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Big computers and mass storage
systems continue to evolve.
Today's large central processors
and megabit cartridge memories
contain much of the technology
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and architecture that will appear
in tomorrow’s mainframe systems.
Microprocessors will play a major
role in these hardware designs.
For the latest trends, see P. 34.




So good...

¥

building-block potentiometer...

... with a velvety smooth control feel
that will enhance the quality image of
your equipment. It’'s BOURNS® new
Model 80 Building-Block potentiometer.

The Model 80 incorporates a unique
new shaft torque control device which
enables us to produce an advanced
modular potentiometer with a smooth,
consistent high quality “feel” . . .
regardless of the number of modules
ganged on a single shaft (shaft torque
only .3 to 2.0 0z.-in.).

MODULAR VERSATILITY,
FACTORY ASSEMBLY

Bourns modular concept combines the
design versatility of advanced building-

Cermet or conductive Multiwire wiper assembly
plastic element

on ceramic substrates

One piece metal bushing
and front plate assembly,
nickel plate finish T

Torque control device

Integrally molded positive
mechanical stops
Positive coupled rotors for
minimum backlash

Self-extinguishing,
fire resistant
thermoplastic body

3 rn

you can actually feel th_ diffegncq!

- .

BOURINS announces an ADVANCED

block construction .. . with factory as-
sembled reliability and quality control.
All Model 80 potentiometers are built
to your “prescription” by full-time
production personnel, under the
supervision and control of the industry’s
most respected quality assurance
organization. High-volume assembly
techniques, plus mass-produced
modular components stock means fast
delivery . . . at competitive prices.

CERMET OR CONDUCTIVE
PLASTIC

Bourns Model 80 is available with
either cermet or conductive plastic
elements in virtually all linear and non-
linear tapers. Element types may be
mixed in multiple section units.
INDEPENDENT LINEARITY IS
+59, . .. offering more precise phasing
of potentiometer output to panel
calibration.

SUPER SETABILITY

A multifinger wiper and precise
resistive ink formulations provide tight
1%, CRV in both cermet and conductive
plastic elements. This — combined
with a smooth, no backlash feel
makes for easy, accurate operator
settings.

INFORMATION RETRIEVAL NUMBER 246

STANDARD TAPERS

RESISTANCE

0 10 20 30 40 50 60 70 80 90 100
PERCENT EFFECTIVE CLOCKWJSE ROTATION

NO SHARP KNEE ON TAPERS

Model 80 audio tapers provide a smooth
“knee”, which allows improved
setability within the crossover area on
both cermet and conductive plastic.

FREE SAMPLES
Write on your
company letterhead
and tell us about
your application.
We’ll send you the
Model 80 that best
suits your needs.

BOURNS

TRIMPOT PRODUCTS DIVISION

1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507
PHONE 714 684-1700 TWX 910 332-1252 CABLE BOURNSINC




The most
accurate word
in function generators

is XCG.

When we intro-
duced the first of the 180
Series last month, we
said we hadn't told you
everything. What we
didn't tell you about is XCG.

Now it can be told
[or XCG revealed]

XCG stands for xtal-
controlled-generator —
which stands for a degree of
accuracy never before found
in any function generator. In
both the Models 181 and 183,
generator output is locked to a
crystal at up to 25 discrete
points on the frequency dial.
This means they will produce
waveform frequencies with
synthesizer accuracy of 0.01%
of dial setting. When you dial
a frequency, you know it's
precise, and you don't need a
counter to prove it.

The Model 181 XCG/Sweep
Generator $495

Besides being the most
accurate function generator
ever, the 181 is also a full
sweeper—from 0.1 Hz to
2 MHz, with internal 1000 to 1
sweep. It provides sine, square,
and triangle wave outputs
(20V output p-p), as well as dc
voltage, dc offset, and separate
TTL output. And with full

WAVETEK:

INFORMATION RETRiIEVAL NUMBER 2

attenuation, you get ultra-

clean signals down to —50dB.
The only way you can come
close to this performance is to
buy the Model 180, which
gives you everything but
XCG for only $275.

The Model 183 5 MHz XCG/
Sweep Generator $695

As you can see, the
Model 183 is a couple of
hundred bucks more than
the 181. Here's what that
buys you: The 183 has a top
frequency of 5 MHz, and
provides continuous, trig-
gered, and gated operation.
For precise adjustment of con-
tinuous sweep, there's a con-
trol to individually set start
and stop points. There's also a
variable symmetry control
and another for amplitude —
down to —60 dB. All of this,
plus XCG, add up to the most
versatile and accurate func-
tion generator ever produced.

Our Conclusion

Now that you know
something about the Wavetek
180s, you'll want to know
more. So for complete specs
or demonstration, just contact
Wavetek, P.O. Box 651, San
Diego, CA 92112. Or call
(714) 279-2200.
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*$9.95 (1-49)

down your costs of

Double Balanced Mixers

Specify our model SRA=1...

1971 = *7.95

SRA-1 (in 500 quantities)

1972 = *7.9

SRA-1 (in 500 quantities)

>

1973 = *7.95

SRA-1 (in 500 quantities)

Mini-Circuits Laboratory, now the
world’s largest supplier of double-bal-
anced mixers, guarantees to maintain
its famed low-price structure through-
out 1975 and 1976. $7.95 (model SRA-1,
500 quantity). You, the design engi-
neer, have made this offer possible.
Your large volume orders, from over
500 companies throughout the world,
have enabled us to purchase our com-
ponents and packages at lowest pos-
sible costs with guaranteed delivery
schedules from our vendors. And we
think it’s appropriate to pass these sav-
ings to you. Need fast delivery? One
week or better is routine; for your
emergency needs, 24-hour turnaround
is possible.

Our history of quality and perfor-
mance is unmatched. All our units are
unconditionally guaranteed for 1 year.
Every Mini-Circuits employee, from the
president to the final test operator, is
committed to excellence in perfor-
mance and quality for every unit pro-
duced. For reliability, performance and
quality more and more systems engi-
neers are specifying Mini-Circuits
mixers as the industry standard.

1974 = *7.95

SRA-1 (in 500 quantities)

1975 = *7.95

SRA-1 (in 500 quantities)

STILL ONLY *
IN1976 .

SRA-1 (in 500 quantities)

Mini=Circuits’ answer to holding

7.95

SRA Series
l|:nvl|v Isolation (dB) Ii:onvLu- Isolation (dB)
sion Loss sion Loss
Lower band edge to Upper band edge to Lower band edge to . Upper band edge to
F';":":" r(mr one decade higher Mid range one octave lower Price F';z:'“:" 1(»“"'.% one decade higher Mid range one octave lower Price
(MHz) Range | LO-RF | LO-IF | LO-RF| LO-IF | LO-RF | LO-IF | (Quantity) (MHz) Range | LO-RF LO-1F | LO-RF| LO-IF | LO-RF  LO-IF | (Quantity)

SRA-1 SRA-4
10-0.5-500 |6.5 typ. |50 typ. |45 typ. |45 typ. | 40 typ. | 35 typ. | 30 typ. | $9.95 10-5-1250 6.5 typ. |50 typ. |50 typ. |40 typ. |40 typ. |30 typ. 30 typ. | $26.95
RF-0.5-500 | 8.5 max. |35 min. | 30 min. |30 min.| 25 min.| 25 min.| 20 min. | (1-49) RF-5-1250 8.5 max. |40 min, | 40 min. | 20 min. { 20 min. | 20 min. 20 min. | (1-24)
IF-DC-500 IF-0.5-500
sonA1 ol 4 45 40 t 35t 30t $11.95 l§)|¥JA0;53200 6.5 60 t 45 45 t 40 t 35 30 tyj $12.95
10-0.1-500 | 6.5 typ. |50 typ 5 typ. typ. yp. yp. yp. 4 -0.025- typ. yp. typ. yp. yp. typ. i A
RF-0.1-500 |8.5 n‘-’ax 45 VXm 30 min. |30 min.| 25 min. | 25 min.| 20 min.| (6-49) RF-0.025-200 | 8.5 max. | 50 min. | 35 min. | 35 min. | 30 min. | 25 min. 20 man (6-49)
IF-DC-500 IF-DC-200
SRA-1W SRA-6
L0-1-750 6.5typ. |50 typ. |45 typ. |45 typ. | 40 typ. | 35 typ. | 30 typ. | $14.95 10-0.003-100| 6 5 typ. |60 typ. |60 typ. |45 typ. |40 typ. |35 typ. 30 typ. | $19.95
RF-1-750 8.5 max. |45 min. | 30 min. | 30 min.| 25 min.| 25 min.| 20 min.| (6-49) RF-0.003-100 8.5 max. | 50 min. | 45 min. | 30 min. | 25 min.| 25 min. 20 min.| (5-24)
IF-DC-750 IF-DC-100
SRA-2 SRA-8
L0-1-1000 | 6.5 typ. |45 typ. | 45 typ. |35 typ. | 35 typ. | 30 typ. | 30 typ. | $24.95 10-0.005-10 | 6.5 typ. |60 typ. |60 typ. |50 typ. |50 typ. | 45 tyr. 45typ. | s24.95
RF-1-1000 | 8.5 max. |30 min. | 30 min. | 20 min.| 20 min.| 20 min.| 20 min.| (1-24) RF-0.005-10 | 8.5 max. | 50 min. | 50 min. | 40 min. | 40 min.| 35 min. 35 min.] (5-24)
1F-0.5-500 IF-DC-10

Common specifications for all models

Signal, 1 dB compression level . | dBm Phase detection  DC offset | mV typical

Impedance all ports 50 ohms DC polanty — negative

For complete product specifications and U.S. Rep. listing see MicroWaves’ “Product Data Directory,”

Electronic Design’'s “Gold Book” or Electronic Engineers Master “EEM”

s ® . . MCL 837-843 Utica Avenue, Brooklyn, NY 11203
(~JMini-Circuits Laborator Y (212)342-2500 Int'I Telex 620156 Domestic Telex 125460

A Division Scientific Components

Corp

Foreign Sales Representatives: [ | AUSTRALIA General Electronic Services, 99 Alexa der Street, New South Wales, Australia 2065 [] ENGLAND
Dale Electronics, Dale House, Wharf Road, Frimley Green, Camberley Surrey: [] FRANCE S.C.I. E.-D. |. M. E. S., 31 Rue George - Sand. 91120
Palaiseau, France; [] GERMANY, AUSTRIA, SWITZERLAND Industrial Electronics GMBH, Kluberstrasse 14, 6000 Frankfurt/Main, Germany; ] ISRAEL
Vectronics, Ltd., 69 Gordon Street, Tel-Aviv, Israel; (] JAPAN Densho Kaisha, Ltd., Eguchi Building, 8-1 1 Chome Hamamatsucho Minato-ku, Tokyo:
[C] EASTERN CANADA B. D. 'fummel, 2224 Maynard Avenue, Utica, NY 13502 (315) 736-7821; [] NETHERLANDS, BELGIUM, LUXEMBOURG: Coimex,

Veldweg |1, Hattem, Holland.

US Distributors: ] NORTHERN CALIFORNIA Cain-White & Co., Foothill Office Center, 105 Fremont Avenue, Los Altos, CA 94022 (415) 948-6533:
[[] SOUTHERN CALIFORNIA, ARIZONA Crown Electronics, 11440 Collins Street, No Hollywood, CA 91601 (213) 877-3550

For complete U.S. Rep listing and product line see MicroWaves' Product Data Directory

INEORMATION DRETRIEVAI! NIIAMRBED 2



i n = VOL. 23 NO.
FOR ENGINEERS AND ENGINEERING MANAGERS OCT. 25, 1975

NEWS
21 News Scope
34 Computer special issue, featuring current trends in computer technology.
Topics covered include: The radical changes that are taking place which
will determine tomorrow’s large computer systems; mass-memory storage
systems that are capable of storing several billion bytes at high speed
and relatively low cost; the increasing use of floppy discs, cartridges
and fixed hard discs; the upsurge in medium-speed printers and the
emphasis on various hardware/software aids used in microprocessor design.
29 Washington Report

TECHNOLOGY
86 FOCUS on CRT terminals: It is all too easy to misspecify a CRT display
terminal. Clear up the confusion and select the right terminal for your computer.
96 Microprocessors simp!ify industrial control systems. Examples show how the
LS| chips can lower costs and increase flexibility of process controllers.
102 Checking microprocessors? A lack of standards and equipment makes the uP
as hard to test as it is to choose. Look into four test methods to get started.
108 Agc extends the range of a/d converters. Use the computational power of a
minicomputer and save a great amount of hardware in implementing the agc.
114 Use autoranging amplifiers to boost the accuracy of computerized data-acquisition
systems. Four comparators and some CMOS switches are all that's needed.
120 How long a wait for computer response? Nomographs of queuing equations provide
transaction time or the allowable number of terminals for a given response time.
126 Ideas for Design:
Voltage-to-frequency converter preserves polarity of input.
MOS alarm-clock chip drives gas-discharge display directly.
Inverter uses ferrite transformer to eliminate cross-conduction.
Linear bar graph constructed with sequentially lighted LEDs.
134 International Technology

PRODUCTS

137 Data Processing: Processor family debuts: 16-bit uP to full-blown
mini, with software support.

142 Modules & Subassemblies: Modular v/f converter series offers choice
of six models.

146 Modules & Subassemblies: Phase-control power modules handle 25 A
at up to 240 V rms.

164 Integrated Circuits: Monolithic v/f converters deliver signals
with 0.059% linearity.

172 Power Sources: Miniature HV supply gives full regulation.

154 Discrete Semiconductors 182 Components

176 Instrumentation 186 Microwaves & Lasers

178 Packaging & Materials

DEPARTMENTS

83 Editorial: Suddenly, the rest of the world died.

7 Across the Desk 196 Advertisers’ Index

187 New Literature 198 Product Index

190 Design Aids 200 Information Retrieval Card

191 Vendors Report
Cover: Photo courtesy of IBM.

ELECTRONIC DESIGN is published biweekly by Hayden Publishing Company, Inc., 50 Essex St. Rochelle Park, NJ
07662. James S. Mulholland Jr., President. Printed at Brown Printing Co., Waseca, MN. Controlled circulation
postage paid at Waseca, MN and New York, NY, postage pending Rochelle Park, NJ. Copyright © 1975, Hayden
Publishing Company, Inc. All rights reserved. POSTMASTER: Please send form 3579 to ELECTRONIC DESIGN, P.O
Box 13803, Philadelphia, PA 19101.
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The 60IA Time

Try setting frequencies and amplitudes fast and
accurately with your oscillator/counter/level meter
set-up. Now try it with the new Fluke 6011A Signal
Generator. We called up nine different frequency
and amplitude combinations in just four seconds.
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Spend more time testing, less time turning knobs.
Dial 800-426-0361 toll-free or circle #274 for
a fast demo.

And that'’s just the beginning. Not
e R =) I~ only does the 6011A store and recall
| I i ] L up to nine different frequencies and
levels, but the output can be edited,
limited and modulated. You can pro-
; R R gram voltage and frequency devia-
- fode oo | ‘ tions about any desired reference.
Give the 6011A a try. You'll find
more signal generator power, per-
formance and flexibility at your
fingertips than ever before.

Take yourself out of the loop.
The 6011A stores up to nine dif-

e ferent frequencies and associated

P =i - - = - amplitudes (voltages or dBm). You

A s i O ol il ¥ - & call them back via keyboard control.

Use the EDIT CONTROL to tune

level and frequency just like on a

5 ‘ : conventional generator. Set fre-

e e quencies to 3 ppm, levels to
+0.05dB. Range is 10 Hz to 11 MHz.
Maximum open circuit output volt-

' : i age is 28.28 volts peak-to-peak.
& it ol : I & e Frequency response is flat to within
; e e -1 : +0.025 dB from 100 Hz to 5 MHz.
Yes, it has a microprocessor. The
microprocessor means the 6011A
: : ’ i ‘ economically listens to IEEE 488,
o s " ‘ fack RS-232-C or Fluke defined parallel
ASCII interfaces.
The price is $3,995* That’s a good
40% less than anything remotely
comparable.

For a ‘‘hands on’’ demo soon,
dial 800-426-0361 toll-free
today. Or if more convenient, write
us or use the reader service card.
For a demo circle #274

For literature #275

* U.S. price

FLUKE

John Fluke Mfg. Co., Inc.
PO. Box 43210
Mountlake Terrace, WA 98043

®
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Management training
by experts defended

Re: John Fluke’s article, “Train-
ing Engineering Managers,” (ED
No. 11, May 24, 1975, p. 88). In
general, I am very much in agree-
ment with what he has to say,
including his tree-climbing anal-
ogy of the Peter Principle. How-
ever, I do have some critical com-
ments.

First of all, there are some
assessment centers around the
country that have been highly
successful in predicting manage-
rial performance in individuals.
Secondly, schools are beginning to
teach management to undergradu-
ate engineering students. A. S. Gil-
mour Jr. of the State University
of New York at Buffalo dis-
cussed this at Intercon 75 in a
session entitled “The Engineer in
Transition to Management.”

Thirdly, Mr. Fluke’s seemingly
haphazard approach to manage-
ment training is probably a waste
of time. If he is having trouble
developing managers, he should
consider hiring an Organizational
Development specialist. OD is a
very new field, but its successful
efforts are numerous. A good ex-
ample of what it can do is seen
in the many case studies written
about TRW Systems.

George S. Pristach, P.E.
87-56 Francis Lewis Blvd.
Queens Village, NY 11427

The author replies

In answer to Mr. Pristach, I
don’t believe I ruled out identifica-
tion of management potential in
young engineers, because it can be
very useful indeed. However, I think
some of my thoughts are more

basic than Mr. Pristach gleaned
from my remarks. Perhaps I can
make my point this way:

Soon after graduation, a great
many young engineers will be
called on to manage technicians
or other engineers—perhaps at
the outset, only one or two tech-
nicians or engineers. They will
also have to interrelate with other
support people in the engineering
process, and the training I am
seeking will help these young en-
gineers relate with such people.
Without such training, they may
not be able to use an otherwise
excellent technical education.

I am by no means suggesting
that management training be in-
stituted in engineering schools to
prepare students to become gen-
eral executives or chief execu-
tives. However, in later years, the
foundation I suggest could be
helpful toward preparation for
management.

John M. Fluke
Chairman
John Fluke Mfg. Co., Inc.
Mountlake Terrace, WA 98043

An ‘excellent’ guide
to miniature relays

How true your relay article
“Focus on Miniature Relays” is
(ED No. 11, May 24, 1975, pp.
56-64) in stating there is wide-
spread confusion in relay termi-
nology. An excellent guide to relay
selection and application that you
failed to mention is MIL-STD-
1346, “Relay Selection and Appli-
cation,” available for the asking
from the Naval Supply Depot, 5801
Tabor Ave., Philadelphia, PA
15120.

(continued on page 10)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St. Rochelle Park, N.J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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Thin-Trim’
capacitors

73" Tucked in the corner of this
Pulsar Watch is a miniature
capacitor which is used to trim the crystal.
This Thin-Trim capacitor is one of our
9410 series, has an adjustment range of 7
to 45 pf., and is .200” x .200” x .050" thick.
The Thin-Trim concept provides a variable
device to replace fixed tuning techniques
and cut-and-try methods of adjustment.
Thin-Trim capacitors are available in a
variety of lead configurations making
them very easy to mount.

pe A smaller version of the 9410 is

- the 9402 series with a maximum

capacitance value of 25 pf. These are per-

fect for applications in sub-miniature cir-

cuits such as ladies electronic wrist
watches and phased array MIC's.

Johanson Manufacturing Corporation,
Rockaway Valley Road., Boonton, N.J.
07005. Phone (201) 334-2676, TWX 710-
987-8367.

HoansonD




Keep up with solid-state

>

4

Upgrade isolation
with 5,000 V couplers

The next step up
in isolation protec-
tion of small signal/
logic circuitry is here

— and what a state-of-the-art step
it is!

The new MOC1005/1006 optical
couplers offer 5,000 V minimum iso-
lation in applications where spikes
and high energy transients from the

power side can zap control and logic
parts.

That’s 2,500 V more than usually
available.

And, the protection of isolation
doesn’t degrade or disappear over
time. Revolutionary new construction
techniques make that a certainty.

%Iﬁl

200830

Much larger light pipe
periphery . . . new, improved
molding compound% . matched
thermal expansion coeﬂ‘iments and
long voltage creepage paths combine
to form an inherently reliable package
unaffected by ionization, voids,
cracking, etc., that degrade
performance to a fraction of

spec over long term.
Isolation testing proves

that out.*

We’ve tested samples at 5,000 V dc
for 1,000 hours. No failures.

We've tested samples at 1,500 V

peak ac for 1,000 hours.
No failures.
We're even pushing samples
through an entire matrix of life
and environmental testing
that will soon document what
we’ve been telling you all along
— MOC1005/1006 couplers ensure
voltage isolation to levels and life-
times never before attained . . . with
no failures.

Keep your logic clean, pure and
protected with the patent-applied-for
MOC1005/1006 optical isolators.
Shut down transients before they start
between CMOS, MPU, small signal
discrete or T2L and ac, dc or motors
at a price of just $2.00, 100-up.

And watch for the same state-of-
the-art upgrade in all Motorola
couplers. Now it’s the only way to go.

“|solation ratings on couplers are transient pro-
tection ratings . . . milliseconds, microseconds
or, at most, a few seconds. We've stressed these
couplers much beyond recommended operating
conditions, only to prove the integrity of the new
5,000 V units — with outstanding results!

Circle No. 251

from Motorola,

ELECTRONIC
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What?! Another 3055 replacement...??

Yeah, but THIS one’s a DAR-
LINGTON! And, it’s got 2,000 min
GAIN at 4 A!! And, it costs LESS
than both 2N3055 and 2N3054 driver!

The industry’s got a lot of ’3055
drop-in replacements floating around,
some with better specs, some with
worse, some with price advantages
and little else . . . but none with all
that’s going for the 2N6576-78 Epi-
Base* Darlingtons.

Thermowatt thyristors
take total charge

The really exciting thing about
plastic Thermowatt* SCRs isn’t
broadened capability to handle 12 and
16 A . . . or expanded flexibility for
applications to 800 V . . . or inclusion
o17100,  300; 500 and: 700" Vi *4n
between” ratings so you don’t over-
or under-buy . . . or even the fact you
can send thousands of watts through
them in control designs.

What’s exciting is reliability. Reli-
ability head and shoulders above
others. Reliability promising to head-
line a new direction in plastic thy-
ristor fabrication. Reliability that’s
spelled GLASSIVATION on all
Motorola plastic thyristors.

We've taken a total look at inte-
grated die and package, hammered

samples through
power cycling

andQ\\\

other electrical,

mechanical and thermal tests and
documented results in “Thyristor
Reliability for Consumer and Indus-
trial Equipment.” Our leadership in
plastic thyristor reliability is now un-
deniable. We’ll send a copy plus new
“Guide to Thyristors” when you . . .

Circle No. 252 i

M

e ———

Costing just $1.05, 50-up, or about
509, less than the standard ’3055 and
’3054 driver, the 60-120 V family
offers complete switching specs, in-
cluding all max t, parameters at a
10 A, 29, duty cycle — 4 MHz f{,
(opposed to 0.8 MHz for the ’3055)
— excellent SOA — and the inherent
desirable capability of being directly
driven off low level logic.

CMOS takes the ‘‘dial’”’
out of pulse dialing

A pair of new McMOS MSI sub-
systems will soon take the “dial” out
of telephone pulse dialing. The
MC14419 Keypad-to-Binary Conver-
ter and the MC14409 Binary-to-Pulse
Converter, scheduled for October in-
troduction, team up in keypad pulse
dialing systems.

The MC14419 interfaces directly
with a 2-of-8 keypad and generates
the binary number equivalent of the
number activated. The 4-bit binary
code is converted to a pulse train for
conventional telephone equipment by
the MC14409.

Each finds other applications in its
own right . . . the MC14419 as a key-
pad encoder and the MC14409 for
computer automatic dialing.
M(C14409 capabilities allow pulsing of
16-digit numbers and number redial-
ing.

Prices are right, too: MC14419 is
just $3.00 in plastic, $3.90 in ceramic.
The MC14409 will be introduced
under $7.50 and $9.50 in the same 16-
pin packages.

Cirele No. 253

To gain economical command in
milliampere-to-ampere audio, regula-
tor and switching circuits where the
call for minimum space/heat sinking,
assembly time and components is
heard, you need the 2N6576-78s.
We’ll send data sheets that answer.
Understand, we’re not saying the
2N3055 is dead. But the day is near...
*Trademark of Motorola Inc.

Cirele No. 25

CMOS 0-600 bps MODEM
ties directly to phone line

Because there are no handshaking
or telephone signalling interface re-
quirements, Motorola’s McMOS
MC14412 MODEM is ideal for a
direct tie to the telephone line in
dedicated private line applications.

The MC14412 is a low cost, uni-
versal, low speed, low power, single
supply MODEM in a space saving
16-pin package. It has a complete fre-
quency-shift keying modulator and
demodulator compatible with both
U.S. and International (C.C.I.T.T.)
communication networks. Selectable
data rates are 0-200, 0-300 and 0-600
bps.

An on-chip oscillator reduces exter-
nal components and the Self Test
Mode simplifies evaluation and
incoming inspection. The MODEM
has originate and answer modes, and
simplex, half-duplex and full duplex
operation.

Low 100-999 prices are $19.99 for
the 4.75-15V FL version and just
$15.00 for the 4.75-6V VL type.

Circle No. 255

the semiconductor source.
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AWAY!

Now! Type 135D Tantalum-Cased Wet-Anode
Tantalum Capacitors for Space Age Reliabhility

Sintered-anode capacitors with
tantalum instead of conventional
silver cases! The new Sprague
Type 135D Tantalex® Capacitor
is a breakthrough in the art of
manufacturing gelled-electrolyte,
sintered-anode, hermetically-
sealed tantalum capacitors.

This unique construction fea-
ture eliminates the problem of
possible silver migration caused
by reverse voltages or excessive
ripple currents that result in ulti-
mate short-circuits from silver
case to anode.

With a 3-volt reversal capabil-
ity, Type 135D Tantalex® Capaci-
tors also withstand high ripple

currents and high vacuum condi-
tions without any degradation in
function or appearance.

The Sprague-perfected true
glass-to-tantalum hermetic seal
is welded to the case rather than
being soldered in the conven-
tional manner, another feature
which contributes to a shelf life
in excess of ten years.

This all-tantalum capacitor was
developed by Sprague under par-
tial sponsorship of NASA, provid-
ing space age reliability that can-
not be matched . . . Sprague’s
military equivalent, Style CLR79,
is the only capacitor approved to
meet MIL-C-39006/22A.

4SE-5115
1

ACROSS THE DESK

(continued from page 7)

In Fig. 2 on p. 61 of the Focus
report, where relay coil arc sup-
pression methods are shown, the
polarity marks should be deleted
for both the shorted bifilar wind-
ing method and the back-to-back
zener diode method. The text states
the latter is not polarity-sensitive.
A word of caution should be added
that a straight diode across the
coil of a relay not only increases
the release time, as you stated, but
can also materially decrease the
life of the contacts.

Incidentally, the proper designa-
tion for a diode is CR and not D
(see ANSI Y32.16, which super-
seded MIL-STD-16).

E. U. Thomas
Chairman SAE A-2R
Society of Automotive Engineers,

Inc.

Grumman Aerospace Corp.
Bethpage, NY 11714

Misplaced captions

“‘Sure we can get to The Velvet
Turtle and back before the
break is over.”

For complete technical data, write for En-
gineering Bulletin 3760 to: Technical Liter-
ature Service, Sprague Electric Co., 347
Marshall St., North Adams, Mass. 01247.

Sorry. That’s Pierre Cot’s “The
Storm,” which hangs in The Met-
ropolitan Museum of Art in New
York City.

SPRAGUE

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS (continued on page 14)

INFORMATION RETRIEVAL NUMBER 8
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Amphenol’s MJERLIT”

is lighter, shorter, and

more reliable than most

other MIL-C-26482/0026482/83723
connectors.

That takes guts:

Merlin is 7/16" shorter than most
other connectors. Installs more
easily in “knuckle-buster’’ lo-

cations.

Bonded monoblock construc-
tion. Assures environmental
reliability.

Interfacial mating seal and
static peripheral shell seal.
Assure system integrity.

Self-sealing rear grommets.
Environmental sealing with
or without rear hardware.

The seals are fluorosilicone.
Merlin connectors are un-
affected by fuels, oils, and
cleaning fluids.

W

One-piece, molded polymer
contact retention disc. Elimin-
ates as many as 61 metal re- —
tention clips. Fewer parts
mean greater reliability.

62% greater dielectric sepa-
ration. Maximum electrical
performance.

And Merlin is intermateable,
intermountable, and inter-
changeable with existing con-
nectors to MIL-C-26482/
0026482/83723 Series .

Closed-entry socket inserts
2nd contacts. Eliminate mis-
mating due to bent pins.

40% weight savings achieved
by shorter design and polymer
contact retention. Think of
the total weight savings.

Merlin —a quality connector you can
connect and forget. At a competitive price.
Ask for a quotation. Most sizes and styles are
available, off-the-shelf, from your Amphenol
Industrial Distributor. Or call or write:

Wayne Zimmerman, Amphenol Connector
Division, 2801 South 25th Avenue, Broadview,
Illinois 60153. Phone: (312) 345-9000.

[ fWhen you can comnect it
f#and forget it...that's quality.

=] AMPHENOL

INFORMATION RETRIEVAL NUMBER 9




What our bottom-of-the-line
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The New ALPHA LSI-3/05

Introducing the lowest priced, 16-bit, full-scale, fully compatible,
packaged computers in the world.




can do for

Stack the new ALPHA LSI-3/05
millicomputer up against any
other low-end computer.

Preferably while you're /&

sitting down, because on
price alone, you're bound
to be astounded.

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

Try to buy an equivalent
computer at twice the price.

Have it your way.

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

A choice of two standard
1/O options.

And a choice of optional
memory configurations that

Maxi-Bus compatible ALPHA LSI-3/05
achieves unprecedented cost-effectiveness
with ComputerAutomation’s new Distributed

/O System.

