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FOR OFFICES THAT WANT TO 
KEEP IT QUIET, THE NEW TALLY 

HUSH-TONE KEEPS THE LID ON NOISE. 

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

TALLY® 
PRINTERS 
WORLDWIDE 

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

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

Call or write today. Tally Corporation, 8301 
South 180th Street, Kent, Washington 98031. Phone 
(206) 251-5524. 
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The Microline 80 -

Business or 
Pleasure? 

11111 

Both! The Microline 80 is all business when it comes to 
performance. It will run all day at 80 characters per 
second. There are no duty cycle limitations! With a tiny 
seven pin head that weighs less than three ounces, it 
coolly and quietly produces letter perfect upper and 
lower case characters on standard paper in both 80 and 
132 column formats. 

It's all pleasure when you get to reliability and price. The 
Microline 80 carries a one year head warranty and a 
price tag that matches its unbelievably small size. You 
can change from friction to pin to tractor feed multi-part 
forms almost as fast as your program can change 
character spacing, line spacing and printing style-via 
your choice of microprocessor-controlled Microline 80 
interfaces. 

Call or write today for the name of your local Okidata 
distributor! You 'll find it's a pleasure to do business with 
Okidata. 

Ol(IDATA 
Okidata Corporation 
111 Gaither Drive 
Mount Laurel , New Jersey 08054 
Telephone : 609-235-2600 
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ONE-BOOID PDP-11 SMD CONTROIJ.ER, 
SOFfWARE COMPATIBLE ... A FIRST! 

I 

Dataram's S33 interfaces Digital Equipment Corporation's (DEC®'s) PDP-I I series to a wide 
selection of SMD (storage module drive) and Winchester type disk drives. The S33 emulates 
DEC's RM02 and is fully software compatible with RM02 diagnostics and RM02-supporting 
operating systems. Up to four drives per S33 controller, almost 300 MB of disk storage. The 
microprocessor-based S33 controller has 2 KB of data buffering, multiple sector transfers, and 
built-in self-test capability. And media compatibility with DEC's RM02 drive. All this and 
amazingly packaged on one DEC hex board .. . the only controller to make this claim! 

One-board means you need only one hex SPC slot. One-board means easy insenion and 
optimum air flow. 

One-board with its attendant features of minimized interconnections and low component count 
means lower power, complete accessibility, higher reliability ... and best of all, lower cost. 

If you're interested in one of our one-board S33 controllers, or a whole bunch of them, we'd like 
to hear from' you. If you operate in the LSI-I I® world, still contact us. Our LSI-I I cousin of the 
S33 is on the way. 

DEC. LS l ~ l I and PD P are reg istered trademarks of Digirnl Equipment Corporation 

DATARAM 
CORPORATION 

PRINCETON-HIGHTSTOWN ROAD CRANBURY. NEW JERSEY 08512 
TEt,609-799-0071 TWX,510-685-2542 
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I CALENDAR I 
CONFERENCES 

OCT 30-NOV 1-CAD/CAM VII at Auto­
mated, Integrated, Factory of Tomorrow 
Canf, Cobo Hall , Detroit, Mich. INFORMA­
TION: Jeff Spire, SME Technical Div, PO 
Box 930, Dearborn, Ml 48128. Tel: 313/ 
271-1500, X405 

OCT 30-NOV 1-lnterface West, Anaheim 
Convention Ctr, Anaheim, Calif. INFORMA­
TION: Interface Group, 160 Speen St, Fram­
ingham, MA 01701. Tel: 617/879-4502 

NOV I AND 15-lnvitational Computer 
Conf, Cherry Hi ll, NJ; and Southfield, Mich. 
INFORMATION: B. J. Johnson & Assoc 
2503 Eastbluff Dr, Suite 203, Newport Beach'. 
CA 92660. Tel: 714/644-6037 

NOV 5-7-Asilomar Conf O!J. Circuits, Sys­
tems and Computers, Asiloi'Piar Hotel and 
Conf Grounds, Pacific Grove, Calif. INFOR­
MATION: Donald E. Kirk, Naval Postgrad­
uate School, Monterey, CA 93940. Tel: 408/ 
646-2081 

NOV 5-8-Computer Software and Applica­
tions Conf (COMPSACl, The Palmer House 
Chicago, Ill. INFORMATION: Dr Willia~ 
Smith, Bell Laboratories Naperville IL 
60540. Tel: 312/690-2389 ' 

NOV 6-8-Federal Computer Conf, Shera­
ton-Park Hotel, Washington, DC. I NFOR­
MATION: Federal Computer Conf, PO Box 
368, Wayland, MA 01778. Tel: 617/358-
5181 

NOV 6-8-MI OCON, O'Hare Convention 
Ctr and Hyatt Regency O'Hare, Chicago, 
Ill. INFORMATION: Dale Litherland Elec­
tronic Conventions, Inc, 999 N Se~ulveda 
Blvd, El Segundo, CA 90245. Tel: 213/772-
2965 

NOV 9-11-Midwest Small Business and 
Consumer Expo, O'Hare Exposition Ctr, Chi­
cago, Il l. INFORMATION: Louise Garcia, 
1453 Ria Rancho Dr SE, Rio Grande, NM 
87 124. Tel: 505/897-197 1 

NOV 14-16--Micro and Mini Computer 
Conf, Astra Village, Houston, Tex. INFOR­
MATION: Dr Sam Lee, School of Electrical 
Engineering and Computer Science, U of 
Oklahoma, 202 W Boyd, Norman, OK 73019. 
Tel : 405/325-4721 

NOV 18-21-Micro 12, Hershey, Pa. INFOR­
MATION: Harry Hayman, Micro 12, PO 
Box 639, Silver Spring, MD 20901. Tel: 301 / 
439-7007 

NOV 26-29-Data Communications Sym and 
Tutorial, Asilomar Conf Grounds, Pacific 
Grove, Calif. INFORMATION: Kenneth J . 

6 

Thurber, Sperry Univac, U2U19, PO Box 
3525, St Paul, MN 55165. Tel: 612/456-
3806 

NOV 26-29-lnternat'I Telecommunications 
Energy Conf (I NTELEC), Sheraton Park 
Hotel, Washington, DC. INFORMAT ION: 
R. H. Janes, ITT North Electric, PO Box 688, 
Galion, OH 44833. Tel: 419/468-8525 · 

NOV 27-29-Nat'I Telecommunications Conf, 
Shoreham-Americana Hotel, Washington, 
DC. INFORMATION: John N. Birch, Dept of 
Defense, 3311 Marlbaugh Way, College Pk, 
MD 20740. Tel : 301/935-0684 

DEC 3-5-lnternat'I Electron Devices Meet­
ing ( IEDM ), Washington Hilton Hotel, 
Washington, DC. INFORMATION: Sarah M. 
Cooper, Courtesy Assoc, Inc, 1629 K St, NW, 
Su ite 700, Washington, DC 20006 

DEC 10-11-lnternat'I Sym on Mini & Mi­
crocomputers in Control, Galt Ocean Mile 
Hotel, Ft Lauderdale, Fla. INFORMATION: 
The Secretary, Computers in Control Sym, 
PO Box 2481, Anaheim, CA 92804. Tel : 
714/774-6144 

DEC 10-14-IEEE Computer Society Tutorial 
Week, Hotel Del Coronado, San Diego, Calif. 
INFORMATION : Tutorial Week 79 PO Box 
639, Silver Spring, MD 20901 ' 

DEC 12-Computer Networking Sym, Nat'I 
Bureau of Standards, Gaithersburg, Md. IN­
FORMATION: Harry Hayman, PO Box 639, 
Silver Spring, MD 20901. Tel: 301/439-7007 

JAN 7- 10-ATE Seminar/Exhibit, Pasadena 
Convention Ctr, Pasadena, Calif. INFORMA­
TI ON: Karen Knape, ATE Seminar/ Exhibit, 
1050 Commonwealth Ave, Boston, MA 02215. 
Tel: 617 /232-5470 

JAN 23-25-lnternat'I Microcomputers, Mini­
computers, Microprocessors ( IMMMl-Japan 
'80, Harumi Exhibition Ctr, Tokyo, Japan. 
INFORMATION: Industrial & Scientific 
Conf Management, Inc, 222 W Adams St, 
Chicago, IL 60606. Tel: 312/263-4866 

JAN 30-FEB l-MIMl'80 Asilomar (lnter­
nat'I Sym on Mini & Microcomputers), Asilo­
mar Conf Grounds, Pacific Grove, Calif. IN­
FORMATION: The Secretary, MIM1'80 Asilo­
mar, PO Box 2481, Anaheim, CA 92804. Tel: 
714/774-6144 

FEB 13-15-lnternat'I Solid State Circuits 
Conf, Hilton Hotel, San Francisco, Calif. 
INFORMATION: Lewis Winner, 301 Almeria 
Ave, Coral Gables, FL 33 134. Tel: 305/ 
446-8193 

FEB 19-22, 26-29, AND MAR 5-7-TechEx 
America, Europa, and Asia, Atlanta, Georgia, 
U.SA.; Copenhagen, Denmark; and Singo-

pore, Republic of Singapore. I NFORMA­
TION: Dr Dvorkovitz & Assoc, PO Box 
1748, Ormond Beach, FL 32074. Tel: 904 I 
677-7033 

FEB 25-28-COMPCON Spring, Jack Tar 
Hotel, San Francisco, Calif. INFORMATION : 
Harry Hayman, PO Box 639, Silver Spring, 
MD 20901. Tel: 301/439-7007 

MAR 4-6--lnternat'I Zurich Sem on Digital 
Communications, Zurich, Switzerland. IN­
FORMATION: Prof P. E. Leuthold, Eidgenos­
siche Technische Hochschu le Zurich lnstitut 
fu r Hochfrequenztechnik, Sternwart;trasse 7, 
Zurich, Switzerland 

MAR 24-28-Eurocon'80 (European Conf on 
Electrotechnics ), Stuttgart, Germany. IN­
FORMATION: Prof Dr W. E. Proebster, 
IBM Deutsch land GmbH, Postfach 80 08 80, 
D-7000 Stuttgart 80, Germany 

SEMINARS 

NOV 1 AND 2-NC Machine Control Main­
tenance Sems, Holiday Inn/ Airport North, 
Dallas, Tex, and Airport Marina Hotel, Los 
Angeles, Calif. INFORMATION: Elaine Skott, 
Numerical Control Soc, 1800 Pickwick Ave, 
Glenview, IL 60025. Tel: 312/724-7700 

NOV 7-9, JAN 14- 16, AND MAR 3-5-Mini­
computers and Distributed Processing Sem, 
Miami, Fla; San Francisco, Calif; and Wash­
ington, DC. INFORMATION: Heidi E. Kap­
lan, Dept 20NR, The University of Chicago 
Conf Ctr, 360 Lexington Ave, New York, 
NY 10017. Tel: 212/953-7262 

SHDRT CDURSES 

3-Day Microprocessor Course, Assembly Lan­
guage Program for .Microprocessor, Micro­
processor Seminar, Fiber Optics, and Com ­
puter Automated Measurement & Control. 
INFORMATION: Vincent J. Giardina, Mgr 
of Continuing Education 445 Hoes Ln Pis­
ca taway, NJ 08854. 'Tel: 201 /981 ~0060, 
X174 

DEC 10-12-Project Management for Com­
puter Systems, Chicago, 111. INFORMATION: 
University of Chicago, Center for Continu­
ing Education, 1307 E 60th St, Chicago, IL 
60637 

Announcements intended for pub­
lication in this department of 
Computer Design must be re­
ceived at least three months prior 
to the date of the event. To en­
sure proper timely coverage of 
major events, material preferably 
should be received six months in 
advance. 
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THEDSD440. 
TOTAL DEC® RX02 
COMPATIBILITY, 

AND MORE. 
The DSD 440 is the only alternative to the DEC RX02 that's 

100% software, hardware and media compatible with 
LSl-11, PDP®-11 and PDP-8 computers, including those 

with extended memory. It can be configured as an 
RX02 for DEC double density or IBM 3740 single 
density recording, or as an RX01 for backward oper­
ating system compatibility. 

MORE 
A 512-byte hardware bootstrap is built into all 

PDP-11 and LSl-11 interfaces. It loads system software 
automatically from either single or double density 

diskettes. Extensive self-testing is DIP-switch select­
able with the "Hyperdiagnostics" that run without being 

connected to a computer. The low profile 5114-inch DSD 440 
features write protection and diskette formatting. 

FASTER 
The optimized DSD 440 microcode increases system throughput 

when using the RT-11 foreground/background monitor. In partic­
ular, the DSD 440 with an LSl-11 runs fill and empty buffer opera-

F~~sl2~;~aster than an RX02. -~~ 
The DSD 440 is the RX02 com pat- ~ 

ible flexible disk system that combines 
high performance and advanced fea- Data Systems Design, Inc. 

tu res with fast delivery ... at a lower price. 3130 Coronado Drive, 
For further information, call or write Data Santa Clara, CA 95051 

(408) 249-9353 
Systems Design today. A data sheet and TWX 910·338-0249 
price list will be forwarded to you 
immediately. 
® Trademark of Dig Ital Equipment Corporation 
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Eastern Regional Sales: 
(617) 329-5730 

TWX 710-348·0563 



LETTERS TD THE EDITOR I 
To the Editor: 

I must object to the technical errors 
contained in the article "Comparing 
Architectures of Three 16-Bit Micro­
processors" (by Henry A. Davis, pp 
91-100) in the July issue of Computer 
Design. 

In particular, the first paragraph 
on page 97 of that issue makes this 
statement regarding the 8086: "The 
actual address-called the physical ad­
dress-is formed by adding a 4-bit 
effective address to a 16-bit segment 
register, resulting in a 20-bit address." 
Where the author got this idea is not 
clear. Compare his statement with the 
correct statement from Intel's MCs-86 
User's Manual: "Bytes or words with­
in a segment are addressed using 16-
bit offset addresses, or effective ad­
dresses (EA), within the 64k-byte 
segment. A 20-bit physical address 
is constructed by adding the 16-bit 
offset address to the 16-hit segment 
address with four low-order zero bits 
appended [to the segment]. That is, 
they are left-shifted four places." The 
author also makes another peculiar 
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statement within that paragraph: 
" ... the code segment usually begins 
at FFFFF16 to handle the reset vec­
tor." Since FFFFFH is the end of max­
imum memory directly supported by 
the 8086, it appears that the author 
is suggesting that a code segment be 
placed in never-never land. The fact 
of the matter is as follows: after the 
RESET pin has been held high, the 
processor sets cs = FFFFH and IP = 
OOOOH so execution will begin at 
FFFFOH. 

Furthermore, this author failed to 
point out an important basic fact of 
8086 memory addressing. Since the 
16-bit segment address is shifted left 
4 bits before being added to the off­
set, there are actually 216 possible 
segments within IM bytes of memory; 
ie, a segment boundary occurs every 
16 bytes. This fact confuses 8086 
novices who think there are only 16 
possible segment values, 1 for each 
64k memory page. 

Edward Arnold 
STC Communications Corp 
Broomfield, Colo 
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The Author Replies: 

The errors pointed out by Mr Arnold 
crept into the paper during the edit­
ing and revision of over 60 typed 
pages of original manuscript, and are 
entirely my responsibility as its au­
thor. Since the paper provided as fair 
a comparison of the three processors 
as possible within the space limita­
tions and was not intended as an 
exhaustive treatment of each proces­
sor, the omission of the final details of 
8086 memory addressing does not 
strike me as serious. 

Henry Davis 
American Microsystems, Inc 
Santa Clara, Calif 

Letters to the Editor should be 
addressed: 

Editor, Computer Design 
11 Goldsmith St 

Littleton, MA 01460 
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am er 
lntels ne-w 8202 RAM controller makes 

dynamic memory behave like static. 
Good news for microprocessor 

system designers. Now you can 
take advantage of the density and 
economies of dynamic memory 
with all the convenience and 
design simplicity of static RAMs. 
You'll reduce component count 
fourfold, cut power dissipation per 
bit tenfold or better and save 
money, too. 

Just design in Intel's new single 
chip 8202 dynamic RAM con­
troller. It unburdens the CPU of 
all refresh and address clocking 
and provides all bus multi­
plexing required to inter­
face with 4K and 16K 
RAMs and Intel's SY only 
16K 2118, too . 

Another labor-saving device. 
Intel's family of 28 micro­

processor peripheral devices 
all help designers avoid the 
time, cost and complexity of 
custom interface and control 
logic. 

That's just what the 8202 
does. It's a total solution; it 
handles all the arbitration, 
refresh and clocking required 
by dynamic memory and does it 
regardless of reset or OMA transfers 
and without asking the CPU to 
relinquish the bus. And it does 
all this with one 40-pin bipolar 
component. 

Designers have always been 
attracted to dynamic memory for 
the highest density and power 
sensitive applications. 

Now our 8086 16-bit micro­
processor, able to address a full 
megabyte of memory, has created 
a new class of microcomputer 
applications where the traditional 
advantages of dynamic RAM 
look even more attractive. 

Performs all system control. 
The 8202 provides all system 

support needed to control and 
refresh up to 16K bytes 
of4K 

dynamic RAM or 64K bytes of 
16K dynamic RAM in your 8085A 
systems. For 8086 systems, the 
8202 output drives up to 128K 
bytes-as many as sixty-four 
16KRAMs. 

CIRCLE 8 ON INQUIRY CARD 

Failsafe refresh is assured. 
Internal refresh is done at the 
correct refresh rate for the specific 
memory device involved. Regard­
less of processor state, refresh takes 
place on schedule. External refresh 
-a CPU command to perform 
a refresh-permits synchronized 
or "hidden" refresh, too. 

Design flexibility. 
The 8202 interfaces directly to 

the 8080A bus, to the demulti­
plexed 8085A bus and to the 
demultiplexed 8086 bus. Eight 
8202's can be grouped in an 8086 
maximum mode system to provide 
control and addressing for a full 
megabyte of dynamic RAM. 

To order any of the 28 Intel® 
peripheral interface and control 
components, contact your dis­
tributor. Or for more information 
on them and the 8202 dynamic 
RAM controller, write Intel 
Corporation, 3065 Bowers 
Avenue, Santa Clara, CA 
95051. 

inter delivers. 
Europe: Intel International, Brussels, Belgium. Japan: 
Intel Japan, Tokyo. United States and Canadian distributors : 
Arrow Electronics, Alliance, Almac/Stroum, Component 
Specialties, Cramer, Hamilton/Avnet , Harvey, Industrial 
Components, Pioneer, Wyle/Elmar, Wyle /Liberty, 
L.A. Varah and Zentronics. 
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CDMMUNICATIDN CHANNEL 

VIDEOTEX AND TELETEXT SYSTEMS 

J. W. Hughes 

Associate Editor 

S ome enthusiasts in the field, while admitting that 
"videotex" and "teletext" are not, presently, household 
words, anticipate that they or some trademarked de­
rivatives may become as common as the terms "tele­
phone," "radio," and "television." These system con­
cepts are not exactly new, but technological advances, 
especially those that have made available the low cost 
large scale integration chip, and thereby an economical­
ly feasible decoding system, have brought their realiza­
tion into the realm of practicality for broader applica­
tions. Videotex and teletext systems are undergoing 
increasing interest, scrutiny, and promotion. These sys­
tems are designed to display a wide variety of useful 
information on the screen of a television set located 
in the home or at a business office, using different 
transmission media as carriers. 

Teletext is a I-way broadcast system that transmits 
digitally coded information, inserted into the lines in 
the vertical flyback interval of the TV signal, that 
carry no picture information. Pages of text and rudi­
mentary graphics, selected by the broadcaster, are sent 
in a cyclically repetitive manner. At the receiving end, 
a viewer operated decoder selects the pages of par­
ticular interest, using frame-grabber techniques. 

Videotex, on the other hand, is an interactive, on­
demand data retrieval service that uses the switched 
telephone network as a transmission medium to display 
on the receiver screen information requested by the 
user by means of an appropriate keypad. 

British Systems 
Probably the most advanced implementation of teletext 
and videotex systems is to be found in the United King-

10 

dom. By way of historical interest, the teletext system 
arose from efforts by the British Broadcasting Company 
(BBC) and the Independent Broadcasting Authority 
(IBA) to accommodate digitally encoded alphanumeric 
data on field flyback television lines. Two teletext 
services resulted: CEEFAX ("see facts") from BBC, and 
ORACLE (optical reception of announcements by coded 
line electronics) from IBA. 

Concurrently with these developments, work being 
carried out by the British Post Office ( BPO) on View­
fone led to further investigations into using the narrow 
band dial-up telephone network for transmission of 
the same type of digital information, and using the 
home television ( Tv) receiver as the display. These 
investigations led to the development of the Viewdata 
system, now known as Prestel. 0 

CEEF AX, ORACLE, and Prestel are off and running in 
Britain. Standards have been adopted that allow user 
access to all services, since the memory, character 
generator, and display unit of the decoder are common 
to them all. The standards have established a 960-
character display page of 40 char/ line by 24 lines. Char­
acters are in a 5 x 7 matrix, upper and lower case, 
with effectively identical character codes. There is a 
choice of seven colors. Table I highlights and com­
pares the features offered by the three services.1 

Three major organizations participate in the Prestel 
service: BPO, which manages the computer system and 
the communications network; information providers 
( IPs), independent organizations supplying the data 
base with information pertinent to various fields of 

*Prestel is the registered trademark of the BPO videotex service. 
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C:EnTRDn1cs·pR1nTERS 
... the advantage 
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TABLE 1 

Tel ... xt and Vlcleotu a.me. 

Features 

Transmission medium 
Information retrieval 

Information sources 

Message service 

Calculatlons 
Programmed learning 
Enquiry page 
Reservation mode 
Problem solving 
Facilities for deaf 
Usage charge 

24-h service 
Response time 

KYNAR®gtves you another advantage. 

CHEMICAL 
RESISTANCE. 

KYNAR PVDF was born to handle 
solvents and corrosives in chemi­
cal pl=ts. You get that protec­
tion in KYNAR wire insulation. 
Resists UV and nuclear 
radiation, too. Get full 
information. Write KYNAR, 
Pennwalt Corporation, 
Three Parkway, Philadelphia, 
PA 19102. Or call (215) 587-7514. 

~ liJEr.H~LT 
CHEMICALS • EQUIPMENT 

HEAL TH PRODUCTS 

®KYNAR is a registered trademark of Pennwalt Corporation 
for its polyvinylidene fluoride. 
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Teletext Videotex 
(Ceefax, Oracle) (Prestel) 

Broadcast Telephone network 
Yes Vea 

(limited) (unlimited) 
Broadcast/program Open-ended; about 

companies only 180 organizations• 
No Yes 

(store-and-forward) 
No Yes 
No Yes 
No Yes 
No Yes 
No Yes 
Yes Yes 
No Yes 

(currently) (where appllcable) 
No Vea 

12.5 s avg 2s avg 
(for 100-p system) (for 60k·p system) 

interest; and the TV manufacturers who supply video­
tex/ teletext-compatible receivers. 

Prestel operates over the 4-kHz bandwidth telephone 
network. Data are transmitted from computer to termi­
nal at 1200 bits/s and on the return path at 75 bits/s. 
Standard 1200/75-bit/s limited distance modems are 
used, since operation is normally over short local net­
work distances. This allows the modem to be inte­
grated into the terminal and enables a simple plug 
and jack connection to the network. Where longer dis­
tances from the data bank are involved, separate stan­
dard modems may be needed. 2 

The system is accessea by a 12-digit keypad. Dial-up 
is programmed into the terminal, so no conventional 
"phone calf' is necessary. With the TV set turned on, 
the local Prestel center is called by operation of a 
keypad button. Another button calls out a master index 
of main headings of available information. The viewer 
is guided by means of a "tree search" routine, which 
narrows the displayed information from the broad to 
the pa1ticular, by selecting via the keypad one num­
bered item from each frame on the tree until the 
required information is received. Where location of the 
desired page is known in advance, such as through a 
printed directory, direct access may be made, bypassing 
the tree search procedure. 

Charges entailed by the user are on a per p age in­
formation access basis, determined by the IP. This access 
may, in such cases as advertising or corporate image 
promotion, be free. There is a charge for normal 
local telephone usage. A page-handling charge covers 
system management costs. Charges are keot low com­
pared to conventional timesharing and database access 
rates in order to insure the attractiveness of Prestel 
to a mass market, and to achieve the economies of 
scale that are essential to the success of the system.3 
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TABLE 2 

Cherecterlstlca of ANTIOPE Teletext System 

525-line 
NTSC color 

Blanking lines 12 
Useful bytes/line 20 
Useful capacity-
bits/s 9600 
Pages/ s for one 
line of data• 1.8 
Max capacity on 
program channel (pp/s) 21 
Max capacity on 
clear channel (pp/s) 450 

*An average page Includes 800 bytes 

ANTIOPE 
ANTIOPE, the French teletext system, is an acronym 
for "I' Acquisition Numerique et Televisualisation d'Im­
ages Organisees en Pages d'Eeriture," or paraphrased 
as "digital signal processing conversion to printed page 
images on home TV sets." It was developed at the 
Television and Telecommunications Research Center 
( CCETT) and has undergone field trials on the TDF 

network. It is currently implemented on two kinds of 
networks, the data broadcasting network omoN, and 
public switched telephone and data networks.4,5 ANTIOPE 

is designed to give a broadcast, interactive, or mixed 
service, depending on the transmission medium. 

The ANTIOPE system, while not nearly as advanced 
in implementation as Prestel, has such interesting fea­
tures as an advanced communications protocol, a non­
synchronous communications transmission scheme suited 
to all 'TV formats: PAL, SECAM, and NTSC (Table 2). 
The associated interactive system TITAN conforms to 
the same protocol. 

Figure I shows a functional block diagram of the 
system. Composed and edited "magazines" (pages of 
related information) are converted into digital form, 
stored in a computer or floppy disc, and cyclically 
transmitted to a multiplex system (omoN) where the 
data are separated into packets of 32 bytes and in­
serted into the free scan lines of the TV signal. Bit 
frequency is 397 times the line frequency, 6.203 MHz 
for France or 4.2 MHz for NTSC systems. Each packet 
is preceded by an 8-byte header: two for clock run in, 
one for framing synchronization, and five Hamming code 
protected bytes, as follows: three for source identifica­
tion, one for packet continuity check, and one for the 
packet format. 

625-line 625-llne 
PAL color SECAM color 

17 8 
32 32 

12800 12800 

2 2 

34 16 

610 610 

KYNAR®gives you another advantage. 

CUT-THROUGH 
PROTECTION. 
KYNAR PVDF wire insulation 
gives you excellent abrasion 
and cut-through protection 
even though you may pay 
less for KYNAR than other 
fluorinated plastics. Get full 
information. Write KYNAR, 
Pennwalt Corporation, 
Three Parkway, Philadelphia, 
PA 19102. Or call (215) 587-7514. 

~ lilE~'MLT 
CHEMICALS e EQUIPMENT 

HEALTH PRODUCTS 

®KYNAR is a registered trademark of Pennw alt Corporation 
for its polyvinylidene fluoride. 
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VIDEO OUTPUT TY 
DIDON 
DATA 
HANDLER 

....-------------t RECEIVER 

DATA 
SOURCE 

I 

L __ • .sir~~ ~E!._W.£R~ ____ _ 

DIDON 
DATA 
RECEIVER 

DIGITAL 
INTERFACE 

ANTIOPE 
DECODER 

I 
I 

EJ 
Fig 1 ANTIOPE system. Devices for editorial processing, layout, and updating of material are 
connected to data source, essentially minicomputers storing digital information. DIDON data handler 
inserts pulses from source into picture signal. At receiver, DIDON receiver strips data from video 
signal. When keyboard selects desired page, corresponding data are translated by processor in de­
coder into displayable characters, stored in decoder page memory, and displayed on screen. Inter­
face unit permits data reception from other networks (interactive) or retrieval of data from DIDON 
receiver 

The system can be expanded to use the full TV chan­
nel when the station is off the air in order to transmit 
large quantities of additional data which can be coded 
for proprietary access by special interest groups. By 
lowering the data rate to accommodate the transmission 
channel, ANTIOPE signals can be sent over telephone 
lines or FM radio stations. 

Telidon 
This is the Canadian videotex system developed at the 
Communications Research Centre ( CRC) of the Depart­
ment of Communications. Telidon is a public access 
information system, said to be a "second generation" 
approach to the design of videotex systems, that pro­
vides improved graphic images, and a method of de­
scribing images in the data base that is independent 
of terminal design and transmission media.6,7 

Both Prestel and ANTIOPE are fixed format, character 
oriented systems that produce rudimentary graphic im­
ages in an "alphanumeric" pattern on the display. In 
the European 625-line systems this di~play comprises 
24 rows of 40 characters, or 960 character spaces, 
while in North America the 525-line system accommo­
dates 20 rows of 40 characters for a character space 
area of 800. Images are built up in these spaces from 

14 

specially identified coded graphic characters, pieced 
together as individual sections of a complete image, 
as in a mosaic. This technique makes it impossible to 
send higher resolution images without knowing the 
display capabilities of the terminal; also, data bases 
might have to store many versions of each image in 
order to suit advances in terminal technologies and 
to satisfy a demand for improved graphics . 

Telidon meets these problems by using a method of 
describing images at aata banks that is independent of 
access arrangements at the central computer, of the 
communications medium, and of display terminal con­
figuration and capability. The system incorporates a 
concept known as picture description instruction (rm) 
codes. 

PDI codes describe images in terms of commands to 
draw geometrical primitives such as line, arc, rec­
tangle, and polygon at specific positions in the overall 
picture. The format enables sufficient resolution for 
monitors capable of displaying up to 960 x 1280 pic­
ture elements, or about four times that required for 
television screens. Practically all images can be de­
scribed by seven basic instructions which are contained 
in 8-bit bytes. One bit is for parity to conform to current 
standards for data transmission. A shift-in (s1) com-
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"One visit from my Spectra-Strip rep convinced 
me that their Spectra-Guard™ extruded jacketed 
cable is my kind of flat cable. 

All the benefits of planar. Plus the toughness 
of an extremely flexible extruded hide-er, 
jacket-that's perfect for all my cabinet-to­
cabinet wiring. 

Both the cable and jacket are flame-retardant 
and UL-listed to 105°C and 150V. The cable­
flat, twisted pair or Twist 'N' Flat®-is 
available gray or color coded, with or without 
EMl/ RFI shielding. And the outer jacket is 
easily removed for mass termination using 
any of the Spectra-Strip IDC connectors. 

When things get hot around here, I even 
have Spectra-Strip or one of their value­
added distributors provide terminated 

C Spectra-Strip 1979 

and tested 
Jumpers 
and custom 
assemblies, 
and does that 
ever save time and money! 

So if you've been trying to dig up a reliable 
source for your planar cable, IDC connectors and 
assemblies, I strongly recommend that you write 
Spectra-Strip, 7100 Lampson Avenue, Garden Grove, 
CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200. 

Tell them you want to see how tough 
they are'.' 

When you're down to the wire 
CIRCLE 12 ON INCj)UIRY CARD 
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DATA INPUT 

REQUESTS 

.... 
• • • • 
• • • • • • • • . . . . 

MICROCOMPUTER 
POI 
INTERPRETER 

RAM AND 
INPUT BUFFER 

KEYPAD 
OR 
KEYBOARD 

ROM 
PROGRAM 

FIED 
TELEVISION 
RECEIVER 

MEMORY ORGANIZATION 
TO OBTAIN HIGHER 
RESOWTION IMAGES 

1----.1DISPLAY GENERATOR 

MODEM 

Fig 2 Telidon terminal with bit-map 
memory. Terminal can display photo­
graphic-like, as well as alphanumeric 
and graphic, images. Terminal inde­
pendent POI codes must be interpreted 
before contents of display memory are 
generated. Therefore, microprocessor 
is included to generate display memory 
code 

~MH~S~ICATION LINE 
~T COMPUTER 

POI 
CODES 

~-.....-~' 
MODEM OR 
TELETEXT OR 
BOTH 

TELEVISION 1--------~ 
OR 

r------­
' .-------. 
I 
I 

VIDEO 
PICTURE 
MEMORY 

---\----i 
......--~---. I 

I 
I 

VIDEO TEX 
INTERFACE 
UNIT 

MONITOR 
I....__ ___ _, 
L __ 

RGB OR 
COMPOSITE 

~-----'VIDEO SIGNAL 

BASE BAND VIDEO 

TELETEXT 

~-------------------~ANTENNA 

CABLE 
'---------------------~ CONVERTER 

_J 

CABLE OR 
AIR SIGNAL FROM 
HOST COMPUTER 

Fig 3 Block diagram of typical Telidon terminal (Norpak Ltd) . POI codes are in firmware. Facilities are 
provided to draw points, areas, polygons, arcs, text, and bit- or run-length encoded pictures. Data, text, 
and commands are embedded in 7-bit ASCII code 
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mand changes from graphic to text mode, and shift-out 
(so) back to graphics. A subset of the PDI code may 
be used for simple terminals which may respond only 
to textual information. 

The Telidon terminal design has a bit-map memory 
for high definition graphics (Fig 2) . A less costly and 
less functional character oriented terminal based on 
display memory of 800 8-bit words is also possible. 
A variety of terminals based on the PDI concept can 
!be produced. Fig 3 shows one of these from Norpak 
Ltd, Pakenham, Ontario, Canada. 

The PDI concept is applicable to already installed 
older type systems, and it includes extensions for future 
developments in an evolving service. The concept is 
being considered as a possible standard by the Inter­
national Organization for Standardization (1so) and by 
the International Telegraph and Telephone Consulta­
tive Committee ( CCITT) . 

Future Potential 

Interest in teletext and videotex systems has been grow­
ing rapidly. Prestel has successfully marketed its tech­
nology in the u.s., Germany, the Netherlands, and 
Switzerland. ANTIOPE has come into the u.s. with a 
marketing subsidiary. 8 Systems tests have been imple­
mented at KSL-TV, Salt Lake City9 and the CBS tele­
vision network is conducting field tests on a teletext 
system at KMOX-TV, St Louis .10 In Japan, a system called 
"Captains," which can handle the full character set 
of the Japanese language, has been implemented by 
Nippon Telephone and Telegraph. 

F ull fruition of these systems depends ultimately 
on the growth of the marketplace for these services. 
Implementation of a "public" system in the u.s. is, 
at the moment, highly unlikely due to regulatory 
structures. More probable is the further development 
of teletext and videotex for proprietary needs within 
individual organizations. 
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THE PITTMAN® LINE OF D-C MOTORS 

LO-COG® Servo Motors 
3 series: 1.2, 1.6 & 2.0'" OD 
Stall torques: 
about 1 to 128 oz.-in. 

Better check it out! 
PITMO® Gearmotors 

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

PITMO® Motor-Tachs 
2 series: 1.2 & 1.6" OD 
Standard tachometer gradient: 
2 volts/1,000 rpm 

Samarium 
Cobalt Field 
4-Pole Motors 

1x1%" cross-section 
Stall torques: 
12 to 24 oz.-in. 

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

© 1979 Harleysville, PA 19438 • 215:256-6601 21A 
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I COMMUNICATION CHANNEL I 

National Bureau of Standards Implements 
Local Packet Data Network 

National Bureau of Standards (NBs) 
computer scientists have designed 
and developed a new system to link 
computer terminals, data acquisition 
equipment, laboratory minicomputers, 
and mainframe computers at the NBS 

Gaithersburg, MD facility. 
A study of data communications 

needs at the complex identified about 
700 user devices, consisting of two 
major and some 60 smaller com­
puters, and 300 to 500 terminals, 
all dissimilar units operating at dif­
ferent data rates. The network link­
ing them would require the following 
capabilities: 

Full connectability for terminals, 
micro-, mini-, and major computers, 
and laboratory instruments 

Speed conversion over a minimum 
range of 110 to 9600 baud, with re­
quired flow control 

Addressing at least 2000 user nodes, 
a few hundred simultaneously 

Coverage of a 1.5-km long site hav­
ing about 20 buildings 

Ease of user access 
Provision of data encryption, if 

required 
Tolerance of a large number of 

user interface node failures 

The system developed to provide 
these capabilities is an adaptive time 
division multiple access cable sys­
tem with fully-distributed control. 
Existing coaxial cables used as part 
of the NBS standard frequency dis­
tribution system form part of the 
network. The Table summarizes the 
network characteristics. Data are 
transmitted by packets; a typical 
packet is shown in Fig 1. 

Heart of the system is a micro­
processor based node called termi­
nal interface equipment (TIE) . These 
units interconnect user devices of 
differing signal speed requirements, 
and control flow of data on the net­
work. Other features provided are 
.error detection, automatic retrans­
mission capability, certain line edit­
ing functions, and, with the addition 
of a data encryption chip, data en-

18 

SYNC 

NBS Network 

Coaxial cable bit rate 
Signaling method 
Max packet 

size 
Max packet 

duration 
Data bytes per packet 
Number of addresses 

in packet 
Size of address fields 

Error control 

Basic contention 
protocol 

Connection to user 
equipment 

Bit rate to user 
equipment 

SYNC 

Flow control 

DESTINATION 
ADDRESS 

SOURCE 
ADDRESS 

1M blts/s 
On/off, Manchester 
136 bytes 

1.088 ms 

Oto 128 
2 (destination, 

souree) 
16 bit (65k 

addresses) 
One address is 

reserved for 
broadcast mes­
sages which are 
accepted by all 
TIES 

16-bit error control 
CRC 

Ethernet 

Serial asynchro­
nous, RS-232-C 
or RS-449; 
parallel possible 

Common speeds up 
to 9600 baud 

End-to-end, In-band 
or out-of-band 
to suit user 
equipment 

OPTIONAL 
CONTROL DATA 
FIELD FIELD CRC 

Fig 1 Typical packet structure. End to end flow control allows user 
stations operating with different bit rates to communicate with each other 
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The Penril 300/1200 
212A Bell Compatible Data Modem 

Save once by handling both 300 
and 1200 bps rates with a single 
modem, a single phone line and 
a single computer port. Save 
again by mating with your exist­
ing low-speed system, then 
upgrading to higher speeds 
whenever you're ready. 

Older terminals, new terminals, 
mixed data streams - you can han­
dle them all, over switched or leased 
telephone networks with the Penril 
300/ 1200, the full duplex 2-wire dial 
line modem manufactured under 
license from Western Electric for 
both synchronous and asynchronous 
operation. 

FCC Registered; 
No. ABE976-67837-DM-R 
Designed for use with an exclusion 
mode telephone set for manual call­
ing or answering, this versatile FCC 
certified modem gives you an auto­
matic answering option, too. Lift the 
telephone handset for dialing and 
voice conversation. Activate the ex­
clusion key for the data mode, and 
answering is automatic with no 
operator intervention required. You 
can select either 300 or 1200 bps to 
originate a call; when answering, the 
incoming data mode is automatically 
recognized and accommodated. 

Easy to Use; 
Easy to Service 
With 16 switch-selectable options 
on the modem printed circuit board, 
you're in control all the way. Use of 
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high quality active filter networks 
keeps data transfer accurate, even 
over inferior telephone lines . Integral 
diagnostics keep servicing simple. 

For details, contact; 
Penril Corporation, 
Data Communications Division, 
5520 Randolph Rd. 
Rockville, Maryland 20852. 

Telephone (301] 881-8151. 

m[jJ[][J[JO!Jl 
IJbATACOMM 

... We Still Care. 





Imagine being able to pack all the complex 
memory and logic capabilities of a room-size 
mainframe into a desk-size mini­
computer. Or increasing your 
mainframe's capability many times 
over without increasing its existing _..-. 
space and power requirements. 

~-r-5. 
It makes HMOS look like peat moss. 

Once you've seen lsoplanar-S, 
you won 't be interested in any 
other high-speed technology. That's 
because, along with superior 

Now you can do either, and 
dramatically improve the per­
formance of your computer at the 

'!!!!!!!!!!!!!!!!=•= performance, it offers high reliabil ity 
1 and radiation tolerance. And most 

========....:= important, as we scale down, 

same time. We've made it possible, thanks to 
lsoplanar-S, Fairchild 's evolutionary new Bipolar 
process for scaling down lsoplanar geometries. 

16times the den• 
Four times the performance. 

Our lsoplanar process has helped us give 
the computer industry and related fields 
superior-density/ performance LSI RAMs, PROMs 
and logic for a long time. With lsoplanar-S, we'll 
be doing it for a long ti me to come. The next two 
years w ill be especially exciting as we reduce 
dimensions from our current 4-micron geometry 
all the way down to 1 micron. 

As we shrink into the future, we'll offer you 
both ECL and TIL LSI with 16 times the density 
and four times the performance. That's an 
incredible increase in speed and density, along 
with a major decrease in system power 
and cooling requirements. Just look at what the 
potential of 1 micron can mean to you. This is 

ISOPLANAR-S PRODUCT EVOLUTION 

4µ l µ 

RAM 4Kx l 1Kx4 
35ns l Ons 

PROM 1Kx8 8Kx8 
SOns 45ns 

LOGIC 200 GATE ARRAY 2000 GATE ARRAY 
0.7ns 0.Sns 

the kind of 
progress that 
continues to 
make Fairchild 
a major force 
in the future 
of computer 
technology. 

nothing is compromised. 
Within the next few years, when we reach 

1-micron geometry, there won't be another 
technology that can touch us. Or another com­
puter that can touch yours when you design 
with lsoplanar-S. 

HMOS? Use it on your asparagus. 

Fairchild's dual commitmenL 
To technology and volume. 

To prove how totally committed we are to the 
future of computer technology, we've done 
what very few other companies in our business 
could afford to do. We've made major invest­
ments toward the advancement of lsoplanar-S 
and high-volume production. All because of 
our goal to meet your volume requirements with 
the fastest and densest LSI devices available. 
With them, you'll be able to make the best com­
puters in the world. 

lsoplanar-S-based devices are now in pro­
duction. Watch for our announcements. 

There's lots more to tell you about lsoplanar-S. 
Write or call Bipolar LSI at Fairchild Semiconductor 
Products Group, P.O. Box 880A, Mountain View, 
California 94042. 
Tel : (415) 962-3951 . F=AI RCl-l IL.CJ 
TWX: 910-379-6435. -------· 

Shaping the future of LSI technolog~ 
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WE CALL IT BECKMAN'S 
INTELLIGENT DISPLAY SYSTEM 

BECAUSE IT'S SO BRIGHT! 
That's v~ibly bright and microcomputer smart! 

In fact, it's more than two times brighter than 
comparable gas discharge display systems. Beckman's 
SM-810-001 alphanumeric display system is the apex of 
the. five-year development of the Screened Image tech­
nology. That's what makes it so bright. And, makes it 
flexible enough that you can do your own customizing. 
The microcomputer gives it the control and versatility 
that only a microcomputer can. 

The SM-810-001 will give you 40 - count 'em 40 -
high brightness characters in a 5 by 7 matrix of large, 
uniformly illuminated dots. Each of the quarter-inch 
characters provides a minimum of 100 footlamberts of 
brightness. Think what 40 of them will do for the overall 
illumination. In addition, the unit offers a remarkable 
viewing angle (for a subsystem) of 130°, plus a flicker-

SM-810-001 J OINS THE SA-252. 

If you prefer a larger character, 14-segment display, 
you may also wish to investigate Beckman's SA-252 
Alphanumeric Display System. Its 16 characters are 
each 0.55" high, and provide excellent viewability, even 
at long distances. The SA-252 is also microcomputer 
controlled, with direct user access. And, it's ideal for 
biomedical, process control and general electronics 
applications. 

free 94 Hertz refresh rate. And, it's all in one compact, 
microcomputer-controlled assembly ... smaller than a 
carton of cigarettes. 

The SM-810-001 is currently being evaluated by sev­
eral major users. Obvious applications include : medical/ 
scientific instrumentation, process control and point-of­
sale. More importantly, the almost limitless flexibility of 
the Screened Image concept makes it possible to adapt 
this display system to your system . .. without the usual, 
high engineering design and development charges. 

Significant Features of the SM-810-001 
• High Viewability. 

- High Brightness & Wide Viewing Angle. 
• Versatile, Microcomputer Control. 

- Direct User Access. 
- Right, Left & Random Entry. 
- Character & Block Blinking. 
- Data Write Time = 310 nS. 
- Expanded ASCII - 98 Character Set. 

• Compact, self-contained assembly. 
- 10.75" x 3.0" x 2.0" 

• Standard Interfaces. 
- Single, 5 Volt Supply. 
- 8 Bit Parallel Bidirectional Bus. 

Beckman Displays. The Visible Edge. 
For more information concerning your standard or 

custom requirements, write: Displays Systems Division, 
Beckman Instruments, Inc., 350 North Hayden Rd., 
Scottsdale, AZ. PHONE : (602) 947-8371. TWX: 910-
950-1293. 

BECKMAN 
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I COMMUNICATION CHANNEL I 

USH USER IOAllD 1 CONTAINS: 
MICROPllOCESSOll 

ALL MEMORY. 
USER INTERFACE 
SOFTWARE • 
ADDRESS R!COGNITION 

NETWORK BOARD CONTAINS: 
SERIALll'AllAl.LEL CONVERSION 
CLOCK S 
PROTOCOi. HARDWARE / , 

OMA TO/FROM USER BOARDS 

Fig 2 NBS network ·hardware. One 
US is required for each connected 
user device, and NB/TAP combina­
tion can support eight UBs. Com­
munication control, message buf­
fering, assembly of data packets, 
and error control functions reside 
on each US. UBs sharing the single 
NB are polled and do not contend 
with each other 

cryption and decryption. The TIE is 
shown in Fig 2. Major sections are 
the network board (NB) and user 
board ( s) ( UB) , managed by a micro­
processor and associated erasable 
programmable read only memory 
(EPROM). Output from NB is coupled 
to the coaxial distribution cable by 
a tap. 

The TIE is designed to provide ef­
ficient control of data through the 
network. Before transmitting, the 

Analyzer Measures Online 
Network Performance 

TP-270 remote network analyzer 
measures system response time in a 
3270 network and provides specific 
measurements of the effects of hard­
ware and software changes on the 
system. The microprocessor based 
unit, located at the central computer 
site, can detect and measure mini­
mum and maximum response times 
for each terminal location. It will 
display actual measurements of the 
elements contributing to the response 
times, such as poll to poll, poll to 

CONTAINS' 
LINE DRIVERS 
LINE RECEIVERS 
COLLISION DETECTION 
CHATTER DIS<DNNECT 

TIE checks to be sure that the cable 
is free. However, if two TIES start 
to use the cable at the same time, 
each will immediately detect packet 
collisions. At this point, each party 
involved will truncate the packet 
being transmitted and impose a ran­
dom waiting period before trying to 
regain control of the cable. This 
type of contention for the cable with 
detection and delay before retrans­
mitting results in highly efficient use 

EIA 
PATCH PANEL 

of the cable channel's data trans­
mission capacity. 

User-to-user protocol is built on 
the user-to-TIE, TIE-to-TIE, and TIE­

to-user protocols. Implementation of 
user-to-TIE and TIE-to-user protocol 
takes into account differences in the 
requirements of different user termi­
nals, processors, and mainframes. 
Differences are recognized and the 
software is personalized to the local 
user devices. 

DOTE EIA CABLE CENTRAL CPU oMODEM 
0 NONITOll MOO EM 

TP-2001 EIA CABLE TP-2002 TP· 270 
UPTO 
2000 FT 
(610m) 

Remote monitor connection. In this configuration TP-2001 
and TP-2002 line driver pair are used to extend EIA interface 
beyond customary 50-ft (15.24-m) limit 
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e HP 2621: sim 
Simple doesn't have to mean unsophisticated. 

The proof is in our new CRT terminal, the HP 2621. 
Before building it, we took a long, hard look at 

the way you use a simple terminal. Then we took the 
knowledge gained in more than 10 years designing 
computer products and applied it to engineering an inter­
active character-mode CRT terminal from the .user's 
point of view. 

The outcome was actually two models. The HP 
2621A, which sells for $1450. And the HP 2621P, which 
has a built-in printer, costs $2550. You obviously want 
the sharpest display made. So we used the 9x15 
character cell you see on every HP CRT terminal, 
including the top-of-the-line. And, to help you look back 
at the data you've entered, we provided two full pages 
of continuously scrolling memory. 

We designed the keyboard like the familiar type­
writer, so you don't have to waste time relearning it. We 
built in eight function keys, too. These control the cursor, 
rolling and scrolling. And, to make life easier, they're 
labeled on the screen for self-test, configuration, display 
and editing. 

Editing? On a simple terminal? Certainly. We 
included character and line insert and delete, clear line 
and clear display. And, since the 2621 keeps your input 
separate- from your CPU's, you can edit data before 
sending it to the computer. All without writing a line of 
system software. 

Since flexibility is important in interlacing, we 
included a user-definable return key that will send your 
computer whatever code it expects. We also made our 
terminals compatible with RS232C and Bell 103A, and 

------ -------------------- ------ -----! 

0 I'd like to know more about HP's new 2621A and 2621P with 
built-in hard copy. 

0 I'd like to see HP's new 2621A and 2621P with built-in hard copy. 
0 I'd like to know more about HP's complete family of terminals. 

Name 

Title 

Company 

Address 

Phone 

Mail to Hewlett-Packard, Attn : Ed Hayes, 
Marketing Manager, Data Terminals Division, Dept. 1247, 

19400 Homestead Road, Cupertino CA 95014. 

I 
I 
I 
I 
I 
I 
I 
I 

able to communicate with your CPU at 110 to 9600 baud. 
If you need hard copy at your fingertips, take 

a look at the HP 2621P. With a keystroke, its built-in 
120 cps thermal printer will deliver a printout from the 
screen in seconds. 

So why don't you check out the HP 2621 by call­
ing the nearest HP sales office listed in the White Pages. 
Or send us the coupon. Then see for yourself how 
sophisticated a simple CRT terminal can be. 

Try this on your favorite CRT! With the 2621P, you just hit a key 
and in seconds you have hard copy of your CRT display. The built-in 
thermal printer prints upper and lower case at up to 120 cps. 

The 2621 's bright, high-resolution CRT, with enhanced 9x15 
character cell, displays the full 128-character ASCII character set, 
including upper and lower case, control codes, and character-by­
character underline, in 24 80-character lines. 

Eight screen-labeled preprogrammed function keys magnify 
the power of the 2621 's keyboard. Preprogrammed functions include 
editing, terminal configuration, printer control and self-test. 

To make numeric data entry faster and easier, we put the 262l's 
numeric keypad right in the middle of the keyboard. And the 262l's 
familiar 68-key keyboard is almost as easy to use as a typewriter. -

HEWLETTi:fjPACKARD 

AIJ pnces are US. '1st. 

Ar<1duble on GSA Co11tmct ~GS· OOC- 01529 from 1218178 through 9130179. 

CIRCLE 17 ON INQUIRY CARD 





INTERFACE . PRODUCTS 
from r:'l[)B 

for Data General *'br similar type computers 

NEW! OMA Line Printer Controller (Data Channel) 
for most printers; and other new modules. 

General Purpose Logic Modules 

Peripheral Device Controllers• Communications Interfaces 

Chassis Assemblies• Power Supplies 

D General Purpose Interfaces 

GPIO features include in­
terface logic with wirewrap 
portion for 105 devices of 
any DIP configuration, four 
16-bit 1/0 registers and 
Data Channel Connection 
with sync and request 
logic 

Wire Wrap Board for 215 
sockets, provides for any 
DIP configuration; plus ex­
ternal 1/0 connectors 

D Device Controllers for most 
major manufacturer's 

Printers 

Card equipment 

D CommunicationsfTerminal 
Modules 

Multiple 110 board for two 
TTY and/or RS232 Con­
trollers; other options in­
clude Real Time Clock and 
Modem Control 

Multiplexor, four or eight 
channel with full modem 
control; 4060 compatible 
with additional program 
controlled features. Optional 

**Data General is a computer manufacturer unrelated 
to MDB. 

multiplexor or panel pro­
vides for 25-pin connectors 
for each channel 

D Chassis Assemblies 

Front loading expansion 
chassis, six slots with % " 
spacing 

Terminator Modules 

Extender Board 

O Power Supplies 

MOB interface products 
always equal or exceed the host 
manufacturer's specifications 
and performance for a similar 
interface. MOB interfaces are 
completely software transparent 
to the host computer. MOB pro­
ducts are competitively priced, 
delivery is 30 days ARO or 
sooner. 

MOB places an unconditional 
one year warranty on its con­
trollers and tested products. 

MOB also supplies interface 
modules for PDP*-11 , LSl-11 , 
IBM Series/1 and Interdata com­
puters. Product literature kits 
are complete with pricing. 

* TM Digital Equipment Corp. 

r:1 [) B 1995 N. Batavia Street 
Orange, California 92665 
714-998-6900 

SYSTEMS INC. TWX:910-593-1339 

Circle 168 for DG ; 169 for PDP; 170 for LSI; 171 for IBM; 172 for Interdata 
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response, and CPU wait times, as well 
as the duration of inquiry and re­
sponse messages. Event counts, such 
as ACKS, NAKS, w ACKS, and mes­
sages are displayed to show direction 
of origin. The TP-270 is available 
from TeleProcessing• Products, Inc, 
4565 E Industrial St, Bldg 7K, Simi 
Valley, CA 93603. 

While not intended as a diagnostic 
tool, the unit provides the sophisti­
cated user with inferences which are 
an aid in network trouble shooting. 
When equipped with an optional 
printer interface card, a hardcopy 
printout of individual functions or a 
complete status report will be pro­
duced on a user-nrovided printer. 

The TP-270 will handle synchro­
nous data rates up to 9600 bits/s. 
Codes are switch-selectable, ASCII or 
EBCDIC. Size is 5.25 x 17 x 11.5" 
( 13.3 x 43 x 29.2 cm), weight, 13 
lbs ( 5.85 kg). Power requirement is 
115 Vac, 60 Hz, 1 A. 
Circle 400 on Inqu iry Card 

Intelligent Processor 
Improves Computer 
Communications 
An intelligent network processor 
( INP) relieves CPU congestion, en­
ables computer to computer com­
munications at speeds to 56k bits/s, 
and improves distributed systems net­
work ( DSN) operations as well as re­
mote job entry functions via 2780 
links. The INP was recently introduced 
by Hewlett-Packard General Systems 
Div, 19447 Pruneridge Ave, Cuper­
tino, CA 95014. 

The INP is applicable to all HP 
3000 computer systems. It uses a 
proprietary silicon on sapphire (sos) 
microprocessor and 32k bytes of on­
board RAM to relieve the CPU of com­
munications management tasks such 
as character handling and buffer stor­
age. The ·processor uses IBM binary 
synchronous communications protocol, 
and is compatible with HP 32210T, 
37220T, and Bell 201, 208, and 209 
modems. 

Interface is EIA RS-232-c, CCITT 
V24/ 28, V.35, or hardwired. Data 
rates are 19.2k bits/ s using modem, 
half or full duplex, or to 56k bits/s 
with V.35 or a hardwired link. Data 
buffer capacity is as much as 2k 
bytes/ buffer; buffered data are pro­
tected in case of power failure. Self­
test capability and a comprehensive 
diagnostic program for troubleshoot­
ing are included. 
Circle 401 on Inq ui ry Ca rd 
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Ylf/ve iust added 
two hard-hitting rookies 
to our winnin J1neu 

,. . . ~z·"·~·~,,a ,.,, 
Now that the new F6802 microprocessor and F6846 combo 
chip have joined Fairchild's F6800 team, you've got a 
minimum, microprocessor-based-system solution to your 
design problems. One that's low cost and easy to work 
with too. Like the rest of our F6800 family, these two great 
new NMOS products are made using Fairchild's patented 
lsoplanar™ process. 

The F6802 and F6846 are already becoming big hits in 
the microcomputer field. When you put them on your team, 
they're bound to score some winning runs for you. 

The F6802 ........ essor. It sends your design 
problems to the minors. 

And that's where they'll stay, thanks to this enhanced 
version of the F6800 central processing unit. The F6802 

J t f 1 offers an on-chip power-on reset 
c<-J."-' ,..... function, on-board clock 

for easier use and on-board 
128 x 8 RAM with options of 
8-byte or 32-byte power-down. 
Now you no longer need an 
additional RAM with battery 
backup systems. 

The F6802 features a memory-ready line for slow or fast 
memory. So you can use memories in synchronous or 

asynchronous mode. And the F6802 is bus-compatible 
for easy use with all of the other F6800 peripherals. 

The F6846 combo chip. It's a memorable teammate. 
The F6846 is a user-defined ROM-based peripheral 

element. It features 2K x 8 ROM, a powerful programmable 
binary timer, and eight bidirectional input/output ports on the 
same circuit. It's also F6800 series bus-compatible. 
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F6802 F6846 
Combo Chip 

On-Boord 
Timer Clock Programmable 

Timer Controls 
6800 

Instruction Set 

Power-On 
Reset 

2Kx8ROM 

128x8RAM 

Input/ Output 
8 Bidirectional 

8or32-Byte Input/ Output Ports 
Power-Oown 

Wf/re a maior·league supplier. 
Some of the biggest OEM customers come to us. Including 

names like General Motors, Ford, H.P. and Lear-Siegler, to 
mention a few. They know we're one of the biggest suppliers 
and one of the best sources for F6800 microcomputer pro­
ducts in the industry. We offer the entire F6800 family, includ­
ing peripherals, memory and communication circuits. And we 
can get them to you when you need them because we're 
in high-volume production. We also have some great new 
circuits coming up soon from training camp-the F6856 SPCC, 
F6808 CPU, F6847 VDG controller and F6801 single chip. 

We support your team. 
No matter what your needs, from standard to hi-rel, we 

can supply you because our F6800s are in stock at our distribu­
tors now. In quantity too, so you can have on-time delivery. 

When you need some heavy-hitting microprocessor 
circuits for your team, give us a call and we'll hit you with our 
winning lineup. Just ask for our Microprocessor Group at 
(408) 224-7000. Or write Fairchild Camera and Instrument 
Corporation, P.O. Box 880A, Mountain View, California 
94042. TWX: 910-379-1227. 

CIRCLE 20 ON IN9UIRY CARD 

~.AIRCHIL.CJ 

Call us on it. 
(408) 224-7000 
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TheComprint912 printer. 
Noone else can 111atch 
011rspeed,011rprint 
qualif!1ourquiet · 
operation,orour 
reliability.Not ior 
$660theycan't. 

Our Comprint 912 is 
the best printer for 
the money 
Period.Any 
printer 
that can 
match our 
price 
can't 
even begin 
to match our 
performance. 
And any printer 
that boasts perfor­
mance like ours doesn't 
even come close to our 
price. No matter what 
your application; com­
puter reports, listings, 
CRT hard copy, message 

CRT hardcopy is an .excellent 
application for the Comprint 912. 

receiving, scientific/ 
__._ industrial data 
/;J logging, or any-
~ thing you can 

think of, the 
Comprint 912 
is the perfor­
mance leader in 
printers under 
$1000. 

First consider 
our perfor­
mance. 

Speed. 
At225 

characters 
per second 
(170 LPM) 
the Com­
print 912 
is up to 4 

times faster 
than impact 

printers costing hun­
dreds of dollars more. 
With our printer you 
don't waste time and 
money waiting for your 
print-out. 

Print Quality. 
Our ~x12 matrix pro­

vides sharp, crisp 
characters. Compare 
that with our competi­
tion. Their very best is a 
9x7 matrix, which 
means no lower case 
descenders and 
cramped letters. With 
the Comprint 912 you 
don't have to put up 
with the irritation of 
fuzzy, hard to read 
computer printing. This 
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xcept iona I pr int qua I i ty in offer~ 6 mo~th warran­
ty b~ thG Compr int 912 in 7 ty, twice the 1ndust:ry 
n I ess re 1 iab i 1 i ty, 6 mon t h standard. The key to all 
ra I IQ I I/O and 8 l/2" wide this superior perfor­
been shipped to happy cust a mance is our special 

The superior print quality provid e d 
by the Comprint 912 is obvious in this 
actual size sample. 

means increased prod­
uctivity. And because 
the Comprint 912 makes 
better originals, our 
originals make better 
Xeroxes. 

Quiet Operation. 
Most computer 

printers are irritat­
ingly noisy. They can 
disrupt concentration 
and reduce the effi­
ciency of anyone work­
ing near them. They're 
noisy because they're 

The Comprint 912 is quiet becau se it 's 
electron ic n ot m ech anical. 

impact. The Comprint 
912 has no mechanical 
print head banging on 
the paper. It's elec­
tronic. It's quiet. 

Reliability. 
Since the Comprint 

912 prints electronically. 
rather than mechani­
cally like ordina:ry im­
pact printers, we have 
fewer moving parts and 
less vibration. The 
Comprint 912 has fewer 
things to go wrong and 
less wear. That's why we 

------
Fewer movin g parts in the Comprint 
912 m ean greater reliability. 

paper. This aluminized 
"silver paper" works just 
like ordina:ry paper. It 
won't fade or discolor 
and actually costs less 

than plain paper and 
one time ribbons. For 
the vast majority of 
printing applications 

it's just plain better 
than plain paper. Espe­
cially when you con­
sider the hidden costs 
of plain paper printers 
due to their inferior per­
formance compared to 
the Comprint 912. And 
on those rare occasions 
when you really do 

CIRCLE 21 ON IN9UIRY CARD 

need a plain bond 
paper copy. just run 
your Comprint 912 
printout through your 
plain bond copy ma­
chine and you've got it. 
Even though our paper 
is special, it's available 
everywhere; from your 
dealer or distributor, or 
from us. 
Now consider our 
price. 

The Comprint 91.2. 
$660 with parallel 

interface, $699 with 
serial interface. 
We could talk about 

our other advantages, 
like our 80-character 
lines on 8-1/2" wide pa­
per, or our compact, 
light-weight size, and 
the fact that the Com­
print 912 has no ribbons 
to mess with, no chemi­
cals, nothing to add but 
paper. 

But you have to see 
for yourself. Before you 
buy any printer, insist 
on seeing the Comprint 
912, the performance 
leader, at your local 
computer store or in­
dustrial distributor. Or 
contact us for a de­
scriptive brochure, a 
sample print-out, and 
applications literature. 

The performance leader. 

Computer Printers International, Inc. 
340 E. Middlefield Rd. 

Mounta in View, California 94043 
415 969-6161 
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I COMMUNICATION CHANNEL I 

Work Station Incorporates 
IA TA Protocol 

Basic software package of the 2001 
work station now incorporates the 
83B3 communications protocol, al­
lowing operation in this communica­
tions medium because it takes into 
account special International Air 
Transport Association (IATA) format 
and specific communications restric­
tions. The work station combines an 
83B3 communications terminal and 

Fiber Optic Data Link 
Operates to 250k Bits/s 

High sensitivity, medium speed 3713 
data link is designed to provide signal 
isolation in electrically noisy en­
vironments, and is compatible with 
many process and control configura­
tions. Made up of the 3713T trans­
mitter and 3713R receiver connected 
by a suitable fiber optic cable, the 
3713 provides a 250k-baud NRZ data 
link capable of operation to 1. 7 km. 
An AMP Optimate single-fiber con­
nector system simplifies interfacing 

TTL INPUT 

TRANSMITTER PHASING 

80 
8180 

POWER 
ADJUST 

• 

a complete word processing system. 
The 2001 is manufactured by Mega­
data Corp, 35 Orville Dr, Bohemia, 
NY 11716. 

Word processing and communica­
tions functions occur simultaneously. 
Total number of messages in line 
queue can amount to about 245k 
characters. The system comprises a 
64k RAM, dual floppy discs, a letter 
quality printer for word processing, 
and a separate printer for incoming 
and outgoing messages. 

modules and fiber and muum1zes 
problems of source/ fiber/detector 
alignment. Metal packages of both 
transmitter and receiver provide im­
munity to electromagnetic radiation, 
and direct PC board mounting with­
out need of an additional heat sink. 

The integral connector system also 
permits choice of a variety of cables 
to match specific needs, with maxi­
mum cable length depending on the 
type of fiber optic cable used. Units 
operate with lo-• bit error rate 
(BER) and 20-dB aggregate cable 
and connector loss when used with a 
200-µ.m fiber. When low loss silica 

•Voo •Vee 

]713T l713R 

TRANSMITIER RECEIVER 

DIGITAL -Vee 
COMMON 

A file of "canned" phrases allows 
I-time entry of commonly used text, 
with a 6-char code used to call up 
the phrases. IATA forms control is 
included to perform complete check 
of outgoing messages and insure 
validity of header information. Com­
munications are fully supported with 
all output messages -queued up on a 
disc. Automatic header checking, 
message blocking, and reject mes­
sage handling are included. 
Circle 402 on Inquiry Card 

fiber is used, the link can function 
over distances to 2.5 km. The 3713 
link system is offered by Burr-Brown, 
International Airport Industrial Pk, 
PO Box 11400, Tucson, AZ 85374. 

Power requirement for the trans­
mitter is 5 V; optical power may be 
adjusted with a single resistor. The 
receiver takes a ± 15-V supply. An 
automatic threshold circuit is incor­
porated in the receiver for maximum 
noise immunity. Package size is 41 
x 77 x 16 mm. Direct PC board mount 
is enabled by seven pins located on 
the bottom of each unit. 
Circle 403 on Inquiry Card 

• 

-----0 TTL OUTPUT 

ANALOG OUTPUT 

ANALOG COMMON 

DIGITAL COMMON 

THRESHOLD 
ADJUST 

3713 fiber optic data link. Transmitter converts TTL level inputs to optical pulses via 
LED light source at data rates from de to 2M baud NRZ. Receiver converts light input 
via PIN photodiode to TIL output, with receiver sensitivity of 15 nW and data rates 
to 250k baud NRZ 
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C.Itohs Model 8300 
printer looks superb. 

. toh offers you the perfect 
OEM printer for general purpose 

It 'l A ~arks computers, communication terminals, 
V V ~ data loggers and micro computers: 

D"t ~en the Model 8300. This quiet and low-cost unit 
\..., V, features a straightforward, reliable design 

b t.L and a continuous-duty 7-wire head with a e ler. life expectancy of 100 million characters. 
Designed with a 7-bit parallel interface, 

the 80-column, dot matrix Model 8300 prints bi-directionally at 
125 CPS. Its sprocket paper feed mechanism accepts multi-ply 

pin-feed paper in any width from 4.5" to 9.5"; paper can be 
loaded from the bottom or rear; and print line position is readily 

adjustable. The Model 8300 works even better than it looks. 
Would you expect anything less from C. Itoh? 

C. Itoh means excellence in printers. 

Write today for detailed specifications. 

~ C. ltoh Electronics, Inc. 
5301 Beethoven Street, Los Angeles, CA 90066 
Call: (213) 390-7778 •Telex: WU 65-2451 
East Coast 
280 Park Avenue, New York, NY 10017 
Call: (212) 682-0420 •Telex: WU 12-5059 

C. ltoh Electronics is part of the 119-year-old C. ltoh &Co., Ltd., world-wide trading organization. 
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DIGITAL TECHNOLOGY REVIEW 

TECHNOLOGY AND ECONOMICS: 

INTEGRATED CIRCUIT 

COSTS 

Mont9omery Phister, Jr 

Systems Consulting 
Santa Monica, California 

W hen engineers were designing the first commercial 
digital computers, a system flipflop occupied one-third 
of a cubic foot and cost over $100 (see Table 12, p 
117 of Computer Design, Oct 1978). Designers there­
fore were interested in logic minimization, and devoted 
time and effort to finding structures which shared regis­
ters and eliminated superfluous gates. 

Today a system flipflop costs 80¢ and occupies 2 in3 
( 33 cm3 ) of cabinet volume. The integrated circuit, un­

imagined by early computer engineers who struggled 
with vacuum tubes and dreamed of transistors, has 
turned the designer's world upside down. He is still 
interested in elegant structures, but his bricks are ALUs, 
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MANUFACTURING 

decoders, P / ROMS , and microprocessors rather than gates 
and flipflops. Furthermore, because the lion's share of 
a system's cost is in its components, he has an abiding 
interest in IC prices and price trends. 

Prices in a free market are of course complicated 
entities. They depend on the price of functionally equiva­
lent, existing alternative parts. They depend on the 
demand from the marketplace, and on the supply of 
parts available. But ultimately they are limited by 
the manufacturing cost of the parts. Design engineers 
interested in prices and price trends therefore must 
have some understanding of the factors which influence 
IC manufacturing cost. 
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The ntore you denta 
· the ntore you sh 

Chances are, you'll find that the performance you 
need is already there. 

At HP, our long experience in developing instru­
ments for engineering and manufacturing has given us a 
real good idea of what's needed in computer systems for 
technical applications. That's why Hewlett-Packard's family 
of computer products can meet your needs so closely in the 
lab or on the factory floor. 

Matching the computer to the job. 
Take our 9800 Series Desktop computers. For 

single-station interactive computing, they're in a class by 
themselves. With up to 449K bytes of memory, enhanced 
BASIC, graphics capabilities, and a built-in keyboard and 
display, you get the power of a minicomputer in one complete, 
integrated package. And there's easy interfacing with HP 
instruments and peripherals for jobs like control and testing, 
statistical analysis, and even engineering design. 

For more complex multi-processing tasks, the 
HP 1000 computer has the power and flexibility to meet your 
needs. You can choose from a broad range of computation 
power to process your data, from the low-cost M-Series to 
the high-speed floating point F-Series. All of the configura­
tions use upward-compatible RTE operating systems, so 
you don't have to rewrite your programs when you change 

jobs or move up to another model. And if you need additional 
storage, you can expand the systems to two megabytes of 
main memory starting at only $18K/per megabyte. 

The HP 1000 system also comes with a number of 
applications tools to minimize your programming costs. HP's 
new DATA CAP/ 1000 software, for example, lets you design 
a real-time factory data collection system according to your 
shop floor needs. And to help you manage vast quantities 
of technical data, we developed our powerful IMAGE/1000 
data base management system. Just a few simple keystrokes 
give you up-to-the-minute infonnation on inventory levels 
or instrument check-out status. If you'd like a really clear 
picture of your infonnation, HP's GRAPHICS/1000 will plot 
your data in a way you can understand. 

-



nd front a contputer, 
ould look at HP. 

Communication made simple. 
General purpose interface cards let you adapt the 

HP 1000 to a variety of tasks, including ND conversion and 
multi-point communications. What's more, with the plug-in 
HP-IB (interface bus), you can process and control data from 
over 200 sophisticated measurement and testing instruments. 

Here are just a few of HP's range of products for manufac­
turers and engineers: 

Talking to the computers is easy, too. The HP 1000 
uses BASIC and FORTRAN as well as assembly and micro­
code languages. And our powerful communications software, 
DS/1000, lets you hook HP 1000 computers together in any 
network configuration you want- across your plant 
or around the world. 

A continuous growth plan. 
HP's family of computer products is constantly 

growing to meet your scientific, engineering, and manuf actur­
ing needs. Whether it's instrumentation front ends, CRT ter­
minals, plotters or digitizers, HP's compatible products let 
you add to your system at any time without writing new 
software. And of course, you get HP's full support, service, 
training and documentation. 

Go ahead and ask your own computer some tough 
questions.Then ask ours and see the difference. For a hands­
on demonstration of the HP 1000, just call your nearest HP 
sales office listed in the White Pages. Or for more information 
write Hewlett-Packard, Attn: Roger Ueltzen, Dept. 1259, 
11000 Wolfe Road, Cupertino, CA 95014. 

1. HP 9845 Desktop Computer. 
2. HP 9825 Desktop Computer. 
3. HP 1000 Model 45 Real-time 

System with HP 7906 Disc 
Drive and HP 2648A 
Graphics Terminal. 

4-6. HP 1000 F-, E-, and 
M-Series Computers. 

7. HP 2108 Board Computer. 
8. HP 7925 Mass Storage Unit. 
9. HP 2240 Measurement & 

Control Processor. 
10. HP ATS Automatic Test 

System. 
11. HP 12050 Fiber Optics. 
12. HP-IB Link IEEE-488 

Standard Interface. 
13. HP 2621 CRT Terminal. 
14. HP 3075 Data Capture 

Terminal. 
15. HP 3077 Time Reporting 

Terminal. 
16. HP 3455 Voltmeter. 
17. HP 3495 Scanner. 
18. HP 5328A Universal Counter. 

Ill 
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19. HP 5342 Microwave 
Frequency Counter. 

20. HP 436A Power Meter. 
21. HP 4262 LCR Meter. 
22 . HP 8566A Spectrum 

Analyzer. 
23. HP 8754A Network 

Analyzer. 
24. HP 3325A Synthesizer/ 

Function Generator. 
25-6. HP 8660A & HP 8672A 

Synthesizer/Signal 
Generators . 

27-8. HP 9876A & HP 2608A 
Printers. 

29. HP 2635 Printer. 
30. HP 7245A Thermal Plotter/ 

Printer. 
31. HP 7221A Plotter. 
32. HP 7225A Graphics Plotter. 
33. HP 9872A Programmable 

Graphics Plotter. 
34. HP 9874A Digitizer. 
35. HP keeps it coming. 



IC Manufacturing Process 

Briefly, IC manufacture begins with a sequence of al­
ternating optical and chemical steps carried out on a 
thin wafer of silicon.1 The optical operation transfers 
circuit patterns from a set of masks to the wafer, and 
the chemical (or physical/ chemical) processes create 
appropriate conducting, semiconducting, and insulating 
paths in the silicon locations specified by the masks. 
The masks typically contain patterns for tens or hundreds 
of identical circuit components, or chips (the actual 
number depends on wafer and chip dimensions) . When 
the manufacturer finishes the processing steps on a 
batch of wafers, he tests the individual chips and marks 
the bad ones. The ratio of good chips to total chips 
on the wafer is called the wafer yield, and is a most 
important parameter. 

Next, the manufacturer separates the chips, discard­
ing the bad ones. He mounts each good chip on a pack­
age "header," and bonds it in place. Then he attaches 
the chip terminals to the package leads, and inspects 
the result. The ratio of good circuits to total circuits 
at this point is the packaging yield. 

The last steps in the manufacturing process call for 
the mounted chips to be capped and marked, and to 
undergo a final test, which cycles the finished product 

through a sophisticated test appropriate to its complex­
ity. The ratio of good units to total units here is the 
final test yield. 

Cost Influencing Factors 
"A Model for Integrated Circuit Manufacturing Costs" pro­
vides a simplified model2 •3 •4·5 for this entire process. 
Total cost is the sum of processing, packaging, and 
testing costs. The latter two costs are assumed constant, 
and dominate manufacturing cost for small chips. As 
chip size increases, however, both wafer yield and the 
number of chips per wafer fall, and the first term, 
processing cost, becomes dominant. Fig 1 shows how 
wafer yield varies with chip area, and Fig 2 illustrates 
how the number of chips per wafer varies, for two 
common wafer sizes. [The 3-in (7.6-cm) wafer is the 
most widely used in the u.s. today, but it is being 
superceded by the larger wafer.] 

The resulting chip manufacturing cost is shown in 
Fig 3. To put things in perspective, note that Intel's 
16k dynamic RAM, the 2116, has an area of 0.034 in2 

(0.219 cm2), and IBM has announced that their 64k RAM 

has an area of 0.0625 in2 ( 0.403 cm2). The model pre­
dicts that the former would have a manufacturing cost 
of about $1.50, and that the latter would cost about 

A Model for Integrated Circuit 
Manufacturing Coats 

__,, Wafer 
Packaging ...... Final Test 

n chips~ Processing nY. nY.,,,Y. 
~ 

IC Manufacturing Cost/Chip = Processing Cost + Packaging Cost + Final Test Cost 

Cost of Processed Wafer Processing Cost = ~,....,...__,.,.,..,-...,---~-.,,..,..,---~-~--~-~------­
(Chips/Wafer) x (Wafer Yield) x (Packaging Yield) x (Test Yield) 

c .. 

[~ - 1. 770 ] [ 0 8 ] 
4e' e x (1 + · ke")• x Y, y , 

where 

D = Wafer Diameter (inches) 

e = Edge of square chip (inches) 

k = Silicon wafer defect density 

p k . C t _ (Cost of IC Package) + (Cost of IC Connections) 
ac aging os - (Packaging Yield) x (Test Yield) 

P+C 
- Y, y , 

F" 1 T t C t _ Cost of Testing Finished IC _ T 
ma es os - Test Yield - V:. 

IC Manufacturing Cost/Chip = A(1 +kA)"C..,, + y1 [ p V+ C + TJ 
0.8 Y,Y,(,,.D' /4 - 1.770'\' A) t • 

where 

A = e• = Chip Area 

..... 
nY..,,Y,Y, ,. 
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Fig 1 Wafer yield vs chip area. Wafer 
yield is rat io of good chips, at point where 
wafer processing is complete, to total num­
ber of chips on wafer. Bad parts typically 
result from defects in wafer or abberations 
in optical system. Yield falls off rapidly 
with increasing area 

Fig 2 Ch ips/wafer vs chip area. Number 
of rectangular chips which can be laid 
out on circular wafer is function of wafer 
and ch ip dimensions. Formula shown is 
fairly accurate for square chips 

Fig 3 Chip manufacturing cost vs chip 
area. "Model for Integrated Circuit Manu­
facturing Costs" predicts that total manu­
facturing cost is sum of fixed packaging­
plus-test cost and processing cost which 
increases sharply with area. IC prices are 
typically two to four times manufacturing 
costs 
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Fig 4 Cost/price history of 0_0625-in• chip 
on 4-in wafer. In idealized picture, manu­
facturing cost (solid line) starts much 
higher than that predicted by model 
(dashed line), and drops as manufacturing 
problems are identified and solved. Steady 
state, model predicted price falls slowly 
as defect density -k drops. Selling price 
(dotted line) depends on market conditions 
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$3.25. The equation and graphs show very clearly that 
cost increases faster-than-linearly with area-for large 
enough areas, cost increases with the cube of area, 
other things being equal. If we were to modify the 
model to accommodate the fact that packaging and test 
costs also increase with chip area to some extent, the 
increase would be even greater. 

The model predicts steady-state manufacturing cost 
in some given year. As time passes and technology im­
proves, defect density k drops, wafer yield increases, 
and cost falls off somewhat. But more important, from 
the equipment designer's point of view, are the manu­
facturer's start-up problems. When an IC first enters 
manufacturing, its cost is far higher than that pre­
dicted by the model. Typically all yields are lower 
than their steady-state values, and wafer, connection, 
and test costs may be higher than standard while the 
plant learns how to make the part. Wafer yield in 
particular may be slow to reach its predicted value, 
and manufacturing may have to make changes in masks 
and/ or in process chemistry and physics to solve the 
yield problems. 

Actual manufacturing cost for a 0.0625-in2 ( 0.403-
cm2) chip may thus follow a curve like the solid line 
in Fig 4, and prices might change as shown by the 
dotted line. During the first six months, manufacturing 
costs are very high, yields are low (perhaps 2% or 
less ) , parts correspondingly scarce, and production 
samples are available at a premium price. After this 
six month period, wafer and other yields have improved 
somewhat, and there are enough wafers in process for 
the manufacturer to supply parts in quantity. He then 
lowers the price to the point where the part will be 
attractive in comparison to functionally equivalent parts. 
His yields, however, though improving, are still low, 
keeping parts in relatively short supply compared with 
the demand. During the next months there is thus a 
sellers' market and the price holds steady. , 

Ultimately yield increases further, alleviating the 
part shortage. In addition, the success of the IC attracts 
competitors, and their yields increase to the point that 
production capacity exceeds demand. Users can get 
parts from any of several vendors, and make a choice 
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based on price. There thus ensues a buyers' market, 
and prices fall with increasing frequency. Meanwhile 
the steady-state manufacturing cost (dashed line in Fig 
4) falls slowly as defect density improves, and actual 
costs approach that limit. However, to cover overhead 
and sales costs, and to recover development costs and 
make a profit, the manufacturer must hold prices at 
a value two to four times his costs. 

