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THJ\P-1208 
FLOATING-POINT ARRAY PROCESSOR 

HAS BROUGHT THE AGE OF ARRAY PROCESSING. 

NEVER BEFORE HAS A PROCESSOR ACTUALLY DE­
LIVERED SO MUCH POWER, SPEED, PRECISION, 
RELIABILITY AND PROGRAMMING EASE. 
• SIMULATION 
• IMAGE PROCESSING 
•GRAPHIC RESEARCH 

• METEOROLOGY 
• SIGNAL PROCESSING 

... and MANY MORE 

FAST: 167 nanosecond multiply/add .. . 2.7 milli ­
second 1024 FFT. Throughput 100 to 200 times 
greater than most computers. 
EASY PROGRAMMING: Over 95 routines callable 
from FORTRAN. Its symbolic cross-assembler and 
simulator/debugger helps you create new routines. 

CIRCLE 1 ON INQUIRY CARD 

FLOATING POINT 
SYSTEMS, INC. 

CALL TOLL FREE 800·547·1445 
P.O. Box 23489 Portland. OR 97223 11000 SW 11th. Beaverton. OR 97005 
(503) 641-3151. TLX: 360470 FLOATPOINT PTL 

COMPATIBLE: Interfaced to all popular c omputers 
and their operating systems. A flexible format con­
verter translates data to and from the host CPU. 
And a high speed OMA port is available to use 
with other peripherals. 
CAPACITY: 16 7 or 333 nanosecond memories from 
8K to 1 megaword. 
PRECISION: 38-bit floating-point arithmetic, nor­
malized and convergently rounded, produces 
eight decimal digit accuracy, not just six. 
RELIABLE: Goes where your CPU goes-computer 
room, lab, or in the field. More than two years of 
operation logged. 
ECONOMY: Less than S40K delivers a complete 
system. That's a small fraction of what you must 
spend for comparable computing power. 

Discover how the AP-120B has brought The Age of 
Array Processing. Hundreds are in use. Send for 
our data pack and find out what the AP-120B can 
do for you. 

The Age of Array Processing Is Here. 
1- - - - - - - - - - - - - - - - - - - - - -
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75 HARDWARE MULTIPLICATION TECHNIQUES 
FOR MICROPROCESSOR SYSTEMS 
by Bala Parasuraman 
Economical methods of augmenting microprocessor hardware to achieve 
multiplication capability are examined, focusing on the tradeoffs necessary 
to bridge the performance gap between all-software and all-hardware 
approaches 

85 DATA COMPACTION IN COMPUTER SYSTEMS 
by Yitzhak Dishon 
Elimination of types of redundancy inherent in the source of data can 
result in savings in transmission time or storage media without loss of the 
ability to recover lost or garbled information 

93 THE CASE FOR USING PARTIALLY GOOD MEMORY DEVICES 
by Robert H. F. Lloyd 
Technique for using partially good memory components in memory systems 
requires little additional electronics to accommodate the defective chips yet 
returns a substantial yield improvement, thus providing lower costs as well 
as other unexpected benefits 

98 FIRST PRIZE-MICROPROCESSOR/MICROCOMPUTER 
APPLICATION CONTEST-MICROPROCESSOR RESTROOM ROBOT 
by Claude A. Wiatrowski 
In addition to conserving both water and energy required for pumping, the 
microprocessor system lowers building costs and acts as a maintenance 
monitor 

102 SYNCHRONOUS ADAPTER REDUCES COMPLEXITY 
OF FLOPPY DISC CONTROLLER 
by Mark E. Eidson and Larry A. Parker 
A synchronous serial data adapter reduces the number of ICs required in a 
flexible disc controller for microprocessor-based systems, and can be 
adapted to other small peripheral devices as well 

108 BATTERY BACKUP FOR MINICOMPUTER SEMICONDUCTOR MEMORIES 
by Jerry Washburn 
Using semiconductor memories involves the added complexity of selecting 
the proper backup battery for information retention after interruption of 
primary power 

150 SINGLE ARCHITECTURE TERMINAL COMBINES 
GRAPHIC AND ALPHANUMERIC CAPABILITIES 
Users can utilize the same hardware/software set to solve graphic and alpha­
numeric problems for color or black and white display in a single terminal 
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If low cost and high performance 
are criteria ... our new 82000 Series 
permanent magnet steppers 
are the answer. 

Here's a new permanent magnet have 24-pole rotor construction. 
stepper motor line created to meet As a result, they offer excellent 
the design needs of analytical pull-in rates and good stepping 
instrumentation and computer accuracy. Another advantage is 
peripherals. Applications include low temperature rise . .. over 50% 
tape drives, printer and chart lower than comparable variable 
drives and optical disc drives. reluctance stepper motors opera-
Both 5 volt and 12 volt models ting on a similar duty cycle. Gear 
are available. boxes can be furnished to meet 

All utilize 4-phase stators and varying torque and speed 
permanent magnet rotors. Most requirements. 

Write for information today! 

Available pull-in torques from .750 oz-in. to 7.50 oz-in. 
Available stepping rates from 210 steps/sec to 440 steps/sec. 

Our 4-page Permanent Magnet Logic Stepper 
Motor catalog provides all basic details including 

performance data and charts, dimensional drawings, 
as well as electronic drive information. 

Send for a copy. 

A.W. HAYDON CO. PRODUCTS 

I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
Cheshire, Conn. 06410 • (203) 272-0301 

4 For immediate need, circle 4 on Inquiry Card. 
For information only, circle 5 on Inquiry Card. 
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Une J!rinter speed at 
serial printer prices 
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CHARACTERS PER LINE 

Florida Data Corporation's new PB-600 gives you 
line printer speed at serial printer prices. It's rated 
at 600 characters per second. And, as the graph 
indicates, that translates into line outputs from 240 
to well over 1200 lines per minute, depending on 
line length. 

For all its speed the PB-600 offers you the econ­
omy and mechanical simplicity of a dot matrix serial 
printer. It utilizes an 8 x 7 matrix, which offers signifi­
cant speed advantages over the 5 x 7 format. It is 
microprocessor powered, with 1000 characters of 
processor memory allocated as a data buffer, permit· 
ting buffer storage of up to 16 lines of data. And 
the PB-600 accomplishes its remarkable speed with 
only one print head, simplifying printer maintenance 
problems. 

The basic PB-600 character set is USASCll. 
However, special PROM-generated character sets can 
be supplied, printing any character in any alphabet, 
provided it can be generated within an 8 x 7 dot 
matrix. 

Multi-copy capability extends to an original plus 
five carbons. 

Finally the PB-600's price is most attractive -
lower than you might think. Write for further technical 
data and price quotation today. Florida Data 
Corporation, 3308 New Haven Ave., Melbourne, Fl. 
32901. Telephone (305) 724-6088. 

- ....... 111111111 
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I LETTERS TO THE EDITOR I 
To the Editor: 

In the Dec 1976 issue of Computer 
Design, "Letters to the Editor," pp 
10-14, Mr A. J. M. Collins appears 
to question the statement that "No 
security (system) is inviolable." Dur­
ing World War II the German Gen­
eral Staff could never be convinced 
that their codes would someday be 
broken. The Allies broke the German 
code and took extraordinary meas­
ures to ensure that the German Gen­
eral Staff would continue to believe 
that it had never been broken. 

Let us assume for the moment that 
a security system is used to transmit 
a letter. This system will format the 
letter for transmission such that the 
heading, address, greeting, etc are 
positioned somewhere in the body of 
the letter and restored to the proper 
format when the letter is printed 
at destination. Assume also that sev­
eral codes are used for each con­
sonant and numbers 0 through 9, and 
still a greater number of codes are 
reserved for vowels, space, null, and 
other frequently used characters. A 
2-page letter would be difficult to 
"decode," but not impossible if suf­
ficient repetition occurs. An unautho­
rized person, familiar with "decod­
ing" procedures, can with the use of 
a computer break almost any coded 
message. (The words "decode" and 

6 

NEW TECH EDITOR AT 
COMPUTER DESIGN-George 
V. Kotelly has joined the staff of 
Computer Design magazine as 
Technical Editor after a number 
of yea!s of industrial technical 
communications experience . 
Most recently a senior technical 
writer at Analogic Corp, he 
previously held similar positions 
at USM Corp, Raytheon Co, and 
Honeywell. Prior to that he was 
a senior publications engineer 
at RCA. He holds a BSEE de­
gree from Tufts University. 

"decoding" are synonymous with 
code breaking. ) 

"Decoding" is impossible if a suf­
ficient number of codes are assigned 
to all characters such that the same 
code is never selected for repeating 
characters. This is true for a limited 
number of messages; however, as 
the number of messages increases, 
portions of the table are exhausted 
and repetition is unavoidable. Vul­
nerability ("decoding") of a system 
is directly proportional to repetition 
since repetition yields information. 
Nonlinear shift registers are viewed 
as an improvement in comparison to 
linear shift registers but offer less 
protection than small computer sys­
tems. 

The problem of protecting coded 
information from attacks is consider­
able. Complete protection from cross­
talk between telephone lines is not 
always realized. There is also the 
possibility that an intrud~r may be 
able to tap a line by means of 
capacitive or inductive coupling. 
Wire tapping, of course, needs no 
further discussion. Preparation of 
messages in clear codes (such as data 
on paper tape) could very well be 
a weak link in the system since it is 
possible to detect transients gen­
erated by characters that are being 
punched. Each character generates 
a slightly different transient (char­
acters may be identified with an 
oscillograph record; however, a small 
computer can be programmed so as 
to readily identify characters if 
transients are digitized) that is re­
flected in the power line and can be 
detected by monitoring the power 
line with a wideband frequency se­
lective voltmeter. Some protection 
can be realized with the use of 
satµrable voltage regulators and 
complete protection has been ob­
tained with the use of regulators 
that convert ac to de and again back 
to ac. Isolation transformers, depend­
ing on the design , provide acceptable 
results. 

In the writer's opinion the concept 
of absolute randomness is one that 
begs for a more precise definition, 
yet is frequently used to draw at­
tention to the salient features of a 
security system. Some statisticians 
have expressed the opinion that the 
concept of absolute randomness can­
not be defined with words but can 
only be exemplified by producing a 
table that is absolutely rand9m and 
such a table would have to meet 
the following conditions. It must 
consist of the set of all integers; 

the set, after being arranged in a 
random sequence, cannot be formu­
lated; the cross correlation between 
any two large subsets will produce 
identical results (or relatively small 
variations) ; and if the set is treated 
as a function of time, the results of 
a power spectrum would be identical 
to white noise. 

Such a table cannot be produced 
because of the obvious limitation of 
an infinite set, but it is useful only 
as a concept that attempts to define 
absolute randomness by associating 
it with a table. Binary sequences 
originating from selected terms of 
the binomial formula have been 
used to produce pseudorandom tables 
with good results. Errors produced 
by the power ·spectral density pro­
gram such as truncation, roundoff, 
filtering, and interpolation were found 
to be minimal. A loss in randomness 
was observed when numbers (binary) 
containing runs of three or more Os 
and ls were eliminated from the 
table. 

The primary reason that accounts 
for the limited number of attacks on 
communication systems is believed 
to be the · lack of technical com­
petence of an attacker. There is also 
the problem of securing complex 
and expensive equipment that will, 
as a minimum requirement, detect 
and record serial data. Access to 
telephone lines where concealment 
is possible is difficult to find . T~e 
attack could come from an organiza­
tion with the necessary resources and 
would have a high probability of 
success. One security failure is suffi­
cient to destroy the confidence of 
users. For those who have the respon­
sibility of maintaining security of 
communication systems, the advice 
given by the U.S. Navy to submarine 
crewmen is certainly worthwhile: 
"Dant make the same 11'!-istake once!" 

Interested readers who would like 
additional information should con­
sult the following references. 
R. Krishnaiyer and J. C. Donovan, 
"Cyclic Sequence Generator Increases 
Security of Alarm Systems," Computer 
Design, July 1975, pp 73-77 

R. Krishnaiyer and J. C. Donovan, 
"Shift Register Generation of Pseudo­
random Binary Sequences," Computer 
Design, Apr 1973, pp 69-74 
S. W. Golomb, Shift Regisfer Sequences, 
Holden-Day, Inc, 1967 
Carl H. Meyer, "Enciphering Data for 
Secure Transmission," Computer De­
sign, Apr 1974, pp 129-134 
F. Sellers, Jr, Mu-Yue Hsiao, and L. W . 
Bearnson, Error Detecting Logic For 
Digital Computers, McGraw-Hill Book 
Co, 1968 

Roland M. Vayer 
Consultant 
Vergennes, Vt 

(Continued on p 10) 





Here's an idea that could change 
your thinking about test equipment. 

A complete test station doesn't 
have to be ah assortment of spe­
cial-function instruments. A work­
ing workbench doesn't have to 
be crowded and unhandy. And a 
truly portable test lab doesn't 
have to be out of reach. 

TM 500 offers you an alternative: 
a modular line of compact, inter­
changeable plug-ins and main­
frames. Multiconfigurable both in 
packaging and in performance, 
TEKTRONIX TM 500 is designed 
around the idea that test equip-

ment which is compatible in 
every respect can, in fact, cover 
a broader range of functions and 
meet a wider variety of measure­
ment situations. To say nothing 
of its ability to adapt more readily 
to new challenges. 



Modular DMMs, counters, gen­
erators, amplifiers, power sup­
plies, oscilloscopes, logic analyz­
ers, and word recognizers can 
be interfaced electrically. Signals 

can be routed from one plug-in 
board to another via the main­
frame mother board, thus en­
abling you to build a test instru­
ment that's more powerful than 
the sum of its parts. 

The plug-ins can be configured 
together in six widths of main­
frame and four types of pack­
ages, depending on where and 
how you'll use them. Select the 
plug-in modules you need just as 
you would monolithic instru­
ments, and then combine them in 
the appropriate mainframe for a 

convenient, uncluttered bench 
setup; mount up to 6 functions 

side-by-side in a 51/4-inch rack; 
build a rollabout station that "fol­
lows" you around the lab. Or 

TM 500 ... designed for configurability. 

For technical data, circle 8 on Inquiry Card. 
For a demonstration, circle 9 on Inquiry Card. 

pack a portable test station in the 
small-as-a-suitcase TM 515 Trav­
eler Mainframe, which carries up 
to 5 modules and typically weighs 
less than 35 pounds, including 
the modules. 

The result is a total test system 
that looks like a unit ... works as 
a unit ... yet is still configurable 
to new or changing measurement 
requirements. So the next time 
you're looking into test instru­
mentation, specify the one prod­
uct line that's designed for con­
figurability. 

For further information or a dem­
onstration of TM 500 Instrumen­
tation, write or phone: Tektronix, 
Inc., P.O. Box 500, Beaverton, 
Oregon 97077, (503) 644-0161 ext. 
5283. In Europe: Tektronix 
Limited, P.O. Box 36, St. Peter 
Port, Guernsey, Channel Islands. 

COMMITTED TO EXCELLENCE 
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MODEL 8021 
13" diagonal CRT 19" diagonal CRT 
Resolution Resolution 
• 870 elements horiz. • 1280 elements horiz. 
• 650 elements vert. • 960 elements vert. 

COMMON FEATURES 
• Video-bandwidth 

10 MHz 
• Horiz. freq 15.75 

KHz to 17.9 KHz 
• Composite sync on 

green input 

• RS-170 compatible 
• Linearity ±0.5 horiz. 

to ±0. 7 vert. 
• Less than 2 % 

distortion 

MODEL 8023 
19" diagonal CRT Convergence 
Resolution • Less than 1.0 mm 
• 1280 elements horiz. from optimum 
• 960 elements vert. • Sectorized conver-
Video bandwidth- gence controls (10 

25 MHz groups of 3 ea.-
Horizontal freq.- RGB) 

31.5 KHz 

To the Editor: 

I have just read the article "Docu­
mentation Standards Clarify Design," 
by J. F. Wakerly in the Feb 1977 
issue of Computer Design, pp 75-85. 
Although· the author recommends use 
of the "distinctive shapes" symbols 
of ANSI Y32.14-1973, certain of his 
illustrations do not reflect fully the 
requirements or capabilities of that 
standard. 

In particular, the symbology used 
for Hip-flops in this article ignores 
the essential requirement of the 
ANSI standard that the outputs of 
the Hip-flops are to be shown with 
the logic state or physical signal 
level that occurs when the Hip-Hop 
is set. Therefore when the author 
uses the negation indicator option, 
the Hip-Hops of Fig 5, for example, 
should be shown this way 

-or:r-
--Li-

Again, in Fig 14, the author in­
vents a doubled dynamic indicator 
symbol to designate that the flip­
flop outputs change their state only 
after the clock signal disappears. 
The standard provides an output de­
lay indicator symbol for this purpose. 
Thus the flip-Hop in Fig 14 should 
appear as 

CLK 

In all of the above, I have ignored 
the internal labels on the input and 
output lines. In particular, the labels 
Q, Q, CLK, PR, and CLR are not 
permitted in the standard. This is 
not a deficiency of the standard as 
it does provide a simple and un­
ambiguous method of accurately re­
flecting the operations intended. For 
example, the "CLK" input to an 
S-R or J-K Hip-flop is labeled G, 
and to show that the inputs are 
effective on the Hip-Hop only when 
the clock signal occurs, the symbols 
used are 

=fl­
-l_J--

GJ 

GK 

Or, as in Fig 15, when some inputs 
are effective asynchronously, it would 
be shown as 

~CIRCLE 10 ON IN9UIRY CARD 

GJ 

-a G 

GK 

The standard also addresses the 
question of symbology for more com­
plex MSI or LSI symbols discussed 
briefly by the author. While the 
standard probably cannot represent 
many such devices in a simple single 
symbol, it does give examples cover­
ing the multiplexer of Fig 18 (a) . 

My purpose here is simply to cor­
rect the impression conveyed by the 
article that the symbols adhere to 
the ANSI standard. 

M. P. Chinitz 
Sperry Univac Computer Systems 
Blue Bell, Pa 

To The Editor: 

In the December 1976 issue of Com­
puter Design, pp 112-114, the article 
titled "Microcomputer Interfacing : 
The Vectored Interrupt," by Jonathan 
A. Titus, Peter R. Rony, and David 
G. Larsen, briefly mentions that inputs 
to the 74148 priority encoder chip 
should be latched. The authors do 
not mention why or when to latch 
the interrupt inputs. The why is 
simple: the interrupt should be 
latched because an interrupt pulse 
may be missed by a busy processor. 
The interrupt latch should only be 
reset when the particular interrupt 
is answered by the processor. 

Inputs to the 74148 priority en­
coder chip should be held stable 
while the interrupt acknowledge 
jams the instruction onto the 8080A 
data bus. If the inputs to the 74148 
priority encoder chip are not held 
stable when the 8212 is being loaded, 
then the contents loaded into the 
8212 are not predictable since the 
outputs of the 74148 may change. 

Unpredictable contents loaded 
into the 8212 result in a bogus in­
terrupt being recognized by the soft­
ware. The results of software process­
ing a bogus interrupt might be un­
predictable. 

William J. Gleeson 
Honeywell Information Systems 
Phoenix, Ariz 

Letters to the Editor should be ad­
dressed: 

Editor, Computer Design 
11 Goldsmith St · 
Littleton, MA 01460 
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Ask 
CONTROL DATA 
for the Floppy Disk Drive 
more major ©~~'s specify. 

We 
have it. 
One major OEM after another 
tested our Floppy Disk Drives. Ran 
them through rigorous evaluations. 
Compared them with competition. 
And chose ours. Either our Model 
9400; or our Model 9404 with 
double-density capability. 

Both have true IBM compatibility, with 
the write-current switched at track 43. Both 
offer ceramic heads; and hard and soft-
sector capability. The 9400 has a star interface; 
the 9404 a daisy chain interface plus power 
reduction, write-protect option, and double-density 
capability. 

Whether large OEM or small, we invite you to 
make your own tests and comparisons. Let us 
demonstrate our Floppy Disk Drives, right in your 
facility. Evaluate them, just as many major OEM's did. 
We know you'll make the same choice. 

Two configurations available. Choose Model 9400 
for single; Model 9404 for multiple drive applications. 
Model 9404 also offers double-density capability. 

------------------Call (405) 946-5421 or return coupon to : Terry J. Hardie, 
Control Data Corporation , 4000 NW 39th Street , Oklahoma City, OK 73112. 

O Please have your salesman bring me 
a Floppy Disk Drive for eval uation. 

NAME 

O Tell me more about your 
OEM Floppy Disk Drives. 
___ TITLE ___________ _ 

COMPANY _____________ ADDRESS. ____________ _ 

Ask the CDC OEM people I 

r,J c:\ CONT~OL DATA 
\:::. r:!I COl\POR{\TION 

I 
I 
I 
I 

L CITY STATE__ ZIP --AREA CODE -- PHONE ...J --------------------------------------
CIRCLE 11 ON INQUIRY CARD 11 
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OUR NEW 402715 GOING 
TO PUT A LOT OF 4K RAMs 
OUT TO PASTURE. 
Introducing Fairchild 's M4027. 

The only pin-for-pin, spec-for-spec, function-for-function 
official alternate source forthe MK4027 MOS RAM memory. 

As you know, the MK4027 is the ultimate successor 
to the industry standard 4096 memory series. 

Since Fairchild has been a major supplier 
of the 4096 memories for years, it stands to 
reason we'd produce their successor. 

A FAST WAY TO SAVE MONEY. 
The new M4027 is the most cost-effective 

4K dynamic RAM on the market. It has a 
smaller die requiring fewer processing steps, which results 
in higher yield and lower cost than previous 4K RAMs. 
It is specifically designated for high-speed applications 
where performance of other 4K RAMs is insufficient. 

CYCLETIMEtCYclns) The new memory offers 
375 320 

1000 500 400 300 2so access times in the range 50mA 

of 150 ns to 250 ns. 

l 1.2 .-----.------,-------.---

i »nA +--+-<---+-+-+-t-1r-+ Ci 
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so 

II 

~'++-+-+-t-++t--j 2 1.0 1---+----,-----+---i 
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TJ. JUNCTION TEMPERATURE (0 C) 

Also, it is the only 4K 
RAM that offers true 
16K RAM compatibility. 

And speaking of 
compatibility, you should 
see how it gets a long 
with the 4096. 

COMPUTER DESIGN I APRIL 1977 



In most applications an M4027 will plug directly into a 4096 
socket. Here are a few specs to whet your appetite: 

M4027 SERIES COMPARED TO 4096 SERIES 
DYNAMIC RAMs 

Parameter 4096Serles M4027-2 M4027-3 M4027-4 

Access Time Range 25(}350 ns l50ns 200ns 250 ns 

Row Address Hold 
TimeRange 5(}80 ns 20 ns 25 ns 35 ns 

Column-To-Row-Strobe 
Lead Time Range -SO to +sons CAS con stay LOW to end of cycle. 

Clock High Voltage 
Minimum 2.7V 2.4V 2.4 v 2.4 v 
Input High Voltage 
Minimum (Except Clock) 2.4V 2.2V 2.2V 2.2V 

Page Mode Operation? NO YES YES YES 

"RAS-Only" Refresh 
Cycle? NO YES YES YES 

A SCHMOO PLOT BIG ENOUGH TO DRIVE 
A TRUCK THROUGH. 

What we did is take the guaranteed specs and surround 
them with more performance than you 'd normally expect 
out of a 4K RAM. 

The sch moo comes out looking like this: 

+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 

+ + + + r+:i~~+~·+. 

: : : : l; __ ;~_ics! __ ;J 
+ + + + + +':sJ~illili 

+ + + + + + 
+ + + + + + 

++++++~~~iJ~ 

+ + + + + + + + + + + + + + 

BUY SECOND SOURCE FIRST. 
For immediate delivery of more information or products, 

write or call your favorite Fairchild distributor, sales office 
or representative today. Or use the direct line at the bottom 
of this ad to reach our MOS Division. Fairchild Camera & 
Instrument Corp., 464 Ellis Street, Mountain View, California 
94042. Tel : (415) 962-3941.TWX: 910-379-6435. 

F=AIRCHIL.C 

CALL US ON IT. 
(415) 962-3941 
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I CALENDAR I 
CONFERENCES 

APR 26-27-The 25th Annual Nat'I Relay 
Canf, Oklahoma State U, Stillwater, Okla. 
INFORMATION: Dr D. D. Lingelbach, School 
of Electrical Engineering, 202 Engineering 
S, Oklahoma State U, Stillwater, OK 74074 

APR 26 and ZS-Invitational Computer 
Conf, Hempstead, NY and Philadelphia, Po. 
INFORMATION : B. J. Johnson & Associates, 
2503 Eostbluff Dr, Suite 204, Newport Beach, 
CA 926€i0. Tel : (7 14) 644-ffi37 

APR 26-28, MAY 3-5, MAY 10- 12, and MAY 
24-2&-Computer Caravan, Minneapolis/St 
Poul, Minn; Chicago, 111; New York, NY; 
and Philadelphia, Pa. INFORMATION: John 
.(. Forbes & Associates, One Hilltop Rd, 
Winchester, MA 01890. Tel : (617) 729-9244 

MAY 2-5-ISA/77 Conf and Exhibit, Ana­
heim, Calif. INFORMATION: ISA/77, 400 
Stanwix St, Pittsburgh, PA 15222. Tel: (412) 
281-3171 

MAY 3-5-ECOMA -3 (European Computer 
Measurement Assoc ), Hamburg, Germany. 
INFORMATION: Scott N. Yasler, ECOMA 
President, c/o Union Bank of Switzerland, 
Bohnhofstrasse 45, CH-8021 Zurich, Swit­
zerland 

MAY 3-&-EUROCON '77, Venice, Italy. 
INFORMATION: EUROCON '77, c/o AEI, 
Viole Monzo 259, 1-20126 Milan, Italy 

MAY 7-8 and JUNE 18 - 19-Personal Com­
puting Show, Philadelphia, Pa and Boston, 
Moss. INFORMATION: Personal Computing, 
Conf and Exposition Mgmt Co, Box 844, 
Greenwich, CT 06830 

MAY 10- 14--Minicomputer, Peripheral, and 
Data Communications Exhibition, U. S. T rode 
Center, Milon, Italy. INFORMATION: Mike 
Springmonn, Office of lnternat'I Mktg, Rm 
1014, U.S. Dept of Commerce, Washington, 
DC 20230. Tel: (202) 377-4270 

MAY 16- 18- 27th Electronic Components 
Conf, Arlington, Vo. INFORMATION: Elea­
nor Madden, Public Affairs Dept, Du Pont 
Co, Wilmington, DE 19898. Tel: (302) 774-
2358 

MAY 17-19-NEPCON '77 East (Nat'I Elec­
tronics Packaging and Production Conf), 
Philadelphia, Pa. INFORMATION : NEPCON 
'77 East, Industrial & Scientific Conf Mgmt, 
Inc, 222 W Adams St, Chicago, IL ffiffi6. 
Tel: (312) 263-4866 

MAY 18-22-Hobby Electronics Fair, Phila­
delphia, Pa. INFORMATION: Aaron Koz­
lov, Project Mgr, ISCM, 222 W Adams St, 
Chicago, IL aJaJ6. Tel : (312) 263-4866 
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MAY 24-2&-Sixth Annual Sym on Incremen­
tal Motion Control Systems and Devices, 
Urbano, Ill. INFORMATION: Dr B. C. Kuo, 
U of Illinois, Dept of Elect ri cal Engineering, 
Urbano, IL 61801. Tel: (217) 333 -4341 

MAY 24-2&-lnternat'I Exposition of Mini/ 
Microcomputers and Microprocessors, Pa­
lais de Exhibitions, Geneva, Switzerland. IN­
FORMATION : Joseph C. Mourer, Industrial 
& Scientific Conf Mgmt, Inc, 222 W Adams 
St, Chicago, IL €iOaJ6. Tel : (312) 263-4866 

MAY 24-27-PICA-77 (Power Industry Com ­
puter Application Con fl, Toronto, Canedo. 
INFORMATION : IEEE, 345 E 47th St, New 
York, NY 10017. Tel: (212) 752-6800 

MAY 24-27-Seventh lnternat'I Sym on 
Multiple -Valued Logic, Charlotte, NC. IN­
FORMATION: Dr C. M. Allen, Sym Chm, 
Engineering Analysis and Design Dept, U of 
North Carolina at Charlotte, Charlotte, NC 
28m. Tel: (704) 597-2302 

JUNE 2-16th Annual Technical Sym, Not'I 
Bureau of Stds, Gaithersburg, Md. I NFOR­
MATION: Dr Stuart Katzke, Rm A-265, 
Technology Bldg, Notional Bureau of Stds, 
Washington, DC 20234. Tel: (30 1) 921-3861 

JUNE 6-8-Pattern Recognition and Image 
Processing, Rensselaer Polytechnic Institute, 
Tray, NY. I NFORMATJON: Gen'I Chm, Prof 
H. Freemon, Dept of Electrical and Systems 
Engineering, Rensselaer Polytechnic Institute, 
Troy, NY 121 81. Tel : (518) 270-6311 

JUNE 6-9-lSth lnternat'I Magnetics Conf, 
Los Angeles, Calif. INFORMATION : Gen' \ 
Chm, Geoffrey Bate, GPO Laboratory, IBM 
Corp, PO Box 1900, Boulder, CO 80302. 
Tel: (303) 447-5634 

JUNE Z0-22-14th Design Automation Conf, 
New Orleans, Lo. INFORMATION: Gen'\ 
Chm, Judith G. Brinsfield, Bell Laboratories, 
Rm 3B-323, Whippany Rd, Whippany, NJ 
07981. Tel: (20 1) 386-3169 

JUNE 20-22-IFAC/IFIP Real -Time Pro­
gramming Workshop, Eindhoven, The Neth­
erlands. INFORMATION: C. H. Smedemo, 
Philips Research Laboratories, Eindhoven, The 
Netherlands 

JUNE 22-24--Joint Automatic Control Conf, 
San Francisco, Calif. INFORMATION : Prof 
J. Meditch, Dept of Electri cal Engineering, 
U of Washington, Seattle, WA 98195. Tel: 
(206) 543-2170 

AUG 8- 12-IFIP Congress 77 (lnternat'I 
Federation for Information Processing ), To­
ronto, Canada. INFORMATION : Robert C. 
Speiker, U.S. Committee for IFIP Congress 
77, Registration and Accommodations, West­
ern Electric Co, 222 Broadway, New York, 
NY 10038 

SEMINARS 

MAY 3-5, MAY 10- 12, and JUNE 7-9-
Designers' Forum : Designing Microprocessor 
Systems, Chicago, Ill; New York, NY; and 
Boston, Mass. INFORMATION : Computer 
Corovon, 797 Washington St, Newton, MA 
021ro 

JUNE 6-8-Computer Science and Engineer­
ing Curricula Tutorial and Workshop, Wil­
liamsburg, Vo. INFORMATION : CSE Work­
shop, PO Box 639, Silver Spring, MD 20901. 
Tel: (301) 439-7007 

JUNE 7-8-Digital Electronics for Automa ­
tion Workshop, and JUNE 9- 11- Microcom­
puter Interfacing Workshop, Virginia Poly­
technic Institute and State U, Blacksburg, 
Vo. INFORMATION : Dr Norris Bell, VP\ & 
SU Continuing Education Ctr, Blacksburg, VA 
24061 Tel: (703) 95 1-6328 

SHORT COURSES 

APR 25-28 and JUNE 13 - 1&-Applications 
of the PACE Microprocessor; MAY 2-5 and 
JUNE 20-23-SC/MP Applications; MAY 
9-12-Advanced Programming; and JUNE 
6-9-Microprocessor Fundamentals, Santo 
Clora, Calif. INFORMATION: Local No­
tional Semiconductor Soles Offices, or Na­
tional Semiconductor's Western Micropro­
cessor Training Center, 1333 Lawrence 
Expwy, Santa Clora, CA 95051. Tel : (408) 
247-7924 

APR 26 and MAY 17-Microprocessor Proj­
ect Mgmt : Design, Manufacturing, QA, and 
Field Service; APR 27 and MAY 18- Micro­
processors/Microcomputers : A Comprehensive 
Technical Introduction and Survey; and APR 
28-29 and MAY 19-20-Hands-On Micro­
computer Programming Workshop, New York, 
NY (Apr) and Minneapolis/St Paul, Minn 
(May). INFORMATION: Enrollment Secre­
tory, Integrated Computer Systems, Inc, 
4445 Overland Ave, Culver City, CA 90230. 
Tel: (213) 559-9265 

MAY 9-12-Computer Relaying, U of Mis­
souri-Columbia. INFORMATION: W. J. 
Thomas, 1020 Engineering, College of En­
gineering, U of Missouri-Columbia, Colum­
bia, MO 65201. Tel: (314) 882-3266 

MAY 22-24--Microcomputer Basics ond Pro ­
gramming; Successful Design/Project Man ­
agement of Micro/Minicomputer Systems, 
and MAY 25-27-Microcomputer Architec­
ture Interfaces and System Design; Micro/ 
Minicomputer Software Development and 
Systems Diagnostics, St Charles, 111. I NFOR­
MATION: NEC Registrar, 1211 W 22nd St, 
Ook Brook, IL €i0521. Tel: (3 12 ) 325-5700 

JUNE 13 - 17-Machine Vision, Automatic 
Assembly, and Productivity Technology, MIT, 
Cambridge, Moss. INFORMATION: Director 
of the Summer Session, Rm El9-356, Massa­
chusetts Institute of Technology, Cam­
bridge, MA 02139 
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Hughes' low-cost C-9 display terminal 
makes a minicomputer work like a giant. 

Here's on interactive graphic terminal that 
does with hardware what most terminals 
need software to do. It needs only a mini­
computer or telecommunications coupler 
and a 110-volt outlet to give you a reody­
to-work system. And it costs less than 
$10,000. 
More for your mone y 
The new C-9 terminal offers high resolution, 
selective erase, serial interface (standard) , 
and several other features otherwise 
offered only by units costing almost twice 
as much-like 17-inch diagonal , 1029-line­
scon, cathode-ray-tube video monitor with 
high light output screen for easy daylight 
viewing .... computer independent zoom 
and pan . . . . a joystick for graphics and 
alpha-numerics interaction .... a hardware 
graphic processor for scaling and rotating 
graphics and alpha-numerics. 

The architecture of the terminal 

embodies a micro-processor driven by 
micro-programs contained in read-only 
memories. A serial interface connecting 
the detached keyboard to the CRT display 
eliminates restrictions imposed by parallel 
interfaces used in other models . 
Optional features 
You can extend the C-9's capability even 
further with options like enhanced graphic 
hardware package with rotations, reflec­
tions, and line-texturing features or pro­
grammable gray levels for graphics ( 16 
levels) and digital roster continuous tone 
images {256 levels) . We also offer parallel 
interfaces for a variety of minicomputers 
and interfaces to popular digitizers for 
local data input and control of the inter­
active CRT cursor. 

The new C-9 offers a continuous writ ing 
mode and a new capability which guar­
antees that writing occurs only during 

r--------- ----- --- - , 
I I 

: H UGHES 
I I 

L---- - -- - -------- --J 
HUGHES AIRCRAFT CO MPANY 

I NDUSTRIAL PRODUCTS DIVISION 
I M AGE AN D D I SPLAY PRODUCTS 

vertical retrace time. 
Smoother curves and lowe r costs 
The patented Conogrophic™ generator, 
using conic curves to plot curvilinear in­
formation, produces smoother curves from 
much less data. thus requiring less computer 
memory, simpler software, less computer or 
telecommunications time. Result: The lowest 
total cost of ownership of any graphic 
terminal available today. 

Many FORTRAN IV software programs 
ore available, including a new set of 
Tektronix-compatible subroutines. The 
basic software package, called CONO-PAC, 
is available at no extra cost. 

To find out how your minicomputer con 
work like a giant for much less cost, contact 
your local representative, or Hughes Image 
and Display Products, 6155 El Camino Real , 
Carlsbad, California 92008. Or call 
{714) 438-9191. 
TM Conogroph. 11 o trademark of Mug~t A•ro-oh(ompol'I~ 





Built, backed and priced 
to sharpen your cotnpetitive edge. 

T~INSTR 
The 990/10 minicomputer from TI 
brings superior value to both you and 
your customers. 

Starting with field-proven 
hardware, the 990/10 delivers the 
reliability you expect from TI. And 
all the off-the-shelf support you need 
for user applications. You get standard 
software languages, a broad choice of 
peripherals and nationwide service. 

Built for more processing power. 
The 990/10 is the most powerful 

member of the 990 computer family. 
Its architecture provides features that 
give you maximum processing power 
for yom money. Like hardware mul­
tiply and divide. A !~level hardware 

Peripheral Int,erface Modules 

interrupt structure. 16 registers ar­
ranged in a workspace concept. I/O 
that's directly programmable through 
the Communications Register Unit 
(CRU) and autonomously through a 
high-speed data bus. And bit, byte 
and word addressing of memory. 

Built for system flexibility. 
In small or large configurations, 

the 990/10 design provides surprising 
flexibility for a small investment. 

The CRU, with up to 4096 I/O lines, 
reduces interfacing costs by keeping 
controller complexity to a minimum. 
The TILINE * asynchronous high-

Model 913 Video Di,splay Thrminal 

speed data bus can support both high­
and low-speed devices and takes 
advantage of design simplicity for 
simultaneous data transfer between 
peripherals, the CPU and memory. 

With the 990/10, you get a power­
ful instruction set with an extended 
operating feature that allows hardware 
to take over operations that software 
would normally execute. An optional 
mapping feature provides memory 
protection and memory expansion 
to 1 million woros. And, optional 
en-or-conecting memory conects 
single-bit en-ors for increased 
system reliability. 

Full peripheral support. 
As well as a range of standard 

peripherals, disc storage to 90 million 
!~bit woros and magnetic tape with 
800 and 1600 bpi options are available 
for low-cost mass storage and back-up. 

~NTS. 
A choice of software. 

With common higher level lan­
guages, FORTRAN IV, COBOL and 
Multiuser BASIC, plus the 990/10 · 
assembly language, you have all the 
tools you need for an efficient appli­
cation program. 

Both the disc-based and memory 
resident operating systems give you 
modularity and flexibility for system 
generation to meet application de-

mands. We offer program development 
aids for creating and testing software, 
and communications software to sup­
port synchronous or asynchronous 
data transmission. 

Backed with nationwide service. 
Our responsibility to you doesn't end 

with the sale. We follow through with 
complete system training, plus a 
nationwide factory service network. 

The TI990/10 minicomputer.We build 
it, back it and price it the way you and 
your customers want it. You can start 
configuring a system now with our 990 
Computer Systems Handbook on the up­
ward- compatible family of the TMS 9900 
microprocessor, 990/4 microcomputer 
and 990/10 minicomputer. For your free 
copy, send a letterhead request to Texas 
Instruments Incorporated, 4tJ 
P.O. Box 1444, M/S 784, 
Houston, Texas 77001. 

TEXAS INSTRUMENTS 
*Trademark of Texas Instruments INC 0 RPO RATED © 1977, Texas Instruments Incorporated 
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CDMMUNICATIDN CHANNEL 

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

Computer-Aided Network Design 

With the proliferation of remote data terminals and 
interactive data processing, the need to rapidly design 
optimum networks has experienced a parallel growth. 
Since these terminal applications tend to evolve rather 
than suddenly burst into full existence, the system de­
signer must continually update and expand these net­
works. The majority of network requirements exhibit 
an order of magnitude and dynamics that defy manual 
design practices, making use of computer-aided tech­
niques mandatory to proper configuration and manage­
ment of today's data communications networks. This 
column addresses this requirement and discusses the 
parameters of a network design and management aid. 

The first objective of such a network design program 
is to recognize that the computer's role is to reduce 
and structure the many terminal alternatives; it is not 
to "decide" on the optimum network configuration. Such 
a decision typically must reflect many factors that 
cannot be parameterized in a software program. Eco­
nomic, operational, and even political considerations 
must be included in the final structuring of any data 
communications network. The computer merely pre­
sents the tangible parameters in a form such that the 
desirability or impact of these more subjective factors 
can be assessed properly. 

Such a computer-aided network design program ac­
tually comprises a series of program modules that 
evolve the optimum network in a sequential manner. 
Each step of the evolution provides an output for 
evaluation and the ability to input changes or modifica­
tions to the progressing network model. These program 
modules typically consist of a hub assignment, hub 
configuration, multipoint configuration, and trunk cir­
cuit configuration; and they address the primary ques­
tions that the network designer must answer. 

In order to take advantage of today's long dis­
tance leased line tariffs, the longer the continuous 
circuit mileage and/or the greater the number of cir­
cuits between the same points, the lower the cost per 
circuit unit. With this premise, it is advantageous to 
concentrate remote terminal lines into common remote 
hub locations. Long distance leased lines can then be 
installed from these hubs to the processing center or 
centers. Particularly with low speed (less than 300-
bit/s) terminals or interactive multipoint terminals, 
the use of multiplexing or concentrating devices at 
remote hub points will result in major economic ad­
vantages. 
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Such a computer-aided network program must also 
accept and properly process the variety of data termi­
nals that may be required in the resulting network 
applications. This variety encompasses the following 
considerations: terminal access lines, ie, dial, point-to­
point leased, and multipoint leased; terminal types; 
terminal protocols; terminal data codes; and processing 
centers. 

All of these must be accommodated within the net­
work module. If there are two different computer 
processing centers which use the same type of termi­
nals on multipoint lines for different applications, the 
computer-aided analysis must recognize that these same 
type terminals cannot share the same multipoint line 
from a hub if they are associated with different 
applications or processing centers. 

The network designer must properly and in an iso­
lated manner structure the various terminals' lines that 
are to use the composite network. Typically, the com­
munications channel between terminals associated with 
the same hub is considered as a "segment." Segments 
are linked in such a manner as to form the lowest 
cost circuit among similar terminals with the same 
hub. These linked segments are referred to as "chains." 
Some chains may consist of a single segment that 
directly connects the terminal to the hub, due to the 
criterion for shortest distance to the hub; that particu­
lar terminal was closer to the hub than any other 
terminal associated with that hub. 

In order to minimize the number of circuits that 
must be actually multiplexed or concentrated at a hub, 
these chains are then said to be bridged at the hub 
to other chains to form "lines." It is the actual lines 
that interface to the multiplexing or concentrating 
equipment. The determining factor for bridging these 
chains at a hub is the maximum number of terminals 
allowed on a multipoint line and/or the operational 
aspects, such as the resultant data volumes and response 
times. 

These lines can now be combined into trunks which 
are the actual long distance leased lines to the process­
ing centers. This combination typically is determined 
by the data rate capacity of the trunk circuit, ie, 9600 
bits /s, and the composite data rate of all lines destined 
for the same processing center. 

This circuit hierarchy is the key to the proper struc­
turing of any composite data network. It is possible 
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to isolate and adjust any portion of the network de­
velopment to reflect other more subjective consider­
ations. Primary value of such a design tool is to enable 
quick, easy determination of the impact of those in­
evitable "what if' questions posed by fellow designers 
as well as management. In the past such rhetorical ques­
tions were ignored or dismissed with educated opinions 
based on some alleged years of experience. Too often the 
correct answers to such questions can significantly guide 
the network designer toward a truly optimum network. 

The program modules are directed toward very spe­
cific objectives and are considered a particular part 
of the optimum data network objectives. The hub 
assignment module is intended initially to configure 
all possible remote data terminals to the nearest hub 
or concentrator location. This module would depend 
on the actual vertical and horizontal coordinates of 
each terminal and each hub to calculate the shortest 
airline mileage. In the United States and Canada, 
every telephone central office has been assigned a 
unique vertical and horizontal (V&H) coordinate. These 
coordinates have been assigned on a grid basis, and 
by using the Pythagorean theorem, the airline mileage 
between any two points can be accurately determined 
to one-tenth of a mile. While there are over 33,000 
telephone central office designations in the United 
States and Canada, the V&H file can be obtained from 
a number of independent sources. This eliminates the 
need of the network designer's creating his own V&H 
coordinate table. 

This module must also permit the network designer 
to force a terminal to any designated hub even though 
it is not necessarily the shortest distance. As discussed 

How to make 

above, many operational and political considerations 
liave to be factored into a network design in order to 
properly achieve the obtained network configuration. 

The hub configuration module is intended to accept 
the completed output from the hub assignment module. 
The actual configuration of terminal lines that must 
be combined to form an initialized network are first 
structured within the hub configuration module. It is 
important to note that if a processing center which 
has associated remote data terminals is co-located with 
a particular hub, those terminals cannot be configured 
into the resulting inter-hub network. They must be 
eliminated from the hub configuration module output. 
For example, if a processing center is located in Chicago 
and there are 30 terminals in the Chicago area which 
communicate with that processing center, modifications 
must be made within the hub configuration module. 

The first module is intended mainly to geographically 
associate terminals with minimum distance hubs. The 
second module is intended to structure those terminals 
associated with any hub that will be combined through 
multiplexing or concentrating techniques to common 
backbone trunks. The hub configuration module's output 
would now define the number of different type lines 
and data rates that must be interfaced at each hub 
to form a common backbone trunk circuit. This output 
in effect defines the type and configuration of local 
line interfaces that must be provided in the hub multi­
plexers or concentrator equipment. 

The third module, multipoint configuration, is in­
tended to focus on the structuring of local lines. A 
local line is a dial, point-to-point, or multipoint line 
that connects one or more terminals to its assigned 
hub location. It is suggested, in view of the intrastate 

your green gofarlller. 
Think pink. 
Great Jumpers™ and Great Daisy Jumpers™, the fully pre-assembled and fully pre-tested flat 
cable/connector system from A P Products, can cost about half as much as what you're 
using now. 

Take your choice of the three most popular connectors, the 
five most popular flat cable widths, solid or stranded Electric 
Pink or rainbow cable, single ended, double ended or daisy 
chained. And Great Jumpers are directly-interchangeable re­
placements for the jumpers you're using now. 

Our connectors are molded on. They provide both an integral 
cable strain relief and complete line-by-line probeability. And 
because they come to you factory assembled and tested , they're 
faster and easier to use. 

Connect with the AP rep nearest you. 
(203) 868-7748 (219) 447-9623 (314) 434-6242 
(206) 822-8223 (301) 484-5400 (315) 437-8343 
(212) 682-5844 (303) 420-4646 (414) 421-2300 
(214) 238-0408 (305) 894-3351 (415) 328-3232 
(215) 923-51195 (312) 298-4830 (416) 638-1322 
(216) 333-4120 (313) 356-2161 (503) 223-3374 

(512) 443-9687 
(513) 433-0966 
(602) 946-4437 
(602) 949-8424 
(609) 429-4013 
(612) 922-7011 

(617) 272-8163 
(713) 691-3961 
(714) 560-6266 
(714) 833-1802 '· 
(816) 765-2998 ' . 

Faste• and easlei t we'•e all abou::) 

AP PRODUCTS INCORPORATED 
Box 110 Painesville, OH 44077 (216) 354-2101TWX:810-425-2250 
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tariff provisions in various states, that a minimum radius 
be defined for each hub specifying that any terminal 
located within that radius is always connected directly 
to the hub. Typically, an intrastate tariff for a com­
munications channel specifies a fixed charge for any 
line that originates and terminates between any two points 
in the central office exchange or any contiguous exchange. 
Depending upon the individual cities involved, the tariff 
rate for such intra-exchange or intra-contiguous ex­
changes is in the order of magnitude of 15 to 20 dollars. 
Once the terminal is beyond the hub exchange or con­
tiguous exchange, actual airline mileage charges apply. 
It is therefore recommended that for every hub, the net­
work designer specify a radius which encompasses the 
hub exchange and contiguous exchange. Those lines 
would go directly from such a terminal to the hub at a 
low fixed cost per month. These direct connections are 
combined into a common line presenting a single inter­
face to a multiplexer or concentrator at the hub by having 
the local phone company install the bridging equipment 
within the hub. One of the major advantages of having 
local terminals bridged at the hub is that operational 
personnel can easily test and associate any terminal 
for diagnostic and fault isolation activities without 
direct involvement of the local phone company. 

Terminals beyond this radius would be assigned to 
the hub as a function of minimum distance. Line seg­
ments may properly be discussed in this context. The 
program algorithm cognizant of the maximum number 
of terminals or data volume per multipoint line would 
first select the terminal nearest to the hub. The next step 
in the algorithm is to select the next terminal nearest to 
the hub and to calculate the distance from that terminal 
to the previous terminal which has been connected to the 
hub. If the distance to the previous terminal is shorter 
than the distance to the hub, the program designates 
that terminal to be bridged from the previous terminal 
on the multipoint line. If the distance to the hub is 
shorter, the terminal is left in the file and the next 
nearest terminal is tested in the same manner. 

Once the chain has been completed (the maximum 
number of terminals or data volume has been reached), 
the program stores the chain and returns to look for 
the next nearest in-file terminal to the hub, repeating 
the process. This process continues until all terminals 
destined from the same processing center with the 
same data rate and protocol have been configured into 
appropriate chains. 

When all terminals have been assigned to chains 
and individual line segments defined, the multipoint 
configuration module must structure these chains into 
lines so there are a minimum number of line inter­
faces that must be connected to the multiplexing or 
concentration equipment to the hub. Again the primary 
criterion is the maximum number of terminals or data 
volume associated with a multipoint line. The program 
selects the chain with the largest number of terminals 
and attempts to combine it with the one with the lowest 
number of terminals to configure a single multipoint 
line which again requires bridging at the hub. When 
all the chains have been assigned to lines, the program 
has completed its multipoint configuration test for 
that hub. 

At this point, it would be advantageous to have the 
individual inter- or intrastate tariffs stored within the 
computer system; the program could then calculate 
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the cost of each line segment in each chain and easily 
present a total cost for the entire multipoint line. 
It must be remembered that in a large data communi­
cations network which utilizes the hub principal, the 
majority of line costs are incurred by local lines 
rather than between backbone trunk circuits which in­
terconnect the hubs. 

A provision must be available within this module 
to permit the network designer to redesign any of the 
multipoint line configurations. After exammmg the 
equipment, designers can decide whether to have a 
particular number of terminals interconnected on the 
same multipoint line. For example, if five terminals 
at a single location were assigned to the same multi­
point line, the resulting network would present a 
value sensitivity for that location. A common value 
for that particular multipoint line would render all 
five terminals inoperative. It may be decided, therefore, 
that two or three of the terminals at that location 
should be forced to a different chain to provide a 
degree of backup in case of a single line failure. 
While this may not exhibit the optimum segment mile­
age distance, the backup operational factor may easily 
justify the small increase in local line cost by dividing 
the five terminals among two multipoint chains. The 
multipoint configuration module must provide this net­
work design interaction. 

Fourth module is the trunk circuit configuration mod­
ule. This module would be based on the ability of the 
network designer to specify the capacity of each 
individual trunk circuit, which typically is expressed 
in the number of bits per second that a circuit can 
transmit. The voice grade trunk circuit, for example, 
can be expected to transmit up to 9600 bits/s. With 
this parameter established in the module, each of the 
local lines completed in the previous module would 
now be grouped bv processing center destination into 
a common trunk. When the 9600-bit/ s limit is reached 
or all available lines for that processing center have 
been accommodated, the module would designate the 
resulting trunk as being complete and would begin 
establishing the next trunk with the remaining lines. 

The resulting output would list the local lines 
assigned to each trunk circuit. The network designer 
could then decide whether to combine in a common 
trunk local lines destined for different processing 
centers which require multiplexing at some intermediate 
point. Output of this fourth module would clearly 
specify the number of trunk circuits required, the avail­
able capacity for expansion in each trunk circuit, and 
the multiplexing or concentrator equipment configura­
tion which would be required to combine local circuits 
into trunks. 

These four different modules each address a specific 
point of the optimum data network objective, focusing 
on definite aspects that require human interaction and 
judgements. Only in this manner can the design and 
subsequent management of a data communications net­
work be established and maintained. The computer 
performs those tasks within its domain and the human 
network designer retains control of the more subjective 
aspects. The following truism of this interaction is 
illustrated clearly in computer-aided network design: 
a computer is fast, logical, and unimaginative; man 
is slow, illogical, and imaginative. Don't attribute to 
one the attributes of the other. Too often computers 
are used in design problems in an attempt to relegate 
to them the role of finalizing judgements rather than 
merely delineating the input of the judgements. 
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non-volatile· high reliability 
Dataram introduces the industry's widest range of byte-designed single-board core 

systems for 8080 and other byte-oriented applications. 
And when Dataram says" byte," we mean true byte systems-with 1K to 32K 

bytes, 8 to 10 bits/byte, not 16 or 18 bits/word systems that simulate byte systems. 
What that means to you is less power and fewer components ... and that means 

more for less. More reliability and more performance with smaller size ... and lower 
product costs. 

8080 Core. For people who think small. 
Find out more about 8080 Core today. Return this coupon at once, or call us at 

609-799-0071. 

--------------------------------------
DR-1SO 4K x S 750/250 ns 9.2" x 6.3" +5V, +12V 30 Watts SOSO 

SK x 8 750/250 ns (233.4 mm x 160 mm) Microprocessor 

DR-121 1K x 10 900/350 ns 11 .7" x 11 .5" +5V,-12V 25 Watts Cambridge 
2K x S 900/350 ns (297 mm x 292 mm) Memories· 
2K x 10 900/350 ns 1 K x 9 Unicore 

DR-104 4K x 9 750/350 ns 13.5" x S.3" +5V, -12V 32 Watts National 
SK x 9 750/350 ns (343 mm x 211 mm) Semiconductors' 
16K x 9 750/300 ns MOSRAM 104 
32K x 9 S00/300 ns 

In addition to standard systems, Dataram offers Impressive custom design capabilities. 

1~ ~~ 
DATA RAM 
CORPORATION 

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

I'd like to learn more about 8080 Core. 
D Please send information 
D Please have a salesman contact me 
D Please have a technical type call me. 
Name ______________ _ 

Title _________ Phone ______ _ 

Company _____________ ~ 

Address _______________ _ 

City ________ State ____ Zip __ _ 

D Please send me information about BULK CORE: 
256K byte memory system on a single board 

D Please send me information about mini-memories for 
minicomputers 
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DP and Communications 
Users Favor Common 
Carrier Competition 
Based on an interpretation of the 
results received from its survey of 
the telecommunications industry, a 
research firm states that U.S. users 
of data processing and data communi­
cations "predominantly" favor per­
mitting common carriers to compete 
in the data processing field. It found 
that, in spite of government rulings 
to the contrary, 59% of all users 
would allow the regulated com­
munications carriers to provide com­
puter-like processing as part of the 
communications package. 

Of this "permissive" group, as 
shown in the pie chart, 33% felt 
there should be no restrictions on 
offering an integrated package, while 
.26% said that the user's primary 
application should not be classified 
as a data processing system if it is 
limited to word processing (format­
ting or editing) and data transmis­
sion functions (buffering or line 
protocol). 

About 22% of all types of users, 
including government agencies, felt 

DATA PROCESSING IS 
DA1A PROCESSING -

MISCELLANEOUS 
OPINIONS 

~ 'RESTRICTIVE 

D 'PERMISSIVE 

that there should be restrictions. Of 
these, 14% said that data processing 
is sufficiently unique to be considered 
a separate function. Therefore, it 
should not exist as a subsystem of 
any kind within the common carrier­
provided data terminal equipment. 
The other 8% believed that the data 
terminal should be classified as a 
data processing device if it is used 
for any type of local data processing. 
Approximately 10% felt that the 
question was too complex and re­
quired further expert analysis to 
establish applicable definition, stan­
dards, and regulatory policy guide­
lines. 

Center for Communications Man­
agement, Inc (CCMI), PO Box 324, 
Ramsey, NJ 07 446 states that re­
spondents to this survey represented 
companies in more than 50 cities in 
31 states. Full copies of the report 
are available at $25 each ( $35 for 
overseas points) . 

The research firm notes that final 
survey results essentially preceded 
the Jan 6 decision to reject its own 
Common Carrier Bureau ruling of 
Mar 1976. The Bureau, at that time, 
denied an AT&T application for 
marketing a new data service which 
would use computer technology to 
directly transmit digitalized data 
programs between remote terminal 
equipment. 

NO RESTRICTIONS 

~NO RESTRICTIONS 
IF USE LIMITED TO 
WORD PROCESSING 

Summary of results from CCMI survey of telecommunica­
tions industry. Research firm interpreted results to show 
that data processing and communications users favor 
common carrier competition in the DP field 
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Following the Bureau's rejection 
announcement, CCMI last July in­
stituted the survey of industry atti­
tudes toward increasing integration 
of data processing and data com­
munications, pointing out that both 
terms were "a matter of definition." 
CCMI notified the FCC that it 
planned to present testimony on be­
half of the user-industry at Commis­
sion hearings now postponed until 
May 1977. 

CCMI also noted that it is forward­
ing complete copies of the survey 
to key members of U.S. Senate and 
House committees, since they will 
shortly be holding hearings on a new 
Communications Act. Although more 
than 200 federal legislators intro­
duced bills during the 1976 Con­
gressional session, no formal action 
was taken. Several new bills have 
already been introduced in the 1977 
Congress, all designed to modernize 
the original Communications Act of 
1934. A limited 3-day hearing in the 
last session indicated that the new 
legislation may involve one of the 
longest and most controversial 
investigations. 

Analysis Identifies 
Potential Market Tied 
To Satellite Service 

According to an analysis performed 
by a California organization, FCC 
approval of the domestic satellite 
service to be offered by Satellite 
Business Systems will result in a 
major market for both existing and 
new products. SES partners-IBM, 
COMSAT-General, and Aetna Casual­
ty and Surety-have committed a 
minimum of $407 million for plant 
investment iricluding satellites and 
earth stations. 

ComQuest Corp of 1000 Elwell 
Court, Palo Alto, CA 94303 has pre­
pared a 259-page analytical report 
covering proposed digital TbMA/DA 
techniques, 12/ 14-GHz eq1,1ipment, 
regulatory implications, and impli­
cations for the telecommunications 
and computer industries, as well as 
for IBM. It also includes market 
forecasts for various categories of 
equipment and identifies new prod­
uct needs. 

The report indicates that hundreds, 
possibly thousands, of "roof-top" 
stations are planned to provide fully­
integrated digital communications 
services via satellite to major busi­
ness organizations. SES projections of 
service demand indicate an estimated 
cumulative potential market through 
1986 of $2.2 billion for ground sta-

COMPUTER DESIGN/ APRIL 1977 



THE ONLY LOGIC TESTER DESIGNED 
FOR MICROPROCESSOR BOARDS. 

A fresh start for logic board testing. 
Microprocessors are here. 
If you are like most electronic 

manufacturers, you're either using 
µP's or you plan on using them 
soon. But how do you test your boards 
so you can ship a dependable micro­
processor-based product? 

With the new Fluke Trendar 3040A. 
For a fraction of the cost, it does 

what other systems can't do. It fully 
tests microprocessor boards with 
either user-defined bit-by-bit test 
patterns or automatically-generated 
patterns, interchangeably, via sim­
ple push-button commands. A unique 

new interface allows the necessary 
handshaking between tJ.P board 
and tester. Any type of advanced 
digital logic board can be tested at 
system operating speeds. Diagnosis 
can be made by an operator using 
the guided clip/probe option. 

And it not only performs higher 
confidence tests, it cuts your costs. 
It eliminates the programming 
delays and complexities of mini­
computers and their peripherals. 
Editing is on-line. The effect of a 
program change on circuit behavior 
is instantly displayed. Programs 

are done in a fraction of the time. 
All this at a price you can afford. 
For data out today, dial (415) 

965-0350. Fluke Trendar, a subsid­
iary of John Fluke Mfg. Co., Inc., 
630 Clyde Avenue, Mountain View, 
CA 94043. 

Fluke (Nederland) B.V., P.O. Box 
5053, Tilburg, The Netherlands. 
Phone: (013) 673-973. Telex: 52237. 
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Circuits 
madeeas~ 

A complete group of breadboards lets 
you develop your own circuitry without 
the bother of soldering. Simply unplug and 
plug in again to make changes. Cambion 
also has all the little extras such as IC 
extractors or hand wire-wrap tools to 
facilitate your designs. Would a catalog, 
samples or one of the sales engineers be 
of help~ Write to: Cambridge Thermionic 
Corporation, 445 Concord Avenue, 
Cambridge, MA 02138. Phone: 
617-491-5400. In California: 2733 
Pacific Coast Hgwy., Torrance, CA 
90505. Phone: 213-326-7822. 

Standardize on c.-. .. a.~· 
The Guaranteed Electronic Components 
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tions. An estimated $945 million is 
for digital terminals, $310 million 
for antennas, and $945 million for 
equipment. Since most of the re­
quired equipment has yet to be de­
veloped, there are many opportuni­
ties for new products. 

Report Issued On 
GOES Signal Problems 

Laboratory tests that indicate how 
the performance of the geostationary 
operational environmental satellite 
(GOES) data collection platform in­
terrogation link could be improved 
are described in a report issued by 
the U.S. Department of Commerce 
Office of Telecommunications. These 
tests showed that the received signal 
level was too low for reliable opera­
tion of the data buoy radio using 
its existing antenna. In addition, 
equipment was subject to severe in­
terference from land mobile trans­
mitters that have primary frequency 
allocation at 468.825 MHz. 

Office researchers demonstrated 
that improved performance could be 
achieved through use of a higher 
gain antenna and with the insertion 
of a low noise amplifier. They also 
recommended the use of a 12.5-kHz 
offset to the interrogation frequency 
in order to minimize land mobile 
interference. 

The 70-page report, "Evaluation of 
the GOES-Data Buoy Interrogation 
Link," OT Report 76-106, is available 
at $4.50 per copy from the National 
Technical Information Service, Spring­
field, VA 22161. Its accession number 
is PB-261-872/ AS. 

Stored Data Accessible 
Across Atlantic 

As a result of a recent FCC au­
thorization, computerized informa­
tion stored in the U.S. and in the 
United Kingdom will soon be acces­
sible to users across the Atlantic 
Ocean. Western Union International, 
Inc, 1 WUI Plaza, New York, NY 
10004 will initially offer Database 
Service (DBS) access through Tym­
net, Inc's domestic network. Later, 
additional domestic network inter­
connections are expected. DBS is 
compatible with data terminals op­
erating at from llO to 1200 bits/s. D 

Call your 
nearestlSC 
sales 
representative. 
ALABAMA: Huntsville 
Col-Ins-Co. 800/327-6600 
ARIZONA: Phoenix 
Thorson Co. 602/956-5300 
CALIFORNIA: Goleta 
Thorson Co. 805/964-8751 
CALIFORNIA: Los Angeles 
Thorson Co. 213/476-1241 
CALIFORNIA: Mountain View 
Thorson Co. 415/964-9300 
CALIFORNIA: San Diego 
Thorson Co. 714/298-8385 
CALIFORNIA: Tustin 
Thorson Co. 714/544-5121 
COLORADO: Denver 
Thorson Co. 303/759-0809 
FLORIDA: Orlando 
Col-Ins-Co. 800/ 432-4480 
GEORGIA: Oarkston 
Col-Ins-Co. 800/327-6600 
ILLINOIS: Arlington Hts. 
Future Systems 312/640-6091 
LOUISIANA: Baton Rouge 
Col-Ins-Co. 800/327-6600 
MARYLAND: Bethesda 
Bartlett Assoc. 301/656-3061 
MASSACHUSETTS: Framingham 
Bartlett Assoc. 617 /879-7530 
~ICHIGAN: Madison Hts. 
WKM Associates 313/588-2300 
NEW MEXICO: Albuquerque 
Thorson Co. 505/265-5655 
NEW YORK: White Plains 
Bartlett Assoc. 914/949-6476 
NORTH CAROLINA: Winston-Salem 
Col-Ins-Co. 800/327-6600 
OHIO: Cleveland 
WKM Associates 216/267-0445 
OKLAHOMA: Norman 
Data Marketing Assoc. 405/364-8320 
PENNSYLVANIA: Pittsburgh 
WKM Associates 412/892-2953 
PENNSYLVANIA: Wayne 
Bartlett Assoc. 215/688-7325 
TENNESSEE: Knoxville 
McCain Elec. Equip. 615/584-8411 
TEXAS: Austin 
Data Marketing Assoc. 512/451-5174 
TEXAS: Dallas 
Data Marketing Assoc. 214/661-0300 
TEXAS: Houston 
Data Marketing Assoc. 713/780-2511 
TEXAS: San Antonio 
Data Marketing Assoc. 512/828-0937 
WASHINGTON: Bellevue 
Thorson Co. 206/455-9180 
AUSTRALIA: Mt. Waverly, Victoria 
Anderson Digital Elec. 03-543-2077 
CANADA: Montreal 
Cantec Rep. 514/620-3121 
CANADA: Ottawa 
Cantec Rep. 613/225-0363 
CANADA: Toronto 
Cantec Rep. 416/624-9696 
EUROPE: England 
Techex, Ltd. 0202-293-115 
EUROPE: France 
Peritec 749-40-37 
EUROPE: Switzerland 
lntertest, AG 031-224481 
JAPAN: Tokyo 
Munzig International 586-2701 

Intelligent Systems COrp .• 

• 
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What's th3t1difference between the 
Intecolor Desk 'lbp Computer 
and the IBM 5100? 
The price tag, for openers. 

