprocessor; 
12k ROM with power-on monitor 
program; and 8k RAM for user pro
gram space, expandable internally to 
32k. Addition of the company's 8-slot 
S-100 bus module and S-100 boards 
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Sorcerer computer from Exidy features keyboard enclosure 
housing complete electronics of system, based on Zilog's Z80 
microprocessor. Standard and optional components are de
tailed. User programmability is expanded with availability of 
plug-in Rom Pacrn cartri dges 

allow expansion. Dual cassette inter
face permits data rates of 300 or 
1200 baud. 

With 256 graphic expressions, the 
keyboard has 64 characters desig
nated, with 64 others that are user 
definable. Graphic resolution of 
122,880 points on the video screen 

OEMs Achieve Maximum 
Flexibility From Compact, 
Expandable System 

As the initial member of the L Sys
temsT" family, the PDP-11T03-L in
corporates the RL01 high density disc 
storage units with a 5.2M-byte ca
pacity in each of its two discs, a 
PDP-11/03-L microcomputer with 64k 
bytes of memory, and a choice of 
hardcopy or video terminals in com
pact cabinetry. A universal power 
supply permits quick conversion be
tween 115 and 230 Vac, at 47 to 
63 Hz. 

Digital Equipment Corp, Maynard, 
MA 01754 has supplied the system 
package with the latest version of 
the RT-11 operating system, version 
3-B permitting development of ex
tensive and sophisticated application 
programs, particularly suiting it to 
OEM needs. Standard software in
cludes an editor, macro assembler, 
and utilities. High level languages 

is produced in a 512 x 240 format. 
A total of 1920 characters can be 
displayed at once in 30 lines x 64 
characters, in an 8 x 8 format. A 
printer may be attached to the 
parallel interface to provide hardcopy 
output. 
Ci rcle 435 on Inquiry Card 

such as BASIC, FORTRAN IV, and APL 
are available as options. An extended 
floating point instruction set is also 
included. The system is priced at 
$18,000. 
Circle 436 on Inquiry Card 

Fast 1-Chip J1Computer 
Uses Emulator For 
Developing Prototypes 

The 40-pin NMOS single-chip micro
computer, R6500/l operates at 2 
MHz with a 1-µs minimum instruc
tion execution time. The device has 
an R6502 CPU instruction set, and is 
fully software compatible with the 
6500 family. The advanced system 
architecture which enables multiple 
addressing enhances its performance 
speeds. 

Onchip features include 2k x 8 
ROM, 64 x 8 RAM, 16-bit interval 
timer I event counter, 32 bidirection-
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When it comes to flexibility, the lnfoton 400 Data Display terminal 
can hand you all you need. 

Designed around the Z-80 microprocessor, it offers complete 
control of all Blocking and Editing functions through software settable 
modes. One thing that's especially easy to handle about the 1-400 is 
its cost; at $1,095 in quantities of 100 or more, it's the most versatile 
terminal for the price you can get your hands on. 

More information on the 1-400 is quickly within your grasp. Call 
lnfoton toll-free at (800) 225-3337 or 225-3338. Ask for Barbara 
Worth. Or write Barbara Worth at lnfoton, Second Avenue, 
Burlington, MA 01803. 
Prepared by Chickering/Howell, Los Angeles. 

CIRCLE 66 OIUNQJllRY CARD 
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1/0 ports, registers, and commands of Rockwell's R6500/1 single-chip microcomputer are treated as memory and are 
assigned specific addresses. This 1/0 technique allows full set of 6502 CPU instructions to be used in generation 
and samp ling of 1/0 commands and data. When instruction is executed with 1/0 address and appropriate R/W state, 
corresponding 1/0 function is performed 

al l /o lines, and internal clock 
oscillator. The 32 l/o lines are di
vided into 4 . 8-bit ports. Additionally, 
it has maskable and nonmaskable 
interrupts and an event-in/timer
out line. 

Four programmable counter modes 
of operation are freerunning with 
clock cycles counted for realtime ref
erence, freerunning with output signal 
toggled by each counter overflow, 
external event counter, and pulse 
width measurement mode. A 16-bit 
latch automatically reinitializes the 
counter to a preset value. Interrupt 
on overflow is software maskable to 
allow prototype circuit development. 

Rockwell International Corp, Elec
tronic Device Div, 3310 Miraloma 
Ave, PO Box 3669, Anaheim, CA 92803 
provides a 64-pin emulator, of which 
40 pins are electrically identical to 
the standard R6500/ 1 part. The de
vice provides all R6500/l interface 
lines plus routing the address bus, 
data bus, and associated control lines 
off the chip to be connected to 
external memory. An R6500/l per-
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sonality module for software and 
hardware development and in-circuit 
emulation is available as an option 
for the company's System 65 micro
computer development system. 

Synertek is second sourcing the 1-
chip microcomputer, which comes 
with either a 2- or 1-MHz internal 
clock. Quantity prices for production 
devices are under $10 for both mod
els. Single-unit prices for the emu
lator are $75 for the 1-MHz model 
and $95 for the 2-MHz version. 
Circle 437 on Inquiry Card 

Small Business µComputer 
Systems Operate in 
Timesharing Mode 

MicroStar 55 small business desktop 
systems consisting of a 12" ( 30.5-cm) 
video display, dual double-sided 
floppy disc drives ( l.2M bytes), 
MicroStar 10 single-board computer, 
48k-byte RAM, and detached type
writer keyboard with numeric pad 

can be configured as a data com
munications terminal or work sta
tion. The microcomputer board con
tains an Intel 8085A microprocessor, 
floppy disc controller, RAM, realtime 
clock, DMA, and priority interrupt 
supporting circuitry. It supports up 
to three users in timeshare mode, 
with two external RS-232 ports and 
a serial port for video display 
terminal. 

Micro V Corp, 17777 SE Main St, 
Irvine, CA 92714 has developed the 
$11,895 system to be programmed in 
ENGLISH n, which enables special 
reports to be generated. STARDOS and 
CP /M operating systems are sup
ported. 
C ircle 43 8 on Inquiry Card 

Imaging System Has 
Video 1/0 for Display 
Of Graphics and Text 

Consisting of two standard size S-100 
boards, the CAT-100 is a general 
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IN 
The 

It seems that, every day somewhere in 
the computer industry, somebody does 
something that catches a Jot of folks off 
balance. 

Except for one. IBM. 
No one is ever surprised by anything 

IBM decides to do. One anticipates as 
best as possible. Accepts. And adjusts. 

So it was when IBM announced its 
Series/ ! minicomputer last year. So too 
will it be, almost certainly, when Series/ ! 
comes to dominate the marketplace it 
has entered. 

IBM. Inevitable Business Machines. 

An incredible controller 
for the inevitable min i. 

We call it the MSC-1200. It could be 
called "the great go-between:' Whatever 
you call it, the MSC-1200 is the solution to 
harnessing big capacity disk drives to the 
IBM Series/ !. 

-II •• 

For many reasons. First, the 1200 is 
totally transparent to IBM's operating 
systems. That means no expensive, tirne
consurning, error-prone corruptions of 
IBM's operating software. Simply plug in 
the MSC-1200 host adapter on one 
side and up to four high density drives 
on the other. And that's it. 

Second is flexibility. Microcomputer 
Systems doesn't Jock you into one manu
facturer's drives or one particular drive 
technology. Be it removable or Winches
ter fixed media, using Ampex, Memorex, 
CalComp, CDC, Microdata, Okidata or 
Kennedy, no matter. The 1200 solution 
from MSC can accommodate them all. 

A proven performer. 
Loaded with features. 

The 1200 is the latest of Microcom
puter Systems' Series 1000 controllers. In 
the last three years, Series 1000 has pro
ven itself-in a wide range of minicom
puter operating systems and with an in-

stalled base of over 1000-to be the most 
maintainable and reliable in the industry. 
The reason is simple. Because the reason 
is simplicity. Modular, single board con
struction. Low parts count. On-board rni
crodiagnostics. Low stress design on all 
quality components. These features ac
count for both enhanced MTBF and the 
negligible Series 1000 downtimes that 
have been experienced. 

And yet, for all of its simplicity of de
sign, the list of operational features is as 
impressive as its performance record. 
Error correction. Sophisticated channel 
techniques. Automatic self-test. Logical 
to physical drive correlation. 

In the minicomputer marketplace, 
Series/ ! is the corner. It's inevitable. And 
the MSC-1200-thanks to its transpar
ency, data integrity, reliability, maintain
ability and price-is the controller. It's 
incredible. 

Microcomputer 
Systems 

440 Oakmead P"kway, Sunnyv"1• 0 California 94086 ( 408) 733-4200 
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Digital Graphic Systems' CAT-100 video interface system on 
two boards allows any S-100 bus microcomputer to input and 
output standard video signals at maximum video rate. Basic 
system configuration has 32k bytes of RAM. Also featured are 
lightpen input, eight status registers , resolutions to 512 x 512, 
and variety of modes including graphics, text, and photo 

purpose video imaging system for the 
S-100 bus. It features resolution to 
512 x 512, multimode graphic and 
text display with video 1/ 0 mapping 
functions, and built-in frame buffer 
capability. Any standard NTSC video 
input up to 6-MHz bandwidth is ac · 
cepted and digitized. Output data 
rate is SOM baud. The digitized 
image is mapped into the built-in 
32k-byte RAM buffer. 

Flexible Disc Drive 
System Doubles Online 
Storage Capacity 

The icoM® FD3812 dual-density, flex
ible disc system features a built-in 
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Also featured are gray scale to 16 
levels, realtime contouring opera
tion, 4 video output channels, 6 text 
formats, and lightpen mput. Digital 
Graphic Systems, 595 Matadero Ave, 
Palo Alto, CA 94306 offers extension 
capabilities of enhanced gray scale, 
color output, realtime analog video 
operations, and softwar~ in ROM. 

Circle 439 on Inquiry Card 

formatter and controller, two disc 
drives, a power supply, and cabinet, 
providing increased storage capacity. 
Full sector R/w buffers allow asyn
chronous data transfer. DMA data 
transfer is optional. Diskette write 

protect and operation of up to four 
drives by one controller are also 
included. Disc formats are IBM Disk
ette 1 single density or IBM Diskette 
2D dual density. 

Pertee Computer Carp's Microsys
tems Div, 20630 Nordhoff St, Chats
worth, CA 91314 is aiming the system 
at OEM and development laboratorv 
markets. Price will be approximately 
$2300 in OEM quantities of 100. 

The controller responds to 8-bit 
command words to transfer data, 
initiate DMA data transfer, or trans
fer buffer contents. Commands are 
also used to seek data tracks and 
format the diskette. 

MTBF exceeds 2300 h. Disc speed 
is 360 r/min with 10-ms track to 
track access time, 40-ms head load 
time, 5-ms sector R/w time, 83-ms 
average latency time, 700-ms auto
matic head unload time, and 1-ms 
interrecord time. Power requirements 
are 100 / 125 Vac, 60 Hz, 200 W 
maximum. Interfacing uses icoM 
plug-in interface and software, with 
up to l.2M-byte online storage pack
ages for most microcomputers. 
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Faster Floppy Disc 
System Interfaces With 
S-100 Bus Microcomputers 

The S-100 disc system from Info 
2000 Corp, 20630 S Leapwood Ave, 
Carson, CA 90746 combines the PerSci 
model 277 dual diskette drives with 
the company's mscoMEM disc con
troller board and Digital Research 
CP/M to provide all hardware and 
software needed for operation with 
any S-100 bus computer. Two spin
dles accept standard soft-sectored 
8" (20-cm) flexible diskettes. The 
system is compatible with IBM 37 40 
format. Voice coil positioning is used 
in the drives to provide faster seek 
times. 

The mscOMEM board also contains 
1 / 0 interfaces: two Rs-232 serial 
interfaces with software selected 
baud rates from 50 to 19.2k bits/s, 
three 8-bit TTL level parallel inter
faces, and provision for Bk of EPROM 
or for 7k of EPROM and lk of scratch
pad RAM. These 1/ o facilities allow 
the board to be combined with two 
other S-100 logic boards (CPU and 
32k RAM) to create a complete disc 
based microcomputer system. 
Circle 441 on Inquiry Card 
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You won't believe our 
Ballistic· Printer until you 

• • see one 1n print. 
Ancl in person. 

Unless you've been in 
hiding, you've probably 
heard about lSI's family of 
Ballistic Printers. Built With 
the same proven depend
ability of the Dumb Terminal 
and hiS Smarter Brothers. 

Our latest matriX printer, 
the 200A, comes With stan
dard features like a Space 
and Blank Character Compression Buffer. 
Tabbing over Blank Spaces ability Half Duplex 
or Full Duplex Operation. And a fully buffered 
input, optionally expandable to 1024 characters. 
Not to mention its microprocessor versatility; 
and firmware fleXibility 

To top it off, you can choose from options 
like Serial, RS232, Parallel, and Current lDop 
interfaces. Polling. X-ON, X-OFF And elongated 
character capability With a choice of either 
10, 12 or 16.5 Pitch. 

The Printer's reliability lies in the sim
plicity of its patented BalliStic head. Which 
ballistically propels the matriX wires to assure longer 
head life. Eliminating tube clogging With inks, dust, 

and paper fibers. Even 
wire tip wear iS substan
tially reduced. 

The BalliStic Printer 
uses a five-start lead 
screw and servo to print 
bi-directionally at 180 cps. 
Direct, simple, positive. 
And very accurate. 

But, seeing iS belieVing. 
So, if you'd like to be amazed by our BalliStic 

Printer in person, write or call us toll free 
(800) 854-3805. Just ask for Tom Hudspeth. 

If you haven't seen the Ballistic Printer 
in action, you haven't seen ballistic printing. 

Ballistic'" Printer. 
Tougher in the long run. 

LEAR SIEGLER, INC. 
ELECTRONIC INSTRUMENTATION DIVISION 
DATA PRODUCTS 

Lear Siegler, Inc.IE. I. D., Data Products, 714 Brookhurst St., Anaheim, CA 92803; (800) 854-3805. In California (714) 774-1010. 
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Ease of Operation 
Is Key to Business 
Computer System 

The Tandy 10 business computer 
system, introduced by Radio Shack, 
a Tandy Corp Co, PO Box 2932, Fort 
Worth, TX 76101, consists of a work
station with diskette drives inte
grated into a metal desk, and sepa
rate 60-char/s matrix printer. The 
workstation includes a video display, 
standard typewriter keyboard, 10-key 
calculator pad for numeric entry, 
and 15 keys for data editing. 

Each diskette holds up to 256k 
characters; internal memory capacity 
is 40k characters. Screen formatting 
language allows user prompting for 
data input. Extended BASIC comes 
with the system. FORTRAN IV and 
assembly level program languages, 
as well as other peripherals, are 
optional. 
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Industrial Memory 
Module Provides 
High Density /Low Power 

The cM4505 EPROM module serves 
a variety of industrial applications 
due to the fact that it provides for 
up to 65k bytes allowing realloca
tion of slots from memory to 1/ 0-

doubling the 1/0 capability-while 
dissipating less than 10 W of power. 
To supplement the MicroPac 80A 
line of microcomputers, Process Com
puter Systems, Inc, 750 N Maple Rd, 
Saline, MI 48176 has made the 
module 'i'TL compatible, with oncard 
voltage regulation, switch selectable 
base starting address, switch select
able socket enable/ disable, 16-bit 
address decoding logic, and provisions 
for choice of three EPROMs (2758, 
2716, or 2732) with 16 sockets to 
be used as needed. 
Circle 443 on Inquiry Card 

Full-Duplex, Bit Serial 
1/0 Terminal Provides 
Thermal Printing 

The Ps-48C printer is a 48-column, 
self-contained ASCII coded device 
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utilizing an F8'/3870 single-chip 
.microprocessor as system interface 
and controller. Modes of operation 
are TTL parallel or serial, Rs-232-C 
serial, and 20-mA loop serial. Signal
ing rates are llO or 300 baud in 
serial mode and up to 960 char /s 
in parallel mode. It operates inter
actively, printing one character at a 
time as they are received. Print 
format is a 5 x 7 dot matrix; 
throughput rate is 24 char Is . 

Integrated Microcomputer 
Features Display, 
Keyboard, and Software 

An 8085 microprocessor, 32k or 64k 
RAM, two 5.25" ( 13-cm) floppy discs, 

IMSAl's VDP-40 microcomputer in single 
cabinet for small business uses and 
development is based on Intel's 8085 
CPU. Other components of expandable 
unit are video display, floppy disc 
drives, and keyboard 

a 24-line x 80-char 9" (22.9-cm) 
CRT, heavy duty power supply, pro
grammable keyboard, motherboard, 

Telpar's PS-48C interactive 
thermal printer also serves as 
full-duplex , bit serial 1/0 ter
minal with addition of optional 
keyboard 

Formatted for teletypewriter and 
typewriter capability, the KB-59C 
keyboard interfaces to the printer, 
resulting in a full-duplex, Ilo 
terminal with bit serial II o. Key
board, printer subassemblies, print
ing mechanism, interface board, and 
power supply are offered separately 
by Telpar, Inc, 4132 Billy Mitchell 
Rd, PO Box 796, Addison, TX 75001 
for OEMS. 
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and serial and parallel 1/0 ports 
have been incorporated by IMSAI 
Manufacturing Corp, 14860 Wicks 
Blvd, San Leandro, CA 94577 into the 
video data processor. VDP-40, priced 
at $4500, is designed for small 
business functions, systems develop
ment, and use as a terminal in a 
data communications network. 

Software includes a disc operating 
system text editor, Extended and Com
mercial BASIC, relocatable assembler, 
linkage editor, and ANSI Level 2 FOR
TRAN IV. IMDOS, the company's floppy 
disc operating system, contains the 
8080 assembler, text editor, debug
ging program, and floppy disc system 
diagnostic program. 

Two optional double-density disc 
controllers can be supported, ex
panding the disc capacity to 5M 
bytes. Up to two miniature floppy 
drives and four floppy drives can be 
handled. Features of the CRT display 
include insert / delete, user program
mable character set, protected fields, 
inverse video variable fields, and a 
14-MHz bandwidth. The micropro
cessor controlled keyboard has N-key 
rollover, user defined special char
acters, and linedrawing characters. 
Circle 445 on Inquiry Card 
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• WANTED WANTED WANTED • • QM-1 AKA AN/UYK 7 • QM-1 AKA PASCAL MACHINE 

QM-1 AKA LITTON LC 4516 

QM-1 AKA IBM 360/50 

QM-1 AKA MOTOROLA 6800 

The OM-1 Also Known As 
: 

The Emulator 
The " computerhunt" for a single machine 

that can service a wide range of needs in a 
development laboratory ends with Nanodata's 
QM-1, The Emulator. The QM-1 can assume 
the identity of any computer, becoming exactly 
like the emulated machine down to the most 
minute detail. 

Software developed on the QM-1 wi II 
run unchanged on the emulated machine and 
vice versa. What is more, the QM-1 can 
change identities as often as the user chooses. 

Challenges that the QM-1 has met 
include digit?I design verification, critical 

software validation and hardware/ software 
trade-off analysis. Whatev~r the specific computer 
requirements - general p'urpose, avionic, 
military, minis, imbedded micros or 
HOL machines - the QM-1 can satisfy them. 

A typical QM-1 configuration costs 
approximately $300K. A cost-effective investment 
considering that emulators on the QM-1 
have been benchmarf<ed at speeds 35 to 100 
times faster than simulators on multi-million 
dollar systems. 

Talk to Mike Senft, Marketing Director, 
about specifics. 

~ 
NANODATA CORPORATION 

2457 Wehrle Prive, Williamsville, New York 14221 
Telephone (716) 631-5880 
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If you buy a DECwriter after reading this ad, you deserve it. 
Our popular Pussycat Printer and Model 1100 Interactive CRT Terminal. Together, they do a lot more than a 

DECwriter Ill and cost less. 
In fact, at $1795, it's like buying a top-quality printer and getting a terrific little CRT free. 
And what a CRT! The Model 1100 .displays 80 characters per line in an easy-to-read 9 x 12 matrix and 

communicates at up to 9600 baud. Compare that to DECwriter Ill's puny 1200 baud. 
Then when your results are ready, 

touch the PRINT key and the Pussy
cat printer lays down a whole screen
ful of characters in only 20 seconds. 
But, best of all, the CRT is ready for 
use again in 2 seconds or less. So the 
operator can go right back to work. 

The Pussycat Printer is silent, too. 
And, because you print only what you 
want, there are no mounds of un
sightly printout around the machine. 

Clean. Quiet. Inexpensive. The 
Pussycat Printer and the Model 1100 
CRT from Perkin-Elmer. Compared 
to a DECwriter Ill, they do more and 
cost less. 

./ 



A Perkin-...... "! .. ._. 

line drawing and a 100 cps thOW'ftl"il:al'· 
You can also plug the Pussycat Printer into our Owl-1200 Terminal and have a powerfut tHJnrna:: 

forms drawing capabilities and hard copy, too. 
Draw forms or bar charts on the Owl, then print them on the Pussycat. The Pussycat even prints inveref 

fields for highlighting charts. 
The Owl and The Pussycat. Another great CRT thermal printer combo from Perkin-Elmer. 
Call (800) 631-2154, toll free, to order your Pussycat and CRT. 
Or contact any of the Perkin-Elmer Data 

Systems sales and service centers or Full 
Service Perkin-Elmer Distributors listed on 
the following page. For more information, 
write Terminals Division, Route 10 and 
Emery Avenue, Randolph, New Jersey 
07734 or telephone toll free. 

CIRCLE 70 ON IN9UIRY CARD 

PERKIN-ELMER 
Data Systems 

Helping people succeed with computers. 
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IEE·E-488 Bus Interface 
Adds Flexibility at Low 
Cost to µComputers 

The MEE-888 GPIB, which meets the 
requirements of IEEE Standard 488, 
has been added by Control Logic, 
Inc, 9 Tech Circle, Natick, MA 01760, 
to its M-Series line of modular micro
computers. Functions of talker, lis
tener, and controller are accom
plished using this $495 interface with 
the appropriate controlling software. 
It may be added to any existing M
Series system, either Intel 8080 or 
Zilog Z80 based, having up to 64k of 
memory in any combination of RAM 
( lk and 4k boards) and EPROM ( 2k, 
2708 or 8k, 2716). 
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Three µComputers Range 
From OEM to Intelligent, 
General Purpose Systems 

A family of MCZ microcomputer sys
tems-presently consisting of three 
models-has been introduced by 
Zilog, Inc, 10460 Bubb Rd, Cuper
tino, CA 95014. A desktop, OEM 
oriented system, Mcz-1 / 05 uses the 
Z80 CPU and 16k dynamic RAM chips. 
It also includes two dual floppy disc 
drives with 600k bytes of online data 
and program storage, the Z80-MCB 
microcomputer board, and Z80-MDC 
memory disc controller board. Two 
open slots allow additional I /o 
expansion. 

Main memory capacity is 64k bytes 
of RAM, with 3k bytes of p /ROM 
and 32k bytes of RAM. Also featured is 
a serial I /o port with Rs-232-c or 
strappable current loop interface. The 
computer sells for $4750 in single 
quantities. A serial matrix printer 
interface and four serial I/o chan
nels are optional. 

An intelligent terminal with 4k 
bytes of RAM expandable to 52k 
bytes, a general purpose computer 
witti 32k bytes of RAM expandable 
to 64k pytes, a 9" (23-cm) CRT, 
and rackmounted floppy disc drives 
providing 600k bytes of online pro
gram and data storage have been 
added to the basic system to form 
the Mcz-1/60 desktop system. Sell
ing for $6990 in single quantities, 
the system is available in a version 
with desktop disc drives ( MCZ-
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1/62). It provides the OEl\f with a 
high performance, low cost micro
computer system for general business 
applications. 

User interaction is via the CRT 
monitor with 24 lines x 80 char and 
a graphic mode, and a detached key
board with 128 ASCII u/lc char, 10-
key numeric pad, and 13 user de
finable function keys. Other features 
are dual Z80-McB boards, Z80-MDC 
board, Z80-VDB video board, and six 
open slots for I/o expansion. Both 
of the systems are supported by 
COBOL, PLZ, BASIC, and FORTRAN IV, 
all of which run on the company's 
RIO operating system. 

The final system Mcz-1/90 fur
ther expands the line by including 
lOM bytes of moving head disc stor
age for main file management run 

Compact Paper Tape 
Reader Operates 
At Low Speed 

Reading up to 120 char /s with a 
compact mechanism containing only 
one moving part, the 4030 is an 
optical, bidirectional reader for 5-, 
617-, and 8-track tapes with up to 
60% transmissivity. By separating 
tape handling from reading, Facit
Addo, Inc, 66 Field Point Rd, Green
wich, CT 06038 can offer the unit 

MCZ-1 /60 microcomputer imple
ments an intelligent terminal and 
general-purpose computer in 
single enclosure. Two other mem
bers of Zilog fami ly are MCZ-1 /90 
system offering intelligent ter
minal with keyboard and video 
monitor, general-purpose com
puter, and 10M-byte drive; and 
MCZ-1/05 OEM microcomputer 
containing ZBO CPU and 16k 
dynamic RAM chips 

by a separate Z80 microprocessor. 
Additional storage is obtained from 
two single-sided removable mm1-
floppy discs. Using three Z80 CPUS, 
the computer sells for $16,800. It 
supplies OEMS with expanded storage 
for use in medium-scale business data 
processing applications. 

The major variation between the 
1/90 and 1/60 is the file manage
ment performance increase of the 
former system. This is enabled be
cause part of the operating system 
is downloaded to 16k of high speed 
static memory in the disc controller. 
Data transfer to and from the mov
ing head disc and static memory in 
the disc controller is handled by 
the Z80-DMA circuit, producing high 
speed DMA. 
Circle 447 on Inquiry Card 

with four interchangeable tape han
dlers: 4008 lock pin unit for tapes 
shorter than 65 ft ( 19.8 m), 4009 
supply wheel for 65 to 165 ft ( 19.8 
to 50 m), 4013 servo spooler for up 
to 330 ft (100.6 m), and 4019 tape 
bin for fanfolded tapes. 