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

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

Family connections
save you still more money.

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

But there’s more. Really
big savings on off-the-shelf
software, peripheral controllers
and I/O interfaces.

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

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

INFORMATION RETRIEVAL NUMBER 10

your bottom line.

Your cost? Probably less
than $200 per interface.

The pros know.
Computer-wise OEM’s

will tell you that product
requirements sooner or later
get ahead of the hardware.
For instance, the computer
you buy today may not have
enough I/O or memory capac-
ity for tomorrow’s Mark II

Super Widget.

: Then you'll have to scrap
~ all your software and your
interface designs, because

. theyre not about to work on

some other machine.

You lose.

Of course, with our LSI
Family of compatible computers
you don't.

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

From the people who
brought you the NAKED MINI”

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

And now the ALPHA
LSI-3/05 millicomputer.

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

But then, that’s the price
of leadership.

ComputerAutomation
NAKED MINI Division

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

EUROPE 31/35 Clarendon Road, Watford,
Hertfordshire, WDI, 1JA England (0923) 39627



VMIORE
COMPANIES
BUY

WIRE-WOUND
RESISTORS
FROM

THAN
FROM

ANYONE
ELSE

ON
EARTH

Write for
catalog

Call our hotline for prompt
service and delivery.

(603) 627-3831

AMFE
RCL Electronics

195 McGregor St.
Manchester, N.H. 03102

INFORMATION RETRIEVAL NUMBER 11
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ACROSS THE DESK

(continued from page 10)

The ultra-ultimate:
Ugaritic snobbery

If you’re going to flaunt your
knowledge in an editorial (“The
Foreign Engineer,” ED No. 4,
Feb. 15, 1975, p. 45), please be ad-
vised that quoting de Maupassant
in Sanskrit is the ultimate among
cultural snobs. Or perhaps trans-
lating Proust into Ugaritic?*

Jack Heller
General Electric Co.
Nela Park
Cleveland, OH 44112
*Ugaritic—The Semitic language
of ancient Ugarit, closely related to
Phoenician and Hebrew.

Another thermometer
with digital readout

The article ‘“Hand-Held IR
Thermometer Has Digital and
Analog Displays” (ED No. 14,
July 5, 1975, p. 77) indicates that
the closest competing unit is the
Heat Spy from Wahl and that it
is the only other hand-held digi-
tal-readout IR thermometer on the
market. Williamson Corp. also
manufactures noncontact tem-
perature-measuring instruments
and has a unit with digital read-
out—the Williamson ViewTemp
2000 Series.

W.R. Barron
Vice President, Marketing
Williamson Corp.
1152 Main St.
Concord, MA 01742

Who'll tell the boss
he’s lost his buttons?

Re: “My Secretary’s Pants,”
(ED 18, Sept. 1, 1975, p. 47).

You came close to a problem I
have. My boss has a different con-
ception of what constitutes a prob-
lem. When biz gets slow, he invents
problems for all to solve. No one
has enough guts to call him
psychotic and to refuse to do his
bidding, for fear that as his boss
is also psychotic, we might all be
fired. Seems to me that too many
bosses who have to justify their
own existence are part of the U.S.

blight. Keep swinging.

P.S. Wish my secretary would
shed her pants so easily.

Ed note: For obvious reasons,
this man prefers to remain anony-
MOUS.

And yet another
bipolar processor

I have just read your article in
the Aug. 16 issue on new logic cir-
cuits (“Semi Firms Speed Up
Drive to Develop New Logic Cir-
cuits,” ED ‘No.. 17 Sp24) Your
otherwise excellent article neglect-
ed to mention the SMS MicroCon-
troller, a single-chip, 8-bit bipolar
microprocessor (not a slice). The
chip has been available since Janu-
ary in our MicroController systems
and since July as a component in
a 48-lead DIP.

Further information may be ob-
tained from Tal Hurant, (415) 964-
5700.

William J. Price
Manager IC Engineering
Scientific Micro Systems, Inc.
520 Clyde Ave.
Mountain View, CA 94043

Datran clarifies
‘certain errors’

In regard to an article in the
June 21 issue relating to chang-
ing patterns in telecommunications
(“Designers Adapt as Traffic Be-
gins to Shift to a Mix of Speech
and Data,” ED No. 13, June 21,
1975, pp. 44-50), I would like to
call certain errors to your atten-
tion as they relate to Datran and
the services it is providing.

The radios we are using in the
Datran system were manufactured
for us by Nippon Electric Co., not
Fujitsu, as your article stated. The
3-sec response time to which the
article referred is the 959% prob-
ability level in the busy hour. The
mean busy-hour response is less
than 1 sec. On the Datran all-dig-
ital backbone presently operating
between Houston and Chicago, we
guarantee short-term performance
of 99.959% error-free seconds, not
99.5%, as reported.

Ned Farinholt, Manager
Market Planning
Data Transmission Co.
8130 Boone Blvd.
Vienna, VA 22180
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CELCO makes “Above-Average” YOKES
for “Above-Average” CRT Displays

Need a deflected CRT spot as small as 0.00065"”?

The CELCO HDQ High-Resolution
Deflectron for Satellite Photogra-
phy Read-out was the choice of
one of our customers for their
““Above-Average’ display re-
quirements.

You can get performance like
that with a CELCO YOKE opti-
mized on your CRT for your
“Above-Average” display. (mea-
sured with a CELCO CRT Spot
Analyzer.)

Or YOUR “Above-Average” dis-
play may require fast Zero-ap-
proach settling time, as required
in a Fingerprint Scanning job
where CELCO HDN Deflectrons
are specified to recover to
0.01% in 25pus.

Precision Linearity on the final
film plane or work surface, in
Integrated Circuit Mask-Genera-
tor Displays enables producers
of LS| technology to make low-
cost computers for all of us.
CELCO Special Deflectrons and
Linearity Correctors LC123 are
being used by several equip-
ment builders for their “Above-
Average” displays.

For PEPR, a system for reading
Bubble Chamber photographs,
developed by a few individuals
at MIT and refined and expan-
ded by others at leading univer-
sities throughout the world,
CELCO was asked to provide
special Low Residual Yokes for
their project. CELCO produced
their HD Deflectron with special
0.003% residual, and GFJ irro-
tational Focus Coils to help
achieve the performance of
these "Above-Average’ dis-
plays. CELCO DAPP2N-7 Ampli-
fiers drive the Dynamic Focus
Coil; a CELCO DAPP2N-5 Amp-
lifier was selected by another
PEPR group to drive the CELCO
B1700 Di-Quadrupole which
produced the rotating high-res-
olution scanning line!

-

CELC
MAHWAHN
MYSi4 Pé

S

""Above-Average’” Recording
Storage Tube displays with 14"
neck scan converters and stor-
age tubes need CELCO QY and
QD Recording Storage Tube
Yokes.

CELCO electronics and magnet-
ics were integrated into a CELCO
“DS" Special Display System for
Oil Exploration and Data Reduc-
tion where “Above-Average”
Linearity, Spot Growth, Zero-ap-
proach, Bandwidth, and Resid-
val performances were required.
Our customer decided to use
CELCO’s unique display experi-
ence to achieve his “Above-Av-
erage” display.

CELCO “Above-Average” deflec-
tion yokes, focus coils, beam-
centering and aligners, astig-
matic correctors, and pincushion
correctors applied to your spe-
cific requirement will help you
produce YOUR “Above-Average”
Direct-View Display.

REMEMBER CELCO YOKES,
whether you want to send a
man to the moon, a probe to
Jupiteror Mars, investigate
chromosomes or trophoblast for
cancer research, or build a large
format scanner to generate type-
setting masters, X-Ray enhance-
ment, or data digitization.

* CELCO CRT Mounts, coil positioners,
holders and magnetic shields will en-
able you to get everything together to
achieve your “Above-Average’ display.

* Write for CELCO YOKE BROCHURE and
your FREE CELCO CRT Display Computer
Slide Rule to compute the CELCO YOKE
you need for your ““Above-Average”
CRT Display.

UPLAND CA 714-982-0215
MAHWAH NJ 201-327-1123

(average is so . . . ho-hum to us.)

“Above-Average” YOKES for “Above-Average” CRT Displays.
CONSTANTINE ENGINEERING LABORATORIES COMPANY
1150 E. Eighth Street, Upland, CA 91786 70 Constantine Drive, Mahwah, N J 07430
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THE SOURCE..

for Digilal Instrument Printers!

Need a hard copy printer
that is readable, reliable,
flexible and maintainable?

With DigiTec’s instrument
printers you get a model to

fulfill your exact specifications.

Want a printer that lasts
with use and is easily
repaired after abuse?

DigiTec’s instrument
printers have rugged,
high-styled enclosures
and state-of-the-art
circuitry with plug-in
components for
serviceability.

Require integral time
recording, batch or event
counting, up to 21 data
columns, red or black print
out, TTL or RTL interface,
and integration into an
existing product or system?

Selected DigiTec models
offer these features in
combination with many
others.

Look first to the “SOURCE"’
for your digital instrument
printers and ask about our
generous OEM
quantity discounts!

(T2

DIGITAL PRINTER

6100 Series

digital printers for
production, laboratory
and OEM applications.
Starts at

Model 6214
custom, modular printer adds hard
copy capabilities to your product.

Starts at

Model 691

systems printer for
maximum flexibility in
data acquisition systems.
Starts at

.

Call your nearest United Systems representative for complete specifications.

Digfrec UNITED SYSTEMS CORPORATION

918 Woodley Road - Dayton, Ohio 45403 . Ph: (513) 254-6251 « TWX: (810) 459-1728

These instruments available under GSA Contract GS-00S-27741
FOR DEMONSTRATION ONLY CIRCLE #1272

FOR INFORMATION ONLY CIRCLE #1271
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TAKE THE LEAD WITH THE 2ND
NEW 4K STATIC RAM FROM EMM

TTL-COMPATIBLE; FULLY STATIC.
The new SEMI 4200 is fully static like the 4402
we recently introduced. But in addition it is
TTL-compatible, output as well as input. ;
Thus you can not only forget about
refresh and charge pump circuitry
when designing high performance
MOS memory systems, you can also
forget about drive amplifiers.

RAM x /)00

> ©°

225 NANOSECOND ACCESS. The SEMI 4200 4K static
RAM has a worst case access time of 225 nsec, and a
worst case cycle time of 400 nsec. It is the fastest
TTL-compatible 4K static RAM in production.

LOW POWER. The SEMI 4200 requires 450 mw
operating power. And, just as with the 4402, power
conservation is achieved by the

Chip Select Input, which
causes the 4200 to
enter a low power
standby state
whenever it is
unselected. Normal
Vpp is 12Vdc, but Vyp
can be reduced to 4 volts
without risking loss of stored
data, thus permitting the design
of effectively non-volatile systems.
Power consumption in this mode is
less than 2,W/bit.

MICRORAM 1240.
16K x 8/9 using
SEMI-4200 4K Static RAM

Ideal for
microprocessor applications.

.

DOUBLE TESTED. Like all SEMI NMOS
components, the 4200 TTL-compatible 4K
static RAM must meet our own tough
test standards, since we use it in our
memory systems. In fact, our normal
procedure requires 100% ac and dc

testing of all components twice —
at wafer and again in the package.

MODEL SELECTION. EMM SEMI
offers you a growing line of

static RAM and ROM components
to help you take the design lead.
Pick out the

one that best meets your needs
from the adjacent chart.

PROVEN TRACK RECORD. At EMM
we’ve been making memory components

and systems since 1961. Unlike memory suppliers
who market components only, all EMM components
are performance proven in our own systems. When
you buy from

g (

EMM, you get Part No. Bit Org. Access Time
the benefit of nans
the unusually SEMI-4200 4096 x 1 225 nsec
hi gh SEMI-4402 4096 x 1 200 nsec
acceptance SEMI-1801 1024 x 1 90 nsec
standards we SEMI-1802 1024 x 1 70 nsec
# SEMI RA-3-4256 256 x 4 1 usec
Impose on SEMI RA-3-42568 256 x 4 1 usec
ourselves, Ol
as well
as our SEMI RO-3-4096 512x8 500 nsec
SEMI RO-3-5120 512x 10 500 nsec
years SEMIRO-3-16384 4096 x 4 1 usec
of SEMI RO-3-8316A 2048 x 8 850 nsec
experl- More new products to come . . . additional 4K static RAMs, ROMs.
ence in

meeting the needs of the memory marketplace. If
you'd like further information about any of the
products featured here, or any other EMM components
or systems, contact your local EMM office today.

EMM sem

A subsidiary of Electronic Memories & Magnetics Corporation
3883 North 28th Avenue, Phoenix, Arizona 85017
Telephone (602) 263-0202

INFORMATION RETRIEVAL NUMBER 14




Dual-Delayed Sweep.

A new advance that speeds timing measurements

Main-Sweep Mode

Set start point/Set stop point
Read the time interval between
dots directly.

HP’s Dual-Delayed Sweep makes timing measurements
just this simple: set two markers on your scope trace and
read the time interval between them on a built-in LED dis-
play or a separate DVM.

Testing is faster because your setup is
easier...there’s no graticule counting...no
mental calculations either. Accuracy is im-
proved because drift, nonlinearities, and
many sources of humanerrorare eliminated.

In the Main Sweep Mode, you simply
set the start point with one marker (first
dot) and the stop point with the second
marker. HP’s 1722A oscilloscope with
microprocessor automatically gives you a
direct time-interval readout on the built-in
LED display. With our 1712A oscillo-
scope, you get direct readings by connect-
ing a DVM to the Time-Interval output.
For increased resolution and accuracy,
the Dual-Delayed Sweep lets you over-
lap (null) two traces using the scope
controls and again gives you a direct time-
interval reading.

If you've had to give up the 1% accuracy achievable
with single delayed sweep because you couldn’t afford the
test time, Dual-Delayed Sweep could be the answer. Since
it lets you see both start and stop events simultaneously,
you can follow adjustments in your system —even if they're
interactive —until you’re right on. This can give you as much
as a factor of 4 reduction in adjustment time.

Repeatability —so important in critical timing adjust-
ments —is improved as much as 10 times compared to con-
ventional scopes without digital readout.

CHAN A
{REF SET

POSN  INPUT

DC
VOLTS

CALVOLTS
UNCAL: %

70.0

HEWLETT ﬁ PACKARD

B 135 5

INTERVAL

TIME l/’IME

SEC

TIME/DIV

LY

Delayed-Sweep Mode

Start point/Stop point

Start and stop events viewed together
—overlap them for maximum accuracy.

B an: < *h

Whether you’re doing single-trace measurements —such
as risetimes, pulse durations, and periods—or dual trace
measurements —such as propagation delays, dual-clock
phasing, and other measurements from one waveform to
another — Dual-Delayed Sweep lets you
work to new standards of speed and
accuracy.

At HP, we made comparative tests
using a conventional (single-delay) scope,
a single-delay scope with digital read-out,
and a scope with Dual-Delayed Sweep
(DDS). Twelve people made one time-in-
terval measurement each. Based on these
tests, we at HP found that Dual-Delayed
Sweep (DDS) is about three times faster
than a single-delay scope with a turns-
counting dial and about the same as a
single-delay scope with digital readout.
In repeatability, DDS is about five times
more repeatable than a conventional
scope with digital readout and ten times
more repeatable than a conventional scope
with a turns-counting dial.

With the 1722A, you can also measure frequency, volt-
age, and percent with the same ease...and have a direct
4-digit readout on the built-in LED display.

Dual-Delayed Sweep is a standard feature in HP’s
1712A 200 MHz scope (time-interval via external DVM —
$2950) and in our 275 MHz 1722A (with LED’s built-in—
$4750). Contact your local HP field engineer and find out
how Dual-Delayed Sweep can speed your timing measure-
ments while improving their accuracy. Or, write for our
application note AN-186.

TIME INFERVAL
DEC==INt

Ve

UNCAL

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

FOR TECHNICAL INFORMATION CIRCLE #1261
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New snap-in rockers
with Cutle-Hammer
reliability.

Here’s a completely new line of snap-ins,
each engineered with the kind of solid
dependability you expect in Cutler-Hammer
Rockette® switches. Bright metal bezels,
illuminated and non-illuminated, A-c and D-c
capabilities up to 20 amps.

Sub-panel rockers in a variety
of colors, rocker or paddle
designs in standard, special, or
proprietary models.

Switches snap in and stay in
permanently. Speed up
assembly time, cut costs.

Flush-mounted rockers in the
same wide range of designer-
oriented colors and styles.
One- and two-pole models.

Illuminated single-pole

rockers. Choice of red, g
amber, white, or clear.
Hot-stamped legends indi
switch functions. ;

For more information, call
your Cutler-Hammer Sales
Office or Switch Distributor.

‘(= CUTLER-HAMMER ' / Switch to No.1

SPECIALTY PRODUCTS DIVISION. Milwaukee, Wis, 53201
INFORMATION RETRIEVAL NUMBER 16
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One contact
with Malco

gets you all the
contacts you need.
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Malco, the originators of the metal back plane gives you
as many as 50,000 individual contacts on one 24” x 24"
plate. That's up to 100 contacts per square inch—
whether you choose our blade and tuning fork WASP
and MINI-WASP systems or our low-cost, card edge
Edgemate and Edgemate |l systems. Yet, even with that
kind of density, each contact is precisely positioned to
permit use with automatic wire wrapping machines.
Naturally your back planes will be made to your exact
design specifications with contacts arranged to suit
your individual configuration requirements.

For even greater flexibility you can add a variety of
Malco headers. Get the quality back planes you need
for computers, data processing equipment, automatic
test systems, missile control and guidance and com-
munications systems.

Malco also has a complete line of card edge
connectors and inter-connector systems ready for
automatic wrapping. Make that first contact with Malco
and get all the contacts you need. Write Malco,

12 Progress Drive, Montgomeryville, Pennsylvania 18936
or call . . . (215) 628-9800.

VALCO

A Microdot Company

Helping industry put things together. '
INFORMATION RETRIEVAL NUMBER 17
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8-k RAM, due out in 1976,
to defy ‘rule of four’ trend

Defying Gordon Moore’s “rule of
four,” which states that memory
advances come in multiples of four,
semiconductor designers at Ad-
vanced Memory Systems are plan-
ning to offer an 8k RAM during
the first half of 1976 that will be
only two times larger than the
memory chips now available.

According to Millard H. Phelps,
vice president of the Sunnyvale,
CA, company, the device will be
pin-compatible with existing 22-
pin, 4-k memories. Known as the
7008, it not only will have more
density than all high-performance
RAMs, Phelps says, but it will also
be faster and cheaper per bit on a
system level.

Commenting on the 7008’s com-
patibility with current 22-pin, 4-k
RAMs, Phelps notes that the lat-
ter have an unused pin on the
package that can be used to ac-
commodate the extra address line
required by 8-k devices.

The 8-k RAM, Phelps says, gives
system designers a smooth way to
upgrade a product as semiconduc-
tor technology progresses and the
4-k RAMs become obsolete.

Another advantage of the 8-k
RAM, he continues, is that it can
be applied by simple extension of
today’s 4-k circuit designs; no
circuit changes are required. And
because of this, the 8-k devices en-
joy the same reliability as 4-k
RAMs, he adds.

Moreover, since more power per
function is available at the 8-k
level than at the 16-k, it is reason-
able to expect higher performance
from the 8-k device, Phelps con-
tends.

The cost savings for system de-
signers using the 8-k RAM can be
significant, Phelps says. He re-
ports possible savings of 25 to 40%
if the 8k memory is used as a
bridge between 4-k and 16-k de-
vices. The savings come from a re-
duction in printed-circuit boards,

ELECTRONIC DESIGN 22, October 25, 1975

connectors, cables and use of cabi-
nets, he notes.

With the industry advancing at
its current rate, 1978 appears to
be the earliest that mature 16-k
RAMs will be available, Phelps
says. That would mean that 8-k
devices have two years in which
the only competition will be from
smaller 4-k RAMs.

Acoustic radar helping
FAA study wind shear

To prevent air crashes caused by
wind shear—a phenomenon in
which the wind speed or direction
varies with changes in altitude—
the Federal Aviation Administra-
tion has instituted a program to
collect data on the characteristics
of wind shear on the approaches to
runways at the John F. Kennedy
International Airport in New York
and Boston’s Logan Airport.

The investigation of low-level
wind shear—believed responsible
for a recent fatal airplane crash at
Kennedy—is using acoustic radar
equipment with capability that is
expected to measure winds up to
1000 feet above the surface.

The equipment, according to Lar-
ry Langwell, manager of the FAA
Wind Shear and Wake Vortex Pro-
grams, has demonstrated in pre-
liminary tests that it can detect
wind speeds up to 600 feet.

The equipment was developed
for the FAA as an acoustic doppler
system for detection of wake
vortices.

The vortex system, produced by
Avco in Wilmington, MA, can de-
tect wind changes at various alti-
tudes. Operating between 2 and 4
kHz, the equipment transmits an
acoustic pulse with 50 W of sonic
energy.

“To date,” says Langwell, “the
system has been used in a test pro-

gram to track wake vortices and
display their location on a CRT on
a real-time basis.”

Both the display and the trans-
mitting transducers are being
modified, Langwell points out, be-
cause while the wake vortex system
looks up at about a 150° angle,
wind-shear measurements require
that the transducers be pointed
straight upward to probe the
atmosphere.

In addition, Langwell notes, the
software of the PDP-11 computer,
which is a part of the system, will
be modified.

An installation of sonic radar—
by Aerovironment, Pasadena, CA—
has been made at Logan Airport,
Langwell says, to determine the
the feasibility of using a lower-
cost system. It would cost about
$20,000 as contrasted with about
$100,000 for the Avco system.

The Aerovironment system was
designed for mapping inversion
layers in air-pollution studies. The
height of the layer, Langwell points
out, is identified by backscatter
from the inversion interface.

A special acoustic wind-shear
system measuring up to 1000 feet
and higher is also under develop-
ment for the FAA by the National
Oceanic and Atmospheric Admini-
stration. It is to be installed at
Dulles International Airport, out-
side of Washington, DC, early next
year.

Minicomputer speed
at microprocessor cost

Taking advantage of NMOS
LSI circuitry, General Automation
of Anaheim, CA, has introduced a
series of 16-bit micro and mini-
computers that it describes as of-
fering the speed and versatility of
larger systems at prices equivalent
to the slower, low-cost 8-bit micro-
processor-based machines.

The GA-16 series of computers
has typical instruction execution
times of 2 ws, and prices start at
$631 (in quantity) for a 16-bit
machine with 1 k of memory. All
machines offer software and I/0
compatibility with the company’s
existing SPC-16 series of mini-
computers. This saves considerable
time and money when it comes to
picking a system and preparing the
software.
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There are four units in the se-
ries—GA-16/110, 220, 330 and 440.
All of the units are based on a two-
chip custom LSI processor. Models
110 and 220 are microcomputers
and include 1 k words of solid-state
memory.

The 110 is built on a single 7.75
% 11-in. circuit board, costs $531,
has 91 basic microprogrammed in-
structions, memory expansion capa-
bility to 64 k and 16 general-pur-
pose registers for openers.

The 220 includes all of the 110’s
features and has an additional 7.75
x 11-in. board that houses a
microconsole ROM, TTL controller
and serial I/0 port. It costs $765
in quantity.

Two larger systems are also
available—the 330 and 440. These
computers are housed in 5.25 x 19
x 22 and 8.75 x 19 x 22-in. cases,
respectively. Both machines can di-
rectly address 1 million words of
memory. The 330 comes with 4 k
of core memory while the 440 is
equipped with 16 k. They cost
$1950 and $5370, respectively.

Instruction sets for the mini-
computers include full-word, byte
and bit manipulation in memory
and an extended instruction set for
the 330. The 440 includes all that
plus even higher speed, since it
uses Schottky MSI circuits in ad-
dition to the LSI processor. The
440 has a complete front panel,
while the 330 comes with just the
basic control switches.

CIRCLE NO. 319

CAD speeds matching
of antenna networks

A jaw-busting computer pro-
gram——called NETXMTCH—in-
tended to let engineers optimize
rapidly the design of broadband
matching networks for given
impedances, has been developed by
the Naval Research Laboratory in
Washington, DC.

According to Monroe Y. McGown,
principal investigator for the pro-
ject, the program is designed to
use transmission-line cable and/or
discrete element characteristics in
the design of the matching net-
work.

The design of broadband match-
ing networks, generally a tedious
task, is required for shipboard an-
tennas, McGown observes. Most
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shipboard transmitting antennas
need compensating matching de-
vices to transform the antenna im-
pedances to values that will keep
the voltage standing wave ratio
(VSWR) at 3-to-1 or less.

NETXMTCH can be used to de-
termine the VSWR, relative to any
terminating resistance, for given
antenna impedances. This reduces
design time and effort.

Although it was specifically de-
signed for antenna matching, it
can be used for other broadband
impedance-matching problems as
well, McGown says.

The program is written in For-
tran for the CDC 3800 computer.

Next computer era:
A gradual shift seen

Unlike the dramatic entrance of
IBM’s 360 series—which ushered
in the third-generation computer
era—fourth-generation machines
will make their debut without fan-
fare, says Joseph Ferreira, vice
president of the Diebold Research
Program in New York City.

The management research offi-
cial asserts that “the fourth-gener-
ation computers will require no
significant advances in hardware
technology, such as was evident in
the 360 series.” Instead, he con-
tinues, there will be a gradual shift
—probably no earlier than the
1980s—spurred largely by new de-
velopments in software.

“We’ve got the hardware,” Fer-
reira says, “but enormous prob-
lems with software remain. It’s the
major bottleneck in the use of
large systems.”

The architecture of fourth-gen-
eration computers will be deter-
mined by product needs rather than
by technological development, he
says, with the major characteris-
tic functional, specialized proces-
sor modules collected in multiproc-
essor configurations.

Other trends expected as the next
generation unfolds, according to
the Diebold official, include these:

®m Virtual machine program exe-
cution.

m Very large main storage—mil-
lions of bytes of memory represent-
ing a substantial proportion of
system cost.

m Intelligent controllers for peri-
pheral devices.

Navy system pinpoints
computer transients

High-voltage transients on pri-
mary ac power lines for computers
can introduce errors in the data.
To identify the transient sources,
as well as their polarities, on com-
puter power lines, the Navy has de-
veloped a portable monitoring device
at its Civil Engineering Labora-
tory, Port Hueneme, CA.

“We needed to determine where
the transients were coming from so
we could trace and eliminate them,”
explains M. N. Smith, electronic
designer with the laboratory’s Elec-
trical System Div.

The transient direction-finding
circuit can be used with single, two
and three-phase lines, Smith points
out. The transient instrument has
a voltage probe, a current probe
and TTL logic.

The voltage probe is connected
between one side of the line under
test and neutral. The current probe
is a split-core unit that clamps
over the line.

The leading edge of the first
transient to occur triggers the cir-
cuit, Smith explains. And with the
voltage measured by the probe as
a reference, comparison is made to
the polarity of the current-probe
output.

If the transient source is the
computer or some other load, the
polarity of the current flow will be
the opposite of that of a disturb-
ance coming in from the line,
Smith notes, adding:

“The logic circuitry compares
the outputs of the probes and lights
corresponding LED indicators
marked ‘source,’” ‘load,” ‘positive’
and ‘negative’.”

The transient-finder unit is be-
ing used in conjunction with a
portable power line monitor that
prints out the LED indications and
also resets the LEDs to OFF to
wait for the next transient.

The power-monitor unit also
monitors line frequency, overvolt-
age and undervoltage, together
with a clock printout that gives the
time of any of the line disturbances.

Two of these transient locators
and associated power-monitor sys-
tems are now in use at Navy sup-
ply installations that have large
computer complexes—at the Oak-
land (CA) Naval Supply Depot and
at Mechanicsburg, PA.
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JEW CONCEPT IN RECTIFIER TECHNOLOGY

No other 1to 3 Amp rectifier of any kind—plastic, glass, or
metal—can match (or even approach) SUPERECTIFIER's
combination of features...the result of General Instrument's
unique glass-plastic construction:

= Brazed at greater than 600°C at both leads and cell—
eliminates all soft solders

= Exclusive UL recognized flame-retardant epoxy molding
compound rated 94V-0, the highest available

= Patented glass passivation

= Reliability proved equal to military requirements

= Hermetically sealed construction

= And all this at plastic prices

General Instrument’s SUPERECTIFIER is exactly that...a
super rectifier. There is nothing else in the world like it.

In cell construction, most other rectifiers rated up to 3 Amps
are soft soldered or are only pressure contacted.
SUPERECTIFIER is made into an entirely solid unit with its
leads and cell brazed at temperatures greater than 600°C.

All other rectifiers fail at half that temperature.

In cell protection, conventional plastic rectifiers use either
varnish, silicone rubber or a thin film of silicon oxide to
protect the junction. SUPERECTIFIER uses a patented glass
passivation to seal its junction hermetically.

In device encapsulation, again SUPERECTIFIER is the
only one that won't go down in flames. It is the only rectifier
using an exclusive flame-RETARDANT molding compound,
rated UL 94V-0, the highest rating available. All other plastic
rectifiers use flame-ENHANCING compounds. Here again,
SUPERECTIFIER's superiority is manifest. In fact, it is the
only plastic rectifier that exceeds environmental standards of
MIL-STD-19500/228.

SUPERECTIFIER

UL RECOGNIZED-G.I.4B
CAVITY-FREE

FLAME -RETARDANT
(GLASS-PASSIVATED BRAZED-TEMP >600° / MOLDING COMPOUND

(UL 94Vv-0)

COMPLETELY
ENCAPSULATED PAQUE

SOLID BRAZING, LOW
o]
BRAZED CONSTRUCTION GLASS

RESISTANCE, EXCELLENT
SURGE CAPABILITIES

In summary, SUPERECTIFIER is the world’s only rectifier
with totally brazed construction, with a patented glass
passivated junction, and with flame-retardant molding
encapsulation.

And the topper ... SUPERECTIFIER sells at super-low
plastic prices.

SUPERECTIFIER?...You bet it is!

If you want to know more call us at 516-733-3355 or write,
General Instrument Corporation, Semiconductor
Components Division, 600 W. John St., Hicksville, N.Y. 11802.

