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What’s in store for computers? be on high-density disc drives
Semiconductors will dominate and serial printers. Other areas
the memory scene, although core to watch are microprogramming
technology continues to advance. and timesharing. For more on
In peripherals, the accent will computer design, turn to P.34




...and they’re off the shelf!

PICO Electronics’ patented con-
struction combines mass produc-
tion with the utmost in reliability
to produce the smallest possible
transformer.

These little giants handle up to
600 milliwatts at 1 KHz and 1.5
watts at 10KHz. They cover the
frequency range of 300Hz to
250KHz. Primary or Secondary
impedances of 3.2 ohms to 250K
ohms. Pulse applications .05us to

100us. Construction can be TO-5
plug-in, insulated flexible leads or
flat pack ribbon style.

Size variations from 1" dia. x 14"
ht. to 114," dia. x 14" ht. Special
designs with 14" dia. and .180" ht.
Pico Electronics is a Q.P.L. source.
All transformers are hermetically
sealed in a metal case and in strict
compliance with MILT-27 specifi-
cations. Every Pico device has the
added reliability feature of being

guaranteed for 25 cycles of ther-
mal shock (MIL-STD-202D, meth-
0d 107C).

Industrial and Commercial de-
signs are also available for max-
imum economy.

Over 600 standard transformers
to choose from...Delivery—stock
to one week . ..specials take a little
longer — 9 days.

Send for free 36 page catalog,

PICO Electronics, Inc.

50 South MacQuesten Pkwy., Mt. Vernon, New York 10551 « Telephone 914-699-5514
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Exar's new XR-2240 counter/programmable timer precision ti 3 T b% from 1RC to
solves so many tough problems that designers will 255RC, i ’ ys. By
unanimously agree that it's really the universal timer. n extend

With its unique combination of analog and digital gimaxi i - : =15

timing methods, you can now replace inadequate and

chanical timers with the much simpler XR-2240: of ppm/° C
bonus, you get greater flexibility, precision. temperature stability £It e in either a 16-pin
and a reduction in components and costs tié,dual-in-li ackage for military or

applications.
Because of built-in programmabﬂ

music synthesis, digita
conversion, binary ‘muntl
and more.
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The new 21IMX Series for OEM.
Plug-in instruction sets
and 4K RAMS.The end

of the dead-end co

21MX minicomputers are wide open. Write your
own computer instructions, or add HP-supplied sets,
to run standard routines at hardware speed.

You already know about declining 4K RAM cost.
And solid state memory lets you expand without
adding cycle time or losing |/ 0O slots.

Pick the processor with the memory and |/ O space
you need. And get a brownout-proof power supply,
memory parity, floating point, unique front panel,
EAU, ROM bootstrap, and more. Standard.

Anything that isn’t solid state is just plain
solid. Traditional HP.

At an untraditional price. Low. Example: a 4K
system with all these features, just $3927.*

Say goodbye to the dead-end computer. Call
HP today.

HP minicomputers.

puter.

They work for a living.

I

HEWLETT ﬁ PACKARD

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

*Domestic USA OEM price in quantities of 50.
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40 The Great Memory Battle goes on, but semiconductors
appear to be the ultimate victors.
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code instruction set.

ELECTRONIC DESIGN is published blweekly by Hayden Publishing Company, Inc., 50 Essex St., Rochelle Park,
N. J. 07662. James S. Mulholland Jr., President. Printed at Brown Printing Co., Inc., Waseca, Minn. Controlled
circulation postage paid at Waseca, Minn., and New York, N. Y. postage pending Rochelle Park, N. J. Copy-
right © 1974, Hayden Publishing Company, Inc. All rights reserved.

ELECTRONIC DESIGN 22, October 25, 1974 3



easy does i




A pushbutton system for instant cable
installation? It's not here yet, but a Belden
wire, cable and cord specialist does have
the know-how and product capabilities
that can save you time and money all down
the line. An important point, if you consider
that cable usually costs far less per foot than
the man-hours of the people installing it.
Your Belden specialist knows a lot about
wiring assembly techniques: harnessing,
termination and stripping methods. He can
give you definitive answers on what
jacketing, insulating or shielding options
deliver the best reliability, safety and
installation economy. He can tell you what

BELDEN @

INFORMATION RETRIEVAL NUMBER 234

the trade-offs are. And their cost. He also
offers a complete service package: stan-
dards; custom designs; one source for all
your wire, cable or cord needs. Quality
cable answers that combine the best of
performance and installation ease. Talk to
him about it. You won't find a better source

. for understanding or results.

If you have a problem and would like
“right now” answers, call:
(312) 681-8920, Electrical Division
(317) 966-6681, Electronic Division
(312) 887-1800, Transportation Division
Or write Belden Corporation, 2000 South
Batavia Avenue, Geneva, lllinois 60134.

H-1-3




~CABLE-BILITY
WOVEN'S FLAT GOT IT!

Ribbon Cable
IC Interconnects
Custom Harnesses

A total source for flat intercon-
nect systems, Woven Electronics
offers unlimited design capabilities
combining signal/power transmission
with specialized functions. Indepen-
dently insulated conductors give
tighter transmission control, more
protection, allow easy lead exposure.

Specify sizes, color coding,
insulations, custom break-outs without
restrictions of other cable forms.

Cable and ability. Get the best of
both from one source.

WOVEN ELECTRONILS

P.O. Box 189 Mauldin, South Carolina 29622
803/963-5131
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(across the desk )

More features added
to CAD program

With reference to my article
“Program Gives Filter Time Re-
sponse” (ED No. 9, April 26, 1974,
p. 192), the following lines should
be added to the program:

595 NN (I) = NP()

1215 N (K+1) = O

1235 N (DORD +1)

= NN /(DORD .+ 1)

1245 N(J) = NN@J)

In addition five other lines al-
ready in the program should be
changed as follows:

100 REAL N(100), IM, IMD,
NP(100), IMN, NF(11),
NN(11)

130 DIMENSION D(100),

RIER G2 REJCLL),
M (11), DP(100),
ANS(2, 10, 10)
1410 260 CALL PQVAL (RTR,
RLI N o)
1670 SANS — —2.*LL*ANS
(2, I, (L1+1))
1680 CANS — 2.¥*ANS
(1, I, (L1+1))
Note that N replaces M in the Call
statement.

These modifications allow the
program to be used with functions
that have more than one higher-
order pole. The original restric-
tions of denominator of 10th order
or less and up to fourth-order poles
still hold. But the case of

A(S) 5
(S+a)*(S+b)3(S+e)2

for example, may now be handled.
Due to an oversight in the original
program, only one higher-order pole
had been considered. Lines 1670
and 1680 were in error, but the
mistake did not become apparent
until programs involving higher-
order, complex poles were attempt-
ed.

In addition to these main pro-
gram alterations, further consider-
ation must be given to the root-
finding subroutine—DOWNH. In
most root-finding schemes, the ac-
curacy with which higher-order
roots can be found is typically
much less than for single-order
roots. For this reason, the pro-
gram LAPTR may not treat high-
order poles correctly, but rather as
closely spaced first-order poles.

The input section of the pro-
gram may be bypassed if the pole
locations are known. For the ex-
ample
BES =

1

S(S+2)2(S+1+j)3(S+1—j)3,
the denominator factors were first
multiplied and entered into the
program through the normal con-
versational input vroutine. The
roots produced by DOWNH caused
the final solution to be about 1%
accurate.

The nine poles were then entered
directly into arrays RTR and RTJ
at statement 900. The coefficients
and exponents of the resulting

(continued on p. 17)

Fair enough?

TAKE IT OFF!
Peel off the label on this magazine, then affix it to your renewal
card inside the front cover of this issue. Fill in and mail the form.
In return we’ll send you ELECTRONIC DESIGN for another full year.

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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giga-trim
capacitors
for
microcircuit
designers

o b2 @

7261 SL 7263 7264 7265

Giga-Trim® (gigahertz-trimmers)
are tiny variable capacitors which
provide a beautifully straight for-
ward technique to fine tune RF
hybrid circuits and MIC’s into
proper behavior. They replace
time consuming cut-and-try ad-
justment techniques and trim-
ming by interchange of fixed
capacitors.

Applications include impedance
matching of GHz transistor cir-
cuits, series or shunt ‘‘gap-trim-
ming’’ of microstrips, external
tweaking of cavities, and fine
tuning of crystal oscillators.

(ofansond>

MANUFACTURING CORPORATION

BOONTON, NEW JERSEY 07005
201 / 334-2676



*McMOS 1s a trademark of Motorola Inc

Think of it as a liberator. It's
the first CMOS variable length
shift register, Motorola’s new
MC14557, the 1 to 64-bit shift
register.

It frees you from the nuisance
and cost of controls required
when using fixed length regis-
ters in odd length applications.

Simplify variable
and odd length
SR applications

The MC14557 is a static,
clocked, serial shift register
which is easily programmed for
any length between | and 64
bits. That means it can be used
for variable digital delay lines
and other cases where length
must vary during system opera-
tion, as well as for the imple-
mentation of odd length
registers.

Because serial data may be
selected from either A or B
inputs with a select input, recir-
culation is no problem for the
MC14557 There is a clock
enable input, too, to provide
gating of the clock or negative
edge clocking capability. And,
the MC14557 has an asynchro-
nous master reset. It's available
in standard 16-pin plastic or
ceramic dual in-line packages.

McMOS is the
CMOS source...with

The plastic (CP) version sells
for $6.00 (1K to 4,999).

Think of the MC14557 as a
liberator, and as one heck of
a shift register.

MC14557 - one of eight SRs

Of course the MC14557 is
just the newest among the
McMOS* tfamily's line-up
of eight ditferent shift regis-
ters ranging from the 4-bit
MC14035 to the 128-bit
MC14562.

Yes, Motorola'sbroad CMOS
family offers more, and not just
in shift registers. There's an
excellent selection of the older
simple circuits, the gates, flip-
flops, etc., to go with the widest
assortment of more contem-
porary MSI functions. In addi-
tion to the shift registers, the
McMOS MSI line serves sys-
tem logic needs with timers,
counters, decoders, latches,
buffers, data routers, arith-
metic functions, analog multi-
plexers, and supplies more
three-state CMOS logic than
any other source. Then there
are the ROMs, RAMs, and spe-
cialized functions like the
priority encoder, parity tree,
and dual Schmitt trigger.
Motorola's McMOS is, in fact,

INFORMATION RETRIEVAL NUMBER 7

the broadest line of CMOS

available.

Prices have never been
so low

As new automated produc-
tion lines in Austin, Texas add
their output, total volume is
increased to match continuing
yield improvements at all facili-
ties. As a result, availability is
the best it has ever been, and
after two major price reductions
in six months, prices are the
lowest. We've said it before.
Don't take our word for it. Ask
someone who's tried us recent-
ly, or better, contact your fran-
chised Motorola distributor and
ask about McMOS. Remember,
though, if you don't specify
MC14000 or MC14500 series
device types you may not get
the lowest possible quote.

For additional technical infor-
mation on the MC14557 vari-
able length shift register, write
to Motorola Semiconductor
Products, Inc., PO. Box 20912,
Phoenix, Arizona 85036. For
full technical and applications
information, the McMOS Data
Book and the McMOS
Handbook are both
on sale at franchised
Motorola distributors.




the first variable

length shift register.

MOTOROLA McMOS

—CMOS for contemporary systems




8 traces of digital logic!

If your world is digital,
Biomation's 810-D Glitch

Features:
e Eight logic signal channels

| : -1‘4:20 with 1M Ohm inputs.
Fixer can help you. Mate it o e Presents 8 x 256 bits of
to your scope and it B " . i . _e] recorded data on scope in

captures and displays
complex timing events on 8
channels at once. At speeds

@@@@@&@m

icmarsim canp i Com G moma

easily-interpreted timing-
diagram form.
e |[nput latch mode selection

to 10MHz. On your bench
scope.

Too many guys have
had to sweat out a
deglitching problem one line at a time.
They asked us to help, and we answered
with the 810-D. The unit contains 256 bits
of memory per channel—producing a
continuous 8-trace timing diagram display
on your scope from just one logic stimulus
combination of your device. The memory,
in conjunction with a novel trigger delay
and record control feature also gives you
the ability to store a selected amount of the
signals which occurred prior to the time
of the detected trigger. Add to this the
unit’'s 10ns glitchcatching mode and you
will know why the 810-D has become a new
basic diagnostic tool for designing and
debugging digital circuits.

our glitch fixer

provides detection of
random pulses—as narrow
as 10ns.
e Selectable logic
thresholds include TTL and EIA levels.
e Synchronous clock input to 10MHz.
e Or internal clock selection 20Hz to
10MHz.
e Saves selectable amount of prior-trigger
data, provides pre-trigger lookback.
e Display expansion gives precise time
analysis of data.
e Digital output allows computer analysis
or mass storage.
Price: $1950.
So if you've got a single trace scope
and an 8-trace problem, Biomate it with a
Glitch Fixer. Get all the glorious details by
calling, writing or circling the reader
service number. Biomation, 10411 Bubb
Road, Cupertino, CA 95014.
(408) 255-9500. TWX 910 338 0226.

biomation
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BOURNS
trims more
circuits
than
anyone

elseinthe
world! |

here’s why...

NOBODY KNOWS MORE ABOUT
TRIMMERS THAN WE DO

Marlan E. Bourns, President of Bourns, Inc.,
invented the modern miniature TRIMPOT®
trimming potentiometer. This company
pioneered the industry, and has maintained its
leadership position for over a quarter of a century.

WE GIVE YOU WHAT YOU NEED

Bourns has the broadest line of trimming
potentiometers in the industry. We produce
just about any type, shape, size, style you’re
likely to need. We make them more readily
available via a large factory inventory . . . and
92 stocking distributors.

YOU CAN DEPEND ON BOURNS
Trimming potentiometers are the most cost-
effective method of adjusting, regulating and
controlling circuits . . . and they will remain
so for the foreseeable future. Bourns is the
most capable, straightforward and reliable _
supplier of trimming potentiometers. )

Depend on Bourns.
e
e 0 =

QUALITY, SERVICE, VALUE — Bourns is No. 1
... you can depend on it!

e e . e bt it e Y,

//

BOURNS, INC., TRIMPOT PRODUCTS DIVISION ¢ 1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507
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The OEM Factory
does it again.

pufers

PDP-11/05 8K com
for$3297.

This is what The factory in the
OEM Factoryis all world.
about. Write or call

A 23% reduc- ' Digital Equipment
tion in price on Corporation,
complete mini- Maynard, Mass.
computers with 01754. (617) 897-
8K words of mem- 5111, Ext. 4237.
ory, programmers European head-

console, realtime clock, serial ~ And even with thisnew quarters: 81 route del’Aire,
line interface and power fail/ low price youstillgetthe 1211 Geneva 26. Tel: 42 79 50.
restart feature built rightin =~ same quality and service =~ Digital Equipment of

(inset, above). Digital is famous for. Canada Ltd., P.O. Box 11500,
Just $3297 in quantities Another price reduction. Ottawa, Ontario K2H 8K8.
of 50. Or $3957 for the Just what you'd expect  (613) 592-5111.

PDP-11/05 big box (at left) from the largest OEM
in quantities of 50. Eﬂaﬂnan

INFORMATION RETRIEVAL NUMBER 11
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Allthose little
wires have been
pushed around

long enough.

ol



Until now, all those wires have been at the mercy of
packaging materials that expand when things get hot.

So we developed new Dow Corning”480 semiconductor
molding compound.

Dow Corning 480 has a low coefficient of thermal
expansion.

So it virtually eliminates the hot intermittent open. And
moisture penetration.

Which means that an integrated circuit stays integrated.
Through all sorts of temperature and atmospheric extremes.
But that’s not all that’s different about 480 molding

compound.

Its resistance to salt spray is excellent.

And it reduces your packaging costs because it saves
time. Molding times are short—less than one minute for
some components. Post curing is unnecessary.

Of course, Dow Corning 480 molding compound also
has the advantages of our other silicones. Consistency. Long
shelf life. Less cleaning downtime because there’s no buildup.
Non-flammability. And, because it doesn't irritate skin,
there’s no need for special handling.

- Dow Corning 480 semiconductor molding compound
is the kind of improved product you can expect to keep
getting from Dow Corning. Our Technical Service and
Development Department has more manpower and greater
technical facilities than any other in the industry.

If you want to know more about 480, call us at 517
636-8000, or write Dow Corning Corporation, Dept. A-4334,

INFORMATION RETRIEVAL NUMBER 12
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For*395
how many functions should
aFunction Generator generate?

Fifteen. That's the number of waveforms you can get with Krohn-Hite's
Model 5100A. How? A unique Symmetry Control that allows pulse rep rate to
be set independently of pulse width and also provides independently
adjustable triangle slopes. You can skew any of the basic sine, square,
triangle and ramp waveforms by as much as 99% to produce 10 additional
functions. Frequency range of 0.002 Hz to 3 MHz can be manually tuned or
externally controlled for VC of 1000:1. When you compare the 5100A with
the rest, there's quite a generation gap. For fast action, call The Wavemakers
at (617) 491-3211, TWX 710-320-6583 Krohn-Hite Corporation, 580 Mass.
Ave., Cambridge, Mass. 02139.

POWER L :
N B i
\
e o, * (09
) J TUNING R Y
3 DC OFFSET  NORM
e\
SYMMERY OV
dution

KROHN - HITE pos
vC INPUT Kn model S100A generstor

s vour 'L

ANEENANE L/ LM cpoHnN-HITE
CORPORATION

SALES OFFICES: ALA, Huntsville (205) 534-9771; ARIZ., Scottsdale (602) 947-7841; CAL., San Jose (408) 292-3220, Inglewood (213) 674-6850; COLO., Denver (303) 934-5505;
CONN., Glastonbury (203) 633-0777; FLA., Orlando (305) 894-4401; HAWAII, Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS.,
Lexington (617) 861-8620; MICH., Detroit (313) 526-8800; MINN., Minneapolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington (919) 227-3639; N.J., Haddonfield (609)
795-1700; N.M., Albuquerque (505) 299-7658; N.Y., E. Syracuse (315) 437-6666, Rochester (716) 328-2230, Vestal (607) 785-9947, Eimont (516) 488-2100; OHIO, Cleveland (216)
261-5440, Dayton (513) 426-5551; PA., Pittsburgh (412) 371-9449; TEX., Houston (713) 688-9971, Richardson (214) 231-2573; VA., Alexandria (703) 354-1222; WASH., Seattle (206)
624-9020; CANADA, Montreal, Quebec (514) 636-0525, Toronto, Ontario (416) 444-9111, Stittsville, Ontario (613) 836-4411, Vancouver, British Columbia (604) 688-2619.
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ACROSS THE DESK

(continued from page 7)

time-domain function, as printed
in the program output, agreed with
similar results—laboriously derived
by hand—to better than five sig-
nificant figures.

Thomas H. Lecklider

Design Engineer

Gould Inc.
Instrument Systems Div.
3631 Perkins Ave.
Cleveland, Ohio 44114

Reverse those captions

In the article “Vhf, Uhf and
Microwave Systems Reap Cost and
Efficiency Benefits” (ED No. 17,
Aug. 16, 1974, pp. 44-52), the cap-
tions on pp. 48 and 50 were
switched. The one on p. 48 should
be the parametric amplifier; and
on p. 50, the microwave frequency
down-converter.

Stay educated;
read trade books

I enjoyed your editorial “The
Good Boss” (ED No. 16, Aug. 2,
1974, p. 59). I would like to see
a follow-up on just how your hero
managed to “research the hell out
of everything” without missing the
budget and the delivery schedule.
I'll bet he did much of this ‘“re-
search” by dilligent reading of
technical publications like ELEC-
TRONIC DESIGN.

These publications are the most
important part of every engineer’s
continued education. Here are some
reasons why :

® The advertising keeps him
aware of the competition’s latest
device design.

m The advertisements for parts
cue him into the latest in parts
and subassemblies.

® The bingo-card checkoffs help
him keep a continuous flow of the
latest catalog information for his
reference file.

® The technical articles move
him up to the latest designs, and
to methods of assembly and test.

® The check-off sections, which

(continued on page 22)
1974
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Dow Coming and the other |
semiconductor

packaging-materials suppliers.

The difference is that only Dow Corning
has available worldwide a complete

line of silicone molding compounds, an
accomplished technical service and
development team, the advantage of a
completely compatible product line,
and the convenience of worldwide
delivery and service. If you want to give
your packaging operation a competitive
advantage, just call or write. One of
our representatives is nearby.

NORTH & SOUTH AMERICA

Resins and Chemicals Marketing
DOW CORNING CORPORATION
Midland, MI 48640

Telephone: 517 636-8682

EUROPE

R. Hediger

DOW CORNING INTERNATIONAL LTD.
Chaussée de La Hulpe 177

1170 Brussels, Belgium

Telephone: 73.80.60

B. Sneddon

DOW CORNING LTD.
Reading Bridge House
Reading RG1 8PW
Berkshire, England
Telephone: Reading 57251

R. Jones
DOW CORNING GmbH
1150 Vienna
Mariahilferstrasse 180/4
Austria
Telephone: 8

S. Haberer

DOW CORNING GmbH
8000 Munchen 50
Pelkovenstrasse 152

West Germany
Telephone: 14.861

3.85.38

J. Guillot

DOW CORNING S.AR.L.
140, Avenue Paul Doumer
92500 Rueil Malmaison
France

Telephone: 977.00.40

M. Tedone

DOW CORNING SpA
Viale Restelli 3/7
20124 Milan, Italy
Telephone: 688.2458

ASIA

H. Takahashi

DOW CORNING ASIA LTD.
P& O Building, 9th Floor

.7_1 DL&\ \’«»CUX R(\ild, C

Hong Kong

Telephone: 5-258035

H. Hotta

DOW CORNING ASIA LTD.
Room 803, Cathay Building
Mount Sophia

Singapore - 9

Republic of Singapore
Telephone: 321213-5

AUSTRALASIA

H. Tuynman

DOW CORNING AUSTRALIA PTY. LTD.
36 O'Dea Avenue

Waterloo, N.SW. 2017

Sydney

TL‘ICPh\\nCZ 699 8055

P. Winter

DOW CORNING AUSTRALIA PTY. LTD.
103 ngh Street

Prahran, Vic. 3181

Telephone: 51 5450

Dow Corning semiconductor molding
compounds.. qualm, and dependability
worldwide. A3

DOW CORNING

DOW CORNING




Centralab

DErspecives

A new concept in thick film hybrid circuits
lowers cost and broadens applications.

New resistor paints, automated production

and laser trimming aren’t the only reasons that
the NEW PEC™ circuits from Centralab are

the high quality performers engineers demand.

It’s not surprising that the an-
nouncement of a breakthrough in
thick film hybrid technology
should come from Centralab. The
product of a totally new concept
in automated production, NEW
PEC employs specially developed
resistor paints that give these
thick film circuits improved toler-
ance, better TCR, reduced noise
and greater stability during load
life. They offer unmatched relia-
bility, through laser trimming and
computerized pretest and final
testing. Automation means in-
creased production capacity for
high volume orders and faster de-
livery. Complete processing time
— from substrate to finished
circuit — has been reduced from
several days to a matter of hours.
Yet, with all these improvements,
NEW PEC is price competitive
with discrete components.

Ever since 1945, when Centralab
pioneered thick film microcircuit-
ry, they have continued to make
major contributions to the tech-
nology and have been a leading
supplier of thick film hybrid cir-
cuits. With the announcement of
the NEW PEC system, they can
now meet the increasing demands
of present high-volume users and
have extended the use of thick

film hybrids to a whole new range
of applications.

The automated production equip-
ment recently developed by Cen-
tralab engineers brings a new
degree of sophistication to the
art of thick film hybrid microcir-
cuitry. Advanced features like
these can help you apply NEW
PEC thick film hybrids:

® TCR reduced from —1700 ppm/°C
to —375 ppm/°C.

® Resistor tolerance improved from
+10% to *5%.

® Noise reduced from 15 db to 9 db.

® Resistor stability improved 35%.

@ Alumina and steatite substrates for
greater strength and better heat
sinking for mounting active devices.

® Automatic screen printing
insures precise metallization and
resistor patterns.

® Mechanized component and lead
attachment improves reliability 86%.

® Computer controlled laser pretest
and adjustment. No problems of over-
adjustment, abraded metallizing or
contamination from sand abrasion.

® All circuits tested before and after
encapsulation.

Centralab’s NEW PEC opens new
vistas for the user of thick film hy-
brids. For full details on how they
can meet the needs of your applica-
tion write Centralab for Catalog
1547. @y
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Centralab’s NEW PEC is low-cost, high-
quality thick film circuitry for a wide
range of applications. Automotive elec-
tronics, copiers, point-of-sale terminals,
peripheral computer equipment, instru-
m?ntation and process control are just
a few;

Nitrch e $3
Screen printing is the first step in the
NEW PEC automated process. Sub-
strates are automatically fed through
the printer where precise metallization
patterns are deposited before firing.

£ o : “
Computer controlled laser equipment
provides pretest to insure proper screen-
ing and curing and precise adjustment
of resistors. Resistor trimming is shown
in this view of the laser head.
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Pushbutton

switches.’
With 4 lockout
options.

The next
best thing

to our plain
‘ceramic
substrates...

our metallized substrates

We can furnish high alumina substrates in any shape or
size. With holes, notches, slots or scorelines — and with your
choice of two metallizing systems:

Centralab offers four lockout

options for its momentary, @ Refractory metallization with high temperature molybdenum
push-push and interlocking or tungsten — for applications requiring bond strengths up to
action pushbutton switch 14,000 psi. You get the pattern adhesion necessary for die or |
modules. Lockout prevents wire bonding, metallic seals, metal hardware or lead attachment.

actuating more than one
switch at the same time —
even if they’re not adjacent.

Plus excellent stability for high temperature processing in most
types of atmospheres.

A}noghglr_ exa(r)n;;lle °ff design ® Noble metallization using silver, palladium silver or palladium
En(i:i:lbdlel'ty - Other features gold is ideal for conductive patterns in hybrid circuits. You can

] have complex patterns with 10 mil lines over large areas —5
e 10,125, 15,17.5and 20 mm mils over small areas. Bond strengths meet requirements for

spacing options. 3 . : »
e Epoxy sealed terminals. subsequent soldering and/or die and wire bonding.

e Modular LINE SWITCH —

mounts I any station. When you need proven metallized substrate capability

e 25 button styles and come to Centralab — first. Our exclusive materials and pro-
18 colors. prietary production processes are the result of 45 years in
Write Centralab for ceramics for electronics. Put our technological skills to work

Bulletin 1550. for you.

*|sostat licensed

Write
Centralab
for Bulletin
1057TC
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Here’s our
to holding down
of ceramic




answer
the cost
capacitors.

Our new “spin-seal’”’ conformal-coated
axial may well be the industry’s long-term
answer to atruly low-cost, automatically-
insertable ceramic capacitor.

“Spin-seal’’ uses techniques devel-
oped for and currently used to produce
hundreds of millions of metal film resis-
tors. It permits us to manufacture axial
ceramics at high speeds while closely
controlling uniformity and handling char-
acteristics necessary for automatic
insertion. And at lower cost than molded
case styles because more automated
production techniques are used.

Right now, we’re producing “‘spin-
seal” capacitors with Z5U and X7R tem-

perature characteristics in four case sizes.

The Z5U “spin-seal’ capacitor is
available with capacitance ranges of
0.027 uF to 0.47 uF at 50 volts and 0.001
uF t0 0.22 uF at 100 volts. Two tolerances

are available: =20% and +80, —20%.

The X7R “spin-seal’ capacitor is
available with capacitance ranges of
0.0056 uF to 0.27 uF at 50 volts and 0.001
uF to 0.1 uF at 100 volts. Two tolerances
are availahble: 210% and +20%.

Capacitors with NPO characteristic
are nearing completion.

“Spin-seal’” capacitors are being
quickly accepted by major manufacturers
using high-volume automatic insertion
equipment. They’re available now in
either sample or production quantities.

For additional information, contact
your nearest Corning Electronics sales
office or Corning Electronics,Marketing
Communications, HPA2, Corning,

New York 14830, (607) 974-8652.

CORNING

ELECTRONICS
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ACROSS THE DESK

(continued from page 17)
reference the latest available manu-
facturers’ technical literature, sup-
plement his technical-article file.
Since the information in techni-
cal publications is generally not
more than three months old, the
engineer’s updating often far sur-
passes the two-to-five-year, behind-

the-time formal textbook learning
of the new engineering graduate.
Fred J. Lingel

Project Engineer

‘BLH Electronics, Inc.

42 Fourth Ave.
Waltham, Mass. 02154.

Different IC replaces
need for this design

This is a negative vote for Roger
B. Frank’s Idea for Design “Seven-

‘The Optima
‘Experience

The Optima experience—it's colorful, stylish and now a
great new way to package your electronics. We call it
OptimaPAK. There is nothing like this case on the
market today. Molded sculptured sides with handles
neatly designed in. .. easily removed top and bottom
panels and that's not all. The front and rear panels are
part of a chassis assembly that slides right out of the
front of the case or you may just want to mount it in

a rack. We are eager to tell you all about OptimaPAK
and share the Optima experience right now.

OPTIMA |

Write Optima Enclosures, a division of Scientific-Atlanta, Inc.
2166 Mountain Industrial Blvd., Tucker, Georgia 30084 or
call (404) 939-6340.

INFORMATION RETRIEVAL NUMBER 19
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Segment Display Modified to Re-
duce Readout Confusion” (ED No.
6, March 15, 1974, p. '158). The
idea deals with a scheme to add
the top and bottom crossbars (re-
spectively) to the decoded numer-
als 6 and 9 from a 7447 decoder-
driver.

It would be much simpler to use
Texas Instruments’ SN74247N in-
stead of the bandaid approach used
to repair the shortcomings of the
7447. Also no extra gates are need-
ed; after all, how many designs
can be expected to have half of a
7438 lying around waiting to be
used ?

Lawrence W. Johnson
Hewlett-Packard
1501 Page Mill Rd.
Palo Alto, Calif. 94304

Still another WOM

With a minor modification to
the IC and the proper drive sig-
nals, the 1103 (1024-bit RAM) can
be made into a 1033.5-bit WOM
(Write-Only-Memory).

To perform the IC modification,
cut off pin 14 (data out); file off
the resulting stub and insulate it
with a drop of epoxy.

Circuit changes required are as
follows:

1. Tie pin 18
PIn RS GV ns )

2. Tie pin 16 (C enable) to pin
5 (precharge).

3. Drive pins 16 and 5 with a
2-V p/p dove-tail waveform (see
photo) with an anticipation (lead-

(read/write) to

ing edge) of 500 us, a hesitation
(trailing edge) of 500 us and a
flare (wide top or bottom) of 2 ms.
Quite surprisingly, the 1103 is
easier to use as a WOM than in
its intended RAM mode.
Donald P. Parks
President
SWAG Trading Co.
1039 Ivy Lane
Cary, N.C. 275611

ELECTRONIC DESIGN 22, October 25, 1974



If you've been stymied by a limited
budget and have a multitude of analog
conversions to perform, take heart.

