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HERE'S A GUY
WHO NEEDS BELDEN
ANTENNA LEAD-IN

600 BUCKS WORTHOF TV |
SET AND ANTENNA AND
STILL A LOUSY PICTURE !

ey .
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Color or UHF set perfect? Antenna perfect? Then obviously
there’s a missing link. Check that antenna lead-in cable.
Old, worn-out, weather-beaten cable, or the ordinary flat
ribbon kind designed for black and white VHF, causes more
fuzzy, distorted pictures than you can count. It’s your
opportunity to upgrade these customers to a cable matched
to their particular signal reception situations. One of
Belden’s Big Four—the link to perfect reception.

FOR CONGESTED AREAS...
6290 SHIELDED
PERMOHAN

TR a5

fn congested, in-city areas, stray electrical interference and noise are

= : at their worst. For perfect, all-82 channel reception—color or B/W—
W replace old cable with Belden's 8290 Shielded Permchm. Its aluminum

Pr s

LOED PERMOHM PFOR 82 CHANNEL

Beldfoil® shielding prevents pickup of ghost signals and electrical noise
by the lead-in. Weather-proof and water-proof. You can tape it right to
the mast. Or install it underground, in conduits—even in rain gutters.

Nom. ‘Nom. . Nom. Nom. Attenuation  Standard
AWG & 0. D. Velocity of Capacitance per 100’ Package
(Stranding)  Calor (inch) Propagation {(mmf/ft.) mc 1 dl;' ~ Lengths in ft.
22 (7 x 30) Brawn .305 69.8% 7.8 57 ] 1.7 507, 75, 100 coits
| X | 85 2.1 have terminals
| .515 177 3.2 attached.
Copperweld, 2 conductors, orange polyethyiene insulation and web 3173 gi Available in counter
between conductors, cellular polyethylene oval insulation, Beldfoil 671 6.6 dispenser.
shield, stranded tinned drain wire, polyethylene jacket. 887 7.7 2507, 500’ spool.
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FOR FRINGE AREAS...

SR 8285 PE “A\\““A\\ A

Antenna cable in uncongested or fringe areas picks up little
electrical interference. But does get a lot of weathering, which
degrades an already weak signal. These customers need
encapsulated cable. Belden 8285 Permohm. lts special poly-
ethylene jacket protects the energy field, regardless of weather
conditions. It delivers the strongest signal of any unshielded
twin lead under adverse conditions. Requires no matching
transformers and connectors. For all 82 channels, color or B/W.

BELDEN

22 (7 x 30)

Brown

.255 y - ; 50', 75, 100’ coils
4)((58 ! . have terminals

| |
attached.
Copperweld, 2 conductors parallel, orange poiyethyiene insulation and
| |
i

Available in counter
web between conductors, cellutar polyethylene oval jacket. dispenser.
! | : | 250, 500" coils and
i i . | 1000’ spool.

FOR LOCAL BLACK AND WHITE...

31275 CELLULINE

Cracked, corroded, weathered cable, full of dirt and moisture,
loses signal strength; prevents any TV set from delivering a
quality picture. Upgrade B/W VHF and loca! UHF customers
to Belden 8275 Celluline. Performance is improved because
all possible moisture between conductors has been elimi-
nated. Abrasion-resistant and weather-resistant for a long,
long service life. And, it requires no end sealing.

20 (7 x 28) Brown .300 3 i J 50/, 75', 100’ coils
X d in counter dispenser.
HAgE : 250, 500', 1000’

spools.

gas filled unlcenular polyethylene core.

/ | g FOR MATV AND CATV... \
el bt E- - — 8228 DUOFOIL COAX

\\ f Bare copperweld; 2 conductors parallel, polyethylene jacket with inert

Got an apartment or townhouse complex in your area? Motels
or hotels? Or is CATV coming? Use Belden's new 75 ohm
coaxial cable—8228 Duofoil. Shielding is 100%—sweep tested
100%,. Spiral wrapped drain wires provide long flex life. Small
diameter saves space in conduit installations. Use Duofoil
forall coaxial color and B/W VHF, UHF and CATV applications.

100’, 500', 1000’ |

S@hd Bare spools.
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Oon‘t forget See your local Belden distributor for fuli

ask them details or to order. For a free copy of the
\ what eise recent reprint article, *Electronic Cable,"”
nyeds fixing. write: Belden Corporation, P.O. Box 5070-A,

Chicago, lllinois 60680.
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(nstant inventory.

Keep electronic compznents handy with
Mallobin® Bench-op Orgarizers. Each Mallobin
contains a popular asse-tment of electronic
components in a stackab’e, interlocking plastic
case. Fifteen partitionec drawers keep parts
neat. And eact drawer is color coded and
labeled for quic< location of the part you want.

MATORY

Batteries Casset.e Tapes m Semiconductors « Sonalent® . Switches « Timers « Vibrators

Mal obins come with selected components in-
cluding all types of fized capacitors, MOL and
wire-wound resistors, carbon and wire-wound
coritrols. In addition %o regular Mallobins, cus-
tor assortments are available.

As< your Mallory distributor for Mallobin prices
ani details today.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

ngivisfon of 7. 1R MALLORY & CO. I1%C
e x 1558, Indinnapolis, Indinna 46296: Telephone: 317.6:3G 5353
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ferrite core which dominates
memory usage today. Fu-
ture core memaries will use
only two wires threading
each core, so this is what
we have shown. A simplified
circuit of a core memory is
at the lower right. Other
leading contenders for the
main-memory market, the
integrated-circuit (IC) and
plated-wire types, are sym-
bolized. In addition, the im-
portant electromechanical
storage device, the magnet-
ic-drum type, is illustrated
at top right. For details on
these and other computer
memories, refer to our Spe-
cial Section.
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Digital Voice Communications  Sidney L. Sitver

By using pulses rather than smocthly varying audio. we are able to handle many
more voice channels in a single communications link. Here is how it is done.

Adding Extra Channel for Improved Hi-Fi Ambience David Hatler

How to derive a third channel from the present two stereo channels. and apply it to one
or two rear loudspeakers to gain an extra sound dimension and be surrounded by sound.
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Earn Your

A. S. E. E.

[Associote in Science in Electronics Engineering)

DEGREE

Mostly by HOME STUDY Instruction

Where will you be five years from today? Are you
headed for real advancement in electronics, or
are you in a rut? The technical experience you
now have is important; it gives you a head start
toward a better future. But to get ahead and stay
ahead, experience must be supplemented with
more education in electronics and allied subjects. |

Grantham School of Engineering — “the col- !
lege that comes to you” —offers to electronics
technicians a home-study educational program
for the Degree of Associate in Science in Elec-
tronics Engineering (the ASEE). accredited by
the Accrediting Commission of the National
Home Study Council.

The complete degree program except for the
final ten lessons is presented entirely by corre-
spondence. However, these last ten lessons are
part of a two-week “Graduation Seminar” held
at the School. Thus, you may do all of your
ASEE Degree work by correspondence except
for the final two weeks.

The first half of the program includes FCC
license preparation, for the benefit of those stu-
dents who have never obtained the first class
radiotelephone license and radar endorsement.
However. FCC license preparation is only inci-
dental to the main thrust of the instruction. There
are many positions in electronics engineering
which require an FCC license in addition to the
other usual qualifications.

This accredited degree program covers a re-
view of basic electronic circuits and systems.
applied engineering mathematics (including al-
gebra. trigonometry. analytic geometry. and cal-
culus), classical and modern phvsics. technical
writing, electrical and electronic circuit analysis.
and engineering design. The ASEE Degree is
awarded upon satisfactory completion of all of
the correspondence lessons and the two-week
Graduation Seminar.

Accreditation and G.l. Bill Approval

Grantham School of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council, is approved under the G.1.
Bill, and is anthorized under the laws of the State |
of California to grant academic degrees.
SCHOOL OF

GI’IANTHA! ENGINEERING

“the college that vomes te vou”

1505 N.Western Av, Hollywood, CA 90027

e Mail the coupon below for our free Bulletin @

Grantham School of Engineering EW-10.70
1505 N. Western Ave., Hollywood, Calif. 90027

Gentlemen:

Please mail me your free Bulletin which explains how the
Grantham educational program can prepare me for my FCC
license and Associate Degree in Electronics Engincering. I
understand no salesman or counselor will call.