We've developed a very unique sales philosophy with the lntecolor 8051. 
We're simply out to give you more desk top computer for less money 
than anybody in the world. Just compare the capabilities and price of the 
lntecolor Desk Top Computer with any unit on the market, and you'll see. 

Take the lntecolor 8051 versus the IBM 5100, for example. You get the same high-level BASIC Language with 
both units. But the lntecolor 8051 gives you 8 colors to work with instead of the antiquated, black and white IBM 
format. Study after study has proven that color means more efficient man-machine interaction, a reduction in opera­
tor fatigue, and better use of operator time. And we all know what time is. Money. 

Now compare screen sizes. The lntecolor 8051 's got a big, 19" diagonal screen that can display up to 3,840 
characters-in color. On the other hand the IBM 5100 screen measures a meager 5"x6'.' But that's not bad if you 've 
got 10/10 vision. And don't forget memory. Sure you can expand both units to 64K, but the lntecolor comes stock 
with 26K of memory compared to the IBM's 16K. And graphics? The IBM 5100 can 't touch the graphics capabilities 
of the lntecolor 8051. Not by a long shot. But that's understandable, because not many computers can . 

And here's the real zinger. Compare prices. The lntecolor 8051 Desk Top Computer retails for a modest $3995, 
while the IBM 5100 starts at a whopping $8500. That's a lot to pay for a name, especially when you can get a better 
unit for less than half the price. 

The lntecolor 8051 Desk Top Com­
puter. It's selling now for just $3995. And 
at that price you can probably afford two. 
Call us today with your order and we'll 
prove it to you. 
*Domestic USA Prices 

Unretouched photograph of screen. 

Intelligent Systems corporation® 
5965 Peachtree Corners East 

Norcross, Georgia 30071 
Telephone (404) 449-5880 
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Plessey can save you a bundle of time and 
money on PDP-11and8 disc drives and 
systems, with no sacrifice of compatibility or 
reliability. Our drives may be just what 
you're looking for to expand your mini into 
time sharing, data base management, and 
other mass storage applications. 

Complete plug-in compatibility 
Plessey disc drives are available in 

capacities of 2.5, 5 and 10 megabytes, or 
1.6, 3.2 and 6.4 megawords. Drives occupy 
the same space as a single DEC RK05. 

They're available with removable cart­
ridges for versatility or fixed discs to save 

you even more, and they're all fully hardware 
and software compatible, with media com­
patibility in our two front-loading versions. 

Mix and match your drives 
If you're just starting your expansion, 

you can't do better than the Plessey Disc 
Controllers. They are compatible down to 
the board level so they plug into your PDP-11 
or 8 mainframes to control up to 20 mega­
bytes or 6.4 megawords in any combination 
of DEC RK05 and Plessey Disc Drives. 

PLESSEY PM-DS SERIES DISC DRIVE CONFIGURATIONS 

DRIVE MODEL: PM-DD A B c D E F 

MEDIA Discs 1-Front Load 1-Front Load 1-Top Load 1-Fixed 2-Fixed 2-Fixed 
(2315-type) (2315-type) (5440-type) 

1-Fixed 1-Fixed 

Compatibility DEC RK05 DEC RK05 

CAPACITY PDP-11 (megabytes) 2.5 5 10 2.5 5 10 

PDP-8 (megawords) 1.6 3.2 6.4 1.6 3.2 6.4 

COMPUTER DESIGN I APRIL 1977 



Or if you're 
already using a disc 
system, enhance it with 
any one of our drives. Your 
computer won't know the difference, 
but your budget will. 

More for your money, inside and out 
Every drive and system we ship 

includes our advanced electronic and mech­
anical designs, fail-safe circuitry to protect 
the heads and discs, a 35 CFM clean air 
package, and an MTBF of over 5000 hours. 

And no matter where your systems 
are used, you'll find Plessey equipment 
backed by the resources of a billion dol­
lar corporation. 

Ready to ship now 
With all this available now in a disc 

system that costs less, stores more and 
performs as well as or better than the one 
you're waiting for- what are you waiting for? 

Contact us and get your orders in today. 

8 Plessey Microsystems 
IRVINE, CA: (714) 540-9945. LOS AN GELES, CA: (2 13) 473-4581. MO UNTAIN VIEW, CA: (415) 965-1400. SC HILLER PARK, IL: (312) 671-4554. 

WHEATON, MD: (301) 949-1664. WALTHAM, MA : (617) 890-2654. MINNEAPOLIS, MN: (612)881-0190. KANSAS CITY, MO: (816) 444-0166. 

SOUTH PLAINFIELD, NJ: (201) 757-2211. ALBUQUERQUE, NM : (505) 294-5790. DALLAS, TX: (214) 387-0229 . TORONTO . CANADA: (416) 661-37 11. 
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DIGITAL TECHNCLQGV REVIEW 

Mini-Diskette-Based 
Computer System Uses 
Support-Free Software 

In introducing computer products 
that make use of technology to pro­
vide performance and low price, 
Wang Laboratories, Inc, One Indus­
trial Ave, Lowell, MA 01851 empha­
sized the importance of increasing 
performance and power while reduc­
ing their cost and complexity through 
aggressive application of technology. 
Cited as examples were the PCS-II 
which is claimed to be the industry's 
first mini-diskette-based system, and 
extensive use of microprocessors-in 
some cases as many as four-in ter­
minals, printers, diskette drives, and 
communications controllers. 

A second-generation personal com­
puting system, the PCS-II is equipped 
with one or two mini-diskettes, high 
speed printer, large screen CRT/ 
keyboard, and a high speed processor 
with 8k bytes of user available 
memory (expandable to 32k bytes). 
Addition of the Option 62B binary 
synchronous communications control­
ler converts the computer to an in­
telligent terminal with total busi­
ness computing capability. 

System support is provided by the 
2236 transaction terminal, a semi-

PCS-II, a mini-diskette-based computer 
system from Wang Laboratories, pro­
vides random access to data and pro­
gram storage in a low cost desktop 
unit. Standard are video display, alpha­
numeric BASIC keyword keyboard, and 
a single mini-disc drive. Expansion is 
accommodated with additional user-ac­
cessible memory, character and line 
printers, and another disc drive 
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intelligent device that changes per­
sonality when its microprocessor con­
troller is reloaded; and the 2236 
MXC mini-front-end which links 
multiple terminals to a single proces­
sor. The 2265 DMS permits concur­
rent multiuser sharing of the 2265 
intelligent disc drive; printers range 
in speed from 15 char Is to 600 lines I 
min, and 2270A series diskette drives 
allow 2-way searching, reading, and 
writing between Wang and IBM 
3740-compatible devices. 

Software which operates on the 
PCS-II allows the Management Plan­
ning System to perform financial 
modeling and budgeting, statistical 
forecasting, business graphics, and 
other sophisticated functions. A mort­
gage management system includes a 
management control module that 
permits querying of files at any point 
in the process of mortgage prepara­
tion, automating all mortgage paper­
iwork--by performing all necessary 
calculations and printing all related 
forms. The Time/Check system makes 
available accurate up-to-date man­
agement reports including an em­
ployee time report, employee analy­
sis, analysis of billable and nonbill­
able time, and daily cash journal. 
A letter writing and editing option 
can produce personalized mass mail­
ings for automatic client service. 

Other applications software includes 
Lifeline, a fully automatic system that 
prepares insurance proposals for in­
surance carriers; Wang/ Cash, an ac­
counting package intended for small 
accounting firms and independent ac­
counts; Patient Billing System, an 
automated patient billing and insur­
ance processing system for doctors 
and dentists; and AUTO/MATE rr, 
~hich provides fast processing time, 
random file searching, and informa­
tion storage for automobile dealer­
ship financing and insurance applica­
tions. 
Circle 140 on Inquiry Card 

Low Price, 2200-Char /s 
Rotary Printer Has 
Only Nine Moving Parts 

Reportedly the first of its kind-us­
ing a totally different concept of 
printing mechanisms-the series 1100 
rotary printer introduced by SCI Sys­
tems, Inc, 8600 S Memorial Parkway, 

Series 1100 rotary printer produces 
hardcopy at 2200 char/s on 4" wide 
electrosensitive paper. Full unit as 
shown is only 4" W x 5" H x 9" D 
(10.2 x 12.7 x 22.9 cm) and weighs 
about 3 lb (1.35 kg) 

Huntsville, AL 35802 prints at a 
nominal rate of 2200 char Is on 4-in 
( 10.2-cm) wide, continuous roll elec­
trosensitive paper. Including paper 
holder and electronics, the printer 
is only 4" wide by 5" high and 9" 
deep (10.2 x 12.71 x 22.9 cm) and 
weighs only 3 lb ( 1.35 kg) . Yet it 
can print 136-column data with stan­
dard 10 char / in (3.9 char/cm) spac­
ing -at a 70-dB noise level, which is 
about one-sixth that of an electric 
typewriter. A full CRT screen can 
be printed in less than 1 s; 24 lines 
of 136-column computer data can be 
printed in 1.5 s. Electronics are fully 
buffered. 

There are only three main ele­
ments: drive unit, printhead, and 
paper. Most wear items are concen­
trated within the cartridge type 
printhead which has an expected life 
of over 25 million characters and can 
be replaced in less than 10 s. Since 
user cost for the head will therefore 
be less than one dollar per million 
characters, the overall cost is much 
less than that of a typewriter ribbon. 
The drive unit, in comparison, has a 
rated life exceeding 8 billion char­
acters. 

Electrosensitive paper, equivalent 
to Nicolet type ESP-20, consists of 
three layers: a base paper coated 
with a black pigment and then a 
10-6 thick, vacuum-deposited surface 
coating of aluminum. As print styli 
move across the paper, electrical 
pulses remove the surface layer and 
expose the black undercoat in a 5 
x 7 dot matrix to form characters. 

(Continued on p 30 ) 



CAN YOU AFFORD THE 
TIME REQUIRED TO DUMP 
YOUR CRT OR MINI USING 
SLOW THERMAL PRINTERS SUCH 
AS THE Tl OR NCR 30 CPS UNITS??? 

CAN YOU TOLERATE THE NOISE OF BULKY 
IMPACT PRINTERS??? 

IF NOT: Modernize your CRT and MINI hard copy dump needs 
inexpensively by using the SCOPE DATA Series 200 RI O printer. 
At $1595 .00, quantity one, the small compact SERIES 200 will 
print at a rate of eight times faster than the slow 30 cps thermal 
printers and do it quietly. 
We also offer KSR models for your input/ output needs. Both 
our RI O and KSR models offer up to 1200 BAUD data transmis­
sion rates to meet your DATA COMMUNICATIONS requirements. 
The one standard price provides you with your choice of either 
standard SERIAL, PARALLEL OR CURRENT LOOP interface 
as well as 64 character incoming data buffering. 
OEM prices go below $1200.00 in large quantities and lease 
terms are also available. ALL SERIES 200 printers are backed 
by warranty and nationwide service is available. 
For more information contact Sales Manager SCOPE DATA INC. 
3728 Silver Star Road, Orlando, Florida, 32808 or PHONE today 
at (305) 298-0500/ TELEX: 56-7456 
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DIGITAL TECHNDLDGV REVIEW 

Only nine basic moving parts are 
involved and the printhead is the 
only replaceable element. There 
are three multiwire styli assemblies 
in the printhead, mounted 120-deg 
apart on a plastic rotor and protected 
by a molded cover. A slip ring disc, 
which forms the rear structure of the 
printhead is connected to the styli 
through flexible etched cables. Slip 
ring brushes connect printhead to 
drive electronics. 

One small de motor drives all 
elements of the printer. The central 
shaft, belt-driven by the motor, sup­
ports the printhead at the front and 
a code wheel at the rear of the 
drive unit. A single paper feed roller 
is driven from the shaft through a 
wo1m gear arrangement. 

Paper is inserted through the 
writing platen and formed into a 
120-deg arc by a snap down top 
cover. In operation, the drive roller 
continuously pushes the paper through 
the unit. Centrifugal force extends 
the styli wires through slots in the 
printhead cover and into contact 
with the platen and paper as the 
head rotates. 

Writing pulses are timed directly 
from the central shaft code wheel 
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Much of the SCI rotary 
printer is made up of 
plastic parts; most of re­
mainder is stamped or 
machined metal. Small 
de motor drives all ele­
ments 

so that constant size characters are 
formed regardless of motor speed. 
Each stylus assembly prints a column 
of characters as it sweeps over the 
paper (three columns per revolu­
tion.) Printed line length is unlimited 
but typically 40, 80, or 132 char I 
line. A maximum of 24 lines can 
be printed on the 4" (10.2 cm) paper. 

Much of the unit consists of plastic 
parts. The housing, for instance, has 
plastic end plates, top and rear 
covers, and writing platen which 
surrounds the printhead. Of the rela­
tively few metal parts, most are 
stamped or machined. 

Nominal specifications for the llOO 
rotary printer include: character set, 
64 ASCII (96 optional); character 
spacing, 10 /in (3.9/cm) horizontal, 
7 / in (2.8/cm) vertical; character 
structure, 5 x 7 dot matrix, 70-line/ 
in ( 27 I cm) resolution ( 7 x 9 matrix, 
100-line/ in (39/cm) option available 
in midyear) ; paper feed speed, 10 
in /s (25.4 cm/s); rotor speed, 1800 
rpm; and stylus speed, 350 in /s 
(889cm/s). 

Power is 55 W printing, 5 W 
standby. Temperature ranges are 0 
to 55°C operating, -40 to 85°C stor­
age (extended ranges optional), 10 

Printhead, shown here in ex­
ploded view, is only replaceable 
element in rotary printer. Three 
multiwire styli assemblies are 
mounted 120 deg apart on plas­
tic rotor 

to 95% humidity, noncondensing. 
Standard parallel and serial inter­
faces as well as custom interfaces 
are available. 

The printer is inherently resistant 
to shock and vibration. There are no 
levers, cams, hammers, solenoids, or 
reciprocating parts. 

In its present 4" ( 10.2 cm) con­
figuration, the rotary printer is quoted 
at about $300 in OEM quantities. 
For a single unit, sold to an end 
user through a distributor, the price 
would likely be less than $1000. 

An 8.5" (21.5 cm) model, pre­
dicted for late 1977, will print 80 
characters/line, 10 char /in ( 3.9/ cm) 
at a rate of 4000 char Is . Letter size, 
legal size, and continuous roll paper 
lengths will be available. For 132 
char / line at 16.5-char/in (6.4/cm) 
spacing the print speed will be 6600 
char/s. As a column printer it will 
produce a 50-line by 132-column for­
mat with lines running the length of 
an 8.5 x 14" (21.6 x 35.6 cm) sheet, 
at 2500-chars/s throughput. Expected 
price for this unit is only 30% above 
that of the 4" model since much of 
the fabrication will be identical. 

Plans for 1978 include a 200-line/. 
in (78/cm) resolution printhead with 
13 x 17 dot matrix characters. Future 
versions will include full graphics 
capability and an OEM facsimile 
mechanism with a compatible head 
for high speed facsimile scanning. 
Circle 141 on Inquiry Card 

Disc Drive Offers Both 
Fixed and Movin9 Heads 
For Minimum Access Times 

Intended to fill memory needs for a 
variety of minicomputers and medi­
um-scale computer systems, 3300 
series drives can be configured with 
one, two, three, or four nonremov­
able discs . Units incorporate moving 
heads and can include fixed heads 
to minimize access time to data. 

Eight models ranging from 12.4M 
to 74.4M bytes of moving head stor­
age measure 7 x 23)~ x 19" ( 17 .8 x 
59.7 x 48.3 cm) providing maximum 
capacity in a small package. Fixed 
heads with an average access time of 
10.1 ms can be added to the same 
spindle up to 2.23M bytes in incre­
ments of 0.37M bytes. Overlapped 
seek enables read or write on fixed 
heads to occur while moving heads 
are undergoing a seek on the same 
drive. 

Okidata Corp, Western Div, 849 
Ward Dr, Santa Barbara, CA 93lll 
designed the positioner to take ad­
vantage of the fact that rotary inertia 
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A storage oscilloscope that captures 1.4 ns rise time. 

121 7834 STORAGE OSCILLOSCOl'E 

~ L--un.,..,~1.--- .. .,. --"----·------"---·-__J 'NM ,...,, .. ,_.,., .. __ _ 

For technical data, clrcle 22 on Inquiry card. 

Superior Performance. A stored writ­
ing speed of 2500 cm/ µ.S, enabling 
you to capture single-shot rise times 
to 1.4 ns, 3.5 cm high, at full reduced 
scan amplitude (or 900 pa 2.25 cm 
high). System bandwidths from 160 
to 400 MHz, depending on plug-ins 
selected. Four storage modes • . • 
bistable and variable persistence, 
FAST bistable and FAST variable 
persistence •.. to cover a wide 
range of storage applications. Auto­
erase for automatic display updat­
ing. A save control for 30 times 
longer viewing. Gated readout, 
which prevents the blooming that 
tends to occur between sweeps with 
nongated readout. Adjustable multl­
trace delay for varying the crt view 
time prior to storing the next sweep 
when using FAST transfer mode. 
4-Compartment Flexlblllty. Perform 
more than one measurement at the 
same time without switching plug­
ins. For example, store a single-shot 
event and simultaneously measure 
pulse width with a digital counter. 
Choose from over 30 7000-Series 
plug-Ins for the combination your 
application requires. The selection 
includes the 7A19 for full system 
bandwidth, the 7011 for digital de­
lay, the 7L5 for spectrum analysis. 

Future Expatndablllty. The 7834 rep­
resents a breakthrough in oscillo­
scope technology. It follows the 
7633 mainframe which introduced 
the then-highest stored writing 
speed of 1000 cm/ p.a. The 7880 and 
7885 time bases, establishing a con­
venient delta delay measurement 
technique. The 7001 Logic Analyzer 
and OF1 Formatter transforming the 
oscilloscope into a logic state--log­
lc timing analyzer with a choice of 5 
display modes. 
The 7834. For fast pulse analysis In 
the laser fusion lab. For single-shot 
or low-rep-rate fast pulse analysis, 
glitch detection, or ECL logic analy­
sis In digital design. For single-shot 
fast pulse analysis In destructive and 
nondestructive component testing 
When you buy Into the 7000 Series, 
you're assured of technological ad­
vances that help set the pace for the 
oscilloscope world. 

The 7000-Serles ••• 
more than an oscilloscope 

For a demonstration or more infor­
mation, contact your local Field En­
gineer. Or write Tektronix Inc., P.O. 
Box 500, Beaverton, OR 97077. In 
Europe, write Tektronix Limited, P.O. 
Box 36, St. Peter Port, Guernsey, 
Channel Islands. 

For • demonalr•Uon, clrcle 23 on lnqulrJ c.rcL 





Introducing the SEL 32/75 System. 

The Computer 
with a Subconscious. 

Your eyes blink 25 times a minute. 
You don't realize it because this rou­
tine, like thousands of other vital 
routines, is handled by your sub­
conscious. 

That's important, because this 
parallel processing frees the con­
scious part of your mind for critical 
decisions. 

This is also a good description of 
how the new SEL Regional Process­
ing Units operate within the SEL 
32/75 System. Working independent­
ly, these RPU's contain sufficient 
control and buffer storage areas to 
process an 1/0 region and transfer 
the resultant data directly to main 
memory. Computer system 
throughput is further enhanced by 
High-Speed Floating Point Hard­
ware, Writable Control Storage, and 
flexible interleaving. 

The SEL Memory MAP efficiently 
manages up to 16 million bytes of 
main memory, with no instruction 
overhead. 

Sounds like a big system, doesn't 
it? SYSTEMS can link 20 CPU's, 

with hundreds of Regional Processing 
Units, into one multiprocessor network. 

You see, the well-established SEL 
32 computers fit the term "minicom­
puter" in price alone. Based on true 
32-bit architecture, all are fast, pow­
erful machines using functional, 
proven software. SYSTEMS compu­
ters are proving their worth in big jobs 
like seismic exploration, power plant 
operations, aircraft simulation, and 
scientific computation. 

The SEL 32/75 System fits neatly 
as head of the SEL 32 family. It's 
more powerful, more flexible, more 
throughput-oriented than any com­
puter we've ever built. 

We'd like to help you explore how 
the SEL 32/75 System could simplify 
your computing requirements. Just 
circle our number on the Reader 
Service Card, and we'll send our 
brochure in the blink of an eye. 

SYSIEMS 
ENGINEERING LABORATORIES 

6901 West Sunrise Boulevard, Fort Lauderdale, Florida 33313 (305) 587-2900 
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a1m1TAL TECHNDLDl3V RE?VIEW 

Small size and low cost are achieved 
in Okidata's series 3300 disc drives 
through use of a rotary head positioner. 
Heads are mounted directly on a ro­
tating arm which moves across the disc 
surface much like a phonograph arm. 
This design does away with the typical 
head carriage and its mass, and elim­
inates precision rails and ball bearings 

is the product of mass and radius 
squared. The positioner arm in the 
3300 is mounted directly to the rotor 
of a high torque brushless de motor. 
While the rotor has high mass, its 
effective radius in the system is small 
compared to the radius at which the 
heads are located; this results in 
minimum inertia and therefore mini­
mum power dissipation. 

The resulting positioner is compact. 
Only two bearings are involved in 
the entire system, and the motor can 
be removed from the drive without 
disturbing the arm or heads, which 
are located in a "clean" enclosure. 

There are two data heads per sur­
face. The track-following positioner 
servo system uses the bottom surface 
of the lower disc, which contains 
prewritten servo tracks used in posi­
tioning heads; this eliminates close 
tolerances and thermal problems com­
mon to drives which use devices in 
the positioner to derive track posi­
tion information. 

Optional fixed heads are mounted 
on a tray-like assembly containing 
head terminations and diodes. These 
assemblies can also be mounted to 
use a portion of the servo disc sur­
face and also the entire top surface. 

The interface is designed such 
that moving head drives may plug 
into a system intended to operate 
with the CDC 9760 storage module 
and operate to its specifications. Mov­
ing head and fixed head hybrid drives 
use a common interface. A single in­
terface board contains all receivers, 
drivers, and electronics necessary to 
the standard interface and interface 
options. 

34 

The low cost units use Winchester 
3340-type heads and media, and pro­
vide data separation; error recovery 
features such as early/late datastrobe; 
and track offset, direct track address­
ing, and index /sector lookahead. Both 
fixed and moving heads have 18,560 
bytes / track and data transfer rates of 
7.33M bits / s. Average access time is 
38 ms. Expanded capacity and trans­
fer rate will be accomplished using 
3350 Winchester-type heads; maxi­
mum moving head capacity is ex­
pected to be 127M bytes in the same 
package. 
C ircle 142 on Inquiry Card 

SOM-Byte Disc Drive 
Incorporates ~eliability, 
M~intainability Features 

BD-80 is an IBM 3330-type disc drive 
which offers 80M bytes of online 
capacity and design features to im­
prove both reliability and maintain­
ability. When interfaced with the 
3300 formatter the drive supports 
sophisticated file management tech­
niques in real-time, suitable for 
multiterminal and batch processing 
systems requiring high speed, ran­
dom access to mass storage. 

In the drive, Ball Computer Prod­
ucts, Inc, 860 Arques Ave, Sunny­
vale, CA 94086 has combined reli­
ability and maintainability with fea­
tures that include a 3330-type spindle 
interface, a track-following servo­
system that requires no external 
references, a triple cooling system, 
a sealed-in actuator mechanism, and 
a constant-voltage power supply. The 
combination of features reduces com­
mon disc problems: dust accumula­
tion on precision mechanisms, head 
crashes caused by contamination, hot 
spots in circuitry, and susceptibility 
to recording errors due to line power 
variations. Separate chassis for ac­
tuator and motor control mechanisms, 
power supply, and logic, and plug-in 
cards simplify maintenance as well 
as troubleshooting and repair. Op­
erating problems are isolated by the 
system itself to power, interface, 
read, write, or head problem. 

Basic disc drive contains dynamic 
braking, standard digital 1/0, and 
an ac power cable and power supply. 
The BD-53 disc pack is based on 
IBM 3336-11 components; it contains 
five read /write surfaces with 815 cyl­
inders / surface at 370 tracks/in. Re­
cording densities are 6060 bits/in, 

20,160 bytes/track or approximately 
100 M bytes I pack (unformatted) . 
Start/stop times are 20 s. Average 
access time is 30 ms and data trans­
fer occurs at l.2M bytes/s. 

The 3300 formatter offers large 
mainframe disc handling functions 
such as multiple drive capability. 
Features include seek overlap opera­
tion, multirecord transfers, IBM error 
correction codes, and high speed 
drive support. The unit supports vari­
able size record formats, internal 
data encoding and decoding, error 
correction, and a sophisticated FIFO 
buffering technique that matches disc 
speed to minicomputer timing. It can 
accommodate up to eight spindles in 
a daisy chain arrangement. An in­
ternal microprocessor permits seek 
overlap operation. 
Circle 143 on Inquiry Card 

Battery-Powered Cassette 
Recorders Playb~ck 
Directly on Terminals 

ICT series write-only incremental 
digital cassette transports and record­
er systems offer up to 2.2M bits of 
data capacity on a 300-ft cassette. 
Miniature transport uses a Philips 
data cassette, low power incremental 
stepping motor, and CMOS elec­
tronics, drawing just 700 mW from 
a 12-V battery when writing, to pro­
vide portable battery-powered data 
collection. 

With the systems, Datel Systems, 
Inc, 1020 Turnpike St, Canton, MA 
02021 offers a simplified approach 
to design by reducing data entry, 
retrieval, power-up, and power-down 
considerations to the point of pro­
viding and accepting logic levels at 
the required times. Circuit card mod­
ules are specified in terms familiar 
to circuit designers who know digital 
logic. In a complete system, design 
details of the transport's flux levels 
and motor drive are transparent to 
the designer, requiring only knowl­
edge of ultimate word size, bit rate, 
and data capacity. However, full spec­
ification of transport and individual 
card modules allows customized 
systems to be created at any level. 

Systems accept a variety of data 
formats ranging from full synchrn­
nous serial to 40-bit (five byte) paral­
lel. Basic format is 8-bit bytes 
recorded at about 6 bytes/s; these 
bytes are externally coded as ASCII 

alphanumeric character bytes for 
direct playback on terminals. Op­
tional analog inputs may be recorded 
by digitizing channels with low 
power A-D converters, to provide 
direct octal printout of A-D informa-
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Touch switches 
are 

••• and CENTRALAB has them NOW 
When Centralab introduces touch switches you can be sure they're "In". Backed by 
40 years of switch know-how, and after years of intensive research and testing, 
Centralab is now delivering, in batch-process volume, a complete touch switch 
system. We call it MONOPANEL. 
MONOPANEL is a thin, light, flat, front panel subassembly containing micro-motion 
touch switches already mounted and interconnected .. . with LED's, nomenclature, 
graphics and colors to meet your functional and aesthetic requirements. 

Batch-Processed For 
Economy With Quality 

MONOPANELS are batch-processed as 
11 " X 17" master panels only .075" thick, 
each containing up to 700 switches. 
Every Monopanel is a complete, 100% 
pre-tested subassembly containing 
switches, front panel and graphics. 

60,000,000 Cycles 
Without Failure! 

The basic MONOPANEL switch has been 
operated for sixty million switching cy­
cles without mechanical or electrical 
failure. And MONOPANEL has been 
tested and proven against 22 separate 
mechanical, electrical and environmen­
tal standards. 

Custom Designed 
For Your Application 

On each 11 " X 17" panel you can 
custom-design individual boards to meet 
your front panel needs. The illustration 

above shows just a few of the almost 
endless variations possible from each 
master panel. 

Unlimited Graphics 
Available 

The flat, smooth, front panel surface 
permits unlimited choice of graphics. 
Functions may be grouped by color, with 
480 colors available. Thirty choices of 
type style and size. And whatever visual 
symbols meet your specific needs. 

•· ~' CENTRALAB { 
Electronics Division ' 

GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 

THIS IS 
MONOPANEL: 

• A complete touch switch sub­
assembly, ready to mount. 

• All switches and graphics on a 
.075" thin panel. 

• Flat, spill-proof surface wipes 
clean. 

• Noiseless. 
e 100% tested. 
• Choice of terminations. 
•Operating voltage: 50 V max. 
•Operating current: 100 mA 

max. 
•Contact resistance: 0.2 ohms 

typical. 

Standard 12 and 16 position 
keyboards are available 
through Centralab 
Industrial Distributors. 
For more information 
on custom 
MONO PANELS, 
call Bill Klug, 
(414) 228-2604, or 
send for this 
FREE brochure today. 

Quality Products For Your Design: Ceramic Capacitors • EMl/RFI Filters • Thick Film Circuits • Rotary, Slide and Pushbutton Switches 
• Touch Switches • Potentiometers and Trimmers. 

CIRCLE 25 ON INCi)UIRY CARD 



Reduce your vulnerability. 
Specify Amphenol® connector systems. 

You'll get just the right connector. 
Plus quality that makes you look good. 

Waiting for the missing link in your product 
-the connectors-can be more than 

frustrating. A delay can leave you wide 
open to the perils of lost business 
and lost profits. So can less than 

top-notch quality. 
Relax. There are thousands and thousands of famous 

Amphenol quality connector products. Many are avail­
able for prompt delivery from a close-to-you distribu­
tor. And even if you order a highly specialized 
connector, you won't have to wait long. Just long 
enough for us to give it quality worth waiting for. 
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You get that kind of prompt availability in qual ity 
connectors like those shown here. And a host of others 
for consumer and business products, data and word 
processing equipment, aerospace and military applica­
tions, nuclear power, telephony, and more. 

We make much more available to you, of course. 
From the constant stream of connector ideas we origi­
nate to the methods of termination. So bring your 
connector problems to us. Just write to: Amphenol 
Connector Systems, Bunker Ramo Corporation, Dept. 
L47, 900 Commerce Drive, Oak Brook, Illinois 60521, 
or call: (312) 986-2320. 
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Cut telephone key-set installation costs in half. 
With System 66 connectorized red-field back 
panels. They're factory pre-wired. 

Microphone connectors that are 
quick to disconnect. Our QWIK-91 
Series are efficient, easy to operate 
and an attractive complement to 
quality audio equipment. 

The big name is SMA's. Amphenol, 
of course. Stainless steel or 
beryllium copper. Built-in quality 
ensures performance to your 
toughest design demands. 

Missile launcher connector-and-cable assembly 
is important to the military. Used on an infantry 
anti-tank weapon, this assembly is typical of 
our total design capability. 

Radiation-resistant connectors for the nuclear 
power industry. Our 206 Series for containment 
rooms. Features stainless steel shells and crimp 
Poke-Home® contacts. 

PC edged connectors that give 
you the edge on costs. A variety 
from 143, 225, and 261 Series. 
For solder, wire-wrap, and crimp snap 
applications. 

The right idea 
atthe 
right time. 

------® AM PH EN 0 ~~~~i~~; ..... 8-~-~_:Ji_~_R_, 
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DIDITAL TECHNDLDGY REVIEW 

tion on a display terminal or tele­
printer. 

Special features include automatic 
block length termination and printer 
formatting control using spaces, 
carriage returns, and line feeds gen­
erated by recorder electronics. This 
permits readable data to be printed 
with selected line lengths directly 
from ICT-WA systems to an ANSI­

compatible terminal 1/0 device. A 
computer is needed only for arith­
metic and to reformat the output. 

Minicomputer Adapts to 
Freestanding Interactive 
or Distributed Processing 

NCR 8250 is a general-purpose mini­
computer system that offers up to 
80M bytes of disc storage as well 
as a COBOL-oriented interactive multi­
programming operating system. It 
can be used as a communications­
oriented processor or as a freestand­
ing interactive multiprogramming 
system. 

A 16-bit general-purpose m1m­
computer, which uses standard 19" 
rack-mounted plug-in circuit boards, 
the processor has from 48k to 128k 
bytes of MOS memory with auto­
matic battery protection. In addition 
to processor and memory, the vertical 
cabinet can contain one or two disc 
storage units providing up to 19.6M 
bytes of storage, and one or two 
magnetic tape cassette handlers. The 
system is offered by NCR Corp, 
Dayton, OH 45479. 

Operating software permits sev­
eral applications operating at the 
same time to share common sections 
of coding from a single pool rather 
than duplicating coding for each 

Datel's ICT series miniature 
cassette transport uses 
CMOS circuitry and an in­
cremental stepping motor 
to allow operation from a 
12-V battery. Automatic 
block length termination 
and printer formatting con­
trol features permit data to 
be printed directly from the 
system on any ANSI-com­
patible terminal 

Basic transport is a panel mount­
ing assembly, which fits through a 
front panel cutout; it includes step­
ping motor, tape head, both hub 
assemblies, and optional EOT /BOT 
photodetector. All electronics are 
mounted in an optional 5-slot PC 
card cage which attaches to the rear 
of the transport. Transport and cards 
are available separately to allow 
complete customization of digital 
recording systems. 
Circle 144 on Inquiry Card 

application. Other features allow 
conversational question and answer 
procedures to simplify start of day 
procedures; three levels of security 
for each terminal, to prevent un­
authorized use of certain system com­
mands; and object code changes 
which reduce memory requirements 
and increase processing speed. 
Circle 145 on Inquiry Card 

Recorded Message 
Machine Is First Use of 
Magnetic Bubble Memory 

A machine that stores and announces 
recorded messages is claimed to be 
the first to operate with a magnetic 
bubble memory and to be the first 
application of this technology. The 
machine was developed at Bell Tele­
phone Laboratories, Mountain Ave, 
Murray Hill, NJ 07974, and is being 
tested in one of Michigan Bell Tele­
phone Co's Detroit switching offices. 
Called the 13A announcement sys­
tem, the machine is being used to 
record and announce standard repeti-

Message board from Bell Lab 's mes­
sage announcement machine contains 
two magnetic bubble memory packages 
mounted one above the other in the 
center top half of the board. Four 
garnet chips in each package provide 
storage for 272,484 bits of digitized 
information 

tive 12- or 24-s "call assist" mes­
sages, each of which can be played 
back to as many as 500 telephone 
lines simultaneously. 

In this application, magnetic bubble 
technology provides the advantage 
of increased storage capacity in the 
same physical storage space, as well 
as low power consumption and non­
volatility. The bubble memory in the 
machine contains four garnet chips, 
each with a storage capacity of 
68,121 bits-equivalent to about 12 s 
of digitized speech. Measuring 1.2 x 
2.2 x 0.6" ( 3.05 x 5.59 x 1.52 cm), 
the package has 32 pins for external 
connection; a Permalloy outer case 
provides necessary shielding against 
possible external magnetic fields. 
Each board contains a maximum of 
two magnetic packages; one message 
is provided on each board. (Opera­
tion and details of a similar memory 
for use in a voice recorder are re­
ported in Computer Design, Apr 1976, 
pp 38, 43.) 

Instead of being recorded on a 
magnetic drum turned by a motor, 
messages are stored in digital for­
mat-in a code represented by the 
presence or absence of bubbles-in 
the machine's magnetic bubble mem­
ory. While messages stored on the 
drum deteriorated with use, messages 
processed by the 13A do not lose 
quality with repeated playing. About 
the same size as its predecessor, 
which handled one message, the 13A 
records and announces up to eight 
different messages. 

Additional information on the tech­
nology of magnetic bubble memories 
can be found in "Magnetic Bubble 
Systems Approach Practical Use," by 
J. Egil Juliussen, Computer Design, 
Oct 1976, pp 81-91. 
Circle 146 on Inquiry Card 
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Nme new memories 
frotn the leader ... 

Tuxas Instrutnents 

Progress in memories comes quick­
ly at Texas Instruments. Here are 
nine new memory devices. Span­
ning a wide range of technologies 
... from NMOS to firsts in ad­
vanced processes - a magnetic 
bubble memory and a charge­
coupled device memory. 

There's higher performance, too. 
And broader choice. All reflecting 
memory leadership. Enabling you 
to explore new concepts. Upgrade 
existing designs. Achieve greater 
cost effectiveness. And improve 
system operation. 

92K magnetic bubble memory 
... doesn't forget to remember 

The first commercially available 
bubble memory. Tl's solid-state 
TBM 0103 . . . 92,304 bits. 

Non-volatile, it remembers when 
the power is off. A natural for inno­
vative applications requiring porta­
bility. Programmable calculators. 
Data loggers. Voice storage. Mea­
surement and test equipment. 

Use the TBM 0103 in intelligent 
terminals. Word processing. Con­
trollers. As an alternative to disk 
and drum storage. And the new 

TBM 0103, with its microprocessor­
compatible interface family, can 
handle your microprocessor mass 
memory function. 

Data is written into and read out 
of a major loop, stored in minor 
loops. Result: Serial input IIO with 
random access to 641 pages 144 bits 
wide. Average access time: 4.0 milli­
seconds. Data rate: 50 kilobits per 
second. 

Single-chip construction enhances 
reliability. A 1.02 by 1.1 by 0.4 inch 
14-pin dual-in-line package con­
tains the bubble chip and all neces­
sary magnetics. Combines low 
initial price with system packaging 
flexibility and efficiency. 

Prototype quantities are available 
now. Coming soon: new interface 
peripherals, including an N-channel 
MOS controller. 
CIRCLE 121 ON IN9UIRY CARD 
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65K CCD memory 
... plugging a gap 

Tl's new TMS 3064 ·is the first 65K 
charge-coupled device (CCD) 
memory on the market. Meets the 
need for a low-cost, high-perfor­
mance memory between high-speed 
RAMs and low-speed, serial-access 
magnetic memories. 

A new two-phase coplanar elec­
trode CCD structure developed by 
TI, coupled with the standard double 
poly N-channel silicon gate process, 
is the key to the cost effectiveness 
of the TMS 3064. 

Only two non-critical MOS-level 
clocks are required. Operating at 5 
megabits per second, the TMS 3064 
has a typical power dissipation of 
300 mW. 

In a 16-pin 400-mil ceramic DIP, 
the TMS 3064 will be available in 
May in sample quantities. 

Cl~CLE 122 ON IN9UIRY CARD 

4K static RAMs 
... high performance and density 

Your choice of NMOS 4K memories 
is substantially broader with Tl's 
new static RAM family. Fully static 
design eliminates the need for clocks 
and reduces support circuitry. 

These new 4K RAMs operate from 
single + 5 volt supplies and are fully 
TTL compatible. A chip select and 
three-state output simplify memory 
expansion. 

They come in four speeds: 450, 300, 
200, and 150 ns maximum access 
titnes. And two organizations. The 
TMS 4044 and 4046 are organized 
as 4096 words of one bit; the 4045 
and 4047 as 1024 words of four bits. 
Typical power dissipation at 200 ns 
is less than 325 mW. 

All four new RAMs offer identical 
performance, with the TMS 4046 
and 4047 series having the addi­
tional advantage of a unique 
power-down mode - less than 10 
mW power consumption. 

The TMS 4044 and 4045 come in 
a space-saving 18-pin ceramic or 
plastic package; the TMS 4046 and 
4047 in a compatible 20-pin 
configuration. Sample quantities 
are available now. 
CIRCLE 123 ON IN9UIRY CARD 

16KEPROM 
... a 2 708 times two 

Tl's new TMS 2716 is a 16,384 bit 
device that plugs into existing 2708 
sockets. You get twice the EPROM 
memory in the same space. So it's 
ideal for upgrading present designs. 
Same basic chip design and circuitry 
as the TMS 2708. Same production­
proven N-channel process. Same 
power supplies. At 375 mW typical, 
the TMS 2716 dissipates less total 
power than most 2708s that have 
half the memory. 

The TMS 2716 is a natural addi­
tion to Tl's 8K EPROMs - the stan­
dard TMS 2708 and the low-power 
TMS 27L08. All are available now. 

CIRCLE 124 ON INQUIRY CARD 

16-pin 
4K& 16K 
Dynamic RAMs 

In addition to the industry 
standard 22 and 18-pin 4K 
RAMs from TI, a new high-per­
formance 16-pin TMS 4027 is 
available in sample quantities. 

A 16K dynamic RAM - the 
TMS 4070 (300 ns) - is avail­
able now. With an improved 
performance TMS 4071 (150, 
200 and 250 ns) coming in the 
second quarter. 

CIRCLE 125 ON IN9UIRY CARD 

For more information on any of 
these new memories, call your 
nearest authorized Texas Instru­
ments distributor or TI field sales 
office. Or write Texas Instruments 
Incorporated, P.O. Box 1443, MIS 
669, Houston, Texas 4fJ 
77001. Please identify •n 
the memory you are U/ 
interested in by giving 
its TI part number. 

TEXAS INSTRUMENTS 
© 1977 Texas Instruments Incorporated INCORPORATED 93113 
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Entry Level System 
Provides Floppy Discs 
For Cardless Computing 

An entry level system for the series 
90 family, the 90/25 offers integrated 
hardware and modular software for 
both new users and those wishing to 
upgrade their systems, and can be 
configured as a cardless system by 
using a diskette subsystem. An­
nounced by Sperry Univacn, a div of 
Sperry Rand Corp, PO Box 500, Blue 
Bell, PA 19422, the 90/25 has as 
its nucleus a processor that is directed 
by microprogrammed insh·uctions and 
is designed to perform random, se­
quential batch, communications sci­
entific, or inquiry /response inf~rma­
tion processing. Main memory can 
be expanded from 65k to 13lk bytes. 

Software consists of Operating 
System /3, which supports the simul­
taneously announced 8415 disc drive 
and 8413 diskette subsystem, other 
online peripherals, and communica­
tions; for terminals, CRT terminals, 
and intelligent terminal subsystems 
Job Control Language (JCL) is a set 
of descriptive control statements that 
define system requirements for each 
job and direct the operating system 
to assign necessary resources to exe-

Small Scale, Disc-Based 
Computers Offer Rancje of 
Growth and Performance 
Small scale, disc-based computer 
systems added to the B 800 series 
h~ve main processors operating at 
either 1 or 2 MHz with up to 13lk 
bytes of main memory. A separate 
programmable data communications 
processor has up to four communica­
tions lines. Mass storage ranges from 
a low cost removable disc cartridge 
subsystem to a removable disc pack 
sub.system with up to 521.6 bytes of 
onl:ne storage. Burroughs Corp, De­
tr01t, MI 48232 designed both the 
B 810 and B 820 around micropro­
g:ammed processors; multiple pos­
sible configurations of each adapt to 
particular operating environments. 

Main memory for the 810 consists 
of 32k bytes of MOS memory with 
500-ns access time for two bytes of 
data; the 820 has I6k bytes of MOS 
memory and 16k bytes of bipolar 
control memory with 70-ns access 
time for two bytes of data. Control 
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cute it. OS / 3 can support up to seven 
jobs running concurrently within 
three levels of priority. By means 
of multijobbing, steps from more 
than one job can be interleaved to 
increase throughput. 

Integrated Communications Access 
Method (ICAM), an easy to imple­
ment system that includes a message 
control program to queue messages 
for delivery on demand, accommo­
dates demands for communications 
capabilities. The IMS / 90 Information 
Management System provides data 
file inquiry and update capability. 
Emulation of Univac 9200 / 9300 sys­
tems is accomplished using micro­
program capability in the processor. 

Peripherals for use with the sys­
tem include the 8413 diskette which 
provides cardless computin~ using 
IBM-compatible diskettes. It has a 
capacity of 242k bytes / disc and can 
read 128-byte records at 1500 rec­
ords /min, and write at 850 records/ 
m~n. The 8415 disc drive is a split­
spmdle fixed/removable device that 
permits on- and ofHine storage. It 
offers 24.8M bytes fixed storage; 
8.3M bytes of removable storage. 
Also available are 300-line /min print­
er, 300-card/min reader, and com­
munications terminals. 
Circle 147 on Inquiry Card 

memory takes advantage of the 820's 
2-MHz speed, permitting faster exe­
cution of instructions. Both processors 
are expandable to up to 13lk bytes 
of main memory. 

Memory access is controlled by a 
separate microprocessor called a di­
rec~ memory access controller (DMAC) 
which allows the disc I/O control 
and data communications processor 
to share memory cycles with the main 
system processor. The microprocessor 
controls the priority of access for 
the three sources and prohibits any 
one from preempting memory to the 
detriment of the other two. 

Mass storage for the system is 
provided by an entry level remov­
able disc cartridge subsystem which 
st?res 4.6M, 9.2M, or 4.6M bytes 
with average access times of 80 100 
or 145 ms; a compact fixed' dis~ 
subsystem with 9.4M, 18.8M, 28.2M, 
or 37.6M bytes / drive and average 
access time of 55 ms; and a remov­
able disc pack subsystem with capaci­
ties of 65.2M and 130.4M bytes and 
an average access time of 33.3 ms. 

The system may use a 10-MHz 
Data Communications Preprocessor 
(ncPP) which can service up to four 
communications lines in full- or half­
duplex mode in a multipoint or 
point-to-point network. A micropro­
cessor with standard memory of 6144 
12-bit words, the DCPP operates con­
currently with the main system pro­
cessor, handling all processing associ­
ated with various line procedures and 
communications line management. 
The main system processor becomes 
involved only when a complete 
message has been assembled and is 
available for application processing. 

System operation is supervised by 
a comprehensive executive system 
the Master Control 'Program (MCP>' 
which assigns memory, manages I/O: 
communicates with the operator, logs 
system use, loads programs, main­
t~ins a library of all files, and super­
vises other functions. MCP forms the 
key to virtual memory operation and 
multiprogramming, enabling the sys­
tem to execute multiple programs 
that are larger than the main memory. 
Circle 148 on Inquiry Card 

Programmable Terminals 
and Controllers Collect 
Factory Data 

Compact, programmable data collec­
tion terminals and communications 
controllers, tested in conformity to 
1'.fIL-~TD-810, assure reliable opera­
tion m harsh environments. Intro­
duced by Epic Data Corp, 12728 15th 
Pl NE, Bellevue, WA 98005 the 
terminals read punched badges,' ANSI 

cards, or magnetic striped cards 
while the controllers handle up t~ 
l_OO terminals on four separate party 
lines. 

An 8080 microprocessor-based ter­
minal which electro-optically reads 
punched badges, displays time of 
day, and provides five LEDs for 
prompting, the 1647-1 converts data 
to ASCII format for storage in a trans­
mit buffer before subsequent transmis­
sion via a built-in RS-232-C interface 
and/ or differential line driver inter­
face. Model 1647-2 incorporates fea­
tures of the -1 and adds the ability 
to accept data from both punched 
badges and 80-column ANSI cards. 
It also incorporates 20 user-defined 
keys for inputting variable data. In­
formation such as time and keyboard 
entries are displayed on a 10-digit 
numeric display. Combining all fea­
tures of the -1 and -2, the model -3 
also provides 40 user-defined keys 
and up to 10 LEDs for prompting. 

(Continued on p 46) 



Important news for 
Intel SBC 80 users: 

The RTl-1200 solves your real-time 
analog 1/0 subsystem problems. 

•Internal ADC 
timing signals 
may be brought 
out for user 
convenience. 

I 

*Two-level input 
protection fully 
protected to 
±28V. Fusing 
resistor prir 
tects against 
line voltage. 

I 

Software card 
select for system 
efficiency. 

Now Intel SBC 80 users have the most complete, 
most versatile and easiest-to-use input card for the 
acquisition and control of analog signals. 

What you don't see here are alf the other signi­
ficant RTl-1200 features that enhance its maximum 
convenience and versatility. One of the most impres­
sive is our User's Guide. It doesn't just tell you now 
to hook up jumpers. It does tell you how to write 
2rograms that optimize throughput rates, how to use 
the 8080' s instruction set to tal<:e advantage of the 
RTI-1200' s capabilities and a whole lot more. 

If you're looking for the solution to your analog 
1/0 interface problems, the Analog Devices' RTI-

0Exdusive features of Analog Devices' RTI-1200. 

*Software pro­
grammable gain 
amplifier. 

*4-20 mA 
current loop 
drivers. 

2 channels of 
12 bit analog 
output with 
double buffered 
inputs I 

12 bit AOC. 

* 5V buffered Ref. 
brought out for 
user con­
venience. 

1200 is it. Single prices range from $629 to $979 de­
pending on options (quantity discounts are available). 
The Analog Devices' RTI-1200, the first in a family of 
analog subsystems from the market leaders in analog 
products for signal conditioning, converting and 
control. 

Send for the complete RTI-1200 Technical 
Information Package. 

~ANALOG 
WDEVICES 
The real company in analog µperipherals 

Analog Devices, Inc., Box 280, Norwood, Massachu setts 02062 East Coast' (617) 329-4700, Midwest ' (312) 894-3300, West Coast' (2 13) 595-1783, Texa" (214 ) 231-5094, Belgium' 
03138 2707, Denmark, 02/84 58 00, England, 01/94 10 46 6 , France' 686-77 60, Germany' 089/53 03 19, Japan ' 03/26 36 82 6, Netherland" 07614 2150, Switzerland, 022/3f9704 and 
representatives around the world. 
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Intel delivers the first 
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The Intel® 2716 is the first 16K UV­
erasable and electrically programmable read only 
memory (EPROM). The 2716 operates from a 
single 5 volt power supply, has a static power 
down mode and features fast , single address loca­
tion programming. It makes designing with 
EPROMs faster, easier and more economical than 
ever before. Then, when you're ready for 
production quantities, move rapidly 
to Intel's new pin-for-pin com­
patible 16K ROM, the 2316E. 

Since the 450 nsec 2716 
operates from a single 5 volt 
supply it is ideal for use with 
the newer higher per­
formance +SY 
microprocessors such 
as Intel's 8085 and 8048. 
The 2716 is also the first 
EPROM with a static power down 
mode which reduces the power dissipa­

tion without increasing access 
time. Active power dissipation is 525 mW while standby 
power is only 132 mW-a 753 savings. 

The 2716 has the simplest and fastest method yet devised 
for programming EPROMs- single pulse TTL level program­

ming. No need for high voltage pulsing because all programming 
controls are handled by TTL signals. Now you can program 

on-board, in the system, in the field. You can program any location at any 
time-either individually, sequentially or at random, with the 2716's single 
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5volt 16K EPROM 
address location programming. Total programming time for all 16,384 bits is 
only 100 seconds. 

The 2716 EPROM is pin compatible and directly interchangeable with 
Intel's new 4 20 nsec 2316E mask programmed ROM. Debug your systems using 

EPROM and when the 
pattern is firm, order 
the 2316E ROMs and 
plug them directly into 
the 2716 sockets.Turn 
around time on RO Ms 

EPROM 

27 16 
2708 

1702A 

:--~-~:~ 'L:~:-~_- ·.~\~::;~~.~-~:-~~:;;:~~~.:~~~~~:--'~~~:-~.:~·::::Ii~ 
Interchangeable Power Max. 

ROM Size Organization Supply Access Time 

2316E 16K 2K x8 +5, only 450 nsec 
2308 8K 1Kx8 +12, ±5 450 nsec 
1302 2K 256x 8 +5, -9 1 µsec 

has been reduced to 6 weeks ARO. If you prefer, ship the first few prod­
ucts with 16K EPROM and switch to 16K ROM in the field. Either way you 
get the flexibility of EPROM and the economies of ROM. Both from Intel. 

Double the size of your program memory, im­
prove performance, and get your product to market 

faster with Intel's reprogrammable 2716. And 
save money in production with the compatible 
high speed mask programmable 2316E ROM. 
The fastest way to get started is to order the 
new 271616K EPROM from your local Intel 

distributor. Contact: Almac/Stroum, Compon­
ents Specialties, Cramer, Elmar, Hamilton/ Avnet, Industrial Components, 
Liberty, Pioneer, Sheridan or L.A. Varah. And for quick turn around on the 
16K mask programmable 2316E contact your local Intel sales office. 

For technical information and a copy of "The New 16K EPROM" 
article reprint (AR-42) use the reader service card or write: Intel Corporation, 
3065 Bowers Avenue, Santa Clara, California 95051. 

inter delivers. 
Circle 29 for technical information. 

Circle 30 for technical information and a demonstration. 45 
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For program storage the units 
have up to 2k bytes of ROM in lk 
increments. 512 bytes of RAM allow 
data buffering during transmitting 
and receiving, and provide scratch­
pad memory. Architecture allows ex­
pansion to 16k bytes of ROM and 
up to 44k bytes of RAM. 

System control units ( SCUs) in­
corporate microcomputers which en­
able them to function as a flexible 
yet cost-effective method for control­
ling a network of terminals. They 
serve by polling each terminal to 
extract data being entered, analyz­
ing received data to verify operation 
of the terminal, transmitting prompt­
ing information to lead terminal op­
erators through data entry sequence, 

Low Priced Computer 
Stores Operating System 
in Main Memory 

Model 20, an entry level member of 
the 1000 computer system family 
from Hewlett-Packard Co, 1501 Page 
Mill Rd, Palo Alto, CA 94304, is 
aimed at uses in manufacturing auto­
mation, automatic product testing, 
and multiterminal laboratory com­
puting and control. Main distinction 
of the unit and primary reason for 
its low price is the multilingual, 
multiprogramming real-time executive 
operating system-RTE-M-which is 
implemented entirely within main 
memory. 

Configured to include an HP 
21MX-E series computer with 64k 
bytes of main semiconductor memory, 
a 2645A communications oriented 
CRT system console with two mini­
cartridge drives, and a desk-style en­
closure, the basic system operates 
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Microprocessor-based data col­
lection terminal reads punched 
badges or ANSI cards and al­
lows variable data to be en­
tered from the keyboard. The 
rugged unit from Epic Data 
provides operator prompting 
through user-defined LEDs, and 
stores ASCII coded data in 
RAM for subsequent transmis­
sion 

assembling received data into com­
plete transactions, and transmitting 
data to a host processing system for 
analysis and report generation. 

The model -1 can control up to 
30 model 1647 terminals on one line. 
It incorporates 4k bytes of ROM or 
p / ROM (expandable to 16k), and 
uses 512 bytes of RAM for data 
buffering and scratchpad. The -2 has 
Bk ROM and accommodates from 4k 
to 44k bytes of RAM. It can control 
as many as 100 terminals on four 
separate party lines, and can assem­
ble transactions and format data for 
simultaneous storage on one or two 
local storage devices. 

Circle 149 on Inquiry Card 

under RTE-M, BASIC/ lOOOM, and 
ISA FORTRAN. The operating system 
can be configured to manage main 
memory as large as 608k bytes, 
making the system useful where disc 
drives are inadmissible but where 
disc-sized capacity is needed, such 
as process control in harsh environ­
ments. Memory expansion is accom­
plished in 16k- or 32k-byte incre­
ments using plug-in boards. 

The unit will support concurrent 
program execution and program de­
velopment on four terminals or more, 
and will execute programs in BASIC, 

FORTRAN, or assembly language; its 
program development language is 
BASIC only. With an added flexible 
disc, it will handle any mixture of 
execution and program development 
at four stations or more, in any of 
the languages. Up to four flexible 
disc units can be added to provide 
up to 2M bytes of mass information 
storage. Flexible disc hardware is 

field retrofittable to systems. Drives 
have capacity for 512k bytes and are 
addressed by the same file manager 
calls as used by current real-time 
executive operating system software. 

RTE-M, the memory resident real­
time executive operating system, uses 
calls and file structures identical to 
those of RTE-II and RTE-III, making 
programs upward compatible. It also 
supports transfers to microcontrol 
store under program control. Expand­
able in modules, the system can 
implement memory mapping, en­
abling use with up to 608k bytes 
of memory. 

Interconnection to local or remote 
process control equipment is accom­
plished through conventional screw 
terminal contacts on an available 
interface to the HP 9611R measure­
ment and control station. 
Circle 150 on Inquiry Card 

Nonprocedural Language 
Simplifies Computer-User 
Communications 

Integrating two separately evolving 
technologies-nonprocedural lan­
guages and data base management­
the English-like RAMIS II (Rapid Ac­
cess Management Information Sys­
tem) nonprocedural language sim­
plifies communication between the 
user and computer by eliminating the 
need to translate to machine language. 
Users need not know how or where 
data are actually stored; the data 
storage structure can be changed 
without affecting existing applica­
tions. 

Evolved by Mathematica Products 
Group, Inc, PO Box 2392, 14 Wash­
ington Rd, Princeton, NJ 08540, the 
system runs on IBM System/360 and 
/370 with OS/VS, TSO, VM/370, and 
VP I CSS operating systems, providing 
security features, logging capabili­
ties, and report formatting flexibility. 
Programs and routines can be de­
veloped without regard to access 
strategy, hardware limitations, or 
the storage structure of the data 
base. Access is automatic, but can be 
controlled at the user's option. Com­
mands used in one environment are 
identical in all environments, mini­
mizing the impact of different operat­
ing systems and devices on the user, 
and reducing problems in moving 
from one system to the next and 

COMPUTER DESIGN I APRIL 1977 



Now you have a choice 
of DEC~compatible 
floppy disk systems. 

The DEC RX01. The DSD210. 
It costs $4,095. It costs $3,295. 
You can wait months for it. You can have it in weeks. 

YES PDP®-8, PDP ®-11 , LSl-11 plug compatible YES 
YES Software compatible with all DEC operating systems YES 
YES IBM 3740 Format 
NO Write protect switches 

YES Automatic head unload 
YES Ceramic read/write head 
YES Holds 256,256 bytes per diskette 
NO Diskette formatting capability 

1 OR2 Drives per controller 
NO Interchangeable 50/60 Hz operation 

YES Digital phase-lock-loop data separation circuit 
NO 
NO 

PARTIAL 
MINIMAL 

NO 

Our DSD 210 floppy disk system is 
100% hardware, instruction set, and 
media compatible with all DEC PDP-
8, PDP-11 and LSl-11 systems. It 
costs $800 less than DEC's RX01 , 
has a far shorter delivery time, and 
has more useful features. 

Front panel activity LED lights 
Front panel system status indicators 

Modular construction 
Self-testing microcode 

Field-proven Shugart drives 

CIRCLE 31 ON INQUIRY CARD 

YES 
YES 
YES 
YES 
YES 
YES 

1, 2, OR 3 
YES 
YES 
YES 
YES 

COMPLETE 
EXTENSIVE 

YES 

For an expanded comparison and 
complete technical details, phone or 
write Data Systems Design , Inc., 
3130 Coronado Drive, Santa Clara, 
CA 95051 , 408/249-9353. 
® registered trademark of 
Digital Equipment Corporation 
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Versatec challenges pen plotters to a "drawout:• 

Name your plot. Scientific graphics or business 
PERT charts. Maps or production drawings. Engi­
neering simulations or circuit designs. Versatec will 
draw them faster, more reliably, and with far more 
expression than any other plotter. 
Why wait minutes , even hours for pen plots? Versatec 
can produce a typical E-size drawing in less than 
sixty seconds. 
Think what this speed could do for your own com­
puter plotting . More throughput. Faster turnaround . 
Practical updates that give you visualizations now, 
not later. 

Draw with more eloquence. High data density slows 
pen plotters to a crawl, but Versatec maintains con­
stant speed . Produce subtle shading , toned patterns 
and variable line widths that are impractical , difficult , 
even impossible for pen plotters. 

Print as you draw. Lettering is a problem for pen 
plotters, but not for Versatec . Display captions, leg­
ends and other alphanumeric data without losing a 
second . A simultaneous print/plot feature permits 
overlay of plot data and hardware generated print 
characters on the same scan line. 

Enjoy troublefree plotting. Versatec electrostatics 
write without cranky mechanical arms and sputter­
ing pens. No smears, skips or overshoots. Plot with 
fewer adjustments, less waste and less downtime. 

Draw for less. With all these advantages, a Versatec 
electrostatic still costs about the same as a drum 
plotter system or about half as much as a com­
parable flatbed . 

We've got you covered. Versatec has the paper 
width you need with formats of 22", 24", 36", 42" 
and 72". We've got controllers that link Versatec to 
all popular computers . We 've got CalComp compat­
ible software that gets you on-line quickly and easily. 
So challenge us. Circle our readers ' service num­
ber for a brochu re or fill out the coupon for specific 
information and plot samples. Better yet, call Ver­
satec to arrange your own "drawout'. ' 

~-VERSATEC y A XEROX COMPANY f 
2805 Bowers Avenue • Santa Clara, California 95051 
( 408) 988-2800 

Please send literature: Please send samples: 

D Plotters with opti onal D Business graphics 
character generator D Computer aided design 
(Formats: 22", 24", 36", D Mapping 42", 72") 

D Scientific applications D Printer/ plotters 
(Formats: 8 W', 11 ", 20") D Production drawings 

D Hard copy di reel 
from CRT 

D Versaplot software 
D The 360/370 plotting 

system 

computer model and operating system 

name telephone 

organization 

address 

city, state and zip 

Drawl 



Versatec autd1-aws Ca/Camp I 

Plot size: 56" x 36" 33,000 vectors 
CPU & 1/0 time for sort & rasterization : 
9 seconds 

Plot size: 67" x 36" 16,000 vectors 
CPU & 1/0 time for sort & rasterization : 
8 seconds 
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1· 

iJ 

• -- -a: 
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11 I 

. .. 
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Plot size: 45" x 36" 15 ,000 vectors 
CPU & 1/0 time for sort & rasterization : 
6 seconds 

Plotting time 
Versatec 

Model 8136, operating 
off-line at half 
rated speed 

56 seconds 

67 seconds 

45 seconds 

CalComp™ 
Model 1036 

50 minutes 

35 minutes 

10 minutes 

Tests were performed with IBM 360/65 computer, OS/MVT operating system , EZPERT™ application software 
(Systonetics) and Versaplot™/Version 7 plotting software (Versatec) . ™Trademarks: CalComp (California 
Computer Products) , EZPERT (Systonetics), Versaplot (Versatec) 
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making the language easier to main­
tain. 

System algorithms effectively uti­
lize both static and dynamic storage 
for report preparation, records man­
agement, and network linking. Net­
work linking can be controlled by 
specifying when files are to be linked 
and whether network pointers are to 
be recorded. This simplifies file re­
organization by allowing pointers to 
be preserved throughout the reorgan­
ization procedure. 

The type of direct access storage 
device on which the data base re­
sides is automatically recognized by 
the system and is used according to 
its characteristics, assuring maximum 
efficiency for both online and batch 
systems. All system data base and 
data base management features are 
available for records management, 
report preparation, and the proce­
dural language interface. 

Syntax of the language is consis­
tent with everyday English. Several 
formatting options can be indicated 
on one statement, both mathematical 
and relational operations are uni­
versally recognized, and character­
string searches can determine which 
records do not match screening con­
ditions. The only constraints in pre­
paring output reports are hardware 
limitations such as insufficient mem­
ory or printer width. 
Circle 151 on Inquiry Card 

Voice Synthesizer 
Enables Computer 
to Tutor the Blind 

A "talking computer" is being used 
to tutor the blind and visually handi­
capped in job skills in accounting 
and data processing. Called VOCAB, 

the project was made possible by a 
VOTRAXR voice synthesizer, developed 
by Vocal Interface, a div of Federal 
Screw Works, 500 Stephenson Hwy, 
Troy, MI 48084, which enables the 
computer to "speak," freeing the 
blind person from dependence on a 
reader. The project is being developed 
jointly by the Office of Research and 
Extension Services at North Carolina 
State University at Raleigh and the 
State of North Carolina, Dept of 
Human Resources, Div of Services for 
the Blind. 

Students communicate with the 
instructional programs by means of 
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a typewriter-like keyboard and re­
ceive messages from the computer­
assisted program by synthesized voice 
response. Initially, four cassette tapes 
teach the student to use the keyboard 
and develop the typing skills neces­
sary to communicate with the pro­
grams. 

The student uses a telephone to 
contact the computer, and identify 
himself and the lesson he needs; the 
computer, by means of the voice 
synthesizer, reads a section of the 
lesson and asks the student a mul­
tiple choice question about the mate­
rial. When the student responds by 
typing in the number of his answer, 
the computer transmits more informa­
tion. Additional data is given to 
support correct answers and then 
new material is presented; if the 
answer is incorrect, supplementary 
information on the material is sup­
plied and the question is asked again. 
Circle 152 on Inquiry Card 

Parallei Processors 
Operate as Standalone 
or Peripheral Units 

Providing high performance, reliable, 
scientific computation for electrical 
and electronics engineering, re­
search, and development, the EAI 
2000 incorporates technological con­
cepts that allow easy use and pro­
gramming, facilitate digital connec­
tion, and improve user interaction 
with the problem. The parallel proces­
sor serves as a problem solving tool 
for designing analog and digital 
signal processing systems; develop­
ing filters, equalizers, oscillators, and 
adaptive circuits, investigating en­
vironmental requirements in electron­
ic packaging, determining critical 
components or circuit tolerances; and 
designing and modeling circuit com­
ponents. 

Electronic Associates, Inc, West 
Long Branch, NJ 07764 designed the 
systems for use either as a digital 
computer or as an intelligent pe­
ripheral to a digital computer. Sys­
tems provide from l.2M to 15M oper­
ations /s; the full set of mathematical 
computing blocks perform at repeti­
tive speeds beyond 1000 solutions/s. 

As a standalone mainframe paral­
lel processor, the 2000 operates with 
I/O conducted through the associ­
ated alphanumeric terminal. This 

monitoring and control station 
(MACS), an integral part of every 
system, lets the user access the proces­
sor, improving user interactivity with 
the system for greater problem solv­
ing in less time with less effort. The 
system also includes a full comple­
ment of mathematical computing 
blocks which can be interconnected 
to model sets of higher mathematical 
equations. 