Qur hybrid 4301 Multifunction
Converter can do just about any analog
computation you might need. Add a few
external resistors and this tiny 14-pin
dual-in-line unit can multiply, divide,
square, square root, or square a ratio.
Add a few inexpensive active and
passive devices, and this 3-input
hermetically sealed and shielded
workhorse can perform true rms, vector
sums, sine, cosine, or arctangent

conversion functions. It's highly
accurate in all configurations, low in
cost, and is particularly useful for rapid
real-time computations or for signal
processing equipment. And if you want
to linearize a function by raising a
voltage or voltage ratio to an arbitrary
power, it will do that too!!

Of course, there are other multifunction
units on the market but they really don't
compete. They're expensive and take
up too much space. Our 4301 is the only
hybrid model available, it's 10 times
smaller, costs less, and is easier to use.

It looks good in a circuit, too. The price
is just $48.00 in 100's...almost low
enough to buy a few for your home
workshop.

For more information, write or call
Burr-Brown, International Airport
Industrial Park, Tucson, Az. 85734.
Telephone (602) 294-1431.

BURR- BROWN

You won't have to give up
high quality, versatility,
and top performance
even if you have

a limited budget.

Our Hybrid DIP Analog
Multifunction Converter
gives you all three,

and a low cost, tooll

ELEcTRONIC DESIGN 22, October 25, 1974
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The 4301....

Another Analog IC
from Burr-Brown!

[ ]
)



WE GO TO A LOT OF EFFORT
TO MAKE CONVERTERS AS GOOD AS

WE DESIGN THEM.

When you’re the leader in the design of
A/D and D/A modules, you’ve got to
break some ground in manufacturing, too.

Take our active abrasive trimming
operation, for instance. (That’s one of our
trimmers on the opposite page.) We put it
together ourselves, and we're pretty proud
of it. It lets us trim resistor networks in
converters while they’re under power and
operating. This gives us an extremely
precise trim, in a fraction of the time it
would take to hand select and install dis-
crete resistors. That means we can give
you very good performance in a budget-
priced module. And we can give you that
performance consistently, from order to
order, in high volumes.

We also design and build a lot of our
own test equipment for incoming inspec-
tion, in-process testing and final testing.
Our QC and testing groups have a work-
load you wouldn’t believe.

We take a lot of extra care with our
individual components, too. We've got
an automatic operation for transistor
selection and matching. The most strin-
gent PC board
requirements in
the field. And
sophisticated
material handling
and production
scheduling, con-
trolled by a large-

ANALOG
DEVICES
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scale computer.

With converter circuitry, you’ve got to
build in the performance you want or you
just don’t get it. And you can get it,from
our most basic converter to our most
sophisticated. Plus a full line of mil-
spec converters if you need them.

The extra effort we put into our manu-
facturing has made our general purpose
line of converters the standard of the
industry. You know them as ADC-10Z,
ADC-12QZ,DAC-10Z,and DAC-12QZ.
Even if you buy them from
somebody else.

And our brand new
DAC1118 and
DAC1009 are
coming on fast.

When you're
looking fora
modular con-
verter, look
beyond thespecs. 4
And if you're
ever in the neigh-
borhood, drop in.
We’ll show you the
muscle behind our data sheets.

Analog Devices Inc., Modular
Instrumentation Division,
Norwood, Massachusetts 02062.
East Coast: (617) 329-4700.
Midwest: (312)297-8710.
West Coast: (213) 595-1783.







TRW power Schottky SD-51

0.6V forward drop at 60 amps WITH aT; of 125°C

On our honor. This power Schottky was devel-
oped with improved barrier formation techniques
that make it possible to maintain 60 amp—0.6V
forward drop at a T; of 125°C.

We know there have been problems with
power Schottkys when the T; approached 100°C.
This is simply not true with the TRW SD-51.
Even at 125°C, the SD-51 has a 35V reverse
leakage of 200mA, and a reverse recovery time

of less than 10Ns in inverter circuits.

If you're into low voltage, high current
power supplies, you owe it to your design to test
TRW's SD-51. They're drop-in. And they keep
right on working at high temperatures!

For proof, see your distributor or call (213)
679-4561, TRW Power Semiconductors, an
Electronics Components Division of TRW, Inc.,
14520 Aviation Blvd., Lawndale, California 90260.

TRW/ rower semicoNpucTORS

These products are available through the following authorized distributors:
Almo Electronics

Bell Industries

Cramer Electronics Inc.
De Mambro Electronics

Semiconductor Concepts Inc.
Summit Distributor

R. V.Weatherford Co.
Westates Electronics Corp.
Wilshire Electronics

Electronics Marketing Corp.
Elmar Electronics Inc.
Hall-Mark Electronics Corp.
Harvey-Michigan Inc.

Lake Engineering, Ltd.
Liberty Electronics
Pyttronic Industries Inc.
Rochester Radio

INFORMATION RETRIEVAL NUMBER 22
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(news scope)

OCTOBER 25, 1974

Magnetic bubbles produced
in thin films by evaporation

Magnetic bubbles have been pro-
duced for the first time in amor-
phous thin-film alloys by use of
evaporation techniques, scientists
at IBM’s Research Laboratory in
San Jose, CA, report. They say the
thin-film alloys proved to have the
uniaxial anisotropy and magnetic
properties suitable for generation
of magnetic bubbles.

Evaporation offers the most in-
expensive way to fabricate mag-
netic-bubble films. Two ‘other
methods used—sputtering and
crystal-film growth—are more dif-
ficult.

The new evaporated, magnetic-
bubble alloys are holmium-cobalt,
holmium-nickel and holmium-iron,
according to Dr. Neil Heiman and
Dr. Kenneth Lee. They prepared
the alloy films in a study of mag-
netism in amorphous materials—
substances with atoms arranged in
a random fashion. The films, all
about 1000A thick, were able to
support magnetic bubbles.

To date, sputtering has been the
favored way to prepare amorphous
magnetic-bubble films, according to
Lee. The main difference between
evaporation and sputtering is the
way in which the atoms are ob-
tained and deposited to form the
alloy film.

In sputtering, groups of atoms
are chipped away electrically from
the surface of a target material.
In evaporation, high temperatures
shake the atoms loose from the
surface of the liquid samples of
the alloy constituents. The alloy is
created on a cold substrate surface,
on which the element vapors are
condensed.

A prime cost advantage of evap-
oration, Lee points out, is that it
eliminates the hard job of making
a sputtering target that has the
same proportion of alloyed ele-
ments throughout its volume. And
once this target is made it’s dif-
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ficult to vary the composition of
the alloy films.

Lee reports the key to IBM’s
successful fabrication of evapor-
ated magnetic films is “the main-
tenance of a high vacuum and the
ability to keep the substrates cool
—from about 0 C down to —50 C
or greater.” He adds:

“We're also using a vacuum
about three orders of magnitude
higher than previously employed
by others. In the past, workers
tended to oxidize their films or
contaminate them during the proc-
ess because of lower vacuum. We're
getting purer materials with our
methods.”

HP introduces versatile
time-sharing system

A second-generation version of
Hewlett-Packard’s 3000 scientific
time-sharing minicomputer has
been introduced. It features multi-
programming, which permits it to
be tailored to the requirements of
both the - scientific and business
user in stand-alone, time-sharing
and distributed computer systems.

The computer, dubbed the 3000-
CX, has a newly developed Basic
compiler as well as the ability to
handle programs in Cobol, Fortran
IV, SPL (HP’s systems program-
ming language) and RPG—a busi-
ness language.

According to Paul C. Ely, gen-
eral manager of HP’s new com-
puter group in Cupertino, CA: “It
is the first time we have ad-
dressed ourselves to the needs of
the business community as well as
our traditional scientific and engi-
neering customers.

“When used as a time-sharing
central processor, scientific and
business users can solve problems
in their respective languages si-
multaneously.”

The computer has also been con-
figured to permit easy intercon-
nection, so a number of processors
can be working on independent
tasks while they share data base
and interchange information.

In conjunction with the new
computer, HP has introduced three
peripherals: The 2640, a ‘“smart”
microprocessor-controlled CRT
terminal; the 2894A, a card
reader/punch capable of 200-cards-
per-minute input and 75-CPM out-
put, and a new line printer capable
of 300-to-1250 lines per minute.

According to Ely, versions of the
computer are available with 96
kbytes to 128 kbytes of core mem-
ory, and they are priced from
$100,000 to $200,000.

CIRCLE NUMBER 630

Fiber-optic signal losses
reduced by star coupler

A device called a star coupler
eases a problem that has seriously
hampered the development of fiber-
optic communication systems: how
to connect the fibers without un-
due signal losses.

With the star coupler, many
bundles of optical fibers can be
connected with less signal loss than
heretofore, according to the de-
veloper, Dr. Frank Thiel, super-
visor of the Applied Electrophysics
Dept. of Corning Glass Works,
Corning, NY.

The device consists of a cylin-
drical housing that contains a glass

MIRROR

1 fe—— MIXER ROD

I~ ANTI-REFLECTION
FILM

1 WAVEGUIDE BUNDLE

Low-loss star coupler for optical
fibers permits two-way data com-
munication on all fiber bundles.
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mixer rod with a mirror endface.

The coupler permits a multimode
optical waveguide system to per-
form the same function as a
tapped trunk or data bus in an
electrical network. It allows each
terminal in a system to transmit
and receive data from any or all
of the other terminals.

The coupler was recently tested
by Hughes Aircraft in a seven-port
aircraft optical-control system. The
results were optical losses more
than 50% lower than an equivalent
T-coupler system.

Theil explains that radiation
from any single waveguide fiber
is reflected off the walls of the
mixer rod and the endface mirror.
When the radiation returns to the
waveguide bundle, it uniformly ir-
radiates all of the other wave-
guide fibers. In this way, only one
coupler loss is developed, no matter
how many bundles are connected.

Until now, however, T couplers
were used. And if many bundles
were to be connected, many cou-
plers were required, with each one
contributing to the system loss.
Theil points out that for a 20-
terminal system, a total loss of 28
dB would be developed with star
couplers, while a loss of 130 dB
would occur with T couplers.

Theil is quick to point out, how-
ever, that for some short runs it
is possible to obtain T-coupler
losses that are similar to those of
the star-coupler. This occurs, he
continues, because losses developed
with the star conpler are logarith-
mic in nature, while those as-
sociatea with T couplers are linear.
In general the longer the run, the
worse it is for T couplers Thiel
says.

Disc diffusion expected
to lower semi costs

A new process promises to cut
silicon-wafer diffusion costs and
increase semiconductor yield by
40%.

The process, developed by Car-
borundum at Niagara Falls, NY,
uses dises composed of boron or
phosphorous as the diffusant source
instead of the usual chemical and
vapor-source diffusion systems.

Dave Ott, marketing manager
for Carborundum, reports that un-
til now phosphorous has not been
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available in disc form. The results
of the new process, he says, will
be lower semiconductor prices and
more consistent device character-
istics from batch to batch—4%
matching instead of the present 15
to 20%.

The diffusant wafers are placed
in the same boat with the silicon
wafers and are alternated between
two back-to-back silicon wafers.
Thus a diffusant source is placed
equidistant from each silicon slice
and from every point on the slice.
The need for carrier gas (and the
turbulence it causes) is also elimi-
nated.

Use of both diffusant wafers
can yield a sheet resistance within
+29% across individual slices, +3%
slice to slice and =4% run to run.

Phosphorous wafers have a rec-
ommended life of 250 hours at
typical oven temperatures, while
boron has a 300-hour life. And
phosphorous costs about $10 a
wafer and boron about $15.

Device simulates effects
of heat on human tissue

Spurred by the need to determine
whether or not an object is hot
enough to cause burns or injury,
the National Bureau of Standards,
Washington, DC, has developed a
new instrument, called a thermes-
thesiometer, that can duplicate
and measure the response of hu-
man finger tissue to heated sur-
faces.

According to Louis A. Marzetta,
a research engineer at NBS and the
designer of the new instrument,
simple temperature measurements
are not sufficient. He says, “It’s
heat, not temperature that causes
burns. Thus to know if an object
is hot enough to cause burn, you
must know the heat-flow character-
istic and the temperature of the
object’s surface.

To illustrate, Marzetta notes that
the plastic handle of a pan of
boiling water can be at nearly the
same temperature as the metal pan
itself. It’s safe to touch the handle
and not the metal pan, he explains,
because heat flows more readily
from metal to human tissue than
from plastic. Thus if a simple
temperature measurement is taken
to determine if it’s safe to touch
the handle, the results will indicate

that it’s not.

On the other hand, the thermes-
thesiometer contains a probe that
duplicates the thermal properties
of human finger tissue. The probe
would indicate a temperature sub-
stantially lower for the plastic than
for the metal. This is caused by
the difference in the thermal
inertia of the two materials.

Marzetta describes the thermes-
thesiometer as a digital readout
that displays the skin-contact tem-
perature and a probe with a
thermocouple imbedded in a metal-
doped silicone rubber. The metal
dopant, he explains, is used to ad-
just the thermal inertia of the
probe to that of the human finger.

In operation, the temperature of
the probe is controlled so it is
normally at 33 C, the finger’s tem-
perature. When placed against a
surface the probe conducts heat to
the thermocouple in the same way
that finger tissue would conduct
heat to the nerve endings. Thus
the temperature displayed on the
readout is the same temperature
that a person would experience.

Air-trqffic radar trainer
contains several ‘‘firsts’’

A new air-traffic-control simu-
lator has increased the number of
planes that can be presented and
tracked on Air Force radar train-
ing scopes from two planes to 50.

Other new features that have
been incorporated in the system—
the AN/GPN-T3, developed by the
Electronic Systems Div. of the Air
Force Systems Command, Hans-
com Field, MA—include:

m Simulation of weather systems
across the area scanned by traffic
controllers. This covers both the
airport-surveillance radar, with a
range of 60 miles, and the preci-
sion-approach radar, which scans
a radius of 10 miles.

m Provision for displaying ad-
jacent radar interference, or sim-
ulated “fruit,” on radar displays.

® Simulation of ground clutter.

® Simulation of a drop of 200
bundles of chaff from a plane.

m Presentation of both primary
radar returns—those from the air-
craft skin and secondary returns
—those from altitude-reporting
transponders.
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Solid state
dip relays...
make good cents

And dollars too, when you’re designing point of
sale terminals and other business machines.
Teledyne’s Seren-DIP® relays are totally silent,
reliable, long life components that can replace a
surprising amount of expensive discrete circuits.
Our 641 is a low profile TO-116 DIP; one small PC
board holds all you need for control and switching
a POS terminal or medium
size business machine. But
small size can mean big
performance. The 641 is a small AC powerhouse:
1 AMP triac output with-a 10 AMP surge rating;
140 or 280 volts, AC. It’'ll easily drive lamps,
solenoids, stepping motors, transformers, or any
inductive load — without noise or misfire errors. The
Teledyne 641 is U.L. recognized. We also make
high level DC and Bi-polar Seren-DIPs.
Seren-DIP solid-state DIP relays — they
make design sense and their
dependability and cost effectiveness
may help you make POS sales, too.
Ask your distributor or call our
applications engineers.

/v TELEDYNE RELAYS

3155 West El Segundo Boulevard, Hawthorne, California 90250
Telephone (213) 973-4545
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The simple, functional and innovative styling of these cabinets and cabinet racks
more than satisfies your application and value requirements. And it’s this combination
that sets The Designers’ Group on a plane rarely attained in the industry. For the
name of the Bud Distributor or Representative in your area... the men who’ll give you
facts and fast delivery on The Designers’ Group... call (800)645-9200, toll free.

Series 2000

These cabinet racks are produced to
meet the highest quality standards; are
designed to enhance the function and
value of your products.

Standard upright cabinet racks
come in 16 sizes; clear inside depths
20-1/2" and 24". Eight extra-deep
units have a clear inside depth of
29-1/4". Frame is 14 gauge steel;
doors, sides and tops, 18 gauge. ““U"”’
braces add strength and rigidity to
sides and also support mounting rails
which can be adjusted horizontally.

Inclined panel cabinet racks come
in three sizes; clear inside depth,
20-1/2". Three extra-deep units are
also available with a clear inside depth
of 29-1/4". Front panel is positioned
20 degrees off vertical and all panel
mounting rails are adjustable,

including those in the inclined section.

Inclined units can be used in

conjunction with upright cabinet racks

and a wide choice of accessories are

available to help make the Series 2000

even more functional.

The Designers’ Group.

Classicll

They may look like custom-made
enclosures, but Classic |1 cabinets and
cabinet racks are standard products
immediately available from your Bud
Distributor.

Cabinets come in 14 sizes with a
clear inside depth of 20-9/16". Top,
bottom and side panels are .060
aluminum. Carrying safety is provided
by recessed, brushed chrome finish
handles attached to two steel supports
extending the length of each side
thereby adding extra support.

Cabinet racks have a clear inside
depth of 21-1/8" and come in four
sizes. Side panels and doors are 18
gauge steel; top and bottom 16 gauge.
Set up cabinets and racks in a series
and their over-all styling and, too, the
brushed aluminum extrusion which
frames the fronts of both units offer a
visually harmonious installation. And
like all Designers’ Group enclosures,
they come completely assembled,
ready for use.

“*The Housing Authority”

BUD RADIO, INC.

4605 E. 355th St.  Willoughby, Ohio 44094

216/946-3200 TWX 810-427-2604
INFORMATION RETRIEVAL NUMBER 25

Series 60

Both upright and inclined panel
cabinet racks are a prime example of
Bud’s craftsmanship and design
capability. Although styling is
important, so is construction. And
these Series 60 cabinet racks are built
to give years of use.

Frames are 14 gauge steel,
all-welded construction. Doors, sides
and tops, 18 gauge. ““U"’ braces welded
to sides of frame provide extra
strength and rigidity.

Upright cabinet racks come in 14
sizes; clear inside depths 20-1/2" and
24", Seven extra-deep units have an
inside depth of 29-1/4".

Inclined panel cabinet racks come
in three sizes; clear inside depth,
20-1/2". Three extra-deep units are
also available; clear inside depth,
29-1/4". '

All Series 60 cabinet racks have
adjustable mounting rails; are
accessible from both front and rear for
easy installation of components... and
can be combined into a bank of two or
more with the Bud Add-A-Rack
system.



Gircuits missing their mark?

Tweak them into spec with our trimmers.

Are tolerance build-ups doing weird things in
your circuit designs? Don’t worry. It happens in
the best of families, and Beckman cermet trimmers
straighten it out.

Whatever your packaging problem, you can
solve it with the right trimmers from our exten-
sive standard line. With the right shapes, sizes,
pin spacings, and resistance values.

Need rectangular trimmers? We have a huge
selection. One best-selling line is our 34" multiturn,
sealed series. It's typical in quality and performance
of a dozen different rectangular models stocked
locally for immediate delivery from your Beckman/
Helipot distributor.

But don't be horrified if your boards won't
accommodate rectangulars. Also available for

immediate local delivery are our popular 34" square
models, single-turn and sealed. And the low-cost
38" circular, covered, single-turn types.

Pick from more than three dozen models, each
in standard resistance values from 10 ohms to
2 megohms. And in a variety of pin spacings. All
with exceptional setability and 100 ppm /°C tempco.

If you need immediate technical literature or
the phone number of your local Beckman/Helipot
distributor, call toll-free (800) 437-4677.

For a free wall poster featuring the above
monstrous illustration, plus our full line of trim-
mers and specs, write to
Beckman/Helipot Division,
2500 Harbor Blvd.,
Fullerton, Calif. 92634.

HELIPOT DIVISION
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Big new.3"GaASsLITE displays:
Low voltage. Low cost.

MAN 51 MAN 52 MAN 53 MAN 54
Common Anode; Common Anode; Common Anode; Common Cathode;
Right Hand Left Hand Overflow (=1) Right Hand
Decimal Decimal Decimal

MAN 71 MAN 72 MAN 73 MAN 74
Common Anode; Common Anode; Common Anode; Common Cathode;
Right Hand Left Hand Overflow (£1) Right Hand
Decimal Decimal Decimal

MAN 81 MAN 82 MAN 83 MAN 84
Common Anode; Common Anode; Common Anode; Common Cathode;
Right Hand Left Hand Overflow (£1) Right Hand

Decimal Decimal Decimal
Our new green, red and yellow displays, the MAN 50, need for an extra power supply. Low power drain too.
70 & 80 series, give the readout designer a whole new Plus, you get the reliability of solid-state—no filament,
set of options. You get not only the good looks, easy no glass, no vacuum—and a delivery schedule you can
readability and proven quality of Monsanto’s solid-state rely on. The quantities you need for instruments, PO.S.
displays, but also important savings in cost, power and terminals, or digital clocks when you need them.
voltage. bk _ So when you're specifying displays, specify Monsanto's
The cost? Suggested retail prices start at $2.20 each in MAN 50, 70 or 80 series. For a closer look at all the
1000-lot orders. Any color! Larger volumes yield lower specs, call your distributor or Monsanto Commercial
suggested prices. Products Company, Electronics Division, 3400 Hillview
And voltage? Directly compatible with IC levels. No Avenue, Palo Alto, CA 94304 (415) 493-3300.

Putting innovation to work

Monsanto

INFORMATION RETRIEVAL NUMBER 27
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Larger, faster and cheaper solid-
state memories and the explosive
growth of microprocessor tech-
nology are changing the architec-
tures of computers and computer
systems.

While the most far-reaching ef-
fects will be on large systems, im-
mediate and less dramatic changes
are occurring in the minicomputer
field.

With respect to large systems,
Dr. Ugo O. Gagliardi, director of
the Honeywell Information Sys-
tems Technical Office, Waltham,
Mass., says: “Memory technologies
that are being developed are going
to have a very significant impact
on the structure of computing
systems.”

The solid-state memories, Gag-
liardi points out, will reduce the
access times now required by elec-
tromechanical storage devices, such
as dises and tapes. To the com-
puter designer, this access time
has, for the last 20 years, posed
“an enormous number of design
choices in the system,” he explains.

The concept of a memory hierar-
chy will become more commonplace,
Gagliardi says, with arrangements
like fast MOS and bipolar memo-
ries at the very top. In an inter-
mediate position, he predicts, will
be some block-oriented, solid-state
RAMs, which might be magnetic
bubbles, charge-coupled devices or
the slower MOS shift registers.
The lowest level will still be dises,
he says, pointing out that they are

Jim McDermott
Eastern Editor
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Improved solid-state memories
and microprocessors altering
the structure of computers

The KL-10 central processor for the DECsystem 1080, a large-scale interactive
computer, uses ECL logic and a cache memory for operation at very high
speed. Typical of an architectural trend, the KL-10 features a PDP-11/40 as
a control /diagnostic console that troubleshoots the entire system.

good if the frequency of access is
not very high.

“The introduction of intermedi-
ate storage technology and storage
devices should make it possible to
have very large virtual memories,
because you can achieve large ca-
pacities at reasonable cost.”

The first impact of microproces-
sors on large systems will be in
the I/0O controllers, Gagliardi be-
lieves. The controllers will be
capable of more functions, and this
will allow decentralization of the
system.

Gagliardi sees the large com-
puter emerging as a central-memo-
ry system with many processors
addressing it.

Some snags noted

Prof. C. V. Ramamoorthy, of the
Dept. of Electrical Engineering
and Computer Sciences at the Uni-
versity of California at Berkeley,
also foresees distributed process-
ing architecture for large systems.
However, he has substantial reser-
vations about when this will be

ELECTRONIC DESIGN 22, October 25, 1974



accomplished.

“There are a number of prob-
lems in the microprocessor area
now,” he points out. “Unfortunate-
ly there is no standardization
among them, and programming
these microprocessors has become
a tough problem, because each
manufacturer has his own unique
system.”

Mini survival predicted

Earl C. Joseph, staff scientist at
Sperry Univac Computer Systems,
St. Paul, Minn., see changes in the
architectures of the mini, the
small, medium and large scale com-
puters through use of microproc-
essors and microcontrollers.

“We see a large swing that way
in the minicomputer field at the
present time,” Joseph says. “A big
question in the field is: Is the
microprocessor going to wipe out
the minicomputer? I think future
minicomputers will be made from
micros, but we’ll still have the
minicomputer class.”

Others in the field support
Joseph’s opinion. Gary Sawyer,
microprocessor applications engi-
neer at Motorola Semiconductor
Products, Phoenix, Ariz.,, says:
“Minicomputer manufacturers are
now building boards using micro-
processors. I see micros moving
into minicomputer capability, and
minis will move into the larger
machine areas.”

Omri Serlin, director of product
planning at Systems Engineering
Laboratories, Ft. Lauderdale, Fla.,
predicts: “I think that microcom-
puters will wipe out what is today
called the low end of the minicom-
puter market. The only thing that
will remain is what is known to-
day as a megamini. The megamini
will serve essentially the same
functions that the medium-scale
computers are performing.”

More intelligent computers

Joseph sees mass use of micro-
processors and microcomputers in
a new class of dedicated consumer
applications, such as in the auto-
mobile or home appliances.

“You can call them intelligent
adjuncts,” he says. “And with these
devices, we can look at upgrading
the next wave of computer archi-
tecture by attaching these types of
dedicated modules to present archi-
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tectures. It will give us a very-
low-cost method of growing into
the next generation.”

Joseph’s forecast of the intelli-
gent-adjunct system is supported
by Dr. William Davidow, manager
of microcomputer systems at Intel,
Santa Clara, Calif.

“With our announcement of the
bipolar microcomputer, we’ve in-
creased the performance, in a
period of three or four years, by
some three orders of magnitude.
This means that users can put
arbitrarily large amounts of intel-
ligence of almost arbitrarily high
performance throughout the sys-
tem, at low cost.

A trend in microprocessor develop-
ment is the incorporation of micro-

programming. The microprogram
control logic above, by National
Semiconductor, duplicates the func-
tions of National’'s mask-program-
med CROM and uses fusible-link
pROMs for custom microprogram
implementation.

“The architecture of the future
will feature computation functions
distributed throughout the sys-
tem,” Davidow notes.

Because of the ultimate low cost
of micro devices, Davidow: says,
designers are going to feel free to
incorporate significant amounts of
processing into any type of com-
puter equipment.

The newer generations of micro-
processors are incorporating archi-
tectural concepts from both the
minicomputers and the larger sys-
tems, according to George Reyling,
project manager of the microproc-
essing group at National Semicon-
ductor, Santa Clara, Calif.

“TI haven’t yet seen any an-
nounced microprocessors that
are, in my opinion, significant de-
partures from what’s been done
before,” he says. ‘“Architectural
concepts that are being put into

proposed designs include pipelin-
ing. And microprogramming, which
has certainly been used before, is
being incorporated.

“While the general organization
of the registers and instruction
sets is similar to what’s been done
in minis, there probably will be
more emphasis on things that make
instruction sets—particularly ad-
dress information—convenient for
systems that are implemented en-
tirely with read-only memory. This
will involve registers designed for
that purpose.

“While minicomputers use read/
write memories for their program
stores and have the ability to alter
the contents of memory location.
many applications of microproc-
essors don’t require a read/write
memory so long as there are suf-
ficient registers on the chips.”

Motorola’s Sawyer sees micros
incorporating better addressing
capabilities: “We will be coming
out with machines that have direct,
extended, indexed—all types of—
addressing modes.”

Index addressing is becoming
popular, Sawyer says, adding: “We
also have direct-addressing modes
that are extended scratch pads.”
This, he says, provides a faster
memory fetch than a fully extend-
ed addressing mode.

For users who need to save
much data and are running out
of registers, the data can be put
in the direct-addressing range as
a two-byte transfer, Sawyer says.

Off-the-shelf interfaces

To meet the needs of users who
don’t understand how to link pe-
ripherals to a microprocessor-based
system, off-the-shelf interface de-
vices can be purchased, Sawyer
points out. Motorola makes the
Peripheral Interface Adapter
(PIA) and the Asynchronous Com-
munications Interface Adapter
(ACIA), both of which are essen-
tially general-purpose program
registers. With the proper address-
ing mode, these off-the-shelf inter-
face devices look like memory.

As a result, Sawyer says, the
user is now limited only by the
addressing range in his I/0 unit.

In another area, both Motorola
and Intel have altered microcom-
puter architectures by pulling the
memory stack out of the micro-
processor, putting it into memory
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and adding a 16-bit stack pointer
register.

Use of the stack pointer saves
both instruction time and memory
and gives the user virtually un-
limited interrupts that can be piled
one upon the other, Sawyer says.

For those architectures that
leave the memory stack inside the
machine, service interruptions can
be made a little faster. But that
saving is offset by the cost of stack-
ing of interrupts or data.

One trend beginning to appear
in microprocessors is the use of
single-voltage supplies, as exempli-
fied by both Motorola and Sig-
netics with their TTL-compatible,
5-V units. A principal advantage
is the saving in real estate.

Limitations noted

Raymond Mattson, head of de-
velopment of hardware and soft-
ware for Modulator Computer
Systems, Ft. Lauderdale, Fla., is
concerned with the limitations of
present microprocessors.

“The microprocessor itself is
reasonably useful in a real-time
environment,” he says. “But it
does allow you to do more high-
level local computation in con-
trollers and in what ModComp calls
modular bus control planes.

“While it reduces the component
count today, it does not offer cost-
performance advantages, although
at some point in time it will. To-
day we are integrating some
micros for ancillary functions. For
example, we have communications
processors, which are a relatively
sophisticated hardware set that
overlays our basic computer and
optimizes it for handling commu-
nications data.”

Mattson sees solid-state RAMs
providing significantly faster cycle
time, or throughput, than core
memories do.

“Also,” he says, “you’re going to
get more memory in a smaller
space, and this implies larger
memory configurations. But this
will present a problem in protect-
ing the memory against power fail-
ure and consequent loss of the data
in the memories. For small memo-
ry systems, you can use batteries
for a backup supply.

“But as you get into the larger
arrays, you're going to architec-
turally have to back up some por-
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Better interfacing is provided in the newer microcomputer architectures.

Motorola’s M6800 uses an MC6820 Peripheral Interface Adapter (PIA) to
interface the microprocessor to peripherals with two 8-bit bidirectional data
busses and four control lines. No external logic is required.

tion of the array that you can
support. The rest of it you're go-
ing to have to let die if the power
is lost.”

“You need microprocessors and
RAMs to carry a lot of parameters
per channel and for handling a lot
of channels simultaneously,” Matt-
son points out. “When you’re
handling or interfacing communica-
tions lines—particularly batch com-
munications—you need to be able
to move large amounts of data that
are transparent to the program—
that is, you don’t want the oper-
ating program to move every byte
of data in and out of memory.

“So you like to have block trans-
fers, and consequently need to be
examining the data for the proto-
col information that is buried in
the data stream. This requires ac-
tive logic in the data stream—in-
dependent of the computer—which
is provided by the microprocessors
and RAMs.”

Mini designers adapt

Minicomputer designers are con-
tinuing to adapt proven features
from larger machines to smaller
machine architecture. William Po-
duska, vice president of program-

ming and engineering at Prime
Computer, Framingham, Mass.,
points out that “things like virtual
memory, stack mechanisms for
field procedures and cache memo-
ries are being incorporated in
small computers.

“Microprogramming, which has
made its appearance in the small
machines,” Poduska says, ‘“is likely
to expand—especially with writable
control stores—because with it, a
knotty processing problem can be
reduced to a microcoded instruc-
tion for improved performance.