P.S. If you have a Super Girl around, we have a Super Girl
T-shirt for her. You can get yours from any participating
General Instrument distributor (listed on the next page).

GENERAL INSTRUMENT CORPORATION
SEMICONDUCTOR COMPONENTS
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Here's where you get it !
(your Super Girl T-shirt, too)

PARTICIPATING GENERAL INSTRUMENT DISTRIBUTORS

ALABAMA,

Huntsville

Cramer Electronics ...... (205) 539-5722
ARIZONA,

Phoenix

Mirco Electronic Dist. . ... (602) 944-2281
CALIFORNIA,

Newport Beach

Semicomp Sales ........ (714) 833-3070
Santa Ana

Intermark Electronics .... (714) 540-1322
San Diego

Intermark Electronics .... (714) 279-5200
Sunnyvale

Intermark Electronics . ... (408) 339-9312
Woodland Hills

Semiconductor Concepts . (213) 884-4560

COLORADO,
Denver
Integrated Electronics . ... (303) 534-6121
Wheatridge
Century Electronics ...... (303) 424-1985
CONNECTICUT,
Bethel
BIOREBEIT Ny . C ity o 48 (203) 792-1182
Norwalk
Harvey Conn............. (203) 853-1515
FLORIDA,
Ft. Lauderdale
N T ol o eba e (305) 792-2600
Hollywood
Cramer Electronics ...... (305) 923-8181
Orlando
Cramer Electronics ...... (305) 894-1511
Hammond Electronics . ... (305) 849-6060
ILLINOIS,
Chicago
Newark Electronics ...... (312) 638-4411
Eimhurst
Semiconductor Specialists (312) 279-1000
Rosemont
Advent Electronics ...... (312) 298-4210
INDIANA,
Ft. Wayne
Ft. Wayne Electronics .... (219) 423-3422
Indianapolis
Semiconductor Specialists (312) 279-1000
IOWA,
Cedar Rapids
De800 NG ki e s (319) 365-7551
KANSAS,
Lenexa
Hall-Mark Electronics . (913) 888-4747-8-9
Wichita
Radio Supply Co. ........ (316) 267-5214
MARYLAND-WASHINGTON, D.C.,
Gaitersburgh
Cramer Electronics ...... (301) 948-0110
Savage
Pyttronic Industries
Baltimore—(301) 792-7000

Washington—(301) 953-3000
MASSACHUSETTS,
Newton
Greene-Shaw Co. ........ (617) 969-8900
MICHIGAN,
Framington
Semiconductor Specialists (313) 478-2700
Grand Rapids

Stotts-Friedman Co........ (616) 459-0216
MINNESOTA,

Minneapolis

Hall-Mark Electronics ....(612) 935-3118
Semiconductor Specialists (612) 854-8841
The Berquist Co. Inc...... (612) 835-2322
St. Louis Park

Park Electronics ........ (612) 935-3118

MISSOURI,

Hazelwood

Semiconductor Specialists .(314) 731-2400
St. Louis

Olive Electronics .......... (314) 863-7800
NEBRASKA,

Lincoln

Scott Electronics Supply . . .(402) 464-8308

NEW MEXICO,

Albuquerque

Century Electronics ....... (505) 292-2700
NEW YORK (Metropolitan),

Bay Shore

Rosyl Electronics ......... (516) 586-1800
Elmsford

Zeus Components ......... (914) 592-4120
Hauppauge

Semiconductor Concepts ..(516) 273-1234
New Hyde Park

LAPAYBE: . oo v e Slaiate wienis (516) 488-6600
Syosset

NGB, ot voats sihrs s aritis oo (516) 822-9450
Woodbury

Diplomat Electronics .. ... (516) 921-9373
NEW YORK STATE,

Buffalo

Summit Distributors ...... (716) 884-3450
Johnson City

Wilshire Electronics ....... (607) 797-1236
NORTH CAROLINA,

Raleigh

Pyttronic Industries ...... (919) 782-6370
Winston-Salem

Cramer Electronics ...... (919) 725-8711
OHIO,

Cincinnati

Newark Electronics ...... (513) 874-5115
Dayton

Semiconductor Specialists (513) 278-9455
Stotts-Friedman Co. ...... (513) 224-1111
Solon

REPEO! Sicisntinllse Smsns e (216) 248-8900
PENNSYLVANIA,

Cinnaminson

Wilshire Electronics ...... (215) 627-1920
Erie

AAVACOM:, o isiuilonte abanes (814) 455-8110
Harrisburg

Pyttronic Industries ...... (717) 233-6591
Horsham

Pioneer Electronics ...... (215) 674-5710
Huntington Valley

Halmarky ot s o (215) 355-7300
Montgomeryville

Pyttronic Industries ...... (215) 643-2850
Philadelphia

Philadelphia Electronics Inc.
Pa.—(215) 568-7400
N.J.—(609) 365-6704
Pittsburgh
Semiconductor Specialists (412) 781-8120
TEXAS,
Dallas
Component Specialties ... (214) 357-4576
K.A. Electronics Sales . ... (214) 634-7870
Semiconductor Specialists (214) 358-5211
Houston
Component Specialties Inc.(713) 771-7237

Lenert Company ......... (713) 225-1465
UTAH,

Salt Lake City

Alta Electronics ......... (801) 486-7227

Century Electronics Inc. .. (801) 487-8551
WASHINGTON-OREGON,

Seattle

Intermark Electronics . ... (206) 767-3160
WISCONSIN,

Mequon

Taylor Electric .. ..c. i (414) 241-4321
Milwaukee

Semiconductor Specialists .(414) 257-1330

SEMICONDUCTOR COMPONENTS

GENERAL INSTRUMENT CORPORATION E
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UNIVERSAL
MODEMS

/ ﬂ/ i W
Universal makes modems any way you want them — as
OEM cards, rack-mountable units or free-standing pack-
ages. In a word, we combine the latest in modem tech-
nology with the ultimate in personalized service and
personalized applications engineering.

For example, using CMOS technology, we've put a
whole 201 modem on a single card in less than 50 square
inches. Of course we also offer many choices of 103s
and 202s.

Our custom design capability offers you the perform-
ance options you need, as well as complete compatibility
with your mechanical layout. Besides cards, rack-
mounted or free-standing units, Universal also provides
multi-channel packages, with modems in any frequency
mix up to 2400 bps.

In addition to our products, we're extremely proud of
our customer service. Check us out: Call us on the
telephone. You'll like what you hear.

m.mh. o'

IIIIIVEI‘SEIl llilliﬂ systiems

4900 Bradford Drive ° Humsvnlle Alabama 35805 Telephone (205) 837-8100 « TWX 810-726-2100

| & McKenzie Advertiaing. Winter P
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SURPRISE! 9995

DIRECTIONAL
COUPLERS

=Frequency 10KHz 1000 MHz =High directivity to 35dB
= Wide selection of coupling *From $9.95
= Low main line loss from 0.1dB * One week delivery

Mini-Circuits ships thousands of signal processing compo-
nents each week to more than 500 companies throughout the
world. These units are included in over 300 critical military
programs as well as communications, medical, CATV, telephone
transmission and instrumentation applications.

Our years of experience in high-volume production result in
high reliability units with guaranteed repeatability of perform-
ance at lowest cost. That's why more and more systems engi-
neers are specifying Mini-Circuits’ directional couplers, mixers
and power splitter/combiners as the industry’'s standard.

For complete specs, performance curves and application
notes, see MicroWaves 1974 Product Data Directory (p. 187-311)
or circle Reader Service No. for your 132-page catalog.

Model Coupling, dB  Freq. MHz Price Qty.
PDC  10-1 il . $11.95 (5-49)
e o1 irsspe 05" 6001 iR 08 1 Uroe
ZMDC 10-1 $36.95  (4-24)
PDC  10-2 $15.95  (5-49)
ZDC  10-2 1005  250-1000  ¢3595 (4-24)
ZMDC 10-2 $40.95 (4-24)
PDC  15-6 i $19.95 (5-49)
ZDC  15-6 15205  0.01- .35  ¢3495 (4-24)
ZMDC 15-6 $44.95  (4-24) ZDC
PDC  20-3 5 ; $11.95  (5-49)
Zoc 203 195=05 0.2- 250 ¢25.05  (4-24)
ZMDC 20-3 $36.95 (4-24)
PDC  20-1 : 7 $19.95 (5-49)
ZDC  20-1 el Lo 25- 400 ¢34'95 (4-24)
ZMDC 20-1 $44.95  (4-24)
¥ppC 10-1B 11.5 = 0.5 1- 400 $ 9.95 (6-49)
%pDC 20-1B 192~ 05 0.5- 200 $14.95 (5-49)

%Bidirectional

For complete product specifications and U.S. Rep. listing see MicroWaves' ‘“‘Product Data Directory,”
Electronic Designs’ “Gold Book” or Electronic Engineers Master “‘EEM"

.« » . . MCL 837-843 Utica Avenue, Brooklyn, NY 11203
-4 Mini-Circuits Laborator Y (212)342-2500 IntI Telex 620156 Domestic Telex 125460

28

A Division Scientific Components Corp

Foreign Sales Representatives: ] AUSTRALIA General Electronic Services, 99 Alexander Street. New South Wales. Australia 2065 [] ENGLAND
Dale Electronics, Dale House, Wharf Road. Frimley Green, Camberley Surrey: [J FRANCE S.C. I.E.-D. I. M. E. S., 31 Rue George - Sand., 91120
Palaiseau, France;: [] GERMANY, AUSTRIA, SWITZERLAND Industrial Electronics GMBH, Kluberstrasse 14, 6000 Frankfurt/Main, Germany: [7] ISRAEL
Vectronics, Ltd., 69 Gordon Street, Tel-Aviv, Israel; [ ] JAPAN Densho Kaisha, Ltd., Eguchi Building, 8-1 1 Chome Hamamatsucho Minato-ku, Tokyo:
[0 EASTERN CANADA B. D. Hummel, 2224 Maynard Avenue, Utica. NY 13502 (315) 736-7821 [] NETHERLANDS, BELGIUM, LUXEMBOURG: Coimex
veldweg |1, Hattem, Holland

US Distributors: ) NORTHERN CALIFORNIA Cain-White & Co.. Foothill Office Center. 105 Fremont Avenue, Los Altos. CA 94022 (415) 948-6533
[[] SOUTHERN CALI%RNIA. ARIZONA Crown Electronics, 11440 Collins Street, No. Hollywood, CA 91601 (213) 877-3550
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( Washin'gitontRe pont: )

Senator seeks cross-pollination of defense technology

With the objective of easing the transfer of technology from the Dept.
of Defense to other Federal agencies and state and local governments,
Sen. Joseph M. Montoya (D-NM) has introduced a bill to create an
Agency for Technology Transfer. Basically, he says, the agency would
disseminate existing ideas and knowledge to the public and private szctors.
In addition it would assess the s:condary applications of technology and
provide for research. Funding for this purpose would be separate from the
defense budget.

The bill would create a declassification board to review and evaluate
technology. Serving on the board would be two members from the private
sector, two from the Defense Dept. and two from other Federal agencies.
Senator Montoya, when introducing his proposal, said: “We must promote
the advances in science and technology to remain first in the world in
technology, but it is also time for us to stop wasting these technologies
and scientific advancements by limiting their use to one area and retard-
ing their possible development in other fields.”

To determine the feasibility of transferring technology, the bill also
calls for a 12-member Congressional commission composed of six Senators
and six Representatives to study the situation over a two-year period and
to report back to the full Congress.

Joint procurement cutting costs of satellites

The Air Force and the National Aeronautics and Space Administration
have pretty conclusive proof that things are cheaper by the dozen. In this
case, it’s advanced meteorological satellites. By jointly procuring a new
spacecraft identified as Block 5D, the two spacecraft operators contend
they will save the taxpayers $37-million.

The new satellites, to be built by RCA Corp.’s Astro Electronic Div.
will replace those now in 450-mile, sun-synchronous orbits. Nine of the
satellites will be for NASA, three for the Air Force.

Although sensors and scan systems used by the two agencies differ, the
vehicles will be able to accommodate the payloads. The saving comes
through NASA’s not having to spend $33-million for development, plus an
additional $4-million in economies in material and assembly costs.

U.S. to analyze effects of material shortages

The Federal Energy Research and Development Administration, which
has marked its first nine months of existence with a flurry of study con-
tracts in an effort to get a grip on future energy problems, now wants to
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know the probable impact of shortages of materials used in the manufac-
ture of electrical products. Westinghouse Research Laboratories in Pitts-
burgh has a 14-month, $163,000 contract to evaluate the effects of short-
ages over the next 25 years in conductor materials, wood, steel and
petrochemicals. The study will also identify possible substitutes for these
materials, draft recommendations for further R&D and suggest national
policies to attempt to stave off materials shortages.

Better ways to locate lost aircraft envisioned

In the annual marshalling of forces to fight budget cuts, the Dept. of
Defense has top officials on the speaking trail. A key area being stressed
is the value of R&D to both national defense and the civilian sector.
Noting that the military services annually spend some $200-million to locate
lost aircraft and ships, Deputy Secretary of Defense William P. Clements
Jr. recently told the Survival and Flight Equipment Association of new
electronic developments that could speed such rescues of aircraft and thus
save money.

Using subminiaturized electronics components, he says, it’s possible to
build a system that a plane could carry and that, in a crash, would trans-
mit the craft’s exact position via satellite to a central search and rescue
facility. Rescue teams could then be sent directly to the scene, thus elimi-
nating prolonged searches. He names the Navstar Global Positioning Sys-
tem as ideal for navigation position updates.

Clements also notes that the Air Force has developed to the breadboard
stage a new rescue beacon for wartime use.

Capital Capsules: TRAM, a new avionics system designed to give the Navy AT-E
fighter attack aircraft eyes in the night, is undergoing tests by LTV
Aerospace Corp. The system, which uses forward-looking infrared sensors,
has the long name of Target Recognition and Attack Multi-Sensor. . . .
Aetna Life and Casualty has announced plans to join Comsat General and
IBM in establishing a domestic satellite communication system. The three
would share equally in the total investment of $165-million. . . . The Air
Force’s Aeronautical Systems Div. reports the start of a program to
design, fabricate and test an infrared warning receiver for slow-flying and
low-flying aircraft. It would be used in cargo, helicopter and fighter air-
craft. . . . The Electronic Industries Association reports the dollar value
of new orders for electronic parts in the first seven months of 1975 was
down 28.25% over the same period a year ago. . .. The Air Force plans to
look at the latest equipment in remote writing for use by weather fore-
casters at mobile tactical air bases. Among its requirements: The units
must be available in transmitter, transceiver and receiver combinations,
and they must use exchangeable, highly reliable solid-state electronics.
... WEMA has announced the start of an industrywide statistical service
to collect and distribute data on monthly bookings and shipments of semi-
conductor devices. Monthly reports are slated to start next January. . . .
The National Association of Broadcasters, the Institute of Electrical and
Electronic Engineers and the Electronic Industries Association are study-
ing the feasibility of using AM for radio stereophonic broadcast systems.
At the request of the Federal Communications Commission, the three have
formed a National AM Stereophonic Committee to test and evaluate all
proposed broadcast and receiver systems and report the results back to
the FCC.
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Ampex just added a 300 megabyte drive
to the common-interface DM-9000 family.

Ampex common-interface disk capacity now extends all the way from 40 to300 megabytes—the
industry’s broadest range of mix-and-match disk drives.

Newest addition to the Ampex line is the DM-9300, a self-standing, compact unit that
incorporates the same disk medium used on the DM-9200 (IBM 3336 or equivalent) with the
high-density signal electronics of the DM-980 drive. The DM-9300 packs 6060 bits of data per
inch of track, has 800 data cylinders and 19 surfaces, and delivers a full 300
megabytes of storage in a single spindle unit.

Ampex disk drives are field-upgradable. If you now have a DM-940, you can increase storage
capacity from 40 to 80 megabytes
with a field conversion. In a similar
manner, you can begin with a
DM-9100 and grow in increments
of 100 megabytes all the way to
the DM-9300.

And since all disk drives in the
Ampex DM-9000 series are
designed to operate with a single
controller, once you've installed
your first drive, you'll be able to
add units of any capacity.

Easily available disk media,
common controller, and a full

range of capacity ratings from 40
to 300 megabytes: good reasons
to get together with the Ampex
Disk Drive Family before you build
your next high performance
system.

Ampex Corporation
Data Products Division
401 Broadway, Redwood City,
California 94063, (415) 367-4105




DO YOU MEASURE

DYNAMIC OR TRANSIENT

PHENOMENA?

If you view slowly chang-
ing waveforms or fast single-
shot events (up to 1.3 uS),
variable persistence storage
offers you an easy, accurate
way to evaluate them.

The variable persistence
oscilloscope stores a bright,
high-contrast display of new
information as the old infor-
mation fades from the crt.
Variable persistence is avail-
able in both portable and
laboratory oscilloscopes.

VARIABLE PERSISTENCE
STORAGE

But there’s a lot more to
be said. Variable persistence
storage has applications in
spectrum analysis, mechan-
ics, biophysics, and many
other areas. Just fill out the
coupon and we'll send you
our guide, ‘‘Variable Persis-
tence Storage Applications,”
or, if you prefer, arrange for
a demonstration.

DO YOU NEED TO RETAIN

SIGNALS ON A CRT FOR

LONG PERIODS OF TIME?

If you do, bistable stor-
age offers you an easy,
inexpensive way to store
information for an hour or
longer.

A bistable storage oscil-
loscope makes it easy to
store nonrepetitive signals
and low-rep-rate waveforms
with rise times as fast as
20 ns.

You can get bistable
storage in portable and labo-

ratory oscilloscopes. With
the split-screen feature, you
can store a reference wave-
form on one half of the crt
screen and compare it with
incoming signals on the other
half.

If you aren’t familiar with
bistable storage, we'd like to
help. Send for our guide,
“Bistable Storage Applica-
tions,” or request a demon-
stration.



DO YOU CAPTURE,

RECORD, AND ANALYZE

VERY FAST EVENTS?

If you do, FAST storage
allows you to record rise times
as fastas 3.5 nsand to store
information at full bandwidth
—100 MHz. Only our mesh-
to-mesh transfer technique
makes it possible to store
at such fast writing speeds.

This technique also makes
it possible to combine different
kinds of storage ina single
instrument. Variable persistence
and FAST variable persistence
are available togetherin our
portable scopes. Bistable, vari-
able persistence, FAST bistable,
and FAST variable persistence

FAST
MULTIMODE STORAG
APPLICATIONS.

are combined in our laboratory
oscilloscopes with multimode
storage.

To find out more about
FAST storage, write for our
guide, “FAST and Multimode
Storage Applications,” or
request a demonstration.

To request a demonstra-
tion of our storage oscilloscopes,
contact your Tektronix Field
Engineer or write us at Tektronix,
Inc., P.O. Box 500, Beaverton,
Oregon 97077. In Europe,
write Tektronix Limited, P.O.
Box 36, St. Peter Port, Guern-
sey, Channel Islands.

ONLY TEKTRONIX

OFFERS ALLTHREE

KINDS OF STORAGE.

FIND OUT ABOUT

THE ONE THAT’S

RIGHT FOR YOU.

TEKTRONIDC
- committed to
technical excellence



Computer Special

The macro machines:

Despite the increasing attention being paid to
microprocessors these days, there’s still a whole
world of “macro” hardware out there.

Large-scale computer systems—IBM’s 370 se-
ries and the newer Amdahl 470, as well as such
super machines as Staran and Illiac—are alive
and kicking. Their designs are having a powerful
impact on the big, stand-alone mainframe and
processor field. But is this the end of the line?
Have these monolithic systems—Ilike the dinosaur
—reached the end of the evolutionary trail ?

Not by any means, experts say. A decade from
now there will be large computer systems, but
they’ll be as different from today’s machines as
the Concorde is from the Boeing 707 jetliner.

On the drawing boards are large systems that
will be a lot easier to use, simpler to maintain
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and yet be a lot more intelligent. Their archi-
tectures will be based largely upon distributed
system concepts, with extensive use of parallel
processing. These machines will essentially moni-
tor and run themselves automatically.

Major factors spurring these radical changes
are the continued decrease in the cost of hard-
ware and—would you believe—the advent of
the microprocessor. These tiny devices will play
a major role in converting today’s architectures
into distributed function systems.

Like the large computers, large mass memories
are also thriving. Magnetic disc and tape memo-
ries are in wide use. But computer users are de-
manding larger, cheaper and faster memories.
And manufacturers are beginning to comply.
IBM and Control Data have introduced magnetic
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Survival of the big

cartridge mass-memory systems that can store
several billion bytes of information at a tenth the
cost of magnetic-disc storage.

Both IBM and California Computer Products
have recently announced two new disc memories
that have doubled the storage density of current
disc systems. Finally the development of electron-
beam memories by General Electric and Micro-
Bit and holographic memories by Sperry Univac
and Harris promise even higher storage densities
and speed.

Like their large brothers, the small magnetic
memories are also in demand, particularly with
the move toward microcomputers and low-cost
minis. Floppy dises, fixed-hard discs and car-
tridges can now be bought for less than $2000.
Probably the biggest growth area to watch in
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1976 will be floppy dises. They’ve been slow get-
ting off the ground, but experts estimate that the
number of floppy disc drives to be shipped next
year will double over the 1975 figure of less than
3000 drives a month.

Another area of change is the computer printer.
Until recently the choice of printer was limited
to either expensive high-speed units or low-speed
machines used in the teleprinter field. Coming
into vogue are medium-speed printers—those that
can put out 100 to 160 lines a minute. Their de-
velopment has been spurred by the advance of
minicomputers, remote batch printing and small-
business machine applications.

For an inside view of the dramatic changes
occurring in computer technology, turn the pages
of this special section.
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Tomorrow’s big computers
are taking shape today;
the changes are radical

hat the large ‘“super’” computers of to-
Wmorrow will be like is a multi-million-

dollar forecasting game. A multitude of
predictions have been made, but there is agree-
ment among most experts on one point: The big,
stand-alone mainframe and processor of today
will, within the next 10 years, be as outdated as
the Model A Ford.

Replacing these monolithic systems will be
newer architectures based upon a variety of dis-
tributed system concepts. And the newer systems
will be more intelligent and easier to use, accord-
ing to a consensus of experts.

Spurring the development of the new machines
are a number of strong influences already at
work. They include the following:

® The continuing downslide in the cost of LSI
hardware, including logic, microprocessors and
memories.

m The increase in the number of devices per
chip and in the functions on a chip.

® The ballooning cost of software.

® The high cost of data transmission.

= The energy and material shortage.

Under these influences, these radical changes
are expected in the organization and program-
ming of the large machines:

® The cost of programming, which can be
more than the cost of the system, will decline.
More software functions will be incorporated in
hardware than is now done.

= Large computers will be easier to use. They
will require less software, and what software is

Jim McDermott
Eastern Editor
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used will work directly in newer, higher-level
languages—higher than Fortran, for example.
Also, types of data processing that tend to re-
duce software requirements, like associative proc-

" essing, will be incorporated into architectures.

= Large computer systems will become decen-
tralized through use of distributed computing
networks with multiple processors.

= Microprocessors—almost universally identi-
fied as a component of microcomputers and mini-
computers—will be used in the large systems and
will aid substantially in recasting present archi-
tectures into distributed function systems. Intel-
ligence will be incorporated in all system elements
and peripherals, instead of being principally in
the mainframe. Loads will be shared between the
newer mainframes and terminals.

Increasing chip densities, like the 5-million bits per
square inch on this experimental IBM 8192-bit FET mem-
ory will change future machine architectures.
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® The use of data communications will grow,
both for internal system communications and ex-
ternal communications.

m Super machines will be independently built
and independently controlled, with the elements
tied together in a network of mainframes.

m More extensive parallel processing—multiple
processing going on simultaneously—will be in-
corporated in both the large and super machines
to increase throughput.

m Architectures with dynamic allocation of
functions will appear. These machines will be
able to monitor and run themselves automatically.

m The limitation on throughput imposed by the
speed of the logic will be overcome by use of the
newer, distributed architectures.

m The speed of solid-state logic will continue
to increase, reaching 500 ps within five years.

Large systems will be easier to use

“New systems, in general, are going to be
driven by the need to reduce the complexity of
software and the cost of maintaining it,” says
R. C. Phillips, vice president of system engineer-
ing at Sperry Univac, Blue Bell, PA. “We'’re con-
centrating on architectures that will make more
use of higher-order languages. The key objective
here is to make the systems easier for our custo-
mers to use.

“We’ve also been spending a lot more time and

‘\

Through develcpment of higher software language and
by putting more of the software into the hardware, fu-
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effort in the area of maintainability and reliabili-
ty—in self-checking and error checking and in
the integrity of the data. Some of the improve-
ments will be in the ability to manage and control
the system. We're trying to make it ‘fail-soft,” so
that the user does not lose his data or the integri-
ty of the system.”

The demand for higher hardware speeds and
throughput is greater than ever. There is general
agreement that the speed of computers will in-
crease gradually and not jump by orders of mag-
nitude.

Seymour Cray, president of Cray Research,
Chippewa Falls, WI, and designer of the new
Cray I, says that the performance of machines
he has developed has improved fourfold or five-
fold every three or four years.

“I don’t see much change in this pattern,” Cray
says. “Neither do I see any revolutionary break-
throughs. The Cray I has a performance factor
of four or five over that of the Control Data
7600, which is the last machine I did. I imagine
that Cray II, in three or four years, will have
about the same performance improvement over
the Cray 1.”

While the increase in semiconductor logic
speeds will have some impact, the experts see a
limit beyond which faster speeds will be achieved
only by improved machine architecture. Today
gate speeds are on the order of 10 to 20 ns.

“The gate speeds we’ll see in the next five

T

7
ture generations of large scale computer systems like
this Sperry Univac 1100/40 will be easier to use.
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Together with multiple processing elements, this Staran
S-1000 has a memory organized so that it can be ac-

years will be on the order of 500 ps, or 0.5 ns,”
says Neil Lincoln, senior design consultant at
Control Data Corp., Minneapolis, who is concern-
ed with architectures for extremely high-per-
formance computers like the Star 7600. “Some
day we’ll get down to 200 ps, but I don’t think
we’ll ever push the technology beyond that, and
that’s a long time away.”

The big speed improvements are expected in
the new architectures rather than the semicon-
ductors.

“The future architecture has to go to some
form of parallelism to get higher performance,”
Lincoln points out. “And high-bandpass peripher-
als will be needed to move large masses of data
fast. For example, the present STAR station that
does file processing has an I/0 bandwidth in ex-
cess of 100 Mbits to move the data to and from
the mainframe. But we’re now working on one
that will have 900-Mbit bandwidth.”

The computer experts agree that the archi-
tecture of the future will be that of the distribut-
ed system. But just how the elements will be
distributed is subject to interpretation.

Phillips of Univac says: “There are about
seven different definitions of these distributed
systems. You’'ll see architectures that will accom-
modate the functional distribution of the various
system elements. You’ll also see more and more
networks of systems. The new architecture will
be ‘software driven.” Software complexity will be
reduced by giving the hardware more software
functions.”

A major influence in implementing the dis-
tributed function concept will be the decreasing
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cessed either by word or by association. Words can be
selected based upon a commonality of meaning.

cost of hardware. This type of architecture has
a number of dedicated processors within the
system.

“Because the cost of the hardware is getting
so cheap, you can afford to keep these resources
idle a major part of the time just to have it
available when you need it,” notes Ragnar Nilsen,
senior staff engineer of Hughes Aircraft, Culver
City, CA. For example, you don’t use your car
more than two hours a day, yet you’re paying
for the fact that it’s there when you want it to
go somewhere. And the same thing is happening
in the computer world.

“I also think you’ll see a trend away from
scientific computing and number crunching.
What we really need in this country is to dis-
tribute information and not people. The way we
distribute information now, because we have so
many cars, is by moving people from place to
place.

“Most of the people who drive to work don’t
have to if they can convey their information.
It’s not unrealistic in the next 10 years for me to
pick up the phone and call the library and have
them pipe over a book that I want and display
it on my TV set. With that type of information
transfer, we wouldn’t have the oil crisis.

“Data communication is also going to be a
focal point of the next generation of computers.
You're not going to have the big central proc-
essors that you've had in the past. Instead you're
going to have a federated system with a sophisti-
cated communication interface. So you dial up
what you need and where you need it.”

Oscar Rothenbeucher, senior staff member of
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A. D. Little’s Information Systems Section, ob-
serves :

“IBM and other manufacturers have already
shown in their architecture the tendency to dis-
tribute functions within the system rather than
leave them centralized and dssigned to one single
processor. For example, the architecture of
IBM’s 370/115 and 370/125 has distributed
processors—I/O processors, an arithmetic logic
processor and a diagnostic processor. In the next
generation of hardware we expect to see this
carried further.

“There will be a number of processors to which
the various functions are assigned via micropro-
gramming. These microprograms will be loaded
once and sit there, unchanged by the customer.

“An advantage of multiprocessors in the sys-
tem is that if one goes out of service, it can be
removed and the work assigned to another, with
. the work still goir.g on in the degraded mode.
The user, however, cannot do that reassignment
today because the microprogramming is now done
by the manufacturer. To make the change dynam-
ically requires software of an exceptionally high
level of competency.

“We expect this dynamic software to be out at
the end of the decade. And in that case you’ll
have what is termed master software plus the
operating software which would handle the dy-
namic allocation of functions to these boxes. The
boxes, once told what they are, remain the same.”

Systems monitor own workload

Rothenbeucher sees dynamic systems emerging
that will monitor their own workload at all times.
As an example, he points to a system that has
five dynamically assignable processors: three
file processors and two I1/0 units.

“If one has a low workload in file manage-
ment but a high I/0O requirement, the system
would reconfigure itself.” Rothenbeucher explains,
“making one of the file processors an 1/0 proc-
essor. In this case the system would operate with
three I1/0’s and two file units.”

But Rothenbeucher cautions that ‘“the type of
software that would be needed for this system
has been much more difficult to design than
everybody, including ourselves, anticipated.”

Earl Joseph, staff scientist at Sperry Univac,
St. Paul, MN, predicts that “steps will be taken
to automate the programming task” in the 1980s.