The cost trend might be somewhat better, or con­
Siderably worse, than that shown in Fig 4. It is not 
at all uncommon to read that manufacturers have 
trouble initiating production on a new and complex 
part, especially when some new facet of technology 
is being introduced. In this case, yields may stubbornly 
hold at disappointingly low values for months while 
engineers try new circuits, new masks, new process 
variations, and new tests. The supply of parts is very 
low, and the supplier loses money even at premium 
prices. Meanwhile, users must scramble for parts, or 
must employ old and more expensive technology. For 
this reason the wise designer is very cautious about 
introducing new components into his designs. 
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TEKTRONIX 
thinks your logic analyzer 

should be as versatile ----------as you are 
So ours let you connect probes fast. 

Logic analyzer versatility can 
often mean the difference be­
tween spending time on a 
problem ... or on its solution. 
With some logic analyzers, 
for example, probe connec­
tions can take up to 70% of 
your time. 
A variety of Tektronix probes 
give you that time back. The 
patented Harmonica Connec­
tor eliminates attaching indi­
vidual connectors to each test 
point. Our Quick Connect 
Probe allows you to measure 

any number of test points, 
without constantly attaching 
and re-attaching connectors. 
Use the Low Profile Dip Clip 
for easy access to integrated 
circuit pins. There's even a 
special probe for the GPIB. 
The result is convenience and 
efficiency that can encourage 
you to use your logic analyzer 
more frequently-and make 
you more productive. 
Fast probe connections: 
they help make our Logic 
Analyzers versatile. So you 

can do today's job and to­
morrow's. So you can 
change applications with­
out 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. 

COPNwVTTED TO EXCEUENCE 

TEKTRONIX LOGIC ANALYZERS THE VERSATILE ONES 
For ·immediate action dial our toll free automatic 

answering service 1-800-547-1512 

The Harmonica Connector: 
fast, convenient probe 

connection 



Shugart delivers the lowest cost Qer 
megab):'.te in an 8-inch Winchester drive. 

The company with more experience 
in low-cost Winchester technology than 

anyone else in the industry has broken 
the $1, 000 price barrier with its SA 1000 

series of 8-inch fixed disk drives. Here's 
your 5or10 megabyte system upgrade 

at an affordable price. Here's Winchester per­
formance in a compatible floppy-sized package. 

Here's an 8-inch drive that will be built in the 
quantities that you need for your market­

place, using Shugart's high volume 
manufacturing technology. Introducing 

the SA1000. Packed with valuable 
features. And priced to give you the 

competitive edge. 

I 

Introducing the 
811 ed disk drive 

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

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

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

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

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



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

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

rates equal 1x1010 soft (recoverable), 1x1012 

hard (non-recoverable), and 1x106 seek. 
The belt-driven AC spindle drive motor 

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

bearing - supported actuator provides 
more precise head-to-track positi.oning . 
Data rel iability? We've eliminated possible 

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

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

product reliability. 

SA1000. e only 
under $1000. 

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

mechanized production and backed it with it's own dedicated engineering ...,.
0
111iiiiil;:-

and manufacturing organization . This kind of commitment has ~~=--~~~~ 
made it possible for us to bring you the lowest ~ 

cost per function 8-inch fixed disk drive available """"""'...-. 
today. We'll be delivering the SA 1000 drives in 

the first quarter of 1980. Optional controller 
and data separator will also be available. The 

new SA 1000 from The Headstrong Company. 
Contact your nearest sales office. Shugart 

headquarters: 435 Oakmead Parkway, Sunny­
vale, CA 94086 ( 408) 733-0100; West Coast 

Sales/Service: C 408) 737-9241 ; Midwest Sales/ 
Service: (612) 574-9750; East Coast Sales/ 

Service: (617) 893-0560; Europe Sales/Service: 
Paris (1) 686-00-85 ; Munich (089) 17-60-06. 

~®Shugart 
The Headstrong Company 
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DIGITAL TECHNCLCGV REVIEW 

Single-Channel, Positionable Magnetic Tape Head 
Records 16 Tracks with 12k-Bit /in Density 

A positionable bidirectional read­
after-write head can double the bit 
density and significantly increase track 
density of tape systems. Developed 
by Nortronics Co, Inc, 8101 Tenth 
Ave, N, Minneapolis, MN 55427, the 
head combines the best of disc and 
tape head technologies to reduce the 
cost of backup storage for rigid disc 
systems. 

Increased use of rigid discs in var­
ious sizes for high speed access to 
data has created the need for low 
cost backup systems. Such systems do 
not require the high performance 
characteristics of large tape drives be­
cause they normally run in a stream­
ing mode-you tum on the drive and 
let it run-continually recording data 
with no start or stop. To do this 
economically, however, both high 
track density and high bit density 
are necessary to provide the needed 
capacity. Current backup storage­
floppy discs and 7-track 0.25" ( 0.635-
cm) tape drives-are either . too ex­
pensive or lack the necessary capacity. 

The single-channel positionable 
head permits high track and bit den­
sity recording, at a fraction of the 
cost of heads in existing backup sys­
tems. Capable of writing up to 16 
data tracks (see Fig 1) on 0.25" mag­
netic tape and increasing bit density 
to 12,000 bits/ in ( 4724/ cm), ap­
proximately twice what is currently 
possible, the head is constructed of 
ferrite and ceramic to extend head 
and tape life, and to permit increased 
bit density. 

In use (see Fig 2), the single­
channel head is first positioned to re­
cord one track near the tape edge. 
When the tape has run its length, the 
head automatically reverses itself, 
moving and recording data in the op­
posite direction. This recording pro­
cess continues in a serpentine manner. 

Read-after-write capability (Fig 3), 
automatically reversed when the tape 
is reversed, is a key feature of the 
head, according to Matthias Grundt­
ner, director of engineering for 
Nortronics. When tape is reversed the 
area of the head that was reading is 
now used for writing, and the area 
that was writing begins reading. 
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"While the tape is written in one 
direction, the same track will have a 
symmetrical assembly on the other 
end that is used to read back. Thus, 
as the tape moves across the head, 
it is written, erase trimmed, and read 
back immediately after writing." This 
feature permits data to be transferred 
from disc to tape with minimum error. 
A second important feature of the 

head is the symmetrical tunnel erase 
system which permits close track 
spacing, and therefore more tracks 
with reduced noise. 

Prototype units are currently being 
built; manufacture of the heads will 
begin early in 1980. In high produc­
tion quantities, the I-track position­
able head will cost approximately $75. 
Circle 175 on Inquiry Card 
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SHIELD 
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WHITE AREAS ARE CERAMIC 

--

TAPE EOGE 
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TRACK ••1•• 
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TRACK .. 2 .. 

ERASED BAND 

Fig 1 Bidirectional read-after-write tape head (a) is capable 
of recording up to 16 tracks on 0.25" tape with a density of 
12,000 bits/in. Combination of ferrite and ceramic areas per­
mits increased bit density. Symmetrical tunnel erase system 
permits close track spacing without increased noise, and 
results in multitrack tape format (b), with Track 1 written in 
one direction, Track 2 in the reverse 
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TOP VIEW - TAPE PATH 

READ AFTER WRITE TRACK 

Fig 2 Positionable single-channel magnetic tape head 
assembly combines disc and tape head technologies to 
provide high track and 'bit density at low cost 