Combined with the 4070 tape 
punch, the reader forms the 4040 
Combi with control panel, but sepa
rate interfaces. Six standard European 
and u.s. versions of serial and parallel 
interfaces are available. 

Low speed 4030 tape reader 
from Facit-Addo can be 
equipped with tape handling 
mechanisms for four tape 
lengths or fanfold. Clock
wise from left are two 4030 
units, 4040 high speed 
punch and reader combi
nation unit, two other 4030 
uni ts, 4020 high speed 
reader, and 4070 high speed 
punch 
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COBOL Extends 
Facilities to Meet 
Microcomputer Needs 

Designed for microcomputer, small 
business system, and terminal user 
markets, especially for those who 
wish to develop programs on their 
own machines, Intel 8080 cis (Com
pact Interactive Standard) COBOL in
cludes such extensions as advanced 
data entry facilities, runtime input 
of file names, line sequential files 
hexadecimal literals, rapid develop: 
ment facilities, lower case, and inter
active debugging. During the pro-

Multilevel System Offers 
Concurrent Operation and 
Disc Operating System 
Providing both edit and realtime 
program areas that run concurrently, 
BASIC & oos of Heurikon Corp, 700 
W Badger Rd, Madison, WI 53713 
also incorporates a disc operating 
system with efficient file management. 
Running independently from the key
boar? and program editing functions, 
realtime programs are given highest 
operating priority and may be started 
automatically in response to external 
stimuli. Edit area programs will be 
interrupted to service realtime op-

Three Software Packages 
Facilitate Use of 
ZSO Microcomputers 
A software Disc BASIC interpreter 
XDBn', a dynamic software debug
ging utility z BUG, and a LINKER 
utility program for binding individual
ly compiled modules into a single 
program have been announced by 
Xitan, Inc, 1101-H State Rd, Research 
Pk, Princeton, NJ 08540 for use with 
Zilog Z80 microcomputers using a 
Digital Research CP/MT" disc op
erating system in at least 32k of 
memory. Using only 18k, XDB sup
ports a console, reader, punch printer, 
and multiple disc files. Capabilities 
provided include LOAD GO commands 
TRACE function, privacy statement' 
intercepting error conditions, and 
global editing. With faster execu
tion, the software supports additional 

gram development cycle, the pro
grammer uses his editor to provide 
a source file. 

A command loads the single-pass 
compiler to convert the source pro
gram to a compact intermediate (ob
ject) code. Another command loads 
the Runtime System, which in turn 
automatically loads the application 
program. Compilation errors can be 
corrected on the list file, and then 
resubmitted to the compiler as a 
source file. In addition, Micro Focus 
Ltd, 18 Vernon Yard, Portobello Rd, 
London 11 2ox, England is offering 
an ANSI 7 4 compatibility option. 
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erations. When the realtime program 
finishes, control returns to the edit 
program. 

File management architecture al
lows variable length files to be 
cataloged on the diskette. For maxi
mum utilization of the diskette area 
sectors are attached to the end of 
a file as they are created or modi
fied, and returned to the available 
space pool when available. 

The system runs the company's 
MLz-80 microcomputer system (see 
Co-mputer Design, Feb 1978, p 158) 
and is Intel SBC Multibus compatible. 
It comes on diskette or in EPROM. 
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mathematical and string functions as 
well. 

z BUG extends techniques for de
veloping assembly language programs 
with the addition of user controlled 
data formatting, flexible trap capa
bilities with tracing, and powerful 
expression evaluation of mer entered 
data. Requiring 13.25k bytes, the 
utility provides for specifying the 
RADIX for three types of data and 
displaying the next instruction be
fore execution; it also has six com
mands for memory data manipulation. 

Operating faster than recompiling, 
LINKER features assigning of abso
lute memory address to each module 
segment, relocatable code in each 
segment, and use of a SUBMIT file. 
Each compiled module may access 
code and data defined in other mod
ules. O 
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I AROUND THE IC LCCP I 

TECHNOLOGY STATUS REPORT 
ON RECENT NMOS ·PROCESSES 

Scott Smith and Eric R. Garen 
Integrated Computer Systems, Inc, Santa Monica, California 

M etal-oxide semiconductor technology has long been 
the mainstay in fabricating complex semiconductor cir
cuits such as high density memories and microprocessors. 
Its appeal is based on easy fabrication processes in gen
erating transistors plus the simplicity, low power dissipa
tion, and small size of its logic circuits. 

Several semiconductor manufacturers are continuing in
tensive research and development efforts to obtain even 
greater performance from metal-oxide semiconductor 
(MOS) technology, maintaining a general evolution toward 
ever smaller MOS devices. Two of the promising develop
ments evolving from these efforts are the HMOS and 
VMOS processes being developed by Intel Corp and 
American Microsystems, Inc, respectively. HMOS is an 

SUBSTRATE 

160 

CHANNEL 
LENGTH 

acronym for high performance MOS, while VMOS stands 
for V-groove (or V-shaped groove) MOS. Both are n-chan
nel processes. 

Scalin9 Down MOS Devices 

Prior to the development of HMos, the size of the transistor 
itself was not reduced; instead, the width of the inter
connecting conductors was narrowed to increase circuit 
density. Beginning two years ago, Intel engineered the 
technique necessary to reduce the transistor size itself 
while maintaining, or even improving, performance and 
reliability. HMOS is the technique of increasing perform
ance in digital chips by scaling down the size and pa-

Fig 1 MOS transistor. By scaling down each 
physical dimension and by increasing substrate 
doping level , HMOS offers substantial improve
ments. First, increasing doping of substrate in
creases channel resistivity. This results in lower 
junction capacitance and reduced substrate ef
fects, while increasing effective carrier mobility. 
Reducing gate-oxide thickness increases gain 
and punch-through voltage, and reduces body 
and short channel effects. Reducing channel 
length results in reduced gate capacitance and 
improved speed and density 
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rameters of the individual Mos devices (transistors, diodes, 
resistors, and capacitors) . 

Furthermore, with smaller devices, the manufacturer 
has the choice of making the chip die smaller (and lower
ing the cost by getting more dice per wafer), or of put
ting more devices on a given die size. Intel and several 
other NMOS suppliers are concentrating on this evolu
tionary approach because (in addition to providing higher 
yields from smaller die sizes) it evolves directly out of 
standard silicon processing, requiring neither new device 
structures nor new circuit schemes. 

Scaling down of Mos transistors involves several linear 
dimensions, as illustrated in Fig 1. The HMOS technique 
reduces each of the following parameters by a scaling 
factor, S: channel length, gate-oxide thickness, junctioi1 
depth, and lateral diffusion. Original gain of the device 
is restored by multiplying the substrate doping level by S. 
These changes reduce the device size, providing greater 
density. 

Increased speed is obtained by also reducing the sup
ply voltage by a factor of S. Together with the previous 
parameter scalings, this reduces the supply current, para
sitic capacitance, and gate delay by the same factor. 
Further benefits are that the power dissipation is reduced 
by a factor of S2 and the power-delay product is improved 
by a factor of S3 . Table 1 illustrates these benefits with 
a side-by-side comparison of NMOS and HMOS versions of 
the 2115 RAM. 

Although faster speeds, better densities, and lower 
power levels are benefits of scaling down, some disadvan
tages are incurred. Improved semiconductor fabricating 
facilities are required, including the ability to build more 
finely patterned geometries, produce thinner and purer 
oxides, improve isolation methods, and increase control 
of metalization and alignment. As the devices shrink and 
become more dense, care must be taken to design against 
nonideal device laws and second-order effects. Also, the 
benefit of a reduced power requirement carries with it 
the problem of necessary reductions in power supply 
voltages. With 5 V widely accepted as a primary supply 
voltage, users may be unwilling or unable to switch to the 
2 to 3 V that HMOS will demand by 1980. 

VMOS Technology 

Unlike HMOS, VMOS is an altogether new technique com
bined with conventional MOS processes. Formally, VMOS is 

Fig 2 Cross-section of VMOS channel. 
Device is manufactured by depositing 
layers of differently doped semiconductor 
material on n+ substrate. Channels are 
formed by etching V-groove into n- epi-
taxial layer such that p + material ad
jacent to groove becomes channel. Gate 
is formed by depositing insulating layer 
of silicon dioxide followed by layer of 
aluminum 

defined as "an anisotropically-etched, double-diffused MOS 
process." In simpler terms, this means that a special 
solution is used to etch grooves having a V-shaped cross
section through several epitaxial layers to fabricate tran
sistors (Fig 2). 

The substrate consists of n-doped silicon, which is con
nected as the common drain to all of the transistors in 
the wafer. Then, the following layers are deposited in 
succession: (a) a less heavily doped n-layer, (b) a p-type 
layer, and ( c) a layer of n-material. The gate structure 
is created as follows. First mask is applied so that a small 
rectangular area is exposed to a special etching solution. 
This etching solution has the special ( anisotropical) prop
erty of attacking the silicon as a crystal; ie, it dissolves 
the silicon along the crystal structure. The crystal struc
ture is such that the etching causes a "V" pattern to be 
formed. When the bottom of the V has been formed, the 
etching automatically stops. Then an insulating layer of 
Si02 is deposited across the surface of the chip except 
for the junction of the n and p wells, which will form the 
source. Finally, aluminum is deposited to form the gate 
(as shown) and to provide the source connections. 

This VMOS structure behaves as an n-channel enhance
ment mode MOS field-effect transistor ( MOSFET). When 
the device is off, the drain is positive with respect to the 
source, resulting in a reverse-biased junction through 
which no appreciable current flows. If, however, a 

TABLE 1 

Comparison of Equivalent NMOS and HMOS Versions 
of Intel's 2115 High Speed 1k Static RAM 

1976 1977 
Parameter (NMOS) (HMOS) 

--- ---
Channel length {µm) 5 3.3 
Gate oxide thickness (A) 1100 700 
Die size (mil') 18,500 10,200 
Typical access time (ns) 45 22 



TABLE 2 

Comparison of 4k Static RAM Fabrle11tlon Technologies 

Classlfi· Speed Power 
Technology cation Mfr Model Conflg (ns) Dissipation (mW) 

HMOS MOS Intel 2147 4k x 1 55/70* 900(150)/800(100). 
VMOS MOS AMI 2114 1k x 4 120 250 
l8L Bl polar Fairchild 93481 4k x 1 100 450 
NMOS MOS National 8255 1k x 4 250 482 
Bipolar Bipolar Tl 74500/01 4k x 1 75 500 

*HMOS device has two speeds and two power dissipations; standby power when chip deselects la shown In parentheaea 

positive voltage is placed on the gate with respect to 
the source, electron carriers are induced from the source 
into the P+ body (the channel) through their attraction 
to the gate. Once in the channel, the electrons are attracted 
to the positive drain, and current flows. 

The advantages of VMOS over conventional MOS tech
nologies derive from the vertical alignment of the MOS 
transistor. Because it is easier to control the depth of a 
deposited material than to maintain the lateral dimensions 
of the masking process, the length of the channel is closely 
controllable. Shorter channel lengths are possible, resulting 
in reduced capacitance and higher speed. Futhermore, 
arranging the transistor in a more vertical orientation re-

The lntecolor 8080 Development System Gives 
You Total In-House Control. You probably already 
realize that an in-house development system 
would give you a lot more control, flexibility and 
efficiency. 

You may not realize that now you can afford 
one. Our new low-cost 8080 development system 
features a 19-inch, 8-color data entry terminal 
with an Intel 8080 micro computer. A 110 CPS bi
directional desk top printer. A dual mini disk drive 
and our 2708/2716 PROM programmer. It also 
includes a sophisticated ROM-based Text Editor 
and Assembler. And as an option, a FORTRAN 
compiler with double precision by Microso~ 

Call today 800/ 241-9888 
toll-free for a demonstration. a 
COior communicates letter 

Intelligent Systems corp.* 
5965 Peachtree Comers East/Norcross, Georgia 30071 
Telephone 800/241-9888 TWX: 810-766-1581 
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sults in a more compact transistor, which, in turn, allows 
greater device density without scaling. Indeed, scaling may 
be applied to already dense VMOS devices to achieve 
even greater density. 

A primary disadvantage is that, being a new transistor 
fabrication process, vMos requires extensive mask re
design to fabricate existing chips. Thus, it is primarily 
interesting for new chip design, rather than size (and 
cost) reduction of existing chips. Furthermore, the VMOS 
structure somewhat increases the processing complexity 
and requires new or adapted fabrication equipment to 
handle both diffusion and the V-groove etching. 

Impact of Technologies 
It is the general practice of semiconductor manufacturers 
to use memory circuits as the initial proving grounds for 
new fabrication methods. Both Intel and AMI have intro
duced 4k static RAMS using HMOS and VMOS, respectively. 
Intel's HMOS 2147 (a 4k x 1 device) is available in two 
speeds. The faster version has a 55-ns access time and 
draws 180 mA (30 mA in standby); the slower version 
runs at 70 ns and draws 160 mA ( 20 mA standby). Each 
has a special feature that causes it to go into standby 
mode whenever it is deselected, thereby saving significant 
power. Intel is also using this technology for the 8086 16-
bit microprocessor. Not only does HMOS enable the 16-bit 
processor to be built on a single chip, the processor will be 
significantly faster than conventional NMOS circuits. It will 
execute a ( 16-bit) register-to-register addition in 600 ns, 
compared with the typical 1300 to 2500 ns of present 
8-bit NMOS microprocessors. 

AMI's 2114 is a lk x 4 VMOS device. It features a 
typical delay of 120 ns at 50 mA. In addition, AMI is 
building lk static RAMs to compete with bipolar devices; 
the VMOS 4015 and 4025 operate at 60 and 45 ns, respec
tively. Supply current for both devices is a respectably 
low 125 mA. 

The values for 4k RAM speeds and power are interesting 
to compare with other semiconductor technologies. Fair
child is pursuing higher performance RAMS utilizing 
isoplanar integrated injection logic (ISL) while RCA and 
Hewlett-Packard are using CMOS on sapphire (sos). Table 
2 presents the characteristics of some 4k static RAMS that 
use the various new technologies. Based on these first 
commercial devices, it appears that both VMOS and HMOS 
technologies compete very strongly with 13L, sos, and 
other non-NMOS technologies. It remains to be seen if a 
single dominant technology will emerge, but first indica
tions are that all can result in significant cost and per
formance improvements. 
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COMPUTER DESIGN ENGINEERS/PROGRAMMERS/ ANALYSTS 

our new data processing 
systems make 

"easy upward migration" 
a reality. so do tnese career 
opportunities in Wichita. 

NCR's family of business-oriented com
puters are more than interactive, real
time systems. They're readily upgraded 
into higher level systems without scrap
ping any equipment or programs. All of 
our systems, minis and micros alike, are 
"total hardware/software systems"
specifically designed for smooth upward 
migration. 

Career paths at Engineering and 
Manufacturing, Wichita, work much the 
same way. We've eliminated dead-end 
specialization. You'll become part of a 
hardware/ software task force that gets 
to work on every phase of development 
and application. Our flexible methodol
ogy will give you wider involvement than 
you've ever known before. 

And you 'll find more than a fast paced, 
"ample-room-at-the-top" environment in 
Wichita. Wichita is non-stressful . .. re
laxed ... neighborly. With a metropolitan 
population of almost half a million, it is 
still a place where in 10-15 minutes of 
light traffic driving you can be home in a 
fine community. A place where you can 
walk safely at any hour of the night and 
soon know hundreds of your towns
people by their first names. 

Our career opportunities are almost 
as wide as Kansas itself. 

HARDWARE ASSIGNMENTS 
Require BS/MS in EE or CS with 
relevant experience. 
Design Engineers-Peripherals 
These assignments generally focus 
on development of OEM periph
erals using bisync, NCR/DLC, and 
other types of interfaces. You'll 
work on logic design and firmware 
development for microprocessors. 

Design Engineers-R&D 
Work on the next generation of 
NCR's successful computers . Es
tablish functional specifications, 
plan programs, develop systems 
architecture alternative. 
Engineers-Power and 
Standards 
A/C Circuit design for 1/0 adapt
ers and power supplies. Problems 
include minimiz ing EMI, RFI, ESD 
by filtering and shielding tech
niques. One of these positions re
quires experience with interna
tional standards for acoustics and 
safety testing. 
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SOFTWARE ASSIGNMENTS 
Require BS/MS in CS with relevant 
experience. 
Senior Programmers/ 
Systems Analysts 
These are high-level positions, 
several involving group leadership 
and technical direction. Develop
ment of software architecture and 
OS implementation for new-gen
eration minicomputer systems; 
maintenance of support tools for 
existing systems. Experience in 
real-time systems design. 
Programming Consultant/ 
Analysts 
These positions call for extensive 
experience (5-1 O years) in OS de
sign to provide technical leader
ship in division software oesign 
projects. 

Programmer Analysts 
Provide support for utility module, 
including designing, coding, docu
menting, and testing for source/ 
functional compatibility, Will plan 
procedures and monitor through 
release. Or, alternatively, do test 
planning, performance measuring, 
integrate COBOL for small com
puters, and help lead design effort 
in system simulation. 

Please send resume, indicating 
both position of interest and sal
ary history, to: Mr. Jerry Long, 
Manager, Professional Recruit
ment, Dept. CD-8, NCR Corpora
tion, Engineering & Manufactur
ing, 3718 N. Rock Road, Wichita, 
KS 67226. (316) 687-6192. 

rn~m 
Complete Computer Systems 

An equal opportunity emploter 
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Fully TTL Compatible SDLC Chip Replaces 70 Logic ICs 
in Data Communications Applications 

An NRZI encode/ decode option, a 
digital phase lock loop when in 32X 
mode (an option), and a baud rate 
claimed to be three times faster than 
previously achieved (de to l.5M 
bits Is) are unique features of an 
MOS LSI programmable synchronous 
data link controller recently intro
duced. The so 1933, from Western 
Digital Corp, 3128 Red Hill Ave, 
Newport Beach, CA 92663, uses SDLC 

line protocol to interface parallel 
digital systems to synchronous serial 

data communications channels. It is 
fully compatible with IBM, HDLC, and 
ADCCP specifications and the manu
facturer claims that in some data bus 
applications the device will replace 
nearly 70 currently used logic 1cs. 

SDLC protocol includes zero inser
tion and deletion, CRC generation and 
checking, and automatic detection 
and generation of special control 
characters ( eg, FLAG, ABORT, INVALID, 

and IDLE). A direct memory access 
mode is available, and the device is 

DAL BUS 

COMMAND 
REG 1 

COMMAND 
REG 3 

REC HOLD 
REG 

STATUS 
REG 

ADDA 
REG 

NAZI 

RD NAZI 
OPTION 

FLAG 

ABORT 

IDLE 

COMPARATOR 

GO AHEAD 
CONTROL 

directly compatible with the com
pany's DMA controller, the 1833. 
Double buffering of data enables the 
receiver buffer to hold data and 
status information while the trans
mitter buffer holds data and control 
information. 

With NRZI option, the transmitter 
encodes transmitted data to NRZI 

format; since the receiver expects 
NRZI data, it decodes the NRZI 

encoding. In NRZI encoding the out
put remains in the same state to 
send a binary 1 and changes state 
to send a bina1y 0. 

INTA 
REG 

NAZI 
OPTION 

ABORT. FLAG INSERT 

TD 

ZERO 
DELETION 

RECEIVER REG 
IAAI 

TRANSMIT REG 
ITAi 

ZERO 
INSERT 
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CRC CHECK REG 

COMPUTER 
INTERFACE CONTROL 

DAQI DAQO 

INTRO 

CAC ERROR 
CAC GEN REG 

LOOP 

MODEM 
INTERFAC E CONTROL 

CLOCK 
CONTROL 

1X / 32X TC 

Block di~gram of Western Digita~ SDLC organization. Chip is TTL compatib le on all inputs and outputs. 
Only a single 5-V power supply 1s required. Options include end-of-block facility for transmitting blocks of 
data during a frame, 1X/32X transmission, NRZI, and go ahead control which allows chip to operate as 
data repeater 

(Continued on p 166) 



iCOM®'s new Real lime Saver, is a 
real-time operating system (RTOS) 
designed to work with a double-density 
flexible disk system . It takes the 
headaches out of microcomputer 
development. Saving you software 
design time which shortens your 
development cycle, cuts lead time, 
and significantly 
reduces programming 
time. 

Our new Real lime 
Saver is a tightly 
written software 
program developed 
especially for OE Ms 
with all the real-time 
control features you 'd 
expect on a larger mainframe: 
multitask control and management, 
intertask communications and 
synchronization, 1/0 management and 
interrupt processing, real-time clock 
control, resource management and 
protection, and file management. The 

system comes complete with a 
development package including editor, 
assembler and utilities. 
A full megabyte of storage. 

We even help keep your end product 
hardware costs down. Our Real lime 
Saver needs only 2K of memory for its 
control functions with less than 8K 

needed for the 
complete system 
including console 
driver, multi-unit disk 
driver, file manager 
and buffer. It operates 
with our new FD3812 
double-density disk 
drive subsystem with 
dual drives and a 

built-in controller capable of handling 
up to four drives. A compact, powerful 
package that delivers twice the 
capacity of single density drives for 
only a little more cost. 

Intel 8020 or S-100 bus compatible. 
The iCOM Real lime Saver is so 

versatile you can have your choice of 
which microcomputer best fits your 
design, either 8020 or S-100 bus. With 
exclusive features available only from 
iCOM, the first name in 
Microperipherals®. For example, 
there's our superior ROM for complete 
debugging including multiple 
breakpoints. Tasks can be created or 
terminated dynamically. Reentrant or 
sharable tasks are supported. And, 
multiple controllers can be used with 
the same software. 
The Real Time Saver. 

When you need real-time control for 
your microcomputer design, look to 
iCOM. We have the Real lime Saver. 

For more information on the Real 
lime Saver, or other iCOM 
Microperipherals, call us today at (213) 
998-1800, TWX (910) 494-2093. Or 
write iCOM, 20630 Nordhoff Street, 
Chatsworth, California 91311. 

iCOM; the first nante in Microperipherals® 
Wlru® 

Products of ~ Pertee Computer Corporation 

Buil t and backed by Pertee Computer Corporation (world's leading independent producer of computer peripheral equipment and distributed processing and data entry systems) 

@1978. 1COM- is a regis!ered Hademark of Pertee Computer Corporation 
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Using the IX/32X option, when 
high the chip expects IX clocks (both 
receiver and transmitter) and will 
send data accordingly. When low, the 
chip expects 32X clocks and will 
generate IX clocks. The receiver syn
chronizes its IX clock to each data 
transition. Transmitted data change 
on the rising edge of TC (transmit 
clock) and received data are sampled 
on the falling edges of RC (receive 
clock). 

Other capabilities include an end
of-block facility, and a go-ahead op
tion. End-of-block, used when blocks 
of data are transmitted during a 
frame, causes the frame check se
quence to be executed upon 'co~ple
tion of the present command. The 
go-ahead option allows the chip to 
operate as a data repeater with a 
I-bit delay between receiver and 
transmitter, permitting the device to 
be used as a secondary station in a 
loop configuration. 

An 8-bit receiver register ( dia
gram) inputs received data at a clock 
rate determined by the receiver clock. 
Incoming data are assembled to a 
5-, 6-, 7-, or 8-bit character length 
and then transferred to the receiver 
holding register ( RHR). At this time, 
data request input (DRQI) is made 
active, informing the computer that 
the RHR contains data. 

The 8-bit parallel receiver hold
ing register presents assembled re-

ceiver characters to the bidirectional 
data access lines (DAL) bus when ac
tivated via a read operation. When 
the RHR is read by the computer, 
DRQI is made inactive. 

An 8-bit comparator compares con
tents of the address register with the 
address field of the incoming frame. 
This is enabled by a bit in the com
mand register. If enabled and there 
is a match, the received frame is 
input and DRQIS are generated. If 
enabled and there is not a match, 
the received frame is discarded. If 
not enabled, all received frames are 
input to the computer. 

The 8-bit transmitter holding reg
ister ( THR) is loaded with data from 
the DAL by a write operation. Data 
request output (DRQO) is also reset 
by the write operation. Data are 
transferred to the transmitter register 
when the transmitter section is en
abled and the transmitter register 
is ready for new data. During this 
transfer, DRQO is made active, inform
ing the computer that the THR is again 
empty. 

This chip, fabricated in n-channel 
depletion load MOS technology, is 
available in both ceramic and plastic 
packages. Its 8-bit architecture en
ables the device to provide a full 
set of modem controls, with program
mable modem control interrupts. It 
can be used with all types of main
frame, minicomputer, and microcom
puter data buses. Unit prices for the 
40-pin package begin at $25 in IOO 
quantities. 
Circle 350 on Inquiry Card 

Communications Chip Reduces Overhead in 
Microprocessor Systems 

SYSTEM 
PAOCESSOA: 

DATA 
BUS 

CONTROL 
BUS 

PARALLEL 
110 

INTERFACE 

DATA 
BUS 
BUfFER 

A\ SELE CT 

I---+-·~... ~ONTllOL 
l----..1 LOGIC 

RECEIVER 
SECTION 

TRANSMITTER 
SECTION 

SERIAj DATA IN 

SERIAL 
DATA OUT 

Many software programmable and 
hardware control features that re
duce system complexity and micro
processor overhead during serial data 
transfers are implemented on the 
single chip INS8250 asynchronous 
communications element (ACE). The 
device operates as an UART in per
forming serial-to-parallel and paral
lel-to-serial conversions, and provides 
programmable baud rate generation, 
programmable serial message for
matting, status reporting, and com
plete modem control. It readily in
terfaces to microprocessors such as 
the 8-bit sc /MP, I6-bit PACE, 8-bit 
Z80, and I-chip 8085. To reduce soft
ware overhead during data charac
ter transfers, the device prioritizes 
interrupts from receiver line status, 
receive data ready, transmitter hold
ing-register empty, and modem status. 