“We see the extended use of vir-
tual memory, using segmentation,
and not paging. We also believe
that the cache memory is going to
be very important for the small
computer. The reasons for this are
silicon-oriented.”

To begin with, Poduska says,
“the 4-k memory chip makes very
large MOS memories feasible.

“But the memory is not as fast
as we'd like,” he stresses. “Conse-
quently, to get higher perform-
ance out of a slower, but bigger
memory, you need an acceleration
technique—the cache memory,
which is made possible by fast,
low-cost, 1-k bipolar memories with
access times of 50 to 100 ns.”
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Some people buy
our MOD POT

just to save
panel space

it A

" If you're reallyf

serlous abol

Others cut
time and costs
withits versatili

be serious about quahty

The first square deal in potentiome-
ters. Compact size solves the shrink-
ing panel space race. Modular design
saves the extra charges and delays
many manufacturers add for non-
standards. MOD POT offers a whole
family of pre-engineered, pre-tested
modules that combine to form mil-
lions of single, dual, triple and

INFORMATION RETRIEVAL NUMBER 28

quadruple section controls. Cermet
or hot-molded composition resistance
elements, switch options and vernier
drives with single or concentric
shafts. Solder terminals or .100 grid
pin terminals. Backed by the fast
delivery of our distributor assembly
MOD POT ACTION CENTERS. Ask
for Publications 5217 and 5217S. At

your Allen-Bradley electronics dis-
tributor, or write: Allen-Bradley Elec-
tronics Division, 1201 South Second
Street, Milwaukee, Wisconsin 53204.
Export: Bloomfield, New Jersey
070083. Canada: Allen-Bradley Can-
ada Limited, Cambridge, Ontario.
United Kingdom, Jarrow, County
Durham NE32 3EN.

ALLEN-BRADLEY
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A unique architectural feature for minicomputers, a communication register
unit, is provided for Tl's 960B in process-control or manufacturing-control
operations. This register is used instead of an |/O unit to permit bit-by-bit

input and output in serial form.

The cache memory is placed be-
tween the processor and the main
memory.

‘Memory management’ advised

When there are many users tied
into one machine, a big problem is
to make efficient use of the memo-
ry capacity.

“Memory management is neces-
sary,” says Ronald Gruner, elec-
trical engineer at Data General,
Southboro, Mass. “This means
management of both the main
memory and secondary storage.

“We’ll see hardware developed
in that direction. One basic archi-
tectural approach is to build a large
memory out of a number of au-
tonomous separate modules, each
of which can be run separately.

“There is also a trend to have
a number of separate data ports
on a memory, so that more than
one processor can be tied into the
memory system.”

One advance in minicomputer
architecture is the incorporation of
more error-checking and diagnostic
capabilities. With the DECsystem
1080, the KL-10 processor uses a
DEC PDP-11/40 as a control/diag-
nostic console. The console can
diagnose failures in the main ma-
chine, according to Paul Guglielmi,
principal logic design engineer.

Use of the PDP 11/40 for diag-
nostics also provides the system
with an independent, stand-alone
processor, Guglielmi points out.
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Even if the main processor fails,
the 11/40 can be used for diag-
nostics, whereas if the main proc-
essor in another machine fails, it
loses its diagnostic capability.

Considerable parity checking was
built into the KL-10 architecture,
Guglielmi says. All the RAMs are
checked, including the micropro-
gram control store, the cache and
the accumulators.

In addition memory control in
the cache is checked before use.
This prevents unintentional modifi-
cation of data when a bad instruec-
tion is present.

The KL-10 has a loadable micro-
code that permits engineering
changes to be made easily, Gugliel-
mi points out.

“We can ship the machine out,
and if a few months later we find
some bug, there’s a good chance we
can fix it by just changing the
microcode.”

More memories in minis

With the price of solid-state
memories dropping steadily, one in-
dustry trend is to incorporate more
memories in minis.

“If you look at where we’re go-
ing to be in three or four years
from now, it looks as if we’ll be
seeing huge memories of 4, 8 or 16
megabytes,” says William Sweet,
product line manager for Inter-
data, Oceanport, N.J. “To try and
get something out of a memory of
that size with 16-bit architecture

doesn’t make sense.

“It requires the full addressing
power of a 32-bit architecture,
which we have incorporated in two
of our machines. The 32-bit archi-
tecture gives 16 megabytes in di-
rect addressability. But while we
can’t build a 16-megabit memory
now, we can build a single-mega-
bit machine.”

In microprogramming, Hewlett-
Packard’s emphasis has been to
structure the architecture to make
the machines more easily user-pro-
grammable. It is using narrow
word widths and supporting them
with both micro-assemblers and de-
bug editors. In addition, hardware
is being incorporated to give the
user writable control stores as well
as fixed program.

In the recent HP 21MX com-
puter, indexing has been added for
bit and byte manipulation—par-
ticularly essential in data commu-
nication. Another significant fea-
ture of the 21MX is a new dynamic
memory-management scheme that
expands the computer’s memory-
addressing capability to 1 million
words.

Robert Frankenburg, project
manager of the 21MX series, points
out that while HP will not be build-
ing the 1-megaword capability, the
logic addressing capability is there.
Right now, 192 k words is the max-
imum offered.

In contrast with 16 and 32-bit
minicomputer architecture, Texas
Instruments in Austin has incorpo-
rated in its 960B a ‘“communica-
tion register” that is unique to the
industry. This register, explains
Gerry Guillemaud, manager of
computer marketing, is used in-
stead of an I/0O unit. The register
has an input-output port that al-
lows bit-by-bit input as well as
output in serial form.

This architecture is designed to
let the user optimize the number
of bits required for any data trans-
action. For example, although the
960B uses standard 16 or 32-bit
words for the software, it permits
a user who might have, say, 9000
single-bit inputs or outputs to use
all of the bits effectively, without
having to mask out part of a 16-
bit word.

All of the bits are directly ad-
dressable, he points out, with a
maximum of 9000 inputs. =m

ELECTRONIC DESIGN 22, October 25, 1974



T )

=2

L B

.
OO TR

3 00 K8 £a £ A X

00 0 0 0 g

A0 0 0 0 0 0 0

SENSE

2

OO )
090

e ———

ma MD MO st

06000

<

2o

RESET POWER IDLE A
« L0ss N SxEY MODE | CLOCK | LOAD
e e b o

~

A o lis
< ‘2 l?\ ']

START

AR AR B A% .

o
o n
e

R A D OO.

TI sets new standards in
minicomputer price/performance

Higher performance at a lower cost
results from state-of-the-art, ultra-
reliable semiconductor memory
systems used in Texas Instruments
new 900 series minicomputers. Built-in
error detection and correction
circuitry, with fault indicator lights, is
a standard part of every memory.
Now, you can start with 8K, 16K, or
24K 16-bit words of memory on a
single board . . . at prices substantially
below those of previous semiconductor
memories. For larger requirements,
you can expand memory capacity to
65K in the mainframe.
Model 960B minicomputers reduce
costs in industrial automation, process
control, and data communications.

Arlington, Va. (703) 527-2800 - Atlanta, Ga. (404) 458-7791 -
Oh. (513) 253-6128 « Denver, Co. (303) 751-1780 -

Milwaukee, Wis. (414) 475-1690 + Minneapolis, Minn. (612) 835-5711 -
249-1313 « Rochester, N.Y. (716) 461-1800 + San Francisco, Ca. (408) 732-1840 - Seattle, Wash. (206) 455-1711
Frankfurt, Germany 0611/39 9061 -

(01) 917400 - Essen, Germany 02141/20916 -

Boston, Mass. (617) 890-7400 « Chicago, Il
Detroit, Mich. (313) 353-0830 -
New York, N.Y. (212) 5419540 - Orange, Ca. (714) 547-9221 «

They have an exclusive communica-
tions register unit and 128 I/0 lines
(expandable to 8,192) that greatly
simplify interfacing for these applica-
tions ... at low, quantity-one prices of
$4,350 with 8K memory . .. $5,850
with 16K ... and $7,350 with 24K ..
Model 980B minicomputers, offering
computing power far above that of
comparably priced CPU’s, are ideal for
general-purpose and scientific data
processing . . . as well as data commu-
nications. Along with an impressive
list of standard features, they provide
hardware multiply/divide with 16- or
32-bit add and subtract . .. in addition
to programmable memory protect and
privileged instructions . .. all at an

(312) 671-0300 - Clark, N.). (201) 574-9800 -

Hamden, Conn. (203) 281-0074 - Houston, Tx. (713) 777-1623 -

Friesing, Germany 08161/7411 - Manchester, England 33411 -

Orlando, Fla. (305) 644-3535 -
« Amstelveen, Holland 020-456256 - Bedford, England 58701
Milano, Italy 6888051

attractive quantity-one price of $4,995
with 8K memory . .. $6,475 with 16K

. and $9,975 with 24K.

Software and Support. TI offers a

full line of peripherals and software
packages for the 900 series computers,
plus user training and applications
assistance. The company also maintains
a nation-wide service network

backed by TI-CARE*, an automated
remote diagnostic and dispatching
system, to support all products.

Call your nearest TI sales office for
more information. Or write Texas
Instruments Incorporated, P.O. BO\
1444, M/S 784, Houston,
Texas 77001. Or phone (512) [7
258-5121, extension 2539.

Cleveland, Oh. (216) 464-2990 - Dallas, Tx. (214) 238-5318 - Dayton,
Huntsville, Ala. (205) 837-7510 « Indianapolis, Ind. (317) 248-8555 -
Philadelphia, Pa. (215) 643-6450 « Phoenix, Az. (602)
« Beirut, Lebanon 353188 « Copenhagen, Denmark
« Montreal, Canada (514) 332-3552 - Paris, France

(1) 630-2343 - Stockholm, Sweden 67 98 35 + Sydney, S. Australia 837-015 « Toronto, Canada (416) 889-7373 - Tokyo, Japan 402-6181

TEXAS INSTRUMENTS

INCORPORATED

*Service Mark of Texas Instruments INEODMATIAN DETDIEV/ALI AMIIMBED 2O
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For a long time the semicon-
ductor memory has been closing
in on the well-established core
memory, threatening to replace it
as the No. 1 component for main-
frame memories. And now that the
higher-performance, lower-power
4.k semiconductor RAM has com-
pleted its introductory stage, the
battle seems to be just about won.

“By the end of the year, 40%
of the memories designed into com-
puters will be semiconductor mem-
ories,” says Mike Markkula, mar-
keting ‘manager for Intel Corp.,
Santa Clara, Calif.

By 1976, some industry sources
say, the penetration of semicon-
ductors into the memory market
will reach 70%.

The feeling throughout the mem-
ory industry is that once semicon-
ductors become No. 1, they will
remain so for quite a while. The
reason: Many improvements can
be made in the technology to slash
costs and enhance performance.

Industry experts believe that
semi memories are still oné to four
orders of magnitude away from
fundamental limits on information
storage density, cost, power con-
sumption and reliability. In addi-
tion a reduction in cycle and ac-
cess times by at least one order
of magnitude seems possible.

Most core memory makers con-
cede that the bulk of the market
will go to semiconductors even-
tually. But they are not about to
sit back and let their memories

Jules H. Gilder
Associate Editor
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The Great Memory Battle

goes on, but semiconductors
appear the ultimate victors

This 8-k core memory board is used in Data General's new Eclipse series of
computers. It provides for correction of single-bit errors with five extra bits
in the memory word and a modified Hamming code.

die graciously. In an effort to re-
tain their current narrow lead,
core manufacturers are develop-
ing advanced production tech-
niques that will further reduce
the already low price of core com-
ponents. In addition they are tak-
ing advantage of new developments
in semiconductor technology to re-
place scores of discrete components
with MSI or hybrid equivalents.
They are also minimizing addition-
al parts by using more sensitive
amplifiers, so 16 k or 32 k of core
can be sensed with a single ampli-
fier.

This reduction in parts count

will improve reliability, reduce as-
sembly time and hence cost and
allow room to expand core memory
planes so larger memories can be
fabricated without an increase in
the size of the board.

As an extra precaution against
being left out of the memory mar-
ket, a number of companies now
turning out core are hedging their
bets by keeping up with, and in
some cases getting into, the semi-
conductor business. Companies in
this category include Electronic
Memories and Magnetics, Digital
Equipment Corp., Data General
and Ampex.
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Meanwhile developments in pe-
ripheral memories, discs and tapes
are unfolding at a much slower
pace. Evolutionary improvements
in disc technology have pushed re-
cording track densities to 400
tracks per inch, and bit densities
have already reached 4000 per
inch. Dises still have a long way
to go before they reach their max-
imum limits, and so challenges by
other technologies are not expect-
ed to be successful until at least
the end of the decade.

On the tape front, mass memo-
ries are being refined and new
ones are being introduced. Possi-
bilities for increased density and
data rate include improved tape
guidance, the use of error correc-
tion circuitry to reduce data re-
dundancy and to increase tape-to-
head speeds.

Cassette and cartridge tapes are
getting stiff competition from the
floppy disc, a flexible magnetic
record that has been accepted by
IBM.

4-k RAM wins acceptance

The 4-k RAM, the device that
should seal the fate of the core
industry, has reached the point
where several companies have al-
ready committed themselves to its
use, according to Intel’s Markkula.

Challengers to the conventional
semiconductor RAM, such as mag-
netic bubbles and CCDs, are not
expected to succeed because they
don’t offer any major advantages
in density or tolerance of defect
features. However, bubbles and
CCDs are expected to make sig-
nificant inroads into the rotating
memory market, but not before
the end of the decade.

But even when semis dominate
the market in 1976, there will still
be a requirement for 60 billion bits
of core memory, Markkula says.

Joe Kroeger, manager of MOS
Systems Applications for Signetics
in Sunnyvale, Calif., agrees. “I
don’t see core memories ever going
away,” he says. He cites an in-
creasing trend toward combining
core and semiconductor into a
cache type of memory.

A cache memory is an arrange-
ment whereby large chunks of data
are transferred from a large, slow
core memory to a smaller, faster
semiconductor memory. Since most
processors fetch instructions se-
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quentially, it is possible to reduce
the cycle time by keeping the in-
structions in a medium with a fast
access time.

Core makers say one big factor
against semi memories is that they
are volatile. Semi makers reply:

“So what?” The memories can be
backed up with a battery, they
point out, so there is no loss of
data in power failures. Core mak-
ers counter: “Sure you can use a
battery, but you need a huge one
to drive large memories.”

That’s true, but also misleading.
For backup operation, it is not
necessary to drive a semiconductor
memory; it is only necessary to
refresh it, a process that requires
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RAM,” Rodin explains. “Their at-
titude is that it’s a device and you
buy it according to the spec sheet.
As long as it meets that spec sheet,
it’s your baby.”

When asked what would happen
if the device ran into pattern-
sensitivity problems in the field,
Rodin says the semi makers tend
to hedge and never say whether
they will guarantee the memory
under all memory-pattern condi-
tions.

The 1103 is a good example,
Rodin says. It was tested by the
manufacturer under ‘“worst-case”
patterns. The device passed the
test and when some customers put
it into their systems, it didn’t
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Obsolete core spacing used until 1970 (right) yielded 1678 cores per sqg. In.;
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higher-density spacing introduced in 1970 gave 5276 cores per sq. in. (left).
In 1973 density was upped to 6469 (middle).

considerably less power.

Kroeger says the question is aca-
demic. In all but the small mini-
computer systems, users naturally
assume that data have been wiped
out, and they reload. That goes for
systems that use core memories as
well as semis.

Michael Rodin, marketing man-
ager for Datacraft Corp., Fort
Lauderdale, Fla., spoke to several
semi manufacturers recently, be-
cause he’s interested in using the
4.k RAM. He found that several
problems must be overcome before
semis will make it in mainframes.

Foremost, in his opinion, is the
need for semiconductor manufac-
turers to change their philosphy
a little. “They’re putting out a
little memory on a chip, a 4-k-by-1

work. The device developed cross
talk and leakage problems, which
were eventually corrected.

Rodin, as a potential user of
semi memory chips, fears the same
thing may happen again with the
4-k chip. Initial reliability predic-
tions for the chip are poor, he
reports, and he has been told by
manufacturers to consider using
error-correction techniques and
parity codes if he wants to use
the chip in a system.

Putting in error-correction logic
means higher costs, and that’s
what 4-k RAMs were supposed to
reduce in the first place.

Markkula agrees that there were
problems with the 1103 chip, as
there are with any new product,
but he says they were ironed out.
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As for the 4-k device, he says that
semi makers have learned from the
1103 and now have the expertise
required to overcome pattern-sensi-
tivity problems.

Computer manufacturers are also
starting to apply some core tech-
niques to semiconductors to in-
crease mainframe performance. An
example of this is a new semi-
conductor memory from Data Gen-
eral that combines 2-k MOS RAMs
that have a 600-to-700-ns cycle
time with a bipolar cache memory.
The result is a cycle time of 200 ns.

This new memory can also ac-
commodate both cores and semis
in an interleaved design. Another
feature is that the memory is ca-
pable of detecting and correcting
all single-bit errors and some mul-
tiple-bit. This is done with the
help of a modified Hamming code
that uses 5 of the 21 bits in the
memory’s word. The remaining 16
bits are used in a conventional
manner.

Core demand is up

While semi makers perfect the
4-k memory, core is an outstand-
ing buy today.

“The core-memory business is
booming,” says Herbert Listerman,
applications engineer for Ferrox-
cube Corp., Saugerties, N.Y. “Most
core manufacturers are working at
full capacity and still can’t meet
the demand for parts. People are
gobbling up bits by the billions.”

According to Listerman, more
people are asking for core than
ever before. Why? High-volume
quantities of the 4-k semiconduc-
tor RAM are not available, and
the cost of core is plunging. Since
1970 a bare stack has decreased
in price 0.5-cent per bit to 0.26
cent per bit today.

Another factor that has kept
interest in cores alive is the im-
provement in density. Four years
ago most cores were 30 mils in
diameter. Today, Listerman says,
80% of all the memory cores used
are 18 mils in diameter.

Core manufacturers are increas-
ing the density of their memories
by developing new layout patterns
that permit the closer placement
of cores and by going from the
current three-wire designs back to
two-wire ones.

Spacing between cores has also

42

T

==

=

e G T

mm||l|lunmlmmmlmu

-i i

A semlconductor memory array board used in Honeywen s Series 64 main

memory consists of 16,000 12-bit words of dynamic MOS RAM storage. Each
of the chips contains 2048 bits of memory.

decreased significantly. The older
cores were spaced on 30-mil cen-
ters. Today the 18-mil cores are
placed on 10-by-17.5 centers. This
closer spacing, Listerman reports,
can be partly attributed to the
fact that cores are now bonded in
room-temperature vulcanizing rub-
ber.

Another factor that has in-
creased density—and probably
cost, as well—is the switch back
to hand stringing of cores. Ac-
cording to Listerman, machine
stringing was tried for a while,
but it soon became evident that
hand stringing yielded higher den-
sity.

Other techniques that have re-
sulted in higher-density core mem-
ories are pointed out by Arnaldo
Hernandez, vice president of en-
gineering for Digital Computer
Controls, Fairfield, N. J. Improved
layout patterns, such as the double
herring bone, allow cores to be
packed closer together. In addition
advances in semiconductor tech-
nology that led to the availability
of integrated-circuit core drivers
and sense amps, have greatly re-
duced the number of peripheral
components needed to make a core
stack into a memory.

Also, there is a trend toward
the driving and sensing of more
cores per amplifier. At present the
industry is driving 16 k of core

with one amplifier and sensing 8 k.
Within a year those numbers are
likely to increase to 32 k or even
64 k per driver and sense amp.

Rodin of Datacraft says that in
addition to the monolithic IC sense
amps and drivers, his company has
used hybrid technology to reduce
from 180 to 6 the number of com-
ponents needed for the inhibit cir-
cuitry in a three-wire core mem-
ory. Linear pulse transformers that
are generally associated with core
memories have also been eliminated
by use of a direct coupling ap-
proach.

What about going to smaller
cores to increase density? With
few exceptions, the consensus of
industry experts is that going to
a 12 or 14-mil core would not
yield any substantial improvements
in the over-all memory system. As
Rodin put it: “The smaller cores
will give you headaches.” They are
much more fragile; so they must
be handled more carefully.

Since the output of the smaller
cores is lower, more sensitive am-
plifiers are needed. Also, the pulse
width of the strobe must be con-
trolled to a finer degree, which
requires more sophisticated -cir-
cuitry. Finally, notes Rodin, the
gain in speed is not that signifi-
cant.

Ferroxcube’s Listerman agrees
and adds that if the increased
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speed is really necessary, it is pos-
sible to drive the 18-mil cores a
little harder and reduce their
switching time from 180 to 140 ns.

Victor Sell, assistant general
manager for Ampex’s Memory
Products Div. in Marina del Rey,
Calif., disagrees with most indus-
try specialists on the future of
the smaller 12 or 13-mil cores.
He thinks their future is bright.
Ampex will soon produce the
smaller cores for a special memory
system that will allow the cores to
switch in 30 ns, Sell says.

To achieve this high speed—
and it’s higher than is generally
available—partial flux switching
will be used, he reports. This is
a technique for overdriving a core
by use of pulses that are about
half as wide as those normally re-
quired to switch core.

Two other factors will contrib-
ute to the dramatic increase in
core switching speed: linear selec-
tion and the return to two-wire
memories. Linear selection is an
addressing technique that allows
individual words in a memory to
.be addressed without disturbing
the cores. The resurrection of two-
wire technology will, in addition
to making core memories compet-
itive with high-speed bipolar types,
also make it possible to return
to automated stringing techniques,
because of the ease with which
this can be done.

Datacraft’s Rodin agrees that
two-wire technology is beginning
to look attractive again, particu-
larly since the more complex cir-
cuitry needed with two-wire core
memories can be conveniently con-
_structed from MSI devices. He also
says that his company is working
on a 32-k core memory that will
use the two-wire approach.

Production of core soars

While the semi makers are learn-
ing how to make their devices in
large volumes, the core manufac-
turers are also busy improving
production capabilities and look-
ing for new applications.

According to Sell, Ampex is de-
veloping a process that could pro-
duce sufficient core material to
make a billion cores an hour. Sell
is quick to point out, however, that
there is no current need for such
volume. Ampex is setting up facil-
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Projected memory prices for the major technologies through 1978 show that
by that time charge-coupled device memories will have the lowest cost.

Memory performance can be judged
by comparing access time and sys-
tem capacity for the different tech-
nologies.

ities that should be ready by the
end of this year to produce a bil-
lion cores a week, he says.

In describing the advance in ma-
terial fabrication, Sell notes that
core material is deposited on a
2-ft-wide Mylar tape base at a
rate of 100 ft/min in much the
same way that magnetic recording
tapes are coated. In fact, he points
out, modified tape equipment is

used in this process.

After the material has been de-
posited on the Mylar and hardened,
the tape is peeled away, and the
sheets of material are sent to
presses to be stamped out as cores.
A big advantage of the process,
he reports, is that it produces
cores with almost perfect uniform-
ity and thus eliminates a lot of -
testing.

In searching for new application
areas, core manufacturers are pro-
posing that their memories replace
rotating discs and drums. While
semiconductor replacements for ro-
tating memories have been dis-
cussed throughout the industry,
little if anything has been said
about core replacements. But eight
prototype units of such a device
have already been delivered to the
military to replace drum memories
in airborne applications, and 22
more are on order.

This core memory is being built
by Ampex with a capacity of 4.5
million bits arranged into 131-k
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words, each 33 bits long. Sell ac-
knowledges that such a memory
will be more expensive than the
disc it replaces, noting that core
costs 0.4 cent a bit and disc costs
between 0.05 and 0.1 cent. But he
notes, too, that cores require no
maintainence and offer higher re-
liability.

A drop in core prices to 0.25
cent a bit could come as early as
next year, according to Sell. He
also reports that the speed of the
core replacement for disc, at 2 us,
is about three orders of magni-
tude better than disc.

Sell sees commercial application
for core-based disc replacements
in systems that require multiport
accesses. In these applications—
airline reservation systems, for ex-
ample—several places in the mem-
ory have to be accessed at the
same time. That can’t be done
conveniently with discs, because of
the long access times.

Discs advance slowly

Activity in disc-memory tech-
nology is advancing at a much
slower pace. The most advanced
disc available is reported to be
the IBM 3336, Model 11, which
stores over 200 megabytes of data
with a linear density of 4000 bits
per inch. James Moreton, general
manager of the Caelus Memory
Div. of Electronic Memories and
Magnetics, San Jose, Calif., be-
lieves that this storage density can
be increased.

It should be possible to double
the linear density to 8000 bits per
inch, he says. To do this, the mag-
netic heads would have to fly closer
to the surface of the disc than the
current 25 uin. Moreton sees the
industry producing discs with a
smoother surface and better oxide
coating to achieve this perform-
ance.

Commenting on the practical
limitations of disc technology, the
Caelus general manager says that
the maximum density is probably
350 megabytes of storage.

There are other ways of increas-
ing storage in disc systems that
don’t require advances in technol-
ogy. Storage Technology Corp. of
Louisville, Colo., has developed
what it calls Super Disk. What it
is is simply four disc drives bolted
together. Using this technique, the
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Capable of storing up to 200-million 16-bit words, the DS330 from Texas
Instruments consists of up to four disc drives and is designed for use with
minicomputers. Transfer rate is 403,000 words-per-second.

manufacturer is able to produce
a disec storage unit that can hold
up to 400 megabytes of data.

Moreton foresees at least one
more generation of dises from
IBM—which has been the leader
in rotating memories—and then
the widespread use of magnetic-
bubble disc-replacement memories.
Since IBM, not too long ago, in-
troduced a new disc and the com-
pany plans most of its products
in five-to-seven-year cycles, More-
ton doesn’t see bubble memories
making inroads into the rotating
market until the 1980s.

Floppy discs gaining ground

One of the more recent addi-
tions to the disc technology, the
floppy dise, is reported gaining
acceptance and replacing cassette

and cartridge tapes in many ap-
plications.

The floppy disc is 7.88 in. in
diameter and is made from 3-mil
thick Mylar. When used in a mem-
ory system, it rotates at 375 rpm
and has a linear bit density of
3500 bits per inch.

Both the rotating speed and the
storage density can be significant-
ly increased, says Stuart Mabon,
vice president of corporate plan-
ning for Pertec, Chatsworth, Calif.
By using harder recording heads
and coating the surface of the
floppy disc with a harder material,
manufacturers will probably raise
the rotational speed to about 700
rpm, he reports.

But improving the rotational
speed is not enough, Mabon adds.
To get the full advantage of the
improved rotational speed, the ra-
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dial access time must also be im-
proved, he says. At present it can
take as long as 4 sec for the head
to move from the outside to the
inside track on the disc.

But shortening the radial access
time means a significant change
in the drive mechanism. There is
a lot of money invested in the
mechanism currently used, and
manufacturers will want to get
their investments back before they
make any big, expensive changes,
according to Mabon.

The recording density of the
floppy disec can be improved in
two ways, the Pertec vice-president
says: First, by use of both sides
of the disc to store data (present
systems only use one side) and,
second, by use of new coding
schemes for recording data.

While floppy dises on the mar-
ket are coated on both sides, only
one side is used to store data. The
reason? That’s the way IBM does
it. If both sides of the disc were
used, Mabon says, disc storage
could be doubled. There are prob-
lems, however.

Since the recording technique is
a contact one, pressure must be
applied on both sides of the disec.
But the disc is very thin, and that
isn’t easy to do. So either the disc
must be flipped over, or some way
must be found to apply pressure
to both sides of the disc at the
same time.

Industry experts believe that
within the next two to three years
these advances will be incorporated
into floppy discs to increase densi-
ty fourfold. But most in the indus-
try are looking to IBM and what
it does. It is the leader, and if it
chooses not to increase density in
this way, it probably won’t be
done on a wide scale.

Bubbles will be ready soon

As for bubble technology and
its potential for displacing rotat-
ing memories, several experimental
systems have already been built
and tested. One, a one-half mega-
bit device, has been developed by
Bell Laboratories, Murray Hill, N.J.

According to Paul C. Michaelis,
a member of the technical staff
who worked on the Bell project,
the bubble memory contains 32,-
896 14-bit words. The unit, which
contains all the control and detec-
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The Mididisc from SDSI is a rapid access device designed to hold 40 megabits
of storage. It rotates at 3450 rpm, has an average access time of 8.5 ms and

transfers data at 4.5 megabits/sec.

tion electronics, operates at a ro-
tating field frequency—the equiv-
alent of the data-transfer rate—
of 102 kHz. The memory, reports
Michaelis, has an average access
time of 2.7 ms, which is similar to
that available with rotating discs.
The read/write cycle time is 5 ms.

The bubble unit, Michaelis says,
is constructed from 28 chips, each
containing 16,448 bits.

Other companies that have ad-
vanced from the production of
chips to the development of mem-
ory modules include Rockwell In-
ternational and Hewlett-Packard.

Much of Rockwell’s recent work
has centered on a 60,000-bit bub-
ble data recorder developed for
NASA. According to a Rockwell
spokesman, the 60,000-bit machine
is a stepping stone to a 100-million
bit unit. The larger recorder would
require the development of 100,000
bubble-memory chips.

Initial plans call for the chip
to measure about 225 mils on a
side and have a data density of
2.5 million bits/sq. in. It is ex-
pected to take 18 months to devel-
op and to cost about $500. Once
in production, however, this could
drop to $50.

Hewlett-Packard’s interest in
bubble memories is linked to their
application in calculators, comput-
ers and instruments. The HP mem-

ory module contains conventional
garnet bubble chips, wire-wound
coils that produce the magnetic
driving field and a permanent
magnetic structure to produce the
bias field. HP’s bubble memory
has a very good signal-to-noise ra-
tio because of an unusual double-
differential detection scheme. The
scheme also results in a device that
is independent of the bias field
and temperature.

CCD memories emerging

Like bubble technology, charge-
coupled-device technology is com-
peting for a large slice of the
disec replacement market. The
thrust of the CCD activity, how-
ever, lies in nonarchival storage
applications, where data are stored
for relatively short periods of time.

Several CCD chips for this type
of application are expected to ap-
pear before the end of the year.
Companies working in this area
include Bell Northern Research,
RCA, Intel, Fairchild, Signetics
and Texas Instruments.

Bell Northern has already built
a dise equivalent device from
CCDs. Using 8-k chips and a ran-
dom access to a data-loop config-
uration, the company has construct-
ed a device that can replace the
RS 64, a disc peripheral to the
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Digital Equipment Corp. PDP-11
mini.

According to Chris Robinson,
manager of device applications for
Bell Northern, the memory fea-
tures a latency of 128 pus—two
orders of magnitude better than
that of a disc—a capacity of 1
megabit and a refresh rate that
varies between 10 and 100 kHz.

Another CCD memory, this one
designed to replace drum memories
in military applications, has been
designed by RCA, Van Nuys, Calif.
This memory uses 16-k chips that
are composed of two 8-k registers

i

arranged in a serial-parallel-serial
structure.

According to James M. Cham-
bers, an engineer on the CCD
memory project, the 16-k chip must
be combined with a COS/MOS
support chip to form a functional
memory module. The module is the
building block of the drum-replace-
ment system, and in many respects
can be equated to a track on a
drum or disc, says Chambers.