“One of the major influences here is the fact
that it’s becoming less costly to wire in a line
of code in the hardware than to do it in soft-
ware,” Joseph says. “For example, back in 1965
a line of code wired in as an instruction cost about
$10,000 to the computer users. This cost has
been tumbling by a factor of 10 every five years.
We're now at the point where it’s in the neighbor-
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Programming tasks are made easier in this CDC Star-
100 through the use of virtual memory and a very high-
level instruction set. APL language is used.

hood of $50 per line of code, and before 1980 it
will be less than $10.

“As a result, you will see much of the system
support software—and what we would call ap-
plication primitives—moving into the hardware,
where the primitives look almost like the total
application.

“For a large, general-purpose computer, one
of the most likely architectures will be one which
will have dedicated processing functions in the
form of microprocessors. Each microprocessor
will have its own local memory plus a hard pro-
gram for doing that dedicated function. Then you
integrate the processors to form the system,
using what can be called a ‘universal interface
module.” ”

In considering the cost of a component in 1980,
Joseph says that the number of gates or logic
functions—10, 10 k or 100 k—will not be the
major cost. The price will be determined by
how many ICs are produced. As a result, the
designer can put in as much circuitry as he
wants in these interface modules.

With that assumption, all of the bit-handling
and field-handling capability that will be needed
for 1, 2, 3, 4 and 5-bit operations, can be put
into the interface module. In addition the char-
acter-handling capability for 6, 7, 8, 9 and 10-bit
characters, and word-handling capabilities for
8, 12, 16, 24, 30, 32, 36 and 48-bit words can be
put into modules.

“We might as well put in all of the protocols
for getting outside of the system for real-time
operation—the standard IBM, Univac, DEC inter-
faces and so on,” Joseph says. “And we might
also include the various security functions you
need, as well as the various ways of getting to
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memory—direct address, indirect, index, page,
virtual and so forth.

“In addition we could put in the interface
module the various arithmetic operations, such as
one’s complement, two’s complement, the absolute
value sign, the arithmetic capability and so on.

“And finally we might as well put onto that
module provisions for connecting to 5, 15 and
25-V systems.

“For this dedicated module, there would be a
wide range of use,” Joseph indicates, “but for
any one application only 5% of the logic would
be needed. The cost to the computer user would
be very little because the development would
be spread out over many modules.”

The dedicated microprocessor would then be
integrated with an interface module to form the
system. Because of the low cost of these modules
—say $100 to $1000—there will be little motive
to keep the system busy, Joseph notes.

“As a result, about three-fourths to seven-
eighths of the executive program disappears,”
he continues. “And what you’re left with is data
and flow control.

“In the calculation process today, we compile
programs to memory, because we do it in soft-
ware form. But if most of the programs are going
to be in hard form, we have an entirely different
type of compilation process. Instead of having to
compile and run, as now, what we have is ‘com-
pile while running.’

“And we're telling the chip what pins it is
connected to internally and what chips are con-
nected in to make the architecture. But that’s a
dynamic process, microsecond to microsecond,
fitting the specific application needs.

“So what we have then is a compiled-architec-
ture machine in which you’'re dynamically compil-
ing the architecture, which is an evolutionary
result of putting more and more of the programs
in the hardware.

“We'd call these things intelligent adjuncts
rather than computers because we can attach
them to existing processors, memories, communi-
cation channels or whatever. And with these
adjuncts we can grow into the next generation.
We have an architecture that is piecemeal up-
datable and a distributed system as well.”

Memories will grow in size

Future large systems will have much larger
memories than present systems, says Gene
Amdahl, president of Amdahl Corp., Sunnyvale,
CA. He looks for memory hierarchies and, pos-
gibly, for uniform addressing systems between
the CPU internal storage and the complete archi-
val store.

“I would expect that there would be some dis-
tributed processing with the large system for
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management, as well as some of the functions,”
Amdahl says. “This would remove them from
being serial with respect to the execution of the
main programs of the system.”

Bubble memories still are not commercially
feasible, Amdahl comments.

“Whether or not this will come within the
next 10 years I think is in considerable doubt,”
he says. “Also, whether or not there is any ad-
vantage in having fully electronically accessible
information at all levels of storage is rather
doubtful.”

The reason for this doubt, Amdahl points out,
is that “the transaction rate on a lot of data files
is infrequent.

“And when it does occur,” he continues, ‘it is
often clustered in time. I don’t think that there
is any medium right now that could compete
with tape for shop storage.”

Jack Bremer, director of the North American
Operations Program for Honeywell Information
Systems, Waltham, MA, agrees with Amdahl
about exotic memories.

“While charge-coupled devices or magnetic
bubbles may come into use by 1980,” he says,
“they will be used only in special cases, where
their unique characteristics are especially valu-
able. I don’t think we’ll see electronic disc tech-
nology replacing rotating magnetic devices for
storage in the 80s, because the discs themselves
will continue to improve.

“But I do see a trend towards the use of the
diskette as a user-removable medium for local
information storage—as opposed to cards—and
for program development and for terminal stor-
age.”

Rothenbeucher at A.D. Little, turning to an-
other aspect of memory development notes:

“The main problem the commercial user of
large machines has is handling large masses of
data. It’s a problem of file of data-base man-
agement and the mixing of sequential orders in
file with random-access requirements.

“The solution, and the faster way of handling
data, is a joint development of both hardware
and software—for example, the IBM 3850 mass-
storage system. The 3850 is seen by many as a
tape-replacement system; I look at it as a disc-
expansion system. What we have there is a vir-
tual disc system.

Rise in batch processing seen

David Hodges, a professor in the Dept. of Elec-
trical Engineering and Computer Science at the
University of California, Berkeley, says he
“wouldn’t be surprised if there is a trend away
from interactive time sharing with the large, re-
mote computer, despite opinions to the contrary.

“Rather,” he continues, “I expect to see the
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data entry and editing done on a small terminal
with some kind of local processing and storage,
such as a microcomputer and a memory or floppy
disc. When the user is satisfied with the data he
has prepared, it can then be remote-batch-proc-
essed.

“I also don’t believe the cost of communica-
tions is coming down. For example, even if you
make the long lines between the terminal and
mainframe free, the local loop from the user to
the telephone office is going to get more expen-
sive. And the cost of that loop puts a floor on
communications of about 60 cents an hour.”

Future designs in the supercomputers like
Staran, the Star and Illiac are expected to be
strongly influenced by their current designs.

“Over the next few years,” says James Feld-

man, Staran project engineer for Goodyear Aero-
space, Akron, OH, “we expect that the basic
architecture of the Staran will remain the same.

Distributed processing is found in the architecture of
this IBM 370/125. Functions are assigned to |1/0, arith-
metic, and diagnostic processors.

However, it will have a number of enhanced ca-
pabilities. The amount of memory that is directly
available to each processing element will be in-
creased, speeds of the processing elements will
be raised and the manner in which the processing
elements are used will be expanded.

“This will probably make available bit-by-bit
processing with the Staran. Now the arithmetic
operations are serial-by-bit. The end result will
be more throughput, in particular in the long-
word-length arithmetic and floating point op-
erations.

“The Staran now has bipolar LSI memory ar-
rays, and the logical extrapolation to the next
generation is that the bulk memory will be ICs
and the mass stores may go from rotating sys-
tems to some sort of solid-state memory.

A “coordinated amalgam” of functional ele-
ments—a mainframe network—is what Lincoln
at Control Data sees for the very large or super-
computer machines.
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“In this type of system” he notes, “all of the
functional units will have access to all of the
available memory, with an extremely high band-
width for the transfer of data between the units
in the memory. But the memory units and func-
tional units will be fairly stand-alone and intel-
ligent—which will make fabrication and checkout
of a machine of this size much easier than in the
past.

“But the reason that will be possible is that
we will be getting much higher logic densities
in the future MSI and LSI circuitry. Because we
can afford to put more intelligence and independ-
ence in these functional units, we no longer
need to have a giant slave and a giant CPU.”

How will throughput be improved in future
super machines?

“One obvious answer,” Lincoln says, ‘‘is the
use of parallelism—you perform two or three or
four add operations simultaneously. One type of
parallel architecture is that of the Illiac IV,
which can be considered a two-dimensional proc-
essor. Multiple additions are obtained in the same
clock cycle.”

Another approach, Lincoln points out, is a mul-
tiprocessor, with four independent processors
working on four independent instruction streams.

A five-year program of studies leading to a
more powerful Illiac in the 1980s is reported by
Loren Bright, director of research support at
the NASA Ames Research Center, Moffet Field,
CA.

“Experience over the last three or four years,”
he says, “has demonstrated that Illiac IV has
insufficient computing power for Ames require-
ments. We need to have about 1000 times the
computing power we have today—something on
the order of 10! operations per second—before
we can substitute computer flow solutions for
wind-tunnel experiments.”

Daniel Slotnick, professor of computer science
at the University of Illinois and a principal de-
signer of the original Illiac, cites improvements
that he would make in the machine.

“I wouldn’t distribute control,” Slotnick says.
“T’d keep it central, because I still don’t think we
have the programming technology to deal with
such a large system—a system where each node
requires a substantial amount of individual con-
trol.

“But I'd greatly increase the number of proc-
essing elements, for two reasons. One is simply
to increase the processing capacity. The other is
to obtain an order or two of magnitude increase
in reliability and availability. The present Illiac
is very memory-limited, so I’d lay on the memory
like there’s no tomorrow.”

But, in general, Slotnick feels that the redesign
of the supercomputers that were funded by the
Government is several years off. mm
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Or contact us at 14844 Oxnard Street, Van Nuys, CA 914009.
Phone (213) 786-1760. Abroad, contact Systron-Donner
GMmbH, Munich; Systron-Donner Ltd., Leamington Spa, U.K.;

«Systron-Donner S.A., Paris (Le Port Marly); Systron-Donner
Pty. Ltd., Melbourne.

Specialists-in Frequency Domain Instrumentation

SYSTRON DONNER







HOW ACTION PINS WORK. AMP Action

Pins incorporate a spring section to give a higher
degree of compliance than ever before possible.
The diagonal measurement of the spring section
—before insertion—is larger than the hole
diameter (Fig.1). When the Action Pin is inserted,
the two opposing spring members readily compress,
and after insertion, exert a force
sufficient to effect a gas-tight
interface with the plated-thru
hole walls (Fig.2). Yet their
rounded corners prevent
rupture of the plated-thru

hole. They come with a variety
of configurations: card-edge
contacts, .0252 feed-to and
feed-thru posts, and SEM (NAFI-
style) two-piece receptacle-
and-blade contacts. All are
compatible with wrap-type
terminations or I/O connections.

AMP ECONOMATE panels are made to your
specifications and consist of two elements: the
pc board—either two-sided or multi-layer with
plated-thru holes—and the AMP ECONOMATE
Action Pin contacts.

ECONOMATE I card-edge contacts, and ECONOMATE I1
two-piece receptacle-and-blade, SEM (NAFI-style),
contacts both feature snap-on housings for
maximum maintainability of panels. Posted
panels feature .0252 feed-to and feed-thru posts
for automatic, semi-automatic, or manual
point-to-point wiring. All types hold costs to a
minimum through AMP’s high-speed automated
assembly process.

MAKE OR BU
requirements. O1
using our relial
Contacts com
gang insertion.
our high-prod:
Action Pins sol
most. They wo!
or damage the
ultimate in reli

When it come’sj
is. Get the whol
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Mass memories raising
speed, dropping cost and
storing billions of bytes

larger, cheaper and faster memories, man-

ufacturers have stepped up their efforts to
produce mass-memory storage systems. As a re-
sult of this increased activity, several advances
in memory technology have taken place. Among
them are:

® The introduction by both IBM and Control
Data of mass-memory systems that are capable
of storing several billion bytes of information.

® The announcement by California Computer
Products, IBM and Storage Technology of larger
and cheaper disc memories.

® The development by General Electric and
Micro-Bit of electron-beam memories that prom-
ise high storage densities, high speed and low
cost.

The most dramatic of these advances may be the
introduction by IBM of the 3850 mass-storage
system. This system uses a new storage compo-
nent, called a data cartridge, that combines the
random-access characteristic of disc devices with
the economy of tape drives.

Housed in honeycomb storage compartments,
these fist-sized data cartridges can each hold up
to 50 million bytes of information. Data in the
2-by-4-in. plastic cartridges are stored on 770
inches of 3-in.-wide magnetic tape. The informa-
tion is organized on the tape spool into cylinders,
in much the same way it is recorded on magnetic
discs, giving the tape medium the random-access
characteristic of disc storage.

Each cylinder accommodates 19 tracks, and

P rodded by the demands of computer users for

Jules H. Gilder
Associate Editor
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Small data cartridges stored in a honeycomb array form
the heart of IBM's new 3850 mass memory system. The
new system extends the virtual storage concept to mag-
netic disc memories.

each track can hold up to 13,030 bytes of data.
Since there are 202 cylinders in a cartridge, the
total storage capacity of each cartridge is 50 mil-
lion bytes. Thus only two of these small units are
needed to store all the information stored on a
3336 disc pack.

Whenever information from a cartridge is
needed by the computer, a mechanical mechanism
selects the desired cartridge and transports it to
one of eight reading stations. There the data are
read out and transferred to disc drives through
a process known as ‘“‘staging.”

It’s a virtual disc system

An interesting feature of the 3850 is that it
extends the virtual-storage concept to magnetic
disc devices. By combining the 3850 with a stand-
ard 3330-type disc system, the new memory sys-
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An experimental holographic memory that has a storage
density of 108 bits/sq. cm has been developed by Sperry

tem makes the computer ‘“think” that there are
many more discs available than there actually are.
This is done by using the same area on a disc pack
to hold different data files at different times.

The basic 3850 system starts with a storage
capacity of 35 billion bytes and is expandable in
increments of 67 billion bytes to 472 billion. IBM
claims that, with the 3850, users with a large
number of data files can make all of their infor-
mation available to the computer at about one-
tenth the cost of magnetic-disc storage.

Enter, the CDC 38500

Only months after IBM announced its 3850,
Control Data introduced its version of a mass-
storage system and dubbed it the 38500. The CDC
unit offers IBM 370 users a smaller alternative
to the 3850 at lower cost. While IBM’s minimum
35-billion-byte configuration costs about $477,-
000, the 16-billion-byte minimum configuration
from CDC costs $326,335.

As with the 3850, data in the 38500 are stored
in small cylindrical cartridges. But unlike the
cartridges in its predecessor, each cartridge in
the 38500 contains only 150 in. of 2.75-in.-wide
magnetic tape. Data are recorded on 100 inches
of tape on 18 tracks. The CDC data cartridge can
store only 8 megabytes of data, while the IBM
cartridge holds 50 megabytes. But the smaller
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Univac. Optical memories promise a storage density of
10¢ bits/sqg. cm.

CDC cartridges have an advantage: They are
more flexible and allow for faster access times.
Many marketing specialists in the industry say
that since the CDC system is not compatible with
the IBM unit, it will have a difficult time being
accepted by users. But CDC’s hopes for the 38500
are based not on parity but on what it says are
tangible advantages over the 3850. These include:

s Faster average access time to data.

s Faster data transfer rate.

= Plug compatibility with IBM hardware.

Up to 2000 data cartridges can be stored in a
honeycomb structure that is similar to the one
used by IBM. CDC claims that the average access
time to any byte of data is only 7 seconds, while
IBM says its system needs an average of 15 sec-
onds to access data.

When data-transfer-rate figures for the IBM
and CDC units are compared, CDC comes out
ahead, though it may not appear that way at first
glance. On the surface, IBM’s transfer rate of 874
kilobytes per second looks quite a bit faster than
Control Data’s 806-kilobyte rate. But because IBM
has borrowed from video technology and used
helical scanning, rather than the longitudinal
recording of the 38500, the system must perform
considerable error correction.

Error correction slows down the IBM system
so that the actual transfer rate of data is about
200 kilobytes per second.
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By using longitudinal recording, designers at
CDC have avoided this problem; the 806-kilobyte
transfer rate is the actual speed at which data
are moved.

Another interesting feature of the CDC 38500
is that it is plug-compatible with existing IBM
hardware. It can plug right into a 3832 controller.
The IBM mass memory cannot; it requires a
special new controller—the 3830.

There are other differences between the IBM
and CDC systems that may make the CDC unit
more attractive. In the 38500, data from the tape
cartridge can be read directly into the computer
or staged onto a disc. Thus the system can be
used either for virtual memory or with any other
" IBM operating system. The IBM 3850 can be
used only in the virtual mode.

Also, the CDC mass memory will work with

The Terabit Memory from Ampex is capable of storing
up to 358 billion bytes of data on 2-in. wide video tape.
The access time is 15 sec. Data move at 1.2 million
bytes /sec.

any disc memory system, while IBM’s works only
with 3330-type discs.

A potentially serious problem with the CDC
device, however, is that it uses only one tape-
cartridge selection unit. If that device fails, 2000
cartridges, or 16 billion bytes of data, are out
of commission. You can’t easily move 2000 car-
tridges to another selection box; recovery from
such a failure is very difficult. IBM avoids the
problem by having two selection mechanisms for
each system, so there is always a spare.

Terabit memory hangs in there

While both the 3850 and the 38500 appear to
be attractive possibilities for mass storage, neith-
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er of these systems has been installed yet, and
thus there is no user experience to back them
up. IBM systems should be installed by the end
of this year, but CDC doesn’t expect to ship until
the fourth quarter of 1976 at the earliest.

This lack of user experience, notes Erik Salbu,
Ampex’s marketing manager for advanced sys-
tems, is a good reason why customers should
consider a system that has been in use for a few
years and has had the bugs worked out of it.
Ampex’s Terabit memory (TBM) is such a sys-
tem, he argues; it has been around since 1972.

That’s not to say that Salbu doesn’t hope IBM
will be successful. He does. Ever since the com-
puter giant announced an entry into the mass-
memory market, the projected $20-million poten-
tial market has jumped to somewhere between
$500-million and $1-billion; Ampex expects to
get a slice of this larger market.

Salbu notes that the TBM is more modular
than the IBM system, and he says it can outper-
form it. He points out that a minimum IBM
system contains 35 billion bytes, while the TBM
has a minimum configuration of 11 billion bytes.

As far as efficiency is concerned, Salbu vigor-
ously opposes the widely held view that sequen-
tial media, such as large tapes, are inefficient in
a random-access mode. There isn’t much truth
to that, he asserts, because the TBM system
searches tapes at 1000 inches per second. Access
time for the TBM in a random mode is about
15 seconds. In the same mode, the CDC system
requires about 10 seconds, while the IBM unit
needs 20 to 25 seconds, he reports.

And if some simple techniques—such as re-
writing at the end of the tape data that haven’t
been used in the last 30 days—are employed,
access time can improve by a factor of 2.

In its maximum configuration of 358 billion
bytes, the TBM can store the same amount of
data that normally would be found on 3500 IBM
3336 disc packs or on 160,000 tape sets. This
enormous capacity makes it possible to put an
entire tape library on-line.

While the TBM is basically the same system
that was introduced three years ago, some im-
provements have been made, particularly in inter-
facing, Salbu says. One improvement has been
the addition of a disc-staging capability that al-
lows data to be entered onto discs directly.

Research on further improvements is still go-
ing on, the Ampex manager reports. For exam-
ple, efforts are under way to increase the record-
ing density of the system. And good results are
being achieved, Salbu says. For the last two
years, Ampex has been testing a TBM system
that has 10 times the packing density of the
presently available unit. That means that the
system has a bit density of 15 million bits per
square inch.
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Another approach to the mass-memory problem
—one that is a lot more palatable to many users
with a large investment in standard computer
tape—is the 7100 Automated Tape Library from
California Computer Products (CalComp).

The most attractive thing about this system
is that it does not require a user to convert his
standard computer tapes to another format. All
he has to do is install the hardware, place his
tapes in the bins and turn on the equipment.

The system can handle between 700 and 7200
reels of tape. In operation, a selector mechanism
moves along a rail, and when it reaches the
site of the tape it wants, it pneumatically grabs
it, mounts it on an automated tape drive and
afterward puts it back.

Disc density doubled in new units

Recently IBM announced two new disc mem-
ories that set records for storage density. The
two units, the 3350 and the 3344, have doubled
the storage density of dises, resulting in the
packing of 3 million bits of data into one square
inch of area. The previous storage density record
was also held by IBM, with its 3340 Winchester
disc.

According to Richard Whitney, manager of
storage products at IBM in San Jose, CA, the
increased density resulted from improvements in
both the track density and the linear bit density.
But just what the new limits on these parameters
are he will not say. However, he does note that
each spindle in the new system—it has two—can
accommodate 317.5 megabytes of data.

The major difference between the 3350 and
the 3344 is that the 3350 has a transfer rate
of 1.2 megabytes per second, compared with only
885 kilobytes per second in the 3344.

Like the 3340, which preceded them, the new
disc systems use Winchester technology—that is,
they incorporate sealed disc packs. But unlike
the earlier memory system, the new ones have
the media, or discs, fixed into the unit. By bolt-
ing the disc pack to the system, IBM has shut
the door to independent disc pack manufacturers.

The industry is already reacting to the IBM
announcement. California Computer Products has
already announced an 800-megabyte disc memory.
CalComp’s 800 MB 235-1V is expected to be on
the market by the second or third quarter of 1976.

Although other manufacturers already have 800
megabyte units on the market, the CalComp unit
is said to be a real advance in the technology in
that it uses IBM 3330-type discs in which the
track density has been doubled from 370 tracks/
in. to 740 tracks/in.

Three other new products that are designed to
compete directly with the new 3350 from IBM
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come from Storage Technology of Louisville, CO.
They are known as the 8850, 8450 and 8350.

The 8850 is an upgraded version of the com-
pany’s Super Disk, and it has a storage capacity
of 1270 megabytes, which is achieved with 238
tracks/in. and 6425 bits/in. It is compatible with
the IBM 3350 and it looks to the computer like
four of those units.

The 8850 has an access time of 27 ms compared
with 25 ms for the smaller 3350. It will cost half
the price of the 3350 and will be available during
the last quarter of 1976.

A scaled down version of the 8850 is the 8450.
This unit stores up to 635 megabytes of data and
looks like two 3350s. It has the same bit and
track densities as the 8850. Both the 8850 and
the 8450 can run in a 3330 mode and be con-

Data cartridges in CDC's 38500 mass memory system
are read at a read /write station where the tape inside is
automatically unwound into vacuum columns. Information
is transferred at 806,000 bytes/sec.

verted to a 3350 mode when desired. The final
entry from Storage Technology is the 8350, which
looks identical to the 3350.

Holographic memories being pursued

Development of holographic memories is under
way at several companies. Among them are
Sperry Univac and Harris.

To date, Sperry has fabricated an experimental

’read-only holographic memory with partially pop-

ulated pages. The storage medium is a photo-
graphic plate on which data are recorded in both
amplitude and phase modes.

In Minneapolis, researchers at Sperry are at-
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Comparison of mass memory systems

Ampex Terabit CalComp Automated Control Data 38500 IBM 3850
Memory Tape Library
Capacity Minimum: 11 billion | Minimum: 600 stand- | Minimum: 16 billion | Minimum: 35 billion
bytes ‘| ard computer tapes bytes bytes
Maximum: 358 billion .| Maximum: 6000 Maximum: 472 billion
bytes standard computer bytes
tapes
Access time 15 sec 20.5 sec 7 sec 15 sec
Data rate 1.2 million bytes/sec | 1.2 million bytes/sec | 806,000 bytes/sec 874,000 bytes/sec
- Media 5620 megabyte, 2-in. | 0.5-in. wide magnetic | 8 megabyte car- 50 megabyte car-
TV tape on 10.5-in. | tape on 10.5-in. reels | tridges containing 150 | tridges containing
reels. ' in. of 2.75-in. wide 770 in. of 3-in. wide
magnetic tape magnetic tape
Recording Transverse video Longitudinal Longitudinal Helical scan
technique tape recording
Throughput 220 files/hour 150 reels/hour © 200 files/hour 100 files/hour
Cost $375,200 to $75,000 for $326,000 for $477,000 for
$461,000 for minimum system minimum system minimum system
minimum system

tacking some of the critical problems that still
stand in the way of commercially feasible holo-
graphic memories. These include the recording
material, the light deflector and the page com-
poser, which converts electrical data into optical
data.

Engineers at Harris’ Electro Optics Operation
in Melbourne, FL, seem to be progressing faster.
They have already delivered a preliminary model
of a holographic system to the Air Force and
have a contract to deliver preproduction models
by the spring of 1976.

The Harris approach uses 4-by-6-in. microfiche
cards to store information. The system is unusual
in that it accommodates a special human-read-
able/machine-readable format. The concept con-
sists of 60 images arranged in five rows of 12
that contain human-readable data plus a 6.4-mm-
wide strip of one-dimensional holograms recorded
along an unused portion of the title block. This
strip contains 2.5 megabits of data, the encoded
equivalent of the 60 pages.

The memory can also operate in a machine-
read-only mode. In this case the storage capacity
jumps to 37 megabits.

Electron beams increase speed and density

For applications that require high speed, as
well as high density, electron-beam memories de-
veloped by Micro-Bit and General Electric look
promising.

Basically an electron-beam memory is one that
uses a high-resolution electron beam to store and
read information on a target by some reversible
reaction. In practice, the target is made of sili-
con dioxide, and the data are stored as electro-
static charges.
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According to Dennis Speliotis, manager of ad-
vanced systems for Micro-Bit in Lexington, MA,
a prototype system consisting of nine storage
tubes, each with a capacity of 128 kilobits, has
already been delivered to Control Data for evalu-
ation. It is being used with a Star 1B computer,
a scaled-down version of the giant Star computer.

Speliotis says that he hopes to introduce a
commercial electron-beam memory by the end of
the year. The product would be known as the
System 7000 and would consist of 18 parallel
storage tubes, each with a capacity of 4 million
bits. The access time of this memory would be
5 us to a block of data. Once at the correct block,
the system requires only 0.5 us/bit to read out
data.

The OEM price for a plug-compatible system,
Speliotis indicates, would be only 0.04 cent/bit.

Dampening this cost claim is William C.
Hughes, program manager for electron-beam
memories at General Electric’s Research and De-
velopment Center, Schenectady, NY. He says that
the cost for storage on a systems level will be
0.02 cent/bit.

GE, says Hughes, has developed an electron-
beam memory that is similar in many ways to
Micro-Bit’s. Known as Beamos, the GE memory
is capable of storing 32 million bits per tube.
That’s 256 times more capacity than the tubes
delivered in Micro-Bit’s prototype and eight times
more than its proposed product entry. Because
it is larger, the GE memory has a higher access
time—typically 30 us.

While the 32-megabit memory module has been
successfully constructed and tested for the mili-
tary, it is not yet commercially available. Hughes
indicates that it will take at least another year
to put together a commercial product. ==
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BLUE MACS...the lower installed cost
mass fermination system.

The new Ansley BLUE MACS cable/
connector system employs a unique
mass termination technique that
achieves both lower installed cost
and maximum reliability.

Cross section of TULIP™™ contact termination.

With our specially designed one-
piece connector there is no pre-
assembly. Which means you can
simultaneously mass terminate up
to 50 conductors — in seconds —
with our BLUE MACS round or flat

conductor cables. And because
both the cable and the connector
are made to fit together like a glove,
absolute electrical contact reliability
is assured.

Before, during and after crimping,
precision mechanical side latches
hold the one-piece BLUE MACS
connector together. The self-align-
ing connector groves automatically
position each conductor over a 4-
point TULIP-shaped contact for
positive termination. And finally, the
one-step crimp cycle does the rest
— all without pre-stripping.

The same cost-efficiency and re-
liability benefits of our mass ter-
mination technique apply to our
SHURE STAKE® hand and bench
tools. Our entire series of one-piece
connectors, UL-listed jacketed and
high-flex flat and round conductor
cables all use the same, simplified
tooling.

In short, our one-source BLUE
MACS termination technique offers
built-in design compatibility to pro-

The mass termination company.

T=EB/Ansley

vide you with the most reliable and
complete mass-assembled-connec-
tor-system in the industry. After all,
who else would know more about
mass termination techniques than
T&B/Ansley . . . the company that’s
been doing it since 1958.

Pre-set compression cycle
assures connection reliability.

To prove our point, a free demon-
stration is yours for the asking. Call
or write:

Ansley Electronics Corp. * Subsidiary of Thomas & Betts Corporation
3208 Humboldt St. » Los Angeles, CA 90031 » Tel. (213) 223-2331 « TWX 910-321-3938

In Canada: Ansley Electronics Ltd., P.Q.

The BLUE MACS system is stocked and sold through authorized T&B/Ansley distributors worldwide.
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The 2650-static, 5V, TTL compatible, 8-bit ;R

Conceptual simplicity is the key to the 2650’s ease of
design. This P is static, not dynamic. Its multiple
addressing modes mean fewer instructions. Even the
instruction set is extra powerful, to increase coding effi-
ciency. Features that add up to less memory required,
less design time. Less parts cost and assembly time.
More value.

Illustrated: Parts for 6-package system. Can be
purchased for under $100 in quantities of 1.

How much less than $100? In large quantities,
the parts could go below $50. But what’s most important
is that if you build a larger system—perhaps with 5 or 10
times the memory, plus more I/O—you’ll do it with the
greatest of ease, and increase your savings still further.
Because the 2650 won’t need the special (and expensive)
memory and LSI I/O chips required in other microcom-

puter systems. What'’s an outstanding value in small sys-

tems becomes an unbeatable value as the systems get

larger. Convince yourself by looking at this beautifully
simple Teletype system, a typical example.

% Only one +5V power supply drives everything in the
A system; and this microprocessor is really low power:
just 525mW max.

Standard, low-cost memories—your choice. This 6-

package system with TTY interface uses only 3 ICs
to give you 1024 bytes of standard ROM, 256 bytes of
standard RAM. ROM can contain bootstrap loader and
I/0 driver programs for the TTY, plus operating programs
for the system. Other programs plus data can also be in
the ROM or written into the RAM by the TTY. Or use a
PROM instead of a ROM for maximum flexibility.