As a peripheral, the 2000 is claimed 
to expand the capability of both 
systems by as much as 100 to 1 and 
to allow the user to do work not 
realistically possible with either 
system alone. Digital connection is 
accomplished through a built-in in­
dustry standard ( RS-232 or CCITT) 

serial communications port; an op­
tional parallel interface creates an 
independent path for high speed bi­
directional data flow. 
Circle 153 on Inquiry Card 

Courses Emphasize 
Dic1ital Signal Processing 
and Mini/Microcomputers 

Two shmt courses which have been 
presented in several locations in 
Europe and the United States are 
scheduled to be held at the Marriott 
Motor Hotel , Dallas, Texas during 
June 1-8. "Digital Signal Process­
ing: Fundamentals and Applica­
tions" (June 1-3) will be taught by 
Prof Alan V. Oppenheim, Dept of 
Electrical Engineering, MIT, Cam­
bridge, Mass. Digital signal process­
ing concepts form an integral part 
of systems in such areas as seismic 
data processing, communications, and 
speech and image processing. The 
course is designed to give an under­
standing of the fundamentals, appli­
cations, and future directions of the 
field. 

"Microprocessors: Minicomputers I 
Microcomputers and their Applica­
tions" to be taught June 6-8 by Prof 
Hoo-min D. Toong, Dept of Electrical 
Engineering, MIT, provides a thor­
ough understanding of minicomputers 
and microprocessors at all levels : 
software and hardware systems, and 
tradeoffs of successful applications. 
Intended for managers and engineers, 
it will use actual applications to 
illustrate techniques for utilizing 
mini /micro systems, as well as par­
ticipant-supplied problems. Further 
information may be obtained from 
Digital Systems Associates, PO Box 
295, MIT Branch, Cambridge, MA 
02139. 
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dtsc0oht$ that put it all 
~r. ~ve got high 
st#-ldards for your OEM 
suppliers; we stack up to 
them. Give us a call soon. 



A Monitor a serial data 
\J stream and compare 

new data with that 
previously stored. This 
display stiows software 

conversion of BCD data 
at a 7~nt display 

to an ASCII fonnat 
Column blanklnr_ slm-

-~ dlsp !l8byf 
-~·'!I only o 
16 bits available. 

lntenaf/led bits Ole 
tllOfltl that hOue changed 

since ltart-up. 



HP' s bogic State Analyzers give y<>u a real time 
view to help you spot and diagnose intermittent 
system operation. That can mean faster micropro­
cessor system design and de~ 

The 161 IA, p~~~d at $5000 can be ~lored to 
either 6800 or 8080 micrOP.roces&On now. And 
more "Personality Modules" will be available soon. 
The 161 IA lets you view bus activity and external 
events from the microprocessors~ And, 
mnemonic decoding greatly simplifies interpretation. 

The 16005, with up to 32 input channels, dual 
clock capability and priced at $7100*, gives you a 
detailed real-time view of system activity from any 

Reed lime Intervals directly on the 
161 lA CRT to quickly detennlne elapsed I\ 

lime between any two program events. V 
For example, this display shows the 

length of lime It took to clear an In· 
terrupt so another Interrupt 

could occur. 

Sell tat and error messages 
give quick uerijicatlon of CX>mlCt 

fnllPument performance and signal when 
incomlct operation occurs. 0871 

vantage PQint. res@l'dless of differences in clock rate. 
Add the 10254/tSerlel-to-Parallel Converter for 
$975* and you can simultaneously view serial data 
at peripherals. 

One or more HP Logic State Analyzers give you 
greater insight for better understanding of your sys­
tem's capabilities. That am mean earlier product 
introduction lower development costs, a faster re­
turn on the ~t investment 

Your local HP flelcl engineer has all the technical 
details. Give him a .call today. And also ask him 
about HP's FREE seminars-An Introduction to the 
Data Domain. •Domestic: u.s A. price only 

Observe a selective store. For 
example, now you can observe aD 

data transfer across an 1/0 port 
and exclude aD other activity 
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Intel delivers 
microcomputer systems that take the risk 
. out of becoming successful. 

Intel takes the risk out of becoming 
successful by providing economic, 
flexible and reliable microcomputer 
hardware and software solutions for 
your moderate and high volume 
requirements. 

For most moderate volume micro­
computer applications, it makes 
economic sense to buy an assembled 
and tested microcomputer system. 
That's why we offer two Single Board 
Computers (SBC 80/10, SBC 80/20) 
and two packaged systems (System 
80/10, System 80120). When you 
decide it's more economical to do the 
job "in-house:' we'll make arrange­
ments for you to use our bill of 
material, fab and assembly drawings, 
and artwork. And since we manufac­
ture all the essential components -
CPU, EPROMs, ROMs, RAMs, pro­
grammable 1/0, and other LSI devices 
in volume, you can order the com­
ponents from us and continue to take 
advantage of quantity discounts. 
No penalty for success. 

Intel® microcomputer systems are 
flexible and easily configured to your 
specific needs. Expanding your system 
or reconfiguring the 1/0 is easy. All 
Intel microcomputer systems are sup­
ported by a complete line ofl/O and 
memory expansion boards, diskette 
and DMA controllers, power supplies, 
card cages, and accessories. And 
since 1/0, communications, timer and 
interrupt control functions are pro­
grammable, you can reconfigure the 
system to match your application by 
altering a few bytes of memory instead 
of redesigning system hardware. 

And Intel delivers more than 
microcomputer systems that give you 
the cost/performance advantage. In 
addition we provide Intellec® Micro­
computer Development System 
support to get you to market sooner. 
lntellec resident PL/M, the high level 
microcomputer language, can cut 
man months off your software devel­
opment schedule. Intellec ISIS-II 
Diskette Operating Software, with 

Circle 117 tor technical Information. 

linkage and relocation capabilities, 
will save more programming time. 
Develop programs in small manage­
able modules-then link them 
together or link them with general 
purpose subroutines from a software 
library. Reduce system integration 
and checkout time with the Intellec 
resident ICE-80™ In-Circuit Emu­
lator. Develop, symbolically debug 
and execute high level and assembly 
language programs directly on your 
System 80 or SBC 80 based prototype. 

From hardware and software 
development all the way through 
production, Intel gives you the com­
petitive advantage. For a copy of our 
new 24-page brochure or a demon­
stration contact your local Intel 
representative, use the reader service 
card, or write: Intel Corporation, 
3065 Bowers Avenue, Santa Clara, 
California 95051. 

infel~ delivers. 
Circle 118 tor technical Information and a demonstration. 



DIGITAL TECHNCLCGV REVIEW 

Medium-Scale Computer 
Emphasizes Need for 
Performance, Reliability 

The medium-scale M-150 computer 
uses high performance LSI and MSI 
circuits, and incorporates high speed 
auxiliary storage, large volume files, 
communications control processors, 
and virtual storage features. De­
veloped by Hitachi, Ltd, New Marun­
ouchi Bldg, No. 5-1, 1-Chome, Ma­
runouchi, Chiyoda-ku, Tokyo, Japan, 
the system provides online network, 
data base/ data communications, and 
other capabilities. 

System processor has up to lM 
bytes of storage formed in 64k-, 
128k-, or 256k-byte increments. Mem­
ory elements are 4k-bit n-MOS chips. 
Average instruction execution time 
is 8 ms. I/O transfers take place 
over byte and block multiplexer 
channels; total channel throughput 
is 4M bytes/s. 

Peripheral equipment includes 
lOOM-byte, 200M-byte, and 70M-byte 
disc drives which transfer at up to 
885k bytes/s, as well as magnetic 
tape, line printers, and optical char­
acter recognition equipment. Soft­
ware and I/O interfaces are com­
patible with other units in the series. 
Circle I 54 on Inquiry Card 

Expande~ Storage 
Extends Life of 
Xerox Computers 

Expanded capabilities for Xerox com­
puter users, announced by Honey­
well Information Systems, PO Box 
6000, Phoenix, AZ 85005, will both 
extend the life of the computers 
and assure users an orderly growth 
path and transition program. MOS 
memory subsystems for Sigma 6 7 
and 9; dual processor options 'fo; 
S~gma 6 and 7; virtual memory for 
Sigma 5; and removable disc storage 
and magnetic tape subsystems for 
Sigma and 500 series computers were 
included in the announcement. 

A plug-compatible add-on alterna­
tive to the Sigma 9 core memory, the 
XPF 9850 MOS memory subsystem 
operates either with or as an alterna­
t~ve t~ the core system. Memory cycle 
time is 750 ns; capacities range from 
128k to 512k. Two or 4-way inter­
leaving is offered; however, core 
memory must be 4-way interleaved 
on mixed memories, requiring that 
core be conligured in 64k increments 

only. The memory subsystem includ­
ing a system controller, 128k words 
memory, and two ports will be avail­
able in third quarter 1977 at a price 
of $130,000. A similar unit for Sigma 
6 and 7, model XPF 6850 includes 
an extended memory map, I / O pro­
cessor upgrades, 128k word memory, 
and a memory interface unit. Price 
of this unit is $140,000; availability 
is planned for fourth quarter 1977. 

Sharing common memory and I / O 
processors, the XPF 6851 dual proces­
sor option provides significant in­
creases in computing power over 
single-processor Sigma 6 and 7. A 
single copy of Control Program-Five 
supports the configuration using one 
processor as the controlling unit and 
the other as the secondary or slave 
m?de computing resource. The option 
will be available in fourth quarter 
1977. 

Model XPF 5850 virtual memory 
subsystem for the Sigma 5 is an 
architecture upgrade comprising mem­
ory management hardware, and from 
32k to 128k words of Sigma core 
memory. Basic package, including 
32k memory, is offered for purchase 
at $31,000; it is supported by the 
con.trol program for real-time appli­
cat10ns. 

Magnetic media offerings are the 
XS~ 9210 r.emovable disc subsystem, 
which consists of microprogrammed 
mass storage processor and four disc 
units and provides formatted storage 
for 690M bytes; and the dual density 
800- or 1600-bit / in magnetic tape 
subsystem model XTP 9310 which 
consists of magnetic tape ;rocessor 
an~ as many as 15 9-track tape units 
which operate using NRZI or PE. 
Circle I 55 on Inquiry Card 

Low Cost Distributed 
Information Systems 
Offer Easy Start-Up 

Distributed information systems 21/ 
20 and 21 /40, introduced by Mohawk 
Data Sciences Corp, 1599 Littleton 
Rd, Parsippany, NJ 07054, permit re­
mote offices to perform customized 
data enhy, application processing, and 
data communications. Basic config­
urations consist of an operator station 
with 1920-character CRT and key­
board, and a processor with one 
diskette drive. 

System 21/20 is programmed for 
data entry and validation under con­
trol of user-supplied formats and is 

expandable to four operator stations. 
Fully programmable by the user via 
MOBOL (Mohawk Business Oriented 
Language), System 21/ 40 adapts to a 
range of distributed tasks, from ex­
tended data validation to full trans­
action processing from up to four 
terminals. 

Users planning a distributed sys­
tem can install a System 21 /20 to 
replace keyboard devices at both 
local and remote locations. Addition 
of data _validation routines pro­
gramm~d m MOBOL will add pre­
pr?c~ssmg power by upgrading the 
ex1stmg. system to a 21 /40; finally, 
transact10n processing capabilities 
can be added at selected sites. In­
creasing work volumes are accommo­
dated by expansion to four operator 
stations at each level. 

A key factor in expandability is 
the 2-level software system. For­
matted Data Entry Program (FDEP) 
enables users to convert existing 
data entry and media conversion for­
mats from current equipment with­
out procedural or programming 
changes. MOBOL language is a high 
level English-like language that is 
similar in structure and format to 
COBOL. Programs are supported by 
bot~ a compiler and interpreter for 
rapid program generation. System 
software also provides media conver­
sion, diskette labeling, and device 
control utility routines, and supports 
both BSC and SDLC communications 
protocols. 
Circle I 56 on Inquiry Card 

Emulcitor Option Allows 
Easy Replacement of 
Printer /Plotter 

Emulator option model 40-340 allows 
use.rs currently operating Gould 
senes 5000 printer I plotters to re­
place them with the STATOSTM 4000 
~eries printer /plotters without chang-
1?g the software handler, applica­
tion programs, interface, or cables. 
Introduced by Varian Graphics Div 
6ll Hansen Way, Palo Alto, CA 
94303, the emulator option supports 
th~ full speed capability of the 
prmter/plotter in which it is installed. 

~onsisting of a single printed cir­
cmt board, which mounts in the 
printer/plotter's card cage and con­
tains a combination of hardware 
additions and micro code changes 
the emulator generates format con~ 
trol codes converted from the Gould 
discrete control line interface with 
hardware and uses the microcode 
changes to decode unique signals gen­
erated by the interface converter. D 
Circle I 57 on Inquiry Card 
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An OEM flexible disk subsystem is more than the sum of 
its parts. Getting optimum performance at a low unit price 
requires design control to eliminate redundancy and volume 
production to reduce cost. 

That's where our " parts" come in. The RFS7500 is a com­
plete flexible disk system engineered and built by Remex, 
one of America 's leading OEM peripherals manufacturers. 
Hardware, firmware and software are designed together to 
produce a package more cost/ performance effective for the 

56 

quantity buyer than an " in-house" system or one purchased 
from a second level supplier or minicomput~r manufacturer. 

The RFS7500 is comprised of one to four RFDl 000 Flex ible 
Disk Drives, a microprocessor based controller/ formatter, 
interface and software for most major minicomputers plus 
power supply cabling and rack mountable chassis. Because 
it is a fully integrated subsystem, the RFS7500: 

D expands data capacity through implementation of 
IBM3740 format or a user selectable l , 2, 4, 8, 16, 26 or 32 
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sector format. D saves computer time by data block transfer 
of from one to 65K 2-byte words on a single command from 
the host. D reduces core memory requirements due to 
automatic track and sector search and auto-initializing 
without software. D simplifies operation and system inte­
gration by 8-command structure. D saves space by housing 
interface cord in the system chassis in some configurations. 
D speeds access through 6 ms track to track speed plus 
unit select. 

So when you 're building an OEM flex ible d isk based 
system, don 't go to pieces - go to Remex, 1733 E. Alton St. , 
PO. Box (19533, Irvine, CA 92713. (714) 557-6860. We're 
ready to do our part. 

Ex-Cell-O Corporation 
/(EMEX DIVISION 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

Automatic, Interactive Graphic Systems 
Maintain Pipeline Network Maps 

Since the earliest time that man placed conduits 
underground to carry water for irrigation or to supply 
the various requirements of a city or village, there has 
been a problem in recording where those conduits 
were buried. Whether the conduits were pipe, tile, or 
hollowed logs, repairs eventually had to be made 
and the defective channels had to be located. 

As likely as not-especially in past years-the loca­
tion of each conduit was marked in someone's memory­
probably the person who dug the channels and buried 
the conduit. Likely also, geographical markers were 
boulders, corners of buildings, or other objects that 
might be removed over a period of time. Rarely were 
accurate maps drawn that would allow the next 
generation of people to find the defective conduits 
without a great deal of digging and luck. 

Often efforts were made te update maps but the 
projects were costly and time consuming. Records 
involving years of additions, replacements, and altera­
tions had to be located, interpreted, and recorded on 
maps. Sometimes several changes might apply to the 
same conduit; determining what the present status was 
might be achieved only by digging holes and trenches. 

Even in more recent times, when reasonably accurate 
and better defined maps were usually prepared, it 
became a major project to update those records every 
time conduits were replaced or rep~sitioned or when 
systems were expanded. Forms were filled out and 
notes made hut new maps might not he prepared except 
every few years or when old ones literally wore out. 
If a conduit broke or had to he located in an emer­
gency, hours or even days-and many manhours of 
labor-might he expended before file records could 
he fully interpreted or the faulty channel found. 

These not very efficient procedures might not cause 
much more than a serious nuisance for water supply 
systems. Hunting for a broken water main and not 
knowing exactly where to dig-or not knowing how 
to find the shut-off valve-might result in a few 
flooded basements and many wasted manhours of labor, 
but probably would not cost lives. In the case of a 
gas pipeline network, however, the situation is entirely 
different. Failure to find or know the exact location 
of a pipeline or valve could ~esult in heavy property 
damage and serious injuries or even deaths. 

Recently a number of organizations built up around 
pipeline networks have begun to update their maps. 

58 

They often depend on aerial photography to set up 
basic maps with aboveground points on the networks 
as guides. Then the true locations and routings of all 
conduits are determined and recorded on the maps. 

This, of course, results in sets of maps which are 
accurate-hut only at the moment they are drawn. 
Any network changes result in either retrogression to 
a pile of addenda attached in file cabinets or the 
drawing of new maps. The first again results in the 
possibility of losing track of conduit locations ; the 
second means sometimes prohibitive expenses. 

Introduction of computer-automated management and 
control systems (Computer Design, Mar 1975, p 52) 
now appears to alleviate both of these problems. Such 
systems-built by Calma, 707 Kifer Rd, Sunnyvale, CA 
94086--maintain complete files of information on every 
foot of conduit of all types-location, type, likely con­
dition, inspection due date, predicted replacement­
and automatically draw up-to-date maps including all 
data that are pertinent to the level of detail requested. 
They are applicable to the requirements of a number 
of different users. 

Gas Distribution System 

When Brooklyn Union Gas, which serves the New York 
City boroughs of Brooklyn and Queens, acquired the 
Staten Island territory in 1958, a major mapping 
problem developed. Schematics of pipeline routes 
were non-scaled and non-standard documentation had 
been used to describe and specify locations. Thr'ough 
the years the situation became too unwieldy- particu­
larly as the piping system expanded. 

Therefore, in 1973, >Brooklyn Union initiated a com­
plete and accurate pipeline inventory and mapping 
program. Raytheon Co was contracted for a 3-year 
period to prepare full maps based on aerial photog­
raphy and a digital data base reconstruction of the 
pipeline. 

Even this, however, brought about static presentations 
valid only at the moment they were drawn. As a 
result, work began in 1976 to tie in Calma Graphic 
Interactive (CGI) procedures and equipment with the 
Raytheon base material that would result in an auto· 
mated mapping system. 

Equipment includes a Data General Corp EclipseT"' 
S/ 200 minicomputer with 48k words of core memory, 
Century Data Systems 25M-hyte model CD114 disc, 
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or 
~ow your Weapo:qs. 

Developed by Zllog. Manufactured by Zllog. Supported by Zllog. Here are the most 
powerful weapons on the microcomputer battlefield. Together or separately they 

herald victory over sluggish speeds and villanlsh Inefficiencies. 

Manuflctured by Zllog. 
Whether you need one or a million and 
one, Zllog's new facility can deliver. All of 
our production equipment is state-of-the­
art (4" wafers)-the most modem micro­
computer tnanufacturing in the world. You 
order. We'll deliver, plastic or ceramic. 
Your choice! 

Maltermlnded by the ZSO.CPU. 
A single chip, N-channel processor arms 
you with a super-set of 158 instructions that 
include all 78 of the 8080A's and the 8085 
instructions with total software compati-
bility. The new instructions include 1. 4, 8 
and 16-0lt operations, such as. memory-to­
memory or memory-to-1/0 block transfers 
and searches, 16-0it arithmetic, 9 types of 
rotates and shifts. bit manipulation and a 
legion of addressing modes. And that 
means less programming time, and less 
end user costs. With these features, the 
ZBO-CPU generally requires approximately 
50% less memory space for program stor­
age yet provides up to 500% more through­
put than the 8080A or the 8085. Powerful 
ammunition at a surprisingly low cost (less 
than $10 each in large quantities) and ready 
fOi immediate shipment. 

~--· : .f 

Deploy the zao peripheral devices: 
Z80-PIO-Parallel 1/0 Interface Controller. 
Two (2) ports for fast 1/0 transfer under full 
interrupt control. 
ZSO-SIO-Serial 1/0 Interface Controller. 
Two (2) fully independent full duplex 
channels that can be programmed to oper­
ate in any asynchronous or synchronous 
modes including Bi-Sync and HDLC/SDLC. 
Z80-CTC-Counter Timer Circuit. Four ( 4) 
independent channels that can be used to 
count external events or to generate in­
terrupts at programmable intervals. 
Z80-DMA-Direct Memory Access. 
Programmable circuit that transfers data 
between memory and peripheral devices at 
up to 1.2 megabytes per second. The OMA 
can operate in a transparent mode without 
slowing the CPU. 

Deploy the Z80 software: 
Resident Macro Assemblers. With cross­
reference and conditional assembly, also 
relocatable assembler with linking loader. 
PLZ Resident Compiler. Most powerful 
microcomputer compiler available today. 
Text Editor and File Maintenance. 
Basic Interpreter. For writing programs in 
Basic. 
Cross Software.Available from NCSS. 

... 

Made for the Miiitary. 
You can get Zilog components to meet MIL 
Spec 883B with extended temperature 
range of -55°C to + 125°C. The zao com­
ponent family operates with less power 
in MIL Temp environments. 
For victory over obsolesence: 
Deploy these strong components from the­
leader in microprocessors. We are bound 
by our pledge to stay a generation ahead 
and determined to make your components 
and systems the most powerful in the field. 
We're ready to dispatch help immediately. 

Zilog 
10460 Bubb Road. Cupertino. California 95014 
(408) 446-4666/TWX 910-338-7621 

Boston (617) 890-0640 
Chicago (312) 885-8080 
Loa Angeles (213) 540-7749 
In Europe: Zllog, Inc .• Nicholson Houae, 
High Street, Maidenhead, Berkshire, U.K. 
TEL 0628 36131/2/3/TLX 84&«>9 





We designed them that way. Because a mass termination 
connector should help you save time and effort before, 
during and after assembly. 

Their unique folded contact design, with dual camming and 
latching ears, assures you of four-point electrical contact 
and mechanical grip for each conductor. And that means 
superior overall reliability and protection. In addition, these 
fork-type contacts make it especially easy to visually 
inspect each termination before the cover is applied. 

And even after the cover is on, each contact can still be 
visually checked for proper locking and latching. Because 
every AMP Latch cover has a built-in inspection port over 
each termination. This also permits electrical testing without 
cover removal, saving additional production time. And if 
repair ever is necessary, we 've made that easier, too, by 
designing special hand and pen tools. 

There are more reasons why you should choose AMP Latch 
connectors such as quick, easy terminating with the AMP 
shuttle tool, and the broad variety of pin headers and 
connectors. You also get AMP backup ... expert design 
and production help that's yours for the asking from AMP 
connector engineers. 

Why not contact Customer Service, at (717) 564-0100 for 
complete details on the AMP Latch connector line? Or 
write us direct. AMP Incorporated, Harrisburg, PA 17105. 

AMP has a better way. 

SEE US AT 
DEEC, WASHINGTON, DC 

~IVIP 
INCORPORATED 

AMP is a trademark of AMP Incorpora ted . 
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DIGITAL CCNTRCL ANC 
AUTCMATICN SYSTEMS 

Wangco tape drive, 48 x 60" (121.9 x 152.4 cm) digitiz­
ing table, 11 x 11" ('27.9 x 27.9 cm) tablet editing 
station, California Computer Products model 960 high 
speed plotter with controller, DECwriter II printer, and 
two 19" (48.3 cm) CRT terminals (one at each work 
station) with alphanumeric and 32-key function key­
boards. To provide sufficient precision and avoid limita­
tions, a 3-word format is used. This 48-bit floating­
point configuration provides 32 bits of precision or 9.6 
decimal bits. There are 32 bits to express the fraction 
and 16 bits for the exponent and sign. 
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l PRINTER J l 25M· BYTE J 
DISC 

l 
I TAPE DR /VE I 

MIN/COMPUTER 
{PLOTTER J 

48k 
CORE MEMORY 

l 
INPUT/EDIT 

EDIT STATION STATION 

DIGIT/ ZER TABLET 

CRT CRT 

X· Y COORDINATE X·Y COORDINATE 
DISPLAYS DISPLAY 
FUNCTION [~~~ KEYBOARD 

ALPHANUMERIC ALPHANUMERIC 
KEYBOARD KEYBOARD 

Calma Graphic Interactive (CGI) system used by 
Brooklyn Union Gas to automatically maintain maps of 
its Staten Island territory. Data General Eclipse S/200 
minicomputer is controlling unit for system which 
digitizes information from workmen's sketches, stores 
and assimilates data, and draws up-to-date maps 

I 

I 

According to Calma, this configuration permits 
mapping of "any location on earth to within + %2" 
( ±2.38 mm) and have the entire earth on the same 
coordinate system, and many smaller areas can be 
mapped to even higher accuracy." Even though that 
much precision is not required for this particular 
system, it is available for possible future use. 

Rather than using 32 or 64 discrete levels for 
assigning descriptive data blocks for specific inspection 
or locations, the CGI system is designed around a 
tree structure. Data, therefore, can be partitioned into 
domains, each of which can be further subdivided into 
another level of domains. Up to 29 levels can be 
nested, with each level containing a virtually unlimited 
number of domains. 

The data base will have geographic information on 
all gas company facilities including distribution 
network-pipes, valves, clamps, fittings, and textual 
data. In addition it will include all physical features 
visible in aerial photographs (curbs, manholes, hy-

GJ 
_______.:::::::: ::::::::<. /\) 

Portion of typical CGI map showing gas pipelines, existing and planned streets, and frontages and/or 
full layouts of buildings. Code "6-WRST-WD-60" along Huguenot Ave indicates that pipeline there is 6" 
mill wrap steel with welded joints and with normal pressure of 60. When pipeline is extended along 
planned streets such as incomplete section of Ionia Ave, information on all installations will be input from 
sketches for incorporation on new maps 
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Solid-state electronics reduced to 
a few rugged "snap-in, snap-out" 
boards. Less to go wrong, more to 
go right. 

A six-intensity hammer that knows 
the difference between a love pat and 
a punch. Each character, each punc­
tuation mark gets·just enough of a 
p ush to make the best impression. 

Our fast ribbon lift makes sure only 
the ribbon lifts - not the whole car­
tridge. Greater speed, and a more 
natural typing rhythm and touch. 

A solid core platen that 's I 
been quietly hushing up 
printers for years. Strong, 
silent type. _ ~ 

A positive printwheel latch to keep 
your daisy wheel properly positioned . 
No springs attached. 

Carriage ball bearings for less fric­
tion, better vertical print registration, 
and fewer service problems. Best 
way to ride the rails. 

Thirty-eight daisy wheel fonts to 
choose from including German, 
French, and Arabic Naskh. Good 
chance we speak your language, too . 

All-metal platen levers 
and paper bail sides for 
greater durability. Don't 
let anybody slip you 

plastic. 

Built to withstand the rigors of JOO 
characters per second. Currently 
delivers 30, 4S, or (the industry's first) 
SS cps. 

Planned 
unobsolescence. 

Call us old-fashioned_ 
Qume just believes continuity of 

product is everything_ Savings in design, 
spares provisioning, training. So all 
Qume products are part of a continuing 
family. Not a designer-gone-berserk 
whim factory. 

That's why the brand new 1976 Sprint 
Micro 3 pictured above is basically the 
same as the first Qume character printer 
we ever built. Each and every mechanical 
part is retrofittable, from the six-intensity 
hammer to the smooth-sailing carriage 
ball bearings. 

So that any computer, terminal, or 
word processing system builder can buy 
Qume printers with the comforting knowl­
edge that he'll face no printer-switching 
in midstream. 

It's an interesting philosophy. (Made 
a big name for a small German car manu­
facturer a while back.) 

And it's a sound philosophy we're 
committed to. Whether it's the industry's 
first true microprocessor-controlled char­
acter printer, our Sprint Micro 3. Or 
Qume's new WideTrack™-26 inches of 
bi-directional printing power. 

All well and good, you might observe, 
but why buy Qume? 

Because our unobsolescence philoso­
phy is part of The Plan. A plan built on 
one simple rule: We don't compete with 
our customers. We don't make WP systems. 
We don't make terminals. We don't make 
computer systems. We have only one 
business- the printed word. And you get 
the best product we'll ever make. 

Which leads us to believe, the only 
thing obsolete Q 
about Qume is ume® 
its competition. 

the printed word 
2323 Industrial Parkway West , Hayward, CA 94S4S 41S/783-6100 
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ur 
IC Converter 

class. 
Ten years of leadership in signal conversion 
design, manufacture and application support has 
put Analog Devices at the head of the class in IC 
Converters. We pace the field in every aspect: in 
innovation, quality, pricing and shipments. As a 
result we can deliver more than 20 different kinds 
ofIC Converters today. As well as give you the 
strongest technical and application support. Our 
production capability is what really enables us to 
step out al1ead of the rest. 

AD572-complete 12 bit succes­
sive approximation A/D converter 
can guarantee no missing codes 
over the full - 55°C to + 125°C 
temperature range'\ 

AD7522-first monolithic CMOS 
1D bit multiplying D/A converter 
with input buffer and holding 
register, al lowing direct interface 
to microprocessors. 

Take our high density CMOS processing 
technique. It increased circuit packing density, 
made higher breakdown voltages feasible and pro­
duced unusual stability and reliability. And en­
abled us to give the world its first precision CMOS 
monolithic DI A converters. 

And look what our bipolar expertise plus 
innovations in thin film processing and laser trim­
ming technology ultimately led to. The first mono­
lithic laser wafer trimmed bipolar converters with 
unmatched accuracy and stability. 

AD7550-13 bit monolithic CMOS 
integrating A/D converter using 
our revolutionary "Quad Slope" 
conversion technique for extremely 
high precision and stability. Tr~ 

/ 

state data output and byte control 
for direct interface to micn>­
processors. 

AD7570-monolithic CMOS 10 bit 
successive approximation A/D 
converter with tri-state data out­
put and byte control for direct 
interfacer microprocessors. 

- r i ' ' i i i i i t i f r 

AD563-12 bit complete D/A 
converter with monotonic per­
formance, over the full - 55°C to 
+ 125°C temperature range. 

· ·· cos/ AD7520- first monol1th1c M 
lD bit multiplying D/A converter. 

CIRCLE 40 ON IN(j)UIRY CARD 
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AD561-10 bit complete mone>­
lithic 0/A converter, the new DAC 
Standard. 

.. ANALOG 
WDEVICES 
The real IC converter company 
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Your 
IC Converter 

Program 
class. 

I. A/D and D/A 
Converters: 
DIA Conve1ter Function 
and Selection Factors 
Deciphering the Specifica­
tion Page 
AID Conversion 
Techniques 
Error Sources and Testing 

II. Analog Signal 
Handling for High 
Speed and Accuracy 
D IA Converter Output 
Signal Interface 
Conve1ter Dynamics and 
Compensation 
Finding and Preserving 
the Signal Path in Opera­
tional Amplifiers 
Analog and Digital 
Grounding and Decoupling 

One of our Application Seminars is a perfect 
opportunity to learn from the head of the class 
more about today's IC Converters and data acqui­
sition systems and their potential. You will also 
get a glimpse of what the future holds in store for 
conversion components. You can expect an inten­
sive, stimulating all-day program put on by some 
of the best engineering brains in our company. 

Ill. Application 
Versatility of Bipolar 
and CMOS Converters 
IC Conve1ter Components 
and Designs 
The Complete Single-Chip 
Bipolar D IA 
Application Sh·engths of 
the Multiplying CMOS 
Converter 
Bipolar A/D's for Speed 
and Accuracy 
Low Powe r Systems A/D's 
with CMOS 
Pe ripheral Components 

IV. Converter/ 
Microprocessor 
Interface Techniques 
Hardware Techniques for 
the Standard Conve1ter 
Simplifying the Interface 
with Peripfieral Adapter 
Chips 
Converter Components for 
Directµ Processor Bus 
Connec:tion 
Configurations of Com­
plete Data Acquisition 
Systems 

Which means some of the best brains in the in­
dustry. A look at the program will give you an idea 
of the scope of each seminar. And how much 
1icher in knowledge you'll be at the end of it. 
Check the schedule below for the one you would 
like to attend. Then send the coupon to the sales 
office listed or telephone them. We will contact 
you with specific details. 

-----------------------------
.. ANALOG 
WDEVICES 
The real IC converter company 
United States 
D Los Angeles 0 

May3 
DPaloAlto0 

May5 
D Boston° 0 

May 11 
D Metropolitan N.Y. 00 

June7 
D Houston° 

June9 
D Detroit000 

June 14 

International 
D Tokyo 

April 7 and 8 
D Osaka 

April 11 
D Munich 

May24 
D London 

May26 
DCopenhagen 

May31 
D Paris 

June2 

Yes, I want to attend your class. 

I'm inte rested in the seminar in 

location date 

ame _____________________ _ 

Titl e _____________________ _ 

Company ________ Oepartment _______ _ 

Address ___________ Phone _______ _ 

City _________ State Zip----

Send coupon or telephone: CD-4 
0 Analog Devi<.:es, Inc. , 2225 28th Street, Suite 500, Long Beach, CA 90806. Tel: (213) 595-1783 

00 Analog Devices, Inc:., Route # 1 !ndusb·ial Park, Nnrwood, i\'IA 02062. Tel: (617) 329-5043 
000 Analog Devices, Inc:., l23 East Lake Street, Suite 200, Bloomingdale, IL 60108. Tel: (312) 894-3300 

For international seminars, contact: Denmark: 02/84 58 00, England: 01/ 94 JO 466, France: 686-77 60, Gennany: 089/530319, Japan: 03/26 36 826. --------------------- --------



DIGITAL CCNTRCL ANC 
AUTOMATION SYSTEMS 

drants, house shapes or frontages, approved roads) . It 
will also contain cartographic/ cultural information 
such as house numbers, street names, and names of 
parks and cemeteries. This information is not avail­
able from photographs and not part of the gas company's 
facilities but valuable for identification. Once all data 
are converted and stored in the digital data base, the 
computer can recall any information needed. 

As available maps are tr°aced on the digitizing table, 
all data are automatically stored in memory. Numerical 
or text information can be added through the key· 
board on a CRT terminal. Also, any section of the 
map can be altered by displaying it on the CRT dis­
play and ordering changes through either keyboard or 
light pen. Finished maps are drawn on the plotter. 

When completed, the system will be able to generate 
a custom map of every 1000-ft2 (90-m2 ) area in the 
Staten Island service district-automatically-including 
up-to-date information, inexpensively and about four 
times faster than with other methods. A maintenance 
crew can determine exactly where a pipeline section is 
located and will know precisely where to dig to find 
a particular connection. In addition, the purchasing 
department will know when and what to order for 
portions of the network which must be replaced peri­
odically. 

Other available data will include the history of every 
pipe and fitting: manufacturer, material, and likeli­
hood of problem based on the records of malfunctions 
that occurred in other pipe from the same batch. They 
will also provide a plan to show gas line peak load 
pressure if a particular tract were to be developed 
to maximum industrial potential, a perfected method 
of shutting down the system with minimum disruption 
of service in an emergency, and an economical method 
of meeting Federal corrosion inspection requirements. 
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The system will be able to assign diverse tasks such 
as draw all pipes of a certain size within a specific 
map section; compute the length of all such pipes 
within the section; draw only those pipes which are 
more than, for example, 20 years old and made of 
concrete, steel, cast iron, or some other material ; dis­
play points at which pipes of different sizes meet ; 
display all homes which would be affected if a rupture 
occurred at a certain point; and display the valve 
which should be closed to isolate that rupture. 

Of particular interest is trace ability. For instance, 
if an operator wants to determine which part of a 
network is made up of a particular type of pipe, the 
system traces the entire network to locate and identify 
all sections using that kind of pipe. It will also be 
used in identifying cathodic protection section boundaries 
for corrosion control. 

As additions or changes to the pipeline network 
occur, the information can be fed into the system daily 
either tabularly via keyboard or thr°ough the use of 
symbols on the CRTs. Types of fittings, certain forms, 
lengths of pipes, and other common or recurring items 
form a program "menu" that can be inserted by use 
of the cursor without the need to pencil plot or digitize 
data. · 

In practice, the draftsman first calls up a map 
page which brings to the screen a representation of 
a 1000-ft2 (90-m2 ) area. Using the cursor, the draftsman 
outlines the specific intersection where the work was 
done. That enlarged rectangle then appears on the 
screen and the draftsman keys in data on the key­
board or enters "menu" symbols via the cursor or a 
light pen. 

When the draftsman inserts daily data from field 
documents or other sources, one change updates ~II 
maps and records. As data are entered, the computer 
verifies each bit of information by printing out con­
firming statements. 

New maps containing fully revised data can be 
plotted at any time. However, in most cases, previously 
created maps are placed on the plotter and updated 
10 to 15 times before being replaced. 

Part of Brooklyn Union Gas mapping 
system. Input/edit station at . left in­
cludes digitizing table and CRT dis­
play with function and alphanumeric 
keyboards; high speed plotter is 
shown at far right 

(Continued on p 70) 





new 4K x 1 static RAM is 
portant technology breakthrough 

several areas-performance, circuit 
sign and processing, reliability q.nd 
e-of-use. The 4104 is a static 

yet it also offers the best 
acteristics of dynamic RAMs. 
, you can have the best of both 

wands. 
Dynamic Static Mostek 

RAMs RAMs 4104 

x x 

Automatic standby 

LOW~ 
d1sstpalion x x 
High performance 
speeds x x )( 

Direct TTL 
compat1b1llty x x 
On chip latches x x 
Minimal support 
circuitry x )( 

Battery back·up mo1e x x 

's best speed/pow 
uct. 

Mostek is introducing a complete 
family of 4K static RAMs. The high 
performance 4104-3 is rated at 200 
ns access time, 31 O ns cycle time, 
165 mW active power dissipation and 
27 mW standby power. All ratings are 
max. Other speed/power produot 
ratings are available in the 4104 
family to match your particular 
application requirements. 

There's no sacrifice in system 
performance with the 4104. It's 
directly TTL-compatible with an inp 
"one" level of 2.0 volts and a "zero" 
level of'0.8 volts . And the output will 
drive 4 TTL loads in addition to 1 OOpf. 
The 4404, a 1 K x 4 version that's 
ideal for microprocessor applications, 
will be introduced soon. 

Automatic standby power, a feature 
you expect only in dynamic RAMs is 

ilable in Mostek's new static 
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RAM. This is achieved by forcing 
Chip Enable to an inactive state, 
thereby reducing ~tandby power to 
just 27 mW max. An even further 
reduction of standby power occurs 
when the Vee power supply is reduced . 



• power1n 
With this mode of operation.data 

retention is maintained at less than 
0.3 µ,W/bit (typ.), allowing a true 
battery back-up static RAM system. 

4104 represents a major breakthrough 
in memory design. With a 2. 7 square mil cell 
size, Mostek's design reduces conventional 
chip area by 40%. 

Easy to use with SV-only supply. 
The SV power supply has a 

tolerance of :± 10%, further increasing 
design flexibility. The 4104 is 
packaged in the industry- standard 

18-pin configuration providing a 
compact board layout. With this pin-o , 
two-layer rather than four-layer printed 
circuit boards can be used for faster 
design cycles and reduced costs. 

LOWER LIMIT-----

At Mostek,Power Supply Tolerance means 
that any combination of nominal DC level, low 
frequency ripple, and high frequency noise is 
acceptable so long as the sum of all noise 
does not go outside the specified plus and 
minus(± ) envelope. 

Now you can take advantage of the 
best features of both static and 
dynamic RAMS in one--the 4104. 

ust call your local sales 
representative or write Mostek for a 
comprehensive data sheet. 

1215 West Crosby RO •Carrollton, Texas 
75006 • (214) 242-04 OSTEK GmbH • 
West Germany • Telephone: (071 1) 701096 • 
MOSTEK ASIA • Hong Kong • Telex: 
85148MKA HX 



DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

In one area alone-the digging of holes to locate 
damaged pipes-the mapping system offers large mone­
tary savings. Each excavation costs about $300, and 
40,000 such holes are currently being dug. Knowing 
just where to dig will result in far fewer excavations. 

During 1977, Brooklyn Union will begin network 
analyses based on its prepared data base and will 
be able to run experiments and tests on hypothetical 
networks-and make alterations-before building them. 
Further advantages are expected in corrosion control 
programs, valve and regulator maintenance, emergency 
planning procedures, and tax and rate planning. How­
ever, a major possible opportunity lies far in the future: 
joint data banks operated by several utilities and 
government agencies so that each would know where 
all buried networks were located. This would eliminate 
much of the damage that now occurs from digging 
by crews of other agencies and would minimize 
repetitive digging and street repair. 

Gas/Electric Utility 

Another similar interactive, automated mapping system 
is in use by a major Western U.S. utility. The program 
models pressure and flow characteristics of sections of 
a gas distribution system. Analyses help solve existing 
low pressure problems and locate potential such 
areas as new customers are added. 

A dedicated minicomputer-Data General Nova 2 
with 32k words of memory-is included but there is 
also an interface to an IBM System/ 370. At present, 
a load profile based on peaks at various node points 
is being set up. Interfacing to the / 370 memory en­
ables automatic data collection and modification of 
drawings to include actual valves next to each node. 

Then a range of street addresses is assigned to each 
node and another program assigns customers to nodes 
according to service address. Data on each customer's 
actual consumption is used to calculate peak load for 
that customer. 

As in the Brooklyn Union system, automated map­
ping is a key feature. When various new area de­
velopers supply their maps, information from each is 
digitized automatically-no matter what scale was 
used by the original draftsman. As change reports are 
received, that information is also digitized. Then "as­
built" drawings are automatically plotted. Source docu­
ments are 4 x 8 ft (1.22 x 2.44 m) wall maps that 
show locations of gas mains. 

Predictions for the system include annual detailed 
analyses of 18% of the total pipeline network­
opposed to 7% attainable in the past. It is also 
expected to reduce drafting manhours to a quarter 
of what has been spent. 

Tax Maps 

Another application of Calma's automated system is 
in maintaining current maps of cities or counties for 
tax assessment purposes. Often, such maps are as much 
as 10 years out of date. 
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Some counties in New York State and in Alabama 
are using the services of the Aero Service Div of 
Western Geophysical Co of America to maintain up­
to-date maps based on aerial photography and the 
graphic interactive system. Under control of Data 
General Nova 2 or Eclipse S/ 200 minicomputers-with 
32k or 48k words of memory, respectively--correction 
data are reduced to digital form. An operator moves 
a reticle over the manuscript or aerial photograph to 
indicate locations and shapes. Results are displayed 
on a CRT and then entered in memory when the 
operator is satisfied with the display. 

Computer commands are entered in abbreviated 
English via keyboard or from a graphic "menu" on 
a digitizer table. Map scale, orientation, or sectioning 
can be selected or changed on command. 

Use of this system eliminates the need for much 
of the manual work. Property lines and other informa­
tion that make up 10 different overlays are main­
tained in computer memory. Each overlay can be 
plotted separately or all can be combined. All steps 
between digitizing of photos and plotting of maps are 
eliminated or automated. 
Circle 160 on Inquiry Card 

I DC&AS BRIEFS I 

Computer Irrigates Remote 
Fields Automatically 

Schedules determined and controlled by computer 
automatically trigger field irrigation units in a system 
developed and manufactured by Motorola Israel, Ltd, 
Tel Aviv, Israel, a subsidiary of Motorola Inc. Water, 
energy, and manpower· can be conserved while culti­
vated land area and crop yields can be increased as 
a result. 

Originally designed for border settlements to enable 
farmers to irrigate crops without walking in fields 
which had been mined in wartime, the MIR 1000 is 
equally applicable for peacetime use in remote 
farmlands which might not be regularly visited. It 
can be used for both sprinkler and drip irrigation 
networks and is designed for farms larger than 100 
hectares ( 40 acres) , up to 2000 hectares ( 800 acres) 
or even larger. 

A basic system comprises a master control station 
and several field units located close to the irrigation 
network and control valves. Interconnection is ordi­
narily via a single 3-wire cable which carries both 
signals and power. When required for difficult to reach 
areas, field unit operating power can be supplied by 
small batteries and commands can be transmitted by 
radio. 

(Continued on p 73) 



See things your way 
Elite 1500A Elite 1520A 
• Conversational • Conversational 
• Roll up • X-Y addressable cursor 
• 64 character ASCII • 64/128 character ASCII 
• Modular display (32 x 8 to 80 x 24) • Display 80 x 24 

CIRCLE 130 ON INQUIRY CARD CIRCLE 131 ON INQUIRY CARD 

Elite 1520APL/ ASCII 
• Conversational 
• 128 character APL/ ASCII 
• Bit-paired or typewriter-paired 
• Display 80 x 24 

CIRCLE 132 ON INQUIRY CARD 

Elite 2500A 
• Page/line or conversational 
• 128 character ASCII 
• Dual intensity and blink 
• NEW-Protect Line feature 

significantly reduces form 
pr.eparatio'"! time 

with Datamedia Elite Video Terminals 
A family of video terminals that offers a wide range of 
features to perform an even wider range of data entry 
and display tasks. 

If you're with an OEM firm or a system house, and look. 
at peripherals with one eye on cost and the other on 
performance, you'll want to take a long look at these 
proven products from Datamedia. 
Their modular design makes troubleshooting a breeze, 
and facilitates conformance to your system needs, and 
their quality workmanship assures that those needs 
will be met longer than you thought possible. 
And if you believe in service after the sale the way 
Datamedia does, you'll appreciate the new dimension 
we've given to the word "responsive." 
Datamedia. We've been seeing things the right way for 
users in industry, business services, government, 
education, medicine and research around the world. 
Why don't you see what we can do for you. 

Elite Video Terminals available 
In compact, portable versions. 

I • 

Datamedia 
Corporation CIRCLE 134 ON INQUIRY CARD 

7300 N. Crescent Boulevard• Pennsauken, NJ 08110 •TEL: 609-665-2382 •TWX: 710-892-1693 
18311 Lost Knife Circle• Gaithersburg, MD 20760 • 301-948-1670 · 
6520 Powers Ferry Road • Suite 200 • Atlanta, GA 30339 • 404-955-2859 
5456 McConnell Avenue• Suite 180 •Los Angeles, CA 90066 • 213-397-3556 
Canada: Datamex, Ltd., Ontario/Quebec• Belgium: lnex, (02) 512 4037 •Finland: Suma, (90) 440391 •Italy: Eltron s.r.1. , (030) 55-26-41554 •Sweden: 
Teleinstruments ab, 08-38 03 70 •Switzerland: Teledynamics, 01-56 3300 •United Kingdom: Mellor Data, 020629-8181 •West Germany: Video Data Systems 
GmbH, (0 61 81) 7 39 51 • Australia: lntelec Data Systems, (03) 232-3118 • Japan: Protech, Inc., (03) 384-0225. 
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10 REASONS WHY YOU SHOULD CONSIDER 
THE MODEL 40 OEM PRINTER FOR UNDER S2000 

INSTEAD OF SOM E ELSE'S FOR MORE. 
Not only do we at 

Teletype charge less for 
our printers, we also 

give you more quality 
and features for your 

money. 1. Like a 
modular, compact 
design with 
2. state-of-the-art 

CMOS/LSI tech­
nology. Don't look for a 

pedestal full of electronics 
-ours are so advanced every­

thing fits inside the printer so it 
can be used as a stand-alone table-top 

unit. 3. Speed ranges from 200 to over 
400 lpm, 4. with exceptional reliability. 5. We 

also off er a simplified 
EIA interface-at no extra A 

cost. 6. Field maintenance is 
simple, too. Service intervals are 

2000 hours, and built-in diagnostics 
cut trouble-shooting time. 7. There's nationwide service back-up, 

plus an exchange repair service on everything from printed circuit 
cards to major assemblies. 8. Print quality from our fully-formed 
characters is sharp and crisp-from the original to the sixth copy. And 
we're now offering an optional block-style character font. 9. Parts 

commonality between all three printer 
models is 80%, for fewer logistical 

problems. 10. Last but not least, the 
model 40 printers are backed by a 
company people have depended 
on for nearly 70 years. Teletype. 

TELETYPE 

'E' .. _ ....... ® 

THE TELETYPEQ! MODEL 40 OEM PRINTER. 
NOTHING EVEN COMES CLOSE. 

Teletype is a trademark and service mark registered in the 
United States Patent and Trademark Office. 

CIRCLE 3!! ON INQUIRY CARD 



DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

The master station contains central processor; super­
visory console; large, general view map of the irriga­
tion networks; and a teletypewriter terminal. Two 
CPU options are available: a Motorola Semiconductor 
MC 6800 microprocessor when it is dedicated to the 
irrigation network, or a Hewlett-Packard 2105 mini­
computer if it is to be shared to execute other pro­
grams. System status can be monitored from the super­
visory console which contains a small network map 
with pushbuttons, a keyboard, a numerical display for 
key functions, and manual operation controls which 
can handle up to six mains if the computer fails. The 
operator can also introduce special uses of the irriga­
tion system, such as fertilizer application or frost 
control. 

A continuous record of network performance is pro­
vided on the ASR-33 Teletypen terminal. Each day's 
irrigation program can be input via the keyboard as a 
supplement to console-fed instructions and can also 
be recorded on punched paper tape for later rerun. 

As the day's irrigation schedule is entered from 
either console or teletypewriter keyboard, the com­
puter checks for errors. Then the computer takes com­
mand. The map display shows which fields are being 
irrigated, which have been finished, and which are 
scheduled. If a pipe breaks or if there is any other 
emergency that could damage crops, the computer 
shuts down the defective circuit. 

Field units automatically open irrigation valves under 
computer command, then measure the quantity of water 
delivered to each crop and notify the computer. The 
computer determines when the exact programmed 
amount has been reached and sends a command to 
the field unit to shut the valve. A number of such 
irrigation sets can be handled simultaneously or m 
sequence, limited only by the water supply. 

Rotterdam Harbor Traffic Control System 
Study Awarded 

A study to define the design of a modern vessel 
traffic control system for the Port of Rotterdam has 
been authorized for the Sperry Rand Corp's Sperry 
Div, Great Neck, NY. It will be carried out by the 
division's system management unit in cooperation with 
and for the Rotterdam Municipal Port Management's 
Walradar project bureau. Netherlands research or­
ganizations and industry will also participate. 

Initially, Sperry will design an experimental system 
for installation in a portion of the port to evaluate 
traffic control concepts and to test prototype hard­
ware. Results of this study and the testing of the 
experimental system will influence development of an 
operational system for traffic control throughout the 
port. D 

The world-famous 
lntellec Microcomputer Development 
System is available in any configuration-right now, 
today-for short-term rental, off-the-shelf, from any of 
the 12Electro Rent Inventory Service Centers in the 
U.S. and Canada. You can choose any lntellec system 
any way that you need it ... with Intel's new PL/M-80 
high-level programming language resident compiler, an 
interactive CRT. PROM Programmer, ICE-80 In-Circuit 
Emulator, dual drive Diskette Operating System with 
ISIS-11, high-speed printer, or whatever. You can rent it 
all for as short a time as 30 days. It's all fully tested­
with ER taking care of the service-delivered when you 
need it, where you need it. 

Et cetera. Thousands of products, hundreds 
of major manufacturers, more than $15-million worth of 
eQuipment on hand from any of the ER Service Centers: 
Santa Ana, Burbank, Mountain View, CA; Orlando, FL; Elk Grove, 
IL; Gaithersburg, MD; North Billerica, MA; Southfield, Ml ; Cedar 
Grove. NJ ; Dallas. TX: Vancouver. BC and Edmonton, Alberta, 
Canada. For instant service, call (213) 843-3131. Today. 

•••••••••• •••••••••••••••••••••••• • • IR Electro Complete and mail this coupo n, today, to: 
• Rent • Corporation 4131 Vanowen Place 
• A Telec0<Comoanv Burbank, CA 91504 

• • • • • • 

0 I like what you say, Electro Rent. Send 
me your big, free , new catalog. 

0 Specifically, I need a ~-------
(type ot eQuioment . manufacturer and model number ) 

immediatelyl Can you deliver? 
0 I need HELP! QUICKLY! Phone me NOW 

at ~---~--~--------
<area code) phone number 

A fast response, please, to: 

NAME TITLE 

ORGANIZATION 

ADDRESS MAIL STOP 

• • • • • • • • CITY/ STATE/ Z IP 4 CD • 

•••• •••••••• ••••••••••••••••••• ••• 
See us in Booth 152A at Electro n 
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Got a minute to watch 

216,000 PEN MOVEMENTS? 
This is the all-new DP-8 in operation ; a pen moving at up to 4.5 

inches / second (3600 steps per second). Fast. And when you take 
a close look at the DP-8 in operation and realize the speed, 
accuracy and reproducibility of the final, finished chart, you ' ll be 
delighted that the price is so low-3 models from $7600* to $9500*. 
Features include nine switch-selectable step sizes from 0.00125" to 
0.01" and your choice of 1 or 3 pens. Further, it's quiet. Not totally 
silent, but as quiet as the rustle of paper moving over the drum. 
So why not reach out for the best: C!l>MPL!l>T ® DP-8. Write today 
or call Rod Schaffner at 512-837-2820. 
f'A registered trademark of Houston Instrument. 

hauatan I ~R I 
ms-rrumen-r K~ OIVIBION OF UUKH&LDMe(!j 

ONE HOUSTON SQUARE (11 8500 Cam''°" Road} AUSTIN, TEXAS 78753 
(5121 837-2820 TWX 91G-874-2022 cable HOINCO 

TELECOPIER RocMstltl'1~ e 9240 Gilt94 Belgi1,im 
EUROPEAN OFFICE Phone 059m7446 T.+1x Beuldl 81399 

CIRCLE 45 ON INQUIRY CARD COMPUTER DESIGN/ APRIL 1977 



Examination of lower cost, moderate-to-high performance solutions 

to the problem of implementing multiplication in microprocessors, 

rather than expensive, hardware intensive, all-parallel approaches, 

gives designers the facts necessary to make tradeotts and 

achieve desired performance economically 

Hardware Multiplication Techniques 
for Microprocessor Systems 

Bala Parasuraman 

Syscom, Incorporated 
Santa Clara , California 

High speed multiplication is not included in the in­
struction sets of presently available microprocessors, 
except in microprogrammable bipolar devices. Never­
theless, users may need it when they discover further 
applications for their microprocessor-based systems, or 
undertake system designs that grow out of existing 
designs. When this happens they are obliged either 
to write a program subroutine for multiplication, 
which is invariably slow, or to design a multiplication 
unit in add-on hardware. Either approach requires an 
analysis of numerous tradeoffs among the various al­
ternatives. 

When a hardware approach is elected, it is difficult 
to choose among several techniques to achieve medium­
to-high performance at reasonable cost. Although a 
hardware-intensive, all-parallel approach will probably 
be too expensive, it is worth examining such imple· 
mentations to obtain a basis for comparison. In general, 
multiplication algorithms that employ external hard­
ware successively shift and add, with slight variations 
here and there to increase speed or reduce hardware. 
In the descriptions that follow, the treatment is limited 
to binary integer operands and results. 

Multiplication Algorithms 

Most multiplication algorithms are tailored for soft­
ware execution on a sequential machine. Hardware 

techniques are generally adaptations of these software 
methods. The simplest multipliers, therefore, are direct 
implementations of shift and add algorithms. 

Accumulation of partial products by repeated addi­
tions of the multiplicand under control of the multi­
plier bits is the basic principle underlying binary 
multiplication. Bit-by-bit examination of the multiplier 
bits determines whether or not an addition is to be 
performed. Significance is preserved by shifting after 
each step to align the intermediate partial products. 

The first enhancement of the basic principle calls 
for shifting over Os; its execution time depends on the 
number of additions required. A 0 bit in the multiplier 
causes the addition of a word of Os to the partial prod­
uct-or, equivalently, causes the addition to be omitted. 
As shifting is faster than addition, the overall execution 
time is decreased by shifting over strings of Os. 

If subtraction is available, a string of ls in the 
multiplier, processed in order of increasing significance 
(or right to left ), can be reduced to a subtraction for 
the first encountered 1, shifts for each subsequent 1, 
and then an addition when the first 0 is encountered 
beyond the string. For example: 

6010 = 111100 = 2• + 2• + 2• + 22 

= 2• - 22 

= 1000000 - 100 

Improved speed can be obtained by inspecting more 
than one multiplier bit at a time. However, this in-
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EXAMPL E' 4810 • 89IO ' 4272 10 

PRODUCT FORMATION RULES 
MULTIPLICAND VALUES 

4 • @] 1 1 I 0 0 0 0 0 ol GENERAL' 

0,0 0 NO ADO I , 0 0 ADD -4• 

- 4 . 0 0 I o o o o o ol 0 , 0 I ADD 2• 1, 0 I ADO -2,., 

0 , I 0 ADD 2x I , I 0 ADD - 2• 

2 • @] 0 I I 0 0 0 0 0 1 
0 , I I ADO 4• I, I I NO ADO 

END CORRECTION' 
-2. 0 I 0 I 0 0 0 o ol LSB ' I ADD -I• 

I ' @] 0 0 I I 0 0 0 0 1 

- I ' m 11 I 0 I 0 0 0 OJ 

ACCUMULATOR MULTIPLIER 

START @] 10 0 0 0 0 0 0 0 1 0 I 0 I I 0 0 I I 

0 11 O J 
~-----~~ 0 I 0 I I 0 0 1 J ADD -I• I 0 I 0 0 0 

@] 10 0 I I 0 0 0 O J 0 I 0 I I 0 0 I 

@] lo 0 0 0 I I O OJ •l o 0 0 I 0 I I 0 

--= 
0 I 1 0 I 0 I I o o I 10 0 0 I 0 I I 0 

0 I 1 I I 0 I 0 I IJ •l o 0 0 0 0 I 0 I 

0 I 1 0 0 0 I 0 I 1 J lo 0 0 0 0 I 0 1 

0 I 1 I I 0 0 0 I OJ •J I I 0 0 0 0 0 I 

@] lo I 0 0 0 0 I ol 11 l 0 0 0 0 0 I I 
@] lo 0 0 I 0 0 0 >-----..... •I 1 0 1 1 0 0 0 0 oj 

RESULT ' 4272 10 

volves a few more types of operations, such as addition 
and subtraction of two times the multiplicand. For 
2-bit inspection, the multiplication process follows 
these rules : 

00 No addition 
01 Add multiplicand 
10 Add 2X multiplicand 
11 Add 3X multiplicand 

After each operation, the multiplier is shifted two 
positions. 

A variation of this method shifts two positions but 
inspects three bits at a time; the less significant bit 
of each pair is inspected twice. Rules governing this 
method include a correction because each step can 
produce either the proper partial product, or one that 
is too large by lX multiplicand (Fig 1). 

These methods of bit grouping and examination are 
sometimes called multiplier recoding. They give rise 
to many different hardware implementations; one 
such implementation can be found in Advanced Micro 
Devices' AM 2505 iterative multiplier block, which 
uses Booth's algorithm (Fig 2). This algorithm ex­
amines two bits at a time, adds or subtracts, and shifts 
one position. It is fast with concatenated ls and Os, 
but slow when the multiplier has alternating ls and Os. 

Multiplication Hardware 

The simplest form of binary multiplier consists of 
a few shift registers and a parallel adder with some 
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• ADD 2x 

SHI FT 2 

• ADO -2• 

SHIFT 2 

• ADO -2x 

SHI FT 2 

ADD. 2• 

SHIFT 2 

Fig 1 Multiplication by shifts of 2. By in­
specting three bits of the multiplier at once 
and adding or subtracting 1, 2, or 4 times 
the multiplicand, multiplication can be sig­
nificantly speeded 

control logic (Fig 3). The result is accumulated 
partially in the multiplier register as the multiplier 
is shifted out. For a 16 x 16 multiply, a maximum 
of 16 shifts and 16 adds are necessary. Assuming equal 
time for shifts and adds, this requires 32 clock periods 
or, at 100 ns per period (an easily realizable rate), 
3.2 µ.s for the entire multiplication. 

A quasi-serial multiplier is an excellent example 
of the complexity-versus-speed tradeoff. This type of 
multiplication is based on the columnwise addition of 
bits in the partial product array of a multiplication 
table. For example, to find the product of two n-bit 
binary numbers X and Y, the partial products are 
arranged in a skewed rectangular array: 

X.Y. 

S2n-1 ••••• S, 

Yn • y 3 Y. Y1 Yo 

Xn • X. X. X1 X. 

XoYn, XoY3 XoY 2 XoY1 XoYo 

X1Y2 X1Y1 X1Yo 

XS1 X2Yo 

So 

PPO 

PPl 

PP2 

PPn 

To form the final product, these partial products 
are added together in one of at least three different 
ways: fully parallel addition of numbers of n bits 
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YES 

YE S 

AC+--AC •X 

A(.,.___Q 
N-O 

N.__N-1 

each in a large array; addition of n-bit numbers two 
at a time; and addition by columns. Fully parallel 
addition, although prohibitively costly in terms of 
hardware, is the fastest of these three methods. Two­
at-a-time addition is still fairly complex and moderately 
fast, while addition by columns is the least expensive 
and the slowest. However, column addition can be 
executed faster if a degree of parallelism is incor­
porated-for example, by using a combinatorial coun­
ter, which is the space-iterative version of a conventional 
time-sequential counter. It forms the binary sum of the 
number of ls presented simultaneously to its inputs. 

One possible implementation of such a counting 
circuit (Fig 4 ) is constructed with adder trees. A 
commercially available building block that imple­
ments much of this function is the SN74S275 7-input 
summing unit; this component is also useful in build­
ing high speed parallel multipliers. An alternative 
form uses half-adders (Fig 5). 

With a combinatorial counter m a quasi-serial 
multiplier, parallelism is introduced by simultane­
ously adding column sums (Fig 6 ) . The operation 
begins with the multiplicand left-justified in the double­
length shift register, and the multiplier in the holding 
register. At the start of the multiplication cycle, if 
the least significant bits ( LSBs) of both numbers are 
ls, the AND gate and the counter generate a count of 
1, which is added to the previous contents (all Os at 
the start) of the add-and-shift register. The LSB of the 
count becomes the LSB of the product. The multiplicand 

SHIFT AC ONE 
POSITION RIGHT 

m-BIT 
MULTIPLICAND 

m-BIT 
ACCUMULATOR 

Fig 2 Booth's algorithm. An­
other recoding to speed mul­
tiplication, this process can 
be implemented in software 
or hardware. It calls for mul­
tiplier and multiplicand to 
have same number of bits 
and produces a product of 
twice that number of bits in 
the accumulator 

RIGHT SHIFT 

SHIFT AND ADD 
CONTROL LOGIC 

m-SIT 
MULTIPLIER 

TEST LEAST 
SIGNIFICANT BIT TO 

DETERMINE ADD 
CYCLE 

Fig 3 Shift-and-add multiplier. This is simplest 
and most straightforward technique 

is then shifted right one position, and the process 
repeats. During the ( n - 1) th cycle, the multiplicand 
is right-justified in the double-length register, and the 
most-significant bit (MSB) is in the place of the 
original MSB. During the (2n - l)th cycle the MSB 
is the only original bit left. 
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For a 16 x 16 multiplier of this type, the interface 
to a microprocessor is simple. Multiplicand and multi­
plier are loaded into their respective registers directly 
from the microprocessor data bus, under control of a 
flag or address bit. Then, if the microprocessor is fast 
enough, results can be read back over the same bus 
at the end of the multiplication cycle. If the hardware 
multiplier unit uses a lO·MHz clock, results will be 
available after 3.2 µs. This time is comparable to that 
of a 16-bit ADD instruction with one memory refer­
ence in most metal-oxide semiconductor (MOS) micro­
processors, so the hardware multiplier can be trans­
parent to the processor. 

Hardware costs for the quasi-serial multiplier are 
fairly low. A typical implementation uses six 8-bit 
shift registers, two 8-bit latches, a 5-bit adder block, 
a 5-bit shift register, and four quad gates. Optional 
hardware includes bus buffering from the microprocessor 
if required. 

Sequential Iterative Multiplier 

The symmetry of the multiplication process lends it­
self to other interesting iterative procedures. Just as 
the quasi-serial multiplier made use of the array 
nature of the partial products, another approach makes 

use of the space-iterative nature of bit-serial product 
formation (Fig 7). 

Multiplier and multiplicand are placed in a shift 
register with their bits alternating. Beginning with 
the LSB of the multiplier, every alternate bit position 
in the shift register is gated to a full adder by the 
bit at the low end of the shift register. Product bits 
are formed in an array of full adders with interstage 
signals appropriately delayed for proper synchroniza­
tion. For an n-bit multiplication the result accumulates 
in 2n cycles. As with the quasi-serial method, the 
hardware for this approach is modest; a 16 x 16 
multiplier may be implemented with four 8-bit shift­
registers, four 8-bit latches, eight dual-gated full­
adders, and optional data buffers to interface with a 
micr·oprocessor. 
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1· Bil 
FULL ADDER 

I I 

I 2 

I 3 

I 4 

I 5 

I 6 

I 7 

I 8 

I 9 

I 10 

!11 

I 12 

I 13 

I 14 

I 15 

Fig 4 Parallel counter. Binary output at right is 
count of the number of 1s appearing simultaneously 
in the 15-bit input at left. It requires two dual full­
adders, two 2-input adders, and one 4-bit adder 

Fig 5 Parallel counter using 
half-adders. This network does 
not depend on ripple carry, but 
has six stages of propagation de­
lay, compared to three in Fig 4 

Actual multiplication time for this scheme is 32 
clock periods; however, setting up the operands requires 
overhead, which depends on the type of microprocessor. 
For example, as multiplier and multiplicand bits are 
arranged in alternating fashion, some shift sequence 
or special gating may be required to load the operands. 