READ AFTER WRITE RECORDING - TUNNEL ERASE 

FORWARD TAPE MOTION--

~~~~:y {,i:.~'@mt1111111111111111:P.t~t:11111111111111111~11111111l1'11111111 
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/ 1\ 1 111/" / ' ,,;_ u 

L UNRECORDED 
TAPE ACTIVE ERASE READ 

WRITE 
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llllllllll[llllll~llllllllllllllllll:P.~~t:llllllllllllllll ll~lllll~[1,'0~}~ 
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READ WRITE 

ACTIVE ERASE 

Fig 3 Read-after-write capability that is automatically 
reversed when tape is reversed results in serpentine re­
cording on tape 

THE 
FllST 
IATA 

CAITllllE 
THAT 

ALWAYS 
FINISHES 

LAST. 

3M's DC-300-XL Data 
Cartridge always finishes last 
because it records and 
stores at a field-tested rate 
of 6400 bpi on 450 feet of 
tape, And that's 150 feet more 
than standard data cartridges. 

Which means you 
won't have to change it so 
often. And you'll have fewer 
cartridges to mess with. 
Or lose. 

Like all 3M DC-300-A 
data cartridges, the DC-300-XL 
has the same metal base­
plate. And the ANSI three-point 
positioning system 

What's more. it's the 
exact same size as other 300 -
foot cartridges. So you can 
use it in any drive that accepts 
standard cartridges. Yet 
the DC-300-XL stores 50% 
more data. 

You see. sometimes 
finishing last has its advan­
tages. too. 

For information about 
where to get the DC-300-XL. 
call toll-free. 800 -328 -1300. 
In Minnesota. call collect: (612 ) 
736-9625. Or write: Data 
Products/ 3M.223 -5E.3M Center. 
St. Paul. MN 55101. 

3M 
CIRCLE 27 ON INQUIRY CARD 



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

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

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

bring us a job at the same stage of 
development anyway. So it would be c;t 

waste of our time and your effort to set up 
a lot of hard and fast requirements. 
InsteadJ we make it as simple as possible 
for you to interface with us at almost any 
design or production phase. 

You can supply us working platesJ 
pattern generator or data base tapesJ com­
plete test programs or test vectors. Well 
take it from there. And we'll provide 
components at any of these stages: wafersJ 
prototype circuitsJ or completeJ fully 
tested assemblies. 

We don't limit your choice of processJ 
either. We work in 25 variations of four 
basic MOS disciplines. What's moreJ our 
manufacturing capability is large enough 
to set aside an entire f ab line for fast 
tum-around circuit prototyping. And 
allocate other fab lines for production runs. 
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''What makes AMI so great?'' 
In a word: experience. We have the 

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

Were geared to work with your 
in-house MOS designers or an indepen­
dent design firm. Or we can handle y our 
We're flexible enough to work with you at almost any stage of 
your circuit development. After all, you're the customer. 
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Co~parison of MOS Processes 
HiStories'Using Cu~to'm Ci~cu .. ts ' 
and Microprocessors~' 

P Chan P Chan P Chan N Chan Comple- N Chan N Chan • 
Hi VT 1' mentary 11 1' + VMOS You can get hold of copies 
Metal M~tal SiGate SiGate MOS dep lds. , 

_..speed--"(per'---un_it_are"""'a) ____ 6 __ 4_--'-s --'-3 __ 2_--'-3 __ 1 __ 0 by writing to AMI Customer · 
PowerConsumption(lowspeed) 6 2 4 s 1 s 3 3 Designs Marketing II, 

5 2 1 0 Area (per logic function) 4 3 3 2 

Noise Immunity 4 2 5 5 ----=-------------4 __ 3 __ 3_ 3800 Homestead Road, Santa 
logic Flexibility 3 3 3 

On-Chip Clock Generation 4 2 5 4 
--=-----'-----------1--;--~--2- Clara CA 95051. Phone (408) 
Bipolar Compatibility 5 2 3 1 o 246-0330. Or from one of these 
~.......;;.;.......<...._.._ __ -=------=.--"---=---=---=------------
Power Supply latitude 4 2 . 4 4 

Process Simplicity 2 2 2 
;;..;..;.;.;;;,.,,;;.;;;i;~="'-----''--_:;...;-....;.___;'----=.--"-3 --=2

---
3
--- AMI sales offices: California, 

6 3 4 6 

Rankings are relative among the processes, with the lowest number being most desirable. (213) 595-4768; Florida, ( 305) 
.._A_M_I-of-fe-rs_2_5-va_n_'at-io-ns_o_f_fo_u_r b-a-sic_M_O_S-pr-oc-e-sse-s-. 5-o-y-ou_c_a_n -pi-ck-t-he_o__,ne 830-8889; lliinois, (312) 437-6496; 
that fits your product and budget. • Indiana, (317) 773-6330; 
job from scratch, giving it the full custom Massachusetts, (617) 762-0726; 
treatment that has made us the leader Michigan, (313) 478-9339; New York, 
in this field. (914) 352-5333; Pennsylvania, (215) 

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

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

I 

you need, from design and test parameters 
to production schedules. And we've 
also just published two new brochures 
describing AMI's involvement in the 
custom LSI business. These are "Six Steps 
to Success with Custom LSI" and 
"MOS Systems Solutions: A Dozen Case 
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AMI 
AMERICAN MICROSY~TEMS, INC. 
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DIGITAL TECHNOLOGY REVIEW 

MOS Memory Option 
For Mainframes Increases 
Execution Speeds 

Doubling memory capacity of earlier 
MOS configurations and making semi­
conductor memory available on the 
DECsystem 1091-S, the MOS memory 
option, announced by Digital Equip­
ment Corp, Large System Group, 
Maynard, MA 01754, provides a factor 
of 14 improvement in availability. Ex­
pansion of primary memory made 
possible with the option decreases 
the reliance on secondary memory 
devices and thus increases system 
execution speeds. 

Because the Mos memory modules 
used for both the DECsystem 1091-S 
and DECsystem 2040 and 2060 incor­
porate error correction logic capable 
of correcting single-bit errors and 
detecting double-bit errors, an im­
provement in reliability can be seen 
over core memory systems. In addi­
tion, 64k-byte segments of memory 
can be mapped out dynamically to 
allow for deferred corrective main­
tenance. 

Up to 12M bytes of MOS memory 
can be installed in the 1091-S con­
figuration; the first 6M in the basic 
system cabinet, with a separate cabi­
net necessary for additional incre­
ments. The same tyoe of cabinet is 
used to expand capacity of 2040 and 
2060 configurations to the system 
maximums of 12M bytes. 

Basic system configurations of 2040, 
2060, and 1091-S, including lM byte 
of memory, are priced from $324,600, 
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$399,100, and $440,700, respective­
ly. Deliveries of MOS memory and 
memory expanded versions are sched­
uled for early next year. 
Circle 176 on Inquiry Card 

Mid-Range Computer 
Meets Short Term Demands 
With Accelerator Option 

A mid-range addition to the 470 
series of high performance computers 
made by Amdahl Corp, 1250 E 
Arques Ave, Sunnyvale, CA 94086, 
the 470V / 7 A gives users high per­
formance at lower cost with the op­
tion of increasing capacity through 
upgrades. 4 70 / Accelerator hardware 
provides ability to meet short term 
increases in demand without having 
to support expensive idle capacity 
over the long term. 

With performance rated between 
that of the V / 6-11 and the V / 7 and 
slightly higher than that of the IBM 
3033, a minimum configuration V / 7 A 
consists of 4M bytes of memory, 12 
r/ o channels, 32k-byte high speed 
RAM buffer, console display, and 
independent console processor. Ma­
chine cycle time is 29 ns. This con­
figuration expands to 16M bytes of 
memory and 16 r/ o channels . Op­
tional are 470/ Accelerator, channel 
to channel adapter, and 2-byte inter­
face. 

The 12 r/ o channels can be con­
figured by the user into any com­
bination of block multiplexer, byte 
multiplexer, or selector channel 

mode. 2048 subchannels are pro­
vided. Using high performance bi­
polar RAMS to speed access, the buff­
er is organized as a set associative 
cache memory with eight sets. 

The independent console processor, 
an internal minicomputer, performs 
service diagnostics, monitors impor­
tant CPU functions, and interfaces to 
the company's diagnostic assistance 
center to obtain remote maintenance 
support for the system. 

Available on a time metered rent­
al basis, the 470/ Accelerator when 
activated by user command increases 
processor performance. It operates 
with V / 5 and V / 5-11, raising their 
performance to V / 6 and V / 6-11 
levels, respectively; and increases 
performance of a V / 7 A to the V / 7 
level-approximately 20%. 

Consisting of special console pro­
cessor software command and LSI 

hardware, the option installs within 
the existing system. A single accel­
erator command brings the unit on­
line; another turns the unit off. Soft­
ware is not affected either in the 
transition or while the CPU is in 
accelerator mode. Similarly, jobs are 
not disrupted by either on or off 
command. 

A hardware meter to measure CPU 
time spent in accelerator mode is 
included in the system as a usage 
meter, not an elapsed time meter. 
In minimum configuration the V / 7 A 
will sell for $2,450,000. The Accel­
erator option will rent for $1800/ mo 
for 20-h usage, plus $90/h beyond 
the 20-h minimum. 
Circle 177 on Inquiry Card 

LOUU PRICES ON 
INTEL-5 LSl-11 & PDP-11 
COMPATIBLE MEMORY 

Model in 5 004 Memory For LSl -11, 
LSI 11/2& PDP 11/03 
5004-624 48KBytes 
(24K X 16) $732.00 
5004-632 64KBytes 
(32KX16) $820.00 

Model in 5034 Memory For 
PDP· 11/04 & PDP· 11/34 
5034-832 64KBytes 
w/Parity (32KX18) $1062.00 
5034-864 128KBytes 
w/Parity (64KX18) $1606.00 

Model in 1670 
Memory For 

PDP 11/70 
(Price upon 

request I 

O RDER FROM : SECO l;a les, In c., 111 S. Maitland Ave., Suite 202, 

P. o. Box 1475, Maitla nd , FL 32751 - Phone 305-645-3444 
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Image processing. Your way. 

Now, with the Grinnell GMR-270 Image Proc­
essing System, you can have pipeline image 
processing tailored to fit your application. 

The GMR-270 combines the best features of 
our proven GMR-27 line of high speed graphic 
display systems with a special package of 
sophisticated image processing features. The 
result is a modular image processing system 
that can be furnished with any or all of the 
following: 

Convolution 
- Image multiplication and ratioing 
- Zoom and pan 
- 512 x 512 panning window on a 1024x1024 

image 
- Function memories 
- Pseudo-color tables 
- Video digitizers with frame averaging 
- Split screen and image toggling 
- Full graphics and alphanumerics 
- Up to four overlay memory planes 
- Independent cursors 
- Trackballs and joysticks 
- External synchronization 
- Plug compatible interfaces for most 

minicomputers 

In addition, the GMR-270 has a display 
resolution of 512 x 512 pixels and a video for­
mat that is RS-170 compatible. It is housed in a 
rack-mountable chassis and drives standard 
TV monitors. 

Besides the GMR-270, Grinnell manufactures 
two complete lines of graphic television display 
systems: the GMR-27 Series and the GMR-37 
Series. GMR-27 units are high speed, graphic 
and image display systems; GMR-37 units are 
low cost graphic display systems. Both are 
available with display resolutions from 256 x' 
512 to 1024 x 1024. 

So, whether you want to analyze images 
from outer space or monitor a process in a 
plant, Grinnell has a system that can do it. For 
detailed specifications and/or a quotation, call 
or write today. 

Photographs provided by Stanford University Department of Applied 
Earth Sciences, Palo Alto, California. 

GRINNELL SYSTEMS 
2159 Bering Drive, San Jose, California 95131 (408) 263-9920 
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Now you have reliability that won't 
melt away. 

Just like our line of ICEMAN'" linear 
supplies, long-term reliability in a 
switcher begins with how it's made. 
Fewer components, fewer connections, 
less wiring , reduced failure points 
and modes. 

That was our design goal. 
By actual count, this Motorola 

PSN1801 switcher contains only 143 
electrical parts-about 25% less than 
the nearest comparable. It employs 
only 22 wires. Others have 200 or 
more. It uses just one connector. 
Some use as many as 20. 

TWO boards and MTBF. 
There's more protective circuitry, 

in less space, in a Motorola ICEMAN 
switcher than anyone else offers. 
Just two circuit boards do it all. 

The control board measures 
only 24 square 
inches and contains 
the latest 
multifunction 
ICs in place of 
dozens of discrete 

------'=--_,parts. The board 

furnishes remote turn-on/ turn-off, 
overcurrent and short-circuit 
protection, soft-start to limit over­
shoot voltage, automatic reset of OVP, 
primary current limit and capacitor 
bleed-off circuits. 

The 18 square inch main output 
board combines OVP, soft-start for 
inrush current limiting and all output 
supply components. 
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ICEMAN keeps his cool. 
All the way through . Longer. More 

efficiently. 

Four paralleled, 60 A, high­
temperature Switchmode'" Schottkys, 
with a maximum of 240 A capability, 
are used to achieve the 5 V, 80 A 
output. In other words , they're run at 
just 33% of total capability. And the 
Schottkys and the low-sat, high-speed 
Switch mode power transistors run at 
no more than 65% and 60%, respectively, 
of maximum rated junction temperatures, 
minimizing thermal stress. 

Specifications 

PSN1801, 5 V/80 A 
PSD1802, 5 V/ 60 A, 12 V/ 8 A 
PST1803, 5 V/ 60 A, 12 V/ 4 A , 12 V/ 4 A 

Input. 100- 130 Vac/ 200- 260 Vac (Select­
able) , 45- 440 Hz Single Phase 
Output. Floating, isolated from each 
other and from ground , 600 Vdc max 
Regulation. Line: ±0.1% Output, for 
100- 130 or 200- 260 Vac. Load: ±0.29% 
Output , no load to full load 
Ripple and Noise. Less than 10 mV RMS, 
50 mV p-p, as measured with 50 MHz 
scope 
Temp. Coefficient. Less than 0.2%/° C 
Switching Frequency. 25 kHz (Pulse 
width modulated) 
Transient Response. 500 µs to within 1% 
after a 25% load change at 5 A/µs , main 
output 

The standard warran1y period for all Motorola linear 
and switching power suppltes is 1 year 

CIRCLE 32 ON INQUIRY CARD 

The heat sinking is 
up to 100% thicker than 
others, ensuring even 
thermal gradients 

with all the heat quickly 
going where it's supposed 

to go ... out . We've even special­
wound the transformer to cut losses. 
82% 

75% 

SINGLE OUTPUT 
EFFICIENCY 

75% 

60% 

TRIPLE OUTPUT 
EFFICIENCY 

You also get minimum 30 ms 
hold-up time so the regulated 5 V 
supply is retained after interruption 
under full load. 

cost is cool, too. 
Prices for the three models range 

from $530 to $675 , 1 to 9 quantity. 
Contact Motorola Subsystem 

Products , P.O. Box 20912, Phoenix, 
AZ 85036, (602) 244-3103 or your 
authorized Subsystem distributor or 
representative for more information . 

ICEMAN. 
Quality delivered. 

MOTOROLA INC. 
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MOTOROLA MANUFACTURERS' REPRESENTATIVES 
ARIZONA, Phoenht . , _ _ _... . . . . Summtt 591H . . . . . . · · · · · · (ll02) 99'-•587 
CALIFORNIA, LOil Angeln • . . Ed Lal'lda Com~ny •..... {2 13) 879-0770 
CALIFORNIA, S.n Diego • •. • Ed L•nda Company ••.•• (7 " ) 436-7•98 
CALIFORNIA. San Franc;11Co • OuadRap tnc . • •• .• • •.•. ("°8) 733-7300 
COLORADO, Denver • • . Thort.en Company •. (303) 759..()89() ::g::::: i~o~~~~1ii .:.... . .. : : : ~~~=~~:~ ~:::: : . . . . . . . .. : rn ~ ~: :~:~~ 
MICHIGAN, Detroit ..• •. .••. . McFadden S1ln . . . ...... (313) 681-7540 
MINNESOTA, M1nneapc>l11 . • Comst,.nd. lnc . • •. (612) 788-9234 
NEWJ£AS£Y,Newerk , ,, HLMAuoctalH . . .... (201)263-1535 
NEWYORIC,NewYorll .• HU.AAuoc111n .. . ... (519)757-160e 
NEW 't'ORK, Aocnester ... SF Foster Co . Inc . . . •.••.•.• (716) 295-2'072 
NEW YORK, SyracuH , SF Foster Co. Inc ... . ... .. (315) 637·5427 
OHIO, Cleveland McFadden Sales . . • . ...•• (216} 381-8070 
OHIO, Columbus McFadden S1ln . . {614) 459-1280 
OHIO, 01yton McF1dO.n Siles . . •.. (1114) 1177-9934 

~:~~~y':.v~.:1~~*•de1ph;~ ·: ~fi g:r~"co . '.~~··· ····:mi:;~~~ 
TEXAS, 011181 . . . . .. Mycro1y11em1 Mklg , Ir.<: . • . (21 4) 238-7157 
TEXAS, Houston ...•. •. Mycro1y1tem1 Mktg . Inc .... . .. {713) 783·2900 
TEXAS,SanAntonio Mycro1y11em1 Mklg . lnc .... (512)735-5073 
UTAH, Siii L•ke Anderson Assoclales .. . (801) 292-8991 
WASHINGTON, Se8ttle E S Ch•M Co . Inc · · (206) 762""821 

AUTHORIZED MOTOROLA SUBSYSTEM DISTRIBUTORS 
Al.ASAMA, Hunllv1llt 
Al.A8AMA,Hunt1v11lt 
ARIZONA, Phoem• 
ARIZONA, Phoen1• 
ARIZONA, Pnoenh• •.....•.. 
CALIFORNIA, Costa Mn1 • 

CALIFORNIA, Culver C11y • 
CALIFORNIA, Cupertino .• 
CALIFORNIA, El Segundo . 
CALIFORNIA, Irvine . 

H•ll-Mark Elecironics ••.• (205) &37·8700 
H1mllton/Avnel Eleclronlc1 •.•.• (205) 837·7210 
H1millon/Avne1Elec1ronic1 .•..• (802)275-7851 

• Wyle 011tr!bullon Group . . ... . . (802) 249-2232 
.•.• Sterling Electronics ...•.....•.. (802)258-4531 

Avne1 . .. ........ (714)751·6111 
(213)558-2345 

H•millon Electro Salea/l A ..... (213) 558-2000 
. . Western M1cro1echnology Seles ••• (408) 725-1660 

Wyle 0111r1but1on Group . . ..... (2 13) 322-8100 
•. SchweberElectron1c1 .... (213)537-4321 

(71 4)556-3880 
CALIFORNIA, Sunnyv1Je • H1mil1on/Avnet Electronlc1 •.•.•• (408) 743·3300 
CALIFORNIA, Palo Alto . .• K1erulll Electronlcs. Inc .•.•• (415) 968-6292 
CALIFORNIA, San 01eg.o , H8millon/Avnet Electro"'cs • • • (714) 279-2121 
CAllFORNIA, San Otego •• Wyle 011tr1bution Group .•...•• (7 14) 56$-9171 
CALIFORNIA, S8nl8 Cl1r1 •. . . Wyle 0111r1but1on Group • . ..... (408) 727-2500 
c Commerce C+ty . Wyle Oi1lt1but1on Group •..•.• (303) 2117-91111 
c O, Denver ...... . ... H11r111ton/Avnet Electronics •.•..• (303) 53•·1212 
c TICUT, 01n1>vry • . • . . Schwebel' Electronics , . . • .••.• (203) 792-3500 
c TICUT, Georg.etown H1m1Uon/Avnet Electronics ••••• (203) 762--0361 
c TICUT, Walhngl0td Cr1mer/Connec11cul •...•• (2031 265--77'1 
FLORIDA, Ft. L•uderdale Hall·Mlrk Elecironics . • •• {30S) 971-9260 
FLORIDA, Ft L•udetd•le Ham1tlon/Avnat Electronics (JOS) 971-2900 
FLORIDA, Hollywood • . ........• Schwebel' Electronics .•.••....• (30$) 927--0511 
FLORIDA, Orlando . , • , .. H1ll-Mlfk EleCtron!CI . . . • . • . ..• (30$) 855·4020 

~tg::g:: ~: ~:::~;~ . · · · .. ~=~\~fE~~~~~~~:n'.~~ · · · ·: i:~~l ~~~~= 
GEORGIA, Norcl'Oll H•m11ton/Avnat Electromcs •.... (<IO<I) 4'8-0806 
ILUNOll, Chica.~ •• Newark Electronics Corp •• (312) 638·4411 
ILUNOIS, Elmnurst lnduslt1al Psrk •• Sem1conduC1or Speci1h1t1 

tLLINOIS, BenHnv11!e . . • . . . • . . ~!!1~~~;:~~eCirO~iC .... ::: . : : : : : • mm~= 
:tt::g::: ~:~ g;~:: ~::::~ : : .. ~~ohn=~:~~on;cs .. • ... : : rn:~l ;~~= 
ILLINOIS, ScMter Ptrk H1m1Uon/Avnet Eleclron1cs . • . {3 12) 1178-6310 

::g::::: :~:::~::::: .. ~r:::,~:i;:;:l~~~ .. 1~ •• ·:: mm~~ 
KANSAS, Overl•nd P8fk . • . H1milton/Avnet Electronics • . (913) 888·8900 
KANSAS, Sh1wnff Mission . . Hall-M11k Electronlc1 ... (913) 888-<17'7 
MARYLAND, Ga1lhersbv1g •. •• Cf8mer/W11M1gton •. . ... (301) 9-48-0110 
MARYLAND,G11lhft<St>u1g .... P~/We11'11ngtonElec1ton1C11 ... (301)9'8-0710 
MARYLAND, Ganhft<'lbvrg • Schwet>er Electronics . . .. (301) &I0-5900 
MARYLAND, Hanover • . • . . • Ham1llon/Avnet Electronics (301) 796-SSIM 

:::~~~~~'s~~r Bed •O~d·: . • ·: •... ~~~~o,n~~1 f?:c~~~:c!n~ : : : : : : . : !~H ~~~~~ 
MASSACHUSETTS, LIXtngton H•rvey Electronics , • . ... ... (817 ) 861-9200 
MASSACHUSETTS, Newton . . • . Cramer Eleclronics. Inc . • ..... (817) 9119-7700 
MASSACHUSETTS, Woburn • . . Hamillon/Avnet Electronics ••.•.• (1117) 935-9700 
MICHIGAN, L1von1• H1m1Uon lA~nat Eleclron1cs .•.. (3 131522-4700 
MICHIGAN, L1von1a P1oneer·St1nd•rd Elec11on1cs .... (313) 525-1600 
MICHIGAN, L1vo"'I .•. . RS Electron1c1 ........•.••.•.• (313) 525-1155 
MINNESOTA, Bloomington ....•...• Hall-Mark Electronics .•.• (812) 88<1·9056 
MINNESOTA, Eden Pr81rie •.. •. Schwet>er Electronics ...•.. . . (1112) 9<11-5260 
MINNESOTA, Edina H8m1lton/Avnet Eleclro"'CS ..... (1112) 9'1·3801 
MISSOURI, hrlh C1ly H1U·M81k Eleclron1cs .. !3 1<1) 2'91·5350 
MISSOURI , Hazelwood H1m1l1on/Avnet Eleclronics .•.• (3 1•) 731·1144 

•MISSOURI, K1nss1 C•IY • . . LCOMP/K1ns11 C11y, Inc ....• (1116) 221·2•00 
1MISSOURI, M•ryland Heights . LCOMP/ S\ Louis. Inc . . . . . . . . (31<1) 291-6200 

NEW JERSEY, Cherry Hill H1m11ton/Avnat Eleclronlcs .•.• (609) 234-2133 
NEW JERSEY, Fairfield Hamil1on/Avnat Eleclronics • . (201) 575-3390 
NEW JERSEY, F11rlllld Schwebel' Electronics (201) 227-7880 
NEW JERSEY, P1nebrook .. Harvey Electronics . . .. . . (201) 575-3510 
NEW MEXICO, Albuquerque H1m111on/Avnet Elecl!O"'CI .... (505) 765-1500 
NEW YORK , EHi Syr•cuse . H1m1l1on/Avne1 Eleclronics (315) 437-2612 

•NEW YORK, F1rm1ngd•le . . . . . . . . • H1rri1on A•dio Corporslion ...•.• (516) 293·7979 
NEW YORK, Hauppauge. LI . . Cl8mer/Long lsl•na . . ..... (516) 231-5600 
NEW YORK. Liverpool Cl8mer Eleclronics (315) 652-1000 
NIEW YORK. Aoches1er Cflmttr/ Aochester . . . . .•.. (7 18) 275·0300 
NEW YORK, Rochnter H1m1lton/Avnet Eleclronics ..• (715) 4<12·7820 
NEW YORK, Rochnter Schwet>er Electronics ..•.• (716) •2•-2222 

=~= ~g::: ~ees~~~en11e11i.'. · · · · · ... ~=~=~ ~:~~~~j~ : : · ·: · · · : : : : : i~~! ~;!:~~~ 
NEW YORK , Wes1bury, LI • Hamilton/Avnet Electro"'cs ... . . (511!1) 333·5800 
NEW YORI(, Wnlbvry. LI Schwet>er Eleclronlcs .•..• (516) 334-7<17<1 
NEW YORK, WOOObury LI • • . . . H1rvey Eleclron+ct • (5111) 921-5700 
NORTH CAROLINA, GrHn1l)Oro P1oneertw11n1ng1on • . . {919) 273-4U1 
NORTH CAROLINA, Raleigh , . . H811-Mtrk Eleclron1cs ..... (919) 832-U65 
NORTH CAROLINA, R1!e1gh .• , .•.•• H8mtlton/Avnll Electronic• .... {919) 629-8030 
NORTH CAROLINA, Wln11on·S•lem Cr•mer/Win11on-S1lem ..•••. . . (919) 725·87t1 
OHIO, Cenlttn11lle Hami!lofl!Avnel E!ectron1c1 ••... (513) 433-0610 
OHIO, Cleveland . . P~/Wuhmgton Elect1on1cs •. (2 111) 587-3600 
OHIO, Oaylon . . . . . . . P1onettr/ 01yton • • .•.• (5131 236-9900 
OHIO, W•11ensv1Ue He1gn11 . H•millon/Avnat Electromc1 ..• {216) &31·3500 
OKLAHOMA, Tull8 . • H8lt-Mark Electronics • . . ... . (915) 835·8"58 
PENNSYLVANIA, Horsham • . . . P1oneer/W11hington . • . . (215) 674-1000 
PENNSYLVANIA, Horsham ..• • .•.. Schweber Etec1rontc1 •.... {215) UHl600 
PENNSYLVANIA, Hun11ng1on . . H811·Mlrk EleclrO"'CI • (215) 355-7300 
PENNSYLVANIA. Montgomeryv1Ue Pyurornc lndustriH Inc ..• !215) 6'3·2850 
PENNSYLVANIA, P1lt11>urgh . P1onee1·St1ndard ElectrOfllCI . • (412) 782-2300 
SOUTH CAROLINA, Columb18 , Oo~te ElectrOl'llCS . . . . !803) 779-5332 
TIEXAS, Austin • • . • . Hall-Merk Electronics .. {512) 1137-2814 
TIEICAS, Austin . • • Hlmilton/Avnet Elec1ror11cs •.•.. (512) 837·8911 
TEICAS, DltlH H811·MtrkElecl ron ics .......... (21<1) 23'-7<IOO 
TEXAS, OallH . H8m1ttonJAvnat EleclroniCS (214) 661·8661 
TEXAS, O•llas Schweber Eleclron+cs • . ..... (21 4) 661-5010 
TEXAS, 0111.. • S1erhng Eleclronocs ..... (21<1) 357·9131 
TEXAS, Houlton . Hall-Mtrk Elec1ronlcs ...•.• (713) 781·6100 
TEXAS, Houlton . . . . . . . . H1milton/Avnat Elec1ronics ...• (713) 780-1771 
TEXAS, Hou11on . . . . • • •..• Sterling Eleclronics. Inc ...•.• (713) 827-9800 
UTAH, S•lt Lake City Bell lndu1trie1 ......•.......•.• (~1) 972-6969 

•UTAH, S•lt Lake City Hamilton/Avnet Eleclronics ••.•.. (601) 972-2600 
WASHINGTON, Bellevue Hamilton/Avnel Electronics . (206) 7'6-5750 
WASHINGTON, Bellevue Wyle Orstribuhon Group (206) 453-8300 
WASHINGTON, Seatlle Alm8c/S1toum Electronics .... {206) 7&3·2300 
WISCONSIN , New Berhn H•m•lton/Avnel Electronics .... (414) 78"-4510 

CANADA 
CALGARY, Albert8 LA Verah, lid ..... (<103) 276-6818 
CALGARY, Alberti Zen1ronlC1. lid ... (<103) 230-1<122 
OOWNSYIEW, Ontauo Zentron1c1. Ltd .•.• . •.. (416) 635-2822 
EDMONDTON, Alt>ertl Bowtek Electric Co . Lid •.• (403) •26-1072 
HAMILTON, On11110 LA Veflh, Ltd ... •. . (416) 561·9311 

~~:s~~sNA~~~'o>n11rio · · ~.~,:;=~~"..~~ti ~':n.dii Lid ·· . )!~:! :~:~~g; 
~$:.::tA~,n~~!,bec ~:~.~~11:;,'~~~ic• .~~~ -. . '.:.: li~~l ~~~~~~ 
OTTAWA, Onl81!0 H1m1llon Avnet lnt1 Can.O. Ltd . {1113) 226-1700 
OUEIEC CITY, Quet>ec Cnco Electronics, lid . •... (<118) 52<1-'6<11 
ST. LAUAIENT, Quebec , • , • , • H8m1Uon/Avnet Inn C8n8!11 Lid (514) 331-6'<13 
TOWN Of MOUNT ROYAL, Quebec ZenironicS. lid •• • . • . . ..• (514) 735-5361 
VANCOUVER, BC lnlek Elec1rOl'llCI, Ltd .• (60<!) 32<1-6831 
'VANCOUVER, B c LA Varin. Ltd {!IOI) 873-3211 
VANCOUVER, BC ZentroniCI. Lid . . . (!IOI) 325-3292 
WFLLOWOALIE,Onllr!O Eleciro SOnic. Inc (<118) 494-1555 
WlNNtPIEG, M•mloba • • • . Zentromcs. lid (2CM) 77s-tl661 

•Authorozed tor 111 Component$, Plu1 Subsrstem PrOducll 

Color Graphics Computer 
Programmable In 
Pascal/ Assembly Language 

Fully integrated RM-6114 color graphics computer system from Ramtek is pro­
grammable in Pascal or assembler language, can operate as either standalone 
system or with host computer, and provides color data presentation as well as 
data storage and manipulation 

The 6114 Colorgraphic computer 
provides a means for graphic presen­
tation, a programming language that 
allows users to manipulate data, 
and a standalone system for storage 
of data files. The fully integrated 
color graphics computer system from 
Ramtek Corp, 2211 Lawson Lane, 
Santa Clara, CA 95050 gives users a 
range of choices not previously avail­
able in a low cost, medium resolution 
display system. While previous sys­
tems have concentrated on data entry 
and manipulation problems, this sys­
tem uses programmable graphics capa­
bilities to accommodate instant in­
terpretation by presenting data visual­
ly and in color. 

In its Pascal configuration the sys­
tem consists of Z80 central processor 
operating at 4 MHz with 64k pro­
grammable memory, floppy disc con­
troller, 250k-byte single-density 
floppy disc drive, and p edestal dis­
play unit. Graphics refresh memory 
is 256 x 320 with 240 x 320 display­
able pixels (picture elements) . RGB 

outout may be used with NTSC en­
coder to drive a video cassette re­
corder. The format also provides 
square pixels since the CRT screen 
itself is a 4: 3 aspect ratio as is the 
displayable pixel array. The display 
features a full screen crosshair cur­
sor and eight standard colors. Alpha­
numeric memory will display 96 
characters in a format of 24 lines of 
80 characters each. 

The Pascal system is a licensed 
version of ucso Pascal, permitting 

any Pascal source programs written 
on an ucso system to be transferred 
to the 6114 and the reverse. This 
use of standard operating system 
software permits software to be trans­
ferred from one computer to another 
and enables the use of standardized 
computer graphics procedures. 

The large amounts of memory and 
large number of peripheral devices 
sometimes necessary with a graphics 
system are handled with the hard­
ware / software RAMOS (Ramtek op­
erating system) package. RAMOS pro­
vides hardware memory management 
and protection up to 512k bytes, spe­
cial user/ system switching control, 
and 1/ 0 interrupt vectoring. Multi­
tasking and virtual space features 
in the operating system allow users 
to add software in assembly language. 

The system's CRT oriented editor 
creates and updates text files, which 
are edited on the console CRT using 
a file window concept. A file man­
ager allows files to be created and 
controlled on the floppy discs. Ac­
cess to assembly language program­
ming is supplied by Z80 Assembler 
and linker . 

Optional interfaces for the sys­
tem include Rs-232 communications, 
color printer/ plotter, black/ white 
printer, and graphics tablet. Price 
for the basic system is approximate­
ly $12,000. With a monochrome dis­
play (upgradable to color), the 
system is available for about $1000 
less. 
Circle 178 on Inquiry Card 
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What could anyon• 
possibly do with 85,000 

Dumb Terminal$? 
That's how many ADM-3A's there 

are out in the field working right 
now And more being shipped each 
day Now just what accounts for 
such remarkable popularity? 

Sure, it's the definitive dumb 
terminal, adaptable enough to 
fit a host of applications. It has 
a 12-inch diagonal screen. Full 
or half duplex operation at 11 select­
able data rates. 1920 easy-to-read 
characters in 24 rows of 80 letters. 
59 entry keys. An RS232C inter­
face extension port And direct 
cursor addressing. 

But we wondered if all 85,000 
Dumb Terminals were being used 
for just everyday data entry So 
we checked around. 

And found that people are using 
Dumb Terminals for things even we 
never thought of. 
THE ADM-3A GOES INTO 
BUSINESS. 

More and more OEM's are put­
ting the Dumb Terminal into small 
business systems. They assemble 
a package that usually contains a 
disk, memory, a printer, and a 
video display terminal - the adapt­
able ADM-3A 

So the chances are that when you 
buy a small business system from 
someone, it'll contain, you guessed 
it, the amazing Dumb Terminal. 

IT TAKES STOCK OF THE 
SITUATION. 

Many businesses are using the 
Dumb Terminal, along with a light 
pen (Universal Product Code 
Decoder), to keep track ot their 
inventory. The decoder is interfaced 
to the Dumb Terminal, and when 
a piece of merchandise imprinted 
with a Universal Product Code 
passes under it, the item is entered 
into a computer for tallying. 

Simultaneously, the item is also 
displayed on the ADM-3A's screen 
- so it's instantly available for quick 
double-checking 

PROGRAMMERS LIKE 
IT, TOO. 

Surprisingly enough, many 
computer programmers use the 
ADM-3A as an effective, portable 
I/O device. They can take it into 
a back room or, along with an acous­
tic coupler, to their homes if they 
wish, and compile programs nearly 
anywhere. 

By using telephone lines, they 
can have direct access to a compu­
ter Or, with the addition of an 
inexpensive cassette, the program­
mer can store the program on 
tape and enter it into the mainframe 
at a later date - with no loss of data. 

THE DUMB TERMINAL PUTS 
ON A NEW FACE. 

Some of our more ambitious 
customers have transformed their 
ADM-3A's into sophisticated graph­
ics terminals. Simply by installing 
another PCB, they've enabled their 
terminals to perform complex plot­
ting, graphics, and even draw charts 

And the Dumb Terminal is so 
adaptable that these industrious peo­
ple had no trouble with installation 
- the graphics PCB required not 
the slightest cutting or soldering. It 
simply slipped right in and started 
working, all in a matter of minutes. 

YOU CAN EVEN TAKE IT 
HOME TO MEET THE FAMILY. 

We discovered that many com­
puter buffs are using the Dumb 
Terminal as an inexpensive way 
to upgrade their systems. After 
all, the equipment found on most 
microcomputers leaves a lot to 
be desired. Such as the tiny five 
or six-inch screen, for instance. 

By upgrading to the ADM-3A, 
they get a full 12-inch screen that's 
easy an the eyes. Not to mention 

DUMB TERMINAL 
SMART BUY 
·~ LEARSIEGl.ER,INC. ~·DATA PRODUCTS DIVISION 

a lot of capabilities they wanted, but 
just didn't get on their systems. 

All for only $895. 

THE DUMB TERMINAL. THE, 
HALLMARK OF VERSATILITY. 

When you get right down to 
it, the Dumb Terminal's applications 
are pretty amazing. 

It can be interfaced with a stag­
gering variety of RS232 devices. 
Such as cassettes, disks, floppy disk 
drives, printers, paper tapes, and 
readers, to mention just a few . 

In fact, the ADM-3A is compatible 
with just about any RS232 device 
you can name. Even other video 
terminals, if you wish. 

And people call this a "dumb" 
terminal? 

WHAT WILL THEY THINK 
OF NEXT? 

Who knows? But it seems that as 
long as there are Dumb Terminals, 
people wµl find new, unsuspected 
uses for them. 

Of course, the ADM-3A will 
continue·to be the same dependable 
data entry terminal that's made it 
an industry legend. 

With good, reliable features and 
a minimum of frills Nothing could 
change that The fact is, we think 
that's probably the main reason that 
so many people have come up 
with so many uses for the ADM-3A 

Who said you can't teach a Dumb 
Terminal new tricks? 

Lear Siegler, Inc./Data Products 
Division, 714 N. Brookhurst Street, 
Anaheim, CA 92803. (800) 
854-3805. In California (714) 
774-1010. TWX 910-591-1157. Telex 
65-5444. Regional Sales Offices 
San Francisco (408) 263-0506. Los 
Angeles (213) 454-9941. Chicago 
(312) 279-5250. Houston (713) 
780-2585. Philadelphia (215) 
968-0112. New York (212) 594-6762. 
Boston (617) 423-1510. Washington, 
DC (301) 459-1826. England 
( 4867) 80666. 

Dumb Terminal® termmal 1s a registered trademark of Lear Siegler, Data Products Division 
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New 1 Y2" DC motor-tach 
cuts noise in your system 

With the new EM-15 motor-tach, 
you don't have to run AC power 
lines into noise-sensitive areas of 
your system. Rated voltage : 6 to 
24 v.d.c. Tach frequency: 8 cycles/ 
rev. AC tachometer is brushless. 
You get accurate speed at low 
cost. 

Low-cost DC PM motor 
only 1 Y4" in diameter 

Our economy EM-13 motors have 
many of the features of our quality 
military motors. Torque constant: 
2.6 oz. in ./amp for 12 v.d.c. ver­
sion. Voltage constant: 1.92V /K 
rpm. Available in 6, 12, or 24 v.d.c. 
versions. Tooled for high-volume 
production. 

In a hot spot? Cool it 
with our fans and blowers 
Cool your critical components with 
our miniature DC fans and blowers. 
Power source 12 to 115 v.d .c. 1 Oto 
315 cfm free air. Propeller, centrif­
ugal, tubeaxial, vaneaxial, and 
propaxial types. Diameters 1.25" to 
5.75". 

TRW GLOBE MOTORS 
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Dayton , Ohio. (513) 228-3171. 
Distributed by Arrow, Hall-Mark, 
Hamilton/ Avnet, Jaco, Pioneer . 
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DIGITAL TECHNOLOGY REVIEW 

Compact Computer System 
Broadens Range Within 
Compatible Family 

Reducing the entry level price of the 
3000 family to $49,750, the HP 3000 
series 30, introduced by Hewlett­
Packard Co, 1507 Page Mill Rd, Palo 
Alto, CA 94304, is a full function 
machine capable of batch operation, 
program development, data entry, 
and data communications. In addi­
tion to a lower price, the unit pro­
vides a more compact package and 
an intelligent network processor 
(see p 26) that relieves CPU con­
gestion and enables communication 
at speeds to 56k bits/s . 

Compact design and low power 
requirements of the system stem from 
the application of proprietary sili­
con on sapphire technology. The CPU 
is based on three sos chips (1cF-25A) 
that are integrated at the 15k gate 
level. Memory is composed of 16k 
RAMS. Packaged within a cabinet 
measuring 24 x 30 x .18" ( 61 x 76 
x 46 cm) the unit is accompanied 
by a separate system/ maintenance 
console and system disc. It runs on 
standard 120-V power, uses only 15 
A, and needs no special air condi­
tioning. 

The system is a full function HP 
3000 capable of batch operation, 
program development, data entry, 
and data communication. Differences 

between it and Series 33 and 111 lie 
in performance and expandability. 
Since it uses the MPE-111 operating 
system, applications programs writ­
ten for those machines will run with­
out reprogramming, recompiling, or 
relinking. Among the application 
areas are as standalone business data 
processing systems and as stations 
within 3000 networks. Like the series 
33, the series 30 incorporates a self­
test fea ture and remote system veri­
fication program. 

Series 30 systems can execute pro­
grams written in COBOL, BASIC, FOl\­
TRAN, RPG, or SPL, (the company's 
systems level programming language) . 
Bundled in with the machine are 
IMAGE/ 3000 database management 
with QUERY, VIEW / 3000 business forms 
generating software, and KSAM/ 3000 
keyed sequential file access method. 

List prices for the systems begin at 
$49,750 for a base level unit that 
has 256k-bytes error correcting semi­
conductor memory, IM-byte flexible 
disc, four asynchronous terminal 
ports, system/maintenance console, 
20M-byte system disc, and eight 
powered 1/ 0 expansion slots. Tnis con­
figuration can be expanded to include 
1024k-byte main memory, 960M-byte 
disc capacity, up to 32 terminal 
ports, 4 magnetic tape drives, and 2 
line printers. Up to two communica­
tions lines can be added, each re­
placing four terminal ports. 
Circle 179 on Inquiry Card 

I 

Hewlett-Packard 's application of SOS technology in its 3000 family compatible 
series 30 reduces power and cooling requirements as well as package size 
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"My problems were monstrous. 
When I could find the connectors I needed, 

I would have to go digging around for the cable. 
If the price was right, the products weren't. And 
on and on, eon after eon. 

Until one day my doctor suggested 
Spectra-Strip. 

Of course! They've been making flat cable 
longer than anybody, so they would have to 
know how to make ends meet! 

They do, and now I get all my JDC receptacles, 
headers, DIP plugs and sockets, PCB transi­
tions and card-edge connectors from a single, 
reliable source: Spectra-Strip. 

When things get really busy at the lab, I even 
have them or one of their value-added distribu­
tors provide completely terminated and tested 
jumpers and custom assemblies. 

~ Spectra - Stri p Inc. 1979 

Their products 
are just what the 
doctor ordered, their 
Q.C. has real teeth in it, 
and their prices never 
put the bite on 
my budget. 

For the name and 
number of your nearest distributor or rep, write 
Spectra-Strip, 7100 Lampson Avenue, Garden 
Grove, CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200 . 

And tell them Frank sent you'.' 

When you're down to the wire. 
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DIGITAL TECHNOLOGY REVIEW 

Family of Systems Offers 
Distributed Processing 
Benefits to All Users 

600 / X5 series distributed data p~o­
cessing systems, announced by Nix­
dorf Computer Corp, 168 Middlesex 
Tpk, Burlington, MA 01803, offer in­
creased processing power, configura­
tion flexibility, and concurrency. Each 
system in the series-consisting of 
600/ 15, / 25, / 35, / 45, and / 55-can 
perform batch and interactive com­
munications, local file processing, 
data entry, word processing, and 
local data base inquiry and update 
using DBMS. 

All models provide virtual memory 
multiterminal operations, synchro­
nous batch and interactive communi­
cations, character and line printers, 
and extensive mass storage capabili­
ties. Operating under the control of 
the Distributed Processing Executive 
(DPEX) operating system, the ma­
chines have a virtual architecture 
that allows performance of multiple 
concurrent tasks without real-mem­
ory constraints. Communications pro­
tocols include 3741, 2780, 3780, and 
HASP multileaving remote batch 
communications, as well as 3270 
transaction processing emulation. 

Intended to serve in remote appli­
cations where small volumes of data 
are entered and processed locally 
before transmission to another sys­
tem within a network, the 600/ 15 
is a diskette based distributed pro­
cessing system with 1100-ns proces­
sor. It can perform any two of the 
following operations concurrently: 
batch or interactive communications, 
local file processing, data entry, local 
data base inquiry and update, or 
word processing. Support is provided 
for a 2-terminal, 2-diskette config­
uration with 300k bytes of virtual 
memory. 

Designated as a remote terminal 
system for larger members of the 
family, the 600/ 25 has a 1100-ns 
processor and offers the same con­
currency as larger models. It pro­
vides support for up to six terminals, 
two diskette units, 4.8M-bytes fixed 
disc capacity, and IM-byte virtual 
memory. 

Among the larger configurations, 
the 600 / 35 serves in small remote 
offices where concurrent operations 
are required but cost must be kept 
low. This unit has a 1100-ns proces-

60 

sor and supports up to eight termi­
nals, two diskettes, two fixed discs, 
magnetic tape unit, and 2M-byte 
virtual memory. 

Providing a mix of processor pow­
er and configuration flexibility that 
meets demands for multiple con­
current operations, the / 45 has a 
700-ns processor. It supports up to 
16 terminals, two diskettes, magnetic 
tape virtual memory of 8M bytes, 
and 'up to 132M bytes of fixed disc 
storage. 

The top of the line / 55 is designed 
for operation where large volumes 
of information must be locally stored, 
interrogated, and maintained. Incor­
porating a 450-ns processor, this sys­
tem handles up to 32 terminals, 2 
diskettes, magnetic tape unit, 8M­
byte virtual memory, and 264M bytes 
of online storage. 

A terminal oriented, multitasking 
virtual memory operating system, 
DPEX provides a combination of high 
level data processing and communica­
tions capabilities. To provide opera-

tional simplicity for both operator 
and programmer, the system man­
ages all aspects of virtual memory 
allocation, application program re­
locatability, and sharability, and simul­
taneous data base access. In addition 
to data processing capabilities, it 
provides a range of communications 
emula,tors. Features include file in­
quiry, retrieval and update capa~ili­
ties terminal and system security, 
sort/ merge, batch and interactive 
communications, and data entry capa­
bility. Word processing is an option­
al software package that allows op­
erators to enter, store, correct, manip­
ulate, and output document style 
text. The word processing system 
operates concurrently with other func­
tions and may be used by multiple 
operators simultaneously. 

Prices for the systems in basic 
configurations start at $31,450 for 
the 600 /15 and range upward to 
$69,670 for the 600/ 35. A top level 
600/ 55 has a price of $159,050. 
Circle 180 on Inquiry Card 
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Based on 450-ns processor, Nixdorf's 600/55 distributed processing system 
provides configuration flexibility wh ile meeting demands for large onl ine 
data storage and concurrent operations 
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Dataco111 Interfaces. 
5 chips ••• I socket. 

Signetics' family of UARTs/USARTs 
lets you design up- not out. 

Specify a socket for one of our five pro­
grammable datacom controllers . . . and 
you've specified it for all of them. Design 
your PC board for today's needs, then design 
up with the same board tomorrow. 

Simply plug in the Signetics UART or 
USART that's right for the job. With all 
the same pinouts, your datacom 
options stay open. 

If you want asynchronous only 
data transfer, insert our 2641 
UART. It's fully program­
mable, with an on-chip 
baud-rate generator. 

Need both synchronous 
and asynchronous flexibil­
ity? Choose our industry­
standard 2651 USART. 
Same socket. 

Baud-rate table changes? 
Pick one of our enhanced 
USARTs: 2661-1, 
2661-2 or 2661-3. 
Same socket, again. 

A quick plug-in 
replacement shifts yo 
to the desired range­
where you can program­
select from 16 differ­
ent baud rates. 

Learn more about LSI for Data Com­
munications. Signetics and its Hamilton/ 
Avnet distributor are co-sponsoring data 
communications seminars in 24 cities. Call 
us or Hamilton/Avnet for your admission 
ticket and program details. 

Want to support bisync operation? Team 
any of our pin-compatible USARTs with the 
Signetics 2653 Data Integrity Controller for 
a fast firmware solution. Add our 2652 Multi-

Protocol Communi­
cations Controller 

and extend your 
system to include 

SDLC,HDLC 
andADCCP. 

Datacom control­
lers. Five pin­

compatible UART/ 
USARTs. Plus two 

unmatched LSI solu­
tions for data integrity 
and protocol control. 
Start putting 7-chip 

convenience into your 
datacom design today. 

Contact us, your nearby 
Signetics sales office or 
authorized distributor. 

!ii!ID~liC!i 
a subsidiary of U.S. Philips Corporation 

Signetics Corporation 
811 East Arques Avenue 

P.O. Box 409 
Sunnyvale, California 94086 

Telephone 408/739-7700 

To: Signetics Publication Services, 811 E. Arques Ave., 
P.O. Box 409, Sunnyvale, CA 94086 

) Please send complete specifications on Signetics' 
socket-compatible family of datacom controllers. 

) Send me the above plus data sheets on the 2652 and 
2653. CD1079 

Name ______ Title _ _ ____ _ 

Company _____ Division _____ _ 

Address _ ________ Ms ___ _ 

City State __ Zip _ __ _ 

) My need is urgent. Please have a datacom specialist 
phone me at once: ( )·------ -



"I can cut your control 
· · without 

I'm Bob ]ones, President of Artec. I'd like 
to tell you how my new system of computer 
components fulfills a six year ambition of mine. 

I (, 



system CPU costs 403 

sacrificing quality" 
You may think I'm crazy now. 
You won't after you find out 
more about this system. 

Ever since I started Artec Electronics, 
I've wanted to build a computer system 
that was better than the ones built by the 
computer industry's giants. As you can see 
from the comparison chart, I've done it. 

The Artec Centurion System not only 
offers more features than the popular 
B-bit microcomputer board families built 
by Intel and Vector Graphic, but sub­
stantial savings too. 

The key to lowering costs without 
lowering quality was choosing the SlOO 
bus. This major innovation allows smaller 
PC boards, fewer chips and more compact 
:abinets. All features that reduce system 
costs. But the level of quality is superior 
to any board family anywhere. 

Consider this 5 MHz CPU 
with monitor, math chip and 
on-board memory for $850. 

Using the Intel BOB5A2, this CPU card 
has been specially designed to do what you 
want it to. Hardware floating point lets 
you perform math four times faster 
than you can on the other CPUs. To get 
this kind of performance before, you 
probably had to buy a mini. 

The board also comes with a powerful, 
but simple to use, monitor in PROM 
memory. This monitor lets you test 
memory, debug software and check the 
status of your program at any time. 

For a scratch pad, the CPU uses 3K 
of PROM memory and lK of RAM. For 
simple control applications you may not 
even need add-on memory. 

If that isn't enough to convince you, 
how about this? This card also has four 
vectored interrupts, switch-selectable 
l/O ports, variable clock frequency 
(2 and 5MHz) and a phantom line. 

16K PROM Memory Card 
for just $300. 

Everything in this card is the best 
you can find. The PROMs are reliable, 
270B-type designed by Tl. The board is 
high-quality FR4 glass epoxy with fully­
buffered address and data lines and plated­
through holes. You can choose from 0-4 
wait states (selectable by DIP switch). 
You can also address any 4K group of 
memory to any 4K boundary. This bank 
select feature allows you to control up to 
B banks of memory. 

A SIDE BY SIDE COMPARISON-INTEL VECTOR GRAPHIC AND ARTEC , 

Feature Intel SBC/8030 

Clock speed 2.7 MHz 
Onboard monitor yes 
Hardware floating 
point no 
Onboard memory BK PROM 

16K RAM 
Onboard regulators no 
Board size 6.75" x 12" 
Onboard ports for 
keyboard and RS232 yes 
Price $1298 

No question about it, this is a tre­
mendous card for the money. The card 
without memory is just $125 with all the 
sockets in place. The EPROM chips alone 
are $11 each. 

8K-32K Expandable RAM 
memory just $175 - $620. 

We've used a fine, Texas Instrument 
designed chip, the 4044. Start with the 
board and BK of memory and then add on 
as your application grows. The board 
holds up to 32K of fully static memory. 
It has bank select and the same high­
quality PC board construction techniques 
as the PROM card. 

The BK board costs just $175; 16K is 
$315; 24K is $475; and the 32K board is 
$620. BK add-on kits are $135. Single TI 
4044 chips are $7. 

A rugged card cage built 
around Artec's Totally Silent 
Motherboard 

Some people argue for passive termina­
tion, others for active termination. All 
I know is that we have the motherboard 
that is totally free from spurious noise 
at 2MHz, 4MHz, or 5MHz. 

Artec 
Vector Graphic MZ Centurion 

4MHZ SM Hz 
no yes 

no yes 
3KPROM 

none lKRAM 
yes yes 

5.3" X 10" 5.3"X 10" 

no yes 
$215 $850 

Breadboards for people who 
like to do it themselves- $20 

For just $20 each these breadboards 
are incredible. You can find every board 
you need including copper clad boards 
with no holes, wire wraps, and two with 
plated-through holes that are set up for 
different pin arrangements. 

Call me and let me tell you 
more about this system 

If you still have questions about this 
system, call Artec Electronics, Inc_. at 
(415) 592-2740. Ask for Bob Jones, and 
tell the person who answers you want to 
talk about his computer system. Or use 
the coupon if you don't have time to call. 
Our address is 605 Old County Rd., 
San Carlos, CA 94070. 

Either way, don't sit there wondering 
if I'm crazy or not. Find out for yourself 
by calling or writing today. 

ART€C 
More than twice as thick 

as most motherboards you 
can find for the SlOO bus, 
this is the best possible 
start for a reliable control 
system. 

,----------------, 
I Q.K. Bob, convince me, get in touch with me and I 

The card cage itself is 
made out of 12 gauge 
anodized aluminum for 
solid support and protec­
tion of your investment. 
Available in 6, B, 10, 12, or 
16 slots. 

I tell me more about your computer system. I 
I Name /Title I 
I Address I 
I Company I 
I City State Zip I 
I ~~ I 
I I I Mail to: Artec Electronics, Inc. I 
L 60~ Old County Rd., San Carlos, CA 94070 / _ _J 

1 1 , ____________ / 
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. . THE MICROPROCESSOR . 
INTRODUCED NEW KINDS OF 

BOARDT ST PROBLEMS. 
Old ways of testing 

IC boards don't work very 
well on MPU-based prod­
ucts. So far, attempts to fill 
the testing gap have proved 
expensive or inadequate. Or 
both. And they usually need 
an engineer to run them. 

The MicroSystem Analyzer, 
on the other hand, doesn't need an 
expert or a five-figure budget to 
troubleshoot fast and accurately to 
the node level. 

To do this, Millennium pio­
neered the concept of testing from 
the inside out. Instead of making 
edge connections or using a bed of 
nails, you unplug your microproces­
sor and plug our system right into 
your MPU socket. To test any board 
or node with which the µP can com­
municate, just push a couple of but­
tons, and you're off and running at 
system speed up to 5 MHz-so you 
catch more faults. And in a true 
system environment. 

Simple programming; 
exhaustive testing. 

It doesn't take much prepara­
tion to run complete system testing. 
In a short time, using your system's 
microprocessor language, programs 
can be ready to do Go/No testing of 
your digital and hybrid boards, and 
with a Signature Analysis, trace a fault 
down to a defective node. 

To make things even easier, 
you can easily modify your existing 
diagnostics to run on the Micro­
System Analyzer. 

The low price of success. 
This new approach to testing 

also breaks some cost barriers. With 
a starting price of $4000, you can 
afford to share your test, QA and 
maintenance loads. And, when you 
change to a different microprocessor, 
all you do is change the low-cost 
personality cards in the Analyzer. 

For factory-field compatibility, 
your service force can also take it 
right to the customer, replace only 
defective boards on-site, spearhead 
repairs at your local office, using fac­
tory level diagnostics to reduce that 
board float problem. The MicroSys­
tem Analyzer also has an optional 
RS232 capability, making it ideal as a 
test station or for remote field service. 

Millennium's filling the gap. 
The MicroSystem Analyzer is 

a significant first step in making the 
MPU-based product easier to test. 

For µPs and µCs past, present and future. 

Here Today 
8080A 
8085A 
6800 
6802 
Z80A 

More Tomorrow 
8048 
8049 
8035 
8039 
8748 
8021 

and more 

Our other two products, the Micro­
System Designer and MicroSystem 
Emulator, will help engineers get 
their jobs done better, faster and 
cheaper, too. So you can look to Mil­
lennium for the new ways to solve the 
new microprocessor problems -all 
the way from MPU evaluation and 
product development to system test 
and field service trouble-shooting. 

Get your hands on. 
It's easy to see whether the 

MicroSystem Analyzer is all it's 
cracked up to be. We'll arrange a 
hands-on demonstration for you. Just 
call or write to Barney Hordos, Mil­
lennium Systems, Inc., 19020 Prune­
ridge Avenue, Cupertino CA 95014. 
Phone ( 408) 996-9109. We'll send you 
complete information, including our 
new 24-page "Guide to Testing 
Microprocessor-Based Systems 
and Boards'.' 

With all the new microproc­
essors around, the MicroSystem 
Analyzer is the only true test. 

MILLENNIUM 
a subsidiary of American Microsystems, Inc. 
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DIGITAL TECHNDLDGV REVIEW 

Multiprocessing Adds 
Flexibility to 
Business Computer Family 

Bc/ 7-900 uses a different processor 
to provide 1.5 times the speed of 
the /7-800, and offers 262,144 bytes 
of Mos memory, compared to 131,072 
bytes for the / 7-800. Adding power 
to the Bc/ 7 family from Sperry 
Univac, PO Box 500, Blue Bell, PA 
19424, the 900 model performs in a 
multiprocessing environment, han­
dling four jobs concurrently to sup­
ply flexibility particularly at peak 
processing periods. 

Secondary storage capacity of 40M 
bytes is available on two 20M-byte 
disc drives, a further 4M-bytes from 
diskettes. The 20M-byte capacity 
drive offers removable disc cartridge 

Packaged Systems Lower 
Cost of Dispersed Data 
Processing Operations 

ARCPAC systems increase the attrac­
tiveness of dispersed data processing 
by offering complete computer sys­
tems at substantial savings. Avail­
able only as complete units, the 
attached resource computer system 
packages are composed of modular 
ARC system components (see Com­
puter Design, Feb 1978, p 28) and 
differ only in the amount of disc 
storage provided. Datapoin.t Corp, 
9725 Datapoint Dr, San Antonio, TX 

78284 provides system and timeshar­
ing software, industry standard pro­
gramming languages, and all neces­
sary cabling with each unit. 

Model 4724 includes 20M-bytes 
cartridge disc storage while the 4754 
has 120M bytes. Both systems in­
clude five 3810 Dispersed Processors, 
one 6600 Advanced Business Proces­
sor, and the necessary interprocessor 
bus components-six 9483 Resource 
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capability and requires only one cabi­
net for the 40M configuration, re­
ducing floor space, electric power, 
and heat dissipation. 

The unit is compatible with the 
-800, which can be upgraded in the 
field. All software presently in use on 
the -800 and all existing peripheral 
equipment can be used on the -900 
model without modification. Addi­
tional benefits of the system include 
printer spooling transparent to ap­
plication, a file sharing feature that 
extends to all users, and user pro­
gram size up to 48,152 bytes. 

A typical system consists of 262,144 
bytes of main storage, 40M-bytes 
disc capacity, diskette unit, and four 
workstations. Purchase price is $76,-
587. First deliveries are planned for 
second quarter 1980. 
Circle 183 on Inquiry Card 

Interface Modules plus a 9484 Ac­
tive Hub, and cabling. 

The 3810s are the applications 
processors of the system and feature 
60k-bytes user memory, 1920-char 
video display screens and typewriter 
style keyboards. The 6600, with 
120k-bytes user memory, 960-char 
screen, and typewriter keyboard, acts 
as the system's file processor. 

Software is comprised of ANSI In­
teractive and batch COBOL, BASICPLUS, 
and RPCPLUS, along with the DATA­
BUSR businesss programming language, 
and DATASHAREn business timeshar­
ing language. Also part of the soft­
ware package is the DOS disc operat­
ing system plus DOS utility programs 
including EDIT, LIST, SORT, and INDEX. 
Additional software telecommunica­
tions support is provided by DATA­
POLLR for datapoint to datapoint net­
works. 

Model 4724 has a purchase price 
of $58,950; price for the 4754 is 
$84,950. These prices include soft­
ware license fees. 
Circle 184 on Inquiry Card 

Text Processor/Editor 
Packages Run On 
Portable Computer System 

Software that simplifies the prepara­
tion, editing, and production of docu­
ments on the Miniterm" model 1206/ 
DOS portable computer system in­
cludes text processor and editor pack­
ages. The system, introduced by Com­
puter Devices, Inc, 25 North Ave, 
Burlington, MA 01803, combines text 
manipulation features with random 
access storage in a portable unit 
that provides transmission over dial­
up telephone lines to fin al produc­
tion system. 

User prompting messages allow 
persons having no computing ex­
perience to perform various interac­
tive tasks in addition to text pro­
cessing. Text processor and editor 
software permit documents and blocks 
of text to be stored and retrieved 
using user specified labels. Stored 
material can be merged into a pri­
mary document automatically to gen­
erate personalized correspondence. 

Dynamic margin adjustment, tab­
ulation, text centering, and text justi­
fication routines accommodate re­
quirements for multiple column 
widths. Page lengths can be specified 
and headers and numbers inserted 
automatically. A single keyboard 
command adjusts left marg-ins and 
page header (number) locations to 
left and right of pa~e. The system 
can also generate indexes and tables 
of contents under user command and 
can drive any RS-232-C compatible 
printers. 

System hardware includes a 64k 
processor programmable in BASIC, 
128-char ASCII kevboard, 80-/ 132-col 
50-char/s thermal printer, disc con­
troller, and communications inter­
face. All are enclosed in a carrying 
case small enough to flt under an 
airplane seat. The disc controller 
supports up to four Miniflle double­
density minifloppy disc drives to pro­
vide up to l.44M bytes of random 
access storage. The unit is priced at 
$7075. 
Circle 185 on Inquiry Card 
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Considering alphanumeric terntinals? 
Our I.Q. test can determine whether 
your needs are dumb, smart or intelligent. 

Finding a 
source for alphanumeric 

terminals is relatively easy. 
Finding the right terminal isn't necessarily so easy. 

That's where our l.Q. Test can help. 

Numerous questions must be answered before you 
can specify the optimum terminal for your data or 
word processing system. Should it be dumb? Smart? 
Or intelligent? Clustered or stand alone? Do you 
need local processing capability? Expansion RAM, 
ROM or PROM? Shoulcf it be user programmable? 
Or can you pre-program it to satisfY your system's 
requirements'? Tfie fiandy 1.Q. Test inside our new 
ZMS Family brochure can help us help you find the 

Dumb Smart Intelligent 

Local CPU Processing No No Some 
User Programmability No No Some 
Expansion RAM No No Some 
Expansion ROM/PROM No Some Yes 
Displayable Characters 64 64-96 128-256 
Video Attributes Limited Some Some 
Screen Character 5 x 7 7 x 8 7 x 9 
Matrix Resolution 

Your 
Requirements 

"Soft-Font" No No So_m_e --+------1 
Down Load Capability No No Some 
Printer Capability Some l-Some t- Yes 
Mass Storage Capability No No t- Some 
Protected Data No Some Yes - -1- ----1 

Higher Level Languages ~ No Some 

answers to these basic questions. And more. Here, 
you'll also find detailed information on our new 
ZMS Family of intelligent terminals: the ZMS-50, 
ZMS-70 and ZMS-90 . .. three intelligent solutions to 
your system design problems. 

At Zentec, we want your 
first terminal choice to be your most intelligent 
choice. So we'd like to assist you in reviewing your 
basic requirements. And help you analyze your sys­
tem needs. If intelligent terminals are the answer, 
we'll help you determine which ZMS terminal best 
fits your system requirements. Or how you can best 
modify our modular designs to satisfy your specific 
application. We'll also help you weigh other selec­
tion criteria than just hardware. Like custom config­
urations. Customized firmware and software. And 
specialized interfaces and protocols. All to insure 
tnat the terminals you specify offer you the best 
price/performance ratio money can buy. 

Looking for an intelligent alternative? 

If you'd like to find Q 
out more about how 
Zentec intelligent 1 Q 
terminals can 
provide intelligent 
solutions to your data 
or word processing problems, send for our free ZMS 
Family brochure. Then take the 1.Q. Test. Write: 
Zentec Corporation, 2400 Walsh Avenue, Santa 
Clara, CA 95050. Or call (408) 246-7662. It may be 
one of the smartest moves you've ever made. 

CIRCLE 159 ON IN(j)UIRY CARD 

, .. the last word in intelligent terminals. 

Sales Offices-Santa Clara, CA , (408) 246-7662; Los Angeles, CA , (714) 975-1285; Rich ard son , TX , (214) 690-9265; Palatine, IL, (3 12) 991-0105; White Pla in s, NY, (914) 428-2801; 
Boston, MA, (617) 935-4511 ; Washington, DC, (703) 941-9270; Aust ria: Tonko, 425-451 ; Engla nd: Zygal Dynamics, 02405-75681 ; Finland: Videodata , 90-578-877; France: Tekelec, 
(1)027-7535; Switzerland : Alek, 041-831043. 



DIGITAL TECHNCLCGV REVIEW 

jsaFTWAREI 

FORTRAN Compiler Meets 
ANSI Xl.9-1978, Runs 
On 32-Bit Computers 

Part of a FORTRAN product family 
introduced by Systems Engineering 
Laboratories, Inc, 6901 W Sunrise 
Blvd, Fort Lauderdale, FL 33313, FOR­
TRAN 77+ meets ANSI X3.9-1978 
standards, supports MIL-STD-1753, and 
provides comprehensive structured 
FORTRAN. Developed to run on the 
company's series 32 line of 32-bit 
computers, the FORTRAN family is 
supported by RTM and MPX-32 real­
time operating systems, and is de­
signed to exploit 32 series hardware 
capabilities to improve total system 
performance. 

Primary features of the FORTRAN 
77 + compiler include FORTRAN based, 
Pascal based, realtime based, and 
industry based extensions that im­
prove program efficiency while reduc­
ing development costs. Extensions 
are highlil:>:hted by structured pro­
gramming features like no UNTIL and 
BEGIN-END constructs. In addition to 
filling ANSI X3.9-1978 requirements, 
the comniler also meets or exceeds 
MIL-STD 1753 and ISA S61.l and S61.2 
standards. 

In addition to FORTRAN+ the fam­
ily incorporates an integrated hard­
ware/ firmware/ software version of 
the scientific runtime library ( Scien­
tific Accelerator) and two Softool 
performa11ce analyzers. When com­
bined with FORTRAN 66+, a highly 
optimized 3-pass processor that sup­
ports a superset of ANSI X3.9-1966 
FORTRAN IV, and with the software 
runtime library, these products form 
a comnrehensive family that satisf:es 
users' performance requirements while 
protecting software investmePts. 

A comnrehensive set of subroutines 
that provide operating system ser­
vices. the scientific runtime library 
supplies mathematical library rou­
tines, and language extensions for 
FORTRAN 66+ and 77 +. It is avail­
able as a standalone product for ex­
ecution-only systems without a FOR­
TRAN compiler. 

The scientific accelerator nrovi<'les 
all scientific RTL features plus fully 
integrated hardware, software, and 
firmware to significantly improve 
FORTRAN program execution speeds. 
Performance up to 30% better can 
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be obtained by linking to accelera­
tor routines rather than RTL. 

Softool Instrumentor Utilities aid 
in optimizing and debugging pro­
grams. Reporting on execution times 
and usage frequency of FORTRAN pro­
grams, they operate on the source 
program to determine how much 
time each statement or subroutine 
has spent executing. This enables 
realtime users to pinpoint most crit­
ical performance bottlenecks and 
logic flaws. 
Circle 181 on Inquiry Card 

Extended Pascal 
Implementations Execute 
Across Computer Family 

In implementing Pascal for use with 
Data General computers running un­
der the Advanced Operating System 
(Aos) Rational Data Systems, 245 
W 55th St, New York, NY 10019 has 
provided a structured language that 
is compatible with the entire line­
from Eclipse to microNova. All ver­
sions are source compatible and each 
can cross-compile for any of the 
other systems. 

The compilers generate code for a 
hypothetical computer with an archi­
tecture optimized for Pascal execu­
tion. The instruction set for this com­
puter is based on 8-bit bytes which 
are executed by the computer's in­
terpreter. Each 8-bit instruction ex­
presses a high level operation, great­
ly reducing memory space require­
ments. By using a dense byte oriented 
code to represent programs, the im­
plementations can significantly in­
crease the number of users and size 
of programs that may remain mem­
ory resident before swapping occurs. 
This results in less system overhead 
and quicker response times. 

Five distinct implementations are 
included in the family. Each is opti­
mized for a particular environment 
but is source compatible with and 
capable of cross-compilation for exe­
cution by any other implementation. 
Each can be configured to take ad­
vantage of specific hardware and 
software available. Such options in­
clude Eclipse, Nova, or microNova 
processor; hardware or software 
multiply / divide; hardware or soft-

ware floating point; and Eclipse char­
acter or commercial instruction sets. 

Aos, the first available implemen­
tation, is a high speed, single-pass 
recursive descent design that includes 
compile time source text "include" 
facility. Runtime facility is in the 
shared code partition. This means 
that no matter how many users are 
running programs, there will be only 
one copy of the interpreter in mem­
ory. No binding or loading is re­
quired. Output of the compiler is im­
mediately ready for execution, there­
by significantly reducing program de­
velopment time. 

This version includes these exten­
sions to standard Pascal: string vari­
ables and intrinsics similar to those 
within PL/ l; decimal variables for 
business applications; and terminal 
files to simplify interactive programs. 
Ability to randomly access files easily 
extends to ISAM and VSAM. Segment 
procedures and functions within the 
compiler permit a program to be di­
vided into as many as 16 pieces that 
are handled automatically by a 
load-on-call mechanism, thus permit­
ting execution of programs too large 
to fit into main memory. Another ex­
tension provides access to the host 
operating system facilities via a gen­
eralized SYSCALL procedure. 

Implementations that complete the 
family are: RDos/ nos single-user that 
requires a minimal system config­
uration; RDOS/ DOS multiterminal in 
which all terminals execute com­
mon code (for dedicated applications 
such as order entry) ; and RDOS / nos 
multiuser via swapping which pro­
vides a low cost system, typically for 
turnkey systems. In addition, RDOS 
multiuser via extended memory is a 
higher performance system that adapts 
to number crunching applications 
with many users and fast response 
time requirements. 

Speeds of the compilers vary de­
pending on version and host system 
environment, but all are faster than 
most language processors available 
for Data General computers. As an 
example, using an S/ 130 processor 
running ADS with a !OM-byte disc, 
the compiler can compile itself in 8 
min. A typical I-page program ( 50 
lines) compiles in less than 11 s. 

All implementations are provided 
on Data General compatible floppy 
discs or 9-track magnetic tape. The 
AOS version is priced at $3500. Copies 
may be obtained on SM-byte top 
loading cartridges for an additional 
$200/ copy. 
Circle 182 on Inquiry Card 
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SIEMENS 

Take the whole kit & caboodle 
or the caboodle alone. 

. . . . 
. . - .. - - . - - . 

- . - ... - - . . . . ~ 

·- - - - - - . - - . -

Freedom of choice is what you get from 
Siemens. The choice to select the qu iet PT80i Ink­
Jet PrinterTerminal in a variety of platen widths, 
paper feeds , interfaces and configurat ions; or just 
the "guts" of this remarkably quiet un it , the PT80i 
Ink-Jet Printer Module; or, for those of you who 
would like to build your own quiet printer, the Ink­
Jet Print Head with support electronics. 

Aside from offering choice , the Siemens PT80i 
offers a bi-directional printing speed of 270 char­
acters per second with nearly noiseless printing 
operation, ~ 50 dB (A) at 270 cps. It also gives you 
high quality printing in a variety of type styles on 
standard paper. 

The technology to do more. 

Extraordinary Speed .. . Quiet Operation ... 
Choice ... Siemens Quality. 

For more information about the PT80i Ink-Jet 
Printer , contact us at: 

Siemens Corporation 
OEM Data Products Division 
1440 Allee Street 
Anaheim , CA (714) 991-9700 
District Offices: 
Boston , MA (617) 444-6580 
lselin , NJ (201 ) 494-1000 
Ch icago, IL (312 ) 671-2810 
Dallas.TX (817) 461-1673 
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A UNIQUE CHOICE OF 
DATA ACQUISITION SYSTEMS 
FOR THE LSl-11/2AND11/23. 

70 

NOW FROM ADAC. 
When it comes to data acquisition 
systems, there is nothing quite like the 
ADAC System 1000 and the new 
System 2000. 

Both systems can operate as low cost 
peripheral expanders to any UNIBUS 
computer. When incorporating a DEC 
LSl-11 / 2or11 / 23 microcomputer the 
systems operate as stand alone control 
systems or as remote intelligent 
terminals . 

The compact System 2000 is built to 
hold 13 half quad cards. If you need 
greater capacity, slave units can be uti­
lized or you can go to the larger System 
1000 which accommodates any com­
bination of 11 quad size cards or 22 half 
quad size cards. Both systems can be 
bench top or rack mounted and have a 
universal power supply that can support 
up to 256 kilobytes of memory. 

The real heart of both System 1000 
and System 2000 is their incredible 
number of analog, digital, serial 1/ 0 , 

transmitters and strip chart recorders to 
name a few. Discrete cards communicate 
with switch contacts , relays, thumb 
wheel switches, pumps, motors and 
other devices. All cards can be pur­
chased as separate items. 

A single System 1000 can be supplied 
with up to 700 high level analog input 
channels, or 128 analog low level input 
channels, or 700 digital 1/ 0 functions. 
A typical System 2000 contains a CPU, 
64 kilobytes of memory, floppy disc con­
troller, 16 channel A/ D, 4 channel D/A, 
32 TIL 1/ 0 lines, two serial 1/ 0 ports 
plus room for another six cards of 
your choice. 

Another nice thing about both sys­
tems is their prices. They start at $995 
for the System 2000 and $1550 for the 
System 1000. So you can choose the 
combination of price and capability that's 
just right for your application . Contact 
ADAC for full details. 

clock, bus and CPU/ memory ... •••••••••••••••••••••••••• cards. Functional analog cards 
communicate directly with ther­
mocouples, load cells, strain 
gauges, isolation amplifiers. 

SYSTEM 2000 

SYSTEM 1000 

CIRCLE 37 ON IN9UIRY CARD 

CORPORATION 

70 Tower Office Park· Woburn, MA 01801 
617-935-6668 
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When diskettes went double­
density, and later double-sided. drive 
manufacturers tried to adapt their 
original single-sided technology. 

But at MFE. we saw that the old 
technology would simply be stretched 
to its limits. It was time to start again. 

So based on where diskettes 
already were. and where they were 
headed in the future. we designed an 
entirely new disk drive from the ground 
up. For totally new levels of precision. 

And the results are dramatic. 
Our drive not only handles double­

sided diskettes with ease. it even antici­
pates still greater disk densities-such 
as double-track and quad-density 
designs. 

SMALLER IS BETTER. 

0© c=:J 12" 

The smaller package is a more stable base 
for high density disks. 

We started with the packaging 
scheme. 

If you lay a standard 8" diskette 
on top of the MFE drive, you'll discover 
that the drive is barely larger than the 
diskette itself. It actually approaches the 
theoretical minimum size for a drive. 

By keeping internal dimensions 
small. we achieved the tightest mechan­
ical tolerances of any drive on the mar­
ket For example. only 3.4" separate the 
disk spindle from the stepper capstan. a 
reduction of 54% over the largest sell­
ing drive. And the baseplate. on which 
everything else is built. is a full 2W' to 
3" shorter. So no moving part in the 
drive moves further than it has to. 

And since we were designing from 
scratch. we made the entire drive 

modular. You can get to all the impor­
tant components easily.and remove 
them without scraping your knuckles 
or taking apart the drive. 

The new packaging alone yielded 
significant improvements. But we went 
much further. 

THREE KEY INNOVATIONS. 

--,·--r----------------L.r'L.1 

r,,,, 
•• .1 ••• L-••••••••••••••• 

IBM-compatible head eliminates scoring. 
Both heads move when unloaded. 

1. To handle the double-sided problems. 
we designed a true IBM-compatible 
head. including tunnel erase. Both heads. 
when unloaded. move completely away 
from the diskette surface. eliminating 
any head or media wear. 
2. We introduced a unique half-step 
positioning motor that drastically 
reduces error tolerances in track regis­
tration. Because the motor takes 154 
steps per diskette side. instead of the 
usual 77. it operates far more smoothly 
and more accurately. In fact. it is 3Y2 
times more accurate than the largest 
selling drive. And it's designed to be 
able to handle twice the number of 
tracks per inch. 
3. Finally. we developed an optional 
DC brushless motor. In one stroke. we 
reduced speed variation of the disk 
spindle from 2%toa mere 0.4%. We 
decreased power consumption by 30 
watts. and increased drive efficiency by 

The DC brushless 
motor makes speed 
control 5 times more 
accurate than conven­
tional drives. 
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an incredible 60-80%. And the DC 
motor runs so cool. you may even be 
able to mount multiple drives without 
a fan. 

A NEW GENERATION. 
The M FE drive is the only second 

generation double-sided drive. built 
from the ground up for higher precision 
and more reliable performance. 

Where other companies have 
reached the end of their technology. 
we're just beginning. 

And you can get our advanced 
design in single-sided versions. as well 
as double-sided. 

WE'RE SHIPPING NOW. 
In volume. From manufacturing 

facilities in the U.S. and Europe. 
If you'd like a complete demon­

stration, call toll-free 800-258-3884. 
And we'll show you the next 

generation offloppy disk drives. 
(If you're outside the continental 

U.S. call the appropriate office listed 
below.) 

U.S. Headquarters: MFE Corporation. 
Salem. NH 03079. Tel. (603) 
893-1921. TELEX 947477. 
West Coast Sales Office: Irvine. CA. 
Tel. (714) 851-0281. 

European Headquarters: MFE Limited. 
West Lothian. Scotland, Tel. (0589) 
410242, TELEX 727827. 
U.K. Sales Office: MFE Limited, 
Colnbrook, England, Tel. (02812) 5941, 
TELEX 848039. 

MFE has worldwide distribution. 
In Europe. contact MFE Products Sa. 
Vevey. Switzerland. Tel. 021/52 80 40, 
TELEX 451173. for the distributor 
nearest you. 



DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

Bit Slice Approach for Small Stack Processor 

Aids Design of Blending System 

Gene A. Cummings 

The Foxboro Company, Foxboro, M assachusetts 

Gerald S. Miller 
C alifornia A utomation, Incorporated, San Diego, California 

Control systems for high speed process operations often 
necessitate design of dedicated processors in order to 
provide the required power and flexibility. Often, of 
course, the manpower costs of such designs can be spread 
out since the resultant processors might fit the needs of 
other systems built by the company. 

In the case of a high speed blending system for 
handling up to 24 components in either batch or con­
tinuous organization, the processor design was based on 
a bipolar bit slice approach. By utilizing microprogram­
ming techniques, useful features could be incorporated 
from higher level systems and applications software. 

Basic requirementi;-common to such process control 
and automation applications-include efficient use of pro­
gram and data memory space; support of byte, word, 
and floating point data; and adequate computational 
power, including floating point. In addition, the system 
must provide efficient realtime input/ output (I/ o) ; sup­
port for multitask programming and interrupt handling; 
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and a means for sharing system resources such as buffers, 
I/ o devices, and the central processing unit (CPU) be­
tween tasks. 

To meet these requirements, and yet do so with a 
relatively small processor, a microprogrammable bit-slice 
approach using the AMD2900 family of circuits was 
chosen. The decision was made in part because The 
Foxboro Co already utilized those circuits in several of 
its other processors and thus company personnel were 
familiar with them. 

System Design Features 

Model 99S micro-BlendTroF" monitoring and control 
system (Fig 1) was designed specifically for batch or 
continuous :blending operations. Basic portions are an 
input section that conditions pulse input signals from 
flowmeters, converts analog input signals into digital 
format, and reads digital (contact closure) inputs; a 
computation section that receives these data as input to 
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Six years ago Biomation brought you 
the first logic analyzer. Today we bring 
you the industry's broadest selection. 
And there's more on the way. 

Keeping abreast of the latest technological 
advances is half the battle these days. If you're 
designing with digital logic - especially 
microprocessors - you know how fast things 
are changing. 

The new demands of digital logic are what 
Bill Moore, Biomation's first chief engineer, had 
in mind when he developed the logic analyzer, 
back in '73. He called it a "glitch fixer:' 
designed to track and unravel the mysterious 
electronic glitches that plague digital 
logic designs. 

Bill Moore was named Man of the Year by 
Electronics magazine for his invention. 

We're proud of that. In fact, pride is a big part 
of everything we do. It's the secret ingre­
dient in each logic analyzer in our broad line. 

Our other "secret ingredient" is good 
hearing. We listen carefully to our customers. 
Then design our products to meet your 
needs. And we keep a finger on the pulse of 
technology. So we can understand the 
special demands it puts on you. 

As a result, we've been first with each 
important logic analyzer advance. For example, 
when we developed "latch mode" we 
gave you the capabilities to latch onto glitches -
random pulses - as narrow as 2 nano-
seconds in current models. 



Today our KlOO-D includes latch mode­
and much more. It's the premier logic analyzer 
for the most complex logic problems. It 
combines built-in display, keyboard input, 16 
channels (up to 32 with adapter) and 100 
MHz sampling rate. 

Not every application requires such a 
powerful tool. To meet your special needs, we 
can deliver seven models, with 8, 9, 16, 
27 or 32 channels, sampling rates to 200 MHz 
and memory lengths to 2048 words. 

Which glitch fixer is best for your application? 
Call us at (408) 988-6800 to discuss your 
needs - or any time you need technical assist­
ance. Our application engineers are here 
to help. For more information on our complete 
line of logic analyzers, write for our catalog. 

Write Gould Inc., Biomation Division, 
4600 Old Ironsides Dr., Santa Clara, CA 95050. 

And the next great 
glitch fixer? One pt? 
thing you can be ~#-
sure of. It - and • 
th.eoneafter.it- J;,..1,~R 
will be wearing 1"' ~II l 11~. our name. ,.,,, 

Jl-n 
•} GOULD 
An Electrlc•l/Electronlca Comp•ny 

Clrcle No 43 for Information. 



DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

control algorithms in the programmable read only mem­
ory, calculates a new output value for continuous com­
parison to demand rates, and outputs alarm and blend 
status signals; and an output section that converts the 
new digital value to an analog signal for control purposes 
so that automatic adjustments can be made to maintain 
total blend specifications, and that drives alarm and 
blender status indicators. An operator's control panel 
enables the operator to enter tuning constants, to read 
or set the process variables, to define system and loop 
options, and to control the blender; a video display allows 
operators to monitor and evaluate the principal param­
eters more easily; and a communication interface enables 
loop data to be uploaded to a host or downloaded to a 
blender. 

Core of the system is a microcoded processor (Fig 2) 
which drives a 16-bit data bus serving both memory and 
1/ 0 devices. A 16-bit address bus allows either 8-bit byte 
or 16-bit word addressing on even byte boundaries. 
Address space is either 64k 8-bit bytes (at words 0 to 
32k) or 64k 16-bit words (words 0 to 64k). 

The arithmetic unit is 16 bits wide, made up of four 
AMD2901 arithmetic logic unit (ALU) bit slices. In ad­
dition to internal registers, a memory address register 
doubles as the instruction register and a mode register 
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ARITH/ LOGIC 
UNIT (ALU) 

INTERRUPTS 

3S XCVRS 

MICROPROGRAM STORE (ROM) 

MODE 

PIPELINE REGISTER 

ADDRESS 
MODE 
DECODER 

INTRPT REG 

MA/ IR 

MEMORY AND 1/0 BUS 

Fig 1 Model 998 micro-BlendTrol monitoring and con­
trol system. Greatly simplified flowchart shows control 
unit, flowmeters, and tanks 

MICROPROGRAM 
ADDRESS 
SEQUENCER 

INSTRUCTION 
DECODING 
ROM 

3S DRIVERS 

Fig 2 System processor. In­
cluded are four AMD2901 
microcontroller unit 4-bit slices 
and three AMD2909 microcode 
sequencer slices, as well as 
onboard microprogram HOM 
with a capacity of 1 k 24-bit 
words. Processor drives 16-bit 
data bus that serves both 
memory and '1/0 devices 
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How to get two pounds of Computation 
into a one pound box. 

Use MAXIBOX:M 
Only 15. 75 inches high and easily mounted in a 
standard 19-inch NEMA cabinet, the MAXIBOX 
is the most com pact, fully integrated 32-bit 
minicomputer available. 

Small as it is, MAXIBOX is a full-scale 32-bit mini, 
designed to outperform any 16-bit minicomputer. 
More important, because it is fully integrated you can 
concentrate your design efforts on the functional 
aspects of your product with less concern over how to 
integrate the mini. For example, MAXIBOX comes 
fully equipped with power supply, cooling, and battery 
back-up. It operates on 115Vac. It is rack mountable 
with only eight screws. 

We feel that for the product OEM concerned with 
simplified design and maximum return on investment, 
MAXIBOX is the best minicomputer available. 

To find out more about the MAXI BOX, return 
the coupon for additional literature, specifi­
cations and pricing information. Or, call 
SYSTEMS toll-free. 

.. D~a':'e':"re':re~n:u::'u~e~ • • • • • • • • - • • • • • •, 
I O S end me a detailed tec hnic al s ummary. I plan to purchase In 76 I 
I approximate ly ___ m o nths. I 
I NAME I 

: TITLE : 

100-~ I 
I ADDRESS I 
I CITY _5TATE I 
I PHONE ZIP I 
L••••••••••••••••••••••••-~ 

Proven COMPUTER Performance 

SYSTEMS toll-free product information service 1-800-327-9716 ~ 
Systems Engineering Laboratories, Inc. , 6901 W. Sunrise Blvd. , Ft. Lauderdale, FL 33313 • (305) 587-2900 1979 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

provides an additional two bits to the instruction de­
coding as a function of the current data type being 
processed. Three AMD2909 microcode sequencers and a 
programmable logic array (PLA) generate addresses for 
the lk of onboard microcode read only memory (ROM). 

A 7 x 11" (18 x 28-cm) printed circuit board con­
tains the entire processor. By also packaging memory 
and r/ o on similar 'boards, the entire system was con­
tained in a small enclosure similar to a cathode ray 
tube (CRT) terminal. 

Organization of the microcode instruction format is 
designed primarily to permit the speed of simultaneous 
data and branching operations while minimizing the 
width of the microprogram control store required. En­
coding of the 24-bit microinstruction, shown in Fig 3, 
accomplishes this through four different formats specified 
by a 2-bit field at the leftmost end of the word. 

·One format is devoted entirely to unrestricted arith­
metic operations and another entirely to full address 
range branches. Of the two remaining formats, one 
allows a limited subset of the arithmetic operations 
while branching within a local page and the other per­
mits similar operations as well as a multiple return to 
the macroinstruction fetch routine. The latter uses a 
separate mapping ROM to decode the machine language 
instructions (as modified by the arithmetic mode register) 
and branch directly to the proper microcode for their 
execution. 

One advantage made of the microcoded machine is 
aimed at reducing the r/ o hardware by substituting 
microcoded operations for the battery of pulse counters 
normally required for the flowmeters. The counters are 
kept instead in main memory and updated by high speed 
I/ O routines triggered by interrupts serviced directly in 
microcode. Thus the microlevel machine is shared be-

• LO XOP I ALU OP RB I RA 

tween the macrolevel instruction execution and these 
transparent counter routines. 

Because of the flexibility and power inherent in micro­
programming, a number of "wish list" features from 
higher level software could he added to its machine 
language operations. The choice of a stack architecture 
for the macrolevel machine was a fundamental part 
of this. 

For example, use of the stack as a working space for 
temporary data and an implicit address for instructions 
allows control algorithms to he coded directly in Polish 
notation. Operands either are pushed onto the stack 
from other memory locations or reside there as the result 
of the previous operation. An operation such as ADD then 
adds the two data words on the top of the stack and re­
places both words with the resultant sum. This becomes 
an operand for further operators or may be returned to 
a regular memory location. The generality of such oper­
ations permits identical instruction coding for variable 
byte, word, or floating point data types. 

As a complement to its stack architecture, the processor 
also includes a higher level means of accessing data via 
descriptor tables. The descriptor is a location containing 
an address pointing to the actual data as well as a 2-bit 
field specifying its data type. Since the 6-bit descriptor 
table index can be packed into the I-byte instructions 
pushing data onto the stack, data can be more efficiently 
addressed by this means. Also, by using such data 
references, the CPU can be automatically set for the ap­
propriate arithmetic mode (byte, word, or floating point) 
according to the data type placed on the stack. 

Perhaps the most outstanding feature incorporated in 
the firmware is the multitask program scheduler and 
interrupt handler, normally a part of operating system 
software (Fig 4). This feature is particularly useful in 

I ABX I RAX I 
I I JMP I I I RA I I Fig 3 Microinstruction encoding. Four 

1 LO XOP ALUOP RB K/JAOR different microcode formats are deter-
mined by coding of 2-bit field at leftmost 

I l~I I I I 
end of word. Sharing microcode fields in 

2 LO JMP ALUOP RB RA K/JADR specialized combinations of functions 
minimizes microprogram storage 

I 3 LO JMP I K/JAOR I 
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When your 16-bit computer 
starts running out of gas ... 

you need MAXIBOX:M 
MAXIBOX is a full-scale minicomputer designed to outperform any 
16-bit and most 32-bit computers. 
Any ofthe 15 slots in its flexible backplane can be used for 1/0 
controllers, CPU options, peripherals interfaces, and up to 1 MByte of 
fast, economical MOS memory. Its standard 256 KByte configuration 
leaves you with.9 "nondedicated" slots for total design flexibility. 
No other mini of any size can offer 26. 7 MByte bandwidth on a 
computer that requires only a 115Vac utility outlet. With 600 ns ECC 
MOS memory for maximum computation speed and a virtually 
universal backplane, MAXIBOX is a must for " peripheral intensive" 
designs or products where speed, space and power are prime 
considerations. 
Furthermore, MAXIBOX is fully compatible with the broadest 32-bit 
product line in the world. SYSTEMS' RTM, the most thoroughly 
field-proven 32-bit operating system available, is currently installed in 
hundreds of SYSTEMS processors. 
Writable Control Store allows you to tailor the MAXIBOX to your 
product environment. Regional Processing Units let you develop 
sophisticated intelligent I /0 controllers and give you parallel 
processing never before available; it's like having an independent 
processor attached to the MAXIBOX for discreet I /0 functions. 

We feel that for the product OEM concerned with simplified design and 
maximum return on investment, MAXIBOX is the best minicomputer 
available. To find out more about the MAXIBOX, return the coupon for 
additional literature, specifications and pricing information. Or, call 
SYSTEMS toll-free. 

r O~a~e ':re':re:n':t1: :11~e~ • • - • • • • • - • • • • • • , 
I O Send me a detailed technical summary. I plan to purchase In 76 I 
I approximately ___ months. I 
I NAME I 

: TITLE : 

I COMPANY I 
I ADDRESS I 
I CITY STATE I 
I PHONE ZIP I 
L--••••-•••••••••••••••••-~ 

Proven COMPUTER Performance 

SYSTEMS toll-free product information service 1-800-327-9716 ~ 
1979 

Systems Engineering Laboratories, Inc. , 6901 W. Sunrise Blvd., Ft. Lauderdale, FL 33313 • (305) 587-2900 
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realtime control systems to allow independent program­
ming of the various activities that must take place­
and interact with each other-in real time. The firmware 
scheduler automatically resolves their conflicts based first 
upon the system resources they require and then upon 
task priorities, and schedu1es their shared use of the 
processor. One task program will always be running in 
the processor at any time and the remainder will be sus­
pended, their context stored as if interrupted, in various 
stages of completion. 

Once these resource dependencies are programmed into 
each task, the programmer can treat them independently 
and the scheduler will handle their realtime interaction. 
Tasks are normally released from suspension either by 
the other tasks or by the interrupts which make the 
resources for which they are suspended available. Even 
the realtime clock can be treated as such a resource, thus 
allowing tasks to be run at regularly scheduled intervals 
such as once a second. 

Controller Tasks 
A standalone multiloop controller in the blender system 
contains keyboard, CRT display, communications inter-
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MACHINE 
STATE 

MACHINE 
STATE 

CURRENT 
TOP OF 
STACK 

MACHINE 
STATE 

TASK 1 
STACK 

TASK 2 
STACK 

TASK 3 
STACK 

TASK 4 
STACK 

Fig 4 Scheduler's me.thod of 
suspending tasks (Task 3 run­
ning) . To run any suspended 
task, scheduler need only 
know where top of that par­
ticular stack is located , as in­
dicated by stored pointer 

face, and analog and digital 1/ 0. Individual tasks of the 
software configuration (Fig 5) are assembled as inde­
pendent programs. A short initializer links the tasks to 
the scheduler, turns on the interrupts, and places the 
system in run mode. 

The communications task is interrupt driven from the 
communications 1/ 0 interface. Multiple blenders can he 
connected to one communications line. Each blender is 
given a number by the user, which is entered using the 
blender keyboard. All blenders on a line listen to com­
mands from the host, but the only blender which responds 
is the one having the identification number matching that 
in the command from the host. 

A communications 1/ 0 driver buffers all messages to 
and from the host. The driver does not request the com­
munications task to run until a complete message has 
been received or sent. At this time, the communications 
task either processes the message received from the host 
if waiting for a command, or sends the next line of the 
reply (if any) for the command it is currently processing. 

Possible commands from the host include downloading, 
uploading, requests for selected data from a specified 
loop, requests for selected data from all loops, and 
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How can you get a bigger byte 
without a ballooning budget? 

Use MAXIBOX:M 

Simply stated, for the product OEM concerned 
with simplified design and maximum return on 
investment, the MAXIBO X offers the greatest 
price/performance advantages available in a 
32-bit minicomputer. 
To find out more about the MAXIBOX, return 

the coupon for additional literature, 
specifications and pricing information. Or, call 
SYSTEMS toll-free. 
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Proven COMPUTER Performance 

SYSTEMS toll-free product information service 1-800-327-9716 
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Socket Connectors­
IDS Series 
For pluggable termination 
of cable to header mounted 
on PCB. Single piece body for 
easy assembly, fewer parts to 
inventory. Cover latch and 
optional strain relief for 
operational reliability. 

Transition Connectors­
IDT Series 
Used to attach cable permanently to 
PCB, Has rugged single piece design 
for fast assembly and high reliability. 

Cover latch swivels for easy cable 
insertion. 

Cable Plugs-IDP Series 
Offer fast, easy plugging of cable 
to PCB directly or into DIP 
sockets. Tapered pins assure 
quick, easy insertion into 
DIP sockets. One unit 
design speeds handling and 

assembly. Cover latch swivels 
for easy cable insertion. 

Headers­
IDHSeries 

Mounts permanently to 
PCB and accepts socket 

connectors. In straight or right 
angle mounting-for solder or 

wrap/ pin termination. Handy ejector/ 
latch available-when closed it locks 

socket into place and serves as ejector 
when open. 

Laminated Flat Cable 

~ 

RN offers both cable and connectors-your 
assurance of "single source" reliability. 

Available in white or color coded 
100 foot rolls in 10 thru 50 

conductor sizes. 

-



1t now ••• a truly econo111ical 

cablesyaem 
for high speed assembly 

using tooling you already have 

This RN IDC System cleHvers what engineers want ••• 

e Advanced automated manufacturing facilities enable RN to cut costs 
- pass the savings on to you 

e Fewer pieces for faster assembly, reduced inventory 
e Can be assembled with IDC tooling already in place 
e Each connector made more rugged, more resistant to shock, 

vibration and cable strain 
• Assured reliability and compatibility of cable and connectors -

RN supplies both 

Economical, easy to use-once properly adjusted, 
all RN IDC connectors can be assembled with a 
s imple base plate change 

Hand Held crimp tool 
for assembling !DP 
series Cable Plugs and 
IDT series Transition 
Connectors 

Bench mounted 
crimp tool for 
assembly of all RN 
!DC connectors. 

WRITE TODAY for new Robinson-Nugent 
Insulation Displacement Connector catalog with 
complete specifications and dimensions on the 
entire IDC product line. 

800 East Eighth Street, New Albany, Indiana 47150 • Phone: (812) 945-0211-TWX: 810-540-4082 
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CLOCK 
INTERRUPTS 

KEYBOARD 
INTERRUPTS 

COMMUNICATION 
INTERRUPTS 

PROCESS 
INTERRUPTS 

KEY SCAN 
SUBROUTINE 

MICROPROGRAMMED 
OPERATING SYSTEM INITIALIZER 

PRIORITY 3 PRIORITY 4 PRIORI TY 2 PR IORI TY 1 

ALGORITHM CRT KEYBOARD COMMUNICATIONS 
TASK TASK TASK TASK GLOBAL 

DATA 

LOCAL DATA LOCAL DATA LOCAL DATA LOCAL DATA 

PROCESS 1/0 CRT 1/0 
COMMUNICATION 
1/0 

Fig 5 Software co nfig uration. Individual tasks are assembled as in dependent programs, each com­
peting for system resou rces accord ing to it s priority. CRT task-with lowest priority-runs only in 
free time 

changing selected data in a specified loop. Download and 
upload data messages are sent as strings of hexadecimal 
ASCII characters in which two characters represent the 
binary value of one byte of data. Each download or 
upload record contains the record number, 60 hexa­
decimal characters, and a checksum. 

The addressed blender always responds to each com­
mand from the host, either with an ACK for successful 
execution, a NAK for unsuccessful execution, or the re­
quested data for those commands which request data. A 
total of 20 main commands is provided. 

A keyboard task runs only when a complete command 
has been entered by the user at the blender keyboard, as 
determined by the keyboard scanning subroutine. This 
subroutine is called from the clock interrupt and executes 
a 3-state algorithm to identify a valid key, accept the 
key, and proceed to identify the next key. When a com­
plete command has been entered (which can be a single 
key for some commands) the keyboard task is requested, 
through the microcoded executive, to run. 

The keyboard task parses the commands, checks the 
parameters (if any) , and makes context checks. If legal, 
the keyboard task then executes the command. Some 
commands have two cycles, in wh ich the first cycle 
selects data to be displayed and the second cycle accepts 

86 

a new value to store for the selected data. All of the 
program codes and loop address functions are 2-cycle 
commands. Data types which can be displayed and 
entered are binary masks, integer and floating point 
numerics, and ASCII strings. 

All blender loops and control blocks are created and 
parameterized through the keyboard task. Also, all of 
the blend control buttons such as START, STOP, LOCAL, 

and COMP are processed by the keyboard task. A total of 
116 program functions is provided, in addition to the 
dedicated key functions. 

The algorithm task periodically processes all of the 
active blender loops and calculation blocks defined in the 
blender system. Each blender loop is executed every 0.1 s, 
and each calculation block is executed at the period as­
signed by the user. The algorithm task itself is requested 
to run each 0.1 s by the clock interrupt. 

For each active blender loop, a transformation from 
turbine meter counts to control valve position is com­
puted. The turbine meter counts used are those which 
have accumulated in the most recent 0.1-s period, and 
thus represent the flow rate increment received by that 
loop for that period. Variables which may be displayed or 
changed from the keyboard include loop name, loop engi­
neering units, specific gravity, loop turbine meter K 
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Here's the fastest •=•·n•=~ 
graphic peripheral available today ... 

and it programs like a plotter. 
A 

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

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

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

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

HEWLETT 

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

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

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

PACKARD 

1507 Page Mill Road. Palo Alto. California 94304 

FOi' assistance caH: Washington (301) 948-6370, Chicago (312) 
255-9800, Atlanta (404) 955-1 500, Los Angeles (213) 877-1282 
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Iba wmld's best n disk canttlller. 
Plal•. 

Now there are two ways to get the simplicity, power and flexibility of our 
floppy disk controller: NECs µPD765 chip, or the BP-2190 board from 
NEC Microcomputers. 

The innovative µPD765, developed and introduced by NEC, has 
become an industry standard and will soon be second-sourced by a 
U.S. semiconductor company. Its simple to build into your system, 
because the standard 40-pin, +5V design is totally compatible 
with IBM single- or double-density format floppies and 51/i'' 
mini-floppies, as well as standard 8" drives. 

Its powerful too, executing 15 complex commands including 
many subroutines usually found in a disk handler software 
package. Plus it controls up to four double-sided drives. 

And the 765 gives you unequalled flexibility in programming 
your controller system through such commands as Multi-Sector 
Reads and/or Writes, Track Formatting, and Multiple Drive Seeks. 
It operates in either D MA or interrupt-driven mode, and interfaces 
to all popular microprocessors, including our µPD8080AF, 
µPD8085A and µPD780 (Z80™ ). 

For board applications, you get all the capabilities above and 
more. The BP-2190 board includes the 765and16K of dual­
ported RAM (expandable on-board to 48K), along with priority 
and refresh logic. Disk-to-RAM transfers are under D MA control 

Controller Chip REPS: Action Unlimited, Arlington, TX, Spring, TX; Cereo, San Diego, CA; Contact Sales, Inc., Burlington, MA; D/ Z Associates, Inc., Denver, CO; 
Electronic Innovators, Inc., Minneapolis, MN; Eltron, Phoenix, AZ; HLM Assoc., Torrington, CT, Northport, NY, Parsippany, NJ; lmtech, Inc., Cleveland, OH, Dayton, 
OH; K-Mar Enginerering & Sales, Inc., Grandview, MO; Kaytronics Limited, Ville St. Pierre, QUEBEC, Concord, ONTARIO, Surrey, BRITISH COLUMBIA; L & M 
Associates, Pikesville, MD, Montpelier, VA; Harry Nash Associates, Willow Grove, PA; R.C. Nordstrom & Company, Lathrup Village, Ml ; Perrott Associates, Inc., Fort 
Lauderdale, FL, Clearwater, FL, Orlando, FL; Santana Sales, Costa Mesa, CA; Stone Component Sales, Waltham, MA; Technology Sales, Inc., Palatine, IL; Trident 
Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA; 20th Century Marketing, Inc., Huntsville, AL, Knoxville, TN; Wolff's 
Sales Service Company, Raleigh, NC. 
DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries, Bellevue, WA; Century Electronics, Albuquerque, NM, Wheatridge, CO, 
Salt Lake City, UT; Diplomat/Westland, Inc., Sunnyvale, CA; Diplomat/Southland, Inc., Clearwater, FL; Diplomat/ Lakeland, Inc., Elk Grove Village, IL; Diplomat/ IPC 
of Mass., Chicopee Falls, MA; Diplomat, Holliston, MA; Diplomat/ Northland, Inc., Farmington, Ml; Diplomat/ Electro-Com Corp., Minneapolis, MN; Diplomat/St. Louis, 
Inc., St. Louis, MO; Diplomat/IPC Corp., Totowa. NJ, Mt. Laurel , NJ; Diplomat Electronics Corp., Woodbury, NY; Diplomat/Alta-Land, Inc., Salt Lake City, UT; Future 
Electronics Corp., Montreal, QUEBEC, Downsview, ONTARIO, Ottawa, ONTARIO, Natick, MA; Hughes-Peters, Inc., Cincinnati, OH, Columbus, OH; lntermark Elec­
tronics, Sunnyvale, CA, Santa Ana, CA, San Diego, CA; KA Electronics, Dallas, TX ; Kent Electronics, Houston, TX; G.S. Marshall , Sunnyvale, CA, Canoga Park, CA, 
El Monte, CA. San Diego, CA. Phoenix, AZ; Marshall Industries, Farmingdale, NY, Wallingford, CT; Milgray Electronics, Inc., Freeport, NY, Orange, CT; Quality Com­
ponents, Austin, TX, Houston, TX, Dallas, TX; Reptron Electronics, Inc., Livonia, Ml, Columbus, OH; Resco/ Raleigh, Raleigh, NC; Semiconductor Specialists, Inc., 
Chicago, IL, Burlington, MA, Farmington, Ml, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee, WI; Sterling Electronics, Phoenix, AZ, Santa 
Clara, CA. San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham. MA, Albuquerque, NM, Dallas, TX, Houston, TX, Tukwila, WA; Summit Distributors, Inc., 
Buffalo, NY; Summit Elec. of Roch ., Inc., Rochester, NY; Western Microtechnology, Cupertino, CA. 
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Ir wltb tbe walks. 
which keeps host processor overhead to a minimum. And mixed 

densities and sizes are handled with ease. All of this on a single 
ready-to-run board that plugs directly into a Multibus TM system­

and we'll supply the software drivers, too. 
The µ,PD765 chip, or the BP-2190 board. Either way, its the 

world's best floppy disk controller. Backed by full documentation, 
testing, and engineering help for specific application problems. 
For more information, attach your business card or letterhead 

to this page and send to NEC Microcomputers, Inc., 173 
Worcester Street, Wellesley, MA 02181. Or contact the 

regional office near you. WESTERN REGION OFFICE: 
Orange, CAat(714)633-2980; EASTERN REGION 

OFFICE: Melville, NY at (516) 293-5660; MID­
WESTERN REGION OFFICE: Des Plaines, IL at 
(312) 298-7081; SOUTHERN REGION OFFICE: 
Dallas, TX at 

(214) 980-6976. latdlll, 
tlll•k•. 

'" ZBO is a trademark o f Zilog Corporation. 
'" Multibus is a trademark o f Intel Corporation . 

NEC 
NEC Microcomputers, Inc. 

Controller Board REPS: Action Unlimited, Arlington, TX, Spring, TX; Cereo, San Diego, CA; Contact Sales. Inc., Burlington, MA.; D/Z Associates, Inc., Denver, 
CO; Electronics Innovators, Inc., Minneapolis, MN; Eltron, Phoenix, AZ.; Kaytronics Limited, Ville St. Pierre, QUEBEC, Concord, ONTARIO, Surrey, BRITISH CO· 
LUMBIA; Santana Sales, Costa Mesa, CA; Trident Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA. 
DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries. Bellevue, WA; Century Electronics, Albuquerque, NM, Wheatridge, CO, 
Salt Lake City, UT; Diplomat/Westland, Inc., Sunnyvale, CA; Diplomat/Southland, Inc., Clearwater, FL; Diplomat/ Lakeland, Inc., Elk Grove Village, IL; Diplomat/IPC 
of Mass., Chicopee Falls, MA; Diplomat, Holliston, MA; Diplomat/Northland, Inc., Farmington, Ml ; Diplomat/Electro-Com Corp., Minneapolis, MN; Diplomat/St. Louis, 
Inc., St. Louis, MO; Diplomat/IPC Corp., Totowa, NJ, Mt. Laurel, NJ; Diplomat Electronics Corp., Woodbury, NY; Diplomat/ Alta-Land, Inc., Salt Lake City, UT; Future 
Electronics Corp., Montreal , QUEBEC, Downsview, ONTARIO, Ottawa, ONTARIO, Natick, MA; Hughes-Peters, Inc., Cincinnati, OH, Columbus, OH; lntermark Elec· 
Ironies, Sunnyvale, CA, Santa Ana, CA, San Diego, CA; KA Electronics, Dallas, TX; Kent Electronics, Houston, TX; G.S. Marshall , Sunnyvale, CA, Canoga Park, CA, 
El Monte, CA, San Diego, CA, Phoenix, AZ.; Marshall Industries, Farmingdale, NY, Wallingford, CT: Milgray Electronics, Inc., Freeport, NY, Orange, CT; Quality Com­
ponents, Austin, TX, Houston, TX, Dallas, TX; Reptron Electronics, Inc., Livonia, Ml, Columbus, OH ; Rasco/ Raleigh, Raleigh, NC; Semiconductor Specialists, Inc., 
Chicago, IL, Burlington, MA, Farmington, Ml, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee, WI ; Sterling Electronics, Phoenix, AZ., Santa 
Clara, CA, San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham, MA, Albuquerque, NM, Dallas, TX, Houston, TX; Tukwila. WA; Summit Distributors, Inc. , 
Buffalo, NY; Summit Elec. of Roch., Inc., Rochester, NY; Western Microtechnology, Cupertino, CA. co-2 
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factor, loop normalization factor, proportional gain, 
integral (reset) gain, high and low flow alarm limits, 
plus and minus quantity error alarm limits, plus and 
minus quantity error shutdown limits, loop pacing param­
eters, and valve position. All values and variables are 
entered in engineering units or customarily used units 
such as proportional band (PB) . 

For each active calculation block, an algorithm cor­
responding to the block type is executed. The block types 
include analog input, proportional/integral control, ana­
log switch, contact input, equation, and constant. All 
parameters can be entered or displayed through the 
keyboard, in customarily used units, and the :blocks may 
be linked together or to blender loops by keyboard 
selection. General parameters include period, block name, 
block units, and on/off status. Other parameters specific 
to the block type include hardware address, proportional 
gain, reset time, contact number, input designations, 
operands, and operators. 

The CRT task selects and formats all of the displays 
presented on the CRT. It also checks the blend loop alarm 
limits and shutdown conditions, and calculates the rates 
for blend ramp up and ramp down. 

This task is requested once each second by the clock 
interrupt. Each CRT display contains a static and a dy­
namic part. The static part contains those fields which 
do not change once they have been output, such as loop 

names and engineering unit labels; it is output only 
when a new display is selected. The dynamic part is out­
put with the static part, and then each 1 s thereafter. 

Other Processor Applications 

The small stack processor originally designed for the 
micro-BlendTrol application has also been used in the 
company's other products. For example, it controls the 
universal field multiplexer, a data acquisition system 
used in the SPECTRUM rn distributed process control sys­
tem; and the same hardware emulating another instruc­
tion set appears m the MICROSPECT"' unit controller 
module. 

While the loss of some speed owing to the extra 
memory accesses required for stack and descriptor oper­
ations makes it unsuitable for certain applications, the 
processor easily regains the advantage in any application 
that makes effective use of its higher level machine code. 
Obviously such code runs much faster than similar soft­
ware programmed in a more conventional machine lan­
guage. Such considerations would make it very adept at 
running higher level language interpreters, for example. 
Its use in products to date, however, has been limited to 
applications where dedicated machine language program­
ming of small realtime process control systems has made 
its minimal use of memory and multitask operating sys­
tem its most useful features. D 

"With the 03 
Plotting Option, 

we get 

90 

.017 inch dot 
resolution plus 

80 and 132 column 
printing formats." 

Want to know what all the talk 
is about? Write for details. 

Computer Devices. Inc .. 
25 North Avenue. Burlington. MA 

01803. Telex: 94-9398. Or 
telephone 617-273-1550. or 

toll free: 800-225-1230. 

We travel in the best companies. 
COMPUTER 
DEVICES INC. 
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"We need a versatile data processor that will save on 
installation costs and reduce our programming concerns. 
What's available?" 

Hitachi's answer: 
the Distributed Intelligent 
Process Input/Output (DPIO) 
Subsystem. 

•Total cable length: Max. 2 km 
• Transfer speed: 250 kbps 
• 1 pair shielded cable 

DPIONo. 2 

DPIO answers your needs with these excellent features: 

• Minimized cabling, an important factor in reduced installation 
costs. 

• Front connector for direct linking with external cable 
(AWG Nos. 14-20) - a feature that minimizes field wiring. 

• DPIO 7660's intelligence performing linearization, cold junction 
compensation, span calibration, limit check, etc. 

• Extreme flexibility in adapting to different system sizes. 
• Large repertoire of 1/0 cards ..... digital, analog, pulse and 

interrupt. 
• Reduced power consumption by use of C-MOS circuit and 

low power input/output circuits. 

Back-up data 
transfer cable 

lopdOtllll 

Digital : Approx. 250 points 
Analog: Max. 80 points 

Max. SDPIO 

DPIONo. 8 

Hitachi America, Ltd. San Francisco Office 
100 California Street 
San Francisco, California 94111 
Tel : 415-981-7871 ~ !:!l.t~~~.! 
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DIGITAL CDNTRDL AND 
AUTDMATIDN SYSTEMS 

Spectrophotometer System Analyzes 
Fabric Dye Shades Online 

"On-the-run" adjustments to dye ranges-while the fabric 
is moving through the processing equipment at over 100 
yd (91 m) / min-are possible with the Qualscan system 
installed at Greenwood Mills' Orangeburg, sc finishing 
plant. During a period of several months of continuous 
operation, over lOM yd (91M m) of cloth have been 
scanned. 

In standard industry practice for textile dye house 
operations, 18" ( 46-cm) swatches of fabric are removed 
periodically, sewn together, and examined in a specially 
lighted area-by a human-for color shade acceptability. 
Because the production and material handling equipment 
is stopped only once every 2000 or 3000 yd (1800 or 
2700 m), all cloth between stops might be defective. 

The computerized online color analyzer, introduced by 
Ford Aerospace & Communications Corp, Process Control 
Products Operation, Charlotte, NC, electronically scans 
moving fabric and spots off-shade colors. There is no 
stopping of equipment, human-element decisions and 
possible variations in interpreting standards are elimi­
nated, and color deviations are noted immediately. 

Designed to provide color measurement by large scale 
fabric finishers for use on continuous dye ranges, the 
digital abridged spectrophotometer system contains a 
precision scanning color head that traverses the width 
of the cloth as it leaves the dye range. Within the head 

Scanning color head (cover removed to show detail) in Ford 
Aerospace's fabric color analyzer. Data from 16 color sensi­
tive silicon detectors are compared to shade tolerance 
thresholds in computer memory. Fabric illumination is pro­
vided via fiber optic light pipes 
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are 16 color-sensitive silicon detectors behind precision 
color filters of very selective bandwidths. To eliminate 
drift and instability in the color detection circuitry caused 
by heat from the light source, a remotely located quartz 
halogen lamp uses fiber optic light pipes to illuminate 
the fabric inspection area. Built-in reference standards 
check scanning head accuracy every 30 min. 

In the procedures to locate shading inconsistencies, 
the system scans long runs of dyed fabric in side-center­
side (across the fabric) as well as end-to-end procedures. 
Color information is presented to the dyer as a contin­
uous CRT readout and as hardcopy on a high speed 
printer. Deviations from color shade values assigned by 
the dyer and placed in computer memory as shade tol­
erance thresholds are automatically flashed on the screen 
for immediate action. 
Circle 160 on Inquiry Card 

General Purpose Robot Taught to 
React to Unpredictable Deviations 

Teaching a computer controlled T3 industrial robot to 
perform its repetitive duties-but yet be able to deviate 
for changes in normal sequences-is greatly simplified 
by "walking" the robot through the intended sequence 
of events. Cincinnati Milacron, Cincinnati, OH 45209, 
has found that what might otherwise become a tedious 

0A03 

OA01 

OA03 

STANDARD OFFSET= BRANCH OA 

INTERRUPT OFFSET= BRANCH OB 

INTERRUPT POINT 

0802 

Offset 'branching programming for robot cycle. At each point 
where offset branch is programmed, proper input signal is 
checked and branch is entered if input is active. Interrupt 
offset allows for "anywhere, anytime" shifts in cycle to allow 
reaction to expected but unpredicted deviations 
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And you'll realize all the advantages offered by Itron Fluores­
cent units over ordinary digital displays. Their cost-effective 
pricing and simple, fast installation will save you time and 
trouble, as well as a great deal of money. Interfacing with peri­
pheral circuits is easy too; further reducing costs. They operate 
at low voltage and consume little power. Their bright fluores­
cent output and flat-glass packages make for easy readability, at 
a distance and at wide viewing angles, even under high ambient 
light conditions. 

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

ifroTi 
FLUORESCENT 

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

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

ORITAKE COMPANY, LIMITED 
JAPAN : 1 - 1 Noritake Shinmachi, Nishiku, Nagoya-Shi, (052) 561-7111 , Telex: J59738 
EUROPE: Burotel Belgium SA, Rue de la Presse 3-5, 1000 Bruxelles, (02) 217-83-60, Telex: 4626962 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

procedure not only eases teaching but also simplifies 
operation. 

An example of this is shown in the robot's "branching" 
ability. Three types of branching-conditional, offset, 
and interrupt offset-enable the robot to perform sec­
ondary functions: add, change, and delete. Such ability 
to make decisions based on input conditions permits 
tailoring of a general purpose robot to specific applica­
tions. 

For conditional branching, a signal from an associated 
equipment would cause the robot to deviate from its 
normal sequence and to perform one of the secondary 
functions. For example, if the robot were loading parts 
into a turning center and a signal from that center indi­
cated that the part was not ready, that the door on the 
machine was closed, that the spindle was still in motion, 
or that the previous part was not completed, the robot 
would not move forward in its sequence and load another 
part. Instead, it would either wait or go on to another 
step. 

Teaching offset branching is simplified by software 
available in the robot control. In an example where the 
robot is loading or unloading parts onto or from skids 
and pallets, repetitive moves are taught as a subroutine. 
After one instruction period, the robot control remem­
bers the subroutine (including such moves as stop above 
pallet, move down, release part, move up) and calls it up 
as needed during an actual job. 

Interrupt offset, known as a utility branch, can be 
entered anywhere in the robot cycle after being triggered 
by an external signal. It is actually a contingency pro­
gram for reaction to expected but unplanned events. For 
example, if welding tips stick and weld themselves to the 
workpiece-an expected occurrence in a spotwelding ap­
plication, but one that is impossible to predict in time 
span-the robot would cause the welding tips to move in 
a series of previously taught twisting motions to free 
the tips. It could also simultaneously signal the operator 
that the welding tips require attention. 
Circle 161 on Inquiry Card 

Energy Management System Reduces 
Natural Gas Fuel Costs by Half 

Decreased consumption of natural gas and/ or propane 
during a 6-month test period-resulting directly from 
the installation of an energy management system-re­
duced fuel bills by 50% in the most energy inefficient 
building in Winnebego Industries' Forest City, Iowa 
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complex. The company estimates that the cost savings 
during that period alone exceeded the cost of software 
development, hardware purchase, and installation. As 
a result, the system-designed by Billings Computer 
Corp, 2000 E Billings Ave, Provo, UT 84601-will be 
extended to the remaining 11 buildings. 

In the full system, there will be at least one controlling 
microcomputer in each building, with very large buildings 
having several satellite computers connected to a master 
computer in order to simplify wiring to sensors and 
peripheral devices. All buildings will be monitored and 
controlled from a single keyboard in the maintenance 
building. Each master computer will function indepen­
dently, managing its building according to a program 
and instruction tables and schedules loaded in from the 
central keyboard. Upon request each master computer 
will transmit status tables to the maintenance building. 

At present, the system monitors temperatures at var­
ious locations in the building as well as flow rate of 
natural gas and/ or propane into the building. All unit 
heaters, exhaust fans, and air make-up units are con­
trolled according to predefined production schedules and 
schedules for the temperature setpoint of the building. 
Software also provides for error handling with alarm 
signals sent back to the maintenance building. 

Data accumulation features in system software include 
current value tables, selectable accumulators, automatic 
accumulators, and weather station history. Requested 
data are summarized and saved in memory awaiting 
retrieval. More than 1 yr of information is accumulated 
in summary form of last month, last week, last day, 
last hour, and last 15-min intervals. As the tables fill up, 
the oldest information is summarized to form an element 
of the next higher table of the cascade. 

Selectable data accumulators obtain high, low, integral, 
and average of a sensor output from a prespecified start­
ing day and time to a prespecified ending day and time. 
The allowable time interval is 5 min to 110 yr. 

Master control consists of a 64k-byte Microsystem with 
an external, IM-byte, 8" (20-cm) double-sided floppy 
disc drive, X-Y plotter, warning light, and alarm buzzer. 
The system addresses 16 separate inputs (monitoring de­
vices) with measurement accuracy within 0.1 % . 

A parallel 1/ 0 board allows the system to open or 
close circuits to 24 separate devices or sense their operat­
ing modes. A relay section attached to the board contains 
an equal number of amplifiers and can drive signals over 
twisted pair cable for up to 500 ft ( 180 m). For applica­
tions with remote controlling requirements, a multiple 
input/ output board containing four high current ampli­
fiers will drive signals over twisted paid cable for up 
to 2 mi ( 3 km) . 
Circle 162 on Inquiry Card 
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Color 
hard copy 
is finally 
at hand! 

Color hard copy: the luminescent 
electronic image, captured in the per­
manence of photographic prints and 
transparencies. Dunn Instruments 
makes it brilliant, accurate and effort­
less to obtain from an affordable 
system. At last you can hold the new 
computer graphics and digital images 
in your hands. 

The source is the 631 Color 
Camera System. It packs a high resolu­
tion , high linearity CRT, sophisticated 
optics and microprocessor exposure 
control into a compact, fast and friendly 
unit. For instant hard copy for immedi­
ate analysis , use it with Polaroid Type 
808 film to make stunning 8x10 color 

prints. Add the 
optional motor­
driven 35mm 
system for 
beautiful color 
slides. Or load 
8x10 transpar­
ency film and .__..._ ___ ___ ___ produce 

Actual 631 images on Polaroid instant 8x10 film . 

images you can project overhead . 
The 631 economically records the 

data from any raster scan CRT, for 
presentation , reproduction , access 
and display. Applications range from 
management information graphics to 
satellite remote sensing. Call or write 
for more information. We'll arrange for 
you to get your hands on actual results 
from the 631 Color Camera System. 

Dunn Instruments, Inc ., 
544 Second Street, P.O. Box 77172, 
San Francisco, CA 94107. 
415/957-1600. 

The631 
COLOR 
CAMERA 
SYSTEM 

I ' II Ill I Ill 1 Ill II Ill I Ill Ill Ill Ill Ill Ill Ill Ill Ill II Ill II Ill 111 11 111 11 111111 111 1111 11 111 111 
"Polaroid " is a registered trademark of the 
Polaroid Corporation . 
LANDSAT image courtesy NASA-Ames Research . 
Cartographic study courtesy Harvard Laboratory 
for Computer Graphics. Management information 
graphics courtesy ISSCO. 
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From PERCOM - for Your Mini-Disk Drives ... 

Low Cost, 
Ready-to-Use Power Supply-

1-, 2- and 3-Drive Enclosures 
the PS-401 

Used on Percom's LFD and TFD series of 5%-inch 
mini-disk drives, the PS-401 power supply comes com­
plete with ac power cord, de connector, on-off switch 
and fuse. Install, plug into ac and your drive is ready. 

The +5-volt and + 12-volt outputs of the PS-401 
are conservatively rated for most mini-disk drives includ­
ing Shugart's SA-400 and SA-450 models, Pertee mod­
els FD-200 and FD-250, Wangco models 82 and 282, 
MPl 's model 851 and the MOD I and MOD II units 
manufactured by Micropolis. 

The PS-401 features thermal overload protection 
and short-circuit current limiting. Operating ambient 
temperature is from 0°C through 40°C. Storage is from 
-22°C to 50°C. 

Input for the domestic version is 117 Vac, 50-60 Hz, 
0.5 ampere (max). Foreign country version operates on 
230 Vac, 50-60 Hz at % ampere (max). 

Order PS-401 power supplies by calling Per­
com's toll-free number: 1-800-527-1592. 

Drive Enclosures 
These pre-drilled metal drive enclosures may be or­
dered in standard blue, silver or brown enamel finish. 
Other colors are optional. Rubber bumpers for desk-top 
operation are permanently attached. 
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Order 1-, 2- or 3-drive enclosures by calling 
Percom's toll-free number: 1-800-527-1592. 

• Price is for 100 quantity. Unit price is $55.00 for 
domestic version , $70.00 for foreign version. Call 
for foreign version OEM prices. 

t Price is for 100 quantity. Unit price is $29.95. Call or 
write for 2- and 3-drive enclosure prices or price of 
optional finish colors .. 

[ ~EfllllJMJ 
eERCOll DATA...._, llC. 

Dlpt..CO 
211 M. lllrllY • lllfMlll TX 7111142 

(214) 17144a1. 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

DC&AS BRIEFS 

Programmer/Controller Features 
Dual-Channel Operation 

Self-learning process modeling and dual-channel output 
for independent control of two process variables are fea­
tures of the MPC 3030 microcomputer programmer/ con­
troller. Introduced by Thermotron Industries, Automatic 
Control Systems Div, 468 Geveland Ave, Holland, M I 

49423, the unit offers 50 program intervals with inde­
pendent transition rate control for each channel. By con­
tinuously updating its information through monitoring 
the previous control action and the current process var­
iable level, the unit optimizes control response for a 
setpoint change and tailors the control response to the 
programmed profile. Program instructions are resident 
and are system prompted for ease of programming and 
editing. Selectable Celsius or Fahrenheit temperature 
scales, 25-char keyboard, eight on/ off TTL compatible 
event outputs, and failsafe protection for power transients 
and/ or power failure are included in the unit. Options 
include EPROM profile storage, emergency power back-up, 
event relays, and keyboard lockout. Power requirements 
are ll5 Vac, 50/ 60 Hz, 50 VA max. Overall dimensions 
are 8.75 x 19 x 17.75" (22 x 48 x 45 cm). Ambient op­
erating temperature is from 32 to 131 °F (0 to 55 °C); 
standard temperature range is -125 to 375 °F ( -87 to 
190 °C). 
Circle 163' on Inquiry Card 

lnterf ace System Based On 
Snap-In 1/0 Modules 

An 1/ 0 interface system announced by Teledyne Relays, 
12525 Daphne Ave, Hawthorne, CA 90250, consists of a 
mounting panel and up to 16 ac and de input and output 
modules. Logic circuitry interconnect wiring in the 
mounting panel terminates in a choice of ribbon, edge 
card, or D-type connectors compatible with most micro­
computer systems. Solid state modules for the model 
674 1/ 0 system snap into the panel without any wiring 
connections. Their features include optical isolation, 
noise immunity, and LED status indicators for trouble­
shooting. Output ratings are 4 A at 20 to 250 Vac, and 
up to 3 A at up to 250 Vdc. 
Circle 164 on Inquiry Card 
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Executing PASCAL or MACRO Assembler, 
BASIC, COBOL, FORTRAN 

and Business Software under CP/M@ 
... With commander 

A unique family of computer svstems. the Commander series 
includes the right configuration for your application. Stand 
alone Commanders have built-in mini-floppy disks with up 
to 320kb of storage. They include a full alphanumeric key­
board, user defined function keys, a five- or nine-inch CRT 
with graphics and soft screen, four RS-232 ports, composite 
video. parallel 1/0 port, and optional built-in thermal printer. 
IEEE and DMA 1/0 ports. 

Our stand alone Commanders use dual ZBOA processing 
whereby the user can access up to 16kb RAM ori the CRT 
terminal processor independently of the 64kb RAM on the 
host processor: 

A large capacity version of the Commander series provides 
1 megabyte storage in dual SSDD 8 inch floppies .. . ideal for 
integrating your CRTterminals. modems and printers. 

Applications Software 
Not only does the Commander accept the higher level 
languages you and your customer want. .. but we also. offer 
a host of proven application packages for a modest one-time 
charge, including diagnostic software. 

0 File Management. Editing and Word Processing Systems 

0 General Ledger. Accounts Payable and Receivable. Payroll 
and other accounting packages 

0 Mail List Management. Inventory Control and more general 
business packages 

*OEM quantity 50 price for dual Z80A. 32kb RAM. 160kb disk. keyboard. CRT 
four RS-232 ports and parallel 1/0. 

@Trademark of Digital Research 

commanders Are Available For Delivery In 30 Days. 

9050 Red Branch Road. Columbia, Maryland 21045 TEL: (301 l 992-3400 TWX: <710l 862-1891 
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Midcon/71® 

Electronics Convention and Exhibition 
Chicago O'Hare Exposition Center and 

Hyatt Regency O'Hare Hotel 
November 6-8 

James Ralston 
Convention Director 

How can the electronics industry meet the needs of 
manufacturing production and industrial design con­
cerns, and what available technology can these com­
panies . utilize? With more than 40% of the United 
States' industrial production within a 500-mi (800-km) 
radius of Chicago, these questions represent an im­
portant aspect of Midcon/79. The O'Hare Exposition 
Center will function as the exhibit hall, and the Hyatt 
Regency O'Hare will be the site of more than 120 
professional presentations for the 3-day convention. 

Professional sessions will be held at 10 am and 2 
pm, Tuesday, Nov 6 through Thursday, Nov 8. Those 
of interest to Computer Design readers deal with 
trends, applications, and present technology of micro­
computers and microprocessors, of memories, and in 
control. 

Featured in "Trends in High Performance Single­
Chip Microcomputers" will be Synertek's SY6500/l, 
Motorola's MC6801, Zilog's Z8, and Texas Instrument's 
TMS 9940. These VLSI chips are enhanced CPUs sur­
rounded with the elements necessary to offer a stand­
alone microcomputer system on one chip. Although 
more expensive than their stripped down counterparts, 
the single-chip microcomputers offer a cost savings 
due to part count reduction in the overall system, 
and can be configured into more demanding applications. 

The 16-bit microprocessor based systems to be dis­
cussed in another session are the Mc68000 from Moto­
rola, the 9445 Microflame II from Fairchild Camera 
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Robert Betten 
Program Chairman 

and Instrument Corp, the 16-bit microprocessor family 
from Zilog, and the PDP-11/23 from Digital Equipment 
Corp. Since some of the 16-bit system vendors are 
minicomputer manufacturers and others are semicon­
ductor manufacturers, this will afford a perspective 
on the evolution and revolution in 16-bit microprocessor 
architecture. 

Software for many of these systems will be dis­
cussed in "Advanced Software Tools for Microprocessor 
Based Systems." These include the C high level pro­
gramming language for Z80 and 8080 based micro­
processor systems, the IDRIS operating system, Pascal 
for Motorola 6809 and 68000 microprocessors with 
support for commercial and industrial microprocessor 
applications, and the Pascal MICROENGINE processor. 

Strides have been made to meet the demand for 
nonvolatile memories-during 1979 several manufac­
turers will be introducing memories that allow realtime 
system reconfigurations of nonvolatile storage. To be 
presented are trends in nonvolatile memories, the de­
vice technology, an overview of the market, and ap­
plications of electrically alterable memories. 

Current solutions to the problem of providing non­
volatile storage for micro and miniprocessors and for 
small systems will be delivered in another session. 
Solutions include EPROM, NMOS, battery backup of 
semiconductor memories, bubbles, minicassettes, and 
minifloppies. A third session will present advances in 
static, CMOS, and static and dynamic NMOS RAMs that 
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The first modular 2400 bps modem. 
That's Rockwell Micropower. 

Now you can easily and economically 
integrate a 2400 bps modem within the 

functional system of terminals or com­
munications equipment. 

The reason-the versatile design of 
Rockwell's R24, a synchronous MOS-LSI 

modem. The R24 divides its functions into 
three modules: one for the transmitter and 
two for the receiver. 

Each module is encased in a plastic pack­
age that can be plugged into standard con­

nectors or wave soldered onto system PC boards. Total module area required is only 
about 25 sq. inches. 

R24 gives designers functional flexibility, too. It's Bell 201 B/C and CCITT V.26 and 
V.26 bis compatible. And with a minimum of interfacing circuitry, it can be configured 

for operation on leased lines or the general switched network. 
Rockwell gets you started in performance analysis and system design with an R24 

modem on an evaluation board. Everything you need for your prototype design. 
A new generation of modems from the leading OEM manufacturer of high speed LSI 

modems. That's Rockwell Micropower working for you. 
For more information, contact D-727-A8 Microelectronic Devices, Rockwell International; 

P.O. Box 3669, Anaheim, CA 92803, or phone (714) 632-3729. 
See us at TELECOM '79, Geneva, Switzerland, EIA/U.S. PAVILION, Stands #109, 110, 117, 

and 118. 

Rockwell International 
.. .where science gets down to business 
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have been directed toward the development of mem­
ory systems with battery backup power to retain data 
during power down. 

Until recently, low power CMOS devices were also 
low speed and low performance. Advances in CMOS 
technology have resulted in memory components, micro­
processors, and supporting components that meet low 
power requirements without sacrificing speed. 

Although bubble memories have been promised as 
a usable technology for several years, current status 
indicates that it is just finally becoming a practical 
reality. Bubble memory subsystems, scaling down 
bubble memory devices, and contiguous disc bubble 
devices are the topics that will be presented. 

Computer use in manufacturing processes varies from 
direct machine control to information handling, and 
the hardware to implement these applications ranges 
from microprocessors to large scale data processing 
computers. Applications that will be detailed include 
a distributed manufacturing information system, dis­
tributed numerical control, minicomputers for furnace 
control, and an information display system for a manu­
facturing operation. 

Industrial robots, using open-loop control systems, 
are an accepted element in industry today. The addi­
tion of sensors and "intelligence" from the incorpora­
tion of mini or microcomputers will expand their range 
of applications. State of the art development in robot 

HERMETiC DIGITAL 

• Hermetic, metal 14-pin DIP 
(.870"L x .498"W x .250"D) 

• 50ns-250ns Delays (ten 10% taps) 

• :: 5% Total Delay Accuracy 

• 4ns Rise Tirne 

• Schottky Buffered 1 /0 

• Thick Film Hybrid 

• Pin for Pin Compatible with other 
leading manufacturer 

hYmt£kms {!~8J~~~:!991 
incorporated LOS GATOS, CA 95030 
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control, sensors, programming language, the augmen­
tation of man in space, and the problems of legged 
locomotion for robots will be expounded in the session 
entitled "Robots in Industry and Space." 

Personal computers are finding applications in engi­
neering, scientific, and industrial fields. Those to be 
discussed include a time clock/ job accounting data 
entry system, data acquisition and control system for 
laboratory experiments, medical data acquisition, test­
ing manufactured goods, establishing readability in­
dices, and high capacity mobile telephone systems. 

Computer graphics in computer aided design and 
manufacturing has demonstrated significant industrial 
productivity gains. Presented will be current computer 
graphics applications and considerations from the view­
point of industrial research, hardware manufacture, 
the turnkey industry, and the university. 

Three other sessions will present technology and 
trends in switching power supplies, data conversion, 
and CRT controllers. The present state of switching 
power supply technology is still not mature. New tech­
nologies include power FETs, and integration. Further 
developments may be necessary while safety specs call 
for higher isolation voltages, and emi pollution con­
trols call for lower levels of conducted and radiated 
emi. A high speed bipolar DAC and a high speed micro­
processor compatible ADC are among the trends in A-D 
interfacing to be covered. Other developments in this 
technology are UL data converters, monolithic bipolar 
video speed data converter circuits, and high resolution 
low power CMOS data converters. "Directions in CRT 
Controllers" will present ics now available and de­
signs being readied for production. 

The 500 booths in the O'Hare Exposition Center will 
be color-coded into specific exhibit areas. The four 
color groups encompass components, microelectronics, 
and fiberoptics; instrumentation and control systems; 
production, packaging, and test equipment; and mini/ 
microcomputers and EDP peripherals. Exhibition hours 
will run from 9:30 am to 6 pm, Tuesday, Nov 6 and 
Wednesday, Nov 7; and from 9:30 am to 5 pm, Thurs­
day, Nov 8. A free shuttle from the Caravelle Inn in 
Rosemont and the Horizon parking facility near the 
Sheraton O'Hare will service both the Hyatt Regency 
and the exposition center . 

The all-industry reception, "Fun and Games with 
Electronics at Midcon," will be held Tuesday evening, 
Nov 6, from 6:30 to 8:30 pm in the Hyatt Regency's 
International Ballroom. Refreshments and an array 
of electronic games will be featured. Tickets can be 
purchased at the door for $10 apiece. Also to be a 
part of this year's Midcon is the Film theater which 
will screen scientific and engineering motion pictures 
from 10 am to 4 pm the three days of the show . 

Registration for the conference will be $5 at the door; 
registration before Oct 22 is $3. For more information 
contact the Midcon office, 999 N Sepulveda Blvd, Suite 
410, El Segundo, CA 90245, tel: 213/ 772-2965. Midcon 
is sponsored by regional and local chapters of the 
Institute of Electrical and Electronic Engineers and the 
Electronic Representatives Association. D 
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Seven Reasons 
Why LSl*-11 Computer Users Prefer 

MOB Interface Products: 
1. Superior Performance 
2. Quality Workmanship 
3. Comprehensive Product Mix 
4. Competitive Pricing 
S. Better Delivery 
6. One-Year Unconditional Warranty 
7. Worldwide Sales 

Find your reason here! 
•PERIPHERAL DEVICE CONTROLLERS 

MLSl-LP11 Line Printer Controller 
MLSl-CR11 Card Reader Controller 
MLSl-PC11 Paper Tape Reader/Punch Controller 

New! MLSl-LV11 High Speed Electrostatic Plotter 
Controller 

(controllers above include 15 foot cable) 
MLSl-XYV11 Incremental Plotter Interface 

• (P)ROM MEMORY MODULES 
(memory not included) 

MLSl-MRV-000 For 2704 and 2708 UV PROMS 
and 3624 PROMS 

MLSl-MRV-001 For 1702 UV PROMS 
MLSl-MRV-002 For 5623, 5624 PROMS or 

equivalent ROMS 
MLSl-MRV-003 For 3625 PROMS or equivalent 

ROMS 
New! MLSl-MRV-004 For 2716 or 2758 PROMS with 

on-board programmer 
New! MLSl-MRV-005 For 2716, 2732, 2758 or similar 

devices 

•GENERAL PURPOSE LOGIC MODULES 
MLSl-1710 General Purpose Interface Module 
MLSl-ORV11 P Bus Foundation Module 
MLSl-118 General Purpose Direct Memory 

Interface 
MLSl-WWB1 Universal Quad Wirewrap Module; 

sockets optional 
New! MDB-W9501 Universal Quad Wirewrap Module 

•INTERPROCESSOR LINK SUBSYSTEMS 
New! MDB/MLSl-DA11BOI Parallel OMA Interprocessor 

Link between POP-11 and LSl-11 computers, 
differential drivers, optically isolated receivers . 

New! MLSl-DA11 BOI Parallel OMA Interprocessor Link 
between LSl-11 computers, differential drivers, 
optically isolated receivers. (Subsystems 
include 50 foot cables) 

•SYSTEMS MODULES 
MLSl-IBV11 IEEE/488 Bus Interface 

* TM Digita1 Equipment Corp. ** Data General is a computer manufacturer unrelated to MOB 

MSLl-DRV11 C Parallel Line Interface 
MLSl-SMU System Monitoring Unit 
MLSl-KPV11 Power Fail/Line-Time Clock 

Generator 
MLSl-KW11 P Programmable Real-Time Clock 
MLSl-TEV Bus Terminator Module 
MLSl-REV-11 Bootstrap Refresh/Terminator 

Option 

•COMMUNICATIONS/TERMINAL MODULES 
MLSl-DLV11 Asynchronous Serial Line 

Interface; modem control optional 
MLSl-DUV11 Synchronous Serial Line Interface 

•CHASSIS ASSEMBLIES 
MLSl-BPA84 Backplane/Card Guide Assembly, 

16 dual slots 
New! MLSl-BPA84A Same, with two slots wired for 

RLV01 disk controller, all others wired for 
Q-bus 

MLSl-BA11 Rackmount Enclosure for BPA84 
MLSl-H984 Roll-around cabinet, 30" mounting 

height 

MDB interface products always equal or exceed 
the host computer manufacturer's specifications 
and performance for a similar product. MDB 
interfaces are completely hardware compatible 
and software transparent to the host computer. 
MDB products are competitively priced, delivery is 
30 days ARO or sooner. MDB places an uncondi­
tional one-year warranty on its controllers and 
tested products. 

MDB also supplies similar interface modules for 
DEC PDP*-11 , Data General **, Perkin-Elmer 
(Interdata) and IBM Series/1 computers. Product 
literature kits are complete with data sheets, 
pricing and discount schedules. 

r:1 [) B 1995 N. Batavia Street 
Orange, California 92665 
714-998-6900 

SYSTEMS INC. TWX: 910-593-1339 

Northern California 408/733-3950 D Mid-Atlant ic : 301 1652-2173 D New England : 617/444-1800 D Mid-Western: 312/266-1032 D Southeastern : 305/254-2511 
Southwestern : 713/438- 1238 D Australia & New Zealand : (03) 543 2077 D Belgium & Luxembourg : 02-720 .90.38 D Canada : 416/625-1907 D France: 956.81 .42 
Greece: 9514.944 9520.589 o Hawaii : (808)524-8633 o Hong Kong : 5-771768 D India: 234343 D Japan: 03-437-5371 D Malaysia: 944 404 D Netherlands: 03404-21344 
Phlllpplnes: 89-1 0-96 D Singapore: 295-2381-2389 D Sweden, Norway & Anland: 08/94 04 90 D Switzerland & Llachtensteln: 01 /730 48 48 W. Germany: 0 89/80 60 61-62 

Circle 61 for LSI; 62 for ·PDP; 63 for DG; 64 for P-E; 65 for IBM. 



For the second time this 
year, we've cut the price on 
our 64Kb RAMpart 64 mem­
ory. Just $582 in lOO's 
when purchased 
with similar quanti­
ties of LSI-1112 
CPUs. 

So with every 
16-bit LSI-11/2 
microcomputer, you 
can get the memory 
that was made for 1t. 
With Digital's qual­
ity and reliability 
built right in-we 
actually burn-in and ----...... -~ 
schmoo every board 
we ship. 

Our RAM part 64 memory 
gives you on-board refresh, select­
able 1/0 page boundary, and a typi­
cal access time of just 210ns. 

All on a 5.2" x 8.9" (13.2 cm x 
22.8 cm) board. 

Price is just one way we're 
committed to the micro market. 
The fact is, we give you more 
ways to solve your design prob­
lems than anybody. 

A family of 16-bit microcom­
puters in boards, boxes and sys­
tems. The most powerful, 
advanced and proven software on 
the market. Plus hundreds of 

hardware tools- memory and 
interface boards, complete 

development systems, 
penpherals and ter­

minals. And we 
back it all with 
overll,000 

support 
people world­

wide. 
It's the total 

approach to micros, only 
from Digital. 

For more information, con­
tact Digital Equipment Corporation, 
MR2-2/M70, One Iron Way, 

Marlborough, MA ffi752. Or call 
toll-free 800-225-9220. (In MA, 

HA, AL, and Canada, call 
617-481-7400, ext. 5144.) Or 

contact your local 
Hamilton/ Avnet dis­

tributor. In Europe: 12 
av. des Morgines, 

1213 Petit-Laney/ 
Geneva. 

In Canada: 
Digital Equipment 

of Canada, Ltd. 

It took the minicomputer 
company to mal(e 
micros this easy. 
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BIT SLICE TECHNIQUE 
MINIMIZES MICROCONTROLLER 
COST/COMPLEXITY 

A bipolar LSI bit slice microcontroller bridges the performance/ 
cost gap between metal oxide semiconductor microprocessors and 
discrete logic in a microprogrammable digital to analog system 
design 

David Hooley Virginia Polytechnic Institute, Blacksburg, Virginia 

M any control tasks require higher speed, wider 
data path, or more powerful computation than is pro­
vided by metal oxide semiconductor microprocessors. 
In applications such as mass storage controllers, mini­
computers programmed in assembly language either 
cannot respond fast enough or should not he burdened 
with low level control tasks. Other applications, such 
as repetitive display or waveform generation, may he 
relatively simple, hut require an excessive amount of 
processor time. Designers prefer a more general pur­
pose solution to these problems than a specialized, 
discrete logic system, but without the expense of a 
full microprogrammed bit slice processor. A suitahle 
controUer design would provide a limited instruction 
set with subroutine and conditional jump capabilities, 
a large number of bits in the instruction word that 
are available for control of external registers, very 
fast instruction execution, read/ write memory for the 
development phase, and the ability to use read only 
memory or programmable read only memory after 
completely debugging the system. 

Control tasks which fit in this category of relatively 
fast operation with a few simple decision points can 
he efficiently implemented with a versatile, straight-

forward, microcontroller design. This controller con­
sists of a large microprogram memory for storage of 
microinstructions and a next address generator that 
supervises the conditional branching indicated by ex­
ternal control hits. Cost and complexity of the micro­
program sequencer are minimized by restricting its 
instruction set and addressing capabilities to meet 
particular application tasks. System design time is 
reduced considerably because physical hardware 
changes are seldom made, the designer does not need 
to thoroughly understand all the system details be­
fore starting the design, and similar applications may 
require only a minor software change to enable use 
of common hardware designs. 

Microcontroller Characteristics 

A microcontroller or microprogram sequencer furnishes 
addresses to control memory, which then presents a 
sequence of logic levels to the control lines of the micro­
programmed device. The microcontroller has the capa­
bility of altering program flow based on conditions 
generated in the microprogrammed device; thus, the 
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microcontroller can be viewed as a primitive processor 
that governs external logic. 

Several types of instructions for the microcontroller 
are needed to efficiently control such external logic 
as an arithmetic logic unit (ALU) of a minicomputer, 
a disc or tape interface, or a digital to analog con­
verter (DAC) used for waveform generation. Condi­
tional jumps or branches alter the microprogram flow 
depending upon selected conditions in the external 
logic. Subroutine control instructions allow the re­
peated use of a group of instructions which perform 
a commonly used function. In this manner, the number 
of words in an expensive microprogram memory can 
be reduced in comparison with straight-line program­
ming methods. Also, the microcontroller may need to 
present a number of sequential logic levels to the 
external device without any control decisions being 
made ; therefore, a next instruction or a no operation 
instruction is needed. In addition, unconditional jump 
instructions provide for convenient control of the pro­
gram flow. 

During the development phase, a read/ write (R/ w) 
microprogram memory enables the designer to try 
different microprogram approaches to the control prob­
lem more rapidly than if programmable read only 
memories (P/ ROMs) were used. After the development 
phase is completed and the system is debugged, the 
ability to store the microprogram in nonvolatile mem­
ory is necessary to avoid the need to reload micro­
program memory every time power is turned off. There­
fore, a practical microprogram sequencer and micro­
program memory would include the capability to use 
both R/ w and read only memory (ROM). Loading of 
R/ W memory under the control of an external com­
puter system is probably the most practical method 
of entering a microprogram into microprogram memory. 

System Desi9n Requirements 

A system application for a microcontroller involves 
a programmable waveform generator. A repetitive, 
stable, analog waveform with several simultaneous 
digital control signals is needed to control a measure­
ment process (Fig 1) . The obvious solution to this 
design problem is to program the waveforms in a 
P/ ROM, whose contents are then sequentially applied 
to a DAC. Extra P / ROM output lines could be used for 
the required 'digital control signals. 

Before committing the waveforms to P/ ROM, a con­
siderable amount of experimentation with the timing 
of the waveforms and the control pulses is required; 
thus, R/ W memory rather than P / ROM is needed for 
the design phase. A microcontroller design is more 
powerful than needed for this application, but it has 
the exact architecture required for a waveform gen­
erator and related control tasks. R/ w memory can 
be loaded by a minicomputer. If a program consisting 
of a series of absolute next (ANXT) instructions with 
an absolute jump (AJMP) instruction to address 0000 
at the end of the ANXT instructions is loaded, the con­
tents of the R/ W memory are continuously accessed. 
If a DAC is attached to the controller memory output 
lines, the desired analog waveforms are easily gen­
erated. Furthermore, an off the shelf microcontroller 
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large scale integration (LSI) chip is immediately avail­
able, whereas other devices would require extended 
design and construction time and cost. 

In Fig 1, a 12-bit DAC is attached to the controller 
memory output lines. Several microcontroller external 
control lines (CL) furnish required control signals. 
Since control memory can be programmed for single­
step operation, an external variable frequency clock 
is connected to an external reply line to control the 
rate of waveform generation. After the optimum rate 
and waveforms needed are determined, control memory 
can be set for continuous operation, and an appropriate 
crystal controlled clock and up/ down counter can be 
applied. 

The minicomputer is capable of loading microcon­
troller memory with the required waveform genera­
tion program and data by asserting the write enable 
line and loading the proper write data into controller 
memory, after which the program is automatically 
resumed by pulsing the microsequencer clear line. 
Obviously, the high speed capability of the microcon­
troller cannot be fully utilized in this situation since 
a 10-p.s/ step clock rate is needed due to the several 
microsecond settling time of the DAC, rather than 
applying the microcontroller's maximum clock rate 
of 100 ns. 

Microcontroller Implementation 

LSI circuits which perform the function of micropro­
gram sequencers are readily available with varying 
levels of software support.1•2 The Texas Instruments 
SN74S482 4-bit slice expandable control element has 
straightforward architecture and provision for relative 
addressing due to its full adder inputs.3 Although micro­
program controllers can be implemented with other 
available circuits, the sN74S482 was chosen because 
of its adder characteristics. 

The microsequencer consists of three 4-bit wide ele­
ments, a full adder, a 4-word first in, last out (FILO ) 
stack, and a clocked output address resistor or latch 
(Fig 2). Data flow through the sequencer is directed 
by .two select control lines for each of the three ele­
ments. The clocked output register ensures that the 
data output lines are stable between rising edges of 
the clock. Likewise, addresses are transferred to or from 
the FILO stack only on a rising clock edge. Information 
on the data input lines can be loaded directly into the 
output address register or can be added to the con­
tents of the output register via the full adder and 
multiplexer. It is also possible to push the current 
contents of the output address register onto the FILO 
stack via the full adder while loading the output regis-

. ter from the data input lines, thus implementing a 
jump to subroutine microinstruction.3 

The complete microcontroller system design (Fig 
3) comprises a microprogram control memory, micro­
program sequencer, instruction decoder, clock syn­
chronizer, and input source selector. Microprogram 
memory contains the control bit sequences for the 
external device under control, as well as the control 
program for three cascaded bit slice elements, which 
are used to generate 12 address bits for the next 
address to control memory. The architecture is purpose-
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Fig 1 System design require­
ments. Microcontroller is applied 
as programmable waveform gen­
erator to relieve minicomputer of 
simple, but time-consuming, task 
of continuously generating analog 
signals. Several bits of micro­
program memory are needed to 
control logic which generates 
dig ital number representing re­
sponse of experimental system to 
various analog signals 

Fig 2 Functional block dia­
gram of microsequencer. Four 
sources of data are delivered to 
4-bit output address register. 
Addresses to control memory 
can be o·btained directly from 
adder data input bus, output 
address register latch, and 4-
word FILO stack. In addition, 
current address can be added 
to 4-bit full adder data on adder 
data input bus, as determined 
by control lines S1 to S6 
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ly designed to be straightforward, resulting in easier 
programming and debugging. The extensive capabilities 
of the bit slice control elements and the fast speed 
of the microprogram memory array often allow com­
petitive performance with more complex pipelined 
architectures. Output lines of the microprogram mem­
ory control external logic systems, select input sources 
for the contr~l elements, and specify microinstructions 
to be executed. 

Full adder carry-input and carry-output lines allow 
cascading of the 4-bit slices. System design requires 
three cascaded slices, yielding a maximum address 
range of 212 or 0000 to 4095, because use of up to 
1024 words of control memory is anticipated. This 
system design resulted from tradeoffs of hardware 
implementation versus software restructuring, design 
time versus construction time, and cost considerations. 
The simple instruction repertoire of the microsequencer 
can often implement the functions of controllers with 
larger instruction sets by careful selection of the 
instructions available in combination with the full 
adder input. Since this system configuration can op­
erate at 100-ns cycle times while using fast bipolar 
memories, the added speed of a complex pipeline 
structure is not necessary, thus considerably simplify­
ing the overall microcontroller design. 

7 
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(74S138) 

3 

CL3-5 

ENABLE EXTERNAL 
SOURCES 

CL9-20 
ADDRESS FIELD 

.-----~ Sl·S6 AND 

EXTERNAL 3-STATE 
BUFFERS FOR 
ADDER INPUT 
SOURCES 

ADDER INPUT >----. 3-STATE BUS 

12 

Instruction Set 

The microcontroller presents a desired series of con­
trol bits to the hardware under control. An ability 
to make decisions based on the results of previous 
operations is also required. Provision for repeating a 
sequence is highly useful; thus, a subroutine mechan­
ism is needed. The manufacturer of the bit slice con­
trol element provides only hardware documentation, 
allowing designers to configure an instruction set to 
meet specialized needs. Therefore, an instruction set 
for the microcontroller has been formulated from the 
six useful combinations of the six select control lines 
(Sl to S6) and the carry input line, resulting in three 
groups of microinstructions-jump, next, and subrou­
tine operations. 

The first, or j ump, group results in program con­
trol being transferred to the address specified by the 
source input selector. The second, or next, group adds 
one to the current address as calculated by the jump 
group. The third, or subroutine, group allows storage 
of the current address while a sequence of instructions 
is being executed, after which execution is resumed 
at the instruction following the address that called 
the subroutine. 

CLOCK 
OSCILLATOR 

REPLY 

STOP 
CLOCK 
CL 6 

WRITE 
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3 TO a CARRY INPUT 
INSTRUCTION 7 .-------------------~ 

DECODER ,__ _ __,....._i--____ M_1rc_R_o_s_EQ_u_EN_c_ER.------j.,.~C~LO~C~K~_J 

Fig 3 Functional block diagram 
of microcontroller system. Re­
lationships of individual compo­
nents of microcontroller indicate 
straightforward design, based on 
microsequencer and micropro­
gram memory. Control lines (CL) 
0 to 2 from memory are decoded 
to control microsequencer. Con­
trol lines 3 to 5 select adder 
input data. Control line 6 controls 
clock, while control lines 7 and 
8 are unassigned so that instruc­
tion fields fall on octal bound­
aries. Control lines 9 to 20 are 
used by instructions that require 
address. If none is required, con­
trol I in es 9 to 20 can 'be used for 
external control, as can control 
lines 21 to 39 
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A jump to subroutine (JMSA) microinstruction (Table 
1) pushes the current contents of the output register 
plus 1 onto the 4-word internal FILO stack, and the 
output register is loaded from the data input lines. 
Execution of the microprogram then proceeds from the 
absolute address presented on the data input lines. 

Nesting of subroutines beyond four levels must be 
avoided because the pushing of a fifth address onto 
the FILO stack will cause a stack overflow, losing the 
address at which execution will resume after returning 
from the first subroutine. To return from a subroutine 
( RETS), the top address on the stack is loaded into the 
microsequencer output register, allowing execution to 
resume at the next microinstruction after the call to 
the subroutine in the main microprogram. This opera­
tion pops the stack one position, making the address 
stored by a previous subroutine call available on top 
of the stack. 

Jump and next microinstructions have two forms, 
relative and absolute. The relative form adds the 
contents of the output register to the data input lines, 
while the absolute form loads the output register 
directly from the data input lines. Thus, the absolute 
jump (AJMP) microinstruction can jump to the address 
in microcontroller memory which is presented on the 
data input lines. The absolute next ( ANXT) microin-

struction does not completely follow form because it 
merely increments the output register, causing the 
next microinstruction to be accessed. 

The relative jump (RJMP) and relative next (RNXT) 

microinstructions allow alteration of the micropro­
gram flow based on data presented on the data input 
lines. RNXT operates in exactly the same manner as 
the RJMP, except that the address loaded into the out-

. put register is one greater than that loaded by a corre­
sponding RJMP microinstruction. RJMP adds the data 
input lines to the contents of the output register and 
then loads this sum into the output register. This micro­
instruction is used in a situation where a constant 
control bit pattern is desired until some quantity be­
ing tested assumes a nonzero value. 

An external flag, which assumes a logic 1 value 
when the external device under control is ready for 
further operations, can be connected to the data input 
lines. At the point when the microprogram cannot pro­
ceed until the operation is done, an RJMP microinstruc­
tion is encoded to select this flag for the data input 
lines. As long as the flag is a logic 0, RJMP continuously 
repeats itself. Only when the flag goes to a logic 1 
does the microprogram proceed to the next microinstruc­
tion. Naturally, the opposite condition could be selected 
by inverting the flag signal. 

TABLE 1 

Mlcrocontroller Instruction Set 

Octal Adder Stack Latch Carry-
Code Mnemonic S1 S2 Operation S3 S4 Operation S5 S6 Operation In Line 

Jump Absolute 
0 AJMP 0 0 --- 0 0 Hold 0 0 Di 0 

Jump Relative 
RJMP 0 0 a+b+c 0 0 Hold 0 1 SI 0 

Jump to Subroutine 
2 JMSA 0 b+c 1 1 Push 0 0 Di 1 

No Operation 
3 NOOP 0 0 --- 0 0 Hold 1 Hold 0 

Return from Subroutine 
4 RETS 0 0 --- 0 Pop 1 0 QI 0 

No Operation 
5 NOOP 0 0 --- 0 0 Hold 1 Hold 0 

Next Absolute 
6 ANXT 1 0 b+c 0 0 Hold 0 Si 1 

Next Relative 
7 RNXT 0 0 a+b+c 0 0 Hold 0 SI 1 

a-adder Input 
b--addreas output register contents 
c--carry-lnllne 
DI-adder Input 
SI-top value on stack 
QI-address output register 
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Complementing the data input lines would result 
in jumping backward one microinstruction in the micro­
program. If the device flag is connected to a bit other 
than the least significant bit ( LSB) on the data input 
lines, a jump of µiore than one microinstruction could 
be made. In fact, this mechanism is a particularly 
convenient method to implement a jump table. The 
offset into the table is impressed on the data input 
lines, and a relative jump or next microinstruction is 
executed. For example, the designer may be able to 
encode the major types of a computer's instruction 
set into several bits. When the microcontroller is 
ready to execute the next computer instruction, it se­
lects the output of the instruction type encoder and 
does a relative next microinstruction. This instruction 
directs the microprogram through the jump table to 
the microinstructions which perform the function of 
the computer instruction encoded earlier. 

Table 1 summarizes the microinstruction set, indi­
cating the octal code assigned to each microinstruc­
tion, the states of the microsequencer control bits, and 
their results for the adder, stack, and latch sections of 
the control element. Microinstructions obtained from 
bits 0 to 2 of microprogram memory are translated 
by the instruction decoder into control signals Sl to 
S6 for the microsequencer. Operation columns indicate 
the instruction's effect on respective elements of the 
microsequencer. The state of the carry-in line is also 
indicated. Because the relative forms of the subroutine 
microinstruction have no useful result, they are called 

no operation (NOOP). However, these are critical micro­
instructions since they loop on themselves indefinitely. 
The only practical way to recover from a no operation 
microinstruction is to assert the clear line ~f the micro­
sequencer, thus forcing address 0000 into the output 
register. 

By comparing the microinstruction set in Table 1 
with that of other microsequencers, the relative next 
and jump microinstructions can be used to implement 
conditional microinstructions present in most other 
microsequencers. Conditional jump to subroutine and 
return from subroutine instructions are not available, 
but these functions can be implemented by the se­
quence of a relative jump or next instruction, and 
then the desired subroutine microinstruction. Loop-until­
count-goes-to-zero microinstructions could be imple­
mented by testing the NOR function of an external 
counter output with a relative jump microinstruction. 
The relative jump microinstruction is repeated until 
the external counter output goes to zero, thus incre­
menting the microinstruction counter in the output 
register of the microsequencer. Except in cases where 
microprogram memory words must be conserved, con­
trol of such loops might be done more easily by re­
peating the complete microinstruction bit pattern using 
the absolute next microinstruction until the desired 
small number of operations are completed. The lack 
of conditional subroutine microinstructions may also 
require use of a few extra microprogram memory 
words. A short listing of the system application (wave­
form generator) program (Table 2) demonstrates the 

TABLE 2 
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Waveform Generation Program 

Address Octal Instruction Mnemonic Comment 

ECB ADDF W SI - - --- -
0 0000 0000 1 0 6 ANXT WAIT 
1 0000 0200 1 0 6 ANXT 200 ADDF WAIT ( Start waveform ramp up) 
2 0000 0400 1 0 6 ANXT 400 ADDF WAIT 
3 0000 1000 1 0 6 ANXT 1000 ADDF WAIT ( Max amplitude reached) 
4 0001 1000 1 0 6 ANXT 1000 ADDF 1 ECB WAIT ( Enable count up 
5 0001 1000 1 0 6 ANXT 100Q ADOF 1 ECB WAIT ( to integrate response) 

- similar Instructions through address 371 -

371 0000 1000 1 06 ANXT 1000 ADDF WAIT 
372 0000 0400 1 0 6 ANXT 400 ADDF WAIT 
373 0000 0200 1 0 6 ANXT 200 ADDF WAIT 
374 0000 0000 1 0 6 ANXT WAIT 
375 0002 0000 1 0 6 ANXT WAIT 2 ECB 
376 0006 0000 1 0 6 ANXT WAIT 6 ECB 
377 0000 0000 1 7 0 AJMP 0 ADDF CMEM WAIT 

ECB-external control blta ol microprogram memory 
ADDF-addre11 field 
W--clock control bit 
S-aource select field 
I-Instruction aelect field 

( Start ramp down) 

( Enable count down for 
( baseline subtraction, set flag) 
( Jump to contents of ADOF) 
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utility of the mi.crocontruller instruction set. Partiai 
listing of the waveform generator program shows the mi­
croprogram address, instruction, and source mnemonics. 
In this program, the address field is used for jump 
addresses and values for the DAC. Mnemonics ANXT and 
AJMP set the I field, ADDF sets the ADDF field, WAIT 
sets the W field to a 1, and CMEM sets the S field 
to 7 which selects the ADDF field as the source of 
addresses for the microsequencer. ECB sets the ECB 
field which controls external logic in this application. 

Microprogram Memory 

The 40-bit wide microprogram memory is arranged in 
six fields to facilitate software and conserve memory 
bits (Fig 4). The three LSBs (2, 1, and 0) select the 
desired microinstruction (Table 1). The next three bits 
( 5, 4, and 3) select one of seven external sources 
for the data input lines. The eighth possible coding 
(bits 5, 4, and 3 are all ls) selects the 12-bit address 
field of microprogram memory (bits 9 through 20). 
This field may be shared with other external control 
functions, in which case, care must be taken to avoid 
destroying data in the external device under control. 
Bit 6 is the clock control bit. Bits 7 and 8 are avail­
able for external control or may be used to expand 
the number of sources for the data input lines. Bits 
21 through 39 are available for external control func­
tions. 

Space is available in microprogram control memory 
for both P / ROM and bipolar R/ w memory depending 
on designer requirement's. The capacity of memory 
installed is determined by the application requirements 
of a particular system. 

Up to two banks of P / ROM may be installed in the 
current system design-256-word by 4-bit or 512-word 
by 4-bit memory units may be used by selecting the 
proper address lines from the control element output 
register and the chip select decoder. Similarly, one 
bank of 256-word by 1-bit or 1024-word by 1-bit bipolar 

39 38 37 36 35 34 33 32 31 30 29 28 

.. 

R/ W memory units may be installed with wumg modi­
fications. The smallest implementation of micropro­
gram memory would consist of 256 words of P / ROM 
or R/ W ..- memory, while the largest implementation 
would consist of 1024 words of R/ W memory and 1024 
words of P / ROM for a maximum microprogram of 2048 
words by 40 bits wide. Larger configurations would 
require additional. printed circuit area or another 4-bit 
slice if 4096 words are exceeded. 

R/ W memory is used as a writable control store, 
particularly to test microprograms before they are 
dedicated to P/ ROM. To accomplish the writing process 
for test purposes, external logic asserts the write enable 
line (Fig 3), which stops the execution of the micro­
program. This external logic then places the address 
to be written into on the data input lines and pulses 
the write clock, which loads the microsequencer output 
register with the desired address. Then, external logic 
applies proper data to the 10 write input lines for 
each of the four banks of R/ W memory, pulsing the 
proper bank select line to conclude the writing opera­
tion. This procedure is repeated for all addresses that 
must be written into memory; after this, microprogram 
execution is restarted in an orderly fashion at micro­
program address 0000 by deactivating the write enable 
line and pulsing the control element clear line. 

Clock Synchronization Logic 

In the clock synchronization logic (Fig 5), the enable 
flipflop (FF) is cleared by the rising edge of the wait 
signal generated from bit 6 (CL 6) of control memory. 
When the current clock pulse is completed, no more 
pulses are generated until the enable flipflop is set 
by the positive transition of the externally generated 
reply signal. Setup time with respect to the rising 
edge of the microsequencer clock is about 40 ns, which 
is the same period of time as the sum of the decode 
instruction and setup times (Table 3). Thus, setting 
bit 6 in the current microinstruction to 1 halts the 

27 26 25 24 23 22 2 1 

14---------- EXTERNAL CONTROL BITS------------

Fig 4 Microprogram memory 
control fields . Encoding of 
control fields in microprogram 
memory reduces number of 
bits required in memory. Bits 
O to 2 select one of eight pos­
sible instructions, of which six 
are used. Bits 3 to 5 select 
one of eight adder input data 
sources. Bit 6 halts microcon­
troller clock when high to 
allow synchronization with ex­
ternal logic. Bits 7 and 8 are 
unassigned so that address 
field (9 to 20) falls on octal 
boundaries, allowing easier 
programming. Address field of 
12 bits may 'be used to con­
trol external logic as do ex­
ternal control bits (20 to 39), 
if it is not selected by source 
select field 

MSB 

20 19 18 17 16 15 14 13 12 11 10 9 8 7 

12-BIT ADDRESS FIELD ~ i 
EXTERNAL CONTROL BITS~ 

6 5 4 3 2 0 

~ 
SOURCE INSTRUCTION 
SELECT SELECT 

LSB 

ClDCK CONTROL BIT 
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REPLY 

STOP 
CLOCK 
CL 6 

lO·MHz 
CLOCK 
OSCILLATOR 

+V 

_f""'L WRITE 
CLOCK 

Fig 5 Clock synchronization logic. This circuit allows microcontroller to be halted by low to high 
transition on wait line derived from line CL 6 of microprogram memory. When low to high transi­
tion occurs on reply line, clock pulses are passed through clock flipflop, and microprogram execu­
tion resumes 

controller clock before the next clock pulse can be 
generated. 

If the enable flipflop is clocked by a positive edge 
10 ns before the clock flipflop is clocked by a positive 
edge from the clock oscillator, a microsequencer clock 
pulse is generated immediately. Replies arriving later 
will not generate a pulse until the next positive edge 
appears on the oscillator output. Setup time with re­
spect to the rising edge of the microsequencer clock 
is about 30 ns for the reply signal. Bit 6 in the 
microinstruction must be a 1 to start a wait state, 
after which the device that is addressed by other bits 
of the microinstruction holds the reply line low until 
'device data are valid. At this time, reply is released 
by the device, a positive edge is generated, and the 
microprogram proceeds with the next positive edge 
generated by the oscillator. 

Microcontroller Timing 

Timing of the microcontroller with reference to the 
rising edge of the clock pulse is shown in Fig 6. Maxi­
mum, typical, and observed times (in nanoseconds) 
for the time parameters are given in Table 3. Numbers 
in parentheses are for the data input path, which is 
slower than the instruction decoding path, but does 
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not require as much setup time in the microsequencer. 
Observed times are rounded to the nearest 5 ns. 

Table 3 indicates that a 100-ns cycle time is achiev­
able under typical conditions. Under extreme condi­
tions or with chips that just meet specifications, a 150-
ns cycle time is realistic. These numbers assume that 
the data to be placed on the data input lines are 
valid by the. beginning of time tdi. This assumption 
is true for . addresses obtained from control memory, 
but is not true if an operation controlled by the current 
control memory output must occur before control sig­
nals can be generated for the next microinstruction. 
Thus, the system designer must be aware of these 
timing relationships in order to assure a properly op­
erating system. 

Summary 

Microcontroller design techniques can be used cost­
effectively to save design time in small process control 
applications as well as in large computer control unit 
designs. Available microsequencers and fast bipolar 
memories allow a straightforward microcontroller de­
sign with significant capabilities to fill the gap in per­
formance between metal oxide semiconductor micro­
processors and conventional logic control. The addition 
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MICROSEQUENCER 
CLOCK LINE 

MEMORY ADDRESS 

MEMORY DATA 

MICROSEQUENCER 
DATA AND 
CONTROL LINES 
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Fig 6 Microcontroller timing diagram. Timing is referenced to rising edge of microsequencer clock. 
Time parameter tas is address setup time for microsequencer. Note that memory address lines are 
valid a short time after rising edge of clock. Memory data are valid after memory address time, 
tma, has elapsed. Microcontroller instructions are decoded during time tdi. Microsequencer instruc­
tion and data lines must be valid 1by start of setup time tsu . Table 3 lists typical time values 

TABLE3 

Mlcrocontroller Timing Parametel'9 

2. J. Brick and J . Mick, "Microprogramming ups your optfons 
in µJP-system design," EDN, Jan 20, 1978, pp 105-110, Feb 5, 
1978, pp 53-61, and Feb 20, 1978, pp 75-80 

3. T•exas Instruments, Inc, "Type sN74S482 4-Bit-Slice Expand­
able Control Element," The Bipolar Microcomputer Compo. 
nents Data Book for Design Engineers, Dallas, Tex, Dec 1977, 
Section 5, pp 411-46 

Parameter Observed Typical Maximum Bibliography 
tas 15 12 
tma (745206) 40 35 
tdi 10 (30) 12 (27) 
tsu 30 (15) 30 (15) 

Total 95 (100) 89 (89) 

tu-mlcrosequencer addreaa set time from 
rlelng edge of clock 

tm-emory access time 
tdl-lnstructlon decode time 
tau-setup time required for control algnals 

25 
55 
21 (47) 
30 (15) 

131 (142) 

(or data) befora rising edge of mlcroaequencer clock 

of a carefully structured instruction set results in an 
efficient microcontroller system. 
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"Speaking as an expert on flat, I would like 
to recommend another expert: Spectra-Strip. 

They really know that flat is where it's at. 
They delivered their first flat cable in 1956, 
and now offer more kinds than anybody. 
Their flat cable line includes gray and color­
coded bonded, laminated, and extruded flat 
and twisted pairs, twisted pairs that can be 
mass terminated (Twist 'N' Flat®), trans­
mission line and ground plane, and extruded 
jacketed cable (Spectra-Guard™) that can 
take a real beating. 

They can also provide IDC receptacles, 
headers, DIP plugs and sockets, PCB 
transitions and card-edge connectors. 

And when things get tight, they won't 
leave you flat: their value-added distributors 
can whip together standard jumpers and 
assemblies (single-ended, double-ended or 
daisy-chained), or Spectra-Strip can provide 

C Spectra·Strip 1979 

custom 
assemblies 
using their own products 
and anybody else's wire, cable and connectors. 
That way you get pretested assemblies 
that are usually less expensive than if you 
did them yourself. 

For the name and number of your nearest 
distributor or rep, write Spectra-Strip, 
7100 Lampson Avenue, Garden Grove, 
CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200. 

Say that you heard about them from me 
and my dog Splat'. ' 

When you're down to the wire 
CIRCLE 67 ON INQUIRY CARD COM P UTER DESIGN/ OCTOBER 1979 



ADD-IN CACHE MEMORY DOUBLES 
MINICOMPUTER PROCESSING 
SPEED 

Cache memory plugs into CPU backpanel with no hardware or 
software modifications. Resulting overall system speed increase is 
typically 30 to 70%, with more than 100% increase measured in 
some CPU intensive applications 

Ronald N. Monroe Minntronics Company Incorporated, St. Paul, Minnesota 

Regardless of particular application or vanat10ns 
in specific organizational details, cache memories rely 
on the basic concept that, in the step-by-step execution 
of a large program, a central processing unit origi­
nated fetch at an address has a high average proba­
bility of being repeatedly accessed. Fundamentally, a 
cache provides a small, high speed scratchpad overlay 
buffer memory, typically implemented in bipolar tech­
nology. Its capacity is only a fraction of that of main 
memory, which is generally of magnetic core or metal 
oxide semiconductor technology. Addresses and cor­
responding contents most frequently accessed by the 
central processing unit are automatically stored in 
cache memory, which significantly reduces the number 

of accesses to slower main memory, and increases the 
processing speed of the entire system. 

The same result could probably be achieved by 
simply replacing slow core with high speed semicon­
ductor main memory, but the relatively high cost and 
inherent volatility of the latter limit the performance/ 
cost ratio. Replacing existing core memory systems is 
even more economically unattractive. 

Minicomputer Selection 

The PDP·ll/ 45 minicomputer was chosen for a cache 
memory design because of several factors; however, 
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the central processing unit (CPU) selection process 
can be applied to other similar minicomputers: 

1. This minicomputer has a basic CPU cycle time of 
330 ns, three times faster than the speed of its main 
core memory / Unibus* combination. 

2. It also has Fastbus *, a separate high speed bus 
that allows the CPU to run at its fastest speed. In 
addition, the timing relationship between the two buses 
neatly facl.litates the application of a pluggable cache 
memory. 

3. There are unassigned slots in the CPU backpanel 
in which to plug the cache with no mechanical or 
electrical modifications required. Power can be de­
rived from either of two sources : from a separate 5-V 
power supply within the minicomputer power supply 
chassis, or from an existing supply. The entire installa­
tion can be accomplished in 10 to 15 min. 

4. Cache in conjunction with core memory yields im­
portant advantages. There is a system speed advantage 
of Fastbus metal oxide semiconductor (Mos) memory 
throughout its entire 124k-word address range, with­
out incurring its 32k-word limitation and volatility. In 
a mixed memory system of different cycle speeds, cache 
tends to minimize such differences; the slower the core 
memory, the greater is the percentage benefit from 
buffering with a cache. Also, the programmer need not 
allocate faster portions of memory to certain pro­
grams in order to optimize system speed. 

Selection of Cache Memory Algorithm 

Several alternative cache memory algorithms were 
considered and evaluated by means of computer simu­
lation. A write through (WT) algorithm, conceptually 
the simplest, was selected as having the most favor­
able advantages. All write requests are referred direct­
ly to main memory with cache memory updating itself 
in parallel if it contains the specified address. The 
benefit of this concept is that the contents of addresses 
stored in main memory and in cache are always 
identical. This characteristic is especially valuable in 
systems with independent input/ output data paths, such 
as in the PDP-11/ 45, and also for coping with an un­
planned power interruption. A WT limitation concerns 
the fraction of reads ratio (FR), defined as the number 
of CPU read requests divided by the total number 
of CPU requests; for most programs, this ratio is ap­
proximately 0. 7 to 0.8. 

While considering various alternative algorithms, 
it was decided that the cache would have to be a 
pluggable board requiring no modification of the mini­
computer. After carefully studying the architectural 
and physical design of the minicomputer, it became 
apparent that only the WT algorithm would allow the 

*PDP-11/45, Unibus, and Fastbus are registered trademarks of 
Digital Equipment Corp, Maynard, Mass 
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physical construction necessary to satisfy this design 
constraint. 

Analytical results indicated that the WT algorithm 
could cut effective machine cycle time approximately 
in half, ie, double the average CPU processing speed. 
Theoretically, the maximum possible goal would be 
to triple the processing speed, due to the speed limi­
tation of the CPU, if the program did no write op­
erations and all fetches were satisfied out of cache. 

The use of the WT algorithm turned out to be 
further justified because of the relative ease in deal­
ing with direct memory address (DMA) and interrupt 
activities on the Unibus. In addition, this algorithm 
allows the cache to share Fastbus and be completely 
compatible with up to 16k words of MOS or bipolar 
memory. 

Selection of Cache Size 

Studies have shown that a cache memory size of at 
least 512 words is necessary for typical minicomputer 
programs in order to maintain an acceptably high hit 
ratio (HR), defined as the ratio of the number of 
times that the desired address is in the cache divided 
by the number of CPU fetch requests. Typically, HR 
equals 0.88 ± 0.03. The final cache memory size 
was chosen as lk words (or 2k bytes) to significantly 
improve the HR while drastically decreasing chip 
count and halving power consumption by using lk-bit 
Schottky bipolar RAM chips. 

Cache Memory Architecture 

The internal block diagram of the cache is shown 
in Fig 1. The control circuitry mainly provides the 
proper interfacing between Unibus, Fastbus, and the 
rest of . the cache. The address multiplexer switches 
either the Unibus, Fastbus or internal initialization 
address into the memory section. The initialization cir­
cuitry, comprising a 10-bit counter that drives the in­
ternal address bus to the memory, initializes the cache 
by clearing all 1024 bits in the valid bit register 
(VBR). The memory is organized as a lk- x 27-bit 
array. The 27 bits are comprised of 16 bits for the 
data, 7 for the directory, 1 for the VBR, and 3 for 
parity checking. 

The compare circuitry compares the output of the 
directory to the bits <17: 11 > of the incoming ad­
dress to determine a cache hit/ miss. The parity error 
detection and display circuitry checks for parity errors 
on CPU fetches. If an error occurs, this section causes 
a CPP trap, disables the cache, turns on an LED, and 
sets the error bit in the control/status register (CSR). 
The CSR also has a bit which allows software or front 
panel enable/ disable of the cache, and a diagnostic 
parity error flag disable bit. 

Organizationally, the WT cache adapts to the PDP-
11/ 45 as shown in Fig 2. Notice that the cache plugs 
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into both Unibus and Fastbus. Thus, the cache is a 
dual-port memory, with certain differences. The cache 
is completely passive on the Unibus port; it can only 
receive Unibus signals, but not drive them. Conversely, 
the Fastbus port cannot receive data, but can drive 
the Fastbus data signals. 

CPU Fetch Requests 

Normally, the CPU initiates all memory requests on 
both buses simultaneously by asserting the specified 
address on the address lines for both. While waiting 
the required minimum time of 150 ns on Unibus before 
starting a core memory cycle, the cache is ready to 
accept a signal on Fastbus, indicating that the speci­
fied address is located within the cache. Figs 3 and 

] 

CllCUIT 

t-+--
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I-+-

I- .----

+--+ PARITY 
EUOR 

la DETECT .. 
LEO 

t-- OISl'LAY 

~ 

J FAST BUS 

Fig 1 Block diagram for cache 
memory. External address bits 
<10:01 > map external address 
and corresponding data into 
unique location in cache, where 
remaining bits < 17:11 > are 
stored in directory, and 16 data 
'bits are stored in upper and 
lower data byte registers. Valid 
bit register (VBR) is set to valid, 
and three parity bits are gen­
erated and stored. Subsequent 
Fastbus access to same location 
causes data to 1be supplied, with 
parity checking, to Fastbus 

4 illustrate fetch read and write request responses, 
respectively. If the address is in cache and if the CPU 

memory request is a fetch, the cache transmits a re­
sponse signal, causing the CPU to cancel the remain­
ing Unibus cycle, which means that no core memory 
cycle will take place either. Data are available on 
Fastbus and the CPU is ready to start the next request 
330 ns later, compared to about 1000 ns if the request 
had been filled from core memory. 

If the specified address is not in cache, the CPU 

does not receive the Fastbus response signal, continues 
the Unibus cycle in the usual manner, and obtains 
the desired data from core. When data are available 
on the Unibus, the cache automatically copies and 
stores this information and the top portion of the 
corresponding address via the Unibus port; then, data 
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Fig 2 Cache plugged into minicomputer. 
All CPU fetches init ially proceed simu l­
taneously on both Fastbus and Un ibus. 
If high speed memory device on Fastbus, 
such as cache, acknowledges having ad­
dress, CPU takes desired data from that 
devi ce off Fastbus and can cels Unibus 
memory cycle 

UNIBUS 
TERMINATION 

are available fr om the cache for the next CPU fe tch 
to that address. 

CPU Write Requests 

CPU write requests to core memory are filled on the 
Unibus just as if the cache were not present. How­
ever, when the address is in cache, new data are writ­
ten into cache in parallel with core memory. This 
condition ensures that data in core memory are always 
current with those in cache, and that the inherent 
non-volatility of the core memory will guarantee against 
loss of data resulting from power failure. It also facili­
tates handling DMA activity. 

DMA and Interrupts 

DMA and interrupt cycles are entirely Unibus opera­
tions and do not involve the Fastbus. Consequently, 
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these types of cycles do not insert new addresses into 
the cache; only CPU fetch cydes do that. H owever, if a 
DMA cycle should update an address in core that is 
also in cache, the new data are simultaneously written 
into cache also. 

Cache Address Replacement Strategy 

The many-to-one correspondence principle involved in 
a simple direct mapping scheme is illustrated in Fig 
5. The address space of the PDP-11/ 45 is 131,072 words 
specified by 17 bits < 17 : 01 > . This address space 
can be divided into 128 blocks, each consisting of a 
block number and the lower address bits <10 : 01> 
that specify the position, or memory cell, of the 
address within the block . These same lower address 
bits also specify one of 1024 individual memory cells 
within the cache. 

When an address is stored in cache, only the block 
number is physically stored in a lk x 7-bit register 
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Fig 3 Cache response to memory fetch. Ignoring all 
OMA fetches, cache searches its directory only in 
response to CPU fetches. If hit occurs, cache acknowl­
edges and supplies desired data on Fasfbus. If it is 
a miss, cache does not acknowledge, and desired 
data are supplied by main memory to both CPU and 
cache simultaneously on Unibus 

WRITE DATA 
INTO CORE 

DO NE 

CPU & OMA 
WRITE OPERATION 

IN 

WRITE DATA 
INTO CAC HE 

Fig 4 Cache response to write operation. Since cache 
does not acknowledge CPU writes on Fastbus, all 
writes, both CPU and OMA, occur on Unibus and are 
handled identically by cache. ·If address is in cache, 
its data are updated in parallel with that of main 
memory, and if not, contents of cache remain un­
changed 

called the directory. This directory is organized as a 
content addressable memory (CAM) , meaning that 
when the cache is accessed, the 7-bit word readout of 
the directory memory cell specified by address bits 
<10 : 01> is compared bit-by-bit with the top seven 
bits of the incoming address bits <17 : 11>. If there 
is an equal compare, the address is said to be in cache, 
or that there is a hit. 

Initialization Scheme 

In order to clear out invalid contents in the cache, 
the cache automatically initializes itself by clearing 
all 1024 bits in the VBR. The process of initialization 
sets all the associated flag bits in the VBR for each 
of the 1024 locations in the cache back to zero. This 
condition has the effect of forcing "misses" from the 
cache; hence, the CPU will be satisfied only by the 
core memory until the cache is once again "reloaded" 
with valid data. 

Initialization, which requires about 500 µs to com­
plete, takes place automatically whenever either the 
de power is restored to the computer system after a 
power interruption or when the Unibus initialization 
(INIT) signal is deactivated. This activity is completely 
transparent to the system. 

The cache can be switched on or off, either mechan­
ically or by software, to inhibit it from supplying 
data to the CPU. In this state, the system would run 
just as if no cache were installed; however, the cache 
would continue to load itself with current information. 
This on-off capability is useful for benchmarking and 
system debugging. 

Parity Error Detection · 

Parity error (PE) detection is provided on the cache 
to improve overall system reliability. The method used 
is to divide the basic lk x 24-bit memory array of 
the cache into three 8-bit bytes and add a parity bit 
to each byte, resulting in a lk x 27-bit memory array. 
Three LED indicators provide visual indication not only 
of a parity error but also of the defective byte. In 
addition, bit 15 in the Unibus-addressable CSR is set, 
and bit 1 (on-off bit) is cleared when a parity error 
occurs. Furthermore, the cache automatically turns 
itself off . line and flags the CPU with a dedicated PE 

line. 
An addressable cache CSR provides the following 

error bits/ functions: 

Bit 15-normally clear, but is set if cache parity error 
occurs. Read-only capability. 

Bit 1-on-off line control is cleared automatically if 
cache parity error occurs. May also be used to disable 
cache. (Can be overridden in ON state by mechanical 
switch.) Read/ write capability. 

Bit 0-normally set; when cleared, cache is inhibited 
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0 
1023 

0 

Fig 5 Direct mapping scheme for 1 k-word 
cache. Any of 128 different addresses within 
128k-word address space can be mapped one 
at a time into any given location, specified 
by its <10:01 > of main memory address, 
within cache. Upper bits <17:11 > are then 
stored in directory which functions as con­
tent addressable memory (CAM) during sub­
sequent data retrieval to determine which 
actual address had been mapped into cache 

from transmitting PE flag to CPU. (Used for diagnostic 
purposes only.) Read/write capability. 

Benchmark Data 

Benchmark tests have been run on large minicomputer 
systems using a wide variety of programs. For many 
programs, it was found that the cache could effect an 
increase in overall system processing speed of 30 to 
70%, with more than 100% having been measured in 
some applications. It is important to note that reduction 
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in runtime is not the same numerically as performance 
(throughput) increase. The runtime reduction ratio 
( RRR) is the inverse of the throughput ratio (TR) . Thus, 
a runtime reduction of 40% (0.40) results in a RRR = 
0.60 and a TR = l / RRR = 1/ 0.60 = 1.67. The actual in­
crease in throughput or productivity is 67% in this case. 

Generally, cache memories are program sensitive, 
which accounts for some of the spread in performance 
improvement. Parameters HR and FR vary from pro­
gram to program. Another factor, which can have a 
strong, if not dominant, bearing on the outcome, is 
the frequency of DMA and interrupt activity. 

Summary 

This cache memory design utilizes the 2-bus (Fastbus 
and Unibus) architecture of the PDP-11/ 45 CPU in such 
a manner that most CPU fetch requests are satisfied 
by the cache on the Fastbus (a hit) instead of by the 
core memory on the Unibus. When the address is not 
in cache (a miss), the CPU fetch,es it directly from 
core memory via the Unibus, from which the cache 
automatically incorporates it into itself, making it avail­
able on the Fastbus for the next fetch. All write 
operations are done on the Unibus to core memory 
and simultaneously to the same address (if present) 
in cache, thus guaranteeing power-failure data protec­
tion. If a parity error occurs, the cache will flag the 
CPU (causing it to trap to parity error vector at address 
'114), turn off the cache on the Fastbus, turn on the 
appropriate PE LED, and set bit 15 in the CSR. 
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"Look, I'm convinced that the 
Zero Insertion Force concept 
is ideal for high pin counts. 
But can I reduce my 
overall panel costs?" 

ousurecan. 
• 
1near 

AMP Linear ZIF Edge Connectors are 
one quick way to take the force out 
of your high pin-count applications. 
And a great deal of it. 110 pounds of 
push are gone, for example, when you 
install a dual 110 pin-count daughter 
card into a ZIF. And that means the 
end of jacking devices ... mallets .. . 
worn contacts ... damaged boards­
the whole array of nuisance and 
disaster that often accompany edge 
card insertions. 

What about economical 
backplanes? Easy. Linear ZIF 
Connectors come with ACTION PIN 
contacts for positive solderless 
retention in the pc board without 
hole damage. 

Linear ZIF Connectors come 
preassembled and as components 
that allow easy repair of damaged 

contacts. And they give you more design freedom. You can 
use all edges of the board for 1/0 connections. You can 
use much larger pc boards. You can use much higher pin 
counts. Without any strain on you or your components. 

Interested? Call the AMP Linear ZIF Information Desk 
at (717) 564-0100, Ext. 8400. Or write AMP Incorporated, 
Harrisburg, PA 17105. 
AMP and ACTION PIN are trademarks of AMP Incorporated. 

AMP has a better way. 
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LSI CHIPS EASE STANDARD 488 
BUS INTERFACING 

Time and cost disadvantages of interfacing to the IEEE Std 488 
bus are overcome with a dedicated LSI chip set that incorporates 
most of its functional and electrical specifications 

Ronald M. Williams Intel Corporation, Santa Clara, California 

H istorically, interface techniques proliferated as 
designers evolved customized links among instruments, 
controllers, and processors for realtime test measure­
ments or data communications, resulting in excessive 
and expensive codes, formats, signal levels, and timing 
factors. Obviously, interface standardization was manda­
tory to save design costs for engineers, development 
costs for manufacturers, and system integration costs 
for users. Thus, IEEE Standard 488-1978 (a revision of 
ANSI/ IEEE Std 488-1975) offers a universal instrumenta­
tion system approach to automatic operating measure­
ment configurations that provides compatibility, versa­
tility, and flexibility. This system approach establishes 

a suitable standard bus for interfacing programmable 
devices from different manufacturers. Outstanding ad­
vantages of the standard bus include byte serial, bit 
parallel digital data handling, synchronized commum­
cation among devices at varying data rates, and hard­
ware interchangeability and interconnection in daisy­
chained fashion. However, some restrictive disadvantages 
that have hindered implementation are highly com­
plex logic protocol, time consuming design analysis, 
and lack of low cost components to perform the intri­
cate logic control functions. To overcome these draw­
backs, a large scale integrated (LSI) chip set has been 
designed with built-in IEEE Std 488 logic controls. Thus, 
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interfacing has been significantly simplified for proper­
ly connecting processor buses and programming system 
protocols. 

Interface Overview 

The IEEE Standard 488-1978 bus interface includes 
'electrical, mechanical, and functional specifications* 
for interconnecting both programmable and nonpro­
grammable electronic measuring apparatus with other 
apparatus and accessories necessary to assemble in­
strumentation systems. The functional specifications 
occupy about 80% of the document and involve a 
proportional amount of system design time to imple-

*This article deals with the functional aspects (interface signals 
that exist on the physical bus) of IEEE Std 488-1978, and is not 
intended as a complete dissertation on the major elements of the 
standard. For detailed definitions of the mechanical (physical 
cable connections), electrical (timing, voltages, and currents), 
and operational (application software routines) technicalities, 
interested readers should consult the IEEE Standard Digital 
Interface for Programmable Instrumentation, IEEE Std 488-1978, 
Institute of Electrical and Electronics Engineers, Inc, New York, 
NY 10017, Nov 30, 1978--Ed. 

~CONTRO-LLER ----.K 11111 11 i~ !\ 

ment. Bus functions encompass 16 active signal lines, 
10 interface functions, the pq:>tocol by which inter­
face functions send and receive messages, and logical 
and timing relationships between signal states. 

Functional requirements of the standard can be in­
corporated in either hardware, software, or a com­
bination of both. Some designers have chosen the hard­
ware approach to incorporate all the interface func­
tions, using about 200 medium scale integrated (MSI) 
and small scale integrated (ss1) packages. This tech­
nique costs about $1000 for a complete interface 
board. As a result, many cost sensitive implementa­
tions of the bus interface use only a subset of its 
functions custom tailored to the requirements of the 
devices involved, thereby reducing package count and 
expense by curtailing the interchangeability advantages. 

Other designers have selected the software approach 
to implement the bus interface. One disadvantage of 
this approach is that programming is an expensive and 
extended project; another is that a subroutine has to 
be executed with each transferred byte. This overhead 
not only burdens the microprocessor within a device, 
but also reduces the overall speed of the bus. This 
approach costs about $200 for the interfacing functions. 

ABLE TO TALK, t-------<t--~ 
LISTEN, ANO ~ 

1cc;O~N;TR~OL~~~~~~~~~~~~~~ c::j-f>-- DATA BUS LINES 
~·MINICOMPUTER) 
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TALKER/LISTENER 

ABLE TO TALK 
ANO LISTEN 

(EG, BUBBLE 
MEMORY) 

LISTENER 

ONLY ABLE TO 
LISTEN 

(EG , PRINTER) 

TALKER 

ONLY ABLE TO 
TALK 

(EG. COUNTER) 

K 

K 

HANDSHAKE 
LINES FOR 

<<I:-:::Jf-D>-H --DATA BYTE 
TRANSFER 
CONTROL 

CONTROL 

.-i:ttt:P--1-1-t-H f--LINES FOR q 1~~~a 
~ MANAGEMENT 

'---}(DATA INPUT/OUTPUT) 
'----: DIOl-8 

L-DAV (DATA VALID) 
'--NRFD (NOT READY FOR DATA) 

L____NDAC (NOT DATA ACCEPTED) 

'- IFC(INTERFACE CLEAR 
L...-ATN(ATTENTION) 

L-SRQ(SERVICE REQUEST/ 
~--REN(REMOTE ENABLE 

~---EOI(END OR IDENTIFY) 

Fig 1 IEEE Std 4'88 active signal lines 
for mu ltiple devices . .Peripheral devices 
of different characteristics can be easily 
connected to standard bus interface. 
Controller (or processor), such as mini­
computer, enables and disables talkers 
and listeners and manages overall bus 
activity. Bubble memory functions as 
both talker and listener. As listener, 
printer receives characters to 1be printed. 
As talker, counter transmits measure­
ments to both controller and listeners 
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Combinational hardware/ software approaches, al­
though faster than direct software implementations, 
still require enormous design time and cost about $1000 
for a typical interface board. 

With a recent alternative approach, however, the 
bus interface is easier and less expensive to incorporate 
in instrument designs. LSI circuit chips now include as 
built-in capabilities most of the functional and some 
of the electrical portions of the Standard's specifica­
tions, significantly reducing design time and costing 
about $50 for bus interfacing. Additionally, Intel's 
8291/ 8292 General Purpose Interface Bus ( GPIB) 

peripheral chip set also incorporates capabilities for 
bus monitoring, data rate manipulation, and address­
ing to further simplify bus interface designs. 

Bus Signal Definitions 

The IEEE Std 488 signals are defined as negative true, 
where the high state ( 0 = false, ~ 2.0 V) and the 
low state (1 = true, ::.:; o.8 V) are based on standard 
transistor-transistor logic (TTL) levels. Of the 16 active 
signal lines, 8 are data lines, 5 are interface manage-

ment lines, and 3 are handshake lines (Fig 1). Data 
input/ output lines (ornl-mo8) carry ASCII-coded infor­
mation, as well as device addresses, universal com­
mands, or program instructions. Interface management 
lines help to supervise the data lines. The primary 
management line--Attention (ATN)-determines how 
data lines are processed. When ATN is true, data lines 
are interpreted as addresses or universal commands 
by all bus connected devices. When ATN is false, 
only those devices addressed can use the data lines; 
in this case, data transmitted are typically device­
dependent. With another management line, Interface 
Clear ( IFC) , the bus controller returns the system to 
a known quiescent state. The Service Request (sRQ) 
line can be used by any device on the interface bus 
when it has data to send (talker) or needs to receive 
data (listener) . The Remote Enable (REN) line de­
termines whether the system is under front panel or 
program control. The End Or Identify (EOI) line can 
be used as a delimiter by a talker (sending) device 
to indicate an end of message, or by the controller 
as a polling line. 

Handshake lines control the timing relationship of 
the interface bus (Fig 2) . The Data Valid (DA v) line 

{ 

TALKER LETS DAV GO HIGH TO ACKNOWLEDGE 

l ~ 
THAT DATA HAVE BEEN ACCEPTED; TALKER CAN 
NOW CHANGE DATA. 

Fig 2 Three-wire handshaking 
between single talker and several 
listeners. Before transfer begins, 
listener indicates it is .ready by 
asserting Heady For Data (RFD) 
message to true. Talker then 
drives all eight data input/output 
lines. Following settling time 
specified by standard, talker as­
serts Data Valid (DAV) message 
to true. While data are being 
read, HFD message is asserted to 
false since device is unable to 
receive additional data. As each 
listener completes its read, it 
indicates acceptance by assert­
ing Data Accepted ('DAC) mes­
sage to true; DAC is not sensed 
true by talker until all listeners 
have completed read. After each 
device indicates acceptance, it 
indicates readiness for data by 
asserting RFD to true. New cycle 
begins when all devices have 
asserted RFD to true 

{ 

TALKER SEES THAT ALL LISTNERS HAVE 
ACKNOWLEDGED THAT DAV IS HIGH; IT HAS 
CHANGED THE DATA AND PULLS DAV LOW TO 

DAV ~ TELL LISTENERS THAT THE NEW DATA ARE VALID 

(TALKER) ~ r \ •: 
'\........i - . DATA VALID 

I 1 I 

NDAC il : n-
(LISTENERS) ... 

1 

-------;IF---''----{ FIRST LISTENER TO ACKNOWLEDGE DAV HIGH 
PULLS NDAC LOW 

~-------~---{ LAST LISTENER HAS FINALLY ACCEPTED DATA 

NRFD 
(LISTENERS) 

I I AND RELEASED NDAC. 

__ __, __ ~r1-i.___~1--·· 

1 
t

11 

{ FIRST LISTENER TO ACKNOWLEDGE DAV LOW 
AND ACCEPT MTA PULLS NRFD LOW 

{ 
LAST LISTENER HAS FINALLY SEEN DAV HIGH 

!-I ._1,.---..,.,---- AND RELEASES NRFD 

: ~'--I ----{ WHEN IT SEES DAV LOW AND HAS ACCEPTED 
- MTA ,EACH LISTENER PULLS NRFD LOW AND 

~ SIMULTANEOUSLY RELEASES NDAC 

, \"---·--------{ WHEN IT SEES DAV HIGH , EACH LISTENEf! PULLS 
NDAC LOW AND SIMULTANEOUSLY RELEASES NRFD 
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I 
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I 

INTERFACE FUNCTIONS I 
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SRO SERVICE REQUEST 
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L I 
I 
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I 
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I 

_J 

TO 
NONINVERTING 
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Fig 3 GPIB talker/listener chip. 8291 chip connects 8~bit microprocessor to noninverting bus trans­
ceivers, which, in turn, connect to IEEE Std 488 bus. Microprocessor manipulates data bytes after 
receipt or 'before transmission, a'nd monitors talker/listener status. Single chip handles all IEEE Std 488 
interface functions, except controller functions • 
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(MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED; MESSAGES FROM INTERFACE 
FUNCTIONS EXIST ACCORDING TO DESIGNER 

6 -REMOTE INTERFACE MESSAGES SENT BY DEVICE FUNCTIONS WITHIN CONTROLLER (8292) 

Fig 4 Bus interface functions. Messages received from interface bus can cause state transitions, just 
as state transitions can cause messages to be sent on bus (1 and 2). Device dependent data are trans­
ferred automatically to microprocessor, without affecting state transitions (3). State changes in one func­
tion can cause state changes in another function, resulting in message to be sent (4). Microprocessor 
can also send local messages to interface functions (5) or remote messages to interface (6) 

127 



is used by a talker device to indicate that data are 
ready to transmit. The Not Ready For Data (NRFD) and 
Not Data Accepted (NDAC) lines are used by a listener 
to indicate readiness to receive data and receipt of 
data, respectively. As a result, a talker knows when 
all listeners on the bus have received an 8-bit byte 
of information. Thus, the transmission rate of the bus 
is only as fast as the slowest listener. 

Messages conveyed by all 16 lines are true or false, 
depending on the states of 10 interface functions. The 
standard defines each of these interface functions with 
state diagrams. A function's state can be changed by 
a controller, another device on the bus, or a state 
change in another function within a device. Of the 
10 interface functions, four provide basic communica­
tion capabilities: Source Handshake (SH), Talker (T), 
Acceptor Handshake (AH), and Listener (L). These 
functions affect the three handshake lines (DAV, NRFD, 
and NDAC), eight data lines (mol-Drn8), and EOI man­
agement line. The Device Clear (DC) and Device Trigger 
(DT) interface functions are used to initialize and to 
trigger a device, respectively. The Parallel Poll (PP) 
function acts with the EOI line to send a single bit 
of status information. The Service Request (sRQ) func­
tion controls the SRQ management line. The Remote 
Local (RL) interface uses the REN management line in 
conjunction with front panel control. The Controller 
(C) function, which is active in only one device on 
the bus at a time, determines which device talks or 
listens. 

To date, these 10 interface functions and their intri­
cate interrelationship and timing factors have required 
difficult and time consuming efforts when designing 
the interface bus into a digital system. 

Talker/Listener Chip Capabilities 

The 8291 GPIB talker/ listener chip, a 40-pin LSI device 
(Fig 3), performs the inversion necessary to connect 
an 8-bit microprocessor bus to the negative true IEEE 
Std 488 bus. In addition, this chip implements most 
of the Standard's required functions. The microprocessor 
sets the talker/ listener chip to an initial state, manipu­
lates bytes before or after transmission, performs inter­
rupt service routines, causes state changes, monitors 
other state changes, and enables and disables chip 
capabilities. 

Without microprocessor involvement, the talker/ 
listener chip implements all interface functions, ex­
cept controller performance, such as handling data 
transfers, handshake protocols, listener/ talker address 
procedures, device clearing and triggering, service 
requests, and parallel and serial polling schemes 
(Fig 4). 

Within the chip architecture are eight read (output) 
and eight write (input) registers. One input register 
holds the data that are to be moved from the bus 
to the microprocessor when a device is listening. An 
output register holds the data byte that is to be 
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transferred to the bus when a device is ready to 
talk. The other seven write and seven read registers 
control various chip functions. 

Interrupt status registers 1 and 2 store 12 different 
interrupt flags. For example, one bit in the Interrupt 
Status 2 register reflects changes in a device's ad· 
dressed state. The microprocessor can poll both regis­
ters to determine which flag caused the interrupt, and 
can then branch to the appropriate service routine. 
Two corresponding interrupt mask registers allow de­
signers to mask any interrupt. A serial poll status 
register holds device status information, and a serial 
poll mode register is available so that the micro­
processor can verify this status. An address mode 
register contains a device's addressing mode, as de· 
termined by the microprocessor. An address status 
register monitors the address status (ie, active talker 
or active listener) of a device. 

Two address registers store the assigned device ad­
dresses. An End-Of-Sequence (Eos) register contains 
a designer specified end of string code for delimiting 
data block transfers by flagging the last byte with 
EOI. A command pass-through register feeds non-GPIB 
commands to the microprocessor. An auxiliary mode 
register holds local messages to control reset, power 
on, etc. 

Among the chip's capabilities are a programmable 
data transfer rate from 62k to 525k bytes/ s, three 
addressing modes, and an EOS message recognition. 
With a programmable data transfer rate, the designer 
controls the handshake rate of the interface to match 
the data transfer rate to the devices on the bus. 

The three addressing modes permit flexibility in 
designating talkers/ listeners. The dual primary address 
mode, for example, allows both a talker and a listener 
address to be assigned to a device. With the primary/ 
secondary address mode, multiple devices of the same 
type can have the same primary address, but a different 
secondary address. In the third addressing mode, de­
vices can have both dual primary and dual secondary 
addresses. 

Data block transfers are made easier with the EOS 
register. This register holds the character that signals 
an end-of-block transfer. When a data byte loaded 
into the data-out register matches the byte in the EO$ 
register, the talker/ listener chip asserts the EOI line, 
signaling an end of transfer. 

Controller Chip Capabilities 

The 8292 controller chip (Fig 5) implements the con­
troller function of the Standard. In conjunction with 
the 8291, the controller forms a complete standard 
interface, including the capability of handling the 
transfer control protocol. This ability gives the designer 
an option to accommodate multiple controllers on a 
single bus. 

Additionally, the 8292 performs all the tasks neces­
sary in a complete controller design. It responds to 
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Fig 5 GPIB controller chip. 8292 ch ip works in conjunction with 8291 to periorm GPIB controller interface 
functions. It implements local control commands from microprocessor according to IEEE Std 488 protocol. 
Add itionally, it processes such inputs from bus as SRQ and EOI. Furthermore, it can send the full repertoire 
of GPIB control messages, includ ing REN, IFC, ATN , and EO I 
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service requests ( SRQs} , configures other devices on the 
bus for remote control by sending Remote Enable 
(REN), and sends Interface Clear (IFC), allowing for 
control seizure to reinitialize the bus. More important­
ly, the <;ontroller chip can take control of the bus 
synchronously with the handshake, preventing the de­
struction of any data transmission in progress. 

Internally, the controller chip has 10 dedicated 
registers for programming and for monitoring status. 
Through the use of the Interrupt Status and Interrupt 
Mask registers, the designer can configure the con­
troller to interrupt the microprocessor on selected 
events. An Event Counter and a corresponding status 
register are available to monitor and control either 
byte counts or block counts. A Time-Out register may 
be set by the designer to program a time-out error 
function; a corresponding status register contains the 
current value · in the time-out counter. In conjunction 
with these registers, error control can be programmed 
with the Error Flags and Error Mask registers. Finally, 
Controller and GPIB Status registers are available. Each 
of these registers is read or programmed through a 
dedicated command buffer. 

Chip Set Application 

The talker/ listener and controller chips connect to the 
standard interface bus through noninverting bus trans­
ceivers (Fig 6). These transceivers provide the 48-mA 
bus drive capability needed to meet the electrical por­
tion of the IEEE Std 488 specification-not directly pos­
sible with existing metal o:icide semiconductor (Mos) 
parts. The talker / listener chip can interface directly 
to microprocessor memory through a direct memory 
access (DMA) controller, such as an 8237. 

The microprocessor drives the talker/ listener with a 
short stored program (see Table}, containing initialization 
conditions, such as data transfer rate, address mode, 
and other designer requirements. Microprocessor data 
handling is limited to taking bytes off the bus after 
they arrive or putting bytes of data on the bus. Inter­
rupt service routines are necessary for each unmasked 
interrupt. Although 12 interrupts are available, not all 
have to be used. All other standard bus functions are 
handled by the 8291. 

To send a byte of data, the microprocessor writes 
the byte into the talker/ listener data-out register. The 
chip then transmits the data byte over the bus lines 
in conjunction with the handshake lines. Next, the 
NRFD line is checked to see if it is ready for data. 
If a ready for data message is detected, the talker/ 
listener sends a DA v signal until it receives a data ac­
cepted message from the interface's NDAC line. The 
8291 also generates a Byte Out (Bo) interrupt, setting 
the BO flag in the interrupt status register. When its 
interrupt pin is activated, the microprocessor reads the 
interrupt status register and responds to the interrupt 
with an appropriate service routine. 

The 8292 handles all hardware aspects of the con­
troller function: SRQ input, ATN, IFC, EOI, and REN 
outputs. Meanwhile, the designer defined aspects of a 

Talker (Transmitter) lnlUallzaUon 

8291 
Register Data Comments 

5W 02H Reset 
4W 01H Address Mode 1 (Primary-

Secondary)-Note that talk 
only collld be selected here, 
elh11inating need for controller 
address 

6W 02H Address o = 02H 
SW p2H Address 1 = 12H 
ow FFH Enable All Interrupts 
1W 3FH Enable All Interrupts, OMA 
5W A4H Enable High Speed Data Transfer 
5W OOH PON, Release lnitlallzation State 

given GPIB system are handled by processor software. 
For example, the processor is responsible for knowing 
which device on the bus corresponds to which device 
address. The processor then uses the 8291 to transmit 
coded Controller commands as the 8292 asserts ATN. 

Summary 

Bus interface designs that previously required 150 or 
200 MSI/ SSI chips may now be implemented witli a 
GPIB peripheral chip set. For designers, this hardware 
set means less design time and cost, resulting in in­
creased reliability and versatility in IEEE Std 488 bus 
interfaces custom programmed for dedicated applica­
tions. 
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Last year, we introduced 
the Am9511. It took the 
industry by stortn. Now 
there's a device that does 
for four-function, high­
precision applications what 
the Am9511 does for multi­
£ unction, high-speed 
applications. 

Announcing 
TheAm951!. 

It's a monolithic arith­
metic processor in the 
IEEE format that offers the 
full range of simple math 
functions with floating­
point single (32-bit) and • 
~ 

/.A::ibt~ 
~~~W<j(g. 