He notes that data recirculate
past a tap in the data loop of the
module in much the same fashion
that data on a rotating medium

Magnetic bubble memory chips developed by Bell Laboratories have been fab-
ricated into a 460,544 bit bubble memory module that has a data rate of
700,000 bits/sec and an average access time of 2.7 ms.
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pass the recording head. Address-
ing of the data is accomplished
via logic on the support chip rath-
er than through a track-selection
matrix, as is the case with most
drum or disc memories.

In comparing the final CCD
unit with the drum it replaces,
Chambers points out that the CCD
unit, with an average access time
of 2 ms, is five times faster than
the drum. In addition it occupies
about 1/10 the volume with the
same capacity; at 15 lb, weighs
almost 10 times less; requires a
maximum of only 5 W, compared
with 300 W for the drum, and has
a mean time between failures of
20,000 hours, compared with 3500
for the drum.

The one problem posed by the
CCD version, Chambers concedes,
is that its memory is volatile.
This can be overcome, naturally,
with a backup power source. Since
only 2 W of standby power are
required for this 8.4-million bit
memory, a relatively small bat-
tery can be used, Chambers says.
If 20-hour data retention capabil-
ity is required, for example, only
eight D cells are needed, he says.

Although 16-k chips have only
recently begun to appear, reports
from Intel indicate that 32-k CCD
devices will follow shortly.

Tape memories being refined

Activity in tape memories
has focused on the refinement
of existing systems. The Terabit
Memory system, first proposed by
Ampex in 1967 and delivered in
1972, has undergone some changes.
Newer versions, says Jerry Miller,
a member of Ampex’s research
staff, include significant additions
to the power and flexibility of the
memory, particularly in the areas
of file management and data-in-
terface design. These advances,
Miller says, make it possible to
use the memory with existing
computer systems without signi-
ficantly changing their operating
systems.

In describing the memory, Miller
notes that the data rate is 6
megabits/sec, the packing density
7500 bits/in. and the over-all data
density 1.42 megabits/sq. in. He
points out, however, that since the
same data are recorded on two
tracks, to provide 1009 redun-
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Scroll tape memory developed by
Control Data provides a storage ca-
pacity in excess of 100 billion bits.
By using multiple heads data transfer
rates as high as 38 megabits/sec
can be achieved.

dancy, the apparent data density
is only 710 kilobits/sq. in.

As with disc memories, there
is still room for improvement in
data rate and density. The data
rate can be at least doubled, Miller
contends, merely by a rise in head-
to-tape speeds to those commonly
used in video recorders. And fur-
ther rate increases are possible, he
says, with improvements in pack-
ing density.

According to Miller, the data
rate may be raised in three ways:
(1) The linear density can be in-
creased to 15 kilobits/in., a figure
now attainable with longitudinal
recorders; (2) Improved tape
guiding and head alignment tool-
ing can make it possible to in-
crease track density to 300 tracks/
in. and (3) By use of complex
error-correction techniques, it is
possible to reduce the data re-
dundancy from the present 100%
to about 20%.

In combination, these changes
may yield as much as four times
higher density without sacrifice
in reliability, Miller says. And if
all that density isn’t needed, he
adds, an increase in data redun-
dancy enhances data reliability.

One new development in tape
memories is the Scroll Mass
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SUPPLY SPOOL

Storage device from Control Data
Corp., Minneapolis. According to
Robert A. Loenig, a designer who
helped develop the memory, data
are stored on a 3000-ft length of
12-in.-wide magnetic tape.

The tape is housed in an inter-
changeable cartridge and has a
capacity of 1011 bits. This is
about 30 times less than the stor-
age capability of the Terabit
Memory. However, the data-trans-
fer rate for the Scroll ranges
from 9.5 megabits/sec to 38 mega-
bits/sec—much faster than the
6-megabit rate of the Ampex
unit.

The increased data rate results
from the fact that eight magnetic
heads are used to record and
read data. The Scroll memory de-
sign, Koenig says, permits the
use of either bit-serial or four-
head parallel recording.

In parallel recording, data re-
ceived from the host CPU are
dissembled and written, on an
alternating basis, to the four
tracks simultaneously, thereby
increasing the maximum transfer
rate by a factor of four. The 38-
megabit rate thus attained, Koe-
nig notes, is so high that it ex-
ceeds the transfer capability of
most computer channels. mm
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A revolution is beginning in the
world of computer-peripheral serial
printers. Many companies are
choosing sides to decide upon the
best technology for the widest
range of applications. Here are the
choices:

Matrix printers are fast, cheap
and give multiple copies, but daisy
wheels, which may not be as fast,
also give full characters and
have a lower parts count. Thermal
printers are the most reliable and
have the lowest cost. Yet quasi-
line serial printers have electronic
tabbing and carriage return along
with full characters. And ink-jet
printers are the quietest of all.

Another area of major develop-
ment is that of high-density disc
memories.

For minicomputers, 2200 bpi
(bits per inch) has been chosen as
the density standard for moving-
head, disc-drive memory systems.
But recent developments in larger-
capacity drives have resulted in
densities of up to 6060 bpi. So it
looks like the move to higher densi-
ties will filter down from the
large-computer systems to mini-
computers. The new technology
will most likely take the form of
a completely new recording medi-
um, mechanical configuration, cod-
ing scheme and controller.

When hard-copy computer print-
out is necessary, the main choice
is between a serial (character-by-
character) and a line printer. If
masses of data are required, the
choice is always a line printer be-
cause of its substantially higher

David N. Kaye
Senior Western Editor
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Matrix or daisy wheel? Thermal
or ink jet? Serial printers
offer these options and more

Incorporating the head-positioning system and the recording medium in the
same module makes the IBM 3340 disc drive unique. Data density on the
Winchester is 5636 bpi, and average access time is 25 ms.

speed. If less data are required
or the application is a keyboard
terminal, the choice must be a
serial printer. And the serial gives
a bonus: It is cheaper than a line
printer.

For years, the most common
serial printers have gone at 10 to
15 cps (characters per second).
Most have been character cylinder
printers, such as those made by
Teletype Corp. of Skokie, Ill., or
IBM Selectric mechanisms.

Where higher speeds are de-
sirable, one of the newer technolo-
gies is necessary. The most suc-
cessful of these is the wire-matrix
printer. Pioneered by Centronics
Data Computer Corp., Hudson,
N.H., the printer uses a print

head consisting of a vertical row
of wires that can be pushed out
against an inked ribbon to make
dots on paper. The wires are
moved out by individual solenoids.
If consecutive rows of dots are
used, a character can be formed.
Up to six copies can be made
with a dot-matrix printer at speeds
of up to 165 cps. With multiple
print heads, they can go faster.

IBM using the matrix

To date, the most successful
manufacturers of the dot-matrix
printers have been Centronics and
Digital Equipment Corp. of May-
nard, Mass., although several
others have products on the market.
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Recently the dot-matrix approach
was used in the new 3770 series of
printer terminals offered by IBM,
Raleigh, N.C. The dot-matrix
printers in the terminals have
speeds from 40 to 80 cps. Tradi-
tionally when IBM uses a tech-
nology, that approach becomes a
de facto standard.

But dot-matrix printers do not
produce a fully formed character
—Ilike those you see on this page
—and the dot-matrix printer is
fairly noisy. When character es-
thetics or silence are at a premium,
a different approach is required.

Of the dot-matrix printers, the
most widely used is the 101A from
Centronics—or its recent 101AL,
which is the same printer but with
MOS/LSI circuitry inside. Both
print at 165 cps in a right-to-left
mode with a 132-character column
width. The printer sells for just
over $4000 in small quantities. For
a few hundred dollars more, the
102A has two print heads, prints
right to left and alternate lines
left to right, and it has a through-
put of 330 cps.

The cheapest 132-column dot-
matrix printer is the LA36 from
Digital Equipment Corp. It goes
at only 30 cps, but it costs only
$1850 in single units or $1250 for
quantities of 100 and up. In ad-
dition it is a full terminal with key-
board. The Centronics printers are
receive-only units, and they strike
the paper without stopping the
head (called printing on the fly).
But Digital Equipment’s LA36
stops the head before it prints
each column of dots.

Digital Equipment uses a micro-
processor as a controller in the
LA36. Centronics has gone to
MOS/LSI for most of the elec-
tronics in all of its new models.
Centronics also makes a line of
keyboard terminals that incorpor-
ate matrix printers, which include
the 80-column Model 308 and the
132-column Model 508.

Enter the daisy wheel

Often fully formed characters
are necessary, either because of
the application or because the in-
dividual who reads the printing
doesn’t like dot matrix or seg-
mented printing—from an esthetic
standpoint. Two technologies sat-
isfy the need for fully formed
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characters: the daisy-wheel and the
quasi-line serial printers.

To form a daisy wheel, you do
the following: Take a plastic hub
and project several radial spokes
from the hub. On one flat side of
each spoke, place a raised piece of
type. Spin the wheel parallel to the
plane of a sheet of paper. When
the desired type character becomes
positioned in front of a hammer
mechanism, stop the wheel and
strike the hammer against the
spoke. This drives the type char-
acter into a ribbon, and the ribbon
into the paper, to make an impres-
sion. The force is great enough
to make six clear copies. These
plastic wheels, called daisy wheels,

Centronics 101 dot-matrix printer
records data at Chrysler's vehicle-
emission center in Detroit. The 101
prints at 165 cps.

are readily interchangeable when
different character sets are de-
sired.

Two companies make daisy-
wheel printers. The originator is
Diablo Systems of Hayward, Calif.
A more recent entry is Qume Corp.,
a spinoff from Diablo and also in
Hayward. Diablo makes the Hy-
type I, a 30-cps receive-only printer
that sells in OEM quantities for
about $1000. Qume’s Q30 is also
at 30 cps, is receive-only, and costs
about the same as the Diablo unit.
Qume also has a 45-cps unit called
the Q45. Diablo is expected to offer

a faster model in the first quarter
of 1975.

Qume and Diablo print both for-
wards and backwards, as desired.
The printers have very low parts
count and therefore high basic re-
liability. However, in time, the
daisy wheel can wear out. David
Lee, vice president of engineering
at Qume remarks: “While the print
wheel can wear out, it lasts a very
long time and is very inexpensive
to replace.”

For high speed with fully formed
characters, the quasi-line serial
printer is the answer. They use a
character chain or belt with a bank
of hammers. The difference be-
tween these and regular line
printers is that the electronics is
designed to accept and print one
character at a time. Most have
been produced by General Electric,
Waynesboro, Va. GE calls them
Terminet printers, and uses them
in keyboard, time-sharing termi-
nals. Other major manufacturers
of quasi-line serial printer termi-
nals include Memorex, Santa Clara,
Calif., and Teletype Corp.

GE and Memorex have printers
that go to 120 cps, and Teletype’s
Model 40 can go over 400 cps. Each
manufacturer also sells the printer
without keyboard to OEMs, either
with or without electronics. This
printer has electronic tabbing and
carriage return. Since there is no
single print head, the position of
the printed character is deter-
mined by electronic instruction to
a hammer to strike at a particular
time. The printers do an excellent
job on multiple copies.

The quiet ones

Several technologies offer quiet
printing. In serial printing the
leading contenders are thermal and
ink-jet printers. Thermal is more
widely used. The major thermal-
printer manufacturer is Texas In-
struments in Houston. According
to James D. Butterworth, manager
of terminals and peripherals mar-
keting: “Not only are we very
quiet, but we are also the most
reliable technology for serial print-
ing. We have fewer moving parts
than any other serial printer.”

The TI printers use a 6 X 7
dot matrix and print at 30 cps.
As receive-only printers, they sell,
without case or power supply, for
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less than $1000 in OEM quantities.
Most often these printers are in-
corporated in the TI Silent 700
line of terminals.

But with thermal printers, you
need special paper that costs twice
as much as plain paper. And you
can’t print more than one copy at
a time.

Ink-jet printing ? It’s had its ups
and downs. A few years ago Tele-
type introduced a line of ink-jet
printers, but they were so expen-
sive that sales lagged and they
were discontinued. More recently,
Casio Computer Co. in Tokyo in-
troduced an ink-jet printer as both
an OEM mechanism and part of a
line of terminals with keyboards.
This printer sells for less than
.$1000 in OEM quantities.

Casio’s system comprises a print-
ing head (the ink emitter), a pres-
sure generator, a pump, a printing-
head shift section, a paper-feed
section and electronics for charac-
ter generation, ink deflection and
other peripheral control. Slight
pressure is applied to an ink
meniscus at the tip of the nozzle
on the emitter. The meniscus is
drawn forward by a strong electric
field, applied between the nozzle
and an accelerating electrode. The
field tears off the ink to form
tiny charged particles. Electro-
static deflection is applied to these
particles as directed by the char-
acter generator, and the particles
land on the paper in dot-matrix for-
mat. Since many dots are used, the
characters appear almost solid.

This is the quietest of all the
serial printers, since it is the only
one that is truly noncontacting.
But it has limitations. Multiple
copies cannot be made, and you
must contend with extraneous par-
ticles of ink sprayed at random
on the paper. These spurious spots
around the printed characters de-
tract from the otherwise high
quality of the printed characters.

Better and better printers

Allen G. Huefner, printer prod-
uct manager for Digital Equip-
ment, says that the prices of qual-
ity serial printers will be coming
down to the $400-to-$500 range in
the next couple of years. He also be-
lieves there will be more compressed
printing—smaller characters spaced
closer together with more lines per
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Calcomp’s Trident disc drives pro-
vide from 25 to 80 Mbytes of stor-
age, with bit densities running from
4040 to 6060 bpi and track densi-
ties of from 185 to 370 tpi.

inch—to save paper. In addition he
expects microprocessors to be used
widely for logic replacement and
limited user programmability in
printers. Digital Equipment uses
a microprocessor in the LA36 as
the printer controller.

Paul Ramsden, chief engineer at
Centronics, notes that all of his
company’s new models use custom
MOS/LSI circuitry. He expects
this trend to spread and also looks
for more flexible printers in the
near future. For example, he cites
the new Model 101S from Cen-
tronics, which has a variable-sized
character set. Through special in-
structions, the printer can mix
characters from 0.1 to 0.9 in. high
in 0.1-in. increments. Ramsden
calls these segmented characters,
since each normal-sized matrix
contains only a small segment of
a larger character.

Other printers with flexible,
programmable formatting will also
do a reputable job as plotters.

Discs getting denser

Magnetic, rotating, movable-
head disc drives are increasing
capacity with more dense bit-pack-
ing. Where 2200 bpi has been com-
mon on minicomputer drives re-

cently, densities are going as high
as 6060 bpi, with products already
on the market.

The drive for higher densities
was started a few years ago by IBM,
with its 3330 disc drive. The drive
used a new recording medium and
had a storage density of 4040 bpi.
More recently IBM introduced the
3340 Winchester drive with 5636
bpi density. More notable than the
storage density on the 3340 is the
fact the disc pack, recording heads
and positioning arms are contained
in a single, sealed, removable mod-
ule.

With the medium used in these
IBM drives, densities of well over
6000 bpi can be achieved. However,
with present minicomputer drives,
about 3700 bpi is the maximum
possible. The medium capable of
6000 bpi is known as the 3336 type.

A leader in the move to dense
disc drives for minicomputers is
the new Trident series from Cal-
comp, Anaheim, Calif. These drives
use a 5-high removable disc pack
and come in 25, 50 and 80-Mbyte-
capacity versions. They are known
as the T-25, T-50 and T-80, re-
spectively. The disc packs are 3336-
type media. Track and recording
densities go from 4040 bpi and 185
tpi (tracks per inch) on the T-25
to 6060 bpi and 370 tpi on the T-
80.

To achieve these bit and track
densities, two major changes had
to be made relative to the design
of conventional minicomputer
drives. First, a new recording or
coding scheme had to be used. Most
conventional minicomputer drives
use a double frequency coding
scheme that has two flux reversals
for a data ONE and one flux re-
versal for a data ZERO. The new
recording scheme is called MFM
(modified frequency modulation).
It is characterized by a single flux
reversal for a data ONE and a
single flux reversal for a data
ZERO. But for a data ZERO fol-
lowing a data ONE, there is no
flux reversal at all. MFM allows
almost a doubling of the data
density, compared with double fre-
quency.

Second, a better method had to
be found to position the recording
head on the proper track over the
operating temperature range. The
technique that uses a servo surface
was borrowed from the IBM 3330.
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Previously an optical positioning
scheme located on the drive chassis
was used to locate the head on the
proper track. With the higher
track density, this is not accurate
enough. So a servo surface is in-
corporated on the disc pack that
contains track-location information
for the data surfaces. Thus one
head follows the servo surface, and
the other heads are automatically
located on the proper data tracks.
Since the servo surface expands
and contracts with temperature at
the same rate as the data surfaces,
positioning becomes relatively tem-
perature independent. The Trident
drives have five data surfaces and
one servo surface.

The Trident rotational speed is
3600 rpm with a 2400-rpm option
on the T-80. This rotational speed
along with the high data density
creates a unique problem for the
minicomputer user. The data trans-
fer rates get too high. Very few
minis can accept data at rates
faster than 2.5 MHz. The T-80,
going at 3600 rpm, transfers data
in excess of 9 MHz.

Paul Badum, disc product-plan-
ning manager at Digital Equip-
ment, says that minis will ulti-
mately accept data faster. But, he
says, a solution for now is to inter-
twine the data on the dise such
that you only accept every fourth
word coming off the disc. Thus
your transfer rate is cut to one
fourth while the additional capac-
ity of the disc is still used.

Walter Emery, director of engi-
neering at Iomec, Santa Clara,
Calif., is not sure that MFM re-
cording is the answer, although he
definitely agrees that a different
recording scheme is needed. Iomec
plans to have a minicomputer high-
density drive on the market by the
third quarter of 1975.

Pertec, Chatsworth, Calif., has
already built a prototype drive
with 3336 media and 4400-bpi data
density. Don Taylor, disc product
manager, says that he is not ac-
tively promoting the drive, but he
will discuss price and availability
with selected customers.

One thing that is not changing
on the high-density drives will be
access time. As Taylor notes: “We
don’t see a move to faster than
the current 35-ms access time.”

A higher-density drive is expect-
ed from Diablo Systems in the sec-
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ond quarter of 1975. Although the
company will not comment on it,
the drive is said to be similar to
the one that Pertec has prototyped.

Control Data is also actively
pursuing the high-density disc-
drive market for minicomputers.
In Minneapolis, Minn., a 40-to-80-
Mbyte drive, called the Storage
Module, has been developed that
has a data density of 4400 bpi and
a data transfer rate of 6.5
MHz. Andrew Roman, senior prod-
uct specialist with Control Data in
Hawthorne, Calif., notes that the
Storage Module technology could
be quickly adapted to a minicom-
puter drive. Another problem in
going from the current mini drives
to a high-density drive is the

Daisy-wheel printers, such as this
one from Qume, give high-quality,
fully formed characters on six-part
forms. Current daisy-wheel printers
go up to 45 cps.

necessity to fly the head at about
30 win. instead of the current 60
to 100 win. “This even requires the
design of a new air-filtration sys-
tem,” he says.

Imaginative mechanics

Although many in the industry
hope to adapt the mechanical con-
figuration of present minicomputer
disc drives to obtain drives of
higher density, some are looking
for radical changes. Badum of Dig-
ital Equipment says: “It’s a whole
new ballgame. High-density disc
drives can be built from scratch
with any novel mechanical struc-
ture desired. Disc packs can be any
height and diameter; new position-
ing schemes can be used; and any
number of disc packs can be used

in a single drive. Why not a mini-
computer drive similar to Storage
Technology’s Super Disk?”
Storage Technology, Louisville,
Colo., is just about to deliver its
first STC 8000 Super Disk. Al-
though designed for larger com-
puters, the 8000 may make itself
felt in the direction of new tech-
nology in minicomputer high den-
sity disc drives. Super Disk has
four 15-high spindles of discs
mounted in a cluster. Centered be-
tween the four spindles is a rotat-
ing member that contains four sets
of recording heads. As the member
rotates, the heads are positioned
on all four discs simultaneously.
Each spindle contains 29 data
surfaces and one servo surface.
Density is 4040 bpi and 250 tpi.
The speed of the discs is 3600 rpm,
and the data rate is 6.4 MHz.

The problem of control

When data rates get high, the
dise controller becomes a problem.
As Taylor of Pertec notes: “Sud-
denly you have to handle a 50-ns
pulse every 100 ns. And it’s not
just a question of increasing your
clock rate.”

Mike Brennan, president of Pico,
Santa Ana, Calif., confirms the dif-
ficulties: “The key problems are
data rate and data integrity. Not
only must you handle extremely
fast data, but you must also per-
form an error check on it in a very
short period of time. You must
manipulate a 12th-order poly-
nomial cyclic redundancy code in
15 to 30 ws. This is twice as fast
as most controller designers are
used to doing it.”

Ralph Tobelmann, design engi-
neer at Pico, says that in addition
most high-density disc drives are
designed for microprogrammable
controllers. At present things like
error-retry strategy are controlled
by software rather than by hard-
ware. Other problems revolve
around synchronization of data
with servo information rather than
just clock pulses.

The revolution in serial printers
and high-density disc drives has
just begun. A plethora of new
products with new technologies will
emerge in 1975. Versions will sur-
face that will work with program-
mable calculators and even micro-
computers. mm
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For engineers who need more
computing power than a desktop
calculator can provide or who need
access to a circuit design or anal-
ysis program, time sharing is the
logical choice. Even a rusty or
nonexistent background in For-
tran or Basic is no deterrent, since
the fastest way to learn program-
ming is with an interactive termi-
nal that makes debugging a pro-
gram much less of a chore.

Access to a large computer al-
lows engineers to keep track of
wire and parts lists and to sched-
ule time, resources and manpower
during a project. A large com-
puter combined with specially de-
signed programs is useful for
circuit analysis and synthesis.

And many of the service-inter-
ruption and lost-data problems
that plagued time sharing a few
years ago are almost negligible
today. This has come about
through competition between the
services and the realization that
they must provide fast, accurate
computer response to keep their
business and scientific customers.

Not a panacea

Time sharing is not, however,
the universal solution to engineer-
ing computation. The program-
mable calculators developed in the
last few years are simple to pro-
gram and can solve many day-to-
day calculations. In fact, some
engineers with access to both a
programmable calculator and a

Northe K. Osbrink
Western Editor
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Time sharing: For engineers
who need computing punch
beyond that of the calculator

The General Electric Supercenter near Cleveland is the heart of the world's
largest time-sharing computer network. It contains 15 large scale computer
mainframes which comprise the bulk of the Mark Il system.

computer terminal solve most of
their problems on the calculator.

Doug Ritchey, manager of mi-
croelectronics process development
at Tektronix, Beaverton, Oreg.,
explains: “Most day-to-day engi-
neering calculations can be solved
with a limited number of program
steps—well within the capability
of a programable calculator. In
addition an engineer quickly be-
comes familiar with the calcula-
tor’s limited vocabulary of com-
mands, and he can do a problem
without having to log on a com-
puter or remember the program-
ming idiosyncrasies of the For-
tran or Basic of the time-sharing
system.”

With programs that are a little

more complex, however, the com-
puter becomes attractive, because
the programming is more flexible
and much data can be stored. For
a circuit-analysis program like
Sceptre, which has about 170 sub-
routines, the computer is a must.

The available programs

For the circuit designer, ap-
proximately 50 different circuit
design and analysis programs are
available, although an individual
time-sharing service may only of-
fer a choice of one or two. Some
services offer a wide selection:
The General Electric Mark III in-
formation network, Rockville, Md.,
has about 20; University Com-
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puting, Dallas, Tex., has 15.

The programs vary widely in
applications. Some are for low-
frequency analysis and are de-
signed around current and voltage
nodes, while others speak the lan-
guage of the microwave engineer
in terms of S parameters, ports
and distributed transmission-line
elements. There are also programs
for such diverse applications as
antenna pattern plotting, frequen-
cy analysis of active and passive
circuits and digital logic design.

Prefabricated programs require
little or no knowledge of com-
puter-program languages, but they
do require an understanding of
each program’s procedures and
limitations. There is also a great
difference between the ease of use
of programs, especially for the

beginner.

Dave Goodrich, senior design
engineer with the Honeywell
Aerospace Div., St. Petersburg,

Fla. explains: “Circuit-design pro-
grams have been designed by dif-
ferent people with a wide variety of
backgrounds and ideas, and vary
considerably. The real criterion in
choosing a program is that it
should provide outputs that are as
accurate as the data the user puts
in—with a minimum number of
user decisions. For that reason, I
prefer a program that automatic-
ally steps the i»out data between
user-determinec 'mits. Of course,
the smaller the - eps the program
uses the longe. it will take to
run—but the more accurate the
output resolution will be.”

The biggest problem in circuit
design and analysis programs is in
modeling transistors and active
components, according to Sergio
Bernstein, president of Berne
Electronics, White Plains, N.Y.
The accuracy of the model deter-
mines the over-all accuracy of the
program, so some programs go to
rather complex models to ensure
accuracy. This creates a problem
for the user.

According to Bernstein, “The
biggest hang-up in many other-
wise excellent circuit programs
is that it is practically impossible
to convert the information on a
manufacturer’s data sheet into
data that the model uses. Most of
the modeling is theoretical work,
done by physicists, and bears very
little relation to the common data
that engineers use.”
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As an example, one general-
purpose, circuit-simulation pro-
gram, known as Spice, was de-
veloped at the University of
California at Berkeley and is
available through a number of
time-sharing services, including
University Computing Co. in Dal-
las and Tymshare, Cupertino,
Calif. Spice can provide nonlinear
de analysis, small-signal steady-
state sinusoidal analysis and non-
linear time-domain transient anal-
ysis.

Models are provided for bipolar
junction transistors, with a choice
of either the Ebers-Moll or Gum-
mel-Poon models, while the models
for JFET and MOSFETS make

capacitors, inductors, independent
voltage and current sources, volt-
age-dependent current sources and
active components.

A few of the other commonly
encountered programs and their
developers include Circus and
I/TRAC from Harry Diamond
Laboratories, Washington, D.C.;
Sceptre, Air Force Weapons Lab-

oratory, Kirtland AFB, N. M.;
Syscap from North American
Rockwell Autonetics Div., Ana-

heim, Calif., and a number of re-
cent programs from: IBM. There
is continual new-program develop-
ment as well as updating of exist-
ing programs.

Syscap is available on the Con-

Remote batch system from Control Data can be used to support a number of
engineering users by providing high speed data entry and printing capability

without tying up individual terminals.

use of the methods of Schichman
and Hodges. A diode model is
suitable for either junction or
Schottky-barrier diodes. The pro-
gram requests the parameters
from the user, and if he does not
provide some of them, the pro-
gram uses ‘“default” values.

Many of the design parameters
could be hard for the engineer to
determine from the manufacturer’s
information.

There are limitations

Spice is limited to circuits that
have 400 nodes and 200 total
elements, of which no more than
100 can be semiconductor devices.
Circuits can consists of resistors,

trol Data Corp. Cybernet and per-
forms lumped-parameter, nonline-
ar analysis of complex electronic
networks. It provides techniques
to determine if components in a
circuit are overstressed—an im-
portant analysis in aerospace cir-
cuit development.

Syscap is also unusual because
it contains a library of transistor,
diode and FET -characteristics
that can be entered in the pro-
gram with the normal 2N num-
ber. Not only are the components
modeled, but the library data con-
tain information on maximum,
minimum and typical parameters.
The library is kept up to date, and
most commonly used semiconduc-
tor types are in it. If the exact
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tyvpe is not in the library, the user
can modify the parameters ofi a
similar type that is in the library
or enter data for the part himself.

Tess, another program available
on Cybernet, can handle circuits of
up to 601 nodes with 600 circuit
elements. In addition it can be
used to simulate a variety of sys-
tems, including control systems
and antennas.

Tess can also be used to investi-
gate radiation hardening, reli-
ability, temperature effects, over-
load and failure, and worst-case
analysis. It is a program that re-
quires more user knowledge and
interaction than Syscap and most
of the others, but it is extremely
flexible for both circuit and sys-
tem analysis.

The circuit-analysis programs
intended for microwave designers
are structured somewhat differ-
ently. One example is Bamp, de-
signed by Hewlett-Packard Data
Systems Div., Cupertino, Calif.
This program permits circuits to
be of unlimited size, but they
must be divided into a series of
two-port networks. Some common
two-port networks consisting of
discrete components—such as re-
sistors, capacitors and inductors
and combinations of these—are
predefined and require only com-
ponent values from the user.

Other networks can be defined
in terms of S,Y,Z,G or H param-
eters, which are converted with-
in the program to S parameters.
A library of the S parameters of
the HP line of microwave tran-
sistors is available, and the param-
eters of other semiconductors can
be measured with conventional or
automated techniques.

After the circuit is stored

Once the circuit is defined and
stored, a wide variety of param-
eters can be outputted. These
include the S parameters of the
entire circuit, which give ratios
of signal reflection and trans-
missions as well as gain, time
delay vs frequency and imped-
ances. Outputs can be either tab-
ular or in the form of rectangular
or such polar plots as Smith
charts.

Computer programs designed to
interface with a remote terminal
can operate either interactively or
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in a remote-batch mode. Generally
an interactive program allows the
user to input one set of variables
at a time and to process them im-
mediately and obtain an answer.
In remote batch, the user inputs
a list of discrete parameters or
upper and lower values with
orders to step between them. The
computer then processes the data
off-line and provides an output
either when finished or when the
user calls for it. Most EE pro-
grams operate in remote batch,
but a few give the user an inter-

The KL-10 processor for the DEC-
system 1080, large-scale interactive
computer, uses ECL logic and cache
memory for very high speed opera-
tion. The processor features a PDP-
11/40 as an integral control/diag-
nostic console to load microcode and
perform diagnostic routines.

active option.

For problems involving just a
few values of inputted data, there
is no significant difference in
processing time between inter-
active and batching modes. When
a problem requires much data to
be processed, the batch mode of-
fers several advantages.

Robert C. Levine, president of
Information Engineering, Inec.,
Plainfield, N.J., notes: “Although
some users like to feel they are
in control and want to see their
results immediately, for programs
involving a lot of calculation, this
is impractical. First, a time-shar-
ing computer-operating system

usually gives such a problem a low
priority, since it tends to slow
down the response time for all the
other users. Second, running the
job in the background [off line]
is cheaper, both in terminal
charges and because the computer
time may be billed at a lower rate.
If any intermediate answers are
needed, many batch programs can
provide them while the program is
running.”

Choosing a service is a problem

Choosing a time-sharing service
for an engineering department can
be a complex decision. The service
must be able to supply the pre-
fabricated programs that the engi-
neers need. Among the services
having the needed programs, there
is a question of quality vs cost.

Datapro Research Corp., Delran,
N.J., suggests a few questions to
ask when remote computing serv-
ices are selected:

m Are the company’s services
available in your area at a com-
petitive cost—including communi-
cations and terminal costs?

® Does the company offer the
programming and technical sup-
port you need?

m Does the company offer the
specific programming languages
and programs you need?

m Does the company support
the type of terminal equipment
you need or own?

m Can the company satisfy any
requirements for compatibility
with your existing programs and
data files?

® Does the company appear
able to meet your requirements
for operational reliability and data
security ?

m Are you satisfied that the
company is soundly financed and
in the business to stay?