Table Look-Up Multipliers 

Read-only memory {ROM) is fast becoming one of 
the least expensive resources in a microcomputer 
system. Its declining price per bit is causing a shift 
toward implementing more and more logic with ROM 
using table look-up techniques. However, for multi­
plication and other forms of function evaluation, a 
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MULTI PLI CAND RE GISTER 

15 BITS 

HOLDING REGISTER 

r---
1 
I 

' 
' 

16 x 4 

MULTIPLICAND , 84 1 
83 , 82 , 01 

MULTIPLIER 

PPI 

PP2 ~ 

' AB,3+ 'I PPJ ~ 

AB 'J PP4 ~ 

FULL I 11 
PRODUCT 

16-INPUT 
OMBINA­

TORIAL 
COUNTER 

16 BITS 

PRODUCT MS B 

16 IDENTICAL STAGES 

16 )( 8 

MULTIPLICAND 

MULTIPLIER 

B4 B3 B2 B1 

~ 

PPI 

PP2 

PPJ 

PP4 

PP5 

PP6 
+ + 

PP7 ~ 
+ ) 

PP8 • t2/j 1 l 
FULL~------­

PRODUCT 

prohibitively large number of bits is required for 
direct and total look-up; an effective compromise 
combines ROM tables of convenient sizes with adder 
blocks. 

Examples of both a 16 x 4 and a 16 x 8 multipli­
cation are shown in Fig 8. The multiplier (A) and 

Fig 6 Quasi-serial multiplier. Combina­
tional counter repeatedly gives count of 
bits shifted into the register; adder ac­
cumulates the count. For two 16-bit num-
bers , multiplier can be built with four 
quad 2-input ANDs, one 2-input NANO, 
two 8-bit latches, one 5-bit register, five 
4-bit adders, two 2-bit adders, and six 
8-bit shift registers; multiplication time 
is 16 clock periods 

PRODUCT 
(LSB F!P.~T) 

Fig 7 Sequential multiplier with 
iterative technique. This circuit 
generates product of two 16-bit 
numbers; if clock period is 100 
ns, the multiplication time is 3.2 
µs. It requires four 8-bit shift 
registers, four 8-bit latches, 16 
gated full adders, and one oscil­
lator (not shown) 

Fig 8 Partial product accumulation. Dividing multiplier 
and multiplicand into 4-bit parts and processing them 
separately can simplify multiplication under certain 
circumstances. Partial products, each eight bits wide, 
are arranged according to positional significance 

the multiplicand ( B) have been partitioned into 4-bit 
groups; the procedure looks up partial products of 
these groups in a ROM table at each step. For 
example, the least significant four bits of the multipli­
cand are multiplied by the least significant four bits 
of the multiplier to create the first partial product. 
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PACE 
MICROPROCESSOR 

CARD 

--DATA BUS (16) 

ADDER STAGE 

16 BITS 

16 BITS 

SHIFT- CONTROL ,_____.__,.,. LOGIC 

ADDRESS SELECT LOGIC 

COMPARATOR DECODER 

OM7400, OM7474, 
DM7404 74LS124 

Fig 10 Low cost 16 x 16 
multiplier. Although based 
on PACE and other Nation­
al Semiconductor products, 
this design is generally ap­
plicable to other manufac­
turers ' products as well 
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TABLE 1 

Building Blocks for Hardware Multiplication 

Description Manufacturer Part Number 

4 x 4 Look-Up Multiplier 

4 x 2 Iterative Array. 

National Semiconductor 

Fairchild 

DM8875A, DM8875B 

9344 

4 x 2 Iterative Array 

4 x 4 Parallel Multiplier 

8 x 1 Serial Multiplier 

16 x 16 Parallel Multiplier 

8-Bit Parallel Register 

Advanced Micro Devices 

Texas Instruments' 

Advanced Micro Devices 

TRW 

25S05 

SN74S274 

25LS14 

MPY-16 

Advanced Micro Devices 25LS22 
With Sign Extend 

7-lnput Adder 

8-Bit Universal Register 

8-Bit Universal 1/ 0 Register 

Texas Instruments 

Texas Instruments 

National Semiconductor 

SN745275 

SN74S299 

DM8546 

The next partial product is produced by multiplying 
the next significant four bits of the multiplicand by 
the least significant four bits of the multiplier, and 
shifting four places to the left; and so on. For 4 x 4 
multiplication, there are 256 possible results; hence the 
table must contain 256 entries of eight bits each. Such a 
table can be stored in a 256 x 8 ROM. Shifted partial 
products thus generated are added, as the diagram 
shows, in 4-bit 2-input adders connected to the ROM 
outputs (Fig 9). Operational speed for this circuit is 
determined by access time of the ROMs, speed of the 
4-bit adders, and carry propagating time. 

For longer operands, this table look-up approach 
is expensive in hardware. A 16 x 8 multiplier, for 
instance, would require eight ROMs and eleven 4-bit 
adders. Similarly, a 16 x 16 multiplier would need 
16 ROMs and 28 adders. 

A combination of creating partial products m 
parallel and adding them word-serially gives rise to 
an interesting variation. In this approach, the multi­
plicand is loaded in parallel into a holding register; 
the multiplier is then passed through serially by bit, 
generating product bits according to Booth's algorithm. 
A commercially available component that does this in 
8-bit groups is the AM25LS14 2's-complement multi­
plier made by Advanced Micro Devices. It contains a 
cascading input that accepts longer multiplicands. 
The entire multiplication takes m + n shift cycles, 
where m and n are the bit lengths of the multiplicand 
and multiplier. The product is available serially, and 
must be converted to a parallel word in a shift 
register for transfer to a microprocessor. 

Application Example 

A typical low cost binary multiplier (Fig 10) makes 
use of a few universal shift registers and standard 
4-bit adders, plus the control logic necessary to 
direct the operations. Interface signals for National 
Semiconductor's PACE microprocessor are shown, al­
though any 16-bit central processor could communicate 
similarly. 

The economy of this approach lies in the use of 
inexpensive standard components; clock frequencies can 
be low enough for standard transistor-transistor logic, 
yet the overall speed of multiplication is fast enough 
to be transparent to the calling program. For example, 
using the PACE instruction set, a 4-instruction sequence 
produces a 32-bit product: 

(1) ST 
(2) ST 
(3) LD 
(4) w 

p, MCAND 
1, MPLIER 
¢. RESULTLO 
1, RESULTHI 

LOAD MCAND 
LOAD MPLIER, START MULT 
GET RESULTS 

MCAND is the address of the multiplicand register; 
MPLIER that of the multiplier register; AC~ is the 
multiplicand, and ACl the multiplier. The second 
store (ST) instruction initiates multiplication. In the 
time it takes for the first load (LD) instruction to 
set up for data acceptance, the multiplication can be 
completed (assuming a 4-MHz clock) . This particular 
configuration uses two 8-bit latches ( SN74273), two 
ulniversal shift registers ·(DM8546), two parallel-in 
parallel-out shift registers (DM74199), four 4-bit 
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TABLE 2 

16 x 16 Multiplication Techniques 

Hardware Method Basic Cost* Time 

Shift-and-Add $ 15 3.2 µS 

Quasi-Serial 15 3.2 µS 

Serial Iterative 15 3.2 µS 

Table Look-Up 120 0.8 µS 

Parallel / Serial 50 1.6 µS 

Parallel 
Iterative Array (AMO) 320 150 ns 

Wallace Trees (Tl) 550 120 ns 

Single Chip (TRW) 250 300 ns 

Software Method Storage (Bytes) Time 

Booth's Algorithm on 
PACE Microprocessor 90 1100 µS 

Booth's Algorithm on 
6800 Microprocessor 110 600 µS 

Shift-and-Add on PACE 
Microprocessor 20 1000 µS 

Microprogrammed on 
IMP-16 4 150 µS 

*Based on present 100-quantity pricing 

adders (DM7483), and some address compare and 
decode logic, in about 16 standard packages. 

Parallel Multipliers 

A brief look at all-parallel multiplication techniques 
is interesting for the sake of comparison with more 
economical approaches. Parallel multiplication is based 
on the space-iterative nature of the partial product 
array. Instead of forming partial products for each 
bit of the multiplier, a combinatorial approach creates 
the simultaneous sum of several bits. 

Terms in a partial product array are basically the 
AND functions of various bit combinations of the multi­
plier and multiplicand. These individual terms are 
summed in carry-save adder trees. Hardware for this 
technique is quite costly because it includes a large 
number of combinatorial gates. For example, using 
Tl 74S274 and 74S275 multiplier blocks, a 16 x 16 
parallel multiplier that operates in the 120 ns range 
can be built with 47 integrated circuits. Similarly, using 
the AMD 25S05 4 x 2 multiplier block, a 16 x 16 
parallel array can be implemented with 32 larger 
devices and speeds in the 150 ns range. A recently 
announced product from TRW puts a complete 16 x 
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16 multiplier on a single chip. These are listed along 
with others in Table 1, which, although a representative 
list, does not necessarily cover all currently available 
products. Building blocks listed in the table may be 
used in several combinations to realize various imple­
mentations of binary multipliers. 

Conclusions 

Most of the schemes for binary multiplication surveyed 
in this article use variations of shift and add operations, 
because most microprocessors work well at the moderate 
execution speeds of these methods. These techniques and 
some of their software counterparts are compared in 
Table 2. 

All figures in the table are merely estimates for the 
sake of comparison. Therefore, the ultimate choice 
depends on the particular cost/ performance ratio de­
sired. Several low cost solutions proposed in this 
article offer execution speeds that are high enough for 
many applications where expensive hardware cannot 
be justified. 
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All our memories 
are worth remembering. 

Everybody knows NEC Microcomputers makes the fastest 
and most reliable 4K MOS RAMs on the market. Product Description Organization 

But that 'sjust the start ofour state-of-the-art memories. 
We 've got both static and dynamic types. In NMOS, 2101AL NMOS Static RAM 256 x4 
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And remember us. 2308 NMOSROM 1Kx_8 
NEC Microcomputers, Inc., Five Militia Drive, 2316A NMOSROM 2Kx8 

Lexington, MA 02173 . 617-862-6410. *Avalanche Induced Migration 

NEC m1crocomputers, inc. 

Access Times 
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250-450 
250-450 
450 
45 
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70 
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450 
450 
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For Your DIA Converter Analysis, 

Use this dual-trace scope to 
make easy, accurate D/ A con­
verter settling time and ampli­
tude measurements . .. and to 
analyze and verify the perfor­
mance characteristics of other 
high-speed components. 

Configured in a 7904 main­
frame* , the 7S14 Sampling 
plug-in lets you examine 
settling time anomalies as 
narrow as 500 ps, to vertical 
sensitivities down to 2 mV/div. 
The internal delaying time base 
lets you select the whole wave­
form , or any portion, for 
observation. 

The 7D12/ M2 Strobing Volt­
meter and 7B92A Dual Time 
Base plug-ins help you easily 
measure the overall amplitude 
of the device output, and the 
P6201 Active Probe conveniently captures 
the DAC's output with minimum circuit 
loading . 

Get Reliable, Repeatable Settling 
Time Measurements 
No significant distortions will be intro­
duced into your settling time measure­
ment because the 7S14 Sampler minimizes 
the scope's vertical amplifier recovery 
time effect. The high-impedance probe 
minimizes loading the circuit under test. 

With high vertical sensitivities, small per­
turbations can be measured to less than 
1 least significant bit depending upon cir­
cuit loading. 

The result is accurate measurements 
time after time. 

Put Together a Complete System 
You can measure overall output ampli­
tude to within 0.25% with the strobing 
voltmeter and dual time base plug-ins in­
cluded in the plug-in scope system. And 
it couldn't be easier: the intensified zone 
generated by the time base points out 

pick this 
plug-in scope 

which part of the waveform you're meas­
uring and the amplitude is read out digi­
tally on the crt. 

Extend Your System's Sampling 
Performance 
Th is sampler allows you to display time 
windows as narrow as 500 ps at sweep 
speeds to 100 ps/ div. Choose from 4 
other sampling plug-ins and 1 O sampling 
heads for time window measurements 
ranging from 25 ps to 1 ns. All these sam~ 
piing plug-ins, including the 7S14, will 
operate in any 7000 Series Mainframe. All 
will significantly min.imize the recovery 
time limitations you might encounter with 
amplifiers in a real-time scope. And some 
sampling plug-ins include TOR capability. 

84 For technical data, circle 46 on Inquiry Card. 
For a demonstration, circle 47 on Inquiry Card. 

Expand Your System to 
Include Real-Time Per­
formance 
By adding a 7A24 Dual Chan­
nel Amplifier plug-in, you'll 
have a real-time system with 
two channels of 350-MHz per­
formance and sweep speeds 
as fast as 500 ps/div. Or you 
can also choose from other 
amplifier plug-ins that will give 
the full mainframe bandwidth 
of 500 MHz. 

Your oscilloscope needs may 
change as the speed of system 

components continues to in­
crease. So whatever your choice 

may be, a Tektronix plug-in scope can 
give you unmatched value now and in 

the future. 

To order the plug-in system described 
here or to receive selection assistance, 
call your local Tektronix field office.* For 
a full product demonstration, clip the logo 
from this ad to your letterhead and send it 
to us at Tektronix, Inc., P.O. Box 500, 
Beaverton, OR 97077. We'll have a Field 
Engineer contact you. Or circle the bingo 
number, and we'll send you a copy of our 
application note, "DI A Converter Meas­
urements : A Sampling Oscilloscope's 
Approach ." 

The 7000 Series ... more 
than an oscilloscope. 
•ordering information: 
7904 Oscilloscope .. .. ........ . . •.. . ... $4,500. 
7S14 Sampler ... . .... . . ........ . •...... $2,650. 
7012 / M2 Strobing Voltmeter . ..... . . .... $1,550. 
7B92A Dual Time Base ......... . .. ..... $1,795. 
P6201 Active Probe .................... $ 680. 

U.S. sales prices FOB Beaverton, OR. 
•Storage Mainframes are often preferable when 
the signal repetition rate is below 100 KHz. 
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When based on an algorithm that is constructed with the type of 

redundancy and characteristics of the data source in mind, 

compaction allows efficient reduction of redundancy in a data set to 

achieve savings in both transmission time and required storage space 

Data Compaction in Computer Systems 

Yitzhak Dishon 

General Products Division 
IBM Corporation 

San Jose, California 

Compaction of data, ie, elimination of redundant bits in 
a data set, is well known and is particularly useful in 
data communication and storage systems. It is not un­
common to find that 50% or more of the bits in a data 
set are actually redundant as far as representation of 
information is concerned. Removing redundant bits 
achieves considerable savings in transmission time, 
storage space, or both. As the amount of data in com­
puter systems and in communications between systems 
increase, compaction methods will become more and 
more significant. 

Redundancy of data bits manifests itself in several 
ways. First, if each character is represented by a fixed 
number of bits and if some characters appear more 
frequently than others, representation of each character 
by the same number of bits will result in redundancy. 
Such is the case when characters of English text are rep­
resented by 8-bit bytes. Since characters do not occur 
with equal frequency in the English language ( eg, the let. 
ter E is used more frequently than the letter Z), repre­
senting characters of English text with 8-bit bytes results 
in redundancy. 

A second type of redundancy occurs in a string of 
identical characters. This redundancy is prominent in 
data sets representing graphic or analog information, and 
can also occur in text; eg, a fixed length record might be 
filled with blanks or zeros. A string of characters such 
as XX X X X provides two kinds of information: char­
acter type, X, and the number of repetitions beyond the 
first character, in this case four. Signaling the number 
of repetitions (four) with four 8-bit bytes is wasteful. 

A third kind of redundancy results when the occurrence 
of one character implies the occurrence of one or more 
other characters. For example, the letter Q at the be­
ginning of a word always implies that the letter U fol­
lows. This concept can be generalized to imply one group 
of characters by another group of characters. 

Data redundancy may be desirable in noisy communi­
cation channels where it will enable lost or garbled in­
formation to be recovered. However, to make use of 
the redundant data bits, they must be structured in such 
a way that detection and correction of lost data are 
feasible. Examples of this structuring are parity bits, 
Hamming codes, or cyclic redundancy code bits. In all 
these cases, it should be noted that redundancy is added 
by the encoder before transmission or storage. In con­
trast, the three types of redundancy mentioned previously 
are inherent in the source of data. Since they do not 
lend themselves to improvement in data recovery, their 
elimination can result in savings of transmission time 
or storage medium. 

Information Theory 

A review of some information theory concepts will point 
to methods for eliminating redundancy and thus lead to 
ways of achieving economic savings. As with any scien· 
tific discipline, information theory seeks first to define 
information and to measure it quantitatively. Early re­
search was motivated by an interest in increasing the 
rate of data transmission over telegraph lines. Claud 
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Shannon established the foundations of modern in· 
formation theory in 1948. 

The simplest type of information is a statement of 
"yes or no,'' "go/ no-go," or "on/ off." Information 
theory, however, is concerned also with the probability 
that an event will occur. For example, if you can see a 
train on the railroad crossing, you know that you cannot 
cross the tracks with your car; there is no need for the 
red warning light. However, when you cannot see the 
train, the warning light serves to resolve your uncertainty 
about the possibility that a train will come while you are 
driving across the tracks. 

Therefore, an information source that can signal a 
"go/ no-go" decision is the simplest type. The two 
choices presented can be represented by the binary num­
bers 1 and 0. The information theorist calls this "en­
coding the source of information"; the two binary num­
bers are termed "a code." In general, the source is 
capable of selecting and emitting a symbol from a finite 
alphabet of symbols. If it is known in advance what 
symbol the source emits, no information is generated. 
The greatest amount of information is obtained when 
there is total uncertainty about the symbol selection pro­
cedure performed by the source, ie, symbols are emitted 
at random. It is also possible that the source emits dif­
ferent symbols, with each symbol having a certain proba­
bility of being emitted. The measure of freedom that the 
source has in selecting the symbols and the amount of 
uncertainty that is involved in receiving them is called 
the "entropy" of the source. 

Consider a source which can select symbols from an 
alphabet S which contains members s1, s2, s3 , ... , Sn· Let 
the probability of occurrence for each symbol be Pi. 
Then entropy is defined as 

H = - ~ P, log2 P, bits/symbol* 
l ;:; l 

The word entropy is a familiar term in thermodynamics, 
where it denotes the energy of a system which cannot be 
transformed into mechanical energy. Its mathematical 
expression is analogous to the expression above, from 
which it gets its name. In information theory, entropy 
indicates the average number of bits required to repre­
sent each symbol of the source alphabet. 

Tossing a coin serves as a model for an information 
source. The two sides of the coin, tails (T) and heads 
(H), correspond to the source alphabet s1, s2. Tossing 
the coin corresponds to the source's process for selecting 
a symbol. On the average, either side (symbol) is equally 
likely to appear. Tossing two coins and encoding T = 0, 
H = 1, corresponds to a source of a 4-symbol alphabet, 
which is encoded 

Outcome Symbol Probability Code 

T T S1 0.25 0 0 
T H S2 0.25 0 1 
H T Sa 0.25 1 0 
H H s. 0.25 1 1 

The entropy of this source is calculated as 

H = -~ P1log2 P, = - 4 x 0.25 log2 0.25 = 2 
1;:;1 

Two binary symbols are needed to encode the alphabet 
of this source. However, if the coins were totally unfair, 
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such that only T could occur, the only symbol selected 
would be s1• There would be no need to do any coin 
tossing to determine the outcome, since it would be 
known in advance. A source such as this, which provides 
no information, has an entropy of 0. 

However, if it is assumed that T occurs with each coin 
at a probability of 0. 75, leaving a 0.25 chance for H, 
the table would look like 

Outcome Symbol Probability Code 

T T S1 0.5625 0 0 
T H S2 0.1875 0 1 

H T Sa 0.1875 1 0 

H H s. 0.0625 1 1 

This source has an entropy of 

H = -~ P, log2 P, = - (0.5625 log2 0.5625 

+ 2 x 0.1875 log2 0.1875 

+ 0.625 log2 0.0625) 

1.62 bits I symbol 

By calculating the entropy it is found that about 1.62 
bits are needed for every symbol, compared with the 
2 bits/ symbol which are used. This results in a savings 
of almost 20 % . But, how does one provide fractions of 
a bit? Recall that the entropy indicates the average 
number of bits per symbol. If a short code is assigned 
for more frequently occurring symbols and a longer one 
for less frequently encountered symbols, then a long 
string of source symbols will have, on the average, fewer 
bits per symbol. In fact, by considering the source 
emitting blocks of symbols (combinations of a fixed 
number of syrnbols) and encoding these blocks, the 
number of bits per symbol required can approach the 
entropy as closely as desired. 

Huffman Coding 

The code for the 2-coin tossing experiment can be reas­
signed as 

Outcome Symbol 1Probability Code 

T T S1 0.5625 0 

T H S2 0.1875 10 
H T Sa 0.1875 110 

H H s, 0.0625 111 

The average number of bits per symbol is calculated 
by multiplying the code word lengths by their proba­
bilities. This code uses 

1 x 0.5625 + 2 x 0.1875 + 3(0.1875 + 0.0625) 

= 1.63 bits /symbol 

While this result is not as good as that indicated by the 
entropy, it does approach it. Another property of this 
code is that it can be decoded instantaneously as the code 
words occur in a data stream. For example, the following 

*The basic unit of information is defined by -log,P bits, where 
P is the probability of a 2-outcome event or decision such as 
go/ no-go. If that probability is 0.5, then -log.0.5 = 1 ·bit. A 
choice other than 2, say r, for the base of the logarithm would 
result in r-ary units. By summing up the amount of information 
times the probability of occurrence for each symbol, the average 
information contents of the source (H) can be obtained. 
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string, reading left to right, can he decoded immediately, 
without waiting for the end of the string. 

Encoded Message: 0 1 0 0 0 1 1 1 0 1 1 0 1 0 

Decoded Message: s1 s2 51 53 S2 

Codes such as this, which assign efficiently short code 
words to frequently occurring symbols and longer code 
words to less frequent symbols, are called Huffman codes. 
They can be formed by the tree method shown in Fig 1. 
The tree combines the two lowest probabilities, 0.09 and 
0.04, of symbols s5 and s6, into a node which represents 
the combined probability of that pair, 0.13. Then the 
next pair of lowest probabilities, in this case those of 

SYMBOL PROBABILITY CODE 

51 0 . 50 0 

52 0 . 15 1 10 

53 0 12 1 00 

54 0 . 10 I 0 I 

55 0 .09 I 1 10 

56 0 .04 0 .13 11 1 1 

Fig Tree method for constructing Huffman 
codes. After constructing the tree, by combin­
ing successive lowest probability pairs into 
nodes, O and 1 binary values are assigned to 
each branch. The code is derived by tracing 
from the 1.0 probability node to each source 
symbol, noting 1s and Os as encountered 

symbols s3 and s4 , is combined into a node of 0.22. The 
next two lowest probability numbers are 0.13 (the com­
bined s5, s6 nodes) and 0.15, the probability of s2. This 
pair joins into a node with a combined pro'bability of 
0.28. The tree is then completed, by combining lowest 
probability node pairs, tO a combined probability of 1. 
Next, 0 and 1 binary symbols are assigned to each branch 
of a node. The code can now be constructed by traveling 
frotn the 1.0 probability node to each symbol and writing 
down, left to right, the Os and ls encountered on the way. 

In essence, this algorithm reduces the original source 
alphabet into "super symbols" of cornbined probability. 
At the 1.0 node, there are only two "super symbols"; 
the most trivial code for two such symbols is simply 0 
and 1, respectively. By working backward, each "super 
symbol" is broken down and assigned Os and ls at 
each branch until the original source symbols are 
reached. The size (number of bits) of the shortest code 
word or that of any other code word depends on the 
particular probability distribution of the source symbols. 

This method eliminates the redundancy that occurs 
when fixed length code words are assigned to symbols 
having unequal probabilities of occurrence. To construct 
the Huffman code, the probability distribution of the 
source alphabet must be known. From this, a tree can 
be formed to yield a Huffman code. The average num-

her of bits per symbol of a Huffman code is within one 
bit of the average calculated by the entropy. The al­
gorithm can be implemented either with software or 
hardware, or with a combination of the two. In either 
case, it usually requires that the source symbol be rec­
ognized, and that the code word (bits) be located in a 
table and then assembled into entities (bytes or words) 
with which the machine normally deals. The decoding 
process is slightly more complicated, since the boundaries 
(commas) between the (variable length) code words in 
the incoming bit stream are not initially known. One 
method of locating them is to look at the incoming bit 
stream through a "window" whose width is that of the 
shortest code word. Since the code is instantaneous, a 
search is made for a corresponding source symbol in 
the "window." If none can be found, the window is en­
larged by one bit and the search is repeated; this 
process is repeated again until a window width is found 
which points to a source symbol. The decoded bits are 
then dropped from the data stream. The consideration of 
hardware or software methods usually implies a tradeoff 
between cost and time spent on the encoding/ decoding 
process. 

Unfortunately, the compaction of data is not entirely 
straightforward. First, different data blocks will com­
pact into new data blocks of variable length which 
then must be reorganized. Second, in many cases, a data 
source contains information other than English text, 
making it necessary to know the probability distribution 
of all possible characters. Individual data sources can 
vary widely from these statistics and thus will not yield 
satisfactory results. It is possible to gather statistics on 
the particular data to ·be compacted and to construct a 
unique Huffman code. This code can then be affixed in 
front of the compacted data and transmitted uncom­
pacted so that the decoder can use it to decompact the 
following blocks of compacted data. Of course, this 
implies additional cost, time, and storage space. 

String Coding 

The second type of redundancy consists of character 
strings, which are contiguous repetitions of the same 
character, eg, X X X X X. Often referred to as a run of 
characters, these strings occur frequently in graphic or 
analog information, and also in data sets which consist 
mainly of text. One simple way to compact such a string 
is to define a unique symbol within the source alphabet 
to .mean "repeat" (designated RP). This symbol, fol­
lowed by a count character, can be used to indicate 
a string more efficiently. For example, the above string 
would be encoded X RP 4. When dealing with 8-bit 
bytes, the string can be represented with 3 x 8 = 24 
bits using the RP symbol and count character, compared 
with the 5 x 8 = 40 bits required initially. If Huffman 
codes are used, both string character X and repeat 
character RP are assigned variable length code words, 
according to their probabilities of occurrence. 

This method is efficient only if the string is long. If 
Huffman compaction is not used, the method provides an 
advantage only if the string length is four or greater. 
The method does not compact strings of lengths of two 
or three. Since it has been shown statistically that shorter 
strings occur more frequently than longer strings and 
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because, in many cases, character strings occupy a signifi­
cant portion of the total data, it is worthwhile to derive 
a more efficient method. 

The following method, which efficiently encodes re­
peated character strings of length two, is also interesting 
because it does not break byte boundaries; this is sig­
nificant both in implementing a compaction algorithm 
and in the management of storage space. The method 
consists of mapping the source alphabet, which might be 
an 8-bit EBCDIC code, into a mapped code alphabet whose 
code word length is that of the original code words. 
This mapping is done so that the first 50% of the most 
frequently occurring source symbols within the string 
all have the same most significant bit (MSB), say 0. 
Those symbols that occur least frequently have an MSB 
of 1. Thus two sets, A and B, distinguished by their 
MSBs, 0 and 1, respectively, are obtained. Fig 2 shows 
an example of this mapping into two sets. For brevity, an 
alphabet of only eight symbols is used. 

Mapped code symbols are applied to an encoder which 
works in three states: A, B, arid N (Neutral). In each 
state, the encoder makes an assumption about the type 
of symbols to be encoded. In states A and B, it assumes 
symbols from sets A and B, respectively; in state N, it 
assumes symbols for either set with equal likelihood 
(see Fig 3). 

When the encoder is in state A, it emits single symbols 
(not belonging to a string) which are members of set 
A without further change. Note that all emitted symbols 
have an MSB of 0. If a repeated character string of length 
two is detected in the data stream, the encoder inverts 
the MSB of the first symbol to 1 and does not emit the 
second symbol. If the string is longer than two, a count 
character indicating the number of other characters in 
the string is appended to the symbol with the inverted 
MSB. This count character is recognizable because 
its MSB is also inverted, ie, the MSB is 1. Thus, a count 
character of length eight can indicate 2t - 1 = 127 
symbols in the string beyond the first two. If the string 
is longer than 127, a second count character can be 
added. Since the MSB of the second count character is 
also inverted, it is recognized as a count character. Fig 
4 shows examples of this encoding procedure. 
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l SOURCE 1 I MAP 1 J 3-STATE 
ENCODERJ SOURCE · 1 ENCODER J MAPPED 1 ENCODER 

CODE l COD E 

STRING 
COMPACT ED 
CODE 

SOURCE SOURCE PROBABI LIT Y M APPED CODE 
ALPHABET CODE IN STRINGS ALPHABET SET 

S1 10 0 0 . 2 4 000 A 

s2 010 0 18 001 l S3 001 0 14 010 

S4 11 0 0 . 12 011 

S5 0 0 0 0 . 10 I 00 B 

s6 0 1 I 0 . 10 I 0 I I S7 I 0 I 0 .07 11 0 

Ss 1 1 1 0 . 05 1 1 1 

Fig 2 Mapping into two sets. Technique for encod­
ing repeated character strings distinguishes between 
most-frequently occurring and least-frequently oc­
cu~rihg symbols in a source aiphabet by assigning 
MSBs of O and 1, respectively. Source alphabet is 
mapped into a code alphabet with code word length 
equal to that of the source code 

In state B, encoding of single symbols or strings is 
performed identically as in state A, except that the in­
verted MSB is 0 instead of 1. 

In state N, strings are not encoded-each symbol is 
emitted as mapped. Since state A represents characters 
that occur most frequently in strings and since a large 
percentage of the data set is assumed to consist of strings, 
the encoder will operate most frequently in state A. 

Dividing sou_rce symbols into two sets basically implies 
the most significant bit. This bit is then used to signal 
the presence (if inverted) or absence (if not inverted) of 
a character string of length two or of a count character. 
When a source symbol from the other set is detected, a 
switch to state N is necessary where the MSB is not im­
plied and each source symbol is encoded as mapped. 
From state N, the encoder can switch to either state A or 
B, depending on the type of characters that occur in the 
data stream. However, rules for switching from state to 
state must be defined. 

Fig 3 Information source, mapping, and compaction. 
Mapped code symbols are applied to a 3-state en­
coder. In states A and B, encoder assumes symbols 
from those sets, respectively; in state N, it assumes 
symbols from either set with equal likelihood 
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SOURCE MAP 3-STATE 
ENCODER ENCO DER ENCODER 

·I ·I 
STATE ~ A 

SEQUENCE SOURCE SOU RCE MAPPED COMPACTED 
NUMBER SYMBOL CODE CODE CODE 

S1 100 000 000 

S2 010 001 001 

S1 100 000 100 

S1 I 00 000 

S3 001 010 010 

6 S2 010 001 l 01 

S2 010 001 110 

S2 010 001 

S2 010 001 

10 S1 100 000 000 

At the start of the data stream, the encoder is in state 
N (as is the decoder) . In this state, when k contiguous 
source symbols (k = a small nuqiber, eg, 3, 4, or 5), aU 
belonging either to set A or to set B, are detected, the 
encoder correspondingly switches to state A or to state B. 
The decoder follows the same rule. In state A or B, single 
symbols or strings of the same symbol are encoded as 
described previously. When a source symbol of the other 
set appears in the data stream, the encoder switches to 
state N before encoding that symbol. This switching is 
indicated by emission of an "escape character," which 
serves to signal the decoder to switch to the Neutral s tate. 
The meaning "escape" is assigned to the character in the 
set that has the lowest probability of occurrence, and is 
thus part of the original source alphabet. 

Since the "escape" character is part of the original 
source alphabet, it may appear in the source data stream. 
Therefore, to distinguisli between its original meaning 
and its assigned "escape" meaning, it is emitted twice 
whenever it occurs as a single symbol in the source data 
stream. When it occurs in a string, the string is treated 
like any other string. Following this rule, the decoder 
discards a second "escape" character, and recognizes the 
first one as coming from the source data stream. 

It is possible for source data to contain two adjacent 
strings, such as X X Y Y Y, both strings within the 
same set. In this case, the first sym'bol of the second 
string is encoded as a single symbol, to prevent it from 
being construed as a count character. The remainder of 
the second string is encoded as a single or string sym­
bols, as the case may be. A comprehensive example, 
including switching, is given in Fig 5. 

The example given in Fig 5 shows no compaction be­
cause of the particular sequence that was chosen for il­
lustration. However, in a real environment, compaction 
ratios of approximately 2: 1 have been observed with this 
algorithm. Also, it should be noted that, depending on 

Fig 4 Encoding in state A. Symbols are emitted 
sequentially 1 to 10. 1, 2 are emitted by the 3-
state encoder without further change (except as 
mapped); 3.4 constitute a string of length two. 
Compacted code for this string consists of the 
mapped code of Sa with an inverted MSB. Sym-
bols 6,7,8,9 constitute a 4-cl'laracter string, with 
the first two characters indicated by an inverted 
MSB mapped code (101), to which is appended 
a 3-bit count field , also with an inverted MSB 
and contents of (10). Symbol 10, a single char-
acter, is emitted as mapped 

the speed of the decoder, some buffering is required since 
the two code words may decode into a long string. 

Implied Sequences 

Data compaction can also be performed on a dependent 
information source. This source is also called an nth 
order Markov source, wherein the probability of occur­
rence of the next character is dependent on n previously 
occurring characters. English text is such a source, for 
each character's probability of occurrence depends, to 
some degree, on the previous characters. For example, 
it is highly likely that the character "E" will follow the 
characters "TH," while the probability that "Z" will fol­
low is almost 0. Because an English text source is not 
free to emit characters in a random sequence, the entropy 
is correspondingly reduced. Shannon estimated the en­
tropy of English text to be between 0.6 and 1.3 bits/ 
symbol. 

Better compaction can be achieved by taking dependen­
cy into account. One method is to consider English text 
emanating from a first-order Markov source and to pro­
vide a separate probability table of the character that 
will follow for each character. An alphabet of "m" char­
acters would require m + 1 tables, one for each letter 
and another for the start of the text, where there is no 
previous character. If a Huffman code is generated for 
each probability table, the overall average number of bits 
per symbol will be less than if there were only one table 
and dependencies were not taken into account. 

In practice, this technique requires m + 1 encoding 
and decoding tables, plus implementation of a switching 
algorithm. It would also incur a premium price. Good 
compaction can be achieved with considerable savings 
in encoding overhead by clustering together those prob­
ability tables which look similar. Thus, the number of 
Huffman codes would be reduced, yet the compaction 
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SOURCE MAP 3-STATE 
ENCODER ENCODER ENCODER 

I 1------ll ·'--------'I .___.I ~ 
SEQUENCE SOURCE SOURCE MAPPED 

NUMBER SYMBOL CODE CODE 

10 
I I 

12 

13 

14 

15 

16 

17 

18 

19 

10 0 
010 

100 

10 0 
0 10 
0 10 
11 0 

100 
11 0 
1 10 
001 
0 1 1 

100 
1 11 
000 
000 

000 
0 00 
100 

0 0 0 
00 1 

000 

000 
001 
00 1 
0 11 

000 
011 
0 11 
0 10 
10 1 

000 
1 11 
100 
100 

100 
10 0 
0 00 

STATE COMPACTE D 

A 

N 

I 
B 

I 
N 

I 

CODE 

000 
00 1 

000 

000 
10 1 

011 
011 
000 
111 

0 10 
01 1 
I 0 I 

000 
111 
100 
100 

000 

111 
000 

ratios would remam better than those achieved without 
taking dependency into account. 

Summary 

Describing the three types of redundancies and illustrat­
ing the encoding methods which can he used to minimize 
the amount of redundancy have shown how the number 
of bits required to transmit or store information can he 
reduced, thereby providing savings in transmission time 
and in storage space. Compaction ratios ranging from 
2: 1 to 4: 1 are common using Huffman codes or string 
compaction methods, both of which are straightforward 
to implement. A compaction algorithm can be imple­
mented with either hardware or software. Tradeoffs to 
be considered in choosing a method include the overall 
system complexity and the problems of organization of 
uncompacted and compacted data. Another consideration 
is that compaction methods are only as good as the sta­
tistics that have been previously collected about the data 
source, and that it is possible to have a unique collection 
of data for which a particular algorithm or code will 
fail, with the resulting "compacted" data containing more 
bits than the original. 

90 

Fig 5 Encoder state switching. Assuming an 
"inertia" constant k = 3, the 3-state encoder 
starts at N and stays in this state for three con­
secutive symbols, all from set A, then switches 
to state A. Symbol s,, the escape symbol from 
state A, is encoded twice. Symbols 9, 10 con­
stitute a string of the escape symbol but are 
treated like any other string (MSB inverted). Sym­
bol 12, since it is from set B, is preceded by the 
escape symbol from set A (single occurrence), 
which causes the encoder to switch to state N. 
Three consecutive symbols from set B occur 
from symbols 14 on (including a string which 
is treated as single charac!ers), and then the 
encoder switches to state B where it remains 
until it encounters symbol 19, again from set A 
and preceded by an escape character from set B 
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I ING 
111E BOARD IESIER \'OU'VE ALWAYS 

WAtllED. 
FOR 303 I ESS MONEY. 

Introducing the GR 1795-HD 
logic circuit tester. 

It's the board tester you've 
always wanted, if what you've 
wanted was a GR 1792-A. 
And who wouldn't. 

With its unrivalled pro­
gramming flexibility, fault 
simulation, and high speed 
automatic diagnostics, the 
1792-Ahas been the indus­
try' s recognized leader. 

And now, in the 1795-HD, 
you can get all this for 30% 
less money - with prices 
starting at under $50, 000. 

In addition to 1792 capa­
bility, the 1795-HD 
actually gives you 
even greater 
capacity. Thanks 
to its large hard 
disk storage 
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and unique driver/sensor 
board design, it can handle 
boards with up to 480 pins. 

Of course, if you want to 
save even more money, we 
still off er our original 1795 with 
floppy disk drives. And you 
can always upgrade the 1795 
toa 1795-HD. 

The GR 1795-HD. 
For a price you can 

afford, the board tester 
you've always wanted. 

GenRad, Inc., 
TestSystemsDiv., 
300 Baker Ave., 
Concord, MA 017 42. 
617-369-8770, 

ext. 273. 

THE DIFFERENCE IN 
SOFTWARE IS THE 
DIFFERENCE IN 
TESTERS. 

Gen Rad 
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Unexpected benefits can be derived from using memory components 

known to have detects. This approach permits manufacture ot 

high density components with less penalty from low yield and 

provides users with cost savings, reliability improvements, and 
power savings and system size reductions 

The Case For Using 
Partially-Good Memory Devices 

Robert H. F. Lloyd* 

National Semiconductor Corporation 
Santa Clara, California 

Techniques have been implemented that use memory com­
ponents with known defects in the manufacture of 
memory systems, and have provided some unexpected 
benefits. However, to realize these benefits requires a 
change in the thinking of component manufacturers and 
users. Because the benefit is most obvious to the system 
manufacturer, the pressure for adopting this system 
must begin there. 

The particular approach discussed in this article in­
volves using partially good memory chips in which at 

TYPEC~ 

TYPED II 
~ 

Fig 1 Partially-good memory 
components. The quadrant con­
taining one or more defects 
defines four types of partially 
(thr e e-quarters) good memory 
components 

least three-quarters of the memory array is known to 
be good. This approach is easy to implement and takes 
advantage of inherent cost savings. It divides components 
into five classes: one in which all bit positions are good, 
and four in which one of its four quadrants contains 
defects (Fig 1). These components are mounted on two 
types of memory cards: one with only all-good com­
ponents, and one with a mixture of all-good and partially. 
good components. Both cards appear identical at the 
card connector. 

Cards of the second type are organized [Fig 2 (b) ] 
so that they can accommodate any one of the four types 
of partially-good chips. Normally two address lines de­
fine any one quadrant of the chip. When partially-good 
components are used, a modified chip-select is derived 
from two of the address lines; it translates an address 
that would normally go to a defective portion of a chip 
to an all-good chip at the top of the card. Programming 
jumpers define the translation for the particular type of 
partial component, a, b, c, or d, and allow all cards to 
be interchangeable. 

This concept makes sense immediately after the intro­
duction of new high levels of large-scale integration, when 
yields are likely to be low. At that time it permits more 
of the devices produced to be used. Later, as yields im­
prove, the concept is less advantageous-however, it can 

*Mr Lloyd is currently serving as president of Conver Corp, 
San Jose, Calif. 
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Fig 2 Partially-good vs conventional memory card. Jumpers in (b) allow the card using partially-good memory com­
ponents to appear identical at the card connector to a conventional memory card (a) using all-good memory com­
ponents 

be applied reasonably for as much as 75% of a product's 
economic life. Toward the end, when production yield 
is high, most of the cards produced will carry only all­
good components. Since the cards have been designed to 
carry either only all-good or a mixture of all-good and 
partially-good components, this end-of-life card produc­
tion represents a penalty in packaging density. The 
beginning-of-life advantage, however, more than compen­
sates for the penalty. 

Today the partially-good concept might be profitably 
applied to memory systems using 16k-'bit chips. Not too 
many years ago lk chips were just making semiconductor 
memory systems economical; at that time the concept 
would have been profitable, but not today, as those chips 
are being phased out. Nevertheless, lk chips will be 
used to illustrate how the concept works. 

Ordinarily a memory card with a capacity of 4k bytes 
would consist of 32 of these lk chips, logically and per­
haps physically arranged in four rows of eight, plus sup­
porting electronic circuits. Twelve address lines would 
come onto the card; 10 of these would go in parallel 
(except for buffering) to all 32 chips. The other two 
would be decoded into four chip-select lines that would 
go to the four rows. (Alternatively, chip-select decoding 
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is sometimes on the chip, which has two chip-select 
inputs.) Collectively, therefore, the 12 address lines would 
select a single byte of data whose eight bits would come 
from eight chips in a row. 

To make use of partially-good chips, the card would 
be redesigned to hold five rows of eight chips. If one 
lot of 32 all-good chips was obtainable, the chips would 
be inserted in the four lower rows, the top row would 
be left empty, and the card would operate the same way 
as the conventional design. Otherwise, 32 partially-good 
chips, all with defects in the same quadrant, would be 
used, together with eight all-good chips. The two high 
order address lines would 'be decoded as before to give 
four chip-select lines for the four rows of partially-good 
chips. The next two address lines, the highest order of 
those that conventionally go to all chips on the board, 
instead would go to the programming jumper terminals, 
by which the logic states of those two lines would he 
routed instead to a special decoder circuit. 

When a cell in a good quadrant of the chips is 
addressed, operation is conventional; when a cell in the 
bad quadrant is addressed, the special decoder disables 
the main array of chips and enables one quadrant of 
the all-good c~lls at the top of the array (the fifth row 
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of chips). One of the four all-good quadrants corre­
sponds to the defective quadrant in each of the four 
partially-good rows. Clearly, only minimal electronics 
overhead is required on the card to accommodate partial 
components-two convertors and the modified chip select 
decoder. 

The basis for computing the yield improvement re­
sulting from using partially good chips is the yield 
equation 

where N 

D. 
number of mask sets in the process 

defect density of rhe process and mask 

F fatality factor (percentage of defects that make 
devices inoperative) 

A area for which yield is being computed, ie, area that 
must be free of defects 

p = probability that a chip has no fatal defects 

This equation predicts very well the yield to he expected 
for various die sizes using metal-oxide semiconductor 
(MOS) processing. 

If a memory chip is divided into five areas (Fig 3), the 
yield (probability) can be expressed separately for each 
area; Ps is the yield of the support circuits, and Pa is 
the yield of one-quarter of the storage array. The yield 
for that chip is the product of the five yields, or prob­
abilities: Ps x Pa 4 • Yield of the chip when one quadrant 
of the array contains a defect is the probability that the 
rest of the chip is good times the probability of one 
quadrant being bad, or (1 - p8 ). Since one quadrant of 
the chip can be bad four ways, combined yield for all 
four types of chips with one defective quadrant is 4 Ps 

Pa 3 
X ( 1 - Pa) • 

Curves shown in Figs 4, 5, and 6 are calculated for a 
memory component design in which one bit-cell has an 
area of 4 square mils and the support circuits are col­
lectively 8100 mils2 plus 0.1 of the array area (for 
additional decoding and sensing in larger arrays). It is 
also assumed that 10 fatal defects are found per square 
inch. This is the product of D0 x F, and represents the 
typical level of cleanliness and mask quality for MOS 
processing a year ago. These figures are used to compute 
the yield at wafer probe testing. Yield at final test of 
packaged parts was a constant 80% . This is typical of 
the industry and to a first-order approximation is inde­
pendent of the number of bits per chip. 

To measure the value of yield improvements, a pre­
liminary study is required of the cost make-up of a 
memory system as represented by each component within 

Fig 3 Calculating ma nu-
facturing yield. To deter-
mine manufacturing yield 
of th re e-q u art er s good 
memory components, the 

Ps l SUPPORT 
yield is computed separate-

CIRCUITS ly for the area of the chip 

Pal Pal Pa] Pa } ARRAY 

containing support circuits, 
p,, and each quadrant of 
the memory cell array, p. 
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BITS/CHIP 

Fig 4 Cost per bit of mem­
ory. Relative cost per bit of 
memory at the die level, dual­
in line package (DIP) level, 
and system level converge at 
high component capacities 
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Fig 5 Cost advantages. At 
point of optimum design den­
sity, cost advantage at system 
level of using partially-good 
memory components is 2:1 
over just using all-good com­
ponents 
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Fig 6 Die per wafer yields. 
At low chip capacities, yield 
or die per wafer of all-good 
components exceeds that of 
partially-good components be­
cause most available sites are 
used up by completely good 
components 
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that system. Normalized cost per bit at each of three 
levels-die, package, and system-shows a distinct mini­
mum when plotted against chip capacity (Fig 4) for a 
given technology, a given set of design rules, and a given 
level of manufacturing art. However, as the number of 
bits per chip increases, other benefits accrue in addition 
to cost reduction. 

Among these benefits are increases in density of the 
total system and in reliability, and reduction in power 
dissipation-the last since a large amount of the power 
in the system is required at the interface between the 
chip and the second-level packaging. Reliability, or its 
inverse, the failure rate, of integrated circuits (I Cs) is 
nearly independent of the number of elements in the com­
ponent because of the overriding effects of interconnec­
tion, manufacturing process, and packaging on the failure 
rate. In a memory with internal decoding, the number 
of input/ output connections increases very slightly for 
very large increases in density. Therefore, increasing 
the density achieves dramatic improvements in reliability. 
The cost/ capacity curve (Fig 4) shows the minimum 
cost per bit at the systems level for this particular ex­
ample at approximately 6k bits/ chip. Keeping in mind 
the previously mentioned benefits and the fact that as 
the technology matures and the manufacturing process 
improves the minimum point moves to the right on the 
graph, the optimum design point is more likely lOk to 
12k bits/ chip. At this level a very large portion of the 
total cost per bit is the die cost; therefore, a very sig­
nificant improvement in overall system cost results from 
reducing die cost. 

Using system cost built up from die cost, but reflecting 
the use of partially good components, as described pre­
viously, the combination (Fig 5) currently has a mini­
mum point at lOk bits/ chip, without waiting for a 
mature technology. Furthermore, at this density, the cost 
difference between the two approaches at the system level 
is almost 2 to 1. As the technology matures, this dif­
ference becomes less pronounced; eventually, there is 
no cost difference {as Fig 5 shows for a 2k-bit chip) at 
this manufacturing state of the art. Thus, the benefits 
of using partially-good components can be realized only 
when working at an optimum design density as defined 
by minimum cost. 

Because the card types are interchangeable, the user 
is not constrained to use any particular mix of all-good 
and partially-good components or any particular mix of 
any certain type of partially-good components. This is 
an important consideration because the relative yield 
of three-quarter-good and all-good chips changes dra­
matically with the density level. At very low densities 
the yield of partially-good chips falls off sharply (Fig 6), 
because good chips occupy most of the available sites on 
the wafer. 

This same diagram could also represent the relative 
yields of all-good and partially-good dice versus defect 
density for a particular bit density. As defect density 
decreases, yield of partially-good chips relative to all­
good chips decreases. Since processing improves as time 
passes, causing the defect density to decrease, the diagram 
shows how yield changes with time, provided the hori­
zontal (time) axis is read backward, from right to left. 

Therefore, the mix of components at a certain density 
shifts with time from primarily partially-good to primari­
ly all-good. Since the user can accommodate any mix of 
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all-good or partially-good components, he should be able 
to order on a hit basis and accept any mix that is 
optimum for the manufacturer-who, in turn, can ship 
whatever distribution of parts reflects his manufacturing 
process. His risk of an occasional bad production run 
is therefore minimized. Also, as the product matures and 
the cost benefit of using partially-good chips diminishes, 
the supply of partially-good chips also diminishes. 

The advantages of using partially-good chips include 
a cost saving of approximately 30% , reliability improve­
ment of approximately 20%, and power savings and 
system size reduction of approximately 15% each. There 
is also an approximately 60% increase in wafer fabrica­
tion capacity. In addition to all this, the approach 
places no new burdens on component manufacturing or 
system manufacturing. 

To achieve these benefits, both the semiconductor 
manufacturer and the user must change their ways. The 
manufacturer must agree to design a memory chip at a 
density level much higher than his previous ground rules 
would dictate; that is, he must design a memory com­
ponent with an anticipated yield that would be unsatis­
factory if only 100% -good chips were to he sold. The 
user, similarly, must be committed to use partially-good 
components; if he does not, when the parts are an­
nounced, the manufacturer may have nothing to sell. 

The level of benefit achieved is also related to the size 
of the array relative to the size of the support circuits. 
The preceding example was based on the 3-transistor 
memory cell, no longer widely used. As the memory array 
size gets smaller, the manufacturer must build to higher 
densities to achieve the same advantage. Furthermore, 
in many cases, today's designs are close to the maximum 
power level that dual in-line packages can dissipate. 
Thus, to take full advantage of this approach, more em­
phasis must be placed on reducing power in memory 
components to allow the much higher densities to be 
achieved. These are not new requirements; they must 
be done anyway as memory density increases. However, 
to a certain extent they conflict with the goal of ease 
of use. 

For example, using a differential current-sensing output 
with an external sense amplifier causes the memory array 
chip to dissipate much less power (and is also faster ), but 
it is a little less convenient to use. To fully exploit the 
scheme at today's processing technology and circuit de­
sign level will probably require some compromises in 
speed to reduce the total power dissipation. However, the 
increase in density would reduce the signal delays in the 
interconnections at the second, third, and fourth levels 
of packaging-board, panel, and system, respectively­
partially and perhaps fully compensating for the com­
promise in speed. 

Robert H. F. Lloyd holds the BS degree 
in electrical engineering from Tufts 
University and has done post-graduate 
work in solid-state physics at Stevens 
Institute of Technology and at Syracuse 
University. C.urrently presi1dent of Con­
ver Corp, his experience includes work 
in the areas of circuit design, semi­
conductor design, and in solid-state 
technology and computer electronics. 
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One way or the othet; 
you're going to profit 

from plugging a 
Plessey 32K memory card 

into your PDP-11. 

One way 
The Plessey PM-1132. 

32K words of non-volatile core memory on a 
single plug-compatible card that occupies just two 
slots in your PDP·ll mainframe. Compatible with 
either the standard or the new modified UNIBUS 
backplane. Available with and without parity. 

The other 
The Plessey PM-Sll32. 

Up to 32K words of high-speed NMOS semi· 
conductor memory on a single plug-compatible 
card that occupies only a single slot in your PDP-11 
mainframe. Choose a full-complement 32K word 
card, or one of 7 depopulated versions, then expand 
in 4K increments as your data storage needs 
increase. Available with and without parity. 

8 Plessey Microsystems 
Either way, you get reliable high-density storage at a refreshing low-density price. 

If that's more memory than you need, we also have a full range of 8K and 16K 
plug-in cards that are fully compatible with your DEC, Data General and Interdata 
minis. All supported with the backplanes, cables and expansion chassis you need. 

And all available now. Contact us today. 

Santa Ana, CA: (714} 540-9945. Los Angeles, CA: (213) 473-4581 . Mountain View, CA: (415) 965-1400. Schiller Park, IL: (312} 671-4554. Wheaton . MD: (301 ) 949-1664. 
MinneapQlis , MN: {612 ) 881-0190. Kansas City, MO: (816} 444-0166. Nashua, NH: (6031883-7201 . AlbuQuerque, NM: (505) 294-5720. Dallas , TX: (214 ) 387-0229. Toronto, Canada: {416} 661 · 3711 
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MICROPROCESSOR/MICROCOMPUTER 

APPLICATIONS CONTEST WINNER 

First Prize 

Microprocessor Restroom Robot 

Claude A. Wiatrowski 

Colorado Springs, Colorado 

Especially useful in large buildings, this microprocessor system saves both 
water and the energy needed for pumping it and treating waste, while also 
reducing construction costs and improving maintenance 

Conservation of natural resources is 
of increasing importance and the 
microprocessor can assist in this goal 
in ways that are sometimes quite 
unusual. This application conserves 
water, the energy to pump it, and 
the energy to treat waste water. A 
microprocessor-implemented a 1 go -
rithm controls the commodes in a 
medium to large building to minimize 
the necessary water supply and re­
sultant sewer loading. Considerable 
expense and increasingly scarce raw 
materials could be saved in new con­
struction by the associated reduct.ion 
in the size of pipes and pumps re­
quired. A maintenance monitoring 
feature is particularly useful in 
large buildings. 

Most of us are familiar with the 
mechanical timers that flush urinals 
or commodes on a regular schedule. 
The microprocessor system, using one 
4040 with lk bytes of ROM per rest­
room, and one 8080 per building, 
improves on the mechanical timers 
by implementing a flushing schedule 
based on several inputs rather than 
just on elapsed time. 
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1. The microprocessor measures the 
elapsed time since the last auto­
matic or manual flush, eliminating 
automatic flushing directly after a 
manual operation. 