Single-phase, TTL-compatible clock input eliminates

the nest of transistors, crystal and extra ICs some
other microprocessors require. Simple. Cheap. Works
better.
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.,1 On-chip serial interface eliminates a 24-pin IC. And
I its cost. And its space. And its connections.

Where are the special interface chips? There aren’t
any in this sample system. And not much in any
other system you might design with the 2650. With much
of the 1/0 built into the 2650, you can interface the I/0
devices with simple, low-cost, industry-standard 74LS,

7400 and 8T circuits.

For instance, get both input and output with the
8T31 Bidirectional I/0 Port. Or take the 8T26 Quad Bus
Driver as another example. Signetics offers fifty 8T types
and nearly everything in 74LS and 7400—all low cost,
all industry standards. Lower parts cost means much
greater value.

Software and people to back the 2650 are here now.

Cross assemblers and simulators are available in
batch and on timeshare. (The assemblers come in both
32-and 16-bit formats because we realize that not every-
one has a 32-bit machine.) And there’s a prototyping card
(CPU, RAM, ROM) with debug firmware. Documentation,
manuals, application notes. Plus training seminars and

Photo approximately twice actual size.

on-the-spot Field Applications Engineer assistance.

You get more computer with fewer parts at less cost
with the 2650. That’s high-technology value. Send now
for complete details and prove it to yourself.

Attach this to your letterhead for fast response

[J Send me full specs & abridged manual, free.
[0 Send me the complete 2650 manual with update service
(additions, corrections, application notes, etc.). Bill me $40.
[J Call me to answer questions I have.
[J Have a Field Applications Engineer make an appointment
with me soon.

NAME

TITLE




Floppy discs, cariridges
and fixed-hard discs rise
in use at savings to you

that floppy-disc manufacturers would be
shipping tens of thousands of their drives for
a multitude of applications by the middle of this
year. It hasn’t happened yet. But hang in there.
Floppy discs, fixed-hard (nonfloppy) discs and
cartridges are all heading for much wider use.
All can be bought today for less than $2000, and
with the move toward microcomputers and low-
cost minicomputers, it has become increasingly
important to get such low-cost peripherals.

T wo years ago there were buoyant predictions

Floppies are taking off

A buzzword in the industry; the floppy is a
round disc of coated Mylar, about the size of a
45-rpm phonograph record, that sits in a plastic
envelope with a large hole in the middle. More
effort has been expended toward producing re-
liable, low-cost floppy disc drives than any other
low-cost magnetic peripheral.

Experts now estimate that by mid-1975, the
entire floppy-disc industry was shipping less
than 3000 drives a month. But that figure is ex-
pected to rise to 5000 a month by the end of this
year. And from then on, the experts say, pro-
duction should increase steadily. These estimates
do not include output by IBM, which produces
many thousands of floppy-disc drives for its own
use.

William E. Walker, director of marketing at
Remex, Santa Ana, CA, notes: “Floppies have
divided into two basic types. When media inter-

David N. Kaye
Senior Western Editor
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changeability (use of discs on different floppy
disc drives) is necessary, there is a class of
drives that call themselves IBM-compatible.
These drives are compatible both in media and
in format with the diskettes used on the IBM
3740 terminal. They use biphase recording, with
26 soft sectors, and can store about 1.9 Mb of
usable data. The other class of drives is broadly
defined as non-IBM-compatible. This covers a
broad variation in features.”

The main feature that most floppy-disc man-
ufacturers have added is double density. By

Kennedy's 331 is a drive for the standard 3M data car-
tridges. Maximum capacity is 2.875 Mbytes. The drive
sells for $350 to $400 with a formatter.
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switching to modified frequency-modulation
(MFM) coding, they have increased the 3268-
bpi inner track density to over 6000 bpi. The
usable capacity of the disc increases to around
4 Mb. Through other coding tricks, some man-
ufacturers have increased the capacity to about
5 Mb.

Another feature that many manufacturers of-
fer is hard sectoring. This marks the boundaries
of data “bins” on the disc surface. Hard sector-
ing is usually done with either holes punched
into the disc and sensed by the drive or—in the
case of Orbis Systems, Costa Mesa, CA, and
Remex—with a strobe wheel on the drive shaft.
Holes in the strobe wheel are sensed and counted.
The number of sectors is determined by the num-
ber of holes counted per sector. Memorex of
Santa Clara, CA, was the first to use holes in
the disc for hard sectoring.

Leading manufacturers of floppy-disc drives—
such as Control Data, Hawthorne, CA ; Memorex ;
Shugart Associates, Sunnyvale, CA; Century
Data Systems, Anaheim, CA, and Pertec, Chats-
worth, CA—offer both IBM-compatible and non-
compatible drives. But is this necessary?

“I don’t think that IBM compatibility will con-
tinue to be important in floppies,” says Frank
Madren, marketing manager for instrumentation
and control at Data General in Southboro, MA.
He believes that media interchangeability is im-
portant in only a very limited number of appli-
cations. When it’s not necessary, Madren thinks
that customers will want all of the additional
features that can be offered, including higher
capacity at not much increase in price.

The 2644A Data Terminal from Hewlett-Packard uses a
tiny version of the 3M data cartridge. On one track the
cartridge can record over 100,000 bytes.
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Michael Shebanow, vice president of engineer-
ing at Pertec, feels differently. “Certainly some
customers will want double density and a variety
of other features,” he says. “That’s why Pertec
and others offer those features. But IBM com-
patibility is a comfortable standard for floppy-
disc users to specify. It is a safe buy, and a pre-
dictable level of performance will be obtained no
matter who the vendor is. IBM-compatible flop-
pies are certainly the leader now, and I believe
that they are here to stay.”

Two-sided recording expected

One feature that most floppy vendors are
working on is two-sided recording. It requires
that media be available with oxide on both sides
and slots cut into the envelope for the recording
heads to come through. Discs suitable for two-
sided recording will soon be available from a
variety of media vendors. Shebanow of Pertec
does not believe that two-sided recording is cost-
effective at present. Walker of Remex expects
two-sided drives within the next two years.

A survey of vendors indicates that the in-
dustry is almost evenly split on the question.
Most seem to think that two-sided recording will
eventually come, but not in a big way, within
the next couple of years.

Another area of floppy-disc controversy in-
volves the best way to handle multiple drives.
Companies such as Shugart, Memorex and Sycor
in Ann Arbor, MI, have used a single ac-drive
motor and have driven more than one disc on a
single spindle. This, they contend, increases the

iCOM’'s FD360 dual floppy-disc drive system interfaces
to the Intellec MDS-800 microcomputer system from In-
tel, as.well as other microcomputers.
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Fixed disc drives are a lower-cost alternative to remov-
able disc packs. The D1400 from Pertec can store 6
Mbytes with an average seek time of 70 ms.

capacity of the system with a minimum increase
in mechanical parts. Generally these drives also
share a single controller, and sometimes they al-
so share a single head positioner.

Most other manufacturers seem to feel that it
is more reliable to use a separate motor for each
drive. This, they argue, allows the system to stay
up even if a motor fails. In addition it allows
seek overlay—that is, when one drive is reading,
another can be seeking a new track.

Among the other features predicted for the
next year or two:

= Higher operating temperature capability for
the media. The present plastic envelope does not
remain stable much above 100 F. Better plastics
will improve this.

wm Wide use of ceramic recording heads. This
will give five times longer lifetime than steel
heads.

m Faster head positioners. These should come
into wide use, yielding a small improvement in
average access time.

The middle ground: Fixed drives

When floppies are not fast enough or have too
little capacity, and removable media cartridge
disc drives are too expensive, a middle ground
must be sought. It has come into wide use in the
last few months in the form of a fixed hard disc
drive. Leading minicomputer disc drive com-
panies—such as the Diablo Systems Div. of
Xerox in Hayward, CA, Pertec and the Caelus
Div. of EM&M, San Jose, CA—now offer this
type of drive. These are moving-head, voice-coil-
positioned, flying-head drives with capacities on
the order of 5 and 10 Mbytes. They sell for under
$2000.

“I see a major move to fixed media drives,”
says Taz Pettebone, product manager at Diablo.
“I believe that the next couple of years will
bring whole families of fixed media drives with
ever larger capacities. Recent IBM developments
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American Videonetics offers the MDR 212 with fully
automatic loading of small tape reelettes. The reelette
can store 1.5 Mb at a storage density of 800 bpi.

have also indicated that fixed media drives will
be used in many IBM systems. This stamp of
approval is sure to accelerate the sales of these
drives.”

Robert Rottmayer, manager of disc compo-
nents and technology at Digital Equipment
Corp., Maynard, MA, says: “Fixed media drives
have a couple of major advantages over remov-
able media drives. They are 30 to 40% cheaper
for the same capacity, and they are more re-
sistant to harsh environments. Since they are
fairly well sealed, the disc is protected against
particulate contaminants.”

Virtually all manufacturers are moving in the
same general direction with these drives. The
next major advance is likely to be a combination
of fixed heads and moving heads on the same
disc surface. Avi Brand, disc engineering man-
ager at Pertec, points out: “The inside tracks
on the disc will have fixed heads, and the out-
side tracks will be accessed by a moving head.
Thus we will have the cost advantages of a mov-
ing head drive combined with the much faster
access time of a fixed head-per-track drive.”

Higher bit and track densities

Another main avenue of development is to-
ward higher bit and track densities. Existing
drives have about 2000 bits per inch and either
100 or 200 tpi. New drives will be coming with
over 4000 bpi and up to 600 tpi.

On most dise drives the head is positioned by
means of a mechanism mounted on the drive
chassis. This is not accurate enough when the
track density gets too high. It then becomes
necessary to position the head through the use
of positioning data recorded on the disc itself.
This technique is called servo following.
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Whereas large multisurface disc drives use
a servo surface for this function, small drivers
will place the servo information in the record
gaps on a data surface. This technique is called
imbedded servo-track following. So far it has
been best demonstrated on a floppy-disc drive
produced by Dynastor in Denver. Dynastor has
been shipping drives with this feature for sev-
eral years.

Brand of Pertec also expects fixed media
drives to share a common interface and con-
troller with floppy-disc drives. The floppy disc
allows for some media removability. You can
place another disc into the same drive.

Some controllers for both floppies and fixed-
media drives are using microprocessors. For the
high transfer rates of hard-disc drives, bipolar
microprocessors will probably be necessary. For
floppies, MOS microprocessors will do the job.

Cartridges are expanding

Of all the tape cartridges that have been intro-
duced so far, the one that seems destined for
widest acceptance is the 3M Data Cartridge.
About a dozen manufacturers are now making
drives for it, and BASF of Germany and Infor-
mation Terminals of Mountain View, CA, are
also making compatible versions of the cartridge.

Most cartridges are still having difficulty mak-
ing it in real-time operating systems. Russ
Bartholomew, vice president of marketing for the
Kennedy Co., Altadena, CA, says: “We're just
starting to see the 83M cartridge drives finding
their way into real-time operating systems. So
far most of the sales for this application have
been overseas. Most cartridges still go into such
things as point-of-sale terminals and program
loaders.”

Bartholomew notes that 3M cartridge drives
are now in the $200-to-$400 price range in large
quantities. Kennedy, he points out, sells the
Model 331 drive for $350 to $400 in large quanti-
ties, with a formatter.

The 3M cartridge uses a single point drive
with all of the tape alignment done in the car-
tridge. A single four-track cartridge can store
about 2.9 Mbytes with a read/write speed of 25
to 40 ips and a search speed of 90 ips.

A new mini version of the 3M cartridge has
been designed by 38M in conjunction with Hew-
lett-Packard, Cupertino, CA. The cartridge meas-
ures only 3 x 2-1/2 x 1/2 in. and contains 140
ft of tape 0.15-in. wide. It can store more than
100,000 bytes on each of two tracks. Tom Ander-
son, product manager at HP notes:

“We use a 10 ips read/write and 60 ips search
mode. The drive is constructed of DuPont Lexan.
HP is using a pair of the drives in the new
2644A Data Terminal.”
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ICP's 3321 Termicette is a cassette peripheral that of-
fers data rates of 110, 150 and 300 baud and has a
gap-stop feature that provides automatic stop in a file
separation gap without the use of special codes.

The cartridge that is in widest use at present
is the Tri-Data. The Mountain View, CA, com-
pany has an endless loop cartridge with 150 ft of
1/4-in. tape. The cartridge can store up to
312,000 bytes and be read and written at 10 ips.

A pair of new cartridges show promise.
American Videonetics, Sunnyvale, CA, makes the
MDR 212. The drive uses a small, sealed car-
tridge called a reelette. It is 1-1/2-in. diameter
by 3/8-in. thick, and it can store 750,000 bits.
The read/write speed is 10 ips.

Emerson Electric, Santa Ana, CA, has the
R-522, which uses a special cartridge with 600 ft
of 1/2-in. tape. It has 30 ips read/write and 240
ips search. The capacity of the cartridge is 180
Mb, and the price for the basic drive will be
about $900. Ron Carroll, marketing manager at
Emerson, says that the drive is comparable in
performance to 7-in. reel-to-reel drives.

Dale A. Spencer, director of engineering at
Cipher Data Products, San Diego, feels that the
next big breakthrough in low-cost tape will be a
1/2-in. reel-to-reel drive with IBM compatibility
for less than $1000. He sees it coming within the
next year or two.

Finally, mention must be made of Digital
Equipment’s DEC Tape or the equivalent from
Computer Operations, Beltsville, MD, LINC Tape.
A total of 336,000 bytes of data are stored on
a single reel with a read/write speed of 60 ips.
Although the technology has been around for a
long time, Stephen Silverman, president of Com-
puter Operations, notes that the drives used to
cost over $4000 but are now under $2000. mm
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“IBM announces

the new

5100 Portable
Computer

A compact problem-solving aid for engineers,
statisticians, scientists and financial and business analysts.

Now you can have a computer right on your
desk. Exactly where you need it. When you need it.

The new IBM 5100 Portable Computer incor-
porates the latest in semi-conductor technology.
It features a typewriter-like keyboard and numeric
key-pad for simplified data entry,a 1024 character
display screen, an integrated magnetic tape drive,
and 16K characters of memory.

Options available with the 5100 include a bi-
directional 80-characters per second printer,
asecond magnetic tape drive, and additional mem-
ory up toa maximum of 64K characters. Also avail-
able is a communications feature which allows the
5100 to be used as a terminal.

The IBM 5100 comes with either APL or BASIC
language or both.

Over 100 often-used analytical routines in math-
ematical, statistical and financial calculations are
available for such functions as forecasting, model-
ing, matrix arithmetic, engineering and design cal-
culations,regressionand correlation analysis,
return on investment and cash flow analysis.

In addition, the 5100 features a self-study train-
ing package that makes it easy to learn and easy
to use without taking any classes or relying on spe-
cially trained experts.

If you'd like to find out more about IBM's new
5100 Portable Computerand arrange for ademon-
stration right at your desk, call your IBM General
Systems Division office or fill out this coupon

ED
IBM IBM General Systems Division
P.O.Box 2068, Atlanta, Georgia 30301

1 would like more information about IBM's new 5100.
O1would like a demonstration of IBM's new 5100.

My major area of interest is:
OEngineering/Scientific  [J Statistical Analysis
O Business/Financial Analysis
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Unique, proven in the most demand-
ing applications, the one-piece pre-
cision RN contact is the simplest,
most reliable interconnect possible.
Where other contacts are 2-piece,
high-cost, machined contacts— ours
is simplicity itself as this picture shows.
It assures high retention force— pro-
vides 50% greater contact with DIP
leads. Overall board height is lowest
anywhere.




Save-=3.,000...
get 10-day delivery

Switch to Robinson-Nugent Wire-wrap’Socket Boards

Save 30%! By specifying RN high reliability Wire-
wrap Socket Boards—your $10,000 production order
will cost only $7,000! Sound impossible? More and more
quality, cost-conscious firms are discovering that the same
simple RN one-piece contact construction that reduces
the cost by 30%— also brings added reliability, higher con- Texas Instruments
tact retention. Many say that RN Wire-wrap Socket Boards

These cost-conscious firms are
saving with RN high reliability
Wire-wrap Socket Boards

Bendix Aerospace

Motorola Hughes Aircraft
protvide th?] nt':lost reliable, rugged solderless interconnect NCR RCA
B OReE Airborne Instruments Sandia Labs
“Environmental Test Program” done by independent Lockheed Electronics General Dynamics

test lab reveals RN Wire-wrap Socket Boards meet or sur-
pass the toughest MIL-specs. Summary of tests in latest
RN catalog. Write for it today.

Send today for catalog
with full details and
specifications. Start now
to save 30% on your
Wire-wrap Socket Boards.

”ﬂﬂﬂlﬂs oON
NUGENT ING.

800 East Eighth Streete New Albany. Indiana 47150 e Phone: (812) 945-0211
INFORMATION RETRIEVAL NUMBER 28

On production-size orders we’ll pay for the reprogram-

ming of your Wire-wrap tapes. What could be easier than
switching to RN?

*Trademark of Gardener-Denver Co.




Medium-speed printers
are on the way up--but
the ‘ideal’ isn’t here yet

out about 100 to 600 lines a minute—is com-

ing into vogue, sparked by the strong advance
of minicomputers, remote batchprinting and small
business-machine applications.

Formerly the choice of a printer was limited
to either expensive high-speed units, designed
primarily for giant computers, or low-speed
clunkers recruited from the teleprinter field.

The “ideal” mid-speed machine isn’t available
yet. When it comes, it will be a low-cost, compact
unit that provides both upper and lower-case
print and a full set of ASCII symbols. It will pro-
duce copies cheaply, require no maintenance and
will operate silently.

With the latest improvements, some of the
present impact line and quasi-line printers come
pretty close.

Almost all categories of printers claim some
new features. Among impact types. the evolution-
ary improvements include the following:

® Quasi-line printers can now go over 600 lines/
min on 132-column data. And built-in microproc-
essors control overshoot and misregistration of
characters.

m Full-line printers have edged toward print-
ing speed limits of over 2000 lines/min on 132-
column formats.

m Serial printers with full-faced characters of
typewriter quality can now print 100. char/s,
where formerly they were limited to about 30.

m Serial printers with matrix-formed charac-
ters have been accepted for low-cost applications

The medium-speed printer—one that can put

Morris Grossman
Associate Editor
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An important advantage of band printers, as in this
Dataproducts 2550 Charaband unit, is that a line of
print is at least straight.

and can achieve 200-char/s speed. For a given
speed, matrix printers generally cost less than
full-character units. Often multiple heads are
used to double and triple the data throughput.

Nonimpact printers are promising

Though manufacturers of conventional nonim-
pact printers, such as thermal and electrostatic
types, report only modest improvements, the po-
tential for super-speed printing at low cost still
lies with nonimpact methods. Consider IBM’s re-
cently announced laser-imaging printer that can
spew out data at 13,360 lines/min. Another new
nonimpact printer comes from Universal Tech-
nology (Verona, NJ), which offers a hot-air jet
printer that scorches characters onto ordinary
paper in a 7 x 9-dot matrix. One model can print
up to 1100 lines/min, and it even provides copies.
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Electrostatic printers such as the Gould 4800 can print
3600 lines/min or draw complex diagrams and charts;
and do it silently. The Gould 5200 has 200 styli/in. and

Some of the reported improvements in conven-
tional nonimpact printers include the following:

= In thermal serial printers, quiet operation,
low cost and improved reliability provide stiff
competition for 10-to-100-char/s impact printers,
especially in office use for teletypewriter and
data-terminal applications. Also, list or strip
printers for data-logging, miniterminals and in-
strument recording now frequently use thermal
print heads. They print mainly numbers, but
some also have limited alphabet or other symbol
capabilities.

® [n electrostatic printers, definition has been
raised to 200 styli/in., which allows the produc-
tion of fine-quality drawings or even camera-
ready art. And printing speeds of 3600 lines/min
are offered. Some units have built-in micropro-
grammed controllers to take some of the soft-
ware and memory-capacity burden from the com-
puters they serve.

The price is right

In spite of inflation, the prices of both impact
and nonimpact printers have tended to remain
stable. In some cases they have even dropped.
Renn Zaphiropoulos, president of Versatec (Cu-
pertino, CA), reports:

“Rising production has allowed a cut from
$9700 to $8400 in our biggest seller—the high-
resolution dual-array 200 dot/in. D1200A elec-
trostatic printer/plotter. This price is even less
than that of our original 72.5-dot/in. units of five
years ago.”

Except for the noise they make, some line
impact printers have most of the desirable char-
acteristics sought in the ‘“ideal” medium-speed
printer. And even the noise can be substantially
controlled with acoustically insulated enclosures
supplied by some manufacturers.

One class of line printers—quasi-line—achieves
a low price by time sharing some mechanical com-
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can provide accurate, high-definition plots and even
camera-ready art. However, a considerable amount of
software and memory is needed.

ponents, thus requiring fewer parts than other
line printers. Of course, this sharing means that
the parts are used more frequently; they have
shorter lives. In addition the maximum speeds
are lower—about 100 to 600 lines/min—where
full-line printers can go well over 2000 lines/min.

Dataproducts (Woodland Hills, CA) puts out a
quasi-line printer, the 2230. It uses one-half the
number of hammers of a full-line printer and
achieves print speeds of 300 lines/min on a 136-
column format. The character print sets are car-
ried on a drum. Odd columns print during one
drum revolution and the even columns on another.
Hammers fire as selected characters move into
position on the printing line. Thus the drum needs
two revolutions per line of print.

However, the Dataproduct 2260, which uses a
full complement of hammer actuators—one per
column of print—prints at 600 lines/min. It is a
true line printer. Other Dataproduct full-line
printers, such as 2470, can operate as high as
2400 lines/min. Generally print quality suffers at
such high speeds.

The case for band printers

Another class of line printers uses a horizon-
tally moving band, chain or belt to carry the
characters. Timed hammers fire as characters
align with column positions. As with drum print-
ers, band printers also can share parts.

For example, IBM, in its 5023 chain printer,
moves the print hammer to four positions. The
printer needs only one-fourth the hammers of a
full-line printer. It operates at speeds of 100 to
200 lines/min.

And IBM’s steel-band 3770 printer, used pri-
marily in data terminals, operates with one ham-
mer for two columns and runs at 50 to 150 lines/
min. On the other hand, Control Data Corp.
(Minneapolis, MN), in its 200 lines/min printer,
moves the paper to three positions and thus needs
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only one-third the hammer mechanisms.

Band printers can have only two or three sets
of characters per band, at most, whereas drum
printers have at least one set per column. Thus
the band characters are subject to more impact
and wear than the characters on drum printers.
But in most band machines, individual fonts or
short character groups can be easily replaced.
The fonts in Dataproducts’ 2550 Charaband ma-

No printer fits all applications

The all-purpose, all-applications printer will
probably never be built.

Giant computers need printers that can keep
pace with their high-speed outputs. Speeds can
run to over 5000 lines per minute with some of
the nonimpact printers, and printer costs to over
$100,000.

At the other extreme are hard-copy devices
for data terminals and keyboard printers, where
speeds are geared to a human operator. The costs
must be low to match the relatively low cost of
the rest of the equipment. Characters usually
are printed in serial fashion at 10 to 55 char/s,
and prices run in the $1000-to-$3000 range.

And then there is a vast middle ground—
printers for minicomputers and remote-batch
outputs—with speeds of 100 to 600 lines/min
and prices to match—$2000 to $20,000. This is
the fastest expanding portion of the printer
market, judging by development and marketing
activity.

In choosing a printer, consider the following:

m Are full-faced characters and special fonts
needed ?

m Can dot-matrix-generated characters meet
your print-quality requirements?

® Do you need multiple copies?

‘m Can ordinary paper be used?

m Is printer noise a serious problem?

m What are the periodic maintenance require-
ments ?

m Should the printer be able also to plot
curves or draw complex diagrams?

m What are the interfacing problems?

No matter what you buy, expect undesirable
features along with the good. For example, the
need for multiple copies usually dictates use of
an impact printer. It will be noisy.

If use of ordinary paper is a must, some type
of inking is needed for the original and carbon
paper for the copies. Ribbons require frequent
changing and liquid inking mechanisms need
maintenance. With multipart forms, the carbon
inserts must be removed after printing.

Some impact printers allow use of the new
pressure-sensitive paper. No inking or carbons
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chines are carried on a steel-belted polyurethane
band. Individual steel font slugs are easily re-
moved and new ones quickly snapped into place.
The 2550 operates to 1500 lines/min with a 132-
column format.

An important advantage of band printers over
drum printers is that horizontal misregistration
of printed characters is less noticeable to the
eye than even a small amount of vertical dis-

are required. But special paper costs more.

And don’t forget that a printer needs a proper
interface to its data source. Though many
printers can handle either serial or parallel in-
puts, some need buffers to convert serial to
parallel, or vice versa.

In addition to a data interface, printer con-
trol signals of appropriate timing and levels are
also usually needed. It can be very expensive to
force a match to a printer that is incompatible
with the data source.

Don’t get fooled by the printing speeds in
manufacturer specs. All the conditions that can
affect throughput are not always clearly spelled
out. Four major variables generally affect
throughput:

1. Time to print a line. Serial printers, usual-
ly rated in char/s, sometimes have multiple print
heads to speed throughput. Line printers, rated
in lines/min, often time share hammers and other
components, which reduces throughput.

2. Width of the line—72, 80 and 132 columns
are common. For a given line/min rate, more
columns means more throughput. ]

3. Time to index the paper between lines, in-
cluding carriage-return time in serial printers
—400 ms is typical.

4. Size and nature of the character set—48, 64
and 96 characters are common.

The stated line print rate might be for only
an 80-column form. A 132-column form needs
30% more time to print a line. And if both
upper and lower case characters are printed, it
may take as much as 509% more time. Manufac-
turers often supply a table to cover all the
variables and resultant speeds.

For example, the speed of IBM’s popular 132-
column 1403 line printer depends upon the
character subset size. The 1403’s total character
set is 240, and it can be divided into many sub-
set combinations and groups. The smaller the
subset, the faster the machine can print. A 48-
character subset prints at about 550 lines/min,
but a 14-character subset attains 1385 lines/min.
Many other combinations of subsets and speeds
also are available.
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placement. The horizontal band motion at least
ensures a straight line of data, and variations in
spacing between characters are less obvious than
those in a wavy printed line.

Other band printers are promised soon by Data-
100 (Minneapolis, MN). Its 5540 and 5560 use
steel-character bands and operate at 400 and 600
lines/min with 132 hammers. They will sell for
$8195 and $8998 in small OEM quantities when
they become available next January. The printers
feature a microprocessor, which controls the regis-
tration of the characters, monitors the ribbons
and directs the skew of the drive shaft to com-
pensate for irregular tracking.

Often a line printer operates in a quasi-line,
or near-serial, mode because the electronics con-
strains the system to accept and print only one
character at a time. The 80-column Teletype 40
ROP is such a machine. It operates at about 200
lines/min when a 94-character ASCII set is used.
But its speed increases to 300 lines/min, when
a 63-character, upper-case-only set is used. The
Teletype 40 sells at an OEM price of $2732.

Some serial printers use multiple print heads. The
Centronics 102A printer has two heads with 9 x 7 dot
matrices and prints 132-columns at 125 lines/min.

jelde Qoaa _
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General Electric’s TermiNet 120 uses a belt technique
to print 120 lines/min at 240 char/s on 120-column
paper. Models for 80 columns are also available.
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GE (Waynesboro, VA) makes the TermiNet
120, which operates at 120 lines/min with a set
of 94 ASCII characters and up to 180 lines/min
on a 64-character upper-case-only set. Both
models are available with either 80 or 120-column
line lengths. The 80-column printer sells for about
$2917 in small quantities.

The position of the print head in true serial
printers determines where a character is printed.
But in quasi-line machines, the position of the
printed character is determined by electronic
instructions that cause a hammer to strike at a
particular time. Also, functions such as tabbing,
line feed and the equivalent of carriage return
are all electronically controlled. And as in many
models of serial machines, some quasi-line units
come with keyboards and complete electronics for
send/receive time-shared data terminals or for
direct interfacing with minicomputer systems.

Serial printers have typewriter quality

Diablo (Hayward, CA) offers the Hytype I,
a 30-char/s serial printer, and the new Qume
Corp. (Hayward, CA) the Sprint 45 and 55 print-
ers, which operate at 45 and 55 char/s. The latter
are significant advances in speed over the tradi-
tionally Teletype 33 and IBM Selectric printers.
The Teletype units, which carry their characters
on a cylinder, and the Selectrics on a ball me-
chanism, operate at only 10 to 15 char/s.

The Qume and Diablo units use a plastic daisy-

Singer's MPS-300 series of matrix serial printers oper-
ate to 150 char/s and use a 9 X 7 dot matrix to print
the full 128 character ASCII set.
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wheel font carrier, which is cheap and easy to
replace when a different character set is desired
or when worn, according to David Lee, vice pres-
ident of marketing at Qume.

“Daisy wheels last for a long time, and because
the Sprint has fewer moving parts than other
printers—Iless than one-fifth of those in a typical
typewriter—reliability is high and servicing
easy,” he explains.

For still higher speeds, the family of Printec
serial machines, made by Printer Technology
(Woburn, MA), carries the print fonts on a con-
tinuously rotating steel print wheel. A timed
hammer drives the paper against a selected char-
acter. Print speeds to 100 char/s, or 35 lines/min,
are attained on 132-column paper. An ink roller,
rather than a ribbon. keeps the print wheel coated
with a thin film of ink. The Teletype, Selectric,
Diablo and Qume serial printers use ribbons.

One advantage of this roller and liquid inking
arrangement is that magnetic ink can be used.
Thus the Printec can print documents with both
magnetic and ordinary characters. And with two
sets of fonts on a single print wheel, both types
of characters can be printed in a single pass.
Other printing setups often require two passes
using two different machines.

The Printec 100M, with a special font set for
magnetic-ink printing, operates at only 35 char/s,
but the Printec 100A can do 70 char/s with a
96-character ASCII font set. The Printec 100 can
reach 100 char/s, but with only a 64-character
set. The price you pay depends upon interface
requirements and other features; it can vary
from $2750 to about $4150.