Quality of service, most users
agree, varies from excellent to
poor and depends on many factors.
The Inertial Div. of Systron-
Donner, Concord, Calif., is a user
of a great deal of time-sharing
computer time for both the design
of inertial guidance systems and
production controls.

Bud Amser, a staff engineer
with Inertial, uses two time-shar-
ing systems—General Electric and
University Computing. He ex-
plains: “We are so dependent on
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the computer that we have to be sure
that one system is available at any
given time. With any system,
there is the possibility that the
computer will be down when you
need it or that you won’t be able
to get connected due to phone line
or other problems. It may only
happen occasionally, but since we
need at least 99.99 assurance of
service, any down time is more
than just annoying.”

Today most users see the “serv-
ice interrupted” message less
often than they once did. This is
because of greater maturity in the
time-sharing industry and im-
provements in both hardware and
software. Most customers seem
quite satisfied with the reliability
of time-sharing systems.

On the other hand, some areas
are plagued with poor service on
voice-grade telephone lines. A
simple noise on the line can cause
garbled data, and the user may
get a “What?” message back from
the computer.

A more serious problem, ac-
cording to Alan Heflich, senior
engineer at the Honeywell Aero-
space Div., is this: “With some
time-sharing networks, the noisy
telephone line can cause the system
to kick back to the system op-
erating level, and all the data
entered up to that time will be
lost. For areas with notoriously
poor telephone service, even a
data-grade line has this problem
sometimes.”

Another telephone problem
pointed out by many engineers is
the company switchboard opera-
tor. Sometimes if she hears the
warbling data signal, she thinks
that the line is bad and discon-
nects the computer from the user.
The solution is to install a private
line for the computer terminals.

Cost is another important factor
in selection of a time-sharing
service. Prices between services
vary greatly, and it is tempting to
pick the one that charges the
least. This can be a mistake.

Goodrich of Honeywell explains?
“The actual cost of a time-sharing
service is not just how big the
bills are, but also how much time
it costs the engineer to get the
answer he needs. When programs
are developed, some systems have
error-detection routines that are
fast and easy to use. On others, it
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is hard and time-consuming to de-
bug programs. It seems that many
of the time-sharing vendors who
are not in the business of building
computers give much better soft-
ware support—I wish I knew
why.”

Engineers use simple hardware

After a decision is reached on
a time-sharing service—on the
basis of both cost and service—
the next important decision is
what terminals and other hard-
ware will allow best use of the
services. The majority of today’s
engineers are using the Model
33ASR terminal from Teletype
Corp., Skokie, Ill. Although it has
only a 10-character-per-second
printing rate, it is one of the
least expensive terminals to
rent and has provisions for
punching and reading paper tape.
This permits command and data
data lists to be produced off-line,
so that computer-terminal time is
not wasted while the inputs are
typed.

The remaining engineers, by
and large, use one of the many
standard 80-character print-width
terminals available from a variety
of manufacturers. These terminals
will operate at 30 characters per
second, which is the maximum for
voice-grade telephone transmis-
sion. Again, cost is the deciding
factor in many of these choices.
But the hard-copy record of both
inputted data and outputted an-
swers is an equally necessary con-
sideration.

Barry Cohn, engineer with the
applications research group at In-
tel Corp., Santa Clara, Calif., ex-
plains: “Most electronic-engineer-
ing problems require alphanumeric
data and use tabular outputs. In
the cases where a graph is neces-
sary to display trends or cross-
over points, a printer can provide
a perfectly usable picture, ac-
curate enough for most applica-
tions.”

Typically a desktop printer
terminal will rent from $75 to
more than $175 a month, and it
can include a paper or magnetic
tape reader for the inputting of
data.

For the rf and microwave de-
signer, graphic outputs may be a
practical necessity, although many

engineers plot graphs from print-
ed data. Usually a time-sharing
service has several options to
provide graphics for users. Gen-
erally the least expensive is an
incremental flatbed plotter, which
can be interfaced to the alpha-
numeric terminal. The rental can
add about $250 a month to the
time-sharing bill. A CRT terminal,
like the Tektronix 4010 or 4012,
provides graphics at about the
same price as a plotter and print-
er, but it requires at least one
hard-copy option to support an
engineering group.

The ideal hardware for an engi-
neering department is usually a
mix: CRTs to save paper for in-
teractive work, printing terminals
to provide permanent records and
some type of graphies. It is also
useful to have a high-speed print-
er connected to a data-grade tele-
phone line, so long printouts can
be made in-house.

How services charge

In addition to the rental of a
terminal and telephone-line inter-
face, the bill from a time-sharing
service will be based on several
other items. During the time that
a terminal is actually on-line to
the computer, there is a terminal
time charge that runs from $10
to perhaps $35 an hour. The time
actually used on the CPU is billed
at rates ranging from about 5
cents a second, and the user is
also charged for the amount of
information stored on the central
computer’s memory for more than
a few days.

Terminal users can also have
a wide array of auxiliary services
from time-sharing companies. For
instance, Tymshare offers high-
speed line printing, decollation,
card reading and punching, paper
and magnetic-tape 1/0 and other
media-conversion services at its
computer center. A user can re-
quest these services via his ter-
minal, and the work 1is auto-
matically performed during slow
computer hours. For example, a
disc file can be printed at the
center and mailed to the customer
to avoid use of excessive terminal
time. A large program or data file
may be loaded onto the computer
from cards or tape at the center
for access the next day. mm
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A new autoranging
multi-function counter usung

the I900A

OVERFLOW
IMN (1]

5Hz-80 MKz LLE

“‘-’*"',.‘w\ INPUT FUNCTION
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Fluke's new ISO0OA multi-counter
offers you...

. a superb autoranging counter with outstanding features . . .
like leading zero suppression to end confusion . . . autoreset, so
your first reading is always correct no matter how often you
change the function . . . 5 Hz to 80 MHz dynamic range . . .
autoranging in both frequency and period measurement modes

. signal input conditioning . . . 25 mV sensitivity, typically 15
mV . . . event counting to 10° with overflow indication . . . six
digit LED display. . . automatic annunciation . . . and 20%
hysteresis on autoranging to eliminate bothersome range
switching. All this and more for $349.

With the 1900A you get a rugged, compact and reliable
instrument with all the performance and quality that Fluke is
famous for. Including Fluke's full 12-month guarantee.

If youwant battery operation we'll install an optional internal
battery pack that gives you five hours of continuous operation
between charges. Or if you need a data output we can
provide it.

For fast, fast delivery order your 1900A from your local Fluke
distributor - he has them in stock. Or write or phone us direct.

INFORMATION RETRIEVAL NUMBER 35

FLUKE

COUNTER DIVISION

John Fluke Mfg. Co. Ltd.,
Counter Division

P.O. Box 1094, Station “D"
Buffalo, N.Y. 14210

Phone (716) 842-0311
TWX 610-492-3214
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Congress cuts defense budget by 5%

Aeromagnetic

Despite the President’s objections, Congress sliced the Dept. of Defense
budget for fiscal 1975. But it wasn’t with a meat axe as some lawmakers
wanted. The cut was slightly over 5% of the original request.

The Administration had asked Congress to appropriate $87-billion. After
a conference between the two bodies, the final figure was $82.6-billion.
The reduction of actual outlays this year will amount to $2.5-billion. A
total of $19.8 billion had been requested for procurement. This was re-
duced to $17.2-billion. Operation and maintenance funds were cut $1.72-
billion. While not calamitous, $745,799,000 was sliced from the total for
research, development, testing and evaluation, leaving $8,576,670,000.

Sen. John McClellan of Arkansas, chairman of the Senate Appropria-
tion Committee, notes that while the appropriation is the biggest in
history for defense, it will provide less purchasing power and requires
the military services to re-evaluate and tighten their belts, particularly
in the area of research and development.

survey to hunt offshore oil

Although oil men never know if there is petroleum in a spot unless they
actually drill, the U.S. Geological Survey is trying airborne magnetic
surveying as a source of data on the Continental Shelf off the East
Coast. The survey, to be completed in a year, will take in some 300,000
square miles from the Canadian border to Florida. Sensitive detectors
will be used to reveal subtle magnetic variations associated with different
rocks underlying sedimentary geological structures that might contain
petroleum. By analyzing these variations in magnetism, scientists expect
to measure the thickness of the sedimentary deposits.

The flights will be made at 1500 feet from the coastline out to water
depths of about 15,000 feet. LKB Resources, Inc., of Huntington, Valley,
Pa., has received a $600,000 contract to do the work.

New contracting rules would help GSA save millions

Since 1965 the General Services Administration has had the authority
to lease automatic data-processing equipment for the Executive Branch of
the Federal Government. But its hands are tied, when it comes to contract-
ing. Now the Senate has moved to untie them.

A bill introduced by Sen. Charles Percy of Illinois has been approved.
It would amend the Federal Property and Administrative Services Act
of 1949 to permit the GSA to enter into multi-year leases without need to
spend the full amount. The maximum length of contracts would be 10
years. At present the GSA, through the Automatic Data Processing Fund,
has the authority to lease computer and related equipment on a multi-
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year basis—the most economical lease. But the law requires that the
amount payable over the entire period of the lease be spent from the fund
at the time of the contract.

The GSA couldn’t handle this financial load and still provide the equip-
ment needed. So the agency resorted to one-year leases or long-term leases
with termination rights, neither of which was economical.

The new bill is expected to clear the House and become law this year.
The GSA estimates savings of $35-million to $75-million over a two-year
period.

All-weather shipboard navigation system sought

The Maritime Administration has moved to develop an all-weather ship-
board navigation system to improve shipping safety in the St. Lawrence
Seaway. The system would be fully automatic and would display in real
time vessel speed, position right or left of channel center line, vessel
attitude or crab angle to the channel center line and distance to the next
turn. A ship-mounted radar would transmit pulses to passive retro-re-
flectors mounted on towers along the channel. It would provide year-round
precise navigation.

In mid-September the Office of Domestic Shipping announced that it
was looking for companies with expertise in the design, development and
testing of a suitable navigation system. If the Maritime Administration
receives a green light, a request for proposal will be issued to companies
judged best qualified.

A Commission on supplies and shortages proposed

Congress has given President Ford a suggestion to provide “economic
foresight” to both the Executive and Legislative Branches of the Govern-
ment: a National Commission on Supplies and Shortages. The commission
would advise on possible crises in the supply of resources, materials and
commodities. Congress envisions such a commission as permanent to elimi-
nate crash planning. The group would recommend actions needed to off-
set or mitigate crises. The 13-member commission would be composed of
five persons from the private sector, four senior officials of the Executive
Branch, two House members and two Senators.

Capital Capsules: The Army Electronics Command is acting to develop a solid-state
multistage reflection amplifier, either avalanche or transferred electron
diode type, in the 60-GHz range. . . . Microprocessor chips of various 1/0
word lengths are being evaluated by the Naval Air Development Center
for possible future integration into special-purpose, digital-interface de-
signs. . . . The Air Force is planning to establish preliminary subsystem
designs for high-data-rate laser communications. The designs would be
used to link satellite to satellite, satellite to aircraft or ground, or aircraft
to aircraft. The Air Force, which has designed and fabricated integrated
circuits that are comparable to industrial ECL 10,000 circuits, is seeking a
semiconductor manufacturer with a suitable high-volume production line.
If the circuit can be produced in quantity, the Air Force wants to use them
in high-speed data processors. It already has as ECL 10k-compatible LSI
array in the design stage.
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stable digital
displays-

two easy ways
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Logic Triggered Displays

Stable oscilloscope displays of
asynchronous logic sequences are
easily achieved with a trigger from
the 821 Word Recognizer. And the
821 will work equally well with syn-
chronous sequences that have no
single unique sync point. As a trig-
ger generator the 821 combines
your choice of input logic signals to
produce a single output pulse. Ap-
pearance of a specific op code in
an instruction register, a predeter-
mined count from a digital counter,
or the occurrence of a special set of
logic levels at your system inputs
can all be used for jitter-free oscil-
loscope triggering.

.

i
o

DIRECT

£0GE
GATED

And the versatile 821 serves as a
logic ‘“babysitter’”” to indicate
whether a selected combination ever
occurs, as an indicator of word
presence or absence at strobe time,
as a strobed four channel logic
probe, and as a four channel logic
level driver for troubleshooting static
logic. All of these valuable logic
diagnostic aids are offered in one
pocket-sized unit for only $200.

Delay By Events Trigger

Select and display any data segment
in a disc, drum, or tape memory.
Examine serial data transfers. Study
serial data transmission. Jitter-free,
delayed oscilloscope triggers for all
of these applications, and many
more involving long pulse trains, are
easily obtained with the TEKTRONIX
DD 501 Digital Delay. By basing the
delay on a count of input digital
events rather than an analog time,
the DD 501 eliminates jitter due to
mechanical speed variations or other
clock irregularities.

INFORMATION RETRIEVAL NUMBER 36

Easy thumbwheel selection of any
delay count from 0 to 99,999 pro-
vides quick positioning of the
desired data segment on the oscil-
loscope screen. Versatility has been
assured by making the DD 501 com-
patible with all logic families. The
DD 501 plug-in can be housed in any
TM 500 Series Power Modules. It is
priced at only $495 plus the Power
Module ($125 for the TM 501 shown
above).

For more information on stable digi-
tal triggering the easy way contact
your local Tektronix Field Engineer
or write: P.O. Box 500, Beaverton,
Oregon 97077. In Europe write: Tek-
tronix, Ltd., P.O. Box 36, St. Peter
Port, Guernsey, C.I., U.K.

)
TEKTRONIX
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committed to
technical excellence
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_ SOLID ROCK

ROCK SOLID

The most solid, stable glass-sealed ceramic capacitors around. Processed
with unique and proprietary techniques (patents pending). That's
what makes GTI/Tensor’s glass-sealed ceramic capacitors as solid and
tough as a rock. Results:
= No point contact resistance

= 50% lower ESR
= Dielectric stability

= Higher insulation resistance

= Greater volumetric efficiency

= Smaller size (resulting in greater
component density on the board)

Body characteristics available: NPO (COG), X7R (BX) and Z5U (GP).
GTI/Tensor tapes and reels your order for automatic insertion.
For hard facts and rock-solid dellvenes write or call us or one of our

representatives; while you're at it ask for our new catalogs on
Glass Sealed Ceramic Capacitors and Monolithic Chip Capacitors.

tensor 11558 s°rregic;i:lallley 9“215‘1'
San Die
=TI e“:_actronics |nc (714) 4897263 Tolox: 60-5056

A SUBSIDIARY OF

(B
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Digital Timing Measurements
Easy Way........

The

Digital timing measurement
with improved resolution, 1%
accuracy, increased freedom
from error, faster operation,
and greater operator conveni-
ence. The new TEKTRONIX
DM43 with its direct numerical
readout of time intervals

adds all of these advantages

to the field proven 465 and 475
oscilloscopes. What's more the
DM43 includes precision digi-
tal meter capabilities as well.
The DM43 is also available

in the new 466 and 464 Fast
Storage Portable Oscilloscapes.

The DM43 provides a direct
numerical readout of the time
between any two points on the
oscilloscope screen selected

by the delay time position control.

3"2 digit resolution and the 1%
accuracy of the DM43/oscillo-

convenient measurement of
critical digital system timing in
field servicing, in production,
and in the design lab. Speed of
measurement, freedom from
error, and operator conveni-
ence are all improved since no
dial readings or mental calcula-
tions are needed to arrive at a
final reading.

Dc voltage measurement with
an accuracy of 0.1% from O to
1200V, resistance measure-
ment within 0.75% over the
range 0to 20 M@, and the con-
venience of temperature
measurement with a probe
over the range —55°C to
+125°C add still more to the
versatility of the DM43. In

field servicing, in produc-
tion, and in design laboratory
applications the DM43/Port-
able Oscilloscope combina-

With all of its added features the
DM43/Oscilloscope combina-
tion is priced only $475 above
the price of the oscilloscope
alone. A second model, the
DM40, has all of the features of
the DM43 except temperature
measurement for only $390.

To find out more about this
innovation in portable
instrumentation, contact your
local Tektronix Field Engineer
or write Tektronix, Inc.,

P.O. Box 500, Beaverton,
Oregon 9707 7 In Europe write
Tektronix, Ltd., P.O. Box 36,
St. Peter Port,

Guernsey, C.1., UK.

TEKTRONI
- committed to
technical excellence

scope combination provide

tion provides the capability to
[ R P i oM e} meet almost any measurement
[~ it ERE o . + | need, andit's allin one compact
— = | package which can easily be
carried wherever tests must
be made.
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Ever have the feeling
your biggest connector problem
is trying to tell your
connector suppliers
what your problem is?

We may be the best listeners in the connector business.

WEe've listened so well over the past 23 years and come up with
so many right answers that we now have one of the broadest lines
of P/C connectors around.

Tell us your design needs and chances are we'll have the answer
right on our shelf.

ULLALERLARARALE!

If we don’t, we also have one of the best design engineering
departments (not the biggest, by any means, but the best, we think).
And our P/C Connector Product Manager has absolutely nothing
better to do than listen to your needs.

Call him. Right now. He'll start listening —before he starts to answer.

Ask for the P/C Product Manager

E\i !s!sgg

Viking Industries, Inc./21001 Nordhoff St./Chatsworth, Calif. 31311
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We know you have more
important things to do
with your time than filling
out forms But once a
year we're required to re-
verify the qualifications of
everyone who wants to
continue his free subscrip-
tion. Please take a moment
now to fill out the form
tucked inside the front
cover. We promise we
won't bother you again
until next year.

(editorial )

Gee whiz

We're getting too jaded. We take for granted
the astonishing technological leaps of our in-
dustry. A mere 40 years ago, nobody had seen
a scope. Now nobody’s without one. A mere 22
years ago, none of us had seen a digital volt-
meter. A few years later DVMs began to ap-
pear on our benches for about $4000. Today
you can buy one for $200.

A mere 15 years ago nobody had heard of
an integrated circuit. When Texas Instruments
held a press conference in March 1959, to show
a few single-chip, flip-flop “Solid Circuits,” the
technical world did, indeed, say “Wow.” But | . %
people saw these devices as fascinating laboratory curiosities that mlght
one day, find a few applications where size was a paramount consideration
and price was none. They cost about $1800.

Had anybody said that, in a dozen years, more complex parts would
appear everywhere and would sell for as little as 30 cents, he would have
been tucked away someplace for quiet and rest. A man predicting then
that we’d be able to buy 4000 bits of memory on a quarter-inch square of
silicon would have been classed as a nut or a dreamer. Today we greet such
achievements with a yawn.

And the computer! 25 years ago almost nobody had seen one. And some-
body said that the nation’s computing requirements could be met by three
machines—one in the east, one in the west and one in the middle. Ten
years ago company presidents still included “our computer” in every tour
for visiting dignitaries. Today nobody looks any more. Most of us have
forgotten the days when $200,000 bought a “cheap” computer. What’s our
reaction today when computers are available for under $1000? Ho-hum.

And that’s one of the things wrong with the engineering profession. We
take our contributions for granted. We look around and see a world full
of electronics. We see telephones, color television, facsimile equipment,
satellite communications, electronic calculators (that sell for as little as
$20), a mind-boggling array of powerful test equipment, an integrated-
circuit technology with undreamed of potential. But we’ve lost our ability
to marvel. We've lost the ability to admire our own handiwork. We don’t
know how to say, “Wow! I'm part of the industry that makes these things
happen.”

It might be a great thing for electronics engineers if we could learn
from our children how to admire our achievements and say, “Gee whiz!”

GEORGE ROSTKY
Editor-in-Chief
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on
Modems
and
Multiplexers

T

Tt st e res
warding chal-
lenge to join com-
puting equipment and
terminals into a distri-
buted network. The reward

is quick access to dispersed information and the
kind of on-line processing that lets you put com-
puter power where it’s needed. The challenge is
to select data-communications equipment that is
compatible throughout the system and doesn’t
conspire to reduce throughput to a dribble.

If your first thought is that the EIA RS-232-C
standard for data communication will help you,
you’re only half correct. The standard covers
only the digital end of the modem—where the
machines are plugged in. What goes out on the
analog end—to the telephone line—is up to the
modem manufacturer.

To further befuddle you, the data-communica-
tions industry has generated a collection of
buzz words that is second only to that of the soft-
ware industry. Not only must you decode the
buzz words, you must also speak softwarese if
you hope to understand what the computer is try-
ing to do with the lines. Both hardware and soft-
ware specs have to be pinned down in the selec-
tion of modems. Once you know these, you can
combine modems and multiplexers to create a
useful network.

The word modem is an acronym for modula-
tor-demodulator. These send-receive sets match
telephone lines, wire lines or, in a few instances,
a laser beam to convert digital pulses to analog
waveforms and vice versa.

The digital data are placed on a carrier by the
modulator section and go over the line as ac
signals. The reverse occurs at the opposite end
when the demodulator recreates the original digi-
tal signals.

A modem has a transmitter (modulator) and

Seymour T. Levine
Associate Editor
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Peripheral sites can be located thousands of miles from
the computer that serves them. A 4800-bit/s modem is
used on Paradyne's PIX remote system.

receiver (demodulator) in the same box. Given
four wires and the modulator joined to the de-
modulator, you get simultaneous two-way data
exchange (full duplex). If the modulator and de-
modulator share the same line, only one machine
can communicate at a time in a given direction
(half duplex). A good example of the latter is
conversation; one party listens while the other
talks, and vice versa. The third type of com-
munication, seldom used, is most undemocratic;
one party always talks, and the other always
listens. Such a communications system is called
a simplex.

EIA RS-232-C establishes the standard for a
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modem’s control functions, allowable digital
signal levels and the means for the initiation
and termination of communications.

In a sense, the EIA standard establishes the
first level of compatibility—that of the data
equipment and the communications system. Manu-
facturers do not necessarily provide all the con-
trol and signal functions that your data equip-
ment uses and requires, yet they will almost to a
man state that they conform to RS-232-C. They
do in a way. They conform to whatever portion
of the spec they deem convenient! One manufac-
turer omits all control and detect signals. His
conformance: He supplies the digital data line.

A similar standard, but not compatible with
RS-232-C, has been prepared by the Consultive
Committee on International Telegraphy and
Telephony (CCITT) and is used abroad. And
the U. S. military uses its own standard, MIL-
STD-188C.

What RS-232 never tells you

The EIA standard omits other specs that can
clobber your system. There is no clue to what
analog signals the transmitter can send nor to
how the receiver operates. Buy two modems from
different manufacturers, and the result can well
be like that of an AM transmitter broadcasting
to an FM receiver. That guarantees you zero
throughput—and quite likely a zero paycheck.

But you can find out what control signals are
necessary for your device and insist on their
being in the modem. Then you can buy all your
modems from the same manufacturer.

Great. You've met the two conditions of com-
patibility—so why is your 600 line/min printer
crawling like an inexperienced typist? You've
overlooked another trap: Poor design of receiver
and transmitter equals big error rate. Back at
the office the computer sees gibberish, but it keeps
trying to get the message through with reverse
channel repeats and error-correction techniques.

If you build your own modem, you may be
able to avoid some, but not all, of the compatibili-
ty problems. Let’s see what happens if you build
an integral modem wiring a commercial chip set.
Your customers will love terminals and gadgets
designed with these. They can relax, because
you've used some of the newer modem-on-a-chip
devices and they needn’t fret about selection of
a separate modem. Your boss loves integral
modems, too, because of the value added to his
product. The customer merely hooks up to the
phone line, and he is on the air.

But wait till your customer tries to access the
corporate computer when another manufacturer’s
modem is on the computer’s output port. The re-
sult could be gibberish again.

Although modem vendors tend to talk around
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this problem, de facto standards are available.
Many manufacturers base their designs on Bell’s
modulation techniques and provide the necessary
compatibility and Bell is still the largest supplier
of modems (it calls them Data Sets).

The fewest compatibility problems occur with
modems designed to handle asynchronous data—
data that do not use clock signals to define the
bit positions. The initial transition from a One
to Zero initiates the receiver’s clock, so that sub-
sequent bit times are recognized. Of course, when
the sender transmits a sequence of all ONEs or
all ZEROs, no transition occurs, but the receiver
device recognizes a time limit for the state and
can log the bits properly.

Binary frequency-shift keying (FSK) is most
frequently used for asynchronous transmission.
And the major specs are uniform among nearly
all manufacturers. The modem’s analog output
is one of two frequencies—one for logic ZERO

@) dataphone

Modems are to computers as telephones are to man.
Digital techniques have shrunk the modem to a con-
venient size without sacrifice of performance.

and another for logic ONE. The demodula-
lator at the other end recognizes the tone fre-
quency and encodes the correct binary voltage
or current values.

FSK modems find most use in low-speed trans-
mission, such as that associated with teletype-
writers and a number of CRT equivalents.

Bits, baud—what’s the data rate?

Speed of data transmission is sometimes speci-
fied in baud, sometimes in bits/s. The baud rate
measures the maximum number of signal ele-
ments per second. If during each element time
several levels can occur—for example, ampli-
tude levels—then baud and bit rate do not cor-
respond. Thus 100 baud at 2 bits/baud = 200
bits/s.

The bit rate is more important, since it is the
rate at which the terminal or device sends. If
each signal element contains two possibilities
(one bit), then bauds and bits correspond. For
example, the Model 33 Teletype communicates
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CMOS digital synthesis of analog functions is one of the
trends in the modem industry. This board is a complete
4800 bit/s modem from Rockwell.

at 110 baud or 110 bit/s. For proper modem
specification, you should furnish the bit rate;
the manufacturer may encode the data at a lower
baud rate, if necessary.

For low-speed transmission, the modems are
often designed for full-duplex operation—simul-
taneous two-way communications on a single pair
of phone lines. A two-wire line suffices, because
of the separation between carrier frequencies—
which is in effect, a frequency-division multiplex
situation.

These low-speed modems come in four types:
(1) Originate Only; (2) Answer Only; (3) Origi-

Large modem houses see the day when OEM modem
cards become an integral part of digital design. ICC/
Milgo offers its 2400-bit/s blue-chip series.

nate/Answer; (4) Automatic Originate/Answer.

This gives you your first compatibility prob-
lem. The Originate and Answer modems must
work in pairs—with an Originate unit at one
end and an Answer unit at the other. If you can’t
find out what’s on the other side of the line, you
need either type 3 or the most expensive—type 4.
Another way to make a mess is to put the
modems in willy nilly. You’ll almost certainly get
zero throughput for the entire system. Beware
when you read ads for asynchronous modems-on-
a-card at a very low price. Such a price often
delivers a card with only type 1 or type 2 opera-
tion. For type 3, you might need two cards and
have to add your own switchover circuitry.

The auto-answer feature causes even further
confusion. There is a type 2 unit called Answer-

Press a button on a simple asynchronous
terminal and out pours a prescribed fixed-length
sequence of logic ONEs and logic ZEROs. Then
the signal line remains set at a logic ONE until
another key is pressed. By previous arrange-
ment, the receiver at the opposite end recognizes
the start of a message. How? By convention,
the line rests at logic ONE; the first bit is a
ZERO, then the code bits come, which are fol-
lowed by one or two stop bits (both logic ONE).
The first transition trips the receive controller,
and additional circuitry allows examination of
line state at the proper bit time. The receive
terminal also knows the number of information
bits. The Stop bits frame the end-of-character,
and are compatible with the idle or wait state.

Baudot code uses five information bits;
ASCII, eight. The total bits sent per character
also depend on the necessary stop time (number
of Stop bits).

Asynchronous Code—A start-stop affair

(REST) KEY DEPRESSED
ONE et b et E
(MARK)

STOP  STOP.

~=— AT= |/BAUD RATE

ZERO

(SPACE)  START
BIT L— K INFORMATION BITS —~|

Model 33 Teletype terminals use two Stop
bits and ASCII code—that is, 11 bits per char-
acter. This is the code used on Western Union’s
TWX Network at 110 baud. Telex uses the five-
bit Baudot code with a rest period of 1.5 baud
times, and operates at a 50-baud rate.

In communications circles, the number of mes-
sage bits equals the level. By definition ASCII
is an eight-level code. Another feature of ASCII
is the check bit: The first seven bits define the
27 characters—the eighth is available for
parity-check purposes.
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Only, Automatic-Answer, which is used for un-
attended terminal devices.

Asynchronous data carry no reference clock,
so the receiver must rely on 0 > 1 and 1 - 0
transitions to decide between ZERO and ONEs.
But telephone lines introduce noise and delay
distortion that produce time displacements of
the transitions. You can’t control the phone lines,
but you can try to avoid additional distortion
from the modem.

The modem distortion spec is often omitted,
or if given, it can be quite misleading. With full-
duplex operation on a single line, the transmit
channel interacts with the receive channel. But
you want minimal interaction. At worst-case
conditions—0 dBm transmit, 40 dBm receive—
about 7.7% is a good value.

If given, the distortion values are often not
specified for the associated transmitter output.
With some FSK modems, the user can trim out
the bias. A small voltage fed to the comparator
or slicer circuit compensates for lack of sym-
metry in the discriminator output. Once adjust-
ed, the remainder of the distortion is random
jitter. But what about tempco and other drift
factors that are almost always omitted in the
spec sheet?

Although most designers supply clean digital
pulses to the modem’s modulator, you can still
make a mistake and supply signals with slow
rise times—more than 1% of the baud time.
What happens is this: Because the modem
doesn’t use a precision comparator to dictate
frequency transitions, the change from Mark to
Space or vice versa doesn’t slew at the signal
rate. So distortion is introduced. The modulator
chatters between the two allowable frequency
states. Sloppy pulses can result inadvertently if
the cable capacitance is too large. The EIA spec
recommends that cable lengths be less than 50 ft.

Choose the right features

The basic RS-232 spec delineates 25 lines for
control and data signals for interface with
digital machines. But in commercial modems, the
availability of each pin can become a special fea-
ture at extra cost.

Ask yourself two basic questions: Will the
modem operate on the direct-distance dialing
(DDD) network or on a leased line? And will
the modem be from an independent manufacturer
or from the Bell system?

In the Bell system, you tell the representative
what you are trying to do; he recommends the
Data Sets, and Bell takes the end-to-end re-
sponsibility for data integrity. If you select and
specify modems, you must tell the vendor
whether you are on leased or dial-up facilities.

With dial-up facilities, you have to use a Bell
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The acoustic coupler gives quick access to a line. Data
rates up to 1200 baud are possible with the ADAC 1200

from Anderson Jacobson.

£ R AN
o MODULATOR MODULATOR o
(TRANSMITTER) (TRANSMIT TER) s
1270 Hz MARK 2225Hz MARK
1070 Hz SPACE 2025 Hz SPACE
COMMUN -
ICATIONS
LINE
TLRLTT 1§ 54 ¢
0 DEMODULATOR DEMODULATOR | | J o
(RECEIVER) (RECEIVER)
2225 Hz MARK 1270 Hz MARK
2025 Hz SPACE 1070 Hz SPACE
ORIGINATE ANSWER

Originate and Answer modems must operate in pairs so
that receiver and transmitter frequencies match.