2. It flushes commodes sequentially 
to reduce loading on the feedwater 

OPTIONAL 
SERIAL 
LINK 

SOLENOID 
VALVE 

t 
FLOW -1 SENSOR 

BOWL 

~~~~~R--

supply and sewage system. Optional­
ly, a multidrop serial link syn­
chronizes several restrooms to further 
reduce loading on the building's 
systems. 

3. The microprocessor lengthens the 
flushing cycle if feedwater pressure 

SOLENOID 

•~w l 
"~' lQJ 

DOOR 
SENSOR 

OPTIONAL SOLENOID 
STALL DOOR LOCK 

Drawing illustrates various input sensors that microprocessor relies 
upon to provide improved maintenance and to implement a flush­
ing schedule which conserves water and energy 
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Flowchart 

NOT SE T 
RESET FLUSH FLAG 

HAS RESET DOOR /OPEN 
LATCH !SET FIRST 
COMMODE 

PE NED 
HAS NOT 
BEEN OPENED 

BUMP TO NEXT 
COMMODE - ----------------< BUMP TO NEXT 

TURN OFF SOLENOID/ 
LOCK STALL/SEND 
MAINTENANCE 
MESSAGE (OPT) 

YES 

OVER FILLED 

NO FLOW 

TURN ON FLUSH 
SOLENOID/WAIT FOR 
MECHANICAL DELAY 

OPTION: TURN OFF 
'----------------< MAIN FE ED TO 

PREVENT FLOODING 

RETURN 

drops below a preset value due to 
excessive loading. 
4. It will not flush a commode that 
has been flushed since the last open­
ing of the restroom door as there 
is obviously no need. 

OK 

( CLOCK INTERRUPT ) 

BUMP DELAY 
CONSTANT 

SET FLUSH FLAG/ RESET 
DELAY CONSTANT 

RETURN 

5. Optionally, flushing delays could 
be modified by the time of day and 
unusual loading, such as a large 
meeting. This avoids flushing com­
modes at night in an empty office, 
while simultaneously allowing un-

TURN OFF FLUSH 
SOLENOID/WAIT FOR 
MECHANICAL DELAY 

COMMODE 

SET FLUSH FLAG/RESET 
DELAY CONSTANT 

usual loadings such as a John Denver 
concert in the ground-floor audi­
torium. A simple day/ evening sched­
ule might be appropriate for a small 
installation while a multidrop serial 
link could adjust delays dynamically 
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100 

CLOCK 
420 1 

MPU 
4040 
INT. 

REAL- TIME 
CLOCK 
(555) 

p/ROM 
4708 

110 
4265 OR 

4269 

MULTIPLEXED THUMBWHEEL 
SWITCHES FOR DELAY 
CONSTANTS, CONFIGURATION, ETC. 
ALTERNATIVE IS: 

-KEYBOARD 
-DISPLAY 

1/0 
4265 

110 
4265 

I/O 
4265 

SIO 
8251 

TRANS-
CE I VER 

-CMOS RAM WITH BATTERY 

INT. 
TO 

REST 
ROOM l 

CONTACT 
CLOSURES 
AND 
SOLENOIDS 
(CONFIGURATION 
DEPENDS ON 
RESTROOM) 

OPTIONAL 
SERIAL LINK FOR 
MAINTENANCE 
OR SCHEDULING 

"Restroom robot," especially useful in large buildings, comprises a 4040 
microprocessor for each restroom, and an 8080 for each building. Each 
4040 uses 1 k bytes of ROM 
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from a central microprocessor m a 
large building. 

This same central microproces­
sor would also act as a main­
tenance monitor. Each feedwater 
pipe would be equipped with a 
simple flow / no flow sensor to verify 
proper valve action, while a bowl 
level sensor on commodes would 
detect clogged drains. Failure con­
ditions could then be sent to the 
central microprocessor located in 
the maintenance office to be dis­
played on an alarm panel. Also, 
stall doors of malfunctioning com­
modes could be locked by solenoid 
and opened by a maintenance key 
(locked from the outside only, so 
that a computer cannot trap anyone 
inside with an overflowing com­
mode). 

Other additions are possible, such 
as routing the manual flush signals 
through the microprocessor to allow 
delaying manual commands when 
too many commodes would be flushed 
simultaneously. The above descrip­
tion contains many functions, some 
of which are duplicative. For clarity, 
the system detailed in the diagrams 
and flowcharts is a representative 
subset of these functions. 0 
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Aha, just as we hoped. You're 
not as satisfied with your head­
per-track disc supplier as you'd 
like to be. As you have a right 
to be. 

Who knows what isn't 
quite right . Maybe your current 
supplier can't supply on time. 
Maybe what he 's supplying 
doesn't measure up to the 
specs you thought you were 
buying. Maybe he 's conducting 
his business as if these were 
the last few days he 's going to 
be in the business. 

But what can you do? AMCOMP 
You're locked into existing de-
signs and production dead­
lines. And changing suppliers 
in midstream could put you up 
that proverbial creek without a 
paddle, right? 

Wrong. 
Now you can make a 

change for the better with very 
little change to what you're 
doing right now. By changing to 
AM COMP. 

That's because our 8400 
and 8500 Series Disc Memory 
Systems come complete with 
the interlacing that makes 
them readily-adaptable to your 
present controller. 

And our systems aren't 
just readily-adaptable; they're 
better systems to adapt to. Per­
formance that's engineered in 
before production, and quality 
that's maintained throughout 
manufacturing. It's a part of 
what's making AMCOMP the 
new standard by which the 
industry judges itself. 

Judge for yourself. Just 
contact your nearest AMCOMP 
office, or AMCOMP, INC ., 
686 West Maude Avenue, 
Sunnyvale, CA 94086, phone 
(408) 732-7330. 

Now, aren't you happy 
you didn't tum the page? 
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I APPLICATION NOTE I 

Synchronous ~dapter Reduces 
Complexity of Floppy Disc Controller 

Mark E. Eidson* and Larry A. Parker 

Motorola Semiconductor Products, Incorporated 
Phoenix, Arizona 

Adapter for communication channels works just as well relaying data to and from a 
small peripheral deYice, and is especially suitable in a microcomputer system 

Until recently, the task of designing 
an input/ output controller for a 
microprocessor-based system was dif­
ficult, because development of the 
necessary signals required many in­
tegrated circuits. These took up much 
space on the printed circuit board 
(and cost much money) . 

Now, however, such controllers 
have been substantially simplified be­
cause of the availability of an inte­
grated circuit (IC) designed primari­
ly for interfaces with binary syn­
chronous channels. Design of a typi­
cal controller for a flexible disc is 
outlined here. With small modifica­
tions, it may be applied to such de­
vices as tape cassettes or cartridges, 
or other types of data communica­
tion channels than bi-sync. External 
hardware requirements for most ap-· 
plications are minimal, because the 
IC has two synchronizing signals, the 
function of which in other systems 
usually requires many additional !Cs. 
The IC is a synchronous serial data 
adapter (SSDA) designated MC6852, 
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part of the M6800 microprocessor 
family. 

Among other advantages of the 
adapter are two 3-level first-in first­
out (FIFO) registers, in the trans­
mit and receive sections respectively, 
which allow double-byte transfer 
loops and faster data transfer while 
the microprocessor remains free for 
other tasks. 

Basically, the adapter interchanges 
bit synchronous serial data in both 
directions with bus organized sys­
tems. Its bus interface includes select, 
enable, read/ write, and interrupt 
logic, and it automatically inserts 
and deletes fill characters, and checks 
for errors. Its functional configura­
tion is programmed from the data 
bus during system initialization. Pro­
grammable registers control variable 
word lengths, transmission, reception, 
synchronization, and interrupts. Sta­
tus, timing, and control lines con­
nect it to the peripheral device or 
modem. 

Device Operation 

At the bus interface, the adapter ap­
pears as two addressable memory 
locations. Internally, it contains 
seven registers (Fig 1) : two for sta­
tus and incoming data, two for sync 
code and outgoing data, and three 
control registers. Serial input/ output 
(1/ 0) lines have independent clocks ; 
there are also four peripheral/modem 
control lines. 

Outgoing data are transferred di­
rectly from the data bus into the 
transmit data register, a 3-byte 
(FIFO) unit. Availability of the in­
put to the FIFO is indicated by a bit 
in the status register; the first byte 
moves through the FIFO to the last 
empty location, and then is auto­
matically transferred from the FIFO 
to the transmitting shift register as 
soon as the latter becomes available. 
If data are not available from the 
FIFO at this time (underflow con-

*Now with Courier Terminals, Incorpo­
rated, Phoenix, Arizona. 
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Fig 1 Synchronous adapter. This one IC, designed for use with communication lines, can also be principal 
element in peripheral controller for 1/0 equipment in a microcomputer system 

dition), the shift register is auto­
matically loaded either with a sync 
code or with ls. 

Incoming serial data are accumu­
lated in the shift register under ex­
ternal or internal synchronization, 
parity is optionally checked, and data 
carried through the receiver FIFO 
to the last empty location. Availabil­
ity of a word at the FIFO output is 
indicated by a bit in the status regis­
ter, as is a parity error. 

This circuit operation and status 
hits, in conj unction with such I/O 
lines as clear-to-send and data-car­
rier-detect, are ordinarily applied to 
data communication. They are also 
useful when the unit at the far end 
of the line is actually only a few feet 
away (in which case no data carrier 
is employed). However, two addi­
tional lines, called transmitter under­
flow (TUF) and sync match, permit 
the adapter to work with higher speed 
serial synchronous devices. 

For example, its application to a 
controller for a floppy disc drive is 

economical because the drive and 
microcomputer are easily synchro­
nized with the aid of these two lines 
(Fig 2). The controller design is 
completely flexible, defining all re­
cording characteristics and the disc 
format in software. Double-density 
and minidisc formats can be made 
compatible by appropriately changing 
the system clocks, and data recovery 
and formatting circuits. 

Recording Format 
Format of the data recorded on a 
flexible disc is controlled by the host 
system. In one approach, compatible 
with the IBM 3740, data are re­
corded on the disc using double fre­
quency encoding, in which each data 
hit, whether 1 or 0, is preceded by a 
clock 'bit, almost always 1. The sys­
tem may record one long record or 
several shorter records in a single 
track. A physical index pulse and an 
index address mark start each track, 
and a unique recorded identifier, or 
address mark, precedes each record. 

These address marks are the only 
places on the disc where clock bits 
are sometimes 0-namely, in bit cells 
2 and 4 of the index address mark 
and in hit cells 2, 3, and 4 of the 
record identifier and data address 
marks. 

Gaps separate the data records 
from their identifiers. The number 
of records per track and their lengths 
are established by the format pre­
recorded on the track, which can be 
altered by software. All tracks on a 
single disc have one track format (ie, 
record size and gap size), but differ­
ent discs can have different track 
formats. 

IBM compatibility requires data 
to he transferred most significant bit 
first, while standard data communi­
cation protocol transfers the least 
significant hit first. The adapter's de­
sign is compatible with the latter, 
hut it can be rendered IBM-compati­
ble by simply reversing the order of 
the data bus lines at the adapter. This 
also reverses the bit positions of the 
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Fig 2 Small contro ller. SSDA requi res min imum of other circuits 
in controller application- at most 30 to 35 

data control and status registers of 
the adapter from those shown in the 
data sheet. Since parity bits are not 
used in flexible disc interfaces, the 
reversal creates no new problems; 
however, it must be used with cau­
tion in other systems requiring parity. 

Data Recovery Circuit 

Data recovery in the SSDA-based 
controller generates timing pulses at 
regular 2-µ.s intervals and separate 
data-only signals on a parallel line, 
also at a 2-,..s rate. These rates are 
maintained regardless of small de­
partures from the nominal 2-,..s rate 
in the data being read from the flex­
ible disc, which are inevitable in 
high density recording, while track­
ing larger, slower changes caused by 
failure of the revolving disc to main­
tain an absolutely constant speed. Re­
covery is governed by a voltage-con­
trolled oscillator (VCO) with a nom­
inal frequency of 8.0 MHz. 

The circuit comprises, in addition 
to the VCO, four D flip-flops, two 
divide-by-16 counters, a detector and 
filter, and an 8-bit shift register. 
Flip-flops generate a clock signal de­
rived from incoming data, stretch 
it into a pulse representing the data 
more accurately timed, and trans-
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late it into an NRZ format-which 
is also run through the shift register 
to delay it and thus permit synchro­
nizing bytes to pass through the er­
ror-checking logic ahead of it. One 
of the counters, preset to 9 by every 
clock pulse, and counting VCO pulses 
from that point, generates a carry at 
count 16; the other counter, not 
present, generates a carry routinely 
after every 16 VCO pulses. The de­
tector compares these two carries in 
frequency and phase; if they drift 
relative to one another, the detector 
and filter adjust the VCO frequency 
to compensate for the drift. 

Read Operation 

When the disc is spinning at its nom­
inal speed, and when the seek opera­
tion has been completed and the 
head pressed down against the disc, 
a continuous stream of bits and clock 
pulses arrives at the controller, wait­
ing to be recognized. A read com­
mand from the system places the 
first half-byte of the address mark 
in the sync code register, one of the 
seven registers in the adapter previ­
ously mentioned, and enables the re­
ceiver section. Contents of the sync 
code register are continuously com­
pared with the bits in the data stream. 

Both data and clock bits are moni­
tored, at a nominal rate of 500 kHz. 
When register bits match stream bits, 
the sync match line comes up, and 
the second half-byte is checked in the 
receiving FIFO. Both halves of the 
address must match before data trans­
fer can begin; if they do not match, 
the search sequence is restarted. 

Upon recognition of the full ad­
dress byte, the external circuits switch 
the clock rate to 250 kHz so that 
thereafter only data pulses are re­
covered for transmission to the sys­
tem. The external circuits also control 
the error-checking circuits, if any 
(most disc formats include two cyclic 
error-checking code bytes at the end 
of every data record and every record 
identifier) . 

External logic includes circuits 
that respond to the system's read 
command, a latch to store the sync 
match signal from the adapter, and 
a latch to gate either 250 or 500 kHz 
to the adapter. Control signals origi­
nate in the system peripheral inter­
face adapter (PIA), also part of the 
external logic. Meanwhile, the data 
recovery circuit separates the read 
data and generates the 500-kHz 
clock pulses to the read data logic. 

Recognition of the record identi­
fier, as described previously, causes 
sync match to rise and read data to 
enter the receiving FIFO in the 
adapter. This record identifier com­
prises the bit pattern 1111 1110 plus 
the interspersed clock bits, which 
have not yet been switched out of 
the data path; the complete pattern 
is therefore 1111 0101 0111 1110, ex­
pressed in hexadecimal notation as 
F5 7E. This pattern includes the 
three 0 clock bits that are character­
istic of the record identifier. Sync 
match rises when F5 has been rec­
ognized in the adapter, but eight 
more clock pulses arrive and store 
the pattern 7E in the FIFO before 
the clock rate switches to accept only 
data bits. These enter the FIFO; 
when its second and third locations 
are full, the status register bit in­
dicating receiver data available is 
turned on, and data can be read by 
the system. 

Write Operation 

The TUF signal is generated once 
every eight clock pulses-that is, once 
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And you've 
gotttienew 

ROLM1603A 

RDbm 
CORPORATION 

And what a computer for the price! In one rugged chassis 
you can now have 32K of memory, up to six 1/0 interfaces, 
a real-time clock, extended arithmetic unit and semi­
conductor ROM. In addition you get the most extensive 
software available for a rugged computer. 

The 1603A is the new version of ROLM 's popular AN/ 
UYK-27 computer and you can have it at half the price 
of the earlier 32K model. Just $15,500 for the 1603A with 
32K of memory. With 16K of memory, prices now start at 
$9,500. 

How can ROLM improve performance and cut the price? 
Advanced technology, of course, plus value engineering . 
And the 1603A, like all ROLM computers, meets demanding 
military environmental specs: MIL-E-5400, Class II and 
MIL-E-16400, Class I. 

1603A's are now on the shelf , ready for delivery, and 
already in use by customers. If you 're ready, call or write 
ROLM CORPORATION, 18922 Forge Drive, Cupertino, CA 
95014. (408) 257-6440, TWX 910-338-0247. In Europe: 
645 Hanau, Muehlstrasse 19, Germany. 06181-15011, TWX 
418-4170. 
Sialed prices for domesl ic single un11 quan111y. 

The Rugged Computer Company 
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every 16 /Ls-when the transm1ttmg 
FIFO register and transmitter shift 
register are both empty. Upon re­
ceipt of a write command from the 
system, the gap pattern, both clock 
and data bits, is stored in the sync 
code register and the transmitter sec­
tion is enabled. At this point, the 
SSDA begins to transmit the gap 
pattern and emit TUFs, which re­
peatedly reset a divide-by-16 counter 
also driven by the 500-kHz clock. 
About two-thirds of the way through 
the gap before the address mark, the 
write gate turns on, writing the six 
bytes of continuous gap prior to the 
address mark of the data record be­
ing updated. While TUFs are being 
generated, the clock is running at 
double frequency as at the start of 
the read operation-so 12 TUF 
pulses count off enough space in the 
gap to hold six bytes. At this point, 
the first half of the address mark is 
stored in the transmitting FIFO and 
moves into the shift register. 

This stops the sequence of TUF 
signals, permitting the divide-by-16 · 
counter to continue counting. Its out­
put consists of four lines labeled Q0 

through Q3 , which count the input 

operating at ANY 

rate from 0 to 1,000 

ch/s are available in 

2 weeks from CHALCO 

for as low as $250.00 .. - .. 

Since 1957 CHALCO has deliv­

ered thousands of readers for many 

applications. Highly reliable. they will 

read ANY punched tape material .. 

and ANY format interchangeably. 

signal in binary-Q0 at half the clock 
frequency, Q1 at one-quarter, and so 
on. The lowest frequency line, Qa, 
did not have a chance to rise as long 
as TUFs kept resetting the counter; 
but when the TUFs cease, Q3 rises, 
enabling the error-checking logic, 
and via several logic stages directs 
the half-frequency clock (250 kHz) 
to the adapter. As this happens, the 
second half of the address mark 
enters the FIFO. Data to be written 
on the disc follow close behind, and 
are gated also to the CRC circuit, 
which generates the error-checking 
bytes to be written at the end of the 
record. Two dummy bytes are stored 
in the FIFO and are transmitted from 
the SSDA as the error-checking bytes 
are written. 

Conclusion 

Thus all necessary functions of a 
floppy disc controller can be imple­
mented with about 30 to 35 I Cs in ad­
dition to the basic synchronous 
adapter. All are conventional small­
and medium-scale ICs available from 
many sources, and can be easily laid 
out on a single relatively small 
printed circuit board. D 

They have MSI buffer memory, TTL 1/0 signals, 

and many other technical features. When you 're serious about reading 

punched tape, read our FREE brochure. Or take advantage of our applica­

tion and design services. Call or write CHALCO today. 
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ENGINEERS 
GET THE ANSWERS 

TO YOUR 
PRODUCT DEVELOPMENT 

QUESTIONS 
FAST 

with a 
MINI MARKET 

SURVEY 
from 

COMPUTER DESIGN 
A "Mini Market Survey" is a new service based 
on a brief, incisive questionnaire developed 
jointly by you and Computer Design 's 
specialists. It is designed to get you fast, ac­
curate answers regarding the industry interface 
of your product or service. 

LOW COST 
The survey questionnaire is sent only to the 
precise group of digital design engineers who 
are qualified to answer your questions. That 
means no waste and therefore minimum ex­
pense. 

The whole procedure - from order to complete 
report - may take less than a month . 

We call these Surveys "Mini" because they take 
little time to prepare ... little time for results . .. 
little investment in comparison to alternatives. 

HIGH SELECTIVITY 
Our contact list of 60,000 Digital Engineers 
enables you to select designers of any one (or 
more) of 146 types of equipment and systems. 

For instance 

COMPUTER-BASED SYSTEMS 
DESIGNERS 

Business Systems Designers 
Process Monitor/Control Systems 
Designers 

41,075 
3,183 

6,002 
Medical/Hospital/Health Systems 
Designers. ---- -'~-~ 

You can contact ALL or A SAMPLE PORTION 
of a particular subcategory. 

If you wish more elaborate selections, they are 
available. Suppose you wish to survey 
engineering managers responsible for the 
design of disc drives who influence the 
purchase of motors . We can put you in touch 
with 152 individuals who meet these very 
special criteria. 

Instead of relying on the advice of a limited 
number of individuals in making design deci­
sions that will impact the market , you can now 
consult with the entire universe of your prospec­
tive clients! 

WHAT A WAY TO GO! 
CIRCLE 120 ON IN(j)UIRY CARD 

r-- - - Write or call today - - - - , 

I I 
1 

Dr. Geoffrey Knight, Director I 

1 Market Research Group I 
I Computer Design Publishing Corp. I 

200 Swanton St., Suite T-37 I 
: Winchester, MA 01890 I 
I (617) 729-6651 I .__ _________ ___ .J 
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Hall introduces the industrg 
standard in GRT monitors. 

Again. 
Accepts wider range 
of horizontal 
input pulse 

IC regulated 
power supply 
on AC models 

Electronic horizontal 
video centering 

Electronic 
Hand V 
linearity control 

Now with advanced features you'd never expect 
in a general purpose data display! 
Check out Ball's TV-Series direct drive monitors. The 
improved performance. The advanced circuitry. The 
new benefits engineered into our field proven line that's 
already world famous for high reliability and maintain­
ability. 
As before, our specially selected CRT gun and deflec­
tion components deliver bright, well defined characters 
with low geometric distortion. And of course Ball 's rug­
ged wire frame and simple subassembly construction 
offer maximum component cooling and accessibility. 

Ball Brothers Research Corporation Electronic Display Division 
P.O. Box 3376, St. Paul, Mn. 55165 (612) 786-8900. TWX : 910-563-3552 

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

Best of all, our improved TV-Series monitors are com­
pletely interchangeable in form, fit and function with first 
generation designs. You can upgrade right now without 
interface problems. 

Compare life cycle costs. 
You'll have a Ball. 
Call your nearest Ball representative. He'll be glad to 
introduce you to an old friend. The 2nd generation TV­
Series monitors. 
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I APPLICATION NOTE I 

Battery Backup for Minicomputer 
Semiconductor Memories 

Jerry Washburn 

Computer Automation, Incorporated 
Irvine, California 

Since data loss cannot be tolerated in most minicomputer applications, bat­
tery backup for primary power failure has taken on increasing significance 
with the advent of low cost, but nonretentive, semiconductor memories. Some 
decision-making guidelines are offered for matching memory retention needs 
to available battery types 

Unlike magnetic core, semiconductor 
memories are volatile and have no 
data retention when power is inter­
rupted or removed. In many cases, 
a power failure can be disastrous 
when operating in a real-time envi­
ronment due to loss of intermediate 
results that cannot be regenerated 
without complete reruns from the last 
checkpoint. Solution to this memory 
retention problem is to provide bat­
tery backup capability in case pri­
mary system power is interrupted. 
However, while the battery backup 
solution seems simple enough, it often 
raises more questions than answers. 

Many potential applications of 
semiconductor memory remain dor­
mant due to the mystery and mis­
understanding of battery backup. To 
clarify this situation, the user should 
ask the following questions about 
battery backup: What type of battery 
do I purchase; what voltage; what 
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size; how long will it last; what type 
of battery charger is needed; is the 
battery protected, or is it switched 
automatically during a power failure; 
and what is the total cost? 

Since minicomputer manufacturers 
are not primarily in the battery busi­
ness, they cannot effectively cope with 
the many different electrical and 
packaging considerations that are 
dependent on the user's application. 
Most manufacturers provide auxiliary 
terminals on their memory products 
for connection to the user-supplied 
backup battery. A few manufacturers 
incorporate a small onboard battery 
to provide minimum retention power 
for certain types of semiconductor 
memory. While this is useful when 
system power is momentarily inter­
rupted, it is not ideal for all appli­
cations. Each user must accurately 
define individual power backup re­
quirements from power application, 

site, servicing, and environmental 
points of view to assure optimum 
backup battery selection. 

Battery backup for semiconductor 
memory has been jokingly related to 
attaching several old car batteries, 
associated electronics, and cabinetry, 
and transporting the system to the 
local service station once a week for 
a checkup. However, in reality, a 
proper backup battery is effective, 
economical, and reliable. To assist 
the user in making the correct choice, 
brief descriptions are offered that 
cover semiconductor memories, bat­
tery types, battery charging, and ad­
ditional support options. 

Memory Types 

Semiconductor memories are avail­
able in 'both static and dynamic MOS, 
and each type requires different back­
up battery considerations. Static 
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If you recognize optimum price/perfor­
mance value when you see it, you should see 
our new SLASH 6. It outperforms most 32-bit 
minis , at a price that's better than many 16-bit 
minis. 

The Harris Slash 6 costs only $17,900*. 
You get 600 nanosecond cycle time; 48KB of 
MOS memory with error correction; hardware 
multiply, divide, and square root; 8 priority in­
terrupts; and a turnkey control panel. 

You get building-block architecture that 

HARRIS 
*Volume discounts available. 

lets you expand your systems as your needs 
expand. And sophisticated real-time software 
that no other machines offer in this price/per­
formance range. 

The Harris Slash 6. The first truly low 
cost/high performance computer for all of you 
who were waiting for optimum price perform­
ance value. Harris Computer Systems, 1200 
Gateway Dr. , Ft. Lauderdale, FL. 33309. 
Europe: Harris Intertype Ltd., 145 Farnham 
Rd. , Slough, SL1 4XD, England. 

COMMUNICATIONS AND 
INFORMATION HANDLING 
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memories normally require a single 
voltage source for memory retention, 
while dynamic memories are more 
complex and require up to three dif­
ferent voltages to operate their 
timing, logic, and refresh circuits. 

Typical backup power require­
ments for an 8k by 16-bit dynamic 
memory module is approximately 5 
W, while a typical 8k by 16-bit static 
memory module requires four times 
as much power. Some manufacturers 
provide onboard power-saving cir­
cuits for static memories that reduce 
power to the 4-W range. 

Battery Types 

Although many battery types are 
commercially available, such as 
LeClanche, alkaline manganese, mer­
curic oxide, zinc air, silver zinc, lead 
acid, and nickel cadmium, only the 
latter two types have gained wide in­
dustrial acceptance in uninterruptible 
power systems. Standard commercial 
lead acid batteries are rechargeable, 
are available in sealed and unsealed 
configurations, and have expected 
battery lifetimes of three to five 
years. Cost is $15 to $60 depending 
upon exact specifications. The most 
popular lead acid battery is sealed 
gelled electrolyte type, which requires 
no adding of liquid or checking of 
liquid levels. This type battery is 
small, compact, and mountable in 
any physical position, such as tilted 
or inverted. Most lead acid batteries 
are temperature tolerant, and usually 
exceed environmental requirements of 
the computer system. However, ade­
quate ventilation must be considered 
for unsealed batteries during fast 
charging, as hydrogen and oxygen 
gases frequently are released and 
could cause an explosion if a spark 
is introduced. Also, lead acid bat­
teries need undervoltage protection 
to prevent irreversible battery dam· 
age during excessive or deep dis­
charge. 

Nickel cadmium (Ni-Cd) batteries 
are effectively utilized where long 
battery life is required; they general­
ly are small in size and have a battery 
lifetime of nine to 12 years. This 
battery is maintenance free, emits no 
gas during operation, and can be in­
stalled in any physical position with­
out affecting its ·performance. How­
ever, the price of Ni-Cd batteries is 
much higher than that of conven­
tional lead acid batteries. 
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The most popular backup battery 
voltage is 6 V, which is used in most 
semiconductor memory applications. 
Full environmental and application 
data can be obtained from most bat­
tery manufacturers. 

Power Calculations 
and Battery Char9in9 Methods 

Ampere-hour rating of a battery can 
be determined for a specific require­
ment by multiplying the number 
of desired hours of memory reten­
tion life by the memory standby (or 
retention) current requirements in 
amperes; then, to provide a safety 
margin, the next larger commercial­
ly available size should he selected. 

Small commercial battery chargers 
are available for as little as $12, if 
not supplied by the minicomputer 
manufacturer. However, commercial 
chargers cannot be used indiscrimi­
nately; for instance, a Ni-Cd battery 
requires a slow charge by a constant 
current source. A simple diode and 
resistor constant current source is 
shown in Fig 1. Proper charge rate 
is determined by dividing by 10 the 
current drain rate that will discharge 
the battery in one hour. This type of 
slow charger normally can be left 
connected to the battery for long 
periods of time without damage. 

Faster charging is possible using 
a split-rate charge technique, as fol­
lows. The battery is initially charged 
at a fast rate. Then, at an appropriate 
time (generally when the battery 

12 TO 1a voe 

I 

goes into overcharge), charging is 
switched to a low rate. This low, or 
trickle, rate must be chosen so that 
the battery can withstand being 
charged indefinitely at this rate. The 
fast charge technique is ideal for ap­
plications requiring many partial or 
complete discharges per day. 

Fastest and most efficient method 
for charging lead acid batteries is 
with a constant voltage source. Mag­
nitude and current capabilities of 
this source dictate the period of time 
needed to charge the battery. A 
simple constant voltage source is dia­
grammed in Fig 2. Battery manu­
facturers usually supply application 
notes for all types of chargers, com­
plete with schematics and parts lists. 
Commercially available automotive 
battery chargers should not be used 
because they do not include a volt­
age regulator and could cause severe 
memory damage or reduced battery 
life. 

A typical example of a backup 
battery for a demanding application 
is a lead acid battery rated at 300 Ah. 
This battery would provide a 4k by 
16-bit memory module with emer­
gency power for five to six weeks, 
and would have sufficient capacity to 
withstand short power interruptions, 
as well as brownouts and blackouts. 

Generally sufficient for most mem­
ory applications is a backup battery 
capacity of 6 Ah. This lead acid 
battery occupies less than 2 x 3 x 3" 
(5.08 x 7.62 x 7.62 cm) and pro-

I 
6-V 

NICKEL 
CADMIUM 
BATTERY 

1 

TO 
MEMORY 
OPTION 

Fig 1 Schematic of simple resistor-diode constant current bat­
tery charger for a Ni-Cd battery. Value of resistor and de 
source voltage determine charge current rate, and diode pro­
vides source isolation. For slow charging, charge rate is 1/10 of 
current drain rate that will discharge battery in 1 hour 
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THE LOGICAL CHOICE-First in a series 

Logic Probe 1 is a compact, enor­
mously versatile design, test and trouble­
shooting tool for all types of digital 
applications. By simply connecting the 
clip leads to the circuit's power supply, 
setting a switch to the proper logic family 
and touching the probe tip to the node 
under test, you get an instant picture of 
circuit conditions. 

LP-1 's unique circuitry-which 
combines the functions of level detector, 
pulse detector, pulse stretcher and 
memory-makes one-shot, low-rep-rate, 
narrow pulses-nearly impossible to see, 
even with a fast scope-easily detectable 
and visible. HI LED indicates logic "1 ", 
LO LED, logic " O", and all pulse transi­
tions-positive and negative as narrow 
as 50 nanoseconds-are stretched to 1f3 
second and displayed on the PULSE LED. 

By setti ng the PULSE/MEMORY switch 
to MEMORY, single-shot events as well 
as low- rep-rate events can be stored 
indefinitely. 

Wh ile high-frequency (5-1 OM Hz) 
signals cause the "pulse" LED to blink at 
a 3Hz rate, there is an additional indica­
tion with unsymmetrical pulses: with duty 
cycles of less than 30%, the LO LED will 
light, while duty cycles over 70% will 
light the HI LED. 

In all modes, high input impedance 
(1 OOK) virtually eliminates loading prob­
lems, and impedance is constant for all 
states. LP-1 also features over-voltage 
and reverse-polarity protection. Housed 
in a rugged, high-impact plastic case 
with strain-rel ieved power cables, it's 
built to provide reliable day-in , day-out 
service for years to come. 

HI LED ON LO LEO ON 

LOGIC'!" ~~ 

LOGIC "'0" _____...._~----------.7~ 

PULSE LEO BUNKS 
ON FOA 113 SEC. 

LOGIC'!"" / ~ 

LOGIC"0"~ It c= 
II 

LOGIC " 1 

LOGIC "O 

I 
LO LED ON I HI LEO ON 

~r-1 13 sec.--. 

H1 LEDON 

PULg~,c·· D Ll Ll 0 ~lEO 
+ + • + • 

LO LEO ON 

OUAING "ULSE TRANSITIONS PULSE LEO flllHllS 
... T3H1A ... TE 

HI LEO ON LO LEO DOES NOT RESPOND TO NARROW PULSES 

',:~: ·.:.=1 D D C 
OUAING PULSE TA.&.NSITIONS Pill.SE LEO ILHlll(S 
AT ~Ht 111.-.rE 

LO LEO ON; HI LED DOES NOT RESPOND TO NARROW PULSES 

CSC'S MULTI-FAMILY LOGIC PROBE 1. 
AT $44.95, IT DIGS UP A LOT OF INFORMATION WITHOUT 

~URYING YOUR BUDGET. 

HI/LO LED's-D isplay level 
(HI-logic "1 '', LO-log ic "O") 
of signal activity at node 
under test 

PULSE LED-Lets you know 
what's going on-and off. 
Ind icates positive and nega­
tive pulse and level transi­
tions. LP-1 stretch.es pulses 
as narrow as 50 nano­
seconds to full Va sec. 
(3Hz pulse rate) 

PULSE/MEMORY Switch­
PULSE position detects 
and stretches pulses as nar­
row as 50 nanoseconds to 
% sec. Switch to MEMORY . • 
and it stores si ngle shot and Logic Family Sw1tch-
low-rep-rate events indefi- TTLl~T~.or C~~? matc hes 
n1tely; HI / LO LED's remain Logic 1 and 0 levels , 

Input lmpedance-100K 
virtually el1m1nates c1rcu1t 
loading problems and is 

NM-o .. Lokol­
plated probe tip and cllp 
leads-For reliable contacts 
and maximum life 

active /for greater versat1l1ty High 

i 
0 

W constant 1n both "O" and 
::J "1" states CMOS position QI!!!!.,....., ,;:,. ~ also compatible with HTL, lliiiiil.._. l ~ ,.J H1NIL and MOS logic 

/ 
Protected-Features built-in 
reverse polarity and over­
voltage protection: strain­
relieved power cable 

CONTNNTAL SPECIALTIES CORPORATION =5= EASY POES IT 

44 Kendall St , Box 1942 New Haven . CT 06509 
TWX: 710-465-1227 

OG1c PR i & 
08E: LP-7 G 

"'"" .. !. .. ,,. ""'"' case-Bui lt to take it ... in 
the lab or in the field 

$44.95 Price tag-Costs so 
I ittle it can be your personal 
property 

See your CSC dealer or call 203-624-3103 (East Coast) or 415-421-8872 (West Coast) 

West Coast office: Box 7809, San Francisco. CA 94119 
TWX : 910-372-7992 

9 AM to 5 PM local time. Major credit cards accepted. Add $2.50 for shipping and 
handling in the U.S. and Canada on direct orders of $50.00 or less; $3.00 for orders 

over $50.00. On all foreign orders add 15% to cover shipping and handling. 

See us at NEWCOM Booth # C42 and C44 
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6-V 
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TO 
MEMORY 
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Fig 2 Schematic of simple constant voltage charger operating 
from 120-Vac source. Circuit can charge lead acid ·batteries. 
Rectification is accomplished using two diodes; transistor pro­
vides regulation with constant potential of 7.35 V. Regulator 
should provide charging current of six times current drain rate 
that will discharge battery in 1 hour 

vides three to five hours of emer­
gency service. 

board options may also contain cir­
cuits to detect .and notify the mini­
computer when the memory receives 
insufficient power from both primary 
and battery backup sources. Termi­
nals are sometimes provided for ex­
ternal batteries when greater backup 
capabilities are required. 

Battery Backup Options 

Several minicomputer manufacturers 
now offer battery backup options to 
support their semiconductor memory 
products. A small Ni-Cd battery 
with automatic electronic switching 
and charging circuits is commonly 
mounted on the memory module. On-

4k TO 8k 
SEMICONDUCTOR 

MEMORY MODULE 

4k TO 8k 
SEMICONDUCTOR 
MEMORY MODULE 

!'ONER 
SuPPLY 

BATTERY 
BACKUP 
OPTION 

Multiple memory modules can be 
configured to operate from a single 
battery if the battery is capable of 
supplying the total current require-

!EXTERNAL BATTERY - - - I 
I BACKUP EXPANSION I 

CHARGER 

6-V 
BATTERY 

~(MAY BE 
SUPPLIED 

IN BACKUP 
OPTION) 

L USER SUPPLIED 
------

I 
I 
I 
I 
I 
I 
I 

J 

Fig 3 Block diagram of typical battery backup option for mini­
computer dynamic semiconductor memories. Option usually pro­
vides several minutes of memory data retention when power is 
interrupted or removed. Backup capabilities can be expanded to 
increase desired memory retention time by adding external bat­
tery and charger 
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ments. This battery option provides 
a minimum of two to 16 minutes of 
memory retention power and contains 
undervoltage protection and power­
saving circuits. The latter circuits in­
clude a power oscillator to reduce 
backup power requirements. This 
is accomplished by a 10 to 20% 
duty cycle of pulsed power, which is 
sufficient to retain memory data 
while reducing normal power con­
sumed by 80%. Using this technique, 
battery size and cost are both sig­
nificantly reduced. This backup bat­
tery draws less than 0.5 A when pri­
mary power is off, and no current 
when primary power is available. On­
board battery backup capability can 
be expanded by connecting an exter­
nal 6-V battery and charger. Ampere­
hour rating of the external battery 
is determined by multiplying the 
number of backup or standby hours 
required by 0.5. External battery 
charging considerations are similar to 
those previously described. 

Dynamic metal-oxide semiconduc­
tor random-access memories typically 
require three voltages for refresh 
cycle operation: 5, 12, and -5 V. 
To meet these increased demands, a 
de-to-de converter and regulator can 
be incorporated to reduce the num­
ber and type of batteries required. 
In this manner, a single common 6-V 
battery supplies all voltage and cur­
rent requirements. An option of this 
type can be installed within the com­
puter power supply to save costly 
equipment space. This option pro­
vides a minimum of three minutes of 
memory retention power for 16k 
words of memory and six minutes 
for 8k words of memory. It includes 
a small, internal Ni-Cd battery com­
plete with charger, electronic switch­
ing, and external expansion capabil­
ity. When it is desirable to utilize 
the external expansion capability, 
users can connect any size 6-V lead 
acid or Ni-Cd battery. To add re­
chargeability, a battery charger can 
be connected externally as shown in 
Fig 3. 

It is recommended that backup 
battery options he utilized, even when 
an external battery and charger must 
be added to extend basic memory 
retention time. This is because power 
saving, voltage sensing, failure de­
tection, and automatic switching are 
difficult to mechanize externally to 
semiconductor memory modules and 
related minicomputer equipment. O 
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SELF-STUDY MICROCOMPUTER TRAINING 
from the 

learning tree™ 
INTEGR-4TED 
CDVlPlJrER 
svsnMs,1~. 

Now you can benefit from ICS comprehensive, vendor- independent 
courses without leaving your desk. The ICS microprocessor courses 
which have been attended by over 5000 engineers and managers world· 
wide are NOW RECORDED LIVE ON AUDIO CASSETTES. 
EACH SELF-STUDY AUDIO CASSETTE COURSE INCLUDES BOTH : 
• 300-500 page course book 
• 5-9 hours of instruction on easy-to-use audio tape cassettes keyed 

to the coursf! book. 
One 5 hour course : $135 
One 9 hour course : $185 

$10 discount on any additional course 

All eight course books are available without audio cassettes if desired . 
Each book contains 300-500 pages of up-to-date ICS course notes 
fully illustrated with system diagrams. flow charts, circuit diagrams, 
code, etc .. . . vital information to save you WEEKS of research. 
One Course !:look: $99.50 Any additional Course Book: $89.50 

A MANAGER-LEVEL OVERVIEW OF MICRO­
PROCESSORS AND MICROCOMPUTERS (249 pages/ 
5 hours) 
MICROPROCESSOR PROJECT MANAGEMENT: 
Design, Manufacturing, QA and Field Service (220 pages/ 
5 hours) 
MICROPROCESSORS/MICROCOMPUTERS: A Com­
prehensive Technical Introduction and Survey (420 
pages/9 hours) 

• SOFTWARE DEVELOPMENT: TOOLS AND TECH · 
N IQUES FOR MICROCOMPUTERS (320 pages/9 hours) 
BIT-SLICE MICROPROCESSORS, PLA'S AND MICRO­
PROGRAMMING (310 pages/9 hours) 
MILITARY AND AEROSPACE MICROPROCESSOR 
SYSTEMS (420 pages/9 hours) 
MICROPROCESSORS AND LSI IN TELECOMMUNI­
CATIONS APPLICATIONS (400 pages/9 hours) 
MICROPROCESSORS IN MANUFACTURING AND 
INDUSTRIAL CONTROL (325 pages/9 hours) 

THE FINEST UNBIASED 
MICROCOMPUTER TRAINING 
• In your home or office 
• At your own pace . 
• Tested, cost-effective techniques 

This new ICS Hands-On Training System is the first and only 
HARDWARE/SOFTWARE SELF-STUDY COURSE . The ICS 
Training System includes a fully-assembled 8080 microcomputer 
~nd built-in educational monitor program together with a coor­
Jinated 400-page workbook/text. The System is ready i:o use in 
your office or home (with its buil.t-in keyboard/display, no 
expensive teletype or CRT terminal is required)! You will learn 
the details of both programming and interfacing by actually per· 
forming scores of exercises on your own microcomputer - at 
your own pace, in your office or at home. 

The ICS Monitor p rogram is stored in the PROM memory and 
is specifically designed to be easy to use. It provides many 
unique functions essential to efficient learning. Furthermore, 
many monitor routines are available for use in your own pro­
grams, including display and keyboard 1/0, timing, cassette inter­
faces, etc. 
Using the ICS Training System, you will first learn each 8080 
instruction through simple exercises which ii lustrate its effective 
use. These exercises, which also teach you basic programming, 
then progress to more and more advanced techniques. Other 
exercises specifically teach how to debug your programs quickly 
and effectively . Furthermore, throughout the course, hardware 
interface design and implementation projects are coordinated 
with programming problems. (For example, as your first project 
you will build a simple interface to an audio-cassette recorder. ) 
Thus, you will learn both hardware and software design tech ­
niques and how to make HW/SW tradeoffs by actual hands-on 
experience. 

•• to;: • • • • • 

• Introduction to the training system• Hardware fundamentals 
• Software fundamentals• The 8080 instructions - one by one 
• Using the keyboard/display to load and check programs• 1/0 
programming- parallel/serial• Using a programmable 1/0 device 
• Interrupt handling (vectored/priority) • Organizing data in 
program (PROM) and data {RAM) memory• Subroutine struc­
tures• Real-time program design• Interfacing to a TTY, audio 
cassette, CRT • Advanced math routines (trig, logs, floating 
point, etc.) •Advanced 1/0 - block data and OMA use• Inter­
facing with analog devices• Annotated work sheets for des igning 
and implementing your own application 

", 1 11 (Valid until May1 , 1977-
$495 thereaf'ter) 

INCLUDES: 8080 Training Microcomputer, educational monitor, 
coordinated 400-page Programmed learning Workbook with 
exercises, software, flowcharts, block diagrams and schematics. 
The only thing you supply yourself is a small power supply: 
+5V-1A, +12V-0.2A. 

TO ORDER Please Write. 1 ·, .•. f' ri ,, ' •\ , .\," , "" ' , ,w 

• 

Integrated Computer Systems, Inc. Or Call Please Contact Integrated Computer Systems, Inc. 
Self-Study Training Dept. (213) 559-9265 Boulevard Louis Schmidt 84, Bte 6 
4445 Overland Avenue B-1040 Brussels, Belgium 
Culver City, Calif. 90230 (02) 735 6003 
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Introducing a lot of little differences. 
By Memorex. 
Our new Model 550 Flexible Disc Drive. Different in a lot of little 
ways. Because with everyone building drives to an industry 
standard , it's the little things that mean a lot. 

Little things like our unique fiberglass reinforced polyester chassis 
which contributes to the 550's strength , compact size and low weight . 

Our new fail-safe door latch: it won 't close if the disc is improperly 
inserted . Or our programmable door latch (optional) : it prevents 
inadvertent media removal. 

And our exclusive new disc clamping mechanism-which virtually -4, 
eliminates the possibility of "nipping " the disc mounting hole . ~ 

l ittle th ings like our power saver circuit , that ~ 
cuts power to the stepping motor by 95% when 
it's not in use , to cut down on heat generation . 

Our special chassis design that allows two 
units to be mounted horizontally side-by-side 
or four units vertically in a standard rack. 

And the fact that our 550 will record IBM com­
patible format , or double density, with no 
change to the unit; and with a remarkable 
9,000 hour MTBF 

See your Memorex Representative-locations in principal 
cities worldwide- or contact our OEM Division, San Tomas at 
Central Expressway, Santa Clara, CA 95052 . Phone (408) 987-2928. 

Memorex 550. The big difference is a lot of little differences. 

MEMOREXCLUSIV 
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MICRO PROCESSOR 
COMPUTER DATA STACK I 

Microcomputer Interfacing: 

What Is a Logical Instruction? 

Peter R. Rony 

Virginia Polytechnic Institute 
& State University 

David G. Larsen 

Virginia Polytechnic Institute 
& State University 

Jonathan A. Titus 

Tychon, Inc 

Most microcomputers manipulate information eight bits at 
a time. For example, the 8080A chip can move eight bits 
from internal register to internal register, from internal 
register to memory, and between the accumulator and an 
external I/ O device. It can also perform arithmetic and 
logical operations, the former including add, subtract, and 
compare, and the latter including AND, OR, exclusive-OR, 
and complement. This month's column will cover logical 
operations. 

Basic rules governing 1-bit logic operations are truth 
tables . A truth table can be defined as a tabulation that 
shows the relation of all output logic levels of a digital 
circuit to all possible combinations of input logic levels 
in such a way as to characterize the circuit functions com­
pletely. 0 Truth tables for the AND, OR, exclusive-OR, and 
complement operations are: 

AND OR Exclusive-OR Complement 

B A Q B A Q B A Q ill 0 0 0 0 0 0 0 0 0 1 
0 1 0 0 1 1 0 1 1 0 
1 0 0 1 0 1 1 0 1 
1 1 1 1 1 1 1 1 0 

These are 1-bit truth tables because the data words A 
and B each contain only a single bit. 

It is useful to employ Boolean symbols when discussing 
logic instructions. Such symbols originate from the sub­
ject of Boolean algebra, which is the mathematics of logic 
systems. Alphabetic symbols such as A, B, C, ... Q rep­
resent logical variables, and 1 and 0 represent logic states. 
Originated in England by George Boole in 1847, this 
particular form of mathematics did not become widely 
used until 1938, when Claude Shannon adapted it to 
analyze multicontact networks for telephone networks. 

Basic Boolean symbols are used in Boolean algebra 
computations, and thus all digital logic. These symbols 
include: 

+ which means logical addition and is given the name 
OR 

which means logical multiplication and is given the 
name AND 

EB which is given the name exclusive-OR or XOR 

A which means negation and is given the name NOT 
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The negation symbol is a solid bar over a logical variable 
such as A, B, ... Q. Thus, the ·Boolean statement for a 
2-input AND gate is Q = A • B, or simply Q = AB, where 
the equality symbol ( =) means that variables or groups 
of variables on either side of the = symbol are the same, 
ie, both are in the same logical state. It is useful to sum­
marize the symbol operations for the three gates under 
consideration: 

AND OR Exclusive-OR Complement 

0. 0 = 0 0+0=0 OEBO=O 0=1 
0. 1 = 0 O+l=l OEBl=l l=O 
l • 0 = 0 1+0 = 1 1 EB 0 = 1 
1. 1 = 1 1+1=1 lffil=O 

Multibit logic operations are treated as many 1-bit 
logic operations. No new principles of logic are involved. 
Corresponding bits of one binary word logically operate 
on corresponding bits of the second binary word to pro­
duce an overall multibit logic result. Length of binary 
words can be any number of bits: two, eight, 32, etc. 
Since the 8080A microprocessor performs multibit logic 
operations on 8-bit words, all of our examples will in­
volve full bytes. 

Consider the 8-bit logic variable A. Individual bits in 
this variable can be labeled as A7, AB, A5, A4, A3, A2, 
Al, and AO, with AO being the least significant bit ( LSB), 
the 2° bit, and A 7 being the most significant bit ( MSB), 
the 27 bit. Also consider the 8-bit logic variable B, with 
individual bits labeled B7, BB, B5, B4, B3, B2, Bl, and 
BO. The logic operation, A • B = Q, involves the follow­
ing eight 1-bit logic operations: 

AO• BO= QO 
Al• Bl= Ql 
A2 • B2 = Q2 
A3 • B3 = Q3 

A4 • B4 = Q4 
A5 • B5 = Q5 
AB• BB= QB 
A7 • B7 = Q7 

The result of the logic operation is the logic variable Q, 
which has an LSB of QO and an MSB of Q7. In other 
words, multibit logic operations are performed bit by bit 
via a series of 1-bit logic operations. It is easier to perform 
multibit logic operations if the multibit binary words are 

0 R. F . Graf, Modem Dictionary of Electronics, Howard W. 
Sams & Co, Indianapolis, Ind, 1972 
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Listing of Logic Information 
for System of Eight Devices 

Bit 
Position Device 

---
Bit 0 Pressure sensor 

Bit 1 Temperature sensor 

Bit 2 Velocity sensor 

Bit 3 Flow rate sensor 

Bit 4 Concentration 
sensor 

Bit 5 Valve A 

Bit 6 Valve B 

Bit 7 Power 

placed one under the other. Thus, if A 
B = 001000112, A • B is 

110111112 and 

110111112 
• 001000112 

000000112 

or Q = 000000112. We have performed a logical AND, 

and have used the relationships 0 • 1 = 0 and 1 • 1 = 1 
in deriving the final result. 

One of the more important uses for multibit logic op­
erations is in situations in which the on/ off state of ex­
ternal devices must be monitored. Consider the system of 
eight devices listed in the panel. The group of eight bits 
can be called the status byte for our system of eight de­
vices. At any instant, the status byte will have a specific 
value. For example, status byte 111000102 signifies that 
pressure is at or below the setpoint, temperature is above 
the setpoint, velocity is at or below the setpoint, etc. 

The importance of logical instructions in a digital com­
puter is that they permit the user to determine the follow­
ing characteristics about the external devices previously 
listed. 

• Which devices are on, open, or above the setpoint? 
• Which devices are off, closed, or at or below the set­
point? 
• Since the last time we checked, which devices have 

Logic State Information 

1 pressure above setpoint 
0 pressure at or below setpoint 
1 temperature above setpoint 
0 temperature at or below setpoint 
1 velocity above setpoint 
0 velocity at or below setpoint 
1 flow rate above setpoint 
0 flow rate at or below setpoint 
1 concentration above setpoint 
0 concentration at or below setpoint 
1 valve A open 
0 valve A closed 
1 valve B open 
0 valve B closed 
1 power on 
0 power off 

gone from on to off, open to closed, or above the setpoint 
to at or below the setpoint? 
• Since the last time we checked, which devices have 
gone from off to on, closed to open, or at or below the 
setpoint to above the setpoint? 

In other words, by using logical instructions it is possible 
to determine not only the current state of the external de­
vices, but also what changes have occurred since the last 
time that the devices were interrogated. Since it is not 
clear how this is done logically, we will discuss a spe­
cific example based upon the eight devices described 
above. 

Assume that we have just interrogated all eight devices 
and have found the current status byte to be 111010102, 

where the LSB, bit 0, is on the far right. One second ago, 
the status byte was 111010012. We wish to know what 
the current state of each device is, which devices have 
changed state during the last second, and in which direc­
tion. Steps used to answer such questions are as follow. 
Step 1 Examine the current status byte ( CSB). De-

termine the status of each external device from 
the logic state of its status bit. 

The CSB is 11101010?. From this value, we conclude 
that pressure, velocity, -and concentration sensors are all 
at or below their respective setpoints; temperature and 
How rate sensors are above their respective setpoints; and 
valve A, valve B, and power are all on. 
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Quality, Convenience, 
Capability And 

Price Make llP's 
Low-Cost Dl\1M's 

The Right Decision. 
$225*-The HP 3476A-3lf.z Digits-Autoranging, auto­
matic polarity and automatic zero. $225* for the "A" ver­
sion with AC line operation or $275* for the portable "B" 
version with batteries and recharging circuit. 

$375*-The HP 970A-3lf.z Digits-Handheld , auto­
ranging, automatic polarity and zero. Readout can be in­
verted with" a flick of your thumb for easy reading in any 
position. 

$400*-The HP 343SA-31/i Digits-Autoranging or 
manual operation and wide-range operation, plus built-in 
batteries and recharging circuits. Option 001 gives you line 
operation only for $335*. 

$500*-The HP 34658-411.z Digits-1µ.V sensitivity 
gives you performance you'd normally expect from 5~­
digit's. Fully portable with Nickel-Cadmium batteries and 
recharging circuit. Dry-cell operation and rack-mount are 
available in the 3465A for as low as $425*. 

Confidence in low-cost DMM's comes from knowing 
you've made the right decision. HP's quality and service let 
you rest assured. Contact your local HP field sales engineer 
or write today for more information. *Donie>11c u S.A. price only . 
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HP DMM's ••• the right decision. 

HEWLETT Ir; PACKARD 

1507 Page MiU Road. Pak> Alto. California 94304 

For - .. 1: Wuhlnglon (301) -10. ~ (312) 
2!55-8800. -(404)1111-1500. lol Angoloo (213) '77·12112 
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Step 2 Perform an exclusive-OR operation between the 
prior status byte (PSB) and the CSB. A logic 
1 in the result indicates that the logic state of 
that device has changed. 

The logical operation to be performed is 
PSB E17 CSB = Ql 
where PSB = 111010012, CSB = 111010102 , and Ql is 
the result of the exclusive-OR operation. Thus, 

11101001 PSB 
E17 11101010 CSB 

00000011 Ql 

and Ql = 00000011 2• We conclude that only the pres­
sure and temperature sensors have changed state. 
Step 3 Perform an AND operation between Ql and the 

PSB. A logic 1 in the result indicates a device 
that has changed state from logic 1 to logic 0. 

The logical operation that we wish to perform is, 
PSB • Ql = Q2 
where PSB = 111010012, Ql = 000000112 , and Q2 is 
the result of the AND operation. We obtain, 

11101001 PSB 
• 00000011 Q 1 

00000001 Q2 

and thus can conclude that the pressure sensor has 
changed from being above the setpoint to now being at 
or below the setpoint (logic 1 to logic 0 transition). 
Step 4 Negate (or complement) Q2, then AND this com­

plemented result with Ql. A logic 1 in the result 
indicates a device that has changed state from 
logic 0 to logic 1. 

The logical operation that we now perform is, 
Q2. Ql = Q'3 
Since Q2 is 000000012, the complemented value of Q2 
must be 11111110. The result of the AND operation is 
obtained as follows, 

11111110 Q2 
• 00000011 Q 1 

00000010 Q3 

The result, Q3 = 000000102, permits us to conclude that 
the temperature sensor has changed from at or below the 
setpoint to above the setpoint (logic 0 to logic 1 transi­
tion). 

The reason for performing such a series of logical op­
erations is to determine what type of corrective actions 
must be applied to the system if it is not operating prop­
erly. If the temperature is below its setpoint, we may 
have to tum on a heater. If the concentration of a re­
actant is too high, we may have to turn valve B off and 
temporarily halt the flow of reactant into the system. If 
the pressure is above the setpoint, we may have an emer­
gency condition and must shut the power off to the entire 
system. With a properly interfaced microcomputer, all 
such decisions can be easily and quickly made under 
software control and the necessary corrective actions initi­
ated. However, it must be realized that mechanical and 
electromechanical devices typically have response times 
that are much longer than the decision times for a micro­
computer. These response times must be taken into ac­
count in software "design," and are important considera­
tions in the field of digital controls. A discussion of re­
sponse times is beyond the current scope of this column. 

This article is based, with permission, on a column appearing in 
American Laboratory magazine. 
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Okidata introduces 
the best buy in 
disc drives 

7 4 MB at $3,220~': 

Compare Okidata's standard, no-additional-cost features against your disc drive's. 
Okidata 3300 Your 

Disc Dri ve Disc Drive 

UJ" Moving-head and head-per-track storage in the same drive utilizing "overl ap seek" capability ......... ...... 0 
!QI' 74 MB of moving-head storage for $3,220* with internal interface: capacit ies range from 12.4to 74.4MB ..... . 0 
~ 5.94 MB of head-per-track storage 10.1 ms access time: capac ities from 2. 97 to 5.94 MB ................. ................. 0 
liJ' Simple rotary position er, 38 ms average access time with two heads per disc surface: motor is field replaceable ..... D 
~ Compact size, 7"-high module mounts in 19" rack, weighs 65 lbs .......................................................... .. ....... .. ... 0 
liJI Clean air package, air is rec ircu lated every second through filter, eliminating 99.97% of particles larger than 

0.3 micron d iameter .......... ................ . .................... .. ....... .... ..................................... ......... ... ............ .. ............... 0 
~ High Reliability, f ixed media, Winchester head and disc technology ......................... ... ............... .. .............. ........ D 
Ba' No hidden extras; complete with power supply and slides, as well as data separation (NRZ data interface) , direct 

track addressing, early/ late data strobe, track offset, sector and index look-ahead, and direct track addressing ... ......... .. 0 
10" With optional CDC 9760 Storage Module, price in quantity 1 oo is $3 ,405 ...... .. ......... ........ ........................... D 
~ Best buy in disc drives ..................................................... D 

Okidata 3300 disc drives offer 7.33 data transfer rate, 18,560 bytes per track, up to 12 moving 
heads, and 339 addressable cylinders . And available now. *In OEM quantities. 

From Okidata. Working for the OEM ... and the end user. 

SEE OKIDATA 3300 DISC DRIVES, 
and the Okidata 

family of printers-132-col. matrix printer, 
110 cps impact printer, and document/ 

passbook printer 
AT THE NCC-BOOTH 1533. 

Ol(IDATA Qk;data Cocpmat;oo 

CIRCLE 62 ON IN9UIRY CARD 

111 Gaither Drive 
Mt. Laurel , NJ 08054 
Tel : 609/235/2600 
TWX: 710/897/0792 
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Microprocessor System Design Center Functions 
as General-Purpose Development and Integration Tool 

Designed for use with several types 
of microprocessors, the 8001 and 
8002 microprocessor development sys­
tems are general-purpose tools for 
supporting hardware emulation and 
debugging, and for facilitating de­
velopment of control software. Tek­
tronix, Inc, PO Box 500, Beaverton, 
OR 97077 has manufactured the units 
to fully support system development 
using the 8080 and 6800 microproces­
sors. Support for additional devices 
will follow, as will support of new 
microprocessors as they are devel­
oped. The user is therefore free to 
make use of the microprocessor best 
suited to his system requirements. 

The 8002 serves as an active tool 
for developing control software for 
microprocessor-based systems and for 
quickly integrating software with the 
hardware prototype. Control pro­
grams are entered into the 8002's disc 
memory via a terminal; this includes 
interactive editing of the program. 
Source code is assembled into object 
code for the particular microproces­
sor, and the assembled program is 
run under debug control on a slave 
CPU which emulates the chosen 
microprocessor. Errors discovered dur­
ing the debugging process can then 
be easily corrected. The program in 
both source and object codes is stored 
on a floppy disc. 

In-circuit emulation of the micro­
processor and control memory occurs 
via an in-circuit emulation cable be­
tween the 8002 and the microproces-

sor socket on the prototype hard­
ware. This aids software /hardware 
integration and checking of each sec­
tion (I/O, memory, microprocessor) 
of the prototype. Any errors in the 
I/O portion of the program are cor­
rected in source code and those rou­
tines are reassembled. The satisfac­
tory program is programmed into 
p/ROMs which are inserted into the 
prototype. Once the memory portion 
of the prototype is checked, the emu­
lation cable is disconnected, the 
microprocessor chip is plugged in, 
and the prototype is run as a sepa­
rate unit. 

Optional built-in p /ROM program­
ming capability is available to save 
time by eliminating the need of 
transferring the program to another 
piece of equipment. Both 1702 and 
2704 /2708 p / ROMs can be pro­
grammed. 

The development system itself is 
a complete microcomputer. Basic ele­
ments include a main chassis housing 
CPU, 16k dynamic RAM master mem­
ory, 16k dynamic RAM common 
memory (expandable to 64k), con­
trol, and interface cards; 2-spindle 
floppy disc drive with 10-ms access 
time per track; and interactive termi­
nal (either the company's CT-8100 
video terminal or the user's RS-232-C 
compatible terminal) . In addition, 
TTY terminal, paper tape reader / 
punch, modem, and line printers can 
be added as needed. 

Containing a master memory card, CPU card , disc drive, and disc operati ng soft­
ware , Tektron ix 8002 is a complete software development aid whi ch also integrates 
software with the hardware prototype. Both the 8002 and 8001-the in-ci rcuit 
emulation portion of the system only- curren tly are desig ned fo r use with the 
8080 and 6800 microprocessors 
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Master I slave architecture supplies 
flexibility to accommodate several 
microprocessor types. A master CPU 
controls previously mentioned opera­
tions through a disc operating system 
( TEKDOS) • Up to three slave CPU 
cards can be plugged in at one time 
for emulating different microproces­
sor types, thus eliminating hardware 
reconfiguration when switching from 
one development project to another. 
Slave CPU cards can be swapped to 
accommodate additional microproces­
sor types. A separate CPU (also 
slaved to the master), used for pro­
gram assembly, has an optimized de­
sign to shorten assembly time. 

Software also is optimized. A 
table-driven relocatable macro assem­
bler has two main features. A high 
degree of assembler commonality 
among microprocessor types is ob­
tained; and when changes are made 
to the source code program, only 
affected routines have to be reassem­
bled into object code, thereby saving 
time. 

The 8001 system offers the same 
in-circuit emulation features as the 
8002, without capabilities for source 
code entry and assembly of source 
to object code. This approach is valu­
able to established users who have 
facilities for program entry and 
assembly or to potential users who 
wish to minimize costs by renting 
time on a timesharing .system. A 
ROM operating system replaces the 
disc. Common memory module is 
16k dynamic RAM, expandable to 
64k. Provision is made for entering 
object-coded programs directly into 
the emulator CPU's memory. With 
the addition of a master memory 
card, assembly CPU card, disc drive, 
and disc operating software, the 8001 
can be upgraded at any time to an 
8002. 

Options available for both units 
include 8080, M6800, or Z80 slave 
CPU boards and slave CPU in-circuit 
emulation cables, which contain buff­
ers and line drivers to isolate the 
slave CPU from the user's prototype 
hardware; 1702 or 2704/2708 EP­
ROM programmer board with neces­
sary logic and power supplies for pro­
gramming; and 16k dynamic RAM 
expansion. Also available are a hard­
ware trace board containing the 
P6451 logic probe and supporting 
hardware to provide real-time logic 
state display on the system pe­
ripherals selected by the operator, 
and maintenance front panel provid­
ing entry and display of addresses 
and data, as well as access to some 
internal bus controls. 
C ircle 170 on Inquiry Ca rd 
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Analog input ... analog output. 
Now they're bothjust this simple. 

ANALOG 
INPUT 

Meet the 16-channel MP20 and MP21 Analog Input 
Systems. They join our previously introduced MP10 
and MP11 Analog Output Systems to give you a com­