The qevice's functional configura
tion is programmed by system soft
ware via a Tri-StateR 8-bit bidirec
tional data bus. Its CPU can read 
the complete status of the device at 
any time during the functional op
eration. Status information reported 
includes type and condition of trans
fer operations being performed, as 
well as any error conditions (parity, 
overrun, framing, or break inter
rupt). 

A programmable baud rate gen
erator on the chip accepts any clock 
input from de to 3.I MHz, dividing 
it to select baud rates from 50 to 
56,000. Divisors, loaded during initial
ization, are stored in two 8-bit 
latches using a 16-bit binary format. 
Double buffers on both the transmit 
and receive sections compensate for 
any asynchronous anomalies. The 
timing reference clock input can be 
divided by I to (216 -I), producing 
a I6X clock for driving the internal 

TO/FROM 
PERIPHERAL , 
MODEM, OR 
DATA SET 

MODEM 
CONTROL 
& 
STATUS 
UOGIC 

MODEM-CONTROL 
FUNCTIONS 
TO/ FROM 
MODEM~ 

General system configura
tion for application of 
INS8250 programmable 
asynchronous communi
cations element. Produced 
by National Semiconduc
tor Corp, chip functions 
as serial data 1/0 inter
face in microcomputer 
systems. Interfacing ca
pability covers wide range 
of microprocessors 

INS8250 

MEMORY 

I66 

INTERRUPT 
ENABLE 
& 
CONTROL 

DATA SET 

SYSTEM 
INTERRUPT 
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An evolution 
of the 

third kind. 
Floppy. minifloppj. And now, 

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

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

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

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

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

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

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

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

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

system integration. The SA4000 uses a simple floppy interface technique 
and floppy power supply voltages. So use existing floppys for I 10 and system 

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

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

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

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

~@Shugart Associates 

Headquarters: 435 Oakmead Parkway, Sunnyvale, California 94086 Telephone (408) 733·0100 1WX: 910.339.9355 SHUGART SUVL 
Sales/Service Offices: West Telephone (408) 252·6860 Midwest Telephone (612) 574.9750 East Telephone (617) 893-0560 

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

1
,.. minifloppy and Fasflex II are Shugart trademarks. 
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transmitter logic. Provisions are in
cluded to use this clock to drive the 
receiver logic. Also included are a 
complete modem control capability 
and a processor interrupt system 
that may be software tailored to the 
user 's requirements to minimize the 
computing time required to handle 
the communications link. 
A~ ynchronous data format char

acters may have 5, 6, 7, or 8 bits; 
even, odd, or no parity bits; and 1, 
rn, or 2 stop bits. The unit deletes 
start/stop and parity bits from the 
serial data stream prior to convert
ing to parallel for the system data 
\bus. It also adds standard asyn
chronous communication bits to out
put serial data stream. Contents of 
the line control register can be re
trieved for inspection, eliminating 
the need for separate storage in 
system memory. 

Status registers inform the CPU of 
line and modem conditions at any 
time. Data ready, transmitter register 
conditions, overrun parity, and fram
ing error are signaled by the line 
status register. The modem status 
register indicates various clear, set, 
ready, and other conventional data 
signals from the modem. 

Other features include a single 
5-V power supply, line break gen
eration and detection, false start bit 
detection, and the capability to add 
or delete standard asynchronous com
munication bits (start, stop, parity) 
to or from a serial data stream. 
Absolute maximum ratings require 
temperature under bias to stay be
tween 0 and 70 °C and storage 
temperature to stay between -65 
and 150 °C. All input and output 
voltages relative to the source sup
ply must be between -0.5 and 7.0 
V. and power dissipation is limited to 
400 mW. Typical average power 
supply current is 65 mA with a 
maximum of 80 mA. Maximum in
put and clock leakages are ± 10 mA. 
The device. housed in a 40-pin DIP, 
is produced by National Semiconduc
tor Corn, 2900 Semiconductor Dr, 
Santa Clara, CA 95051. 

High Reliability 
Hybrid De91itchers 
Suppress DAC Transients 
Output transients or "glitches" are 
produced when a digital-to-analog 
converter changes levels. A hybrid 

168 

deglitcher is used to suppress these 
transients. 

Transient spikes occur at the out
put of any DAC whenever its input 
code is changed. These glitches are 
caused by switch imperfections such 
as stored charge or gate-to-drain 
capacity, causing switches to tum off 
faster than they tum on, or vice 
versa. This time skew of analog 
switches and digital drive signals is 
most pronounced upon MSB reversals, 
when all logic inputs are changing. 

A deglitching circuit isolates a 
DAC glitch from the output, but sub
stitutes its own smaller glitch. Thi5 
glitch comes from charge-dumping 
on the deglitcher hold capacitor 
during transitions from sample to 
hold, and hold to sample. Because 
it is independent of the DAC, glitch 
size will not vary with changes in 
the digital input codes. Therefore 
the glitch is small and constant. 

Two hybrid deglitchers, the 4902 
and 4902-83, are produced by Tele
dyne Philbrick, Allied Dr at Rt 128, 
Dedham, MA 02026. The -83, when 
used with the 4058-83 hybrid DAC 
and 1430-83 op amp, provides a 12-
bit DAC system with an update rate of 
1.66 MHz, deglitched to a 0.01% 
level. Sample to hold (and hold to 
sample) transient for the deglitcher:; 
is guaranteed at 12 mV peak to peak. 
Operation is guaranteed from -55 
to 125°C. 

All units are constructed, inspected, 
and processed to MIL-sTD-883 includ
ing internal visual, stabilization 
bake, acceleration, and fine and 
gross leak. In addition, the 4902-83 
is burned in at 125 °C for 160 hours 
and subjected to ten temperature 
cycles from -55 to 125 °C. Further 
guaranteed specifications on the 
4902-83 include hold jump voltage 
of ±5 mV, decay rate of 25 µ,V/ 1,s, 
and output current of 50 mA. 
Circle 351 on Inquiry Card 

Low Cost Universal 
Counter Performs 
Wide Range of Functions 

A single-chip counter containing the 
functions of a frequency counter, 
period counter, unit event counter, 
frequency ratio counter, and time 
interval counter, the 28-pin ICM7216 
is priced as low as $16.65 in 100-up 
quantities. According to its manufac
turer, it will replace discretely im
plemented universal counters costing 

from $800 to $1000. It also has the 
capability of replacing about 100 
separate components, including from 
two to ten ss1 or MSI circuits and 
several driver transistors . 

Use of a proprietary process desig
nated as MAXCMosT" is claimed by 
lntersil, Inc ( 1070 N Tantau Ave, 
Cupertino, CA 95014) to have inte
grated the equivalent of 3000 to 4000 
transistors onto a single 159- by 
150-mil chip. The result is a CMOS 
device capable of both high speed 
and high current drive operation. Its 
microprocessor compatibility is seen 
as a significant feature, initiating the 
development of "intelligent counter" 
systems that have mode-switching 
capabilities. 

As a frequency counter, the device 
offers four internal gate times: 0.01, 
0.1, 1, and 10 s. In its period, fre
quency, ratio, and time interval 
modes, it operates in l, 10, 100, or 
1000 cycles. It measure5 frequencies 
from de to 10 MHz and time periods 
from 0.5 µ.s to 10 s. 

Other features include a stable 
onchip frequency oscillator capable 
of operating with either a 1- or 
10-MHz crystal; internally-gener
ated multiplex timing with interdigit 
blanking, leading zero blanking, 
and overflow indication; and select
able controls for decimal point and 
leading zero blanking, either onchip 
or external. There is a standby mode 
that turns off the LED display, put
ting the chip into a low power 
( 10-mW) status. Hold and reset in
puts provide additional flexibility. 
Furthermore, the counter has a built
in test speed-up function capability. 

The device has 8-digit multiplexed 
LED display outputs, each capable 
of switching up to 250 mA per digit. 
The output devices will directly 
drive both digits and segments of 
large LED displays. In addition to 
serving as a single-chip counter 
solution in many applications below 
10 MHz, the device can also operate 
as part of a minimum chip solution 
in counter applications in the 100-
MHz to 1-GHz range. 

There are four versions of the 
counter, the ICM7216A /B/C/D, 
with the C and D versions function
ing as frequency counters only. All 
versions incorporate leading zero 
blanking with frequency displayed 
in kilohertz. In the A and B versions, 
time is displayed in microseconds. 
The display is multiplexed at 500 
Hz with a 12.5% duty cycle for each 
digit. A and C versions are designed 
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Disk drives-la-grow 
With EMM disk drives, we give you lots of room to 
grow. Room to expand without redesigning your 
system. As you need more storage, we're there to 
keep pace. Our standard disk drives deliver 3 to 12 
megabytes at 100 or 200 tpi densities. In top or front 
loading 2315 I 5440 configurations. All use both 
removable and fixed disks. Giving you a maximum 
of storage capability without expanding the physical 
size of the drive. For even greater capacity, you can 
daisy-chain as many as four drives to give you up to 
48 megabytes of storage. Then, for those high speed, 

high capacity applications, there's our 74 megabyte 
drive using one 5440-type removable and three fixed 
disks with a track density of 3 70 tpi and recording 
density of 4545 bpi. And soon, we'll even be offering 
a 6060 bpi model with 99 megabytes of storage. 

At EMM, we're not only keeping pace with today's 
storage needs, we're ready for tomorrow's. As your 
storage requirements grow, EMM will be able to pro
vide you with high performance disk drives to keep 
pace with your growth. Call or write today, and let us 
show you why EMM makes the difference in disk drives. 

EMM. The difference in disk drive me111ary 

Em m PERIPHERAL PRODUCTS 
A Division of Electronic Memories & Magnetics Corporation 
1015 Timothy Drive, San Jose, CA 95133 
(408) 298-7080 
CIRCLE 75 ON INQUIRY CARD 
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lntersil 10-MHz fully integrated universal counter. Also a LED display driver, the device combines high frequency oscil
lator, decade timebase counter, 8-decade data counter and latches, ?-segment decoder, digit multiplexers, and 8-seg
ment/8-digit drivers that can directly drive large LED displays 

for common anode display with 
typical peak segment currents of 25 
mA; B and D versiom are designed 
for common cathode displays with 
typical peak segmen~ currents of 12 
mA. In display off mode, both digit 
drivers and segment drivers are 
turned off, enabliug the display to 

Single-Chip Codecs 
Reduce Digital 
Communications Cost 
Available in two single-chip versions, 
a monolithic pulse code modulation 
(PCM) coder I decoder (codec) offers 
cost and size reductions in all major 
classes of digital telephone systems. 
The 2910 is compatible with North 
American telephone network stan
dards, including Bell System stan
dards; a 2911 version is compatible 
with European and international 
standards. 
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be used for oth0r functions. Opera
tion is off a single 5-V supply. 

Absolute maximum ratings include 
a 6-V maximum supply voltage (V+ 
to V-), maximum digit output cur
rent of 400 mA, maximum segment 
output current of 60 mA, and voltage 
on any input or output terminal not 

Each of the NMOS LSI devices is 
produced as a metal-mask option of 
the same essential chip design. Dif
ferent interconnection patterns are 
applied to the chip to provide the 
two models. The patterns change the 
companding laws to conform to those 
preferred in two applications areas 
(µ.Law and A Law). 

A codec converts voice signals to 
digital words for transmission via a 
PCM link and reconverts the digital 
words to voice following transmis
sion. The codecs produced by Intel 
Corp, 3065 Bowers Ave, Santa Clara, 

to exceed V + to v- by more than 
±0.3 V. Furthermore, maximum pow
er dissipation at 50 °C must not 
exceed 1.2 W for the 7216A/C and 
0.6 W for the 7216B /D. Maximum 
operating temperature range is -20 
to 70 °C for all versions. 
Circle 352 on Inquiry Card 

CA 95051 perform both functions on 
a single semiconductor device. High 
density integration allows sample
and-hold circuits, digital-to-analog 
converter, comparator, and successive 
approximation register to be inte
grated on the same chip, along with 
the logic necessary to interface a full 
duplex PCM link and provide inband 
signaling. 

Properties of these codecs include 
TTL compatibility for all digital in
puts and outputs, precision onchip 
voltage reference, and the same pow
er supply voltages as microcomputer 
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ENT 

Our good news comes in a small package. It 's the 
new Verbatim® Mini Data Cartridge, model TC-150. 
We've designed it to store data for today's 
minicomputers . Intelligent calculators and terminals. 
Word processors. Point-of-sale terminals. Data 
acquisition instruments. And more. Matter of fact , 
it plugs right in wherever you're now using 3M's 
DC-lOOA or HP's 9162-0061 mini-cartridges. It can 
be used on HP, TI, Savin, Qantex and 3M drives, 
among others. 

Small wonder! 
The TC-150 offers the same rugged packaging, long 
life and 100% performance testing of all our 
Verbatim products. And because each Mini Data 
Cartridge uses quality Verbatim media, you 're assured 
that your data will play back the way you recorded 
it, bit for bit, byte for byte. 
Actual data storage figures depend on your data 
format , but the recording formats for the Verbatim 
TC-150 range from single-track 800 bpi up to 
dual-track 1600 bpi. With room to grow. 
Quality mini media. That's our business. At 
Information Terminals Corp. the whole message 
is quality. 
Information Terminal Corp., 
323 Soquel Way, Sunnyvale, CA 94086. 
(408) 245-4400. TWX: (910) 339-9381. 

Call Toll Free: (1) 800-821-7700, Ext. 515 
(In Missouri call: 800-892-7655 , Ext. 5I5) 

In Europe: WHE~ 
Information Terminals S.A. '(OUtl. DA~~ fy 
Case Postale 296 s MUS1 PL,... • 
1215 Geneve 15 eel 
Switzerland p 
Telephone: 41 (22) 34-90-55 ~· m 
Telex: 22647 ITGE cH Ve ba I 
In the Far East: e;W' ® 

ITC-Far East i1 
404 Roppongi Skyheights 
3-2-21 Roppongi, Minatoku 
Tokyo, Japan 
Telephone: (03) 583-1981 
Telex : J 47879 
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Block diagram of Intel 's single
chip 2910 PCM codec for North 
American use. (2911 version meets 

CONTROL 
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t---+-- CLKc dards.) Ability to perform both 
t---+-- PON coding and decoding on same chip 

DAC 
REGISTER 

CAP1R 

CAP2R INPUT 
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REC EIVE SECTION REGISTER 

is expected to reduce system com
plexity. Chip interfaces full duplex 
circuit with pulse code modulation 
highways of time division multiplex 
system 

SIGR 

GRDA GADD 

and memory components generally 
used in digital systems ( 12, 5, and 
-5 V) . Power consumption is typical
ly 230 mW, with typical standby 
power of llO mW. The devices have 
a 78-dB dynamic range, with resolu
tion equivalent to 12-bit linear con
version around zero. Also featured is 
a microcomputer interface with on
chip computation of transmit and re
ceive time slots. 

Primary applications are in tele
phone systems, for transmission (Tl 
•carrier ), switching (digital PBXS 
and central office switching systems), 
and concentration (subscriber car
rier I concentrators). However, the 
wide dynamic range and minimal 
conversion time ( 80 µS minimum) 
enable their application in data 
acquisition, telemetry, secure com
munications systems, and signal pro
cessing systems. 

The transmit section encodes the 
incoming analog voice signal at the 
system frame rate and transmits it 
at the proper time. On the receive 
link, the codec fetches an 8-bit PCM 
word from the receive highway, de
codes the analog value, and holds it 
until the next receive frame. 

Transmit and recdve frames are 
independent. They can be synchro
nous or asynchronous with each other. 
Common equipment is minimized by 
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D-A 

t 
VRR 

t 
Vee 

t 
VDD 

the onchip time-slot cJmputation. The 
feature can be bypassed and discrete 
time slots sent to each codec in a 
system. In the power down mode, 
the codec disables most of its in
ternal circuitry. 

Absolute maximum ratings include 
a temperature under bias of between 
-10 and 80 °C; storage temperature 
between -65 and 150 °C; and power 
dissipation not to exceed 1.35 W. All 
input or output voltages must stay 
between -0.3 and 20 V with respect 
to the base supply voltage. 

Both versions of the codec are now 
in volume production. The 2910 is 
supplied in a standard 24-pin DIP 
and the 29ll in a standard 22-pin 
DlP. 

Circle 353 on Inquiry Card 

8-Bit Monolithic DAC 
Includes Input Register 

A common requirement for input into 
a digital-to-analog converter is that 
data must be stored in a latch before 
being transferred to the converter. 
In contrast to this, the DAC-UP8B is 
a monolithic 8-bit digital-to-analog 
converter that contains its own level
controlled input storage register. It 

also contains a stable voltage refer
ence and a high speed output ampli
fier. 

The device was designed by Date! 
Systems , Inc, 1020 Turnpike St, Can
ton, MA 02021 to be used with 
microprocessor 8-bit data buses. Eight 
fast current switches operate into a 
diffused R-2R ladder network. The 
eight switched currents are summed 
by the output amplifier, which has 
a voltage settling time of 2 µ.s for 
a full-scale change. Linearity error is 
±* LSB max. 

An enable line (LOAD) controls 
the input register (see diagram). 
When this function is low, the regis
ters are transparent and any change 
on the digital input pins is reflected 
on the analog output. A high state 
level will latch this digital informa
tion , and data are retained until this 
enable line goes low. Data and latch 
enable input lines have low input load 
currents. 

Output voltage range is 0 to 10 
V for unipolar mode and ±5 V for 
bipolar. Typical settling time is 2 µ.s 
for a full scale change. Either the 
internal reference or an external 
reference can be used to bias the 
current switching network. The de
vice can function as a multiplying 
DAC by varying the reference input 
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The first Four-Headed Diskette Drive. 
PerSci stays a generation ahead. 

PerSci has done it. Now the industry's only 
diskette drive with voice coil positioning comes 
equipped with four heads reading and writing both 
sides of two eight inch diskettes to provide supe
rior random access capabilities in microcomputer 
and minicomputer applications. The new PerSci 
Model 299 dual-head, dual diskette drive offers 
the highest data capacity, reliability and the fastest 
access speeds available among small storage 
peripherals. It is the first drive to advance diskette 
capability to the level of hard discs. 

8 Times More Capacity •.. 

Employing double density encoding on both 
sides of two diskettes, the PerSci 299 records up 
to 3.2 Mbytes of unformatted data -eight times 
the capacity of a standard, single density drive. 
This unmatched single drive capacity provides the 
basis for an independent low cost data manage
ment system. For maximum media interchange
ability with other drives, the 299 will also read 
and/or write one or two single sided diskettes. Up 
to eight 299 drives (32 read/write heads) 
can be daisy chained to achieve a total 
formatted system capacity as high as 
16 Mbytes. Data can be handled in a 
single density IBM 3740 type for
mat, in IBM 2D compatible double 
density or in other expanded soft 
and hard sectored formats. 

And Voice Coll Positioning 
For 6 Times More Speed ••• 

Only PerSci, Inc., has engineered 
voice coil head positioning for 
diskette drives. This design innova
tion gives the PerSci 299 drive the 
lowest average seek time of any 
floppy-33 ms including settle. 
The full 76 track access speed of 
the Model 299 is under 100 ms. 

In A Single Small Size Drive ••• 

While the 299 provides the data capacity 
and access speed of a hard disc drive, it is the 

CIRCLE 77 ON INCj)UIRY CARD 

size of a standard floppy-only 4.38" x 8.72" x 
15.4'.' Up to four 299 drives can be mounted verti

cally or two horizontally in a 19" rack. 

With Superior Reliabllity 
And Ease Of Operation. 

Mechanical and data reliability equal or 
superior to single headed drives-6000 hour 

MTBF and a soft error rate of 1 in 109 -are made 
possible by PerSci's advanced drive design. A 
write protect feature guards against operator 

error, while front panel lights indicate the diskette 
selected. Electric diskette autoload protects 

diskettes from damage and allows drive 
unload by remote control. 

Join The Next Generation ••• Now. 

Get PerSci 's four-headed diskette drive and 
get the speed, capacity and reliability of hard disc 
drives at a fraction of the size .. . and cost. Cal I or 
write for full information 
from PerSci , Inc., 12210 
Nebraska Avenue, West 
Los Angeles, California 

90025. 
(213) 820-3764. .. 
-- --

Peripherals a 
Generation Ahead. 
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DAC-UP8BC, 8-bit monolithic digital-to-analog converter from Date! Sys
tems. LOAD latches data in DAC register. When LOAD goes low, register 
becomes transparent, and input data convert into immediate analog output 

voltage. Reference and output am
plifier are short-circuit protected. 

The device is monotonic (no miss
ing codes) over the eutire operating 
temperature range. Power supply re
quirement is ± 15 V de over a ± 12-
to ± 18-V range. Absolute maximum 
ratings include a -18-V negative 
power supply, 18 V for the positive 
supply and digital input voltages, 
and 12 V for reference input and 
summing junction. Power supply re
jection is ±1 mV /V. Quiescent 
supply currents are 7 and - 10 mA. 

There are two versions of this 22-
p in DIP device: the -uP8Bc for op
eration over 0 to 70 ·c, and the 
-uP8BM for operation over a -55 
to 125 °C temperature range. Gain 
tempco is 20 ppm / °C (not counting 
the ± 60 ppm /°C reference) . 

Coding is straight binary for uni
polar output , offset binary for bi
polar. Input logic level is 2 to 5.5 V 
at 10 µA for a 1 bit, 0 to 0.8 V 
at -50 µA for a 0. Load pulse 
width is 200 ns min. Reference input 
voltage is 5 V -+-10%, resis tance is 
5 kn, and slew rate is 25 V I µ$· 

Output voltage range is 0 to 10 
V unipolar, ±5 V bipolar, output 
curren t is 5 mA, and output resistance 
is 5 n. Reference output voltage is 
5 V ± 10%, current is 5 mA. 
C ircl e 354 on Inqu iry Card 

Little Printer, 
Big Perfonnance. 
In your next mini/micro system, you can have the 
same quiet, compact, reliable printer that has made 
the CDI Miniterm series a proven winner. 

CD l's compact OEM thermal printer is lightweight 
(03 weighs only four pounds) and stepper-motor 
driven. All solid state circuitry insures maximum 
performance ... such as the more than 1,000,000 
hours of operation already logged all over the 
world! 

The new 03 is completely microprocessor con
trolled and is over 70% faster, with printing speeds 
in excess of 50 characters per second. 

Find out more about COi's quiet, compact ther
mal printers - available as a mechanism or as a 
complete terminal package - especially for the 
OEM. The kind of engineering excellence you 
expect from CDI, a leader in compact terminal 
manufacturing. 
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NOW 70°/o 
FASTER! 

The Q3 Thermal Printer . .. 
for the OEM building it into 
his system. 

• Compact, only 4 pounds 
• 50 characters per second 
• upper/lowercase printing 
• Dual fonts (APL available) 
• 80 column thermal printing 

The Mlniterm 1201 RECEIVE/ 
ONLY TERMINAL . .. Ideal for CRT 
hardcopy output. 

• Compact, super quiet for desk-top use 
• 50 characters per second 
• Sleek, modern styling complements 

any system and decor 
• 96 character upper/lower case ; fonts 

are interchangeable and user 
selectable 

• Standard industry interfaces 
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CDIVIPUTER 
DEVICES~ 

25 North Avenue 
Burlington, MA 01803 

(617) 273-1550 
Telex: 94-9398 
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lillEDlllELF 
RAM MEMORY 
262,144 BYTES 

SYSTEM 
CONTROL 

VIDEO 
CONTROL 

ZOOM 
CONTROL 

LSl-11 

EXTERNAL 
PERIPHERAL 

CONTROL BUS CURSOR 
GENERATOR 

JOYSTICK 
CONTROL 

KEYBOARD 
CONTROL 

ALPHANUMERIC 
GENERATOR 

TheVISACOMVisual .lmage A 
and Computer System is a to- IAV/l 
tally integrated Microcomputer .. ~~,., 
and Display System . .. another 

transfer times and increases 
interaction between the CPU 
and display image. 
Zoom Allows a 64x64x16, 

128x128x16 or 256x256x16 bit portion of the 
memory to fill the entire image window under 
hardware control . 

in a series of innovative products from De Anza 
Systems, designed to enhance your image. 

FEATURES Video Generator Provides four or eight bit 
digital to analog conversion and intensity trans
formation tables. 

Microcomputer Digital Equipment Corporation 
LSl-11 microcomputer provides high speed 
capability and has an instruction set compatible 
with the PDP-11 series. The system provides a 
powerful stand-alone computer capability. 
System Control Provides the LSl-11 with virtual 
addressing capability. The entire 256K byte 
memory can be addressed. 
RAM Memory 256 K bytes of RAM memory are 
organized to provide processing and image 
refresh. This organization greatly reduces 

Dual Cursor Provides two individual cursors con
trolled by an external Joystick with multifunctions. 
Alphanumeric Generator Provides up to four 
separate 80 character by 25 line overlays. 
Software An operating system is provided to 
handle memory management, and also provides 
facilities to interface 1/0 and user subroutines. 
Subroutines for high speed generation of vectors, 
conics and rectangles are also available. 

De l\nza Systems Incorporated 
3444 De La Cruz Blvd . 

Santa Clara, CA 95050 ( 408) 988-2656 
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Fast Processor 
Performs Full Range 
Of Math Functions 

Contained on a single chip, a high 
speed processor that enhances the 
arithmetic capability of processor
oriented systems performs fixed-point 
single- and double-precision ( 16/ 32-
bit) and 32-bit floating-point opera
tion in a binary format. Available 
functions include basic arithmetic 
trigonometric, exponential, and log~ 
arithmic operations. This device 
provides capabilities previously re
quiring hundreds of individual TTL 
packages. 