MODEM
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Summary of signal types, designated by EIA RS-232-C,
for use with modem control.
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Direct Access Arrangement (DAA) to isolate
the modem signals from line currents (such as
ring) and to protect Bell equipment from inad-
vertent damage. The type of DAA is equally im-
portant. Some provide logic-level signals; others
use contact closures. Also, modems designed for
private-line use are often incompatible with the
DDD network.

The signals that modems work with, regard-
less of modulation form, fall into three main
categories: equipment status, control lines and
digital data lines.

With the first two groups, you establish an
acceptable sequence for initiation of channel
communication and obtain feedback that the
channel is operating. Actual transmission or re-
ception of data occurs over the data-line group.
The subset of signals required depends very
much on the intended use of your equipment.

For example, a bargain-basement terminal
could make do with just data lines, and it could
use an integral timer in the terminal to allow for
channel setup. But when you buy the modem, al-
low for future system expansion. Should the ven-
dor go out of business, the design of the added
control capability falls on your shoulders.

Status lines are almost inevitably used with
dial-up operations. And the protocol can be quite
sophisticated.

The most common data-control sequence is one
in which the terminal raises Request to Send,

and the modem responds (after an appropriate
delay) with Clear to Send. But with a dial net-
work one must also have a ring indicator to show
when the equipment is to operate. On private
lines (dedicated lines furnished by the phone com-
pany) you can often dispense with the status
signals.

Unfortunately, the RS-232-C spec does not in-
dicate the exact logic relationship between the
carrier turn-on time and the conditions under
which combinations of status, data controls, and
received-carrier result in a Clear-to-Send signal.
Rather, a de-facto standard—based on how Bell
uses available control lines—governs. Not all
manufacturers adhere to that standard, but the
vast majority do.

Present regulations require the use of a DAA
device, if your modem operates on the direct-
dial system. Bell supplies the DAA in three basic
models, all of which provide a 600 Q audio cir-
cuit, transformer coupled to the line. But that’s
where the similarity in models ends.

Model CDT provides the audio circuit only;
calls are made and answered manually. Models
CBS and CBT provide for automatic call-and-
answer capabilities under electrical control. The
CBT unit provides contact closures to your cir-
cuit and requires contact closures from the cir-
cuit. CBS communicates with RS-232-C voltage
levels.

As part of the modem spec, you must tell the

An ideal channel—one that can support the
Nyquist rate—should have flat amplitude and
linear phase as function frequency. Instead,
among other things, telephone lines introduce
amplitude variation and phase variations. The
amplitude response tends to drop sharply at the
upper and lower edges of the band and the delay
(derivative of phase with frequency) has a para-
bolic shape as shown in the illustration.

For data rates of 2000 bit/s and above, these
linear network characteristics require correc-
tion, or the modems often cannot overcome the
resultant intersymbol interference—that is, suc-
cessive pulses interfere with one another at the
sample times.

At the maximum rate, 9600-bits/s, nonlinear
distortions—harmonic and signal-dependent
noise—subvert communications. Phone lines
often show an increase in ambient noise when
a signal is present because of the action of
compandors on the line. ;

Bell provides several types of conditioning for
private lines, called C1, C2, C4 and D1. The first
three afford additional equalization for the line’s
frequency characteristics of envelope delay and
amplitude response (see table).

Line specifications and Bell services

ENVELOPE
DELAY e

) | MAX VARIATION = EDD
e - IS G, (W L v e

1 i
Fmin Fmax
DEFINITION OF DELAY DISTORTION

= FREQUENCY

D1 conditioning deals only with harmonic dis-
tortion and ambient noise. A 1004-Hz test tone
is sent, then notched out at the receiver. The
noise must be at least 28 dB below the test-tone
power. Harmonic distortion levels in terms of
fundamental to harmonic are

® Second harmonic—35 dB (min).

® Third harmonic—42 dB (min).

Incidentally, Bell is replacing the single-tone
tester with a new four-tone unit; the third
harmonic will be specified as 40 dB if the four-
tone unit is used.

The D1 spec is entirely independent of the
other conditioning specs; in fact, the customer
can specify any C conditioning along with D1.
To attain D1, Bell reroutes the line to facilities
that are capable of D1-level operation.
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vendor which type of DAA you will use and
which DAA lines will be handled by the modem.
The DAA control signals include ringing signal,
off-hook circuit, request-for-data mode, and DAA
coupler response.

But without a clear understanding of the DAA
and modem characteristics, the designer cannot
allocate logic functions such as answer, auto-
call and line disconnect, between computer or de-
vice, modem and DAA.

One popular device that avoids DAAs, yet af-
fords asynchronous communications on the dial
network, is the acoustic coupler. With this device,
the telephone handset is placed inside form-fitted
cups and signals are coupled acoustically to the
modem signal circuits.

As a general rule, these devices can suffer from
stray audible noise, vibration and limitations on
the frequency response of the handset micro-
phone and earpiece. More often than not, spzcs
for acoustic couplers do not include bias-distor-
tion figures.

Look for a carrier-detect lamp or indicator.
Since the user must go through the motions of
inserting the handset, such an indicator will
show whether the connection is adequate for
data transmission. Otherwise the appropriate
handshake fails to occur—while the user ponders
whether to wait or hang up and try again.

Also the manufacturer should derate acoustic
sensitivity. The sensitivities for an acoustic
coupler that can also operate with a DAA are

Summary of Bell System private-line specification options
Nonlinear
Linear conditioning spec conditioning
Parameter spec
Basic
leased line C1 c2 C4 D1
1000 to
2600 Hz
1000 to 300 pus
2600 Hz
e fen oy
z 2800 Hz
tavelope 800 to 1000 p:s 600 to £00 us
oy 2600 Hz 2600 Hz ! Does not
distortion |
EDD 1750 ps 800 to 1500 s 600 to PN
(EDD) 2600 Hz 3000 Hz
1750 pus 500 to 1500 pus
2800 Hz
3000 ps 500 to
3000 Hz
3000 ps
500 to 1600 to 500 to 5C0 to
2500 Hz 2400 Hz 2800 Hz 3000 Hz
—2to +8dB —1to+3dB —1to +3dB —2to+3dB
Frequency 300 to
response 300 t 2700 Hz Does not
relative to o —21t0 +6dB apply
1004 Hz 3000 Hz ggggon ggggon
-3 to 300 to 2 6dB > 6 dB
+12dB 3000 Hz el i 2L
=310
+12dB
Fundamental
to second
harmonic:
; 35dB
;‘.”gg‘r%"o'c NOT APPLICABLE minimum;
o 2. to third
harmonic
42 dB*
minimum
Noise at
C-Notched least 28 dB
Noise below
with 1004 Hz HOT AFFLICAE R received
tone 1004-Hz test
tone
* Revised to 40 dB if measured with newer four-tone test set.
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Slow-speed asynchronous

Medium-speed synchronous

Characteristics 103A 113A 113B Characteristics 201A 201B 201C
Speed 0-300 0-300 0-300 Speed 2000 bit/s| 2400-bit/s[2400 bit/s
baud baud baud c2
Modulation FSK FSK FSK Modulation PSK PSK PSK
Operation H/FDX H/FDX H/FDX Operation H/FDX H/FDX H/FDX
2W 2w 2W 2W /4W 2W/4W 2W/4W
Line type (s) DDD DDD DDD Line type (s) |DDD DDD
Priv. Private Private Private
Reverse —_ — A Modem —_ — Compromise
channel equalization
Comments — Originate Answer Comment No No Full
only only diagnostic qiagnostic diagnostic
All units compatible indicators |indicators (complement
High-speed asynchronous High-speed synchronous
Charac- 202C 202D 202 R 2028 2027 Characteristics | 208A 208B 209A
teristics
Speed 0-1200 0-1200 |0-1200 |0-1200 0-1200 e 4'800 4'800 9'600
03400 c1/0.1400 1/ 01400 C1 e s L
0-140 - - M lati PS drat
0-1800 C2|0-1800 C2| 0-1800 C2 e % o S,‘:,i,.{{i‘,é‘ée
Modu- |FSK  |FSK  |FSK  |FSK | FSK modulation
lation Operation H/FDX | HDX H/FDX
Operation |H/FDX H/FDX H/FDX HDX/ H/FDX 2W/4W 2W/4W
2W/4W  |2W/4W | 2W/4W | SMPX 2W/4W 3 2 7
Line type (s) Private DDD Private
Line DDD DDD DDD DDD Private line line
type(s) Private Private Private
Modem Auto Auto Auto
Eﬁ:ﬁ;ﬁ 5 baud 5 baud None 5 baud 5 baud equalization
Comments smallsize | Small Size’ Comments Fast-line | Fast line | Split stream
2.2 x 5.8 | full diag- | turn- turn- O
% 10.8-in.| nostics; around around | diagnostic
Local and | fast complement
remote turn-
L?:tg'nostic i Most manufacturers compare their product, or make the
lights product compatible, with Bell modems. The four cate-
gories describe Bell's current offerings.

about 10 to 13 dB less in the acoustic mode.
Note also that the spec refers to line signal
strength, not acoustic energy in microbars (as
measured for microphones).

Modulation quickens the pace

Data speed (bit/s), line condition and type of
modulation pose a triple threat at signal speeds
of more than 1800 bit/s. Modulation chews up
bandwidth—and some forms use more than
others. In fact, the bandwidth of the typical voice
channel is 2400 Hz, which places the Nyquist rate
of (2 x bandwidth) at 4800 baud. Some of to-
day’s modems run at 9600 bit/s. But to do so,
the signal elements must have multiple levels to
represent groups of message bits.

Modems that use frequency modulation (and
almost all do use FSK) usually operate asynchro-
nously. The demodulator doesn’t sample at pre-
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scribed bit intervals, so Start-Stop signals, such
as those used in TTYs, can be transmitted at any
time.

FSK devices use a lot of bandwidth relative to
the digital signal rate. At rates up to 1200 bit/s,
dial-up lines suffice. Near the practical FSK
limit of 1800 bit/s, leased lines become necessary
to avoid distortion.

Timeplex’s Model 202 is an exception to the
1200-bit rule. This FSK unit allows 1800 bit/s
on direct-dial lines, and does 2000 bit/s on pri-
vate lines with C2 conditioning.

When specifying FSK modems, therefore, note
whether direct-dial operation is possible at the
chosen speed; and if the manufacturer requires
a private line, see what level of conditioning is
needed. Most units require none. In effect, you
must compensate for lack of filter design in the
modem by paying for better line conditioning
from the common carrier—sometimes even at
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1200-bit/s speed.

At any speed, check that your FSK transmitter
uses phase-coherent transitions between mark
and space. With such a scheme, the mark and
space oscillators, if separate, are phased to switch
at zero output levels. And the modems can hold
switchover ' distortion to 2 or 3%. With single
oscillators, no phase jumps occur at the mark/
space transitions.

Synchronous transmission eliminates the Start-
Stop bits on every character to gain increased
throughput. A clock source, internal to the
modem, marks the sample points on the digital
waveform for the transmitter. The receiving
modem reconstructs the clock signal, and supplies
it to the digital machine. The terminal or ma-
chine at the receiver interprets the modem’s
digital output in time to the clock beat. Of
course, time must be allowed for the sender and
receiver to get into step prior to data initiation.
With synchronous transmission, data bits are
continuous until the complete block of data has
been sent.

Modulation format is one spec that modem
manufacturers do not emphasize. But a poor
choice can hurt your throughput or make you
overpay for a given data rate. Also certain modu-
lation types are unusually vulnerable to line
problems.

The possible formats have the following
characteristics :

= AM occupies double the baseband bandwidth,
so the theoretical baud rate is halved, and the
technique requires very accurate AGC.

= VSB or vestigial sideband, uses a sharp filter
to cut off all but 7 to 10% of the redundant side-
band found in AM. Detection is difficult, and
modems that use this technique, although effi-
cient, are expensive and vulnerable to channel
perturbations.

= PM, or phase modulation, has a double side-
band like double-sideband AM. If four or more
phase angles are used, bandwidth efficiency ex-
ceeds that of AM.

= QUAM, or quadrature AM, makes efficient
use of bandwidth. Two AM systems are com-
bined. Each uses the same carrier frequency, but
the carrier phase difference is 90° between the
channels. :

More phases of amplitude levels permit trans-
mission of more bit/s with a given internal baud
rate. An increase in the number of allowable
levels does not increase the requisite bandwidth.
Each allowable phase or amplitude can represent
a combination of two or three successive message
bits. Thus a unit that operates at 1200 baud can
handle a 3600-bit/s message rate. In fact, the bit
clock is often derived through a circuit that
upscales the baud clock of the modem.

Four to eight phase-step modems are popular
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at speeds up to 4800 bit/s. Most use a differen-
tially coherent phase detector rather than a co-
herent reference. The scheme, referred to as
DPSK, has a 2 or 3-dB lower noise margin than
coherent phase operation. And when an error
does occur, it can double, since the second symbol
uses the first as the phase reference. But cost of
the modem is moderate, and start-up is rapid.
Also pulse-to-pulse coherence allows the unit to
ride with channel phase jitter. And the unit has
faster acquisition time than the VSB type.

However, with eight-phase modulation (three
bits encoded at a time), such units become very
vulnerable to line phase jitter. QUAM is a better
choice than eight-phase DPSK when error rate
is critical. With its double baud-rate capacity,
fewer levels need to be encoded. The jitter im-
munity of the modem should approach that of a
four-phase differential PSK unit.

A notable combination of modulation tech-
niques enables Vadic’s VA3400 to supply 1200
bit/s, full duplex on two-wire lines. Each trans-
mitter channel uses QUAM modulation. The
QUAM modulation conserves enough bandwidth
for the FDM techniques of the 300-baud modems
to be usable.

The invisible throughput specs

Throughput is perhaps the most important
measure of performance as far as the modem
user is concerned. However no manufacturer
guarantees throughput.

The modem speed in bit per sec is only one
factor that affects throughput. Lots of speed
with many errors still gives low throughput. In ad-
dition the way the lines are handled comes into
play. A steady rate of 4800 bit/s without gaps
cannot be attained on the dial-up network. Tech-
niques ‘like polling add system delays to be ac-
counted for.

The manufacturer’s literature often states
that his modem provides lower error rates than
comparable Bell units. But Bell does not publish
a separate error rate for its modem. However,
for a complete Bell system—modems and lines—
the company can maintain an error rate of one
bit per 100,000 bits transmitted for all but the
9600 bits/s rate (where no error rate has been
established). One Bell study shows that 77% of
long-haul connections had an error rate of 1 X
107 or better.

Another misleading, or even irrelevant, spec is
modem error rate as a function of signal-to-noise
ratio (SNR)—a rating suitable for gaussian
noise. But gaussian noise is not what messes up
phone-line data transmission.

Phone lines achieve typical SNRs of 30 dB.
The chief causes of error are phase hits (sudden
uncontrolled phase jumps of over 20°), gain hits
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Laser trimmer sets FSK frequencies precisely for Cer-
metek’'s hybrid modem modules. The unit trims the fre-
quency determining resistors for the 300-baud set.

(sudden changes of gain or loss) and phase jit-
ter. Phase hits average 2.5/hr at 2-ms duration.
Gain hits last between 5 to 20 ms and occur at
about 2.7/hr, with a step change of at least 3 dB.
Only at 9600 bits/s does random noise begin to
have a bearing on feasible error rate.

Where the manufacturer does quote an error
rate, ask whether the reference is to bit or block
and how large the block is. At slow speeds or with
asynchronous transmission, data are sent char-
acter by character, and bit error rate is the
appropriate measurement.

Synchronous systems, usually 2000 bits/s and
above, transmit data blocks. And the system
usually retransmits the same block if errors are
detected at the receiver.

Block error rate performance is the key to
synchronous throughput. Bell specifies such per-
formance in terms of a 1000-bit block—that is,
the number of 1000-bit blocks that contain one or
more bit errors, divided by the total number
transmitted. A system that offers a 10~% error
rate averages one block error per 100 and pro-
vides throughput of 99%, calculated from 100
(1—1072). Block error rates for 500 to 10-kbit
blocks can be established by linear interpolation
with good accuracy. For example, a 3000-bit
block would show an error rate of 8 x 102 if
a 1000-bit block has a 1 x 102 rate.

Amplitude and delay distortion decrease the
available baud rate of the phone channel. Past
signal elements smear into the current element
and generate confusion called intersymbol inter-
ference (ISI) at the decoder.

At slow rates of 1200 baud or less, there is
sufficient time for previous signal elements to
die before the next element is sent, but not with
1800 baud.

To conquer the problem, the manufacturer can
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include equalizers in the modem—at extra
charge, of course. Or you can get the line condi-
tioned by Bell at a monthly charge: for C 1, $5
to $10; for C 2, $19 to $28; for C 4, $30. If your
cheap modem has no equalizer, the bill can go as
high as $3600 a year for a 2400-bits/s rate.

Above 2000 bits/s, some companies offer ad-
justable equalizers, and either you or your cus-
tomer does the adjustment. Typical set-up times
are 10 to 15 s.

Ironically self-adjusting or auto-equalizers are
less costly than the manual ones. One reason
for this is that the error control loop continuous-
ly resets gain and eliminates the need to hold
adjustments with great precision over long
periods. The circuit measures the over-all tran-
sient response of the channel by cross-correlation
and directs the gain-control units to set up a flat
response. Ideally a pre-arranged signal sequence
should be used. But with the high SNR of the
line, the received data can be used instead.

Dial-up facilities do not have pre-determined
phase and gain characteristics: the actual values
depend on how the call is routed. Therefore before
the auto equalizers can operate, a set-up time is
needed for the first gross adjustment with each
call. With private lines this is only necessary be-
fore the first call. During this period the trans-
mitter applies a predetermined data sequence—
usually a 512-to-1000-bit pseudorandom signal.
Once the first adjustment is completed, two units
can track on received data. Both set-up and track
response times are often omitted by the spec
makers. For its 4800 Multipoint Modem, Codex
quotes 140 ms to set-up and 50 ms to track—
both examples of fast operation.

Note that auto-equalizing also makes units
from different manufacturers incompatible;
First, pseudorandom sequences often differ. Sec-
ond, the units use bit-randomizing schemes to en-
sure stable equalizer operation.

And there’s one more missing spec—the num-
ber of delay sections used. A good number lies
between 16 and 30. Remember that too few taps
cannot compensate sufficiently for ISI, and ISI
degrades error rate just as surely as the familiar
white noise.

Fast devices that go slow?

Clear-to-send delays become important on the
DDD network, especially when a sophisticated
terminal is in contact with an intelligent device
or computer port. The DDD network provides
two wires; so if two transmitters try to send
deliver carriers simultaneously, they will inter-
fere with one another. Exceptions are slow-speed
FSK units that use separate frequency bands.

Echo suppressors used on the DDD network
require about 100 to 150 ms before traffic can be
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Add external filters and Motorola’s NMOS chip, the
MC6860, becomes a full-fledged 300-baud modem with
all control lines.

reversed. So when machines want to carry on
back-and-forth conversations, messages wait 300
ms for echo-suppressor cutout—the first 150 ms
before the data block is sent and another 150 ms
for the acknowledge back.

A 960-bit block thus takes 400 ms to transmit
at 2400 bits/s, plus a wait time of 300 ms, so
the idle time is 300/(300 + 900) or 43%. A
solution to the problem is use of one of the newer
modems that can provide one-way turnaround
times of 8 ms at 2400 bits/s; so the total time
wasted is 16 ms, not 300. This type of modem,
which emits a tone in the 2010-t0-2240-Hz region
for 400 ms, disables the suppressors. Then it pro-
vides sufficient energy outside the band to keep
them off. But, in practice, you can’t get 8 ms
turnaround time. Don’t blame the modem manu-
facturer for this; talk to Bell. On terrestial pri-
vate channels for example, Bell promises a maxi-
mum of 50-ms delay, so each side may wait up
to 50 ms before it hears from the other.

If satellite communication is involved, delays
of 300 ms or more are common. And the only
solution to throughput becomes longer block
lengths, with error-correcting codes that mini-
mize the repetition of previous data.

The 4800-bit/s high-speed units with auto-
equalization add some more message dead time for
the unwary user. After dial-up, the modems train
for 260 ms or so before transmission begins. But
each time you turn the line around, 40 to 50 ms
is needed to update the equalizer. Result: RTS-
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CTS delay equals 40 to 50 ms each way, not 8
to 10 ms.

Then there is modem propagation delay—a
hush-hush spec. That delay amounts to some 15
to 256 ms and represents delay through the very
long equalizers used in fast modems.

So if your system uses short data blocks that
are exchanged often between machines, a 2400-
bit/s unit can sometimes allow greater through-
put than the speedsters. Of course, the 4800 bit/s
units really show their mettle on long messages,
where block time is much longer than accumu-
lated dead time.

The number of 4800-bit/s units has prolifer-
ated since Codex and International Communica-
tions Corp. (ICC/Milgo) introduced the first
versions. The most recent additions come from
IBM (Model 3874), Bell (208B) and Rixon
(T208B). All have the fast turnaround feature
and 40 to 50 ms RTS-CTS delay. The newest,
Intertel’s MCS 4800, features the fastest train-
ing time—50 ms.

Manufacturers intending to pursue higher
speeds include Tele-Dynamics Ambac (now work-
ing on 4800 bit/s for DDD use), and Intertel.

Private two-wire lines can afford greater
4800-bits/s throughput than DDD operation. Since
private lines have stable delay and amplitude
characteristics, manually adjusted equalizers
eliminate the 40 to 50 ms for update of the
adaptive equalizer. In fact, the RTS-CTS delay
need only be long enough to synchronize and re-
cover the clock—8.5 to 12 ms.

Private-line, four-wire facilities (full duplex)
simplify things further. Each pair forms an in-
dependent channel, so that both transmitters can
send carrier continuously, and all receivers re-
main active and synchronized. Therefore RTS-
CTS delay from zero to any convenient figure is
available even with automatic equalization. And
the adaptive equalization, if used, eliminates the
need for line conditioning.

Is anyone listening?

A single computer port can communicate with
and control 10 to 50 terminals, especially with
communication that is best described as inquiry-
response. Users request information via key-
board entry and receive it from the computer
after a brief pause. To control the situation, the
computer polls (addresses) each terminal, one
at a time, waits for a reply and sends informa-
tion back at its convenience. This sequence re-
peats in round-robin fashion.

The modem at the CPU is always in a transmit
condition—that is, the carrier is constantly on.
But the modems at the remote sites transmit one
at a time, although all listen for the address.
Each time a terminal sends, it must raise RTS
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and wait for CTS. All carriers cannot be on at
once, because of mutual interference. The com-
puter’s modem transmits on one pair of wires but
receives, in party-line fashion, on the other pair.
Since the sites can be far apart, line character-
istics differ, so that different equalizer settings
are necessary.

Use of adaptive equalizers in the fast units
automatically incurs the 50-to-60-ms RTS-CTS
delay plus the modem-to-modem propagation
time. Sometimes a 2400-bit/s modem gives equal
throughput to the 4800-bit/s unit where brief
messages (one or two lines) are exchanged.

More than a double feature

Modem manufacturers offer many options. If
you want low price, some of the 300-baud chips
leave you with the design of active filters.

Selectable time delay for RTS-CTS is a very
important option if your equipment must be com-
patible with a variety of devices. Also check into
delays already built into the terminal’s reaction
times and data-signal controls. Sometimes the
terminal can drop RTS too soon for the modem
to complete the transmission.

Look for soft-carrier turnoff—usually built
into stand-alone units, but an option for boards
—if you operate in a polled situation; otherwise
line transients may cause the modem at the com-
puter end to add spurious data to the received
signal.

Try to avoid units that have too many preset
controls that must be tweaked. Since most
modems operate in commercial environments,
your customer won’t appreciate drifting per-
formance. Good technology and increased use
of LSI should obviate many adjustments.

Visual status displays often help you to isolate
faults rapidly between terminal, line, modem and
CPU. For the computer site, where racks of
modems often reside, status lights on key control
lines give the operator quick clues for trouble.

With a series of send-receive tests and status
lights, the flick of a switch lets you loop digitally
with the terminal. Then you can go through the
modem’s analog sections, continue on through the
wire to the remote site, and finally loop through
to the remote modem.

If modems contend for lines or are polled,
modem sharing can reduce costs. One modem
supplies the received signals in RS-232-C format
for up to four terminals, but only one terminal
gains control of the transmitter at a given inter-
val. Normally each terminal would use a separate
modem, each of the same speed and cost as the
one at the CPU site.

Built-in mux capability, available from Bell and
independents, can help reduce line costs. Such
modems let you split a fast stream into several
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Infrared light beams form an invisible highway for com-
puter data. The Optran system moves data with an error
rate of 10-°. The maximum speed is 1 Mbit/s; the
range is up to one mile.

slower ones, rather than use a separate line for
each.

A number of high-speed units also offer dial-
backup if down time is extremely critical. On
one 9600-bit/s unit, you set the units for 4800
bit/s, then dial one circuit for half-duplex or two
circuits for full duplex. Often the speed of oper-
ation is transparent to the computer software.
And sometimes the auto-equalized units can con-
tinue at 9600 bit/s or 7200 bit/s on the DDD
network.

But don’t ignore Bell’s charges when you reach
for 9600 bit/s. The 9600-bit/s units may require
D1 conditioning on a particular line. The cost
means $100 installation and $100/mo. there-
after. So be sure the benefits match or exceed
this value.

In the area of human factors, you might check
into a voice-adapter feature, which allows com-
munication with remote sites when data are not
being transmitted.

Shave line charges with mux

Both time-division multiplexers (TDM) or
frequency-division multiplexers (FDM) help to
stuff slow-speed data from several sources onto a
single voice-grade line.

FDM units are the least efficient. They sub-
divide the available bandwidth into separate fre-
quency bands. Each data channel occupies a fre-
quency slot. All channels can operate concurrent-
ly, because of guard bands between channels. In-

ELECTRONIC DESIGN 22, October 25, 1974



efficiency occurs because the guard bands waste
frequency space. And the less-than-ideal frequen-
cy characteristics near the voice-band edges pre-
vent usage near 300 and 3000 Hz.

Most FDMs consist of precise filters and a
multiplicity of FSK modems, each tuned to a
particular frequency. FDMs are used primarily
with multiple asynchronous terminals or devices,
all connected to the same point-to-point line.
Total capacities achieved on voice-grade lines
range from 1200 bits/s for two 600-baud sub-
channels to 1800 bits/s for 24, 75-baud channels.

With multiple modems tuned to separate fre-
quencies, both drift of the center frequency, FSK
limits and harmonic distortion become important
to ensure that one channel does not crowd out
others. Specs don’t try to deceive on these fig-
ures: They hardly ever exist. Other specs give
the number of channels allowed at a particular
baud rate, but almost never discuss the total
number allowed with mixed baud rates, because
faster baud rates require larger guard bands.

These units often operate on unconditioned
3002 lines; C4 conditioning can sometimes add
another 150-baud channel.

A change in receiver and transmitter cards
simplifies channel addition or speed change. But
the user has to juggle individual output signal
levels at the mux, since the total output to the
line may not exceed 0 dBm.

Time-division multiplexers allocate repetitive
time slots to each channel. The combined bit
streams are sent back and forth along the
line through high-speed synchronous modems.
The units decommutate the stream and reconsti-
tute the original data channels.

The TDM achieves practically full-line efficien-
cy, minus a certain overhead time for buffering.
As a digital device, it contributes little error of
its own—a virtue that manufacturers often tout
to the hilt.

A basic pitfall not mentioned in TDM specs
is modem error. For modems that operate at
4800-t0-9600-bit/s speed, bit error rate often ex-
ceeds that of the slow units. And every bit that
travels on the line experiences that error rate.
Instead of 1 x 10-¢ on the bits of your 30-char/
sec printer, you get 1 x 107 or worse. At a
print width of 132 characters, that’s one char-
acter error for every 76 lines of copy on 11-bit
ASCII code. But when you total traffic amounts
to 2400 bit/s, synchronous modems give a com-
fortable 1 x 10~° error rate, which isn’t so bad.

On the other hand, some of those bits aren’t
data, but mux-to-mux control. Between that and
the digital operations performed by channel com-
bination, the unwary designer can pay as much
as 30 to 40 % throughput penalties on dial-up syn-
chronous operation.

TDM suppliers often provide dazzling arrays
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of speed specs, and have lately conquered many
of the inflexibilities of the earlier models. The
timing specs—especially character delay value—
are what you must get from the manufacturer.
To use the speec, calculate the delay time through
the system and add the character delay to find
the round-trip delay. The delay, as a percentage
of total transmit time, gives you the system’s
inefficiency.

The ingenious user often gets the impression
that he can sum up the bit rates of all the inputs
to obtain the output rate. Sometimes the calcula-
tion works—with these muxes that accommo-
date terminal mixtures. The newer units strip
Start and Stop bits off the asynchronous data.
The time gained is applied to the synchronous in-
puts. But if you want to take two 4800-bit/s
streams and connect the mux to 9600 bit/s-
modem, you can't.

Bit-interleaved TDMs combine digital data
into frames, each with sync bits followed by
data bits, one from each channel. Character-
interleaved muxes send sync plus all characters
from one channel. On the next frame, the next
channel character is sent on, etc. Bit-oriented
units synchronize faster than character-inter-
leaved ones, and have shorter delay. But they do
not use the channel rate as efficiently. Character-
interleaved units assemble bits, and the process
introduced delays of at least two character
periods.

Regardless of which mux you use, recognize
that a communications network often supports
more than one terminal type. So different rates
and codes must be accommodated. And operation
of the device should be transparent; that is, any
code should pass through the units without
modification.

The modem shopping list

Modems fall into five natural groupings:

m Slow-Speed asynchronous—to 300 baud.

s High-Speed asynchronous—to 1800 baud.

® Medium-Speed synchronous—2000 to 2400
bits/s.

= High-Speed
bits/s.

m Local-Link devices—rates to 1 Mbits/s.

The bit and baud rates are rough subdivi-
sions; the major categories are asynchronous and
synchronous. However, units that do more than
3400 bit/s almost always use advanced circuit
techniques, such as programmable digital filters.
So they deserve a special category. For those
who need their own local system, manufa-turers
offer units linked by twisted-wire pairs, IR laser
beams or microwaves, instead of phone lines.
Some of the technical and performance differen-
tials can be seen in the tables of Bell specs in-

synchronous—3400 to 9600
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cluded in this article—most independent manu-
facturers follow these trends at speeds to 2400
bit/s. But they can often work with less line
conditioning.

For slow speeds, units range from desk-top
equipment to a single chip from Motorola. Other
types include acoustic-coupler versions and plug-
in PC boards.

Practically all claim Bell-103 or 113 compati-
bility. The chief feature is the ability to give
simple full-duplex operation on two-wire pairs.

DataServ’s Series 1300 units ($350; 1 to 9
quan.) generate step-like approximations of
sine waves digitally, and feature a digital dis-
criminator for detection. Originate-and-Answer
modes are selected automatically. An analog filter
converts the step approximation to continuous
sine wave. The unit is also available as an OEM
card, Model 1310, or as a desk-top set, Model
1340. Sanders also offers crystal-controlled digi-
tal units for DDD or private-line use.

Pulsecom offers a full line of Bell compatibles,
including the newer 103 and 113A models in card
or desk-top form. They feature less than 3%
distortion (back-to-back) and provide three types
of interface: RS-232, TTY current loop (up to 20
mA) and party-line or hubbed operation.