~-~~~.;,&~. 

3 . Hosbi!g _a¥nt /6, 
'El:z.-J:yt;.. 

~- ~ier'~-

5:"~~-
C<M~ 

6.,.a.a/~m~m 
(~). 

7. A#/) H n;.-,m~:'~ 

"'5"/,£ 

-4.#t;;;ubbae.i!, 
mu-r::)pY, Q/;me . 

A6 del'?i-ed ~-

Rot>qh9 p:;.titc 3Z,, 
~-b/C: . 

Ab fiYs:f p::w·it:. 

/:7'bat:i11tJ ~l!t nv;nber­
f;am .sOff::w~ . 

ofr-#ne ~J. 

/Ee5 117r.ma(;. 

II 
II 



double (64-bit) accuracy. 
The Am9512 replaces 

dozens of TTL devices 
and hundreds of intercon­
nections. It increases 
throughput by two orders of 
magnitude over software 
implementation. And it's 
compatible with all of the 
most commonly used 8-bit 

and 16-bit microprocessors 
on the market. 

(And, as always, with 
the Am9512 you get 
MIL-STD-883 for free.) 

If you want the whole 
story on arithmetic pro­
cessors, call or write 
Advanced Micro Devices. 

We wrote the book. 

Advanced Micro Devices l'4 
901 Thompson Place. Sunnyvale, CA 94086 · (408) 732-2400 
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I TECH NOTE I 

Thermal Pri nthead 
Technology and Design 

Three common thermal printing technologies, transistor-resistor 
silicon mesa, silk screened thick film resistive, and 
vacuum deposited thin film resistive, are evaluated for a 
high speed, high resolution thermal printhead design 

William Boles 

Hewlett-Packard Company, Desktop Computer Division, 
Fort Collins, Colorado 

T hermal printing technology has 
steadily advanced from earlier de­
signs of heated styli and wax coated 
paper used on strip chart recorders 
to a high performance process with 
the latest innovations in integrated 
circuit designs for fabricating print­
heads, and in sophisticated chemical 
formulations for producing high con­
trast, fade resistant papers. Design 
considerations for a pagewide print­
head with uniformly spaced resistive 
print elements, capable of fast print 
rates and high print quality, demon­
strate the significant strides achieved 
in thermal printing technologies. 
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Technolo9y Advanta9es and 
Disadvanta9es 
As with other printing technologies, 
thermal printing will not solve all 
print output needs, but does offer 
distinct advantages, such as speed, 
reliability, quiet operation, and com­
pactness. Similar to other nonimpact 
methods, thermal printing provides 
high speed output since there are 
no hammers, fingers, belts, chains, 
or ribbons to increase complexity. 
In its simplest form, that of a full 
width printhead, virtually the only 
moving parts in thermal printing 
are paper and platen. This simplicity 

translates into higher speeds and 
more reliable operation. Mean time 
between failures (MTBFs) of 2k-h or 
lOOM characters are common. Be­
cause it is a nonimpact method, 
thermal printing is quiet; sound pres­
sure levels of less than 55 dBa are 
normal for thermal printers with­
out sound-deadening enclosures. 
While not often considered a major 
advantage, thermal printing is clean 
because it requires no inks, ribbons, 
aluminized papers, or toners. These 
advantages, which also contribute 
to convenience and ease of use, plus 
compactness, make thermal printers 
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ideal for integration into desktop 
computers, instruments, computer 
terminals, and analytical systems. 

There are, however, some definite 
drawbacks. Among these are the cost 
of thermal paper, lack of simultane­
ous multiple copy capability, non­
permanency of image, and occasion­
al problems of making copies from 
thermal paper. Thermal paper is 
more expensive than plain-up to 
$0.05/ 8.5 x 11" (21.6 x 27.9-cm) 
sheet for high quality, high contrast 
paper-compared to less than $0.02/ 
sheet for plain paper. However, this 
higher paper cost is gradually de­
creasing as thermal printing appli­
cations expand. Simultaneous mul­
tiple copies are not practical, but 
the high speed of thermal printing 
often makes sequential copies of out­
put feasible if only occasional mul­
tiple copies are required. Improved 
chemical formulations, especially in 
black printing, have increased the 
fade resistance of thermal papers so 
that they are only slightly affected 
by sunlight or moderate heat. Paper 
reproducing in black also eliminates 
copying problems associated with 
some blue printing papers. 

Image Forming 

Thermal paper involves coating a 
normal base paper with a heat sensi­
tive film of only a few micrometers 
thickness. This film contains particles 
of two separate colorless compon­
ents-a dyestuff and a phenolic 
color former suspended in a solid 
binder. When heat is applied, the 
coating fuses and the two compo­
nents flow together. Chemical reac­
tion causes a colored image to ap­
pear; blue and black are the most 
common colors. 

Printhead Technologies 

There are several methods of apply­
ing heat to thermal paper in order 
to produce an image, the most com­
mon technologies being silicon mesa, 
thick film resistive, and thin film 
resistive. In silicon mesa technology, 
patented by Texas Instruments, print­
ing elements are constituted of dis­
crete silicon chips with a transistor­
resistor pair deposited on the base 
(Fig 1). This chip is epoxy-bonded 
to a ceramic substrate in an array 
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Fig 1 Silicon mesa technology. Transistor-resistor 
pair is deposited on silicon chip. Transistor controls 
current through resistor, heating silicon chip contact­
ing thermally-sensitive paper 

to form the print element. A small 
base current {i1n) controls a large 
current Oc) through the resistor. 
Power dissipated by this resistor 
heats the silicon chip that is in con­
tact with the paper. Print elements 
are thermally isolated from each 
other by a coating of silicon dioxide. 
Since silicon is highly resistant to 
abrasion, paper quality, and there­
fore cost, need not be as high as 
with other thermal technologies. 

In thick film resistive technology, 
introduced by NCR, a resistive paste 
is silkscreened onto a ceramic sub­
strate to produce individual print 
elements (Fig 2). Current is passed 
through these elements, and the 
power dissipated causes each to heat 
up while in contact with the paper. 
Depending on the thickness of the 
film, this method is also highly 
resistant to abrasion. 

In thin film resistive technology, 
used extensively by Hewlett-Pack­
ard, the print elements are basically 
a resistive film, like the thick film 
method, but are only 500A thick 
(Fig 3) . The film is deposited on a 
ceramic substrate using a vacuum 
deposition method similar to that 
used in manufacturing integrated 
circuits. Because this method is more 
precise than silkscreening, higher 
print element densities are possible. 
This technique also produces a print 
element with a very low thermal 
mass. Elements can be heated and 

@DOCTOR 

CERAMIC 

SILK SCREENED 
RESISTANCE MATERIAL 

-w:I 
Fig 2 Thick film technology. 
Thick film of resistive paste is 
silkscreened onto ceramic sub­
strate over conductive traces. 
Current through these resistors 
causes them to heat up and form 
image on thermally sensitive 
paper 

Fig 3 Thin film technology. Very 
thin (500-A) resistive film is vacuum­
deposited on ceramic substrate over 
conductive traces. Wear layer of 
aluminum oxide sputtered over print 
elements protects them from abra­
sion 
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Solid engineering and 340 Ipm speed make the TermiNet 340 a more rugged, productive line printer. 

Don't Jet the compact size of the 
General Electric TermiNet 340 line 
printer fool you. Because no matter 
how hard you work it, it won't quit on 
you. It's that tough, that dependable 
and that much better than typical line 
printers. And it's available now. 

A true 100% duty cycle printer 
Unlike ordinary line printers, the 

TermiNet 340 can take the punishment 
of the broadest range of operating 
environments-from front office to 
factory floor -without complaining. 
The key reason? A tough, ruggedly 
engineered design. As a result, it keeps 
on performing under tough-use condi­
tions when other line printers would 
sputter and break down. 

Engineered to stay on the job. 
From top to bottom, the compact 

TermiNet 340 line printer is engineered 
with Jong-life components designed to 
keep the printeron-line. And businesses 
on schedule. 

One reason: extra-thick, heavy­
duty, environment-resistant materials 
chosen for the base and housing. To­
gether, they provide this rugged printer 
with the impact strength, dimensional 
stability and resistance to adverse envi­
ronments needed to keep working. 

More reasons: print and ribbon Any 
systems that won't wear out prema- U74ay ~OU 
turely and won't cause the problems l l ~ 
other line printers do. Which is why easure t em 
the proven rotating-belt print system m ' 
will last billions of characters. And 1C rmiN ® 

340 why t~e rib~n cart~idge will maintain e . et 
very high prmt quahty for at least 100 

million charncte<S. lil1e printers 
Fewer service problems keep it are more 
working longer 

The fact is, TerrniNet 340 line rod tN 
printers are such productive workers, p UC D 
they require very little attention and '-" 
very little maintenance once they're up perfiormers 
and running. Should service be 
needed, you can count on getting these 
printers back on-line in a hurry. That's 
because of convenient self-test features 
that make troubleshooting easy and 
fast . And because of a responsive 
nationwide service network that keeps 
downtime to a minimum and operating 
costs low. 

Find out for yourself. Mail the 
coupon today and see why so many 
companies have chosen the more pro­
ductive TerrniNet 340 line printer to 
get their work done. 

• 
Mail today to: 

J . Walsh, 
General Electric 

Company, 
TermiNet 794-43 , 

Waynesboro ,V~ . 22980 
Telephone:(703) 949-1474. 

o Send me more information about 
the TermiNet 340 line printer. 

o Have a sales representative contact me. 

Quality that will make a lasting impression o I'm also interested in a TermiNet 340 line 
printer demonstration. 

Name ___________ _ 

GENERAL. ELECTRIC 
Title _____________ _ 

Company ____________ _ 

CIRCLE 72 ON INQUIRY CARD Address _____________ _ 

City _______ State ____ Zip __ _ 

Telephone _______________ _ 



cooled quickly, allowing much fast­
er printing than other methods, with­
out smearing. To provide protection 
from abrasion, a wear layer of 
aluminum oxide is deposited over 
the print ·elements; low abrasion 
papers are recommended for maxi­
mum printhead life. 

Printhead Mechanisms 

For each thermal printhead tech­
nology, there are several methods 
of producing printed page copy. Most 
thermal printers produce characters 
made up of a dot matrix, with a 
5-horizontal by 7 -vertical dot array 
being the most popular. Patterns 
for these character sets are gen­
erally contained in a character buff­
er connected to a character read 
only memory (ROM), which trans­
lates 7- or 8-bit ASCII data-in char­
acters into appropriate dot energiza­
tion formats. 

Characters are printed on thermal 
paper either by scanning a small 

POWER 
CONNECTION 

printhead array across the page or 
by moving the paper past a fixed 
pagewidth row of dots. The page­
width row of dots may be either a 
single monolithic printhead or sev­
eral smaller segments joined end-to­
end. The segmented printhead is 
cheaper to produce, since the yield 
of a smaller segment is higher than 
that of a larger monolithic head. 
However, the requirements of match­
ing resistances for uniform print 
quality and the mechanical complex­
ity of precisely aligning the seg­
ments often overcome the initial 
lower cost of a segmented printhead. 
Inexpensive scanning head printers 
are usually lower in performance. 
Printing speed is limited by mechan­
ical constraints to approximately 
120 char/ s, while fixed head printers 
can print up to 500 lines/ min. 

Thermal Printhead Architecture 

As an example of recent thermal 
printhead architecture, mechanical 

construction and data transfer de­
sign techniques are described for the 
9876A 80-col thin film monolithic 
head thermal graphics printer. In 
the monolithic printhead (Fig 4), 
560 equally spaced print resistors 
are positioned on 0.013" (0.33-mm) 
centers, across a 7.28" (185-mm) 
width, to print both alphanumeric 
data and high resolution graphics 
data. Printing and plotting are ac­
complished by moving thermally 
sensitive paper vertically in front 
of the print resistors while they are 
being selectively energized. The 
heating process causes the paper to 
darken where information is to be 
recorded. Print resistors are de­
posited uniformly and thinly on a 
ceramic substrate, and because of 
their low thermal mass, they can be 
heated and cooled rapidly so that 
speeds of up to 480 lines/ min can 
be attained. 

ASCII character data or control in­
structions pass into the printer 
through the interface chip, which 

Fig 4 Exploded view of thermal printhead assembly. Each of seven printhead driver 
modules contains four 20-bit shift registers with latching print resistor drivers. These 
modules connect to monolithic printhead using compressi'ble elastomeric con­
nectors. Power and burn information come through single connector cable onto 
printed circuit board, which also connects to printhead with conductive elastomeric 
connectors. Two rigid backing plates hold entire printhead assembly together 
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II vou need it 
todav, rent it trom 
Rental Electronics. 
When you need a Hewlett-Packard 
desktop computer, chances are 
you need it now. This afternoon. 

That's why it makes sense to give 
Rental Electronics, Inc. a cal l. We're 
renting the complete H-P line as if 
there's no tomorrow. For companies 
that need service today. 

We've got nearly $30 million in H-P 
computers, peripherals and instrumen­
tation. Intel development systems, 
Tektronix scopes and electronic gadgetry 
from all the top manufacturers. So 
we're sure to have precisely what you 
need-even the very latest equipment. 

Our on-line, real -time computer 
system means we can give you price 
and availability information instantly, 
even if the equipment you need is in 
another of our ten warehouses across 
the continent. 

Give us a call at 800-227-8409 
(415-856-7600 in California) if you need 
H-P 9845, 9835A and 9825 desktop 
computers. Or any of the complete line 
of H-P peripherals. And do it today. 

----------------, I For immediate action. return this coupon to Rental Electron ics. Inc .. 
19347 Londelius St.. Northndge. CA 91324 . 

I 0 Send me your Rental Catalog. 0 Send me your Equipment Sales Catalog- I may be I 
interested in buying some of your · previously owned" equipment. I 0 I have an 1mmed1ate need for the following rental equipment : _________ _ 

Please have someone from your nearest Inventory Center phone me at ______ _ 

I Name _______________ Title _________ _ 
Company ______________ Phone _________ _ 

I Address Mail Stop ________ _ 
City State/ Zip ________ _ 

I ~~~~~!!!ronics, Inc. 

I 
I 
I 
I 

L ... a different breed. co10J --------------
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Cambion Low-Profile 
Solder Tab Sockets fea­
ture solid engineering ... 
plus KAPTON™ film! 
• all contacts sealed 
tightly on board side with 
Kap ton-DuPont's poly­
imide film which inhib­
its solder or flux entry. 
Temperature resistance: 
-269°C to +400°C. Flame 
retardant, resists organic 
solvents. 
• unique inverted spring 
design overcomes inser­
tion force resistance. 
• dual leaf spring for re­
dundancy of contacts 
means four times the 
reliability. 
• excellent DIP retention 
(low insertion, high ex­
traction forces). 
• all popular pin types in 
tin or gold plating: 8, 14, 
16, 18, 22, 24, 28, 40 and 
64-pin. 
• massive availability. 
• Send for our latest 
socket brochure and 
Catalog 121. Cambridge 
Thermionic Corporation, 
445 Concord Avenue, 
Cambridge, MA 02238. 
(617) 491-5400. 

C~BIO•® 
The Right Connection. 

Kapton-Trademark of Dupont Corporation 
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controls handshaking with the data 
source. Character data enter the 
random access memory (RAM) buff­
er, which can store up to 80 char­
acters, and then go to the character 
ROM, which encodes the characters 
into dot patterns. Character informa­
tion to be printed arrives at the 
printhead one dot row at a time 
from the character ROM. Each print­
head resistor can be accessed in­
dividually through seven shift regis­
ter modules (Fig 5), with four driver 

shift register, bypassing the char­
acter ROM, and then into the print­
head. 

Because power requirements to 
drive all 560 dots simultaneously 
would be excessive, maximum cur­
rent to the printhead is limited to 
approximately 10 A. This value 
means that a maximum of 100 dots 
can he turned on at once. If more 
than 100 dots in a row must be 
"burned,'' several passes must be 
made with an increase in printing 

VR ' ,._.....,>----....,t---_...o--....... _ 

PRINTHEAD RESISTORS 
TO DEVELOP 
THERMAL PAPER 

BURN >-+e-+-+-+-+----<.-+--1--+--+­
CLEAR >-+-<9"1--t--t-------t--t--t­
SH I FT >-t-----t--t------<1>-+--t­
LOAD >-+----<.--+--------t­
BSDt 

' VR 'VOLTAGE USED TO DRIVE PRINT RESISTORS 
t BSD' BIT SERIAL DATA 

Fig 5 Shift register/driver modules. Twenty-eight 20-
resistor driver chips containing shift register latches 
receive burn information from microcomputers, shift 
data serially across printhead, and energize individual 
printhead resistors 

chips per module. Printing informa­
tion is shifted serially through these 
modules and then latched into the 
driver chips, and current passed 
through the resistors "burns" the 
information onto the paper. Printing 
time is saved by loading the next 
dot row of data into the shift regis­
ters while the previous information 
in the latches is being printed. Dot 
patterns arrive in parallel format 
to the shift registers, and are shifted 
serially across the printhead until 
a full dot row is accumulated. This 
dot row is printed, and the stepper 
motor advances the paper vertically 
by an increment of one dot row. 
The sequence repeats until a full 
row of characters is printed. Then, 
the stepper motor advances the 
paper by a full line feed for spacing 
and the next line of text is initiated. 

If graphics rather than character 
data are to be printed, a control 
instruction precedes the graphic 
data. The microcomputer interprets 
the data, not as ASCII characters, but 
as eight bits of graphic data. Via 
a multiplexer, these data pass di­
rectly to the parallel-in, serial-out 

time. However, the decrease in nor­
mal printing speed or graphics ap­
plications is slight. In a typical 
alphanumeric printout, over 90 % of 
the dot rows contain less than 100 
dots that need to he "burned." In 
graphics mode, this percentage may 
increase or decrease according to 
dot density of the graphics output. 

Summary 

Depending on required printing 
speed, thermal printhead tradeoffs 
involve cost and wear characteristics 
for a particular application. Speeds 
on the' order of 500 lines/ min are 
available with printers using thin 
film resistive technology and page­
wide fixed head mechanisms. Also, 
fixed head printers are capable of 
generating raster graphics. Offering 
easy interfacing as well as quiet 
reliable output, thermal printers 
are increasingly being used with 
computer terminals, mini- and micro­
computers, automatic test equipment, 
graphics and medical systems, ana­
lytical laboratory systems, and data 
logging instruments. D 
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The onlyGCR 
tape sub­
system for 
minis that 
troubleshoots 
itself 3 ways. 
This GCR tape transport 
subsystem gives you three 
self-diagnosing systems, each 
in a different mode. 

First, there's the only 
continuous self-circuit­
checking system on the 
market. Then, in the off-line 
mode, via a built-in key­
board, there's full fault 
isolation right down to the 

board level.And finally, in the 
on-line mode, there's PCC's 
superior total check-out 
diagnostic system which 
also has fault isolation to 
the board level. 

Besides this unique 3-level 
diagnostic capability you get 
GCR recording density of 
6250 bpi and a transport 
speed of 125 ips all in a 
19"x24" package. 

You also get the simplest 
interface in the business. 
By far. Direct parallel transfer 
16-bit words, all in only 
29 lines. 

The PCC GCR-the tape 
transport system with three 
built-in doctors. So there's 
no waiting. 

For further information, call toll-free 800-528-6050, Ext. 1323 
an Arizona, call 800-352-0458) 
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TECH BRIEF I 

Efficient Digital Encoding Scheme 

Modified NRZ code immunizes record and playback systems against de drift 
and bit slippage 

Although the conventional non­
return to zero (NRZ) code is the 
most efficient for recording digital 
data (if efficiency is measured by bits 
to unit length of tape ratio) , it is 
subject to de drift and bit slippage 
whenever long strings of ls or Os are 
encountered. Codes that insert check 
bits in the data to break up long 
strings alleviate this problem, but 
only at the expense of recording 
efficiency. 

DATA 

CLOCK 
(IF AVAILABLE) 

NAZ 
CONVERTER 
ANO CLOCK 
GENERATOR 

CLOCK 

NRZ DATA 

MONITOR 
ANO 

CONTROLLER 

An improved code, called J-NRZ, 

gives 100% of NRZ efficiency yet also 
solves the de drift problem. It does 
so by adding check bits in a specified 
format only when a long string is 
encountered. The rest of the data 
stream is encoded in standard NRZ 
format. 

One such system is programmed 
to search for 32 consecutive identical 
bits. The playback system is able to 
handle up to 64 identical bits with-

..--------. J-NRZ DATA 

SHIFT 
REGISTER 

WROM, RAM, Ofll 
OTHER WORD 
GENERATOR 

ENCODE 
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SELECTED 
DATA CODE 

DATA 
CONVERTER CLOCK 

J-NRZ 
NAZ 

DC BIT SHIFT DATA 
RESTORER SYNCHRONIZER REGISTER 

CLOCK 

MONITOR P/ROM, RAM, Ofll 
ANO OTHER WORD 

CONTROLLER GENERATOR 

DECODE 

J-NRZ digital encoder-decoder. J-NRZ replaces long strings of 
1s and Os in NRZ stream with preselected word, or its comple­
ment. Since most data are unaffected, bit overhead is kept low 

out drift, thus ensuring a 2: 1 error 
margin. 

As shown in the Figure, the system 
converts the input data into NRZ, and 
a clock is generated from the data. 
If the input is already NRZ with a 
clock, it is routed to the next stage. 

A preselected 32-bit word is stored 
in p / ROM, RAM, or other word gen­
erator. The word is symmetrical, ie, 
the same when played back in the 
forward or the reverse direction, and 
it is balanced with an equal num­
ber of ls and Os. 

The circuit includes a counter that 
runs off the clock and resets each 
time there is a data transition. If the 
counter reaches a predetermined 
number (32 in this system), it trig­
gers the controller to shift either the 
stored word, for a string of all ls, 
or its complement, for all Os into 
the data stream. 

A shift register accepts the NRZ 
data bits in a serial train and holds 
them while the monitor, controller, 
and storage/transfer systems have 
time to function. If the predeter­
mined number of ls or Os has been 
detected, the word is parallel shifted 
out of storage and into the shift 
register to replace the long string. 
The register then resumes serial trans­
fer of the data. 

On playback, the coded data are 
routed to a de restorer and bit syn­
chronizer. The input J-NRZ is pro­
cessed by a monitor and controller 
stage that initiates a shift of all ls 
upon detection of the coded word or 
of all Os for the code word comple­
ment. Upon command from the con­
troller, the storage P/ROM or RAM 

shifts all ls or Os back into the shift 
register, restoring the data to their 
original form. 

Note 

This work was done by David E. 
O'Brien III of Johnson Space Cen­
ter. No further documentation is 
available. (Msc-18267) 

This document was prepared under the 
sponsorship of the National Aeronautics 
and Space Administration. Neither the 
United States Government nor any person 
acting on behalf of the United States Gov­
ernment assumes any liability resulting 
from the use of the information contained 
in this document, or warrants that such use 
will be free from privately owned rights. 
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New high resolution graphics 
from the leader in low-cost color. 

With our 8001G graphics terminal. ISC pioneered low 
resolution color graphics at black and white prices. Now 
we're able to offer the world 's most cost effective high 
resolution capabilities- at prices that are true-to-I SC 
tradition . 