The Am9511 arithmetic processing 
unit is produced by Advanced Micro 
Devices Inc, 901 Thompson Pl, Sunny
vale, CA 94086. It contains a general
purpose 8-bit bidirectional data bus 
and interface control and was de
signed to be compatible with any 
generally used 8-bit processor. 

Circuit speed approaches that of 
minicomputer floating-point proces
sors. With a clock rate of 2 MHz 
this circuit can perform a single~ 
precision add in 16 µs. Operating at 
a clock frequency of 4 MHz, it re
duces the add operation to 4 µ,s. 

Transfers taking place over the 
8-bit bus include operand, result, 
status, and command information. 
Operands are pushed into an internal 
stack and a command is issued to 
perform operations on data in the 
stack. Results are then available to 
be retrieved from the stack, or addi
tional commands may be entered. 

Power supplies are 12 V (Vnn) and 
5 V (Vee). Absolute maximum rat
ings include storage temperature from 
-:-65 to 150 °C and power dissipa
tion of 2 W. The device is available 
in a 24-pin hermetic DIP. 
Circle 355 on Inquiry Card 

Computer Programs 
Govern Automated 
Design of Hybrids 

Programs have been developed that 
specify preliminary placement of 
chips on hybrids as well as complete 
routing of interconnections. This pro
cess, developed by Automated Sys
tems, Inc, 888 N Sepulveda Blvd, El 
Segundo, CA 90245, also provides 
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precision art, a variety of diagnostic 
logic checks, and front-end loading 
analysis, all computer-generated 
from a common data base. 

Programs were developed for this 
technology to accommodate the spe
cial design requirements associated 
with placement and routing of hy
brids. These requirements include such 
factors as the need to avoid congru
ent vias through all layers and the 
need to determine the optimal rota
tion of chips as well as their place
ment on the substrate. 

Enabling the computer to evaluate 
and select from among the myriad 
interconnection possibilities created 
by the chip placements is said to 
result in substantial time and cost 
savings over manual or computer
aided design in laying out dense hy
brids. The process is offered on a 
service bureau basis throughout the 
U.S. and Canada. Customer input is 
comparable to that required for de
sign automation of printed circuits: 
logic diagram or coded wire list 
board geometry requirements, and 
special ground rules. 
C ircle 356 on Inq uiry Card 

Op Amp Offers 
Ultra-Low 
Bias Current 

High input impedance ( 101a to 1Q15 
0) and a maximum input bias cur
rent of 75 fA characterize the 3528 
FET operational amplifier family. 
The devices also provide offset volt
age~ in the 250- to 500-µ,V range, and 
typical maximum offset voltage drifts 
of 5 µV I °C. Laser trimmed offset volt
age virtually eliminates external 
nulling. Unity gain bandwidth is 0.7 
MHz and slew rate is 0.3 VI µS . 

These op amps are designed for 
use in various situations requiring 
ultra-low input bias current. Specific 
applications include photodiode am
plifiers, photomultiplier tube ampli
fiers, low drift integrators, or current
to-voltage converters. 

Performance characteristics are 
guaranteed over a -25 to 85 °C 
temperature range after warm up and 
without a heat sink. The specification 
of bias current under these conditions 
is significant in ultra-low applica
tions because normal self-heating 
during warm up can change the bias 

current of conventional devices by 
factors as large as four. 

Output is protected from damage 
due to short circuits to ground or 
to either supply. The manufacturer 
(Burr-Brown, International Airport 
Industrial Pk, Tucson, AZ 85734) 
states absolute maximum ratings that 
include a ±20-Vdc power supply, 
500-mW internal power dissipation, 
and a ±40-Vdc differential input 
voltage. Storage temperature range 
is from -65 to 150 °C. 
Ci rcle 357 on Inquiry Card 

DESC Issues Approval 
For 2k Bipolar P /ROMs 

The Defense Electronics Supply Cen
ter ( DESC), Dayton, Ohio, has pro
vided QPL-11 (Qualified Products List) 
approval to Monolithic Memories, 
Inc ( 1165 E Arques Ave, Sunnyvale, 
CA 94086) for its 2048-bit Schottky 
bipolar P/ROM. Two versions of the 
device are qualified to APL-II: the 
I 20401 (open collector) and the 
I 20402 ( 3-state) . The new military 
"slash number" for the 512 x 4 
device is MIL-M-38510 / 204 (USAF). 

Both P/ROMs are available in 
military fiatpack or DIP. For those 
ordering the circuits, the company's 
Federal Supply Code (Fsc) number 
is 50364, and its manufacturer's des
ignated symbol is "cEcn." Standard 
part numbers for the devices are 
5305-1 (open collector) and 5306-1 
( 3-state). The Air Force will use the 
P /ROMS in the new standard avionics 
computer (ANAYK-14) installed in 
the F-16 and F-18 aircraft. 
Circle 358 on Inquiry Card 

Low Cost Op Amp 
Claims Lowest Offset 
Voltage and Drift 

Offset voltages of less than 25 µ. V 
and drifts of less than 0.5 µ,VI °C 
unnulled are characteristic of the 
An517 monolithic operational ampli
fier. The device is laser trimmed at 
the wafer level to meet these levels 
of precision. Superbeta input transis
tors provide offset currents as low 
as 0.25 nA max and input bias cur
rents as low as 1 nA max. 
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The manufacturer (Analog De
vices, Route I Industrial Park, PO 
Box 280, No1wood, MA 02062) claims 
that the offset voltage is the lowest 
offered in the industry without ex
ternal nulling pots. Input bias cur
rent is also claimed to be the lowest 
for any precision bipolar op amp. 
This current shows the characteristic 
drop with increasing temperature to 
less than 0.5 nA at temperatures 
above 70 °C. 

The input stage is fully protected, 
allowing differential input voltages 
of up to ±Vs without degradation 
of gain or bias current due to reverse 
breakdown. The output stage is short 
circuit protected and is capable of 
driving a load capacitance of up to 
1000 pf. 

Device layout is balanced along a 
thermal axis, maintaining open-loop 
gain in excess of 1,000,000 for a 
wide range of load resistances. Com
mon mode rejection is 110 dB min; 
input bias current drift is ±4 pA/°C, 
T min to Tmax• input offset current 
is as low as 250 pA, and output cur
rent is 10 mA min. 

The devices are available in three 
performance versions for operation 
over the 0 to 70 °C temperature 
range (An517J, K, and L) plus one 
version for the -55 to 125 °C 
range (An517S). The AD517S is also 
available fully processed and 
screened to MIL-STD-883A, Level B. 
Devices are priced as low as $3.50 
in 1000 quantities. 
Circle 359 on Inquiry Card 

IC Provides Protection 
From Overvoltages 

A sensing circuit that protects sensi
tive electronic circuitry from voltage 
transients and loss of regulation has 
been announced by Texas Instruments 
Inc, PO Box 5012, Dallas, TX 75222 
as a second source for the Motorola 
Semiconductor Mc3423. It triggers a 
protective external crowbar SCR when 
it senses an overvoltage condition or 
if a TTL high level is applied to a 
remote active terminal. Separate 
outputs are available to trigger the 
crowbar circuit and to provide a 
logic pulse to indicator or power sup
ply control circuitry. 

The device features a current 
source that can be connected to an 

external time-delay capacitor to pre
vent false triggering caused by noise. 
Other characteristics include a 2.6-V 
internal voltage reference, with 
tempco typically 0.08%/°C, and 
operation specified over a 0 to 70 °C 

Custom LSI Process 
Utilizes Cell Library 

Programmable logic arrays and full 
custom design represent two alterna
tives in the development and produc
tion of custom LSI chips. The former 
of these provides a very rapid turn
around, but does not optimize use of 
chip area, in terms of the user's spe
cific requirements. On the other hand, 
the latter approach does provide 
optimization for the user, but involves 
a very long turnaround. 

Holt Inc ( 3303 Harbor Blvd, Costa 
Mesa, CA 92626) provides a compro-

MNOS Transistors Allow 
Quad Latch to Retain 
Data on Inputs 

Use of MNOS transistors as memory 
elements enables a quad latch to re
tain data on its inputs when power 
is terminated. With the return of 
power, the stored data are automati
cally restored to the outputs. A 1-
year data retention time over a 0 to 
70 ° C temperature range and a mini
mum of IM write cycles are guar
anteed. 

The manufacturer, Plessey Semi
conductor, 1641 Kaiser Ave, Irvine, 
CA 92714, states that the 4-bit data 

High Performance 
Operational Amplifier 
Is Housed In Mini-DIP 

An op amp that is pin-for-pin com
patible with the 741 series has been 
provided in a different model. The 
OP-02, produced by Precision Mono
lithics, Inc, 1500 Space Park Dr, 
Santa Clara, CA 95050, is now mount
ed in a mini-DIP and is designated as 
the OP-02cP. 

range. A more durable version, the 
Mc3523, is characterized for opera
tion over the full -55 to 150 °C 
military temperature range. Both ver
sions are available in 8-pin DIPS. 
Circle 360 on Inq uiry Ca rd 

mise approach to custom design, 
called custom celled CMOS. This 
compromise is based on the mainte
nance of a "cell library" consisting of 
logic elements stored on tape. These 
cells are drawn from the library to 
implement a custom arrangement of 
logic elements on a chip-in much 
the way that metal connections are 
employed in programmable logic 
arrays. The rapid turnaround char
acteristic of those arrays is main
tained, but chip optimization is also 
possible in this technology, since the 
custom design relates to logic element 
placement, not just interconnection. 
Circle 3'6 1 on Inq ui ry Card 

latch differs from other currently 
available MNOS products in being TTL 
MOS compatible, requiring only stan
dard operating voltages of 5 and 
-12 V. An internal circuit generates 
all other required voltages. 

These devices are intended for use 
in systems with small but critical 
memory requirements. They can be 
used, for example, as latching relay 
replacements, nonvolatile add-ons t9 
counters, or storage elements for se
curity codes. The MN9102, the first 
in a forthcoming family of nonvolatile 
MNOS products by this manufacturer, 
is available in a 14-lead ceramic DIL 
package. 
Circle 362 on Inq ui ry Card 

This epoxy-B packaged device fea
tures an untrimmed input offset volt
age at 3 m V maximum over a 0 to 
70 °C ambient temperature and an 
input offset current of 10 nA maxi
mum. Input voltage drift is 10 µV/°C 
maximum over the ambient range, 
and noise is typically 0.65 µ V, peak 
to peak. The manufacturer claims that 
the device delivers better performance 
than both industry standard and pre
mium type 74ls. D 
Circle 363 on Inquiry Card 
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PRODUCT 
FEATURE 

2-Board, All-LSI Minicomputer 
Low power consumption and high 
speed are attained on the Blaze-16T>t 
minicomputer through use of iso
planar integrated injection logic 
(IaL®) technology and a Macrologic 
bit-slice microprocessor set. Intro
duced by Fairchild Camera and In
strument Corp, the 16-bit micropro
grammed minicomputer is compatible 
with and executes the same instruc
tion set as the company's Micro
flame rn microprocessor. It is com
patible also with the Data General 
Nova 3nr minicomputer although it 
requires only two slots in a chassis 
while the latter requires five or six. 

Features 13L Technology 

and Bit-Slice CPU 

By using all LSI devices, rather 
than some MSI and some LSI, system 
reliability has been increased while 
system size, power consumption, and 

TO OTHER PERIPHERALS 
&LAZE 16/M 

cost have been reduced. I3L, em
ployed in the design of the micro
program sequencer and main mem
ory, also achieves high packing 
density. 

Desi9n Features 

The Blaze-16 minicomputer is fabri
cated on two 15 x 15" (38 x 38-cm) 
printed circuit boards. One board
the -16/ C (see diagram)-contains 
Macrologic microprogrammed CPU, 
memory control logic, 16k-word mem-

,.. • 17 

~~y 

16k •17 
MEMORY 

AMAY 

Block diagram of Blaze-16 minicomputer. Memory array cap_acity 
can be quadrupled by replacing 4k x 1 RAMs with 16k x 1 
devices having identical pinouts. Components are separated on 
two PC boards, designated as -16/C and -16/M 
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ory array, memory parity logic, mem
ory mapping logic, autoload logic 
and P/ ROMs, and input/ output bus 
converter. Provisions are included for 
quadrupling the memory array size 
by plugging pin compatible 16k x 1 
RAMs in place of standard 4k x 1 
devices. Memory mapping logic can 
address up to 256k words. 

The second board-designated as 
the -16/ M-eontains a 16k-word 
memory array, TTY/ Rs-232-c inter
face logic, high speed paper tape 
reader/ punch interface logic, and 
realtime clock. Memory on this card 
also consists of 4k x 1 RAMs. 

There are essentially two major 
parts to the CPU: a 16-bit wide data 
path and a microprogram control. 
The data path consists of four arith
metic logic register stacks, each with 
eight registers/ accumulators, and 
four data path switches. An I3L 
microprogram sequencer controls the 
lk-word by 48-bit microprogram, 
which resides in twelve lk x 4 ROMs. 

In addition to a basic FIRE instruc
tion set, the microprogram handles 
multiply and divide instructions and 
stack handling operations. It in
cludes a self-test routine and 15 
operator-console routines. About 
70% of the microprogram memory 
is free for user microprogramming 
and future instruction set expansion. 

The minicomputer operates in a 
pipeline mode with a 200-ns micro
cycle. A 16-bit wide bidirectional 
bus, common to all peripheral de
vices, transfers both addresses and 
data between the CPU and main 
memory. 

Typical memory array access time 
is 100 ns, and active power dissipa
tion is 400 mW with 70-m W standby 
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power. Other features include 24.0-
ns cycle time, two chip selects, 
controllable data latching, and 65-ns 
access and cycle times when using 
the paging mode. Memory inputs 
have standard TTL threshold and 
temperature properties and the out
put is a 3-state totem pole with a 
conventional unit load of 10. 

Instruction mapping p/RoMs pro
vide up to 256 starting locations 
in the microprogram memory for 
macroinstruction execution (many 
instructions will share a common 
starting location). They continuously 
monitor the eight most significant 
bits of the bus to eliminate the 
delay required to load the instruction 
register. Instruction execution can 
be started merely by doing a mem
ory read at the address in the incre
mented program counter and issuing 
an instruction to the microprogram 
sequencer. The instruction register 
is then used for the dedicated hard
ware portion of the control logic. 

The microprogram sequencer con
tains a 10-bit microprogram-address 
register. Of seven test inputs, four 
participate in conditional branches 
and three in multiway branches. 
Conditional test lines are flip-flop 
buffered and these flip-flops can be 
tested individually by appropriate 
branch instructions. Three test in
puts are used to form the least sig
nificant three bits of the branch 
address for an 8-way branch, de
pending on the bit pattern present 
on these three inputs. 

With this sequencer the user can 
select pipeline or non-pipeline mode 
of operation. A pair of outputs al
low the sequencer to control an 
external multiplexer when choosing 
the source of a branch address. An 
inhibit output facilitates sharing the 
microprocessor control fields with 
the next address field, thereby re
ducing the width of the associated 
control store. 

Price and Delivery 

Deliveries of the Blaze-16 minicom
puter will begin in the fourth quarter 
of this year. Single unit price will 
be $4000, including FIRE 1 software 
package. Volume discounts will be 
available. Fairchild Camera and In
strument Corp, 464 Ellis St, Mountain 
View, CA 94042. Tel: 415/ 962-5011. 

For additional information circle 
199 on inquiry card. 

ARRIER BLOCKS 
LA CARTE 

The "menu" of BUCHANAN® 
Single-Screw Barrier Blocks offers 
a recipe for every taste. In auto
mated or manual installation, 
mounted on PC board, panel, or 
chassis, BUCHANAN SSB's 

THEN ... SSB's also come 
with turret bases (H) for bottom
side circuit isolation, with all 
of the above terminals. 

NOW WE COME TO TOP 
HARDWARE: SSB's come with 
binding-head screws, screws with 
captive clamp, phillips-head screws, 
or with a choice of 7 different 
quick-connects, or two styles of 
solder tabs. 

WAIT .•• THERE'S MORE: 
You can select either 3/8" or 7/16" 
contact spacings . . . 1 to 32 ter-
minals per block ... choose from are the most cost-efficient blocks 

on the market. And you can 
order them cooked up in almost 
every style and combination. 
Here are a few choice selections ... 

SSB's come without bottom 
terminals (A), for surface-mounting 
anywhere ... with terminal pins 

five different colors •.. six variations 
of hot-stamped circuit identification 
numbers .. . AND, you can get the 
exact combination you need -
standard or special - at any Authori
zed BUCHANAN Distributor with 

for PC Board soldering: straight (B), 
or bent for perpendicular mount-
ing (C) ... with wire-wrap pins, 
for use with automated or manual 
wire-wrapping tools (D); also com
patible with AMp® Crimp-Clip 
Termi-Point connectors (E) ... with 
standard quick-connect terminals (F), 
excellent for interfacing machine 
wiring harnesses with field-installed 
wiring ... and with solder-tail 
terminals (G), too. 

CONTROL PRODUCTS 
DIVISION 

a PDQ (Precise Designs Quickly) 
Center. 

Want more details? The Reader 
Service Card will get you a complete 
BUCHANAN SSB brochure. 
Bon App~titl 

Amerace Corporation Control Products Division, Un ion, NJ 07083 U .S.A. 
BUCHANAN® Terminal Blocks, Barrier Strips, & 1/0 Connectors. 
AG AST AT® Time-Delay Relays, Control Relays, & Programmable Switches. 
Regional Information Centers : Santa Fe Springs, CA. (213) 863-5753; 
Elk Grove Village, IL, (3121437-8354; Manhasset, NY, (516) 627-8809; 
Atlanta, GA, (404) 261-1224. 
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ADlt4NCED TECHNIOl 
Course 412 - Four days 

Digital Signal Processing 

WASHINGTON D.C. 
Sept. 26-29 

SAN DIEGO 
Oct. 17-20 

PHILADELPHIA 
Nov. 7-10 

BOSTON 
Dec. 5-8 

SAN DIEGO 
Sept. 26-29 

WASHINGTON D.C. 
Oct. 10-13 

PHILADELPHIA 
Oct. 31-Nov. 3 

BOSTON 
Dec. 5-8 

LOS ANGELES 
Dec. 12-15 

The objective of this course is to present the necessary fundamen
tals of digital signal processing in a clear and comprehensible man
ner, to develop an understanding of new processing techniques, to 
survey the state of the art of hardware and software available, and to 
apply this information to a range of concrete design examples. The 
cou rse is of benefit both for those who wish to achieve a basic 
understanding of this exciting area, and for those whose interest 
is in advanced techniques and the implementation of practical 
systems. 

• An Overview of Applications • Design Techniques 

• Digital vs. Analog Signals • Computer Aided Design 

• Operations bn Digital Signals • Statistical Approaches 

• Recursive Filters • Spectral Estimation 

• Nonrecursive Filters • Application Case Study 

This cou rse provides a comprehensive introduction to distributed 
processing and computer network design techniques. It covers the 
individual elements of a distributed processing system and how 
these elements are synthesized to form a system which best meets 
appl ication specific objectives. Throughout the course , application 
examples provide concrete examples of the concepts presented , 
with emphasis on the factors affecting key planning, design and 
implementation decisions. 

• What is to be Distributed? • Database Structures 

• Data Communication Concepts • Database Requirements 

• The Computation Continuum • Security Considerations 

• Computer Networks • Evaluation and Selection 

• Network Protocols • Management and Control 

~MICROPROCESSORS & MICROCOMPUTERS 
~ FIVE-DAY COURSE SERIES 
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Course 111: One day - Monday 
MICROPROCESSOR PROJECT MANAGEMENT 
From design through man ufacture, QA and field service 

Course 102s: One day - Tuesday 
MICROPROCESSORS AND MICROCOMPUTERS: 
A Comprehensive Technical Introduction and Survey 

Course 130: Three days - Wed ., Thurs., Fri . 
HANDS-ON MICROCOMPUTER PROGRAMMING 
AND INTERFACING WORKSHOP 
EACH student receives a complete 8080 micro
computer and interfacing system for his personal 
use throughout the course. 

LOS ANGELES 
Sept. 18-22 

NEW YORK 
Sept. 25-29 

SAN DIEGO 
Oct. 30-Nov. 3 

CHICAGO 
Nov. 6 -1 0 

WASHINGTON D.C. 
Dec. 4-8 
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EDUOlTION g INTEGR-4TED 
CD111PlJrER 
SVSTrMS, Ir'£. 

Course 365 - Four days 

Computer Graphics 
State of the Art Techniques and Applications 

HOUSTON 
Sept. 12-15 

Hardware elements of computer graphics systems are presented at 
the level required for detailed system specification, selection and 
acquisition . Software techniques for computer graphic systems are 
developed from the elementary level of line generation and continue 
through advanced approaches to animated three-dimensional color 
displays with hidden surface removal. Off-the-shelf, commercially 
available software packages are analyzed and evaluated . Emphasis 
is placed on hardware/software tradeoffs , cost effectiveness and the 
advantages and limitations of alternative approaches. 

WASHINGTON D.C. 
Oct. 10-13 • Display Hardware • Software Structures 

Course 440 - Four days 

LOS ANGELES 
Oct. 17-20 

CHICAGO 
Nov. 7-10 

BOSTON 
Dec. 12-15 

Fiber Optic Communication 
Systems 
HOUSTON 
Sept. 19-22 

SAN DIEGO 
Oct. 3-6 

• Color Display Techniques • The Hidden Line Problem 

• Two Dlmensl1>nal Graphics • The Hidden Surface Problem 

• Three Dimensional Graphics • Software 'Build or Buy' 

• Transformations • Selection Methodology 

This course is designed for engineers, scientists and managers 
involved in the planning , design and implementation of all types of 
communication systems. The course covers the fundamental princi
ples of fiber optic based systems, and the state of the art in system 
components including light sources, optical fibers , single and 
multifiber cabling, fiber coupling, photodetectors, receiver and 
repeater technology, and fiber optic networks . Commercially avail
able components will be surveyed to illustrate design techniques 
for the cost effective, practical application of th is important new 
technology. 

• Advantages of Fiber Optics • Receiver/Transmitter 

• Optical Fiber Transmission Technology 

• Cabling Technology • Modulation Techniques 

• Light Sources • Digital Communications 

• Detection Technology • Data Bus Design 

• System Design and Analysis 

r----------------------------------· 
I 
I 
I 
I 
I 
I 
I 

FREE BROCHURES 
For complete course outlines, details of 
special hardware options for Course 130 
and pricing information, please fill out and 
return this coupon. 