Name _

{ Address S
City State Zip
I have been in electronics for years.

_J
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People have been asking this question for centuries
and—for the past one hundred years—the U.S. Weath-
er Bureau has been providing the answers. In its
Centennial Year, the Bureau uses some highly sophis-
ticated equipment to keep track of the weather but
still relies heavily on the expertise of its Weather
Forecasters.

WHAT'S THE
WEATHER
GOING TO BE?

Technicians with a good basic electronics back-
ground and a desire for a challenging job should
investigate the field of marine electronics. Although
the educational and technical requirements are exact-
ing, the rewards can be worthwhile for a top-notch
man.

MARINE
ELECTRONICS:
A VOCATIONAL PROFILE

Design details on a circuit for use with mulii-speaker

A 4';%}#&"[" systeins which provides two low- and two high-power
AMPLIFIER channels. It can also be used as an electronic cross-

over for a pair of two-way systems.

Is price alone a good criterion for determining how
well a phono cartridge wifl perform? Julian Hirsch
concludes that, aithough the differences are slight,
the higher priced cartridges do offer extended,
smoother high frequencies and will track at higher
velocities and lower stylus forces. He then demon-
strates his conclusions by presenting test results
n Shure’s entire line of cartridges.

WHAT SHOULD YOU
PAY FOR A
PHONO CARTRIDGE?

All these and many more interesting and informative articles will be yours
in the November issue of ELECTRONICS WORLD on sale October 20th.
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VHF STRONG VHF MODERATE VHF WEAK VHF VERY WEAK

FING.

NO UHF

All Prices Subject to Change

:4 West Interstate St., Dept. 410
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Select the antenna for your area from this chart
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O
L |
O]
_
2 8 :
_
70-29B mn_% w
$100.00 ce“m
— .-l-..m-_mv e
wd 1) | © =
= © [k =
H 2 0 lE
= O c
= < = [EF
= $100.00 = e ot
_SN.Am

CIRCLE NO. 134 ON READER SERVICE CARD

o i e e e e e =]

‘CGctober, 1970



Save Time
on PG Board

Melted solder
disappears up
hollow tip
into tube

The ENDECO Desoldering Iron
Removes Soldered Components
in seconds...without damage!
Endeco meits solder; removes last trace
by vacuum. Leaves terminals and
mounting holes clean. Resolders PC
boards better than regular iron. One-
hand operation. Temperature controlled
for continuous use. Standard tip furn-
ished, 5 other tip sizes. Pays for itself.
$20.65 net. Smaller size available. See
your distributor or write:

0@ ENTERPRISE

DEVELOPMENT
~ CORPORATION
5149 E. 65th

Indianapolis, Ind. 46220
CIRCLE NO. 136 ON READER © [?VICE CARD
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4 ELECTRONICS
ENGINEERING

through HOME STUDY

HIGHLY EFFECTIVE

HOME STUDY CDURSES IN;

= Electronics Engineering Technology

+ Electronics Engineering Mathematics
Earn your Associate in Science Degree in
Electronics Engineering and upgrade your
status and pay to the engineering level
Complete college level courses in Elec
tronics Engineering. We're a forward
looking school. Outstanding lesson ma-
terial—thorough and easy to understand
Engineering taught on the basis of appli-
cation and understanding rather than on
the basis of memorization. Up to date
in every respect. Acquire the knowledge
and ability that means the difference
between a low paying technician job and
a high paying engineering position. Low
tuition cost with low monthly payments
Free engineering placement service for
our graduates. Write for free descriptive
literature. Ask for bulletin J, no sales
man will call on you.

COOK'S |N§1TITLITE

ﬂf A :-‘J:'frﬂnfr.l r:.-!lfi!'ril'ﬁn'uy
Forest Hll Road  ©
P. 0. Box 10634
Jackson, Miss. 33209
Established 1345
Formerly Cook's School of Electrenics
MO. 141 OM READER SERVICE CARD
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ENGINEERING CRISIS
To the Editors:

In reference to a puragraph entitled
“Engineering Crisis” that appeared in
the News Highlights section of vour
May. 1970 issue, vou stated that the
number of engineers being produced in
this country is decreasing due, in part, to
“vouth’s zealous interest in society’s so-
cial and environmental problems.”

Now let’s be honest about it. Could it
not be that there are fewer engineers
being produced Dbecause of negative
feedback? T have been an engincer for
several vears now and have met and
worked with many engiveers. From my
experience, it appears that engineers are
dissatisfied, and becoming more so as
time goes on. After all. with many
plumbers, carpenters, and factory work-
ers earning $15.000 to $20,000 per vear
for a fortv-hour week, why should any-
one enter a demanding profession like
engineering, where he may earn $20,000

'per vear after hard study and manv

vewrs’ experience?

What has happened is that engineers
are becoming less rewarded for their
value to society, while other workers are
being rewarded more. What we need.
therefore, is fewer engineers, not more.
Then mavbe someone will realize what
is happening.

E. E.
Chicago, 1L

To the Editors:

You are correct when vou say there
is an “engineering crisis” (News High-
lights, May, 1970). But the crisis is not
in the present or potential shortage of
engineers, but in the actual present and
future shortage of true engineering jobs.

If industry would have engineers do
real engineering work. give them pro-
fessional recognition, and the pay to go
with it, then vou would not find a dearth
of engineering students. As it is now, the
average defense contractor hires an en-
gineering college graduate. gives him
work that anyv technical high school
graduate can do, and after ten to fifteen
years lays him off (“technical obsoles-
cence” it is called) then hires a new
engineering graduate, at less pay than
the other man was getting. It does not
take too long before the older engineer
is over middle age and not able to get
engineering work.

It does not take too long before poten-

 LETTERS

tial engineering students get the word
and realize engineering is not the profes-
siou that vou, the TEEE, ASME. aud
others would like them to believe it is.
Epwarp Brerrt
Placentia, Cal.
* * *
MORE WEATHER BKOADCASTS
To the Editors:

Your answer to Reader Steiner in a
recent Letters columm concerning the
widespread U. S. \Weather Bureau
broadcasts on 162.535 Mz was infor-
mative, but vou should also have told
weather buffs about another weather
broadeast as well. Readers without v.h.f.
receivers but with short-wave sets can
pick up New York Radio’s International
Flight Service weather broadcasts which
are transmitted for international aircraft
flights. These broadcasts are sent out
simultaneously on 3001, 5559. 882§,
and 13.264 MHz at 15 minutes and 45
minutes past every hour. The five-minute
broadeasts give weather conditions at
a number of East Coast airports from
Boston to Washington. D. C.

WiLLIaNT DoNNER
New Hope, Pa.

Thanks to Reader Donner for this in-
formation on additional weather broad-
casts. Incidentally, just as soon as New
York Radio ends its transmissions, Radio
Gander comes on the same frequencivs
to give weather for airports in New-
foundland, Nova Scotia, southern Can-
ada, and a couple of midwestern U. S.
cities. The last time we heard these
broadcasts they were on from 20 to 30
and from 50 to 60 minutes past every
hour.—Editors

* * *
MURPHY'S LAW
To the Editors:

My employers recently hired a new
man. This man. a young technical-school
graduate, ran up against Murphy’s Law
his first day at work. This young man
had never heard of Murphy’s Law
which, as T am sure vou know, in its
most basic, familiar form states, “If any-
thing can go wrong, it will.”

I feel that the voung people of today
should be forewarned about some of the
applications cf this law to all fields of
scienc> and engineering.

For example. in mathematics, a deci-
mal will always be misplaced; and in
any miscalculation, the fault will never

ELECTRONICS WORLD



be placed if more than one person is in-
volved.

In general engineering. all warranty
and guarantee clanses become void up-
on paviment of invoice: and the less im-
portant a design change appears, the
further its influence will extend.

In prototype and production. any wire
cut to length will be too short: a dropped
tool will Tand where it will do the most
damage; and  interchangeable  parts
won't.

GEXE M. PressoN
Raleigh, N. C.
% %
SONIC HOLOGRAPHY’'S GABOR
To the Editors:

Noting the article “Sonic Hologra-
phy” in vour June, 1970 issue—Dennis
Gabor is not a British scientist. He may
have lived in England, but he is a« Hun-
garian scientist.