Announcing the 8001H . It's based on the 48-line 
19" intelligent display terminal that has revolutionized 
the process control industry. But the 8001 H gives you 
the added advantages of high resolution capabilities , 
making it more than sufficient for all work required in 
process control and most other applications , including 
limited imaging. 

The high resolution graphic hardware consists of 512 
sottware programma-
ble characters. each 
comprised of a 6 x 8 
dot matrix with all 48 
dots addressable 
by software. This 
translates into a 
480 x 384 resolu-
tion for random 
vectors and sym-
bols. resulting in a 
6x improvement 
from the stan-
dard 8001G. 

Three main 
modes of opera­
tion are avail­
able . including a 
special character 
mode. ISC stan­
dard plot mode. 
and the high 
resolution plot 
mode for drawing 
bar graphs. vec­
tors and point 

Unretouched photo of screen 

plots. Eight brilliant communicative colors are at your 
disposal . to convey information quickly and accurately 
with critical control over detail 

The 8001 H has an 8080A microprocessor capabl e 
of handling data on a two megahertz processing cycle It 
provides 2K of ROM RS-232C interfacing capabli1 t1es 
and flexibl e editing made stil l easier by a keyboard with 
color and numeric key clusters 

And its cost 1s nothing short of phenomenal * S3695 1s 
all you pay for a singl e unit * S2695 each for 100 or more 

If you d like to upgrade your present 8001G units to 
high resolution . hardware and software opti ons are 
available for as little as $1500 per singl e unit : S 1000 for 

100 or more 
All lntecolor 

terminals are cov-
ered by a si x month 
warranty. and cash 
with order guaran­

tees deli very of a 
single evaluati on 

unit at S2990 with-
in 30 days or your 

money back. If 
you need high 

resolution color 
but have found the 

cost proh1b1t ive 
heres your oppor­

tunity Now that 
lntecolor 1s per­

fectly capable of 
high resolution 

color you can be. 
too. Call your ISC 

rep today 
Color 

Communicates 
Better 

* U .S . domestic prices. 

ISC SALES REPRESENTATIVES : AL: 205/883-8660, AZ: 602 /994-5400, AR : {TX) 214/ 661-9633. CA: Alhambra 213/ 281-2280, Golela 805/964-8751, Irvine 714/ 557-4460, Los Angeles 213/ 476-1241 , 
Los Alles 415/ 948-4563. San Diego 714/ 292-8525, CO: 303/ 779-0666. CT: 203/ 624-7800. DE : {PA ) 215/ 542-9876, DC: {VA) 703/ 569-1502, FL: Ft. Lauderdale 305/776-4800, Melbourne 305/ 723-0766, 

Orlando 305/ 425-5505, Tallahassee 904/ 878-6642, GA: Allanla 404/ 455-1035, HI: 808/ 524-8633. ID: {UT) 801 / 973-7969, IL: {No.1312/ 564-5440, {So. MO) 816/ 765-3337, IN : {IL) 312/ 564-5440, 
IA: {MOJ 816/ 765-3337, KS : {MOJ 816/ 765-3337, KY: {OH ) 513/ 429-9040, LA: 504/ 626-9701 . ME: {MAJ 617/ 729-5770. MD: {VA) 703/ 569-1502 . MA: 617/729-5770, Ml : Brighlon 313/ 227-7067, 

Grand Rapids 616/393-9839, MN: 612/ 822-2119, MS: {All 205/883-8660, MO: 816/765-3337 , MT: {CO) 303 / 779-0666, NB: {MO) 816/ 765-3337, NH:{MA) 6 17/ 729-5770, NJ : {No.) 201 / 224-6911 , 
{So.) 215/ 542-9876. NV: {AZ) 602/994-5400. NM: 505/ 292-1212. NY: Metro/ LI {NJ ) 201 / 224-6911 . N. Syracuse 315/ 699-2651 . Fairport 716/ 223-4490, Ulica 315/ 732-1801 , NC: 919/682-2389, 

ND: {MN ) 612/ 822-2119. OH : Cleveland 216/ 398-0506. Dayton 513 / 429-9040, OK: {TX) 214 / 661-9633, OR : 503/ 620-5800, PA: {E) 412/ 922-5110, {W) 215/ 542-9876 . RI : {MA) 617/ 729-5770 , 
SC : 803 / 798-8070. SD: {MN J 612 / 882-2119. TN : 615/482-576 1, TX : Dallas 214/ 661-9633 , El Paso Area {las Cruces.NM) 505/ 523-0601 , Houston Only 713/ 780-2511. UT: 801 / 973-7969, 

VT: {MAJ 617 / 729-5770, VA: 703/ 569-1502. WA: 206/ 455-9180, WV: {PA) 412/922-5110, WI : {Ill 312 / 564-5440, WY: {CO) 303/ 779-0666, 
EUROPEAN EXPORT SALES: EUROPE: {MA) 617/ 661-9424 , BELGIUM: Brussels02-242-36-04 , FRANCE: Rueil Malmaison 749-40-37 , GREECE: Athens642-1368. ITALY: Roma 805-647/ 872-457 . 

THE NETHERLANDS: Poeldijk 01749-7640. SPAIN : Barcelona 204-17-43, SWEDEN: Vallin9by 08-380-370. SWITZERLAND: Mutschellen 057-546-55 , UNITED KINGDOM: Bournemouth 0202-293-115 
WEST GERMANY: Koblenz {0261 )-31025 / 6 , AUSTRALIA & NEW ZEALAND: Auckland 814-9385. Canberra 58-1811 , Chermsode 59-6436. Melbourne03-543-2077. Sydney02-808-1444 , 

Wellington 64-4585, CANADA: Dorval 514/ 636-9774, Ottawa 613/ 224-1391 , Toronto 416/ 787-1208, Vancouver 604 /684-8625. CENTRAL AND SOUTH AMERICA & CARIBBEAN:{GAJ 404/394-9603. 
MEXICO· Monterrey 564-876, FAR EAST: {CAJ 213/382-1107. HONG KONG: 5-742211 , JAPAN: {Tokyo) 402-8596. TAIWAN · {Taipei ) 02-7026284 . MIDDLE EAST: {GAi 404-581-0284 , 

IRAN: Tehran 891-148 , ISRAEL: Tel Aviv 266-291 , KUWAIT: Kuwait 438-180/ 1/ 2. LEBANON: Beirul 221731 / 260110, SAUDI ARABIA: Jeddah 27790, Ryadh 25083-39732. 
For sales and service in other cou ntries contact ISC headquarters in Norcross. GA. . U.S .A. 

Intelligent Systems Corp .. lntecolor Drive• Technology Park/ Atlanta• Norcross, Georgia 30092 •Telephone 404/ 449-5961 •TWX 810-766-1581 
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Zilog rockets 
out in front again 
to launch a 
new generation. 
For the first time. the architectural 
sophistication and data processing 
capabilities of large, main-frame 
computers has been captured in the 
cost-effective. easy to use format 
of the microprocessor. Now you can 
have the freedom to create entirely 
new, innovative systems. unhindered 
by the primitive architectures of 
previous microprocessors. 

Flexibility soars 
to new heights. 

The Z8000 allows you to directly 
address up to 8 MB of memory. All 16 
registers are a full 16 bits wide and 
are completely general purpose. The 
powerful, problem-solving instruction 

set supports 7 different 
data types from bits to 32 bit 
words. has 8 addressing modes and 
418 usable opcode combinations. 

The general register architecture 

A revolution 
in sophistication. 
The Z8000 has been designed from 

the ground up with options 
to fit your application needs 
exactly. For the full 8 MB 
addressing capability, 

choose the 48 Pin DIP 

version . Its companion 
device, the Memory 
Management Unit, 
opens the way to dy-
namic relocation . mem­
ory protection and 

multi-tasking applications. 

helps avoid the well-known bottle- INTERRUPTS 3 

necks inherent in dedicated register MULTii 

designs. When this architecture is ON~!~~~ 
combined with the powerful instruc- c 
tion set, the ZBOOO system throughput 
is an explosive 50% greater than any 
other 16 bit microprocessor available 
today. 

SUBSTRATE 
DECOUPLING 
CAPACITOR 



For smaller, less memory­
intensive applications, select the 40 
Pin version of the Z8000. It's soft­
ware compatible with the 48 Pin 
Z8000 but addressing is limited to 
64KB in each of its six address 
spaces. It comes in a standard 40 
Pin package. 

Wait 'till you meet 
the family. 
We're starting off this new micro­
processor era with a bang, but it's just 
the beginning . Soon to come are the 
Memory Management Unit, peripheral 
interfaces, FIFO buffer elements, 
universal peripheral controller and 
memories for any application you 
might have. 

And, all the new 1/0 chips, 
memories and, of course, the compan­
ion Z8, take advantage of the flex­
ible Z-BUS architecture to maximize 
performance, ease of interconnection 
and minimize PC board area. 

Zilog delivers 
on the 
next generation 
of microprocessors. 
Again! 
With the introduction of the Z8000, 
microprocessor technology explodes 
to new heights. Bursting with a rich 
and sophisticated architecture, the 
Z8000 not only opens the way to 
revolutionizing your next generation 

PERFORMANCE/PRICE literature package; in the U.S. order 
RATIO directly from Zilog, elsewhere 

8080 

~ ~ ~ ~ ~ ~ ~ 

TIME 
of products, it has the built-in 
growth potential to carry your product 
development efforts out to totally 
new and unexplored horizons. 

Imagine 
the possibilities, 
then light 
your own fuse! 

from your Zilog distributor. 

10460 Bubb Road , Cupertino . CA 95014 
(408) 446-4666 TWX 910-338-7621 
EASTERN REGION : (617) 667-2179 
MIDWESTERN REGION : (312) 885-8080 
SO.WESTERN REGION : (714) 549-2891 
NO. WESTERN REGION : (408) 446-4666 
EUROPE ( ENGLAND): (0628) 36131 / 2/ 3 
WEST GERMANY: (08106) 4035 
JAPAN : 03-476-3010 

An affiliate of 
E>$(0N ENTERPRISES INC. 

Sound exciting? It is. Get your own "'z 
fireworks blazing by placing your F ~ 
order today with your nearest Zilog 
distributor. 

In the meanwhile, give your 
engineering staff a headstart on the z1· 1og 
fireworks by ordering the Z8000 
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Visit us at the MEE Show, 
Anaheim-booth 423 



MICRO DATA STACK 
COMPUTERS, ELEMENTS, AND SYSTEMS 

INTERFACING FUNDAMENTALS: 
6800 1/0 AND SYSTEM. CONFIGURATION 

Jonathan A. Titus and Christopher A. Titus 
Tychon, Inc 

Andrew C. Staugaard 
Jamestown Community College 

Peter R. Rony and David G. Larsen 
Virginia Polytechnic Institute and State University 

H ardware aspects of the 6800 microprocessor require 
discussion in order to balance and augment the previ­
ous coverage of the chip's internal organization and 
instruction set. Examination of the pinout in Fig 1 shows 
that this microprocessor requires a single 5-V power 
supply and two nonoverlapping signals, which are 
labeled as cpl and cp2. The standard 6800 chip has a 
maximum clock frequency of 1 MHz; however, 1.5-
and 2.0-MHz versions are available-the 68AOO and 
68BOO, respectively. The cpl clock signal is used for 
internal instruction sequencing, whereas the cp2 signal 
serves as an input/ output control line for timing and 
synchronizing the 6800 with input/ output devices. The 
usual 16 address lines, AO through Al5, and eight bidi­
rectional data lines, DO through D7, are provided to 
make up the external address and data buses, respec­
tively. 

Control signals for read/ write ( R/ w) operations be­
tween memory and the 6800 chip are provided by the 
valid memory address (vMA) and R/ w control lines. 
The R/ w line indicates the direction of data transfer, 
being at a logic 1 for read and at a logic 0 for write. 
The VMA line goes to a logic 1 whenever the micro­
processor places a valid 16-bit memory address on the 
address bus. 

Hardware interrupts are provided through the RESET, 

IRQ, and NMI pins on the 6800 chip. These are all 
vectored interrupts that directly access interrupt service 
routines at specific memory locations. The 16-bit ad­
dresses of these locations are contained in the memory 

GROUND 

HALf 
cpl 

IRQ 

VMA 

NMf 
BA 

5 VOLTS 

AO 

4 . 

A 1 10 

A2 11 

AJ 12 

A4 13 

AS 14 

A6 IS 

A7 16 

AB 17 

A9 18 

AlO 19 

Al I '20 

40 

39 

38 

37 

36 

JS 

34 

33 

32 

31 

30 

29 

28 

27 

26 

2S 
24 

23 

22 

21 

RESET 

TSC 

NO CONNECT ION 

cp 2 

DBE 

NO CONNECTION 

R/W 

DO 

Dl 

D2 

DJ 

D4 

DS 

D6 

D7 

AlS 

A14 

A13 

A12 

GROUND 

Fig 1 Pin assignments for 6800 chip. Motorola's 40-
pin microprocessor-available in 1-, 1.5-, and 2.0-MHz 
versions-requires 5-V supply. Featured are two non­
overlapping signals, 16 address lines, and 8 bidirec­
tional data lines 
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6100 
MPU 

RAM 
IRIW) 

16-81T ADDRESS aus 

ROM 

I· llT DATA BUS 

6120 
PIA 

110 
DEVICES 

Fig 2 Microcomputer system configuration. Typical 6800 system which interfaces to 1/0 
devices can handle majority of applications that are mainly aimed at small dedicated uses 

region, FFF8H through FFFFH, where the letter H repre­
sents hexadecimal code. Three pairs of 2-byte addresses 
are stored in this region to facilitate the three different 
types of hardware interrupts. For example, RESET is 
used for system initialization and restart; the address 
for the routine is contained in locations FFFEH (high 
byte) and FFFFH (low byte) . The IRQ, or interrupt 
request, input is a maskable interrupt line that is ig­
nored if the I flag bit in the internal condition code 
register is set. The address for the maskable interrupt 
routine is contained in locations FFF8H and FFF9H. 
Finally, the NMI, nonmaskable interrupt, input can 
never be masked out and is normally used for emer­
gency interrupt situations. The address for the nonmask­
able interrupt routine is contained in locations FFFCH 
and FFFDH. The microprocessor automatically stores its 
internal register contents on a stack in R/ w memory 
when either the IRQ or NMI interrupts are acknowledged. 

External bus control is provided with the bus con­
trol lines BA (bus available), DBE (data bus enable), 
and TSC ( 3-state control). These lines are normally 
used to effectively disconnect the microprocessor from 
the external bus system to allow direct memory access 
by external devices. 

Fig 2 is a schematic diagram of a minimum 6800 
system configuration. This type of configuration should 
accommodate at least 80% of the microcomputer appli­
cations since most microcomputers are used for small 
dedicated applications. The address bus contains address 
lines AO through Al5, the data bus contains data lines 
DO through D7, and the control bus-which provides 
timing, synchronization, and supervision of data ex­
change between the microprocessor and external devices 
-normally contains q,2, VMA, R/ w, interrupt lines, and 
bus control signals. 

Also shown in Fig 2 are R/w memory, read only mem­
ory (ROM), and the peripheral interface adapter (PIA) . 
The PIA is a programmable input/ outnut ( I/ o) chio 
that simplifies interfacing with the "outside world." It 
provides decoding, latching, and 3-state buffering for 
I/ o devices such as switches, keyboards, displays, analog 
to digital (A-n) and digital to analog (n-A) converters. 
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RESET 
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DI 
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CSI 

CS2 
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Rtw 

Fig 3 PIA pin assignments. Motorola's 6820 
programmable PIA chip interfaces with pe­
ripherals. Functions performed are decoding, 
latching, and 3-state buffering. Ports A and B 
are both 8-bit "1/0 ports; CA and CB are two 
control lines for each port 
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GND 

MODE 

B9-Bl2 
POl.ORf----VIPAO-S CRBl--llR·Otl 

ICL7l09 

Bl-88 PI0-7 ...._ __ ,, 
MC6120 

STATUS>----CBl 

RUN/HN!5 C B2 
I 

HRNLRN 

MC6100 
OR 
MCS650X 

Fig 4 Interface to A-D con­
verter. Microcomputer system 
is interfaced to 7109 A-D con­
verter through 6820 chip. Both 
PIA ports are configured as 
input ports (Courtesy of lnter­
sil, Inc) 

ADDRESS DATA CONTROL 
BUS BUS BUS 

The 6820 PIA contains two 8-bit I/ o ports, called port 
A and port B. The eight bits within each port can be 
independently programmed as either input or output 
with the use of an associated internal data direction 
register (DDR) assigned to each port. For each port the 
PIA also has two control lines-CA and CB-that provide 
partial or complete handshaking capability. In the com­
plete handshaking mode, one control, CA, is used as 
an interrupt input line and the otlier, CB, is used as 
an output strobe. The pin configuration for the 6820 
PIA is shown in Fig 3. 

Data communication between the microprocessor and 
an I/ o device is provided through the use of the tech­
nique called memory mapped 1/ 0. With memory mapped 
1/ 0, each 1/ 0 device is treated as a memory location or 
group of memory locations. No special input or output 
instructions are needed. For example, to send data to 
an I/ o device, a store accumulator in memory (sTA) 
instruction is executed; to read data from an 1/ 0 de­
vice, a load accumulator from memory (LDA) instruction 
is executed. Each port in the PIA chip in Fig 2 has a 
unique address assigned to it; to input or output data, 
memory R/ w operations that address the proper port 
are executed. 

Fig 4 demonstrates how the system in Fig 2 can be 
interfaced to an A-D converter. The A-D device used is 
the low cost Intersil 7109 12-bit A-D converter, which 
provides up to 30 conversions/ s and can be operated 
in a direct or a complete handshaking mode. Given an 
analog input signal, the A-D converter provides 14 bits 
of data to the PIA: 12 data bits (Bl through Bl2) plus 
a polarity bit (POL) and an overrange bit (OR). The 
12 data bits are divided into a low order data byte (Bl 
through BB) and a high order data byte ( B9 through 
Bl2). The low order byte is connected to PIA port B 
lines PBO through PB7; the high order byte, including 
POL and OR, is connected to port A lines PAO through 
PA5. Therefore, both PIA ports are configured as input 
ports. 

The PIA control line cBl acts as an interrupt input 
and is programmed to generate an interrupt request to 
the 6800 on a high to low transition of the A-D converter's 
STATUS pin. Control line CB2 is programmed as an output 
line and is connected to the A-D converter via the RUN/ 

HOLD pin. If cB2 is held high, the A-D converter is per­
mitted to provide continuous conversions by interrupting 
the 6800 via the cBl line as soon as each conversion be­
comes available; this is the RUN mode of operation. 
The A-D converter contains an output latch so that data 
will not be lost before the microprocessor acknowledges 

the interrupt. If CB2 is held low, the conversion process 
can be halted. When desired, a conversion can be ini­
tiated by strobing the A-D converter with a pulse from 
the cB2 line. Similar considerations for the newer Motorola 
microcomputer chips will be examined, commencing with 
the Mc6802 and Mc6808. 

This article is based, with permission, on a column l J 
appearing in American Laboratory magazine_ • • 

ROLLS& 
TAPES 

for every 
business need 

THE BEST FOR MODERN DATA 
PROCESSING EQUIPMENT 

PAPER TAPE - 7 Colors plus Black Opaque; 
Printed Top/ Arrow; Oiled and Unoiled Rolls: FOLD­
ED TAPES - For specialized applications. 
THERMAL PAPER - Rolls and Folded. Marginally 
punched and cross perforated for all types of 
printers and calculators. 
MYLAR TAPE - Paper/ Mylar Laminations; Foil/ 
Mylar Laminations; Metalized Mylar. 

FOLDED LISTER PAPERS - For Digital Print-out 
Units. 
TELETYPE ROLLS: Single copy; Multi-copy Carbon 
inter-leaved and Carbonless Friction Feed Sprocket 
feed. 
CONTINUOUS TELETYPE FORMS: 8%" x 11" Car­
bon inter-leaved 1 through 6 part; Carbonless 1 
through 6 part (NCR). 

Branch Olllce 
Mt. Laurel , N.J. 08054 
609 234-1276 

I 

.. S C I 
Send for Brochure 

Br•nch Olllce 
•nd Warehou1e 
Northfield , Ill. 60093 

EASTERN SPECIALTIES COMPANY, INC. 312 446-8780 

P. 0. Box 350, Holyoke, Ma. 01040, Tel: 413 533-7103 
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MICRO DATA STACK 
CoMPUTERB. ELEMENTS, AND SYSTEMS 

Board Level Microcomputer Can Solve 
Dedicated Control Problems at Low Cost 

24 
1/0 LINES 

8255 
PROGRAMMABLE 
PERIPHERAL 
INTERFACE 

INTERRUPT 8080A 
I----'-'--'-'~~---~ CPU 

SERIES/80 SYSTEM BUS 
~---..., 

SYSTEM BUS 
TO OFFBOARD 
OPTIONS 

512. 8 
RAM 

41(. 8 
ROM-P/ROM 

Single-board configuration of National Semiconductor's BLC-80/07 
packs power of 8080A CPU, 512 bytes of RAM , and optional 'ROM, 
plus Series/80 system bus for addition of options to further expand 
its capabilities 

Dedicated control and processing 
applications are handled by the 
BLc-80/ 07 single-board computer that 
offers the computing power of a 
BLc-80/ 10 at a lower cost of $365. 
Based on the 8080A microprocessor, 
the MULTrnus'.rM compatible computer 
can use BLC/ SBC Series/ 80 hardware 
and software products. Expansion at 
a reasonable incremental cost is pos­
sible with the addition of such mod­
ules as a 4-slot chassis, power sup­
ply, RAM and ROM in combinations 
up to 64k bytes, various l/ O control­
lers, and digital and analog l/ o. 
National Semiconductor Corp, 2900 
Semiconductor Dr, Santa Clara, CA 
95051, bums in all boards at 55 °C 
for 8 h. 

System components are the 8080A 
CPU, 512 bytes of static RAM, sockets 
for up to 4k bytes of P / ROM, 24 
parallel l/ o lines, and a system 
clock. The TTL compatible l/ o lines 
are controlled by an rns8255 pro­
grammable peripheral interface cir­
cuit. The lines configure to various 
unidirectional/ bidirectional modes. 
Compatible I/ o terminator modules 
are a 220/ 330-0 divider and a 1-kn 
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pullup. The variety of driver circuit 
types for this l/ O section are invert­
ing, noninverting, high voltage, and 
open collector combinations with sink 
current capacity ranging from 16 to 
48 mA. The computer addresses 64k 
bytes of memory and has an access 
time of less than 500 ns. 

The cpu's single-level interrupt 
for recognition of events may origi­
nate from four sources OR-tied to the 
single level. When an interrupt is 
received, an in-process instruction is 
completed and the program is then 
suspended. The CPU passes control to 
a user defined interrupt service rou­
tine which saves system conditions 
while the interrupt is processed. 

Addressing modes are direct, regis­
ter, register indirect, and immediate. 
There are 111 instruction types, six 
8-bit general purpose registers, an 
8-bit accumulator, 16-bit program 
counter, and 16-bit stack pointer. A 
subroutine mechanism uses the stack 
pointer with push and pop instruc­
tion to implement call and return 
instruction types. All address, data, 
and control signals are Tri-State™ 
TTL compatible. 

System Arrangement 
Cuts Computer Costs 
For OEM Houses 
The Semi-System concept of OEM 
computer systems was conceived by 
General Robotics Corp, 57 N Main 
St, Hartford, WI 53027, as a prac­
tical means of saving money. The 
OEM buys the system without the 
LSl-11 processor and disc drives in­
stalled; these are then purchased 
directly from Digital Equipment 
Corp and a disc drive manufacturer, 
eliminating the cost markup that a 
full system supplier would add. 

Assembly of the whole system is 
easy. The Ls1-ll PC module plugs 
into the backplane, and cables are 
plugged into the disc drive. Floppy 
disc drives are mounted with two 
bolts, and a cartridge disc drive is 
mounted in a rackmount cabinet. 

The first floppy disc configuration 
is based on the company's GEMINI 
package with space for two floppy 
disc drives to be packaged in a 10.5" 
(26.7-cm) high rackmount or desk­
top box. It is complete with power 
supolies and fans, backplane and 
ca~d cage, 64k bytes of RAM, hard­
ware bootstrap, line frequency clock, 
and serial Rs-232 port; the other 
configurations all contain these same 
features. A floppy disc controller 
handles either single- or double­
sided double-density floppy discs us­
ing GCR techniques and storing up 
to 2.5M bytes. Shugart, Qume, and 
CDC are among the compatible drives. 
Price is $4200 for quantity 50. 

Based on the TRISTAR, the second 
floppy disc configuration can handie 
up to three floppies mounted in a 
separate box provided with the sys­
tem. The controller is contained in 
a separate 5.25" ( 13.34-cm) rack­
mount or desktop box. The quantity 
50 price is $4900. 

A hard disc system is similar, with 
a controller in a 5.25" ( 13.34-cm) 
package. Standard cartridge type 
drives that interface the LSI-11 Q-Bus 
include Pertee, CDC, EM&M, W estem 
Dynex, and Diablo. The cost is $4200 
(quantity 50) . Storage module drives, 
configured the same as this system, 
are $4900 in quantity 50. It inter­
faces with most standard drives 
which have an SMD interface. 
Circle 410 on Inquiry Card 
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COMPUTERS, ELEMENT&, A N D BYBTEMll 

Essential Small Business 
Computer Elements Are 
Reduced To Three Cards 

The minimum configuration electron­
ic package of the model 770 con­
sists of a CPU / video board, memory 
combination board, and I/ o board­
all 7 x 12" (18 x 30 cm)-in a 
7-slot card cage with power supply 
and system cables. Psytek Computer 
Systems, 1900 Pickwick Ave, Glen­
view, IL 60025, has disregarded gen­
eral purpose features and has in­
stead included only the basic ele­
ments of concern to small business 
computer manufacturers and users. 
Physical compatibility with Intel's 
MULTIBusTM structure permits expan­
sion with peripheral cards that use 
this format. 

The standard system comes with 
48k characters of internal memory 
and with system diagnostics and load 
procedures resident in P /ROM. Two 
IBM compatible full-size floppy discs 
store 0.5M characters. These can ex­
pand to 294k characters internally 
and 35M characters externally. The 
12" (30-cm) video monitor delivers 
30 lines of 80 upper / lower case char­
acters. A detachable keyboard also 
contains a separate numeric pad. 
Several printers can be attached to 
the parallel interface. 

The CPU / video board contains a 
Z80A microprocessor, bus control 
electronics, and video system with 
4k bytes of memory for the CRT dis­
play and the CPUS scratchpad. The 
48k bytes of RAM and 4k bytes of 
ROM are on the memory board which 
allows 16 banks of 16k-byte RAM 
to be used in the system. The first 
of these banks is on this card; other 
banks are added with an optional 
PC card. 

The final board interfaces the com­
puter with up to four floppy drives, 
one keyboard, and one printer. Pro­
grammable tone generator and sys­
tem control logic allow implementa­
tion of the computer's front panel 
on the system keyboard. Optional 
boards are a serial/ parallel l/ O 
board, a graphics display board for 
B/ w and color graphics, and ex­
tended memorv boards with four 
switchable 16k-byte banks of RAM. 

System software includes extended 
BASIC, text editor, Z80 assembler, 
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program debugger, I/ o and utility 
routines, and a disc operating system 
with sequential and random files, all 
of which run under the company's 
Supervisor. This allows the modules 
to interact efficiently. Software busi­
ness applications are available. The 
system supports CP / M™; thus, users 
have a choice among several BASICS, 
FORTRAN IV, COBOL, PASCAL, and APL. 
Circle 411 on Inquiry Card 

Desktop Computer Options 
Add Communications and 
Stora9e Capabilities 
A dual diskette drive and two com­
munications packages are major addi­
tions that Durango Systems Inc, 10101 
Bubb Rd, Cupertino, CA 95014, is 
offering as options to the portable 
F-85 computer (see Computer De­
sign, Dec 78, p 132). Model 8705 
auxiliary drive option adds two 5.25" 
( 13-cm) 473k-byte diskettes to ex­
tend the basic system's online stor­
age to four drives totaling approxi­
mately 2M characters. It enables 
separate device oriented files and 
reduces diskette manipulation dur­
ing processing. Housed in an 8.55 x 
7.75 x 13.25" (21.72 x 19.69 x 33.66-
cm) self-contained enclosure with 
power supply, the $3085 unit con­
nects to the computer via a single 
logic cable through an existing back 
connector. Drives, assigned physical 
addresses 2 and 3, operate in the 
same manner as integral drives 0 
and 1. 

Communications options transmit 
and receive data from remote com­
puter systems. Both packages consist 
of a hardware and software module. 
The 8535 asynchronous package works 
over switched telephone network or 
privat!'l point-to-point lines. It sup­
ports features used by other com­
puter manufacturers when operating 
in ASCII asynchronous serial bit mode. 
Included are batch, interactive, or 
combined modes; switched or private 
line operation; several full- or half­
duplex protocols; error logging; and 
a horizontal tabbing facility. Trans­
mission rates are from 50 ·to 9600 
baud. The software provides data 
routing to a printer, video screen, 
or mass storage. 

Using binary synchronous com­
munications procedures, the 8535 
package emulates the protocol used 
by IBM 2780 and 3780 data com­
munications terminals. The emula­
tor operates under control of the 
ox-85 operating system in batch mode. 

On transmission to the F-85, all data 
are transferred from a named mass 
storage file while received data can 
be routed to the printer, video screen, 
or mass storage. Operation is in 
either point-to-point or multipoint 
mode. The protocol also includes 
block checking and automatic re­
transmission. Rates range from 2000 
to 9600 baud. 

Both packages contain command 
sets for specification of various line 
parameters and operating states. 
Prices are $625 and $1275, respec­
tively. A $115 security lock provides 
controlled access to the computer 
through a keylock switch on the 
keyboard. Three positions are dis­
able, enable, and supervisory. A 
random access fixed disc drive with 
a storage capacity of 12M bytes is 
planned for the fourth quarter of 
1979. 
Circle 412 on Inquiry Card 

Storage Ran9es From 
250k to 1.2M Bytes 
With S-100 Floppy Discs 
S-100 systems running at 2, 4, or 
5 MHz can accept any of three 8" 
( 20-cm) full-sized floppy disc sub­
systems. Drives are mounted in single 
or dual cabinets with self-contained 
power supply, detachable line cord, 
and detachable 50-conductor signal 
cable. Also included are the Disk/ 
ATE operating system and the 
BASic-v advanced BASIC language in­
terpreter with virtual memory ad­
dressing. 

The single-density mscus 1™ sys­
tem holds 250k bytes of data, using 
IBM soft-sectored format, as do the 
other two systems. It uses the Disk 
Jockey JTM single-density controller 
which has 0.5k of ROM with disc 
utility subroutines, 256 bytes of RAM, 
and a software drive serial l/ O port. 

Quad-density Discus 2+2™ uses 
double-sided floppy disc drives to 
store 1.2M bytes of data. DISCUS 2D™ 
is a double-density floppy disc sys­
tem with a capacity of 600k bytes; 
it use~ . a single-sided drive. 

Thinker Toys, 5221 Central Ave, 
Richmond, CA 94804. has developed 
the Disk Jockey 2DT" controller for 
both :>f these systems. It features a 
serial I/ o port with a UART and pro­
gramrnable baud rate generator, lk 
of RAM, and lk of ROM which exe­
cutes such disc functions as read 
sector, write sector, and bootstrap. 
Jump start logic automatically loads 
standalone systems on power-up. 
Circle 413 on Inquiry Card 
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Thinking Computers? 
Think of the PosslbWtles-A Complete Computer for $1485* 
All You Add Is The Terminal, Printer, 
And Applications Software -
And You'" Got A Complete System! 
The HORIZON® is a complete computer-Z80~ 32K 
RAM, Disk and 1/0 - priced so that the only limit to 
application in your system is your imagination! And, 
the HORIZON is packaged in a natural wood cover, 
adding sales appeal to your system! Think of the pos­
sibilities if you're designing a system for education, 
small business, process control , word processing, 
engineering, or whatever is on your mind. 

Over 15,000 North Star Systems In Usel 
We offer you the maturity and reliability to meet the 
needs of demanding, high-volume applications. HORI­
ZON performance and reliability are assured through 
the use of the proven Z80A microprocessor and indus­
try standard 5%'' 180K and 360K byte disk drives. Our 
professional approach to design (for example, 
memory parity) has been proven in thousands 
of installations. 

North Ital lpecWcallons: 
CPU: 4 Mhz Z80A 
RAM: 200ns (Including parity check) 
Bus: 12 slot, S-100 
Disk: 180K or 380K bytes per diskette 

Controller: Up to 4 drives (up to 1.4M bytes) 
250 KB transfer rate 

1/0: TWo Serial RS-232 1/0 ports 
and one 8 bit parallel 
1/0 port 

Cover: Natural Wood or 
Blue Metal 

• 

ZSO~ is a registered trademark of ZILOG Corporation. 

Complete Software Support: 
DOS, BASIC, and MONITOR! 
We provide you with the tools (bundled system 
software) for writing the application programs that 
will make your system work! Our BASIC is a full ex­
tended disk BASIC! Hundreds of commercial software 
application packages have been developed using 
North Star BASIC. 

Expand Your Horizon! 
The HORIZON can be expanded to 56K bytes or more 
of RAM, four double density or quad capacity (two­
sided) mini disk drives and 18M byte hard disk. Per­
formance can be enhanced by the addition of the North 
Star hardware floating point board. Also, S-100 bus 
products from other manufacturers may be used to 
expand the HORIZON. 

For complete information call Bernard Silverman 
at 415-527-6950. TELEX/TWX 910-366-7001 . 

North Star Computers Inc. 
1440 Fourth St. 
Berkeley. CA 94 710 

•32K byte RAM and one 180K byte double density drive system 
In OEM quantities of 100 or more. 
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Faster Execution of 
Instructions Enhances 
6800 Microprocessor 
Using a 2.5-MHz clock, S68HOO exe­
cutes one data access instruction/ two 
clock cycles, obtaining a processing 
speed that is claimed to be 2~ times 
that of the standard 6800. High speed 
processing in instruments and numer­
ical controllers can be performed 
more efficiently. American Micro­
systems, Inc, 3800 Homestead Rd, 
Santa Clara, CA 95051, is supporting 
the processor with the newly intro­
duced S68H21 peripheral interface 
adapter which has a 2.5-MHz speed. 
This enables configuration of a high 
speed microcomputer using two of 
the company's S2114 lk x 4 RAMs 
and an S4216B 2k x 8 ROM. 

Other aspects of the microproces­
sor are identical to earlier versions. 
Available in ceramic and plastic 
packages, it uses 8-bit parallel pro­
cessing, has an 8-bit bidirectional 
data bus, 16-bit address bus, and a 
72-instruction set with seven address­
ing modes. Execution is from two 
400-ns machine cycles for most in­
structions up to 12 cycles for a soft­
ware interrupt. 
Circle 414 on Inquiry Card 

Slave Processor Aids 
Systems Requiring 
Distributed Power 
The intelligent, Z80 based 1861A 
peripheral controller has up to 16k 
of memory and can address all the 
memory and 1/ 0 in the Flexibus II 
system to which it is added. Its four 
independent serial channels are con­
figured by onboard jumpers to syn­
chronous or asynchronous operation 
with internal or external clocks. 
Independent single-channel commun­
ications adapters provide full signal 
flexibility and modem control for 
each channel. These serve to inter­
face standard TTL signals, output 
from the processor to 20-mA/ Pcs 
party lines, EIA RS-232-C, -422, or 
-423 interface signals. Internal clock 
rates are program selected. Data 
rates up to 500k bits/ s are possible. 
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Communications channels are hard­
ware compatible with such industry 
communications protocols as async, 
BSC, SDLC, HDLC, ADCAP' and Canadian, 
u.s., and European virtual telecom­
munication networks. Thus, the sys­
tem can control subsystems from 
several manufacturers. 

A multiprocessor debug tool has 
been announced simultaneously by 
Process Computer Systems Inc, 750 
N Maple Rd, Saline, MI 48176. The 
accessory for the controller allows 
simultaneous debugging of multiple 
CPUs. Any memory locations in a 
designated processor can be examined 
and altered synchronously or inde­
pendently. Breakpoints are set, 
cleared, or coordinated from either 
the local or development system con­
sole. 
Circle 415 on Inquiry Card 

Two Boards Generate 
High Resolution Graphics 
For MULTIBUS Systems 
The RC-SBC-VCI vector generator and 
RC-SBC-MI refresh memory form the 
RC-SBC configurable graphics gen­
erator to produce a composite TV 
signal for display on a standard 
525-line ( 625 optional) TV, used in 
conjunction with Intel MUL TIBus™ 
systems. Up to eight refresh memory 
boards combine with one vector gen­
erator to give graphics in black and 
white, color, or up to 16 shades of 
gray. Three refresh memory boards 
are required for red, green, and blue 
outputs for color monitors that ac­
cept TTL level RCB inputs. Resolution 
ranges from 320 x 240 to 640 (H) 
x 480 (V) . Complex displays may 
be programmed in BASIC. 

The instruction set that Raster 
Graphics, PO Box 23334, Tigard, OR 
97223, has included controls the vec­
tor generator which automatically 
starts, issues a busy signal to the 
status port, and stops when the vec­
tor is written into the refresh mem­
ory. Instruction ports reside in one 
page of user selected 1/ 0 address 
space. Hardware performs the task 
of creating the vector, writing it into 

refresh memory, and producing the 
TV signal, all transparent to the user. 
Chaining vectors together creates 
symbols, shapes, and patterns. 

Single-refresh memory configura­
tions are used with static display 
formats that are updated infrequent­
ly, or where higher resolution is re­
quired, using all the available mem­
ory. Dual-refresh memories are nec­
essary for complex moving displays 
in order to eliminate objectionable 
R/ w interference that occurs when 
data are written or read from the 
same memory. Users may display 
data from either refresh memory by 
issuing the switch command. Previ­
ously displayed data may be op­
tionally erased or retained when 
memories are switched, thus provid­
ing stored and nonstored modes of 
operation. Single-refresh configura­
tions need one stored and one non­
stored mode; dual-refresh configura­
tions require two of each mode. 
Circle 416 on Inqu iry Card 

Impact Matrix Printer 
Produces)IComputer Hard 
Copy at 132 Char/s 
A stepper motor driven integral 
tractor mechanism with precision in­
cremental paper motion and forms 
width and thickness adjustments, con­
tinuous loop ribbon with reinking 
roller for 3M- to SM-character life, 
and only two moving parts to drive 
the printhead and drive motors are 
mechanical features of the model 
801 that assure high quality for 
microcomputers such as Radio Shack's 
TRs-80, the Apple II, and the Com­
pucolor. It connects via either an 
Rs-232 serial interface or Centronics 
compatible parallel interface. 

Distributed by Vitek, 1160 Barbara 
Dr, Vista, CA 92083, the unit prints 
132 upper and lower case char­
acters / s, 80 columns wide, on up to 
five copies of standard computer 
forms up to 9.875" (25 cm) wide. 
The standard set consists of 96 ASCII 
characters. A 127-character line buff­
er is standard. The printer produces 
a 7 x 7 dot matrix. 
C ircle 41 7 on Inquiry Card 
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The only 
co•plete fa•ily 
of floppy disk 

controllers 
From Western Digital: 
a complete family of MOS/LSI Floppy Disk 
Controllers to meet the 
demand of double­
density head-on. 
Introducing the 
179X. A new genera­
tion of Single/Double 
density controllers for 
use with both the51!4" and 
8" drives. Full compata­
bility with the IBM 
3740 and System 
34 formats is stan­
dard. Need more 
storage? No problem. 
Sector lengths are variable from 

FD1795 

128 to 1024 bytes as well as inter-record 
gap sizes to fit just about any application. 
You can even read or write multiple sec­
tors within 1 revolution of the disk, and it 

•compatible with FD1791 and FD1793 

FD1792·01° 
Single Density 
Inverted Bus 

only takes one command. But there's 
more. Programmable track­

to-track access time, on­
chip track and sector 

registers, and an automatic 
seek with verify on all step 

commands. A simple 8-bit inter­
face allows your 

microprocessor to 
access eleven 

powerful macro 
commands. 

True Bus 
versions are 

compatible with the 280 
and 8080. So join the family. Get 

all the details on Western Digi­
tal' s 1 79X series of Floppy Disk 

Controller chips, and see why 
we're number one in single 

and double density designs. 

Single and double density compatible 

WESTERN DIGITAL 
c 0 R p 0 R A T I 0 N 

REGIONAL OFFICES: 
Northwestern North Central Northeastern European 
Burlingame, CA Chicago, IL Marblehead, MA London, England 
(415) 344-1165 (312)635-6069 (617) 631-6466 01 -542-1035 

CORPORATE OFFICE: 
Southwestern South Central Southeastern Newport Beach, CA 
Newport Beach, CA Dallas, TX Marblehead, MA (714) 557-3550 
(714) 851-1221 (214) 386-9450 (617) 631-6466 TWX 910-595-1139 
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Support Modules Erect 
Severe Environment 
Microcomputer System 
A building block approach to de­
signing a custom microcomputer sys­
tem for industrial, military, and 
other severe environment applica­
tions simplifies the task and cuts 
development costs. The base of the 
SECS 80 system is the SECS 80/ lOA, 
a ruggedized version of Intel's isBc™ 
80 / lOA single-board microcomputer 
(see Computer Design, Jan 79, pp 
146, 148). Support modules offer a 
choice of 1/ 0 expansion board, RAM, 
P / ROM, EPROM, digital tape recorder 
and controller, high speed arithmet­
ic unit, A-D converter, power sup­
plies, and chassis. 

All modules are mounted on stan­
dard 9 x 6" (23 x 15-cm) full-ATR 
compatible PC cards. A half-ATR 
chassis with side ventilation houses 
either six cards or four cards and 
a power supply ( 28-V de or 115 / 220-
Vac versions). Meeting MIL-E-5400, 
-16400, and -4158 requirements, the 
cards use NAFI style fork and blade 
connectors which withstand vibration 
levels as high as 20 g without in­
termittent connection. Each is unique­
ly keyed and may be blind mated. 

Ruggedized module 'boards for harsh 
applications include 1/0, memory, tape 
recorder and controller, arithmetic, and 
ADC that fit into EMM/SESCO's chassis 
with SECS 80/10A CPU card to form 
SECS 80 system 
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Integral heatsink and stiffening bars 
offer structural strength and thermal 
conduction efficiency. All microcir­
cuits have been processed to MIL-STD-
883 Level B. Operating temperature 
is -55 to 85 ·c. 

The 80/ 116 single-board RAM has 
4k x 1 static devices, resulting in a 
16k x 8-bit capacity. Starting ad­
dress for 16k contiguous addresses 
is jumper selectable. R/ w data 
buffers are included, and all data, 
address, and command signals on 
the bus are TTL compatible. Cycle 
time is 450 ns and access time is 
385 ns. 

The EPROM-P / ROM offers optional 
versions of 2k, 4k, Bk, 16k, and 32k. 
Addresses are jumper selectable for 
each 8k block. Programming is han­
dled under software control from 
the SECS 80 bus. Both types of mem­
ory expansion are through direct 
SECS 80 bus interface. 

The interface between the MIL­
srn-1553 bus structure and that of 
the SECS 80 bus is handled by the 
80/ 1553 bus interface. A micronro­
grammed controller, ALU and associ­
ated registers, control file, SECS 80 
port, and two independent 1553 bus 
ports comprise the first section of the 
card. The second part is a memory 
port which allows the interface to 
appear as an 1/ 0 port with inde­
pendent DMA capability. The final 
section contains two 1553 bus inter­
faces each consisting of an 8-bit 
shift register, Manchester encoder/ 
decoder, and transmitter/ receiver. 
The interface acts as a remote termi­
nal or as a bus controller. 

Up to four SETs-1 tape recorder 
units are directly interfaced and con­
trolled by the Tel. It provides Man­
chester data encoding and decoding, 
preamble and postamble, and CRC 
generation and checking. Data trans­
fer rate is 48k bits/ s using phase 
encoding. EMM/ SESCO, 20630 Plum­
mer St, Chatsworth, CA 91311, has 
also included three 16-bit registers 
for ·command status and 1/ 0 register 
data. 

Three other modules round out 
the system. The 519 programmable 
1/ 0 ex:pansion board has 72 program­
mable 1/ 0 lines with jumper select­
able 1/ 0 port address and interval 
timer. Intel's 8259 programmable 
interrupt controller ( PIC) provides 
vectoring for eight interrupt levels. 

Algebraic, trigonometric, inverse 
trig, and logarithmic functions are 
provided by the Aul board, with 
single-precision ( 16-bit) fixed point 
format, double-precision ( 32-bit) 
fixed point format, or 32-bit floating 
point format . A 16-bit counter moni-

tors the Advanced Micro Devices 
AM9511 arithmetic processing unit. 
An option generates system inter­
rupts 4, 5, 6, or 7 at the end of 
an operation. 

Last, the A-D converter, a complete 
analog 1/ 0 subsystem, provides 16 
single-ended input channels in its 
data acquisition section, along with 
sample/ hold, programmable gain, 
and instrumentation amplifiers, and 
a 12-bit ADC. Analog output capabil­
ity is possible with two optional 12-
bit DACs and two optional 4- to 20-mA 
current outputs . 
Circle 418 on Inquiry Card 

Microcomputer Speaks 
With Help of Peripheral 
Card and Software 
Verbal operator prompting or warn­
ings are an added dimension to com­
puter programs, made possible with 
the SuperTalker peripheral system. 
The card from Mountain Hardware, 
Inc, 300 Harvey W Blvd, Santa Cruz, 
CA 95060, plugs into the peripheral 
slot on the Apple n microcomputer 
to output high quality human speech 
through a loud speaker (or a PA or 
stereo system) under program con­
trol. It is particularly useful in con­
trol or monitoring applications. 

The board's electronic circuits con­
vert the analog microphone signals 
into a di ci:ital pattern that is stored 
in RAM; these stored speech data are 
manipulated like any other stored 
data. The board also accepts the 
digital patterns and transforms them 
back into audible signals through 
the loudspeaker. 

The SuperTalker disc operating 
system allows output of human 
speech under program control with 
direct 1/ 0 routines. It also provides 
a preparation program for creation 
of voice files on diskette. The BASIC 
routines require only 1-line state­
ments to output a word or phrase ; 
the routines also support cassette 
storage. 

Specifically, the operating system 
and editor package-vPs (Vocal 
Preparation System )-allows the user 
to develop a phrase diskette which 
may contain many tables of phrases 
(the basic data element accessible 
by the peripheral). Each table can 
contain several words, phrases, or 
whole sentences. Up to 47 phrase 
tables can be held on each diskette; 
454 sectors on the diskette are avail­
able for the phrase tables. 

The VPS is structured with three 
main levels. The main command level 
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Why is the Digifec 3000 
already the most popular . 

data acquisition system in the UTorld? 
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The Datalogger 3000 puts more power in your hands than 
any other datalogger. 

MORE DATA ACQUISillON. The 3000 handles the widest 
variety of inputs: ac and de voltages, ac and de currents, re­
sistances, all thermocouples, RID's, thermistors, digital and 
contact closures - all standard. 

MORE COMPUTATION. 
The 3000 opens up the 
power of mathematical 
computation. It can de­
tennine an Average, 
Difference, Deviation 
from a Mean, extract 
Square-Roots and more. 
You can easily convert to 
engineering units with 30 
programmable offset and 
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scale factors. That's 900 different m x + b equations. Two 
unique tables feature the exclusive "Li-PLOT' function (User­
Programmable Llnearization Tables). This powerful feature 
provides linearization for any transducer or transmitter. 

MORE DECISIONS. The 3000 offers 100 programmable set­
points for alarm detection. You can assign up to 4 different 
limits, with priority levels, to each channel for "High:' "Low," 
or "Equal to" decisions. You can Alarm on rate of change or 
alarm transition. Ten standard Alarm Relays provide outputs 
for annunciation and control. And, only DigITec Dataloggers 
visually spell out alarm messages on a built-in CRT. 
Behind all these standard features is 32K of memory. That's 
enough power to support a system of up to 1000 points. 

The Datalogger 3000 ... more powerful than any other datalogger. 

For a free brochure or "hands-on" demonstration, 
just call collect, (513) 254-6251 

Seeusat~~~ 
Booth No. 916 

Information Only Circle 80 

& 
easiest 
to use 

The Datalogger 3000 is as easy to use as it is powerful. 
All communication is in everyday English. We spent man­
years developing programming innovations so you can 
program your system in minutes. 

PROGRAM PROMPTING. A 
built-in CRT display provides 
prompting to guide you 
through each step of your 
program. The Datalogger 
asks you simple questions in 
plain English and supplies 

AUTO PROGRAM MOOE 
~ELECTED CHAN 
eee, 010-01s 
SELECT ONE 
F"UtlCT ION 

I MILLIVOLTS DC 
2 OHMS 
3 !HO 
4 THERMOCOUPLE 
S BCD 

multiple-choice answers . This interactive prompting 
assures quick and accurate program entry. Program ming 
is further simplified by utilization of conventional data 
acquisition terms, no need for complex, computer languages. 

CASSEITE LIBRARY. Once your program requirements 
have been defined, they can be saved on the built-in cassette. 
This lets you create a library of application tapes. Simply drop 
in a cassette and the Datalogger will completely program 
itself. Changing programs, therefore, is as easy as changing 
cassettes. The same cassette deck can be used to record 
measured data for future reference. 

COMPlEfE COMMUNICATION. The built-in CRT provides 
more information than8ossible with conventional datalogger 
displays. You can see 1 channels of system information at a 
single glance. For hard copy, a standard. built-in alphanumeric 
printer quietly_r_ecords data. To communicate with peripheral 
devices. the 3000 offers the widest variety of interfaces. ASCII 
outputs, both serial and parallel, relay outputs, external condi­
tion input, and composite video output are all standard. 

The Datalogger 3000 . .. easier to use than any other datalogger. 

unlTEO 
SVSTEms 
CORPORATIOn 
918 Woodley Road . Dayton. Ohio 45403 
(513) 254-6251 , TWX (810) 459-1728 
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affects whole phrase tables. At this 
first level, the user enters the con­
figuration and confirmation mode, 
verifying the number of disc drives, 
the slots in which the controllers 
are located, and the drive numbers. 
Commands are included to delete, 
edit, initialize, list, and output phrases. 

The second level is the Edit Com­
mand level, entered from the first 
level. Basically the same as the main 
level, these commands affect only 
one phrase table and those phrases 
within it. The bottom level-voice 
creation-is entered from the previ­
ous level. The user types a character 
string (up to 40 characters long) and 
then records the vocal phrases for 
the current phrase table. 

In addition to software control of 
record and playback modes, the user 
may select the digitizing rate-512, 
1024, 2048, and 4096 bytes/ s of 
speech-and the plavback volume­
four software selectable levels. The 
higher the digitizing rate, the better 
the quality; the most useful rates are 
2k and 4k/ s. Frequency response is 
filtered to 300- to 3000-Hz human 
voice range for clarity. 

The $279 peripheral consists of the 
card, microphone, loudspeaker, soft­
ware, and two readv to run pro­
grams-Accent, a talking language 
translator, and Talking Color Math. 
A 50-s realtime speech output can 
be stored at a 2k-byte rate on one 
Aoole n diskette. A 2-W audio am­
plifier is contained onboard to drive 
the speaker. 
Circle 419 on Inquiry Card 

Design Method Integrates 
LSl-11 /2 ,.PComputer With 
IEEE/ CA MAC Standard 

Packaging of Digital Equipment 
Corp's 16-bit LSI-11/ 2 microcomputer 
on a single-width CAMAC (computer 
automated measurement and con­
trol) board, allows the computer to 
be integrated into the MIK-11/ 2 sys­
tem, which serves either as a stand­
alone unit or as an auxiliary unit. 
The other elements-an asynchro­
nous serial port for Rs-232-C or 20-mA 
loop interfacing (functionally iden­
tical to DEC's standard serial port) , 
a controller that interfaces the com­
puter bus and CAMAC Dataway, 16k­
to 32k-word RAM with automatic 
refresh, and a 256-word ROM with 
Dataway, memory, and register diag­
nostics-are compatible with the exist­
ing MIK-11 bus. Software support 
includes RT-11 and RSX-11 operating 
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systems, BASIC, FORTRAN, APL, FOCAL, 
and MACRO n, as well as other PDP-11 
compatible software. 

Characteristic of the Dataway in­
terface is that it is mapped into a 
segment of Unibus address space, 
making it transparent to the LSI-11. 
Each subaddress and station number 
is assigned an LSI bus word address; 
thus for 16-bit transfers, the full 
power of the microcomputer's 400-
instruction set is brought directly to 
the Dataway. Control status register 
and high data register contain all 
information relevant to a Dataway 
cycle. Both registers are readable 
and writable from the computer. 

Standard Engineering Corp, 44800 
Industrial Dr, Fremont, CA 94538, 
expands the capabilities of the LSI-
11/ 2 by adapting it to process con-

FRONT ENO 
PROCESSOR 

trol, data acquisition, distributed 
processing, and computer networks. 
Combination of several satellite 
crate controllers with a larger host 
CPU offers one powerful configura­
tion. 

Selection of various options alter 
the system with the addition of a 
16k- or 32k-word RAM with internal 
refresh and 256-word bootstrap 
P / IioM, 4k EPROM with on board pro­
gramming capability, 8k dual port 
static memory for sharing of a mem­
ory block by two processors, and 
dual floppy discs and interface. In 
addition, there are add-on asynchro­
nous and synchronous serial communi­
cation port modules and a peripheral 
interfacing adapter board for all 
LSI-11/ 2 compatible devices. 
Circle 420 on Inquiry Card 
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CAMAC interfaced computer system is designed by Standard 
Engineering around DEC's LSl-11 /2 CPU board. Standalone 
CAMAC crates with high speed data acquisition and software 
development capability are offered; distributed processing and 
computer networks can also be configured. Options which may 
be attached to satellite computers in typical process control 
system include ADCs, DACs, 16-bit isolated input register, 
asynchronous serial communication port, various memories, multi­
plexers, and solid state relays 
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THE ADVANCED CIRCUITRY BACKPANEL: 

lt5 hard to improve on a 
99.93% quality record and 

± .007" pin tip location­
but we're working on it. 

In the three years we've been in 
the printed circuit backpanel busi­
ness, we've set some pretty high 
standards for ourselves and for the 
industry - like a 99.93% quality 
record. (We've never had a single 
backpanel system returned be­
cause of printed circuit or assembly 
problems.) That's our record - and 
we're doing everything we can to 
protect it. 

In pin straightening, our state of 
the art equipment permits us to hold 
the tightest pin tip tolerance in the 
industry today: :t .OOT"(pin tip loca­
tion to datum). And we're gradually 
improving on that. 

Unlike some others, Advanced , 
Circuitry retains total respon- , 
sibility for every step of 
the manufacture - from 
single-, double-, or 
multi-layer board 
construction to 
automated 
loading 

TOTAL CAPABILITY 
Backpanels 
Multi layers 
Print and Etch 

of square peg or conformal fitting 
pins. In-house control of critical 
parameters, such as plating density 
and hole size, assures optimum 
push-out and electrical interface 
characteristics. On-premises elec­
trical testing is the final step toward 
a 100% reliable assembly. 

Conventional and Semi+™ Plated-Thru-Hole 

As an additional service, for non­
standard pin or hardware assem­
blies, Advanced Circuitry has de­
signed and tooled a fully automatic 
loose-piece hardware inserter. Talk 
with us about any special require­
ments you may have in this area. 
From prototypes to high-volume 
runs, our seasoned design en­
gineers can give you technical 
assistance. 

Call us to quote your next job. 
If you find our 99.93% quality rate 

just a little hard to believe, 
we'd like to prove it 

to you. Call us. 

rn 
Litton 

The State of the Art Company 

4811 West Kearney 
Springfield, Missouri 65803 

417 862-0751 
TWX 910-775-4705 
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Selections of Add-On 
Cards Range From Memory 
To Math To Controllers 

Additions to the MD SeriesT>< of OEM 
microcomputer boards are all STD­
Z80 BUS compatible (see Computer 
Design, April 79, p 148). Joint design 
of the bus by Mostek Corp, 1215 W 
Crosby Rd, Carrollton, TX 75006, 
and Pro-Log uses the Z80 CPU, pro­
ducing a cost-effective OEM micro­
computer system bus that supports 
the Mode 2 intenupt structure. The 
motherboard interconnect system con­
cept handles any MDX card in any 
card slot. The 4.5 x 6.5" ( 11.4 x 
16.5-cm) board size allows system 
partitioning by function and also 
makes system packaging easier. In 
general, the boards require only a 
single 5-V power supply. Most will 
also be offered in 4-MHz versions 
as well as 2 MHz. 

MDX-SRAM cards are available in 
4k, 8k, or 16k x 8 sizes. They use 
the company's MK4118 static RAMs 

with selectable starting address on 
4k boundaries. Another memory card, 
MDX-EPROM-4, contains eight sockets 
for maximum storage of 8k x 8 using 
2758s ( lk x 8), 16k x 8 using 2716s 
( 2k x 8), and 32k x 8 using 2732s 
(4k x 8). Wait-state generate cir­
cuitry is included for 4-MHz opera­
tion. A universal memory card has 
eight sockets for use with MK4118 
( lk x 8) and MK4802 (2k x 8) 
static RAMs, MK2758 ( lk x 8) and 
MK2716 ( 2k X 8) EPROMS, and 
MK30000 ( lk x 8) and MK34000 
( 2k x 8) ROMS. There are 16 mem­
ory configurations with 4k boundary 
addressing and selectable wait-state 
for each socket. It can run at 2.5 
and 4 MHz. 

An AMD 9511 math chip and an 
onboard MK3881 PIO chip perform 
the MDX-MATH card's data transfer 
and interrupt handling. Add, multi­
ply, divide, subtract, trig and inverse 
trig functions, square roots, loga­
rithms, exponentiation, and fixed and 
floating point operations are among 
the math functions performed. Also 

From Frame to CRT ... 

/ 

160 

we've built Linear and Constant 
Voltage Transformers - U.L. and C.S.A. 

Listed - and for use in equipment 
conforming to these international specs: 
I EC-380; I EC-435; VDE-0730; VDE-0804 

What can we do for you? 

·" ·, 

Just give us a call 618-654-2341 Nationwide Reps 

c;;) Basler Electric 9 . Highland, Illinois 
BOX 269 HIGHLAND, ILLINOIS 62249 TWX 910-996-2522 
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contained onboard are a 2-MHz crys­
tal controlled clock for asynchronous 
operation and wait-state insertion. 

Containing a wol 771 controller 
chip and MK3883 DMA controller, 
MDX-FLP controls one to four drives 
with four software controlled select 
times. Drives may be 5 or 8" ( 13 
or 20 cm), single- or dual-sided. 
However, all drives connected to the 
controller must be of the same type. 
It is compatible with IBM 37 40 or 
other formats. Features include single­
density operation, soft sector format 
with variable length sectors, auto­
matic track seek with verification 
capability, diskette initialization/ for­
matting capability, DMA or pro­
grammed data transfer, and inter­
rupt driven or polled operation. It 
performs single-sector, multi-sector, 
or full-track data transfers . There 
are provisions for DMA daisy chain 
operation. 

An operator interface with con­
trol switches and display readouts 
onboard, and a pushbutton for sys­
tem reset comprise the system con­
troller/ diagnostic module. An on­
board chip handles data transfer 
and interrupts. Space is available for 
up to lOk of EPROM or ROM, with 
memory address selectable on a 2k 
boundary within a given 16k bound­
ary of the Z80 memory map. Soft­
ware packages for the Mnx-sc/ D in­
clude monitor, handler, and diagnos­
tic test for the MD series boards. 

Offering 16 single-ended or eight 
differential input channels and two 
8-bit analog output channels, the 
MDX-A/D analog 1/ 0 ,subsystem has 
1/0 ranges from 0 to 10, ±5, and 
±10 V. It features input overvoltage 
protection to 35 V and a sample/ 
hold amplifier for inputs. There is 
a single onboard precision reference 
circuit for the analog outputs, on­
board de-de converter, and memory 
mapoed1/ o. 

The final module-an A-D card­
uses the MK5160 A-D chip and an 
onboard MK3881 PIO for data trans­
fer and interruot handling. MDX 
A/DB has 16 multiplexed single-ended 
analog inputs and an 8-bit binary 
output; a sample/ hold module is 
ootional. Conversion time is 140 p.S. 
Three full-scale input ranges are 
from 0 to 1, 0 to 3, and 0 to 5 V. 
Accuracy is to ±J~ LSB with no ad­
justments required and no missing 
codes. Provisions allow additional 
channel expansion. 
Circle 421 on ln!:iuiry Card 
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Winners Circle 

EMM Wins the Megabyte Memory Race 
with higher speed and lower maintenance than 

rotating disks and drums. 

A Real Thoroughbred 
Our tough EMM/SESCO inspector has a real winner in 

our Megabyte Memory, which, for fast throughput and low 
maintenance, beats rotating disks and drums hands down! 

A real thoroughbred, Megabyte gives you one million 8-bit 
bytes of dependable, non-volatile core storage on a single 
pluggable module. As an entry, a 4-megabyte system, 
including interface, takes up only 17.5 inches of chassis space. 

A New Track Record 
This all-electronic mass memory is orders of magnitude 

faster than disks and drums. And by interleaving Megabyte 
memories, a data transfer rate of greater than 16 million bits 
per second can be achieved. 

1!1111 SESCO 
A Subsidiary of Electronic Memories & Magnetics Corporation 

20630 Plummer Street• P.O. Box 668 •Chatsworth, California 91311 
Telephone : (213) 998-9090 •Telex: 69-1404 

Speed AND Dependability 
Maintenance on disks and drums is complicated and 

expensive. With our megabyte core memory, however, service 
downtime is virtually eliminated since there are no moving 
parts to wear out. And if maintenance is ever needed, our 
modular design makes it simple. This all adds up to higher 
system performance at a lower total life cycle cost. 

Plenty of Memories 
There are plenty of memories in store for you at EMMI 

SESCO. Up to 256K bytes of semiconductor memory on a 
single card for the commercial user. A complete line of rugged­
ized memories for military and industrial 
applications. Even a ruggedized ..-:111111111"""---
version of Intel's popular iSBC* 
80/10A microcomputer. And a 
severe environment version of 
Megabyte is in development. 

So when you're looking for 
winning memories . . . Buy 
SESCO . .. they work! 

•Trademark of Intel Corporation 
CIRCLE 85 ON IN9UIRY CARD 
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User Convenience 
Is Key to Nondedicated 
Development System 

Supporting four realtime emulators 
-the 8080, 8085, Z80, and 1802 
(with others under development), 
the ICC/ Mes microprocessor develop­
ment system is a universal low cost 
solution for users requiring addi­
tional in-circuit emulation stations. 
Designed with a dual-processor archi­
tecture, the system has inherent 16-
bit capability. Expansion plans cover 
high level debug software, relocat­
ing macro assembler, and linking 
loader. 

Both tape and disc based operat­
ing systems, complete with a free 
form CRT oriented editor, assembler, 
and monitor, are available. A Z80 
based BASIC compiler is optional. 
The debugging monitor provides full 
register and selected memory region 
display, plus extended commands 
structurt; comprised of set/ clear/ 
display / execute on breakpoints, read/ 
write object program, enable/ dis­
able user I/ o, single step, enable/ 
display high speed trace memory, 
and transfer memory contents. Also 
included are the nos command set 
and text editor commands. Digital 
Research Corp's CP / MT" operating 
system allows the Mes to be used 
not only as a development system, 
but also as a business, scientific, and 
data processing system. 

The in-circuit debugger, MCS ICDT", 
features a multiple architecture to 
support several microprocessors; there­
fore, the system CPU does not have 
to be converted from one object CPU 
to another. The debugger provides 
debug, test, display, and control 
capabilities. 

MicroCommand System uses a Z80 
processor for its internal logic; it 
provides an 8-level vector interrupt 
capability, as well as 16k to 64k of 
static RAM. The 512-byte load only 
ROM contains the bootstrap loader. A 
40 x 24-char display CRT operates 
through DMA for fast display up­
dates. Other components are a built­
in ASCII keyboard, either dual 5" 
(13-cm) quad-density or dual 8" 
(20-cm) double-density floppy disc 
system, parallel and serial Rs-232 
output ports, EPROM programmer, 

L USER CPUJ 

USER 

1rn 
ICD RAM 

SYSTEM G IN-CIRCUIT (TO 64k) 
CPU DEBUGGER 

SOCKET 

ROM 
BOOTSTRAP 
LOADER 

CPU RAM 
(Z80) (16k) 

l 
l SYSTEM BUS J 

L 

[ 110 PORTS J 
I I ~DISC 

CONTROLLER 

DUAL 

PARALLEL 
DISC KEYBOARD DIRECT 

RS-232 
STORAGE MEMORY 

I/O 
ACCESS 

PORT 

LC I 
11 CRT SOFTWARE 

ASSEMBLER EDITOR MONITOR 
PROGRAM PROGRAM PROGRAM 

BASIC SYSTEM 

OPTIONS 
LTAPE J 

4 
J CONTROLLER 

EPROM l DUAL 

J PRINTER PROGRAM CASSETTE 
STORAGE 

Tape and disc based versions of TecMa's MicroCommand System provide 
universal development system, complete with software, configured to indi­
vidual needs. Emulators support ·8080, 8085, Z80, and 1802 microprocessors 

and optional dual cassette storage 
units. 

TecMa, Inc, 2366 Walsh Ave, Santa 
Clara, CA 95051, has introduced three 
configurations. The dual cassette 
tape system, priced at $4995, has 
the capability of disc based systems, 
but at slower speeds. Data transfer 
rate is 2000 bits/ s. This is suited to 
uses requiring limited software de-

velopment, but much debug and 
emulation, such as testing and pro­
duct checkout. The two disc based 
systems start at $8450. Quad-density 
discs provide 315k bytes/ diskette 
and a data transfor rate of 250k 
bits/s. The double-density discs offer 
512k-byte diskettes with a data trans­
fer rate of 500k bits/ s. 
Circle 425 on Inquiry Card 
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4-Channel Systems For 
..,computers Convert 
Inputs to Analog Outputs 

The MP 1104 analog output periph­
eral board, electrically and mechan­
ically compatible with Digital Equip­
ment Corp's Q-Bus, accepts 12-bit 

., 
:> .. 
0 

DATA BUS 

5 Vdc 

GN D 

ADDRESS SELECT 
ANDCDNTROL 

LOGIC 

DO-DC CONVERTER 

inputs from the data bus and con­
verts them to analog outputs with 
an accuracy of ±0.025% FSR. Con­
sisting of four 12-bit D-A converters 
plus address decoding and control 
logic, the system plugs into any 
empty slot in the LSI-11, -11/ 2, 
-11/ 23, PDP-11/ 03, and -11/ 23 micro­
computers and simply requires wir­
ing of the analog connector. Mini­
mum card spacing is 12. 7 mm. An 
onboard de-de converter is included 
for operation from the computer's 
5-Vdc supply. 

Asynchronous Receiver/ 
Transmitter Offers 
Two Full-Duplex Channels 

Performing asynchronous serial data 
communications functions in micro­
computer systems, the Z80 DART 
peripheral component has two inde­
pendent full-duplex channels with 
separate modem controls. Quadruply 
buffered receiver data regis ters, 
doubly buffered transmitter, pro-

164 

Output ranges are strap select­
able at ±10, 0 to 10, ±5, 0 to 5, 
and ±2.5 V at 5 mA. Output im­
pedance is 0.01 O. Short circuit pro­
tection is included. Operating tem­
perature is 0 to 70 °C and storage 
temperature is -25 to 85 °C. Addi­
tional specs are a tempco of ac­
curacy drift of ±30 ppm of FSR/°C, 

STROBE 

D-A CONVERTER 

DACO 

STROBE 

0-A CONVERTER 

DAC1 

0-A CONVERTER 

DAC2 

STROBE 

D-A CONVERTER 

DAC3 

and output settling time for a full­
scale change of less than 10 µ.s. 
Burning in at 70 °C for 48 h im­
proves reliability. 

On system initialization (reset) 
all D-A converter inputs are set to 
logic 0. With 2's complement cod­
ing on a bipolar range or straight 
binary coding on a unipolar range, 
the outputs go to 0 V. Both static 
and dynamic checks can· be per­
formed on the analog outputs. These 
outputs can be calibrated using the 
LSI-11 and its monitor. 

grammable interrupt vector, "status 
affects vector" mode for fast inter­
rupt processing, and standard Z80 
peripheral daisy chain interrupt 
structure for automatic vectoring 
without external logic are all fea­
tured. 

The dual asynchronous receiver/ 
transmitter in 40-pin plastic or ce­
ramic DIP can be used as a serial 
to parallel, parallel to serial con­
verter/ controller. Data rates are 0 
to 500k bits/ s with a 2.5-MHz clock 

Burr-Brown Research Corp, Inter­
national Airport Industrial Pk, PO 
Box 11400, Tucson, AZ 85734, has 
designed the system so that each D-A 
converter output may be filtered by 
adding an onboard feedback capaci­
tor to each output op amp. This filter­
ing may be used to smooth the out­
put by limiting its bandwidth. The 

OUTO 

GNDO 

OUT1 

GND1 

OUT2 

GND2 

OUT3 

GND3 

Fou r DACs with address de­
cod ing and control logic com­
prise Bu rr..£rown's microcom­
puter analog output system 
that interfaces to DEC's Q~Bus. 
Each DAC is wirewrap jump­
ered fo r ±10-V operation with 
2's complement coding. Jump­
ers onboard can be altered, 
however, for other ou tput volt­
ages and coding 

feedback capacitor is in parallel 
with each DAc' s internal feedback 
resistor. 

The board is programmed as mem­
ory locations and any write instruc­
tion can be used. The DAC input oc­
cupies the 12 LSBS of a word. The 
address block is user selectable and 
can be placed anywhere in the 
upper 4k of memory. The base ad­
dress of a board can be set to any 
4-word boundary by jumpering (with 
wirewrap jumpers) its address se-
lector. Circ:le 426 o n Inq uiry Card 

or 0 to 800k bits/ s with a 4.0-MHz 
clock. Break generation and detec­
tion include parity, overrun, and 
framing error detection. 

Zilog, Inc, 10340 Bubb Rd, Cuper­
tino, CA 95014, offers programmable 
options of 1, rn, or 2 stop bits and 
odd, even, or no parity. Clocks may 
be 1, 16, 32, and 64 times the data 
rate in asynchronous modes. Tem­
perature ranges are standard, ex­
tended, or Mil Spec. 
Ci rc:le 427 on Inquiry Card 
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A lot of complex thinking goes into 
the Teletype* model 40 printer. 
And, incredibly, it all fits on this 9" by 
19" circuit card. 

More brains; less brawn. 
That's the advantage of an 

electronic printer like our 300 LPM 
model 40 series. The LSI (Large Scale 
Integration) circuitry tucked 
underneath the printer can perform 
functions with greater reliability than 
mechanical hardware. 

And it can perform them in a 
fraction of the time with a fraction of 
the parts. Plus, fewer moving parts 
means less maintenance and 
increased printer life. 

All }'.OU have to do is glug it in. 
Just attach the AC power and a 

serial signal source and your model 
40 is ready to go to work. There are 
32 switch-selectable options and 
self-diagnostics available at no ad­
ditional cost. Housed in an attractive 

CIRCLE 18 ON INQUIRY CARD 

cabinet, if you need one. And our 
technical assistance is never extra. 

So for not much money, the brains 
behind our operation can become the 
brains behind yours. 

' XroX; 
Teletype Corporation 

5555 Touhy Avenue, Dept. 3185, Skokie, IL 60076. 
Telephone (312) 982-2000. 

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



MICRO DATA STAC.K 
or recovered if mistakenly deleted 
using the automatic SALVAG ISIS-II disc 
utility program. The utility extensive­
ly analyzes any remnants of the di­
rectory. For any valid entries, the 
associated files are copied to a desig­
nated object diskette. 

COMPUTERS, ELEMENTS, AND SYSTEMS 

lsoFTWAREI The utility next searches the source 
diskette sector by sector for data file 
link blocks. Those that are found 
are analyzed for validity, and at that 
point the associated data file is copied 
to the object diskette. 

Program Recovers 
And Salvages Files 
From Diskettes 

Data files can be salvaged from a 
diskette on which the directory has 
been partially or totally destroyed, 

The user may optionally specify 
that files with an active directory 
entry be skipped. This is used when 
recovering files that were accidentally 
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Mini-printers 
from 
C.ltoh. ,/. 
The 500 series 
from C. Itoh 
contains some of 
the most reliable 
40-column, dot 
matrix impact ,,. 
print mechan- " 
isms currently availa 
to the indus­
try. They 
should cost a 
lot more, of course. 
But since they're from C. Itoh , don't. There's 
the Model 512 40-colu mn journal printer; the Model 522 
two-stage 18-column journal and 18-column receipt with 
logo stamp; and the Model 542 40-column fla t bed ticket or 
slip printer. All with a head life of 100 million characters, 

S all 
and a mechanism MCBF of five million lines; 

m all bi-directional with a print speed of152 CPS. 
And, of course, all from C.Itoh, the name to 

d
trust in printers of any size. Detailed specifica-

won ers tions on any or al~ three a.re yours 
• for the askmg. Wnte to us. 

<3E C. ltoh Electronics, Inc. 
C. ltoh 

means excellence 
in printers . 

5301 Beethoven Street, Los Angeles, CA 90066 
Call : (213) 390-7778 • Telex: WU 65-2451 
East Coast 
280 Park Avenue, New York, NY 10017 
Call: (212) 682-0420 • Telex: WU U-5059 

C. /to/1 £/ecfrollics is 11art of t/1e C. /foll & Co. Ltd. world-wide tradillg orgallizafioll. 
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deleted. If the specified source and 
object drives are the same drive, the 
utility pauses to allow diskette swap­
ping. Thus, the program from Xener 
Corp, 6641 Backlick Rd, Springfield, 
VA 22150, can be used on systems 
with a single disc drive. 
Circle 428 on Inquiry Card 

Dual In-Circuit Emulators 
Debug Systems That Have 
Multiple Microcomputers 

To alleviate the problems of multi­
processor development which previ­
ously required two development sys­
tems, each with its own in-circuit 
emulator, Intel Corp, 3065 Bowers 
Ave, Santa Clara, CA 95051, has an­
nounced a software package that 
allows a single IntellecR Microcom­
puter Development System to con­
trol operations of two in-circuit em­
ulators. The coordinated ICETM units 
debug most multiple microcomputer 
based processing and control systems. 

This single-system Multi-ICE ap­
proach allows the user to enter com­
mands for both emulators on one 
console and to record a coordinated 
set of trace information (up to 1022 
microprocessor operating cycles), 
thus determining if related programs 
will mesh in realtime execution and 
providing an overview of multipro­
cessor operations. The seven types 
of microprocessors that are presently 
supported are 8085 CPUs, 8748, 8049, 
8048, 8039, 8035, and 8021 single­
chip microcomputers. 

The resident software option for 
disc based Intellec model 800 and 
Series II model 220 and 230 develop­
ment systems runs under the standard 
ISIS-II diskette operating system. As 
a software interface between the 
user and the ICE units, it executes 
a host process and two ICE processes. 
The host process translates commands 
from the console or diskette files 
into execution lists for itself and the 
two processes which then control the 
ICE units. Users control the ICE units 
individually or in combination. A 
dispatcher software subsystem pro­
vides overall coordination by de­
termining the sequence in which 
tasks should be performed. 

Software synchronization starts and 
stops two in-circuit emulators. For 
hardware synchronization, a sync 
line also allows either ICE unit to 
start or stop the other's emulation. 

The interactive command language 
in plain English provides a common 
syntax for using the ICE units. It 
handles macro commands, symbolic 
debugging, assembler mnemonic dis­
plays, and other debugging tech­
niques. D 
Ci rcle 429 on Inquiry Card 
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I AROUND THE IC LOOP I 

VARIABLE MICROCYCLES IMPROVE SPEED 
OF BIPOLAR BIT SLICE PROCESSORS 

Hank Brineen 

National Semiconductor Corporation 
Santa Clara, California 

A dvanced process and circuit technique improve­
ments have enabled the fabrication of bit slice designs 
that promise dramatically increased system speeds over 
earlier low power Schottky bit slice implementations. 
Substantially increased throughputs (as much as 50 
to 75%) are possible using various new approaches. 
Among these are "pipeline prediction" techniques in 
microprogram control, coupled with variable micro­
cycle timing. 

Critical Timing Paths 
To identify potential areas for speed improvement us­
ing high speed 2900 type bit slice components, it is 
helpful to review the critical timing paths in a typical 
bipolar microprogrammed processor. Consider first the 
simple system organization shown in Fig 1. In this 
system, the address register is clocked at the beginning 
of the microcycle. When the microinstruction is valid 
at the read only memory (ROM) output, two basic paths 
must be considered. 

One path consists of accessing data from the regis­
ters, propagating it through the arithmetic logic unit 
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CLK 

MICllOl'llOGllAM 
SEQUENCE 
CONTROL LY 

AODaESS 
REGISTlll 

MICROl'ROGllAM 
ROM 

Fig 1 Typical bipolar microprogrammed proces­
sor. Two paths are involved, one through registers 
and ALU, and another through microprogram 
sequence controller 
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Sal Nuzzo: "Intel's introduction of the microcomputer 
revolutionized the computer terminal industry. 
We were first to use a microcomputer in a terminal -
Intel's 8008, years ago, and we've maintained a 
price/performance edge over the years by quickly 
taking advantage of Intel's breakthroughs. 

"This is a tough, competitive industry. Getting 
a product to market first can make all 
the difference. Any company that doesn't 
move fast to take advantage of new 
technology will simply get left behind. 
So at Hazeltine, a key part of our strategy 
is to work closely with technology leaders 
- such as Intel. They introduced the 
microcomputer, and have continued to 
innovate with developments such as the 
16-bit 8086 microcomputer. Taking advantage 
of their new products has enabled us to con­
sistently give our customers higher performance 
and greater reliability. 

"The more 
• • compet1t1ve 

the video terminal 
business gets, the 
more Intel helps us 
maintain leadership:' 

Sal Nuzzo, President, 
Hazeltine Corporation 

"Intel makes it easy for us to apply their new 
products. An example is the Intellec® development 
system. Frankly, I don't see how any company can 
design a product that uses microcomputers without 
a system such as the Intellec system. The Intellec 
system features such as in-circuit emulation (ICE) and 
PL/M programming language are essential time­
savers. With our Intellec systems we can convert our 
existing programs for the 8080 microcomputer to 
Intel's new 16-bit microcomputer, the 8086, quickly, 
and increase throughput ten times. That's flexibility." 

Intel® microcomputer products and 
development systems can make the 
competitive difference for your company. 
For more information, contact your 
local Intel sales office or distributor, or 
write Intel Corporation, Literature 
Department, 3065 Bowers Avenue, Santa 
Clara, CA 95051. 408/987-6475 

infel" delivers. 
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(ALU), and storing the result in a data register and 
status register. The other path involves the test condi­
tion multiplexer and sequence controller. The timing 
diagram (Fig 2) illustrates the relative timing for a 
system such as this. In a typical system design, the 
minimum microcycle period is limited by the delay path 
through the registers and ALU (shown as "ALU results 
may be clocked"). 