Pleue send additional Information about: 

I 0 DIGITAL SIGNAL PROCESSING 

I 0 DISTRIBUTED PROCESSING and COMPUTER 
NETWORKS 

* 
OD COMPUTER GRAPHICS 

FIBER OPTIC COMMUNICATION SYSTEMS 
0 MICROPROCESSORS & MICROCOMPUTERS I ~~~~~~~~~~~~ 
0 ON-SITE COURSES 

I o SELF STUDY COURSES 

I 

~ MAil TO: Course Manager 
INTEGRATED COMPUTER SYSTEMS, INC. 
3304 Pico Blvd., P.O. Box 5339 
Santa Monica, CA 90405 

OR CALL: (213) 450-2060 

Name ______________ Job Title, ______ _ 

Company _______________ Mail Stop ___ _ 

Address ______________________ _ 

City _______________________ _ 

State ____ Zip _____ Telephone __________ _ 

D Please put me on your mail list to receive future course schedules 
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PRCDUCTSI 

Nova Compatible Minicomputers Offer 
Direct Addressing of 64k Words 

Modular CRT Display Terminal 
Provides Chip-Level Serviceability 

Portable Microprocessor-Controlled Computer/ 
Terminal Includes Hardcopy Printer 
The compact 17-lb (7.65-kg) Miniterm PRO (programmable 
remote operation) model 1206 is a microprocessor-controlled 
terminal that features 32k main memory and integral mag
netic tape cassette drive. An integral BASIC interpreter 
coupled with 32k RAM editor utility allows users to program 
applications software to requirements. Users can create local 
program library of minicassettes, load programs directly into 
terminal, and compute and print out required solutions and 
report formats. Unit includes ability to program, load, and 
store in Motorola 68oon assembly language. In addition to 
being a programmable portable computer, the device can be 
operated as an ASR offline terminal. The user-oriented, full 
alphanumeric keyboard is switch selectable to standard 
typewriter, alternate (TTY), or numeric cluster operation. 
Std features include 50-char/s printing speed, 1 k-char line 
buffer, 1200-bit/s transmission rates, and EIA std RS-232 
interface. Computer Devices Inc, 25 North Ave , Burlington, 
MA 01803. 
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Single-board CPUs which operate with up to 64k words of 
directly addressable MOS or core memory, modeis 8 and 12 
have operating speeds of 800 and 1200 ns, respectively. 
Basic versions accommodate 64k of core or MOS memory 
on separate boards; a special MS version has up to 64k of 
MOS on the CPU board. Compatibility with Nova computers 
is provided by four 16-bit accumulators, instruction set, pro
gram interrupt, and pin compatibility with peripheral con
trollers. Three chassis configurations have 5-, 12-, or 21 -slot 
capacities. The 21-slot version accepts 17 boards plus 2M 
bytes of Megastore memory. 5-slot versions have four slots 
available for core (C) or MOS (M) memory in a 5.25" 
(13.34-cm) chassis, and 13-slot models make 12 slots avail
able in a 10.5" (26.7-cm) chassis. All models provide com
plete front access to all boards, modules, components, and 
power supplies via the hinged front panel. Programmer con
sole in the front panel allows entry of words and addresses. 
Pushbuttons allow control of the program and an octal pad 
indicator displays word or address entered or contents of a 
location. LED indicators display internal conditions for pro
gram debugging. Ampex Corp, 200 N Nash St, El Segundo, 
CA 90245. 
Circle 200 on Inquiry Card 

Completely serviceable without hand tools, the series 10 
model 1061 is buil t of plug-in modules; no screws or tools 
are needed for replacement. Plug-in ICs provide chip-level 
serviceability. The microprocessor controlled CRT termina l 
has programmable 1/0 speeds from 50 to 9600 baud, also 
programmable are peripheral speeds and enable qnd disable. 
The 12" (30.48-cm) diagonal screen displays the 128-char 
ASCII set on 24 lines x 80 char (or 24 x 40 char changeable 
with ESC sequence). The typewriter styled keyboard has cur
sor pad, numeric pad, and 24 special keys for prpgramming, 
editing, discrete functions, and mode selection. Text handling 
features include insert and delete line and character; trans
mit line, message, and page; highlight in dim, blink, reverse 
video , and underline in any combination; and a transparent 
mode for display of control codes. Communications are 
RS-232-C serial asynchronous in block or character mode, 
half or full duplex. Teleray, Div of Research Inc, Box 24064, 
Minneapolis, MN 55424. 
Circle 20 I on Inquiry Card 

Circle 202 on Inquiry Card 
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PRODUCTS 

VOICE SYNTHESIS SYSTEM 

VS-6.4, an improved model of the VS-6, 
produces electronically synthesized 
human speech from digital output. Digi
tal information is converted to speech 
through a patented electronic design. 
2 circuit boards of the VS-6 were 
changed to obtain improved voice qual
ity. Converting existing VS-6 equipment 
is possible with the company's retrofit 
boards; software is unaffected by the 
change. Votrax, a div of Federal Screw 
Works, 500 Stephenson Hwy, Troy, Ml 
48084. 
Circle 203 on Inquiry Card 

OPTICAL ISOLATOR SYSTEM 
TTL compatible system utilizes LED 
transmitters and PIN photodiode re
ceivers coupled by a miniature optical 
fiber transmission line, operating on a 
5-V power supply. Immunity from static 
and radiated fields, security of trans
ferred data from external sensing, and 
high speed data transfer are offered. 
1/0 operates at TTL level with repetition 
rates to 20 MHz and pulse widths as 
narrow as 15 ns. Olektron Corp, 6 
Chase Ave, Dudley, MA 01570. 
Circle 204 on Inquiry Card 

COLOR GRAPHICS TERMINAL 

Capabilities of scrolling graphics and 
alphanumerics, and multipaged graph
ing with the added feature of color are 
incorporated in the 4027 computer ter
minal with raster scan display. Colors 
can be selected from a 64-color palette 
with up to 8 colors simultaneously on 
the screen. Plot 10 Easy Graphing host 
software and an Interactive Graphics 
Library are offered. Std video signal 
outputs are included. Interface options 
are available. Tektronix, Inc, PO Box 
500, Beaverton, OR 97077. 
Circle 205 on Inquiry Card 
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COMPUTER ACCESS 
BADGE READER 
Standalone, microprocessor controlled 
BD-1 reader can be configured to read 
type-5 punched or mag strip plastic 
badges to provide the host computer 
with operator identity. Communication 
is by std 110- to 9600-baud asyn
chronous RS-232 protocol in series 
with an installed CRT terminal or on a 
separate dedicated communications 
line. Automatic clamping upon badge 
insertion, remote or pushbutton badge 
ejection, and error signaling are in
corporated. General Digital Corp, 700 
Burnside Ave, East Hartford, CT 06108. 
Circle 206 on Inquiry Card 

CONTROL CENTER 
DATA MONITOR 

Rackmounted version of OLM 11/Tape
trap data line monitor makes special 
code and hex switch accessible from 
front panel for easy code selection and 
hex display. Unit fits a std 19" (48.3 
cm) equipment rack. A 1 M-byte storage 
companion to OLM II, Tapetrap provides 
programmable, unattended monitoring 
techniques for fast fault isolation. Moni
tor is operator settable to record 1 
track (250k char) and stop, record whole 
tape (1 M char) and stop, or record 
continuously in an endless loop format. 
Digi-Log Systems, Inc, Babylon Rd, 
Horsham, PA 19044. 
Circle 207 on Inquiry Card 

900-LINE/MIN PRINTER 
Model 1290, added to the ChainTrainn 
line printer series, has an 8080A mi
croprocessor controller and single line 
memory data buffer. There are 132 print 
positions at 10/in (4/cm), with 6 lines/ 
in (2.4/cm). Single line advance is 20 
ms, and paper slew rate is 20/s. The 
printer automatically single or double 
line spaces, skipping over perforations. 
Line feed is O to 63 lines. Vacuum 
cleaner and paper puller systems are 
optional. Data Printer Corp, 99 Mid
dlesex St, Malden, MA 02148. 

Circle 208 on Inquiry Card 

LARGE MEMORY 
LOGIC ANALYZER 

Containing 3 separate memories, each 
capable of handling data as 16 channels 
of 1024 bits or as 16,384 bits in serial, 
microprocessor controlled logic analyzer 
can trigger on 16 parallel bits or on 16 
bits embedded in a serial data stream. 
Memory depth and 20-MHz max clock 
rate allow diagnosis of propagation de
lay problems, such as those found In 
RAM. Built-in CRT and keyboard allow 
data to be entered, edited, and dis
played in hex, octal , or binary, or as a 
parallel or serial timing diagram. Moxon, 
Inc, 2222 Michelsqn Dr, Irvine, CA 
92715. 
Circle 209 on Inquiry Card 

MICROPROCESSOR BASED 
SYNCHRONOUS MODEM 
Design of the standalone or rackmount 
208B/ A extends the modem's capability 
to a high level of performance at 4800 
bits/s, full or half duplex over the 
switched network. Features include digi
tal filters, digital automatic adaptive 
equalization, and diagnostic capability. 
The unit serves as a direct replacement 
for Western Electric 208B modems and 
incorporates front panel pushbutton 
controls and LED indicators. General 
DataComm Industries, Inc, One Kennedy 
Ave, Danbury, CT 06810. 
Circle 210 on Inquiry Card 

SINGLE-CARD, HIGH SPEED 
128k-WORD CORE MEMORY 

The 128k-word x 18-bit MAXI-STORE 
module combines mass storage with 
high speed for mini- and midscale 
computer uses. Cycle time is 750 ns 
and acce~s time is 325 ns. It is ex
pandable to 1024k words x 18 bits in 
a 19" (48-cm) rackmountable chassis 
with enclosed power supply. Planar 
card with address and data registers, 
and timing and control logic uses a 
3-wire, 30 organization. It requires 5 
and 15 Vdc. Dataproducts Corp, 6219 
DeSoto Ave, Woodland Hills, CA 91364. 
Circle 211 on Inquiry Card 
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MASS STORAGE DISC 
CONTROLLER FOR PDP-11 

PM-DC11 /300C consists of -DC11 /300 
disc controller, offline diagnostic logic, 
power supply, and fans for cooling in 
a 5.25" (13.33-cm) expansion chassis 
with front diagnostic control panel. 
Controller interfaces directly with the 
Unibus and uses CDC storage module 
disc drives. It replaces the DEC RH11-
based disc systems and is software 
compatible with std DEC operating 
systems. Available for single or multi
drive configurations, it has an unfor
matted capacity of 2G bytes/system 
when extended to full capability of 8 
disc drives. Plessey Peripheral Systems, 
17466 Daimler, Irvine, CA 92714. 
Circle 212 on Inquiry Card 

SEVERE ENVIRONMENT 
DISC DRIV'E 

Model 301 D operates reliably in hostile 
environments under such conditions as 
131 °F (55 °C), 10G shock, dust and 
dirt, humidity, vibration, and up to 45° 
tilt. Storage capacities of from 0.5M to 
4M bytes are available with bit transfer 
rates of 1.1 and 2.5 MHz. Moving head 
type unit has a conversion wear coated 
fixed-disc rotating in a sealed chamber. 
Unit is provided with read/write and 
data separator electronics compatible 
with the 23.5/5440 type drives. Dlgl
metrix, Inc, 20954 Corsair Blvd, Hay
ward, CA 94545. 
Circle 213 on Inquiry Card 

M1LITARIZED 
THERMAL PR'INTER 
Nonimpact printer features 2 thermal 
printheads with no moving parts, each 
spanning 2" (5 cm) of paper width. 
Basic TP2000 is a 10-char/in (4/cm), 
40-col unit that operates at a 240-line/ 
min print speed. A 66-col, 17-char/in 
(7/cm) version is optional. Weighing 
< 7 lb (3 kg), the device provides inter
nal storage for 100 ft (30.5 m) of 4.25" 
(10.8-cm) wide roll paper. It measures 
5. 75 x 6.25 x 7 .50" (14.61 x 15.88 x 
19.05 cm). Miltope Corp, 9 Fairchild 
Ave, Plainview, NY 11803. 

Circle 214 on Inquiry Card 

LINE PRINTER SYSTEM 
FOR DECSYSTEM 20 

27-W SWITCHING 
POWER SUPPLY 

LP-20 compatible interfaced line printer 
system can drive 2 printers simulta
neously at speeds from 300 to 1500 
lines/min. S-20 controller measures 
5.25" high and 19" wide (13.34 and 
48.3 cm) and can be installed in unused 
space in DECsystem 20. System in
cludes controller, electronics, and all 
necessary cabling. Southern Systems 
Inc, 3000 NE 30th Pl, Ft Lauderdale, FL 
33306. 

Low power series 2000, offering a 27-W, 
4-output supply, has virtually noise-free 
operation. With a 60% efficiency, it 
operates on either 115 or 230 V. The 
reliable supply has been developed for 
data processing and communications 
applications to improve upon linear de
signs, while remaining cost competi
tive. It has received UL approval. 
Conver Corp, 10631 Bandley Dr, Cuper· 
tino, CA 95014. 

Circle 215 on Inquiry Card Circle 216 on Inquiry Card 

1111 PEIFlllllCE 
LSl-ll*IEI SYSTEMS 

o 3.75 Mbvtes Floppy Disk on-line o Three 
Drives o Double Density o Double Sided 
D OMA Interface D Switch selectable Drives 

ii ... 

a 
•• ... ... -... 

511,000 
Single Quantity Price 

57,500 
Quantity 20 Price 

LI 

~ 
a 

o 20 Mbvtes cartridge Disk o 3 Fixed and 1 
Removable Platters o 1QOO/o RKOS compati· 
ble 

518,000 
Single Quantity Price 

512,750 
Quantity 20 Price 

·rrademark of the Digital Equipment corp. 

Both Systems include: D DEC LSl-11 * CPU 
D 61440 bytes RAM D Serial 1/0 port CRS232 
and 20 MA) D Hardware Bootstrap D Real 
Time Clock D 16 asus Slots D Extended In
struction set o Floating Point Arithmetic 
o RT-11 Operating System 

CENERAL ROBOTICS CORPORATION 
Quality component Computer systems 
Represented and Distributed worldwide 
Main Office: 57 N. Main, Hartford, WI 53027 14141673-6800 nx 269686 
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GAS DISCHARGE DISPLAY 
POWER SUPPLY 
Power for 240- and 256-char matrix gas 
discharge displays can be obtained 
from low de voltage w ith the E 1200 
series power supply. Single-output unit 
converts 12- or 15-Vdc input to high 
voltage de output. It may also be ap
plied to any end use where battery or 
other low voltage de input is available. 
1/0 isolation is rated at 600 V rms 
(60 Hz, 1 min) . Encased in aluminum, 
the supply weighs approx 185 g and 
measures 2 x 2.5 x 1.19" (50.8 x 63.5 x 
30.2 mm). Endicott Coil Co, Inc, 24 
Charlotte St, Binghamton, NY 13905. 
Circle 217 on Inquiry Card 

IBM COMPATIBLE 
GRAPHICS SUBSYSTEM 
A 2- or 3-dimensional interactive graph
ics peripheral, plug compatible with 
IBM 360/370 channels , uses hardware 
and firmware to process channel proto
col , error checking, and data/ command 
buffering. Model 4370 reduces the 
burden on the host computer by per
forming all image manipulation and 
interrupt handling; software packages 
simplify development of applications 
programming on the host. Basic sub
system consists of a channel control 
un it, display control unit, and dispiay 
station. Adage, Inc, 1079 Common
wealth Ave, Boston, MA 02215. 
Circle 218 on Inquiry Card 

HIGH DENSITY 
EPROM PROGRAMMER 

Providing programming or copying ca
pabilty for EPROMs, PB1002 pro
grammer interfaces with MicroPac and 
SuperPac development systems; users 
select EPROM to be programmed by 
plugging in an adapter module. A con
trol program provides all necessary 
functions. In addition to supporting 
2708, 2758, 2716, and 2732 high density 
chips, instrument can read and verify 
object tapes, program an EPROM from 
RAM or copy socket, compare EPROM 
with RAM or copy socket, and transfer 
EPROM information into RAM . Process 
Computer Systems, Inc, 750 N Maple 
Rd , Saline, Ml 48176. 
Circle 219 on Inquiry Card 
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X-Y RECORDER 

A high resolution instrument, the 
PM8131 plots up to the DIN A-3 format 
of 15 x 10" or 38 x 25 cm. Recorder 
is stable with minimal temp drift. Dy
namic performance gives slewing speed 
of 95 cm/s and peak acceleration is 
up to 3800 cm/s2 for Y axis and 2100 
cm/s2 for the X axis. Its high resolving 
power is attributable to its input sensi
tivity from 50 µV to 1 V/cm in 14 cali
brated ranges for both X and Y axes. 
Cast in a sturdy aluminum frame, its 
construction and design are essential 
to its high degree of accuracy. Inde
pendent and fully variable zero offset 
facilities are provided on both axes. 
Philips Test & Measurements, Inc, 85 
McKee Dr, Mahwah, NJ 07430. 
Circle 220 on Inquiry Card 

MOMENT ARY CONT ACT SWITCH 
Disc switch features a flat momentary 
contact module requiring a shorter 
stroke, and can be covered by a Mylar 
overlay with graphics, or by std or 
rocker pushbuttons in individual , multi
ple, or tableau arrangements for design
ing keyboards on PC boards. Built 
around 2 contact diaphragms separated 
by insulating material, switch makes 3-
point contact when upper diaphragm 
is pressed. Disc is totally sealed against 
moisture through insert molding and 
ultrasonic welding , allowing flow solder
ing through a freon bath without con
tact contamination . Other features in
clude a self-cleaning principle and a 
broad range of switching power. ITT 
Schadow Inc, 8081 Wallace Rd, Eden 
Prairie, MN 55344. 
Circle 221 on Inquiry Card 

HIGH EFFICIENCY 
LED LAMPS 
With externally attached current limiting 
resistors, 0.75" (1.91-cm) lamps operate 
at 5, 6, 12, 15, 24, and 48 V. Recom
mended operating currents range from 
10 to 20 mA and typ luminous intensi
ties range from 1 med to 10 med de
pending on model. Wide angle and hign 
intensity lens configurations are avail
able. All units can be panel mounted 
with the company's OC-4 mounting 
clip and are encapsulated in rugged 
epoxy lenses. Opcoa Div of IDS Inc, 
330 Talmadge Rd, Edison, NJ 08817. 
Circle 222 on Inquiry Card 

SUBMINIATURE 
HALOGEN-CYCLE LAMPS 
Lamps with single contact midget flange 
bases, which permit their use in std 
subminiature lamp ho lders, provide 
good electrical contact. Halogen-cycle 
lamp measures 0.188 x 0.625" (0.478 x 
1.588 cm) and features a whiter light 
due to higher color temp. Lamps do 
not blacken with use as severely as 
comparable std incandescent lamps 
and maintain a higher percent of initial 
light output at 70% li fe expectan 1~y. 
General Electric Co, Lighting Business 
Group, Nela Park, Cleveland , OH 44112. 
C ircle 223 on Inquiry Card 

CRT /PRINTER SUBSYSTEMS 

Package includes model 1100 inter
active CRT which can operate up to 
9600 baud, plus the 100-char/s model 
650 page printer. CRT allows operator 
to carry out dialogue with a host com
puter at data rates almost 10 times 
higher than most teleprinters. When 
printing is requested , printer sets CRT 
free to resume dialogue with the host 
after 2 s. Package allows operator to 
print only summary results thus re
ducing paper waste. Perkin-Elmer Corp, 
Terminals Div, Randolph Park West, Rt 
10 & Emery Ave , Randolph , NJ 07801 . 
Circle 224 on Inquiry Card 

50-MHz LOGIC PROBE 
Model DP-50 clearly displays in-circuit 
logic activity to simplify troubleshooting 
and analysis of digital circuits. Logic 
probe is compatible with TTL, DTL, 
RTL, HTL, CMOS, MOS, and high no ise 
immunity logic. 3 bright LED indicators 
display pulse presence and high and 
low logic states. Unit continues to indi
cate pulse presence through max fre
quency of 50 MHz. Device is fully over
load protected and will withstand ± SO 
Vdc at the input. Min detectable input 
pulse width is 20 ns (10 ns typ). Dyna
scan Corp, 6460 W Cortland St, Chi
cago, IL 60635. 

Circle 225 on Inquiry Card 
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4800-BIT/s DATA MODEM 

Available for either 4- or 2-wire net
works and as a freestanding unit or 
rackmountable enclosure, model 208 is 
Bell compatible. Enclosure accommo
dates up to 8 complete channels of 
4800-bit/s communications and requires 
only 7" (17.8 cm) of space in a std 19" 
(48-cm) rack. Single card configuration 
is available which occupies < 100 in' 
(650 cm2

) of PC board space. Applying 
a high speed microprocessor has re
sulted in a diminished component count 
and size reduction, with concurrent in
creases in modem reliability. Universal 
Data Systems, Inc, 4900 Bradford Dr, 
Huntsville, AL 35805. 
Circle 226 on Inquiry Card 

P/ROM PROGRAMMER 

Designed for the single supply Intel 
2716 EPROM, the PP-2716 connects to 
any read-only P/ROM socket via a 24-
pin plug and 5-ft (1.5 m) of flat ribbon 
cable. Using the P/ROM socket inter
face (patent pending) data are sent over 
the 8 lower address lines to the pro
grammer. No additional power supplies 
are required, and all timing and control 
sequences are handled by the program
mer. Each instrument is supplied with 
an internal de to de switching regulator 
and zero insertion force socket. Oliver 
Advanced Engineering, Inc, 676 W Wil
son Ave, Glendale, CA 91203. 
Circle 227 on Inquiry Card 

LIMITED-DISTANCE 
DATA MODEM 
LOS 140 asynchronous modem trans
mits at speeds of up to 4800 bits/s 
over loaded or unloaded metallic cir
cuits within a 12-mi (19.3-km) range. 
At 9600 bits/s, modem will transmit 
up to 6 mi (9.6 km) over unloaded 
metallic circuits. Modulation scheme 
does not require de continuity. Modem 
includes controlled or constant carrier 
operation, local digital loopback, LED 
indicators, and signal quality monitors 
tor easy installation. Gandalf Data Inc, 
1019 S Noel St, Wheeling, IL 60090. 
Circle 228 on Inquiry Card 

3M/H-P COMPATIBLE 
SMALL DATA CARTRIDGE 
Model TC-150 plastic cartridges can 
be used on drives manufactured by 
H-P, Tl, Qantex, 3M, Instrumentation 
Technology Corp, and Candex Pacific. 
Compatible with 3M DC-100A and 
Hewlett-Packard 9162-0061 mini car
tridges, the unit contains 140 ft (43 m) 
of 0.150" (0.381-cm) wide mag tape. 
Data storage capacity depends on the 
user's data format. Recording formats 
range from single-track 800 bits / in 
(314/cm) up to dual-track 1600 bits / in 
(629/cm). Information Terminals Corp, 
323 Sequel Way, Sunnyvale, CA 94086. 
Circle 229 on Inquiry Card 

RP06 EQUIVALENT 
DISC SYSTEM 
Compatible with DEC software, model 
CIT-200 is a low cost 200M- to 1600M
byte system containing up to 8 200M
byte drives and a DEC compatible con
troller /interface unit with cabling. 
Memorex model 677 disc drive supports 
overlapped seek and interleaved fetch 
and store, rotating at speeds of 3600 
r/min, with 19 heads for 815 tracks. Ad
vanced Electronic Design's controller 
and interface unit optionally supports 
up to 4 CPUs. Computer Interface Tech
nology, 2080 S Grand Ave, Santa Ana, 
CA 92705. 
Circle 230 on Inquiry Card 

MICROPROCESSOR CORE MEMORIES 
FOR THE LSl-11, SOSO, 6SOO, IMP-16P, S100 

THE MM-1103 OFFERS 2 OR 4 TIMES THE MEMORY CAPACITY! 
FOR THE SAME SIZE AND POWER AS THE DEC MMV-11A! 

MM-1103 
BK X 16 

MM-1103/16 
16K X 16 

PLUGS DIRECTLY TO DEC LSl ·11 ANO POP 11 ·03 COMPUTER 

FEATURES: 
• NON-VOLATILE. 
• PIN-TO-PIN COMPATIBILITY. 

MM-6800 SK X S 

USED ON MOTOROLA'S EXORCISER 
ANO MICRO MO OU LES 

MM-S100 SK XS 
USED ON IMSAI 8080, ALTAIR , 

ANO SOL MICROCOMPUTER 

rw!'l!Sr0 
• •IT!ll emory 

nc 

• POWER MONITORING 
FOR DATA PROTECTION. 

• DELIVERY FROM STOCK. 
• ONE YEAR WARRANTY ON 

PARTS AND LABOR. 
e ALL UNITS TEMPERATURE 

CYCLED AND BURNED IN. 

- u 

·==== 
.. ' . -I I llfl llllllHlllll I II l\t 

MM-SOSOAL SK XS 
USED ON INTEL'S MOS 800 

ANO SBC 80/ 10 MICROCOMPUTER 

943S Irondale Ave. 
Chatsworth, California 91311 
Telephone: (213) 99S-0070 
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MICROPROCESSOR BASED 
CRT TERMINAL 

Designed around Z80 microprocessor, 
Video 200 offers computer control of 
formatting and editing capabilities, en
abling host computer to guide terminal 
operators through data entry and re
trieval. Full duplex keyboard allows 
nondisplay keys to be monitored by 
computer. Complete formats consisting 
of 16 different types of display attri
butes can be flashed onto the terminal 's 
screen by the computer to aid operators 
in data entry. Unit features 12" (30.5-
cm) screen with a 128-char ASCII dis
play set with u/lc and control codes. 
Western Union Data Services Co, 70 
McKee Dr, Mahwah, NJ 07430. 
Circle 231 on Inquiry Card 

COMMUNICATIONS 
SOFTWARE EMULATOR 
Compatible with Univac's full-duplex 
Nine Thousand Remote (NTR) protocol, 
the software package enables a 1600 
system with COS memory system to 
communicate with a Univac 1100 series 
host computer supporting NTR. Com
munications are in both ASCII and 
FIELDATA, at line speeds from 2k to 
56k bytes/s . Std features include sup
port of multiple data streams, and card 
reading and punching in column-binary 
format. Various options are available. 
Harris Corp, Da:ta Communications Div, 
11262 Indian Trail, PO Box 44076, Dal
las, TX 75234. 
Circle 232 on Inquiry Card 

DOUBLE DENSITY 
FLOPPY STORAGE SYSTEM 
An IBM compatible single- and double
density floppy disc storage system and 
controller, FT series features HIP (host 
interface processor) controllers for DEC 
and Data General microcomputers. HIP 
is an intelligent DMA controller which 
increases system throughput by off
loading the CPU from disc 1/0 process
ing. Each system can provide 2.5M 
bytes of storage. 2-drive expansion en
closures are available. Scientific Micro 
Systems, 777 E Middlefield Rd, Moun
tain View, CA 94043. 
Circle 233 on Inquiry Card 

• 

ELECTRONICS DIVISION . 
COMPONENTS DEPARTMENT ' 

' ' 

INTERACTIVE, REFRESHED 
GRAPHICS TERMINALS 
Up to 4 DYNAGRAPHICTll display ter
minals (models 3205, 6210, and 6220) , 
with 19" (48-cm) CRTs, 92-key alphanu
meric keyboard, and choice of lightpen 
or joystick, can be supported by 1 
Dynagraphic minicomputer. Host/ter
minal software-hardware package lets 
users interactively develop and manipu
late pictures and picture elements with 
FORTRAN calls. Terminal control pro
gram gives local control over functions; 
refreshed graphics allow manipulation 
and selective erase. IMLAC Corp, 150 
A St, Needham Heights, MA 02194. 
Circle 234 on Inquiry Card 

9-V RECHARGEABLE 
NiCd BATTERY 
This high capacity battery is suitable 
for replacing primary 9-V batteries, for 
use as a backup power source, and 
for use as standby power for semi
conductor RAMs. Manufacturing tech
nique for the mass electrode design 
results in a battery capacity of 110 
mAh. Coupled with a discharge voltage 
of a nom 8.4 V, the device delivers as 
much as 924 mWh for each discharge 
cycle. A battery charger unit to be 
plugged into ordinary house current 
is also available. Varta Batteries Inc, 85 
Executive Blvd , Elmsford, NY 10523. 
Circle 235 on Inquiry Card 
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INDUSTRIAL MONITORING 
AND SUPERVISORY SYSTEM 

Outpost 7I1 is a master station capable 
of handling up to 600 data points from 
up to 30 remote terminal units. System 
incorporates CRT, poller task, and op
erator interface via keyboard in English. 
Essential supervisory functions of mon
itoring, alarming, and reporting by ex
ception, and using up to 20 custom CRT 
pages for data display are all per
formed by system. Operating features 
include Midget executive systems man
ager program and Microvisory applica
tions program designed to lead an 
operator through the entry of data points 
into system. Tano Corp, 4521 W Na
polean Ave, Metairie, LA 70001. 
Circle 236 on Inquiry Card 

MICROPROCESSOR BASED 
1/0 MULTIPLEXER 

Mini-Terminal Unit (MTU) 04800, which 
may be located in close proximity to 
sensors/ control units, is a complete 
intelligent multiplexer, functioning under 
control of the internal microprocessor. 
Modular in design, MTU accommodates 
various D-A requirements including 
up to 48 digital I/Os, 32 analog inputs , 
and 16 analog outputs. Unit communi
cates with a central processor by 
means of serial data on twisted p'lir 
cables. Entire unit mounts in a NEMA 
1 enclosure measuring 24 x 30 x 10.5" 
(60 .9 x 76.2 x 26.7 cm) . Electronic 
Modules Corp, PO Box 141 , Timonium, 
MD 21093. 
Circle 237 on Inquiry Card 

SHIELDED-PAIR DATA CABLE 
Insulated with the expanded copolymer 
polyolefin Datalenen ', which features 
low dielectric constant and dissipation 
factor for high speed, low distortion data 
handling , cable includes properties of 
crush resistance, light weight, and temp 
range of - 40 to 80 °C. For applications 
requiring an impedance value of 150 n , 
a UL-listed 22-gauge stranded single 
pair with nom capacitance between 
conductors of 8.8 pF/ft (2.7 Im) and 
nom de resistance of 14 n/1000 ft 
(4.3 fl/km), and a 2-pair 22-gauge 
solid conductor design with nom ca
pacitance of 8.8 pF /ft (2. 7 Im) and 
nom de resistance of 16.1 n/ 1000 ft 
(5 O/km) are available. Belden Corp, 
2000 S Batavia Ave, Geneva, IL 60134. 
Circle 238 on Inquiry Card 

FLEXIBLE DISC DRIVES WITH 
CONTROLLER/FORMA TIERS 

Controller/formatter circuitry mounted 
on a single card within the diskette 
drive enclosure provides media com
patibility with IBM 3740 and 3540 and 
System 32. Single-density subsystems 
are available as IBM compatible 26-
sector format (1101 ), 128-byte full sec
tor buffer (1102), or 16-sector format 
with 256-byte full sector buffer. Trans
fer rates are 31 k bytes/s, or 250k 
bytes/ s with buffering. 1200 series store 
256k bytes in 26 sector, 295k bytes in 
15 sector, and 315k bytes in 8-sector 
format. RFS2400 series add double
density encoding. Remex Div, Ex-Cell-O 
Corp, 1733 E Alton St, Irvine, CA 92713. 
Circle 239 on Inquiry Card 

If you're designing 
hard-copy DEM 

systems, here's the 
laser breakthrough 

you've been 
waiting for: 

The OEM CR·135 WriteLite' Modulated Laser from coherent. 