StEPHEN MARKUS
Markus Radio & TV
Indianapolis, Ind.

Although Gabor was born in Hungary
and did carly work in Germany, he spent
most of his life (since 1933) working and
teaching in England. More recently. he
spends some time cach year in the U, S,
as a staff scientist with CBS Labs.
—Editors

* * *
ELECTRONIC VIDEO RECORDING
To the Editors:

We noted with interest vour item on
the new CBS color plavback EVR (elec-
tronic video recording) unit, which is
being made by Motorola to sell for $793.
A photo of the plaver appeared in your
July feature “Recent Developments in
Electronics™ on page 27. The item in-
dicated that the major market was ex-
pected to be in schools, businesses, and
institutions rather than in the home.

1 just don’t see the advantage of such
a unit for school use. Most schools have
motion-picture equipment, large screens,
and a big librarv of excellent films. Why
shonld a school go to the expense of
purchasiug this additional equipment,
especiallv since there is such a limited
program library and the pictures are dis-
plaved on small-screen TV sets. many of
which are not kept in the best of repair
even if o school does have them.

ALaN Snrox
Vallev Stream. N. Y.

Reader Simon makes a number of cal-
id points in his letter. On the other hand.
somie teachers feel that the learning pro-
cess via TV iy somewhat better with a
generation of TV walchers. As with any
new system, the programming is cery
important and there are a number of
producers of programs for the new EVR
player, including The New York Times.
An advantage of the player is that it can
show pictures on a large muomber of in-
terconnected TV sets at various locations
within a school. —Editors A

October, 1970

They laugh

ed when

1 started hooking up my own
public address system,

._.-“‘

“But oh,when it started to play!

“And ouch, when they heard how
much money | saved installing it
myself. With just pliers and screw-
driver.”

“University Sound supplied every-
thing — all pre-matched and pre-
engineered. Speakers, amplifier,
cables, wires, microphone, turn-
table—all | did was hang the
speakers and hook 'em up. And
it all worked perfectly the first
time.”

“It's called ‘TCS’. Totally Coor-
dinated Sound. University makes
it available for thousands of ap-
plications, from churches to res-
taurants, office buildings to lum-
beryards.”

Just walk in to your University
dealer, tell him what you need
it for, and walk out with the
world's finest public address sys-
tem.

Only University Sound —the
world's largest manufacturer of
public address equipment—
could do it. They've got a system
for every situation, including
yours. If you need a public ad-
dress system, or you know some-
one who does, write for our free
booklet: “How
to Install Your
Own Public Ad-
dress System
with Pliers and
Screwdriver’’.

UNIVERSITY 'SOUND

A quality company of LTV Ling Altec,Inc.
P.O. Box 26105 » Oklahoma City, Oklahoma 73126
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EXPERIENCE
1S STILL YOUR
BEST TEACHER

NRI designed-for-learning

training equipment gives you

priceless confidence be-

= cause your hands are trained
. . as well as your head.

Learning Electromcs at home the NRI way is fast

and fascinating. Read opposite page.

‘ § OLDEST AND LARGEST
& SCHOOL OF ITS KIND

ccccccccccccc he Accrediting Commission of the National Home Study Councit

ELECTRONICS WORLD



You get more for your money
frOm NRI—more value, more solid experience

so essential to careers in Electronics. NRI's pioneering
“discovery'' method is the result of more than half a
century of simplifying, organizing, dramatizing subject
matter. In each of NRI's major courses you learn by
doing. You demonstrate theory you read in “bite-size"”
texts programmed with NRI designed-for-learning pro-
fessional lab equipment. Electronics comes alive in a
unique, fascinating way. You'll take pleasure in evidence
you can feel and touch of increasing skills in Electronics,
as you introduce defects into circuits you build, per-
form experiments, discover the "‘why'" of circuitry and
equipment operation.

Almost without realizing it, the NRI discovery method
gives you the professional's most valuable tool—prac-
tical experience. You learn maintenance, installation,
construction and trouble-shooting of Electronic circuits
of any description. Whether your chosen field is Indus-
trial Electronics, Communications or TV-Radio Servicing,
NR| prepares you quickly to be employable in this
booming field or to earn extra money in your spare
time or have your own full-time business. And you
start out with training equivalent to months—even years
—of on-the-job training.

NRI Has Trained More Men for
Electronics Than Any Other
SChOOI—By actual count, the number of individ-

uals who have enrolled for Electronics with NRI couid
easily populate a city the size of New Orleans or Indiana-
polis. Over three-quarters of a million have enrolied with
NRI since 1914. How well NRI training has proved its
value is evident from the thousands of letters we re-
ceive from graduates. Letters like those excerpted
below. Take the first step to a rewarding new career
today. Mail the postage-free card. No obligation. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D.C. 20016.

L. V. Lynch, Louis- — ‘ G. L. Roberts,
ville, Ky., was a Champaign, lll.,
factory worker is Senior Tech-
with American nician at the U.
Tobacco Co., of lllinois Coor-
now he’s an Elec- dinated Science
tronics Technician with the Laboratory. In two years he
same firm. ‘| don't see how received five pay raises. Says
the NRI way of teaching could  Roberts, "'l attribute my pres-
be improved.”’ ent position to NRI training."”

Ronald L. Ritter
of Eatontown,
N.J., received a
promotion be-
fore finishing the

Don House,
Lubbock, Tex.,
went into his
own Servicing
business six

months after
completlng NRI training. This

former clothes salesman just .

bought a new house and re-
ports, “'I look forward to mak-
ing twice as much money as |
would have in my former
work."

NRI Communica-
tion course, scoring one of the
highest grades in Army pro-
ficiency tests. He works with
the U.S. Army Electronics Lab,
Ft. Monmouth, N.J. “'‘Through
NRI, | know I can handle a job
of responsibility.”

APPROVED UNDER NEW GI BILL. If you served since January 31,
1955, or are in service, check Gl line on postage-free card,

October, 1970

COLOR TV CIRCUITRY COMES ALIVE

asyou build, stage-by-stage, the only custom Color-TVengineered
for training. You grasp a professional understanding of all color
circuits through logical demonstrations never before presented.
The TV-Radio Servicing course includes your choice of black and
white or color training equipment.

COMMUNICATIONS EXPERIENCE

comparable to many months on the job is ycurs as you build and
use a VT¥M with solid-state power supply, perform experiments
on transmission line and antenna systems and build and work
with an operating, phone-cw, 30-watt transmitter suitable for
use on the 80-meter amateur band. Again, no other home-study
schcol offers this equipment. You pass your FCC exams—or get
your money back.

COMPETENT TECHNICAL ABILITY

can be instantly demonstrated by you on completing the NRI
course in Industrial Electronics. As you learn, you actually build
and use ¥our own motor control circuits, telemetering devices
and even digital computer circuits which you program to solve
simple prablems. All major NRI courses include use of transis-
tors, solid-state devices, printed circuits.
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Finally! A virually perfect sine wave!

The sine wave above was generated by Shure’s design computer — it looks
like the sine wave that was generated by the Shure V-15 Type Il Improved
Super Track Cartridge in the Hirsch-Houck testing laboratories . . . “the
first cartridge we have tested to have done so,” according to their published
report. This perfect sine wave was generated during the playing of the
heavy bass bands on the Cook Series 60 test record at % gram, and the
30 cm/sec 1,000 Hz band of the Fairchild 101 test record at 1 gram. They
were impressed, and we were pleased. And we’ll be pleased to send

you the full Hirsch-Houck Report on the w.
“trackability champion.” Shure Brothers ‘! SkHURE
Inc., 222 Hartrey Ave., Evanston, lil. 60204, .4

CIRCLE NO. 203 "N READIT SERVICE CARD
12 ELECTRONICS WORLD




Hi-FI PRODUCT REPORT

EW LAB TESTED

by Hirsch-Houck Labs

Electro-Voice ‘““Landmark 100" Stereo Compact
For copy of manufacturer’s brochure, circle No. 1 on Reader Service Card.

HE E-V “Landmark 1007 is a com-

pact music system with several un-
usual design features. Perhaps the most
interesting of these is the use of motional
feedback from the loudspeakers around
the anplifiers, to Hatten the acoustic fre-
quency response curve ol the speakers,
improve their transient response, and
lower their distortion.