An organization frequently referred to as "pipelined" 
is illustrated in Fig 3. This nomenclature results from 
the fact that while one microinstruction is being exe­
cuted, another is simultaneously being accessed. A micro­
program register is added to the output of the ROM, 

and the clock causes the next microinstruction to appear 
at the output of this register. Output from the sequencer 
is allowed to acccess the microprogram ROM, fetching 
the next microinstruction while data are propagating 
through the registers and the ALU. This microinstruction 
will be ready to place in the microprogram register 
on the next clock. In this fashion, the access time of 
the ROM overlaps the execution of the microinstruction 
by the registers and the ALU. 

Pipeline Prediction 

As shown in the timing diagram (Fig 4), the sequencer 
output was valid early enough for the total access 
time of the ROM to be overlapped. To satisfy this 
condition, the test condition multiplexer inputs must 
be valid at an early point in the microcycle. This re­
quirement is unfortunate, since it means that the test 
conditions based on the result of ALU operations in the 
current microcycle cannot be used. 

An effective solution to this problem is the use of 
pipeline prediction; that is, the system is designed so 

CLOCK 
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CLOCK 

VALID OUTPUT ·~------ --------
FROM ADDR REG ---~ 

MICROINSTRUv~8'~ --------

TEXT CONDITION 
MULTIPLEXER VALID-------~ 

SEQUENCER 
OUTPUT VALID----------~ 

ALU RESULTS MAY 
BE CLOCKED --------------_J 

~ MINIMUM MICROCYCLE PERIOD ~ 

Fig 2 Timing diagram for processor of Fig 1. Mini­
mum possible microcycle period is established by ALU 
path 

Fig 3 Pipelined organization uti­
lizes microprogram register at HOM 
output. Sequence controller is able 
to access instruction n+1 while nth 
instruction is being executed in 
ALU path 
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Now you can have up to 8.0 megabytes of memory in a single 
15%" chassis to meet your disk emulation and main memory 
requirements. 

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

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

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

Error correcting is standard, as are the reliability, performance. 
and economy of BULK SEMI. From Dataram. And only Dataram. 

r-------------------, 
I I'd like to learn more about BULK SEMI for rny I 

---------------'"inicomputer. 

D Please send more information. 
D Please have a salesman contact me. 

Name ------------------

Title __________ Phone _____ _ 

Company ________________ _ 

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

City tate ---2ip __ _ 

Also send me information <1bout 
D BULK CORE D BULK MINI 

nrc '"a rcge•ll'rl.-d tradcm:irk 
of ll1~1li1l I 4u1pmcnt Corporallon riii., ·•· . - .,,~ -----------------.! J..,lamv£di• 1 

PRINCETON·HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512 
rn,609-799-0011 rwx, 510·685-2542 

C1n1d1: Ahern & Soper Ltd . Alberta . Bn11sh Columbia. Ontano. Quebec • Finland: Systek OY . 90-737-233 • France: YAEL . 956 81 42 • Italy: Mactron1cs ltaha . 02/35 36 041 • 
Nelhertendl: Techn1tron b 11 , 020-45 87 55 • Sweden: M Stenhardt AB . (08) 739 00 50 •Switzerland: ADCOMP AG. 0 11730 48 48 • Unlled Kingdom/Ireland: S1ntrom Ellmor Ltd .. (0734) 85464 • 

WHt Germ•ny/ Au1trl•: OEM · Elektrornk GmbH . 07 11·79 80 47 • Au1tr•ll•/New Zeeland: Anderson D1g1tat Equipment. (03) 543 2076 •India: lndustnal Electronic Instruments . 7928 1 • 
Israel: K D M Electronics. 921513 • Japan: Matsushita Electric Tradmg Co . Lid . 03 !435) 450 1 • Talw•n/ Republlc of China: Syscom Computer Engineering Co . (02) 7022156 
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CLOCK 

PREDICTED 
STATUS IN REGISTER 
& OUTPUT VALID __ +-_, 

TEST CONDITION 
MUX VALID 

MICRO SEQUENCER 
OUTPUTS VALID 

MICROPROGRAM 
ROM OUTPUTS VALID 

MICRO CONTROL INTERVAL 

NEXT MICROWORD 

SETUP IN REGISTE_R_--+----------- --' 
-----BASED ON PREDICTED 

STATUS CONDITION 

CURRENT 
INSTRUCTION 
MICROWORD 
OUTPUT VALID 

CURRENT INSTRUCTION 
ALU OUTPUT VALID 

CURRENT INSTRUCTION 
STATUS SETUP 

------- ACTUAL STATUS 
CONDITION FOR 
THIS CYCLE 

Fig 4 Timing diagram for pro­
cessor of Fig 3. If predicted 
status matches ALU status, then 
next microcycle may immediately 
proceed. Otherwise new instruc­
tion word must be fetched 

REG ALU INTERVAL 

that the sequencer logic is conditioned on the basis of 
a predicted value for the test condition multiplexer 
output, and the ROM is accessed on this assumption. 
After the ALU result is scable and has propagated 
through the test condition multiplexer, the predicted 
value of the multiplexer output is compared with the 
actual value of its output. If the predicted value is 
correct, the next microinstruction in sequence (that is, 
the one being accessed) is executed. On the other hand, 
if the predicted value differs from the actual value, 
the conditioning of the sequencer logic is modified cor­
respondingly, and the time duration of the microcycle 
is extended to allow time for the modification to propa­
gate through the sequence controller logic and access 
the ROM. 

Since the microprogrammer can frequently predict 
the results of test conditions with much better than 
50% success frequeucy, a relatively small fraction of 
the microcycles must be extended. For example, in a 
microprogrammed multiply or divide algorithm, a loop 
counter must be tested on each pass through the loop. 
In a 16-bit machine, the test would typically be per­
formed 16 times, but the result could be accurately 
predicted 15/ 16ths of the time. 

172 

Variable Microcycle Periods 

As discussed previously, the delay through the registers 
and ALU is typically the path that limits system per­
formance. The magnitude of this delay can vary con­
siderably depending on which microoperation is being 
performed. Table 1 lists a variety of operations to­
gether with the microcycle period requirements for a 
pipelined system. Note that the longest operation re­
quires about 75% more execution time than the shortest. 
The most straightforward design approach is simply to 
calculate the worst case time period and design the 
clock generator circuit to provide that time for all 
operations. However, it is evident that a speed improve­
ment could be obtained if the clock generator were 
programmed to modify the microcycle time in accor­
dance with the requirements of the operation to be 
performed. 

System Performance Comparisons 

It is helpful to look at numerical values obt~ined from 
a design study of five system organizations utilizing bit 
slice components such as the IDM2900 family from Na­
tional Semiconductor. By performing a similar analysis 
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using specifications of available components, the de­
signer can make realistic decisions of cost versus per­
formance when choosing a system organization for a 
new design. 

System 1 is a nonpipelined organization and test con­
ditions are based on results of operations performed 
on the previous microcycle. A fixed microcycle period 
of 225 ns is used, necessitated by the multiply instruc­
tion (Fig 1). 

Pipelined system organization (Fig 3) defines System 
2. Test conditions are based upon results of previous 
microcycles and a fixed microcycle time of 172 ns is 
used. The pipelined organization allows the microcycle 
period to be reduced to 48 ns less than the cycle 
time for System I. 

System 3 is the same as System 2 except that test 
conditions based on results of the current microcycle 
are used and the technique of predicting test condition 
results is utilized. The microcvcle period is fixed at 
172 ns; the time necessary for the result of the current 
operation to propagate through the test condition multi­
plexer and determine whether an extended cycle is 
needed. An extended cycle adds 86 ns, one-half micro­
cycle, to the normal microcycle period. 

The configuration of System 4 is the same as that 
of System 2 except that a variable microcycle period 
is used. Test conditions are based on the results from 
the current microcycle; however, no prediction of test 
conditions with an extended cycle for incorrect pre­
diction is performed. Instead, those microinstructions 
which require more time to allow for propagation of 
the result through the test condition multiplexer and 
sequence controller are simply programmed to be of 
longer duration. Microcycle periods of either 103, 137, 
172, or 206 ns could be used depending on the needs 
of each microinstruction. Although this approach may 
require more microcode locations, it does offer even 
greater flexibility in tailoring the microcycle period to 
the needs of the operation being performed. 

System 5 combines the techniques used in Systems 3 
and 4. Variable length microcycles can be used. The 

TABLE 1 

Plpellned Mlcrocycle Period Requirements 

Operation Performed 

Logic operation, status 
register not modified, no 
test of result 
Arithmetic operation; status 
register not modified; no test 
of result 
Add and shift; status register 
not modified; no test of 
result 
Multiply cycle; Oo used to 
determine Ii of 2901 
Arithmetic operation; status 
register modified; no test 
of result 
Arithmetic operation; status 
register not modified; result 
used as test condition (no 
extend caused by incorrect 
prediction) 

Microcycle 
Time {ns) 

98 

133 

172 

172 

169 

165 

technique of predicting test condition results is used, 
and, when the cycle is extended due to an incorrect 
prediction, an additional 86 ns is added. 

Table 2 shows instructions typically used in a mini­
computer that is configured in one of the previous 
system organizations. Execution times specified in Table 
2 for each instruction type are derived by using the 
execution time of System 1 as a baseline reference. 

TABLE 2 

Bit Sllce Instruction Execution Tlmee {ns) 
As Function of System Organization 

Instruction Type 
LO, Loop for 

System Organization JMP, ST JSR BOC ADD MOVE 

System 1: Nonpipelined: 920 1610 920 or 920 920N 
test condition from previous 1150 
microcycle 

System 2: Pipelined; no pre- 688 1204 688 or 688 688N 
diction; test condition from 860 
previous mlcrocycle 

System 3: Pipelined with pre- 688 1204 599 or 688 688N 
diction; test condition from 731 
current microcycle 

System 4: Pipelined; no pre- 480 960 482 or 549 617 
diction; variable length micro- 619 
cycle; test condition from 
current microcycle 

System 5: Pipelined with pre- 480 892 412 or 549 549N 
diction and variable microcycle 549 
length 

Note: The reaaon JSR and Loop for MOVE don't Improve with System 3 Is that a way waa found to write a 
coda without an extra cycle 
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TABLE 3 

Relallve lnetrucUon ExecuUon Rate 
With Various System Organizations 

Instruction Type 
LO, Loop for 

System Organization JMP, ST JSR BOC ADD MOVE 

System 1 : Nonplpelined, test 1.0 1.0 1.0 or 1.0 1.0 
condition from previous micro- 1.0 
cycle 

System 2: Pipelined, no pr*'dlc- 1.34 1.34 1.34 or 1.34 1.34 
tion, test condition from previous 1.34 
microcycle 

System 3: Pipelined with predic- 1.34 1.34 1.64 or 1.34 1.34 
tlon, test condition from current 1.57 
microcycle 

System 4: Pipelined, no predlc- 1.91 1.67 1.91 or 1.67 1.49 
tlon, variable length mlcrocycle, 1.85 
test condition from current micro-
cycle 

System 5: Pipelined with predic- 1.91 1.80 2.23 or 1.67 1.67 
tion and variable microcycle length 2.09 

The relative execution speed for each of the five systems 
can best be appreciated by examining the data in Table 
3, a transformed version of Table 2 that shows relative 
instruction execution rate with various system organiza­
tions normalized to System 1. 

variable microcycle approach may be shortlived, due to 
the increasing speed of bit slice components. As the 
microcycle interval becomes shorter and shorter-from 
100 ns down to 65 or 70 ns for a simple add, and 
from 125 ns down to 75 or 80 ns for an add and 
shift-the advantages of the variable microcycle ap­
proach are severely diminished. There are alternatives 
available, however, and these are to be discussed in 
a later column. 

Variable Microcycle Potential 

Popular as it has been with many system designers 
using bit slice architecture, the usefulness of the 
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Interface a silent Gu/ton fixed head thermal 
dot printer to your microprocessor . .. 
and get unmatched reliability. 
Gulton printers and mechanisms give you the quietness and 
reliability of thick film technology. With only one moving part you are 
freed from the problems of ink supplies, ribbon mechanisms, 
hammers and other moving parts. Graphics, numeric and 
alphanumeric printers are available. MTBF is 10 million 
character lines. 
ASCII format printout 

I AM GULTONS· NEW 
MODEL AP-20 THERMAL 
PR I tHEF~ . . . . CAPABLE 
OF PRINTING UP TO 
20 COLUMt~S OF UPPER 
CA:::;E A::;c I I CODE 
~ABCOEFGHIJKLMNOPQRS 
Tl_IUl·J::<:YZC""··. ] .··· I " #$;·;:].: I 

111 I I _guiton· 
Meaaurement & Control 8yatema Dlvlalon 

Guttan lndu8trles Inc.; Eut Greenwich, Rhode Island 02818 
(401) 884-6800 •TWX 710-387·1500 
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IT TOOK POWER-ONE TO DO IT. .. 
a switching power su~~ly 

as dependat>le as a linear. 

When Power-One decided to build a switching 
power supply, we issued one simple mandate: it must 
be as dependable as our linears. Well, we did it. A 
direct drive 5-volt 40-amp switching power supply 
that's smaller, lighter, simpler, more rel iable and less 
expensive than the rest. 

Direct Drive Switching 
By using a self-driven switching stage, we've 

done away with the starting bias, drive and the current 
sensing transformers. A big reduction in weight 
plus lower cost, more precise drive control and fewer 
input to output noise paths. To assure maximum 
protection against AC line transients and fluctuations, 
a unique "volt-second" regulation circuit is employed. 

Safeguard Design 
We've built in a number of safeguards. Like our 

digital feedback system which yields exceptional loop 
stability while maintaining positive control of critical 
switching parameters. And a unique anti-saturation 
circuit to protect the power transistors from the dire 
effects of transformer saturation. Plus, by putting 
inputs at one end of the supply and outputs at the other, 
we've eliminated inter-circuit cross talk. And speaking 

of inputs, our dual range design permits either 115 or 
230 VAC operation without changing jumpers. 

The Bottom Line 
Switching frequency: 28KHz - stable as a rock. 

Size: a mere 4.88 x 13 x 2 inches- more watts to the 
inch and more power for the buck. The price: $250 for 
single units. 

Send for complete details. 
Or better yet, contact your local 
Power-One representative 
for immediate action. 

MODEL 
SK5-40/0VP, 

5V @ 40A, 200W 
WEIGHT: 3 lbs., 14 oz. 

SIZE: 2.0" x 4.88" x 13.0" 
PRICE: $250 Single Quantity 

D.C POWER SUPPLIES 

Power One Drive• Camarillo, California 93010 • (805) 484-2806 • TWX 910-336-1297 
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I AROUND THE IC LOOP I 

Signal Processing Chip Operates 
As Microprocessor Peripheral 

Customer developed arithmetic rou­
tines are available from a high speed 
VMOS signal processing peripheral 
( SPP) when it is interfaced to a 
microprocessor. The S2811 from 
American Microsystems Inc, 3800 
Homestead Rd, Santa Clara, CA 95051, 
is a special purpose processor with 
onchip ROM, RAM, multiplier, adder/ 
subtractor, accumulator, 1/0, and 20-
MHz crystal oscillator circuit, organ­
ized in a pipelined structure. Op­
erating on 12-bit numbers, it can 
provide a multiply, add, and store 
sequence in 300 ns. 

The microprocessor can call up 
an arithmetic routine by giving a 
command to the SPP. A powerful 
instruction set (including branching 
and one level of subroutine) permits 

SERIAL 6 SERIAL 
PORT 110 

INTERFACE 

16 . 16 
OR 

16 

IRQ 

RST 

TI 

R/W 
116) 

DBUS 

CONTROL 4 
PROCESSOR 
INTERFACE FBUS 

the SPP to function independently 
once the initial command is given. 
This leaves the microprocessor free 
to perform other operations until it 
is interrupted by the peripheral up­
on completion of the task. The high 
speed number crunching capability 
of the SPP gives a standard micro­
processor system the necessary com­
putational speed to implement com­
plex digital algorithms in real time. 
(For a comparison between this and 
other approaches to arithmetic pro­
cessing, see "External Arithmetic 
Processors" by S. Smith, Computer 
Design, Dec 1978, pp 144-149). 

User programs are stored in a 256 
x 17 read only memory. Of the 256 
instruction locations in this ROM, 250 
are accessible to the user, the re-

ACCUMULATOR BUS 

0 

B 
A 
s 
E 

Ll 

INST RUCTION 
ROM 
(256 x 17) 

INSTRUCTION LATCH 
DECODE 

17 
17 

mammg 6 locations being reserved 
for chip testing. The 17-bit wide in­
struction word facilitates multiple 
operations per instruction. One ex­
ample of the programmable capa­
bility of the SPP is its use as a second 
order digital filter section. A second 
example is that of a sincos subrou­
tine that computes the values of sin 
w and cos w using an approximation 
formula, useful in applications that 
require carrier generation. In gen­
eral, the SPP is programmable for 
digital processing of signals in voice­
grade communications systems and 
other applications with signals in 
the audio frequency range. 

A high speed serial port provides 
direct interface to an analog to dig­
ital converter, In many applications, 

16 

OSC AND 
CLOCK 
GEN 

Monolithic signal processing peripheral. 82811 from AMI permits user to utilize 256 x 17 instruc­
tion ROM for special arithmetic requirements. Fast 12-bit parallel multiplier on chip provides 300-ns 
(max) multiplication time 
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Magnavox rombines the superior 
display and rontrol features of the 
plasma-panel-based <Xion-60.ter­
minals with the~ S4 :Micro­
CDrq:>_uter System . 

The result is a stand alone 
graphics system that allows you 
the freedom to develop a wide 
variety of graphics application and 
developrrent program:;-while 
maintaining romplete rontrol 
over program storage, program 
generated data, library routines 
and other facilities. 

The <Xion-60 displaytenninal 
offers full graphics with floppy­
disc storage, as \\ell as optional 

rear­
projection func­
tions. It lets you create 
your own displays and enter data 
by simply touching the screen with 
your finger. So you can program 
your own character sets and gen­
erate vectors of any length to 
absolute coordinates. And because 
the <Xion-60 is plasma-based, 
you'll get bright, high-rontrast 
unages free of jitter or distortion. 

The S4 :Micro-CDmputer has 
system software with developrrent 

CIRCLE 92 ON IN9UIRY CARD 

capabilities that are as 
good or better than those 

found in many larger mm 
puter system;. 

Features include 
CP !M* 8080 system utilities, 

R>rt:ran with 32K RAM, and a 
full range of graphic utility rou­

tines including wmdow, 1.00m, 
sub-image rmverrent and rotation. 

The <Xion-60/S4. 
fur a dermnstration, call or 

write Tyler Hunt at JVla.gnavox 
Display System;, 2131 &>uth 
CDhseum Boulevard, rot Wciyne, 
Indiana 46803, (219) 482-4411. 

•. 1:m.Mn1.J 
*CPI M is a trademark of Digital Research. 



I AROUND THE IC LCCP I 

realtime processing of sampled ana­
log data can be performed within 
the SPP without tying up the main 
microprocessor. Data transfer to the 
microprocessor occurs upon comple­
tion of the peripheral processing. 

An onchip data memory is divided 
into RAM and ROM sections, each or­
ganized as 128 x 16. There is a 
single input port to the total memory 
and two output ports, allowing simul­
taneous readout of two words. 

Separate input and output regis­
ters exchange data with the SPP data 
ports. Serial interface logic converts 
the parallel 2's complement data to 
serial 2's complement or sign + 
magnitude format. Data format and 
source (serial or parallel port) is 
software selectable. 

Four address lines define several 
control modes and operations to 
facilitate the interface between the 
SPP and a control processor. The SPP 
is a memory mapped peripheral, oc­
cupying 16 locations of microproces­
sor memory space. Providing the 
proper address will activate the cor­
responding control mode. Control 
modes include such operations as re­
sets, specifying of MSB or LSB, the 
conversion between 2's complement 
and sign-magnitude serial data, and 
the enabling of specified ports. The 
control modes and the LIBL command 
(load input register contents to base 
register and loop counter) enable 
realtime modification of programs. 
This permits a single SPP program to 
be used in several different appli­
cations. For example, the peripheral 
might be programmed as a universal 
digital filter, with cutoff freq1iencv, 
filter order, and data source (either 
serial or parallel port) selected at 
execution time by the control micro­
processor. 

A realtime in-circuit emulator for 
this device, the RTDs2811, is under 
development. This is a fully com­
patible hardware emulator with soft­
ware assembler/ disassembler and 
editor for rapid program develop­
ment and debugging. 

Absolute maximum ratings for the 
signal processing peripheral include 
an upper limit of 7 Vdc for supply 
voltage, with voltage at any pin 
limited to a range from V88-0.3 V 
to V cc +0.3 V. Temperature must 
remain between 0 and 70 °C during 
operation and between -55 and 125 
°C in storage. The device is provided 
in a 28-pin dual-inline package. 
Circle 350 on Inquiry Card 
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4k Static RAM Features 
Low Supply Current 

A 4096-bit static random access mem­
ory, the 2147, pin and function com­
patible with the industry standard 
2147 RAM, is being sampled by lnter­
sil Inc, 10710 N Tantau Ave, Cuper­
tino, CA 95014. Typical operating 
supply current is 50 mA, or (for the 
faster -3 suffix version) 60 mA, an 
approximate 50% reduction relative 
to the standard part. Maximum rat­
ings are, respectively, 160 and 180 
mA. Access time is 70 ns ( 55 ns for 
the -3 version). Both models are 
being manufactured by an advanced 
3.5-µ. fine-geometry NMOS process. 

These RAMs feature a fully auto­
matic power-down mode, controlled 
by chip select (S). Less than one cycle 
time after S goes high, supply cur­
rent drops from 160 mA to a standby 
level of 20 mA, or from 180 to 30 

AO 

Al 

A2 

A3 

A4 

A5 

vcc -

GND -

ROW 
DECODER 

mA for the -3 model. The complete­
ly static device requires no clock, and 
inputs and 3-state outputs are TTL 
compatible, allowing for direct in­
terfacing with common bus system 
structures. 

This memory is organized as 4096 
words by 1 bit and operates off a 
single 5-V power supply with a 
±5% supply fluctuation tolerance. 
Data are read out nondestructively 
with the same polarity as the input 
data. The device is available in an 
18-pin ceramic dual-inline package. 

Absolute maximum ratings require 
that VIN, voltage on any pin relative 
to ground, lies between -0.5 and 
7 V, and that IOs, short circuit out­
put current, does not exceed 20 mA. 
Ambient temperature under bias 
must remain between -10 and 85 
°C and storage temperature between 
-65 and 150 °C. Power dissipation 
must not exceed 1 W. 

64 • 64 
MEMMORY ARRAY 

Q 

2147 static RAM from lntersil. Pin compatible with industry 
standard, device provides same access time, but with 
approximately 50% lower typical supply current. Pins 
AO-A 11 are address in_euts, D and Q are data_Jnput and 
output (respective ly), S is chip select, and W is write 
enable 

Circle 351 on Inquiry Card 
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Another new tenninal from Haz.eltine! 

Announcing a significant 
enhancement to the renowned Haz.eltine 1500 Series. With an 
inventory of Standard Features so impressive, this new video 
tenninal commands your attention for conversational applications. 

Standard Features 

All 128 ASCII Codes 
95 Displayable Characters including 
Lower Case plus 31 graphics symbols 

/ High Resolution Characters using a 
7 x 10 dot matrix 
ANSI Standard Typewriter layout 
Cursor Control Keys 
Function Keys 
Alternate Key Pad Mode 
Separate Integral Numeric Pad 
Hold Screen Mode 
Graphics Mode 

./ Dual Intensity 
Cursor Addressing and Sensing 
EIA and 20 MA Interface 
Baud Rates up to 9600 Baud 

/ Auxiliary EIA Output 
Remote Editing Commands 

/ Standard or Reverse Video 
\/Programmable Key Switch Audio 

Feedback 
VT-52 Compatibility 

/.Clear Screen 
{ Clear Foreground 

Clear to End of Line 
Clear to End of Screen 
(background spaces) 
Audible Alarm 
Backspace 

Enter / Exit Hold Screen Mode 
Enter / Exit Alternate Key Pad Mode 
Enter/Exit Graphics Mode 

Cursor Address (XY) 
Incremental Cursor Control 

/ Read Cursor Address 
Send Terminal ID Home Cursor 

/ Set/ Reset Audio Key Switch 
Feedback 
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/ Keyboard Lock 
,/. Keyboard Unlock 
{ Insert Line 
/.Delete Line 
{ Field Tab wen Ow returnY 

ou to thea t 

It's a Hazeltine 
Column Tab 1~ naturally! 

Hazeltine w 
Hazeltine Corporation, Computer Terminal Equipment, Greenlawn, New York 11740, (516) 549-8800 Telex 96-1435 
New York (212) 586-1970 •New Jersey (201) 584-4661 • Chicago (312) 986-1414 • San Francisco (415) 342-6070 •Atlanta (404) 952-8444 •Arlington (703) 979-5500 
Orlando (305) 628--0132 • Dallas (214) 980-9825 • Los Angeles (213) 553-1811 • Columbus (614) 889-6510 • St. Paul (612) 698--0801 
England 01-948-3111 Telex (851) 928572 
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pProcessor Compatible 
Data Acquisition System 
Implemented On One Chip 

Incorporating all the essential ele­
ments of a microprocessor data ac­
quisition system, a monolithic CMOS 
integrated circuit includes an 8-bit 
analog to digital converter, an 8-
channel multiplexer, and micropro­
cessor compatible control logic. The 
device requires no offset or scale 
adjust and features a single 5-V sup­
ply and 15-mW power consumption. 

A successive approximation con­
version technique is used, employing 
a high impedance chopper-stabilized 
comparator, a 256-resistor voltage 
divider with analog switch tree, and 

a successive approximation register. 
The chopper-stabilized comparator is 
said to provide the most effective and 
accurate conversion possible, mak­
ing the entire device extremely im­
mune to temperature, long-term drift, 
and input offset errors. This is done 
by transforming the de input signal 
into an ac signal before amplifica­
tion and then restoring the de level 
after amplification. The 256-resistor 
ladder network approach was chosen 
over the more conventional R/ 2R 
ladder technique because of its in­
herent monotonicity, which guaran­
tees no missing codes. 

Produced bv National Semiconduc­
tor Corp, 2900 Semiconductor Dr, 
Santa Clara, CA 95051, the system is 
available in two versions. The ADC 

0808, supplied in a 28-pin cavity 

r;;;:~----
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START CLOCK 

CONTROL & TIMING 

8 CHANNELS I 
MULTIPLEXING I 
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S.A.R. 
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1 1 
256R RESISTOR LADDER 
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dual-inline package, features a lin­
earity error of ±:1i LSB ( typ) and 
±3~ LSB (max), a total unadjusted 
error of ±:1i LSB and an absolute 
accuracy of ±~ LSB ( typ) and ± rn 
LSB (max). Supplied in a molded 
DIP configuration, the 28-pin ADC0809 
has a linearity error of ±Jf LSB ( typ) 
and ±1 LSB (max), a total unad­
justed error of ±3~ LSB, and an ab­
solute accuracy of ± 1 LSB ( typ) and 
±rn LSB (max). 

Features common to both versions 
include the ability to perform a con­
version in 100 µs, 8-bit resolution, 
zero error and full-scale error of 
±34 LSB, and quantization error of 
±Jf LSB. The 8-channel multiplexer 
can directly access any of eight 
single-ended analog signals. Latched 
and decoded address inputs and 

TAI · 
STATE® 
OUTPUT 
LATCH 
BUFFER 

END OF CONVERSION 

B·BIT OUTPUTS 

Vee GNO REF(+) REF(-) TRI · 
STATE 

CONTROL 
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National Semiconductor's ADC0808/0809 CMOS data acquisition system. Implemented on single chip, 8-bit converter 
uses successive approximation, employing chopper-stabilized comparator. Device interfaces to most 8-bit micro­
processors 
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Plessey bubble memories 
standard add-ons and custom-built 

Now you can confidently incorporate UK-originated bubble memories in your next 
development: Plessey is fully equipped to design and produce to your spec. Or you can buy 
add-in bubble memory cards for your Intel SBC systems.Plessey has a range of compatible 
systems actually in production -the first in Europe. Shouldn't you be talking to us now? 

Here are some Plessey bubble memory pluses: 
• Rugged, maintenance-free, non-volatile storage at 

a lower cost than CMOS+ battery. 
• More compact, more reliable and faster than disc 

or cassette. 
• 64 k or 256 k byte Multibus '!'compatible cards. 
• Software compatible. 
• Low power requirement. 

Reliable products from a specialist manufacturer with many 
years' experience of standard and custom-built memories­
and, currently, Europe's only source of bubble systems. 

Contact Plessey Microsystems sales office to discuss 
your needs for the future, or send for your copy of the Bubble 
Memory Systems literature folder. 

CIRCLE 94 ON INCj)UIRY CARD 
•Intel trademark. 

SEE PLESSEY BUBBLE MEMORY SYSTEMS 

at COMPEC, 6-8 November 
on Stand 868. 

APLESSEY 
- MICROSYSTEMS 

Plessey Microsystems Limited, Water Lane, Towcester, 
Northants NN12 7JN. 
Telephone: Towcester (0327) 50312. Telex: 31628. 
Plessey Microsystems Inc, 19546 Clubhouse Road, 
Gaithersburg, Maryland 20760. 
Telephone: (031) 948 2791. TWX: 710 828 9708 
and at 1641 Kaiser Avenue, Irvine, California 92714. 
TWX: 910 595 1930. 
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latched Tri-StateR TTL outputs facili­
tate easy interfacing to most 8-bit 
microprocessors, including the 8060 
sc/MP (by the same manufacturer), 
8080, 8085, Z80, and 6800. 

These 8-bit data acquisition chips 
are designed for users who may not 
require the full 16-bit multiplexing 
capability of the ADC0816, an exist­
ing, monolithic device in the same 
product line. The newly announced 
units use the same techniques to pro­
vide fast, accurate operations with 
minimal power consumption. They 
are particularly suited to such ap­
plications as process control, indus­
trial control, and machine control. 

Octal Buffer/Latch 
Simplifies Interfacing 
Of Peripherals to .uPs 

Designed to interface between an 8-
bit microprocessor and a loaded ad­
dress bus, an octal 3-state buffer/ 
latch has a propagation delay of only 
8. 0 ns ( typ), with an output drive 
capability of 48 mA. Two octals 
eliminate the need for three previ­
ously used hexadecimal buffers and 
two octal latches, offering a cost sav­
ing and allowing higher system 
speed. 

Eight transparent latches and buff­
ers are included in a single pack­
age. The combined unit from Moto­
rola Semiconductor Products Inc, 
PO Box 20912, Phoenix, AZ 85036, is 
designated as the Mc6882/Mc3482. 
These devices are offered in both 
inverting (A suffix) and noninvert­
ing (B suffix) versions. The manu­
facturer indicates that they ar~ pin­
out and functionally compatible 
with the sN7 4LS373, a 3-state latch, 
while offering over double the out­
put drive capability with equivalent 
speeds. In addition, they feature 
buffered control inputs, and all in­
puts have hysteresis to improve noise 
rejection. 

Additional characteristics include 
a single 5-V power supply, full 
parallel access for loaning and re­
loading, and high impedance pnp in­
puts to assure minimal loading of 
the bus. The devices are based on 
Schottky technology and interface 
with a wide range of microproces­
sors, including M6800 microprocessor 
systems. 

Absolute maximum ratings limit 
power supply voltage, V CC• to 8.0 
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CLOCK 

GND •5 V cfi1 cfi2 

MC6882A /MC3482A 
MC6882B/MC3482B 
OCTAL 
BUFFER/LATCH 

ADDRESS 
AND 
CONTROL 
BUS 

TO DAA ___ _____, 

M6800 
MPU 

MC6830 
ROMS 

MC6810 
RAMS 

MC6820 
PIAS 

MC6850 

ACIA S 

MC6860 
MODEM 

MC68BOA /MC8T26A 
BUS EXTENDER 

DATA 
BUS 

Microprocessor bus extender application utilizing rMC6882/MC3482. Com­
bined octal buffer/latch from Motorola can be used in latched or unlatched 
mode depending on application 

Vdc and input voltage to 5.5 Vdc. 
Allowable temperature range is 0 to 
75 °C in operation and -65 to 150 
° C in storage. The devices are pro­
vided in 20-pin ceramic dual-inline 
packages. Prices in hundreds are $2.80 
for the inverting and $2.90 for the 
noninverting models. 
Circle 352 on Inquiry Card 

Floating Point Chip 
Performs 32- And 
64-Bit Operations 

Single precision (32-bit) and double 
precision ( 64-bit) add, subtract, mul-

tiply, and divide operations are pro­
vided by a floating point arithmetic 
peripheral processing unit. All trans­
fers, including operand, result, sta­
tus, and command information, take 
place over an 8-bit bidirectional 
data bus, compatible with a wide 
range of 8- and 16-bit microproces­
sors. Internally, the monolithic de­
vice employs a microprogram con­
trolled, stack oriented architecture 
with 16-bit wide data paths. Oper­
ands are pushed onto an internal 
stack, and a command is issued to 
perform operations on the data in 
the stack. Results are then available 
to the host processor by popping the 
stack, or additional commands may 
be entered. 

The Am9512 floating point proces­
sor unit (FPU) from Advanced Micro 
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Devices Inc, 901 Thompson Pl, Sunny­
vale, CA 94086, supplements the 
existing Am9511A by the same manu­
facturer (see "External Arithmetic 
Processors" by S. Smith, Computer 
Design, Dec 1978, pp 144-149). Each 
is intended for nearly mutually ex­
clusive markets, with the higher 
execution speeds and derived func­
tions of the earlier device better 
suited for realtime applications. The 
newly announced FPU, on the other 
hand, is particularly oriented toward 
applications requiring high precision 
and wide dynamic range, such as 
data processing, scientific instrumen­
tation, and educational systems. 

Transfers to and from the 9512 
can be handled by the associated 
processor using conventional pro­
grammed 1/ 0, or by a direct memory 
access controller for improved per­
formance. Upon completion of each 
command, the FPU issues an end-of­
execution signal that can serve as 
an interrupt to the CPU, helping to 
coordinate program execution. It also 
provides an error-output signal and 
status register to indicate the spe­
cific error. 

In its single-precision 32-bit mode, 
it has a dynamic range of 2±127 ( 6-
bit exponent plus sign) and 24-bit 
precision. Double-precision or 64-bit 

operations increase the dynamic 
range to 2±1024 (10 bits plus sign) 
and precision to 52 bits. Minimum 
command execution times for single­
precision operations using a 2-MHz 
clock are 28 µ.S for an add or sub­
tract, 93 µ.s for multiplication, and 
Ill µ.S for division. Equivalent double­
precision execution times are 276, 
253, 768, and 2043 µ.s, respectively. 
A complex rounding algorithm causes 
it to be slightly slower than the 
Am9511A, which truncates results. 

Other characteristics include ver­
satility of interface (to almost any 
microprocessor), 12- and 15-V power 
supplies, and 850-m W power dissi-

CONSTANT ROM 
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TWO PORT DATA STACK 
8 K 16 
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14---CLK 
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Am9512 floating point processor. Peripheral device, from AMO, implemented on single chip provides single­
precision (32-bit) and double-precision (64-bit) arithmetic operations upon request from host microprocessor 
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WHY CUT? WHY STRIP?WHY SLIT? 
WHY NOT. .. 

traditional Wire-Wrapping 

JUST WRAP Wire-Wrapping 

eAWG30Wire 
• .025" Square Posts 

WIRE 
WRAPPING 
TOOL 

• Daisy Chain or Point 'lb Point 
• No Stripping or Slitting Required 

... JUST WRAP TM ... 

• Built In Cut Off 
• Easy Loading of Wire 

• ·Available Wire Colors: 
Blue, White, Red & Yellow 

U.S.A., FOREIGN 
PATENTS PENDING 

ST WRAP TOOL WITH ONE SO FT. ROLL OF WIRE 
COLOR PART NO. U.S. LIST PRICE 

BLUE JW·l ·B $14.gs 
WHITE JW·l·W 14.gs 

YELLOW JW·l ·Y 14.gs 
RED ·l ·R 14.gs 

REPLACEMENT ROLL OF WIRE SO FT. 
BLUE R·JW·B $ 2.ge 

WHITE R·JW· w age 
YELLOW R·JW·Y 2.98 

RED R· ·R age 
WRAP-UNWRAPPING TOOL 

·1 $ 3.49 
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pation ( typ) . The command list in­
cludes add, subtract, multiply, di­
vide, copy, delete, exchange, change 
sign, and push zero. 

Fabrication is based on n-channel, 
silicon gate MOS technology. The de­
vice is provided in a 24-pin package 
and undergoes 100% MIL-srn-883 re­
liability assurance testing. 
Circle 353 on Inquiry Card 

Fast-Settling 
12-Bit DACs 
Need No Trimming 

A maximum settling time of 1 µ.s to 
±~f LSB is provided by 12-bit mono­
lithic CMOS digital to analog con­
verters, featuring double layer metal 
interconnections for improved high 
speed operation and lower cost. Pre­
cision thin-film deposition resistors 
provide 12-bit linearity without laser 
trimming, thus eliminating any long­
term instabilities that laser trimming 
might introduce. The use of compen­
sating FET switches in the feedback 
resistor at the end of the ladder 
chain reduces gain error temperature 
coefficient to a max of 2 ppmj°C. 

Input current requirement is 2 mA 
(max) with less than 30 mW of 
power dissipation. The multiplying 
DACs, pin for pin replacements for 

Analog Device's AD7541, consist of 
a highly stable thin film R-2R ladder 
and 14 CMOS current switches. Most 
applications require the addition of 
an output operational amplifier and 
a voltage or current reference. 

The 8641 from Teledyne Semicon­
ductor, 1300 Terra Bella Ave, Moun­
tain View, CA 94043, is the premium 
part with guaranteed 12-bit linearity 
for the designer who requires ±lf 
LSB (0.012%) accuracy. The 8640 
provides reduced accUI"acy of ± 1 
LSB (0.024%) linearity error with 12-
bit resolution. 
Circle 354 on Inquiry Card 

Quad Op Amps Combine 
Bipolar Programming With 
FET Characteristics 

Consisting of four independent, high 
gain, internally compensated BIFET 
op amps, a family of programmable 
quad operational amplifiers com­
bines the high input impedance and 
wide bandwidth characteristics of 
FET input devices with the program­
ming capability of conventional bi­
polar devices. The four op amps with­
in one of these amplifiers can be 
externally programmed by a sepa­
rate set of control signals. This 
allows the user to optimize the per­
formance of any one op amp on the 

chip for a given allowable power 
dissipation, to select such perfor­
mance characteristics as slew rate and 
gain-bandwidth product. The circuits 
are suited to active filter applica­
tions in telecommunication systems 
and channel bank filters, where cir­
cuit power dissipation is often a 
critical factor. 

Produced by Exar Integrated Sys­
tems, Inc, 750 Palomar Ave, Sunny­
vale, CA 94088, the 18-pin XR-096, 
the most versatile of the family, 
permits independent programming of 
each of its four op amps. The other 
two models are provided in 16-pin 
DIPS and have two independent pro­
gramming pins. In the XR-094, one 
pin controls three of the chip's op 
amps and another controls the fourth, 
while in the XR-095, each program­
ming pin controls two op amps, al­
lowing the user to program them in 
pairs. These three monolithic circuits 
are the programmable versions of 
Texas Instruments' TL-074 and TL-
084 series operational amplifiers . 

Absolute maximum ratings estab­
lish allowable ranges of ±18 V for 
supply voltage, ±15 V for input 
voltage, and ±30 V for differential 
input voltage. Package power dissi­
pation may not exceed 625 mW for 
the plastic package ( derated by 5.0 
mW / °C above TA = 25 °C) or 750 
mW for the ceramic package (de­
rated by 6.0 mW j°C above 25 °C ) . 
Circle 355 on Inquiry Card 

ARE YOU HAVING PROBLEMS WITH 

YOUR CRT DISPLAY APPLICATION? 

VRU-11 
for the PDP· 11 /04 

through 11/70 

Also 1v1i11ble Ill 
the POP8A, E, F, M 

. • SCREEN UPDATES BOGGING DOWN SOFTWARE? 
• TOO MANY INTERRUPTS TO SERVICE? 
• SCREEN GLITCHES AND POOR APPEARANCE? 

DO YOU NEED? 

VR0·11 
or the LSl-11/2 

11/23 

• COMBINED INTERACTIVE AND BACKGROUND DISPLAY? 
Computer Technology 
has incorporated the 
most requested features 
from thrn years of video 
display experience into 
its newest cross-

• NEED FORMAT FLEXIBILITY? 
• NEED GRAPHICS, LIGHT PEN? 

cumpatible l1mily of 
CHECK THE CAPABILITIES OF THE LATEST VIURAM video products . These 

C S features are available 
PROGRAMMABLE DIRECT ACCESS VIDEO INTERFA E toyourapplicalionNOW. 

~ ........_ COMPUTER TECHNOLOGY 3014 LAKESHORE AVENUE OAKLAND, CALIFORNIA 94610 (41Si 465-9000 
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4Kto64KRAM 
Up to 16K EPROM 
on one board. 
Now you can have 
RAM and EPROM on 
the same board and 
buy as much or as little 
memory as you need . 
And because our 
memories use 16 pin 
memory element 
sockets you can 
change your memory 
when you change 
your mind . 

Speaking of 
changing your mind, 
when you want to 
change address 
locations of either RAM 
or EPROM, it's done 
with two, on-board 
switches-providing 
16 possible start 
locations for each 
memory. 

Compare these 
features with our much 
improved read, write 
and refresh cycle times 
and you'll choose 
MSC first. 

16K RAM Version 
Up to 16K x 8 of RAM 
and upto16Kx8of 
EPROM on the same 
board . 

RAM expandable in 
4K x 8 increments and 
EPROM expandable 
in 1 K, 2K or 4K x 8 
increments. 

On-board DIP 
switches to select any 
of 16 address start 
locations for RAM and 
16 address start 
locations for EPROM. 

Cycle times: 
Read , 350 nsec. 
Write , 500 nsec. 
Refresh , 500 nsec. 

Totally MULTIBUS 
hardware and 
software compatible . 

Limited one year 
warranty on parts 
and labor. 
... ~ ~ 

. • ~ ' - - ' .1 ~ . 
li1 ii----

~~ lillil:::: -- --------. ----··- :::: . . -
1•111111111111111111111111111111nmue1 

MSC 4502 . . . .......... $710 

64K RAM Version 
Upto64Kx8ofRAM 
and up to 16K x 8 of 
EPROM on the 
same board. 

RAM expandable in 
16K x 8 increments 
and EPROM 
expandable in 1 K, 2K 
or 4K x 8 increments. 

On-board DIP 
switches to select any 
of 16 address start 
locations for RAM and 
16 address start 
locations for EPROM. 

Cycle times: 
Read, 350 nsec. 
Write , 500 nsec . 
Refresh, 500 nsec . 

Totally MULTIBUS 
hardware and 
software compatible. 

Limited one year 
warranty on parts 
and labor. 
. -. • • - ,_ ·, ,.. t ... 

" 1i1 Iii - - - -
- --- liiil liiil : : :. :. --- ::::. 

. ----... - :::: . ~ .. -
1•1111111111111111111111111111111111111•1 

MSC 4602 .. . $2175 
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More MULTIBUS 
Monolithic Systems 
has a full line of 
MULTIBUS compatible 
hardware and 
software products, 
including the MSC 
8001, Z-80 based 
single board computer. 

For more 
information call 
us today. 

MULTIBUS compatible 
systems ... from the 
leader. 

* Monolit~ic 
f ~JtemJ corp 
14 Inverness Drive East 
Englewood CO 80112 
303/770-7 400 
MULTIBUS is a registered trademark of 
Intel Corporation . 

@1978, Monolithic Systems Corp. 

*Even greater savings 
on quantity. 
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12-Bit ADC Replacement 
Operates Faster and 
Uses Less Po\Ver 

A 12-bit hybrid analog to digital 
converter provides a 5-µ.s conversion 
time and ±lf LSB (±0.012% fsr) 
linearity error, with power consump­
tion of 1.6 W ( typ). The ADH-8586 
is a pin compatible replacement for 
the industry standard ADc-85, but op­
erates at twice the speed, with re­
duced power, and extends the maxi­
mum operating temperature from 85 
to 125 °C. 

Typical applications include data 
acquisition systems, automatic test 
equipment, and electronic counter­
measure systems. Produced by ILC 
Data Device Corp, Airport Interna­
tional Plaza, Bohemia, NY 11716, 
the ADC is processed to MIL-STD-883. 
With optional burn-in, its MTBF is 
1.6 x 106 hours for ground fixed 
conditions and 25 °C case tempera­
ture. 

The converter has five pin pro­
grammable input voltage ranges: 0 
to 5 V and 0 to 10 V with com­
plementary binary coding, or ±2.5, 
±5, and ± 10 V with complementary 
offset binary coding. An internal 
input buffer amplifier can be used 
to increase the input impedance to 
100 Mn with only a slight reduc­
tion in speed. Speed can be increased 
by short cycling and by proirram­
ming the internal clock for higher 
clock rate. A 3-µ.s conversion time 
and 300-kHz word rate can be ob­
tained with 10-bit resolution. 

Two power supplies of ±15 and 
±5 V are required. The device is 
housed in a 32-pin hermetically 
sealed triple DIP metal case, having 
dimensions of 1.75 x 1.05 x 0.22" 
( 4.45 x 2.67 x 0.56 cm) and a weight 
of 0.67 oz (19 11:). A lower speed 
option, the ADH-8585, consumes only 
1.2 W ( typ) with a 10-µ.s conversion 
time. 
Circle 356 on Inquiry Card 

Low Noise Op Amps 
Are Second Sourced 

Monolithic operational amplifiers 
having equivalent input noise volt­
ages of 4.0 and 3.5 n V / y Hz (both 
typical values) are being offered on 
a second source basis by Texas In­
struments Inc, PO Box 225012, Dallas, 
TX 75265. The devices are, respec­
tively, the NE5534 and NE5534A, 
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designed to be interchangeable with 
the Signetics parts having the same 
designations. In addition to the typ­
ical equivalent input voltage of 3.5 
n V / yHz, the -A suffix model has a 
guaranteed maximum of 4 .5 n V / 
yHz. 

These op amps typically exhibit 
a unity-gain bandwidth of 10 MHz, 
a common mode rejection of 100 dB, 
a large signal differential voltage 
amplification of 100 V / m V, a pk-pk 
output voltage swing of 32 V, a high 
slew rate of 13 V / µ.s, and the ability 
to drive a 600-n load. They operate 
over a large range of supply volt­
ages, ±3 to ±20 V, and have output 
short circuit protection and input 
diode protection. Both models are 
characterized for operation over the 
commercial temperature range of 0 
to 70 °C. 

The op amps are internally com­
pensated for a gain equal to or 
greater than three. Optimization of 
the frequency response can be 
achieved by use of an external com­
pensation capacitor. 
Circle 357 on Inquiry Card 

Low Resolution 
Monolithic 4-Bit ADC 
Samples 30M Bits/s 

Claimed by its manufacturer, TRW 
LSI Products , PO Box 1125, Redondo 
Beach, CA 90278, to be the industry's 
only monolithic 4-bit analog to dig­
ital converter available off the shelf, 
the mc-l021J is available at $29 in 
hundreds. It can digitize an analog 
signal at rates from de to 30M 
samples/ s without an external 
sample and hold circuit. The single 
chip is fully parallel, TTL compat­
ible, and utilizes lk closely matched 
bipolar components. 

It finds application where high 
speed, small size, and low cost are 
important but high resolution is not. 
Among these applications are video 
data conversion, radar data conver­
sion, high speed multiplexed data 
acquisition, image processing, and 
facsimile systems. 

The circuit comprises 15 sampling 
comparators, combining logic, and an 
output buffer register. A single con­
vert signal controls the unit opera­
tion. Additional capabilities include 
the option of binary or 2's comple­
ment output. two nower sources ( 5 
V and -6 V), 250-mW power dis­
sipation, and an operating tempera­
ture range from -60 to I50 °C. 
Linearity is ±~~ LSB, and aperture 
jitter is 30 ps. The package is a 
16-oin ceramic DlP that measures 0 3 
x 0.8 x 0.17" (0.76 x 2.0 x 0.43 cm). 
Circle 358 on Inquiry Card 

4k Static RAM Offers 
Access Time Options 
From 150 to 450 ns 

A 4096-bit static random access mem­
ory, the EA2114L, is available in five 
models offering access time options 
ranging from 150 to 450 ns. Pro­
duced by Electronic Arrays Inc, 550 
E Middlefield Rd, Mountain View, 
CA 94043, and organized as 1024 x 
4, the NMOS RAM is designed for 
memory applications where realtime 
I/ o access, large storage, easy inter­
face, and high performance are im­
portant, such as in microcomputers, 
video terminals, communication 
equipment, and computer peripherals. 

Other characteristics include TTL 
compatibility, a single 5-V power 
supply, ±10% voltage supply mar­
gins, and 80 °C/W package thermal 
resistance. The memory olfers econ­
omy through the elimination of dy­
namic clocks, strobes, and refresh 
circuits, as well as a compact density 
of 0.5M bits/ ft2 (5.4M bits/ m2 ) of 
printed circuit board. It is system 
compatible with other static ROMS 
and EPROM elements. 
Circle 359 on Inquiry Card 

Low Cost 64-Word FIFO 
Guarantees > 5-MHz 
Shift In/Shift Out Rate 

A first in, first out (FIFO) bipolar 
serial memory is designed to fill the 
gap between very slow ( 1-MHz) 
MOS and very fast ( 10-MHz) mem­
ories. Having a storage capacity of 
64 4-bit words and a shift in, shift 
out rate of 5 MHz (guaranteed), 8 
MHz ( typ) , the single-chip memory 
is available at $13.80 in hw1dreds. 

The S67401 from Monolithic Mem­
ories Inc, 1165 E Arques Ave, 
Sunnyvale, CA 94086, is intended to 
provide a less expensive alternative 
to high speed FIFOs in temporary 
data storage and data rate matching 
applications that do not require a 
maximum transfer rate. Its high 
density and medium I/ o speed in­
crease the options available to the 
designer of such devices as communi­
cation buffers, disc controllers, and 
Winchester type disc drives. 

Additional characteristics include 
TTL inputs and outputs, asynchronous 
or synchronous operation capability, 
and packaging in a 16-lead, 0.3" 
(0.8-cm) wide DIP. It is readily ex­
pandable in bit dimensions, although 
not cascadable in a word direction . 
Circle 360 on Inquiry Card 

COMPUTER DESIGN/ OCTOBER 1979 



Grab the Comp~,.,~ 
data acquisiti , 1 

Today's advanced microprocessors and digital 
processing systems require high performance 
components to interface the digital/analog 
world. Harris Semiconductor has assembled a 
design file which presents a family of 
performance-proven data acquisition circuits 
and applications which will stimulate your design 
imagination. This designer's file could be the key 
to solving some of your most perplexing data acqui­
sition problems. 

Harris has a complete line of data acquisition 
components. All of which provide the high speed, high 
accuracy and high throughput you need for processing 
fast signals in all types of applications-military, 
aerospace/avionics, instrumentation, industrial process 
control, EDP, and others. 

For top performance in your data acquisition systems, 
get "Your Competitive Edge''. Use the file to collect informa­
tion on data acquisition techniques and to store information 
on new, innovative Harris circuits that will be introduced in 
the coming months. For a free designer's file, write on 
your company letterhead to: Harris Semiconductor 
Products Division, Box 883, Melbourne, 
Florida 32901. _ GNER'S FILE 

p()NEN'l'S uESll 
~'l'A ACQUISl'l'lON coM 

HARRIS HOT LINE! 
1-800-528-6050, Ext. 455 
In Arizona: 1·800-352-0458, Ext. 455 
Call toll -free !except Hawaii & Alaska! for phone number 
of your nearby Harris s.1les office, authunz('<.1 d1'>tnbutor or 
expedited literature service. Or check your IC MASTER 
for complete product lis ting and specificati1ms. 

Harris Technology 
... Your Competitive Edge 

SEMICONDUCTOR 
PRODUCTS DIVISION 
A DIVISION OF H ARR I S CORPORATION 



I ARDUND THE IC LDDP I 

Monolithic Device 
Contains Complete PWM 
Power Control Circuitry 

Each device in a family of Ics from 
Signetics, 811 E Arques Ave, Sunny­
vale, CA 94086, contains all the con­
trol circuits for a power supply in­
verter or switching regulator inte­
grated on a single chip. The devices 
feature complete pulse width mod­
ulation control circuits, single-ended 
or push-pull outputs, and line and 
load regulation of 0.2%. Total supply 
current is less than 10 mA with an 
operating frequency beyond 100 kHz. 

The scl524, offered as a second 
source to Silicon General's part hav­
ing the same designation, can be u~ed 
for switching regulators of either 
polarity, transformer coupled de-de 
converters, transformerless voltage 
doublers, and polarity converters, as 
well as in other power control ap­
plications. It maximizes the efficien­
cies in any of the three basic types 
of switched-mode power supply cir­
cuits: forward converters, flyback 
converters, and push-pull converters. 
The device is specified for operation 
over the full military temperature 
range of -55 to 125 °C. 

Specific circuits contained in the 
16-pin dual-inline package are a 
voltage reference, oscillator, error 
amplifier, current-limiting circuits, 
pulse width modulator, and pulse 
steerin~ flipfloo. A commercial ver­
sion, the sc73524, is available, speci­
fied over the 0 to 70 °C range. There 
is also an intermediate version, the 
sG2524, which shares the tighter elec­
trical specifications of the toµ of the 
line model; while having the tem­
perature characteristics of the com-
mercial version. . 
Circle 361 on Inquiry Card 

Ramp Oscillator, Logic, 
And Motor Logic ICs 
Control Stepping Motor 

Three integrated circuits may be 
used in a variety of ways to provide 
low power signals for the control or 
actuation of stepping motor drive 
systems. ·The MSI devices provide al­
ternatives to extensive software or 
numerous discrete components. 

This chip set from Sigma Instru­
ments Inc, 170 Pearl St, Braintree, 
MA 02184, consists of the 2QG01 
CMOS ramp control logic circuit ( RCL) , 
the 29G21 linear bipolar ramp con­
trol oscillator ( RCO), and the 29G4 l 
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digital motor logic circuit (DML). 
The RCL is normally used in con­
junction with the RCO. Together, the 
two circuits form a buffered ramper, 
able to accept a constant high fre­
quency pulse train to deliver a 
variable frequency output with pre­
set acceleration and deceleration 
profiles. The output of these chips 
can drive the DML motor logic IC or 
almost any other stepping motor 
drive. Used alone, the RCO can be 
employed in a number of ways to 
generate fixed or variable frequency 
pulse trains, including ramped fre­
quency trains for speed control ap­
plications. 

Intended to be the key element in 
a motor driver, the DML accepts a 
pulse train input and decodes it into 
a selectable, parallel output step­
ping motor phase excitation format. 
It has sufficient flexibility to fit most 
data input and output formats. Input 
can be either dual pulse trains, cw 
or ccw, or a pulse line and a direc­
tion line. The phase outputs can be 
2-, 3-, or 4-phase in either full-step 
or half-step sequences, and can be 
selectively disabled for either stand­
by power reduction or damping. In 
addition, the outputs can be in wave 
or overlapping sequences. There are 
seoarate connections for a reverse 
pulse damping input and an initial 
reset input. 

The chips operate from 8- to 15-V 
power supplies, on typical logic level 
inputs, with most outputs open-drain 
active circuits for maximum noise 
immunity. RCL dimensions are 0.600 
x 1.310" ( 1.524 x 3.327 cm); maxi­
mum dimensions for RCO and DML 
chips are 0.250 x 0.870" (0.635 x 2.21 
cm). 
Circle 362 on Inquiry Card 

Bus Compatible 
Binary Up Counter 
Can Reach 10 MHz 

An LSI 32-bit binary up counter with 
32 latches, multiplexer, and eight 
3-state outputs is capable of count­
ing up to 10 MHz. The Ls7060, pro­
duced by LSI Computer Systems Inc, 
1235 Walt Whitman Rd, Melville, 
NY 117 4 7, presents its information 
in 8-bit binary bytes, least significant 
byte first, to the 3-state outputs at 
clock rates up to 1 MHz. Successive 
data bytes are enabled to the out­
puts on each positive transition of 
the scan pulses. 

A special cascading feature allows 
any number of the devices to be 
attached to the same bus. Informa­
tion from the counters can then be 
read out in successive bytes in se-

quence within the cascaded string. 
Each successive scan pulse enables 
the next data byte and, when each 
counter finishes presenting its infor­
mation, it enables the next counter. 

The device is an N-channel MOS 
silicon gate chip in a high density 
18-pin package with 0.3" (7.6-mm) 
row spacing. Inputs are TTL, CMOS, 
and NMOS compatible, and outputs 
are TTL compatible. 
Circle 363 on Inquiry Card 

CRT Timer-Controller 
Display, Monitor Formats 
Are User Programmable 

A cathode ray tube video timer-con­
troller is implemented in N -channel 
Mos as an LSI device. All frame for­
matting, horizontal, vertical, or com­
posite sync, characters per data row, 
data rows per frame, and raster 
scans are completely user program­
mable . The data row counter has 
been designed to facilitate scrolling. 

Programming is effected by load­
ing seven 8-bit internal registers 
from a bidirectional data bus. Four 
register address lines plus a cs line 
provide complete microprocessor pro­
gram controlled setup. The device 
may be self loaded via an external 
P / ROM tied to the data bus. Format­
ting also may be programmed by a 
single mask option. 

This timer-controller from Solid 
State Scientific, Montgomeryville, PA 

18936, contains the logic functions re­
quired to generate timing signals for 
presentation and formatting of inter­
laced and noninterlaced video data 
on a standard or nonstandard CRT 
monitor. Jn addition to the control 
registers, ~he device has storage reg­
isters which hold the cursor charac­
ter and data row addresses used to 
generate the cursor video signal. The 
contents of these registers also may 
be read out onto the data bus for 
update by the program. 

Two versions of the chip are avail­
able. The SND5037 can be program­
med for an odd or even number of 
scan lines per data row in both 
interlaced and noninterlaced modes. 
Programming it for an odd number 
of scan lines per data row elimi­
nates character distortwn caused by 
the uneven beam current normally 
associated with odd field / even field 
interlacing of alphanumeric displays. 
The sND5027 provides noninterlaced 
operation with an even or odd num­
ber of scan lines per data row, or 
interlaced operation with an even 
number of scan lines per data row. 
Circle 364 on Inquiry Card 0 
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ROLMS Mil-Spec ECLIPSE® Data System ... 
anewpower 

in military computers 
Military operations on the move make 
tough demands on data processing 
systems. 

The computers must be compact, 
rugged, and reliable. The data base and 
operating system must be transaction­
ortented for fast real-time, interactive 
processing. 

That's 
why ROLM 
developed the 
Mil-Spec 

PSE 
~m. -

with ROLM's new 3400 Series Interfaces. 
These compact MIL-STD-1397 modules 
come in SLOW, FAST, ANEW, and 
SERIAL types with 8, 16, and 32-bit config­
urations. They are interchangeable and 
feature software transparency. Designers 
can configure a system to match the 
data requirements of any ship ... without 
restriction on future expansion. 

ROLM's Mil-Spec ECLIPSE System 
lets you move out with power never 
before available in a military computer 
system. Designed to meet MIL-E-5400, 
MIL-E-4158, and MIL-E-16400 specifica­
tions, it gives you extensive software, full 
peripheral support, and ROLM reliability 
and service. 

That's Why We're #1 In 
Mii-Spec Computer Systama 



A full range of high resolution 
color and monochrome monitors with 

FF-THE-SHELF AVAILABILIT 
Priced as low as $1375 

Aydin Controls has a complete family of RGB 
raster scan color video monitors available from 
inventory. These high performance color 
monitors are specifically designed for the display 
of computer generated text, graphics and image 
data. All Aydin displays come with a one year war­
ranty and feature: high and ultra-high resolution 
shadow mask CRT's, high video bandwidth, long 
term convergence stability, modular construc­
tion, rack mountability, convenient control 
accessibility and simplified maintenance. A 
comprehensive list of options to meet any 
requirement is available. 

AYDINm coNTROLS . 



PRODUCT 
FEATURE 

Single-Chip Analog 

Microcomputer Processes 
Complex Signals in Real Time 

Multiple component and multicircuit 
analog subsystems required for real­
time signal processing applications 
can now be replaced by a single-chip 
programmable analog/ digital micro­
computer. Claimed by its developer, 
Intel Corp, to be the first such analog 
input/ output microcomputer, the 
2920 signal processor provides ca­
pabilities equivalent to those of a 
microcomputer 10 times as powerful 
as the 8086 (or 100 times those of 
the standard 8080). For instance, 
the 8080 can operate as a signal 
processor at frequencies up to only 
a few hundred Hertz, while the digital 
processor on the 2920 executes its 
program at typically 13k times/ s 
when used with a 10-MHz clock rate. 

In operation, the signal processor 
converts analog input signals to digi­
tal information, manipulates that 
information in its onchip high speed, 
digital processor, and produces ana­
log outputs in a realtime mode. Its 
frequency range covers those com­
mon in telecommunications, instru­
mentation, control, guidance, medi­
cal, and other electronic systems. 

An SP20 hardware and software 
support package, introduced for use 
with the 2920, includes assembler, 
software simulator, erasable pro­
grammable read only memory 
(EPROM) programming personality 
hoard, and documentation. Both as­
sembler and software simulator run 
on the lntellec® microcomputer de-

2920 signal processor 

velopment system; the personality 
card allows EPROM on the 2920 to 
be programmed on an lntellec um­
versal P/ ROM programmer. 

Signal Processor 
Digital circuitry on the 2920 single­
chip signal processor includes EPROM 
program storage, scratchpad random 
access memory (RAM), clock and 
timing logic, binary shifter, and 
arithmetic logic unit (ALU). Analog 
circuits include four inputs, input 
multiplexer, input sample and hold 
(s/ H), analog to digital (A-D) and 
digital to analog (D-A) converters, 
output demultiplexer, eight outputs, 
and buffered output s/ Hs. To achieve 
the efficiency and speed necessary for 
realtime operation, analog circuits 
operate simultaneously with digital 
ones. 

EPROM consists of 192 24-hit 
words, with each word made up of 
six instruction fields that control in­
dividual subsystems (see functional 

VSP~-------1------------------------------------------------., 

SIGIN IOl------1...;;,.;;~ 
SIGIN 111------1 

SIGIN 121------. 

SIGIN IJJ------1 

X1 /CLK 
CCLK --------1 

MUX 
& 

S&H 

CLOCK LOGI C 
& 

PROGRAM 
COUNTER 

·EXTERNAL COMPONENTS 

PROGRAM STORAGE 
(EPROMI 
192 x 24 

D-A ------------i 

1-------RST/ EOP 

t------- SIGOUT IOI 

t------- SIGOUT 111 

------SIGOUT 121 

DMUX ,___ _____ SIGOUT 131 

& 
S&H 's t------- SI GOUT (41 

t------- SIGOUT (51 

,___ _____ SIGOUT 161 

t------- SIGOUT (7) 

Functional block diagram of signal processor (run mode) 
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block diagram). In programming 
mode, EPROM is arranged as a 
1152 x 4·bit memory with each 24-
bit instruction loaded as six 4-bit 
nibbles. Once the EPROM is pro­
grammed, the signal processor can 
function as an analog subsystem. 

The RAM read/write array is or­
ganized as 40 words of 25 bits each. 
Address space is extended to provide 
constants and access to a register 
(DAR) for interfacing the memory 
ALU with the analog conversion sec­
tion. Both RAM and the ALU repre­
sent data in 2's complement format. 
All operations are performed in 2's 
complement arithmetic. 

An external clock can be used or 
the signal processor can generate 
its own clock with an external crys­
tal. The program counter is incre­
mented one instruction count for 
every four master clock cycles and 
continues to increment until it reaches 
a count of 191 or is reset. Instruc­
tions are executed sequentially and 
no program jumps are provided. 
Sample rate is determined by the 
number of instructions in the pro­
gram and the instruction cycle time. 

A binary shifter between the 
memory "A" port output and the 
ALU "A" operand input allows the 
"A" operand. to be scaled by any 
magnitude between 22 and 2·13 (left 
shift 2 to right shift 13) . When a 
number is shifted right, vacated bit 
positions are filled with the sign bit. 

The ALU calculates a 25-bit re­
sult based on an operation performed 
on the scaled "A" and the "B" op­
erands delivered from memory. The 
25-bit result is written back into the 
"B" memory location near the end 
of the instruction cycle. Logic ac­
commodates the left shift scaling. 
For arithmetic operations, this logic 
is used to calculate a 25-bit result for 
normal operations and to maintain 
the sign bit when an overflow occurs. 

Analog input channels are made 
up of four sampling switches with 
a common external capacitor that 
yields an offset of < -1h LSB and 
an acquisition time of <2400 ns. 
Successive approximation A·D con­
version is performed under program 
control. A 9-bit conversion, at a 10-
MHz clock rate, will require 25 in­
structions including 6 for input, 1 to 
initialize the DAR to zero, and 18 
for the A·D conversion. 

Eight analog output channels m­
clude one s/H circuit/channel de-

194 

SP20 hardware and software support package 

multiplexed from a common, buf­
fered D·A converter output. Signal 
output (SI GOUT) pins can be selected 
to be either analog out or TTL com­
patible. 

The internal D·A converter re­
quires a single, user supplied 1- or 
2-V reference to establish its range. 
The resulting input and output sig­
nal voltage range is ±VREF. 

Support Package 

Symbolic 2920 assembly language 
instructions are translated into ma­
chine operation codes by the assem­
bler in the hardware and software 
support package. This enables the 
programmer to symbolically program 
hardware operations of the signal 
processor. An object code (execut­
able machine code) , complete as­
sembly listing, and error diagnos­
tics are produced by the assembler. 
The object code output from the as­
sembler may be loaded directly into 
the universal P /ROM programmer 
for programming the EPROM; the ob­
ject code may be loaded to the sim­
ulator for system design and debug. 

The software simulator provides 
testing and symbolic debugging of 
programs in microcomputer develop­
ment systems environment, enabling 
designers to specify input signals; 
set breakpoints; collect and display 
input, output, and system variables; 
and display and alter contents of 

memory location during simulation. 
Hex format object files produced by 
the assembler are accepted by the 
simulator. Output values and internal 
trace data may be saved on ISIS-II 
disc files for further analysis. 

Simulation of signal processor 
machine instructions is performed in 
software. All internal registers, mem­
ory, input values, output values, and 
other system variables can be ex­
amined and modified. Speed of on­
chip signal processing simulation 
varies with the complexity of the 
input signal, breakpoint setting, and 
trace condition. Exclusive of 1/ 0 time 
requirements, instructions will be 
simulated at a rate of approximately 
several hundred instructions/ s. 

After each instruction is simulated, 
the breakpoint is evaluated to de­
termine whether to stop or continue 
simulation. Conditional breakpoints 
are also provided for debugging pur­
poses. Simulation can be manually 
stopped at any time by pressing the 
ESC key on the lntellec console. 

Price and Delivery 

The 2920 signal processor is priced 
at $250 in quantities of 100; the 
SP20 hardware and software support 
package costs $3400. Deliveries of 
both began in September. Intel Corp, 
3065 Bowers Ave, Santa Clara, CA 
95051. Tel: 408/ 987-8080. 
Circle 199 on Inquiry Card 

COMPUTER DESIGN/ OCTOBER 1979 



Technological leadership. 

16-BIT 
ADDRESS 

Double your drive, 
tune out noise with Motorola's 

3-state, octal buffer latch. 
Despite being around for a while from multiple 

sources using known LS technology, quantities of 
octal buffer latches are usually gone by the time 
you get to the ordering stage. Even if you've been 
lucky enough to find any lately for MPU memory 
address bus buffering, chances are they haven't 
lived up to every performance parameter you could 
wish for. 

Until now. 

Now Motorola can supply a steady stream of 
these impossible-to-get parts with some new 
wrinkles that make the MC6882/3482 linear 
interface family an absolutely great find for 
enhancing system production and performance. 

~::~::~~n, more boards, 
The units furnish a full, 48 mA IoL drive 

capability- twice what LS373 types offer. That 
means you've got much more margin to drive more 
memories and more boards without any increase 
in parts count. And this top performer drives a full 
500 pF load. You can't do better than that anywhere. 

Built-in hysteresis provides noise immunity. 
The output switches only when you want it to. And 
the part can be latched to further protect your 
system from noise. 

Mux, demux, buffer and latch. 
Together or separately. Inverting or non­

inverting. You can use it on latched bus 
structures such as the '6801 or on unlatched 

structures like the '6800 where buffers are latched 
to provide noise immunity. 

When multiplexing with a pair, each drives 
8 bits alternately from a three-state output. 

It offers fast, 8 ns typ Schottky prop d'e°tay, 
single 5 V power supply requirements and high 
impedance PNP inputs to ensure minimum bus 
loading. 

Last, not least, it's pin-for-pin, spec-for-spec 
compatible with LS373 types, so all you do is drop 
it into those designs and watch it take over. With 
more drive . .. and at nearly equal cost. 

Device sumx Invertin__(fNon-Invertin_g_ Price (100-tlJIJ 
MC6882A/ L(ceramic) Inverting $2.80 
MC3482A 
MC6882B/ L(ceramic) Non-inverting 2.90 MC3482B 

Contact your authorized Motorola distributor 
or write Motorola Semiconductor Products Inc., 
P.O. Box 20912, Phoenix, AZ 85036 for complete 
data and turnaround on the MC6882/3482. 

Together with our M6800 family ofMPUs, MCUs 
and peripherals, you'll have your next complete 
generation of 

Innovative systems 
through silicon. 

® MOTOROLA INC. 

CIRCLE 101 ON INtj)UIRY CARD 195 



PRODUCTS I 
Low Cost Programmable Pulse Generator 
Features Fast Response Time 

Circle 200 on Inquiry Card 

V.27 Compatible 4800-Bit/s 
Data Modem Fits Wide Range of Applications 

Signature Analysis Provides Diagnostic 
Capability for Single-Board Tape Formatter 
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Repetition rate pulses of 10 Hz to 50 MHz, with 0.1- to 20-V 
amplitudes, are produced by the model 2021 programmable 
pulse generator in 7 ns (variable to 1 O ms at 20-V ampli­
tude). A 20-V amplitude pulse can be esta'blished by the user 
from either the front panel or by program control in a 40-V 
window from -20 to 20 V, referenced to ground. Annunciator 
lights and alphanumeric displays identify pulse parameters 
and mode of operation. An Auto Cal function, for use at 
critical frequencies, calls amplitudes, use and fall times, 
delays, and widths from memory. A microprocessor checks 
parameters and either initiates a correction procedu re, if 
needed, that adjusts them to desired values or produces an 
errror message. As many as 1 O complete setups can be 
stored in the internal memory. A rechargeable battery retains 
the memory unit for up to 4 weeks when power is off. At 
power-up the memory unit recalls all required setups with­
out reprogramming . This pulse generator is said to be priced 
at about half the cost of comparable models. Interstate Elec­
tronics Corp, PO Box 3117, Anaheim, CA 92803. 

Conformation to CCITT Recommendations V.27 bis and V.27 
ter, MOS circuitry, and a complete range of system monitor­
ing and fault isolation, including V.54 remote loop1back and 
low speed V:23 secondary channel, enable the LSI/ 48/V.27 
high speed data modem to meet a variety of user require­
ments. The device operates at 4·800 bits/s over 2- or 4-wire 
leased lines or 2-wire dial networks, with fallback to 2400 
bits/s, and uses 8-phase DPSK or Q.AJM for primary signaling 
in the transmitter and receiver. Narrow band modulation and 
fully automatic adaptive equalizer (with other V.27 bis 
modems) assure low error rates under all conditions. Choice 
of switch or strap selectable operating modes allow system 
operation over degraded circuits. 'Point to point operation 
is over M580 or equivalent lines; a type M1020 line is 
recommended for optimum performance in multipoint appli­
cations. Other features include low frequency 75- or 150-
bit/s secondary channel, EIA RS-232-C or CCITT V.24 com­
patible interface, and automatic or manual answer. Codex 
Corp, 20 Cabot Blvd, Mansfield, MA 02048. 
Circle 20 I on Inquiry Card 

A bipolar ·bit slice microprocessor in the model 9XOOF dual­
density magnetic tape formatter provides a signature analysis 
capability that allows a technician to locate malfunctions by 
comparing microprocessor-generated ·patterns with those 
based in HOM. Presence of the microprocessor also improves 
control and reduces the number of needed 'ICs; the resultant 
reduced board size permits installation of the 13 x 8.5" 
(33 x 21.6-cm) single-board formatter in the chassis of the 
company's model 9000, 9100, 9300, 9700, or 9800 9-track 
read-after-write tape transports. As many as 4 daisy chained 
transports with 2 different speeds can be handled by 1 
formatter. All logic required for reading and writing both 
1600-char/in (630/cm) PE and 800-char/in (315/cm) NRZI 
formats for ANSI and IBM compatible tape is in ROM. 
Speeds from 12.5 to 125 in/s (31 .7 to 317 cm/s) are select­
able by onboard DIP switches. Switches also control status 
and address designations. Kennedy Co, 1600 S Shamrock 
Ave, Monrovia, CA 91016. 
Circle 202 on Inquiry Card 
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*28,000 HRS. MTBF 
DEMONSTRATED AND IMPROVING 
37.9 MEGABITS 
8.5 MILLI SEC. AVE. ACCESS 

MODEL 4016 Ml:MORY 

.035 CENTS PER BIT 0. E. M. *ASK FOR A COPY OF OUR MTBF STUDY 

Vermont Research 
C ORPORATION 

Precision Park 
No rth Springfi eld, Vermont 05150 

TEL. (802) 886-2256 TWX : 710-363-6533 FAX (802) 886-2682 
CIRCLE 102 ON IN9UIRY CARD 



BY 
AMERICAN 
MAGNETICS 

Proven, World-Wide Performance 
Field proven, economical means for collecting data from 

magnetic stripe cards or badges. 

Standard models read ANSI X 4.16 - 1976, any com bi nation of 
tracks 1, 2, or3 (75 and 210 BPI); special models available for any 
track density up to 400 BPI. 

Self-contained spatial decoding electronics provide TTL 
(data and strobe) outputs. Card velocity range 3to120 inches/ 
second; completely acceleration independent. Less than one 
error per 108 bits. 

Reliability in reading warped and soiled cards is achieved by 
means of a patented read head assembly - each head individ­
ually suspended on parallelogram springs in a gimbal mount. 
Low contact force guarantees lowest head and card wear. 

Rugged construction permits outside installation and 
exposure to the elements. Virtually maintenance free. 

Many major system manufacturers, after extensive testing, 
have chosen our readers which out-perform all others in read­
ing "real world" cards. Our MAGSTRIPE'" Readers are used 
world-wide in a variety of applications including: 
•Airline Ticketing Terminals 
•Bank Terminals 

•Computer Access Devices 
•Fare Collection Systems 

•Building Access Systems • Identification & Badges 
•Bulk Fuel Dispensing Terminals 
•Data Input for CRTTerminals 

• POS Terminals 
•Self-Service Gas Stations 
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For more information and 
technical data, contact: 

American Magnetics 
Corporation 
2424 Carson St., Torrance, Calif. 90501 
(213) 775-8651, TWX 910-349-6956 
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DUAL-SPEED STEEL BAND LINE PRINTERS 

.Enhanced print capabilities 
on both 300- and 600-line/ 
min band printers enable 
line speed to be reduced to 
170 and 350 lines/min re­
spectively, in approx 4 s. Std 
high quality printout at 300 
or 600 lines/min is suitable 
for day to day printing re­
quirements or drafts, and 
quality obtained at 170 or 
350 lines/min fills needs for 
special reports or final 

copies. ·Dual print speed is accomplished through the micro­
processor architecture of the printers. The print band speed 
can be switched under program control. Printers are de­
signed for 30 to 40% duty cycles, and feature a 3000-h 
MTBF. Tabletop, pedestal, and quiet ca'binet models are 
available. NEC Information Systems, Inc, 5 Militia Dr, Lexing­
ton, MA 02173. 
Circle 203' on Inquiry Card 

HIGH CAPACITY FIXED MEDIA DISC DRIVE 
4700 series drives based on 3350 technology yield high 
capacity, fast access, rapid data transfer, and high reliability. 
Device incorporates a mechanical package design that is 
small in size for easy installation and requires only 7" (17:8 
cm) of vertical rack space. 112M- and 158M-byte con­
figurations are achieved by use of either 3 or 4 disc 
platters, respectively. Performance characteristics are 30-ms 
avg access time (6-ms track to track), 9.40•MHz data trans­
fer rate with a projected module life of 35k hours. Storage 
density is 6427 bits/in (2530/cm). Total per surface capacity 
is 22.6M 1bytes. Soft error rate is 1 bit/ 10'0 ; hard error rate 
is 1 'bit/10'". Microdata Corp, 17481 Red 'Hill Ave, Irvine, 
CA 92714. 
Circle 204 on Inquiry Card 

MICROCOMPUTER POWER SYSTEM OPTIONS 

Permitting the microNovaT" MP/100 and /200 to operate 
during temporary power failure, the optional model 4315 
battery backup is contained on a single PC board. With the 
addition of either the optional model 4316 battery pack or 
2 ordinary car batteries, users can keep computers plus 
main memory operating when main ac power fails. All volt­
ages are maintained and fans are kept operating. Battery 
pack consists of two 12-V batteries connected in series and 
includes mounting hardware and cable that plugs into back­
plane. The ·2.5-Ah pack supplies power for 16 min to a 
64k-byte MP/100 system, and for 7 min to a 64k~byte 

MP/200. Data General Corp, Rt 9, Westboro, MA 01581. 
Circle 205 on Inquiry Card 
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December 3-5, 1979 
MGM Grand Hotel, Las Vegas 

If you are a distributor, dealer, 
commercial OEM, systems house, 
turnkey vendor, manufacturers repre­
sentative, value adder, software 
packager or any other kind of 
independent "third party" seller, you 
should plan now to attend this 
stimulating three day conference and 
exposition . 

Over 30 sessions will focus on the 
challenges and opportunities facing 
you as a dealer . . . for more profitable 
selling and a higher degree of 
professionalism. 
You will also have ample opportunity to 
visit more than 100 exhibitors -­
manufacturers whose focus is on you 
the dealer. 
For registration information on 
COMDEX '79, call (800) 225-4620 
(In Mass. (617) 879-4502). 

If you are a manufacturer, COMDEX '79 
gives you a unique opportunity to 
display new and existing products to 
attract the third-party seller. 

Unlike broad-based computer 
expositions, COMDEX '79 focuses on 
the needs of manufacturers to be 
adequately represented . COMDEX '79 
gives you the right environment to 
develop sales representation or 
reinforce existing relationships. 
Because the conference is designed to 
appeal to third-party sellers you are 
guaranteed the audience you want. 
We'll be glad to discuss with you 
available exhibit space and any other 
aspect of the exposition . Call Milton 
Berns at 800-225-4620 (In Mass. 
879-4502). 