At last. a laser
writing system that is 
easy to design with. 
has a graphics capa
bil ity, and a price 

WrlteLttes are now being used fOr: systems-engineered 
and pre-aligned 
beforehand would run 
up the price. Quite 
the contrary.In OEM 
quantities. the 
Writelite is priced to 
meet your strict 
design goals budget. 
So now laser writing 
capabilities are well 
within your reach . 

that 1s easy to live with 
Coherent's Write

Lite Modulated Laser 
is the first complete 
laser-writing sub
system All the writing 
components are put 
together for you: the 
laser, the modulator. 
and the electronics 
Just add your own 

Technology 

Xerographic 

Photographic 

Thermo/ electro 
static 

scanning system or ask Coherent about that too. 
Now you don't have to be a laser expert 

to be a laser user. The laser and modulator are 
integrated and pre-aligned in one small package 
The 1.6mW minimum output power in the first 
diffracted order and 150 ns rise time are guaranteed. 

All you have to do is plug in your TTL input. 
And the Write lite is ready to write at six pages per 
minute or faster on standardly available photo
conductors. 

You might think that having the whole package 

Equipment 

Copiers/ non-impact 
printers 

Computer output 
micro-film/ fascimile 
systems 

Oscillographic 
recorders 

And what 
capab1llt1es 1 

The Writelite 
package 1s the very 

heart of non-impact printers, facsimile 
systems. CRT hardcopy recorders, direct writing. 
oscillographic recorders. COM systems and 
telecop1ers. Just tell us what your system 1s and 
we'll show you how the Write lite will save you 
time and money. 

The breakthrough you·ve been waiting for. The 
CR-135 Writelite Modulated Laser from 
Coherent. For complete information. write or call 
Coherent. 3210 Porter Drive. Palo Alto. 
CA 94304, 415-493-2111 . 

Os~~~~Re:n1 
C C. >tl{•rent 1978 

3210 Porter Dnve Palo Alie. CA 94304 
415 493·2111 

CIRCLE 85 ON IN9UIRY CARD 189 



PRODUCTS 

DISKETTE BASED INTELLIGENT 
MASS STORAGE SYSTEMS 

With data capacities in 1 M byte for
matted, IBM compatible systems in
corporate model 277 dual diskette 
drives and are available in 1- or 2-drive 
(2 or 4 spindle) with microprocessor 
based controller, power supply, and 
cabling in 19" (48-cm) rackmountable 
chassis, 1- or 2-drive without controller 
in cabinet, or slimline 4.5" (11.4-cm) 
wide vertical mounted system that in
corporates 1 dual drive (2 spindles and 
power supply) in tabletop chassis. Avg 
seek time including settle is 33 ms; full 
76-track seek is done in < 100 ms. 
PerSci, Inc, 12210 Nebraska Ave, West 
Los Angeles, CA 90025. 
Circle 240 on Inquiry Card 