Loudspeakers included in an ampli-
fier feedback loop are not new, but few
of the systems we have seen over the
vears have really performed as they
should. Electro-Voice has not released
any schematic or other details of the sys-
tem employed. but our tests do confirm
that this system works. and works well.

Because the speakers are electrically
integrated with the amplifier circuits, it
is not practical to make amplifier re-
sponse, power, and distortion measure-
ments in the conventional mauner. The
manufacturer does publish amplifier spe-
cifications, principally to indicate the
type of performance built into the svs-
tem as compared to conventional music
svstems. The power rating is 20 watts
per chanuel, with both channels driven
on a continuous basis, or 80 watts total
IHF music power. The distortion is
stated to be less than 0.15% at 1000 Hz,
with full output.

Externally, the most obvious distine-
tion between this and other compact svs-
tems is in its speakers. Theyv are essen-
tiallv 10" cubes, with slices cut off three
of their surfaces. Within each cube
(which weighs 10%2 pounds) are four
speakers, mounted at various angles.
Three of these are full-range 4%” units
with long-throw voice coils. In addition,
a 213" tweeter, connected vie a capaci-
tor, is mounted at the upper corner of
one of the rear surfaces. One of the
larger speakers faces forward, while the
others bounce their sound fI' the walls.

October, 1970

The M tuner is relatively sophisti-
cated for a compact svstem, featuring an
FET front end, 1C’s in the i.f. and multi-
plex sections, and ceramic i.f. filters.
There is automatic sterco/ mono switch-
ing, a stereo indicating light, and a zero-
center tuning meter. There is an AN
tuner as well, which sounded very good
as AM tuners go, certainly comparable
to the better AM/I'M receivers we have
used.

The operating controls are straight-
forward and uncomplicated. The unit
has the usual bass and treble tone con-
trols, volume and balance controls, and
tuning knob. A row of five push-buttons
control power, tape monitoring, loud-
ness compensation, and mono,/stereo
operation. A headphone jack completes
the front-panel lineup. In the rear are
the five-pin sockets into which the spe-
cial speaker cables plug, tape recorder
connection and auxiliary inputs, and
speaker protective fuses. There is a line
fuse, within the unit, that will not blow

E-V ‘“Landmark 100"’ Stereo Compact
Heath AR-29 AM/Stereo-FM Receiver

unless something is seriously wrong, in
which case the unit will require servic-
ing. For that reason, it is not accessible
to the user. There are no a.c. conven-
ience ontlets.

In our laboratory measurements of the
FM tuner, made at the tape outputs, it
proved to be an excellent performer. The
IHF usable sensitivity was 1.9 4V, exact-
ly as rated, and the distortion was 0.53%
at 100% modulation (rated at 0.5%).
The stereo separation, rated ut 30 dB for
middle frequencies, was somewhat het-
ter than the average good tuner we have
tested. It exceeded 35 dB trom 500 to
2500 [z and 20 dB from 30-12,500 Hz.
The M frequency response was very
flat, within =0.5 dB from 30 to 15,000
Hz.

The record plaver is an inexpensive
Garrard four-speed changer, equipped
with a special magnetic cartridge set up
to track at 3 grams. The changer does
not have anti-skating (as far as we cou'd
see) and lacks a balanced arm and any
type of cueing device. However, the car-
tridge provided some pleasant surprises.
Its frequency response, including that of
the preamplifier, was within =3 dB from
10 to 20,000 Hz. The channel separation
was at least 20 dB over most of the
audible frequency range.

Although the cartridge does not have
a particularly high compliance, as evi-
denced by its 3-gram tracking force ard
the fact that it could not track the high-
velocity 30-Hz bands of the Cook Series
60 record, it proved to have exceptional
tracking ability at middle frequencics.
At 1000 Hz, the 30 ¢m/s tones of the
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Fairchild 101 record were playved with-
nt o significant  wavetorm  distortion—
seme hing ftew, if any cartridges in our
~rerince have been able to do. 1M
saecsurements with the RCA 12-3-39
e rd showed satisfactory tracking up
to about 15 em/s with increasing distor-
tion at higher velocities.

Tha Shure “Audic Obstacle Course”
recd confirmed the generally good
tracking ability of this cartridge. Except
for high levels ot bells, evmbals, and
harpsichord, it had no difficulty. Over-
alt, its “trackability” score was just be-
hind the top-priced cartridges, which
are the only ones we have found (o be
able to negotiate the difficult passages ot
this record with no more than mild mis-
tracking.

To test the speakers. we supplied a
constant umplitude signal to the ampli-
fier Aux input, and drove only one
speaker. We had no wuayv of knowing
what power level was driving the speak-
er (it is electricallv inaccessible), but set
it up so that the acoustic output was sim-
ilar to what we use with most speakers.
Above 300 Hz. we obtainad a relatively
fat, smooth resporse curve, within =3
dB frem 300 to 10.500 Iz. The output
tell off smoothly above 9 kHz. at a rate
of about 12 dB/octave. 1t is likel that
the extreme high-frequency response of
this speaker would be strongly affected
by the type of wall used for reflection. In
our case this was a ordinary wallboard
surface.

Below 300 Hz, we compared the re-
sponse of the Landmark 100 to that of a
calibrated reference speaker. Using the
difference between the two. we were
able to plot the response of the Lund-
mark speaker as thouch it were not in-
fluenced by room resorances. To our sur-
prise, it had a rising response below 200
Hz, reaching a maximum at SO Hz. It
dropped off rapidlv below 70 Hz. al-
though here again the placement of the
speakers in the room would alter this
low-frequency response cousiderabh.
The low-frequency distortion was fairly
constant down to 70 Hz, increasing
somewhat at 30 Hz and then rapidly be-
low that frequency.

The tone-burst response of the speak-
er was excellent at all frequencies. Sub-
jectively, we confirmed that the speakers
can put out a very solid, clean bass in
the 50 to 60 Hz region and that the out-
put is smooth and audible at least to 15
kHz, which is about as high as we can
hear.

(Editor's Note: With respect to the
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low frequencies, the manufacturer has
set up the motional feedback and power
contouring to inaintain constant total
acoustic output down to about 55 Hz.
Below this there is an 18 (B octave cut
in the feedback cireuit to conserce potw-
er and avoid rumble problems. )

The Landmark 100 would seem, from
these measurements. to be a good high-
fidelity svstem, even judged Ly com-
ponent standards. It has the unique ad-
vantage that the speakers can be placed
almost anvwhere. and oriented in manv
wavs to obtain the desired special char-
acteristics. Some people do not care for
reflected-sonnd speakers; we happen to
like them. and find that they impart a
spaciousness that adds to our enjovinent.

In listening, the system has a unique-
Iy clean and weli-dispersed sound char-
acter. It is always risky to rank products
in order, especially when not all com-
petitive units are available for instant
comparison. Therefore. we will content
ourselves with stating, with cantious con-
servatism. that the Landmark 100 is one
of the two or three best compuct systems
we have used. and with its little 0.3-

cubic-foot speakers, can put many a
larger speaker system to shame. The FM
tuner is almost as goad as you can buy—
actually nearlv in the class of better
component tuners costing at least half as
much as the entire system. The phono
svstem was perhaps the weakest part of
the unil, but nonetheless sounded fine.
The rumble was relatively low (for a
low-priced changer), —29.5 dB, which
in use was totallv inaudible since the
speakers have essentially no response at
the basic 30-Hz rumble frequencv. On
our test unit, the flutter was 0.1%, but
the wow was a relatively high 0.3%.

As far as volume is concerned, the svs-
tem can play loud enough to drive most
people from the room, although it ob-
viously cannot compete with a high-
powered component system. The gains
are such that one can often play it at
maximum volume without overdriving
anvthing to the point of serious distor-
tion. Nothing can be damaged by such
operation, due to the integrated design
of amplifiers and speakers, and their in-
clusion in the amplifier feedback loop.

The Elecctro-Voice Landmark 100 is
very worthwhile hearing if you are con-
sidering a compact svstem—or even if
vou aren’t. It is a thoroughly clean, hal-
anced, and musical sound syvstem, and
produces more and better sound from u
pair of 0.3-cubic-foot speakers than
anvthing else on the market.