Another Conference and Exposition from 
The INTERFACE Group 

Producers of: 
Data Communications INTERFACE, INTERFACE WEST, 
FEDERAL DP EXPO, COMDEX 

160 Speen Street, Framingham , MA 01701 

PROGRAMMABLE WORD GENERATOR AND 
ERROR CHECK SYSTEM 
DG-20/EC-20 provides both data generation and error check 
capabilities in a single benchtop or rackmount unit. It con­
tains a variable clock source, 256-word x 20-bit data gen­
erator, and 8-bit error comparator. Internal clock os·cillator 

provides variable oper­
ation from 2:5k to 20M 
'bits/ s. Programmable 
word generator sec­
tion provides 20 par­
allel outputs at ECL 
levels, suitable for 
driving 50-n coaxial 
line. Word length Is 
integer variable up to 

256 words. Error check section provides for error check 
comparisons on up to 8 input channels. Individual inputs 
may be masked out to inhibit error checking of those 
channels . Operational controls allow unit to continuously 
check input data or to stop on first error condition. Tau-Tron, 
Inc, 27 Industrial Ave, Chelmsford, MA 01·824. 
Circle 206 on Inquiry Card 

ECLIPSE/NOVA 3 ADD-IN MEMORIES 
Designed for use with Data General Eclipse and Nova 3, the 
in1560 has full software compatibility with the Nova 3, and 
incorporates onboard parity control. It has very low power 
dissipation, and high circuit density to reduce system cost. 
Battery backup operation can be supported. An onboard 
memory management and protection unit provides full 128k 
addressing and detection of 5 software violations. 32k and 
1'28k configurations occupy a 15" (38-cm) board. for use 
with Eclipse computers, the in5150 is compatible with both 
core and semiconductor memories. It has on'board error 
logging facilities and can support 2-, 4-, or 8-way interleaving. 
An onboard cache memory gives a 200-ns access time. 
Capacity is 64k. Sintrom Electronics Ltd, Arkwright Rd, 
Reading, Berks RG2 OLS, England. 
Circle 207 on Inquiry Card 

ANALOG AND DIGITAL 1/0 MULTIPLEXERS 
Series 2300 provide 1/0 
for industrial data gather­
ing and control systems. 
Analog and digital inputs 
and outputs are trans­
mitted and received via a 
serial communication link 
with either RS-422 or RS-
232 interface at data rates 
up to 9600 baud. Std 
interfaces include dry con­
tact inputs for supervised 
or unsupervised lines, 
110-Vac digital inputs, 10-

and 1'2-bit analog inputs, 8- and 10-bit analog ouiputs (4 to 
20 mA), and 3- and 10-A start/stop relay outputs. Each unit 
consists of NEMA 12 enclosure backpanel with connectors, 
1/0 interfaces, and controller 'board containing microproces­
sor and communications interfaces. DGC 2331 handles digital 
inputs. 2333 accepts 4 analog inputs and generates 1 analog 
output; digital 1/0 can be eithp,• 16 inputs and 8 outputs, 
or 8 inputs and 16 outputs. 2320 ·has up to 16 1/0 slots. 
Logicon Process Systems Div, 10398 Democracy Lane, Fair­
fax, VA 22030. 
Circle 208 on Inquiry Card 
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12" Integrated Computer System 
64K Bytes RAM 
Dual Floppy Disk Subsystem 
8085 CPU Price: $8,935 

ISIS**• CP/M • 
Fortran • Basic • Pascal • 
Macro Assembler 
'Multibus and ISIS are Tradem ark s of Intel Corporation 
"Configured to run all Intel supplied software 

CIRCLE 107 ON INQUIRY CARD 

EXPANDABLE SIGNATURE ANALYSIS 
DATA MULTIPLEXER MODULE 
Signature data mu ltiplexer operates under software control 
in conjunction with the LS 100 series bus plug-in peripheral 
signature analyzer. Inputs to the LS MUX 32 multiplexer can 
be individual inputs to quick disconnect connectors, 40-pin 

DIP clips for microproces­
sor and LSI component 
connection, and bus ter­
minator I card edge con­
nectors for computer card 
interface. By cascading 
analyzers and multiplexers 
in a microcomputer bus, 

~11111• a limitless number of sig­
nature data lines can be 
input. Multiplexer is totally 
controllable from the an­
alyzer and user computer 

system. Associated status and control words allow full soft­
ware control. Software is available for Z80, 8080, ·6800, and 
6502 processors. Phoenix Digital Corp, 3027 N 33rd Dr, 
Phoenix, AZ 85017. 
Circle 209 on Inquiry Card 

MULTIUSER PROGRAMMING STATION 
FOR IN-CIRCUIT TEST SYSTEMS 
Designed to complement the 2270 test system, the 2290 off­
line programming station allows simultaneous program gen­
eration by up to 4 users. By performing program generation 
offline, the unit increases productivity of the test system by 
eliminating machine time conflicts between programmers and 
production personnel. The station is equipped with a DEC 
PDP-11 based computer and 128k bytes of memory. It has a 
single CDC Hawk 1 0M~byte fixed head disc drive and con­
troller. Two disc cartridges provided with the unit contain 
2270 program preparation software, 2 have RSX-11 M binary 
system software, and 2 are blank. The unit is housed in a 
single low profile vertical rack. GenRad Inc, 300 Baker Ave, 
Concord , MA 01742. 
Circle 210 on Inquiry Card 

GRAPHIC COMPUTING SYSTEM 
WITH DYNAMIC OPTION 
Dynamic Graphics option provides users of the 4054 Graphic 
Computing System with the power to work directly with 
graphic elements of a design problem, in addition to points 
and lines. Simple BASIC commands allow users to create 

and manipulate graphics 
objects as simple as line 
or word , or as complex 
as a 1000-vector o'bject or 
user definable key menu. 
After be ing created, an 
object is saved in dy­
namic memory for later 
recall. With 13M address­
able points, the 19" (48-
cm) direct view storage 
tube offers high resolu-
tion graphics. Option 30 

is a field installable circuit board containing microprocessor 
and 32k bytes of memory dedicated to creation and display 
of refresh objects, completely independent of the 4054's 
processor. Tektronix, Inc, PO Box 500, Beaverton, OR 97077. 
Circle 211 on Inquiry Card 
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In Data Display. . . 

TV means 
P.erfo1mance 

with economy 
BALL TV Series general purpose displays 

have advanced features 

BALL 1V Series 
general purpose 
display 

In data display, 
BALL means 
experience, quality 
and service. 

CIRCLE 108 ON INQUIRY CARD 

• 5, 7, 9, 12-inch sizes 
• TTL-compatible sync interface 
• 100% silicon circuitry 
• Variety of frame styles 

The TV Series is the standard of the 
industry for general purpose data display. TV 
Series users get many of the advanced 
features found on BALL high-performance 
models. Features such as strong and light 

weight wire frame design, simple sub· 
assembly construction, TTL-compatible 
sync interface circuits for direct drive, and 
electronic linearity control. 

As with all BALL display products, 
the TV Series can be modified to 

suit your exact needs. You aren't 
hampered by lack of choice in 

mechanical or electronic specifications. 
Even with the proven level of TV Series 

dependability, you'll be glad to know that 
BALL maintains fully staffed regional service 
centers, ready to deal quickly with any 
problems. 

You can't buy a more dependable and low 
life-cost display than a BALL TV Series unit. 
Take a close look at life cycle costs, and 
you'll have a BALL every time. 

P.O. Box 43376 St. Paul , MN 55164 (612) 786-8900. TWX: 910-563-3552 
Sales Offices: 
Downers Grove , IL (312) 960-4434 Santa Clara, CA (408) 244-1474 
Ocean, NJ (201) 922-2800 Upland, CA (714) 985-7110 
Lewisville, TX (214) 436-2383 Burlington , MA (617) 273-0608 



PRODUCTS 
CONMET provides electrical connec­
tion between PC boards mounted in 
mother-daughter fashion. Connector 
element is comprised of 0.003" (0.076-
mm) dia wire, vertically oriented and 
equally spaced in 1 row and sur­
rounded by solid silicone rubber except 
for contacting tips. High density of 
wires in element enables interconnec­
tion of any contact arrangement hav­
ing at least 0.025" (0.635-mm) wide 
pads and 0.010" (0.254-mm) spaces. 
Technical Wire Products, Inc, 129 
Dermody St, Cranford, NJ 07016. 
Circle 217 on Inquiry Card 

PRINTED CIRCUIT BOARD 
STACKING CONNECTORS 

Anew 
lllilF 

Full Size. miniature 

204 

6PDJT Toggle A 

Switch 

2 million cycles 
for computers, minicomputer and main frame 

formating, data communications equipment, medical, 
industrial instrumentation, and stop-start test switchin~ 

T-BAR Series 202 SPOT Mini-Paddle Lever Swltchff 
are designed for "must operate" appllcatlon1. T ·BAR 
Edge-to-Dome™ bifurcated contacta provide the IHStlHTM 
reliability that protects the integrity and ltabllltJ of 
millions of circuits during continuoue UH or even long 
periods of inoperation. The 202 retains HI lnlt181 char11eter­
istics through 2-million operations. Call for 8PPl1catlon help. 

SWITCHING COMPONENTS DIVISION 
141 Danbury Road Wiiton, CT 08897 Telephone: 203/782-8351 TWX: 7111471-1111 

CIRCLE 109 ON IN9UIRY CARD 

MICROPROCESSOR CONTROLLED 
THER•MAL PRINTER ASSEMBLY 

Capable of printing 2Y2 20-char lines/s, 
the PL-20E thermal line printer uses 
a 5 x 8 dot matrix to form u/lc ASCII 
characters with descenders. The con­
troller provides an invert mode for 
mounting this assembly in any posi­
tion, a self-test mode, automatic car­
riage return and line feed for lines 
longer than 20 char, and std 8-bit 
parallel interface. Power require­
ments are 5 Vdc at 150 mA and 20 
Vdc at 500 mA. Telpar, Inc, 4132 
Billy Mitchell Rd, Addison, TX 75001. 
Circle 218 on Inquiry Card 

FIXED DISC 
EMULATING SUBSYSTEM 
Interfacing with all Data General 
and DG emulating CPUs, the DMAA 
is a self-contained modular random 
access disc emulating controller which 
gives bulk memory addressing capa­
bility beyond 64k and speeds data 
transfers in existing operating sys­
tems. The unit is contained on a 15 
x 15" (38 x 38-cm) PC board and 
occupies one card position in the com­
puter chassis. The controller is com­
patible with existing ROOS, IRIS, and 
BLIS operating systems. Mini Mag, Inc, 
5611 Kendall Court, Suite 104, Arvada, 
co 80002. 
Circle 219 on Inquiry Card 

IBM COMPATIBLE 
LOOP MODEMS 

Designed to operate in conjunction 
with IBM 3600 financial communica­
tion loop systems, 12 and 24 LMS 
modems provide 1200- and 2400-bit/s 
operation as direct replacements for 
IBM 3603 terminal access unit. Fea­
tures include automatic central site 
notification of network problems, fault 
isolation at unattended remote sites, 
and restoration of failed network com­
ponents when used with the company's 
185 network diagnostic controller or 
200 network management center. Dial 
backup capabilities are provided. Racal­
Milgo, Inc, 8600 NW 41st St, Miami, 
FL 33166. 
Circle 220 on Inquiry Card 
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PRODUCTS 

DIGITAL CAPACITANCE MEASUREMENT PROBE 
C-Probe II attaches directly to the input of any std frequency 
counter and causes the counter to directly display the value 
of capacitors from 0.1 pF to 10,000 µF with a picofarad range 
accuracy of 0.25% to 200,000 pF and accuracy of 0.5% 

in the microfarad range to 
10,000 µF. Measurement 
cycle times are 0.1 s to 
30 µF, 1 s to 3000 µJF, 
and 10 s above 3000 µF. 
Controls include range 
selection, resolution (X1 
or X10) , user selectable 
gate times (0.1, 1, or 10 
s), output signal attenu­
ation (X1, X10, or X100), 

10-turn calibration potentiometer for pico and microfarad 
ranges, and 10-turn potentiometer for stray or lead capaci­
tance cancellat ion to 50 pF. International Instrumentation Inc, 
Box 3751, Thousand Oaks, CA 91359. 
Circle 212 on Inquiry Card 

LARGE CAPACITY HIGH SPEED MEMORY BOA'RDS 
Dynamic random access memory ·boards BLC-032, -048, and 
-064 provide 32k, 48k, and 64k bytes, respectively. Each 
includes all refresh, timing, control, and buffering circuitry, 
and 20-bit address decode which allows use in a 1M-'byte 
memory. All boards have access time of 430 ns and full read 
or write cycle of 660 ns. BLC-064 has a max power require­
ment of 20.7 W. The boards operate as either 8- or 16-bit 
memories, and allow for 1-board expansion of H>-bit systems. 
Used in either advanced or delayed write mode, they have 
logic circuitry for battery backup and memory protection, 
for user installed byte parity, and onboard refresh logic. 
National Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051 . 

HIGH RESOLUTION PARALLEL AND 
SERIAL INTERFACE P·RINTERS 

IPS-7048 and -7049 parallel interface printers and -7248 and 
-7249 serial Teletype compatible printers feature a 9-wire 
printhead and a 7 x 9 dot matrix instead of the 7 x 7 matrix 
provided 'by earlier parallel and serial models. All models 
print a 96 ASCII char set in a 7 x 9 matrix at 200 char/s. 
-7048 and -7248 feature a 500-char circular buffer; -7049 
and -7249 offer a 3500-char buffer. Other features include 
programmable vertical format, control which allows operator 
selectable printing of either 6 or 8 lines/in (2.3 or 3.1/cm); 
audible alarm to alert operators to problems; self-test switch 
to aid in fault diagnosis; and full lower case descenders that 
offer clean printing with true descenders. Dataroyal, Inc, 
Main Dunstable Rd, Nashua, NH 03061. 
Circle 213 on Inquiry Card 

Stocking 
genuine DEC computer 
spares 
• • • 

call 
Radgo. Radgo is stocked and staffed to help 
you with your requirements for most general pur­
pose K&M series and many computer spare modules 
manufactured by Digital Equipment Corporation 
- at factory prices. We also 0 
~1g~~~les~~~~~t ofdl 
Call today: a 
(513) 752-6880. i 
Outside Ohio: 

(800) 543-1986 Cincinna~~8~:ac:!~ 

CIRCLE 110 ON IN9UIRY CARD 

• Built-In differential and com-
mon mode RFI suppression. 

• Input surge and OV protection. 
• UL 478 recognized. 
• Split primary. 
• Open and closed frame units. 

Write for more information on Del­
tron 's high performance switchers. 

l~llralL1nc. 
~ 

W1ssah1ckon Avenue • North Wales . PA 19454 
Tel 2151699·9261 Twx · 510 / 661-8061 AC 3t 
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NEW! ___ .......,. 
Standard yokes 
and flybacks 
for CRT terminals 

206 

The need to specify special order 
yokes and flybacks for your CRT video 
display has ended. 

The same Triad-Utrad which has been 
answering the needs of mini-computer 
design engineers for 10 years, can end 
your high-cost and long-wait 
frustrations with its new line of 
standard deflection yokes and flybacks 
for CRT terminals. Now off-the-shelf 
yokes and flybacks for CRT video 
display are available from the stock of 
your local Triad-Utrad distributor. 

Call now, and specify our standard 
deflection yokes and flybacks 
(900 series) for 
your CRT. 

rn TRIAD-UTRAD 
Litton Distributor Services 

305 North Briant Street 
Huntington , Indiana 46750 

CIRCLE 112 ON IN9UIRY CARD 

UNIVERSAL SIGNAL CONDITIONING PANEL 
Equipped with screw terminals for easy connection of analog 
signals, the DT701 provides a convenient junction and access 
point for up to 50 analog input signals. Signals may be gen­
erated by remote transducers having low level o'utputs, or by 

any of the company's 
microcomputer analog 
interface 'boards. The 
panel, a heavy duty PC 
board, has a std conduc­
tive-etch matrix pattern 
connected to analog in­
puts by 2 on'board screw 
type •barrier strips ; either 
1 or 2 onboard 3M ribbon 
connectors mate via ap­
propriate cable to com­
puter. Pattern of conduc­

tive etch allows user to install signal conditioning functions 
in up to 50 individual channels. 19 x 5" (48 x 12.7-cm) panel 
screws directly to std RETMA rack; for recessed mounting, 
the -MA option provides a REl'MA std 19" mounting bracket. 
Data Translation, Inc, 4 Strathmore Rd, Natick, MA 01160. 
Circle 214 on Inquiry Card 

LOW COST ENTRY LEVEL COMPUTER SYSTEM 
A fully integrated, multiuser system, the 5000/ES offers 10M 
bytes of hard disc storage, 10M-byte capacity magnetic 
tape cartridge drive for software backup and recovery, and 
4 user ports in its basic configuration. The system includes 
MUL TUS multi-user timesharing executive. :Oise storage ex­
pands in increments of 10M, 29M, or 58M to 184M bytes. 
Up to 4 tape cartridge drives may be installed in the 
basic tape module. Transfers between disc and tape cartridge 
may be performed programmatically, allowing up to 40M 
bytes of programs and data files to be transferred without 
physical handling of tape in a 4-drive configuration. BTI 
Computer Systems, 870 W Maude Ave, Sunnyvale, CA 94086. 
Circle 215 on Inquiry Card 

MINIATURE IMPACT DOT MATRIX 
PRINTER ASSEMBLY 

Model 'DP-822 provides 21-col hardcopy printing at a speed 
of 2.5 lines/s. Its disposable 7-wire, 5-dot matrix printing 
head can be used with std adding machine tapes. Print­
head has life expectancy of 15M char. Printer uses just one 
12-Vdc motor to control head, paper feed , and ribbon 
mechanism. Miniature solenoids activate the 7 wires in the 
head. The unit weighs 650 g and measures 52.5 x 106 x 145 
mm. The 5 x 7 matrix yields a printed character measuring 
up to 1.'8 mm wide x 2.9 mm high. Line spacing is 4.24 mm. 
The mechanism is equipped with 2 pairs of connectors. One 
plugs into the controller or printer driving circuit, the other 
into the customer's software. Star Mlcronics, Inc, Pan Am 
Bldg, Suite 2308. 200 Park Ave. New York, NY 10017. 
Circle 216 on Inquiry Card 
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You'll find every feature 
you've been looking for: speed, 
performance, price ·and reliability. 

That's right. For the first time ever, Burroughs offers to OEM's our line of 
dependable, low-cost, dot matrix print heads and printer mechanisms. The 
print head options include 90, 120 or 180 cps operation with 7 or 9 pin configuration. 
Print mechanisms available with 132 print positions and print speeds to 90 cps. 

You can add Burroughs dependability to your product for as little as $80 (PH 119-90 print 
head) or $270 (PM 100 Series print mechanism) in 100 quantity. They're worth looking into. Call 
or write for low evaluation unit prices and detailed specifications. 

Burroughs OEM Marketing Corporation, P.O. Box 1226, Plainfield, NJ 07061, (201) 757-5000. 
In Europe, High Street, Rickmansworth Hertfordshire, England. Telephone 70545. 

Burroughs 
Circle 113 ·For General Information Circle 114 For ·Detailed Specifications 



PRODUCTS 

MICROPROCESSOR CONTROLLED 
CMOS EPROM PROGRAMMER 

Designed for use with IM87C48/C41 
single-chip microcomputers and with 
IM6653 1 k x 4 and IM6654 512 x 8 
CMOS EPROMs, the 6920 operates 
with terminal, as standalone unit, or 
as peripheral to computer, and fea­
tures built-in RS-232-C and 20-mA 
current loop interfaces. Firmware con­
tains 16 editing, loading, listing, and 
programming commands. Data may be 
loaded or dumped in ASCII, hex, or 
BNPF formats, or displayed in any 
of 15 bases. lntersil Inc, 1071 O N 
Tantau Ave, Cupertino, CA 95014. 
Circle 221 on Inquiry Card 

HYBRID THICK FILM 
1/0 MODULES 

Hybrid modules feature components 
that are laser trimmed to within 0.3%, 
are resistant to severe vibration and 
physical and thermal shock, and have 
600-V blocking and VOE specs. 8-, 
16-, and 24-position boards have plug 
compatible logic contacts; 4-position 
version has screw terminal logic con­
nections. All have a barrier strip with 
screw terminals for load connections, 
circuitry for pullup resistors, 5-A field 
replaceable fuses, LED status indica­
tors, and color coded position indica­
tors. Gordos Arkansas, Inc, 1000 N 
Second St, Rogers, AR 72756. 
Circle 222 on Inquiry Card 

•eliminate glare from ambient light• enhance con­
trast, improve sharpness • exceptional angular 
viewing • interchangeable selection of colors or 
neutral grays for all JEDEC sizes • graticules avail­
able • scratch and solvent resistant• low cost. 

See for yourseff ... call or write for FREE sample. 

~ ~~~P.HJ£"'~!f..~.~r.!~J~ ~ Phone(201)227-1500;TWX:710-734-4367 

DUAL-OUTPUT 
DC POWER SUPPLIES 

Moqels HAD12 and 15 provide ± 12 
V and ± 15 V at 0.25 A for PMOS, 
NMOS, CMOS, and linear devices. Std 
features include 115/230-Vac ± 10% 
ac input capabilities, ±Q.10% line and 
load regulation, and full short circuit 
and thermal overload protection. Max 
output ripple is 1 O mV pk-pk. Both 
supplies meet MIL-STD-81 OB for shock 
and vibration. Size is 3.75 x 3.0 x 
1.4" (9.5 x 7.6 x 3.6 cm); weight 
is 1 lb (0.45 kg) . Power-One Inc, 
Power One Dr, Camarillo, CA 93010. 
Circle 223 on Inquiry Card 
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Imagine a low cost tape clrlve and 
formatter that combines 3 densities and 

any of 3 speeds Into a single OEM 
subsystem ••• 

Telex's new 6253 Tri-Density tape drive and 6850 Tri-Density 
formatter-controller does just that. It's priced below $15,ooo.oo• 
and offers OEMs a sln~le subsystem that combines 800 BPI 
(NRZI), 1600 BPI (PE and 6250 BPI (QCR) formatting with tapi 
speeds of 45, 75 or 1 5 IPS. Any of the three formats can be 
selected manually or automatically under program control. 

CIRCLE 186 ON INQUIRY CARD 209 



PRODUCTS 

TRI-DENSITY TAPE DRIV'E 
AND FORMATTER CONTROLLER 
OEM oriented tri-density model 6253 
mag tape drive and model 6850 for­
matter-controller combine 800-bit/in 
(315/cm) NRZI, 1600-bit/in (630/cm) 
PE, and 6250-bit/in (2460/cm) GCR 
formats in a single system. Any format 
can be selected manually, or auto­
matically under program control, with 
specified tape speeds of 45, 75, or 125 
in/s (115, 190, 320 cm/s) . An optional 
dual-speed capability allows selection 
of two different operating densities. 
Telex Computer Products, 6422 E 
41st St, Tulsa, OK 74135. 
Circle 224 on Inquiry Card 

8-IN DISC SUBASSEMBLY 

Incorporating a rotary actuator, deck 
plate with an integral spindle, recir­
culating air filtration system, plus 
cover, the Mini Fox 8" (20-cm) disc 
subassembly can mount up to four 
200- or 210-mm discs for up to 51.2M 
bytes of unformatted storage. Operat­
ing conditions of the 8.75 x 14.75 x 
5.0" (22.2 x 37.5 x 12. 7 cm) unit 
specify 15 to 48 °c temperature and 
1 O to 80% relative humidity (noncon­
densing). SLI Industries, 21040 Victory 
Blvd, Woodland Hills, CA 91367. 
Circle 225 on Inquiry Card 

ASYNCHRONOUS 
SHORT HAUL MODEMS 
Extended range, limited distance ALD­
XR modem provides a 50% increase in 
operating range over the std ALD, 
enabling 1200-bit/s transmission for up 
to 21 mi (33 km) and 9600-bit/s trans­
mission for up to 6 mi (9 .6 km) over 
the same type of cable. ALD-LP fea­
tures board mounted varistors that 
protect its receive circuitry from high 
voltage .surges; ALD-LP/XR is an ex­
tended range version of this unit. All 
provide half- or full-duplex data 
transmission over 2- or 4-wire facilities. 
Prentice Corp, 795 San Antonio Rd, 
Palo Alto, CA 94303. 
Circle 226 on Inquiry Card 

REMOTE DATA ENTRY 
KEYPAD SYSTEM 
With 34 data keys and a shift key 
arranged in a 5 x 7 matrix, system 
generates 2 codes for each data key 
depending on status of shift key. Key­
top layout is user definable; a soft­
ware lookup routine will convert to 
any desired code. Output conforms to 
RS-423, which is RS-232 compatible 
but allows transmission up to 2500' 
(750 m) on 24-gauge twisted pair wire 
with an RS-232 receiver. Std baud rate 
is 75; 300-baud is optional. Gimix Inc, 
1337 W 37th Pl, Chicago, IL 60609. 
Circle 227 on Inquiry Card 

DOUBLE-SIDED 8'' DISKETTES 
The single-density 742 is compatible 
with IBM 511 O systems. 7430 diskettes, 
for double-density applications, are 
available unformatted or in 256, 512, 
and 1024 formats for IBM System/34, 
5110, and compatible systems. 743-2 
versions are compatible with Shugart 
850 drives. All have long wearing for­
mulation of oxides and polymers. Low 
abrasivity protects read/write heads, 
promoting longer head life. 3M Co, 
Data Recording Products Div, PO Box 
33600, St Paul , MN 55133. 
Circle 228 on Inquiry Card 

SOFTWARE/FIRMWARE 
HARDWARE ENGINEERS d-c servo motor ... 

Free Employment Service 

Positions Nationally 

• Scientific and commercial applications 
• Software development and systems programming 
• Telecommunications 
• Control systems 
• Computer engineering 
• Computer marketing and support 

Call or send resume or rough notes of objectives , salary, 
location restrictions , education and experience (including com­
pulers , models , operating systems and languages) to either one of 
our locaflons. Or check the reader service card for a free sample 
resume . We will answer all correspondence from U.S. citizens 
and permanent residents and will guarantee our best efforts in a 
professional and ethical manner to all qualified applicants that we 
think we can help. Our client companies pay all of our fees . 
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RSVP SERVICES, Dept. CD 
Suite 700 , One Cherry Hill Mall 
Cherry Hill, New Jersey 08002 
(609) 667-4488 

RSVP SERVICES, Dept. CD 
Suite 300, Dublin Hall 
1777 Walton Road 
Blue Bell , Penna. 19422 
(215) 629-0595 

RSVP SERVICES 

Employment Agency for Computer Professionals 
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D-C PM motor 
features integral 
16-pole brushless 
A-C tachometer for 
precise voltage/speed 
control. Typical tach voltage is 
2V RMS/1000 RPM. Self-aligning sintered 
bearings will withstand 2 lb. side loading. 
This lightweight, compact (1-1/4 in. dia. x 2 in.) 
motor is ideal for driving tape decks, digital 
cassettes, floppy disks, printers, X-Y plotters, 
copiers, business machines, etc. 

'9/fJ 
~· ·- ~ 
~ ...... ._,.,.___,, 

Barber-Colman Campan1.1 
MOTOR DIVISION 
Dept. V, 14048 Rock St., Rockford, Illinois 61101 
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Set your COURSE for the &O's 
Through Advanced Technical Education from 

~INTEGR-4TED CD111FUfER svsrrMS, lr'C. 
Course 142-Five Days 

Troubleshooting 
Microprocessor­
Based Systems 

PHOENIX 
January 2 1·25 

WASHINGTON, DC 
January 2B·February 1 

DALLAS 
February 4-8 

DENVER 
February 11 · 1 5 

SAN FRANCISCO 
February 25·29 

SEATnE 
March3·7 

LOS ANGELES 
March 10-1 4 

BOSTON 
March 24·28 

SAN DIEGO 
Aprjl 14·1 8 

DALLAS 
January 22·25 

SAN FRANCISCO 
February 12· 15 

WASHINGTON, DC 
March 4·7 

LOS ANGELES 
March 11-1 4 

ATLANTA 
March 18·21 

HOUSTON 
April 15· 18 

BOSTON 
April 29-May 2 

SAN DIEGO 
May6-9 

Course 355-Four Days ~ 

Computer Communication~~ 
Networks sAN FRANC1sco 

Course 41 2-Five Days 

Digital Signal 
Processing 

January 1 5· 18 

WASHINGTON, DC 
February 26·29 

DENVER 
March 4·7 

LOS ANGELES 
March 25·28 

AnANTA 
Apr11 15· 18 

BOSTON 
Apnl 22·25 

MINNEAPOLIS 
May6·9 

HOUSTON 
January 2 • ·25 

WASHINGTON, DC 
January 28-February I 

PHOENIX 
February 4·8 

SAN FRANCISCO 
February 1 1· 15 

ATLANTA 
February 25·29 

DENVER 
March 10· 14 

LOS ANGELES 
March 17·21 

BOSTON 
April 14· 18 

WASHINGTON, DC 
""'' 21 ·25 

Course 160- Four Days ATLANTA 

Microprocessors t;~~~~-
10 

& Microcomputers ~~~~~~Es 

Course 340- Four Days 

Enqineering 
Pro1ect Mgmt. 

Self-Study 
Microcomputer 
Training 

January 29·February 1 

WASHINGTON, DC 
February 12· 15 

SAN DIEGO 
February 19·22 

HOUSTON 
February 28·29 

BOSTON 
March 4·7 

SAN FRANCISCO 
March 25·28 

DALLAS 
Apnl 15· 18 

SAN FRANCISCO 
January 29-Feb<uary 1 

WASHINGTON, DC 
February 12· 15 

HOUSTON 1'..t1. 
February 19·22 ''J~ 
ATLANTA 'V 
February 26·29 

SAN DIEGO 
March 11 · 14 

BOSTON 
April 15· 18 

WASHINGTON, DC 
April 22·25 

LOS ANGELES 
April 29·Mey 2 

SEATTLE 
May6·9 

LOS ANGELES 
January 15·18 

HOUSTON 
January 22·25 

PHOENIX 
January 29·Februaty 1 

ATLANTA 
February 5 ·8 

WASHINGTON, DC 
February 12· 15 

SAN DIEGO 
March 18·21 

NEW YORK 
Aprd 15·18 

SAN FRANCISCO 
Apru 22-25 

BOSTON 
Aprd 29-May 2 

Course 525A 
Microcomputer 
Software/ 
Hardware 

Course 536A 
, Microcomputer 

Interfacing 
Techniques 

Course565 
Developing 
Microcomputer 
Software 

Course 320-Four Days 

Structured 
Programming 

Course 370-Four Days 

CAD/CAM 

ATLANTA 
January 1 5· 18 

SAN FRANCISCO 
January 22·25 

WASHINGTON, DC 
February 5·8 

SAN DIEGO 
February 12·15 

HOUSTON 
March • ·7 

SEATTLE 
March25·28 

LOS ANGELES 
April15· 18 

BOSTON 
April 22·25 

WASHINGTON, DC 
April 29-May 2 

SAN DIEGO 
January 22·25 

WASHINGTON, DC 
February 12· 15 

ATLANTA 
March 18·21 

WASHINGTON, DC 
April 29-May 2 

~ 
LOS ANGELES~~ 
January 14· 17 

WASHINGTON, DC 
January21 ·24 

SEATnE 
February 25·28 

DALLAS 
March3·6 

SAN FRANCISCO 
March 17-20 

NEW YORK 
March 24-27 

BOSTON 
April 14· 17 

CINCINNATI 
April 21 ·24 

EUROPEAN 
COURSE LOCATIONS 

These courses, and other advanced 
technology courses, are also offered 
throughout the year in Paris, London, 
Copenhagen, Munich, and other Euro­
pean cities . For details, contact: 

Course Enrollment Secretary 
ICSP-U.K. 

Pebblecoombe, Tadworth 
Surrey KT20 7PA, England 

Telephone: Leatherhead (03723) 79211 
Telex: 926842 

TRAIN YOUR TEAM FOR THE SO'S 
If you have a requirement: 
• For training 20 or more engineers/managers 
• In state-of-the-art technology 
Then consider: 
• A special on-site course presentation • At your facility 
• At reduced tuition cost • Customized to your organization 's needs 

To discuss your company's specific requirements, please contact: 
Michael B. Sanson/V.P.-Sales 
Integrated Computer Systems, Inc. Telephone: (213) 450-2060 
3304 Pico Blvd./P.O. Box 5339 TWX: 910-343-6965 
Santa Monica, CA 90405 
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PRODUCTS 
CIRCUIT MOUNT BOARDS INTELUGENT TAPE 

CODE CONVERTER READER 

SYNCHRONOUS LINE DRIVE·R 
-·----~ 

Model 5030 is a compact un it de­
signed using the Facit 4031 reader 
mechanism to read perforated tape in 
any 5-, 6-, 7-, or 8-level code and out­
put in any 5-, 6-, 7-, or 8-level code 
via its RS-232-C serial interface. Baud 
rates and operating modes are switch 
selectable. The microprocessor contro l­
ler is normally programmed to con­
vert 5-level Baudot (US or CCITT) 
to 8-level ASCII. Other codes are avail­
able on request. An 80-char data buff­
er is included. Data Science, 1189 Odd­
stad Dr, Redwood City, CA 94063. 
Circle 231 on Inqu iry Card 

Designed for cost effective inhouse or 
limited distance data transmission , the 
2100 operates over unloaded lines, 
twisted pairs, or coaxial cables, at 
distances up to 10 mi (16 km) . Out­
put levels and spectrum conform to 
Bell Pub 43401 . Std operating speeds 
are switch selectable at 2.4k, 4.8k, 
9.6k, and 19.2k bits/ s. Speeds of 40.8k, 
50k, 56k, 224k, and 230.4k bits/s are 
available with Bell type 301 /303 or 
CCITT V.35 interface. Avanti Com­
munications Corp, Box 205, Broadway 
Station, Newport, RI 02840. 

Boards feature solderless insertion 
type sockets on 0.100" (0.254-cm) cen­
ters. Each row has 5 common po ints. 
Larger boards also have 40-point bus 
lines ; a separate bus strip model is 
available. All can accept std component 
leads including DIPs, while intercon­
nections are easily made using std 22 
AWG solid wire. Prototype boards 
range from small modules holding a 
single IC up to 1020-point panel 
mounted boards complete with binding 
posts. Al l modules are interlocking. OK 
Machine and Tool Corp, 3455 Conner 
St, Bronx, NY 10475. 

LINEAR HALL EFFECT SENSOR 
Linear output Hall effect transducers 
(LOHET) are operated by the mag­
netic field from a permanent magnet 
or electromagnet, providing linear feed­
back for analog control systems. A 
0.050" (0.127-cm) sq silicon chip 
mounted on a ceramic base holds Hall 
effect circuitry and amplifier. 2 models 
are rated through the - 40 to 150 °C 
range ; the third operates from O to 
85 °C. Ratiometric, semiratiometric, 
and regulated outputs are available. 
Micro Switch, a Honeywell Div, 11 W 
Spring St, Freeport, IL 61032. 

Circle 229 on Inquiry Card Circle 230 on Inqu iry Card 

Tarbell Double Density 
FloppyF]?a!~h o~~!erface 

Under Tarbell Double-Density CP/M, single and double density 
disks may be intermixed. The system automatically determines 
whether single or double density is in place. 
•Software select single or double density . 
•Phase-locked-loop and write precompensation for reliable 

data recovery and storage. 
•On-board phantom bootstrap PROM is disabled after boot· 

strap operation so all 64K memory address space is available 
to user. 

•OMA in single or double density permits multi-user operation. 
•Extended addressing provides 8 extra address bits, permitting 

direct transfer anywhere in a 16 megabyte address range. 
•Select up to 4 drives, single or double sided. 
•New Bl OS for CP/M included on single-density diskette. 
Assembled and Tested .............. . ...... $425 
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950 Oovlen Place, Suite B,Carson, Ca. 90746 
(213) 538-4251 (213) 538-2254 
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Circle 232 on Inquiry Card 

ANNOUNCING 
A HEAVY DUTY OPTICAL INDUSTRIAL 

ABSOLUTE POSITION ENCODER 

The H25 Series 

• Resolutions thru 28 

• Heavy Duty Bearings - 35 Lb. 
Maximum Dynamic Radial Loading 

• Gray Code or Natural Binary Outputs 
e TTL, CMOS, High Voltage Open 

Collector, or Line Driver Output Options 
• Optional Shaft Seal and 

Many Other Features 

BEi Electronics, Inc. 

,,~;~::: [I •3 @[£1] ~:::~;· ' 
Division I Diviso n 

Little Rock, Arkansas Goleta , Cali forn ia 

Exclusive manufacturers of the BALDWIN® encoder 
7230 Ho lli ster Ave . Goleta, CA 93017 

TEL: (805) 968-0782 
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after 

BATTERY SUPPORTED 
CALENDAR CLOCKS 

PDP-11 * 
TCU-100 • $495 
• Provides month, day, hour, minute and second. 
• Can interrupt on date/time, or periodic intervals. 

TCU-150 • $430 
• Provides year, month, day, hour, minute and 

second. 
• Automatic leap year. 
• Patches for RSX-11M, RT-11 FB/SJ V02, V03 

and UNIX. 

LSl-11/2* 
TCU-500 • $295 

Multi-Bus** 
TCU-410 • $325 
• Provides year, month, day, hour, minute and 

second. 
• SBC/BLC compatible . 

HP 2100 
TCU-2100 • $395 
• Correct time restored after power failure. 
• Compatible with the HP TBG card. 

Serial Clock {RS 232 or 20 mA) 
SLC-1 • $575 

• Provides month, day, hour, minute and second. 
• Dual size board. 

• Connects between any terminal and host computer. 

• Patches for RT-11 SJ/FB V02, V03B. 

Lockheed SUE 
TCU-200 • $550 
• Provides year, month, day, hour, minute, second 

and milli-second. 
• Interval interrupts between 1/1024 seconds and 

64 seconds. 

Computer Automation (Naked Mini) 

TCU-310 • $385 
• Provides year, month, day, hour, minute and 

second. 

• Provides date, time and more! 

All Digital Pathways TCUs have on board NICAD 
batteries to maintain time and date during power 
down. Timing is provided by a crystal controlled 
oscillator. Prices are U.S. domestic single piece. 
Quantity discounts available. 

For more information on these products, contact: 
Digital Pathways Inc. 
4151 Middlefield Road 
Palo Alto, CA 94306 
Phone: (415) 493-5544 

~~ 

DIGITAL PATHWAYS 
*Ti"ademark of Digital Equipment Corporation • *Ti"ademark of Intel Corporation 
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19RDDUCTS 

CRT TERMINAl WITH 
4-PAGE DISPLAY MEMORY 

Microprocessor based display terminal 
has an 80-char by 24-line screen, and 
provides forms control, u/lc, up to 
19 user programmable function keys, 
line drawing graphics, and shared 
printing capabilities. Standard on the 
Concept 104 are 4 pages of display 
memory, windowing (multiple sub­
screen), and networking between up 
to 3 communications lines. Other fea­
tures Include tiltable nonglare screen, 
detached keyboard, and audible key 
touch. Human Designed Systems, Inc, 
3700 Markey St, Philadelphia, PA 
19104. 
Circle 233 on Inquiry Card 

DUAL-TRACE 
CASSETTE TAPE T'RANSPORT 

ANSl/ECMA compatible model 4528 
features a 2-track read-after-write 
head that permits remote track selec­
tion, and eliminates need for operator 
Intervention. After conventionally writ­
ing track 1, it rewinds in 30 s, elec­
tronically switches tracks, and writes 
track 2. Either recorded track can be 
accessed at will. With data transfer 
rate of 32k bits/s, the unit stores up 
to 720k formatted char. Offering 15k-h 
MTBF and 30-min MTTR, transport 
measures 4.5 x 5.5 x 411 (11.4 x 13.9 
x 10.2 cm). MFE Corp, Digital Prod­
ucts Group, Keewaydln Dr, Salem, 
NH 03079. 
Circle 234 on Inquiry Card 

TERMINALS 
FROM TRANSNET 

PURCHASE FULL OWNERSHIP AND LEASE PLANS 
PURCHASE PER MONTH 

DESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS. 

LA36 DECwriter II .... . .... .. $1 ,595 S 152 
LA34 DECwriter IV . . . . . . . . . . 1,295 124 
LA120 DECwriter Ill. KSR . . . . 2.295 219 
LA180 DECprinter I, RO...... 2,095 200 
VT100 CRT DECscope . . . . . . . 1,895 181 
VT132 CRT DECscope . . . . . . . 2,295 220 
DT80-1 CRT Terminal . . . . . . . 1, 795 172 

s 83 
67 

120 
109 

99 
119 
93 

s 56 
45 
BO 
74 
66 
80 
63 

HIGH INTENSITY 
BACK-UT DIGITIZER 

Consisting of digitizing surface, inter­
changeable crosshair or pen cursor, 
and controller, backlit digitizers and 
tablets are available in 8 sizes from 
11 x 11" (27.9 x 27.9 cm) to 42 x 
60" (106 to 152 cm) with resolutions 
of 0.001 or 0.01" (0.025 or 0.254 mm). 
Adjustable high intensity light source 
provides even light distribution over 
digitizing surface with invisible grid 
lines. Std fluorescent bulbs, cooling 
!fans, and simple bulb replacement 
procedure minimize downtime because 
of bulb failure. GTCO Corp, 1055 
First St, Rockville, MD 20850. 
Circle 235 on Inquiry Card 

On August 3, 1492, 
Christopher Columbus 
set soil from Spain, 
seeking honor and 
wealth by establishing 
new trade routes with 
Indio. Since he hod 
miscalculated the cir­
cumference of the 
earth by 6,331 miles, 
he was destined to 
spend years in a vain Tl745 Portable Terminal . . . . . 1,875 179 

Tl765 Bubble Memory Term. . 2,795 267 
Tl810 RO Printer . . . . . . . . . . . 1,895 181 

98 
145 

99 
125 

66 
98 
66 
84 

search for the mainland of Asia. In 1502 he died 
poor and forgotten. 

Tl820 KSR Printer . . . . . . . . . . 2,395 229 
ADM3A CRT Terminal . . . . . . . 875 84 
QUME Letter Quality KSR. . . . . 3, 195 306 
QUME Letter Quality RO. . . .. . 2,795 268 
HAZELTINE 1410 CRT . . . . . . . 895 86 
HAZELTINE 1500 CRT . . . . . . . 1.195 115 
HAZELTINE 1552 CRT . .. . . • . 1,495 143 
DataProducts 2230. .. .... . .. 7,900 755 
DATAMATE Mini Floppy ..... . 1,750 167 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
10% PURCHASE OPTION AFTER 36 MONTHS 

46 
166 
145 

47 
62 
78 

410 
91 

31 
112 

98 
32 
42 
52 

277 
61 

ACCESSORIES AND PERIPHERAL EQUIPMENT 
ACOUSTIC COUPLERS • MODEMS • THERMAL PAPER 

RIBBONS • INTERFACE MODULES • FLOPPY DISK UNITS 

214 

PROMPT DELIVERY • EFFICIENT SERVICE 

[XJ 1R.f\ .\ 'NErCoRPOR4T/O\' 
200a ROUTE 22. UNION. N.J . 07083 

201-688-7800 
1 o\1'. 1' lt' i' 
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If you want to reach 
spice merchants, pick 
the right continent. 
Success is always easier to grasp if you're in the right 
place, talking to the right people. BPA-oudited 
(Business Publication Audit of Circulation, Inc.) 
magazines let you know exactly where your ads ore 
going. BPA audits the job title and description of 
people who receive our magazines, so you know to 
whom you're talking. 

E3 P 1 A We count, so 
,...... your ads will . ------

This DPA·audited magazine donated the space for this ad, w ith creative and 
producrian ca51s conrrlbuted by DPA agency ond odverriser members. 
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PRODUCTS 

FCC REGISTERED 
PROGRAMMABLE DATA COUPLER 

PC-1001F is an interface unit designed 
to provide both the data access arrange­
ment and the network control signal­
ing. Prewired in either fixed loss loop 
(-4 dBm), permissive (- 9 dBm), or 
programmable (- 12 to O dBm) modes, 
it isolates customer equipment for pro­
tection of telephone plant and per­
sonnel from hazardous voltages, and 
detects incoming ringing signals to 
permit operation in unattended answer­
ing mode. Precision Components, Inc, 
1110 W National Ave, Addison, IL 
60101. 
Circle 236 on Inquiry Card 

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

For IBM System Users 
The 4250 - our higher-perform­
ance, plug-compatible replace­
ment for the IBM 3250. With 12 
displays, the 4250 offers the most 
economical price/display 
ratio available today. 
The 4370 - our full 
3D graphics termi-
nal designed to in­
terface directly to 
an IBM/370 com­
patible channel. 

IEEE 488 
DATA GENERATOR INTERFACE 

Model 702 IEEE 488 interface allows 
model 725 data generator to operate 
as talker or listener in test system con­
trolled by IEEE 488 GPIB compatible 
computer or calculator. Each symbol 
on data generator keyboard has been 
assigned an ASCII character; functions 
are accessed remotely by sending the 
appropriate character on the bus. 
Moxon Inc, 2222 Michelson Dr, Irvine, 
CA 92715. 
Circle 237 on Inquiry Card 

THE ADAGE AD VANT AGE 

5-V 1MOS MEMORY PROTECTORS 

GMP-5 series TransZorbR transient vol­
tage suppressors have max surge rat ing 
of 215 A for 50 µs and 70 A for 1 
ms. Protectors feature 6.9 V at 1 O A 
max clamping level for impulse wave­
form of 1 O x 1000 µs . With theoretical 
response time of 1 x 11 -1.Z s and low 
series resistance, devices protect VMOS, 
HMOS, NMOS, and CMOS circuits from 
unwanted transients while maintain ing 
the circuit voltage level for continuous 
system operation. General Semiconduc­
tor Industries, Inc, 2001 W 10th Place, 
Tempe, AZ 85281 . 
Circle 238 on Inquiry Card 

RS-232-C AND IEEE 488 BUS 
CARTRIDGE; RECORDERS 
Single- or dual-drive digital cartridge 
recorders provide 2.4M bytes of stor­
age/ cartridge using 1600-bit/in (630/ 
cm) PE recording on 0.25" (6.35-mm) 
mag tape in ANSl/ECMA format. Fea­
tures include full read-after-write, 
automatic error handling, 2048-byte 
buffer and programmable formatting, 
and search and edit functions. Either 
RS-232-C or IEEE 488 GPIB interface 
is available. Tandberg Data Inc, 4060 
Morena Blvd, San Diego, CA 92117. 
C ircle 239 on Inquiry Card 

Interactive Graphics ior 
IBM and Mini-Computer Users 

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

For Mini-Computer Users 
The 4100 Series - includes 2D 
(4115 and 4125) and 3D (4135 
and 4145) models with state-of­
the-art graphics capabilities 

and direct inter­
faces to popular 
mini-computers. 

The Adage 
Advantage 
For over a dec­
ade Adage sys­
tems have been 
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helping customers in industries 
including aerospace. automo­
tive. heavy machinery and 
petroleum. solve their most 
complex graphics problems. 
These include applications such 
as CAD/CAM. command and 
control . simulation, and data 
analysis. 

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

U.S.: 1079 Commonwealth Ave . • Boston. MA 02215 
(617) 783-1 100 • TWX 710-330-0141 

Europe: Morkstrosse 9, 3308 Koenigslutter 
om E Im, West Germany 
Phone: 05353/ 1089. Telex 095528 
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PRODUCTS 256k-BYTE SEMICONDUCTOR 
ADD-IN MEMORY SYSTEMS 

PORTABLE CONTROLLER 
PROGRAM DIAGNOSTIC UNIT 

MICROPROCESSOR CONTROL'LED 
MUL Tl-PEN PLOTTER 

DR-123S and DR-125S provide Data 
General Nova 3 and Eclipse minicom­
puters, respectively, with 256k bytes 
of add-in storage. -123S offers 500-ns 
cycle time, 325-ns access time, parity, 
and 8-position DIP to select starting 
address. Single-bit error correct ion is 
standard with the -125S that also 
features 500-ns read cycle, 700-ns write 
cycle, 350-ns access time, and 8-posi­
tion DIP to set starting address. Data­
ram Corp, Princeton-Hightstown Rd, 
Cranbury, NJ 08512. 
Circle 242 on Inquiry Card 

HIGH RESO·LUTION 
RASTER GRAPHICS SYSTEM 

Reprogramming the MaxiMiser pro­
grammable controller in <1.5 min, 
diagnostic unit uses simple ladder dia­
gram language to program or make 
changes in existing programs. The 
portable device can load a complete 
program into nonvolatile EAROM of 
the controller with optional cassette 
memory loader. Error and status indi­
cator allows programming of diagnos­
tics and digltal display of system 
failures. Cincinnati Milacron, Electronic 
Systems Div, Mason Rd & Rt 48, 
Lebanon, OH 45036. 

A Z-80 microprocessor controls the 
automatic pen changing, off-scale data 
handling, and coordinate transforma­
tion for model 281 digital plotter. 8 
separate pens may be colored fiber tips 
or isograph drafting pens. Firmware 
provides circle interpolation, charac­
ter plotting in 5 fonts, generation of 
axes and grids, window plotting, and 
point digitizing. Plotter uses DIN-A3 
std graph paper and interfaces via 
RS-232-C/V.24, 20-mA, or IEEE-488 
bus. Soltec Corp, 11684 Pendleton St, 
Sun Valley, CA 91352. 

With noninterlaced refreshing of the 
full 1024 scan lines 60 times/s, the 
GMDS-4000 monitor provides a clear 
stable display. It offers 1024, 864, or 
768 pixels on each of the 1024 lines, 
with any 2 of these formats selectable 
under program control. Optional mul­
tiple memory planes can provide up 
to 16 levels of gray, support for 4 
monitors, and display of constant back­
ground with variable data overlays on 
multiple monitors. Image Automation, 
Inc, 3350 Scott Blvd, Bldg 22, Santa 
Clara, CA 95051 . 

Circle 240 on Inquiry Card Circle 241 on Inquiry Card 

Who's Who in 
Technology 
Today 

Keep 
pace with today's 

technology... Locate 
leading experts, find companies 

for joint ventures and mergers, make 
associations with technical universities. 
Now you can tap a vast pool of over 7,500 of the 

nation 's leading technologists involved in more than 
400 areas of modern technology at over 2,500 U.S. 
companies and universities. And for less than $46.00 
a month! 

This new service begins with a 6-volume, 
information packed directory entitled "Who's Who 
in Technology Today" which is technically arranged 
for fast and accurate information retrieval. You'll 
also receive bimonthly "updates" with yo\jr 
subscription and a monthly "toll-free" call to keep 
yo'J abreast of the latest developments in today's 
technology. 

Charter subscription: $550.00 

Write or call today to start this exclusive new service! 
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Technology Recognition Corporation 
1382 Old Freeport Road• Pittsburgh , PA 15238 

Call toll-free 1-800-245-2958 

CIRCLE 125 ON IN9UIRY CARD 

Circle 243 on Inquiry Card 

CENTRALIZED AND 
DISTRIBUTED DATA ENTRY 

PRODUCTS MARKET 
Frost & Sullivan has completed a 370-page in-depth 
report on the "Centralized and Distributed Data Entry 
Products Market. " An analysis and 10-year sales fore­
cast in numbers of units, unit price and dollar sales are 
furnished for various product types in these data entry 
product categories : keypunch, keyboard-to-tape, key­
board-to-disc, intelligent terminals, non-intelligent ter­
minals, A/N display terminals, optical bar code readers, 
hand-held readers , optical character readers, optical 
mark readers, mixed media systems, pushbutton tele­
phones, portable data recorders, industrial data collec­
tion, voice data entry, direct hand entry, magnetic char­
acter readers. An analysis is furnished on data entry 
system concepts ranging from the keypunch and tele­
typewriter to the keypunch replacement systems, the 
advent of source data automation, distributed data en­
try, and distributed data processing. A state of the art 
description is provided for the various data entry prod­
ucts. 

Price: $800. Send your check or we will bill you . For free 
descriptive literature, plus a detailed Table of Contents, 
contact: 

IE FROST & SULLIVAN 
106 Fulton Street !Ei New York, New York 10038 
(212) 233-1080 
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OUR COMPETITIVE EDGE 
Precision, extra-long life character elements for high-speed printers, point of 
sale equipment, teleprinters and similar printing and stamping equipment. 

By what criteria do you design the character transfer 
elements of your printing and stamping equipment? 
Are they engineered to give the performance you 
require throughout the product life? 

Mark Stamp Steel, a division of Mohawk Data 
Sciences Corp., engineers and manufactures quality 
print drums, print wheels, type slugs and similar 
character elements for some of the largest printer 
and teleprinter manufacturers in the world. 

Quality design and engineering insure that your 
specifications are exactly met. Availability of high· 
technology processes, including powdered metal, 
cold rolling, and precision engraving, insure that your 
character elements are manufactured using the best 
possible process. The result, optimum uniformity 
throughout product life. 

Choose from a library of over 5000 characters, 
including OCR, MICR, IBM, CDC, and numerous 
special and foreign fonts. Or, let us design a font to 
your specifications. 

Mo.hawk Data Sciences is one of the leading 
suppliers of distributed data processing, key-to-disk 
and peripheral systems, with a customer base of 
over 7000 worldwide. Mark Stamp Steel has played a 
major role in the success of MDS products and their 
reputation for exceptional performance and reliability. 

To receive additional information, or a 
price/performance quotation on your application, fill 
out and return the attached coupon. We'll tell you 
how our competitive edge can improve the price and 
performance of your product. 

r------------------------------------~ 1 I'd like to learn more about your products and services: I 
I D Please send literature. I 
I D Please send quotation (My specifications and 1 
1 requirements are attached). I I o Please have a design specialist call. 1 

I Name Title I 
1~m~cy I 
I· I 
I Street City I 
I I 
1 State Zip Phone (_) I 

I Mark Stamp Steel, a division of Mohawk Data Sciences Corp.,I 
I Palisade Street, Herkimer, N.Y. 13350 1 

!_!_e_!.e_p!:_~n_::_f3_!~)_~~~~~-(~:._~4_9~~--------9.P1Q?~.J 



ERROR 1FREE DATA CARTRIDGE 

Certified 100% error free at shipment, 
model 98200 data cartridge offers re-
1 iable data storage for series 9800 
desktop computers and 264X series 
display terminals. Up to 5.4M bits 
of unformatted data can be stored on 
the 140' (42 m) of 0.150" (0.38-cm) 
wide tape with a 1600-bit/in (629/cm) 
recording density on 2 tracks. Speeds 
up to 90 in (228 cm)/s are possible. 
Acceleration rates of up to 2000 in 
(5080 cm)/s2 keep start/stop distances 
minimum. Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 94304. 
Circle 244 on Inquiry Card 

MODEM EL.:11MINATOR 
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If You Share Our Commitment to Excellence .•. 

... consider a career with Northrop Defense Systems Division, 
the renowned leader in the research, development and manu­
facture of sophisticated electronic countermeasures. If you're 
trained and experienced in one of the following areas, inves­
tigate the potential at Northrop: 

PRODUCT DESIGN 
~ 5-1_0 years experience in electronics and electromechan· 
1cal high density packaging of military support equipment. 
Knowledge of investment casting and meta l fabrication 
method processes. 
~ RF design and analysis. Octave bandwidth MIC and strip· 
line com~on.ents: ECM TWT and equipment experience. 
plus fam1l1arity with MIL-STD-38510 and 5400E requirements. 
• Project EnQineer with background in power supplies. modu· 
lators ~nd high power TWT's required. Will be responsible 
for design and.development of ECM transmitters . 
• Project Engineer with analog/digital circuits and micro­
wave components experience. 
• Digital- Experience in design engineering for digital/ 
analog controlled hardware necessary. Understanding of 
high voltage design and m ic rowave c ircuitry desirable. 

SYSTEMS 
SENIOR ENGINEERS 
MSEE and a minimum of 3 years experience in hardware or 
systems design and good wr itten communications skills 
required. Microwave background necessary. 
PROJECT ENGINEERS 
A minimum of 5 years experience in EW hardware software 
systems des.ign and analysis (active and/or ' passive): 
necessary. Microwave experience required. 
ENGINEERS 
Experience in active and passive electronic warfare systems 
and strong software and/or hardware background necessary., 

We offer outstandinQ compensation packages Including com· 
plate benefits, unlimited growth potential and the opportunity 
to combine the career of a lifeti.~e with o.ff·hours enjoyment 
in Chicago, one of the most exciting and liveable areas in the 
nation. For further information, please forward your resume 
including salary history and requirements. in confidence, to: 

Employment Manager. 

NORTHROP CORPORATION 
DefenH Systems Division 
800 Hicks Road• Rolling Meadows, IL 60008 

CIRCLE 127 ON INQUIRY CARD 

Model 30 permits direct connection be­
tween terminals and computers, elimi­
nating need for short haul modems 
or acoustic couplers where limited dis­
tance is involved. The static device 
requires no ac or de voltage. It trans­
poses transmit data and received data 
and request to send and data carrier 
detect. Packaged in an aluminum hous­
ing measuring 3 x 2.5 x 1.5" (7.6 x 
6.4 x 3.8 cm) , input/output connections 
are provided by std 25-pin EIA RS-
232-C connectors. Remark Internation­
al, 4 Sycamore Dr, Woodbury, NY 
11797. 
Circle 245 on Inquiry Card 

STORED PROGRAM FOR'MAT 
SYNCHRONIZER 

Model 11268 is a microprocessor based 
unit featuring both formatting and 
data preprocessing capability. Data 
format features include data rates to 
SM bits/s, conventional and adaptive 
sequential ratio probability synchroni­
zation strategy, up to 5 independent 
subframe synchronizers, multiport out­
put, and programmable RAM. Online 
data processing functions include data 
compression capabilities and computa­
tion . Aydin Monitor Systems, 401 Com­
merce Dr, Fort Washington , PA 19034. 
Circle 246 on Inquiry Card 

PLASTIC CASE 
S·ILICON 1RECTIFIERS 
Silicon rectifier bridges feature minia­
ture size, quick connect terminals, and 
epoxy filled plastic cases rather than 
larger, more expensive metal cases. The 
single-phase, full wave bridge mea­
sures 0.8" (2.0 cm) sq x 0.3" (0.76 
cm) high. Terminals are 0.250" (0.635-
cm) quick connect for heat sink and 
chassis mounting. Ratings are 8 A at 
50, 100, 200, 400, 600, and 800 V. 
Surge is 150 A as a result of large 
size junctions. Electronic Devices, Inc, 
21 Gray Oaks Ave, Yonkers , NY 10710. 

Circle 247 on Inquiry Card 
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NOWIN 
STOCK 
Cl 1979 Belden Corporation 

It's fast. Simple. Reliable. Accurate. In fact, it's the ultimate 
interface for your data terminal and communications equipment 

employing serial binary data exchange. 

Belden's new 25 conductor molded cable assemblies are designed 
and built to meet EIA standard RS-232-C and types A 

through M standard interfaces. 

These are cables you can count on. Belden's rugged 8459 
cable (UL style number 2576) is used in these assemblies. 
This cable also passes the FR-1 vertical flame test and is 

the preferred cable for critical interfaces. And positive 
pin-to-pin mating using subminiature "D" type plug 

connectors means no mix-up . 

. ~~~~~~~~~~~Complete cable assemblies are now in stock in 
~ four standard lengths of up to 70' (21m). Bulk 

cable is available in put-ups of up to 1000'. 
Custom designed assemblies are also 
available on special request. Belden 

Corporation, Electronic Division, 
P.O. Box 1327, Richmond, IN 47374; 
319-966-6661. Out West contact our 
Regional Sales Office in Irvine, CA 

714-833-7700. 

BELDEN~ 
Coming through ... 
with new ideas for moving electrical energy 

8·15·9 
CIRCLE 128 ON INQUIRY CARD 



DC TO AC REMOTE CLUSTlERED 
CRT TERMINAL SYSTEM STATIC POWER INVERTERS 

With capacities from 700 to 10k VA, 
inverters deliver ac power to sensitive 
loads. The devices operate from an 
input of 48 or 125 Vdc and produce 
a clean 120-V sinewave output at 60 
Hz (50 Hz available). Output volt­
age regulation is held within ±3% of 
nom for full load and line change, and 
output frequency to within ± 0.5% . Out­
put is fully protected against overloads 
and short circuit conditions. Deltec 
Corp, 980 Buenos Ave, San Diego, CA 
92110. 

Series 300 Interactive Display Sy:>tem 
utilizes Softprint microprocessor con­
trolled display terminals which sup­
port std 24-line by 80-col formats and 
expanded 27-line by 132-col format. 
The system will emulate an IBM 3270 
Information Display System and can 
be attached to a host computer by a 
BSC link. It will support user opera­
tional activities in cluster configura­
tions of up to 32 devices. Lee Data 
Corp, 5700 Green Circle Dr, Minne­
tonka, MN 55343. 

Circle 248 on lnq·uiry Card Circle 249 on Inquiry Card 
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Announcing a 
new source for 
CRT data displays. 

BHD-1200 

An all-new line of data display monitors is now being 
manufactured by Bell & Howell for OEM applications. 

Available in 5-, 7-, 9-, and 12-inch screen sizes, these units 
can be mechanically and electrically fitted to standard dis­
play terminals without modification, but can also be man­
ufactured to meet custom specifications. 

Wide range of options-hundreds of possible configurations 
• 15.75 KHz, 16.2 KHz, 18.6 KHz or other scan rates 
•Dynamic focus- standard 
•EI A P4, P31, P39, or P42 phosphors 
•Kits and metal chassis available for all screen sizes 

For more information about these new data display moni­
tors, contact Bell & Howell Display Devices, 4000 Birch 
Street, Newport Beach, CA 92660, (714) 752-7602. 

DISPLAY DEVICES 

lti) BELL e; HOWELL 

CIRCLE 129 ON INQUIRY CARD 

ANTI-ALIASING FILTER WITH 
IEEE 488/1978 INTE·RFACE 

Incorporating the IEEE Std 488/1978 
interface, 1-Hz to 100-kHz dual low 
pass filter provides AH1 (acceptor 
handshake), L 1 (basic listener with 
listen only) , and DT1 (device trigger) 
functions. Each channel provides a roll­
off rate of better than 115 dB/octave; 
in cascade the 2 channels offer better 
than 230 dB/octave. Other soecs are 
±0.25-dB ripple and >80-dB stop­
band attenuation. Cutoff frequency 
range of the filter is adjustable from 
1 Hz to 11 O kHz. Rockland Systems 
Corp, Rockleigh Industrial Pk, Rock­
leigh, NJ 07647. 
Circle 250 on Inquiry Card 

MEMBRANE SWITCH SYSTE•M 

Construction of the 10900 membrane 
switch is based on deposition of con­
ductive polymer ink to provide silver 
contacts and interconnections on 2 sec­
tions of thin, flexible polyester sub­
strate. A spacer layer sandwiched be­
tween the sections before sealing has 
openings to create the contact gap, 
which decreases at actuation unti l con­
tact surfaces meet to close circuit. 
Switches are custom designed to meet 
exact needs for contact spacing, aes­
thetics, mounting , and termination . 
Molex Inc, 2222 Wellington Ct, Lisle, 
IL 60532. 
Circle 251 on Inquiry Card 

FIBER OPTIC 
COMMUNICATIONS LED 
Microlensed LED is supplied in std 
hermetically sealed T0-46 package 
and is designed to couple to single 
fiber or fiber bundle through use of 
std connectors. IRE-161 has typ output 
of 2.0 mW into a 0.5 numerical aper­
ture (30 ° half angle) when driven 
at 100 mA de; at 70 °C output is 
typ 1.5 mW. Second harmonic dis­
tortion is <40 dB. Typ rise and fall 
time is 10 ns. Wavelengths from 790 
to 880 nm are available. Laser Diode 
Laboratories, Inc, 1130 Somerset St, 
New Brunswick, NJ 08901. 
Circle 252 on Inquiry Card 
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The Power Paradox: 
The A C pow er your computer needs in order to operate is also a 
major cause of computer error, malfunction and damage. 

The computers that control your 
operations (and therefore your 
profits) are designed to operate from 
a clean, steady supply of ac power. 

This ac power must be kept within 
manufacturer-specified tolerances in 
order for the computers to operate 
properly and safely. 

In fact, the U.S. Department of 
Commerce states that " if a 
computer's voltage exceeds 120% [of 
the rated voltage] for a duration as 
short as 1 to 10 milliseconds. the 
computer will make errors." 1 

Unfortunately, interruptions and 
disturbances of this nature are 
commonplace occurrences within 
most computer facilities. 

A comprehensive study of power 
line disturbances which affect 
sensitive computerized equipment 
was conducted by two IBM 
researchers. They concluded that 
such disturbances occur on an 
References: 

average of 128 times each month.2 

For users of computer-based 
equipment, power disturbances can 
and do create a variety of costly 
problems. 

Effects upon data 
processing computers. 

When these power disturbances 
occur in your data processing center 
they can cause entry errors, program 
changes or loss, head crash, data loss, 
the generation of false or garbled 
data, the need to rerun programs. 
and computer downtime. 

Effects upon computerized 
process control equipment. 

Process control equipment is also 
vulnerable to power disturbances. 
Common problems created by these 

1. U.S. Department of Commerce. "The Effects of Electrical Power Vaflation Upon Computers: an Overview." 

2. George W. Allen and Donald Segall, IBM Systems Development Div .. "Monitoring of Computer Installations for 
Power Line Disturbances, " presented to the IEEE Power Engineering Society. 

Topaz peripherals solve the power paradox by conditioning normal ac power for 
your computer and computer-based equipment. 

CIRCLE 130 ON INQUIRY CARD 

disturbances inc lude improper batch 
termination and even program 
changes. The program changes can 
result in the repetition of process 
errors and in downtime while 
equipment is being reprogrammed. 

Effects upon energy 
management systems. 

Most energy management systems 
use small computers to make energy­
saving decisions, but the ir effective­
ness can be offset by these same 
disturbances. Program changes and 
errors may prevent useful operation 
of these systems as energy savers. 

Thus, the computers your company 
depends on to reduce operating costs 
actually may be increasing them. 

Topaz power peripherals can 
protect all of your computers. 

Topaz can provide the power 
peripherals specifically designed to 
keep your company's data 
processing, process control and 
energy management computers from 
making costly power-related errors. 

And if you manufacture computers 
or computerized equipment, Topaz 
peripherals can make your product 
more rel iable as well as reduce the 
requirements for needless service 
calls. 

Immediate delivery and guaran­
teed solutions to power problems 
have made Topaz the leading 
computer power peripheral company 
in the wor ld. 

For more information about Topaz 
and its products: 

1. Tear out this ad and mail it to us 
along with your business card; or 

2. Call us: 

TOPAZ 
ELECTRONICS 

3855 Ruffin Road, San Diego, CA 92123 
(714) 279-0831 - TWX (910) 335-1526 
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PRODUCTS 

DUAL SWITCHING 
POWER SUPPLIES 

Model 314 produces 5 V at 10 A and 
12 V at 2 A; model 315 is rated at 
5 V, 8 A and 12 V, 3 A. Model 
316 outputs 5 V, 12 A and 12 V, 
1 A. All come in a low profile package 
measuring 1.75 x 5.28 x 10.75" (4.45 
x 13.4 x 27.3 cm) , and have short 
circuit and current limiting protection. 
Overvoltage protection is std on all 
5-V outputs. RO Associates, Inc, 246 
Caspian Dr, Sunnyvale, CA 94086. 
Circle 253 on Inquiry Card 

A digital tape transport system for 
the price of an audio system 
For just $69.00 (in O.E.M. quan­
tities) Micra's Read/ Write Tape 
Transport System gives you size 
and performance features an audio 
system can't match . 

You get higher read/ write speeds-
3 ips vs . audio speeds of 1.8 7 ips; 
higher tape densities- 3200 fci vs . 
audio densities of 400 fci ; and elec­
tronically , rather than mechanically, 
controlled starts and stops. 

Just 6 11 in length , weighing less 
than 6 ounces, and housed in die 
cast aluminum, the Read/ Write 
System can be conveniently de­
signed into any microprocessor. 

compatibility, and a start/ stop time 
of 30/ 40 milliseconds. 

RELIABILITY? The system's only 
moving part is the capstan motor. 
No springs. No clutches. No gears 
to wear out. That's why our per­
formance rivals systems 3 times our 
cost. 

Micro's Read/ Write System . .. 
Digital Performance at Audio 
Prices. 

COMMUNICATIONS 
CORPORATION 

Ideal for program loading and data 
logging, the system features a 4800 
baud transfer rate , up to 120K 
bytes of storage, TTL and CMOS 

80 Bacon Street, Waltham, Ma .02154 
(617) 899-8111 • TWX 710-324-7600 

CIRCLE 131 ON IN9UIRY CARD [JJ 
A BUCKEYE INTERNATIONAL COMPANY 

SMALL UNINTERRUPTIBLE 
POWER SYSTEM 

Model UPS-102-1 B, a 1-kVA rated 
UPS, consists of rectifier/charger, solid 
state inverter, and optional static or 
electromechanical bypass switch. Line 
power is rectified to de, power is pro­
vided to a pulse width modulated 
transistor inverter, full charge is main­
tained on a nom 72-Vdc external bat­
tery, and the inverter reconverts the 
de to 120 Vac 60 Hz. The unit is 
packaged in a 7" (17.8-cm) high rack­
mounted chassis and weighs 70 lb (32 
kg) . Op temp range is 0 to 40 °C. 
Elgar Corp, 8225 Mercury Ct, San 
Diego, CA 92111. 
Circle 254 on Inquiry Card 

COMMUNICATIONS PROTOCOL 
CONV,ERSION PROCESSOR 

Connecting asynchronous or bisync 
equipment to mainframes or periph­
erals using Burroughs Poll/Select 
protocol, CA12-SIU/BPS also permits 
IBM or other mainframe users to use 
Burroughs equipment with minimal 
software modification. Operating trans­
parent to the user, unit performs proto­
col conversion , data conversion, and 
function transformation, and provides 
up to 30 ports and up to 32k of 
buffer memory in the 16.7 x 16.9 x 
5.25" (42.4 x 42.9 x 13.33-cm) pack­
age. Industrial Computer Controls, Inc, 
196 Broadway, Cambridge, MA 02139. 
Circle 255 on Inquiry Card 

IEEE-488 GPIB 
INTERFACE MODULE 
A software programmable 1/0 card 
that implements talker and listener 
functions of the IEEE-488 GPIB, the 
uP GPl-1 features selectable inter­
rupts, onboard address recognition, and 
automatic handling of handshake pro­
tocol to simplify implementation of 
those functions in control systems 
where another device serves as the 
bus controller. All GPIB interface 
signals are routed to the card-edge 
connector. Wyle Laboratories/Computer 
Products, 3200 Magruder Blvd, Hamp­
ton, VA 23666. 
Circle 256 on Inquiry Card 
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Meet the Mini Wini: 
The new a·· fixed disk driVe 
that stores 20 megabgtes. 

It's the lowest-cost way of getting 20 megabytes in an 
8" floppy slot. And with Winchester-type technology, to boot. 

So you can expand the on-line capacity of your present 
desk-top system without having to redesign one bit of 
your present chassis. 

Interfacing? 
It's a snap. The Mini-Wini (alias the PCC 08000 fixed 
disk) has a microprocessor-controlled interface, featuring 
a bidirectional command/status bus and serial data trans­
fer. It's easier and simpler to design the CPU interface. 

And maybe best of all , it's made by Pertee Computer 
Corporation. At PCC, we don't just innovate. We have 
the production capacity to supply those innovative 
products when we say we will . Which is reassuring. 

The PCC Mini-Wini . Small size. Big capacity. Call us 
for details. 

I tJl(llll ~l;B!P~~LS 
Theg WOlft let gou doWn_ 

For further information, call toll-free 800-528-6050, Ext. 1323. 
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NEW 
~ ~~[* 

"SIL-PADS 400": 
THE SUPERB 
SOLID STATE 
HEAT SINK 
INSULATORS 

TEST 'EM! 

*7 MIL 

(FOR MAX. HEAT DISSIPA­
TION) REDUCES THERMAL 
RESISTANCE BY 35% 

Since 1973, Bergquist has helped 
overcome heat-sink problems with 
" SIL-PADS". Eliminate messy 
grease and fragile mica or plastic film 
by using this exclusive development. 

" SIL-PADS 400" are thin, tough 
layers of thermally-conductive 
silicone-rubber and fiberglass (lami­
nated). Cut-through, tearing , break­
ing problems are gone. Assembly 
time is reduced ; no solder bath 
contamination ; consistent heat trans­
fer . 

Perhaps you've tested or are using 9 
mil. NOW ... test both 7 and 9 mil , 
and you decide! 

"SIL-PADS 400" are successfully 
used in thousands of applications. 
Many standard configurations , plus 
custom capability . 

FREE SAMPLES, 
TECHNICAL DATA, 
and LITERATURE! 

BEAriQUl5T 
5300 Edina Industrial Blvd. 
Minneapolis , MN 55435 
Phone (612) 835~2322 
TWX 910-576-2423 

224 CIRCLE 158 ON INCj)UIRY CARD 

PRCCUCTS 

DATA ACQUISITION SYSTEM 
FOR MINICOMPUTERS 
Interfacing with series V77 minicom­
puters, F2963 consists of 1 master 
chassis and up to 7 daisy-chained ex­
pansion chassis, each accommodating 
up to 16 plug-in modules for a total 
of 512 analog channels/chassis. In an 
8-chassis system, up to 128 modules 
of any combination may be used to 
provide 4000 separate input channels 
of data. Available analog/digital com­
ponents include simultaneous sample/ 
hold, signal processors, D-A and A-D 
converters, and various multiplexers. 
Sperry Univac, PO Box 500, Blue Bell, 
PA 19424. 
Circle 257 on Inquiry Card 

LOGIC ANALYSIS SYSTEM 

Logic state, logic timing , and waveform 
recording funct ions of the System 5000 
operate interactively as a total data 
system, or as independent analysis 
units. Interactive or linked triggering 
between analysis elements, and inter­
faces for RS-232, IEEE-488, and floppy 
discs are provided. Keyboard of port­
able system folds up to protect 9" (23-
cm) CRT during transport and fea­
tures positive action keys. Menu keys 
guide user through operation. Para­
tronics, Inc, 122 Charcot Ave, San Jose, 
CA 95131 . 
Circle 258 on Inquiry Card 

HIGH SPEED 
FREQUENCY ANALYSIS SYSTEMS 

Models 4402A and 4404A combine a 
2090 digital oscilloscope with the 446 
Mini-Ubiquitous" FFT computing spec­
trum analyzer. 1- or 2-channel sys­
tems provide sampling rates to 20 
MHz. The oscilloscope dig itizes and 
stores up to 4096 input time samples; 
any 1024-sample block can be trans­
ferred to the spectrum analyzer. In­
put sensitivity of the scope is variable 
from ± 1QO mV to ± 40 V. Sweep 
time for 1024 samples is variable 
from 51.2 µ, s to 341 min. Amplitude 
accuracy is ± 0.5% of full scale. Nicolet 
Scientific Corp, 245 Livingston St, North­
vale, NJ 07647. 
Circle 259 on Inquiry Card 

ENCAPSULATED 
MERCURY FILM RELAY 
W1728 features bounce free perfor­
mance and long reliability, and operates 
in any mounting position . Pins are ar­
ranged on std 1 x 0.2" (2.5 x 0.5-
cm) centers. Self-healing contacts 
provide reliability. At loads rang ing 
from 2 to 1 x 10-u A, reliabili ty ex­
ceeding 2G MCBF may be expected 
at a 90% confidence level. Contact re­
sistance over the life of the relay varies 
by no more than 0.02 fl. Fifth Di­
mension, Inc, 707 Alexander Rd , Prince­
ton , NJ 08540. 
Circle 260 on Inqu iry Card 

Monstrous IDC 
problems solved. 

See page 59 
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• INTER NATI 

ICRO .Iii 

custom designed 
Micro.GI, Model DM1S 

EMULATION 
VT52*, PRISM *, DASHER*, Beehive B150 

Micro GI, Model DM2S 
EDITING 

Editing Capability, Expanded Keyboard with 16 Function Keys, Block Send 

Micro;.m, Model DM3S 
ADDITIONAL MEMORY 

BK RAM Multi-Page Capability, Parallel Printer Interface, Beehive B300 Emulator 

Beehive International. Custom designed. They go together! Beehive now offers three 
'family planned' microprocessor based terminals which can be Beehive or customer 

software designed as the user requires. Give our sales office nearest you a call today 
. .. or use our toll free number below. 

We think you will be surprised how inexpensive quality can be! 

;~~! (800) 453-9454 •These names may be subject 
to trademark claims. 

C°"8 Mesa (714) 540-8404 TWX 910-595-2572 • SuMyvale (408) 738-1560 , 
(305) 830-4666 IWNOIS Arlington Heigt1t8 (312) 593-1565 

1 

CIRCLE 133 ON IN9UIRY CARD 225 



PRODUCTS 

PROTOCOL CONVERTER 

The 8085 based PCU effects data con­
version between 2 different communi­
cations protocols. With 2 serial 1/0 
ports, the converter allows most RS-
232 compatible devices to be put on­
line. Each port under program control 
functions either synchronously or asyn­
chronously at program selected baud 
rates. The converter features up to 8k 
of buffer storage and up to 8k of 
program storage. Air Land Systems, 
2820 Dorr Ave, Fairfax, VA 22031 . 
Circle 261 on lnpuiry Card 

SUPER BRIGHT L:ED 
AND MOUNTING SOCKET 
LED interchangeability and low profile 
packages are offered by packaging to­
gether model 180 screw-in super bright 
red, amber, or green LEDs, with clear 
or diffused lenses, and PS 200 series 
mounting sockets. This provides a low­
er profile than common T-1 % LEDs plus 
a socket with built-in resistor for se­
lection of operating voltage. The LED 
protrudes about 0.100" (2.54 mm) from 
the front of the mounting panel and 
the assembly fits into a 0.250" (6.35-
mm) panel cutout. Data Display Prod­
ucts, 303 N Oak St, Inglewood, CA 
90301. 
Circle 262 on Inquiry Card 

RECEIVE ONLY LINE PRINTER 

Capable of operating at speeds of 300 
to 1500 lines/min, the Mark V RO 
3780 printer simulates IBM 3780 line 
discipline. Std features are logic for 
determining type of text, space de­
compression , multiple record capabil­
ity, horizontal tabs, and vertical forms 
control including overprint. Double­
hinged yoke assembly with monorail 
font guidance provides accurate print 
alignment. Hetra, 1151 S Eddie Allen 
Rd , Melbourne, FL 32901. 
Circle 263 on Inquiry Card 

MINICOMPUTER SYSTEM 
AC .POWER CONDITIONERS 

W-model VoltectorR series 5 remove 
electrical disturbances from power 
line to protect sensitive electronic 
equipment from noisy and unstable ac 
power. Reducing high voltage surges 
to safe levels and removing low volt­
age transients and various noise spec­
tra, units handle up to 120 J of 
transient energy. They are effective in 
both common mode and transverse, or 
differential mode forms of interference. 
Models are rated 1, 2, 3, 5, 10, 15, 
and 20 A. Pilgrim Electric Co, 29 Cain 
Dr, Plainview, NY 11803. 
Circle 264 on Inquiry Card 

'\eteran 
tough guy meets 

his match. 
See page 15 
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6-FT WIDE DRUM PLOTTER 

Continuous roll drum paper provides 
6' (1 .83-m) wide plotting capab ility 
with max drawing speed of 30 in (76 
cm)/s. Model 1065 has resolution 
of 0.0005" (0 .0127 mm) and linear 
pen actuation, and uses translucent, 
rag , vellum, or mylar papers, and 
pressurized ballpoint, liquid ink, nylon 
tip, and liquid ball type pens. Other 
features include Y-axis limit switches, 
paper supply monitor, plot time meter 
and speed control , return to last 
plotted position, and self-test diagnos­
tics. California Computer Products, Inc, 
2411 W La Palma Ave, Anaheim, CA 
92801 . 
Circle 265 on Inquiry Card 

DATA COMMUNICATIONS 
LINE SWITCH 

CLS-2VF connects both digital and VF 
sides of 2 modems to a single tele­
phone line, and allows interfaces to 
be switched between the line and termi­
nal or CPU. Switching of 4 isolated 
lines is provided between 2 separate 
and 1 common 6-position modular 
female jack. 20 commonly used EIA 
interface signals are also switched be­
tween Line A and Line B connectors. 
The device employs status indicator 
buttons to give a clear indication of 
which line is selected. Electrodata, Inc, 
PO Box 46130, Bedford, OH 44146. 