The difference ls 
operational rellabllitg 

~~~c~~ 
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. • NRZ-800 BPl/PE-1600 BPI 

•FLOATING SHUTTLE™ RESULTS: 
No tension arms/vacuum columns 
No down time/noise 

• 300 IPS REWIND 
•LOW POWER 
•SOFTWARE COMPATIBILITY 

•LOWCOST 

For more Information on the Model TDX, call Leon Maimed, Sales Manager 

Qdntex ~VISION 
. NORTH ATLANTIC INDUSTRIES, INC. 

200 TERMINAL OR., PLAfl'N!EW. NEW YORK 11803 • 516-681-8350 • TWX: 510-221-1879 

CIRCLE 86 ON IN9UIRY CARD 

CARTRIDGE STORAGE UNIT 
WITH MILITARY INTERFACE 

II Q e 

Commercial grade model 2420, a 5.7M
byte cartridge tape storage system, is 
compatible with all U.S. Navy com
puters, and is also a plug compatible 
alternative to the company's AN/ 
USH-26, a Navy std MIL SPEC cartridge 
memory. For design, software develop
ment, and evaluation of military sys
tems, the unit ·includes tape drive, 
ANSI compatible formatter, NTDS inter
face, power supply, and enclosure. 
Qantex Div, North Atlantic Industries, 
Inc, 200 Terminal Dr, Plainview, NY 
11803. 
Circle 241 on Inquiry Card 

WORD PROCESSING SYSTEM 
PRINTER MULTIPLEXER 
Three standalone Wordplex 1 word pro
cessing systems can share a common 
45-char/s printer through the use of a 
multiplexer, to aid small print volume 
users generating large amounts of orig
inal, rather than repetitive, typing. The 
printer multiplexer is housed in a free
standing cabinet measuring 14.2 x 4.5 x 
11.7" (38 x 13 x 30 cm). It weighs 5.5 lb 
(2.5 kg). Wordplex 1 systems can easily 
be upgraded to Wordplex 7 shared logic 
systems. Dennison Office Systems Div, 
300 Howard St, Framingham , MA 01701 . 
Circle 242 on Inquiry Card 

21-COL 
INSTRUMENTATION PRINTER 

Model 388-21 impact printer can be 
operated with a 100% duty cycle at a 
print rate of 3 lines/s. Life is SM printed 
lines. Large, fully formed char are 
printed in 2 colors using a replaceable 
ink ribbon cassette. The 3.5 x 5 x 4.1" 
(8.9 x 12.7 x 10.4-cm) printer uses std 
2.75" (7-cm) wide paper rolls. Low 
noise is achieved through a printing 
pr inciple that pinches paper and ink 
ribbon between char wheels and rub
ber platen. Datacq Corp, PO Box 3223, 
Monterey, CA 93940. 
Circle 243 on Inquiry Card 
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SBC COMPATIBLE 
CASSETTE l·NTERFACE 

IB 4100 plugs directly into the SBC 80 
chassis and has 1/0 connectors for 
two IC 2500 series cassette drives. 
Driver software, provided in ROM 
which plugs directly into the SBC 80 
board, performs data block formatting, 
error detection, and reads and writes 
to and from memory at 12 in (30 cm)/ s, 
searches at 40 in (101 cm)/s, and re
winds at 120 in (305 cm)/s. Card and 
cassette drive add capacity of 0.5M 
bytes, data transfer rate of 1 k bytes/ s, 
and fast memory access. lnterdyne Co, 
14761 Califa St, Van Nuys, CA 91411 . 
Circle 244 on Inquiry Card 

TACTILE RESPONSE 
CUSTOM KEYBOARDS 

• 1 ...... 8ft88~1 , •••ei 
Tactile feedback keyboards provide 
quick and accurate contact, and have 
flat, spill resistant surfaces. Units are 
designed for a wide variety of con.figur
ations and insure high reliability through 
sealed mounting. Graphic possibilities 
available include legends, colors, sizes, 
shapes, and nomenclatures to meet 
functional and visual demands. Bowmar 
Instrument Corp, Commercial Products 
Div, 8000 Bluffton Rd, Fort Wayne, IN 
46809. 
Circle 245 on Inquiry Card 

ANALOG-DIGITAL 
MULTIPLEXING SYSTEM 
T-Wire system replaces wiring or re
duces wiring costs with large installa
tions. Handling up to 256 digital points 
(128 max each direction) plus 32 analog 
points (16 max each direction), micro
processor based system also communi
cates via 3-wire cable up to a max 
distance of 10,000 ft (3050 m). Basic 
system consists of 2 units which op
erate in a master-slave relationship . 
Hardware consists of 2 card file/termi
nal block panels. Prewired slots and 
terminals are provided for 14 digital 1/0 
cards, 1 A-D card, and 2 D-A cards. 
Tenor Co, Inc, 17020 W Rogers Dr, 
New Berlin, WI 53151. 
Circle 246 on Inquiry Card 

2-DRIVE 
FLOPPY DISC CONTROLLER 

UNINTERRUPTIBLE 
POWER SYSTEM 

A complete interface for Multibus com
patible computer systems, the 8101 
controller offers read throughput of 
12,288 bytes/s and a write rate of 
768 bytes/s. Fully compatible with 
Shugart SA 400 and 450 minidrives, 
and with SA 800 and 850 std drives, 
the single card can control 2 disc drives 
in single density operation. A FIFO 
full sector buffer is used for timing in
dependence. Communication with the 
host computer is completely asyn
chronous. Monolithic Systems Corp, 14 
Inverness Dr E, Englewood, CO 80110. 
Circle 247 on Inquiry Card 

UPS design features controlled ferro
resonant transformers in both inverter 
and battery charger. This closed loop 
method provides output voltage that is 
potentiometer adjustable and has regu
lation of <±1 % under any condition of 
line or load. Transient response is 2 
to 3 cycles for any load change with 
max overshoot of 15 to 20%. Overall 
efficiency is 70 to 80% . Units are avail
able from 500 VA to 10 kVA with 120 
or 240 Vac, 50 or 60 Hz, single-phase 
output. Retelco, Inc, 1260 Mercer St, 
Seattle, WA 98109. 
Circle 248 on Inquiry Card 

Give your 
PDP·11 a Calendar. 
When you equip your computer with a TCU-100, you'll 
automatically have the date and time available when 
you power up. 

It's an easy way to keep track of downtime, too. 
Furthermore, you can use the unit like an alarm clock. 
Set it to interrupt at preset times-or at intervals as 
short as 1 /2048 second. 

rcus are shipped preset to your local time, but 
can be set to any time you want by a simple software 
routine. The built-in battery back-up is good for months 
with out computer power. 

For the LSl-11 user, we offer the TCU-50-the 
same reliable timekeeper without the interrupt capa
bility. With either unit, time is cheap. The TCU-100 is 
just $495. And the TCU-50 is only $325. 

Time is only one way we can help you upgrade 
your PDP-11 or LSl-11 system. We'd also like to tell you 
about the others. 

So contact Digital 
Pathways if you're 
into -11 's. We are too. 
~ DI~~~ ~~dl~f~I~~~~~ A!t~C. 
'@:_/ California 94306 • Telephone (415) 493-5544 
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DATA NETWORK TEST SET 
Expanded interactive and monitoring 
capabilities of the Hawk 4000 Datatrap 
are accessible through 2 menu pages 
that display instrument configuration 
status and guide the user through fault 
analysis procedures. The microproces
sor controlled unit monitors, transmits, 
and receives data between a modem 

and terminal, displaying them on a 9" 
(23-cm), 512-char screen; 4096 char 
can be trapped and stored. Various 
protocols and formats are std. Interna
tional Data Sciences, Inc, 100 Nashua 
St, Providence, RI 02904. 
Circle 249 on Inquiry Card 

POWER CONDITIONER 
Protection against short and longterm 
voltage fluctuations-a major source of 
computer error, program loss, and sys
tem damage-can be obtained with the 
10- to 100-kVA power conditioner mod
els. When utility power goes above or 
below rated voltage by 20%, it is in
stantly corrected to within 5% of rated 
voltage. Dual filtering system virtually 
eliminates faults and transients. Specs 
include efficiency of 96% and response 
time of 1 cycle. Topaz Electronics, 
3855 Ruffin Rd, San Diego, CA 92123. 
Circle 250 on Inquiry Card 

CITIZEN SERIESSOOO 
PRINTERS 

192 

heavy-duty 
132Columns 
250-720LPM 
Chain Printer 
Excellent 
Quality 
and Price 
Manufactured by 
CITIZEN WATCH CO. 
Tokyo, Japan 

Exterior view of cabinet 

If you are an OEM In the computer Industry, you know 
the crucial Importance of gaining a competitive edge. 
We know it, too. 

CITIZEN Is the largest Independent line printer 
manufac.turer In Japan. We are new In the U.S. market. 
A very tough market. And we are growing fast because 
we offer our clients a very advantageous price/perfor
mance mix. The competitive edge. 

The Citizen Serles 8000 Line Printers are available In two 
basic models, with the foll owing minimum speeds: 

Model 8201 Model 8601 

298 LPM - 48 characters - 720 LPM 
250 LPM - 64 characters - 600 LPM 
188 LPM - 96 characters - 444 LPM 

Full details on the competitive edge offered by the 
Citizen Serles 8000 printers are yours for the asking. 
Call or write to: 

Mike M. Fujiwara 
Marketing Manager, Line Printers 
C. !TOH ELECTRONICS, INC. 
5301 Beethoven Street 
Los Angeles, California 90066 
Telephone: 213/390-7778 

Dletrlbuted by: 

<9.E C. ITOH ELECTRONICS, INC. 
Pwl of C. ltoh l Co., Ltd. , 1 tirm wllh 111 yeaa ol ln1..-119Uonal mart11Ung Hper1encti. 
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OPTICAL SWITCHES 
Epoxy backfilled switches are her
metically sealed in Valoxn housings, 
and use glass-lensed IREDs for max 
environmental protection. CLI 200 and 
210 have phototransistor outputs with 
switching speeds of 5 to 15 µs; 220 and 
230 have darlington phototransistor out
puts with 2- to 10-mA sensor current 
levels. The 305 provides an emitter 
follower output and 0.005" (0.127-mm) 
slit over the sensor aperture. The 325 
and 355 have photodarlington outputs 
for 3- to 12-mA sensor current levels; 
375 and 395 have phototransistor out
puts and typ 5-µs switching speeds. 
Clairex Electronics, 560 S Third Ave, 
Mount Vernon, NY 10550. 
Circle 251 on Inquiry Card 

TR'IPLE OUTPUT 
DC POWER SUPPLY 

HCAA-60W, built in industry-std pack
age size for 60-W, 3-output openframe 
power supply, outputs 5 V at 6 A with 
overvoltage protection, 12 to 15 V at 
1.0 A, and -12 to -15 Vat 1.0 A. -12 
to -15-V output may be changed to 
-5 V at 0.4 A by jumpering two PC 
board terminals. Total isolation be
tween 5 and ±12 V to ±15 V outputs 
allows user to arrange polarities to 
suit the application. Std features include 
115/230 Vac ±10% input capability, 
t±:0.05% line and load regulation, and 
full protection against short circuit and 
overload. Max output ripple is 3 mV 
pk-pk. Power-One, Inc, Power-One Dr, 
Camarillo, CA 93010. 
Circle 252 on Inquiry Card 

HYBRID CHARGE SENSITIVE 
PREAMPLIFIER-DISCRIMINATOR 
The PAD preamplifier, discriminator, 
and pulse shaper in a T0-8 package 
can be mounted next to the anode of a 
charge producing detector to simplify 
complex multidetector systems. Model 
A-101 can detect a fast rising (<20 ns) 
charge pulse exceeding a charge of ap
prox 0.16 pC. Interfacing with CMOS 
and low power TTL, the unit requires 
15 mW of power. Input sensitivity and 
output pulse width are externally ad
justable. The device also has an output 
pulse width that is variable with ex
ternal trim capacitor. Amptek, 6 De 
Angelo Dr, Bedford, MA 01730. 
Circle 253 on Inquiry Card 
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KEYBOARD SEND/RECEIVE TERMINAL 

The OMNI 800™ model 820 features qu iet operation, 150-
char/s printing of an original and 5 cop ies with a 9 x 7 dot 
matrix format, a full 128 alphanumeric char ASCII keyboard , 
a 640-ctiar FIFO buffer, and answerback memory. Other std 
features include keyboard selectable baud rates, a prepro
grammed self-testing capability, and serial asynchronous 
data communication at rates from 110 to 9600 baud . Noise 
level is below 60 dBa. Microprocessor des ign technology 
provides control of printing functions, programmable forms 
control , and a buffered communications interface. Options 
include a compressed character font , numeric cluster, full 
ASCII/ APL keyboard, international character sets, and de
vice/forms control. Texas Instruments, Inc, Digital Systems 
Div, PO Box 144, Houston, TX 77001 . 
Circle 254 on Inqui ry Card 

INTELLIGENT CLUSTERED TERMINAL SYSTEM 

System 4000 is completely programmable and is able to 
emulate a variety of communicat ions protocols as well as 
perform onsite processing within a cluster using local disc 
storage. Built-in emulators allow the system to function in 
IBM 3270 and 2260, Univac UTS 400, and Honeywell 7700 
terminal modes, cutting line costs by concentrating data. 
Each cluster may consist of a cluster controller/processor ; 
communications controller, floppy disc storage for up to 
1M byte, keyboard/display stations, and high and low speed 
line and character printers. System can support 8 keystations 
and 4 printers simultaneously. Cluster controller includes a 
microprocessor, up to 32k bytes of RAM , and function and 
task oriented microprocessor modules. Racal-Milgo, Inc, 8600 
NW 41st St, Miami, FL 33166. 
Circle 255 on Inquiry Card 

CARTRIDGE MODULE DISC DRIVE FAMILY 

Offering removable and fixed disc storage with capacities 
ranging from 32M to 96M bytes, the Hunter family provides 
backup and copy capabil ities in single drive systems. Storage 
is divided between 16M bytes of top loading 5440-type 

cartridge and 16M, 48M, 
or SOM bytes of fixed 
storage. All data are con
tained on 1, 2, or 3 fixed 
discs and the removable 
cartridge. Using existing 
3330-type technology, the 
drives transfer data at a 
rate of 1209k bytes/s with 

an avg access time of 30 ms. They have a rotat ional speed 
of 3600 r/min, track density of 370 tracks/in (145/cm) , and 
recording density of 6060 bits/in (2385/ cm) . Compatibility 
with Trident and storage module drives allows users to 
intermix types on a single controller. California Computer 
Products, Inc, 2411 W LaPalma Ave , Anaheim, CA 92801 . 
Circle 2Sb on Inq uiry Card 

NEW FREE CATALDO 

TROMPETER 
ELECTRONICS 
has just 
publ ished a 
new 40 page 
catalog T11 , 
illustrating a 
complete line 
of coax, twinax, triax and quadrax con
nectors, patch panels, plugs, jacks, patch 
cords, cable assemblies, networks and 
accessories. The catalog includes an 
eight page technical discussion of noise 
in cable systems. 

SEND FOR YOUR FREE COPY TODAY. 

TROMPETER ELECTRONICS, INC. 
8936 Comanche Avenue, Chatsworth, CA. 91311 

(213) 882-1020/TWX: 910-494-1210 
CIRCLE 9,9 ON INQUIRY CARD 

I WIRE I CABLE 
MEDICAL INSTRUMENTATION - Some U. L. Approved 
ELECTRODE WIRES - Silver, Platinum, 

Stainless, Palladium 
MINIATURE ULTRA FLEX WIRES - various 

conductors & insulation 
MINIATURE ULTRA FLEX CABLES - various conductors, 

insulation & jackets 
BRAIDS - large range of sizes - Copper, 

Stainless, Silver, Gold 
MAGNETIC HEAD CABLES - over 70 specifications 
MAGNET WIRE - all sizes - temp. Ranges

Bondable-Bifi lar-Trifilar 
LITZ WIRE & CABLE - types 1 thru VIII 
INSULATED AIR SPACED U.L. APPROVED GROUND CABLES 

- very flexible 
HI TEMPERATURE 800°F, 1500°F, 2000°F 
LO NOISE CABLES - made for specific applications 

COONER WIRE 
COMPANY 

9186 INDEPENDENCE AVE., CHATSWORTH, 
CA. 91311 213-882-8311 
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PRODUCTS 

300/600-LINE/MIN 
BAND PRINTER 
High reliability for heavy-duty uses and 
low operating noise levels-62 dBA 
with optional cabinet and 65 dBA on 
pedestal stand or desktop-are features 
of printer series. Included are the L300, 
which prints a std 64-char ASCII set 
at 300 lines/min; the L600, rated at 
600 lines/ min ; and the L250G, offering 
a 15-char/in (6/cm) compressed print
ing capability and 720-poinl/in" (112/ 
cm' ) graphics printing capability, in 
addition to normal 10 pitch printing 
and 300-line/min operation. NEC Infor
mation Systems, Inc, 5 Militia Dr, Lex
ington, MA 02173. 
Circle 257 on Inqu iry Card 

HARDCOPV DATA 
COMMUNICATIONS TERMINAL 

PERT (printing economy remote termi
nal) provides 48-char/line capability on 
a continuous roll of ribbonless thermal 
paper. Modular design allows a choice 
of options including rechargeable bat
tery or 110-Vac power, line level or 
acoustic telephone line connect, or di
rect computer connect with 20-mA loop 
or RS-232. Data transfer rates are se
lectable between 11 O and 9600 baud. 
Std ASCII uc keyboard provides status 
indicator lights. The unit is compatible 
with all std computer formats. Micon 
Industries, 252 Oak St, Oakland, CA 
94607. 
Circle 258 on Inqu iry Card 

SERIES/1 COMPATIBLE 
600-LINE/MIN PRINTER 
Operating at twice the speed of the 
IBM 300-line/min band printer, the 
DAC/ 1-600 features 132 col/ line, self
test, 8-channel vertical format unit, 6-
part forms capability, and line printer 
attachment. Other features are single 
line memory buffer, EBCDIC or ASCII 
64-char set and coding , Data Printer 
Corp 's ChainTrain n design, and open 
Goth ic char style. Spacing is 10 char/ 
in (4/cm) and 6 lines/in (2.4/cm), with 
paper slew rate of 20 in (51 cm)/s. 
Digital Associates Corp, 1039 E Main 
St, Stamford, CT 06902. 
Circle 259 on Inquiry Card 
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LED BASED 
COMPUTER TERMl·NAL 

An interactive terminal consists of a 
panel of 128 LEDs (or 256) which, when 
a fiber optic pen is pointed at them, re
sponds by lighting or extinguishing 
LEDs and/or by illuminating a numeric 
display on the panel. TRUEDATA serves 
the functions of a data input keyboard, 
visual display unit, and printer. LEDs 
required for an application are anno
tated and printed on an overlay of metal, 
paper, film , or plastic covering the 
panel. Grundy & Partners Ltd, Bond's 
Mill, Stonehouse, Gloucestershire GL 10 
3RG, England. 
Circle 260 on Inquiry Card 

MILITARY 
BOARD-TO-BOARD CONNECTOR 
Digi-KlipR tandem connector bus is 
rugged and provides rapid access for 
analysis and repair, requiring no 
motherboards, cables , or wirewrap. 
After formation BeCu connector is heat 
treated to guarantee low contact re
sistance. MC-18 and MC-19 tandem 
connectors will accommodate 0.062" 
(0.157-cm) thick PC boards. -18 is 
available in 2- to 22-board positions 
on 0.400" (1 .016-cm) centers between 
boards; -19 has 0.500" (1 .27-cm) centers 
between boards. Components Corp, 6 
Kinsey Pl, Denville, NJ 07834. 
Circle 261 on Inquiry Card 

BUFFERED VIDEO 
DISPLAY TERMINAL 
Micro Bee 2 is an 8085A microprocessor 
controlled terminal with 24-line x 96-
char display format and keyboard for 
interactive and batch mode uses. Fea
tures include memory lock; normal, re
verse, blink, underline, and half-intensity 
video levels; and protected data fields, 
numeric only fields, and modified data 
field transmission . Firmware displays 
modes of operation, error and status 

messages, and communication proto
col. Beehive International, 491 O Amelia 
Earhart Dr, Box 25668, Salt Lake City, 
UT 84125. 
Circle 262 on Inquiry Card 

ADC FOR DIRECT 
MINICOMPUTER INTERFACING 

GMAD-4A includes an analog signai 
amplifier whose gain can be controlled 
over the range from unity to 16 by a 
3-bit digitally coded signal supplied by 
minicomputer or controller. Range of 
control permits the data conversion 
system to be optimized for resolution 
on a channel by channel basis. When 
equipped with 15-bit ADC, range of 
amplifier gain permits digital resolution 
of input signal changes as small as 
38 mV. Modular construction permits 
addition of cardmounted multiplexers. 
Preston Scientific, Inc, 805 E Cerritos 
Ave, Anaheim, CA 92805. 
Circle 263 on Inquiry Card 

BUSINESS APPLICATION 
CRT TERMINAL 
Model 531 has a memory size of 1920 
uc ASCII char displayed in a 24-line x 
80-char format. It includes 3 char ac
cents, formatted data entry, buffered 
RS-232 printer output, and char and 
l ine edit functions. Terminal's 82-key 
detachable keyboard includes a TTY 
pad, numeric pad, and function key pad 
which contains 12 keys used for editing 
and related terminal functions. Up to 
10 remote monitors can be daisychained 
through its auxiliary video output. Ann 
Arbor Terminals, Inc, 6107 Jackson Rd, 
Ann Arbor, Ml 48103. 
Circle 264 on Inquiry Card 

SCALABLE ABSOLUTE ENCODER 
FOR SEVERE ENVIRONMENTS 
Encoders convert any shaft input to 
BCD or binary information correspond
ing directly to the shaft angle with an 
accuracy of ±1 part in 3600: In addi
tion, 3-, 4-, or 5-digit, 0.5" (1 .27-cm) 
high LED displays of that angle are 
available. DIGl-SHAFT system uses a 
shaft transducer that is a reliable re
solver. The zero point can be reset to 
any value via an available offset ad
justment; any output scale factor can 
be provided. Multiple shafts can be en
coded simultaneously. Computer Con
versions Corp, 6 Dunton Ct, East North
port, NY 11731. 
Circle 265 on Inquiry Card 
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BUFFERED APL/ ASCII VIDEO TERMINAL 

A buffered APL/ ASCII terminal with 
transaction processing capability, 
the Elite 3045A offers protected for
mats, video enhancements, and APL 
overstr ike/ ASCII underscore. The 
microprocessor based terminal fea
tures character interactive, line, or 
page mode communications to meet 
a variety of applications needs; asyn
chronous and opt ional isochronous 

commun ications interfaces ; 102 and 202 modem compati
bility ; and switch selectable EIA and optional 20-mA current 
loop interfaces. It also provides 10 user function keys, 
multiple level video display capabi lity with no memory address 
space required to support screen enhancements , detached 
keyboard for expanded applications flex ibility, and 15 baud 
rates up to 9600, selectable from the keyboard. Datamedia 
Corp, 7300 N Crescent Blvd, Pennsauken, NJ 08110. 
Circle 266 on Inquiry Card 

MINICOMPUTER WITH HIGH DENSITY MEMORY 

Provid ing reduced cost, size, and power consumption with 
increased processing power, memory size , and throughput, 
the -16/ 460 minicomputer uses HY PAK, a high density mem
ory technology based on hybrid circuit packaging which packs 
256k bytes of memory with full 6-bit error correction facilities 
on a single 13 x 15" (33 x 38-cm) board. Memory modules 
contain eight 4k MOS dice in a std DIP. A computer with 
1M-byte memory requires 8.75" (22.22 cm) of std rack space. 
6-bit error correction facility detects and corrects a:J single 
bit errors and detects all 2-bit errors, providing uninterrupted 
operation for extended periods. General Automation, Inc, 
1055 S East St, Anaheim, CA 92803. 
Circle 267 on Inquiry Card 

MICROPROCESSOR BASED PROGRAMMABLE 
CONTROLLER 

MPC-8/ 01 is programmed for logic diagram language, but 
can be modified by changing the firmware to accept ladder 
diagram or Boolean statements . A system can have a single 
1/ 0 rack with as few as 8 inputs and 8 outputs, or as many 
1/ 0 racks as needed up to 2048 digital inputs and outputs. 
Input modules may be selected from 240- or 120-Vac; 225-, 
24-, or 5-Vdc modules. Output modules may be chosen from 
120 or 240 Vac at 5 A, 120 Vac at 1 A, 30 Vdc at 1 A, 
or 53 Vdc at 0.5 A, reed relay, mercury-wetted relay, or 5-V 
logic outputs. System has capacity for 6k (8-bit) scratchpad 
memory and up to 24k (16-bit) user program memory, which 
may be EPROM or RAM in any combinat ion. Internal timing 
to 999.9 hours, minutes, seconds, or tenths of seconds, and 
counting to 9999 is available . Dynage, Inc, 1331 Blue Hills 
Ave, Bloomfield , CT 06002. 
Circle 268 on Inq uiry Ca rd 

./!oJtge&l£a&f-Coa&l 
Electro 
Optics Laser 

£Kpo A /970/ 

over 175 Equipment Diso1avs 
Manv With NEW PRODUCTS 

18 Technical sessions 
including 

• Optical Materials • Fiber Optics 
• Lasers in • Electro-Optic 

Chemistry and Instrumentation 
Spectroscopy • Wide-Band 

• Displays and Image Recording 
Analysis • New Laser 

• Optical Technology 
Communications • PLUS many more 

10 Protessional 
Advancement 
courses 

ELECTRO-OPTICS/LASER '78 EXPO 
c/o Industrial & Scientific 

Conference Management, Inc. 
222 West Adams Street, Chicago, IL 60606 
(312) 263-4866 

O I am interested in ATTENDING. Please send 
re.gistration details. 

D I am interested in EXHIBITING. Please send floor 
plan and prices. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY / STATE/ ZIP 

TELEPHONE ( 

~------------------~ 
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GRAPHICS DISPLAY PROCESSOR 

GDP/2A vector graphics display has the 
ability to draw 3M 0.1" (0.254 cm) 
vectors/s. Electrostatic deflection in the 
19" (48.3-cm) CRT and completely digi
tal vector drawing circuitry ensure per
fect end-point closure between vectors 
and uniform intensity. Display processor 
has a complete instruction set which 
fully exploits the power of a totally re
freshed display. Control instructions af
fect vector intensity, XY positioning, 
scaling, and program flow. Single byte 
vector format provides compact storage 
while 4-byte format gives full screen 
size capability. Three Rivers Computer 
Corp, Box 235, Schenley Pk, Pittsburgh, 
PA 15213. 
Circle 269 on Inquiry Card 

NEEDLE GUIDES FOR IMPACT 
DOT MATRIX PRINTERS 
Needle guides can be supplied in reg
ular 7- or 9-hole in line types, or 10, 11, 
12, 13, and 14, as well as to customer 
requirements; for OCR applications, 
holes can be provided in multiple num
bers of rows. Guides are available with 
flat or curved surfaces facing the print
ing ribbon, assembled or unassembled. 
They are offered in single crystal alu
mina, Al,O., or multicrystal alumina with 
grain size below 1 micron, both with 
zero porosity. lmetra, Inc, 200 Clear
brook Rd, Elmsford, NY 10523. 
Circle 270 on Inquiry Card 

120M-BYTE MOVING HEAD 
DISC MEMORY 
Compatible with HP 3000 computer 
systems, the 7925 with 120M bytes of 
H-P formatted data storage in a re
movable disc pack is readily adapted 
to the equipment of other manufac
turers. Average random seek time is 
25 ms ; data transfer rate is 7.5M bits/s, 
or 937.5k bytes/s. The controller can 
handle up to 8 drives. One surface of 
the pack carries servo information for 
the track follower, head actuating 
mechanism. Error correction code hard
ware is std. Hewlett-Packard <Co, 1507 
Page Mill Rd, Palo Alto, CA 94304. 
Circle 271 on Inquiry Card 

125-IN/s TAPE DRIVE 
Mod 14 is format selectable, reading 
and recording 1600 char/in (629/cm) in 
PE format and 800 char/in (314/cm) in 
NRZI. Both formats can be implemented 
in the same unit for dual density record
ing . It accepts either IBM Easy-Load I 
and II type cartridges as well as ANSI 
compatible open reels up to 10.5" 
(26.7 cm) in dia. Built-in daisy chain 
capability permits up to 4 units to oper
ate from the same formatter. Extra long 
vacuum columns reduce moving parts 
and provide better performance. 
Wangco Div of Perkin-Elmer Corp, 5404 
Jandy Pl, Los Angeles, CA 90066. 
Circle 272 on Inquiry Card 

12-V, 120-mA 
MODULAR SUPPLY 
Miniature 21-12 power supply measures 
1.75 x 2.25 x 1" (4.45 x 5.72 x 2.54 
cm), and weighs 5.3 oz (150 g) The 
transformer is vacuum impregnated. 
Output voltage is 12 V ± 1 % at 120 mA, 
line and load regulation are ±0.1 % , and 
noise and ripple are < 2 mV rms. Short
circuit protection includes foldback cur
rent limiting. Input power is 115 Vac 
± 1Q% at 50 to 400 Hz. Inputs of 100 
and 220 Vac at 50 Hz are also available. 
Calex Mfg Co, Inc, 3355 Vincent Rd, 
Pleasant Hill, CA 94523. 
Circle 273 on Inquiry Card 

ELECTRONICS ENGINEERING 
OPPORTUNITIES 

on the 
SPACE SHUTTLE MAIN ENGINE 

PROGRAM 
in SOUTHERN CALIFORNIA 

• ELECTRONIC CIRCUIT DESIGN 
• ELECTRONIC SYSTEMS 
• SYSTEMS INSTRUMENTATION 
• TEST INSTRUMENTATION 
• CONTROL SYSTEMS 
• SOFTWARE PROGRAMMERS 

Requires appropriate degree and direct experience in 
one or more of the listed areas. 

Outstanding fringe benefit program with COL provision 
for salaried employees. 

Make your move now to a seasoned professional en
gineering team by sending your resume to : 

Loretta Young 
Dept. CD 
Rocketdyne Division 
Rockwell International 
6633 Canoga Avenue 
Canoga· Park, CA 91304 

41~ Rockwell 
r.,~ International 

Equal Opportunity Employer M/F 
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COMMUNICATIONS FLOPPY DISC SYSTEM 

Comm-Stor II uses IBM 3740 compatible diskettes and inter
faces with RS-232 communications devices. Its internal 
microprocessor enables the user to store and retrieve files 
by file source. Variable length files increase file storage ca
pacity and maxim ize usage of the diskette regardless of mix 
of file sizes. Merging files capab i lity increases editing capa
bility and gives more flexibility in text editing applications. 
The system provides buffering at terminal and/ or modem 
port allowing commands and data to be stacked, minimizing 
handshaking and system delays, and providing protection 
from data overruns. Individual file protection allows selected 
files to be specified as protected, while reta ining the ab i lity 
to create or alter others. Sykes Datatronics, Inc, 375 Orchard 
St, Rochester, NY 14606. 
Circle 274 on Inquiry Card 

180-CHAR/s BIDIRECTIONAL MATRIX PRINTER 

300 series Ballisticrn printer features a built-in microproces
sor that provides control of all print functions , 15 switch
selectable form lengths, 15 perforation skipover formats, and 
complete vertical and horizontal tabulat ion control. Processor 
also enables the printer's 128 printables to be expanded to 
2 sets of 128 for alternating character sets on a line by line 
basis. A space and blank character compression buffer looks 
ahead as data are received, automatically compressing all 
space and blank character counts into 1-, 2-, or 3-byte 
strings allowing slew rates of 50 in (127 cm) / s for increased 
throughput. Serial interface (310) comes std with a 512-char 
buffer ; parallel (301) version has a 256-char buffer. Both 
expand to 2048 char as an option . Lear Siegler, Inc, Data 
Products Div, 714 N Brookhurst, Anaheim , CA 92803. 
Circle 275 on Inquiry Card 

FLEXIBLE DISC STORAGE TERMINAL 

---

.. 
TermiNetn diskette storage termi
nal (DST) requ ires no coded com
mands ; instead, a set of English 
language commands like write, 
read , and erase actuate the unit. 
All operator switches and LED 
indicators are on the front control 
panel. Measuring 17.82 x 12.62 x 
16.62" (45 .26 x 32.05 x 42.21 cm), 

the single unit drive weighs 30 lb (13 .5 kg) , while the dual 
unit weighs 45 lb (20 kg). Terminal is configured as an inde
pendent unit with two RS-232 ports ; one for computer pe
ripherals, the other for a data set. It is compatible with Bell 
212A data sets. Storage media is an IBM compatible soft 
sectored, single-sided flexible , magnetic diskette which has 
usable storage capacity of 231 ,800 char in a single unit with 
average access time of 463 ms. ASCII coded data are trans
mitted and received in serial asynchronous form at various 
baud rates. General Electric Co, Data Communication Prod
uct Business Dept, Waynesbo ro , VA 22980. 
C ircle 27b on Inqu iry Card 

MCLEAN JO 

REVERSIBLE FILTER BOX 

PROPELLER FANS 
QUIET! RELIABLE! ECONOMICAL! LOW COST ! 
LONG LIFE! Those well-known Mclean features 
are built into these popular, efficient, versatile 
units. Airflows : 275,450,725, or 1200 cfm. Di
mensions : 4V2" x 8'l'e ", 4V2 " x 12Ve " or 4V2" x 
15Ve ". Guards, dust filters , stainless steel 
g r illes, available. UL approved. 

SEND FOR CATALOG 

McLEAN McLEAN 
ENGINEERING LABORATORIES 
Princeton Junction. NJ 08550 

609-799-0100 
TWX 510-685-2543 

ENGINEERING MIDWEST 
9560 Eighly-Fiflh Ave. N. 
Maple Grove, MN 55369 

612-425-4747 

SEE US AT IMT SHOW-BOOTH 170 
CIRCLE 96 ON IN(j)UIRY CARD 

When nobody's got 
just what you need in 
Bubble Memories 

PER MAG' 
Got It! 
In stock. Off- the-shelf. 24-hour 
del ivery . Gri nding to your pr ints. 
Engineering assistance. Fabricating 
faci lities. In addi tion . PERMAG has 
exotic, exc lusive hard-to-get items. 
Complete facilit ies for measuring . 
testing . and producing specia l 
mater ials. 8 modern plants stocked. 
sta ffed . and equ ipped to meet you r 
every requ irement. 
Write for new catalog. 

IN THE MAGNETIC FIELD 
PERMAG IS NO. I. 

YOU R: NO. I SOURCE 

-ALL ACROSS TH£ COUNT RY 
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PRODUCTS 

WIRE/CABLE ASSEMBLY 
FAULT TEST INSTRUMENT 

In either production testing or field 
troubleshooting, portable Autoscan will 
indicate nature of each fault (short, 
open, or miswire) and display its pin 
number. A from-to button permits dis
play of pin number at destination end 
of a short or miswire defect. 2 std 
models, one with 99-wire capacity and 
the other with 49-wire capacity, are 
self-contained, solid-state, and use LED 
displays. Units measure 9 x 11 x 12" 
(22.9 x 27.9 x 30.5 cm) and weigh 12 lb 
(5.4 kg). An optional 5-col printer unit 
automatically prints out identity and 
nature of fault on paper tape. Muirhead 
Inc, Addison Div, 1101 Bristol Rd, Moun
tainside, NJ 07092. 
Circle 277 on Inquiry Card 

IBM COMPATIBLE 
DISPLAY TERMINAL 
Multifunction C-760 includes a micro
processor controlled keyboard and vis
ual display, ROM, 49,152-char RAM, 
flexible disc storage and controller, and 
simple forms programming language. 
Display is compatible with IBM 2770, 
3770, and 3780 terminals and provides 
data communication with a host com
puter at speeds of 1200 to 9600 bits/s. 
Up to 2000 char of data can be dis
played in a format of 25 lines with ~o 
char/line. A simple forms language 
and an optional business version of the 
BASIC compiler support user program
mability. Control Data Corp, Box 0 , 
Minneapolis, MN 55440. 
Circle 278 on Inquiry Card 

HANDHELD OCR SCANNER 
Device consists of a pistol grip scanner 
and a logic controller connected by a 
flexible cable allowing user ample room 
for manipulating scanner in a working 
environment. Information read is trans
ferred at 140 char/s to a data terminal. 
In operation, read head is passed over 
a line of type set in OCR font; optics 
in read head create an image of in
formation on a photodiode matrix. 
Brightness levels of the scanned area 
are converted to electrical signals. In
formation is transferred to interfacing 
data terminal in bit-parallel and char-

acter-serial fashion. Siemens Corp, OEM 
Div, 1440 Allee St, Anaheim, CA 92805. 
Circle 279 on Inquiry Card 

DISC BASED MUL Tl FUNCTION 
TERMINAL SYSTEM 
Serving as word, distributed, or busi
ness data processing system, the 64k 
J500 Videocomputer displays 1920-char 
on 24 x 80 CRT screen and has a mov
able keyboard with 20 programmable 
function keys, and 4 cursor control 
keys. 2 floppy disc drives accommodate 
up to 2M char of storage; 2 additional 
units may be connected. The unit also 
supports up to 4 cartridge disc drives, 