ComData provides a basic rack ($465) and
auto-answer modems for $170, the Model 330 D2-
42. Each modem contains its own dc supply, in-
cluding four diagnostic lamps: Ring, Data Set
Ready, Carrier Detect and Data Terminal Ready.
A four-stage receive filter provides 50-dB dis-
crimination to the adjacent channel.

Model 300 A from Penril replaces Bell 103A2
Data Sets and offers auto-answer -capability
with CBS or CBT coupler. A rear panel switch
establishes digital loopback. And the unit can be
arranged for use with an Auto-Call card. Either
tone or impulse dialing is available with auto-
matic transfer of control from modem to
terminal.

Check into ATS DM-2103F, G sets for self-
contained local and remote tests, plus compati-
bility with Bell 103 and 113 units. The specs are
clear and the units deliver less than 8% bias
distortion under worst-case conditions. No ad-
justments are required for line signal ranges
from 0 to —50 dBm.

RFL, Prentice and Singer Tele-Signal also of-
fer 103 and 113-compatible modems. And Prentice
offers IBM-compatible low-speed modems.

There are many PC-board bargains at 300
baud. The Tycom 900, and Originate-only modem,
sells for only $69, and it claims 103 compatibility.
Of course, the control lines are limited to Car-
rier Detect and Data Set Ready. RFL’s Model
5105 is smaller than the 900, offers plug-in filters
for FDM, and has more control lines, including
Request to Send.
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Timeplexer

» Timepip,,

In addition to combining data from multiple channels, a
TDM serves as a test center. Switches and lamps help
pinpoint problems among modems, lines, other multi-
plexers, terminals or computers.

At prices from $95 to $195 (depending on
quantity), the M-2103F from Advanced Termi-
nal Systems features remote switchover from
Answer to Originate. The digital modulators and
demodulators are all crystal-controlled, and the
modulator is phase coherent.

Anderson Jacobson’s AJ Series 12 includes
Bell or IBM compatibility, plus the ability to
operate in FDM situations.

For low jitter plus bias (under 8%), Tele-
Dynamics offers the 7113A and 7113B. The FSK
is phase-coherent, but there are just the data
lines (no control lines). Opt Industries offers
300-baud modems for FDM, and Series 4200
Automatic Dialers.

Cermetek offers a set of four thick-film hybrids
that handles most 103/113 functions, and the
parts cost under $60 (100 quan.). The price of
the miniModem includes the critical component
for two-wire operation, the 30-dB transmit filter
($12.70). Each package measures a mere 0.6 X
0.9 X 0.2-in. in the form of 16-pin DIPs. And
you can configure for -electronically switched
Answer or Originate operation.

In November Motorola will announce the MC-
6860, and NMOS LSI chip that includes all
major control lines. This complete modem, used
with a 1-MHz external crystal, outputs sine
waves from an integral DAC. The output has
eight discrete amplitude steps per cycle. Jitter is
specified at 7% at 300 baud, and the unit can
provide Originate or Answer operation. But for
full-duplex operation on two-wire phone lines,
you must design a six-pole Chebyshev bandpass
filter for the receiver. The filter is fairly critical:
450 Hz, 3 dB bandwidth with 0.7-dB ripple.

The digital approach is similar to that of Data-
Serv’s Series 300, but the MC-6860 is designed
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for use with Motorola’s M6800 series microcom-
puters.

Exar Integrated Systems (P. O. Box 4455,
Irvine, Calif. 92664) offers some general-purpose
I1Cs for FSK modem construction. The XR-210
is a general PLL chip with RS-232-C drive com-
patibility. Without the bipolar RS-232-C drive
spec, PLLs, such as Signetics’ 565 or Harris’
2820, function just as well. But they require ad-
ditional comparators to meet the RS-232-C spec.
According to the manufacturer, only the XR-
2206C (that has sine wave) or the 2207 VCO
function generators meet the stringent Bell-com-
patible transmit frequency stability, namely,
0.2%.

Acoustic couplers for data on the move

Acoustic couplers let you converse with ter-
minals or computers through your telephone’s
handset, wherever there is one.

Top speed on these devices is 1200 baud—half
duplex, of course. Anderson Jacobson was the
first, with ADAC 1200. There are at least two
other manufacturers of fast units. The Design
1200 from MI 2 uses both inductive and acoustic
links with the handset, and Omnitec recently an-
nounced its Model 1200A.

Most acoustic couplers operate at 300 baud.
Prices range from $99.50 (Tycom Model 920) to
$360 for Livermore’s Model C, and even higher.
The Model C includes an acoustically shielded
walnut case, EIA interface, 20-mA TTY cur-
rent drives, and a choice of Originate or Answer
operation.

Omnitec’s Model 703A, costing $489.50 (1 to 4
units) automatically answers your phone and
puts the terminal on-line. A separate electrome-
chanical device rests on the base of the phone
and “lifts the hook” when a ring is detected.

To get 450 baud, check into Omnitec’s Model
701B ($341; 1 to 4 qty). The unit offers both
acoustic or DAA operation and Bell compatibility.

ComData Series 150 couplers provide four
types of digital interface: EIA RS-232, MIL-E-
188B, TTY and DTL/TTL. There are stripped
versions for OEMs as well as desk-top units.

For TTY-oriented users, Digital Techniques
Corp. offers an acoustic unit that you install in-
stead of the face plate on Teletype’s Model 33
and 35. The DTC 3300 provides 20-mA current
loops and uses. acoustic/magnetic coupling. The
price is $289.75. For TTY-leasing, RCA Service
Co. provides originate/answer couplers with in-
ductive/acoustic coupling. Teletype Corp., Skokie,
I1l.,, also offers an RS-232-C interface for use
with external modems.

Usually 1800 bit/s represents the upper limit
‘on asynchronous operation. With the exception
of Vadic’s full-duplex, two-wire unit, FSK modu-
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Warning:
Be aware of these constraints

Whether you use desk-top modems, cards or
chips, bear in mind that:

m FCC Tariff 260 does not allow mixed use
of Bell and foreign modems on private lines.
Check before you install.

m The telephone company tells the customer
what output power to supply for DDD use. The
range is from —1 dB to —10 dB in 1-dB steps.

® The maximum power loss on the DDD net-
work is 37 dB; make sure your modem can
handle this.

lation dominates. The Timeplex 202 attains 2000
baud rate with C2 conditioning, and does 1800
baud in DDD use. The Timeplex modem gener-
ates out-of-band FSK signals, then translates
them into the phone line’s frequency range. And
the technique avoids adverse beat frequencies.

The 1800-bit limit is due to the large spectral
width of the FSK signal and spurious in-band
signals. Practically all stand-alone units have
soft-carrier turnoff as standard. A 900-Hz tone,
transmitted for 30 ms, clamps the receiver data
line to prevent spurious signals during carrier
switchoff.

Check out the type of line conditioning re-
quired. Often levels lower than the Bell equiva-
lent are specified. For example, the 7202 D/E
from Tele-Dynamics doesn’t require conditioning
at 1800 baud. Bell specifies C2 for its 202D.

Both cards and at least one MOS chip serve
the OEM user in the medium-speed area. The
electrical levels at the interface span the range
from EIA to CMOS. For example, RFL’s 6835
Series offers TTL, CCITT, HTL and CMOS. An
optional feature is a soft-carrier turnoff.

In addition to Tele-Dynamics, Sanders offers a
synchronous unit, the 12SC. Neither is Bell-
compatible.

Rockwell’s 10371 chip provides a carrier de-
tector, transmitter, receiver and control circuits.
To build a complete modem, you’ll have to add
external circuits such as a resistive summing net-
work (to produce the step-like sine wave) and
active filters to limit bandwidths. A 10-ms delay
is available, but the user must also supply logic
to implement RTS-CTS protocol.

And don’t forget to check the FCC and com-
mon-carrier rules before you attempt to use chips
or cards as integral units in your designs.

A middle ground: 1800 to 2400 bit/s

The majority of self-contained units operates
synchronously on DDD or unconditioned lines.
Many manufacturers, such as ICC/Milgo and

81



Intertel, include digital pattern generators for
full checkout. The 2400-bit/s speed is quite popu-
lar for order-entry or remote-inquiry terminals
that operate in a polled environment. Auxiliary
modem-contention units help reduce costs because
four to six terminals can contend for a single
modem. Such devices are offered by ICC, Intertel,
Penril, Codex and Rixon.

Intertel, Penril and General DataComm offer
special diagnostics for polled ‘systems. Intertel
uses a 7T75-baud module that allows the central
site to address each remote modem via a 75-baud
(out-of-band) test channel. An automatic tester
isolates faults.

Rixon offers tests via the DDD network from
its Data Service Center. These tests are available
on many products like the CS 2401, OEM 2400-
bit modem (Bell 201B-compatible).

ICC’s Modem 24 LSI disables the vecho sup-
pressors. Others like GTE Lenkurt’s T61A offer
75 to- 150 baud reverse channels for data ack-
nowledgement. But your computer and equipment
must have provisions for such use. The T61A also

features the shortest RTS-CTS delay—3.5 ms;
the normal range is 8.5 to 10 ms. However, the
GTE units use duo-binary transmission: a three-
level technique that is incompatible with Bell or
other units. The 2400-B modem from Penril uses
AM-VSB and requires C2 conditioning. The re-
sult is said to be lowered purchase cost and small
gize. The OEM card measures 4.75 x 7.75 in.

If you find your system’s requirements shift
frequently between synchronous or asynchronous
operation, Livermore’s 412/424 might offer some
economic advantages. Plug-in cards convert op-
eration from 1200 bit/s asyn to 2400 bit/s syn-
chronous. Either mode is Bell-compatible or can
meet CCITT (European standards). The basic
modem costs $510 (single quantity); the con-
version card to 2400 bit/s is $285.

Technologically, there has been some digital
encroachment on certain analog functions, par-
ticularly the filters and detectors. Universal Data
Systems’ UDS-201B, based on off-the-shelf
CMOS, uses digital frequency synthesizers (for
all waveforms), digital line compensator and

Representative 4800-bits/s modems for DDD use

Manufacturer Modulation Digital Bell - Configuration Comments
Model Interface Compatibility
ICC/Milgo Three-level RS-232-C None Desk-top 40 ms turn-
4700/48* VSB Mil. Std-188 around
Auto call
Livermore QUAM RS-232-C None Desk-top 1.1 s training
Data Systems modulated by CCITT Single card time
440/48* coded AM 6 X 9in.
Bell Refer to Bell Data Set listing
208B
Codex 4800 QUAM RS-232-C None Desk-top 40 ms turn-
CCITT V.24 around;
auto answer
optional
150-baud
reverse
channel
IBM 8-phase RS-232-C None Desk-top Fast turn-
3874 around
Auto call,
three-port
contention
Singer Tele- QUAM RS-232-C None Desk-top Optional
signal 4832D CCITT reverse
150 baud
channel Can
mpx in 1200
baud units
Rixon 8-phase RS-232-C 208B Desk-top First Bell-
T208B* PSK compatible
unit
Intertel QUAM RS-232-C None Stand-alone Trains in
MCS 4800* or rack- 50 ms; has
mount modem sharing

*Also operates on unconditioned private lines
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digital filters. The synthesizer’s accuracy is such
that the first undesired product term is the 15th
harmonic, which is easily filtered out. The UDS-
201B is also available as a three-card OEM set.
Prentice mentions that its P-201B uses digital
synthesis.

For volume OEM applications, ICC’s CM 244A
offers the works—equalizer, carrier detector and
RS-232-C protocol at TTL signal levels. The unit
even includes a 511-bit, test-pattern generator

and an error detector. The modem operates at
2400 bit/s on unconditioned or DDD network and
measures 10.05 x 5.93 in. The blue-chip series
features a protective cover with clear instruc-
tions for users. Slide switches select test/normal
and ac loop-back.

Sanders’ two-card set, the 24SC, features prac-
tically complete digital implementation on this
Bell 201B-compatible device. Like ICC, most of
the RS-232-C controls are implemented. How-

A sampling of modems for high-speed operation on private lines

Manufacturer | Rate Modu- Mini- Operation Digital Bell Comments
model (bit/s) lation mum Interface Compati-
line bility
Condi-
tioning
1C 4800 PSK u FDX/4W RS-232-C 208A 50 ms RTS-CTS
Model 208A delay; Identical to
Bell 208A; mfd.
under direct
license from
Western Electric
Penril 4800 8-phase U HDX/FDX | RS-232-C None Manual equaliza-
4800B-1 2W/4W tion RTS-CTS
8.5 ms
Bell 4800 Refer to Bell Data Set Listing
208A
ICC/ Milgo 4800 QUAM U HDX/FDX | RS-232-C None Manual equaliza-
Modem 4W Mil-Std 188 C tion; Modem shar-
4600/48 ing: 4 terminals;
Split-stream: two,
2400 bps
Codex 4800 4800 QUAM Cc1 FDX 4W RS-232-C None 50 ms RTS-CTS
CCITT V.24 Delay
Mil 188C
GTE 4800 Duobinary| C2 HDX/FDX | RS-232-C None 150 bit/s reverse
Information SSB 2W/4W Mil 188B channel; Manual
Systems equalization;
1S/2481 RTS-CTS 21.6 ms
Paradyne 4800 VSB U HDX/FDX | RS-232-C None
M-48 2W/4W
IBM 4800 SSB C2 FDX/4W RS-232-C None Manual
4872 equalization
Codex 7200 7200/4800 QUAM (074 FDX/4W RS-232-C None Data multiplexer,
CCITT V.24 No fast equaliza-
tion for polling.
Setup is 275 ms
Modem sharing.
IBM 3875 7200/3600 QUAM C2 FDX/FDX | RS-232-C None Modem sharing:
2W/4W 3 machines
Codex 9600 9600/7200/ | QUAM C2 FDX 4W RS-232-C None Modem sharing;
4800 Four port mux;
275 ms set-up
time
ICC/Milgo 9600 QUAM C2 FDX 4W RS-232-C None Four-port mux;
Modem modem sharing
5500/96 DDD at
4800 bit/s
Paradyne 9600 VSB D1 FDX 4W RS-232-C None PMOS digital
M-96 recom- implementation
mended
Bell 209 9600 Refer to Bell Data Set Listing
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ever, C2 conditioning is recommended, whereas
the ICC/Milgo unit has a strappable built-in
equalizer to permit operation on DDD or uncon-
ditioned lines.

Meet the speedsters: 4800 to 9600 bits/s

Of all situations, the DDD network offers the
greatest challenge. To date, the highest speed
attained is 4800 bit/s.

A variety of modulation techniques is used,
and all units have automatic equalizers. ICC/
Milgo, Bell, Codex, IBM and Rixon provide fast
turnaround through echo-suppressor disable-
ment. Only Rixon’s is Bell-compatible. Prices vary
considerably. Livermore’s 440/48 sells for $2950;
IBM’s price ranges from $4650 to $7200. Liver-
more includes a line quality indicator at no extra
charge. The two-digit readout is based on the
average activity of the auto-equalizer. High ac-
tivity correlates with poor lines and vice versa.

Most manufacturers who build 4800-bit/s
DDD units make similar units for private-line
use—type 3002 voice-grade lines. Also the degree
of required conditioning ranges from none to C2.

Representative FDM units

And some units use manually adjusted equal-
izers. A number of these modems also offer built
in muxes.

Hycom produces 4800-bit/s OEM modems for
dial-up or private use. A special-purpose proc-
essor, made up of three MOS/LSI circuits, per-
forms all modem functions. These include: detec-
tion, filtering, equalization, phase-lock-loop track-
ing and modulation. A change of the program
ROM alters the entire modem.

Paradyne’s M-96 operates on a similar all-
digital basis. Analog signals are converted im-
mediately to digital form, then operated on in
arithmetic fashion to synthesize modem func-
tions.

The Hycom unit, Model 502, is contained on
five PC cards, each 5.38 x 5.08 in. Features in-
clude test patterns and echo-suppressor disable-
ment for rapid turnaround. Modulation used is
QUAM.

Rockwell Microelectronics offers a half-
duplex, 4800-bit/s modem on a 6 x 10-in. board,
the M-48, which is also based on digital synthesis.
In quantities of 1000, the unit price is under
$1000. The unit features QUAM modulation and

Manufacturer Special Capacity Maximum System Remarks
and model features channel interface
Speed No. Total speeds
Baud available
(baud)

ComData Access to tones 75 22 1650 75,110,135, Contention Limits shown
Series 200 loop-back test 300 5 1500 150, 300, 600 and for C2

Data regenerator intermixed multidrop conditioning

to remove bias

Voice channel

available
RFL Plug-in filters for 75 24 1850 | 75,110,150 Multidrop C1 conditioning
5150 channel 300 4 1200 | 200, 300,600 required for
Multiplex assignment 1200 1200 baud, no
Modem Strappable for conditioning on
system EIA, CCITT other speeds

L BT B )
Singer Only 2 adjust- 150 12 1800 | 150 only Multidrop Twelve channels
Tele-Signal ments on 150 11 1650 with C4 condi-
2503H receivers bias tioning, 11 un-

and clamp. conditioned

One level control

on transmitter
Tele-Dynamics Pluggable filter 75 22 1650 755 0 Multidrop Six-channel
Ambac modules for 150, 300, 600 building-block
7260 Series data rate intermixed assembly. Rate

selection shown for C2

loopback tests conditioning
DataStat Modular mix 110 16 1760 | 110,150, Multidrop Data shown for
1100, 1500, of modules for 300 6 1800 | 300, 600 C2 conditioning
3000 and 600 variety of intermixed

speeds
GTE Party-line
Information adapter for
Systems terminals 75 25 1875 |- 75, 110;5150 Contention Line condition-
IS /8800 Voice channel 300 6 1800 | 300 bit/s. and ing not stated for

available multidrop given capacity
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adaptive equalization. A phase-locked loop coun-
teracts low-frequency phase jitter. According to
the manufacturer, a 9600-bit/s unit is under
development.

Uncommon carriers for shorthauls

To transmit computer data over short distances
with RS-232-C protocol, and with no phone
charges, there are local distribution units that
use infrared beams, twisted-wire pairs or even
simple microwave transceivers. The latter re-
quire FCC licensing, of course.

At least two manufacturers supply optical
links capable of full-duplex transmission; each
unit has a receiver and transmitter.

Computer Transmission Corp.’s (Tran) Optran
units provide full-duplex operation—up to one

Sample selection of TDM units

mile in favorable weather—with speeds of 2400
to 250 kbit/s. Transmission can be synchronous
or asynchronous, with strappable turnarounds
from 0 to 250 ms.

The OpCom Div. of International Laser Sys-
tems (2111 W. Central Blvd., Orlando, Fla. 32805)
provides LDL Series with data rates up to 1.544
Mbit/s. The company claims one mile for most
weather conditions, and eight miles in clear
weather. Model LDL provides RS-232-C (20
kbit/s max); or MIL-188C at 10 kbit/s maxi-
mum. Range of Model LDL is 3000 ft. The LDL,
complete with two transceiver terminals, costs
$9350.

Companies such as Tran, ICC/Milgo, Prentice
and DataStat offers units that operate over wire
pairs. DataStat’s SLD-4 will do 50 kbit/s at dis-
tances up to 10 miles. ICC’s Com-Link II can op-

Manufacturer | Interleaving Channel Max Throughput Code- Comments Port
and model Technique speed mix output handling convention
(bit/s) capability available
Infotron Character To 162 ch. 12kto |To 120% 5 to 8 info Sync to Yes
Timeline 240 A/S 240 k on Asyn. bits asyn; 4800 baud
AorS auto-speed
detection
Codex Character | To 64 Ch. 9600 1009% 5 to 8 info Configuration | Yes
900 Series A/S bits asyn; remotely
7200 bit/s auto-speed program-
max on S detection mable; port
contention by
subgroup
assignment
Timeplex Character To 96 9600 97 %:; Code mix Isochronous | Yes
50-1200A 1009 at built in 5 to data card
Timeplexer 2400-4800 S 2000 bit/s 7 info bits; available.
T-96 8-bitis an Synchronous
option drop-off lines.
Hub and Star
capability
GTE Character Toll6 @ 9600 Specified by | Upto 116 ch. | Allows No
Information 110 baud A number and | at 110 baud mixture of
Systems ts. of asyn. each, intermix | four asyn.
I1S/8500 four speeds speeds
Singer Character | To 76 A 4800 Specified by | Divide bits Good No
2533-Series bit/frame trans into for bulk
and ms frame size; 12, | encryption.
per char 110-baud ch. | Accepts all
for 1200 speed and
bit/s output code mixtures
Computer Bit and To 115 A to 50 Depends on Up to four Complete Yes
Transmission | Character kbit/S speed mix syn at 2 speed and
Corp. speeds and format
Multitran 12 asyn. intermix
1215 Expanders
available; has
auto-speed
detection
Livermore Character | To128 A 70 kbit/s| Handles Intermix of Hub and Star | Can provide
Data Systems 34,300-baud | seven baud capability. parallel
Data channels with | rates. Auto Replaces output to
Distribution 9600 bit/s speed ADS 660. 16-bit mini
System 670 modem. detection (interrupt
driven)
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Data-communications literature covers such a
broad area that the designer often can’t spot
the trees from the forest. However, a number
of courses and some of the manufacturer’s
literature can help you.

The following is a sampling of literature at
various levels:

For a very fast but thorough systems orienta-
tion to TC consult Control Data Corp.’s Institute
for Advanced Technology, 6003 Executive Blvd.,
Rockville, Md. 20852, (301) 770-8566 on their
three-day seminars. The course, “Design of a
Data Communication System,” ($395), is partic-
ularly rewarding for newcomer and veteran alike.
For greater technical detail check out “Practi-
cal Engineering of a Data Communications Net-
work” ($395).

Microdata, 17481 Red Hill Ave., Irvine, Calif.
92705, offers “The Communications Handbook,”
($2.50), which can provide good systems orienta-
tion along with a gentle pitch for their Model
1600 minicomputer.

To dig deeper into the modem’s innards get
on the list for GTE Lenkurt’s “Demodulator”
booklets, which cover a variety of topics from
modulation to phone-line characteristics in easy-
to-read style.

Further basic information appears in two use-
ful little books: “Introduction to Data Commu-
nications” by D. E. Murphy and S. A. Kallis, Jr.

Putting the facts at your fingertips

(ICC/Milgo) and “Data Modem Selection and
Evaluation Guide” by V. Vilips, Artech House,
an affiliate of Horizon House Microwave, Ded-
ham, Mass., 1972. Both books are written by
staff members of ICC/Milgo and emphasize the
product line—especially the selection guide. But
the information helps you see the interrelation
between type of transmission, phone-line char-
acteristics and modem operation.

Your final plunge into data communications
should include Computer-Communication Net-
works, N. Abramson and F. Kuo, Editors,
Prentice-Hall, July, 1973, and some Bell System
publications; in particular: “Data Communica-
tions Using Voiceband Private Line Channels,”
Bell System Technical Reference Pub. 41004
October, 1973 and “1969-70 Switched Telecom-
munications Network Survey,” Bell System
Technical Reference Pub. 41007.

Before you initiate that design or configura-
tion, get some straight facts on RS-232-C and
its applications. Write to Engineering Dept.
Electronic Industries Association; 2001 Eye St.,
N.W., Washington, D.C. 20006 for EIA
Standard RS-232-C “Interface Between Data
Terminal Equipment and Data Communication
Equipment Employing Serial Binary Data Inter-
change,” August, 1969 ($5.10) and “Application
Notes for EIA Standard RS-232-C,” Industrial
Bulletin No. 9, May, 1971 ($2.60).

erate at 19.2 kbit/s at distances up to three miles
over a 22-gauge wire pair.

Spectron Corp. (Church Rd. and Roland Ave.,
Moorestown, N.J. 08057) eliminates back-to-back
modems entirely. Its unit simply transposes
send-and-receive data signals. The range is 50 ft.,
point-to-point, at speeds up to 20 kbit/s.

Finally, Norden Div. of United Aircraft (Helen
Street, Norwalk, Conn. 06856) offers millimeter
wave units designed for very high speeds, such as
computer-to-computer exchanges. A TDM mux
lets you mix up to 23 data streams to one 1.544-
Mbit/s stream. The unit operates under a pend-
ing FCC developmental license. Each full-duplex
radio weighs about 30 lbs.

A sampling of TDM and FDM

Muxes offer three basic types of operation:
asynchronous, synchronous and high-speed (50
kbit/s). The asynchronous units handle ASCII
or other asynchronous terminals (mostly TTYs)
and merge them into a synchronous bit stream.
The medium-speed units handle block-oriented
transfers, and combine them to ferm 9600-bit/s
streams for 3002-type channels. The faster units
can continue the combination with rates up to
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50 kbit/s, and are designed for Bell’s 8000 Series
lines or equivalent.

TDMs differ greatly in their ability to mix
channel speeds and types (synchronous or asyn-
chronous). Many units offer computer-port con-
tention; that is, the mux seeks out an available
CPU port. Others map data input to a port in a
fixed manner so that your call does not go
through even if other ports are free. Be sure to
check that the software can manage random port
selection and to what degree—speed, terminal
type and terminal signal protocol. Several manu-
facturers including Codex and Timeplex, accept
isochronous (self-clocking) data. These data are
frequently generated by encryption devices used
with TTYs or similar asynchronous devices. The
bit pattern produced has no Start-Stop units.
And the mux must generate and time a clock
signal to the bit stream to transmit it. The same
is true of the decrypter or receiver device when
the information is recovered.

Channel capabilities of muxes differ consider-
ably. Some work with asynchronous terminals
others have programmable channel capabilities
as with the Codex unit. However, most require
card changes to accommodate different terminals.
A few have automatic speed detection so that
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terminal speed changes are handled without user
intervention. Of course, you should check how
much software intervention is needed to com-
plete the change.

Special multiplexers, such as the Timeplex
T-96, have a hubbing feature. The central mux
can interface with two to three high-speed lines
(such as those from distant muxes) to aggre-
gate or combine data channels in a star-like pat-
tern at the central site. With full hubbing capaci-

the central mux at location X can bypass
data from City A to City B or from City B to
City C. Yet A, B and C can have channels to X.
And X can have channels to A, B and C. The
first unit to have this feature was the American
Data Systems 670, and the unit is available from
Livermore Data Systems (ADS merged into

Livermore Data Systems).

For the most part, FDM manufacturers allow
free intermix of speed and provide features
found in 103-style modems. A few force single-
speed operation. Sinces muxes are asynchronous,
you can operate from zero to the maximum baud
limit. But the channel bandwidth is wasted if
you have slower devices. Practically all manu-
facturers provide the necessary adjustment for
dynamic range. Be sure to consult them about
mixed speeds and channel frequency assign-
ments. As a rule of thumb, try to place the fast-
est channels near the line’s center- frequency,
since the response there is reasonably flat. Locate
the lower-speed channels symmetrically about
the center. You’ll find ComData’s Series-200 bro-
chure particularly lucid on this subject. mm

Need more information?

We wish to thank the many companies that
provided information used in this report. The
companies and products cited in this report
were selected for their illustrative, or in some
cases, unique qualities. However, manufactur-
ers not mentioned in the report may offer simi-
lar products. Readers may wish to consult man-
ufacturers listed here for further details.
Coding: (A)—acoustic couplers; (B)—asyn-
chronous modems; (C)—synchronous modems;
(D)—time-division multiplexers and (E)—fre-
quency-division multiplexers.

AT&T, 195 Broadway, New York, N.Y. 10007. (212) 393 9800.
(K.J. Whalen). (B, C) Circle No. 401
Advanced Terminal Systems, Inc., P.O. Box 90121, Los Angeles,
Calif. 90009. (213) 644-5321. (T. Pine). (B D) Circle No. 402
Anderson Jacobson, Inc., 1065 Morse Ave., Sunnyvale, Calif.
94086. (408) 734-4030. (R.B. Tabke). (A, B, E) Circle No. 403
Astrocom Corp., 15012 Minnetonka Industrial Rd., anetonka,

Minn. 55343. (612) 933-2208. (T.H. Frahm). (A, %)
Cm:Ie 0. 404

Bendix Corp., 1400 Taykir Avenue, Baltimore, Md. 21204.
(301) 825-5200. (D) Circle No. 405

Bowmar Instrument Cor 8000 Bluffton Rd., Fort Wayne,
Ind. 46807. (219) 747-3121. (R. A. lonni). (B)

Circle No. 406

Bunker Ramo Corp., Information Systems Group, Trumbull

Industrial Park, Trumbull, Conn. 06609. (203) 377-4141.

(P.F. Burke) (B) Circle No. 407

Burroughs Corp., Business Machines Group, 6071 2 Ave.,
Detroit, Mich. 48232. (313) 972-7000. (B, C) Circle No. 408

Carterfone Communications, 2639 Walnut Hill Lane, Dallas,
Tex. 75229. (214) 350-7011. (D. Connolly). (B)

Circle No. 409

Cermetek, 600 National Ave., Mountain View, Calif. 95040.
(415) 969-9433. (R.S. Smith). (B) Circle No. 410
Codex Corp, 15 Riverdale Ave., Newton, Mass. 02195. (617)
969-0600. (R.W. Lowry). (C, D) Circle No. 411
Coherent Communications Systems, 85D Hoffman Lane S.,
Central Islip, Long Island, N.Y. 11722 (516) 582-4044.
(M.F. Feinberg) (B, E) Circle No. 412

Collins Radio Co., 4311 Jamboree, Newport Beach, Calif.
92663. (714) 833-4723. (R.L. German). (B, C, E)
Circle No. 414

ComData Corp., 8115 Monticello, Skokie, Ill. 60076. (312)
677-3900. (W.L. Manning). (A, B, C, D, E) Circle No. 413
Computer Transmission Corp. (Tran), 2352 Utah Ave., El Se-
gundo, Calif. 90245. (213) 973-2222. (D.A. Barr). (B, C, D)

Circle No. 415

Control Data Cor 8100 34 Ave., S. Minneapolis, Minn.
55440. (612) 8855555 (B, C) Circle No. 416
Counterscan Systems, P.O. Box 536, E. Highway 6, Sutton,
Neb. 68979. (402) 773-3875. (E. Wach, A.D. Spangler)
(Contention Mux; 512 channels) Circle No. 417
Credex Corp. 7920 Charlotte Dr., S.W., Huntsville, Ala. 35802.
(205) 883-0710. Circle No. 418
Datapoint Corp., 9725 Datapoint Dr., San Antonio, Tex. 78284.
(512) 696-4520. (E. Gistaro). (A, B) Circle No. 419

Hycom Inc., 16841 Armstrong Ave., Irvine, Calif. 92705. (714)

Data Products Corp., Stelma Telecommunications Div., 17
Amelia Pl., Stamford, Conn. 06904. (203) 325-4161. (J.J.