Dot matrix for low cost

The principal advantage of impact dot-matrix
printers is low cost. They are more reliable than
some of the slow-speed machines, such as the
Teletype 33, but they are not as reliable as most
line printers, according to Irving L. Wieselman,
vice president of product programs at Data-
products Corp. Individual matrix pins get a lot
more use than the full-formed font characters on
a line printer. But then the matrix head is me-
chanically simpler than many of the serial-printer
mechanisms.

Though they have font limitations, dot-matrix
impact techniques are widely used for the low-
to-medium-speed printers—from 30 to approxi-
mately 200 char/s for a single-head serial ma-
chine. Dot matrix printers tend to sell for less
than shaped-character printers.

For example, the Model LLA36, a 132-column
matrix printer made by Digital Equipment
(Maynard, MA), sells for $1250 in OEM quanti-
ties, but it operates at only 80 char/s. GE’s
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TermiNet 30 printer, also a 30 char/s machine, is
being offered for about $1200. Both units come
with keyboards. They compete with Teletype 33
units and operate three times faster than the 33.

However, the 132-column Model 104 matrix
serial machine, made by Centronics Data Com-
puter (Hudson, NH), operates at 200 char/s. It
uses a print head that consists of a vertical col-
umn of pins, selectively pushed against an inked
ribbon to create either a 7 x 5 or 9 X 7 dot
matrix. Machines that print both upper and low-
er-case characters need the 9 x 7 matrix to ob-
tain greater definition.

Often serial printers, both full-character and
matrix, increase their throughput capability by
using two, or even three, print heads. For exam-
ple, the Centronics 102A has two print heads,
with double the throughput at 330 char/s that
the company’s single-head 101A has. The SV
Alphanumeric printer, made by Sweda Interna-
tional (Pine Brook, NJ), offers three inde-
pendently controlled heads, but it uses a different
kind of head—a seven-segment matrix instead
of a dot.

Nonimpact types are quiet and fast

If quiet operation is of prime importance, a
nonimpact printer is your choice. The super-
speed printers are found in this category. How-
ever, nonimpact printers generally can’t produce
multiple copies, and except for xerographic and
ink-jet types, they require special paper.

Thermal printers are relatively inexpensive.
Serial units operate to about 30 char/s and usual-
ly print with a 5 x 7 matrix. Such units include

To print magnetically detectable characters the Printec
100M, made by Printer Technology, uses a roller to ap-
ply ink to its print wheel.
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Where other data terminal systems grow old,
this one is designed to simply grow.

The Teletype® model 40 is the data terminal system to start with because it's
completely modular, and is designed to grow as your needs grow.

The display, operator console,,printer and controller modules form the heart of the model 40 system
and permit a variety of configurations to suit your application.

There's a wide range of options, too, such as expandable memory with scrolling;
half/full duplex modes; fixed and variable field transmission; protected formats; a variety
of on-line controls; current loop and EIA (RS232) interfaces; and speeds from 110 to 4800 bps.
Printer options include 80 column friction and adjustable tractor feed units.

And don't worry about obsolescence. Since the model 40 design consists of separate modules,
you can select only those capabilities you need now—and add others later.

Add it all up. The model 40 system offers outstanding reliability, versatility and economy.
And delivery is sooner than you may expect. No wonder you can’t beat the model 40 on a price/
performance basis. To start with. Or to grow with.

For complete information, please contact our Sales Headquarters at: pam—aa—<

55885 Touhy Ave., Skokie, Ill. 60076. Or call Terminal Central at: 312/982-2000.

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

The Teletype model 40 system.
Nothing even comes close.



the Model 700 from Texas Instruments (Hous-
ton) and the Model 260 from NCR (Dayton, OH).
And Computer Devices (Burlington, MA), with
its 930 Teletherm, and Computer Transceiver
Systems (Upper Saddle River, NJ), with the
Execuport 300, provide both receive and transmit
capability similar to that of a standard teletype-
writer. But the special paper for their thermal
printers costs about twice as much as ordinary
paper does.

Where the number of columns printed is limit-
ed to, say, 12—as the TP-10 thermal digital print-
er made by PPM (Bedford, OH), print speeds
can be as high as 600 lines/min for bursts of 1000
impressions with parallel input BCD data. The
TP-10 forms its characters with a seven-segment
matrix.

Gulton Industries (Metuchen, NJ) makes ther-
mal print heads for data-collection systems and

Daisy wheels, which carry character fonts, as in these
Qume Sprint 45 and 55 units, are low cost and easy to
to replace.

Speeds to 120 char/s are attainable on Tally’s Series
1000 matrix serial printers. Form widths from 4 to 15
in. can be handled.
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panel printers, such as the DPP-7 units made by
Datel Systems (Canton, MA).

Electrostatic printers, manufactured by Var-
ian Data Machines (Irvine, CA), Versatec (Cu-
pertino, CA), Gould (Cleveland) and others, use
a dielectric-coated paper. The paper is electro-
statically charged by a row of styli—80 to 100
styli/in. is common—as the paper advances, us-
ually in a step motion. The charged spots become
visible and fixed when the paper passes through
a liquid toner. Since only the paper moves, elec-
trostatic printers are mechanically simple. And
print speeds as high as 5000 lines/min have been
reported. The Gould 4800 can print 3600 lines/
min with a paper speed of 7.5 in/s. And at a pa-
per speed of 2.75 in/s Varian’s Statos 4122 can
print 1200 lines/min.

Also, electrostatic printers can plot curves and
print complex diagrams. Varian says it can sup-
ply units with up to 200 styli/in., and Gould’s
Model 5200 has 200 styli/in. However, an electro-
static printer needs considerable memory and
software to interface a computer. The Statos 4122
uses a microprogrammed controller to help re-
duce this burden on the computer.

Printers that work on the xerographic prin-
ciple, using standard paper and operating at 4000
to 9000 lines/min, are available from Xerox (Los
Angeles). They can reproduce multiple copies of
132 columns on 8-1/2 x 11-in. paper.

And IBM has just announced a new laser-
imaging printer, the Model 3800, that operates at
up to 13,360 lines/min. A low-power laser forms
characters on the photoconductor surface of a
rotating drum. A dry powder adheres to the
images only and then transfers to the paper in a
way that is similar to xerography. The usual 132-
column data format is printed on the more eco-
nomical 8-1/2 x 11-in. paper instead of large
computer paper. Delivery of the machine is prom-
ised for the fall of 1976 for $310,000 or a month-
ly rental of $6250 to $7344.

Another of the nonimpact printers uses a jet
to squirt electrostatically deflected ink particles.
The particles are directed, much as an oscillo-
scope directs and focuses an electron beam, to
form characters on standard paper. For years, the
A. B. Dick Co. of Chicago made a series of ink-
jet printers that could print 250 to 750 char/s
with a single jet; however, they have been with-
drawn from the market because of lack of de-
mand. Now A. B. Dick is using its jet printers
in industrial applications, such as point-of-sale
code labeling and the printing of variable data
on form documents.

Teletype’s ink-jet units, introduced a few years
ago, have also been discontinued. But Casio Com-
puter Co. (Tokyo) is marketing a new unit for
about $1000 in OEM quantities. mm
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that meets your specs in every way.

We custom-make every Synchron motor.
At a competitive price. To fit your needs,
not ours. Delivered on time. Designed and
built right, to do the job right. That's

the only way we do business.

Call or write for our specification sheets
and the name and location of our
representative in your area.

Choose from five principal styles of Synchron
motors —60 or 50 Hz—from one revolution per
week to 900 rpm—from 8 thru 98 oz-in torque at
1 rpm—from hundreds of different outputs.

The synchronous motor you install in
your product is likely to be the most
important single component. So every-
thing about that motor should be exactly
right for your product. The speed, the
torque, the price and the delivery, of
course. The performance, the quality and
the dependability. But, especially, its
rightness for you.

What's exactly right for someone else
may be exactly wrong for you. That's
why it's almost impossible to find a
ready-made synchronous motor

We make every Synchron motor as if our name were on your product

HANSEN MANUFACTURING CO.
a division of P. R. MALLORY & CO. INC.
Princeton, Indiana 47670




Developing this new pushbutton was
a little like coming up with a Ferrari that gets 32 mpg,
holds 12 people and costs less than a Pinto.




Until now, there have been some
good-looking lighted pushbuttons and
indicators.

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

Introducing the MICRO SWITCH
Advanced Manual Line—AML..

The most sophisticated line of
pushbuttons

and indicators OL
ever designed. S 'D

And you can f sz AT,E

see a few of
the reasons why right here. The AML
button height, bezel size and visual com-
patability of the square and rectangular
sizes "harmonizes” your panel. To give
you a panel with a clean, good-looking
geometric face. And a panel with
increased etficiency, because it doesn't
distract. The low-profile square and
gy rectangular buttons are
available in five colors:

- POWER white, red, yellow, green,

: and blue. Display
capabilities include split
screen, hidden color, and a unique three
segment lens cap indi-
cator. [llumination can
be transmitted or pro-
]ected But what you
can't see here is what
helps to make these the most advanced
line of lighted pushbuttons and indica-
tors available: their extreme electrical
flexibility.

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

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

with single or double pole double
throw.

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

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

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

wiring and neat appearance.

Tfhere are 5 types

o pe=____ of terminals

ﬁ‘_‘] available: solder,
—— quick-connect,
— wire-wrap, push-

on or p.c. board

i —ﬂ ~  mount.

' Relamping is
accomplished from the e
front of the panel. And it's oo
done without a tool. With
a choice of lamps including
a T-134 wedge base lamp,
neon and LED. To provide international
acceptance, every AML device has been
designed to comply with essential
[EC, CEE24, UL and CSA standards.

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

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

And the utmost in electrical
flexibility behind the panel.

All products shown on this page
are actual size.

MICRO SWITCH
A DIVISION OF HONEYWELL

MICRO SWITCH products are available worldwide through Honeywell International.
CIRCLE 291 FOR DATA, 292 FOR SALESMAN CALL




We unknot wire problems




Knotty problems in wire, cable, and cords can
pop up at any stage of a project. Hopefully,
they arise early in design. Oftentimes, they
surface later. This can put an unexpected
crimp in your product’s profit or
performance.

We're ready to offer backup help in
performance, design, processing, assembly,
installations, and ordering. Whatever wire and
cable application idea you put on paper,
Belden can help put life into it! Our total
engineering approach to your problems can
identify and analyze the “knots” before they
tie up a major project.

If you have problems involving electrical
parameters, space, compatibility, human
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engineering, color coordination, precision,
materials, fabrication, processing, put-ups,
installation, Belden has the ability to engineer
reliability and ease of assembly info wire,
cable, and cords without letting costs run
wild due to over-engineering.

When we can't get out the "kinks” using
standards, we'll innovate a solution for your
problem. We're here with service and multi-
plant facilities that can meet your demands.
Need answers? Phone:

(312) 681-8920, Electrical Division

(317) 966-6681, Electronic Division

(312) 8874800, Transportation Division

Or, write Belden Corporation, 2000 South
Batavia Ave., Geneva, lllinois 60134




Microprocessor emphasis
swings from chip specs
to aids for designers

spotlight has shifted from basic uP-chip per-

formance to the various hardware/software
design aids that simplify system development.
Microcomputer manufacturers have shown they
can make high-performance microprocessors—
and deliver them in volume. Now vendors are try-
ing to convince skeptical designers that the proc-
essors can be easy to work with.

The most advanced design aids are a far cry
from the ones first available. Early designers had
a two-way problem. First, software had to be

In the hotly contested microprocessor race, the

Edward A. Torrero
Associate Editor

A resident compiler will be added to National Semicon-
ductor's development systems. Already disc-operating
systems are available for use with the company's 16-
bit multichip processor. And the disc system will shortly
be available for the PACE processor.
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developed with computer-aided-design techniques.
This involved the use of assembler and simulator
programs on computer services. Simultaneously
a hardware prototype had to be built. And this
entailed the construction of test and control cir-
cuitry, as well as the interconnection of the sev-
eral chips that make up a microcomputer.

A designer could spend much effort getting
both the hardware and software to function prop-
erly, only to discover they didn’t work together
in the final product.

Design-aid advances

Now microcomputer development systems com-
bine both hardware and software design tools.
They constitute complete microcomputers with
the capability to interface with a host of periph-
erals that speed development. Like minis, newer
prototype “boxes” can interface with disc-oper-
ating gystems and high-speed readers and
printers. They have extended debug capabilities,
being able to check internal uP registers and
memory locations and exercise a system one or
several steps at a time. And they now allow in-
circuit emulation, permitting the very early iso-
lation of trouble spots in an end product.

Significantly microcomputer manufacturers say
present development systems won’t become obso-
lete when future microprocessors become avail-
able. These systems will be ‘“‘universal” design
centers. They will accommodate a company’s ex-
isting and future products and, possibly, com-
peting vendor’s microprocessors.

In essence, the universal design aids are multi-
processor systems. One microprocessor, residing
in the prototype box, generates the code and per-
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forms basic software-development chores, like
editing and assembly. The other processor, part
of an add-on unit, tailors the box to a specific
microprocessor and replaces the system proc-
essor. It monitors and controls the system, track-
ing down errors and simplifying diagnostic tests.

The next advance might well come on the soft-
ware front. Efforts are under way to tackle one
of the biggest design headaches: The need to have
a working knowledge of different assembly
languages to use different microprocessors. One
approach seeks to circumvent the problem at the
assembler level by establishing an industry-
standard compiler that would accept a subset of
IBM’s PL/1. Intel has pioneered such a compiler
with its PL/M; however, many competing ven-
dors say they would prefer a different version.

Another, more ambitious, approach seeks to
create a kind of cross-compiler. It would accept
a popular assembly language for one processor
and output code for another uP. Initial versions
of the cross-compiler would translate assembly
languages, but later versions might handle higher-
level languages.

Another aspect of the growing design-aid field
is the increasing presence of organizations that
don’t make ICs. Recent entries include distribu-
tors. Cramer, for example, offers kits contain-
ing a popular microprocessor, peripheral-support
circuitry and memory. The kits also have soft-
ware packages and instruction manuals. These
kits provide a lower-cost alternative to the micro
maker’s more extensive prototype boxes, which
range in price from about $4000 to $8000.

Similarly other companies are concentrating
on the “low-end” of the design-aid spectrum.
Pro-Log, for example, sells small micros and con-

ducts courses showing hardware-oriented design-
ers how to assemble programs by hand. This
approach minimizes the amount of software ex-
pertise needed, though its usefulness tends to be
limited to small systems.

In-circuit emulation speeds designs

An advanced feature of new prototype systems
is in-circuit emulation (ICE). It is found on
Intel’s latest unit, the Intellec MDS (for micro-
computer development system). The ICE capa-
bility leads directly to reduced development time.

“We believe that between 25 and 40% can be
saved over our earlier prototype system, the
Intellec 8,” estimates Jim Lally, Intel’s manager
for system products.

With ICE, the resources of MDS can be ap-
plied to an end product at an early design stage.
As soon as the bus structure is defined—often
the first step—the ICE module can be plugged in-
to an actual system prototype in place of the
microprocessor. Then various trouble spots may
be checked out by a “transparent” mapping from
the prototype to the MDS.

For example, a problem may arise from either
a malfunctioning memory module or software
errors. The MDS solution disconnects the mod-
ule and replaces it with an internal memory ; the
system doesn’t know the difference. The program
is then executed. If the system works, the hard-
ware is at fault; if not, software must be
checked.

The Intel system also includes enhanced debug
tools. One allows hardware “breakpoints” to be
set up within the ICE module for the 8080.
These breakpoints suspend the execution of the

In-circuit emulation is offered in Intel's latest develop-
ment system, the MDS. The capability permits early
fault and error isolation in actual system prototypes.
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MDS can accommodate the company’'s 8080 MOS proc-
essor, as well as the 3001 bipolar processor slice. MDS
includes floppy-disc storage and CRT terminals.




processor and permit examination of bus activity
during the previous 40 machine cycles. Further,
the breakpoints can be set ‘“‘symbolically’’ rather
than at specific locations.

Accommodating future products

Besides the 8080 MOS processor, the MDS can
accommodate Intel’s Model 3001 microprocessor,
a bipolar bit-slice unit that requires micropro-
gramming techniques. For this product, a dif-
ferent ICE module must be used along with a
ROM simulator to develop the processor’s instruc-
tions. For future Intel microprocessors, the com-
pany plans to use the same MDS mainframe but
to offer ICE modules designed for those products.

Going one step further, Klaus Haferkorn, prod-
uct marketing manager at Motorola, asserts:
“Eventually I am sure develepment tools will also
accommodate competitive products.” He believes
that his company’s Exorciser prototyping system
might be doing so within a year.

Present efforts, though, are aimed at enhanc-
ing Exorciser development -capabilities for
Motorola’s 6800 MOS processor. For example,
the company will shortly add a component tester
for the 6800 family. External to the Exorciser,
the LSI tester would plug into the development
system and could perform incoming inspection
on all microcomputer ICs, including memory.

Also scheduled is a system analyzer for detail-
ed checks of faults and errors. For each step of
the program, the analyzer would permit tests of
internal microprocessor registers and each memo-
ry position up to 65-k words. And by year’s end,
Motorola will add PROM programmer modules
for UV-erasable ROMs. These additions will per-
mit Exorciser program development in PROMs.
Present programs are developed in the system’s
RAMs, which may be switched into a read-only
mode when programs are firm.

A recent addition to National Semiconductor’s
prototype box, the IMP-16P, is a disc-operating
system (DOS). It can now be used to design sys-
tems involving the company’s 16-bit multichip
MOS processor, and it will shortly be available
for used with PACE (a single-chip version).

“By putting everything on disc, we can do in
30 minutes what used to take a day,” observes
Bernie Kute, National’s application manager.

Unlike most competitors, National emphasizes
resident software (run on the microcomputer
rather than a larger, host computer) to the point
that simulators aren’t available on computer net-
works.

“You can’t simulate I/0 operations, and most
micros stress them,” observes Kute, ‘“so you
eventually have to go to the hardware, anyway.”

The next step for National will be a compiler
accepting a PL/1 subset. In keeping with the
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hardware emphasis, the compiler will be resident,

However, National does provide a microassem-
bler on computer networks. It enables designers
to microprogram the company’s multichip proc-
essor. The manufacturer also provides prepro-
grammed control ROMs that provide enhanced
data-movement capabilities and various arith-
metic functions. Replacement or modification of
these control ROMs (or CROMs)—key elements
in the multichip set—represent another tech-
nique whereby instruction sets can be altered.

Future development systems may entail radi-
cally different software techniques. “Assemblers
and compilers as we presently know them,” says
Gerry Madea, a product marketing manager at
National, “will become obsolete within the next
three years.”

Madea believes a new and better alternative to
existing microcomputer languages is possible, one
that he prefers to call a translator. It would com-

c—"q}-
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Evaluation boards like this one from Motorola come with
sufficient aids to build small microcomputer systems.
They serve twa purposes: They allow designers with
little microprocessor experience to get ‘‘on board,” and
they allow experienced hands to simplify designs.

bine some of the best features of both assemblers
and compilers, and it would have an input lan-
guage that would be completely machine inde-
pendent. However several problems remain to be
solved before the translator becomes a practical
reality. A key one is how primitive operations
would be implemented in different machines.

The rapid pace of design-aid developments
raises the ante for micro manufacturers entering
the field. Fairchild—a recent entry—believes its
aids must match those of most competitors. “We
believe our aids are the absolute minimum needed
to support our F8 microprocessor,” asserts Bruce
Threewitt, manager of MOS applications.

The “minimum” includes a microcomputer on
a board (the F8S). It requires a power supply
but allows memory expansion in 4-k byte incre-
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SIEMENS

SVP

SURGE VOLTAGE PROTECTORS

quip -
needs protectlon from sudden surges in
voltage that can lead to costly maintenance,
long operational down-time or even loss of
equipment.

Siemens Surge Voltage Protectors provide this
protection. If you are now using or contem-
plating the need for gas tubes or spark gaps,
check out Siemens SVP’s on performance,
price and delivery.

Highly reliable and of proven design, Siemens
SVP’s offer:

» High current capability.

¢ Accurate breakdown voltage.

¢ Low capacitance.

e A broad line: power, fail safe and
3-electrode types.

Beyond typical telephone and communications
uses, Siemens SVP’s have a variety of non-
protective “switching” applications. Strobe/
flash warning lights, photography, ignition

or almost anywhere a voltage sensitive switch
is required.

To learn more about Siemens SVP’s, write for
literature, free samples or applications engi-
neering data. Immediate delivery is available
from current stock.

Siemens Corporation

Special Components Division
186 Wood Avenue South, Iselin, New Jersey 08830 (201) 494-1000
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ments, and it can support a resident assembler,
which occupies only 1-k bytes of storage. Also
offered is a prototyping system in a box, the F8C
formulator, which provides the tools for both
hardware and software development. An expand-
ed version of this box is expected next year.
Called the F8T, it will accommodate both a flop-
py-disc system and a video terminal.

Time sharing: a design alternative

Micro makers often promote their development
systems by saying that the major alternative—
time-sharing services—can be very expensive.
The cost for their full-time use over an extended
period can easily exceed that of a hardware/
software system, which has a one-time, fixed
price. However, the computer-service approach
does have advantages.

With time sharing, a designer pays as he goes;
there isn’t any fixed overhead. Also, several com-
puter services now offer programs for a num-
ber of popular microprocessors. So designers can
check out different units without committing
themselves to a specific one. Moreover a designer
has at his disposal the full resources of a fast,
large computer. Storage space isn’t limited to
that of a floppy disc or other storage media used
by smaller systems. And outputs can be obtained
in various forms without the purchase of periph-
eral equipment.

The major drawback, though, is an inability
to fully simulate real-time processes.

“We offer microprocessor, not microcomputer,
software,” notes Paul Newton, marketing man-
ager of electronic products at University Com-
puting Co. “We can simulate a stream of I/0
bits to and from, say, a disc or large external
RAM and see the effect on the microprocessor.
But we can’t see the effect on the peripheral at
the same time.”

However, designs can proceed up to the simu-
lation phase and then be applied to a hardware
prototype.

One proponent of time sharing over develop-
ment systems is Matt Biewer, vice president of
engineering at Pro-Log. “If a system involves
more than 1000 words of coding, go to a com-
puter service, which has the power needed,” he
advises. However, most microcomputer jobs
aren’t that large, according to Biewer, and these
can best be done with hand-assembly techniques.

Pro-Log emphasizes the use of assembly lan-
guage, although individual instructions are man-
ually programmed, one at a time, in their hexa-
decimal form. The technique is simple, and it
doesn’t require software expertise. A designer
begins by assembling the program on paper.
Then portions of the program are developed and
stored in PROMs. And the initial prototype can
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be made to look as close to the final product as
possible.

“Hardware people really relate to this,” says
Biewer. “It’s the way they’re accustomed to
working.”

Designing with bipolar uPs

The design of systems using bipolar uPs can
pose problems in addition to those of MOS proc-
essors. Most bipolar units are actually micro-
processor slices. They don’t come with fixed
instruction sets, so designers must first develop
these, storing the instructions in a special micro-
program memory. Further, various peripheral
and interface circuits—as well as additional
memory—must be connected to the processor
slices to form a working microcomputer. Then
a design can proceed as it does with most MOS
units; application programs are developed and
stored in the microcomputer’s memory.

Hardware testing can bring other problems if
the prototype system doesn’t run at the high
speeds of bipolar units. Typically bipolar proc-
essors can operate many times faster than MOS
versions can. The microprogram need not be
checked out at the high operating speeds, but the
complete system generally requires real-time
tests.

One exception to the general rule is presented
by Scientific Micro Systems. The company offers
the Model 300, an 8-bit bipolar microprocessor—
not just a slice. It comes with its own instruction
set, so microprogramming isn’t needed. Also, the
company offers a multiprocessor prototyping sys-
tem, called MCSIM, which allows in-circuit tests
in real time.

MCSIM (for microcontroller simulator) comes
complete with power supply, and it doesn’t re-

_quire a CRT terminal or teletypewriter. Instead

the mainframe can be entered from a paper-tape
reader or through octal switches on the front
panel.

“And the next generation of design aids will
handle several companies’ microprocessors,” says
Steve Drucker, product manager at Scientific
Micro Systems. However, several hurdles must
first be overcome. One is how to handle the dif-
ferent software needs of different micros. An-
other is grappling with the widely diverse archi-
tecture of today’s micros.

Meanwhile manufacturers of bipolar micro
slices are seeking other ways to simplify designs.
Monolithic Memories, for example, will shortly
introduce a kit that will eliminate the need for
microprogramming. Preprogrammed memories
in the kit will provide a fixed-instruction set.
Other chips will include the company’s 6701 mi-
cro slice, as well as the additional ICs needed
for a complete micro. ==
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New from Potter& Brumfield

The lowest profile 3 amp relay we’ve ever offered!

The P&B T10 Series relay is lower than many other circuit board components. Oﬂly 0.375" high,
it's ideal for high-density applications. Permits pc boards to be mounted on 0.5” centers!

T10 relays provide 0.1 to 3 ampere switching @ 30VDC. Coil ratings are
6, 12, 24, and 48VDC. Permissive make, gold-flashed silver contacts -
are noted for low contact bounce, long operating life. Bifurcated
contacts for low level switching are available on special order.

Designed for low cost general purpose applications, the T10
is ideal for use in tele-communications, copy and reproduction
machines, computer and peripheral equipment.

For additional information, contact the Pot’ter G Brumfleld sales
representative or authorized distributor S

nearest you, or write Potter & Brumfield
Division AMF Incorporated, Princeton,
Indiana 47671. Telephone 812 385 5251,

'Potter'& Brumﬂeld

Solving switching problems is what we're all about.




CHECK ON-OFF

ROHDE & SCHWARZ DIRECTIONAL-POWER METER
TYPE NAUS 80 200.8010.80

FNr 870 1077248

You get
what you want

when you want it.

® One head for ALL ranges — 25-1000 MHz;
20 mW-320 W (NO PLUG-IN ELEMENTS NEEDED).

The Rohde & Schwarz Model NAUS-80 Power Meter ® Two meters for simultaneous incident and
Family was designed with you and your budget in reflected power regdmgs .(V.SWB) — Only this
mind and it's stocked in depth to give you quick method allows tuning optimization.

delivery when you need it. ® High Resolution (linear scale).

Just check the items and compare them to your W Hign Acouracy (4% of reading =1% F.S.).
present or planned meter . . . You'll see the R&S ® 1 kW overload protection (no burnouts).
NAUS-80’s are superior in every way... y ® One low price for the complete instrument —
it is the PERFECT POWER METER! (NO ADD-ONS NECESSARY).

Prove it to yourself . . . send for our com- ® Five-year warranty on Parts and Labor
plete literature and/or request a (no exceptions).
demonstration. ® OFF THE SHELF DELIVERY.

ROHDE & SCHWARZ

14 Gloria Lane, Fairfield, N.J. 07006 ® (201) 575-0750 = Telex 133310
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Just key in
conversion factors...

read out
engineering units

If you have used the NI 2001, or
seen it demonstrated, you know that
there is no easier way to acquire,
process and manipulate electrical
data without interfacing with a
mini-computer or programmable
calculator. All of its convenience and versatility is
contained in a single mainframe that combines the
capability of a digital oscilloscope and a
MiCroprocessor.

Whether you're performing a simple calculation or
programming complex sequences, the 81-key
interactive keyboard of the NI 2001 combines
function and convenience never before attainable.
Eight groups of color-coded controls put required
commands at your fingertips. Consider, for example,
what you can do using just the group of 14 keys of
the NUMERIC ENTRY section of the keyboard,
shown above. This group of keys eliminates the need
for a separate calculating unit. In conjunction with
other keyboard controls they give the NI 2001
complete calculating power to let you perform any
arithmetic function. It operates on entire arrays of
data as well as individual numbers.

into more useful
data...quickly!

ane, L7

Al

& 6

i O

NUMERIC ENTRY

More than a simple calculator, the NUMERIC ENTRY
keys let you convert waveform measurements (or
constructed waveforms) into any desired units to
make processed data immediately useable. You can
instantly convert waveform data to units of power,
current, energy, acceleration, velocity, displacement,
torsion, temperature or any other engineering,
scientific or biological units to meet your needs. You
can even convert instantly to metric units. You just
key in the conversion factors and the results are
displayed on the CRT in desired units. This group of
keys is also used in searching for voltage levels or
horizontal positions.

See how you can increase your productivity with the
simplified signal analysis and accuracy of the NI 2001.
Send the reader service card or write Norland
Instruments, Department F-2.

Want a demonstration? Call us, today.

v.
A Norland Drive
NORLAND INSTRUMENTS

Fort Atkinson, Wisconsin 53538
A Subsidiary of Cordis Corporation  Tel. (414) 563-8456 US.A

FOR DEMONSTRATION CIRCLE 161

TWX 910-260-3732

FOR INFORMATION ONLY CIRCLE 162
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The Am9080A:

Microprocessing for the masses.

The Am9080A, a pin-for-pin plug-in replacement
for the C8080/8080A is priced at $29.95 in 100-piece
quantities now. Less Later.

Something is going on. Something big and
important. A revolution. The Microprocessor
revolution.

In the second half of this decade,
microprocessors of various configurations,
complexities and technologies will be sold and used
in systems. But, only one will be used by the
millions: The Am9080A/C8080A.

Since Intel’s introduction of the 8080 and its
successor —the 8080A —hundreds, perhaps
thousands of designs have been committed to this
general-purpose, 8-bit instruction set
microprocessor. Design aids, software development
systems, adequate debugging equipment,
independent computerized programming systems,
assemblers, compilers, cross-assemblers and
systems applications materials are abundant.

The principal reason for using microprocessor-
based systems is cost reduction. Unchallenged in
the marketplace and hampered by an aging process
technology, price decreases on the competitors’
8080 have been lagging. Until now. The Am9080A,
a superior performance pin-for-pin functional
replacement for the C8080/80804, is built with an
advanced ion-implanted, n-channel, silicon gate
process that has enabled Advanced Micro Devices
to build a chip with superior speed characteristics
only two-thirds the size of the competition!

This independently developed CPU is
guaranteed interchangeable in your system —or
your money back. It is just like their 8080A — only
better.

Like all Advanced Micro Devices’ products, it is
manufactured to the requirements of MIL-STD-883
at no extra charge. The $29.95 price is the
unbundled price. You don’t have to buy our RAM’s,
our ROM’s or our other support circuits if you don’t
want to. We think you’ll want to.