plete analog interface solution for your microprocessor 
based designs . 

Now, instead of designing a complete data acquisi­
tion system, you simply plug in one of these units as if it 
were memory. That means big savings in design costs, 
and faster product introduction too. 

For 8080A and SC/MP and Z80 type microproces­
sors , you need our new MP20. And for 6800, 650X and 
F-8 types, our MP21 . Both of these bus-compatible 
Analog Input Microperipherals are self contained , re­
quiring no external components. 

Since these systems are treated as memory by your 
CPU, software implementation is simple too. Just assign 
one 8-bit memory location per channel , and use any 

memory reference instruction to access data. For ex­
ample, one LOA instruction will acquire a channel of 
information when used with the 8080A Alternatively , 

the units can be interfaced as an 
1/0 port or on an interrupt basis . 

Both the MP20 and MP21 have 
resistor programmable input 
ranges of ± 1 OmV to ± 5V full 
scale allowing you to handle low­
level signals directly. They pro­

vide 8-bit resolution and throughput accuracy better 
than ±0.4% of full scale on the ±5V range . 

With a price of just $140 (100's). it just doesn 't make 
sense to design your own analog input solution. For 
complete details. write or call Burr-Brown , International 
Airport Industrial Park. Tucson , Arizona 85734 . Phone 
(602) 294-1431 . 

CI RC LE 63 O N INQUI RY CARD See us at Electro 77, 
Booth Nos. 2824 & 2826. BURR-BROWN 
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LSl-11 Memory 
16K words in a single 
quad slot (2 option 
slots) 

Totally LSl-11 
hardware and 
software compatible. 

Selectable, 
on-board refresh 
modes: 
1. Distributive 

refresh mode. 
(Monolithic 
Systems method) 

2. Burst refresh 
mode. 
(DEC method) 

One year warranty 
on parts and labor. 

$1,195 single 
quantity. OEM 
discounts available. 

Delivery from stock. 

MSC 4501 
January 

Our first 
DEC compatible memories 
for 1977! 

PDP-8 Memory 
Requires 75% less 
power than equivalent 
core memories (BK 
words requires only 
0.6A at +5 volts DC) . 

Nonvolatile, BK 
words fits in a single 
OMNIBUS® slot . 

Totally PDP-B A, 
E, For M hardware 
and software 
compatible. 

One year warranty 
on parts and labor. 

$995 single 
quantity. OEM 
discounts available . 

Delivery from stock. 

MSC 3201 

February 

PDP-11/04/34 
Memory 
Up to 64K words , with 
or without parity, in a 
hex wide "SPC" slot . 

Totally PDP-11 / 04/34 
hardware and software 
compatib le. 

Expandable in 
4K increments to 16K 
words, and in 16K 
increments to 64K 
words. 

One year warranty 
on parts and labor. 

$1495 (16K words) 
single quantity. OEM 
discounts available . 

Delivery from stock. 

• t • • I~:,•: • 

' ~ l'., ii • ! • 

~ . ~ ·~ 
" ••• _ .. , i-t' ~ '( 

I I • ,~ " 

MSC 3501 

March 

1'"' ~ - < 
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On being first 
Monolithic Systems 
is the innovator in 
DEC compatible 
memories . From our 
first PDP-11 memory 
in 1973, our line has 
grown to provide 
memories for PDP-B's, 
11's and the LSl-11 . 
Add-in 's and 
add-on 's. 

In 1977, we will 
continue to be first 
with DEC compatible 
memories, taking 
advantage of the 
latest memory 
technology. And first 
in reliability, value 
and delivery. 

The next first is 
yours . When you call 
us for DEC compatible 
memories. 

DEC compatible 
memories ... 
from the first. 

* Monolit~ic 
f LlJtemJ corp 
14 Inverness Drive East 
Englewood, CO 80110 
303/770-7400 
DEC, LS/-11 , PDP-8 & PDP-11 
are registered trademarks of Digital 
Equipment Corp. 

© 1977, Monolithic Systems Corp. 
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MICRO :;~~i;,~-,.":,~R DATA STACK 

Portable Microcomputers 
Contain Compiler and 
File Management System 

A line of table-top 8080-based micro­
computer systems, the Z/ /100 series, 
called "the personal FORTRAN ma­
chines," is comprised of three low 
cost models. Built around an 8080 
CPU, all include 3k of p/ROM; a 
minimum of 33k bytes of RAM, ex­
pandable to 64k; and an IBM­
compatible dual diskette drive, offer­
ing 512k bytes of online storage. A 
second dual drive can be mounted 
for a total lM bytes of storage. 
Drives feature voice coil positioning 
and motorized loading and unload­
ing of diskettes. 

Announced by Realistic Controls 
Corp, 3530 Warrensville Center Rd 
Cleveland, OH 44122, the complet~ 
systems contain a monitor; file man­
agement system; and FORT I 180, an 
8080 resident FORTRAN rv compiler 
(see Computer Design, Nov 1976, 
p 148). Z/ /100-1 is a timesharing 
replacement system, priced at $7995. 
It includes 36k bytes of RAM, dual 
diskette drive, and two EIA RS-232-C 
serial communications channels. One 
channel can be ordered with a 20-mA 
current loop interface. 

The -2 includes 34k bytes of RAM, 
dual drive, 60-char Is 'bidirectional 
line printer ( 80-column friction feed 
standard, 132-column tractor feed 
optional), and keyboard. It costs 
$8995. Top-of-the-line -3, priced at 
$9795, includes 33k bytes of RAM, 
dual drive, keyboard/1920-char CRT 
display, and RS-232-C serial com­
munication channel. An optional 300-
line / min printer (either 80-column 
friction feed or 132-column tractor 
feed) is suppmted by this configura­
tion. 
Circle 171 on Inquiry Card 

Complete Plug-In 
Floppy Disc Unit Boosts 
Personal Computing 

Believed to be the first floppy disc 
system for 5~" diskettes, the model 
FD 2411 MicrofloppyT" includes flex­
ible disc drive, power supply, cabi­
net, controller I interface card, power 
cord, fuse, and all cables. Pertee 
Computer Corp's iCOM Div, 6741 
Variel Ave, Canoga Park, CA 91301 
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incorporates its Fnos-M software on 
diskette into the factory assembled 
and tested unit. 

The system is 100% plug-com­
patible with the Altair 8800, Poly 
88, Imsai 8080, and other microcom­
puters which use the Altair bus for­
mat. A controller I interface card, us­
ing advanced MOS LSI and low 
power Schottky technology, contains 
all necessary electronics to interface 
the disc to the microcomputer. The 
card incorporates an LSI controller 
chip; it also features onboard ROM 
and RAM. Phase-locked loop tech­
niques are used to improve accuracy 
and performance. 

FDOS-M software includes a macro 
assembler, string-oriented text edi­
tor, and diskette initializer. A single 
diskette stores up to 175 named files 
or programs (with files as small as 
128 bytes or as large as the entire 
diskette capacity). The company's Bk 
disc BASIC-M software is compatible 
with FDOS-M, assembler and editor 
and is supplied on the s~me diskette'. 

Using the Shugart Minilloppy™ 
disc drive (see Computer Design, 
Sept 1976, p 134), the unit has an 
average access time of <0.5 s; trans­
fer rate is 125k bits /s. The diskette 
has sectors containing 128 bytes and 
features "write protect." In formatted 
mode, a total of 70k bytes are avail­
able on a single diskette. 
Circle 172 on Inquiry Card 

Combination of 
Two Technologies in 
pProcessor Saves Power 

As powerful as the CPU of a small 
computer, the MAC-8 is claimed to 
be the first microprocessor able to 
execute several hundred different 
electronic logic, or "thinking," func­
tions while using 0.1 W of power. 
The device contains over 7k transis­
tors fabricated on a single chip of 
silicon. 

Using a combination of IC tech­
nologies known as CMOS and Pseudo 
n-MOS, Bell Telephone Laboratories, 
Research and Development Unit of 
the Bell System, Mountain Ave, Mur­
ray Hill, NJ 0797 4 designed the 
microprocessor to perform combina­
tions of over 400 electronic instruc­
tions at a rate exceeding IOOk per 
second, while using very little power. 

Portions of the unit's circuitry use 
CMOS technology, which has inher­
ently low power requirements . Other 
portions use Pseudo n-MOS, which 
minimizes the size of the silicon chip 
by allowing designers to pack circuit 
elements close together. Power is 
conserved by switching the Pseudo 
n-MOS portions "on" only when their 
functions are needed. Combination 
of the two technologies allowed an 
extremely large number of circuit 
functions to be packed on a given 
chip area. 

Memory capability is provided via 
a separate chip or chips designed to 
store instructions and hold inter­
mediate results of computation. This 
"off-chip" memory provides potential 
for increased memory capacity and 
processing capability without addi­
tional circuit design. 

Developed by Bell Labs engineers, 
an "address arithmetic unit" (AAU) 
on the processor chip, expedites com­
munication between memory and the 
processor. The AA U is an electronic 
circuit that locates instructions and 
data in the off-chip memory while 
the processor simultaneously per­
forms other tasks. Typical instructions 
are made up of eight bits, or basic 
units of "on-off'' electronic informa­
tion . 

Processing functions are controlled 
by an extensive series of programs 
prepared by the company's system 
designers. As a result, off-chip mem­
ory units can be customized to enable 
the microprocessor to perform varied 
functions. 

Singularly low power require­
ments and large instruction set make 
the device useful in telecommunica­
tions equipment and systems that are 
difficult to power or so compact that 
heat is a problem. It will form an 
integral part of Bell System equip­
ment such as private branch ex­
changes and electronic switching 
systems. 
Circle 173 on Inquiry Card 

In-Memory Ope.·ating 
System Develops 
Microcomputer Programs 

An exclusive software system, Quick­
run is being offered by Microkit, Inc, 
2180 Colorado Ave, Santa Monica, 
CA 90404 for their -8/16 universal 
microcomputer development system 
(see Computer Design, Sept 1975, p 
114) . As a memory resident micro­
computer development concept for 
8080 or 6800 microcomputers, the 
system runs in 32k bytes of memory 

COMPUTER DESIGN I APRIL 1977 



KC 
Ill 

":'. ·····. ::: .. .. - . 

We're offering Interdata CPUs .. . peripher­
als .. . and software on 60-90 day delivery, 
because fast delivery is important to you 
and your own customers. It makes sense, 
the more they buy from you, the more you'll 
buy from us. We know who butters our 
bread ... OEM s. 

Check our fast delivery with the Interdata 
family of low-cost production hardware 
and software in configurations that exactly 
suit your needs. Like the new 5/16, and 
field proven 6/16 and 8/16. With plug-in 
options that can be field installed, and a 
raft of software to help you from develop­
ment into production . 

For high powered applications, take ad­
vantage of our 32-bit 7/32 and 8/32 thor­
oughbreds, addressing 1 MB of memory 
and offering performance you 'll only find 
on large scale, more costly computers . 
Ask us about our OEM policy; with unbun­
dled hardware and software pricing, and 
market protection via our comprehensive 
family of upward compatible minis. 

Let's talk about your 1977 specs for OEMs. 

NAME ___________ _ 

TITLE ___________ _ 

COMPAN Y __________ _ 

ADDRESS ·-----------

CITY ______ STATE __ ZIP_ 

:K::aT"r::E::R.-'Y>.A.."r~ 
A U NIT OF 

PERKIN ELMER DATA SYSTEMS 
OCEANPORT. N.J . 07757 (201 ) 229-4040. CD-4 

CIRCLE 64 ON INtj)UIRY CARD 
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which provides space for a 1000 state­
ment source program, 4k-byte object 
area, and all system software. It 
consists of a monitor/debugger, edi­
tor, and assembler which are all 
co-resident in memory along with 
source and object code workspaces. 

Program development is facilitated 
since changes are made directly in 
the source program; the user instan­
taneously switches from editing to 
assembling to debugging. Once soft­
ware and source program are loaded, 
all subsequent processing is per­
formed in memory, and virtually all 
1/0 is eliminated. 

Use of the microcomputer system's 
Bk RAM modules with write protec­
tion registers allows each lk page 
of memory to be individually pro­
tected and unprotected under pro­
gram control. Nonvolatile storage of 
debugged programs (source and ob­
ject) is also provided by the micro­
computer's cassette tape units. 

Specific features of the software 
system include ultra high speed as­
sembly and edit capability; user 
allocation of memory space as de­
sired between source code, object 
code, and symbol table; symbolic de­
bugging of object programs; and 
hardware memory protect which 
makes the system (source program) 
crash proof. Powerful screen-based 
interactive software-editor and moni­
tor /debugger-is designed around a 
20k-char/s CRT display. This allows 
the entire screen to be rewritten in 
SO ms. 

An in-circuit Microemulator option 
is also available. It provides in­
circuit emulation, hardware break­
points, single-·step execution, trace 
execution, and 2708/2704 EPROM 
programming in addition to the soft­
ware system's development tools. 
Ci rc le 174 on Inq uiry C ard 

System Combines Data 
Storage Technology With 
µProcessor Flexibility 
The standard MC-200 system, avail­
able from GNAT Computers, Inc, 
789S Convoy Ct, Unit 6, San Diego, 
CA 92111, provides RS-232 formatted 
I / O enabling any RS-232 device to 
plug directly to the DB2S connector 
on the system. Designed for applica­
tions such as data monitoring and 
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storage, process control, or communi­
cations, the system combines the re­
liable data storage technology of 
the 3M DCD-10 minicartridge tape 
drive with the flexibility of a micro­
processor-based control system. 

Features of the unit include hard­
ware and software control of the 
tape drive plus optional parallel 
I/O for data monitoring and storage 
applications. Special control char­
acters are designated as command 
words, and are duplicated on the 
control panel by control switches. 
A baud rate select switch, also lo­
cated on the panel, allows selection 
from 7S to 9600 baud. 

Available options include separate 
parallel I/O lines, expanded serial 
I/O, independent record and play­
back baud rates, file search capabil­
ity, dual drives for increased data 
storage capability, and word length 
select. Programming and special 
applications requirements may be de­
veloped using the system's options or 
other microprocessor systems. 
Ci rcle 175 on Inqu iry C a rd 

Easy-To-Program 
Microprocessor System 
Controls Moisture 

System 700, containing an Intel 8080 
microprocessor, provides online pro­
cess control and data logging using 
input data from high or low level 
analog sensors, contact closures, and 
speed indications for applications 
concerned with controlling moisture. 
Omega Controls Corp, 1S42 Moulton 
Pkwy, Tustin, CA 92680 has pro­
vided the system with simple English 
language programming. A complete 
turnkey software package leaves the 
user only the task of entering process 
parameters via the computer-assisted 
entry/edit program. 

Multi and varied inputs are ac­
cepted, manipulated, and output as 
either analog or digital signals for 

control purposes. The system can 
also serve as a data logger out­
putting raw or modified data via 
printer, mag tape, or disc. 

Utilizing analog and digital multi­
plexing, the system interfaces with 
various types of input . sensors, in­
cluding the company's MM-600 mois­
ture gauge and the 711A mass sen­
sor. Standard I/O media are a CRT 
display and associated keyboard. 
Microprocessor-generated questions 
are displayed on the CRT to assist 
the user in inputting process control 
parameters. The CRT is also used 
to display monitored process results 
and derived data, such as process 
profiles. Other output devices include 
teletypewriter, floppy disc, IBM­
compatible mag tape, and card reader. 
C ircle 176 on Inq uiry Card 

Expanded Single-Chip 
Family Replaces Custom 
Devices at Lower Cost 

Six single-chip microcomputers have 
been added to the PPS-4 / 1 family 
which can be used to replace custom 
LSI TTL devices at lower cost to be 
the basic control system, and which 
also can be used as programmable 
peripheral controllers. Joining the 
MM77 microcomputer, which has 
1344 x 8 ROM, 96 x 4 RAM, and 
uses a powerful SO-instruction set 
which allows more functions to be 
programmed in fewer ROM words, 
are the MM76 and MM78, both avail­
able immediately. 

The -76 has a 640 x 8 ROM and 
48 x 4 RAM, and contains slightly 
expanded instructions for special pur­
poses; the -78, with a 2048 x 8 ROM 
and 128 x 4 RAM, also uses the 
SO-instruction set. All three have 31 
I/O ports, many of which may be 
programmed for either input or out­
put service. I/O options and two in­
terrupt request input lines are the 
same as those of the original PPS-
4 / l device. 

Three other chips that Rockwell 
International, Microelectronic De­
vice Div, 3310 Miraloma Ave, PO 
Box 3669, Anaheim, CA 92803 plans 
to produce as a part of the MM76 
series are the -76C, -76D, and -76E. 
Each of these is identical to the -76, 
with certain additions. 

Scheduled for the second quarter 
of 1977, the -76C contains a high 
speed counter (either one 16-bit or 
two 8-bit presettable up/down coun­
ters) with eight control lines. The 
-76D, with 12-bit ADC and six extra 
I/O lines added, will be available 

COMPUTER DESIGN I APRIL 1977 



ZeroRPM. 
The Disk that doesnt Spin. 

Megastore goes where a disk drive used to go. 
More to the point, Megastore keeps going long 

after a disk drive quits. Without motors, bearings, 
heads or platters, there's nothing to wear out, bum out 
or crash. No moving parts. 

Megastore is the astonishing new fixed-head disk 
memory replacement from Ampex that uses reliable 
cores instead of rotating media. In the long run it 
saves a lot of money. 

Megastore provides increased throughput, in­
creased system availability, increased system uptime 
and reduced maintenance costs. A vastly better re­
turn on investment. 

Unplug your disk and plug in Megastore. You'll get 
a half-million to four million bytes of capacity (in 
half-megabyte increments) that your existing software 
can't tell from the disk it was designed for. The only 
difference you'll see is a major improvement in through-

put, because Megastore has a data access time that's 
anywhere from 1000 to 3000 times faster than the disk 
it replaces. 

Megastore. Ready now as a software-transparent 
replacement for Novadisk(Megastore 1223)and DEC's 
RJS03 / RJS04 Disk (Megastore 11 ). Also available 
as Megastore 4666 for users who wish to provide their 
own controller. Other versions on the way. Contact 
Ampex Memory Products Division, 200 North Nash 
Street, El Segundo, California 90245. Phone (213) 
640-0150. Askfor Megastore. Thediskthatdoesn'tspin. 

AMPEX 
Novadisk is a trademark of Data General Corp. 
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during the third quarter of 1977. 
Containing an expanded ROM capa­
bility of 1024 x 8, the -76E is avail­
able 16 weeks ARO. 

An economy single-chip computer, 
designated the MM75, is also planned 
for the second quarter. It has the 
same ROM and RAM capacity as the 
-76, but has only 22 1/0 lines. It is 
packaged in a 28-pin DIP, while the 
other units come in 42- or 52-pin 
quad in-line packages. 

All seven chips are compatible 
with other LSI devices and use the 
same system development aids. 
Shared features include provision of 
clocked, simultaneous serial 110 
capabilities; and cascading of PPS-
411 microcomputers. Other features 
are the same as those for the original 
PPS-4/1 member (see Computer De­
sign, June 1976, pp 120, 122). 

PPS-4/1 instruction sets are simi­
lar to those of the multichip PPS-
4/2 and -4 systems. This permits up­
ward and downward expansion of 
designs while using the most cost­
effective microcomputer. 

To facilitate production testing of 
programmed microcomputers, an on­
chip design scheme enables complete 
testing of all functions, including 
user's ROM patterns. An "assemula­
tor" system development tool is also 
available for converting assembler 
to machine language, and for editing. 
Circle 177 on Inquiry Card 

Floppy Disc System 
for 8080 Microcomputer 
Is Ready to Use 

The FDS-2 floppy disc system de­
signed for S-100 based 8080 micro­
computers contains all hardware and 
software necessary for immediate use. 
Fully tested system comes with a 
customized diskette to meet the end 
user's specifications for I/O ports (if 
nonstandard) and machine. 
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Rugged IBM-compatible drives and 
controller of the iCOM Frugal 
Floppy™ which has an executive sys­
tem, text editor, and assembler are 
combined synergically with the com­
pany's "executive handler" to form 
the system announced by Synetic De­
signs Co, PO Box 2627, Pomona, CA 
91766. The executive handler pro­
vides for all 1/ 0 vector assignments, 
I/O device handlers, USART and CPU 
initialization, and program reloca­
tion requirements, all of which are 
done transparent to the operating 
system. A source copy of the handler 
allows the sophisticated user to build 
a more complex disc operating en­
vironment. 

Diskettes can store up to 256k 
bytes of any number of files of any 
length containing program source, 
program object, or user generated 
data. One to four drives can be op­
erated from the same controller for 
total online storage capacity of over 
lM bytes . Motor shuts down on load 
and unload to protect the diskette, 
and disc head and pressure pad are 
retracted when not performing a 
read or write operation in order to 
increase media life. 

Data format is IBM 3540 and 3740 
compatible allowing future system 
expansion or multiprocessor corre­
spondence. Aluminum cabinet, mea­
suring 8.75 x 17 x 20" (22.23 x 43.18 
x 50.8 cm), includes power supplies, 
RFI filter, fan, and all cables and 
connectors needed to support the 
floppy system which includes two disc 
drives, interface board and cable 
and controller boards with cables'. 
Circle 178 on Inquiry Card 

Z80-Based Sin9le-Board 
Computer Offers 
16k Bytes of RAM 

A standalone microcomputer de­
signed around the Z80 microprocessor 
family, the Software Development 
Board (SDB-80) is claimed by Mos­
tek Corp, 1215 W Crosby Rd, Carroll­
ton, TX 75006 to contain more on­
board firmware and RAM than any 
other single-board microcomputer. 
Offering the features of the Z80, the 
board uses the company's 16k dy­
namic RAM technology. 

The board is available without 
firmware for OEM applications. For 

software development, it may be 
purchased with a complete package 
of system firmware in five 2k x 8 
ROMs located on the board. This 
lOk-byte package enables the user 
to generate, edit, assemble, execute, 
and debug Z80 programs. RAM is 
therefore available for user's pro­
grams. 

The development package also 
includes interface cables for EIA/ 
RS-232 terminals and model 33 tele­
typewriters, documentation, and 4k or 
16k bytes of RAM. System expansion 
is possible with optional add-on 
circuit boards. RAM-80 provides 16k 
bytes of additional RAM ; AIM-80 
(application interface module) adds 
in-circuit emulation ; MKSX-80 per­
mits Intel MDS systems to be inter­
faced with the SDB-80 on a port-to­
port basis; and FLP-80, which in­
cludes software drivers, interfaces the 
SDB-80 to a dual floppy disc drive. 

Single unit quantity price of the 
OEM configuration with 16k bytes 
of RAM is $995. Total package is 
priced at $1195 with 4k bytes of 
RAM, or $1395 with 16k bytes of 
RAM. 
Circle 179 on Inquiry Card 

Relocatable Software 
For Z80 J1Processor Is 
Powerful and Versatile 

Inherent power of the Z80 micro­
processor has been combined with 
outstanding design by Technical De­
sign Labs, Inc, Research Park, Bldg 
H, 1101 State Rd, Princeton, NJ 
08540 to create what is claimed to 
be the most powerful and versatile 
software developed for a microproces­
sor. Features of the ZappleT" line 
of software are that it is relocatable 
(ie, it may be loaded and run at 
any memory location), and all soft­
ware (except for the macro assem­
bler) may be placed in ROM and 
operated from ROM without first 
moving it into RAM. 

Hardware independence is achieved 
because all I/O drivers for all of 
the software are contained only in 
the monitor program. Thus, once the 
monitor is configured for a certain 
hardware 1/0 configuration, all soft­
ware is immediately compatible with 
that system. 

Five software packages cunently 
available are the monitor, text edi­
tor, relocating macro assembler, 
BASIC, and SCRIPT. Monitor occupies 
2k of RAM and offers 27 instructions 
including full program debug capa­
bility, 1/0 handling, and modular 
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could you simplify system design 
with 128K bytes, ECC, timing and control 

all on a single memory card? 
Intel has. 

Introducing Intel's versatile new MOS-RAM memory 
card, mu-3000. It gives you your choice of 16K, 32K 
or 64K by 16 to 22 bits. That's up to 128K bytes on 
a single card. Plus the added advantages of on-board 
error correction coding, system interfaces, timing 
and control. 

Imagine the design economies and efficiencies 
that makes possible. You can replace up to four con­
ventional single board semiconductor and core 
memory cards with one mu-3000. And in addition to 
unprecedented density, Intel's semiconductor tech­
nology delivers improved speed and reduced power 
and cooling requirements. 

The mu-3000 is compatibility-engineered to 
make it easy for you to use as the new best choice 
for mini and midi mainframe memory, add-on memory 
systems and specialized memory packages. Or use 
to upgrade existing single board semiconductor and 
core memory systems. 

When you design with mu-3000, memory capacity 
starts where competing memory cards leave off. 
Go from 16,384 words up to 65,536 words. Variable 

capacity and field expandability are simplified by 
the complete plug compatibility of Intel's random 
access memory elements. 

ECC provides 10 to 25 times higher data re.liability 
than typical memory systems. Six check bits are 
added to each word during write operations. Then, 
during read-out, single bit errors are detected and 
automatically corrected. And the host processor is 
notified of any multi-bit errors. 

To accomplish longer word lengths and larger 
system capacity, up to four mu-3000 cards can be 
combined in a single 5W" high system chassis. The 
chassis provides room for Intel's microprogram­
mable self test card and a custom interface card, too. 

Clip the coupon to get detailed data on the 
mu-3000. Or, if you would like an Intel system spe­
cialist to show you how mu-3000 can improve your 
package, give us a call. 

Intel Memory Systems, 1302 N. Mathilda Avenue, 
Sunnyvale, California 94086. Phone (408) 734-8102. 

In Europe call Intel International in Brussels (02) 
6603010. 

imer delivers. 
CIRCLE 66 ON INQUIRY CARD 

-----------------------, 
Intel Memory Systems I 

1302 N. Mathilda Avenue I 
Sunnyvale, California 94086 I 

j_ 1 ~ 

I D Please send me more 
information on the mu-3000 I 
memory system. I 

I 
an Intel system specialist call me. I 

Name/Tit1-------- --------- I 
'"-->-------- --Mail Statio I 

Addres Ph on I 
City/State/Zip I 

----------------------------~ 



organization which allows simple 
expansion. Occupying 3k bytes of 
RAM, the editor is line-and-character­
oriented for maximum manipulation 
of text and speed improvements of 
up to ten times those of similar 8080 
editors. 

The assembler, which occupies 8k 
of RAM, generates relocatable ob­
ject code and allows infinite nesting 
of macros. A linking loader exten­
sion will be available in the first 
quarter of 1977. 

Analog 1/0 Systems 
Provide Ready-Made 
Interface to pComputers 

As a low cost solution to analog 
input and output interfacing require­
ments for both system development 
and production units, the 4216 ( 16-
channel input board) and 4102 (2-
channel output board) analog 1/0 
systems are electrically and mechan­
ically plug-compatible with Pro-Log 
4- or 8-bit microcomputers. Interfac­
ing involves plugging the single­
board unit into the card file, wire­
wrapping the card file bus connector, 
and making connection to analog 
inputs, outputs, and ± 15-V supplies. 

Systems which are treated as mem­
ory or 1/0 are easy to program. The 
boards from Burr-Brown, Internation­
al Airport Industrial Park, Tucson, 
AZ 85734 can be treated as memory 
by the CPU, with each channel re­
quiring one 8-bit memory location. 
The address block occupied by each 
board is strap selectable; thus they 
can be located anywhere in memory. 

Intended primarily for industrial 
control or test equipment applica­
tions, each input board is a 16-
channel differential-input system. 
Flexibility allows selection of input 
ranges between ±10 mV and ±10 V. 
Process current-loop input signals are 
handled by adding series dropping 
resistors . 

Analog inputs are converted with 
8-bit resolution and with throughput 
accuracy ranging from ±0.5% of full 
scale reading on the ±10-V range to 
±0.7% on the ±10-mV range. Con­
version time is 60 µs. 

Output boards each contain two 
channels; they are jumpered at the 
factory for ±10-V operation (2's com-
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In addition to "normal" require­
ments, BASIC includes complete edit­
ing facility, a List Variables state­
ment, and Trace and Renumber com­
mands. It uses Bk RAM. As a word 
processor occupying 3k RAM or ROM, 
SCRIPT allows complete word process­
ing capability. User's manuals sup­
ply the software documentation; moni­
tor documentation includes source 
code to enable full use of the hard­
ware independence feature. 
Circle 180 on Inquiry Ca rd 

plement coding). Boards can be 
altered to provide 0- to 10-V opera­
tion (straight binary coding). Output 
resolution is 8-bit, with throughput 
accuracy of ±0.4% of full scale read­
ing. 
C irc le 18 1 on Inquiry Card 

Paper Tape Reader 
Loads Programs In Small 
pProcessor Applications 

Microleru is a low cost, hand-driven 
paper tape loader which uses the 
Simser asynchronous serial link for 
an almost direct connection to most 
serial interface circuits (UART, ACIA, 

USART, etc). The Simser IEEE stan­
dard, suited to microprocessors, is 
similar to the 20-mA and EIA/RS-232 
standards. Because the clock is trans­
ferred with the data, no precise, 
expensive clock is required at each 
end of the link. In applications 
other than those involving this paper 
tape reader, the clock line is under 
control of the receiver, providing a 
possible handshake between receiver 
and transmitter. 

Stoppani Electronic, CH-2105 Trav­
ers, Switzerland has developed the 
small, high performance device to 
load programs in small microproces­
sor applications. Because of simple 
handling, programs smaller than lk 
bytes are read as fast as with any 
other paper reader. With a lOk-baud 
transmission rate, the tape can be 
pulled as fast as the hand can move. 

Measuring 70 x 60 x 20 mm, the 
unit features 4.6- to 5.3-V, 40-mA 
maximum Yee; serial data out; and 
any length connecting wires with a 

maximum resistance of 4 n. Clock 
frequency is 16 times the data fre­
quency (baud rate) with any phase 
shift between these two signals. For 
each character read on the paper 
tape, a start bit, eight data bits, and 
at least two stop bits are transferred. 
C ircle 182 o n Inq uiry C ard 

Inexpensive 
Impact Matrix Printer 
For Use With pComputers 

A full size impact printer designed 
for use with microcomputers is being 
offered by the Digital Group, Inc, 
PO Box 6528, Denver, CO 80206. 

Device prints 120 char/s, with 96 
char /line, 12 char I in horizontal, and 
6 lines/in, making up to four copies 
simultaneously. Character matrix is 
5 x 7 and ribbon has built-in re­
inkers for life of lOM characters. 
Paper can be either standard 83f" 
roll, fanfold, or cut page. 

Character set and pitch are vari­
able under software control, allow­
ing for double width characters, 
different width characters within the 
same line, etc. Printer interfaces to 
8-bit parallel ports. 
Circle 183 on Inquiry Card 

.uProcessor Power Supply 
Meets 8080 System Needs 
in Ru99ed Applications 
A miniature modular microprocessor 
power supply, model MPS-3000, is 
designed to meet power needs of 
small dedicated Intel 8080 micro­
processor systems in rugged commer-
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4years, 
. 17 patents, and 
60,000 installations 

back every 
Shugart Floppy disk. 

No wonder two out of three 
OEM's specify Shugart floppy disks. They get more exclusive 

features, more product support, and more responsive 
delivery schedules. So can you. 

A SA800/ 801 diskette storage drive gives your system 
more salable features: D Single density, or double density 

for the same price. D A patented diskette clamping/ 
registration design that prevents diskette damage from 

misregistration over 30, 000 interchanges. 
D A proprietary ceramic read/write head that extends 

media life to over 3.5 million passes per track with a head 
life exceeding 15, 000 hours. D Extras like patented pop-out 

diskette retrieval, drive activity indicator light, and die cast 
cartridge guide and base plate. 

If your systems needs more data storage , you can easily 
convert from single to double density on the same drive. 

And you have a wide selection of product configurations­
standard or compact "skinny" drive options, controller 

kits, and complete storage sub-systems. 
Need less storage capacity? 

Try our new SA400 minifloppy™ 
drive. This little half-pint delivers 

one third the data storage of 
a standard floppy in a package the 

size of a cassette tape drive. 
Same proven Shugart technology. 

Shugart gives you more responsive 
daily support-systems design, 

technical service, documentation 
and applications help. 

Experience. Technology. 
Responsiveness. No wonder two 

out of three OEM's 
specify Shugart. 

r .. minifloppy, minidiskette and ministreaker are Shugart trademarks 

The leader In low-cost disk storage. 

~. Shugart Associates 
415 Oakmead Parkway, Sunnyvale, CA 94086 Phone (408) 733-0100 

East Coast Sales/Service: Phone (617) 890-0808 
Europe Sales/Service: 3. Place Gustave Eiffel, Silic 311 

94588 Rungis, France Phone(l) 686-00-85 
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cial and industrial applications where 
environmental protection is desired. 
In addition to meeting normal 5-, 
-5-, and 12-V requirements of the 
8080 system, the supply provides 500 
mA for other TTL components in the 
system. 

puts of 5 V at 1.25 A, 12 'l at 
225 mA, and -5 V at 20 mA. Load 
regulation is ±0.02% and line regu­
lation is ±0.05%. Output voltages are 
set to an accuracy of better than 
1%, and output noise and ripple of 
all three outputs is <l m V rms. 

Announced by Calex Manufactur­
ing Co, Inc, 3305 Vincent Rd, Pleasant 
Hill, CA 94523, the supply has out-

Supplies are protected against 
short circuits by foldback current 
limiting. Operating temperature 

The difference Is 
operational reliability 

~00~=~~ 
~®wro · 
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. • NRZ-800 BPl/PE-1600 BPI 

• FLOATING SHUTTLE™ RESULTS: 
No tension arms/vacuum columns 
No down time/noise 

• 300 IPS REWIND 
•LOW POWER 
•SOFTWARE COMPATIBILITY 
•LOWCOST 

For more information on the Model TDX, call Leon Maimed, Sa/es Manager 

Qdntex ~V,~00 
NORTH ATLANTIC INDUSTRIES, INC. 

200 TERMINAL DR .. PLAINVIEW. NEW YORK 11803 • 516-681-8350 •TWX: 510-221-1879 

CIRCLE 68 ON INQUIRY CARD 

range is 0 to 70°C. Packaged in a 
1.56 x 2.5 x 3.5" ( 3.96 x 6.35 x 
8.89 cm) case with gold-plated pins 
for PC board mounting, the supply 
has two threaded 4-40 inserts in the 
cup to secure it to the board. 
Circle 184 on Inquiry Card 

Ruggedized ,.Processor 
Combines 16-Bit Length 
With Ill Technology 

Covering the full -55 to 125°C 
ambient temperature range, the SBP 
9900 16-bit monolithic CPU is be­
lieved to be the first produced with 
bipolar integrated injection logic 
(IIL) technology. The 64-pin ceramic 
DIP microprocessor was developed 
by Texas Instruments, Inc, PO Box 
5012, Dallas, TX 75222 to extend 
the performance capability of their 
9900 family into severe operating 
environments. 

Key features include parallel 16-
bit word length; multiple 16-word 
register files residing in memory; 
seven addressing modes; and sepa­
rate I/O, memory, and interrupt bus 
structures. Directly addressing up to 
64k bytes ( 32k words) of memory, 
the unit has 16 prioritized hardware 
interrupts; word, byte, and bit data 
handling; 16 software interrupts 
(KOPS); and DMA capability. 

Parallel I/O is achieved via sep­
arate data and address buses; serial 
I/O is via the communications reg­
ister unit. The device is software 
compatible with other 9900 family 
members, and shares a common body 
of hardware/software with the 990 
minicomputer family. 

Speed versus power performance is 
variable, depending upon user-selec­
tion of the supply current. Typical 
clock frequency range is from de to 
3 MHz. IIL technology provides for 
fully static operation, a single non­
critical de power supply, and direct­
ly TTL-compatible I/O plus static 
logic implementation which elimi­
nates the need for special clock and 
interface functions. 

Benefits of faster execution times, 
savings in program coding, increased 
efficiency in interrupt handling, and 
reduction in memory bit requirements 
over 8-bit microprocessors are de­
rived from a 16-bit instruction word 
and full 16-bit data precision, an 
advanced memory-to-memory archi­
tecture which supports multiµle mem­
ory register files, and a full mini­
computer instruction set which in­
cludes multiply and divide. D 
Circle 185 on Inquiry Card 
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The concept and design of the Printronix 300 
Impact Matrix Line Printer/Plotter 

offers you several remarkable 
cost/performance advantages. 

Like dramatic savings in service costs 
from modular construction. 

PC BOARD 
CARD CAGE 

You might expect a precision 300 lpm line printer that produces print quality 
others can't match, and doubles as a plotter, to be a monster to service. 

Actually, when compared to servicing other printers, it's easier and faster. 
Because of its modular design, the maximum MTIR is 30 minutes. With 

the exception of the main motor, all functional modules can be quickly removed 
without removing the shroud . as shown in the photos of the front cover raised 

and the back cover open. But that's only one reason why maintenance and 
service costs will be far lower than with other printers. 

A Printronix 300.never requires 
character alignment or hammer flight 

time adjustment like other printers. 

CAM/FLYWHEEL 
ASSEMBLY 

Even the hammers and I or coils can be 
field replaced . And its mechanica~ 
simplicity extends MTBF so far that 

less servicing is required. That's 
why we've offered a one-year warranty 

from the beginning. Write for our 
brochure. You'll see why you'll have 

less downtime and fewer service calls. 

POWER SUPPLY 

ASSEMBLY 

HAMMER BANK 

In short, a lower cost of ownership. 

Printronix Inc., 17421 Derian Ave., 
Irvine, CA 92714. (714) 549-8272. 



I AROUND THE IC LOOP I 

1977 ISSCC Review: 
Advances in Memory Circuitry 

Much of the concentration at the 1977 IEEE Interna­
tional Solid-State Circuits Conference was. on various 
facets of state-of-the-art semiconductor memory. Sepa­
rate sessions covered MOS, high speed, and programmable 
read-only memories. Because of the scope involved, 
only a portion of the details can be reported here. 

MOS Memories 

One paper, for instance, described a static MOS RAM1 

which operates at 5 V, and has a typical access time 
of 150 ns and read/modify/write (R / M/W) cycle time 
of 260 ns. Operating power is 80 mW, and standby 
power is 8 mW. 

This 4k device includes memory arrays, column de­
coders, internal clock circuitry, sense amplifier, and 
address and data 1/0 buffers on a 136 x 184 mil (3.45 
x 4.67 mm) chip. Small chip size and the extremely 
low standby power are attributed to use of a new type 
of static cell in the matrix and dynamic circuit tech­
niques in the clock generators, row and column decoders, 
and output buffers. 

Fig 1 shows the typical timing requirements under 
nominal operating conditions for a chip having 150-ns 
access time. Each read, write, or R /M / W operation 
must be preceded by a minimum precharge time of 75 
ns and is initiated by the negative-going edge of CE. 
The input addresses must remain valid for only 70 ns 
past the negative es!g_(:) of CE. In the case of a read 
cycle (not shown), CE may be returned to a high level 
as soon as data out becomes valid or may be held 
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low for as long as 100 ,_,,s. Data out goes open circuit 
approximately 25 ns past the positive-going edge of CE. 
If the cycle is to be R /M/W, CE must be held low 
until the write operation is also complete. This is 
accomplished by holding both WE and CE low for at 
least 35 ns. Input data must be valid within 10 ns 
after the negative edge of wE and must remain valid 
10 ns past the positive edge of either WE or -CE, which­
ever comes first. A ~rite cycle (not shown) is accom­
plished by bringing WE low no later than 80 ns past 
the negative-going edge of CE. Data out will then 
remain open throughout the entire cycle permitting 
straightforward common 1/0 memory systems. The 
timing requirements of CE, WE, and D1n are otherwise 
the same as in the R / M /W cycle. 

The negative-going edge of CE triggers a sequence 
of internal clock edges which activate the address 
buffers, discharge the precharge clock, transfer true 
and complement address data to the inputs of the row 
and column decoders, and transfer the decoded row and 
column addresses to the proper word and column select 
lines. Following these events, the static input address 
buffers are turned off so that they no longer consume 
power. After a delay to allow time for the cell to 
transfer data to the differential output sense circuitry, 
additional clocks activate the output sense circuitry 
and finally the output buffer. 

Positive-going edge of CE causes the precharge 
clocks to go high, discharging all other clocks, and 
open-circuiting the output. The entire chip remains in 

Fig 1 Read/modify/write timing diagram 
for 5-V, 4k static RAM.1 Values (in nano­
seconds) shown are for a 150-ns access 
time chip under nominal operating con­
ditions 
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HereS how Data Generals NOVA 3/D system 
stacks up against the competition. 

Systems Software: 
Multitasking real-time disc oper­
ating system, FORTRAN IV , 
Extended BASIC, ALGOL, 
SORT/MERGE, and Utilities. 

NOV A 3/D Processor: 
Hardware-protected dual parti­
tions , 700-nanosecond arithmetic 
operations, 48K-word MOS 
memory with parity, RTC. 
and APL. 

Video Display: 
1920-character screen, upper/lower 
case characters, detached keyboard, 
numeric keypad, programmable 
function keys and character high­
lighting, display rotates on two axis. 

Cabinet: 
72-inch high , holds all rack 
mounted components . 

-

. -- - -_ -~ "--_-; __ :.::~= .... 

.. ................ .. 
~ - _:_f;g;i;l 

Data General, Westboro, MA01581 

DASHER 
T enninal Printer: 
60/30 cps; 132-columns; type­
writer keyboard, upper/lower 
case. 

Diskette Subsystem: 
315KB for program/data inter­
change, diagnostics and software 
distribution; convenient , industry­
standard offline storage. 

Cartridge Disc Subsystem: 
10 megabytes (5 fixed, 5 removable) ; 
50 ms. average access time, shares 
controller with diskette. 

$37,610 
List* 

The facts speak for themselves. For 
$37,610, Data General's new NOVA 3/0 
gives you more system, software and support 
than any comparable computer. And we 
deliver in 60 days. 

Sounds like smart business . Send me more information. 

NAME 

TITLE 

COM PANY 

ADDR ESS TEL 

CITY STATE Z IP 

Any way you look at it, it all stacks up in 
your favor. For more information and our bro­
chure, call or fill out and return the coupon. 

*Quantity and OEM discounts available. 

NOVA is a regislered trademark of Data General Corporation. 
DASHER is a trademark of Data General Corporation. 

~' Data General 
Its smart business. 

NOVA3 
Computer Systems 

i ) .. ". '~ ~ ._<.__.. __ 
,~ .. 
I " ·-

Data General, Westboro, MA 01581, (617) 485-9100. Data General (Canada) Ltd., Ontario. Data General 
Europe, 15 Rue Le Sueur, Paris 7 5116 F ranee. Data General Australia, Melbourne (03) 82-1361. 
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Fig 2 Schematic of static memory cell in 5-V, 4k 
static RAM 
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CE 
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Fig 3 Partial schematic of static RAM cell,' column, 
and output sense amplifier circuitry 

the precharge mode, whfoh is also the low power stand­
by mode, on a completely static basis. There is no 
maximum time limitation for CE to remain high. 

The cell (Fig 2) consists of two high impedance 
polysilicon load resistors between V DD and the two 
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storage nodes. There is also a cross-coupled pair of 
transistors and a pair of address transistors with their 
gates connected to the poly word line. 

In another application, a 5-V, 4k-bit static RAM2 

has 45-ns typical access time and 500-mW power 
dissipation. High performance of this n-channel MOS 
memory was achieved by combining MOS device scaling 
with on-chip substrate bias generation. Reducing the 
physical parameters of the MOS device by a fixed 
scaling factor enabled circuit density and performance 
to be increased while active circuit power decreased. 

Memory element is a basic 6-transistor cross-coupled 
flip-flop . Internally, the cell, shown schematically in 
Fig 3, uses depletion load transistors to obtain full 
supply voltage while maintaining a typical cell current 
of 1 µ.A. 

Low diffusion capacitance allows the memory cell to 
drive the output sense amplifier directly, without the 
aid of a column sense amplifier. The output sense 
circuit is a simple differential amplifier with de feed­
back to provide for process and temperature compen­
sation. 

Powerdown mode is controlled by chip enable. During 
powerdown (CE high), the memory array fa completely 
deselected and the column and I/O bus is reset to a 
threshold below supply voltage. By balancing the 
internal circuitry during powerdown, it is possible to 
overcome the additional chip enable powerup delay 
and obtain a powerup access time equal to the address 
access time. A summary of the device characteristics is 
given in Table 1. 

TABLE 1 

Summary of 4k Static RAM Characteristics• 

DC 
Supply voltage 5 v 
Active power dissipation 500 mW 
Standby power dissipation 35 mW 
1/0 levels TTL 
Output sink current (V. = 0.45 V) 25 mA 
Output source current (V. = 2.4 V) 15 mA 

AC 
Address access time 45 ns 
Chip select access time 45 ns 
Powerdown time 30 ns 
Read cycle time 45 ns 
Write cycle time 30 ns 
Write pulse width 7 ns 

High Speed Memory 

A bipolar 4k-word, fully static RAM3 compare<; favor­
ably with state-of-the-art MOS static RAM cell size. 
Chip size is 23,650 sq mils; memory cell size is only 
3 sq mils I cell. Parasitic capacitances are reduced, 
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We're offering you a chance to 
evaluate Gould switching power 
supplies without obligation for two good 
reasons : (1) you know good design , and (2 ) 
only you know what your system needs. 
You 'll find that our switchers achieve maximum 
efficiency in the least space at a minimum cost . 
As a result , our line offers you a lot of benefits 
for your system: 

•off-the-shelf delivery 
• 36,000 hours MTBF 
•switching at 33 kHz 
• 5 year warranty 
• 28 m/ sec hold-up time 
• 0.1% line/ load regulation 
•full output at 50°C ambient 
• remote sensing and voltage programming 
• less than 50 mV peak to peak ripple 

But the truth is, you really have to test one of our 
switching power supplies yourself to appreciate 
how well our switcher works with your design . 

So tell us what you need to fully evaluate our 
capabilities . Our salesman will deliver the 
appropriate unit from stock without any obligation 
to buy. 
For information contact Gould Inc., Power Supply 
Dept., 3631 Perkins Ave., Cleveland , Ohio 44114. 
For brochure call toll free at (800) 325-6400 
Extension 77 
In Missouri : (800) 342-6600 

•} GOULD 
CIRCLE 71 ON INQUIRY CARD 



WORD 

DRIVER 

X ADDRESS 

DECODERS 

64X64 

ARRAY 

SENSE AMPS 
AND 

WRITE 
DRIVERS 

YADDRESS 

DECODERS 

CONTROL 

LOGIC 

Fig 4 Block diagram of 4k TTL RAM3 

Dout 

improving memory performance. The cell has an emit­
ter base capacitance of 0.05 pF, collector base capaci­
tance of 0.09 pF, and collector substrate capacitance 
of 0.255 pF. 

Architecture is conventional (Figs 4 and 5). A chip 
select input is provided for logic flexibility. Read and 
write operations are controlled by the state of the ac­
tive low write enable, WE. With WE held low and 
the chip selected, the data at D1n are written into the 
addressed location. To read, WE is held high and the 
chip selected. Data in the specified location are pre­
sented at the data output. 

Word line discharge circuitry provides fast word 
line switching. Each bit line current sink is shared by 
4-bit line pairs to reduce power. Performance of de­
velopmental samples manufactured to date shows 
typical address access of 35 ns, chip select access of 
20 ns, minimum write pulse-width of 20 ns, and power 
of 185 mA (summarized in Table 2). 

Y DECODE 

TABLE 2 

Summary of 4k RAM Power Allocation• 

Memory array 
Address gates (12 each) 
X decode/ driver 
Y decode/bit line current sink 
Output ·buffers 
CE, Din, WE 
Others 

Total 

64 mA 
12 mA 
6D mA 
14 mA 

8 mA 
3 mA 

24 mA 
185 mA 

A lk ECL RAM4 described has typical address access 
time of 7.5 ns; write cycle time of 10 ns and write­
enable pulse width of 3.5 ns are considered possible. 
Memory consists of four blocks, each 256 words x 1 
bit, which can be independently selected by four block 
select terminals. It therefore may be used as either 
a 256 words x 4-bit or a 1024 words x 1-bit device. 

The decoding circuit links a feedback loop from the 
collector circuit to the base of the multi-emitter tran­
sistor in each AND gate to equalize de current dis­
tribution to these gates via a single current switch. 
Current mode operation, through driving of plural AND 

gates by condensed switching current, results in a very 
short delay time of 2.5 ns from address input to word 
driver output, according to computer simulation. Com­
mon-base-mode transistor switches connected between 
bit lines and sense circuits and cross-coupling between 
truth and complement in each sensing circuit reduce 
the undesirable effects of stray capacitances, resulting 
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1WORD LINE 
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You won't find 
a better famly of 

printers for 
the price. 

111 that simple. 

The New Centronics 700 Series. 
Now, the features that make our model 700 the best, 

lowest-priced serial printer are available in a family of 
seven models: uncomplicated modular construction; the 
reliability of fewer moving parts; high parts commonality; 
and low price. All of which means a lower cost of ownership. 

The new 700 family covers a full range of serial printer 
requirements: 80- and 132-column format; 60to180 cps 
speed range; bi-directional and logic-seeking operations; 
and 110-300 baud KSR and RO teleprinters. 

Like all Centronics printers, the 700 family is better 
because we back them with a wide choice of customizing 
options and accessories. More than 100 sales and service 
locations worldwide. Centronics' financial stability, and 
dependability proven by more than 80,000 printers installed. 

Simplicity of design, full range capabilities, and better 
back-up make our 700 series printers simply better. 
Cen tronics Data Computer Corp., Hudson, N .H. 03051, 
Tel. (603) 883-0111. Or Centronics Offices in Canada and 
throughout the world. 

C:EnTRDnlC:S® PRlnTERS 
Simply Better 
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in a high sensing speed. A bit line clamping circuit 
is effective in quick recovery of bit line potential. 

Programmable 
Read-Only Memories 

For the first time ISSCC devoted an entire session to 
p / ROMs. No radically new memory concepts were 
presented, but several proven approaches were expanded. 

One word-alterable 4k p-channel ROM5 can also 
be used as a block erasable p/ROM. Erase and write 
times are variable depending on the application and 
data retentivity required. All address, data, control, 
and clock lines are TTL compatible with pullup re­
sistors to 5 V. Input address, data, and control lines 
are latched. Data outputs hold for the duration of the 
Chip Enable clock and then return to an open circuit 
condition for operation on a common data bus. Access 
time is 650 ns. 

Four operating modes can be selected: read, write, 
word erase, and block erase. Circuits are provided to 
prevent writing or erasing of stored data during power 
supply application or failure. 

A 336-bit MNOS EAROM6, designed for 10-yr non­
volatile storage of data, is fully decoded and all 
voltages required for erasing, writing, and reading the 
MNOS transistors are totally controlled on chip in a 
manner that eliminates circuit threshold drops. All 
data input-output pads and all control pads are com­
patible with 15-V CMOS. 

Memory is divided into two block-erasable banks, 
each containing B words by 21 bits. The flag is an 
additional MNOS nonvolatile flip-flop which selects one 
memory bank for reading and the other for erasing 
and writing. Data are entered serially to a shift 
register, transferred in parallel to a buffer, and then 
written to memory. The reverse order occurs during 
reading. In addition to control signals, -15 and -36 
Vdc must be supplied to the chip. 

Two MNOS transistors /bit are used with differential 
sensing. Both 2- and 3-level control circuitry are re­
quired to operate the chip. 

An electrically erasable buried gate memory for 
moderate speed applications7 is programmable at a 
much lower voltage than present p-channel floating 
gate memories because of the inclusion of an inte;:nal 
voltage multiplication technique which creates over 35 
V at the selected bit for writing, but requires only 
a 25-V input voltage. This results in only 750-m WI chip 
power dissipation when programming at 1 ms /bit. 

Erase time is typically 5 s at 60 V. The memory 
cell consists of a selection transistor, a bootstrap MOS 
varactor, and the memo1y transistor containing the 
buried gate. 

A high performance Bk-bit erasable p /ROMB has 
been developed to meet requirements of second­
generation microprocessors. Design goals of density and 
speed have been achieved through the development of 
an n-channel stacked-gate cell combined with novel 
peripheral circuits. Small cell size ( 1 mil2) and fast 
memory access ( 450 ns max) extend EPROM per­
formance beyond the levels established by the well­
known p-channel approach. 

The memory is organized 1024 x B bits and is fully 
decoded; all address and data lines are TTL compatible. 
Chip size is 134 x 1B9 mils. Within the memory array, 
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the common-drain column lines perform the y-select 
function, and the top-gate lines act as x-select. Pro­
gramming is accomplished by raising the selected 
column and the selected gate lines to a voltage of 
approximately 25 V. Program inhibit of unselected 
cells is insured by column pulldown circuits plus 
careful design of off levels delivered by the decoders. 

One paper described an Bk-bit n-channel EAROM9 

featuring single transistor cell, standard operating volt­
ages, and single high voltage pulse for programming 
and erasure, 24-pin package, TTL-compatible input/ 
output for read and programming, static, no clock 
required, and low standby power. SIMOS (stacked-gate 
injection MOS) memory transistor accomplishes simul­
taneous erasure of all bits by Fowler-Nordheim emis­
sion (FNE) of electrons from the floating gate. To 
favor FNE instead of avalanche breakdown, a thin 
oxide at the erase overlap (50 nm) and a voltage 
ramp for erasure were used. Organization is 1024 x 8; 
the eight bits of a word are accessed in parallel. 

A fused-link CMOS p/ROM10 is claimed to overcome 
earlier limitations. Basic problem in the design is to 
provide the large currents needed to blow the fused­
link while retaining reasonable speed for the read op­
eration. The memory matrix and programming cir­
cuitry is p-channel, allowing the use of 30- to 35-V 
levels in the fuse path during programming. All other 
circuitry is CMOS for speed and low power. 

During programming, the n-channel devices must be 
isolated from the high voltage levels in the fuse path. 
For the column lines, this requires one extra transistor 
per column. In the row drivers, the n-channel device is 
isolated by two p-channel devices when the row is not 
being programmed. When the row is being programmed, 
the n-channel device is turned on hard to limit the 
drain to source voltage. The source and substrate of 
the n-channel device can be pulled negative because 
they are tied to ground through a 5k resistor. 
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4k Dynamic Bipolar RAM 
Offers High Performance, 
MOS-Competitive Price 

A dynamic bipolar 4k-bit RAM using 
a single 5-V supply is available with 
maximum access time faster than 
the highest speed MOS 4k memories, 
at competitive prices. The part in­
corporates fast paging, controllable 
data latch, and two chip selects. 

The standard version 93481, or­
ganized as 4096 x 1 bits, has maxi­
mum access time of 120 ns with 
280-ns cycle time, both over the 0 
to 70°C range with a 5-V ±5% sup­
ply. All pins meet standard TTL 
specifications. Power consumption is 
350 mW active, 70 mW standby, and 
500 mW in page mode at 5 V. A 
faster version, the 93481A has maxi­
mum access time of 100 ns with a 
240-ns cycle time. 

Page mode access and cycle times 
are 75 ns for the 93481 and 65 ns 
for the 93481A. The part provides 
seven addresses, ground and power, 
separate data-in and data-out, write 
enable, and a single timing control 
input. 

Fairchild Camera and Instrument 
Corp, LSI Group, 464 Ellis St, Moun­
tain View, CA 94042 uses their 
Isoplanar Integrated Injection Logic 
(13L) process in the design. It pro­
vides die size of 11,700 mil2, using a 
single layer of metal. 

A 16k-bit, 16-pin RAM with pin 
assignment identical to the 4k is 
expected to be available for proto­
typing in the last half of 1977. 
Users of the 4k RAM will not need 
to make board changes since both 
RAMs will work in the same sockets 
thereby enabling a quadrupling of 
memory density at the board level. 
Speed and power for the 16k RAM 
will be within the range of the 4k 
RAM. 

Available in standard 16-pin ce­
ramic DIPs, the 93481 is priced at 
$24, and the 93481A is $31.20, in 
100 quantities. Prices at lOk and 50k 
pieces for the 93481 are $8.78 and 
$7.64, respectively. 
Circle 350 on Inquiry Card 

EAROM Has 950-ns 
Access Time 

Individual words on the ER3401, a 
1024 x 4 EAROM, can be erased 
and rewritten without any effect on 
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the rest of the memory. Designed 
with p-channel MNOS technology, 
the word-alterable device requires 
10-ms erase and 1-ms write times 
and has access time of 950 ns. It 
is TTL-compatible with resistor pull­
ups. 

Unpowered, nonvolatile data stor­
age is guaranteed for 10 years by 
the manufacturer, General Instru­
ment Corp Microelectronics, 600 W 
John St, Hicksville, NY 11802. The 
device is available in a 22-pin ce­
ramic package at $32 each in 100 
quantities. 
C irc le 351 on Inquiry Ca rd 

Program Lowers Cost of 
Custom LSI Development 

Six years of experience in develop­
ing more than 300 custom micro­
circuits is the basis for REACT (rapidly 
evaluate and apply custom technol­
ogy). The low cost system enables 
development of custom LSI circuits in 
from three to six weeks and at a 
cost of $18k to $38k. 

Based on a repertoire of optimized 
logic functions rather than a library 
of gate arrays, cells, or mask-pro­
grammable chips, the system is ex­
pected to help improve designs of 
microprocessor-based portable elec­
tronic equipment. Micro Power Sys­
tems, 3100 Alfred St, Santa Clara, 
CA 95050 states that its HD/CMOS 
process will be predominantly used 
in the program. 

Although efficient, the system will 
not solve all problems. Some special 
requirements will still incur substan­
tial development costs. 
C ircle 352 on Inq uiry Card 

ADC and Controller Form 
2-Chip 12-Bit Data 
Acquisition System 

Two announced IC chips-a mono­
lithic analog-to-digital converter 
building block and a digital control­
ler-which combine to form a low 
cost, high accuracy 12-bit (plus sign) 
binary data acquisition system are 
claimed to be industry firsts. The 
LF13300 ramp or integrating type 
A-D device is said to be the firs t 
to combine junction field effect and 

standard bipolar transistors on the 
same chip; and the ADB1200P con­
troller is the first 12-bit converter 
in volume production using p-MOS 
metal gate processing. Both parts 
are available from National Semi­
conductor, 2900 Semiconductor Dr, 
Santa Clara, CA 95051. 

The analog chip, fabricated by the 
bi-FET process, combines bipolar op 
amps with j-FET input stages and 
j-FET analog switches with bipolar 
drivers to form high impedance unity 
gain buffer stage, integrator, and 
9-element analog switching stages. 
It features 570-mW power dissipa­
tion, ±5- to ±18-V power supply 
range, ±11-V analog range with 
±15-V power supplies, automatic off­
set correction, and compatibility with 
both CMOS and transistor-transistor 
logic. The 18-pin device includes 
automatic zeroing in its integrator, 
comparator, and buffer amplifiers, 
and provides an input impedance of 
> 1000 Mn. Slew rate of the on-chip 
op amp is 28 VI µ,s; bandwidth is 3 
MHz, and open loop gain is 7 V /mV. 
Response time of the on-chip com­
parator is typically 2.5 µ,s. 

The 110 x 110-mil digital con­
troller building block, on a 28-pin 
DIP, provides all the necessa1y 
control functions plus such features 
as auto zeroing, polarity and over­
range indication, and continuous con­
version. Other features include either 
serial or Tri-State parallel outputs, 
TTL compatibility, and 100% over­
range capability. It requires 5- and 
-15-V power supplies and is capable 
of operation at clock frequencies up 
to 500 kHz. 

Together the devices operate at a 
conversion time in the 30 to 40 ms 
range on a clock frequency of 250 
kHz. The 2-chip system has a non­
linearity of ±Jf LSB max. Gain error 
drift is ±1 ppm/°C a11d zero reading 
drift is only ±0.5 ppm/ 0 C. 

Active Filter Modules 
Function With · 
Low Speed IC Modems 

Series 207C300 transmit and 207C400 
receive active filter modules, when 
used with an appropriate modem, 
will provide all necessary filtering 
for originate only, answer only, or 
answer I originate operation. They 
may be employed with either user-
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Our 100/200 megabyte OEM disk drives. 
Best for you. Best for your customers. 
The new ISS 733-10/11 disk drives are the 
most advanced random access storage 
devices ever designed for the OEM market. 
With features that benefit you and your 
customers. 
For example, exceptional speed in head 
positioning and start/stop times . 
Compactness. Quietness. Easy waist-high 
pack loading. 
The big news, however, is their field­
upgrade capabilities . The 1 OD-megabyte 
733-1 O can be easily field-upgraded to 200 
megabytes. Or you can have 200 
megabytes immediately with ISS 733-11. 
And both can be ordered with, or 
field-upgraded to, dual port. 
Advanced interface design 
Our interface permits functional 
compatibility between /SS 733-10/11 and 
most current 40, 80, 100, 150, 200, and 
300-megabyte drives. This means minimal 
controller modifications, if any. 
Performance features 
Integral power supply. Tolerates wide power 
variations, reduces susceptibility to cycle 
sags and brown-outs. 
Module select plug. Permits flexibility in 
disk address assignments in multi-drive 
systems. 

Data separation and write data 

precompensation. All data encoding/ 
decoding is performed in the drive. 
Absolute cylinder addressing. Disk 
addressing done in the drive, not the 
controller. Simplifies programming. 

Industry standard media. 3336-1 and 
3336-11 or equivalent disk packs. 
Programmable sector mark. Allows user to 
select sector size to fit his application . 
Rotational position sensing. Signals the 
system when the desired sector is 
approaching the read/write heads. 
Increases system throughput. 
Daisy chaining. Greatly reduces cabling. 
Important options 
Dual port. ISS 733- 10/11 can be upgraded 
from single to dual port in the field. Or 
dual port can be installed prior to delivery. 
Address mark format. Permits variable 
record lengths. 
Round-the-clock ISS support 
ISS maintains a complete support facility. 
Not just spares, but also technical 
assistance is available round-the-clock. 
Just call. 

CIRCLE 74 ON IN QU IRY CARD 

We'll be glad to send more information 
about the ISS 733-10/ 11. Write or call ISS 
Marketing, 10435 N. Tantau Ave ., 
Cupertino, CA 95014, (408) 257-6220. ISS 
is an operating unit of Sperry Univac. 

Technobgical leadership 
for the generations ahead. 
Sperry Univac is a division of Sperry Rand Corporation 
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BUFFER IN TX FILTER OUT 

GAIN TRIM IC 

IC IC 

V00(207C300) OR NC MODE (207C300) OR NC 

FILTER 1-2 

IC 

NC 

IC 

FILTER 1-2 

IC 

FILTER 2-3 

IC= INTERNAL CONNECTION (DO NOT USE) 
NC = NO CONNECTION 

IC 

FILTER 3-4 

IC 

FILTER 3-4 

IC 

FILTER 2 -3 

IC 

GND 

IC = INTERNAL CONNECTION (DO NOT USE) 
NC = NO CONNECTION 

Sprague Electric series 207C300 transmit (top) and 207C400 receive 
active filter modules. Dotted lines in each diagram show answer/originate 
switching capability included in on ly two types of the 6-device series 

built or commercially available IC 
modems. 

Transmit modules include a 6-pole 
active filter to suppress output side­
bands and to reduce harmonic dis­
tortion. Type 207C300 is switched 
between answer and originate modes 
by means of a mode signal which 
can be obtained from standard low 
level digital logic, 207C301 is a 
low band module designed for origi­
nate only applications, and 207C302 
is a high band module designed for 
answer only applications. Each device 
has an input buffer amplifier with 
jumper-selected gains of 0 or 20 dB. 
Intermediate gains may be user­
selected via an appropriate external 
resistor. 

Receive modules include a 10-pole 
active filter to eliminate noise and 
local carrier signals. Type 207C400 
also accomplishes answer I originate 
switching with a mode signal, 
207C401 is a high band module 
designed for originate only applica­
tions, and 207C402 is a low band 
module for answer only applications. 
These devices also include the input 
buffer amplifier with selectable gains 
between 0 and 20 dB, and feature 
a symmetrical output limiter to pro­
vide equal half-cycle periods to the 
demodulator. 

Absolute maximum ratings for the 
devices, manufactmed by Sprague 
Electric Co, North Adams, MA 01247, 
include supply voltages of 18, -18, 
and 5.5 V (Vee, VEE> and VDD> re­
spective! y) ; and temperature ranges 
of 0 to 70 and -40 to 125°C (op­
erating and storage, respectively). 
Circle 353 on Inquiry Card 