Corless). (A, B, C, E) Circle No. 420
DataServ, 770 Airport Blvd., Burlingame, Calif. 94010. (415)
342-0877. (J.H. Pinzone). (B) Circle No. 421
DataStat Inc., 246 Sobrante Way, Sunnyvale, Calif. 94086.
(408) 732-7618. (B € . BE) Circle No. 422
Da-Tel Research C P.O. Box 1206, N. Park Ave., Montrose,

Colo. 81401. (303) 249-6129. (E.A. Gilbert). (B, D, E)
Circle No. 423

Digital Communications Associates, Inc., 2801 Clearview Pl
Atlanta, Ga. 30340. (404) 458-6215. (J. Spencer). (D)
Circle No. 424
Digital Techniques Corg 4248 Delmere Ct., Royal Oaks, Mich.
48073. (313) 549-8663. (R. Sniatkowski). (A, B
Circle No. 425

Duracom Corp., 7300 N. Crescent Blvd., Pennsauken, N.J.
08110. (609) '662-7272. (D) Circle No. 426
Econolite, P.O. Box 6150, Anaheim, Calif. 92806. (714) 630-
3700. (J.T. Gillis). (B) Circle No. 427

Electro General Corp., 128 E. Jackson Ave., North Hopkins,
Minn. 55343 (612) '935.7704." (R. Dossett). (B)
Circle No. 428
Fujitsu Ltd., 680 Fifth Ave., New York, N.Y. 10019. (212) 265-
5360. (B, C, D, E) Circle No. 429
Gandalf Data Communications Ltd., 15 Grenfell Crescent,
Ottawa K2G 0G3 (613) 825-4526. U. S. Distributors: Penrll
Data Communications Inc. (D. Cunningham). (B, C,
tention-type TDM) Circle No. 430

General Atronics Corp., E. Mermaid La., Philadelphia,
Pa. 19118. (215) 2483700 (W.L. Lutz). (B, C, D,
Circle No. 431
GTE Information Systems, Inc., One Stamford Forum Stam
ford, Conn. 06904. (203) 357-3035. (A. Jernee) g\ D, E)
ircle No 432
GTE Lenkurt Inc., 1105 Country Rd., San Carlos, Calif. 94070.
(415) 591 8461. (T.F. Curry). (B, C, E) Circle No. 433
General ataComm Industries, 131 Danbury Rd., Wilton,
Conn. 06897. (203) 762-0711. (M.J. Levesgue). (A. B,
D, E) Circle No. 434
General Dynamics Corp., Electro Dynamic Div., P.O. Box
2566, Orlando, Fla. 32802. (305) 834-1000. (B, C)
Circle No. 435
General Electric Co., Data Communicatlon Products Dept.,
Waynesboro, Va. 22980. (804) 942-8161. (C.F. Rockwell).

(A, B, C, E) Circle No. 436
Hallicrafters Co., 600 Hicks Rd., Rolling Meadows, Ill. 60008.
(312) 259-9600. (C) Circle No. 437

Hughes Aircraft Co., Microelectronics Div., 500 Superior Ave.,
ewport Beach, Calif. 92663. (714) 548-0671 E
c"cle No. 438

557-5252. (B. Cook). (C) Circle No. 439

International Business Machines Corp., Data Processing Div.,
1133 Westchester Ave., White Plains, N.Y. 10604, (914)
696-1900. (R.A. Pfeiffer Jr). (B, C, E) Circle No. 440

I. I. Communications Corp., 250 Welsh Pool Rd., Lionville, Pa.
19353. (215) 363-9800. (C.H. Haggerty). (B, C)

Circle No. 441

Infotron Systems Corp., 7300 N. Crescent Blvd., Pennsauken,

J. 08110. (609) 665-3864. (D) Circle No. 442
Integrated Electronics, P.O. Box 213, Dover, N.J. 07801. (201)
366-9009. (A) Circle No. 443

Integrated Micro Systems, 1215 Terra Belta Ave., Mountain
View, Calif. 94040. (415) 965-3900. (P.R. Kemp Jr.). (B)

Circle No. 444

Interface Engineering In 386 Lindelof Ave., Stoughton,
Mass. 02072. (617) 344 7383. (T. Scanlon). (D)

Circle No. 445

International Communications Corp., 8600 N.W. 41 St., Miami,
Fla. 33166. (305) 691-1220. (M.A. Kenny). (B, C); Asyn.
modem for export only. Circle No. 446
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E . E I : I : Intertel Inc., 6 Vine Brook Park, Burlington, Mass. 01803.

(617) 273-0950. (B, C) Circle No. 447

Lear Siegler Inc.,, 714 N. Brookhurst St., Anaheim, Calif.
92803. (714) 774 1010. (L.R. Couts). (E) Circle No. 448

Livermore Data Systems, 2050 Research Dr., Livermore,
Calif. 94550. (415) 447-2252. (J.G. Nugen). (A B, C, D)
Circle No. 449

Mi Data Systems, Inc., 1356 Norton Ave., Columbus, Ohio
43212 (614) 294-2694. (G. Gerhard). (A, B, D) Circle No. 450
Mohawk Data Sciences, 791 3 Ave., King of Prussia, Pa.
19406. (215) 337-1910. (S. Keane) (C) Clrcle No. 451
Motorola Semiconductor Products, E. McDowell

Rd., Phoenix, Ariz. 85008. (602) 244 6900 (B Drew) (B)
Circle No. 452

NCR Corp., Main and K Streets, Dayton, Ohio 45479. (513)

449-2000. (K. Turner). (B, C). Circle No. 453
Northern Radio Co., 325 W. Hibiscus, Melbourne, Fla. 32901.
(305) 727-6700. (E) Circle No. 454
Novation Inc., 18664 Oxnard St., Tarzana, Calif. 91356. (213)
344-7191. (A, B, C) Circle No. 455
Omnitec Corp., 2405 S. 20 St.,, Phoenix, Ariz. 85034. (602)
258-8246. (F. Willes). (A, B) Circle No. 456
Paradyne Corp., 8550 Ulmerton Rd., Largo, Fla. 33540. (813)
536-4771. (K. Nordling). (C) Circle No. 45

Penril Data Communications Inc., 5520 Randolph Rd., Ro ck-
ville, Md. 20852, (301) 881-8151. (B, C, D)  Circle No. 458
Prentice Electronics Corp., 795 San Antonio Rd., Palo Alto,
Calif. 94303. (413) 327-0490. (A, B, E) Circle No. 459
Pulsecom Div.,, Harvey Hubbell Inc.,, 5714 Columbia Pike,

Falls Church Va. 22041. (703) 820-0652. (C.M. Gray). (B, E)
Circle No. 460

Quindar Electronics Inc.,, 60 Fadem Rd., Springfield, N.J.
07081. (201) 379-7400. (J.S. Tennant). (B, D, E)

Circle No. 461

RCA Service Co., Technical Services Bldg.,, 204-2, Camden,

N.J. 08101. (609) 779-5087. (V.A. Littlefield). (A,

B Simplified Assembly
B Versatile
B Comfortable Finger Grip Action

B Completely Field Serviceable Model 3925 i Circle No. 464
& Mini Test Clip RFL_Industries, Powerville Rd., Boonton, N.J. 07005. (201)
B Molded of Tough Lexan Shown Actual Size SRRSO Al L e S Clrte. l¥0, 469
Randtech Corp., 88 Church St., Amsterdam. N.Y. 12010. (518)
843-3060. (J. Havlicek). (E) Circle No. 462
hi i i i i e Receptors, 4203 Spencer St., Torrance, Calif. 90503. (213)
T is test clip with gold platfad hook is 'excelle‘nt for rapid test 373-0981. U MeCullan. (B, C. DB Circle No. ‘466
ing of components and Wire Wraptpins. Clip is completely Rix(gglln%.é;éfgllndustsrial Pa;léwaé(, Silver Sprir&%, ;VIdN20940647.
. . . 3 3 . ) - . (J. Stahl). 59 ) rcle No.
|nsulate.d to point of connection. Build any combination of test Rockwell International, Microelectronics Div., P.O. Box 3669,
leads with wire up to .090 dia. Easy and comfortable to operate. Anahein, Cail: H2BUS, (I14). D211 1 i, MMl S s
Molded of rugged Lexan to resist melting when soldering. Sanders Data Systems, Daniel Webster Highway S., Nashua,
: . - N.H. 03060. (603) 885-3727. (J.J. Egan Jr.). (B,
Write for literature and prices. Circle No. 468
Sidreal Corp., P.O. Box 1042, Portland, Ore. 97207. (503)

223-0863. (R. Taylor). (B) Circle No. 469
Singer Co., Kearfott Tele-Signal Operation, 250 Crossways
Park Dr., Woodbury, N.Y. 11797. (516) 921-9400. (E. Bohn-
slav). (A, B, C, D, E) Circle No. 470
Sola Basic Industries, Electric Div.,, 1717 Busse Rd., Elk
Grove Village, Ill. 60007. (312) 439-2800. (J.D. Kimball). (B)

Circle No. 471

Solid State Electronics, 15321 Rayen St., Sepulveda, Calif.
91343. (213) 894-2271. (E.Y. Politi). (E) Circle No. 472
Sonex Inc., 2339 Philmont Ave., Huntington Valley, Pa. 19006.
(215) 947-6100. (R.E. Donaghy). (B, D) Circle No. 473
Syntech Cor; 11810 Parklawn Dr., Rockville, Md. 20852.
(301) 770-0550. (G. Fritkin). (B, C, D) Circle No. 474

Tele-Dynamics, Div. of Ambac, 525 Virginia Dr., Fort Wash-
ington, Pa. 19034. (215) 643-3900. (J. Jurenko). (A, B, C, E)

MODEL 3925 Circle No. 475

hooks onto components or slips over square Wire-Wra| in Telefile Computer Products, Inc.,, 17785 Sky Park Circle, Ir-
b P 9 S i o vine, Calif. 92664. (714) 557-6660. (D) Circle No. 477
Teleprocessing Industries, Inc., 82 McKee Dr., Mahwah, N.J.

07430. (201) 529-4600. (E) Circle No. 476

Timeplex Inc., 100 Commerce Way, Hackensack, N.J. 07601.

(201) 646- 1155. (M.L. Bond). (B, C, D) _Circle No. 478

Tuck Electronics, 4409 Carlisle Pike, Camp Hill, Pa. 17011.
(717) 761-4354. (B.C. Hill Jr.). (A. B, C, D, E)
Circle No. 479

Tycom Systems Corp., 26 Just Rd., Fairfield, N.J. 07006.

(201) 227-4141. (Lynn Leone). (A, B) Circle No. 480
Tymshare Inc., 10340 Bubb Rd., Cupertino, Calif. 95014. (408)
257-6550. (A) Circle No. 481

Univac Communications & Terminals Div., 322 N. 22 W, Salt
Lake City, Utah 84116. (801) 328-8066. (c/o A. Fera V.P.
Marketing, P.O. Box 500, Blue Bell, Pa.) (B, C)

Circle No. 482

Universal Data Systems, 2611 Leeman Ferry Rd., Huntsville,
Ala. 35805. (205) 533-4500. (G. Grumbles). (B, C,

Circle No. 483

Vadic Corp., 505 E. Middlefield Rd., Mountain View, Calif.

94043. (415) 965-1620. (T. McShane). (B, C) Circle No. 484

Victor Graphic Systems, Inc., 95F Hoffman Lane S., Central

Islip, N.Y. 11722, (516) 582-3500. (R. Grimshaw). (B)
. Circle No. 485
*Lexan is a General Electric trade-mark. tRegistered trade-mark of Gardner-Denver Co. Webb, Jervis B. Co., Ann Arbor Computer Corp 415 W
Huron St., Ann Arbor, Mich. 48103. (313) 761-2151. (B, C)
Circle No. 486

POMONA ELECTRONICS Western Digital Corp., 3128 Red Hill Ave., Box 2180, New-
R port Beach, Calif. 92663. (714) 557-3550. (S Stuart). (B, C)
A Division of ITT Circle No. 487
. - Wiltek Inc., Gl Ave., N Ik, Ci . 06852. (203) 85
1500 East Ninth St., Pomona, Calif. 91766 400,15 Engham. oy orwalk. conn. 088%E. e No. %os

Telephone (714) 623-3463
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OUR CMOS 201 MODEM
A AR!

Thanks to CMOS technology, our en-
tire model 201 modem fits on a single
PC card exactly this size. It can be the
wild card in your data communication
system design. Put it in a corner. Tuck
it away in the odd spaces, where noth-
ing else will fit. And enjoy all the other
(- benefits of CMOS — lower power con-

R35 L 2ESEK =

Tkeeae _ sumption, better noise immunity, low-

e //, cost unregulated power supplies.
(R — Don’t draw two cards when one will
give you a winner. For specs and quo-
tation on a fully Bell-compatible CMOS
201, contact Universal today!

Compactness
// I’IbL-/

P

:ﬁummm(ﬁmn

ACTUAL SIZE...LESS THAN 50 SQUARE INCHES

IIIIIVEI'ﬁﬂl Ilﬂliﬂ S4SLEMS

2611 Leeman Ferry Road * Huntsville, Alabama 35805 - Telephone (205) 533-4500 « TWX 810 - 726-2100

d by Hall & McKen: ing, Winter Park, Florida
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@ Extend LSI-processor capabilities with
[\ microprogramming. Increasingly, vendors are offering this
feature to minimize hardware for a wide range of systems.

Microprogramming techniques offer designers
many advantages: They allow an LSI-microproc-
essor system to be tailored to a specific applica-
tion. They also permit the same hardware to be
optimized for two dissimilar applications, such as
text manipulation and process control.

Any microprocessor has advantages over hard-
wired logic. For example, a microprocessor-con-
trolled benchtop tester might be programmed to
test a family of MSI integrated circuits. Then by
a change of programs, the same hardware could
be used to test a different class of circuits, such
as memories.

But microprogramming extends the program-
mable characteristic one level further (see box).
It represents one of several large-computer fea-
tures that have been incorporated into current or
planned LSI processors. Others include large
register arrays, multiprocessing and virtual mem-
ory. However, of all the new capabilities, micro-
programming appears to have thé most universal
application.

Some of the benefits

Increased execution speed represents one of
the major benefits of microprogramming. De-
signers can achieve a more efficient or more ex-
tensive instruction set. Other benefits include
a proprietary design that cannot be duplicated
easily, an instruction set tailored to reduce sys-
tem memory requirements, and possible emulation
of other computers.

In addition, basic features of the system archi-
tecture can be modified. These include data
length, register allocation, interrupt structure
and data input-output operations. And sometimes
the entire application program can be written at
the microprogram level. Thus it’s possible to
eliminate the memory required to store machine
instructions, the time needed to access and de-
code them, and the registers required to address
and store them.

George Reyling, Jr., Project Manager, National Semi-
conductor Corp., 2900 Semiconductor Dr., Santa Clara,
Calif. 95051.
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ENTER
FROM
FETCH

ISCAN 095

ENABLE CROM

EP 052
SELFF=0
DN
(AC2)+ |
—(AC 2)
055
jlach _acn
2
056
NO— OP
SKIP 067
(PC) + 1
— (PC)
|

1. The flow chart outlines an interrupt-scan routine
(ISCAN) that can be microcoded into a single machine
instruction. A series of test and skip operations follow
a clearing of the select flag (SELFF = 0). Register AC1
should be loaded with the interrupt-select status word,
and AC2, with the base address of a pointer array for
the service routines. PC refers to the program counter.

Increased speed leads directly to improved sys-
tem throughput, or system response time. An
important response-time parameter in many sys-
tems is the total time required to detect an inter-
rupt, to identify the interrupting device and to
branch to the device’s service routine. Without
microprogramming, this time can become ex-
cessive when polling techniques are used, and
when the system employs a large number of inter-
rupting devices.

For example, the following interrupt scheme
prevails in some applications that use a 16-bit
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000 000000
000 000000
000 000000
000 000000
000 000000
000 000000
000 000000
000 000000
000 000000
000 000000
000 000000
095 000000
095 000000
095 229405
096 000000
096 000000 =
050 000000

050 00DB40 LP
051 000000 =
051 351610

052 000000 =«
052 00A290 EP
053 000000 =
053 000000 . »
053 000000 «
053 2518C4

054 000000
054 000000 *
054 000000 =
054 00DB40O DN
055 000000

*ISCAN
AC1 = INT STATUS WORD

1S EXECUTED,

LR B A 2R 2B 2N OB 2 2

ORG Xx'95

*
ISCAN B EP,RE
*

ORG Xx!'50
ADD,AC2,,AC2 CIN
OR, ,AC1,AC) SHR
RFLG,SELFF,AC1

8,BIT0 TEST

ADD,AC2,,AC2 CIN

INTERRUPT SCAN INSTRUCTION

AC2 = STARTING ADDRESS OF INTERRUPT TABLE MINUS ONE
(OR CURRENT INTERRUPT SCAN ADDRESS),
IF ACY = 0 THERE IS NO CHANGE IN AC1 OR AC2 AND THE NEXT INST

IF AC1  NE¢ O THEN ACY IS SHIFTED RIGHT UNTIL A 1 IS SHIFTED
OUT OF BIT 0, THE SHIFT COUNT IS ADDED TO AC2 AND THE
NEXT .INSTRUCTION IS SKIPPED,

ASSEMBLER DIRECTIVE SETS MICROPROGRAM COUNTER TO HEX ADDRESS 95,

LOC x'95 I8 THE ENTRY POINT FOR ISCAN,
BRANCH TO THE LOCATION LABELLED EP, ENABLE CROM FOR EXECUTION,

INCREMENT THE CONTENTS OF AC2 (REGISTER 6)

SHIFT THE CONTENTS OfF AC1 (REGISTER 5) RIGHT ONE BIT,
OR,CMPA
CLEAR THE SELECT CONTROL FLAG (SO THE LINK IS NOT INCLUDED

IN SHIFTS), PLACE THE COMPLEMENTED CONTENTS OF AC1 ON THE

RESULT BUS SO BIT ZERO MAY BE TESTED,
ACY ON R BUS
IF BIT ZERO OF THE RESULY OF THE PREVIOUS MICROINSTRUCTION

I8 TRUE, BRANCH TO THE LOCATION LABELLED TEST (OTHERWISE

NEXT ADDRESS), PLACE THE CONTENTS OF AC! ON THE R BUS,
DC WITH 50 ; DC
INCREMENT THE CONTENTS OF aAC2,

DC WITH 46(ALSD 42,56)

055 351610 OR,sACL,ACY SHR oc
056 000000 SHIFT THE CONTENTS OF AC1 RIGHT ONE BIT, :
056 004290 RFLG,SELFF,ACY OR,CMPA REQGD FOR DC AT 52 nc
057 000000 CAUSES THE SAME FUNCTION AS THE INSTRUCTION AT LOCATION 52, BUT

057 000000 " 18 INCLUDED AS AN EFFECTIVE NO=OP TO ALLOW PHYSICAL

087 000000 * MINIMIZATION OF THE MICROPROGRAM STORAGE PLA,

057 002748 SKIP ADD,PC,,PC CIN,IF bc
058 000000 INCREMENT THE CONTENTS OF THE PROGRAM COUNTER AND BRANCH

058 000000 =« TO THE INSTRUCTION FETCH ROUTINE,

0A3 000000 ORG X'A3

0A3 22814C TEST B,NREQD LP,IF

0A4 000000 = BRANCH TO LOCATION 50 (LABELLED LP) IF THE RESULT OF THE

0A4 000000
0A4 000000

PREVIOUS MICROINSTRUCTION WAS ZERD, OTHERWISE BRANCH TO
THE INSTRUCTION FETCH ROUTINE,

2. The assembly-language listing details the microcoded scan instruction outlined in Fig. 1.

What is microprogramming?

In a microprogrammed processor, operations
on the fundamental register-transfer level can
be programmed. These basic operations are the
elements of conventional machine instructions.

With minicomputers or large-scale computers,
microprogramming employs a single high-speed
memory whose outputs control the data paths in
the systems either directly or through decoding
logic. This memory is then programmed—in a
manner analogous to conventional machine or
assembly-language coding—to provide the func-
tions needed for the processor’s instruction set.

The microprogram provides a “fetch” phase
to form an address, to access the machine in-
struction from the system memory (external to
the CPU) and store it in the CPU instruction

register. Also the microprogram has an ‘“inter-
pret” or “execute” phase to carry out the oper-
ations specified by the instruction. Micropro-
gramming techniques can be extended to other
programmable storage means besides convention-
al memories and to systems that include a num-
ber of programmable control sections operating
in parallel or in a hierarchy.

In the case of microprocessors, microprogram-
mable units probably have evolved as much from
programmable logic arrays for the control sec-
tion of calculators as it has from an extension
of conventional microprogramming techniques.
In fact two current microprogrammable micro-
processors use programmable arrays, rather than
conventional ROMs for microprogram storage.

ELECTRONIC DESIGN 22, October 25, 1974
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microprocessor (the IMP-16) from National
Semiconductor, Santa Clara, Calif.: An interrupt
causes the processor to issue a command to all
devices to supply simultaneously their interrupt-
request status over an assigned bit on the system
data bus. The microprocessor scans the resulting
16-bit data word (if you assume 16 or fewer de-
vices can interrupt) to determine which devices
are interrupting and then services them. To per-
form this operation, a routine, consisting of shift
and test instructions, requires 32 memory loca-
tions and takes 530 us to scan all 16 bits.

But with a microcoded version of a single ma-
chine instruction, the same operation occurs in
112 us. A flow chart of the microprogram ap-
pears in Fig. 1, and the listing is shown in Fig, 2.
(The microcoded instruction, along with a variety
of others, comes in an optional chip for the
IMP-16.)

Another example occurs with the multiply
function. The machine-instruction version of this
routine requires 11 memory locations and exe-
cutes in 678 us (not including system memory-
access delays or subroutine call and return de-
lays). However, the microcoded version executes
in 171 us, for a 4:1 speed improvement. The ratio
approaches 6:1 in a system with a 1-us memory
when the multiply routine is used as a subroutine
and memory-cycle delays are included.

Typically, microprograms provide direct im-
provements in microprocessor performance.
However, the technique can be employed indirect-
ly to monitor system operation. Information ob-
tained from the monitor microprogram can then
be used to improve processor efficiency.

For example, a microprogram might be written
to count the number of executions of each instruc-
tion in an application. The resulting information
forms the basis for improvements in system
throughput. Changes in the microcode for each
instruction can be evaluated, and the effects of
new instructions can be estimated.

Some of the problems

The heightened development costs and in-
creased development times represent the major
disadvantages of microprogramming. Develop-
ment times increase because two program levels
are encountered—one at the micro-instruction
level and one at the machine-instruction level.

Furthermore the microprogram development is
more complex. It requires a very detailed knowl-
edge of the internal logic and timing of the
microprocessor. And when machine instructions
are changed from the standard set, software de-
velopment aids offered by the manufacturer can
no longer be used.

One way to cut down on some of these costs is
to obtain an initial design that uses the manufac-
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turer’s fixed instruction set. Then an additional
control chip can be microcoded to provide tailored
instructions. This method also allows use of avail-
able software development aids.

The cost of a custom-masked control chip is
considerably higher than that for a read-only
memory, primarily because of the increased com-
plexity. As a result, total over-all costs tend to
discourage use of microprogramming in low-vol-
ume applications or experimental system designs.
However, microprogram development systems are
being offered for these applications.

Which micros are microprogrammable?

LSI microprocessors that are microprogram-
mable have been developed by American Micro-
systems of Santa Clara, Calif.,, and Computer
Automation of Newport Beach, Calif., in addition
to National Semiconductor. Other current micro-
processors could undoubtedly be considered micro-
programmable, but they have not been so pro-
moted. And still other LSI processors expected
shortly are described as microprogrammable.

Microprogrammable processors generally em-
ploy two basic LSI chips. A complete central-
processing unit is formed by the addition of
standard ICs for clock generation, data buffering
and control. ,

One of the two chips, dedicated to system con-
trol, contains the microprogram storage and con-
trol logic. Generally called a CROM (control
read-only memory), it accesses the correct micro-
coded routine for each machine instruction fetch-
ed, sequences through the microroutine, and pro-
vides the data-manipulation control signals to
the second basic chip. This second chip, sometimes
called an RALU (register and arithmetic logic
unit), provides data storage and processing. It
comes in a bit-slice configuration, so that several
can be combined to form processors with word
lengths that are multiples of the basic bit-slice
length.

A block diagram of a 16-bit system using Na-
tional Semiconductor’s IMP chips appears in
Fig. 3. The RALU provides a 4-bit slice of each
of the following functions: seven data registers,
a four-function ALU with complementing input,
a data shifter, a status register, a 16-word last-
in first-out stack and an input-output register.
Up to eight of these chips can be used to build
processors whose word lengths are multiples of
four bits. All RALUs operate in parallel under
control of the CROM to form a synchronous par-
allel processor.

The operational characteristics of the processor
are primarily determined by a microprogram
stored in the CROM. The microprogram specifies
the assignment of the seven RALU registers, the
instruction set used by the processor, and the
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RANDOM ACCESS MEMORY/|

INPUT/OUTPUT

[ us)

INTERFACES

IADDRES REGISTER (AR)l

(16)

SYSTEM DATA BUS (I6)

’ )

(16)

3. A 16-bit LSI microprocessor employs two basic
building-block chips. The control read-only memory
(CROM) contains the microprogram and control logic

timing and function of the control signals in the
processor interface. It also makes possible the
different word lengths that can be built with
the RALU.

The CROM contains an instruction register
that holds the current machine instruction to be
executed. Also a programmable logic array
(PLA) generates an instruction mask that is
logically ANDed with the instruction micropro-
gram address. The address provides the correct
sequence of microcode for the current machine
instruction.

Another PLA, with a capacity of 100 micro-
instructions, stores the microcode. The use of
PLAs simplifies the translation of machine in-
structions to starting addresses, and it provides
increased efficiency in the encoding and higher
speed execution of some micro-instruction se-
quences.

Computer Automation’s microprocessor chips,
custom ICs contained in the company’s Naked
Mini product, resemble the IMP chips (Fig. 4).
The 4-bit data-processing chip contains an arith-
metic and logic unit, a file of seven data registers,
status flags and an input-output interface. The
control chip provides an instruction register, a
sequence register and control logic plus a PLA
for microprogram storage.

A significant architectural difference from the
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for the second chip, a register and arithmetic-logic unit
(RALU) that processes data. From National Semiconduc-
tor, the unit also uses PLAs in the CROM.

IMP control chip exists in the microprogram PLA
addressing. In the Computer Automation chip, the
PLA controls these functions: translation of in-
struction op codes to micro-routine addresses,
testing of branch conditions and sequencing of
micro-instructions. This provides higher-speed
microprogram execution in some instances. How-
ever, a large PLA address decoding section is re-
quired.

The chip set proposed by American Microsys-
tems differs somewhat from the other two (Fig.
5). Specifically the data-processing chip is an
8-bit slice and the control chip uses a read-only
memory, rather than a PLA, for program storage.
Also the microprogram capability appears to be
intended primarily for the application program.
However, the capability can also be used for ma-
chine instructions.

The 8-bit RALU chip provides 48 registers that
can be employed as stacks or as general registers.
The MIR (micro-instruction ROM) chip contains
a 512-word memory, a seven-level microprogram
address stack, and multilevel interrupt logic.

Developing microprograms

Ideally microprogram-level changes should
have a short turn-around. This rules out mask-
programmed control chips. Instead the functions
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REGISTER FILE (4 BITS)

ARITHMETIC

P3

_INTERFACE LOGIC |

TR MACRO-
| READ-WRITE INSTRUCTION

BUS REGISTER
INTERFACE (I6BITS)

[

4. Custom microprocessor chips are used in Computer voted to data processing under the control of the second
Automation’s Naked Mini/LSl. The chips resemble the chip. However, the control chip has been organized for
National Semiconductor's IMP series, in that one IC is de- higher speed at a sacrifice in chip area.

8-BIT BUS

.I""r A ALU -]
{ BINARY/ DECIMAL
2 STACK REGISTER g
POINTERS ADDRESS DECODE '——J—'
I } ALU
RESULTS REG

| AJBD | s-es
CODE| SOURCES BRANCH
[ I CONTROL

RALU CHIP |

MIR MICROINSTRUCTION
| r ROM CHIP 2

ROM_ADDRESS BRANCH/
REGISTER | T o

ROM RETURN INSTRUC MA INSTRUCTION
ADDRESS STACK 12x25/11x25 (8 BITS)

l(7LEVELS)

FETCH
P 10 BITS STARTING [ |\NTERRUPT |
ADDRESS
COUNTER ROM  [=—— INTERRUPT 3

(7 LEVELS)

5. Another microprogrammable unit has been proposed one employs an 8-bit slice, rather than 4 bits, and the
by American Microsystems. Unlike the other units, this control chip uses a ROM instead of a PLA.
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PROGRAM
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i
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USERS TESTER
MICROPROGRAMS

FUSIBLE LINK
PROGRAMMABLE ROM
INTEGRATED CIRCUITS

6. One development system for field microprogramming
can be used in low-volume applications. The system em-
ploys a writable-control store, control-logic unit and dis-
play and debug unit. The FACE (field-alterable control
element) chip in the control-logic unit constitutes the
heart of the system. Functionally similar to a CROM,
the FACE chip uses external memory for the micropro-
gram store.
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of the control chip ought to be obtained with
other forms of logic, or the system ought to be sim-
ulated on a computer. However, both approaches
suffer from simulation inaccuracies and high cost.

An alternative approach, presently available
only from National Semiconductor, uses a modi-
fied CROM. Functionally identical to a CROM,
the modified version is called a field-alterable
control element (FACE). The chip differs from
a CROM in that it doesn’t contain the micropro-
gram store. Rather, external RAMs, ROMs or
pROMs are employed.

FACE represents the key element of a micro-
program development system that can be applied
economically to low-volume applications or for
program development prior to specification of a
custom CROM for high-volume applications. The
complete development system consists of a micro-
program control-logic unit, a writable control
store and a display and debug unit (Fig. 6).

The control-logic unit contains the FACE chip
and directly replaces a CROM. Optional program-
mable ROMs can be obtained to store the de-
signer’s microprogram. Also ROM inhibit logic
permits memory bank switching, if needed. Other
facilities simplify the mapping or transformation
of instruction operation codes into microprogram
addresses.

The writable-control store (WCS) consists of
512-words by 23-bits of high-speed, bipolar read
write memory. A serial ‘“handshaking” interface
for the WCS provides a universal I/0 scheme
that doesn’t depend on the host system. Hence
microprograms can be modified more quickly
than when pROMS are used.

The display and bebug unit (DDU) traps,
latches and displays the control signals of the
user’s microprogram. Through switches and
LEDs on the board, errors in the microcode can
be detected and corrected readily.

The development system can operate with the
host processor either as a secondary control ele-
ment, a master controller, or as a noncontrolling
element. In this manner, the host system may
employ a standard CROM as the basis to load
the writable-control store.

The development steps begin with the writing
of a microprogram in a symbolic language, then
its assembly on a time-sharing facility. The re-
sulting object microcode must be loaded into main
memory, then into the WCS via a microprogram
loader. The DDU is used for testing and debug-
ging.

The tested microprogram can be stored more
permanently in pROMs for test or pre-production
systems. In the final product, the object micro-
code generates a custom mask-programmed
CROM. The end result is a system that employs
only one or more additional CROMs to achieve
the custom instruction set, =m
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PDP-Il and PDP-8 /e USERS

Buy Our Alternate Source for DECtape®
and Save About 50%

100% software, hardware, and media compatible with DECtape.

Run OS-8, RT-11, RSTS/E, DOS-11, RSX-11D, without a single change to DEC’s software
Only 5-1/4” of space for controller, power supply and first transport

Dual track mode doubles sta