The price of the Landmark 100 is
$400. An optional smoky bronze molded
dust cover is available at $14.95. A

Heath AR-29 AM/Stereo-FM Receiver

For copy of manufacturer's brochure, circle No. 2 on Reader Service Card.

HE Heath AR-29 stereo receiver is

a deluxe, high-powered addition to
the company’s hi-fi line. It includes such
desirable features as fixed-tuned if. fil
ters. individual input-level adjnstments,
and a built-in user-operated checking
and alignment facility.

The pre-aligned FM-tuner section’s
first r.t. amplifier emplovs an FET fol-
lowed by bipolar transistors in the sec-
ond r.tf. amplifier and mixer, and the
local oscillator. The receiver has non-
defeatable u.f.c.; however, its action is
moderate and it does not prevent tuning
in stations with alternate-channel (400-
kHz) spacing, even when there are
large differences in signal strength.
An IC if. amplifier couples the tuner-
section output to the fixed-tuned mul-
tipole LC if. filter. Following the
filter are two IC amplifier/limiter
stages and a ratio detector. The mul-
tiplex circuits are essentially contained
in a single IC that also provides mut-
ing and automatic mono/stereo switch-
ing tunctions.

The AM tuner uses dual-gate FET’s
m its r.f. and mixer stages because of
their ability to handle strong signals
without distortion. Two if. amplifiers
are followed by a voltage-doubling de-
tector and a very effective 10-kHz whis-

tle filter. We made no measurements on
the AM tuner, but found its quality to he
clean, pleasant, and free from birdies
and whistles.

The audio section of the AR-29 fol-
lows the design philosophy of the com-
pany’s widely acclaiimed AR-15. The
audio power amplifiers have differential
amplifier inputs, follawed by push-pull
drivers and output transistors. They are
direct-coupled all the way to the speak-
ers, and operate from matched positive
and negative supply voltages to avoid a
d.c.-voltage coniponent in the output.
The output transistors are protected by a
dissipation-limiting circuit that reduces
the drive signal when it senses excessive
current. Shorting the speaker’s outputs
cannot dammage the amplifier.

The appearance of the AR-29 is quite
distinctive. For example, it has only one
rotary knob—the tuning control. The fly-
wheel tuning is velvet smooth in opera-
tion, and is aided by two tuning meters.
One reads relative signal strength, the
other is a zero-center FM tuning indi-
cator. The other functions usually asso-
ciated with rotary knobs, such as tone
controls, balance, and volume controls,
are all handled by horizontally oriented
slide-tvpe potentiometers. They are at-
tractive, make for an uncluttered panel,
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Altecs new 714 A receiver.
It's built a little better:

ALYEC LANSING @
veanne auceiven © 714
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Harmonic Distortion Curve ot
44 watts R.M.S . output.

With 44/44 watts RMS power at all
frequencies from 15 Hzto over 20 KHz
(at fess than 0.5% distortion). Most re-
ceivers meet their power specifications
in the mid-band but fall way short at the
critical low and high frequencies. The
above curve shows the typical low dis-
tortion at all frequencies from the new
714A receiver at 44 watts FEMS per
channel. For comparison purposes, we
also rate the 714A conservatively at 180
waits IHF music power at 4 ohms. This
means that the 714A will hand e every-
thing from a full orchestration to a rock
concert at any volume level with power
to spare.

With 2 crystal filters and the newest
IC's. Ordinary receivers are built with
adjustable wire-wound filters that occa-
sionally require periodic realignment.
And unfortunately, they are not always
able to separate two close stations. So
we builtthe new 714 A with crystal filters.
In fact, 2 crystal filters that are individu-
ally precision aligned and guaranteed to
stay that way. To give you better selec-
tivity. And more precise tuning. The new
714A alsoteatures 3FET'sand a 4 gang
tuning condenser for high sensitivity.

Built a little better.

A QUALITY COMPANY OF LTV LING ALTEC. INC

a2 24

» L L] L]

PERC1 E L 1301 Lt 1401 1 1 180) 1 11
L] L]

.
80 70 80

And with a lot of other features like
these. Separate illuminated signal
strength and center tuning meters on
the front panel. A full 7 inch tuning scale
and black-out dial. The newest slide
controls for volume, balance, bass and
treble. Positive-contact pushbuttons for
allfunctions. Spring loaded speaker ter-
minals for solid-contact connections.

Altec’'s new 714A AM/FM Stereo
Receiver sells for $399.00. It's at your
local Altec hi-fi dealer’s. Along with all
the other new Altec stereo components
—including a new tuner pre-amp, new
bi-amp speaker systems and all-new
high-performance music centers.

For a complete catalog, write to. Altec
Lansing, 1515 South Manchester Ave.,
Anaheim, California 92803.



and are smooth and easy to use. All other
receiver functions are controlled by
fourteen push-huttons, in two groups of
seven, below the slider controls.

One very desirable feature is the in-
dividual level adjustments for each
channel of each input, permitting a svs-
tem to be set up for equal volume and
correct channel balance on all inputs.
The controls are reached through holes
in the bottom plate of the receiver.

Although we checked a not-normally
available factory-assembled unit for this
report, we did examine the AR-29 con-
struction. Most of the components are
mounted on eight printed-circuit boards.
All the boards except the AM-FM r.f.
circuit board are plug-in modules, mat-
ing with connectors on the chassis. Pre-
wired harnesses are used hetween the
bhoard connectors and other chassis
points. The signal-strength tuning meter
serves as a voltmeter and ohmmeter dur-
ing test and alignment, and complete in-
formation is provided for pre-operating
checks of all boards and subassemblies,
together with troubleshooting informa-
tion on possible causes of incorrect read-
ings.

The AR-29 is a complex receiver but
it appears to us that its assembly has
been markedly simplified. We would
hesitate to recommend it as the very first
project for a novice kit-builder, but on
the other hand its construction should
not require any real degree of expertise.
Assembly should take about a week of
evenings to complete. The alignment
procedure after assembly took about an
hour.

The performance of the AR-29 is very
good indeed. Its FM tuner had an THF

usable sensitivity of 1.75 uV, placing it
among the finest in respect to sensitivity.
Limiting was complete at 3 microvolts.
We measured about 0.7 percent distor-
tion at 75-kHz deviation. Heath specifies
less than 0.5-percent distortion, but
since that is at the residual level of our
FM signal generator, we could not reli-
ablv measure below the figure we ob-
tained. Stereo-FM frequency response
was extremely flat =0.25 dB from 30 to
15,000 Hz. Separation was uniform over
a wide frequency range, better than 30
dB from 200 to 3000 Hz, and nearly 20
dB at 15,000 Hz.

We found the audio amplifiers to be
considerably more powerful than their
rated 35 watts per channel. With both
channels driven at 1000 Hz into 8-ohm
loads, we measured about 30 watts per
channel just below the clipping level.
Harmonic distortion was under 0.1 per-
cent from 0.15 to 30 watts, and under
0.03 percent over most of that range. INM
distortion was about 0.1 percent at any
level up to nearly 50 watts. At its rated
output of 35 watts per channel, or anv
lower power, the distortion of the AR-29
did not exceed 0.15 percent between 20
and 20,000 Hz. The distortion was typi-
cally 0.03 percent over most of the audio
range at any power level. Into 4-ohm
loads, the AR-29 delivered about 50 per-
cent more power, and into 16 ohms
about 40 percent less power than with
8-ohm loads.

At maximum gain, only about 1 milli-
volt was needed at the phono inputs for
a 10-watt output. It took a 23-mV input
signal to produce overload in the stage
tollowing the phono preamplifier. \When
we turned down the phono-level adjust-

ment (which is at the output of the in-
put stage) we were able to make over-
load occur in the phono preamplifier
stage itself at 160 millivolts. At that
level, the phono sensitivity was 15 mV
for 10 watts output. When the phono-
level control is adjusted correctly, the
AR-29 can handle any modern cartridge
without risk of overload, and provide
low distortion and an excellent signal-to-
noise ratio. Hum and noise were ex-
tremely low: —90 dB at the high-level
auxiliary input and —71 dB on phono,
both referenced to a 10-watt output
level.