Circle 266 on Inquiry Card 

WINCHESTER DISC SYSTEM 
FOR DEC MICROCOMPUTERS 
Winchester technology for the DFC 
LSl-11 series is available with the WINC-
01 disc system. Two PCBs comprise 
the system: a microprocessor based 
formatter/controller mounted with a 
Shugart SA-4008 Winchester drive and 
a dual-width Q-Bus interface card 
that inserts directly into the CPU back­
plane. The system can acr.omrriodate 
up to three 20M-byte 14" (36-cm) 
Winchester drives, 1or a total sealed 
media capacity of 60M bytes. Advanced 
Electronics Design, Inc, 440 Potrero 
Ave, Sunnyvale, CA 94086. 
Circle 267 on Inquiry Card 
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NEW! LOW COST CRT DISPLAY MODULE 

MOST-REQUESTED 
FEATURES 

Motorola's new 12-inch CRT dis­
play module offers low unit cost 
while maintaining the features most­
requested in volume OEM applica­
tions. Features such as 800-line 
resolution, excellent linearity and 
geometry, video response to 15 
MHz-features that contribute to 
the module's capability of providing 
sharp, clean characters in a full 80 
x 24 format. TIL-compatible direct 
drive operation and single 12V de 
input requirement further simplify 
your design considerations. 

OR KIT { CHASSIS o···· 
The new moduk> ~ ·· 
is available with 
sheet metal 
chassis as Model M3570, or with-

out the chassis in "kif' form as 
Model M3970, pictured below. 
Model M3970 offers superior 
economy-and has no metal bound­
cries to inhibit yQUr own layout. 

P.RICED TO HELP 
HOLD DOWN YOUR 
PRODUCT COSTS 

In addition to the already low unit 
price, maximum cost savings can 
be achieved by ordering either 
model packaged in bulk (subject to 
minimum purchase volume and 
shipping restrictions). These ·cost 
savings at the component level can 
have a noticeable impact on the 
price of your final product. 
Without compromising 
performance! 

CALL TODAY 
Call today for more information 
about the new, low-cost display . 
from Motorola • Santa Clara, CA 
(408) 988-3422 • Tustin, CA 
(714) 838-5621 • West 
Chicago, IL (312) 231-4400 • 
Richardson, TX (214) 231 -9901 
• Windham, NH (603) 898-5921 
• Shrewsbury, NJ (201) 544-
9541 • Baltimore, MD (301) 
821-0062 • Overseas and 
Canada call West Chicago, IL (312) 
231 -4400 • TWX: 910-230-
3117 

MOTOROLA INC. 

Display Systems 
1155 Harvester Rd. 
West Chicago, IL 60185 
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PRODUCTS 

LOW SPEED 
STEPPER MOTOR CONTROLLER 

I 
~ " , -. D ~ . . 

. . 
' 

~ ·-- -

Eliminating heat generating resistors 
with an onboard 5-V power supply, 
compact controller for 5-V motors in­
tegrates power supoly. oscillator, and 
translator in a single glass epoxy 
PC board. Screw term inal connections, 
integral standoffs, and external wir­
ing schematic are provided. Compatible 
with 5-V, 4-phase steppers up to 1.6 
A/phase and 200 steps/s, the 4.5 x 9 
(11.4 x 22.9-cm) unit provides TTL 
or switch closure inputs that permit 
direct connection to computer or non­
computer outputs. Novatek, Inc, 79 R 
Terrace Hall Ave, Burlington, MA 
01803. 
Circle 268 on Inquiry Card 

DISC EMULATOR 
Microprocessor based single-board con­
troller, the PM-DC1100, emulates 
DECx RP11 and provides compatibility 
with system software for RP11 and 
RP02/03 subsystems. One controller 
can handle two SOM- or 300M-byte stor­
age modules, or with the addition of a 
multidrive interface chassis, up to 8 
storage modules. Features include 3-
sector data buffering, consecutive sec­
tor transfers, and transfers across track 
boundaries. Plessey Peripheral Systems, 
17466 Daimler, Irvine, CA 92714. 
Circle 269 on Inquiry Card 

COMMUNICATIONS SYSl'E>M 
AVAILABLE INDICATOR 

TP-210 provides both visual and aud­
ible indication of a communications 
failure between remote data terminal 
equipment and host system. The unit 
monitors the RS-232-C interface at the 
data terminal, and responds to either 
a failure to raise "request to send" 
or to loss of data carrier. Alarm con­
dition activates audible signal , lights 
LED on front panel, and switches ac 
power to 115-Vac outlet on rear of 
unit. Indicator operates in either syn­
chronous or asynchronous applications. 
TeleProcesslng Products, Inc, 4565 E 
Industrial St, Bldg 7K, Simi Valley, 
CA 93063. 
Circle 270 on Inquiry Card 

LOGIC TO POWER 
OPTO-ISOLATOR INTERFACE 
H11G, a liquid epitaxial GaAs IRED 
optically coupled to a Darlington con­
nected phototransistor, an extension 
of the MT2L line, operates in the - 55 
to 100 °C temp range. BVcEo is up 
to 100 V with 2500-V rms isolation 
capability. Other features include high 
current transfer ratio and low degra­
dation LEDs. 10 mA through the IRED 
will switch a load of 100 mA in the 
Darlington. General Electric Co, Elec­
tronic Components Business Div, W 
Genesee St, Box 14, Auburn, NY 13021. 
Circle 271 on Inquiry Card 

Man's best friend 
is his_. 

(See page 114 for the answer.) 
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QUAD-LED 
LOGIC STATUS INDICATORS 
Mounting GaAsP red LEDs in a 4-
element array provides easier PCB 
mounting and wave soldering. Advan­
tages include positive seating and spac­
ing of light source to the PCB surface. 
Polarity is identified to assure error­
lree installation. Model 555-4001 has 
no integral current limiting resistor, 
-4003 is a current limited 5-V / 6-mA 
unit, and -4007 is a current limited 
5-V /3-mA unit. All can be driven di­
rectly from TTL. Dlallght, a North 
American Phillps Co, 203 Harrison Pl , 
Brooklyn, NY 11237. 
Circle 272 on Inquiry Card 

ACOUSTIC 
DATA COUPLER/MODEM 
Model 247 is FCC approved for di­
rect connection via modular jack or 
DAA, and may be used as acoustic 
coupler. All types of line connections 
are switch selectable and requ ire no 
internal modifications. Compatible with 
Bell 103/113 type modems, the unit 
transmits and receives full duplex 
asynchronous data at speeds to 450 
bits/s. It provides a dual-terminal in­
terface for either EIA RS-232 or 20-
mA current loop terminals. Anderson 
Jacobson, Inc, 521 Charcot Ave , San 
Jose, CA 95131 . 
Circle 273 on Inquiry Card 

SMALL BATCH 
EPROM ·ERASER 

Up to 15 EPROMs can be loaded into 
the front sliding tray of the SE 15. 
Safety interlock disables the lamps 
when the tray is removed . Erasure 
time is presettable up to 40 min. Neon 
lamps on the front panel of the 11 x 
9.5 x 4.5" (28 x 24 x 11-cm) unit 
indicate power on and erase in prog­
ress. Specs include 230-V, 50-Hz or 
115-V, 60-Hz operating voltage, power 
consumption of 8 W nom, operating 
temperature range of O to 65 °C, and 
UV source wavelength 253 to 257 nm. 
Stag Systems, 2465 E Bayshore Rd , 
Suite 329, Palo Alto, CA 94.303. 
Circle 274 on Inquiry Card 
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} ,..; .. /We1ve got the 

PO ER 
for OEM's and large systems users 

The new DELTA 7000Series16-bit microcomputer display terminals ... More power 
to you for data preparation, text editing and distributed processing applications 
The DELTA 7000 Series of multifunctional terminals is a unique combination of hardware and software designed to 
meet sophisticated applications in large computer systems . This combination offers you a choice of display terminals with 
truly outstanding performance features , including: 

• 16-BIT MICROCOMPUTER for superior program­
mability and wide applications flexibility 

• MULTIPLE SPLIT SCREEN allows you to divide the 
screen into independent display areas 

• MULTI-CHARACTER FUNCTION KEYS permit one 
key to display or send a string of multiple characters or 
codes 

• DYNAMIC FONT GENERATION enables you to design 

special symbols, or modify existing characters from the 
keyboard and have them immediately available 

• EXTENDED CHARACTER SETS provide display of up 
to four 248-character sets which can be PROM resident 
or RAM loaded 

• LARGE TEXT MEMORY from 6K up to 36K characters 
adds applications flexibility and terminal power to meet 
your needs 

Put the power at your fingertips with a DELTA 7000 Series video display terminal. Zing us a line , or 
call for more information, literature or applications assistance . 

See us at Comdex '79, Booth 924 

Delta u.K. Subsidiary: Woodhaven Industrial Park 

D Syste 
DELTA DATA SYSTEMS LTD. Cornwells Heights, PA 19020 

ata ms Welwyn Garden (07073) 33833 (215) 639-9400 

Corporatiori Service in over 150 locations in the U.S ., and 14 European countries and Canada. 
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DATA COMMUNICATIONS 
INTERCONNECT ADAP'fER 

Black Box RS-499 adapter performs all 
necessary adjustments for interconnec­
tion between RS-499 and -232. It in­
cludes 37-pin male and 25-pin female 
connector and provides 2 side access 
holes to facilitate optional connection 
of additional external cabling. In­
stallation is made either by direct 
mounting on rear of terminal or by 
cable connection. 2 male and 2 female 
screwlocks are provided. Expandor 
Inc, 400 Sainte Claire Plaza, Upper St 
Clair, PA 15241. 
Circle 275 on Inquiry Card 

9"and t2" 
CRT 

DISPLAY 
MONITORS 

with a 
Ho•izontal 

Rate a. 
15.72KHZ 

Compatible with 
TV120 or TV90 

Priced Below the 
Competition 

Built-in· Quality, 
Performance, 
Dependability 

Ch• .. I• Version 

ENCAPSULATED RC NETWORKS 
Quick connect/disconnect pins on a line 
of encapsulated RC networks ease 
assembly and replacement in such ap­
plications as process control, machine 
tools, and computers. Networks have 
std ratings of 200 and 600 Vdc and 
125 and 250 Vac, capacitance and 
resistance tolerances to ±10%, temp 
range of -40 to 85 °C, and min 
life expectancy of 200M operations. 
Heavy duty units have ratings to 2k 
Vdc and 480 Vac. Electrocube, 171 O 
S Del Mar Ave, San Gabriel, CA 
91776. 
Circle 276 on Inquiry Card 

Kit Version 

The low-cost CIQ-9 and CI0-12 CRT 
Display Monitors with a horizontal rate of 
15.72 KHz provide data equipment manu­
facturers with sharp, highly reliable image 
presentation. 

Separate horizontal drive, vertical drive, 
and video signal inputs mean elimination of 
composite sync and video signal process­
ing and simple output circuitry. 

The completely new design of the com­
pact integrated PCB utilizes the latest semi­
conductor and other components, providing 
a dependable performance level never 
before possible. 

Delivered with P4 phosphor as standard. 
Available options are P31 and P39 phos­
phors, sturdy zinc chromate plated chassis 
and a power supply module which is com­
patible with practically any power supply 
standard in the world . 

FEATURES 

• Uniform High Resolution 

• Integrated PC Board 

• Dependable Construction 

• Squareness of Picture 

~ C. ITOH ELECTRONICS, INC. 
5301 Beethoven Street Los Angeles , Calif . 90066 
Telephone : (213) 390-7778 TeleM : (WU) 65-2451 

280 P'attc Avenue, New York, NY 10017 
Telephone: (212) 682-0420 Telex (WU) 12-5059 
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MULTI-CABLE CONNECTORS 

FCN 120 cable connectors have rat­
ings of 6 A max and contact resistance 
of 1 O mo max. Housings are of heat 
stable, fire resistant, and self-extinguish­
ing UL-approved glass filled polycar­
bonate and are resistive to mechanical 
abuse. Gold-over-nickel finish contacts 
are positively locked into the housing 
and provide firm mating with max 
electrical and mechanical integrity. 
Wire sizes from AWG #24 to #32 
can be used. Fujitsu America, Inc, 
Component Sales Div, 91 O Sherwood 
Dr, Lake Bluff, IL 60044. 
Circle 277 on Inquiry Card 

REGULATED, HIGH POWER 
SWITCHING SUPPLIES 

Tight line (0.1% max) and load (0.15% 
max) regulation are features of the 
750-W SE series. Requiring 115- and 
230-Vac inputs, units have brownout 
protection ranges of 97 to 127 and 
194 to 254 Vac-15 to 10% of center 
voltages. Overvoltage and overload 
protection and integral thermal cut­
off are included. 7.75 x 4.93 x 9.70" 
(19.67 x 12.52 x 24.64-cm) units pro­
vide 5 Vdc at 150 A, 12 Vdc at 64 
A, and 240 Vdc at 32 A outputs. 
Efficiencies are 80% at 5 V to 85% at 
24 V. KEC Electronics, Inc, 21535 Haw­
thorne Blvd, Torrance, CA 90503. 
Circle 278 on Inquiry Card 

LINE PRINTE·R CONTROLLER 
Controller handles any printer up to 
500k bytes/s. The half-board plugs 
directly into any available 1/0 slot 
in either 16- or 32-bit Perkin-Elmer I 
Interdata computers. The module is 
fully software compatible with both 
OS/16 and OS/32, and host-supplied 
diagnostics. Pin compatible Interdata 
cables are provided which allow the 
host supplied Centronics or Data Print­
er interface to be directly replaced 
by the controller module. Switches 
are used to select attributes. Macro­
link, 1740-E South Anaheim Blvd, Ana­
heim, CA 92805. 
Circle 279 on Inquiry Card 
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Today's measure of a printer's 
performance goes beyond 
line speed and purchase 
price. A revolutionary Porelon 
reinking system now adds a 
new dimension to print out 
performance. It will dramati­
cally increase the printing life 
of the ribbon in your impact 
printer and substantially re­
duce character cost. 

Porelon's unique ribbon 
reinking system automatically 
begins to reink the impact 

printer's ribbon QOJ_y after re­
inking becomes necessary. 
This is made possible through 
a patented delayed engage-

~IPORELOn) 
'rOlJR LAST IMPRESSION IS WHERE WE BEGIN 

© 1979 by Porelon. Inc. A subsidiary of Johnson Wax. CIRCLE 137 ON IN9UIRY CARD 

ment device. The printing life 
of the ribbon is maximized and 
printouts continue to be crisp 
and clean for a longer period 
of time. 

Find out how simple it is 
to add this performance fea­
ture to your impact printers. 
Your competition may al­
ready be considering it. Call 
(615) 432-4134. Or write 
Porelon, Inc., Cookeville, Ten­
nessee, 38501, for further infor­
mation. 

Porelon is a tradema11<. 



MIL-STD-1553A 
DATA BUS INTERFACE 
Model 3760 aircraft multiplex data 
bus interface for AN/UYK-19 and 
Eclipse computers operates in the 3 
information modes specified in MIL­
STD-1553A: system controller to remote 
terminal (RT), RT to system control­
ler, and RT to RT. The unit consists 
of 2 printed wiring assemblies that 
interface any Rolm CPU to a pair of 
MIL-STD-1553A data buses through 
the CPU's 1/0 bus. ROLM Corp, 4900 
Old Ironsides Dr, Santa Clara, CA 
95050. 
Circle 280 on Inquiry Card 

DUAL-PRINTER CONTROLLER 
The dual format of the 51403/dual 
controller maximizes use of an IBM 
1403 printer by alternately interfac­
ing the printer to any 2 IBM or non­
IBM computers, and providing the 
interface, control, and power functions 
necessary to interface with nonlBM 
computers. A memory in the controller 
stores the universal char set for each 
type train or chain to be used, making 
the printer software compatible with 
both computers. Spur Products Corp, 
1904 Centinela Ave, Los Angeles, CA 
90025. 
Circle 281 on Inquiry Card 

·a;&"'te1'_t,,. onlyqualllled 
~U\ ' 3M Cartridge Dlpe 

Storage System/ , 
•Tested to MIL-E-16400 

• U.S. Navy Standard AN/USH·26(V) 

• All NTDS Interfaces 

• From 1 to 4 Tape Drives per Unit 

• Provides Multiplex Operation from 2 Computers 

• ANSI Compatible Format 

For information on our spectrum of Militarized Recorders, call Leon Maimed, Salas Manager 

Qdntex DM•ON 
NORTH ATLANTIC INDUSTRIES. INC. 

60 PLANT AVE., HAUPPAUGE, NEW YORK 11787 • 516-582-6060 •TWX: 510-227-9660 

See us at INTERFASE WEST Booth 446 
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CONTINUITY TESTER FOR 
FLAT CABLE ASSEMBLY 

Interface module and adapters of 
F-500 portable continuity tester en­
able quick testing of flat cable assem­
blies, with LED displays identifying 
shorts or opens. Unit tests 14- and 
16-pin DIP, D series, and 20- to 50-
contact PC edge connectors, plus 1 O­
to 50-contact sockets. Probe allows 
testing of connectors of other than 
flat cable. Portable unit operates on 
9-V battery. Fasttest, 921 Loraine Ave, 
Los Altos, CA 94022. 
Circle 282 on Inquiry Card 

6800 TEST PACKAGE OPTION 
Fully programmable test package op­
tion allows MX-17 test system users 
to test and evaluate device operating 
modes and instruction sequences of all 
6800 devices in less time than required 
by other systems. The 6800 test pack­
age includes a device programming 
unit, manual device board, and a test 
program for the device to be tested. 
Although written to· MC68BOO specs, 
easily implemented software changes 
allow the test program to accommo­
date MC6800, MC68AOO, and other 
specs. Adar Associates, Inc, 154 Mid­
d lesex Tpk, Burlington, MA 01803. 
Circle :Z83 on Inquiry Card 

LOW POWER, 
BRIGHT LED DISPLAYS 

Intended as alternatives to LCDs for 
self-illuminating use, DL-440M, -430M, 
-330M, and -340M LED digit displays 
draw < 1.0 mW /segment. Displays 
with 0.150" (3.81-mm) high digits are 
available in 2- and 3-digit end stack­
able models; 0.110" (2.794-mm) high 
models have 3 and 4 digits. Displays 
are encapsulated and hermetically 
sealed in plastic packages with high 
impact plastic lenses. Typ luminance 
for all 4 models is 1.5 med at 5 
mA/segment. Lltronix, 19000 Homestead 
Rd, Cupertino, CA 95014. 
Circle 284 on Inquiry Card 
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There's a bright new ~e 
In 12" data monitors.· 

If ya.I've got a need for a 12" CRT monitor. Sanyo has a 
model that will fill It. 

For cost-sensitive applications. choose the 5000 
series. You get your choice of AC or DC power. P4 or P31 
phosphors, and separate or composite video and sync 
inputs. 15 MHz bandwidth and standard 15. 75 kHz scan 
rate provide excellent resolution and easy application. 

For extra-demanding jobs, pick H 
the 6000 series. You get1.000 line I 0

•
1
0" 

resolution and 22 MHz bandwidth 
for ultra-sharp graphics and crisp, I 
high definition 80-character lines. I 
m-compatible sync inputs make I 
interfacing a snap. 

With either series, you get a I 

compact. rugged steel chassis with adjustable CRT 
tiltback to fit virtually any enclosure design. You also get 
adjustable scan size. plus remote brightness control 
capabilify. Single-PCB construction and one-connector 
hookup save time in assembly, testing, and 
maintenance. And Sanyo's many years of 
manufacturing field-proven CCTV monitors, and our 
unparalleled QC assure long, trouble-free service. 

For all the facts on these exciting new open-chassis 
monitors. contact your local Sanyo sales representative 
listed below. 

esANVO 
Communications Prcx::lucts Division 

1200 W. Artesia Blvd .. Compton. CA 90220 (213) 537-5830 

Contact your nearest Sanyo rep: 
AKRON: Ncom, Inc. (216) 777-2()fj(J ATLANTA: Len EHiott Company (<404) 875-9701 ATLANTIC CfTY: Austin Associates (609) 871-9290 BALTIMORE: David H. Brothers, Inc. (301) 764-7189 

BOSTON: Piper Associates (617)449-1144 CHICAGO: George Petit Company, Inc. (312) 261-0342 DALLAS: The Croci<ett Sales Co. (214) 748-8209 DENVER: Mile-High Marketing (303) 457·2058 
DETROrr. Burcaw Co. & Associates (313) 533-7700 INOIANAPOUS: Midwest Rep. & Assoc .. Inc. (317) 844·4555 KANSAS CfTY: Pacer Sales Corporation (816) 358-6638 LOS ANGELES: 
Marketing Specialists (213) 341-1471 MIAMI: L. Haas Company (305) 945-6544 PORTLAND: Eart & Brown Co .. Inc. (503) 245-2283 SAN FRANCISCO: Tech-Rep Associates (415) 785-4531 

SEATTLE: Eart & Brown Co .. Inc. (206) 284-1121 ST. PAUL: Skor, Inc. (612) 645·6461 WHfTE PLAINS: Irving Langbaum Assoc .. Inc. (914) 634-1141 

© 1979 Sanyo Electric Inc .. Compton. CA 90220 
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I LITERATURE I 
Successive Approximation ADCs 
Data sheet gives block and timing dia­
grams, detailed specs, ·a sample circuit, 
and applications comments for 400- and 
1000-ns monolithic ADCs. TRW LSI Prod­
uc~s, Redondo Beach, Calif. 

PC Mountable Switches 
Featuring tiny toggle switches, slides, 
pushbuttons, and rotary switches for PCB 
mounting, catalog furnishes dimensional 
drawings and specs. Alco Electronic 
Products, Inc, North Andover, Mass. 
Circle 301 on Inquiry Card Circle 300 on Inquiry Card 

Smart move 

for a dumb terminal. 
Retro-Graphics TM 

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

Dumb Terminal into a Tektronix Plot 10 soft-
sophisticated graphics ware compatible. 
terminal. Check these Replaces Tektronix 

features: 4006's, 4010's and 
Packaging: 4025's in many 

Mounts inside the Lear applications. 
Siegler ADM-3A. Affordability: 

Installation requires no $1150.00 Domestic 

234 

cutting or soldering. single unit price. Retro-Graphics 
Performance: Micropro- is now available through US 
cessor based. Generates and European distributors. 

graphs and pictures on a 512 Call or write today for details. 

•> ~.·~~"~~~'~"~ ~.::~~ ol• ~"~ ~,~.~~.~ 
Lear Siegler and Dumb Terminal are registered trademarks of Lear Siegler Inc 

Tektronix, 4006. 4010, 4025 and Plot 10 are registered trademarks of Tektronix Inc. 
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Apple Computer Software 
More than 100 business, demonstration, 
game, education, language, and utility pro­
grams for the Apple microcomputer are 
described in catalog along with hardware 
and accessories. Rainbow Computing 
Inc, Northridge, Calif. 
Circle 302 on Inquiry Card 

Bridge Rectifiers 
Selection chart lists specs including avg 
rectifier current, op temp, peak current 
surge, and voltage ratings for 1.5- to 30-A 
rectifiers; flip side provides dimensional 
drawings. Electronic Devices, Inc, Yon­
kers, NY. 
Circle 303 on Inquiry Card 

Small Business System 
Evaluation 
Brochure provides checklist of questions 
and discussion -0f considerations in evalu­
ating vendor, software, hardware, total sys­
tem, and financial aspects of a small busi­
ness system. Data General Corp, West­
boro, Mass. 
Circle 304 on Inquiry Card 

Enhanced BASIC 
COBOL, APL, and FORTRAN features of HP 

Enhanced BASIC including multicharacter 
identifiers, array operations, and function 
subprograms are outlined in brochure. 
Hewlett-Packard Co, Palo Alto, Calif. 
Circle 305 on Inquiry Card 

Alternatives for Speed 
And Direction Control 
Application notes present alternatives to 
standard speed, direction, and braking con­
trol for permanent magnet and shunt 
wound drive systems. Bodine Electric Co, 
Chicago, Ill. 
Circle 306 on Inquiry Card 

2400-Bit/s Modem 
Photos -0f front panels with explanations 
of rndicators and switches illustrate capa­
bilities of MX 2400 modem line in brochure 
which also details options, models, and 
features -0f the line. Codex Corp, Mans­
field, Mass. 
Circle 307 on Inquiry Card 
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The Hughes Microprocessor Development System ... 
an important addition to the 

~8GJGJ L~[]E 
microprocessor family 

Hughes again brings its high-technology leadership 
and high reliability performance to the microproces­
sor users with a powerful development system for 
1802 Microprocessor Products. 

Hughes offers a complete Ii ne of Microprocessor 
related devices including Hughes new Liquid Crystal 
Display Drivers (HLCD 0437 and HLCD 0438) along 

with those listed in the table. 
The Hughes Microprocessor De· 

velopment System (HMDS) solves the 
problem of developing software and 
hardware for 1802 Microprocessor 
based designs. The HMDS contains an 
easy-to-use assembler plus editor and 
monitor software and i n-c ircu it-debug 
for real time hardware development. 
High-level languages, PROM program­
mers and support of additional indus­
try standard Microprocessors are jus1 
some of the available options. 

THE 1100 MICROPROCESSOR 
FAMILY 

(Available Now) 

Number 

HCMP 1802 
HCMP 1822 
HCMP 1824 
HCMP 1831 / 2 
HCMP 1833/ 4 
HCMP 1852 
HCMP 1853 
HCMP 1854 
HCMP 1856/7 

HCMP 185B/ 9 

HCMP 1861 

Function 

CPU 
256 X 4 RAM 
32 X 8 RAM 
512X8ROM 
1024 X 8 ROM 
1/ 0 Adapter 
3 to 8 Decoder 
UART 
Bus Buffer / 
Separator 
Memory Latch / 
Decoder 
TV Interface 

r------------------, 
I I 

i HUGHES i 
I I 

L------------------J 
HUGHES AIRCRAFT COMPANY 
SOLID STATI! PRODUCTS DIVISION 
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Other advanced products will be 
announced soon. For further informa­
tion on the growing Hughes product 
line call or write : Gary Des Rochers, 
Hughes Semiconductor Products, 500 
Superior Avenue, Newport Beach, CA 
92663, (714) 759-2907 (800) 854-3515. 
In Europe: Hughes Microelectronics 
Ltd .. Clive House, 12-18 Queens Road, 
VVeybridge, Surrey KTl 3 9XD, England. 
Telephone 932-47262. 
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LITERATURE 

Linear Circuit Tester 
Hardware and software components and 
test options for the Series Five linear IC 
tester are outlined in catalog, complete 
with block and circuit diagrams, photos, 
and sample programs. Lorlin Industries, 
Inc, Danbury, Conn. 

Portable Cable Assembly Tester 
Brochure details features and operating 
modes of AutoScan high speed portable 
fault finder that visually identifies fault 
as short, miswire, or open and provides 
pin number of defective wire. Muirhead­
Addison, Mountainside, NJ. 

Circle 308 on Inquiry Card Circle 309 on Inquiry Card 

A battery is 
just a battery 
until it has to 
perform. 
At that critical moment, you'll appreciate 
CAREFREE's guaranteed delivery of 100% 
capacity on first cycle, unlike gels - with 
none of the memory problems of nickel 
cadmium. That's why the CAREFREE im­
mobilized electrolyte technology is becoming 
the standard of the industry. Test it for 
yourself. 
Choose from the world 's largest line of 
maintenance-free rechargeables - Y2 amp 
to 33 amp, 2 volt to 24 volt. 

Carefree~ • EAGLE~ PICHER Eagle-Picher Industries, Inc. • Commercial Products Department 
""" ""' P.O. Box 130, Seneca, Missouri 64865 •TWX 910 774-4533 
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General Purpose Switches 
Catalogs present specs and dimensions for 
basic, diecast limit, and thumbwheel 
switches, and also proximity switches. Om­
ron Electronics, Inc, Schaumburg, Ill. 
Circle 310 on Inquiry Card 

LED Assemblies 
Curves in application brief plot typical 
forward current vs forward voltage for LED 

assemblies to aid in selection of LED within 
required voltage and current ranges. Data 
D isplay Products, Inglewood, Calif. 
Circle 311 on Inquiry Card 

Variable Reluctance 
Stepping Motors 
Electrical specs, diagrams, and photos ·are 
included in catalog for commercial perma­
nent magnet and variable reluctance step· 
ping motors. Clifton Precision, Litton 
Systems, Inc, Clifton Heights, Pa. 
Circle 3 12 on Inquiry Card 

Static RAM Family 
Organization, speed, power consumption 
and power supply requirements, and pack­
age and pinout information for 2k, 4k, 
and Bk static RAMs are presented in data 
sheet. EMM/SEMI, Inc, Tempe, Ariz. 
Circle 313 on Inquiry Card 

Statistical Multiplexer 
Features of 200% efficient statistical time 
division multiplexer including peak load­
ing tolerance, error protection, and flow 
control are detailed in data sheet. General 
DataComm Industries, Inc, Danbury, 
Conn. 
Circle 314 on Inquiry Card 

Electronics Enclosures 
Constructed of ABS material with internal 
mounting bosses, rails, and vertical card 
guides, enclosures illustrated in catalog are 
offered as both kits and production models. 
PacTee Div of LaFrance Corp, Phil­
adelphia, Pa. 
Circle 315 on Inquiry Card 

POWER BASIC 
Product Reference Guiile for POWER BASIC 
exemplifies statements, commands, and 
functions, and describes evaluation, de­
velopment, and configurable versions of 
the language, Texas Instruments, Inc, 
Houston, Tex. 
Circle 316 on Inquiry Card 
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To see or not to see? 
That is the question. 

Display in ambient light with polarizer. 

And Polaroid has the answer: circular po­
larizer contrast-enhancement filters let you 
see your display under a variety of lighting 
conditions. 

Circular polarizers kill reflections from 
CRTs by acting as a light trap. Ambient light 
can go through the circular polarizer, but after 
it is reflected from the tube face, it can't get 
out again. And circular polarizers can sup­
press up to 99% of reflected room light. They 
are far more effective than absorption-type 
filters for improving contrast. 

Polaroid invented the circular polarizer 
and can satisfy your needs better than any­
body else. 

We offer the widest selection of off-the­
shelf contrast-enhancement filters. Or-we'll 
make up precisely the filter you need: Choose 
glass or plastic filters with polished or non­
glare surfaces. They can be flat or shaped to 
your specifications. They can have anti­
reflective, RFI or abrasion-resistant coatings. 
Colors can be computer-matched to your dis­
play to provide maximum visibility. 

Display without polarizer. 

We sell circular polarizers and offer tech­
nical assistance worldwide. For a free sam­
ple, just fill out and mail the coupon below. 
Or call Dick Adams c;:ollect at 617-577-3315. 
He' ll recommend the contrast-enhancing 
filter that best meets your needs. 

And makes everything perfectly clear. 

r ;;;;;;;;~;;;c;;;;;;;;;;--on~ed: kaj Poia-;;;e;oi::o-;;-:-Dept74;5, ;;A~ St:.1 
Cambridge, Mass. 02139 

D Please send me a free sample D Have your Application Specialist 
circular polarizer and literature. ca ll me for an appointment. 

Name _____ _ _ ____ __ _ 

Title _____________ _ 

Company _____ ________ _ 

Address _____________ _ 

City ___ __ ~tate _____ Zip __ 

Phone Number ___________ _ 

Application _J L-------------------
Polaroid. 

Polarizing film. We made it first.We make it best. 

©1979 Polaroid Corporation 
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I GUICE TC PRODUCT INFORMATION 

MATERIALS AND FORMS 
INKING MATERIALS AND SYSTEMS 
Printer Reinking Systems 

PAGE 

Porelon ............................................................ 231 

INSULATING MATERIALS AND FORMS 

Plastic Wire Insulation 
Pennwalt .......... .............. ............................ 12, 13 

Heat Sink Insulators 
Bergquist ........ ... ............. ..................... ........... 224 

MAGNETIC MATERIALS AND FORMS 
CRT Yokes and Flybacks 

Trlad-Utrad .... .......... ...... ................................ 206 

OPTICAL MATERIALS AND FORMS 

Optical Filters 
Panelgraphlc .............................. .. ....... ........... 208 
Polaroid .... ........ ... ........................................... 237 

HARDWARE 
CONNECTORS AND 
INTERCONNECTION SYSTEMS 
Connectors 

AMP .......... .............. ........................................ 121 
PCB Connectors 

Technical Wire Products ........................ 204 
Multicable Connectors 

Fujitsu America/Component Sales ........ 230 
Interconnection Components 

Spectra-Strip ............ ...... ...... .. .... ...... 15, 59, 114 

Flat Cable/Connector Systems 
Robinson-Nugent ...................................... 84, 85 

Cable Assemblies 
Belden/Electronic ............................... .... ..... 219 

INDICATORS; READOUTS 
DIGITAL DISPLAYS; LAMPS 
LED Indicators 

Diallght/North American Phillps .... ........ 228 

PAGE 
LED <Displays 

Utronlx ........ .... .. ... ........... ............ .......... .......... 232 
Displays 

Beckman IDO ................................................ 22 
Norltake Electronics ..... ............................. 95 

SOCKET BOARDS AND CARDS 
Socket Boards 

OK Machine & Tool .................................... 212 

SOCKETS 
Sockets 

Cambridge Thermionic ................................ 140 

WIRE AND CABLE 
(See also Connectors) 
Wire 

OK Machine & Tool ................................ 8 

COMPONENTS AND ASSEMBLIES 
CAPACITIVE COMPONENTS 
Capacitors 

Union Carbide/Components .. .. ............. ..... 208 

MOTORS; ROTATIVE COMPONENTS 
Motors 

Pittman/Penn Engineering & 
Manufacturing ............................................ 17 

TRW Globe Motors .............. ...................... 58 
Servo Motors 

Barber-Colman/Motor .... .. .......... ......... ...... ... 210 
Stepper Motor Controllers 

Novatek ...... ... ...... ........ ... ... .............. ..... ... ....... 228 

PHOTODEVICES; PHOTOOEVICE 
ASSEMBLIES 

LEDs 
Data Display Products .................. ............ 226 

Fiber Optic Communications LEDs 
Laser Diode Laboratories ....... ............... .. 220 

The real world is a tough place 
for conventional magnetic tape 
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Rely on THERM0-465® 
superior digital/audio tape for severe environments -
proven to retain data at +400°F and -65°F 
Applications: •Military data systems •Commercial aircraft, ships• Remote or 
field recording •Metal-tape replacement• Safe wide-temperature data storage 

~ For further information contact 

\l.) Raymond Engineering Inc. 
217 Smith Street, Middletown, CT 06457 
Telephone: (203) 632-1 000 •Telex: 9-9394 
A subsidiary of Raymond Industries Inc. 
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THERM0·465®is a registered 
trademark of Graham Magnetics 
Incorporated and 1s dtstnbut.ed 
exdus1vely m the U.S.A. 
by Raymond Eng1neenng Inc. 

PAGE 
Optoisolators 

General Electric/ Electronic 
Components Business .... .... .................... 228 

POWER SOURCES, REGULATORS, 
AND PROTECTORS 
Power Equipment 

Topaz Electronics ...................................... 221 
Power Supplies 

Motorola Subsystem Products ............ 54, 55 
Percom Data .............. .. ... ..... ........ ... .. ....... .... 98 

Switching Power Supplies 
Deltron ....... ..... ........ ................................ ........ 205 
KEC Electronics ................. .. ....................... 230 
Power-One ............................................ 175, 204 
RO Associates ... .......... ... ........ ...................... 222 

Uninterruptible Power Systems 
Elgar ................................................................ 222 

Voltage Transformers 
Basler Electric ........................ .................... 160 

Power Conditioners 
Pilgrim Electric ... ...... .. .... ............. ............ .... 226 

Power Inverters 
Deltec ..... ... .................................................... 220 

Batteries 
Eagle-Picher Industries/Commercial 

Products ............. ...... .. ................................. 236 
•General Electric Battery .................... 92, 93 

Battery Backup Boards 
Data General ............ .. ........ .. ........................ 198 

RELAYS 

Mercury Relays 
Fifth Dimension .... ........ ......... .... ....... .... .. .... 224 

RESISTIVE COMPONENTS 

RC Networks 
Electrocube ..... ...... .......... ... ... ... .... ................ 230 

SEMICONDUCTOR COMPONENTS 

Silicon Rectifiers 
Electronic Devices .. .. .................................. 218 

MOS Memory Protectors 
General Semiconductor Industries ........ 215 

SENSORS; TRANSDUCERS 

Linear Hal I Effect Sensors 
Micro Switch/Honeywell ............................ 212 

Audio Indicators 
Mallory/Sonalert ........ .................................. 246 

SWITCHES 
Toggle Switches 

T-Bar/Swltchlng Components .................. 204 
Membrane Switch Systems 

Molex .... .. .......... .... ........... ..... ... ............ ........... 220 
Communications Line Switches 

Electrodata ......... .......................................... . 226 

CIRCUITS 
ARITHMETIC CIRCUITS 

Arithmetic Processor Chips 
Advanced Micro Devices ........ 132, 133, 182 

CIRCUIT CARDS AND MODULES 

Logic Modules 
Mostek ............................................................ 160 

DIGITAL AND INTERFACE 
INTEGRATED CIRCUITS 

LSI ICs 
American Micro Systems ........ ............ 48, 49 
Fairchild Semiconductor Products ... . 20, 21 

MOS ICs 
Solltron Devices ....... .. .... .. ............................. 240 

Memory ICs 
Fairchild Semiconductor Products .... 28, 29 

RAM Controller Chips 
Intel .................................................................. 9 

4k Static RAMs 
Electronic Arrays ...... .. ................................ 188 
lntersi I .... .............................................. .......... 208 

FIFO Memory ICs 
Monolithic Memories .................................. 188 

Single-Chip A-D Microcomputers 
Intel ........................................................ 193, 194 

Microprocessors 
American Microsystems ...... .... .................. 154 
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Control Data offers a complete line of semi­
conductor and core memory that's fully compatible 
with today's processors. Enclosures, too. And 
all are built with the same concern for quality that 
goes into every product we manufacture. 
You see, Control Data believes in improving 
upon basic design when we make memory for 
mjni-computer processors. All chips in our 
semiconductor memory are "full-goods'.' So you 
get all the quality and density you pay for. We use 
IC sockets instead of hardwiring our chips, so 
servicing is easier. 

When your *PDP-11 needs more memory ... 

Add-in our 94234 Core Memory Module. It's 
fully compatible, of course, but you also get the 
inherent reliability and non-volatility of core 
memory technology. 

Our Add-on core is fully 
compatible too, and fits 
into your PDP-11/70 
rack. It gives you up to 
512 Kbytes in a 101/2 
inch enclosure housing 
two power supplies, one 

back plane, one controller circuit board, two to 
eight memory modules (in pairs) , four interconnect 
cables and four terminator circuit boards. 

And when you need better semiconductor memory ... 

Our 94134 MOS RAM module is fully compatible 
with your PDP-11/ 34 and uses either the standard 

or the modified unibus connector. Maximum 
configuration is 128K x 18, but smaller densities 
are also available. Refresh is automatic. 
Our 94111 MOS RAM has block address selection 
via switches for the standard configuration of 16K 
or 32K x 16. lt is pin-to-pin, voltage, signal, 
hardware and software compatible with *LSI-11 
and PDP-11/03 systems. 
Put quality behind your nameplate. Call us at 
612/ 830-6018 or send us the coupon below. 

•DEC. LSI and PDP are registered trademarks of Digital Equipment Corporation. 

,---------------------
Jack Middlestaedt , Product Sales Manager CD-109 

Control Data Corporation, Computer Memory Division 
8001 East Bloomington Freeway. Bloomington, MN 55420 

Please tell me more about memory for my ___ processor. 

Name ___________ Phone _____ _ 

Co mpany __________ Title ______ _ 

Address __________________ _ 

City _________ State ____ Zip ___ _ 

l';:J ~ CONTR..OL DATA 
\::I~ COf\POR{\TION 

More than a computer company 
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PAGE 
Stepper Motor Control 'Chip Systems 

Sigma Instruments .................................... 190 
Display Controller Chips 

Solid State Scientific ............ .... .. ............ 190 
Signal Processing Chips 

American Microsystems .............................. 176 
Communications Interface Chips 

Slgnetlcs ... .. .... ................. ...... ........ ................ 81 

Receiver/ Transmitter Chips 
Zilog .. ........... .. ................................................. 164 

Data Acquisition JCs 
Harris Semiconductor Products ................ 189 

Data Acquisition System Chips 
National Semiconductor ............................ 180 

A-D Converters 
TRW LSI Products ...................................... 188 

D-A Converters 
Teledyne Semiconductor .......................... 186 

Counter ICs 
LSI Computer Systems ............................ 190 

HYBRID CIRCUITS 
Hybrid A-D Converters 

ILC Data Device ........ ................ ............. .. . 188 

LINEAR INTEGRATED CIRCUITS 
Octal Buffer Latches 

Motorola Semiconductor Products .. 182, 195 
Op Amps 

·Exar Integrated Systems .......... .................. 186 
Texas Instruments ...................................... 188 

Power Control ICs 
Signetics ....... ................... .......... .................... 190 

MEMORY /STORAGE EQUIPMENT 
FLEXIBLE DISC UNITS 
Flexible Disc Drives 

MFE .... , ....... ... ...... ....... ... ............................. 72, 73 

Flexible Disc Interfaces 
Tarbell Electronlc1 .......................... ............ 212 

Flex ible Disc Controllers 
NEC Microcomputers ..................... ....... 88, 89 

Flexible Disc Systems 
Computer Technology ................................ 181 

PAGE 
Data Sy1tem1 DHlgn ........ ........................ 7 
Thinker Toys ................................................ 152 

MAGNETIC CORE MEMORIES 
Core Memories 

EMM SESCO/Electronic MemorlH & 
Magnetics .................................................... 182 

MAGNETIC DISC AND DRUM UNITS 
(See also Flexible Disc Units) 
Winchester Disc Drives 

PCC Peripheral•/ Pertee Computer ........ 223 
Fixed Disc Drives 

Mlcrodata .................................... ................ 198 
Shugart AHoclatH ................................ 44, 45 

Disc Controllers 
Dataram .... .. ......................... ......... .................. 5 
Plessey Peripheral Systems ......... ........... 228 
Xyloglcs ........................................................ 244 

Disc Subsystems 
SLI Industries ...... ........................................ 210 

Disc Systems 
PCC Sy1tem1/Pertec Computer ............ 243 

Winchester Disc Systems 
Advanced Electronics Design ..... .......... . 226 

MAGNETIC TAPE UNITS 
Tape Drives 

Dlgl-Data ........................ ................................ 122 

· Tape Transports 
Micro Communication• ................................ 222 
PCC Perlpheral1/Partec Computer ........ 141 

Tape Formatters 
Kennedy .................... .................................... 196 

Tape Systems 
Telex Computer Product• ... ............. 209, 210 

Cartridge Tape Recorders 
Tandberg Data .......................................... .. 215 

Cartridge Tape Systems 
Qantex/North Atlantlc lndu1trlH ............ 232 

Cassette Transports 
MFE/Dlgital Products ................................ 214 

Cassette Recorders 
Raymond Engineering ................................ 242 

OTHER TYPES OF MEMORY I 
STORAGE EQUIPMENT 

CIJSlUm 
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Solitron will design, mu~ stream. We have 
process, assemble ~ wafer capacity for 
and test Hi Rel ~ 3,000 additional 
or commercial grade MOS 
devices. Our CMOS is 
manufactured utilizing an 
industry compatible silicon and 
metal gate, low or high 
threshhold process. with 
operation voltage ranges from 
1-1 / 2 to 18 volts. 

The time is right now! There 
is design time available and our 
new wafer fab equipment is on 

3" wafers per month over 
present production. We will 
second source custom 
designs and ship parts in 
wafer form, die form or 
packaged parts. 

Let us work with your 
design team. 

Call Randy Chapman 
or Jim Everett for details. 
(800) 854-2021. 

LARGE OR S L VOLUME 
CMOS, PMOS AND NMOS LSI 

E)olitron 
DEVICES, INC. 

8808 Balboa Ave . San Diego . CA 92123. Ph (714) 278 -8780 
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PAGE 
Add-In Memories 

Control Data .............................................. .... 239 
Dataram .................................... ...................... 171 
Sintrom Electronics ............ ........................ 200 

ROM/RAM PROGRAMMERS 
AND SIMULATORS 
P-ROM Programmers 

SunrlH Electronlca .................................... 248 
EPROM Programmers 

lntersll ...... ........................ ...... .......... .............. 208 
EPROM Erasers 

Stag Systems ..... ... .................. ........................ 228 

SEMICONDUCTOR MEMORIES 
Memory ICs 

Fairchild Semiconductor Products .... 28, 29 
4k Static RAMs 

Electronic Arrays .. ...... .. .................... .......... 188 
lntersil ................... ...... ...... .......... ................... 178 

RAM Controller Chips 
Intel ........ ......... ................................. .............. 9 

FIFO Memory ICs 
Monolithic Memories ................................ 188 

Semiconductor Memory Systems 
Dataram ..... ........... ........................................ 216 
Dig Ital Equipment . ....................................... 104 
Monolithic Systems .. ....... ............................. 187 
National Semiconductor ............................ 205 

INPUT/OUTPUT AND 
RELATED EQUIPMENT 

AUDIO RESPONSE EQUIPMENT 
Voice Response Systems 

Mountain Hardware .................................... 156 

BADGE READERS 
Badge Readers 

Sealectro/Programmlng Device• .... ............ 27 

COMPUTER PERIPHERALS-GENERAL 
Microcomputer Peripherals 

Comark ....... ..... ..... ... ....... ......... ........................ 202 
Desktop Computer Peripherals 

Durango Systems ........................................ 152 

DATA TERMINALS 
(See also Graphic Equipment) 
Printer Terminals 

Siemens .................................. ...... .................. 89 
CRT Display Terminals 

Adage ................ .. .... ........................................ 215 
Beehive International ............ ...................... 225 
·Della Data Sy1tam1 ...................................... 229 
Hazeltine ..... ............... ............................... ..... 179 
Hewlett-Packard ...................................... 24, 25 
Human Des igned Systems ........................ 214 
Lear Siegler/Data Products ........ ........ 56, 57 
Zentec .... .................. ...................................... 87 

CRT Terminal Systems 
Lee Data ........... ...................... ....................... 220 

DISPLAY EQUIPMENT 
(See also Data Terminals 
and Graphic Equipment) 
CRT Display Monitors 

Ball/Electronic 'Display .............................. 203 
Ball & Howell Display Devices ............ 220 
Motorola Display Systems .......... .............. 227 
Sanyo Communications .............................. 233 

GRAPHIC EQUIPMENT 
Color Graphic Display Equipment 

Aydin Controls .................. ............................ 192 
Ramtek .................................... ........................ 167 

Color Graphic Display Terminals 
Intelligent Systems .. .. .................................. 143 

Graphic Display Terminals 
Sanders AHOClates ........ ............................ 75 

Graphic Plasma Display Monitors 
Interstate Electronlce ................................ 148 

Graphics Translators 
Hewlett-Packard ............ ... ........................... 87 

Graphics Generators 
Raster Graphics .......................................... 154 

Graphics Subsystems 
·Dlgltal Engineering ...................................... 234 

Graphic Display Systems 
Image Automation .. ...................................... 216 

Digitizers 
GTCO .................................... ......................... . 214 

INTERFACE EQUIPMENT· CONTROLLERS 
Interface Boards 

MOB Systeme ................................ ........ 28, 103 
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EyewitnessN 
EyewitnessN«~ 
Eyewitness~ 
Eyewitness Ne~ 
EyewitnessNews 

RS 170 composite 
video and separate TIL 
video and sync 

Adjustable horizontal 
position ------.... 

Crystal controlled -
for extreme 
stability 

S-100 bus interface _ / 
memory mapped screen 
80 characters by 24 lines 

Flashwrlter II. Good news In video boards 
from Vector Graphic. 

If you haven't seen any good computer 
graphics lately you may be surprised to discover 
how revealing a Flashwrlter II video board can be. 

Go ahead, compare Vector Graphlc's 
Flashwrlter II video board with anyone else's and 
see what you've been missing. 

It's everything a video board should be. And 
more. Call ( 2 1 3) 991-5740 for your nearest dealer. 

\tcci:O=f C:=fj}?l-iC inc. 
31364 Via Colinas, Westlake Village, CA 91361 
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Character font 
programmable - up to 
256 characters can be 
generated 

I ~e~~~h board 

memory 
. 

--~- Parallel 
keyboard 
input- for 
easy 
interface 

"'- Socket for on board 
monitor / video driver 
prom 
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PAGE 
Data Bus Interfaces 

Rolm ................................ ................................ 232 

Flexible Disc Interfaces 
Tarbell Electronlcs ................................ .... 212 

Data Generator Interfaces 
Moxon .... ......... .. .... ... ............. .. ....................... 215 

Tape Formatters 
Kennedy .... ......... ............ ... .... .. ...................... 196 

Disc and Tape Controllers 
Western Perlpherals/Wespercorp Cover II 

Disc Controllers 
Dataram .. .............. ...................... .................... 5 
Plessey Peripheral Systems ...................... 228 
Xyloglcs ............................ ...........•.... .........•.... 244 

Flexible Disc Controllers 
NEC Microcomputers ...................•........ 88, 89 

Fixed Disc Emulating Controllers 
Mini Mag ....... ............. .. ...... ....... ..................... 204 

Peripheral Controllers 
Process Computer Systems .. ...... ... ......... 154 

Line Printer Controllers 
Macro link ....... .. ... ..... ....... .. ......... ....... ..... ....... 230 

Dual-Printer Controllers 
Spur Products ............. ... .... ....... ......... .... ...... 232 

Stepper Motor Controllers 
Novatek ............... ............. ......... .. ..... .............. 228 

KEYBOARD EQUIPMENT 

Keyboard Switches 
Stacoswltch •.•....•...........•.......•..•....•........•..... 247 

Keyboards 
Micro Switch/Honeywell ............................ 135 

Keypads 
Gimix ........... ........ ....................................... .... 210 

MAGNETIC CARD EQUIPMENT 

Magnetic Card Readers 
American Magnetics ..•.............•.. ........•..•..... 198 

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

PLOTTING EQUIPMENT 

Digital Plotters 
Houston Instrument/ 

PAGE 

Bausch & Lomb ........................ .. .. Cover Ill 
Soltec ......... ........ ................. ............... ...... ..... 216 

Drum Plotters 
Cal iforn ia Computer Products ................ 226 

PRINTING EQUIPMENT 

Printers 
Centronlca Data Computer .... ...... .............. 11 
Computer Devices ..........••.... ..........••... ....... 90 
Computer Printers lnternatlonal ... ..... 30, 31 
Facit .......... .......... ........ .................................. .. 183 
Integral Data Systems .....................•.........• 71 
NEC Information Systems ................ 35, 198 
Okldata ... ... ..... ..... ........... .................... ............. 4 
Tally .... ..... ....................................................... 2 
Teletype .......................•.•....................... ......... 165 

80-Column Printers 
C. ltoh Electronics .•............................•....... 139 

Line Printers 
General Electrlc/Terminet ..•........ .....•....... 137 
Hetra ........ .. .. .. .... ............................... .. ........... 226 

Dot Matrix Printers 
Dataroyal ............ ...................... .. ......... .......... . 205 

Impact Matrix Printers 
Vitek ........................................ ...... ... .. ... .......... 154 

Character/Graphics Printers 
Malibu Design Group ............................. .. . 161 

Digital .Printers 
C. ltoh Electronics ............................ 166, 230 

Thermal Printers 
Gulton Industries/Measurement & 

Control Systems ......... ..................... ........ 174 
Telpar .. ..................................... ........ ............. 204 

Tape Printers 
Star Micronics ........ ... ... .. .... ........................ 206 

Micro 
cpmputer 
11ze 

~ Raycorder Products Division 
\.L) Raymond Engineering Inc. 

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

Macrolink .... ... ......... .......... .... ....... .. .... ............. 230 

Dual-Printer Controllers 
Spur Products .......... ..... ..................... .. ...... 232 

Printer Mechanisms 
Burroughs/OEM ....... ..................................... 207 

Printer Elements 
Mark Stamp Steel/Mohawk Data 

Sciences .. .. ................................................ 217 

PUNCHED TAPE EQUIPMENT 

Punched Tape Code Converter Readers 
Data Science .................................... ............ 212 

COMPUTERS AND 
COMPUTER SYSTEMS 

BUSINESS COMPUTERS 

Small Business Computers 
Psytek Computer Systems ................. ....... 152 

GRAPHICS PROCESSORS 

Graphic Processors 
Magnavox Display Systems ...................... 177 
Tektronix ...................... ................................ 202 

Image Processors 
Grinnell Systems .................. .................... .... 51 

MICROCOMPUTERS AND 
MICROPROCESSORS 

Microprocessors 
American Microsystems ............................ 154 

Single-Chip A-D Microcomputers 
Inte l ........................................................ 193, 194 

Microcomputers 
Columbia 'Data Products ........................ 99 
Cromemco ............... .. .................... ....... .... .... 161 
Digital Equipment .. .. .................................... 104 
Monolithic Systems .............................. 40, 41 
Motorola Semiconductor Products ........ 195 
National Semiconductor ............................ 150 
North Star Computers ................................ 153 

Control Microcomputers 
Standard Engineering ................................ 158 

Microcomputers and Peripherals 
Schlumberger Products .... ........................ 161 

Microcomputer Systems 
General Robotics ............... ... ...................... 150 

Severe Environment Microcomputer Systems 
EMM / SESOO ...................................... .......... 156 

Microprocessor Development Systems 
Hughes Aircraft/Semiconductor 

Products .......... .. .... .................... .................. 235 
Intel .................. ................. ............................... 169 
TecMa ............................................................ 163 

In-Circuit Emulators 
Intel ........... .......... .. ................................. ........ 166 

Test System Programming Stations 
GenRad ..... .. ... .. ......... .. ... ..... ........................... 202 

Micro System Analyzers 
Millenlum/American Microsystems •... 64, 65 

Microcomputer Software 
Data Translation ........................................ 206 

MINICOMPUTERS; SMALL· AND 
MEDIUM-SCALE COMPUTERS 

Computers 
Hewlett-Packard ... ............ ....................... 36, 37 

Ruggedized Computers 
Rolm ................................. ............................... 191 

Minicomputers 
Sperry-Univac ................... ....................... 52, 53 
Systems Engineering 

Laboratories ...... .............. .............. 79, 81 , 83 

TIMESHARING/DISTRIBUTED PROCESSING 
COMPUTERS AND SYSTEMS 

Timesharing Computer Systems 
BTI Computer Systems ............................ 206 

DATA COMMUNICATIONS EQUIPMENT 
COMMUNICATIONS COUPLERS 
Data Couplers 

Precision Components .... ............................ 215 

COMMUNICATIONS INTERFACES 

Modem Eliminators 
Remark International ............. ..................... 218 

Communications Converters 
Industrial Computer Controls ........... ....... 222 
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And iCOM has it_ 
It 's here. The iCOM 4511 R. 
Slide these S-100 components into a standard 19-

inch rack and you 've got big computer storage capacity 
for your microsystem : 10 megabytes of useable storage. 

The 4511 R disk drive incorporates two 5 MB 
platters. The bottom one's fixed . The top one is remov­
able , for efficient data backup and operating flexibility. 

You can change cartridges easily, so the ettective 
storage capacity of the system is limited only by the 
space on your shelf. 

It can handle three more drives, too ... boosting 
total , on-line, random-access memory to 40 megabytes. 

And the 4511 R is fast. Disks spin at 2400 rpm , and 

the average access time is on ly 40 milliseconds. 
The bipolar disk controller provides integral power 

supply and key lock security 
But hardware is only part of the story. The 4511 R is 

available with CP/ M!" a sophisticated operating system 
which supports Microsoft's FORTRAN, BASIC, and 
COBOL. 
PCC's iCOM Family. 

The 4511 R hard disk subsystem rou nds out PCC 's 
iCOM family. From our compact little 2411 
Microfloppy™ to our dual- density, dual flexible 
disk drive 3812 system, iCOM is the first name to look 
for in Microperipherals"' 

" ---
For further information, call this toll-free number: 800-331-1000. (In Oklahoma, call 918-664-8300 collect.) 

1COM and Micropenpherals are reg!Slered trademarkS ol Pertee Computer CorPQfatt0n Microlk>PPY IS a trademark o! Pertee Compu1er Corporation. CP/M IS a trademark of Oigrtal Research, tnc 
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PAGE 
Protocol Converters 

A ir Land Systems ......... ... .... ............ .. .......... 226 
Communications Adapters 

Expandor ................ ....... ... .... ...... ..... .... ... ....... . 230 

COMMUNICATIONS MONITORS 
Communications Monitors 

TeleProcessing Products ............................ 228 

COMMUNICATIONS MULTIPLEXERS 

Signature Data Multiplexers 
Phoenix Digital ...... ........... ... ......... .... .. ....•. ... 202 

COMMUNICATIONS SYSTEMS 

Format Synchronizer/Decommutators 
Aydin Monitor Systems ......... ...... ......... .... 218 

DATA TRANSMISSION EQUIPMENT 
Synchronous Line Drivers 

Avanti Communications .. .. .... .. ........ ... ......... 212 

MODEMS; DATA SETS 

Modem Modules 
Rockwell International/ 

Microelectronic Devices ....... ................. 101 
Data Modems 

Codex .................................... .......... ... .. ......... 196 
Penril/Data Communications ........... .. ....... 19 
Prentice .... ..... ..... ... .................... ................ ..... 21 o 
Racal-Mi Igo ....... ..... ..... ................................. 204 

Acoustic •Coupler/Modems 
Anderson Jacobson ... ............................... .. 228 

OTHER DATA COMMUNICATIONS 
EQUIPMENT 
Communications Line Switches 

Electrodata ................... ..... ............................ 226 

DATA ACQUISITION AND 
CONTROL EQUIPMENT 

A-'D AND D-A CONVERTERS 

A-D Converters 
TRW LSI Products ....... ... ..... ....................... 188 

PAGE 
Hybrid A-D Converters 

I LC Data Device ........ ... .. ... ........ ...... .......... 188 

D-A Converters 
Teledyne Semiconductor ... ......................... 186 

ANGLE AND POSITION ENCODERS 
Optical Encoders 

BEi Electronics ... .... ........ ............ ................. 212 

DATA ACQUISITION SYSTEMS 
Data Acquisition Systems 

ADAC ...... ... ... ... ....... ...... .... .. ... ...... .......... ...... ... 63 
Sperry Univac ........... .... ......... .. .................... 224 

DATA TRANSFER AND 
INTERFACE EQUIPMENT 

1/ 0 Modules 
Gordos Arkansas .......... .......... ... .... ............. 208 
Wyle Laboratories/Computer 

Products ... ........... .. ..... .... ........................... 222 
1/0 Subsystems 

Hitachi America ......... ... ........................ .. .... 91 
Analog Output Subsystems 

Burr-Brown Research ......... .............. ........... 164 
Analog and Digital 1/0 Multiplexers 

Logicon Process Systems ...... .... ..... .. ....... 200 

Data Generator Interfaces 
Moxon .................... ... ... .... .. ........ ... ........ .... ....... 215 

MONITORING AND CONTROL EQUIPMENT 

Control Microcomputers 
Standard Engineering ................................ 158 

Programmable Controllers 
Cincinnati Milacron / Electronic 

Systems .. .. ... ...................... ................ .. ....... 216 

TEST AND MEASUREMENT 
EQUIPMENT; INSTRUMENTATION 

COUNTERS; TIMERS 
Time/Calendar Units 

Digital Pathways ................... ......... .......... .. .... 213 

on a Ouad PC board 
When you build the new Xylogics Model 610 Disk Controller into your DEC Unibus® 
CPU, you get more than just RK11/AK05 emulation. 

With the Model 610 Disk Controller, you can accommodate up to four cartridge 
drives by CDC, EM&M, Pertee, Western Dynex and others providing storage capac­
ity to BOMB of unformatted data. Media compatibility is obtained with any of the 
front load 5MB drives. The Model 610 is fully software compatible too. 

Best of all, you get all this on one 
quad single printed circuit board. For > I 
RK11/RK05 emulation, go with Xylogics x I • 
Model 610 Disk Controllers. And get V og1cs 
real performance! ...,. ... ~:=:"~- 'll 
Call Toll Free 800-225-3317 

Xylogics, Inc., 42 Third Avenue, Burlington, Massachusetts 01803 (617) 272-8140 
lnternabOnal Subsidiruy: XytogH:s International Ltd, Lynton House. Mill Lane, Gerrards Cross, SL9 SAY, United Kingdom Tel: (02813) ·88287 

We did it with ... innovation/imagination/integrity 
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DATA GENERATORS 

Pulse Generators 

PAGE 

Interstate Electronics ....... ....... .................. 196 
Programmable Word Generators 

Tau-Tron .. ................... ......... .. .... ......... ... ... .... . 200 

DIGITAi. EQUIPMENT TESTERS 
Logic Analyzers 

Gould/Blomatlon .. .... ............ .............. .... 76, 77 
Hewlett-Packard ... ........ ......... ....... .... ............. 151 
Paratronics ... .... ..... ..... .. ....... .. .... .................... 224 
Tektronix ........... ...... ... ......... ................ ........... 43 

Micro System Analyzers 
Mlllenlum/Amerlcan Microsystems .... 64, 65 
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United Systems/Digitec ................. .. ......... 157 

OTHER TEST AND 
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Digital Capacitance Measurement Probes 

International Instrumentation .. ................ 205 
Frequency Analyzers 

Nicolet Scientific ...... .. .. .. .. .......................... 224 
Flat Cable Assembly Testers 

Fasttest ... ...... ..... .. .. ..... .. ........... ... ..... .. ............ 232 

SIGNAL PROCESSORS 

Signal Conditioning Panels 
Data Translation .... .. ... ....... ........ ........ .......... 206 

Filters 
Rockland Systems ........................................ 220 

VIDEO DIGITIZERS 
Color Camera Systems 

Dunn Instruments ...... ......... ... .. ... ................. 97 

OTHER PRODUCTS; SERVICES 
EDP ACCESSORIES AND SUPPLIES 

Diskettes 
3M/Data Recording Products .. .... ............ 210 

Magnetic Tape 
Raymond Engineering ....... .... ........ ............ . 238 

Data Cartridges 
Hewlett-Packard .... ....... ....... ... ......... ...... ...... 218 
3M/Data Products ... ........... ............... .•......... 47 

Roi ls and Tapes 
Eastern Specialties .............••... .......•.....•.• 149 

EDUCATION 
Seminars 

Integrated Computer Systems .................... 211 

EMPLOYMENT OPPORTUNITIES 
Employment Opportunities 

Northrop/Defense Systems ... ................... 218 

Employment Services 
RSVP Services ........... ...................... .. ......... 21 O 

EQUIPMENT BUYING, SELLING, AND 
LEASING 
Distributors 

Radgo ................ .... ...................................... .. 205 
SECO Sales .. ..... ... .. ...... .. ................................ 50 
Trans Net .... ...... ..... ......................................... 214 

Equipment Rentals 
Rental Electronics ... ............. ............. .. ....... 159 

EXHIBJTIONS 
Conference/ Exhibitions 

Invitational Computer Conferences ........ 245 

MARKET REPORTS 
Market Reports 

Frost & Sullivan ........... ............ ................. 216 

PRODUCTION AND ASSEMBLY EQUIPMENT 
Wirewrapping Tools 

OK Machine & Tool .................................... 185 

PUBLICATIONS 
Di rectories 

Technology Recognition ....... ..................... 216 

SOFTWARE 

Software 
Xener .... .. ...................... ... .... ...............•...... .... 166 

Microcomputer Software 
Data Translation .................... .... ............ .... 206 

Test Package Options 
A<lar Associates ........................................ 232 
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OEM 
America Meets 

at the Invitational Computer Conferences 
In Boston ... in Ft. Lauderdale .. . 
in Palo Alto and seven other cities, 
OEM decision-makers meet the 
country 's top computer and 
peripheral manufacturers at the 
Invitational Computer Confer­
ences - the only seminar/displays 
designed specifically for the 
unique requirements of the 
quantity user. 
In one day, at each 1979/80 
ICC, guests will receive a concen­
trated , up-close view of the newest 
equipment and technology shap­
ing our industry. Some of the 
companies which participated in 
the 1978/79 ICC Series were: 
CalComp, Cambridge Memories, 
Inc., Centronics , Cipher Data 
Products, Inc., Compugraphic 
Corp., Computer Automation, 

Inc., Computer Design, Com­
puterworld, Control Data Corp ., 
Data 100 Corp., Datamation, 
Datamedia Corp., Dataproducts 
Corp., Dataram Corp., Data 
Systems Design, Inc., Datum, 
Inc., Diablo Systems, Inc., Digital 
Design , Electronic Engineering 
Times, Honeywell Information 
Systems, Houston Instrument, 
ISS/Sperry Univac, Kennedy 
Company, Lear Siegler, Inc., 
MOB Systems, Inc. , Microdata 
Corp., Mini-Micro Systems, 
Monolithic Systems Corp ., 
National Semiconductor, NEC 
Information Systems, PCC/ 
Pertee Division, Perkin-Elmer 
Data Systems, PerSci, Inc., 
Pioneer Magnetics, Inc., Plessey 
Periperhal Systems, Powertec , 
Inc., Printronix, Inc., Remex, 
Rianda Electronics, Ltd., Shugart 
Associates, Storage Technology 
Corp., Sykes Datatronics, Inc., 
Tally Corp., Tektronix, Inc., Tele­
type Corp., Telex Computer 
Products, Inc., Texas Instruments, 
Inc., Trilog. 

'! 
f 

0· 

\ 

The schedule for the 1979/80 
Series is: 
Sept. 6, 1979 
Sept. 27, 1979 
Oct. 10, 1979 
Nov.1 , 1979 
Nov. 15, 1979 
Jan. 15, 1980 
Feb. 6, 1980 
Mar. 25, 1980 
Mar. 27, 1980 
April 28, 1980 

Palo Alto, CA 
Minneapolis, MN 
Newton, MA 
Cherry Hill, NJ 
Southfield, Ml 
Orange County, CA 
Ft. Lauderdale, FL 
Dallas, TX 
Houston, TX 
Atlanta, GA 

Invitational 
Computer 
Conferences 

Invitations are available from participating companies or the ICC sponsor. For further 
information contact: 8.J. Johnson & Associates, 2503 Eastbluff Drive, No. 203, Newport Beach, CA 92660. (714) 644-6037 
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Now you can sound oft 
right &om your 
printed circuit boards. 

The Mallory 
Sonalert® Signal. 
This new Sonalert design gives you a choice of 
three medium loud sounds-continuous, fast 
pulse, or slow pulse at 2900 Hz. It will even give 
you pulsing or continuous sound in the same 
package. You can spec it into just about any­
thing in which you need sound. And its pin 
mounting makes it easy to insert and solder 
into printed circuit boards. Units may be hand 
or wave soldered . 

Mallory Sonalert Electronic Signals are 
available direct, or through authorized Mallory 
distributors in U.S., Canada and overseas. Give 
us a hearing. Write or call. Mallory Capacitor 
Co., a division of 
Mallory Components 
Group, Emhart 
Industries, Inc ., 
P.O. Box 372, 
Indianapolis, Indiana 
46206. (317) 636-5353. 

An EMHART Unit 
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Low Profile ... 

LED lighted 
keys give 
visual indication 
of status function. 
Or choose 
unlighted keyboard. ....__ ____ ___,, 

10. 12. or 16 
station. Square 
or round keys. 
Attractive color 
selection. 
Clear. sharp key 
top or decal marking. 

BCD and hexi­
decimal encoding 
available as 
optional plug-on 
"Adder-Boards': 
Easy front panel 
mounting. 

Design your 
own keyboard. 
Single station modules 
mount on PC 
or prepunched boards 
with .100 center holes. 

DOD 
DDL1 
DDL1 
DDU 

ftl SIA~Q.~~yr~ -o 1139 BAKER STREET, COSTA MESA, CALIF. 92626 @:- (714) 549-3041 TWX, 910/ 595-1507 

Other STACO Company products: Custom Transformers, 
STACO ENERGY PRODUCTS, Richmond, Indiana; 
Variable Transformers, STACO ENERGY PRODUCTS, 
Dayton, Ohio. 
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SMARTY 

Al 
THE SMART APPROACH TO .. ' ~ 

PROM PROGRAMMING 
The unique. universal PROM programming system with a smart approach to: 

PROGRAMMING - Smarty programs all types of PROMs. FPL.A 's PALs and FPGAs. 
Gang programs up to 240 Fuseable Link PROMs and EPROMs. 

SIMPLICITY 

SIMULATION 

EDITING 

- No interchangeable personality modules are required . 

- Smarty comes with a built- in PROM simulator as a standard feature. 

- Smarty gives you 14 editing commands. Other systems offer only 
three or four. 

DATA STORAGE - You can order an optional , built-in Micro Cassette Data Storage 
unit. 

INTERFACE - Smarty is equipped with built-in PPTR interface, parallel bus , 
RS232C, and current loop with 14 switch-selectable baud rates. 

And Smarty costs less than any other universal PROM programming system. 

--SUNRISE ELECTRONICS 
307-H South Vermont Ave., Glendora, CA 91740 (213) 963-877S • (213) 914-1926 
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We supply the s-100 revival. 

I 
Why 5·100? Because S-100 machines are not consumer toys - but flexible, pro-level systems 

that are easy to upgrade, modify, and adapt to specific applications. Over the years the S-100 buss 
has proven to be the ideal choice for commercial, industrial , and scientific applications. 

We're expanding the options for S-100 systems by using the experience we've acquired in the 
past, mixing in the best technology offered by the present, and building products for the future .. . 
products that meet, and often exceed, the demands of the new wave of S-100 professional users. 
When you move up to S-100, move up to the CompuPro'" line from Godbout Electronics. 

lNEW! HIGH-PERFORMANCE •fNEW! The Godbout Box! Qs 100 MOTHERBOARDS~ g> At last - a high quality, industrial grade home for 
• a_ your computer. Includes power supply. Use for either 

19 slot: S174 unkit S214 assm ii desk orrack mount. Check your local computer store for 
12 slot· S129 unkit' s1&g assm ~ details, or write us direct. .. this is a product that has 

6 slot; 519 unkit, 's129 assm ~ne:~Y~~eded for a long time, and we're flll1ng that need 
(Unkits have edge connectors and termination resistors f .., _______________ _ 

pre-soldered In place for easy assembly.) g 
These 3rd generation motherboards are shielded, ter- 111 

minated, and designed to work with the latest 5 and 10 c8" 
MHz CPUs coming on line. Fits in Godbout , Vector, -
IMSAI, TEI, and similar enclosures. These high quality !. 
products are a welcome addition to any system - or the 
start of a great one. * 

2S "Interfacer" S-100 1/0 board 

••• AND DON'T FORGET 

OUR MEMORIES! 
All 01.<r memory boards are fully static , are zip along 

with 5 MHz systems, include a 1 year warranty, and are 
available in 3 different configurations. Here are just 
some selections from our roster of 14 Econorams· • .. 

Name Buss & notes Unkil 

S119 unkit, $249 assm, S324 CSC* BK Econoram II 
32K Econoram X 
24K Econoram XII 
16K Econoram XIV 
16K Econoram XY-16 
32K Econoram XY-32 

S-100 SU9 
S-100 $529 

Assm csc· 
$179 $239 
$649 $789 
5419 $519 
$349 $448 
S395 n/a 
$729 n/a I 

Dual serial port with 2 full duplex parallel ports for 
RS-232 handshake. Crystal timebase, Baud rates to 19.2 
KBaud selectable for each port , much more. This no­
excuses serial board does things the others only dream 
about. 

fNEW! 3P + S "Interfacer II" 
S-1 DO 1/0 board Sl 89 unkit, 

I 1n~~~~esa1~~:1 ~3s~~1 ~~~t: all the 
features of a port from the 2S " Interfacer"), along with 3 
full duplex parallel ports with attention/enable/strobe 
bits for each parallel port and individual interrupts. The 
versatility of each port cont ributes to a very versatile, 

(N;;;y ;;
1

~~~rdManagement 
S59 kit, S85 assm, S100 CSC* 

Add bank select and extended addressing to older 
S-100 machines - boost memory capacity beyond 64K, 
up to '12 megabyte! Use our new extended addressing 
memories, or retrofit existing memories that have phan­
tom or extra qualifier lines. 

Notes 

S-100 (1) S329 
S-100 (2) S289 
Heath H8 (3) S329 
Heath H8 (3) S599 

(1) Bank select board - 2 independent banks addressable on 
SK boundaries. 

(2) Extended addressing (24 address lines). 
(3) Bank select option for implementing memory systems 

greater than 64K. 
• CSC boards are qualified under our high-reliability Certified 

System component program (200 hour burn-in, replace· 
ment in event of failure within 1 year of invoice date) 

' • Econoram is a trademark of Godbout Electronics. 

TERMS: Cal res add tax . Allow 5% for shipping , excess 
refunded . VISAti/Mastercharge• call our 24 hour order 
desk at (415) 562-0636. COD OK with street address for 
UPS. Prices good through cover month of magazine. 

248 CIRCLE 154 ON IN9UIRY CARD 

SALES OFFICES 

NEW ENGLAND AND 
UPSTATE NEW YORK 

CALDWELL ENTER­
PRISES, INC. 
Lindsay H. Caldwell 
129 Cedar Hill Rd. 
East Dennis, MA 02641 
( 617) 385-2533 

LONG ISLAND AND 
MIDDLE ATLANTIC 
STATES 

CALDWELL ENTER­
PRISES, INC. 
Richard V. Busch 
6 Douglass Dr., R.D. #4 
Princeton, N.J. 08540 
( 201) 329-2424 

SOUTHEASTERN 
STATES 

COLLINSON & CO., INC. 
Newton B. Collinson, III 
Anthony C. Marmon 
4419 Cowan Rd., Suite 302 
Tucker, GA 30084 
( 404) 939-8391 
( 800) 241-9461 

MIDWESTERN 
STATES 

Berry Conner, Jr. 
88 West Schiller St. 
Suite 2208 
Chicago, IL 60610 
( 312) 266-0008 

WESTERN STATES 
AND TEXAS 

BUCKLEY/ BORIS 
ASSOC., INC. 
Terry Buckley 
Tom Boris 
John Sabo 
22136 Clarendon St. 
Woodland Hills, CA 91367 
( 213) 999-5721 
( 714 ) 957-2552 
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The plotter size & speed you need, 
complete with microprocessor 

The CPS Digital Plotting System based controller ever your plotting needs may be, 
allows you to select the plotter size IJ.. there's a CPS System tailored to meet 
and speed most suited for your them, at a price to fit your budget. 
specific application and combine it with a generation of alphanumeric characters, For complete information on the new 
microprocessor based plotter controller for circular buffer memory and greatly simpli- CPS Digital Plotting Systems, call or write 
optimum digital plotting - whether online or fies host computer software. The controller Houston Instrument, One Houston Square, 
remote. can either operate from a host computer or Austin, Texas 78753. (512) 837-2820. For 

Speeds for the plotters on the CPS Sys- serve as a sophisticated computer inter- rush literature requests or sales office in-
terns range from 300 to 2000 steps/second face - whichever fits your specific applica- formation, persons outside Texas call toll 
and plotting surfaces are available from tion. free 1-800-531 -5205. In Europe contact 
11 " to 42" wide. High or low speed, high or low resolution, Houston Instrument, Rochesterlaan 6 8240 

The plotter controller utilizes a micropro- wide or narrow plotting surface ... what- Gistel Belgium, phone (059) 27 74 45. 
cessor to provide automatic detection and 
correction of transmission errors, local 

Clrcle-#155 for literature. 
Gire\ #156 to have a representative call. 
*U.S. Domestic Price Only 

haust:an l DIVISION OF BAU&CH & LOMB~ 
instrument Visit us at ISA Booth 138 

''the graphics - recorder company'' 



M1croprocessordes1gn.canbesi:mple. 
wtuaoaraewllule• '1000 cU'da. 
Deatcne4, manw.tacman4, and 
'8ne4fo1' r11U•4buhldrlal .... 

Our modular Series 7000 cards 
can handle a.n;yth1ng fl'om data pro­
cessing to instrumentation or in­
dustrial control. Take your choice of 
Z-80, 6800 and 8086 CPU cards. We 
&lso have a variety of other cards 
including memory, input/output, 
1ndustr1&1 control (like TRIAC out­
puts and AC/DC opto-isolated in­
puts), and communications inter­
faces (such as B.8-232 and TTY). We 
also have card racks and compatible 
power supplies. Because our Series 
7000 cards conform to the STD BUB, 
&11 of our cards work together. Just 
plug them into our standard bused 
motherboard. No messy, inconve­
nient backplane wiring. 

lecoad.·110111'C• d.ealCJldtn at 
every level. 

We use all second-sourced 
parts, parts which have been 
proven through years of use. Buy 
260 of any one card, and we give you 
fl'ee nonexclusive manufacturing 
rtghte, photo-ready artwork, a pai'ts 
list and assembly prints. Bo you can 
build your own cards relying on us 
as your second-source. 

Bel1a'bil1'7 'backe4 by a l-7ear 
puu an4 la'bor warranty. 

We test every card before and 
after power-on burn-in. If some­
thing does go wrong, our modular, 
plug-in concept means easy service. 
Just swap cards. 

-."'----~-~----------J.Vlslt our booth #426-428 at MIDCON 

Our coura•• and.literlmar• •how 
7ov. how eu7 mlcroproce .. or 
d.e•ICJL can 'be. 

Write for a copy of our STD BUB 
Technical Manual, our Micropro­
cessor User's Guide, and for a 
schedule of our fl'ee half-~ micro­
processor economics seminars and 
our microprocessor design courses. 
Pro-Log Corporation, 2411 Garden 
Bo&d, Monterey, CA 93940, phone 
( 408) 372-4693. 

~PRO-LOG 
~COR PO RATI 0 