Advanced Micro Devices offers the broadest line

of alternate plug-in replacement kit parts for your
8080-based system featuring high-speed and high-
performance memories designed to take full
advantage of the microprocessor’s speed. We
present the opportunity to optimize your
microprocessor system, not compromise it.

The same engineering excellence that has made
Advanced Micro Devices the price/performance
leader in n-channel static RAM’s is at work for
you in the Am9080A microprocessor family.

Design a microprocessor-based system around
the third generation de facto standard, the
Am9080A/C8080A — the only independently
multiple-sourced microprocessor from proven
suppliers of high-volume n-channel silicon gate
products.

FKUETED /G-
Am 0504,/ C SOG4

- L

f2°| |

| o

AW 197 /977
7R
Buy the microprocessor that will be sold by the
millions. By the way the million-piece price is $6.00.
F.0.B. Sunnyvale.

/9721 122 R
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Am 9080A System Circuits

8000 Series

8000 Series

Plug-In Plug-In
AMD Part Numb Description Availability Repl. AMD Part Number Description A ility Rep
CPU Dynamic Read/Write Rand A M i
Am9080ADC 0-70°C 480 nsec Am9060C 4K x 1, 300 ns,
clock period In Dist. Stock  C8080/C8080A 22 pins Samples Now 8107A
Am9080A-2DC 0-70°C 375 nsec Am9060D 4K x 1, 250 ns,
clock period In Dist. Stock  C8080A-2 22 pins Samples Now 8107A
Am9080A-1DC 0-70°C 325 nsec Am9060E 4K x 1, 200 ns,
clock period In Dist. Stock  C8080A-1 22 pins Samples Now 8107A
Am9080ADM —55°C to +125°C Am9050C 4K x 1, 300 ns,
480 nsec clock period In Dist. Stock M8080A 18 pins Samples Now NA.
Am9080A-2DM —55°C to +125°C Am9050D 4K x 1, 250 ns,
375 nsec clock period In Dist, Stock N.A, 18 pins Samples Now N.A.
Static Read/Write Rand: M AmS050E 4K x 1, 200 ns,
Am9101A/Am91LOIA 256 x 4, 500 ns, 18,pins Selipes Now. N
22 pins/low power In Dist. Stock 8101 Serial Memories
Am9101B/Am91L01B 256 x 4, 400 ns, Am2812 32 x 8 FIFO In Dist. Stock  N.A.
22 pins/low power In Dist. Stock  N.A. Am2813 32 x 9 FIFO In Dist. Stock  N.A.
Am9101C/Am91LO1C 256 x 4, 300 ns, ! Am2841 64 x 4 FIFO In Dist. Stock N.A.
22 pins/low power In Dist. Stock N.A Am2847 4 x 80 static
Am9101D 256 x 4, 250 ns, g shift register In Dist. Stock  N.A.
22 pins In Dist. Stock N.A. Am2896 4 x 96 static
Am9102/Am91L02 :g x1, ?ISO ns, DSt B oo0es shift register In Dist. Stock.  N.A.
pins/low power n Dist. Stoc - ey
Am9102A/Am91L02A 1K x 1, 500 ns, Mask Progr Read-Only Memories
16 pins/low power In Dist. Stock N.A Am9208B/C lK x 8 mask programmed, N
Am9102B/Am91L02B 1K x 1, 400 ns, a7is/RaDaTs oW, 8308
16 pins/low power In Dist. Stock  8102A-4 Am9214 2(1)(2) x 8 mask programmed, N NA
Am9102C/Am91L02C 1K x 1, 300 ns, W e i
16 pins/low power In Dist. Stock N.A. Am9216B 2K x 8 mask programmed, I
ns Oct. 1975 8316
Am9102D 1K x 1,250 ns, .
16 pins In Dist. Stock  N.A. E| Read-Only Memories
Am9111A/Am91L11A 256 x 4, 500 ns, Am9702 256 x 8, 1.0 usec In Dist. Stock  N.A.
18 pins/low power In Dist. Stock 8111 Am1702A 256 x 8, 1.0 usec In Dist. Stock  8702A
Am9111B/Am91L11B 256 x 4, 400 ns, Am2708 1024 x 8, 450 nsec 2nd Q 1976 8708
18 pins/low power In Dist. Stock N.A. System S ' C
Am9111C/Am91L11C 256 x 4, 300 ns, = 2
18 pins/low power In Dist. Stock N.A. Am8212 8-bit I/O port 1st Q 1976 8212
Am9111D 256 x 4, 250 ns, Am8224 Clock Generator 1st Q 1976 8224
18 pins In Dist. Stock N.A. Am8228 System Controller 1stQ 1976 8228
Am9112A/Am91L12A 256 x 4, 500 ns, Am8T26 Bus Transceiver In Dist. Stock  8216**
16 pins/low power In Dist. Stock  N.A. Am25LS138 1 of 8 Decoder In Dist. Stock ~ 8205**
Am9112B/Am91L12B 256 x 4, 400 ns, Am25LS14 8-bit Serial/Parallel
16 pins/low power In Dist. Stock N.A. Multiplier Samples Now NA.
Am9112C/Am91L12C 256 x 4, 300 ns, Am2905/6/7 2-Port LSI Bus
16 pins/low power In Dist. Stock N.A. Transceiver/Registers Samples Now NA.
Am9112D 256 x 4, 250 ns, In Dist. Stock NA. Am9555 Programmable Peripheral
16 pins Interface 1st Q 1976 8255
Am9130A 1024 x 4, 500 nsec 1st Q 1976 NA. Am9551 Serial Communications
Am91308B 1024 x 4, 400 nsec 1stQ 1976 NA. Interface 2nd Q 1976 8251
Am9130C 1024 x 4, 300 nsec 1st Q 1976 NA *Functional replacement only.
Am9130E 1024 x 4, 200 nsec 1stQ 1976  NA **Pin-for-pin replacement only. Some parameters vary
Am9140A 4096 x 1, 500 nsec 1stQ 1976 NA.
Am9140B 4096 x 1, 400 nsec 1st Q 1976 NA.
Am9140C 4096 x 1, 300 nsec 1st Q 1976 N.A
Am9140E 4096 x 1, 200 nsec 1st Q 1976 NA.

vanced MOS/LSI

In stock now at Hamilton/Avnet, Cramer and Schweber Electronics.
Advanced Micro Devices * 901 Thompson Place, Sunnyvale, California 94086 » Telephone (408) 732-2400
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Texas Instruments SR-52.

224 program locations.

Twice the user-defined keys.
"Twice the memory registers.

But half the cost

of the only other programmable in its class.’

Complex repetitive problems or
lengthy calculations that once
took hours can now be solved in
seconds. And the chances of entry
error are dramatically reduced.

The SR-52 allows you to record
up to 224 keystrokes to perform
your calculations—your way. Pro-
gramming is simple and straight-
forward. What’s more, prepro-
grammed cards are available
which can be integrated into your
problem solving routines.

Easy Left-to-Right Algebraic
Entry. Enter calculations exactly
as you write them. The SR-52 com-
bines a 3-level algebraic hierarchy
with 9 levels of parentheses. This
lets you enter problems containing
up to 10 pending operations (three
times the capability of the only
other machine in its class). This
means you don’t have to

a program transfer is made.

e Program Levels (3). A main pro-
gram can call up to two levels of
subroutines.

e Labels (72). Name program
segments.

¢ Indirect Addressing (2 modes).
Extends versatility of all mem-
ory-reference and branching
instructions.

Trial-run your program. Editing
and “debugging’ are easy. Move
through problems a step at a time,
forward or backward. Add more
steps. Delete. Or write over steps.
Then record.

Run Mode. Load a magnetic card.
This puts the card’s contents in
memory. Insert the card above the
5 user-defined keys representing
10 functions.

Enter numbers directly into the

program. Orinto one or more of the
20 addressable memory registers.
Or both.

Execution is completely auto-
matic. A program runs until it
encounters a halt, which may be
part of a program or a keyed-in
interruption.

Repeat a program as often as
needed. Change values of your
variables. Solve for different un-
knowns. The stored program is
unaffected.

With the SR-52 comes a Basic
Library Program Manual and
preprogrammed cards: Factors of
an integer. Complex arithmetic.
Reconcile checking account. Ordi-
nary annuity. Permutations and
combinations. Means and mo-
ments. Random number genera-
tor. Hi-pass active filter. Low-
pass active filter. Dead

presolve the problem or
search for the most ap-
propriate, efficient order
of execution. The SR-52
does this automatically.

Learn Mode. Teach
the SR-52 your personal
approach to problem
solving. Simply key-in
your problem left-to-
right as you would in

reckoning. Hyperbolic
functions. Trend line
analysis. Solution of
quadratic equations.
Conversions. Game.

Additional Libraries
may be purchased sepa-
rately: Statistics. Math.
Electrical Engineering.
Finance. And more are
on the way.

calculate mode, using

the following options for

precise control:

¢ Preprogrammed “if”
Statements (8).
Makes a decision
based on the condi-
tion of the display.

* Decrement and Skip
on Zero. Lets a seg-
ment of code be re-
peated a specified
number of times.

e User-defined Flags
(5). Determines the
condition under which

*Based on suggested retail prices
current at time of this printing.

Complete software...
and soon, an optional
printer.

Accompanying an SR-52:

Operating guide. Compre-
hensive owners manual.
Basic library of prere-
corded programs, diagnos-
tic cards and head cleaner
in carrying case. Basic
library manual. User in-
struction & coding forms.
Blank magnetic cards.
Fast-charge battery pack.
AC adapter/charger. Stur-

Qy vinyl carrying case.

SR-52 lock-in printer.
(available early 1976)

¢ Print out an entire
program.

¢« Print calculate mode
results.

* Print instructions or re-
sults without halting
program execution.

* Trace program execu-
tion step by step for

error detection. /

TEXAS INSTRUMENTS

INCORPORATED
INFORMATION RETRIEVAL NUMBER 163

Calculate Mode. Oper-
ated manually, the SR-
52 is one of the most
powerful calculators
available today.

For more information.
See your TI calculator
retailer. Or send for
new brochure. Write

Texas Instruments,
M/S 358, 3
Box 22013,

Dallas, U
Texas

75222,

)1975 Texas Instruments Incorporated
82074




TELEPHONE HIGH BAND

ACTIVE FILTER 1.0uF TANTALUM
1000pF NPO | = S— AUDIO FREQUENCY N MODULATOR FaREEAPACITOR
CERAMIC 42| e
CHIP CAPACITOR _ D
h L %‘%’«;-‘» :
T ik O L) JIS
ESel - ST T
e AN 1if§
s o T m—_—— 6.8 MEGOHM
wA741 OP AMP IC "~ MULTICHANNEL THICK FILM RESISTOR

TIME DELAY

13- BIT MULTIPLYING DAC e
- - - ‘ 4.7uF TANTALUM
CHIP CAPACITOR

13-BIT THIN FILM ||
R-2R BINARY

LADDER NETWORK SOLDERABLE

TERMINAL PAD

CUSTOM MOS IC

PROJECTION WELD SEAL 2N2907A SILICON

DIELECTRICALLY ISOLATED  HERMETIC PACKAGE CHIP TRANSISTOR
HIGH SLEW RATE OP AMP

We offer expert application assistance and quality products at
competitive prices.

Beckman Hybrids can solve your system packaging problems in:
B Active Filters and Telephone Tone Filter/Modem products
B DACs and ADCs from Industrial to Military standards
B Power Linears from Amplifiers to Voltage Regulators

B Complex Customs from Passive Substrates to Multilayer
Digital hybrids

For fast response, call (714) 871-4848, Ext. 1776

Beckman®

HELIPOT DIVISION
INFORMATION RETRIEVAL NUMBER 166
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OR 18 MHMG RELAY FAMILY

BILLIONS OF SWITCHING OPERATIONS
AT A PRICE YOU CAN AFFORD

LARE 851 SERIES MHMG RELAYS

A new family of epoxy molded mercury-wetted reed relays.

The 851 Series MHMG relays offer billion (10°) operations. i i
Bounce free mercury-wetted switching performance and I FREE SAMPLE OFFER |
load handling capability from signal-level to 50 VA. Multi- | |
pole flgxibility from one to five contacts, epoxy molded = Send today for your free sample of new 851 Series relays. !
packaging for PCB mounting, and at a cost approaching dry | Sorry, only one sample per customer. Offer ends Dec. 31, |
reed relays. | 1975. Just mark your selection below: |
| |
Like all Clare mercury-wetted relays, the heart of these I 852A05B1A 1 form A 5 Vdc [] I
relays is a Clare manufactured hermetically sealed glass
capsule. Contact switching is mercury-to-mercury. So } 851A12B1A 1 form A 12 Vdc [] I
there’s no contact wear, no contact bounce, constant ON I 851A05B2A 2 form A 5 Vdc [] |
and OFF impedances—every operation. Maximum switch- I =
ing ratings are 350 Vdc, 1 ampere. | 851A12B2A 2 form A 12 Vdc [] |
| |
The 851 Series MHMG family are high quality components I Name |
for telecommunications, business machines, industrial data I I
logging and control, and other electronic instrument ap- I Function i
plications. } Company I
For more information contact: C. P. Clare & Co., 3101 W. | Address I
Pratt Ave., Chicago, Ill. 60645. Phone (312) 262-7700. Telex: I 1
25-3775. | City State I
| |
- Zip Phone |
C. P. CLARE & COMPANY a subsiiary of I Send to: C. P. Clare & Co., 3101 W. Pratt Ave., Chicago, Ill. :
GENERAL INSTRUMENT CORPORATION | 60645. |
!
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Your Guardian Angel presents an all-new relay thats

Low shung... and ready
fo furnon.

This new “flat-pack”
relay for high density
packaging switches currents that
could weld contacts on other small
relays . . . and reeds. And it comes in
your choice of SPDT or DPDT.

All this action inside a sealed thermoset
housing and cover that lets you wave or
hand solder at up to 650°F without contact
contamination or damage during normal
soldering time. Mechanical life of this little
miracle? 107 operations. (What else would
you expect from your Guardian Angel?!!)

Guardian’s new Series 1475 low profile relay
is specifically engineered for use on printed
circuit boards. Or, where usable output load
to be controlled is inductive or of higher
value than practical for reed relays or even
solid state controls. This compact little relay
switches low to intermediate currents by han-
dling up to 3 amps at 120VAC resistive or
correspondingly higher currents at lower
voltages.

SEND FOR THE BOOK

THAT TELLS IT ALL:
Guardian’s 48 page relays catalog.
Full of facts and specs to make
selecting a relay a snap. Yours free
for the asking. N

CIRCLE NO. 164 b -

UARDIAN

GUARDIAN ELECTRIC MANUFACTURING CO. » 1572 West Carroll Ave., Chicago, lllinois 60607

A
Hres

SOLID-STATE? YOU BET!

For compatible solid state
switching products call

Guardian . . . or circle 165




Two years of a wealth of
incredible information on

MICROPROCESSORS

brought right up to date by
Electronic Design

We sifted through the last two years of ED and convenient handbook — MICROPROCESSORS:

found an incredible amount of practical New Directions for Designers. If you'd like
information and advice on selecting micros . . . to see a copy, circle the information retrieval
using them to your best advantage . . . number below and we’ll send you one to
improving them for better speed and broader read and use FREE for 15 days. At the end of time,
application. We compiled it all into one just send in a check for $8.95, or return the book.

Hayden Book Company, Inc.

50 Essex Street

Rochelle Park, N.J. 07662

(201) 843-0550

INFORMATION RETRIEVAL NUMBER 95
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T15 VOLT
POWER MINI’S

OP AMPS

|ibllok

© AC.0uT 1ie oy

VATURIZED

POWER MODULE

ALL MODELS U.L. RECOGNIZED

PC-BOARD MOUNTING CHASSIS MOUNTING
OUTPUT OUTPUT
CURRENT SIZE CURRENT SIZE
MA INCHES PRICE  MODEL MA INCHES PRICE MODEL

100 ‘ - - DB15-10
150 : - : DB15-15
200 - - : DB15-20

300 A . ‘ DB15-30
350 - : : DB15-35
500 : : - DB15-50

Line/load regulation, +-0.1% or better; ripple, 1 mv; input, 105-125 VAC. Other single and

multiple output models from 1 to 75 volts, to 2.5 amps. Liberal quantity discounts. Three-day
shipment guaranteed.

Complete details on these plus a comprehensive line of other power supplies and systems are
included in the Acopian 74-75 catalog. Request a copy.

/'4@@;@7/@,//7 Corp., Easton, Pa. 18042. Telephone (215) 258-5441.
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This oneresistor can shrink
your inventory costs

TYPE CC
RN55D

* 10 ohms to 10 megs (1/4w size)
* high stability cermet film

* multiple wattage ratings
1/8w at 125°C
1/4w size 1/4w at 70°C
1/2w at 70°C (max 250 v)

e tolerance 1%
 dual resistance marking
* available now, off-the-shelf

* Now RLRO7 approved
10 ohms to 1 meg
tolerance 2%

ALLEN-BRADLEY

Electronics Division
Milwaukee. Wisconsin 53204

INFORMATION RETRIEVAL NUMBER 170
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Heath sets a new performance level
for laboratory recorders

SINGLE PEN CHART RECORDER

EwamT SPEEn

Our new single-pen SR-205 has many
zemo standard features that are available only
as extra-cost options with other manufac-
turers. Like front panel zero controls for

OUAL PEN CHART RECORDER

pen placement anywhere with zero input
...full scale input ranges of 1, 2, 5, 10, 20,
50, 100, 200 & 500 mV or volts...cali-
brated positive & negative offset for input
signal suppression...pushbutton chart ad-
vance and rewind...12 chart speeds from
50 in/min to 0.01 in/min in a 1-2-5 se-
quence...remote control capability for all
functions. Balance time is only 250 msec
for accurate response to fast-changing
signals. Maximum error is #0.2% of full
scale. A great recorder value—only $995*.

aerger

The new SR-206 brings dual-pen record-
ing to the Heath/Schlumberger recorder
line. Both channels offer the same capa-
bility as the SR-205 above, except for

Heath/Schlumberger has engineered precision and performance
into two new strip chart recorders that are probably all the
lab recorder you will ever need. Each recorder is a complete
system — there are no extras to buy. The price even includes
events markers, electric pen lift, necessary hardware for rack
mount and easy conversion to metric operation. Chart drive is
quartz crystal controlled for stable chart operation regardless of
line frequency. Front panel pushbuttons provide two-speed chart
advance and rewind. Remote control by TTL-level signals for pen

calibrated offset...both inputs provide 18
calibrated ranges from 1 mV to 500 V full
scale...pens are separated by one large
division on the chart for easy comparison
...remote control includes separate pen
lift and events marker for each channel...
disposable, nylon-tipped pens for sharp,
distinct traces at any chart speed. The
SR-206 is the most complete recording
system in its price class. Only $1395*.

lift, chart drive, events marker and servo mute is possible through
a connector on the rear panel (mating connector supplied). An
enclosed conductive plastic slideware is used for long life with-
out periodic cleaning. Pen motof current limiting circuitry allows
the pen to be driven continuously off scale with no audible noise
and no possibility of damage to the recorder.

The precision and versatility of the SR-205 & SR-206 will make
them the most-used instruments in your lab.

Research-quality performance on a low budget...

the SR-204

Send for your free
Heath/Schlumberger Catalog

&E\ The latest Heath/Schlumberger Assem-
bled Instruments Catalog has complete

specs and descriptions for all of the
above recorders — along with many
other high performance, low cost in-
struments for industrial, research
and educational applications. Send

for your free copy today.

only $395*

The SR-204 is our best recorder value. It offers a full 10-inch
chart width...pushbutton selection of 10 mV, 100 mV, 1 V and
10 V full scale spans with variable control for expansion to 100 V
full scale...10 digitally-derived chart speeds from 10 to 0.01 in/
min with accuracy to 0.5% or better...balance time is only %2
second...floating input with better than 10’ megohms input im-
pedance to minimize source loading...complete remote control
capability for all functions. Only $395*, including rack mount &
metric conversion.

Please send my free copy of the latest
Heath/Schlumberger Assembled Instruments Catalog.

HEATH/SCHLUMBERGER INSTRUMENTS

Dept. 511-100
Benton Harbor, Michigan 49022 Schlumberger

NAME

TITLE

COMPANY/INSTITUTION

ADDRESS

CIEY

#MAIL ORDER PRICES F.0.B. FACTORY.

STATE ZIP
EK-462A

PRICES AND SPECIFICATIONS SUBJECI TO CHANGE WITHOUT NOTICE.
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The first packaging
breakthrough in power
transistors for switching
power supplies:

TO-202 7

77 1092

Plastic.

Introducing the Unitrode priced power switch- whole line, simply circle the
Plastic Power Switching ing performance in a reader service number, drop
Transistors. low-cost package. us a line, or call Ed Rodriguez

The first series of power For complete specsonthe  at 617-926-0404.
transistors in plastic PERFORMANCE And find out how
designed and charac-  SERIES UPTD | UPTC | UPTF | UPTA | UPTB  to get everything you
terized for maximum , : want in a power

; PACKAGE * o e g i 2 5 -
efficiency at 20KHz switching transistor.
i itch- 60- 0- = g 200-

gnd above in sw1.tch G el e el LR L F or le.ss'than
ing power supplies up you’re willing to pay.
to 300W. L 2 i Soslieea o -IA Unitrode Corpora-

This means tha.t g st e e 5 P ' 1o  tion, 580 Pleasant
now, for the first time, Street, Watertown,
you can get high- il 5 2 P Mass 020

*TO-202 **TO-202 OR TO-92

U

= UNITRODE
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Suddenly,
the rest of the world died

A fellow came up to our office the other day
to tell us about a dramatic new product his
company had developed. I couldn’t understand
why he seemed sheepish and apologetic about
it until he broke down and admitted that the
product did not include a microprocessor and
had nothing to do with microprocessors. He
feared that we might not publish anything that
didn’t give us an opening for headlining the
word microprocessor.

That really threw me. I certainly appreciate
the importance of microprocessors. They are
the most dramatic and far-reaching products L
of this decade. But they are not the only ones. There are lots of other
products around and we're going to have to use them.

Since their first commercial availability three years ago, ELECTRONIC
DESIGN has published dozens of articles on microprocessors and we expect
that, before the world ends, we will have published quite a few more. In
fact, in the November 22nd issue, we're starting a new section, ‘“Micro-
processor Design.” But please don’t think that this increased emphasis is
going to throw us. We are not going to ignore other products. We are not
going to lose our perspective.

After the transistor was introduced in 1948, some engineers acted as if
all other products were dead. The transistor was such a aramatic develop-
ment that people were almost ashamed to use old, garden-variety resistors
and capacitors and pots in their transistor circuitry. We had the same
phenomenon after 1959 when the IC was introduced. Again, nothing was
important unless it was an IC, included an IC, or worked with an IC. And
now we're seeing it again.

If somebody introduces a digital-to-analog converter today, you can be
sure he’ll say it can be used with a microprocessor. If somebody has a new
DVM, it is, of course, suitable for measuring microprocessor supply volt-
age. Even resistors and capacitors will be “suitable for use with micro-
processors.” The word microprocessor will be strewn all over the place.

People will lose sight of the fact that a microprocessor mounts on a PC
board, which often goes to a connector, which often goes to some plain-
vanilla cable. The PC board is likely to be mounted in a cabinet, whose
front panel supports switches, knobs, meters and, maybe, paint. And the
microprocessor, powered by a power supply, is likely to be surrounded by
resistors and capacitors as well as old-fashioned transistors and ICs.

If we keep these things in perspective, we're not likely to lose our

balance.
W%%

GEORGE ROSTKY
Editor-in-Chief

ELECTRONIC DESIGN 22, October 25, 1975 83



The Qualified Supplier Offers

OEM PLUG

O
O
S
U
>
-
S
2
-
<

Complete customer sahsfactuon comes first at DATA
100. That's why we are being called the OEM’'s OEM
—we understand how important your customer is to
you. Call a DATA 100 OEM sales office for information
about these highly reliable, proven in use products:

Line Printers 82,5, 126; 210,225,250,
300, 400 and 600 LPM
Card Equipment Readers and Punches
Micro Programmable Basic Hardware and
Mini Computers Complete Systems
Plug Compatible PDP-11 8K and 16K,
Memories Connectors, Mounting
Units and Memory
Address Extenders
Disk Drives Front Loaders, Top
Loaders, 6 to 12
Megabytes Capacity
Paper Tape Products Readers, Handlers and
Punches
Communications Throughput Enhancers,
Equipment Line Testers

OEM products are backed up from over 200 field ser-
vice locations throughout North America.

We care more about our customers because we are one.

DATA 100

CORPORAT

Boston (617) 848-6100 « Minneapolis (612) 941-6500
- San Francisco (415) 574-1812
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Take a big byte out of duata
requirements with conography.

What's conography? It's a
new space-age technology which
uses conic curves to digitize and
store graphic and symbolic
information.

Conography not only reduces
data requirements, it produces a
better image. (It's like using a
french curve instead of a straight-
edge to draw contours and curved
images — a lot easier and with
smoother results.) The computa-
tion of these special curves is so
fast that a mini-computer
can interactively change curved
images in real time.
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The Conographic™-12
advanced display terminal uses
a standard video format, so you
can receive, transmit and process
information by video data trans-
mission. It has complete graphic
and alphanumeric capability, high
resolution video (1029-line),
selective erasure and
extensive line textur-
ing capability.

Since it requires
less data to operate,
the Conographic-12
system needs
less support

INFORMATION RETRIEVAL NUMBER 39

TM—Conographic is a trademark of Hughes Aircraft Company

hardware, simpler software, and
less computer time for most
applications.
In other words, conography
can save you a lot of time and money.
Write for our brochure,
"Image Processing with Cono-
graphy.’ Hughes Conographic
Products: 6855 El Camino
Real, Carlsbad, CA 92008,
(714) 729-9191. Or1284 North
Broad Street, Hillside, New
Jersey 07205, (201) 289-7770.

b ccccc e ——— o4

HUGHES AIRCRAFT COMPANY

INDUSTRIAL PRODUCTS DIVISION
IMAGE DEVICES




on
CRT
terminals

m

Cathode-
ray tube com-
puter terminals
come in all shapes and
sizes. Not only that, but
they have widely varying 1Qs.

They range from dumb to smart and on to intel-
ligent, with many degrees in between. You almost
need to be a psychologist to buy one.

Some offer only alphanumeric characters.
Others have some graphics capability. And some
have enough graphics to draw three-dimensional
pictures, with a choice of 64 levels of gray scale.
Most system designers tend to buy more capa-
bility than they need. This is like asking for a
150-mph auto speedometer, even though the legal
speed limit is 55.

Perhaps the most serious problem in specify-
ing a CRT terminal is to ensure that it will inter-
face with your computer. Standard interfaces
don’t always mate, and line protocols are almost
never specified by the vendor. Just because you
can buy a PDP-11 interface for the terminal
doesn’t necessarily mean that the terminal will
work with a PDP-11 computer and the interface
alone. You often need a bit more.

Just how smart is it?

Most common of all the specsmanship games
that manufacturers play is that of characterizing
the terminal’s I1Q. Only a few manufacturers are
brave enough to call their terminals dumb.
Rather they tend to pitch the least-intelligent
CRT terminals as improved low-cost terminals—
as “glass teletypewriters.” These terminals
usually have ASCII 96-character keyboards
(sometimes only 64 characters), and they trans-
mit data asynchronously (character-by-character
as they are typed) at a rate of at least 110 baud.

David N. Kaye
Senior Western Editor
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Hazeltin
3000

Hazeltine’s 3000 is a smart terminal with a program-
mable communications interface. The interface provides
the polling discipline compatible with the communica-
tion network.

Anything more than a dumb terminal is gen-
erally referred to as “smart.” But how smart is
it? That depends on who the terminal’s mother
is. One proud manufacturer has described his line
of terminals as smart, smarter and smartest. The
“brains” of smart terminals are sometimes hard-
wired logic and sometimes an internal micro-
processor programmed with firmware.

The first smart feature usually added is edit-
ing capability. Most manufacturers point to “full
editing capability.” Depending upon who is talk-
ing, that can mean anything from character
delete and insert, to line delete and insert, to field
delete and insert, to page delete and insert, to
clear line (clear to end of line from cursor loca-
tion), to clear page (clear to end of page from
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cursor location except for protected fields), to
clear memory (clear all refresh memory includ-
ing protected fields), to automatic justification of
text, or any combination of these. However, the
specific editing functions you need in your sys-
tem will largely determine which terminal you
buy. Certainly, by looking at editing capabilities,
you can considerably narrow the field of suitable
vendors.

Beyond editing, smart terminals often offer
selectable baud rates. These allow transmission
from below 110 baud up to 19.2 kbaud. And
many terminals have buffer memory, so that
blocks of data may be transmitted synchronously
as well as asynchronously. Once memory is added,
many terminals also offer a feature known as
“scrolling.” But this means different things to
different people. If only enough scroll memory
is available to store the information that appears
on the screen, the scrolling control will move the
entire display either up or down one line at a

PERRRRARARANNNNS

An Intel 8080 microprocessor is the heart of the Control
Data 92451 Display Terminal. Control of the basic termi-
nal is performed by semiconductor read-only memories
mounted on PC boards within the terminal.

time, saving the line that disappears at the top
or bottom in the scroll memory. Then, if you
scroll in the opposite direction, the lines will
reappear on the screen.

If more than one page of scrolling memory is
available, it is usually four pages. With four
pages of scrolling memory, you can save one
page above the page on the screen and one page
below the page on the screen. Thus, as you scroll
the page of characters on the screen up, the lower
page appears out of memory and the upper page
moves from one memory location to another. As
you scroll down, the reverse happens.

Another feature that’s possible if the terminal
has memory is called “protected fields.” Normally
if a character is on the CRT screen and you
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A compact 5-in. CRT and unusual styling with a key-
board in a drawer make this terminal from Informer
unique in its field.

The 2644A Data Terminal from Hewlett-Packard is a
smart terminal with a character generator that can draw
line segments and a pair of built-in data cartridge drives
that accept a new, small 3M data cartridge. The car-
tridges can be used on-line as well as off-line.