The receiver proved to be very easy to
use and listen to. Al controls operated
smoothly and positively. The ['M inter-
station noise muting circuit, in partic-
ular, worked beautifully. In the muted
condition, the output was weakly audi-
ble at about 23 dB below normal level.
When tuning is optimum, the station
comes in with a slight click. The tuning
meter is almost superfluous if muting is
used, since a signal can be heard only if
it is tuned properly. The stereo-FM light
comes on only when a stereo hroadcast
is tuned exactly “on the nose.”

The Heath AR-29 receiver is, on the
whole, an outstanding performer. It sells
for $285 in kit form (it is not available
factory-wired). The AR-13, costing $63
more for the kit version, provides some-
what more power and sensitivity. How-
ever, for most home requirements, the
AR-29 is certainly more than adequate
in terms of sensitivity, selectivity, and
power.
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Special introductory offer to new members of the
ELECTRUNIBS AND CONTROL ENGINEERS’ BOOK GLUB

= 404/437 A494/754

LSS SOURCEBOOK ENGINEERING
LU oF ELecTRONIC MANUAL, 2/¢
CIRCUITS by R. H. Perry
by J. Markus

Pub. price, $19.75
Club price, $14.75

Pub. price, $12.50
Club price, $10.65

391/432 A523/401

DiSPLAY CHARACTERIS-
SYSTEMS TICS AND
ENGINEERING OPERATION OF

MOS FIELD-
EFFECT DEVICES
by P. Richman

Pub, price, $10.00
Club price, $8.50

by
H. R. Luxenberg
& R. L. Kuehn

Pub. price, $16.50
Club price, $11.95

A037/604
DIGITAL LOGIC
AND COMPUTER
OPERATIONS

by Baron &
Piccirilli
Pub. price, $14.50
Club price, $11.95

A286/507
SOLID-STATE
ELECTRONICS
by R. G. Hibberd

Pub. price, $9.50
Club price, $7.95

Special $1.00 bonus book
comes to you with your
first club selection
A126/070

A637/377

389/608 350/434

DIGITAL TRANSISTOR PRINTED
EEIT'I‘ICII:'(’JLMES - CUMPAUTER CIRCUIT CIRCUITS
MUNICATION USER'S DESIGN HANDBOOK
by Lucky HANDBOOK by Texas by
Weldon & Salz by M. Kierer & Instruments, C. F. Coombs,
C. A. Korn Inc., Staff Jr.

Pub. price, $14.50

b. price, $27.50
Club price, $11.60 Pub. price, $27.5

Club price, $23.35

Pub. price, $16.50 Pub. price, $17.75
Ctub price, $13.95 Club price, $14.95

A610/037 = A259/607

A347/506 AS65/031 MODERN COMMUNICA-
| ELECTRONIC AMPLIFIER COMMUNICA- TION SYSTEM
| TEGHRIQUES WL PRINCIPLES HARDBOOK -
‘ ) by R. F. Shea '

by P. M. Kintner by Stein & by

Pub. price, $37.50
Club price, $29.50

D. H. Hamsher

Pub. price, $29.50
Club price, $24.95

Jones

Pub. price, $15.00
Club price, $12.75

Pub. price, $12.50
Club price, $10.65

Save time and money by joining the
Electronics and Control Engineers’ Book Club

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB
582 Princeton Road, Hightstown, N.J. 08520

Please enroll me as a member of the Electronics and Control Engi-
neers' Book Club and send me the two books indicated below. I am
to receive the bonus for just $1.00, and my first selection at the
special Club price shown. These hooks are to be shipped on ap-
proval, and I may return them both without cost or further obliga-
tion. If T decide to keep the Dooks, I agree to purchase as few
as four additional books during the next two years at special Club
prices (approximately 157 below list).

ERE is a professional club designed specifically to meet yout
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

How the Club operates: Basic to the Club’s service is its publi-
cation, the FElectronics and Control Engineers’ Book Club
Bulletin, which brings you news of books in your field. Sent to
members without cost, it announces and describes in detail the
Club’s featured book of the month as well as alternate selections
which are available at special members’ prices.

When you want to examine the Club’s feature of the month,

| I
| |
| |
I |
I I
I I
| |
I |
I [
l Write Code No. of Write Code No. of :
| |
you do nothing. The book will be mailed to you as a regular part I ! J ‘
I [
| [
| [
I I
I |
| |
I I
| I
1

bonus book first selection
here here

of your Clud service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you
save both money and the trouble of searching for the best books. I
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A Government FCC License can
help you bring home up to
$10,000, $12,000, and more a year.
Read how you can prepare for

the license exam at home in your
spare time—with a passing grade
assured or your money back.

‘IF YOU'RE OUT TO BAG A BETTER JoB in Electronics,
you'd better have a Government FCC License.
For you’ll need it to track down the choicest, best-
paying jobs that this booming field has to offer.

Right now there are 80,000 new openings every
year for electronics specialists—jobs paying up to $5,
$6, even $7 an hour...$200, $225, $250, a week ...
$10,000. $12,000, and up a year! You don’t need a
college education to make this kind of money in
Electronics, or even a high school diploma.

But you do need knowledge, knowledge of elec-
tronics fundamentals. And there is only one na-
tionally accepted method of measuring this knowl-
edge .. .the licensing program of the FCC (Federal
Communications Commission).

Why a license is important

An FCC License is a legal requirement if you want
to become a Broadcast Engineer, or get into serv-
icing any other kind of transmitting equipment—
two-way mobile radios, microwave relay links, radar,
etc. And even when it’s not legally required, a li-
cense proves to the world that you understand the
principles involved in any electronic device. Thus,
an FCC “ticket” can open the doors to thousands of
exciting, high-paying jobs in communications, radio
and broadcasting, the aerospace program, industrial
automation, and many other areas.

So why doesn’t everyone who wants a good job in
Electronics get an FCC License and start cleaning up?

The answer: it’s not that simple. The govern-
ment’s licensing exam is tough. In fact, an average
of two out of every three men who take the FCC
exam fail.

There is one way, however, of being pretty certain
that you will pass the FCC exam. And that is to take
one of the FCC home study courses offered by
Cleveland Institute of Electronics.

CIE courses are so effective that better than 9
out of 10 CIE graduates who take the exam pass it.
That’'s why we can back our courses with this iron-
clad Warranty: Upon completing one of our FCC
courses, you must be able to pass the FCC exam and
get your license—or you’ll get your money back!

They got their licenses and went on to better jobs

The value of CIE training has been demonstrated
time and again by the achievements of our thous-
ands of successful students and graduates.

2 NEW CIE CAREER COURSES

1. BROADCAST (Radio and TV) ENGINEERING ...
now includes Video Systems, Monitors, FM Stereo
Multiplex. Color Transmitter Operation.

2. ELECTRONICS ENGINEERING...covers steady-
state and transient network theory, solid state physics
and circuitry, pulse techniques, computer logic and
mathematics through calculus. A college-level course
for men already working in Electronics.

Ed Dulaney, Scottsbluff, Nebraska, for example,
passed his 1st Class FCC License exam soon after
completing his CIE training...and today is the
proud owner of his own mobile radio sales and serv-
ice business. “Now I manufacture my own two-way
equipment,” he writes, “with dealers who sell it in
seven different states, and have seven full-time em-
ployees on my payroll.”

Daniel J. Smithwick started his CIE training while
in the service, and passed his 2nd Class exam soon
after his discharge. Four months later, he reports,
“l was promoted to manager of Bell Telephone at
La Moure, N.D. This was a very fast promotion and
a great deal of the credit goes to CIE.”

Eugene Frost, Columbus, Ohio, was stuck in low-
paying TV repair work before enrolling with CIE
and earning his FCC License. Today, he’s an inspec-
tor of major electronics systems for North American
Aviation. “I'm working 8 hours a week less,” says
Mr. Frost, “and earning $228 a month more.”

Send for FREE book

If you'd like to succeed like these men, send for
our FREE 24-page book “How To Get A Commercial
FCC License.” 1t tells you all about the FCC License
...requirements for getting one...types of Jicenses
available...how the exams are organized and what
kinds of questions are asked...where and when the
exams are held, and more.

With it you will also receive a second FREE book,
“How To Succeed In Electronics,” To get both books
without cost or obligation, just mail the attached
postpaid card. Or, if the card is missing, just mail the
coupon below.