Op Amp Has 3 Times 
Unity-Gain Bandwidth 

Characteristics and package options 
of the MC4558 / MC4558C dual op­
erational amplifier are fully com­
patible with the "industry standard" 
MC1558 / MC1458-and can be 
plugged directly into sockets of exist­
ing designs-but the newer device 
has three times as much unity-gain 
bandwidth. Features include 2.8-MHz 
guaranteed unity-gain bandwidth, in­
ternal compensation, short circuit 
protection, gain and phase match be­
tween amplifiers, and low power 
consumption. 

Maximum ratings of the device 
from Motorola Semiconductor Prod-
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INTRODUCING AN INNOVATION IN DISC CONTROLLER DESIGN 

DIV A'S COMPUTROLLER V 

4 

Iii 

~ ~ ~ ll l!ll'l l IHI IU. -•· ... - ... .... '"" 

Perhaps you don't realize that you have an al­
ternative to expensive disc storage capability with 
NO software changes. 

Introducing DIVA's COMPUTROLLER V, a new 
addition to DIVA's intelligent line of disc controller 
systems. 

The genius of this design provides you with the . 
following benefits: 

•Microprocessor Technology 
•Total Software Transparency 
• Full Error Correction-Completely 

Self-Contained 
•Built-In Self-Testing Diagnostics 
•Expandable 240 Word FIFO Buffer 
•Interfaces to DEC, DG, and Interdata 

Minicomputers 
• Dual Processor Support 

•Compatible with all Ampex, CDC, 
Calcomp and ISS Drives 

• Cost Effective Mass Memory Storage 
(5 m/ bytes to 300 m/ bytes per 
spindle) 

•Eight Spindles per Computroller 

,, DIV A. fo, mas~ sto•~g~ .•• ~D~I~ 
The original m1ni-max1m1zer" 

For complete technica l specificat io ns and pricing information-ca ll 
or write us today-

D IV A INC., 607 Indust ri al Way West , Eatontown , N.J. 07724 (201 ) 544-9000; 

Los Angeles (213) 991-0321 ; Chi cago (312) 956-0688; Phoenix (602) 991-4141 ; Boston 
(617) 275-1436; Washington D.C. (703) 435-1299; New York / New Jersey (201 ) 542-8093. 
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R3 

Inverting 
Input -

R2 

ucts Inc, PO Box 20912, Phoenix, AZ 
85036 include power supply voltages 
(Vee and v •• ) of + and - 22 Vdc 
(MC4558) and + and - 18 Vdc 
(MC4558C); input differential volt­
age (Vro) of ±30V; input common 
mode voltage (V1c>1) of ±15 V; 

Schottky RAMs Provide 
Improved Speed vs 
Power Performance 

Each of four low power Schottky 
RAMs features fully static opera­
tion, low current pnp inputs, indus­
try standard pinouts, and fully static 
operation. SN74LS214 and -314 are, 
respectively, 3-state and open collec­
tor 1024 x 1 devices with 0.2-mW I 
bit power performance and 75-ns ac-

8-Bit D-A Converter 
Features Improved 
Performance 

As a very high performance grade 
of the DAC-08 series 8-bit multiply­
ing DAC, the DAC-08H from Preci­
sion Monolithics, Inc, 1500 Space 
Park Dr, Santa Clara, CA 95050 has 
a settling time of 135-ns max, non­
linearity of ±0.1% ( ±}4 LSB) max, 
and output current which is matched 
to the reference input current within 
± 1 LSB to eliminate the need for 
calibration. Complementary current 
outputs with -10- to 18-V compli-
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Vee 

R6 

Output 

R7 

R11 

VEE 

operating ambient temperature ranges 
of - 55 to 125°C (MC4558) and 0 
to 70°C (MC4558C); and storage 
temperature ranges of -65 to 150°C 
for metal and flat ceramic packages 
and -55 to 125°C for flat plastic 
packages. 

cess time. 7 4LS200A and -300A, 
3-state and open collector, respec­
tively, are 256 x 1 devices with 
1-mW /bit power performance and 
35-ns access time. 

In 16-pin plastic DIPs from Texas 
Instruments, Inc, PO Box 5012, Dal­
las, TX 75222, the 214/314N sell for 
$17.60 each in lots of 100 or more; 
the 200A/300AN sell for $3.60. All 
devices are available in ceramic 
packages. 
Circle 355 on Inquiry Card 

ance allow conversion to a voltage 
without an external op amp. Direct 
interface to TTL, DTL, n-MOS, 
CMOS, and MECL is accomplished 
using a voltage-programmed logic 
threshold control pin. 

Specified over 0 to 70°C, the 16-
pin hermetic DIP converter is useful 
in high speed ADCs, industrial con­
trol process current DAC designs, 
and in low power or battery-operated 
applications. Power consumption is 
33 mW with ±5-V supplies and 135 
mW with ± 15-V supplies. 

The DAC-08 has recently been 
second-sourced by four other IC 
manufacturers. This is claimed to 

Equivalent circuit schematic 
for Motorola Semiconductor 
MC4558/MC4558C dual op-
erational amplifier 

Prices of the MC4558 and MC 
4558C, respectively, in 100 to 999 
quantities are $2.20 and $ .90 for 
metal packages and $2.10 and $ .90 
for ceramic. A plastic version of the 
MC4558C is available at $ .80. 
Circle 354 on Inquiry Card 

establish the fast, low power, high 
compliance device as the first "in­
dustry-standard" DAC. 
Circle 356 on Inquiry Card 

1 k and 2k Bipolar 
p/ROMs in Two Versions 

Industry standard bipolar 256 x 4 
and 256 x 8 programmable read­
only memories-the first available 
from this company-have been an­
nounced by Raytheon Semiconductor, 
350 Ellis St, Mountain View, CA 
94040. Both are designed with 
nichrome fuses. 

The lk device in a 24-pin config­
uration (designated 29660 and 29661 
for open collector and 3-state versions, 
respectively) has access time of 70 
ns for a 0 to 70°C range commercial 
version and 80 ns for a -55 to 125°C 
range military type. Power dissipa­
tion is 400 mW. 

The 2k 29600 and 29601 (open 
collector and 3-state, respectively) 
have 70-ns access time at 25°C with 
400-mW power dissipation. Both 20-
and 24-pin versions are available. 
Circle 357 on Inquiry Card 
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TAHE A ELOSE LOOH 
AT THESE 

BURROUliHS PlASmA 
DISPLAY BREAHTHROUliHS. 

Easier to read Greater brightness Improved contrast Larger matrix dot 

: ... -
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The new Burroughs SELF-SCAN® II single 
register gas plasma panels are 
breakthroughs in visibility and readability, 
making them ideal for all types of 
applications - from audience information 
displays to instrumentation applications. 
They are digitally addressed to interface 
easily with microprocessors and computers. 

New 1 x 20 panel can be stacked and 
butted together to give a contiguous 
large audience information display of 
any number of characters. 

New 1 x 40 panel for instrumentation, 
data terminals, computers and 
hundreds uf other applications. 

SELF-SCAN is a registered trademark of Burroughs Corporat ion. 

On display at Electro '77 Booth Number 2643 

• • • .. 

• ••• • •• • •• • 
• • • • • • 
• • • • •• 
• •• • ••••• • 

• • • • • 
• • • • • • 

•••• • •• • • • 

Only 15 connections are required. These 
new units complement Burroughs' standard 
line of single register 16 and 32 character 
plasma displays. 

The Burroughs SELF-SCAN 111 x 20 and 
1 x 40 displays. Certainly worth looking into. 

Burroughs Corporation, Electronic 
Components Division, P.O. Box 1226, 

Plainfield, New 
Jersey 07061. 

• Telephone (201) 
757-5000. SELF­
SCAN displays are 
available nationwide 
through our 
distributors, 
Hamilton/Avnet and 
Cramer Electronics. 

Vau EDn see the differente 

Burroughs 
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I AROUNO THE IC LOOP I 

RAM Useful for Systems 
With Battery Back-Up 

SY5102, a lk x 1 CMOS static RAM, 
is a pin-replacement for the industry 
standard SY2102. When not enabled, 
it remains in standby, dissipating 
only 1 mW at full 5-V power 
conditions and eliminating the need 
for expensive power-down circuitry. 
Even when operating, its power con­
sumption is said to be low. 

Because it will maintain memory 
at 2 V, it can be used for systems 
that have battery back-up for non­
volatility. A 16-pin ceramic DIP, 
SY5102-3, with an access time of 650 
ns, is available from Synertek, 3050 
Coronado Dr, Santa Clara, CA 95051 
at $15.45 each for 100 pieces. 
Circle 358 on Inquiry Card 

Decoder-Driver Controls 
Large Area LCDs 

A p-MOS BCD-to-7-segment decoder­
driver with latch is claimed to enable 
an inexpensive technique for con­
trolling and driving large area liquid 
crystal devices. The circuit, from 
Ashley-Butler, Inc, 208 U.S. Highway 
206S, Somerville, NJ 08876, permits 
drive voltages of at least 50 V to 
be used with displays having digit 
sizes ranging from 1.5 to 6" ( 3.8 to 
15 cm) or larger. 

It will interface directly with 
CMOS and TTL and has the same 
pin assignment as the Motorola MC 
14543. Limited alphanumeric capabil­
ity is provided using the normally 
not allowed BCD codes. 
Circle 359 on Inquiry Card 

EPROM Prices Cut By 
More Than 50°/o 
American Microsystems, Inc, 3800 
Homestead Rd, Santa Clara, CA 
95051 has reduced prices on three of 
its EPROM (erasable/reprogram­
mable read-only memory) by more 
than 50%. New 100 to 999 quantity 
prices are $9.95 for the S5204A and 
S6834-l circuits and $10.95 for the 
S6834. According to the company, 
these prices provide cost-per-bit-of­
memory storage at far less than for 
competitive devices. 

148 

The 512 x 8 AMI S6834 is TTL­
compatible, has a 575-ns access time, 
and can be programmed in 42 s. 
Circuits are onboard programmable 
with R/W, CS, and VPRoG pins and 
are compatible with the company's 
6800 microcomputer family. The 
S5204A, also a 512 x 8 device with 
onboard programmability, has 750-ns 
access time and 3-state data 1/0. It 
operates with standard power sup­
plies of 5 and -12 V. 
Circle 360 on Inquiry Card 

Small S-D Converter 
For Adverse Conditions 

A thick-film LSI hybrid, described as 
the industry's smallest synchro-digital 
14-bit converter, the HSDC-14 is de­
signed for operation in environments 
in which conventional discrete con­
verters cannot hold up. It has a de 
velocity output signal and requires 
only a 15-V power supply in addi­
tion to a logic voltage. Power re­
quirement is 750 mW. 

The converter consists of two 0.8 
x 1.9 x 0.21" (2 x 4.81 x 0.53 cm) 
36-pin DIPs and is SEM-compatible, 
meeting MIL-STD-883 level C, with 
level B optionally available. Ac­
curacy is ±4', ±0.9 LSB worst case 
error. 

Separating the solid-state control 
transformer and error processor per­
mits greater flexibility for such S-D 
functions as ECDX and 2-speed con­
version. ILG Data Device Corp, Air­
port International Plaza, Bohemia, 
NY 11716 claims the unit is the ideal 
converter for remotely located, diffi­
cult-access equipment where high 
MTBF is required. 
Circle 361 on Inquiry Card 

Second Source For 
LM 148 Ci)uad Op Amps 

Said to be the first devices to pro­
vide identical functional character­
istics, second source versions are be­
ing offered by Intersil, Inc, 10900 
N Tantau Ave, Cupertino, CA 95014 
for National Semiconductor's LM 148 
family of quad 741 operational 
amplifiers. They can be substituted 
directly with no change in circuit 
performance. 

The Intersil LM 148 is made up of 
four independent, high gain, inter­
nally-compensated, low power op 
amps, each of which has total sup­
ply current comparable to the supply 
current of a single 741-type op amp. 
Key specifications include 0.6-mA/ 
amplifier supply current drain; 1-mV 
input offset voltage; 4-nA input off­
set current; 30-nA input bias current, 
and 120-dB isolation between ampli­
fiers. 

An available LM 149 version has 
the same features as the LM 148 
plus a gain bandwidth product of 
4 MHz at a gain of 5 or greater. 
Both versions have supply voltage 
and input voltage ratings of ±22 V 
max and differential input voltage 
of ±44 V max, and operate over 
the temperature range of -55 to 
125°C. 

Prices for 100 to 999 quantities 
range from $1.25 for the LM 348N I 
349N (commercial temperature 
range) in an epoxy DIP to $6.00 for 
the LM 148D/149D (military temp­
erature range) in a ceramic DIP. 
Circle 362 on Inquiry Card 

Multiplier and ADC 
Receive DoD Awards 

A high speed multiplier and an 
analog-to-digital converter circuit 
have been selected by the Dept of 
Defense Advisory Group on Electron 
Devices as two of the ten most sig­
nificant technical achievements of 
1976. Both of these LSI circuits were 
developed by the TRW Defense and 
Space Systems Group's Microelec­
tronics Center, 1 Space Park, Re­
dondo Beach, CA 90278. 

Just over 0.25" (0.64 cm) square, 
the 16-bit bipolar multiplier silicon 
chip contains more than 17,000 elec­
tronic components. It can multiply 
two 16-bit numbers to produce a 32-
bit answer at better than 5M times /s. 
As a commercial device it is sold 
by the Electronic Systems Div for 
under $300. 

The ADC is a higher performance, 
radiation-hardened version of a de­
vice that won a similar DoD prize 
for 1975. It samples and converts 
random analog changes at the rate 
of lOM/s. Commercial devices are 
expected to be marketed early this 
year. D 
Circle 363 on Inquiry Card 
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The Best Things in Life Last 
Like the Zentec 9003 Microcomputer Terminal 
System. Our intelligent solution to the growing 
volume of information that confronts you daily. 

The 9003 offers you assurance of a system that 
just won't be obsoleted. Because of special 
features like user programmability and flexible 
bus architecture. A system that does exactly 
what you want, the way you want it done. User 
customized functions may even be added ... in 
either software or firmware. 

And the 9003's flexible bus architecture lets you 
add up to 64K bytes memory, telecommunica­
tions interfaces, our printer and flexible disk 
subsystem. Even your own customized inter­
faces. The Zentec 9003 Microcomputer keeps 
right on growing as you do. 

Call us for information: 

Santa Clara (408) 246-7662 •TWX 910-338-0572 
Southern Calif. (805) 498-9791 
Boston (617) 879-7530 •TWX 710-380-0105 
New York (914) 949-6476 •TWX 710-568-1335 
Philadelphia (215) 688-7325 •TWX 510-668-2995 

It all adds up to operating flexibility. And you can 
count on that because of our long and strenuous 
Dynamic Testing. Each unit that we ship is 
already proven. 

You 'll find the 9003 used for text editing, key data 
entry, police and hospital information systems 
and standalone applications . . . wherever there's 
a growing distributed processing need. 

At Zentec we offer the intelligent solution: the 
one that lets you stay a step ahead. The Zentec 
9003 Microcomputer Terminal. 

/!- Z£NT£L 
2400 Walsh Avenue Santa Clara, Calif. 95050 

Washington (301 ) 656-3061 • TWX 710-824-0093 
United Kingdom (0442) 61266 •TU< 851 -825629 
West Germany (0611 ) 590711 • TLX 841-413822 
Austria 425451 or 421675 • TLX 847-74737 
Switzerland 041 -831043 • TLX 845-72231 
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PRODUCT 
FEATURE 

150 

HOST 
CPU 

CURSOR 
CQt..ITRCl. 

SERIAL 
DEi/iCE 

3 RS-232 
PORTS 

ZBO 
MICROPROCESSOR 

KEYBOARD 

8k/lbk 
RAM 

41i:/16k 
RAM 

. 

Single Architecture Terminal 

TE XT CURSOR r::u TEXT RED 

Combines Graphic and 

Alphanumeric Capabilities 

An intelligent terminal that not 
only combines alphanumeric and 
graphics display capabilities but also 
allows the user tu choose between 
color and black and white in a 
single unit has now been introduced. 
The user can employ the same 
hardware/ software set to solve both 
alphanumeric and graphics prob­
lems, thereby saving a considerable 
portion of software development 
costs. 

Commonly, intelligent alphanu­
meric terminals have combined an 
ASCII byte memor)' with an on-the-

G~E~~'rOA 1--:~=:~~ =~,=R~=:"-'---~ 

VIDEO CONTROL 

1611. RED 
GRAPHICS MEMORY 

16k GREEN 
GRAPHICS MEMORY 

~1-------l- 1611: BLUE 
~ RAPHlCS MEMORY 

VIDEO 
MIXING 

RED 

G REEN 

BLUE 

TE XT 8/ W 

COLOR 
MONITOR 

VI DEO 
HARO COPY 

Block diagram of Ramtek 
Micrographic dual-capabil­
ity terminal 

COMPUTER DESIGN I APRIL 1977 



fly character generator to drive a 
raster scan video display. ·Bit-per­
element graphic display systems, on 
the other hand, have used a bit plane 
of memory in which each memory 
element corresponds to a raster scan 
display element. The MicrographicT" 
terminal introduced by Ramtek 
Corp combines both architectural 
approaches. 

Functional Description 

Internal operations of the terminal 
are completely controlled by a Z80 
microprocessor which operates at a 
2.8-MHz rate and activates or in­
hibits visual display of any of three 
graphic bit planes as well as the 
on-the-fly character generator. When 
the three 16k-byte graphic planes 
are not being displayed, they may 
be utilized as page buffer storage 
for the alphanumeric display, pro­
viding 24 pages of buffer memory 
to the display when used as an m­
telligent alphanumeric terminal. 

Z80 software is contained in up 
to 16k bytes of p/ ROM. Character 
input buffer and temporary program 
storage for the Z80 are supplied by 
4k bytes of RAM (expandable to 
16k bytes). 

Two cursors are provided, one for 
control of alphanumeric entry and 
the other for use as a crosshair 
cursor in the graphics mode of op­
eration. Three RS-232 serial ports 
for connection to the host computer, 
a cursor control mechanism, and 
other serial peripheral devices such 
as line printers are offered. 

The keyboard is made up of a 
61-key typewriter layout, a 12-key 
cursor / function pad, and a 12-key 
numeric/ function pad. In addition, 
16 special function keys may be 
assigned for optional features. Spe­
cial N-key rollover and auto repeat 
features are provided. 

Special video mixing logic com­
bines the three graphics bit-per­
element planes with the on-the-fly 
character generator. These mixing 
circuits allow the microprocessor to 
control which planes are displayed 

and to cause various colors to blink 
under software control. 

Note on the block diagram that 
all of the terminal functions are on 
the Z80 processor bus. This micro­
processor monitors the three RS-232 
ports for transmissions from the host 
CPU and interprets the ASCII input 
for loading either the text / alpha­
numeric cursor generation memory 
or a combination of the three color 
graphics memories. Text and graphics 
memories form a part of the micro­
processor address space. 

Video mixing circuits mix text, 
color, alphanumeric characters, 
graphics cursor, and the three color 
graphics memory planes. These cir­
cuits provide the red, green, and 
blue drives to the color graphics 
monitor; the text black and white 
output, which can drive a black and 
white monitor; and a hardcopy out­
put, to drive a video printer. There­
fore, the color monitor within the 
case can be driven simultaneously 
with a separate black and white 
monitor and video hardcopy printer. 

The microprocessor contains an 
instruction set for manipulation of 
16-bit address quantities as well as 
instructions which assist in DMA 
transfers. It also provides the dy­
namic RAM refresh function which 
reduces the amount of logic required. 

All internal functions of the 
terminal are either memory or pe­
ripherals to the microprocessor, fa­
cilitating generation of software self­
te~t diagnostic capability which can 
isolate malfunctions down to the 
card level. A self-test indicator on 
the keyboard tells the operator that 
the terminal IS operating when 
power is turned on. 

Users can choose either the graph­
ics interpreter language supplied 
by the terminal manufacturer or 
write specific software for the micro­
processors in order to optimize the 
terminal for particular applications. 
The graphics interpreter language 
allows users to draw graphic entities 
such as boxes, vectors, and conics; 
and associated editing and debug 
features enable users to generate 

and modify complex graphic pic­
tures. To minimize software develop­
ment costs, packaged portions of the 
interpreter language can be used 
along with the specialized software. 

Specifications 

The bit-per-element graphics display 
memory comprises up to three planes 
of 256 lines by 512 elements (2000 
bytes), while the on-the-fly alpha­
numeric display memory consists of 
25 lines of 80 ASCII characters/ line. 
Alphanumeric characters are in a 
5 x 7 font (7 x 10 matrix including 
cursor control) . Black and white 
screen size is 14" while color IS 

13" diagonal. Refresh rate is 60 
Hz. 

Cursors for alphanumeric and 
graphics have separate controls. 
Each alphanumeric character may 
have color specification, blink, visi­
bility, and cursor. 

Communications capabilities are 
synchronous or asynchronous, 110 to 
9600 baud program selectable, full 
or half duplex, and character or 
block mode. Parity is odd, even, or 
none; characters are 10 or 11 bit; 
interface is RS-232-C; and three 
serial ports are provided. 

The terminal can be provided 
either encased or as a stripped down 
rack-mounted chassis. Size is 20.75 
x 17.5 x 32.5" ( 52. 7 x 44.5 x 82.55 
cm) including detached keyboard. 

Power requirements are 11/ 220 
Vac ±10%, 50/ 60 Hz. Operating 
temperature range is 5 to 40 ° C, 10 
to 90 % relative humidity, noncon­
densing. 

Price and Delivery 
Basic Micrographic systems start at 
$5150 each for color and $4495 for 
black and white. OEM quantity dis­
counts are available. Deliveries are 
scheduled to begin in July. Ramtek 
Corp, 585 N Mary Ave, Sunnyvale, 
CA 94086. Tel: (408) 735-8400. 

For additional information circle 
199 on inquiry card. 
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PRODUCTS I 

Multifunctional Floppy Disc Drive Provides 
Instant Switch Selection of Features 
Affording flexibility in the selection of six built-in operational 
modes, the 142M floppy disc drive contains a 6-position rocker 
switch built into the drive's PC board. Selectable functions include 
hard or soft sectoring, gating of "write protect" or "ready" with 
select, stepper motor power control, and separation of data and 
clock. Enabling use of either IBM 3740 or user-selected formats, 
the unit performs as a single (243k bytes) or double (650k bytes ) 
density drive requiring no additional control logic. LSI technology 
provides increased reliability. Plug-compatible with the firm's 
140 (single density) and 142 (double density) floppy disc drives, 
this 6400-bit/in, 48-track/in unit has an access time of 6 ms 
track-to-track. Transfer rate is 500k bits / s. Other features include 
a range of power choices, signal line terminator connector in the 
drive, and an auxiliary power connector. California Computer 
Products, Inc, 2411 W La Palma Ave, Anaheim, CA 92801. 
Circle 200 on Inquiry Card 

Independent System for Digital Data 
Communications Networks Records in Real-Time 

The DATATAPE recording system which records data in r eal-time 
at switch-selectable rates from 50 to 19,200 bits/ s can accept 
ASCI!, EBCDIC, SDLC, or any other async, bisync, unisync, or isosync 
line discipline. In the usual operating mode, the unit r ecords full­
duplex data and up to six control or status signals at up to 
9600 ·bits/ s. Signals, derived from a standard RS-232 interface, 
can be eliminated at higher data rates. Full tape cartridge capac­
ity is 23M bits of unlformatted data. Switch-selectable playback rate 
permits slow down or acceleration for anahsis and troubleshoot­
ing operations. The portable instrument weighs 25 lb (11.25 kg) 
and measures 5 x 20 x 17.5" (12.7 x 50.8 x 44.45 cm)_ RS-232 
plug-compatible with mainframe and terminal equipment, the 
unit can easily be installed in the system; other interface 
adapters and accessories are also available. Unit operates on 
either 110 or 220 Vac (±10% ) at 47 to 63 Hz. Epicom, Inc, 
Altamonte Springs, FL 32701. 
Circle 20 I on Inquiry Card 

Programmable Printer Combines With 
Keyboard/ Display in Reconfigurable System 
Dedicated to specific materials handling applications and easily 
reconfigured as requirements change or n ew applications de­
velo P, the IPS-7 / KD programmable printing system combines a 
compact data input station with a 120-char /s printer configured 
around a microcomputer with lOk bytes of memory. Input station 
consists of a 32-char gas discharge display and 64-char ASCU­

com patible keyboard. Linked to the printing system via a 5-ft 
cable, station permits direct communication with a central com­
puter, data access via keyboard, or message receipt on the 
display. Station adds sys tem backup potential and interactive 
communications capability to earlier I1PS-7 versions. System has 
processing power to operate in a standalone mode, or in a local 
or remote mode within an online system. Double input and 
output buffering is a std feature which can increase printer 
throughput up to 50% when used in a serial communications 
mode. Dataroyal, •Inc, Nashua, NH 03060. 
Circle 202 o n Inquiry Card 
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lnt~oducing 4 tJIHz 
m1crocomput1ng 

Meet the Plessey MIPROC 16, a 16-
bit computer-on-a-card that's faster 
than any other mini- or micro­
computer made. 

The MIPROC 16 is available 
in three versions, with throughputs 
of 2, 2.85 and 4 million instructions 
per second. With 82 powerful 16-bit 
instructions that eliminate costly, 
time consuming microprogramming 
and hardware design and debugging. 
With an optional 10 MHz DMA 
channel. 

And with all the software 
and hardware support you need for 
your high speed signal processing, 
FIT analysis, process control and 
communications systems, including 
ruggedized versions for military 
applications. 

With all this, the Plessey 
MIPROC 16 is available for as little 
as $500 in quantity. 

What are you waiting for? 
Get the details today. 

8 Plessey 
Microsystems 

State-of-the-art brought down to earth 
Plessey Microsystems, 1674 McGaw Avenue, I rvine, CA 927 14. Telephone (714) 540-9945. 

Plessey Microsystems, Water Lane, Towcester, Northampto ns h ire, E ng land , NN12 7EG, (0.327) 50312. 
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WHYA 
NEW DATA 
TABLET/GRID 
DIGITIZER ... 

. .. AND AT LOWER COST* 
Because there are . .. 

No loose wires 
No wire tension aging problems 
No surface pressure problems 
No temperature, humidity, dialectric 

or sonic noise problems 

Because NEW means significant per­
formance and cost benefits over other 
data tablets to the OEM or end use~M 
resulting from the unique DATATIZER 
design principle (patent pending). 

Check out the advantages of GTCO 's 
electromagnetic absolute coordinate ap­
proach . For simplicity, accuracy, sta­
bility, reliability and low cost it can't 
be beat. 

The DATATIZER uses a free cursor/ 
stylus to convert all types of maps, 
drawings, charts, graphic documents , 
etc., into digital form . X-Y coordinates 
are electronically generated many times 
each second allowing the cursor to be 
lifted and the work surface to be un­
obstructed for unrestricted operational 
freedom . 

If you are using or plan to use a tab­
let or grid digitizer for any graphic data 
or interactive CAD applicatidn, you will 
appreciate the widest range of optional 
features now available and the flexibility 
of the all new GTCO DATATIZER. 

Size: 
Resolu-
tion : 

Coding: 
Cursor: 
Origin : 
Design : 
Display: 
Mode: 
Add Ons: 

Inter­
faces: 

Construc­
tion: 

Power: 

11" x 11" to 42" x 60" 
.010 " or .001 ", inch or 
metric 
BCD or Binary 
Crosswlre or stylus 
Absolute or re-locatable 
All electronic, no adjustments 
X· Y plus sign 
Point, line and remote 
Keyboard, stand, forma t pro­
gramming, calculations, 
special sizes 
Parallel, serial, RS232 , key­
punch mag tape, mini, cal­
culator, paper tape, terminal, 
cassette, etc. 
Modular, printed circuit tab­
let , 4 basic plug-In boards for 
ease of repair , stand alone, 
Includes all necessary power 
supplies and cables. 
115-220V, 47-63 H z 

*Basic OEM unit, qty. 25-49 prices, 
11" x 11" - $1600, 20" x 20" - $1900, 
30" x 36" - $2800, 36" x 48" - $3100 , 
and 42" x 60" · $4200 . 
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PRODUCTS 

SOLID-STATE UPS MODULE 
Compact, portable 910 module supplies a 
constant de voltage for up to 2 h to any 
electronic instrument (within its power 
rating) that uses an offline switching-reg. 
ulator power supply in the event of line­
voltage deterioration or outright failure. 
Operating from a 100- to 130-Vac or 200-
to 260-Vac, 47- to 450-Hz power line, the 
uni t provides a de voltage in the mo. to 
170-V range at 0.2 A for 80% duty cycle, 
or 0.8 A for 20% duty cycle. Dranetz 
E ngineering Labora to r ies Inc, 2385 
S Clinton Ave, South Plainfield, NJ 07080. 
C ircle 203 on Inq uiry Card 

TEST SOCKET FOR 
LEADLESSICs 

The R-N family of sockets permits testing 
of single ICs packaged in leadless ceramic 
substrates without soldering them to a 
motherboard. Zero force connections be­
tween IC contacts and solid pins occur 
when ICs are in place. Said to be the fast­
est way to test hermetically sealed ICs at 
temperatures up to 220°C, sockets are 
availa·ble with from 18 to 64 contacts. 
Beryllium copper contacts are mounted in­
side to prevent damage during repeated 
use. They handle packages ranging from 
0.250 x 0.250" (0.635 x 0.635 cm) to 0.700 
x 0.700" (1.778 x 1.778 cm) in size. R ob­
inson-Nugent, 800 E 8th St, New Albany, 
IN 47150. 
C ircl e 204 on Inqu iry C ard 

SINGLE-, DUAL-, AND 3-0UTPUT 
POWER SUPPLIES 
Series of g-p supplies offers single outputs 
for logic circuit application, dual tracking 
modules to power op amps, and 3-outputs 
for A-D-A conversion. Specs include input 
voltage of 105 to 125 Vac, 50 to 400 Hz; 
storage temp of -55 to 85°C; and input 
isolation of 100 Mn in parallel with 100 
pF. Units are accuracy adjustable via ex­
ternal pot, overvoltage protected, encap­
sulated, and plug-in. SGR Corp , Neponset 
Valley Industrial Park, PO Box 391, Can­
ton, MA 02021. 
Circle 205 on Inquiry Ca rd 

OPTICAL BADGE READER 

A credit card/badge reader which meets 
personnel access-control requirements, 
model 4Hl0 is designed to avoid read·out 
errors caused by motion variables during 
insertion and withdrawal of badges. In­
corpora ting a single PC board, device reads 
type IV badges [3.25 x 2.328" (8.26 x 
5.91 cm) ] containing up to 10 columns by 
12 rows of punched holes. As the badge 
is removed, the holes are scanned opti­
cally and the resultant reading is produced 
digi tally (character serial, bit parallel). 
T a urus Corp, Lambertville, NJ 08530. 
Ci rcle 206 on Inq uiry Card 

LED/PUSHBUTTON 
DIP-SIZE SWITCHES 

Type 43 combines spst NO pushbutton 
switches with miniature T-1 size red 
LEDs in a PC size package, and can be 
used to clear individual bits and codes or 
as LED press to test. When used to 
program microprocessor systems the unit 
will indicate codes immediately. Available 
on standard IC terminal centers, the 
switch can be soldered directly to the PC 
board or installed in an 18-pin IC socket. 
Designs are available with four LEDs and 
five momentary switches. L icon, Div of 
Illinois Tool Works, Inc, 6615 W Irving 
Park Rd, Chicago, IL 60634. 
C ircl e 207 on Inqu iry C ard 

MULTIPLE OUTPUT 
SWITCHING POWER SUPPLIES 

PM2675, and PM2676, and ·PM2677 with 
power levels of 375, 600, and 750 W, re­
spectively, provide regulated output at full. 
rated load overvoltage ranges of 92 to 138 
Vac for the 115-Vac input units, and 184 
to 250 Vac for the 208/220-Vac input units. 
Operation con tinues for several minutes at 
inputs as low as 70 to 140 Vac; if input 
voltage fails entirely, the output voltage 
holds up for 30 ms min to allow orderly 
system shutdown. Output voltages range 
from 2 ·to 48 V. P ion eer Magnet ics, Inc, 
1745 Berkeley St, Santa Monica, CA 90404. 
Circl e 208 on Inqu iry C ard 
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No~amemory 
sxstem that doesllt 
forget the future. 

Semiconductor technology changes as fast as 
greased lightning sliding down a buttered barbers 
pole. That's why we built our new NS-3 memory 
system with one eye on today and one eye on 
tomorrow. 

NS-3 is a completely self-contained memory sys­
tem built around four 32K x 22 bit memory cards. 

It's fast I access times up to 270 nsec). inex­
pensive. and flexible (we can add more memory 
card capacity. options such as error correction. 
parity generation or double word control. and 
custom interface). 

But we've also made room for some future 
improvements. 

Unlike other memory systems. the NS-:3 is 
designed to be compatible with future components 
technologies as they come along. For instance. 
we're now building NS-3 using 4K RAMs. But when 
we introduce 16K RAMs we'll build them into 
NS-3. Systems houses will be able to use the newer. 
advanced-technology NS- :3s with no new inter­
faces to design. no changeover costs or hassles. 

Its the memory system you could live happily 
ever after with. 
r------------------------------------------------, 

National Semiconduclor 
CD-4 I 

2900 Semiconductor Drive 
Santa Clara. CA 95051 

Gentlemen: 
Please send me further information on your NS.:i 111emory system. 

NAME ________ TITLE _ ____ _ 

COMPANY ______________ _ 

ADDRESS. ______________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CITY _ ______ STATE ____ ZIP__ I 
L------------------------------------------------J 

~National Semiconductor Memory Systems 
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Why did 
Motorola 
choose 
W1ntek 
6800 

• micro 
software? 

For the same reasons as: 

Tektronix 
Bendix 
Union Carbide 
Hewlett Packard 
U. of California 

NASA 
Baldwin Electronics 

Robert Shaw Control 
Digital Communications 

Vouqhl 

(J.,~ """""'-"' 

PL/W Cross Compiler 
Cross Assembler 

Simulator 
Linking Loader 

$1000.00 
$600.00 
$600.00 
Free 

All software written in Fortran IV for PDP/11 , 
NOVA, etc. Also available on 8 TYMSHIRE. 

For more information on why you should 
choose Wintek , call or write : 
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\\'IN'l'lm Wintek Corporation 
902 N. 9th St. 
Lafayette , IN 47904 
317 /7 42-6802 

CIRCLE 80 ON INQUIRY CARD 

PRODUCTS 

4-COLOR X-Y PLOTTER 

The 9872 microprocessor-based, A3-sized (11 x 17", 27.9 x 43.2 
cm) plotter automatically, under program control , selec ts any of 
four different colored pens. Designed for use with the 9825 and 
9831 desktop i;omputers, the unit's 4-color plotting, seven dashed­
line fonts, fi ve built-in character fonts, user-defined characters, 
and symbol mode plotting combine to produce clear, easy to 
read plots in applications wh ere curves and plots are difficult to 
distin guish. 38 instructions built into the microprocessor provide 
point digitizing, labeling, and character sizing directly through 
the plotter's HP-lB interface. Stepper motor drive sys tem pro­
vides addressabl e moves as small as 0.0025 mm ; resolu tion is 
0.008 mm. Writing speed can be varied from 10 mm /s to 360 
mm /s in 10-mm /s increments. Hewlett-Packard Co, 1501 P age 
Mill Rd, Palo Alto, CA 94304. 
Circle 209 on Inq uiry C a rd 

OPTO-ISOLATORS 
Developed to permit direct operati on from an ac input, units 
use two lREDs (infrared emitting diodes ) conn ected in inverse 
parallel in the input ci rcuit to facilitate an ac input to the 
isolator. The inverse parallel connection constantly provides an 
IR li ght source in accordance with the input of the ac voltage 
wave. All four units have IREiDs in the input circuit s. CLI-25 
and -26 use phototransistor outputs and provide a guaranteed 
min current transfer ratio (CTR) of 20 and 40% at 10 mA and 
5 and 10% at 1 mA, respectively. CLl-27 and -28 use photo­
Darlington outputs and deliver CTRs at 10-mA de forward current 
of 400 and 600% , and of 50 and 100% at the 1-mA level, re­
spectively. Clairex E lectronics, a div of Clairex Corp, 560 S 
Third Ave, Mount Vernon, NY 10550. 
Circle 21 0 on Inquiry C a rd 

MILITARY-QUALIFIED LINE PRINTERS 

_ .,f •.. ·~~·· -l~:: ..... ' ,1.--· / )1 . .,, 

Tempest 2200 series, designed fo r use 
in any da ta system which handles 
either classified or sensitive informa­
tion, is packaged in rfi-tight enclosures 
to meet r equirements o>f N ACSEM 5100 
and MIL-STD-461. The units provide 
full 136-col printing a t speeds of 300 
(model 2237) , 600 (2267 ) , or 900 
(2297) lines/ min. Servo-controlled r ib­
bon and paper systems eliminate com­
plicated mechanisms while achieving 
precise control with minimal mainte-

nance. The hammer mechanism requires a single adjustment, and 
elec tronics consist of only five types of PC boards. MTTR is < 45 
min. Each printer is equipped with a std paper shelf to facilitate 
forms stacking, and a static eliminator to enhance fo rms han­
dling under low humidity conditions. Dataproducts Corp, De­
Soto Ave, Woodland Hills, CA 91364. 
C ircle 2 11 on Inqu iry C a rd 
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epic data: 
simple, practical, 
flexible terminals 
and 
network controllers 
for data collection 
applications. 

The EPIC DATA Model 1647 data collection terminals and 
1648 system control units (SCUs) are designed to help the 
OEM quickly provide systems for such data collection appli­
cations as time and attendance recording, library circulation 
control, inventory reporting, access control, job costing and 
maintenance management. And to allow the OEM to 
market systems at prices cons iderably below those of 
competitors. 

simple. EPIC DATA terminals, with RS232C interface 
(ASCII) , are simple to use and deploy. No computer knowl­
edge is required . Maximum use of preformatted data re­
duces entry errors. 

All models include an 8080 microprocessor; the user can 
program terminals to provide customized input, output and 
processing of data . In addition , programmability prompts 
the user through entry steps, validates data and enables off­
line operation . 

EPIC DATA terminals weigh only 8V2 pounds. They can hang 
on a wall, sit on a desk, and are easily exchanged during 
maintenance. 

practical. EPIC DATA terminals are designed with 
permanence in mind . Environmental tests conducted in con­
formity with MIL-STD-810 plus in-depth, on-site testing as­
sure reliable operation over a broad spectrum of hostile, 
industrial environments. Simple design and rigorous testing 
have resulted in a demonstrated MTBF of 19,000 hours . 
MTTR is only 30 minutes. 

I 

flexible. Choose the terminal and options which 
best meet your application . EPIC DATA terminals can op­
tically read punched badges and 80-column ANSI cards. 
User-defined keys are available for inputting variable data . 
Key entry data or time of day is displayed and LEDs are 
available for prompting . 
Options. All terminals may optionally scan bar codes and 
magnetic stripes or accommodate through the RS232 ports 
other peripherals. Display options include additional numer­
ic displays, up to 15 LEDs for prompting and a 32-character 
alpha/numeric display. A low-speed modem and serial 
asynchronous or synchronous communications ports with 
either RS232 or line driver 1/0 may be added . Both PROM 
and RAM memories are expandable. 

SCUs. Each Series 1648 SCU polls up to 100 terminals, as­
sembles transactions, formats data, appends time and date, 
and stores and forwards collected data to the host . 

Let Epic Data help you penetrate the data collection market 
with simple, practical and flexible terminals and SCUs. 

OEM quantity (700) prices start at $995. Contact your Epic 
Data representative today. Or write : 

epic data corporation 
12728 15th Place, N.E., Bellevue, Washington 98005 . 
Phone (206) 332-8724. Telex : 04-355701. 

See us at NCC, Booth #1057 CIRCLE 81 ON IN9UIRY CARD 

ARIZONA BFA Corporation (602) 994-5400 • CALIFORNIA Moxon Electronics (714) 635-7600 • FLORIDA COL-INS-CO (305) 423-7615 • ILLINOIS Systems Marketing Corp. 
(312) 593-6220 • MARYLAND Electronic Marketing Associates (301) 881 -5300 • MASSACHUSETIS J & J Associates (617) 272-2606 • MISSOURI Technical Representatives 
(314) 731-5200 • NEW YORK Cane Technical Sales (914) 698-4411 • PENNSYLVANIA WKM Associates (412) 892-2953 • TEXAS OMA (713) 780-2511 • WASHINGTON 
Brennan Associates (206) 454-9332 
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PRODUCTS 

INSTRUMENT-TO-TELETYPEWRITER INTERFACE 

A permanent record of instrument 
readings can be generated auto­
matically with the CC 1200 code 
converter, which accepts 10 digits 
of parallel BCD data from any digi­
tal instrument (spectrophotometers, 
position encoders, A-D converters) 
and transmits the reading in serial 
ASCII to teletypewriters, CRT termi­

nals, or other data equipment. Data inputs are TTL / DTL com­
patible, buffered for up to 80-V logic (e ither negative or positive­
true) . When the Jog command button is pressed (or the remote 
control activated) the device strobes input data into memory 
and sends them out in serial ASCH. An isolated 20-mA loop output 
is std with selectable even or odd parity. After seven loggings, the 
unit automatically generates a carriage return , line feed, and rub­
out. Na tio n wide E lectro nic Systems, Inc, 1536 Brandy PkWY, 
Streamwood, IL 60103. 
C ircl e 212 on Inquiry C a rd 

DATA ACQUISITION MODULE 
DT5702 acquires and digitizes signal levels from 10 mV to 10 V, 
allowing users to connect signals from transducers such as thermo­
couples, pressure sensors, or strain gauges directly to its input. 
Compatibility with the DATAX II series allows analog 1/0 system 
interface boards for DEC's LSI-11, Intel's SBC-80, Computer 
Automation 's LSI series, and ational Semiconductor's PACE 
series to measure and process 10-mV signals. Functional elements 
include 16-channel input multiplexer, instrumentation amp, high 
speed sample / hold amp, 12-bit high speed A-D converter with 
3-state outputs for direct connection to microcomputer buses, 
and all control and programming logic. Instrumentation front 
end permits signal amplification gains of 1000 at throughput 
speeds of 3 kHz. Module has 12-bit resolution, ±% LSB linearity. 
D a ta Transla tion Inc, 23 Strathmore Rd, Natick, MA 01760. 
C ircl e 213 o n Inqui ry C a rd 

MICROPROCESSOR 
COMMUNICATIONS CONCENTRATOR 

VOTRAX MC-1 is a compact, solid-state microprocessor-powered 
peripheral system which provides multiline Touch-Tone™ input 
handling capabil iti es for virtually any computer. The system 
can service up to 32 telephone lines, utilizing an on-board 
microprocessor to control all fun ctions of the communications 
data sets and to decode and convert incoming T ouch-Tone 
signals. It supports communications data sets including the Bell 
407 A, 4071B, and several 403-type units, plus Bell Transaction• 
Telephone, automatic call distributor, and call director. System 
controller can simulate operation of an asynchronous terminal 
(RS-232-C) on !'he host computer's communications adapter. All 
transactions between controller and host computer are conducted 
using standard data formats . Fe d er al Screw W orks, Vocal 
Interface Div, 500 Stephenson Hwy, Troy, MI 48084. 
C ircle 214 on Inquiry Card 
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MEET 
AT 

DESIGN ENGINEERS' 
ELECTRONIC COMPONENTS 
SHOW MAY 16···18 
Stouffer's National Center Inn 
Arlington, Virginia 
The DEEG Show 77 will be bigger and better than ever. It offers a unique opportunity for 
OEM Design Engineers to meet with engineers and technicians from leading 
component manufacturing companies. 

It's the only Show created especially for a one/on/one discussion between design 
engineers and component technical people. It's your opportunity to meet the leaders of 
the component industry and to seek solutions to your specific design and application 
requirements. 

Sponsored by the EIA Parts Division, the DEEG Show is held in conjunction with the 
Electronic Components Conference - the industry's most comprehensive technical 
forum on new concepts in active and passive components and electronic materials. 

For advance registration information, fill out the coupon below and mail to: Tyler 
Nourse, Electronic Industries Association, 2001 Eye Street, N.W., Washington, D.C., 
20006, (202) 457-4930. 

I'll be th ere! Send me a cost-free advance registrat ion fo rm and 
add itiona l deta il s, includ ing list of exhibitors. 

99 ONE 
.... ON 

ft.I[ ONE NAME 

TITLE 

COMPANY 

ADDRESS CITY, STATE. ZIP 
---
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I • •CLIP AND MAIL• •, 
New 11/~'servo motor 

• for as little as $8.10 • • • • • • • • • • • • • • • • • • Clip your check, money order, or P.O. number to 
• this ad, and we' ll deliver this new Econo-Mile 15 • 
• motor (designed for economy and high produc- • 

tion) at our 1,000-lot price. 
• At 12 v.d.c., torque constant is 2.7 oz. in./amp • 

and no load speed is 5200 rpm. Dimensions 11;2 " 

• dia. by 2%/.- max. Spec ify 6, 12, or 24 v.d.c. • 

• 
Free technical data. TRW Globe Motors, 2275 • 

Stanley Ave., Dayton OH 45404. See us in EEM. 

• TRW GLOBE MOTORS • I .;;·;,; ,;,,,;,;.;·;t~'"~"•·~ I 
CIRCLE 83 ON INQUIRY CARD 

HIGH RESOLUTION 
SINGLE TURN 
OPTICAL ABSOLUTE 
POSITION ENCODERS 
211 thru 220 

890 11190 SERIES 
•D ual readout stations compensate 

for bearing error and shaft loading. 
• Compensatio n fo r changes in sup ­

ply voltage o r t emperat ure. 
• Field replaceable lamp assembly 

with no recal ibration requ ired. 
•Solid , t h ro ugh or 6 " 1.D. hollow 

shaft conf igurat ions . 
•N atu ra l binary outputs at TT L 

levels . 

rm.n~~--~ 
I~~ ~ - -~ .. · 

BEi Electronics, Inc. 

690 Series 
6 inc h O.D. 

1190 Series 
10 in c h 0.0 . 

CONTROL AND INSTRUMENTS D I V IS I ON 
1101 McAlmont St reet, Little Rock. Ark . 72203 
Telephone: 50 1 372735 1 TWX: 9 10 722 7384 

EXCLUSIVE MANUFACTURERS OF THE l!ALlll\' IN ' ENCODER 

160 CIRCLE 84 ON INQUIRY CARD 

[PRODUCTS I 

RANDOM-ACCESS, SOL'ID-STATE 
VOICE RECORD/PLAYBACK SYSTEM 
A re-recordable random access voice p)ayback system, using an 
all so lid-state electronic memory system rather than a me­
chanical transport device, the VSU /600 uses a proprietary voice 
processing technique and allows individual parts or sectors of 

memory to be recorded 
and played back in any 
order. Each sec tor js 625 
ms in length and ca'n 
contain a word or phrase 
in any language, A single 
modul e contain s 16 sec­
tors (words or phrases), 
but several modules can 
be operated in parallel to 
increase vocabulary size. 
Packaged in a 7 x 8 x %" 

117.8 x 20.3 x 2.2 cm) emi and rfi shielded module, the unit 
interfaces with existing equipment. Connections are via a 20-pin 
ribbon type connector. Start, reset, record, and playback func­
tions are controll ed by CMOS-compatible logic signals. Individual 
sectors are addressed by 4-bit binary coding. Comex Systems, 
Inc, Executive Or, Hudson, NH 03051. 
Ci rcle 2 15 o n In q uiry Card 

TERMINAL SERIALIZER SYSTEM 
ASTRA·lO connects to the DECsystem-IO J / 0 bus, and supports 
up to 128 local (EIA or 20 mA ) or dial-up terminals, providing 
an alternative to DEC's DC 76. Designed to use the ASTRA com· 
munications adapter, it requires no direct connection to host 
memory; all hardware and software are host compatible. Fully 
compatibl e with industry-standard terminals and modems at speeds 
from llO to 9600 baud, the system provides automatic baud 
deteclion for 110- and 1200-baud terminals. Received and trans­
mitt ed data characters are double buffered by the hardware. 
Each of 128 ports is separately programmable with various 
formats, and has a single LED indicator which shows ring. 
carrier, and data activity. Line connections for both EIA and 
20-mA terminals are made to industry standard DB25S connectors. 
Digi ta l Communication s Associates, Inc, 135 Technology 
Pk/Atlanta, Norcross, GA 30071. 
Ci rcl e 21 6 on Inqu iry C ard 

,.uP BOARD LOGIC TESTER 
The 3040 LogictesterT" can apply user-defined test sequences at 
rates up Lo l.5M input words/s, more than adequate to match the 
instruction execution speeds of available microcomputer boards 
and those not yet announced. Automatic seq uences can be run 

at rates up to 5 MHz. Pro­
gram mers can intermix both 
techniques, allowing a re· 
duction in programming 
Lime and a higher test con­
fidence. Interface and con­
trol capabilities for dynamic 
LSI logic include the ability 
Lo allow the unit-under-test 
to clock the tester and con-
trol the instant of test where 

appropriate. Seq uence programs can be entered directly through 
a ca lculator- like program panel. Firmware ed itor /assembler is 
fu I ly tran spa rent to the test engineer. Program storage is on 
floppy di sC's, and the disc opera ting system is in firmware. Fluke 
T rend ar Cor p , 630 Clyde Ave, Mountain View, CA 94043. 
C irc le 21 7 on Inq uiry C a rd 
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INTERFERENCE. 
WE BUILD 

THE SOPHISTICATED 
"TROUBLE MAKER'.' 

Our model 510 Surge Transient Generator provides precise 
standardized repeatable test signals for dete rmining 
capabilities of various equipment, components and systems 
for possible malfunction or damage caused by line transient 
surges. (Meets and exceeds IEEE Std. 472-1974/ANSI C37.90a 
1974). Check our reader service card. 

@ 
varian 

velonex 
560 Robert Avenue 
Santa Clara, Ca. 95050 
(408) 244-7370 

CIRCLE 86 ON IN9UIRY CARD 

THE ''MINIATURE'' GEARMOTOR 
THAT'S A UTILE LARGER 

GM 9413 Series Gearmotors, now in production, offer d-c servo 
motor performance combined with a rugged spur gear reducer 
which provides five standard ratios from 5.9:1 to 728:1 . Gear box 
diameter is 2". Overall length is 3.5", excluding output shaft exten­
sion. Output shaft speeds from 2 rpm to 1,000 rpm. 
Gears are sintered iron to precision tolerances, providing low 
backlash for computer peripheral , instrumentation and other de­
manding applications. 
Many possible variations in armature windings permit tailoring 
of outputs to a wide range of performance requirements. 
GM 9413 Gearmotors ensure value and reliability at a moderate 
price. 123R- 3 

(~,1.Mo)~~'~'''"~~.!p~,~!,~.,,,~?M~1~.?i,~.~(~~'~N 
HARLEYSVILLF PENNSYLVANIA 19438 
PIHH\P (215) !'16 6601 TWX 510 661 86% 
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PRDCUCTS 

.uP-CONTROLLED CASSETTE BUFFER 
MSR 3141, a microprocessor-controlled cassette buffer program­
med for ANSI protocol, when used on the company's EDT 33s 
provides error-detection and correction advantages of the ANSI 

control procedure (X3.28) for 1200-baud operation on the dial-up 
network. The device writes, reads, rewinds, and performs limited 
editing under microprocessor control at the operator's command. 
The operator issues commands directly from the t erminal's 
keyboard in simple English language. Line disconnects are re­
ported by a message to the buffer's printer, advising the operator 
of the number of messages and ·blocks satisfactorily sent and 
received during each line connection. Equipped with three 
ports, the buffer can be used in a variety of terminal configura­
tions or transmission networks. It uses tape cassettes with a 
storage capacity of >50k char. Western Union Data Services 
Co, 70 McKee Dr, Mahwah, NJ 07430. 
Circle 218 on Inquiry Card 

SPEECH SYNTHESIZER 

A hardwired analog of the human vocal tract, the model 1000 
uses various portions 0 1f the circuit to simulate vocal cords, 
lungs, and variable- frequency resonant cavity of the mouth, 
tongue, lips, and teeth. All information necessary to produce 
speech sounds of American English is programmed into ROMs 
whieh reside on the sy nthesizer board. Unit accepts a string of 
ASCII characters (each character representing a particular phonetic 
sound or phoneme ) in exactly the same fashion as a printing 
peripheral. New programming information is required only at 
the end of each compl eted phoneme. Max information transfer 
rate is about 50 bytes/ s (25 bytes/ s typ). The unit is directly 
compatible with the Altair / lmsai bus structure. Ai Cybernetic 
Systems, PO Box 4691, University Park, NM 88003. 
Circle 219 on Inquiry Card 

PRECISION fSOLATION AMPLIFIER 
Featuring ±0.025% max nonlinearity, independent of gain, model 
277 provides the versatility of a ±15-mA floating power output 
at ±15 V to permit transducers, front-end buffers, and auxiliary 
isolated circuits to be powered without the need for separate 
isolated de-de converters. A differential, uncom mitted op amp 
input may be configured as inverting, noninverting, or differential. 
Both input and output stages can accommodate ±lQ V of signal 
range. A pulse-width modulator I demodulator design within the 
device provides 160-dB min de common-mode rejection between 
input and output stages as well as 120 dB min at 60 Hz. Isolation 
of ±5 kV pk (pulse) max is coupled with ±2.5-kV pk max 
continuous input-to-output CMV to facilitate reliable signal acqui­
sition in harsh electrical environments. Analog Devices, Inc, 
PO Box 280, Rt 1 Industrial Pk, Norwood, MA 02062. 
Circle 220 on Inquiry Card 
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HP 9830A/B*USERS. 
You're closer to the 

\Vorld's best desk top coDlputer 
than you think! 

By adding INFOTEK's 
field proven accessories , 
your 9830A/B will out­
perform any other general 
purpose desk top system. 

Completely compatible 
with all 9830A/8 conven­
tions , our units give your 
system a combination of 
speed and versatility 
superior to any other desk 
top computer . .. any make ... 
any model. 

The cost is a fraction of what 
you'd pay for any other approach 
offering similar capabilities. 

32,192-Byte Memory 
Where more memory is important, the 
user area may be increased to 32K bytes 
with our EM-30 ... the first and only 
16,096-word memory for the 9830A/B! 
Compared to newly introduced models 
equipped with commonly used ROM 
options, the 9830A/ B with the EM-30 
provides 8,192 bytes more user memory. 
A truly significant increase in capacity! 

With the 9830A/ B, the EM-30 provides 
2,048 more bytes of memory, is 
priced right, and is fully warranted 
for a year. 

FAST BASIC ROMS 
Infotek's FAST BASIC ROMS add to 
the machine instruction set where HP 
left off. These ROMS provide spectacu­
lar increases in the work throughput of 
your 9830A/B. For example, you can 
process arrays at speeds of 40,000 words 
per second, attain an 1/ 0 capability of 
10,000 bytes per second, greatly 
increase the power of a 9880A/ B disk 
system, and print from a buffer while 
computing. 

By providing 46 additional functions , 
statements, and commands, the FAST 
BASIC ROMS give your 9830A/ B the 
most powerful BASIC language repertoir 
short of $200,000 systems. 

If you need FAST BASIC but don' t have 
enough unused ROM slots, don' t give 
up! You can install our FAST BASIC 
ROMS without losing any present capa­
bility. Contact us, we' ll show you! 

*A Product of Hewlett-Packard Company 

HP ~830A/B with the lnfotek FD-30 Mass Memory 

Floppy Disk Memory 
System 

The FD-30A provides 305K bytes of 
on-line data that can be searched 50 
times faster than your present cassette 
system. Data throughput is actually 
four times faster than the 9880A/ B 
Mass Memory. Best of a ll , no software 
modifications are required since the 
FD-30A obeys all cassette syntax. 

The FD-30A is the optimum magnetic 
memory for the 9830A/ B. It has the 
right capacity, speed, and price. 

Prices that you'll appreciate 

EM-30 Memory, 16K Words $4 ,600 } t $3 500 Less trade-in of HP 8K Words 1,100 ne ' 
FAST BASIC I ROM 675 
FAST BASIC II ROM 525 
FAST BASIC I & II as a set 1,050 
FAST BASIC Ill ROM 525 
F0-30A Mass Memory 3,895 
F0-30S Slave Drive 1,780 
F0-300 Dual Drive System 4,900 
RS-30 High Speed RS 232C Interface 7 50 
TC-30 Real Time Clock 825 
LP-30 Heavy Duty Li~e Printer 6,850 
CP-30 Character Printer 3,400 
PS-30 Paper Tape Punch/ Reader 3,850 
BP-30 Interrupt Service Printer 1/0 525 
Fl-30 !OK Byte /Sec nL 1/0 395 

All Prices Are U.S. Domestic 

CIRCLE 88 ON INQUIRY CARD 

NEW! The FD-30S low cost Slave Drive 
for the FD-30A. Multiple slaves can be 
used with a single FD-30A so you can 
increase on-line capacity in blocks of 
305K bytes. Also, the FD-30S provides 
one minute disk duplication under 
program control or stand-alone. 

NEW! BP-30 automatic buffered print­
ing. Your '30 will continue program 
execution while driving a printer as a 
background task under interrupt control. 

Save $2,100 
In our Word Processing Package 

you get the EM-30, FD-30A, 
FAST BASIC I and III ROMS, 

and the CP-30, including 
software, for a special 

package price of $10,850. 

Other 9830A/B 
Accessory Equipment 

RS-30 High Speed RS 232C Interface. 
Provides seven crystal controlled Baud 
rates from 150 to 9600 /sec. 

TC-30 Real Time Clock. Provides time 
in 10-millisecond increments, is set or 
read via the OUTPUT and ENTER 
statements. 

LP-30 Heavy Duty Line Printer. A 200 
line-per-minute , 132-column printer 
( 128 character set is standard) . Compar­
able in every way to the 9881A, except 
the LP-30 is lower in price. 

CP-30 Correspondence-Quality 
Character Printer. Provides 14 easily 
changeable fonts including scientific 
symbols, UK, German, Scandia, and 
Cyrillic. Prints and plots at 45 cps. 

Contact us direct or through our 
representatives. Infotek products are 
sold and serviced through 33 offices in 
the U.S. and 11 in other countries. 

Let us show you how to make your '30 
the best desk top computer in the world. 

~~ lnfo•ek 
\AJ&ys•ems 
1400 N. BAXTER STREET • ANAHEIM, CALIF . 92806 
(714) 956-9300 • TWX 910-591-2711 

U.S. and Worldwide Distributor Inquiries Are Invited. 
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"The Power That Be ... u 

TRIO LABS' 

MAXI• 
POWEli I 

682 
A 750 watt (5VDC at 150a) Switching Power Supply 
that has so many features it surpasses comparison. 
• Input 208VAC nominal • Overcurrent protection -

foldback (standard) or constant 
current. 

(115VAC-Model 683). 
• Low Line -30% (146VAC). 
• High Line+ 10% (229VAC). • Overvoltage protection -
• Ride through 35ms @ crowbar SCR. 

nominal. • Self Cooling 
• Efficiency up to 85%. • Parallelable. 
• Output 2-48VDC standard. • U.L. recognized (approved) . 
• Power Out up to 800w (750w 

@ 5VDC out). 
• 5x8xll" 
• Up to 2 watts/ in 3

• 

• Output voltage adjust. • As low as 63¢/ watt. 

IRID 
Miii 

The 80 Dupont St. 
Switcher Plainview,N.Y. 
Source® (516)681·0400 
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Plug In 
High Performance 

$f)5()00 
single quantity 

... 

Techtran 815 DATACASSETIE 

Now For The First Time Anywhere ••• 
A super low cost, plug compatible, 
DIGITAL CASSETTE RECORDER! 
Featuring : 

• 145,000 character storage 
• Terminal & Modem/CPU Interfaces 

• Automatic send I receive 

Call or Write Today! 
Techtran Industries , Inc. 
580 Jefferson Road 
Rochester, N.Y. 14623 U.S .A. 
Tel : 716-271-7953 
TWX : 510-253-3246 

CIRCLE 90 ON INQUIRY CARD 

PRODUCTS 

PORTABLE UNIVERSAL PROGRAMMER 
A versatile, software-based p/ROM programmer in a compact 
lightweight package, model 9 has insert/ delete data editing 
capabilities and is capable o'f programming, loading, and verify­
ing 200 different p/ROM configurations. It can program entire 

generic p/R:OM families 
using a single .personality 
module. Hexadecimal keY­
·board and display and mi­
croprocessor-controlled op­
erations result in simple 
operation. Software-based 
serial and parallel 1/0 in­
terfaces allow for data 
communication in key-se-
lectable data translation 

formats. Data polarity controls are provided, and built-in error 
checking routines assure accuracy of all data transfers. Integral 
lk-byte RAM buffer memory expands to 4k bytes. Data 1/0 
Corp, PO Box 308, 1297 NW Mall, Issaquah, WA 98027. 
Circle 221 on Inquiry Card 

MODULAR TIME-DIVISION MULTIPLEX SYSTEM 

A multipoint digital control cable that provides an economical 
method of transmitting and receiving many points of control 
using a single pair of wires, the completely solid-state device can 
be used to interconnect sys tems separated by many miles. Circuitry 
is designed with an active memory built-in. If interconnecting 
wires should be cut, shorted, or stray voltages exceed the signal 
voltages, the receiver remembers the last valid signal. Essentially 
a terminal strip containing encapsulated solid-state circuitry, 
the device consists of four basic modular units: 8-point trans­
mitter, 8-point receiver, 16-point transmitter, and 16-point receiver. 
System capacity is increased by plugging in additional modules 
and connecting the I/O devices. Digicahle, Inc, 215'1 Scranton 
Rd, Cleveland, OH 44113. · 
Circle 222 on Inquiry Card 

DIGITAL CASSETTE RECORDER 
STRn-150 solves problems of interfacing to a microprocessor 
system, microcomputer, or minicomputer while providing high 
data reliability, by supplying complete interface electronics. 
Interfacing requires only supplying eight data-in Jines with 

strobe, eight data-out lines 
with stro·be, and ·a separate 
line for rewind. All lines are 
DTL/TTL compatible. To as­
sure data reliability, the unit 
uses speed tolerant recording, 
a self-clocking technique 
which virtually eliminates ef­
fects of flutter, wow, and 
head misalignment and re­
sults in error rates of <l in 

10' (soft) and < l in 10' (hard). Asynchronous 8-bit parallel 
inputs are accepted at rates to 125 char/s; data are output at 
the same rate. Up to 150k char can be stored on each side of a 
450-ft (137-m) digital cassette tape. Electronic Processors, Inc, 
1265 W Dartmouth Ave, Englewood, CO 80110. 
Circle 223 on Inquiry Card 
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the 
Fastest Biggest 
Bipolar Multipliers 
you can buy 

"cc '" +sv 

N BITS 

MULTI PLICATION 
LOGIC 

Operating Sequence 
Mini/Micro Computer 
Data Bus Operation 

NBtTS 

MPY-8AJ 

64-Pln CDIP 

Features 
• Two's Complement 

Multipliers 
• Double Precision 

Products 
• Single Chip Bipolar 

Design 
• Asychronous Multiply 
• Single or Multi Bus 

Operation 
• TTL Compatible 

Input/Output +5V 

• Load Input Registers 
• Wait Multiply Time 
• Load Output Registers 
• Read-Out 

8 by 8 Bits - Ideal for on-line multiply in micro 
and mini computers - operates directly on 
most data bus lines - consumes only 1.8 
watts (typical) 
Price $100 each in 1-9 quantities 

12 by 12 Bits - New size multiplier for data 
communications and Signal Processing -
needs only 3-1/2 watts for room temperature 
operation - single TTL Clock - fully TTL com­
patible - Price $168 each in 1-9 quantities . 

16 by 16 Bits -Smaller chip improves per­
formance-64-pin DIP easy to use-dissi­
pates 5 watts with built-in heat sink-perfect 
for micro/mini applications-.signal proces­
sing- price $300 each in 1-9 quantities. 

For detailed data, applications informa­
tion and prices, call (213) 535-1833 or 
order direct with coupon. TRW LSI 
Products, One Space Park , E2/9085, 
Redondo Beach, Calif. 90278. 

Order Samples or Literature Today 

D Send Data Sheets 
D Enclosed is check or purchase order 

Name ____________ _ 

Title _____________ _ 

Company ___________ _ 

Div/Dept. ___________ _ 

Mailing Code __________ _ 

Street ____________ _ 

City _____________ _ 

State _______ Zip _____ _ 

More LSI Products from a Company Called TRW 
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Alternate 
Timebase DisplaJ 

166 

Gives you the whole picture 
for $1395.* 

Continuous indication of where DE LAY ED T .B. measurements are taken. 

•Eliminate BACK-AND-FORTH SWITCHING 

•Forget MIXED-SWEEP limitations 

The PM 3214 is the latest addition to the Phi lips oscilloscope fami ly. 
At 25 MHz and 2mV sensitivity, the PM 3214 incorporates all the triggering 
faci lities found on the latest, most expensive oscilloscopes available: AC, DC, TV 
and an auto position that derives its t rigger from the peak to peak signal input. 
Trigger selection from either channel. line and external sources as well as composite 
triggering fo r ASYNCHRONOUS signals. 
Composite t riggeri ng in A-B display derives its source from the differential signal. 
a llowing measurement of signa ls ridi ng on high AC or DC components. 
The 18.5 lb. portable is double insulated and even has an internal battery option. 
Supplied with two probes and a protect ive front cover, the PM 3214 is a money 
saving solution to many osci ll oscope requi rements. 
If you don't need DELAYED TIM EBASE the economy priced PM 3212 has all 
the tr iggering and overal I perfomance of the PM 3214 at only $ 1, 155.00 ". 

For immediate detailed information utilize 
our toll-free Hotline number:800 632-7172 
(New Jersey residents ca ll co llect), or 
contact: Philips Test & Measur ing 
Inst ru ments, Inc. 
In the U.S.: 

85 Mc Kee Drive 
Mahwah, New J ersey 07430 
Tel. (2011 529-3800 

In Canada: 
6 Leswyn Road 
Toronto, Ontario, Canada M6A 1 K2 
Te l. (416) 789-7188 

* U .S. Domestic Price Only 

PHILIPS 

For immediate need, Circle 91 on Inquiry Card 
For information only, Circle 92 on Inquiry Card 

PRODUCTS 

PORTABLE MESSAGE 
ENCRYPTION TERMINAL 

DPD-100 cncyphers messages for trans­
mission by letter, TELEX, or to anol her 
-100 over the telephone lines, using a self­
contained modem and acoustic coupler. The 
unit includes an alphanumeric keyboard 
and 32-posi tion display, ac/battery power 
supply, and DPD·72A cryptographic sys­
tem. More than 68 billion nonlinear codes 
are selectable by thumbwheel switches 
under a locked cover. On or offline opera­
tion is se lected by a switch. The unit is 
packaged in a carrying case that measures 
12 x 18 x 5" (30.5 x 45.7 x 12.7 cm) and 
weighs approx 10 lb ( 4.5 kg). Technical 
Communications Corp, 56 Winthrop St, 
PO Box 1070, Concord, MA 01742. 
Circle 224 on Inqu iry Card 

BIDIRECTIONAL 
CODED SWITCHES 
Mico series miniature switches mount in a 
1.2" (3.05 cm) high opening, allowing a 
rela ti vely large character size [0.315" 
( 0.80 cm) J for better viewing distance. 
Available as decimal or coded 8421 BCD 
and BCD with complement, switches have 
heavy gold-plated contacts. Terminals are 
card-edge tabs for use with sockets but 
have holes for soldering. Extended PC tab 
board versions are available for compo­
nent mounling. Features include snap-to­
gether assembly and mounting. Alco Elec­
tronic Products, Inc, 1551 Osgood St, 
North Andover, MA 01845. 
Circle 225 on Inquiry Card 

LOW COST KEYBOARD 
H eart of the reliable keyboard and in· 
dividual switches is a membrane molded 
o f nonconductive silicon rubber, incorporat­
ing cup-shaped compartments with an in­
tegral disc fabricated of conductive silicon 
rubber. Keyboard is placed on top of a 
mating PC board. Pressure on the closed 
portion of the cup completes a circuit. Re­
moving pressure returns it to the NO 
sta te. ·Posi tive snap action in both direc­
tions is insured. Keyboard is custom 
molded to specific numbers of keYS and 
layout. Current Industries, Inc, 3359 
Ocean Ave, Oceanside, NY 11572. 
C ircle 226 on Inquiry Card 



DISC STORAGE DRIVES 
Storage options for 5100 and 5200 com­
puters are the model 5540, a ISOM-byte 
storage module and controller, and the 
5550, a 300M-bvte storage module and 
controller. Additional storage module drives 
may be added to each of the two basic 
models to increase storage capacities. Std 
feat ures include a data transfer rate of 
l.2M bytes/s; avg latency of 8.3 ms ; avg 
access of 30 ms; and alternate error sec­
tor fla g addressi ng. Harris Corp, Com­
puter Systems Div, 1200 Gateway Dr, 
Fort Lauderdale, FL 33309. 
Ci rcle 227 on Inquiry Card 

1/ 0 TYPEWRITER 

Heavy duly Rotary II can serve as an IBM 
735 replacement. It has a single clement 
printing sys tem and prints at 15 char Is. 
Its electronic keyboard has true N-key 
rollover; a 3-cha r buffer assures data in­
tegrity, even when burst typing speeds are 
used. Jn addition to the std alphanumeric 
keyboard, four extra keys can be cus tom­
ized to perform specific functions or gen­
erate speci fi c control signals to the output 
plug. Interface is readily modified to meet 
most specifi c needs, and is available with 
ASCII character set as well as RS-232 emu­
lation. CPT Corp, 1001 S 2nd St, Hop­
kins, MN 55343. 
Circle 228 on Inquiry Card 

POSITIONING SYSTEM 
CONTROLLER 