87



;

Research’s Teleray 3900 is a terminal that provides APL
as well as ASCII characters. A 15-in. CRT is used, and
high readability is achieved.

strike a new character over the existing charac-
ter location, the old character goes away and the
new character appears. But, sometimes you put
information on the screen that you don’t want to
lose. A protect key handles this situation. When
this key is depressed, the character marked by
a cursor on the screen is protected from strike-
over. Until the character is unprotected, it can-
not be removed from the screen if another key
in its position is struck. Protected fields are very
useful when forms are set up on the screen and
labeled. The forms and the labels are usually pro-
tected, so that when the form is filled in, the
form is not accidentally erased.

Once a protected field is set up, it is often de-
sirable to give it special prominence on the screen
for ease of identification. Or it may be desirable
to highlight information other than protected
fields. Terminals offer a variety of ways of doing
this. Multiple intensity, blinking, reversing and
underlining are popular methods. Most terminals
offer one or more of these techniques and some
offer several that can be used in any combination
with each other. Most common of the multiple
intensity features is dual intensity. Usually the
second intensity is half the normal intensity.
Sometimes double brightness is also offered. In
more advanced graphic terminals, up to 64 levels
of brightness are available.

Blinking is also very common. In this mode
the protected field, or any desired character or
combination of characters, can be instructed to
blink from one intensity level to another.

Reversing means creating a dark character on
a white field or drawing horizontal and vertical
broad white stripes on the CRT. Underlining is
also offered sometimes. In combination, these
techniques can give many different items on the

88

Sl STERNE T
Sycor’s 350 intelligent terminal contains a pair of built-
in floppy-disc drives and a range of interfaces for other
peripherals.

screen special identity.

And if these visual techniques aren’t sufficient,
audible alarms are available—sounds like ping,
bong, buzz or click. These can tell when you have
finished entering a record of prescribed length
on the screen, or they can tell you that a block of
data has been transmitted from the terminal. On
some terminals the alarm can be programmed to
indicate almost anything the user desires. If an
audible alarm is available, make sure it has a
volume control. Some don’t.

All terminals have a cursor of some sort. On
the smarter terminals, the cursor can be moved
around freely, but usually the movements are
more restricted. Typical cursors include a line
under the character at hand, a nondestructive
blinking white block and a white block on which
an existing character on the screen is reversed.

Typical cursor keyboard commands are up,
down, left, right, home and return left to next
line on new line command. With the up, down,
left and right keys, there is usually a repeating
feature for rapid long-distance cursor move-
ment. When cursor control keys are not enough,
other interactive control devices are sometimes
available as options. These include a joystick, a
light pen, a track ball and a set of thumbwheel
controls. These techniques are most useful on
graphic terminals.

Another technique for quick cursor movement
when tabular data are being entered on the dis-
play is a tab key. This works just like the tab
key on a regular typewriter and comes complete
with “set” and “clear” keys.

Smart terminals frequently offer special func-
tion keys. These can be set through firmware to
transmit any code the user desires. When the
code is received at the computer, it is interpreted
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through software. Since the software can be
changed, the function keys can be reprogrammed
at the computer rather than at the terminal.

Some smart terminals can also do internal
error checking under microprocessor control. In
addition widely expanded character sets are often
features of smart terminals. These may be
foreign letters or graphic elements. Blanking is
also offered sometimes. In this mode a private
code can be typed into the terminal without being
displayed on the screen.

When is it intelligent?

Although this point is disputed (primarily by
some manufacturers who would call smart termi-
nals intelligent), users tend to agree that a ter-
minal must be user-programmable at the key-
board before it is truly intelligent. Of course, it
must have a processor and random-access memo-
ry in it as well.

Generally, an intelligent terminal can also be
interfaced to other peripherals under program
control. These may be other terminals, floppy-disc
drives and other forms of add-on memory. Some-
times paper tape or card readers are also used.
Printers and copiers are quite common.

There is one big area of dispute in the defini-
tion of intelligence. What about the terminal that
can be reprogrammed when the manufacturer
plugs a new ROM control store into the terminal ?
Most manufacturers and users would classify this
type of terminal as not quite intelligent but very,
very smart.

Intelligent terminals come close to minicom-
puters in their capabilities—in some cases,
they’re more powerful. The dividing line is be-
coming blurred. For example, a terminal may in-
clude a minicomputer-like programming console
for aid in debugging programs. Therefore some
manufacturers call their terminals minicomputers
when the customer seems to want it that way.

The human interface

Nothing is as difficult to specify for the manu-
facturer as the human interface. Key elements
include the size of the screen; the number, shape
and size of the characters on the screen; the
color and appearance of the screen; the arrange-
ment of the keyboard; and the sound of the key-
board.

The most common screen sizes are 12 in.
diagonal for alphanumeric displays and 21 in.
diagonal for graphic displays. A circumference of
22 in. is also quite common in graphic terminals.
However, alphanumeric terminals come as small
as 5 in. diagonal and as large as 19 in. The most
common alphanumeric format is 24 lines by 80
columns (1920 characters). But other formats
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The Model 455 from TEC, Inc., is a smart terminal with
a large character set and a full range of editing functions
and cursor controls.

e e A

are often used as well. They include 24 x 40, 12
x 80, 12 x 40 and 6 x 80.

Characters are most often formed by 5 x 7 dot
matrices, with 7 X 9 coming in a distant second,
though the 7 x 9 is far more readable and also
allows better shaping of the characters. Charac-
ter sizes vary from as small as 1/8 in. to as large
as about 3/8. Some terminals even offer variable
height characters. When inspecting a terminal,
watch for uniform character definition and shape,
regardless of the position of the character on the
screen. Check for out-of-focus sections on the
screen.

Different manufacturers have gone to differ-
ent phosphors for their CRTs. Some terminals
have white characters on a gray screen, some
green characters and some blue. Some screens are
also glare-resistant. A rarely found feature, but
useful, is a screen whose intensity is automati-
cally varied as the ambient light in the room
changes.

The most common keyboard feature purchased
is a 10-key numeric pad. Aside from this, the
keyboards are laid out differently but constrained
by general guidelines. Special-function keys are
usually across the top or on the right side.

Some people prefer an audible click when a key
is depressed; others like silent keys. Both are
available. Although the click can be annoying,
some terminal operators work faster and more
accurately if they can hear an audible acknowl-
edgement.

Many terminals are available with separate
keyboards and displays connected only by a cable.
This is becoming a very common way of ordering
terminals, as it allows flexibility in system de-
sign.

Interfacing is aggravating

Usually listed under interfaces on the terminal
spec sheet are comments such as “RS-232-C,”
“current loop,” ‘“20-mA current loop,” “60-mA
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A microprocessor-controlled terminal with flexible data-
communications protocol is the Pertec 7100.

The Intecolor 8000 is the only single package, eight-
color intelligent terminal available. The terminal comes
with either the Intel 8008 or 8080 microprocessors and
up to 24 k of RAM.

current loop,” or a variety of computer names.
Rarely is there any more detail. But you need to
know a lot more about the interface than you are
told.

For example, if your computer has an RS-232-C
interface port and the terminal an RS-232-C
interface, the two devices still may not work to-
gether. RS-232-C specifies a 25-pin connector, of
which only 13 pins are assigned definite func-
tions. The 12 others are used, in whole or in part,
by different terminal manufacturers for differ-
ent functions. Also, RS-232-C doesn’t provide
timing specifications.

In the case of current loops, a 20-mA is the
most common. Whereas RS-232-C interfaces are
generally used only for cable runs of up to 50 ft,
current-loop interfaces with appropriate cables
can be used for cable runs of over 1000 ft. But
since a current loop depends upon a constant-
current source, the terminal manufacturer should
tell you whether he provides the current source
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or whether you must provide it.

Common practice is to have the terminal pro-
vide the current source when it is transmitting
and the computer the source when it is transmit-
ting. However, don’t count on this. Everyone
handles the interface in his own way. When the
interface is specified by computer name, make
sure that it is specified for the current computer
of that model name. Some manufacturers have
changed the hand-shaking line protocol for their
computers as models have been revised.

Which brings up another touchy point. Rarely,
if ever, does the terminal manufacturer tell you
anything about the word structure or line pro-
tocol that his terminals work with. For example,
each character in a message is usually defined by
a start bit, 7 bits (generally ASCII code), one
or two stop bits and sometimes a parity bit.
Occasionally a protect bit will also be included
between the character code and the stop bits.
When specifying a terminal, you must find out
if your word configuration is compatible with the
terminal. Since most terminals use an even parity
bit (the addition of a 0 or a 1 so that the charac-
ter has an even number of ones), it is very im-
portant to consider if you plan to use odd parity
or no parity.

If your terminal is to work with a printer, you
must not only specify the printer type but also
the baud rate, word structure and whether the
printer will be under internal or external control.
With internal control, the terminal must wait
after each carriage return/line feed for the
mechanical operation to occur. External control
allows the printer to stop and start the data from
the terminal, as required, to fill its buffer or to
return the carriage and move the paper.

Line protocols vary all over the lot. How do
you plan to handle the various hand-shaking
routines ? How much external remote control over
the terminal do you require? Are you using a
modem ? What kind ? If you are connecting direct-
ly to a computer, how long are your cable
lengths? (Pulses get distorted by the capacitance
of the cable. If you plan long cable runs, ask for
a plot of cable length vs baud rate for your type
of cable.)

Do you plan to run half duplex or full duplex?
In the half-duplex mode, the same line is used to
transmit and to receive; you must wait for an
acknowledgement from the receiving end before
sending more data. In full duplex, separate lines
are used for transmit and receive, so both can be
done simultaneously. Most terminals use half-
duplex transmission.

How many terminals?

If you plan to have many terminals hooked to
the same computer, you must decide how you’'re
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going to do it and whether the terminal will allow
your technique.

You now come into contact with words like
addressable, pollable, multidrop and daisy-chain.

When a terminal is’addressable, it has its own
unique identifier. All data sent to the terminal
must be preceded by their addresses.

Pollable means that the terminal responds to
status inquiries from the computer. Each termi-
nal in the system is queried by the computer in
succession. The ability of the terminal to respond
to the poll and to identify itself makes it pollable.

Multidrop refers to when it is possible to have
a number of modems, with associated terminals,
share or drop off one telephone line. This is dis-
tinct from multipoint, where each modem has its
own data link with the central computer.

Daisy-chaining is the same as multidropping,
except that no modems are used; however, the
terminals share the same data link. The data link
comes from the computer, goes to the first termi-
nal, comes out of the first terminal and on to the
second terminal, etec. All terminals share the same
data link and the same computer port.

It is important to know in advance the maxi-
mum number of terminals that you will ever
cluster on a single line.

A choice of graphics

Although some alphanumeric terminals have
limited graphic capabilities (bar charts, dot
graphs, forms generation), picture drawing gen-
erally calls for a graphics terminal. These range
from medium-performance storage-tube displays
at less than $3000 to high-performance, direct-
writing refresh terminals at $25,000 to $150,000.
Some of these terminals are controlled by a local
minicomputer and are extremely intelligent. They
can be programmed in a high-level language, such
as Fortran, and have large chunks of internal
memory. Others share a number of functions be-
tween hardware and software and are not quite
as versatile.

Among the hardware features on some termi-
nals are image transformations in two or three
dimensions; zooming and windowing on selected
parts of the screen; function, vector and char-
acter generators (circles, ellipses, rectangles,
etc.) ; depth cueing (change in line intensity with
depth) ; and perspective (nonparallel planes de-
fine the viewing space).

Graphic terminals are often sold with the op-
tion of a color CRT.

All graphics terminals have high levels of
interaction built in. In addition to the usual
interaction devices, digitizing data tablets are
now turning up along with the so-called “mouse.”
The type of device that you specify for interac-
tion is very application-dependent. For example,
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Omron’s 8025 is a powerful intelligent terminal that is
offered with an external programmer’s console that facili-
tates debugging.

Tektronix makes a large selection of low-cost graphics
terminals. Left to right are the 4010-1, 4014 and 4012.
The 4014 has a 19-in. screen.

light pens are excellent for selecting items from
a displayed list, but data tablets are better for
entering pictures.

Writing speed is subject to specsmanship. It
is not a simple matter to take the spec and trans-
late it into the time that it takes to draw a pic-
ture on the screen. To start with, the processing
time for vector generation may vary greatly.
How efficient is the software? How much of your
picture is made up of alphanumeric characters?
Where are the characters in the drawing? What
are the time and memory requirements for draw-
ing the picture? Does the terminal just draw
straight lines, or can it directly generate curves?
All affect speed. It is possible that a terminal
with a slower writing speed will draw your pic-
ture faster.

It is highly recommended, therefore, that you
ask the vendor to do a benchmark test with a
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Conographics is the name given by Hughes to its tech-
nique of directly drawing curves for graphics rather than
just straight vectors. This color display is from the
Conographic-12 system.

The Series-3 display terminal from Vector General pro-

vides hardware modularity and three-dimensional
graphics. This terminal can also be obtained with a dif-
ferent CRT that provides a color display.
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Lundy’s 32/200 is an interactive graphics terminal in
which the display is fully buffered and requires no over-
head in the computer for refreshing the CRT.

picture that is typical of your application. Ask
him to give you the time and memory require-
ments for that picture. Then ask other vendors
to run the same benchmark.

Difficult as it is to specify the interface with
alphanumeric terminals, it is even more so with
graphic terminals. Connectors are not standard.
The interface boards supplied by vendors are
often not optimum designs. And the boards may
not match the latest version of the computer
you're using. It is often best to let the graphics-
terminal vendor handle the interfacing for you.

Other specs that may be important when
you're selecting a graphics terminal are spot size,
linearity and distortion. They are not always
specified. On linearity, you are never told what
the plane of reference is. Is it the face of the tube
or the plane at the front of the terminal? Rarely,
too, are you ever told anything about resolution,
which can be a problem if you plan to make a
hard copy of the picture on the tube through a
direct CRT copier or a camera.

Check out the reliability

Many terminals have features that make them
easy to service. These include self-testing and
diagnostic circuitry, modular construction and
hinged surfaces. If you can’t afford down-time
on your terminal, it is always worth noting the
reputation and track record of the manufacturer.
Can he provide service at the plant where you are
installing the terminals? Can he deliver on time?
Is he perhaps so large that your small order will
not get the attention it deserves?
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Terminals are getting cheaper. And more fea-
tures are being added all the time. But because of
the ultra-competitive nature of this business,
there is a very high mortality rate among termi-

nal manufacturers. When buying terminals from
a manufacturer that you’re not totally familiar
with, the dictum is definitely, ‘“Let the buyer
beware.” um

Need more information?

i - i i Imlac, 150 A St.,
In 'thlS report, terminals have been discussed oM
only in general terms. We haven’t attempted to |ncsolt86m(,eg Stéath?m_orﬁ )Rd., 50 7 ess.
. s . oy . R war evielle). ircle 0.
describe spec.1f1c units. F(?I‘ addl'tlonal informa- Information Displays, 150 Clearbrook Rd., Elmsford, NY
tion on specific product lines, circle the appro-
priate information-retrieval numbers. For data

10523. (914) 592-2025. (C. Machover). Circle No. 438
Informer, Inc., 2218 Cotner Ave. Los Angeles, CA 90064.

sheets on many terminals, consult ELECTRONIC

DESIGN’s GOLD BOOK.

Needham, MA 02194. (617) 449-4600.
Circle No. 436

Natick, MA 01760. (617) 655-

(213) 477- 4216. (Phil Friedman). Circle No. 439
Infoton, Inc., Second Ave., Burlington, MA 01803. (617) 272-
6660. (Ed McCormack). Circle No. 440
Intelligent Systems, 2405 Pine Forrest Dr., Norcross, GA
30071. (404) 449-5961. (Charles Muench). Circle No. 441
International Communications, 8600 N.W. 41 St., Miami, FL
33166. (305) 592-7654. (Brent Barkley). Circle No. 442
ITT, Data Equipment and stems Div.,, E. Union Ave. East
Rutherford, NJ 07073. (2 1) 935-3900. (Ken Whitehouse)
Circle No. 443
Lear Siegler, Inc., Data Products, 714 N. Brookhurst, Ana-
heim, CA 92803, (714) 774-1010. (Tom Viggers).
Circle No. 444
Linolex Systems. Subsidiary of 3M, Esquire Rd., North
Billerica, MA 01862. (617) 667-4151. (Ms Kelly Dvareckas)
Circle No. 445
Lundy Electronics & Systems, Inc., Glen Head, NY 11545.
(516) 671-9000. (G. Albanese). Circle No. 446
Megadata Computer & Communications Corp., 35 Orville
Dr., Bohemia, NY 11716. (516) 589-6800. (J. A. Hill).
Circle No. 447
Mohawk Data Sciences, P. O. Box 16, Frankfort, NY 13340.
(315) 792-2202. (Walter Sexton). Circle No. 448
Motorola Display Products, 455 E. North Ave., Carol Stream,
IL 60187. (312) 690-1400. (Bob Gatza). Circle No. 449
Nuclide Corp., 642 E. College Ave., State College PA 16801.
(814) 238-0541. (J. Kalasky). Circle No. 450
Olivetti Corp. of America, 500 Park Ave., New York, NY
10022. (212) 371-5500. (James Parker). Circle No. 451
Omron Systems, 432 Toyama Dr., Sunnyvale, CA 94086. (408)
734-8400. (E. E. Faber). Circle No. 452
Berkshire Industrial Park, Bethel, 4(;; 0n7tgldo‘3(FFr::£h;\I.d K(i:r%l;,;t' Elainyview, NY “8%3".‘:(35132, 842523
06801. (203) 744-6720. (William Taren). Circle No. Optimation, Inc., 9259 Independence Ave., Chatsworth, CA
Conrac Corp., onra‘%lDlrv E|°0 f‘fShR'msd)a'e Avé' fov"‘na ﬁg 91311. (213) 882-6490. (Henry O. Wolcott). Circle No. 454
91722. (213) 966 (Eiton Saman EEISING Pertec Business Systems Div., 17112 Armstrong Ave., Santa
Control Data Corp., 2401 N. Fairview Ave., Roseville, MNN55141134 Ana, CA 92705. (714) 540-8340. (Peter Craig). Circle No. 455
(612) 633-0371. (M. O. Arman). Circle No Plantronics, Inc., 385 Reed St., Santa Clara, CA 95050. (408)
Courier Terminal Systems, 2202 E. University Dr., Phoenix, 249-1160. (Wayne Thalls). Circle No. 456
AZ 85034. (602) 244-1392. (Richard Nosky). Circle No. 415
Princeton Electronic Products, P.O. Box 101, North Bruns-
CPS, 722 E. Evelyn Ave. Sunnyvale, CA 94086. (408) 738- wick, NJ 08902. (201) 297-4448. (W. Herbener)
0530. (John North). Circle No. 416 Circle No. 457
Data General, Southboro, MA 01772. (617) 485-9100. (Ed Raytheon Data Systems, 1415 Boston-Providence Parkway,
Geithner). Circle No. 417 orwood, MA 02062. (617) 762-6700. (Ken Backer).
Datamedia, 7300 N. Crescent Blvd., Pennsauken, NJ 08110. Circle No. 458
(609) 665-2382. (Kenneth Asquith). Circle No. 418 Research, Inc., P.O. Box 24064, Minneapolis, MN 55424,
Datapoint Corp. 9725 Datapoint Dr., San Antonio, TX 78284. (612) 941-3300. (Dick Deegan). Circle No. 459
(512) 690-7 (Gerry Cullen). Circle No. 419 Sanders Data Systems, Daniel Webster Hwy. S., Nashua, NH
Data 100, 7725 Washlngton Ave., S., Minneapolis, MN 55435. 03060. (603) 885 3727. (Richard Gorton). Circle No. 460
(612) 941-6500. (Paul Kraska). Circle No. 420 SC Electronics, Inc., 530 Fifth Ave., NW, Brighton, MN 55112.
Delta Data Corp., Woodhaven Industrial Park, Cornwells (612) 633-3131. (Roy Thomas). Circle No. 461
Heights, PA 19020. (215) 639-9400. (Robert Fuller). Shindengem Electric Mfg. Co., Ltd., New-Ohtemachi Bldg
Circle No. 421 2-1 2-Chome Ohtemachi Chiyoda-ku, Tokyo, Japan, 03 27
Digi-Log Systems, Babylon Rd., Horsham, PA 19044. (215) 94431. (H. Akihama). Circle No. 462
672-0800. (Ronald Mayer). Circle No. 422 Silver Glo Picture Tubes, Ltd., 12418 66 St., Edmonton, Al-
Di%‘ital Computer Controls, Inc., 12 Industrial Rd., Fairfield, berta, Canada. (403) 475-7922. (W. Plath).  Circle No. 463
J 07006. (201) 575-9100. (Vince Choffo). Circle No. 423 Sperry Univac, P.O. Box 500, Blue Bell, PA 19422. (215) 542-
Digital Equipment Corp., Maynard, MA 01754, (617) 897-5111. 4011. (Frank B. Holst). Circle No. 464

Adage, 1079 Commonwealth Ave., Boston, MA 02215. (617)
783-1100. (David Cooper). Circle No. 401
Algorex Data, 6901 Jericho Turnpike, Syosset, NY 11791.
(516) 921- 7600. Jeff Waxweiler). Circle No. 402
Amperex Elec. Corp., Providence Pike, Slatersville, Rl 02876.
(401) 762-9000. (Ron Goga). Circle No. 403
Ann Arbor Terminals, Inc., 6107 Jackson Rd., Ann Arbor, MI
48103. (313) 769-0926. (Barbara Evans). Circle No. 404
Applied Digital Data Systems, 100 Marcus Blvd., Hauppauge,
NY 11787. (516) 231-5400. (Richard Kaufman)
Circle No. 405
Astronautics Corp. of America, 907 S. First St., Milwaukee,
W1 53204. (414) 671-5500. (R. D. Seinfeld). Circle No. 406
Aydin Controls, 414 Commerce Dr., Fort Washington,
19034. (215) 542-7800. (Jack Adair). Circle No. 407
Beehive Terminals, 870 W. 2600, S., Salt Lake City,
84120. (801) 487-0741. (Carl Rasmussen). Circle No. 408
Bunker Ramo, Information Systems Div., Trumbull Industrial
Park, Trumbull, CT 06609. (203) 377- 4141, (Walter Clark).
Circle No. 409
Burroughs Corp., Burroughs Place, Detroit, Ml 48232, (313)
972-7200. (Termunal Systems Product Mgr) Circle No. 410
Computek 143 Albany St., Cambridge, MA 02139. (617) 864-
5140. (Marvm Lewis). Circle No: 41
Computer Optics,

(Ed Canty). Circle No. 424

Electronic Associates, Inc., West Long Branch, NJ 07764.
(201) 229-1100. (Ray Moran). Circle No. 425
Entrex, 168 Middlesex Turnpike, Burlington, MA 01803. (617)
273-0480. (Harry Bickers). Circle No. 426
Evans & Sutherland Computer Corp., 3 Research Rd., Salt
Lake City, UT 84112. (801) 582-5847. (D. Freeze).
Circle No. 427
Four-Phase Systems, 19333 Vallco Parkway, Cupertino, CA
95014. (408) 255-0900. (Marketing Services). Circle No. 428
Fujitsu Ltd., 2-Chome 6-1 Chiyoda-ku, Tokyo, Japan 100.
03 21 63211. (H. Seimiya). Circle No. 429
Genesis One Computer Corp., 300 E. 44 St., New York, NY
10017. (212) 557-3500. (Dan Kail). Circle No. 430
GTE Information Systems, Inc., E. Park Dr., Mount Laurel,
NJ 08057. (609) 235-7300. (Bud Barnes). Circle No. 431
Hazeltine, Greenlawn, NY 11740. (516) 261-7000. (Thomas
R. Foley). Circle No. 432
Hewlett-Packard, Data Systems Div., 11000 Wolfe Rd., Cuper-
tino, CA 95014. (408) 257-7000. (Ed Hayes). Circie No. 433
Hughes Aircraft Co., Industrial Products Div., 2020 Ocean-
side Blvd., Oceanside, CA 92054. (714) 757-1200. (Robert
Curry). Circle No. 434
IBM, 1133 Westchester Ave., White Plains, NY 10604. (914)
696-1900. (Data Processing Div.). Circle No. 435

Stereotronics TV, 13720 Riverside, Sherman Oaks, CA 91403.
(213) 783- 7770. (Don Whitney). Circle No. 465
Sycor, 100 Phoenix Dr., Ann Arbor, Ml 48104. (313) 971-0900.
(Gerry Hendein). Circle No. 406
TEC Inc., 2727 N. Fairview Ave., Tucson, AZ 85705. (602)
792-2230. (Ron Owens). Circle No. 467
Tektronix, Inc., P.O. Box 500, Beaverton, OR 97005. (503)
644-0161. (Larry Mayhew). Circle No. 468
Terminal Communications, Inc., 3301 Terminal Dr., Raleigh,
NC 27611. (919) 834-5251. (William Rein, Jr.).
Circle No. 469
Texas Instruments, Digital Systems Div., Mail Station 2107,
P.O. Box 2909, Austin, TX 78767. (512) 258-5121, Ext. 2539.
(Computer Mkt.). Circle No. 470
Trivex, 3180 Red Hill Ave., Costa Mesa, CA 92626. (714) 546-
7781. (Woody Thompson) Circle No. 471
Vector General, Inc.,, 21300 Oxnard St., Woodland Hills, CA
91364. (213) 346-3410. (C. M. Ceranowski) Circle No. 472
Wang Laboratories, 836 North St., Tewksbury, MA 01876.
(617) 851-4111. (Arnold Kraft). Circle No. 473
Western Development Labs Div., Aeroneutronic-Ford Corp.
3939 Fabian Way, Palo Alto, CA 94303. (415) 494-7400.
(Bernard Marcus). Circle No. 474
Zentec, 2390 Walsh Ave., Santa Clara, CA 95050. (408) 246-
7662. (Dennis Daniels). Circle No. 475
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International Rectifier.

New 10 Amp device
makes one-stop shopping easy for
fast-switching power transistors.

Now, IR is your source for a wide variety of 3, 5 and 10 Amp
JEDEC fast-switching power transistors, to simplify your
buying. These hard-glass passivated devices are the ones
to use for better reliability and lower costs in line operated
power supplies, whether you're chopping line voltages at
20 KHz or inverting and stepping down at high frequency.

Fast Switching Speed—Cooler Oper-

High Second Breakdown — High Reliability . . . high second
breakdown helps provide a broad safe-operating area for an
extra margin of safety.

Glass Passivation — Long Term Reliability . . . high reliability
and long term stability is achieved by hard glass passiva-
tion. Also, if you're using chips to make your own circuits,
IR’s glass passivation gives you the
most stable, easy to assemble chips

ation . . . the oscillographs show New International Rectifier Fast Switching Power Transistors

typical fall times in the one-micro- R
second and lower range. Gives Part No
extremely low switching losses for | 2n6306 | 250 | 16 | 15/75 | 30| 08 |30/ 125 |.6/.4

i;?al;:it;peratlon and higher Mo | 300 | 16 | 15/75 | 30| 10 | 30 125 | 6/

an6308 | 350 | 16 | 12/60 | 30| 15 [ 30] 125|674
anes42 | 300 | 10 | 7/35 | 30| 10 | 3.0] 100 7/8
2N6543 | 400 | 10 | 7/35 [ 30 10 | 30[100].7/8
2N6544 | 300 | 16 | 7/35 | 50| 15 | 50] 125] 171
286545 | 400 | 16 | 7/35 | 50] 15 [ 50(125] 11
2N6249 | 200 | 30 | 10/50 [100] 15 [100] 175 | 2/1
2N6250 | 275 | 30 | /50 |10.0] 15 [100] 175 ] 21
an6251 | 350 | 30 | 6/50 [10.0] 15 [100] 175 ] 211

you can start with, making your
yields higher.

If you are paralleling devices, the
tight gain, switching time and satu-
ration voltage control of these tran-
sistors make the job easier. And
through 100% testing of key par-
ameters we can provide even closer
matching if necessary.

JEDEC types listed are immediately
available, so contact your local IR
salesman, rep or distributor today.
International Rectifier, 233 Kansas
Street, El Segundo, California 90245.
(213) 678-8261.

h VCE (sat) @ Pd | ti/tg

VCEO(sus)| I Peak FE @
(i (min/max) lc(l) (Max V) |ClA) W) | (us)

Max V) | ~(A)

Lower Leakage — High Temperature
Stability . . . with ICEO in the micro-
amp range, IR devices are about
one-tenth the accepted leakage
rates of others. Provides the higher
stability important for high perform-
ance at elevated temperatures.

2N6308 Series Fall Time Wave Form

2N6251 Series Fall Time Wave Form

VCE = 100V/Division 1¢=2A/Division
Time = 100ns/Division

[ i
7\;(;[7= 100V/Division Ic:lA/biwswn
Time = 100ns/Division

W
INTERNATIONAL RECTIFIER [JCAR

the innovative power people b -
SEMICONDUCTOR DIVISION, 233 KANSAS STREET, EL SEGUNDO, CALIFORNIA 90245, PHONE (213) 678-6281
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Motorola CRT modules

FOR THAT IMPORTANT FIRST IMPRESSION

The CRT in your terminal tells a lot about the
system design. It’s the first impression your
customer has of terminal quality, and you want
it to be good.

Naturally, it makes sense to use a display that
enhances your design expertise. One that leaves
a first, and lasting, impression of quality and
performance. Motorola, of course.

Motorola delivers alphanumeric display modules
optimized for terminal applications and manu-
factured in a tradition of innovation, quality
and customer support.

Isn’t it time you found out for yourself why
so many leading terminal manufacturers buy
Motorola?

@ MOTOROLA Display Products

Domestic 455 East North Avenue International Airport Center 4250 Veterans Memorial Hwy.
Carol Stream, ILL. 60187 312-690-1400 Holbrook, L.I., NY 11741, US.A. 516-588-4700 TWX: 510-228-1096
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Tech nology;

Microprocessors simplify industrial control
systems. Examples show how the LSI chips can lower
costs and increase flexibility of process controll