ENROLL UNDER NEW G.I BILL. All CIE
courses are available under the new G.1. Bill. If
you served on active duty since Jan. 31, 1955, or
are in service now, check box on reply card for

complete details.

e .
CI Cleveland Institute
of Electronics

1776 EA7th St., Cleveland, Ohio 44114

Accredited Member National Home Study Council ;¢S
A Leader in Electronics Training ... Since 1934

Cleveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
Please send me without cost or obligation:

Your 44-page book ‘“How to Succeed In Elec-
tronics” describing job opportunities in Electronics
today, and how your courses can prepare me for
them.

Your book on “How To Get A Commercial FCC
License.”
| am especially interested in:
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NEW

OSCILLOSCOPES
FROM

TELEQUIPMENT

® FULLY SOLID STATE

® 10 mV/cm DEFLECTION
FACTOR

® 70 MHz BANDWIDTH

DC, BATTERY POWERED .

SINGLE TRACE
® TRIGGERED SWEEP . E 554U — 571
The 54 Series represents a new standard of perform- You can take the battery powered Type S54U any-
ance for low priced oscilloscopes. The use of field place. It offers you the convenience of being able
effect transistors in the input stages means that the to service equipment, like 2-Way radios, right in their
trace is stable . . . even at a deflection factor of 10 own environment.
mV/cm. The ability to trigger at TV field or line rate, For even greater economy and comparable perform-
coupled with magnified sweep speeds to 40 nano- ance, select the Type S54A.
seconds per centimeter, permits high resolution anal- .
ysis of video signals. Want to look at the 3.58 MHz Telequipment products are backed by a one-year
color subcarrier? You can do it with any of the 54 warranty, parts support, and 26 Tgktro_mx service
Series. centers; marketed through 57 Tektronix Field Offices.

For more information call your local Tektronix Field

The Dual-Trace Type D54 lets you look at two signals Engineer or write Tektronix, Inc., P. O. Box 500,
simultaneously, a real help in aligning FM Stereo Beaverton, Oregon 97005.
equipment. U.S. Sales Prices FOB Beaverton, Oregon

TELEQU'PMENT @ .......... a subsidiary of Tektronix, Inc.
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A Government FCC License can
help you bring home up to
$10,000, $12,000, and more a year.
Read how you can prepare for

the license exam at home in your
spare time—with a passing grade
assured or your money back.

IF YOU'RE OUT TO BAG A BETTER JOB in Electronics,
you'd better have a Government FCC License.
For you’'ll need it to track down the choicest, best-
paying jobs that this booming field has to offer.

Right now there are 80,000 new openings every
year for electronics specialists—jobs paying up to $5,
$6, even $7 an hour...$200, $225, $250, a week ...
$10,000, $12,000, and up a year! You don’t need a
college education to make this kind of money in
Electronics, or even a high school diploma.

But you do need knowledge, knowledge of elec-
tronics fundamentals. And there is only one na-
tionally accepted method of measuring this knowl-
edge ... the licensing program of the FCC (Federal
Communications Commission).

Why a license is important

An FCC License is a legal requirement if you want
to become a Broadcast Engineer, or get into serv-
icing any other kind of transmitting equipment—
two-way mobile radios, microwave relay links, radar,
etc. And even when it’s not legally required, a li-
cense proves to the world that you understand the
principles involved in any electronic device. Thus,
an FCC “ticket” can open the doors to thousands of
exciting, high-paying jobs in communications, radio
and broadcasting, the aerospace program, industrial
automation, and many other areas.

So why doesn’t everyone who wants a good job in
Electronics get an FCC License and start cleaning up?

The answer: it's not that simple. The govern-
ment’s licensing exam is tough. In fact, an average
of two out of every three men who take the FCC
exam fail.

There is one way, however, of being pretty certain
that you will pass the FCC exam. And that is to take
one of the FCC home study courses offered by
Cleveland Institute of Electronics.

CIE courses are so effective that better than 9
out of 10 CIE graduates who take the exam pass it.
That's why we can back our courses with this iron-
clad Warranty: Upon completing one of our FCC
courses, you must be able to pass the FCC exam and
get your license—or you'll get your money back!

They got their licenses and went on to better jobs

The value of CIE training has been demonstrated
time and again by the achievements of our thous-
ands of successful students and graduates.

2 NEW CIE CAREER COURSES

1. BROADCAST (Radio and TV) ENGINEERING . ..
now ‘includes Video Systems, Monitors, FM Stereo
Multiplex. Color Transmitter Operation.

2. ELECTRONICS ENGINEERING...covers steady-
state and transient network theory, solid state physics
and circuitry, pulse techniques, computer logic and
mathematics through calculus. A college-level course
for men already working in Electronics.

Ed Dulaney, Scottsbluff, Nebraska, for example,
passed his Ist Class FCC License exam soon after
completing his CIE training...and today is the
proud owner of his own mobile radio sales and serv-
ice business. “Now 1 manufacture my own two-way
equipment,” he writes, “with dealers who sell it in
seven different states, and have seven full-time em-
ployees on my payroll.”

Daniel J. Smithwick started his CIE training while
in the service, and passed his 2nd Class exam soon
after his discharge. Four months later, he reports,
“l was promoted to manager of Bell Telephone at
La Moure, N.D. This was a very fast promotion and
a great deal of the credit goes to CIE.”

Eugene Frost, Columbus, Ohio, was stuck in low-
paying TV repair work before enrolling with CIE
and earning his FCC License. Today, he’s an inspec-
tor of major electronics systems for North American
Aviation. “I'm working 8 hours a week less,” says
Mr. Frost, “and earning $228 a month more.”

Send for FREE book

If you'd like to succeed like these men, send for
our FREE 24-page book “How To Get A Commercial
FCC License.” It tells you all about the FCC License
...requirements for getting one...types of licenses
available...how the exams are organized and what
kinds of questions are asked...where and when the
exams are held, and more.

With it you will also receive a second FREE book,
“How To Succeed In Electronics,” To get both books
without cost or obligation, just mail the attached
postpaid card. Or, if the card is missing, just mail the
coupon below.

ENROLL UNDER NEW G.I. BILL. All CIE
courses are available under the new G.I. Bill. If
you served on active duty since Jan. 31, 1955, or
are in service now, check box on reply card for

complete details.
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s Shortstop.

Our exclusive posted-filament design stops shorts in high-voltage
rectifiers.
And you know what shorts cause . . . catastrophic failure, or weak-
ened tubes and components.
The result: unprofitable callbacks.
Our 3CU3A, 3BM2A, 3BL2A, and 3DC3 high-volt-
age rectifiers all use the fail-safe posted-filament design.
Put our shortstops on your team. You'll find that
callbacks won’t even get to first base.
Sylvania Electronic Components, Electronic Tube
Division, West Third St., Emporium, Pa. 15834.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS
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A Little Reminder

In case posi-summer-vacation doldrums have you in their spell. here’s a little reminder about the first
suburban-tvpe Hi-Fi Show to he held in Westbusv, Long Island, N.Y. on September 18-2C at the [sland
Inn Motel. Our staff is proud to have taken part in the preparation of the Sentinar Program that will be one
of the highlights of the show. Here’s an opportunity for yon Hi Fi buffs to trade verbal blows with some
of the industry’s best-known experts. A preview of the Seminar Program follows: Friday, September 18,
“Introduction to Hi-Ii Components™ hy Len Feldman (Consubtant} from 7:00-8:00 p.m. and “Taping
Techniques & Phono Cartridges” by Bill Cawlfield, 4mpex Corp. and Bernhard Jakobs, Shure Bros. from
8:15-9:15 p.m.; Saturday, Sept. 19: “The Reverberant vs the Direct-Sound Sensation” by Frank Fergu-
son. president of Bose Corporation, and Don Davis. Altec Lonsing from 3:00-1:00 p.n.; “Introduction
to Hi-Fi Components” by Len Feldman from 6:43-7:45 p.m., and “4-Channel Hi-Fi”" by Consultants Bert
Whyte and Len Feldman. and John Eargle. Mercary Recerds from 8:00-9:00 p.m.: and on Sunday, Sept.
20: “Introduction to Hi-Fi Components” by Len Feldman from 2:00-3:00 p.m. and “Room Acoustics &
Speaker/Amplificr Matching” hy Abe Cohen. fSC/Telephonics, and Don Davis from 3:15-4:15 p.m.
Hope all our friends will stop by and say “hello.” By the way, don’t forget a second Hi-Fi Show to he
held Oct. 30 through Nov. 1 at the Marriott Moter Inn in Newton, Mass.