Anomatic T>< automatic controllers u se a 
microprocessor for positioning up to four 
axes for combinations of linear or circular 
motion. A 12-V C \10S bus interconnects 
the microprocessor to all I/O devices; all 
logic and controls are CMOS, and the 
microprocessor, p/ROM, and ROM are 
TTL. oisc immunity is 4.8 V th roughout. 
System can be programmed from internal 
memory, paper tape, cassettes, or magnetic 
cards; it con ta ins a built-in p/ROM pro­
grammer to provide nonvolatile memory. 
Unit has full ed itin g <:apabilities for stored 
programs. Anorad Corp, 115 Pl ant Ave, 
Sm ithtown, NY 11787. 

C ircle 229 on Inquiry C ard 

DIGITAL COMPARATOR 
AND RATIO METER 
Digital comparator compares parallel 
31h-digit BCD input data to a setting pre­
selec ted by thumbwheel switches. Com­
parison outputs include a change in logic 
level and a relay contact closure. Digital 
ratio meter computes the ratio of two 3-
digit parallel BCD inputs. Three ranges-
199:1, 19.9 :1, and 1.99:1-are switch selec­
table and are displayed by a 2%-digit LED 
readout. Parallel 8421 BCD output is 
available. Both instruments operate on 
115 Vac and are panel mounted. Ser vo­
Tek Products Co, 1086 Coffie Rd, Haw­
thorne, NJ 07506. 
Circle 230 on Inq ui ry C a rd 

CARTRIDGE RECORDER/ 
21MX INTERFACE 
The 3011 interface occupies one card slot 
in the H-P 21MX computer and connects 
to the company's 3000 digital cartridge 
recorder over a 40-wire flat cable. Inter­
face uses two selec t codes : the lower is the 
command channel and the higher is the 
data channel. Unit services one fo rmatter, 
which can then service up to four 3000 
drives. Opera tion is in either programmed­
chann el or DMA mode. Data transfer be­
tween the computer and interface is 16-
or 8-bit parallel. Tandberg Data, Inc, 
4901 Morena Blvd, Sui te 407, San Diego, 
CA 92117. 
Circle 231 on Inquiry Card 

WAITING ON OUTPUT FROM YOUR 
~ P DEVELOPMENT SYSTEMS 

You Are Wasting More In Program Development 

Costs Than This LINE PRINTER Sells For 

2400 LPM - 80 COL. 
MODEL 8210 - $3000* 

1400 LPM - 132 COL. 

• Domestic USA Prices, Oty 1, End User 

MODEL 8230 - $3785* 

FOR ORDERING IN FORMATION. CALL OR WRITE: 

:~::~.:;~n': I DIVISION OF BAUSCH & LOMB~ 
ONE HOUSTON SQUARE (at 8500 Cameron Road) AUSTIN, TEXAS 78753 
1512) 837-2820 TWX 910-874-2022 cable HOINCO 

TELECOf>IEAE UROPEAN OFFICE ::.::"~-;7:_.582~ .. :i:..:8:'~~;99 
"the recorder company" 
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CIRCLE 94 ON IN(j)UIRY CARD 

SRP-300 con­
modification, to any 

teleprinter or CRT ter­
minal thru the RS-232 connector 
and provides all the features of a 
conventional ASR. In addition, the 
Combo may be used as a stand­
alone computer peripheral. This whis­
per quiet (58 dB) unit is provided 
with full / half duplex, line / local , 
search / edit control, backspace, tape 
feed, remote control selection and 
switch selectable baud rates as stan­
dard features. 

The Combo employs a photo electric / 
LED reader and the revolutionary 
MODUPERP"tape punch mechanism. 
The unit will rel iably read and punch 
w ithout readjustment or modification 
paper, MYLAR, rolled orfolded tapes . 

OSI, 3455 Commercial, Northbrook, 
IL, 60062 -Tel : (312) 564-1800 

!II ~~JtiALT1Es 
CIRCLE 95 ON INCj)UIRY CARD 

PRODUCTS 

SINGLE BOARD 
INTERFACE CONTROLLER 

Slot Saver'°'', a multicontroller interface 
board for Data General Nova™ and 
EclipseT"' computers, measures 15" (38.1 
cm) sq, and contains interface controllers 
for low speed peripheral devices com­
monly used wi th minicomputers. Max con­
fi guration consists of controllers for CRTs 
or TTYs, real-time clock, paper tape 
punch, and line printer. It requires one 
C-P U slot. The device is fully compatible 
with instruction sets and operating systems 
software supplied by Data General for spe­
cific peripheral devices. Cu stom Systems 
Inc, 2415 Annapolis Lane, Minneapolis, 
MN 55441. 
Circle 232 on Inqu iry Card 

SERVOMOTOR 

5100 series 5" (12.7 cm) de permanent 
magnet servomotors and tachometers pro­
vide up to one-third better torque per­
formance as a result of improved magnet 
design. The 5160 %-hp model can achieve 
up to 740 continuous torque (2400 oz-in, 
16.8 N•m). Units range from 14 to % hp 
and can be used with the company's low 
tach ripple tachometer and/or an op­
tical encoder. Both English and metric 
versions are available. Torque Systems, 
Inc, PO Box 588, 225 Crescent St, Wal­
tham, MA 02154. 
C ircle 233 on Inquiry Card 

MINIATURE 
DC-DC CONVERTER 
Measuring 0.33 cu in (5.4 cc) and 
weighing <0.2 oz (5.6 g), de 500 series 
converters are available in four models: 
12, -12, 15, and -15 V out. All four have 
0.5% typ regulation for 3- to 7-V inputs, 
300-mW drive capability, and 60 to 70% 
typ efficiency. Line can be used from 3-
or 6-V battery power and fea tures output 
regulation of 12 V ± 0.6 V de, and 15 V 
±0.7 Vdc. Full temp range is 0 to S0°C, 
derated to 70°C. Elexon Power Systems, 
div of Elpac Electronics, Inc, 3131 S 
Standard Ave, Santa Ana, CA 92705. 
Circle 234 on Inqu iry Card 
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GRAPHIC INTERFACE FOR 
PROGRAMMABLE CALCULATORS 

K&W :aio .. o. OAAPHIC• INTl!Rf=ACU: 

Using bistable storage CRT display units 
from Tektronix, 3040 series is hardware 
and software compatible with 9800 series 
calculators from Hewlett-Pai;kard, and 
provides high speed simulation of HP-9862 
plotter and -9866 printer. Designed to 
provide increased speed, versatili ty, and 
convenience to calculator users in plotting 
data output, program ]is.ting, and program 
generation, systems offer interactive capa­
bilities that allow plots, graphs, or charts 
to be created, analyzed, or modified 
easily. K & W Electronics, Ltd, Vienna, 
VA 22180. 
Circle 235 on Inquiry Card 

FAST-SWITCHING 
INFRARED LEDS 
High-output infrared LEDs, SE301A and 
SE302A, provide high radiated power (3 
mW min) in a spectrally narrow band 
peaking at 9400 A. Waveform is closely 
matched to silicon sensors. Small GaAs de­
vices are mounted on T0-18 hermetically 
sealed headers with glass lens ( -301), or 
on lead frame and mold with clear plastic 
lens (-302 ). Rugged LE'Ds are useful in 
optical switch sources, optical choppers, 
and sense-source applications. NEC Amer­
ica, Inc, Electron Devices Div, 3070 
Lawrence Expwy, Santa Clara, CA 95051. 
Circle 236 on Inquiry Card 

FIXED-HEAD DISC MEMORIES 

I· 

Model 980 head-per-track units for use 
with most minicomputers are available in 
storage capacities ranging from 0.5M to 
2.0M bytes, with larger capacities achiev­
able by daisy-chaining. All units use Disc 
CelF", an interchangeable disc cartridge 
with self-contained spindle, Winchester­
type media, and R /W head assemblies. 
Cartridge is packaged and sealed for re­
liable operation in severe envfronments. 
Other features are integral de power sup­
ply, flexible 1/0, constant data rate and 
access time regardless of power source 
(115 V /60 Hz or 230 V /50 Hz) , and 10 
kh MTBF. Dataflux Corp, 1195 E Arques 
Ave, Sunnyvale, CA 94086. 
Circle 237 on Inquiry Card 

PDP-11 PLUG-CO·MPATIBLE 
PRINTER 
Through the use of a company controller, 
the family of printers can interface with 
DEC's PDP-11, Data General's Nova and 
Eclipse, Interdata, and Hewlett-Packard 
minicomputers. Speeds are 300, 425, 600, 
and 1000 lines/min with std 64-char set; 
96-char sets are available. Using chain· 
train technology, printers are fully buffered 
to enable the CPU to perform other pro­
cessing tasks between printer line settings. 
Device operates under standard systems 
software. Business Systems Technol­
ogy, Inc, 3015 Daimler St, Santa Ana, 
CA 95705. 
Circle 238 on Inquiry Card 

CURRENT SENSOR 

Adjustable relay response time allowing 
preset levels of known system inrush cur­
rent, transient voltage immunity of up to 
2500 V peak (short duration), and full 
rated output at operating temperatures of 
0 to 55 ° C without forced air or heat­
sinking are features of CSl-220 series ac 
current sensors. Accepting 0.1- to 100..A 
signals from the company's ac current 
transformers, they provide precision cur­
rent sensing protection and/or process con­
trol. Input voltage is 90 to 125 Vac, 50 to 
60 Hz. Guardian Electric Manufactur­
ing Co of Calif, 4030 W Spencer St, 
Torrance, CA 90503. 
Circle 239 on Inquiry Card 

Without our software, 
we're just another flasher. 

Let 's face it. No microcomputer is 
worth a dime if you can't make 
it work. Even E&L's Mini-Micro­
designer would be just a " light 
flasher" if it weren 't for our soft­
ware system. 
But the fact is that our tutorial soft­
ware is the best in the business. 
Not just a pathetic rehash of chip 
manufacturers' specifications. But 
a clearly written , step-by-step in­
struction that teaches you all about 
the microcomputer. How to pro­
gram it, how to interface it , how to 
expand it. 
The teaching material is written by 
Rony/ Larsen/Titus (authors of the 
famous Bugbooks). It's called Bug­
book V. And it teaches through ex-

periments designed specifically to 
get you up to speed on our Mini­
Microcomputer (MMD-1). And you 
don't need any prior knowledge of 
digital electronics! 

The best news? E&L's MMD-1 costs 
$422.50* in kit form, including all 
software and teaching material . 
OEM and educatio nal discounts 
available. 
•suggested resale price U.S.A. 

E&L INSTRUMENTS, INC. 
61 First Street, Derby, Conn. 06418 
(203) 735-8774 Telex No. 96 3536 

Authorized Stocking Representatives 
Order directly from one of our stocking representatives . 

Los Angeles , Calif. (213) 377-0975 Philadelphia, Pa. (215) 723-8733 
San Francisco. Calif . (415) 961 ·2828 Dallas. Texas (214) 328·5484 
Woodbridge. Conn . (203) 397·1461 Fairfax. Virginia (703) 273- 1803 
Denver , Colorado (303) 534-1356 Seattle , Washington (206) 938·41 ii6 
Orlando. Florida (305) 351·1841 
Chicago. Illinois (312) 956·8090 
Kansas City . Kansas (913) 649·8952 
New York . N.Y. (20 1) 467·8585 
Syracuse. N.Y. (315) 699·2651 
Dayton, Ohio (513) 222·0011 

Canada 
Edmonton , Alberta (403) 455·4122 
Winnipeg, Manitoba (204) 774 -6286 
or 772 -9295 
Vancouver , British Columbia (604) 687-2621 
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P RODUCTS 

48-VDC TAPE TRANSPORT 

A mag tape transport sys tem which oper­
ates from 48-Vdc telephone system power 
sources, Mod 10 I 48 includes a tape trans­
port, R / W h ead, R /W and control elec­
tronics, and a 48-V de power supply which 
is a de-de conversion system. Line filter 
protects power bus from tape unit gen­
erated noise. Based on the company's Mod 
10 digital tape drive, the system has a 9-
track read-after-write head and records 
800 char / in NRZ and PE (IBM-ANSI 
compatible) at speeds of 12.5 or 25 in/s 
(31.75 or 63.5 cm/s). System functions by 
direct reel drive. Wangco, Inc, 5404 Jandy 
Pl, Los Angeles, CA 90066. 
Circle 240 on Inquiry Card 

MICROCOMPUTER POWER 
SUPPLY 

A 4-output switching power supply fea­
tures outputs of 5 V at 6 A, ±12 V at 
1 A, and -5 V at 1 A, with a maximum 
power of 50 W total. Input voltages are 
90 to 130 V. Line regulation is 0.2%; load 
regulation is 0.5% for the 5-V output, and 
5% for the other three outputs. Std fea­
tures include overvoltage, overcurrent, and 
short-circuit protection. Switcher weighs 
14 oz (392 g), and measures 7.85 x 4.6 x 
2.25" (19.94 x 11.68 x 5.72 cm) . Boschert 
Associates, 384 Santa Trinita, Sunnyvale, 
CA 94086. 
C ircl e 241 on Inquiry Ca rd 

COMPUTER/COMMUNICATION 
INTERFACE BOARD 
Combining four boards into one, the 
QuadrAsyncT" interface gives PDP-11 u sers 
four asynchronous EIA series communica­
tions channels while presenting only one 
load to the Unibusn. Board, which is com­
pletely software compatible with DEC 
DLUB and DLUD boards, consists of 

one quad board and four DEC-compatible 
male Berg connectors. Operation is full 
duplex with both transmitter and receiver 
for each channel operating at the same 
baud rate; seven selectable ·baud rates per 
channel range from 150 to 9600. Able 
Computer Technology, 1616 S Lyon St, 
Santa Ana, CA 92705. 
Ci rc le 242 on Inquiry Card 

MULTIBAND COMPARATOR 
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A universal multi band comparator with 
9-·band sorting is able to interface with any 
instrument having either 3%- or 47\i-digit 
BCD output. SP3971 features a front panel 
indicator and open-collector logic level out­
put for each of nine contiguous bands. 
Relay and solenoid outputs are also avail­
able. Option permi ts use with analog out­
put instruments. Several limits can be set 
asymmetrically about the nominal. De­
signed with TTL logic, unit operates at 
120 Vac. ·Electro Scientific Industries, 
Inc, 13900 NW Science Park Dr, Portland, 
OR 97229. 
Circle 243 on Inquiry Card 

MDI SYSTEMS presents ... The LSl-11 Connection 
GP Logic Modules · Peripheral 
Controllers· Communications 
Interfaces · Special Purpose 
Modules · Accessory Hardware 

Plus: DEC's own LSI-11 Micro­
processor Module. 

Here are some MDB Systems 
connections to LSI-11 
microprocessors: 

0 General Purpose Interfaces: 
Parallel for programmed 110 

andDMA. 
Do-it-yourself dual and quad 

wire wrap for any DIP design. 
0 Device Controllers for most 

major manufacturer's 
Printers. 
Card equipment 
Paper tape equipment 
Plotters 

D Communications/Terminal 
Modules 

Asynchronous Serial Line 
Synchronous Serial Line 

D MDB Backplane/Card Guide 
Assembly (8 Quad slots) 
Rack mount chassis SW' 

front panel. 
D Special Purpose Modules and 

Accessories 
System monitoring unit 

provides front panel switch 
addressing, power on/off 
sequencing; line frequency 
clock. 

0 Bus extenders/terminators . 
E-PROM and PROM modules . 
Bus connectors for backplane 

assemblies. 
MDB Systems products always 

equal and usually exceed the 
host manufacturer's specifica­
tions and performance for a 
similar interface. MDB interfaces 
are software and diagnostic 
transparent to the host computer. 
MDB products are competitively 
priced; delivery is usually within 
14 days ARO or sooner. 

MDB also supplies interface 
modules for DEC PDP*-11 Data 
General NOVA* and Interdata 
minicomputers . 

f:'l[JB 
MOB SYSTEMS, INC. 

1995 N. Batavia St., Orange, California 92665 
714/998-6900 TWX: 910-593-1339 

"TMs Digita l Equipme nt Corp. & Data Gcncrnl Corp . 

CIRCLE NO. 113 FOR LSl-11 ; 114 FOR PDP-11 ; 115 FOR NOVA; 116 FOR INTERDATA 
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VOICE RESPONSE 
SYSTEM 

Providing multiline voice response output 
at low cost, the microcomputer-controlled 
310 provides a simple interface to Touch­
ToneR telephones, encoding. incoming 
Touch-Tone signals to ASCII data charac­
ters for serial transmission to the host com­
puter port. System's natural sounding syn­
thetic voice is based on an analysis of real 
speech. Outputs are highly compressed 
digital codes which operate in conjunction 
with a 40 series communications processor. 
Communication with the system is by asyn­
chronous and synchronous protocols. 
Micom Systems, Inc, 9551 Irondale Ave, 
Chatsworth, CA 91311. 
Circle 244 on Inquiry Card 

MINIATURE 
DRY REED RELAY 
Available in monostable neutral and bi­
stable polar versions with 1- or 2-make 
contacts, small size and standard 2.54-mm 
lead spacing of the relays makes them suit­
able for direct mounting on PC boards. 
Neutral, I-contact relay has an operate 
time of <2 ms for an operate power of 
100 mW; operate bounce time is 0.6 ms 
max and release bounce time is 0.1 ms 
max. Coupling capacitances between con­
tact members of the open contact range 
from 1.7 to 4 pF. Siemens AG, Postfach 
3240, D-8520 Erlangen 2, Federal Repub­
lic of Germany. 
Circle 245 on Inquiry Card 

20- AND 24-PIN 
SOCKETS 
The 20-pin [on 0.300" (0.762 cm) centers] 
and 24-pin [on 0.400" (1.016 cm) centers] 
sockets have been added to the 500 series. 
The 20-pin socket is intended for micro­
processors, interface circuits, and 4k RAM 
uses; the 24-pin socket is for use with 
Fairchild's TTL MacrologicT" devices. 
Both are available in wire-wrap or PC 
terminations, with gold-plated machined 
contacts, and gold- or tin-plated machined 
sleeves. Augat Interconnection Products 
Div, Augat, Inc, 33 IPerry Ave, PO Box 
779, Attleboro, MA 02703. 
Circle 246 on Inquiry Card 

DELAYED TIMEBASE 
OSCILLOSCOPE 

A 25-MHz dual timebase portable oscillo­
scope, the PM 3214 features alternate time­
base display, allowing full screen display 
of both main and delayed timebases for 
both channels simultaneously, resulting in 
four traces. Main timebase triggering 
modes are auto, ac, de, TV line, or frame 
and source selection from Channel A or 
B, composite, external, and from the line. 
Delayed mode is also ac or de coupled 
with full level control and source selection 
with calibrated delay, Channel A, B, com­
posite, and external source. Philips Test 
& Measuring Instruments, Inc, 85 
McKee Dr, Mahwah, NJ 07430. 
Circle 247 on Inqui ry Card 

FLOPPY DISC 
TESTER 

Measuring both starting and running 
torque of diskette cartridges within their 
protective envelopes, the model 200 is a 
readout and control instrument containing 
a floppy disc drive assembly which is 
used to make the required measurement. 
Torque is measured with the company's 
optical brushless torque transducer; run­
ning torque is displayed on a 4%-digit 
panel meter. 0- to 10-Vdc analog output 
for torque is provided for use in recorders 
and oscilloscopes. Displays present data 
either in ounce-inches or N ewton-centi­
meters. Vibrac Corp, 11 Alpha Rd, 
Chelmsford, MA 01824. 
Circle 248 on Inquiry Card 

ILLUMINATED 
PUSHBUTTON SWITCHES 
Series 88X and 86X "shorty" pushbutton 
switches, UL listed for power ratings of 
6 A at 125 Vac or 3 A at 250 Vac, are also 
available with hard gold contacts for low 
level switching. Switching configurations 
are spst or dpst NO, momentary or alter­
nate push on/ off with positive latch down. 
Mountings are snap-in panel in 0.625 or 
0.755" (1.58 or 1.92 cm) square cutout 
held -by stainless steel retaining clips, or 
perpendicular to the PC board. Compu ­
Lite Corp, 711-Fl2 W 17th St, Costa 
Mesa, CA 92627. 
Circle 249 on Inquiry Card 

~-----------------------------------------------~ PDP 11 NOVA • FIELD PROVEN RELIABll.ITY 
- ' • LOW COST 30 DAY DELIVERY ARO 

& ECLIPSE DISK The Phoenix 45, for PDP-11 Users; and the P~oen-ix 35 and 40, for Nova 
STORAGE SYSTEMS and Eclipse Users; are microprocessor-based, embedded disk 

controllers featuring as standards: 
USERS. . . • Write protect to the sector level • Unique built-in self test 

Phoenix Systems Offer 
Hardware, Software and 
Media Compatibility 
Plus... ~ 

I 

·Z 
XYLOGICS 

• 100% position verification • Overlapped seek 

Phoenix 45 is O DEC RK11/RK05 compatible and 0 Expandable up to 
20 Mbytes in 2.5, 5 or 10 Mbyte increments. 

Phoenix 35 and 40 are 0 DG 4046 and 4234 compatible, and 0 Expandable up to 
40 Mbytes in 2.5, 5 or 10 Mbyte increments. 

Phoenix 211 Mass Storage Controller for PDP-11 Users provides up to 
1.2 billion characters: 40, 80, 200 or 300 Mbyte increments; 
0 software enables controller to be used as storage or system device tor 
DOS/BATCH , RT11 , RSX11M , RSX11D and IAS Operating Systems, and 
0 occupies one system unit (supplied) and one hex SPC 1/0 slot in computer 
or expansion box. 
Phoenix 311 Mass Storage Controller for Nova and Eclipse Users provides up to 
1.2 billion characters: 40 , 80, 100 or 300 Mbyte increments; 
0 is compatible with 4231 Disk Subsystems when used with 100 or 200 Mbyte drives, and 

OEM COMPONENTS GROUP, INC. o occupies ohe standard 1/0 slot in DG or equivalent computers. 
42 Third Avenue 
Burlington. MA 01803 For more complete details on Xylogics Phoenix Systems, telephone or TWX us TODAY! 

L
(617) 272-8140 TWX (710) 332-0262 Nova and Eclipse are trademarks of Data General Corp. 

-----------------------------------------------~ 
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From Genisco 
leaders in the 

resolution 
revolution ... 

lllllil\ 
l•11111 
'1111·11•1 ., llii.!,. _,1i'W • .. ---r 
~-"·11iiiii · a. -~-· . l .. , ..... __ 

1024 X 1024 digital 
raster displays 
for under $17K! 

Genisco's GCT-1024 - the first high per­
formance ultra-high resolution digital graph­
ics display system available on a production­
run basis - now takes the "stair step" 
appearance out of raster displays, to mini­
mize distortion and give much greater density 
detail. What's more, it's the first system of 
such magnitude priced at less than $17,000* 
including a 21" monitor. 

High Speed Graphics Manipulation A propri­
etary programmable microprocessor provides 
51 mnemonic instructions - specifically 
designed for graphics manipulation - at 
150ns cycle times. MOS/RAM refresh 
memories. 

Field Proven Versatility Proven performance 
worthiness in a number of stringent-usage 
functions like: command and control process 
simulation, automatic data reduction, map­
ping, war gaming, crystallo~raphy , etc. And 
it is compatible with standard high-resolu­
tion monitors. 

Expandable User-oriented options and ac­
cessories lets you go "on-line" at minimal 
cost and upgrade as needed. Included are: 
grey-scale video look-up tables, graphic 
tablets, keyboards, cursors and joysticks. 
You can even opt for systems with up to 16 
grey scales. 

So, when you want high resolution graphic 
displays at economically feasible costs, con­
tact Genisco Computers, 17805-D Sky Park 
Circle Drive, Irvine, CA 92714, (714) 556-
4916 . . and ask for all the particulars. 

'Price in volume production quantities 

rB1 GENISCO 
~COMPUTERS 

A division of Genisco Technology Corp. 
CIRCLE 99 ON IN9UIRY CARD 

PRODUCTS 

HERMETICALLY SEALED ADC 
Featuring hermetic DIL packaging, the 
ADC-80 12-bit A-D converter is pin-for-pin 
compatible with other ADC-80 converters. 
It provides ±% LSB linearity, and multi­
ple input ranges. Supplied complete with 
internal clock, reference, and comparator, 
the device is factory laser-trimmed. Con­
version rates of 40k conversions / s are 
specified for 12-bit accuracy, and trunca­
tion may be employed to achieve rates of 
more than 160k conversions / s for appli­
cations requiring 8-bit resolution. Micro 
Networks Corp, 324 Clark St, Worces ter, 
MA 01601. 
Circle 250 on Inquiry Card 

PRINTING 
DIGITAL VOLTMETER 

Model 700 combines a presettabl e digital 
timer and a drum printer using ordinary 
office machine paper tape; print time is 
selected by mea ns of a thumbwheel switch 
on the front panel and is variable from 1 
to 99 min. Interfaced with the printer, the 
DVM has a 0.6" (15 mm) LED display 
whi ch is convenient for remote and con­
tinuous observation. When used as an in­
dependent controller, timer initiates the 
measurement process, but the printer prints 
only when an ex ternal print-ready signal 
occurs. Std range is 1.999 V; 100 m V, 
10 V, and 100 V ranges are optionally 
available. Columbus Instruments Inter­
national Corp, 950 Hague Ave, Columbus, 
OH 43204. 
Circ le 251 on Inq uiry Card 

TIMESHARED 
OPERATING SYSTEM 
Version 4B of the ETOS system for om­
nibus PDP-8 computers including -8/ A 
permits any single user system to run in 
a timesharing environment, with up to 16 
users. Multi-user OS / 8 has simultaneous 
FORTRAN 1v, assemblers, the company's 
ex tended BASIC, and COBOL/ 8. Timeshar­
ing, real-time tasks, and batch are pro­
vided simultaneously. OS / 8 batch is also 
available. Features include printer and 
card reader spooling, support for detach­
ing programs, private disc packs, and 
partial job accounting. Educomp, 1% 
Trumbull St, Hartford, CT 06103. 
C ircl e 252 on Inqui ry Card 

DATUM ART VIGNETTES 

Single 
Source? 
Not the 

Mona Lisa! 

She smiles like that whenever they 
give her a lot of general data 
about only buying her peripherals 
from the mainframe manufac­
turer. But she's never decked by it 
because she knows about buying 
tape and disk systems. She knows 
that, at DA TUM. she can get im­
mediate delivery of controllers for 
a wider variety of peripherals ... 
and save a lot of money, too. 

Only DATUM has designed, built 
and installed over 7000 control­
lers and systems for so many dif­
ferent minicomputers to interface 
with such a variety of peripheral 
devices. 

Check these tape-controller fea­
tures: Triple-density NRZI format­
ting. Dual-density PE/NRZI for ­
matting. 200 ips for all existing 
interfaces. Single-source respon­
sibility for all major tape drives. 

For that Mona Lisa smile, write 
DATUM now for specifications and 
prices. 

Datum also manufactures cassette 
and rotating memories, data acquisi­
tion systems and timing instrumen­
tation. 

Peripheral Products Division 
1363 S. State College Blvd, Anaheim, CA 
92806 • 714/533-6333 EUROPE: Datu m 
House. Cranford Lone, Horlington, Middlesex. 
UK • 01-897-0456 ., 
oatum 1nc 
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OIL ALPHANUMERIC LCD 

A 16-segment design, the 3947 module 
includes 0.5" (L27 cm) high characters. 
Modules can be stacked side by side to 
make any alpha or numeric combination 
legend desired. Units are available in 
transmissive view mode with black char­
acters on a clear background or with clear 
characters on a black background. Trans­
fl ective and reflective modes have black 
characters on clear background. All LCDs 
are protected from humidity by a special 
coating ; thermoplastic bonding provides 
max seal integrity. Hamlin, Inc, Lake & 
Grove Sts, Lake Mills, WI 53551-
Circle 253 on Inquiry Card 

HEAD-PER-TRACK 
MEMORY SYSTEM 
A fast, reliable random access rotating 
memory, the 4404 (4016) drum memory is 
fun ctionally equivalent to the Data Gen­
eral 4019 Novadisc, occupies only 1214" 
(31.12 cm) of rack space, and provides 
up to 2M words of data storage. Com­
patibility includes the ability to run under 
RDOS. Controller occupies one card slot 
in the minicomputer CPU. Avg access time 
is 8-5 µs/ word. Reliability and low data 
error rates are assured through use of 
automatic head retraction, conservative 
component derating, and power system 
monitoring. Vermont Research Ltd, 
Cleeve Rd, Leatherhead, Surrey KT 22 
?NB, England. 
Circle 254 on Inquiry Card 

0.5" HIGH LED DISPLAYS 
Hercules series 1786 through 1789 consist 
of 0.5" (12.70 mm) high, deep red char­
acters, 0 to 9 with right hand decimal and 
±l_ LEDs are available in common cathode 
or anode configurations with typ 600 
µcd /segment luminous intensity at 20 
mA / 1.7 V. Features include max current­
to-brightness efficiency with high contrast 
ratio due to GaAsP emitting material, and 
wide-angle viewing. Ten horizontal in-line 
pin connections on 0.1" (0.254-cm) spac­
ing are adaptable to strip socket or PC 
board mounting_ Industrial Electronic 
Engineers, Inc, 7740 Lemona Ave, Van 
Nuys, CA 91405. 
Circle 255 on Inquiry Card 

ZERO INSERTION 
FORCE SOCKET 
Series 2944 24-position socket features 
self-ejection of LSI module, positive lock 
in loaded l.JSI position, and zero axfal in­
sertion force during loading cycle. Socket 
reduces danger of bending or breaking 
LSI leads during repeated insertions and 
withdrawals. The device accepts LSI lead 
spacing up to 0.650" (L651 cm) max, 
and 0.155 to 0.210" (0.394 to 0.533 cm) 
lead lengths. 28-, 36-, and 40-position ver­
sions also are available. Molex Inc, 2222 
W eJlington Ct, Lisle, IL 60532. 
Circle 256 on Inquiry Card 

FIBER OPTIC 
CABLE-TO-CABLE CONNECTORS 

"FiberheX" cable plugs and splicing 
sleeves for many fiber 'bundle sizes are 
precision machined for maximum coinci­
dence of data carrying fib ers a t the inter­
face, assuring lowest loss of signal. Fiber 
bundle is attached to the connector's 
bundle plug on the end of the cable. An 
interfacing threaded sleeve ioins the two 
bundle plugs, aligning the interface. All 
parts of the connectors and interfacing 
sleeve are stainless steel to permit high 
torquing for mating the two fiber bundles. 
Sealectro Corp, RF Components Div, 
Mamaroneck, NY 10543. 
Circle 257 on Inquiry Card 

u-PROCESSOR-BASED 
MULTIPLEXING SYSTEM 
Tran smission of control and feedback in­
formation between points up to 10,000 ft 
(3.04 km) apart is accomplished with the 
T-wire system that eliminates heayy con­
duit and fi eld wiring. Operating in full. 
or half-duplex mode, basic system consists 
of two transmitter-receiver modules---one 
in the control area and one in the field 
area-.connected by wire shielded cable or 
3-wire cabl e (two for transmission, one for 
ground). I/O cards up to a maximum of 
128 inputs and 128 outputs can be added. 
Tenor Co, Inc, 17020 W Rogers Dr, New 
Berlin, WI 53151. 

...... .. .. .. .. .. •· ..... .. .. .. . .. . ....•. ... 
... •· . ..... .. .. . ...... .. . . .... •· , , . 

Circle 258 on Inqu iry Card 

, . • 

LSl-11 
Micro­

computer 
Data 

Acquisition 
System 

The ADAC Model 600-LSl-11 is 
the first data acquisition system 
avai I able for use with the DEC 
LSl-11 / PDP-11 /03 microcomputers. 

Both software and hardware 
compatible, the Model 600-LSl-11 
AID system plugs directly into the 
bus of the LSl-11 /PDP-11 /03 
systems. 

Features include a 12 bit AID 
converter, high speed sample and 
hold circuit , from 16 to 64 channels 
of MUX., DC/DC power converter 
and bus interfacing. A/D system 
throughput rate is 35 Khz. 

Optionally available are : one or 
two 12 bit D/As and programmable 
gain amplifier with auto zeroing 
circuit. 

Basic system price in single 
quantity is $895. 

Send for full technical data on 
the Model 600-LSl-11 and other 
ADAC minicomputer data acquisi­
tion and control systems and 
modules. 

ADAC Corporation , 
15 Cummings Park, Woburn , 
MA 01801 . (617) 935-6668. 

GSA Contract Group 66. 

corporation 
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A New Standard 
of Keyboard Quality 

Graghill 3x4 
Kegboard Pads 
for data input and 
telecommunications 
2 out of 7 coded output-
tested for millions of operations! 

• Y2" or 3/4" button centers 

• Excellent tactile and audio 
feedback 

• Patented snap-action dome 
contact provides rugged, 
durable performance 

These new Grayhill low-profile, 
12-button keyboard pads feature a 2 
out of 7 coded output, standard 
mounting dimensions, and are ready 
for top-side or sub-panel mounting. 
The contact system is life-rated for 
3,000,000 operations per button, and is 
readily interfaced with logic circuitry. 
The new Grayhill Series 87 modules 
offer excellent audio and tactile 
feedback characteristics with total 
button travel of only .015". These 
durable keyboards are molded of 
tough ABS plastic; feature buttons 
with black on white molded-in legends 
as standard, and a variety of other 
legend options including clear snap­
on caps for user legending. Complete 
specifications and truth table are 
provided in Bulletin #262, available 
free on request from Grayhill, Inc. 
561 Hillgrove, D 
La Grange, SP 1 ,11 
Illinois 60525 'l'GU1t/11 
(312) 354-1040. ,..._ 
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ADD-ON MEMORY SYSTEM 

The in-4011 semiconductor memory system 
for PDP-11 minicomputers stores 32k to 
128k 18-bit words in a 7 x 19 x 17" 
(17.78 x 48.26 x 43.18-cm) unit and op­
erates with cycle time of 650 ns and ac­
cess time of 500 ns. System expands in 16k 
jncrements- Features include parity gen­
eration and checking, integral parity reg­
isters, interface, and cabling. Interface is 
Unibusn compatible and includes parity 
error controls. Intel Memory Systems, 
1302 N Mathilda Ave, Sunnyvale, CA 
94-086. 
Circle 259 on Inquiry Card 

.uP-CONTROLLED 
TAPE-RECORDER/REPRODUCER 

The Sabre X laboratory IRIG magnetic 
tape recorder I reproducer incorporates 10 
electrically selectable tape speeds from 
240 to 1%2 in/s (609.6 to 1.2 cm/s) for 
both record and reproduce, and dual func­
tioning channel electronics. Other fea­
tures include serial and I or parallel high 
density electronics, tape lifting from the 
R/IR heads during a slew mode, and 
vacuum tape tensioning. A programmable 
microprocessor controls tape speeds, op­
erating modes, monitor I alarm, and other 
diagnostic testing functions. Sangamo 
Weston/Data R ecorder Div, PO Box 
3347, Springfield, IL 62714. 
Circle 260 on Inquiry Card 

MODULAR PUSHBUTTON 
REED SWITCHES 

Suited to interface with semiconductor 
circuits, precision-built 541 series switches 
have a reed element hermetically-sealed 
in a capsule to iSolate contacts from con­
tamination; impact and vibration-resistant 
glass-reinforced plastic housing; and 
welded internal connections_ Electrical 
specs include 50-Vdc max switched voltage, 
resistive loading; 20-mA max switched 
current, resistive load; 1-Gfl min insula­
tion resistance; and initial contact resist­
ance of 0.5 fl max rising to no more than 
1.25 fl at end ,yf switch life. Dialight, a 
North American Philips Co, 203 Har­
rison Pl, Brooklyn, NY 11237. 
Circle 261 on Inquiry Card 

DC SERVOMOTOR CONTROLS 

A line of solid-state four quadrant con­
trols matched for use with the company's 
permanent magnet, pancake armature de 
servomotors have peak outputs from 0.33 
to 6.5 hp_ Pulse-width and frequency mod­
ulated controls can supply 36 to 150 V 
and peak currents from 10 to 75 A. Fre­
quency response is de to 1 kHz with zero 
deadband and current form factors of 
1.005. Gain stability and linearity a,re ±2% 
with max drift of 2 µV I °C PMI Motors, 
div of Kollmorgen Corp, 31 Sea Cliff 
Ave, Glen Cove, NY 11542. 
Circle 262 on Inquiry Card 

ELECTRONIC MAIL 
CAPABILITY 

The electronic mail addition to the com­
pany's custom-tailored system 400 cor­
porate message switching system provides 
rapid delivery of correspondence, with 
minimum handling, simplicity of originat­
ing messages, and access to the TWX and 
TELEX networks, meeting both domestic 
and interna,tional message requirements_ 
Other features include least-cost routing, 
multiple priority levels, network account­
ing, security control, intercept capability, 
and capacity to support existing terminals 
and communications lines. Norfield Elec­
tronics, Inc, 3 Qepot Pl, East Norwalk, 
CT 06855. 
Circle 263 on Inquiry Card 

MATRIX TELEPRINTER 

Offering 30 char Is throughput, 94-char 
u /le ASCII set, and 132-column format 
capability on 11" (27.9 cm) wide fanfold 
paper, printer features a 9-wire impact 
printhead mechanism_ Advanced MOS 
technology is used throughout the model 
43 teleprinter. Portable desktop terminal 
weighs approx 30 lb (13.5 kg). Com­
patible with systems that support the com­
pany's model 33 terminals, it is available 
with an EIA or current loop interface. 
Controls are included for 10 or 30 char/ s, 
half- or full-duplex operation, parity on/ off, 
and printer test. Teletype Corp, 55-55 
Touhy Ave, Skokie, IL 60076. 
Circle 264 on Inquiry Card 
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DIGITAL MOTOR 
SPEED CONTROL 

Consisting of a chassis-mounting drive 
unit, panel-mounting potentiometer, and 
magneti c motor- or machine-s peed sensor, 
the MC-141 is intended for de motors up 
to 1h hp. A plug-in panel-mounting, 3- or 
4-digit readout is optional for applications 
where speed monitoring is des ired. Control 
accuracy is claimed to be 0.5%; the system 
automatically compensates for voltage and 
load variations. Max-min speed range is 
20: 1. System adapts to either single or 
multi-motor control. Digital Systems 
Div, Detection Sciences Inc, 14143-2l st 
Ave N, Minneapolis, MN 55441. 
Circle 265 on Inquiry Card 

TRACKING TAPE 
Outputs from the 0.5" (1.27 cm) mag­
netic tape allow instant verifica tion of 
correct 7. or 9-channel head tracking (in 
forward and reverse directions), and in­
dicate necessary mechanical adiustmf'nts. 
Tracking accuracy can be maintained 
within 0.0005" (0.00127 cm) . A test in 
final Q.C. or field service could prevent a 
tape from overhanging both wear grooves 
either unevenly or excessively on one end, 
thereby causing tape flutter and end chan­
nel errors. The 600- or 1200-ft tape pre­
vents premature head failures caused by 
this uneven wear. Pericornp Corp, 14 
Huron Dr, Natick, MA 01760. 
Circle 266 on Inquiry Card 

.uCOMPUTER-COMPATIBLE 
DATA ACQUISITION SYSTEM 
Model 735 series is mount ed on a single 
PC board that plugs directly into the 
same card cage as the Intel SBC-80/10 
and /20 single board computers, and 
MDS-800 microcomputer development sys­
tem. Bus interface includes a software 
choice of program control or program in­
terrupt and a jumper choice of memory­
mapped or isolated I/O. Basic system con­
sists of 16 single-ended, or eight differen­
tial anaiog input channels, voltage or cur. 
rent inputs, 12-bit ADC, sample/hold, and 
bus interface. Adac Cor p, 15 Cummings 
Pk, Woburn, MA 01801. 
Circle 267 on Inquiry C ard 

MINIATURE 
TOGGLE SWITCHES 
Designed to meet demands for high qual­
ity, long life, and small size, toggle mech­
anism provides positive actuation and is 
eas ily mounted. Available in 1-, 2-, 3-, and 
4-pole versions, the switches have contact 
resistance of 10 mO max initial at 2 to 4 
Vdc, 0.1 A for both silver and gold con­
tacts. Dielectric strength is 1 kV rms, and 
elec trical life is 100,000 cycles make and 
break at full load for standard detent 
models. Contact ratings ure 5 A, 120 Vac 
or 28 Vdc, 2 A, 250 Vac. UID Electron­
ics Div, AMF Inc, 4105 Pembroke Rd, 
Hollywood, FL 33021. 
Circle 268 on Inquiry Card 

FLOPPY DISC DRIVE 
Providing formatter and interface on a 
single card which plugs directly into the 
processor small peripheral slot, the FD-
11 /L is a dual floppy di sc add-on for the 
LSI-11. Features include total so ftware 
compatibility with DEC's RX-11 instruc­
tion set, write protect and unit select 
switches, IBM 3740 format, pf.ROM self­
dia1mostic, bootstrap loader, and micro­
proce5sor-based controller design, Access 
tirnes are 6 ms track-to-track and 170 ms 
avg seek time. Charles R iver Data Sys­
tems, Inc, 2.35 Bear Hill Rd, Waltham, 
MA 02154. 
Circle 269 on Inquiry Card 

PORTABLE DATA 
COMMUNICATION TEST SET 

The microprol'(rammed TC-lOOP performs 
a range of so phisticated dia gnostic rou­
tines that traditionally have been difficult 
to perform during field testing. It can 
simulate and test all components of the 
data network including communication 
circuits, modems, terminals, and computer 
ports, and can handle both hardware and 
so ftware. Keyboard entry, digital display, 
and clearly labeled controls provide OP· 

erator convenience in performing a variety 
of tests. Cooke Engineering Div, Dyna. 
tech Laboratories, Inc, 900 Slaters Lane, 
Alexandria, VA 22314. 
Circle 270 on Inq uiry Card 

Precision 
SURGE TESTING 

FOR DESIGN A ND QC 
CH EC KS ON T ELECOM 

Cl RCU ITS AND SYSTEMS 

KeyTek's new Model 424 Surge 
Generator/Monitor is the first 
commercially - available, ~elf· 

contained instrument for gen· 
erating and measuring the peak 
values of classic transient pulse 
forms. Produces both oscilla· 
tory and impulse waves, such 
as the FCC-defined 2x10 at 
2500V and 1kA. Includes built· 
in AC-line coupling/isolation as 
shown above. Other possible 
wave forms include 10x160, 
10x560, 8x20, 1.2x50, etc. 
Test circuits, varistors, silicon 
avalanche devices, gas tubes and 
networks of all types. Ideal for 
engineering, QC and produc­
tion. 
Programmable Pu lses: The ver­
satile Model 424 can be pro­
grammed, by plug-in networks, 
to produce a wide variety of 
pulse shapes, with amplitudes 
to 6000 volts and currents to 
2000 amperes. 

Send for complete 
product data and 
new article on 
surge protect ion 
and testing ... 
yours FREE 

INSTRU~~ YcT~~ATION 
220 GROVE STREET. BOX 109 

WAL THAM, MASS . 02154 
TEL. 1617)899~200 
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ZERO INSERTION FORCE 
STACKING CONNECTOR 

Designed to interconnect with backplane 
or motherboard in bus-oriented systems, 
connectors require only 0.500" (12.7 mm) 
mounting width. Capable of stacking PC 
boards from 0.060 to 0.093" (l.'524 to 2.36 
mm) thick on 0.600" (15.24 mm) inter­
vals, devices have post contacts on 0.100 
x 0.100" (2.54 x 2.54 mm) grid spacing 
to mate with each other or with several 
std varieties of connectors. Activating 
mechani'sm requires 0.420" (10.66 mm) 
of linear travel to release the connectors 
or establish electrical contact. AMP Inc, 
Harrisburg, PA 17105. 
Circle 271 on' Inquiry Card 

COMPUTER DISPLAY 
TERMINAL 
The model 132A microprocessor-controlled 
interactive terminal, claimed to be the 
first to accommodate up to 132 columns, 
interfaces directly with std computer sys­
tems using 132-col output format. The ter­
minal's Charactron R CRT instantly gener­
ates high quality alphanumeric characters 
and symbols. Basic uni t with 8k buffer 
memory (16k optional) offers 96 u /le ASCII 

char set, 60- or 120-line buffer, cursor con­
trol, multiple asynchronous transmission 
modes at 110 to 9600 bits/s in full- or half. 
duplex, and an RS-232-C output to 132-
col serial printer. DatagraphiX, PO Box 
82449, San Diego, CA 92138. 
Circle 272 on Inquiry Card 

FLOPPY DISC UNIT 
A floppy disc unit for the ADAM business 
computer, disk/45 is a device which reads 
and writes IBM std diskettes. Integrated 
unit includes drive, power supply, and 
controller, which attaches to the computer 
as an "add-on" or as original equipment. 
Computer can read information from the 
diskette faster than an operator can type, 
and information is provided from the com­
puter onto the disc for transfer to another 
computer system. Disc holds approx 250k 
char. Logical Machine Corp, 1294 Ham­
merwood Ave, Sunnyvale, CA 94086. 
Circle 273 on Inquiry Card 

Noiae sensitivity 
problems 90 away­

we guarantee It l 
Topaz Ultra-fsolatlon Transformers provide an inexpensive 
and reliable way to supply clean, noise-free AC power to 
llnlltlve eGulpment auch as comouters, Instrumentation, 
communication and proceu control equipment. 
UltnHlolattonT~nsformeraofferthe 
lnduetry's beet noise attenuation: 

• Common-mode 
nol8e rejection 
greater than 145 dB. 

• Trw1sverse-mode 
noise releetlon 
greater than 125 dB 

HIGH DENSITY CONNECTORS 

A serfes of low insertion force, 2-piece 
connectors meeting DIN standard 41612 
are available in 16., 32-, 41!-, 64-, and 96-
contact versions. Devices have different 
body widths but common length and 
mounting centers. Plug soldering directly 
to the PC board, connectors have an in­
tegral insulating shroud that protects con­
tacts from electrical and mechanical dam­
age. Plug and receptacle are polarized to 
prevent 180-deg mismating. Solder eyelet, 
dip solder, and solderless wrap termina­
tions are available. Vero Electronics, Inc, 
171 Bridge Rd, Hauppauge, NY 11787. 
Circle 274 on Inquiry Card 

S-D TRACKING CONVERTER 
Operating from synchro reference voltages 
o·f either 26 or 115 V rms and from fre­
quencies ranging from 50 to 400 Hz, the 
14-bit 1651-24 automatically senses and 
responds to various input voltages and 
frequencies of synchro or resolver and 
converts angular information into 14 bits 
of binary data with no loss of tracking 
accuracy or resolution. This eliminates 
the need for separate conversion modules 
when changing voltage or frequency. Ac­
curacy is ±4 arc min over the 0 to 70°C 
or -55 to 85°C temp range. Transmag­
netics, Inc, 210 Adams Blvd, Farming­
dale, NY 11735. 
Circle 275 on Inquiry Card 

at 1 kHz. 
• 81andard models 

125 VA to 130 kVA . 

e Regulation to 0.2% 

176 

• Prteed from $64. 

0.. ........- A Topaz Ultra-Isolation Transformer will 
IOIYe your noise eeneltlvlty problems to your comotete 
eatilfectlon or we'll take It back- no questions asked. 

~ .... SOLUTIONS TO 
I~ POWER PROBLEMS 

ELECTRONICS 
3116 l'IUFFIH R(W), SAN DIEGO, CA. 81123 • (714)2n-0831 •TWX (110)836-111211 

CIRCLE 103 ON INCi)UIRY CARD 

• Up to ±20% correction 
• Models range from 8. 7 A to 85A 
e Input: 50, 60 or 400 Hz; 120 or 240V 

Contact your nearest GenRad sales office or write 
for descriptive catalog. 300 Baker Avenue, 
Concord, MA 01742, Telephone: (617)369-8770. 

Gen Rad 
CIRCLE 104 ON IN9UIRY CARD 



VIDEO 
DATA DISPLAY TERMINAL 

Std features of the TeletypeT"'-compatible 
VC303A include serial asynchronous RS-
232 interface, 1920-char display (24 Jines 
x 80 char), eight switch-selectable data 
rates from 110 to 9600 baud, 12" (30.48 
cm) nonglare CRT, composite video out­
put for slave monitors, and direct X-Y 
cursor addressing by computer or operator. 
The 64-char ASCII keyboard ·has easy to 
use cursor control key cluster, tactile feed­
back, and auto repeat. A detached 11-key 
numeric pad is optional. Volker-Craig 
Ltd, 266 Marsland Dr, Waterloo, Ontario 
N2J 3Zl, Canada. 
C ircle 276 on Inqu iry Card 

HIGH PERFORMANCE ADC 

Meeting requirements of MIL-STD-883, 
Level B, ZAD3214 is a 14-bit ADC, capa­
ble of withstanding severe environments. 
Fully encapsulated and sealed in a rugged 
metal case measuring 2.12 x 4.0 x 0.45" 
(5.38 x 10.16 x 1.14 cm), device features 
conversion time of 100 µs max, differential 
nonlinearity of ±% LSB max, and input 
range of 0 to 10 V. Output coding is uni­
polar ·binary. Op temp range is -25 to 
l00°C; storage temp is -55 to 125°C. 
Unit is capable of withstanding peak shock 
of 350 G and vibration to 20 G. Zeltex, 
Inc, 940 Detroit Ave, Concord, CA 94518. 
C ircl e 277 on Inqu iry C a rd 

3-0UTPUT 
SWITCHING POWER SUPPLY 

The model 673 features a main output of 
5 V at 20 A and two additional series­
regulated outputs at either ±12, ± 15, 
±18, 12 /5, 15 / 5, or 18/5 V ; all at 2 A. 
The unit has an output on/off control, 
remote sense, ±10% output voltage adjust, 
overvoltage and overload protection, and 
MTBF of 40,000 h. Total output is 175 
W. Trio Labs, Inc, 80 Dupont St, Plain­
view, NY 11803. 
Circle 278 on Inqu iry Card 

POWER MODULE 

Low cost ac to de modular power supplies, 
series "B" NL units provide single out­
puts of 5 V/6 A, 12 V/3.5 A, 15 V/3 A, 
24 V /2.4 A, and 28 V / 12 A. Std input is 
115 Vac, 47 to 440 Hz with 220 Vac avail­
able. Dual primaries may also be obtained. 
All un its feature tight regulation, low 
ripple, and full load operation at 50°C 
ambient temperature with derating to 40% 
at 71°C. Case size is 5% x 4% x 2%" 
(14.29 x 12.38 x 6.35 cm) wi th mounting 
on three surfaces. Abbott Industrial 
Products Div, Abbott Tran sistor La bo­
ratories, Inc, 639 S Glenwood Pl, Bur­
bank, CA 91506. 
Circle 279 on Inqu iry Ca rd 

MIL-SPEC ADC 
An AD.C interface module for the com­
pany's computers, model 3656 accepts bi­
polar (- 2.5 to 2.5 V, -5 to 5 V, and 
-10 to 10 V) or unipolar (0 to 5 V and 
0 to 10 V) differential analog input sig­
nals and performs a 12-bit conversion in 
24 µs. Features include optional onboard 
multiplexing of up to 16 differential input 
channels with facilities for offboard multi­
plexing of up to 256 inputs, optional sam­
ple-and-hold logic, external triggering, and 
DMA capability. Rolni Corp, 4900 Old 
Ironsides Dr, Santa Clara, CA 95050. 
Circle 280 on Inqu iry Card 

LOW LEVEL MULTIPLEXER 
LLM series, which can be assembled in 
configurations including 2000 individual 
channels, is designed to provide a low level 
analog input system to the company's GM 
series A-D conversion system. High speed 
solid-state switching is combined with ad­
vanced low level transformer design. Specs 
include common mode reiection of > 130 
dB from de to 60 Hz; pumpout current of 
< 10·• A; and high speed multiplexing 
with data sampling rates up to 50 kHz. 
Preston Scientific, Inc, 805 E Cerritos 
Ave, Anaheim, CA 92805. 
Circle 281 on Inqu iry Ca rd 

MAGNETIC HEADS 
FOR FLOPPY DISC DRIVES 
Magnetic 
623101) 

heads (models 623100 and 
are intended for double-sided 

drives designed for media interchange 
with IBM model 43FD. Std assembly con­
sists of ferrite/ceramic single-track mag 
head with a R / W and tunnel erase section, 
flexible PC lead-in cable, and load arm, 
all mounted on a flexure spring attached 
to a flexure support. In operation, two 
head assemblies face each ~ther on op­
posite sides of the flexible disc. Max pack­
ing density is 3268 bits/in; radial density 
is 48 tracks / in. Applied Magnetics Corp, 
Magnetic H ead 'Div, 75 Robin Hill Rd, 
Goleta, CA 93017. 
Circle 282 on Inqu iry Ca rd 

Give your PDP-11 a 
kick in the Fourier 
Transformation. 

Your computer could do 
digital signal processing a lot 
faster. Just plug in our MFFT 
Array Processor and your 
PDP-11 will do Fast Fourier 
Transformations in 160 ms for 
1024 real points. That's about 10 
to 20 times faster than before. 

function, PSD, and coherence. 
The cost is $6900 for PDP-11 

users, plus $300 if FORTRAN 
programming is required. Or 
we'll put together the whole 
system, including CPU, analog 
I/O, MFFT and software. There 
is also an MFFT model for Data 
General Nova or Eclipse users 
at $5900. Call or write for details 
Elsytec, a Wavetek operation, 
6150 Canoga Avenue, Suite 100, 
Woodland Hills, CA 91367. 
(213) 884-5200 

No other hardware is 
needed Just plug in the Elsytec 
MFFT Standard program 
modules are furnished in Assem­
bly or FORTRAN language for 
incorporation with your software. 
You'll also be able to speed 

W°AVETE~ up array computation for 
correlating, transfer 

CIRCLE 105 ON INCj)UIRY CARD 177 



PRODUCTS 

PORTABLE 
AUTOMATIC MODULE TESTER 

Weighing approx 30 lb (13.5 kg), the 
unit provides the flexibility for "on-the­
spot" testing of digital circuit cards or 
logic. Its interactive alphanumeric display 
system allows the operator to interact with 
the tester, in many cases eliminating the 
need for a separate test instruc tion manual. 
A microprocessor provides test sequence 
control. Test programs are stored on 
p / ROM cards which allow tests to be 
matched with modules prior to power 
turn-on. The unit automatically tests itself 
when turned on and can fault-isolate its 
own modules. Bendix Corp, Test Sys­
tems Div, Teterboro, NJ 07608. 
Circle 283 on Inquiry Card 

SUBMINIATURE PCB SWITCH 
Snap-action S38-20H, designed for easy 
mounting and use with a PC board, has a 
flexible front mounting peg which allows 
the device to be simply plugged in. No 
additional hardware is necessary. Measur­
ing 0.658 x 0.768 x 0.228" (16.7 x 19.5 x 
5.79 mm) , the unit is suitable for space­
limited applications. When mounted on a 
PC board, the top of the switch is <%" 
(12.7 mm) above the •board surface. Gold 
crosspoint contacts are optionally available 
for low energy applications. Cherry Elec­
trical Products Corp, 3600 Sunset Ave, 
Waukegan, IL 60085. 

Circle 284 on Inquiry Card 

ALPHANUMERIC 
IMPACT PRINTER 

Capable of prmtmg up to 3 lines/s for 
numeric and 1.5 lines/ s for alphanumeric, 
PR1500 printers offer full 54-char set and 
multicopy printing capabilities. Characters 
for every three of the 15 columns are 
form ed 'by "spanning hammers." Device 
offers SQQ.ms start-up time with subse­
quent line feed of up to 10 lines / s. Drive 
motor power consumption is 11 W. Options 
include drum type fonts, 50-Hz operation, 
and vertical mounting. Sheldon-Sodeco 
Div, Landis & Gyr, Inc, 4 Westchester 
Plaza, Elmsford, NY 10523. 
Circle 185 on Inquiry Card 

The probes for 
the PRO! 
~ 
OUR OLD LOGIC PROBE 
IS WAY AHEAD 
OF THE OTHERS 

OUR NEW LOGIC PROBE 
IS WAY AHEAD OF 
OUR OLD ONE ~ 

THE NEW LP -600 SERIES 
1 . 11 OV Protection - Both Ends 

ANTI-STATIC keylock switches, logic level and rated 2. Dual- Threshold ® 
3. High Speed - 5 NS . to 4 amps, protect equipment against static discharges 

to 20,000 volts. 

HIGH AND LOW POWER key and keylock switches 
are available from 2 to 12 positions in almost any 
switching combination or power requirement. 

Many types are stocked by Oak distributors. Call or 
write for additional information. 

llAI~ l•th1stries l11c. 
SWITCH DIVISION/ cRYSTAL LAKE, ILL1No1s soo14 
Tl!LEPHON E : ei 5 e4 59 . 5000 • TW X : 9 1 0 . 634 . 3353 • Tt!Ll! X : 72 . 2447 

178 For more Information, Circle 106 on Inquiry Card. 
Have a salesman call. Circle 107 on Inquiry Card. 

/\ii\ Kurz· Kasch. Inc. 
\(!)11501 WEBSTER STREET 

P. 0. BOX 1246 
DAYTON, OHIO 45401 
(513) 223-8161 

CIRCLE 108 ON IN(j)UIRY CARD 



I LITERATURE I 
Acoustic Couplers and Modems 
Applications brochure outlines specs on 
•products which allow data communications 
for remote computer access, TWX, and 
computer end send or receive devices. 
Omnitec Data Corp, Phoenix, Ariz. 
Circle 300 on Inquiry Card 

Precision Miniature Motors 
Application 'factors and ac/ de motor per­
formance are discussed in Mini Motor 
Idea Index, Vol II describing 21 motors 
which perform multiple functions in single 
units. TRW Globe Motors, an Elec­
tronic Components Div of TRW Inc, 
Dayton, Ohio. 
Circle 30 I on Inquiry Card 

Multiplier Module 
Features of the 602 4-quadrant multiplier 
module and mounting kit are provided in 
brochure, along with theory of operation, 
applications, specs, and accuracy infor­
mation. Calex Mfg Co, Inc, Pleasant 
Hill, Calif. 
Circle 302 on Inquiry Card 

Keyboards and Switches 
Bulletin furnishes specs, features, materi­
als, layouts, dimensions, and diagrams on 
the Wild Rovern PCK series keyboards and 
switches for Touch-Tonen and business 
machine uses, or custom design. Refac 
Electronics Corp, Winsted, Calif. 
Circle 303 on Inquiry Card 

Cooling Systems 
Illustrated catalog includes specs, options, 
RFI shielding information, mechanical 
drawings, and pressure charts for line of 
cooling systems ranging from 200 to 1200 
ft3 I min. Zero Corp, Burbank, Calif. 
Circle 304 on Inquiry Card 

Switching Relay 
Basics o'f the modified type D2A Multi­
reed11 relay for use in low level, multiple 
signal measurement applications are pre­
sented in technical bulletin. Thermosen, 
Inc, Stamford, Conn. 
Circle 305 on Inquiry Card 

Planar Interconnect Systems 
Illustrated fold-out brochure briefly covers 
line of round and flat conductor planar 
laminated and bonded cables, and asso­
ciated connectors. Spectra-Strip, Garden 
Grove, Calif. 
Circle 306 on Inquiry Card 

Education and Development 
Microcomputer 
Descriptions, specs, accessories, and block 
diagrams of the 8080A 8-bit microproces­
sor-based MMD-1 Mini-Micro Designer 
are furnished in brochure. E&L Instru­
ments, Inc, Derby, Conn. 
Circle 307 on Inquiry Card 

Electronic Packaging 
Hardware and Services 
An overview of available hardware- wire­
wrap boards, cards, files, panels, and large 
assemblies-as well as optional wiring and 
documentation services is offered in illus­
trated brochures. EECO, Santa Ana, Calif. 
Circle 308 on Inquiry Card 

Uninterruptible 'Power Systems 
Data sheets for line of UPS modules 
rated from 25 to 600 kV A feature informa­
tion on electrical, physical, and environ­
mental specs; standard features; options; 
and battery specs. Teledyne lnet, Gar­
dena, Calif. 
Circle 309 on Inquiry Card 

Printers/Plotters 
Brochure considers various techniques and 
applications of all printer I plotters, includ­
ing drive and toning systems, micro­
processors, output media, system configura­
tions, and terminology. Varian Graphics, 
Palo Alto, Calif. 
Circle 310 on Inquiry Card 

IC Chips 
Guaranteed electrical and mechanical 
specs of std line of linear ICs which are 
available in three electrical grades are 
listed in ca talog. Precision Monolithics, 
Inc, Santa Clara, Calif. 
Circle 311 on Inquiry Card 

Data Communications Equipment 
A 1'2-panel short-form folder provides de­
tails and photos of family of equipment 
and systems that monitor, control, and 
lest data communications systems. Spec­
tron Corp, Mt Laurel, NJ. 
Circle 312 on Inquiry Card 

Semiconductor Testers 
Condensed specs highlight brochure fea­
turing four discrete semiconductor test in­
struments, probe, and DynapeakT" digital­
pulse testing technique. B&K-Precision, 
Chicago, Ill. 
Circle 313 on Inquiry Card 

Microprocessor-Based 
Control System 

Diagram and photos illustrate bulletin 
discussing key !features of the 8000 ASCII 

computer interface and centralized con­
trol syglem, and information on the op­
tional display and backup panel. Beck­
man Instruments, Inc, Process Instru­
ments Div, Fullerton, Calif. 
Circle 314 on Inquiry Card 

Video RAM TV Controllers 
Summarizing physical and electrical char­
acteristics, brochure introduces family of 
VRAM controllers which provide an al­
phanumeric or graphic interface between 
a microprocessor and TV CRT. Matrox 
Electronic Systems, Montreal, Quebec, 
Canada. 
Circle 315 on Inquiry Card 

Miniaturized Momentary Action 
Pushbutton Switch 
Product •bulletin examines the Hi-D 
switchn with molded box construction and 
PC terminals, presenting diagrams, fea­
tures, mounting and wiring information, 
and material specs. Switchcraft, Inc, 
Chicago, Ill. 
Circle 316 on Inquiry Card 

Mineral Insulated Thermocouples 
General features and ordering information 
for 13 basic types of thermocouples are 
depicted in tables, drawings, and wire 
gauge charts contained in catalog. Gulton 
Industries, Inc, Measurement and Con­
trol Systems Div, East Greenwich, RI. 
Circle 317 on Inquiry Card 

Ceramic Capacitors 
Complete with charts and graphs, cata­
log discusses monolithic and glass encap­
sulated capacitors offered with various 
dielectrics, voltages, temp ranges, and ca­
pacitance tolerances. GTI Corp, Capaci­
tor Div, San Diego, Calif. 
Circle 318 on Inquiry Card 

Testing Instruments and Systems 
Illustrations and technical data in sum­
mary catalog cover measuring and elec­
trical instruments used for such measure­
ments as high and low resistance, speed, 
and •power factor. James G. Biddle Co, 
Plymouth Meeting, Pa. 
Circle 319 on Inquiry Card 

Tone Relaying Test Set 
Complete with technical descriptions, specs, 
and applications, brochure provides an in­
depth discussion of a concept in evaluation 
of tone transfer trip systems and FSK 
tones using the model 675 test set. RFL 
Industries, Inc, Boonton, NJ. 
Circle 320 on Inquiry Card 
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MATERIALS 
METALS AND METAL FORMS 

Cast Aluminum Plate 

PAGE 

Alumax Miii Products .. ..... ..... ... .... Cover 111 

PLASTICS AND PLASTIC FORMS 

Plastic Materia ls 
General Electric/Plastic Products .. .... .. 67 

BREADBOARDS 

Breadboards 

HARDWARE 

Cambridge Thermionic ........ ..... ..... .... ...... .... 24 

CONNECTORS AND INTERCONNECTION 
SYSTEMS 

Connectors 
AMP ..... .... ... ........ .... .... .................. .. .. ...... . 60, 176 
Amphenol Connector Systems/ 

Bunker-Ramo .................... .... ... .............. ... .. 36 

Fiber Optic Cable Connectors 
Sealectro/RF Components ........................ 173 

High Density Connectors 
Vero El ectronics ... ............ ......................... 176 

Flat Cable/Connector System 
A P Products .. .................. .. ....... ................. ... 19 

INDICATORS; READOUTS; 
DIGITAL DISPLAYS; LAMPS 

OIL Alphanumeric LCD 
Hamlin ............ ......... ... .... ........ .... ............ ...... . 173 

0.5" High LED Displays 
Industrial Electronic Engineers .. .. ..... ... 173 

SOCKETS 

20- and 24-Pin Sockets 
Augat Interconnection Products .. .. .......... 171 

Zero Insertion Force Socket 
Molex .. ...... .... ........ .. ............... ...... ......... ...... .... 173 

Test Socket for Leadless ICs 
Robinson-Nugent ............................. ............. 154 

COMPONENTS AND ASSEMBLIES 
FILTERS 

Active Filter Modules 
Sprague Electric .............................. ........... 142 

MAGNETIC COMPONENTS 

Flexib le Disc Drive Magnetic Heads 
Applied Magnetics/Magnetic Head ........ 177 

MOTORS; ROTATIVE COMPONENTS 

Stepper Motors 
North American Philips Controls .... .... 4 

Gearmotor 
Pittman ................ .......................................... .. 162 

Servomotors 
Torque Systems ............ ........ ..... ... ............ .... 168 

TRW Globe Motors/ 
Electronic Components/TRW ...... .. ........ 160 

DC Servo Motor Controls 
PMI Motors/Kollmorgen .... .. ................ ...... 174 

PHOTODEVICES; PHOTODEVICE ASSEMBLIES 

Fast Switching Infrared LEDS 
NEC America/Electron Devices .... .... ........ 169 

Opto- lsolators 
Clairex Electronics/Clairex ... ............. .. .. 156 

POWER SOURCES, REGULATORS, AND 
PROTECTORS 

Power Suppl ies 
SGR .... ... .... ... .. ..... ....... ....... ..... ......... .. .. .......... 154 

Switching Power Supplies 
Gould Instrument Systems/Advance .... .... 137 
Pioneer Magnetics ..... ... ..... ....... .... ... ...... .. . 154 
Trio Labs .............. ... .. .... ..... ............ ........ 164, 177 

Microcomputer Power Supplies 
Boschert Associates ... ....... .... .......... ... ......... 170 
Calex Manufacturing .... ... ............ .. ........... .. 130 

Power Module 
Abbott Industrial Products/ 

Abbott Transistor Laboratories ... .... ..... 177 
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PAGE 
Solid-State UPS Module 

Dranetz Engineering Laboratories .... ... .. ... 154 

Miniature DC-DC Converter 
Elexon Power Systems/Elpac 

Electronics .. ........ ... .. .. ... ..... .. .. .. ... ............ 168 

Voltage Regulators 
GenRad ........................... .. .. ........ ..... .. ... ...... .. .. 176 

Isolation Transformers 
Topaz Electronics .............. .. ...... ................. 176 

RELAYS 

Miniature Dry Reed Relay 
Siemens AG ................... ..... .. ... ...... .. ........ ..... 171 

SENSORS; TRANSDUCERS 

Current Sensor 
Guardian Electric Manufacturing 

California ......... ........... ............. 169 

SWITCHES 

Pushbutton Switches 
Micro Switch ..... ... .... .. .... ........ ....... .............. 38 

Illuminated Pushbutton Switches 
Compu· Lite ... .... ................... ... .......... ............. 171 
Licon/Il linois Tool Works ... .. ... .... .... ... .... . 154 

Modular Pushbutton Reed Switches 
Dialight/North American Philips ............ 174 

Touch Switches 
Centralab Electronics/ 

Globe-Union ...... ..... ...... .......... ... .. .. .. ... ...... 35 

Keylock Switches 
Oak Industries .......................... . .. 178 

Subminiature PCB Switch 
Cherry Electrical Products ....... .... ............ 178 

Miniature Toggl e Switches 
UID Electronics ... ............................... .......... 175 

Bidirectional Coded Switches 
Alco Electronic Products . ......... .. ... ..... ..... . 166 

CIRCUITS 
CIRCUIT CARDS AND MODULES 

Core Memory Boards 
Data ram .............. ........... ... .. ..... ... .. ... ........ ....... 21 

Semiconductor Memory Boards 
Intel Memory Systems .... ... .. ........ .... ... .. .. .. 129 

Analog 1/0 Systems 
Analog Devices ............ ... ....... ............ ...... .... 43 
Burr-Brown ... ....... ........ .. .. .. ... ..... ... ........ . 121, 130 

Interface Boards 
MOB Systems .. .................... .......................... 170 

Single Board Interface Controller 
Custom Systems ..... ..... .. ........ ... ............ ..... .... 168 

Computer/Communication Interface Board 
Able Compu ter Technology .... ............... . 170 

Acti ve Filter Modules 
Sprague Electric ... ........... ... ...... ...... .. ... ...... 142 

Voice Record / Playback System 
Cemex Systems .... ......... .. ........ ..................... 160 

Microprocessor-Based Multiplexing System 
Tenor .... .. ......... ... .. ......... ..... ... .......... ... ... .. ....... 173 

Modular Time-Divis ion Multiplex System 
Digicable ...................... .. ........................ ... .... . 164 

Microcomputer Data Acqu isition Board 
Adac ............ ............ .. ...................... .. ... . 173, 175 

Data Acquisition Module 
Data Translat ion .. ....... ......... .. .... .... .. .............. 158 

High Performance ADC 
Ze ltex .... .. ....... ...... ........................ ... ... ... .. ........ 177 

MIL-Spec ADC 
Rolm .... ... ..... .... .... .... ... .. ... .. ...... ... .. ....... ... ..... .... 177 

S-0 Tracking Converter 
Transmagnetics ............... ........................... .. 176 

DIGITAL AND INTERFACE INTEGRATED 
CIRCUITS 

Custom LSI ICs 
Micro Power Systems .... .... .. ... .. .... ..... .. .. 142 

Bipolar Multiplier ICs 
TRW Systems ........ .. ..... ... ....... ...... .... . 148, 165 

LCD Decoder-Driver 
Ashley-Butler .. .... ....... .. .............. .. ....... ..... ..... 148 

PAGE 
Memory ICs 

Fairchild/Semiconductor Operation 12 
NEC Microcomputers ..... ... .. ......... ....... .... ... . 83 
Texas Instruments/Components ........... .. . 40 

RAM s 
Synertek ............... ... ..... ..... .. ... ................. ... .... 148 

Schottky RAM s 
Texas Instruments/Components ... 146 

4k RAMs 
Fairchild Camera and Instrument/ 

LSI Group .... ....... ......... .............. .... .... ........ 142 
Mostek ..... ................... .... ... ... .......... .. .... .... .. .... 68 

EAR OM 
General Instrument/Microelectronics .... 142 

Bi polar p/ RO Ms 
Rayth eon Semiconductor .. .. ... .. ... .. .......... ... 146 

EPROMs 
American Microsystems .... .. .... ... .... ....... .... 148 

16k EPROMs 
Intel .. ..... .. ................. ...... ........ .. .. ................... 44 

Microprocessors 
Bell Telephone Laboratories/ 

Research and Deve lopment/ 
Bell System .... .... .... .. ........ .. .... ................. 124 

Ru ggedized Microprocessor 
Texas Instruments/Components 

Microprocessor Family 
Zilog ........... .. ...... ... ........ ... ............ . 

Single-Chip Microcomputers 
Rockwell International/ 

.... 132 

. .. 59 

Microelectronic Device .... ............ ........ 126 

Data Acquisition ICs 
National Semiconductor .. .... .. ..... ....... ....... . 142 

0 -A Converter ICs 
Analog Devices .... .... ... .... ............................... 64 
Precision Monolithics .......... .................. .... 146 

Hermet ically-Sealed ADC 
Micro Networks ..... .... ....... .. .......... ... ............ 172 

HYBRID CIRCUITS 

Small S-0 Converter 
I LC Data Device .... ... ..... ... .... ... ... ... ... .. ... ... 148 

LINEAR INTEGRATED CIRCUITS 

Op Amp 
Motorola Semiconductor Products .. 144 

Quad Op Amps 
lntersil ........... ...... ...... ... .. .................... .......... . 148 

Precision Isolation Ampl ifie r 
An~log Devices ... ... .................. ... .... .... ..... .... 162 

MEMORY/STORAGE EQUIPMENT 
BUFFER MEMORIES 

Intelligent Cassette Butter 
Western Union Data Services .... ............ 162 

FLEXIBLE DISC UNITS 

Flexible Disc Drives 
Californ ia Computer Products ........ ........ 152 
Charles Rive r Data Systems ........ ... ..... 175 
Control Data ... .. ....... .... .... ........................ .. ... . 11 
Memorex/ OEM ............. ....... .... ............. ........ . 115 
Shugart Associates ........ .............................. 131 
Wangco/Perkin· Elmer Data Systems ... . 141 

Flexi ble Disc Systems 
Data Systems Design ........ .......... ......... ....... 47 
Ex-Cell·O/Remex ...... .... .... ....... ................ ..... 56 
Logical Machine .... .................................. ... . 176 
Pertee Computer/iCOM ............................ 124 
Synetic Designs ...............................•............ 128 

MAGNETIC CORE MEMORIES 

Core Memory Systems 
Ampex/ Memory Products ......................... 127 
Data ram ..... ...... ... .. .... .... ... ... .. ... .... ................ 21 

Core Memory Boards 
Plessey Microsystems .... ..... .. ... .. ... .. .. 97 

MAGNETIC 'DISC AND DRUM UNITS 
(See also Flexible Disc Units) 

Disc Drives 
Diablo Systems .. .................................. Cover IV 
Harris/Compu ter Systems ..... ........... .... .... 167 
!SS/Sperry Univac .. .. .. ............................ .... 143 
Okidata ......... ....... ..................... ......... ..... ... .... 119 
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PAGE 
Disc Systems 

AMCOMP ..................... ............. ... .................. 101 
Dataflux ... ..... ..... .. .... ..... .............................. .... 169 
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