45- or 55-char/s or 300 line/min printer, 
as well as different communications 
protocols on 2 communication lines at 
std baud rates to 9600 baud. Jacquard 
Systems, 1639 11th St, Santa Monica, 
CA 90404. 
Circle 280 on Inquiry Card 

r---GllL1'A~--, THE POWER SUPPLIES MARKET 

The INTERDATA 
interface solution 

QALTA gives you 
four local communications channels on a single half board -
at about half the cost of two PASLA channels. QALTA is 
plug-to-plug compatible with all Interdata computers and 
eliminates the need for expensive PALM/PALS add-ons. 
• lower power requirements - only 180 ma 

per channel 
• any two switch-selected data rates 

from 50 to 19,200 baud 
• $675 (U.S.A.) ; OEM discounts 

available. Includes 7'12-foot 
internal cable with four 
DA15P connectors and 
complete instruction 
manual. 

---------~ 
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Frost & Sullivan has completed a 169-page report 
analyzing and forecasting both the captive and non
captive market for power supplies used in 40 products 
and applications in these categories : data processing, 
communications, civil avionics, instrumentation, 
process control and other controls, consumer elec
tronics, defense and government, printing/copying 
equipment, and other applications. 

Forecasts are also furnished by custom vs. standard, 
by product type - AC to DC, DC to DC, AC to AC 
and DC to AC, and for power supply components -
inductors, capacitors and semiconductors. The in
dustry structure is analyzed, and company 
profiles are supplied on the leaders with market volume 
and share information presented. Pricing trends, 
technological trends and product characteristics are 
discussed. Special emphasis is made to distinguish 
the captive and available non-captive markets. 

Price $675. Send your check or we will bill you . For 
free descriptive literature plus a detailed Table of 
Contents contact: 

FROST & SULLIVAN, INC. 
106 Fulton Street 
New York, New York 10038 
(212) 233-1080 
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1200-BIT/s DOT MATRIX IMPACT TELEPRINTER 

Capable of sustaining 1200 paud and printing at a min of 
200 char/s, microprocessor controlled model 765 combines 
high speed features to generate characters at 1200 bits/s 
without loss of data. Features include a min 200-char/s 
print speed from a high speed printhead, bidirectional print
ing to eliminate time consuming carriage returns, a logic 
seeking printhead that enables the printer to seek the nearest 
character of the next printline, a 15-in (38-cm)/s slew rate, 
1 k-char buffer, and a servo carriage drive for simple, reliable 
operation. 10-, 12-, 15-, or 17-char/in (3.9, 4.7, 5.9, or 6.7/cm) 
printing density selectable under host or keyboard program 
control allows users to generate printed output up to 224 
col. Switch selectable baud rates are 300, 1200, 2400, and 
9600. Centronics Data Computer Corp, Hudson, NH 03051 . 
Circle 281 on Inquiry Card 

G·ENERAL PURPOSE 16-BIT MINICOMPUTE'R 

Compatible with the Nova™ series, Mercury 3 accepts any 
1/0 controller which meets data channel requirements of the 
Nova series. CPU combines three 160-ns microprogrammable 
processors ; concurrent handling of memory, 1/0 device, and 

ALU functions provides high 
throughput. 4 general pur
pose registers are provided 
along with hardware stack 
and frame pointers. Hard
ware multiply/ divide, real
time clock, power fail, and 
auto restart are std features. 

Both semiconductor and core memories are available and 
may be directly addressed up to 128k bytes. Larger ca
pacity memories use unique mapping to avoid speed de
terioration. High current capacity (40 A at 5 V) along with 
93 1/0 pins allow complex 1/0 interface arrangements. SCI 
Systems, Inc, 8600 S Memorial Pkwy, Huntsville, AL 35802. 
Circle 282 on Inquiry Card 

PHOTODETECTORS/EMITTERS FOR FIBER OPTICS 

Infrared emitting diodes and spectrally matched detectors 
with sensitivities suited for short, medium, and long length 
fiber cables are offered in selected glass lensed metal pack
ages compatible with AMP fiber optic connectors. Devices 
are suited to low frequency transmission of digital pulse 
signals through the insulating fiber media. Emitters offer 
power outputs at 50-mA drive current of 550 and 1600 µ.W, 
radiant intensities of 4.0 and 11.6 mW/steradian, and re
sponse times of 50 and 250 ns for the -100 and -200, re
spectively. Detector MFOD100 has sensitivity of 18 µ.A/mW/ 
cm2 with rise and fall times of 1.0 ns. -200, a 1-transistor 
silicon sensor, has sensitivity of 5.6 mA/mW/cm2 with rise 
time of 2.5 µ.s and fall time of 4 µ.s. A Darlington photo
detector, the -300 offers sensitivity of 75 mA/ mW I cm2 with 
40- and 60-µ.s rise and fall times, respectively. Motorola Semi
conductor Products Inc, PO Box 20912, Phoenix, AZ 85036. 
Circle 283 on Inquiry Card 
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SMB IMB 

Solid state electronic MICRO-BUZZER from 
CITIZEN: High reliability, competitively 
priced with immediate delivery. 

A complete range: SMB 1.5, 6, 12, 24, voe 
RMB 3, s, 12, 24, voe 
IMB (Intermittent) 6, 12, VDC 

•cmm 
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CITIZEN AMERICA 
CORPORATION 
1710- 22nd St. 
Santa Monica, 
CA 90404 

Name 

Company 

Address 

Toll Free (800) 421-6516 ~C~ity------~S-ta-te ____ I 
In Calif. (213) 829-3541 
TWX: (91 OJ 343-6450 Zip Phone I 

·-----------------CIRCLE 99 ON INCj)UIRY CARD 

Drives perforated materials with unvarying a 
Maintains chart integrity. 10, 12 and 24-tooth thermo
plastic sprockets are formed to exacting r.a* 
specifications. 1 /4", 1 /1 O" and 5mm 
pitch. Immediate delivery. 

6) .r-'- Our catalog tells all. 

~~machine works, inc. 

900 N. Larch Ave.• Elmhurst, Ill . 60126 • (312) 832-8990 
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BEi DIGITAL RATE AND 
POSITION SERVO SYSTEMS 

ULTRA-LDC™ 
RATE AND POSITION SERVO 

High frequency response at zero 
rate • Wide dynamic range • 
Standard resolutions to 220 • 
Special resolutions to 224 • 
Direct drive. 

MICRO-LDC™ 
MICROPROCESSOR 

POSITION SERVO 

One control unit drives 
up to 4 axes •Single 
or mult1turn configu

rations • Wide range of l!ncoder resolutions in both incre
mental and absolute position designs• Direct drive. 

200 

BEi Electronics. Inc. 

'""""' .. ~[I j ~ [ti]'"""""·' Instruments t Encoder 
Division I Di vision 

Little Rock. Arkansas Goleta. Californi a 

Exclusive manufacturers of the BALDWIN ®encoder 
1101 McAlmont Street Little Rock, AR 72203 

(501 ) 372-7351 TWX 910-722-7384 

CIRCLE 101 ON IN9UIRY CARD 

No Frills Color. Just the basics. If you're a black and white 
terminal manufacturer, the lntecolor 813 is all you need to 
upgrade your terminals to color. 

It consists of an 8-color, 13" CRT, plus a special Analog 
Module System with all the circuitry necessary to perform deflec
tion and video drive functions for the CRT. The completely self
contained circuitry is on a single printed wiring board which also 
generates the low voltage, high voltage and CRT bias, mounted 
on a sturdy aluminum frame for heat sinking the power transistors 
needed for the circuitry. 

With our Nine Sector Convergence System, perfect color 
registration takes only three to five minutes. And this convenient 
control panel can be located anywhere for easy access. 

Available in standard 262 Raster line or 400 Raster line high 
scan versions. If you're ready to upgrade to a color line, call 
800/241-9888 toll -free fora a 
demonstration. 
Color Communicates Better 

Intelligent Systems corp.® 
5965 Peachtree Comers East, Norcross, Georgia 30071 
PH. 800/241-9888 lWX: 810-766-1581 

CIRCLE 102 ON IN9UIRY CARD 

PRODUCTS 

INTELLIGENT PROGRAMMER FOR UV ERASABLE 
CMOS P/ROMs 

Designed specifical ly for programming 6603 and 6604 de
vices , the 660 contains its own microprocessor and 4096-bit 
RAM buffer and can be operated standalone from its front 
panel or interactively with an ordinary CRT or TTY terminal 

through built-in RS-232 or 
20-mA current loop inter
faces. Programmer can 
communicate with computer 
and/or automatic IC test 
equipment for automated 
onl ine P/ROM program
ming. Built-in features in
clude editing capabilities 
for loading and checking 

the RAM buffer and/ or 660X EPROM, abi lily to accept most 
paper tape formats , firmware for P/ROM copying and veri
fying , and a front panel erase-check capability. Programming 
time is typically half that required for similar n-channel device 
programmers. Pacific Cyber/Metrix, Inc, 3120 Crow Canyon 
Rd, San Ramon, CA 94583. 
Circle 284 on Inquiry Card 

CASSETTE BASED PAPER TAPE EMULATOR 
Model 6801 operates with either single or dual cassette 
transport and is directly compatible with conventional paper 
tape systems. Cassettes increase data transfer rates and pro
vide reliable on- or offline data storage in a compact package. 
A self-contained power supply provides all internal power re
quirements from a single 115/230-Vac input power source. 
Data communication is achieved via a serial asynchronous 
interface, in accordance with EIA Std RS-232-C; speed is 
selected in 8 steps between 110 and 9600 baud. Manual 
controls and indicators enable user to select bas ic unit 
functions and operate the equipment. EPROM software pro
vides flexibility to implement additional options. Raymond 
Engineering Inc, Raycorder Products Div, 217 Smith St, Mid
dletown, CT 06457. 
Circle 285 on Inquiry Card 

40-COL LINE PRINTER 

Kyodo model R0-101P, a 40-col drum type printer with 
microprocessor controlled electronics, incorporates paper 
sprocket-feed for vertical forms control, single board elec
tronics with a cho ice of 5 interfaces, and MPU-controlled 

(TMS 9980) selection of 
top of form increments from 
4 to 11" (10 to 28 cm) , 
8 baud rates, 5 to 8 data 
bits, stop bits, and parity 
with ACK and NACK sig
nals. 8-bit parallel data 
(ASCII) is std interface; 
RS-232-C, 20-mA current 
loop, or IEEE-488B are op

tional. Modem interface is provided by use of TMS 9902 
(asynchronous communication controller) and !Cs are used 
for level conversion. Communication signals are converted 
from RS-232-C level to TTL level and written into RAM. 
Computers International, Inc, 3780 Wilshire Blvd, Los Angeles, 
CA 90010. 
Circle 286 on Inquiry Card 
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I LITERATURE I 

Liquid Crystal Displays 
Brochure points out custom design and 
production capability of the company's 
watch and clock industry LCDs along with 
1-ine of displays available for multiplexing 
applications. Ladcor, Mountain View, 
Calif. 
Circle 300 on Inquiry Card 

Image Processing 
"Application Note Using the Comtal Se
ries 200" gives insight into the use of 
digital exploitation systems with features 
such as interaction, roaming, overview, and 
freezing, as well as dynamic image pre
sentation or displayed image readback. 
Comtal Corp, Pasadena, Calif. 
Circle 30 I on Inquiry Card 

Electronic Components 
Encompassing eight sections, 224-p catalog 
covers resistor networks, hybrid microcir
cuits, planar gas discharge displays, LCDs, 
trimming and precision potentiometers, and 
turns-counting dials. Beckman Instru
ments, Inc, Fulllerton, Calif. 
Circle 302 on Inquiry Card 

Data Processing Software 
With architectural, operational, and con
figuration diagrams, 16-p brochure dis
cusses ITEMST" transact.ion energy manage
ment system for distributed data process
ing. lncoterm Corp, Wellesley Hills, 
Mass. 
Circle 303 on Inquiry Card 

Voice Data Entry Terminals 
Literature describes model 600 teletype 
compatible voice data entry terminal which 
enables individual at source level to com
municate directly iwith a computer by voice 
and serves as a video or teleprinter ter
minal. Threshold Technology Inc, Del
ran, NJ. 

Circle 304 on Inquiry Card 

Computer Oriented Books 
Containing over 1000 books from 207 pub
lishers, Annual Bibliography of Computer 
Oriented Books lists books covering hard
ware design, data communications, com
puter applications, program design, and 
advanced programming. Price for bibliog
raphy is $4. Computing Newsletter, Box 
7345, Colorado Springs, co 80933. 

Disc Packs/Cartridges 
Brochure lists media oharacter0istics and 
selection criteria for disc packs, cartridges, 
and diskettes. Nashua Corp, Nashua, NH. 

Circle 305 on Inquiry Card 

Signal Processing 
Applications Programming 
Divided into four sections representing 
various levels of programming, illustrated 
booklet demonstrates ·programming of so
phisticated applications when using the 
srs-21 system. Signal Processing Sys
tems, Inc, Waltham, Mass. 
Circle 306 on Inquiry Card 

Linear /Interface Circuits 
BIFET and bipolar op amps, voltage regu
lators and comparators, line circuits, pe
ripheral, MOS, memory and display drivers, 
and sense amps are covered in 128-p cata
log with schematics and key features. 
Texas Instruments Inc, Dallas, Tex. 
Circle 307 on Inquiry Card 

Display Devices 
Guide provides ta'bulated data, outline con
figurations, definitions, and phosphor screen 
characteristics for std line of display de
vices including instrument and information 
display CRTs. RCA/Electro-Optics and 
Devices, SomerviJJe, NJ. 

Circle 308 on Inquiry Card 

Optical Fibers 
Giving dimensions, transm1ss1on character
istics, coupling properties, and graphs, 
folder includes product summaries and 
covers lacquer-coated optical fibers which 
combine low attenuation and high band
width characteristics. Telecommunication 
Products Dept, Corning Glass Works, 
Corning, NY. 

C ircle 309 on Inquiry Card 

Control Systems 
"Computer Science & Technology: An 
Architecture for a Robot Hierachical Con
trol System," a 227-p report, describes 
development, implementation, and control 
programs for computer ·based control sys
tems for utilization of complex automation 
sys tems such as industrial robots. Price of 
report (so No. 003-003-01874-1) is $4.25. 
Superintendent of Documents, U.S. 
Government Printing Office, Washing
ton, DC 20402. 

Submodular Power Supplies 
Block diagrams, performance specs, out
line drawings, and emi and holdover stor
age data comprise 12-p brochure on sub
modular series of 50- to 300-W single
and tviple-output switching power supplies. 
ACDC Electronics, Oceanside, Calif. 
C ircle 310 on Inquiry Card 

Test and Measuring Instruments 
Catalog includes photos, descriptions, and 
technical specs for oscilloscopes, counters 
and counter /timers, pulse generators, re
corders, multimeters and voltmeters, and 
signal generators. Philips Test & Measur
ing Instruments, Inc, Mahwah, NJ. 

Circle 311 on Inquiry Card 

pProcessor Fault 
Testing/Diagnosing 
Paper discusses testing capa.bility of sig
nature analysis and in-circuit emulation in 
a single instrument as an effective tech
nique for fault diagnosis in micropro
cessor based products. Millennium Sys
tems, Inc, C upertino, Calif. 
Circle 312 on Inquiry Card 

Debugging with Logic Analyzer 
Problems encountered when using a logic 
analyzer to debug a microprocessor based 
process control system are presented in 
4-p applica tion note w.hich also poin ts out 
advantages of implementing mi'cropro
cessor control. Tektronix Inc, Beaver
ton, Ore. 
Circle 313 on Inquiry Card 

CMOS Phase-Locked Loops 
Describing high performance loops for 
small size a nd low cost applications, ap
plication note presents fundamentals and 
design considerations of phase-locked 
loops, particularly SCL 4046B and SCL 
4446B. Solid State Scientific Inc, Mont
gomeryville, Pa. 
Circle 314 on Inquiry Card 

Solid-State Time Delays 
Alternative techniques in solid-state time 
delay technology are presented in hand
book illustrated with schematics, block 
diagrams, line drawings, tables, and curves. 
Free copy may be obtained for limited time 
by writing on company letterhead. Amer
ace Corp, Control Products Div, 2330 
Vauxhall Rd, Union, NJ 07083. 
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LITERATURE 

Optoelectronics 
Catalog includes data, photos, and dimen
sional diagrams of lamps, phototransistors, 
photodiodes, photovoltaic cells, optoiso· 
lators, and the 4-digit, 16-segment alpha
numeric display, DL-1416. Litronix, Inc, 
Cupertino, Calif. 
Circle 315 on Inquiry Card 

Remote Access System 
Spec sheet describes 6100 remote access 
system, which provides access and con
trol of voice grade circuits for testing and 
trouble analysis from a centralized loca
tion. ADC Telecommunications, Minne
apolis, Minn. 
Circle 316 on Inquiry Card 

Connectors 
Describing rectangular, rack/panel, cir
cular, micro miniature, PC, 1/ o, and filters, 
connector selection guide also includes wire 
and contact requirements and environ
mental options. ITT, Cannon Electric 
Div, Santa Ana, Calif. 
Circle 317 on Inquiry Card 

16-Bit Computers 
Brachure indicates advantages of 16-bit 
and limitations of 8-bit computers and in
troduces the Hll computer, a 10-bit ma
chine that utilizes DEC's LSl-11 CPU. Heath 
Co, Dept 350-650, Benton Harbor, Mich. 
Circle ll 8 on Inquiry Card 

Data Communications 
Catalog provides details and illustrates full 
line of modems from 300 to 19.2k bits/s, 
time and frequency division multiplexers, 
and data line concentrators. General Data 
Comm Industries, Inc, Danbury, Conn. 
Circle 319 on Inquiry Card 

Switching Power Supplies 
Catalog lists complete specs on 94 std 
switching power supply models including 
DC·DC converters, multiple output supplies, 
PC board units, and modular suppli'es. 
Etatech, Inc, Placentia, Calif. 
Circle 320 on Inquiry Card 

Voice Couplers 
One brochure includes table of equfpment 
and diagrams of registered and grand
fathered voice couplers; another lists 
specs, features, supporting equipment, and 
connector pin assignments of PulsecomR 
1695 high density single-frequency signal
ing systems. Harvey Hubbell, Inc, Pulse
com Div, Falls ·Church, Va. 
Circle 321 on Inquiry Card 

Synchro Converters/ 
Displays/Encoders 
Catalog provides features, spec tables, ap
plications information, and diagrams of 
multispeed D·S and S·D converters, ·and pro
grammable solid-state limit switches, all 
having TTL compati'ble 1/os. Computer 
Conversions Corp, East Northport, NY. 

Circle 322 on Inquiry Card 

Thank you. 
Thank you for your enthusiastic response to 
our DG-13 and DG-19 high-resolution color 
CRT monitors. While the '78 NCC was our first 
showing in the field of data graphics, we're no 
stranger to quality picture display - as anyone 
in broadcast television can attest. 

At NCC, you confirmed the validity of the Amtron 
approach to design philosophy and man 
tu ring technology - and for that, we than!:!k.:iyililoilul_E!L 

Memory Board Tester 
Design and operation of MD-207 system for 
testing memory boards and systems are 
explained in brochure along with engineer
ing and production applications and se
quential photos. Macrodata Corp, Wood
land Hills, Calif. 
Circle 323' on Inquiry Card 

Acoustic Couplers/Modems 
Presenting data on proper compatibility, 
terminal interface, line coupling, data rate, 
and transmission modes of various types 
of modems, ·brochure also introduces cross 
referen·ces for communications needs. Om· 
nitec Data, Phoenix, Ariz. 
Circle 324 on Inquiry Card 

Database 'Management Systems 
Brochure ·on data base management sys
tem 2000 discusses its applications in pro
duction use and includes photos, block 
diagrams, operating environments, and fea
tures. MR·I Systems Corp, Austin, Tex. 
Circle 325 on Inquiry Card 

Measurement and Control Devices 
Detailed spec tables make up 32-p short 
form guide on measurement and control 
products including converters, various 
amps, multiplexers, digital panel instru
ments, and power supplies. Analog De
vices, Norwood, Mass. 
Circle 326 on Inquiry Card 

aMT~DN 
AMTRON CORPORATION, APTOS , CA. 95003 
PHONE (408) 688-4445 TWX 910 598 8420 
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I llUIDE TC PRODUCT INFORMATION 

NOTE: The number associated with each item in this guide indicates 
the page on which the item appears-not the reader service number. 
Please do not circle the page number on the reader service card. 

MATERIALS 
INSULATING MATERIALS 

Fluorocarbon Insulation 

PAGE 

Pennwalt ..... ......... ..... .. .. ....................... ........ .. 41 

MAGNETIC MATERIALS AND FORMS 

Mag net ic Materials 
Permag ... ..... .. .... ... ... .......... ..... .... ........ .. ...... ... 197 

HARDWARE 
CABINETS AND ENCLOSURES 

Cabinets 
General Dev ices ........ .. .. ...... ..... .... .... .. ....... .... 119 

CONNECTORS AND INTERCONNECTION 
SYSTEMS 

Connecto rs 
AMP .... .... .. ... ... .. .. ......... .. ... ..... ...... ... ....... .... 70, 71 
Trompeter Electronics .. ... .. .... .. ..... .... ...... .... 193 

Mil itary Connector 
Components .. .... ..... ..... ... ..... ......... ... ... . .......... 194 

FANS AND BLOWERS 

Fans 
Mclean Eng ineering Laboratories .......... 197 

INDICATORS ; READOUTS ; 
DIGITAL DISPLAYS ; LAMPS 

Subminiature Halogen-Cycle Lamps 
Genera l Electric/ Light ing Business .... .... 186 

PARTS 

Sprockets 
La Vezz l Mach ine Works .... ............ ... ... ... .. . 199 

Printer Needle Guides 
l metra ............... ........... ................ .. ... ....... .... .. 196 

SLIDES 

Slides 
General Devices ..... ... ...... .... .... .. .. .. ........ .. .. .. 119 

SOCKETS 

Sockets 
Robinson-Nugent ... ........ .... ............ .......... . 24, 25 

WIRE AND CABLE 

W ire and Cab le 
Cooner Wire ...... ....... .. ... .. ... ... .. ... ... ..... ........... 193 

Wire 
OK Mach ine & Tool .... .... ....... ....... ........ ...... 68 

Data Cable 
Belden ... ................... .. .. .. ... ...... ......... ..... .... ..... 189 

WIRING PINS AND TERMINALS 

Terminal B locks 
Control Products/ Amerace .. ... .... ....... .... 179 

COMPONENTS AND ASSEMBLIES 
CAPACITIVE COMPONENTS 

Capac itors 
Union Carb ide/Components ........... .... .... . 188 

INDUCTIVE COMPONENTS 

PC Board Transformers 
Signal Transformer .................... ....... ......... 134 

MOTORS; ROTATIVE COMPONENTS 

Motors 
Pi ttman ......... ... .. .. ...... ...... ........... .. ... .... ... ... .. .. . 80 

PHOTODEVICES ; PHOTODEVICE 
ASSEMBLIES 

LED Lamps 
OPCOA/ IDS ....... .. ... .. .. ... .. ........ ... ..... ........ ..... 186 

Photodetectors/Emitters for Fiber Opti cs 
Motorola Semiconductor Products ... ....... 199 

PAGE 
Optical Switches 

Clairex Elec tronics ... .... ... .. ... .. ... .. ..... ... .. ... . 192 

Optica l Isola tor System 
Olektron ... ..... .. .. .. .. .. .. .. .... ... ... .. .. .. .. .. .......... .... .. 184 

POWER SOURCES , REGULATORS, 
AND PROTECTORS 

Power Supplies 
Ca lex Mfg .... .. ........ .... .... .. ..... ..... ............... .. 1g5 
Power-One ...... ...... .. ... ... ........ .... ... ...... ..... 23 , 192 
Standard Power .......... ............ .... ..... ..... 136, 137 

Swi tchi ng Power Supply 
Conver .. ... .. ....... ... ... .... .... .... ... .... .... ... ........... ... 185 

Gas Discharge Display Power Supply 
Endicott Co i l .... .......... ......... ..... ... ..... ... .. .. ..... 186 

Uni nterruptible Power System 
Retelco .. .. ... .... .... .. .... ... .... ... .... ... .................. .. 1g1 

Power Conditioner 
Topaz Elec tron ics .... .. .. .... .. ...... ... ...... .. ... ..... 192 

Rechargeable Battery 
Va rta Batte r ies .. .. .. .... .... .......... .... .......... .. .. .. 188 

RELAYS 

Reed Relays 
Fujitsu America ......... ....... ..... ..... .. .... .. ··· ··· ·· · 92 

SEMICONDUCTOR COMPONENTS 

MNOS Transistors 
Plessey Semicond uctor 

SENSORS ; TRANSDUCERS 

Audio Indicators 

..... ... ..... ........... ... 177 

Citizen America ... .. ... .. .... ..... .... .. ... ......... .... . 199 

SWITCHES 

Switches 
Micro Switch/Honeywell ......... ... ... .. ... 26, 27 

Reed Switches 
Fujitsu America ... ... ... ........ .... .... ..... ... .. ... ...... 92 

Disc Switch 
ITT Schadow .. .. .. .. ....... .......................... .. ..... 186 

CIRCUITS 
CIRCUIT CARDS AND MODULES 

Logic Modules 
Applied Data Communications ........ .... .... 196 

DIGITAL AND INTERFACE 
INTEGRATED CIRCUITS 
(See al so Semiconduct or Memories under 
Memory/Storage Equ ipment) 

Custom LSI ICs 
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Control Logic .... .. .. ........ .... .......................... 158 
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Dennison Office Systems ........ .. ........ .. ........ 190 

WEST COAST EDITOR 
We need a second West Coast Ed
itor to serve as editorial interface 
with electronics firms in Northern 
California, Oregon, and Washing
ton. The "right" person is a highly 
motivated graduate engineer with 
experience in semiconductor tech
nology and digital electronics; a 
flair for editing and writing techni
cal copy; and the ability to work 
well with both public relations and 
engineering personnel. Must be able 
to work from San Francisco "Penin
sula" base with minimal direction 
and be free to travel. Excellent com
pany-paid benefits. For interview, 
send resume to Sydney F. Shapiro, 
Managing Editor, or call 617 / 486-
8944. 

- ~d i vision of ~ ~ ~TEC PACIFIC INC. 

6263 Varie l Ave .. Woodland Hills, CA 91367/(213) 348-1719/Telex 698474 

COMPUTER DESIGN 
11 Goldsmith St 

Littleton, MA 01460 
An equal opportun i ty employer 
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See us at WESCON '78, Booth 1187-89 
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X-Y Recorder 
Philips Test & Measurement .................... 186 
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EDUCATION 

Microprocessor Courses 
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Integrated Computer Systems ...... 180, 181 
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NCR ........... .... .. ........................... ... ... ........ .. ...... 163 
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EQUIPMENT BUYING, SELLING, 
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Conte rence/ Exhibition 
Industrial & Scientific Conference 

Management .... .. ... ............. .. ... .... .......... ... .. 195 
Mini/Micro Computer Conference 

and Exhibition ........... .. ....... .. .. .... ... ......... 120 

MARKET REPORTS 

Market Reports 
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SERVICES 
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Delta Air Lines ........... ........ .. ..................... 207 

SOFTWARE 

Microprocessor Software 
Mi crotec ...... .. ... .... .. ... ................. .... ... .... ........ 138 
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Software Dynamics ........... .. ... .. ... .. ...... ......... 138 

Microprocessor Cross Assembler 
National Semiconductor .... ... ........... ...... .... 138 

Microcomputer Software 
Heurikon ................. ....... ... .. .. ....................... .. 159 
Micro Focus .... ... .. ........... .. ... .. .. ....... ... .. ... .. .. 159 
Xi tan .......... .. .............. ...................................... 159 
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Mupro Systems .. .. .. .. ... ... ..... .... ......... .. .......... 138 
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Technical Systems Consultants .... .... ... ..... 138 
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Mupro Systems ... .. .... ................................... 138 
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Harris/Data Communications .. ... .. ....... .... 188 

Automated Design Programs 
Automated Systems ... ................................. 176 

New 
Super Fast/Super Quiet 

CfzjMPLfzjT® Digital Plotter 

Free Technical 
Literature 

''How to Expand 
Your Computer 

Storage Capacity'' 
• Modules 

compatible with EMM 3000, 
Ampex, CDC, etc. 

• Add-on in 19" rack from 8K to 512K 
core or semiconductor 

• Mass storage up to 4 megabyte 
(replaces disk) 

• Interface to any computer 
• DEC unibus available 

·US Domestic Pr ice Only 

• Pen races at speeds up to 4000 steps/sec 
• Unique "Micro Drive" introduces 

super quiet to digital plotting 
• 4 step sizes in English or Metric 
• Bi-directional paper movement 
• Z-fold chart paper for 81/2" x 11" or 

11" x 17" charts 
• Plots online, offline, time share or 

remote batch 
• A registered trademark 

haustan I °' """""" '""""'""'' instrument OIVISIO N OF BAUSCH & LDMB \i) 

ONE HOUSTON SQUARE AUSTIN. TEXAS 78753 
(512) 837-2820 TWX 910-974-2022 

EUROPEAN HEAOOUARTERS ~c:n":'=:.:l'·~ .. ~~1:1U~ti;"399 
"the recorder company" 

Visit us at Boot I\ 101 O 
at the WESCON Show. 
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I SALES OFFICES 

NEW ENGLAND, 
NEW YORK STATE 

Lindsay H. Caldwell 
129 Cedar Hill Road 
East Dennis, MA 02641 
phone: ( 617) 385-2533 

MIDDLE AND SOUTH 
ATLANTIC STATES 

Hajar Assoc., Inc. 
Emile H. Hajar 
Paul Hajar 
Silvio Mandino 
521 5th A venue 
New York, NY 10017 
phone: ( 212) 682-5844 

MIDWESTERN 
STATES 

Hajar Assoc., Inc. 
Emile H. Hajar 
Paul Hajar 
Joan Donahue 
664 North Michigan Avenue 
Suite 1010 
Chicago, IL 60611 
phone: ( 312) 337-8008 

SOUTHWESTERN 
STATES 

Lindsay H. Caldwell 
129 Cedar Hill Road 
East Dennis, MA 02641 
phone: ( 617) 385-2533 

WEST COAST 
STATES 

Buckley Boris Assoc. 
Terry Buckley-Tom Boris 
John Sabo 
912 South Barrington Avenue 
Suite 202 
Los Angeles, CA 90049 
phone: (213) 826-4621 

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

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

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

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

High-speed , compact, with 
self-contained electronics 

and power supply. 
Complete in attractive 

noise dampening housing . 

[8 sWEDA 0

rlcNTERNATIONAL, INC. 
utton QE.M. Products 
34 Maple Avenue . Pine Brook , N.J. 07058 /(201) 575·8100 
IN U.K . - ADLER BUS . SYSTEMS/ OEM PRODS., Airporl House . Purley Way . Croyden . Surrey . England 
IN FRANCE - SWEDA INTERNATIONAL/OEM , 103· 107 Rue de TocQuev1lle . 75017 Paris . France 
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DASH® 
(DELTA AIRLINES SPECIAL HANDLING) 
GETS YOUR SMALL PACKAGE THERE 

IN A BIG HURRY. 
Delta handles more over-the-counter 
shipments of 50 lbs. or less than any 
other certificated airline. What's more, 
DASH serves 85 U.S. cities plus San Juan. 
Any package up to 90 inches, width+ 
length+ height, and up to 50 pounds is 
acceptable. DASH packages accepted at 
airport ticket counters up to 30 minutes 
before flight time, up to 60 minutes at 
cargo terminals. The charge for DASH 
shipments between any two of Delta's 
domestic cities is $30. Rate is $25 between 
Dallas/Ft.Worth and 
Los Angeles or 
San Diego or San 
Francisco. There 
is an extra 

charge for pick-up and delivery. For pick
up and delivery, call 800-638-7333, toll 
free. (In Baltimore, call 269-6393). 
Special DASH airbill provides speedy 
documentation. Special DASH bag makes 
identification easy. DASH shipments 
are prepaid. 

You may pay for your shipment with 
cash or approved credit or an acceptable 
major credit card. For full details on rates 
and shipping information call your nearest 
Delta air cargo representative. 
DELTA IS READY WHEN YOU AIF 

_.~ 
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The H-7000 is good news for 
original equipment manufactur
ers. Its high resolution monitor 
(dot pitch 0.31 mm) and 8-bit 
micro-processor combine to pro
vide a clear screen, bright color 
and flexible graphics with mini
mum host computer burden. 

Versatile features include trend 
and bar graphing, superimposing 
of two pictures using dual refresh 
memory, two level intensity and 
other visual functions designed 
to present complex information 
in an easy to assimilate form. 

Our patented "Dynamically 

Writable" Symbol Conversion 
Memory offers the process engi
neer the most flexible graphic 
character set in the industry and 
enables him to freely define 
symbols at any time. 

To suit all customer require
ments, we offer t hree basic 
models with 960, 1,920 or 4,032 
characters/symbols per display. 

Another unique feature of the 
H-7000 is a software t ool called 
Display Generating Software 
(DGS). Using DGS, the process 
engineer can construct or modify 
a display picture by interactive 
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English language "conversation" 
through the CRT terminal. 

Take a look at the H-7000. 
You'll see it's a winner at a 
glance. 

Hitachi America, Ltd. 
San Francisco Office 
100 California Street 
San Francisco, California 94111 
Tel: 415-981 -7871 

@HITACHI 
Hitachi, Ltd. Tokyo Japan 



Suppose someone with 
no axe to grind 

designed practical 
one-card microprocessor systems. 

Pro-Log sifts through 
manufacturer's claims, 
selects the best parts, 
and designs them into 
simple, reliable 
systems ... 
. . . systems flexible enough 
to use in a wide variety of 
applications. Systems easy to 
build, easy to service. Systems 
in which every part-the micro
processor, every semiconduc
tor, every connector, every 
miscellaneous component-
is or soon will be a second
sourced industry standard . 

Pro-Log builds 8080A, 
8085, Z-80, and 6800 
microprocessors into 
one-card systems. 
We use standard 4Y2-inch by 
6Y2-inch 56-pin edge-connected 
cards. We've refined each sys
tem to fewer than 100 parts. To 
make sure our systems work 
when you get them, we test 
each system before and after 
power-on burn-in. We supply 

complete documentation with 
every card. Buy 250 of any one 
card and we give you free the 
plans for that card and non
exclusive manufacturing rights. 
You can build cards yourself 
and use us as a second-source. 
Need more capability later? 
Upgrade to one of our equally 
well-designed multiple card 
systems. 

Microprocessors at your fingertips. 
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Our comparison guide 
helps you avoid the pit- -
falls of microprocessor 
design. · 
Send for your copy today. 
Pro-Log Corporation , 2411 
Garden Road, Monterey, CA 
93940. Phone (408) 372-4593 . 
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