Needed—A €CB Calling Channel

When the Federal Communications Commission decided to set aside channel 9 (27.065 MHz) for emer-
gency use exclusively, it left us with mixed feelings. Our first thought was that by providing both services
emergency and “calling” privileges. on one channel there would be more people monitoring channel 9.
That arrangement seemed to he ideal except that. lnoking at it realistically. there are always those who
will ahuse this privilege. Thus, since channel 9 can uo longer be used for calling, there is now a des-
perate need for a single channel to e made available to use for calling purposes.

REACT headquarters in Chicago has come up with what seems to us to he a worthwhile suggestion.
They have proposed that channel 11 (27.085 MHz) be used as a voluntary, nation-wide calling channel.
Channel 11 was suggested by them because it is within the legal frequency range for general ealling. is
relatively adjacent to emergency channel 9. and mwst transceiver manufacturers furnish crystals for
channel 11 in non-23 channel equipment. An industrv-wide survey made by REACT along these lines has
shown a unanimous agreement that channel 11 be established as the universal. unofficial calling frequency.
As for ourselves, we heartily concur. As a result of the FCC devision, look for all sorts of new equipment
providing dual-receive capabhilities for monitoring posts.

Recording Color Set Purchases

Effective June 27. according to new Federal Radiation Control Regulations, all color-TV distributors
and retailers have to keep records of purchasers of ail color receivers and 19- and 22-inch (diagonally
measured) black-and-white sets. Records, containing purchaser’s name and address, must be kept for
a period of 5 years to help in tracing purchasers when potential hazard or defects are noted.

To facilitate record keeping, Sylvenia Entertainment Products has made its electronic data processing
facilities available to its dealers and distributors, who need only fill out “seld to,” “sold by.” and date
and place of sale on cards provided by Sylvania. Cards are then sent to the company for computer storage.

To obtain a copy of new regulation, write to U.S. Dept. of Health, Education, and Welfare Fnviron-
mental Health Service, Rockville, Md. 20852 {or Health and Safety Act of 1968—Public Law 90-602.

Technician Convention Rescheduled

Oztobar, 1970

The National Alliance of Television & Electronic Associations (NATESA) convention, originally
scheduled for August 14-16 at the Pick-Congress Hotel in Chicago. has been rescheduled for mid-October.
Exact date has not as yet heen confirined. If vou’re tnterested in attending we suggest that vau check with
the Office of the Executive Director. Frank J. Moch, 5906 South Troy Street, Chicago, Ill. 60629
1312-GR6-6363) hefore making definite plans. A
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NEW
OSCILLOSCOPES

FROM

TELEQUIPMENT

B FULLY SOLID STATE

B 10 mV/cm DEFLECTION
FACTOR

W 10 MHz BANDWIDTH

B TRIGGERED SWEEP

The 54 Series represents a new standard of perform-
ance for low priced oscilloscopes. The use of field
effect transistors in the input stages means that the
trace is stable . . . even at a deflection factor of 10
mV/cm. The ability to trigger at TV field or line rate,
coupled with magnified sweep speeds to 40 nano-
seconds per centimeter, permits high resolution anal-
ysis of video signals. Want to look at the 3.58 MHz
color subcarrier? You can do it with any of the 54
Series.

The Dual-Trace Type D54 lets you look at two signals
simultaneously, a real help in aligning FM Stereo
equipment.

TELEQUIPMENT @ .........
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You can take the battery powered Type S54U any-
place. It offers you the convenience of being able
to service equipment, like 2-Way radios, right in their
own environment.

For even greater economy and comparable perform-
ance, select the Type S54A.

Telequipment products are backed by a one-year
warranty, parts support, and 26 Tektronix service
centers; marketed through 57 Tektronix Field Offices.

For more information call your local Tektronix Field
Engineer or write Tektronix, Inc., P. O. Box 500,
Beaverton, Oregon 97005.

U.S. Sales Prices FOB Beaverton, Oregon

a subsidiary of Tektronix, Inc.

CIRCLE NO. 104 ON READER SERVICE CARD
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Graduate EE Fellowship

IEEE announces availability of a Charles LeGeyt Fortescue
Fellowship for 1971-72. The $4000 award is made to a post-
graduate student in field of electrical engineering who has
received his Bachelor degree from an accredited engineering
college by time work under fellowship would begin. Appli-
cants will be required to take Graduate Record Examination
and should arrange to have scores and application sent to
the Fellowship Committee by January 15, 1971. Candidates
must pursue their studies at engineering schools and en-
gage in research programs meeting approval of Fellowship
Committee. Award will be made as soon after the January
15th date as possible by an IEEE committee that administers
the fund. Application forms are available at accredited col-
leges or may be obtained from Miss Una B. Lennon, Staff
Secretary of the Awards Board, IEEE Headquarters, 345 E.
47th St., New York, N.Y. 10017.

Automatic Weather Forecaster

Honeywell Aerospace Division, Florida, awarded contract
by Air Force to develop Expendable Remote Operating
Weather Station (EROWS). Heart of system is 4-lb. sensor
package that includes instruments to measure wind speed
and direction, and cloud cover from remote or inaccessible
areas. Device, which will be 104 inches long, 6 inches in di-
ameter, and weigh 55 pounds, will be ejected from aircraft. It
is designed to implant itself in ground on spear-like tip. Once
in ground, sensor package will provide sensing and telemetry
transmissions to master control station (also to be built by
Honeywell). Telemetry equipment will use frequency-modu-
lated/frequency-shift keying (FM-FSK) for communications
between remote sensor package and master station. One-
man master control station will include digital recording sys-
tem for easy and accurate readout of telemetered data. an
interrogation module to display exact status of EROWS be-
ing interrogated. and built-in test equipment for immediate
checkout. Using ultra-high coding isolation to prevent errone-
ous interrogation of an outlying unit, up to 31 EROWS can be
interrograted by master station. (If you are intercsted in
weather forecasting, don't miss the story of U.S. Weather
Bureau which will appear in our November issue.)

‘“Elementary, My Dear Watson”’

Cornell Aeronautical Laboratory (CAL) awarded $100.000
contract by National Highway Safety Bureau of U.S. to de-
velop program that will permit investigator at scene of auto
accident and computer to have two-way conversation in order
to reconstruct accident. Computer will be programmed to
rank significance and reliability of various items of evidence
and to draw sketch of accident scene, with superimposed
displays of the reconstructed events. Computer will also be
able to inform operator when it has sufficient information to
reconstruct accident. In addition, computer will be capable of
providing summary statement on contributing factors and
principal causes of accident and, if desired, can indicate any
possible traffic-law violations.

CCTV Helps Move Mail

Sylvania Electric Products Inc., subsidiary of General Tele-
phone & Electronics Corp., is installing closed-circuit tele-
vision systems (CCTV) in 10 U.S. Post Offices to speed mail
handling. Each system includes cameras, monitors. and as-
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sociated equipment. Postal supervisors will now be able to
monitor movement of mail along conveyor belts and other
automated mail-handling apparatus. At first sign of snags in
passage of mail from receiving platform to distribution chan-
nels, supervisors can dispatch crews to problem area to
dislodge letters and parcels before any serious logjam
develops.

Long-Lived Laser

Honeywell Systems and Research Center has developed a
sealed carbon-dioxide (CO-) laser that has operated continu-
ously for a record 7000 hours—4000 hours longer than other
sealed CO: lasers. Dr. Hans W. Mocker, electro-optics section
chief for the Center, has set a goal of 20,000 hours (2'/2
years) of continuous operation (space-system requiremen’s .
Key element is a 2-foot by 3-inch polished-quartz block used
as laser cavity. Rigid attachment of two mirrors into opt.ccl
contact allows maintenance-free performance, compared wi h
some units that need re-alignment of mirrors during opera-
tion. Efficiency of sealed laser system (10%o) is one to two
orders of magnitude greater than helium-neon, yttrium-
aluminum-garnet or ruby lasers. A brandy-glass-size gas
supply is excited by a battery source of 7000 to 8000 volts
and 10 to 20 mA. Generates output power of 15 W and emis-
sion occurs into a narrow beamspread of 2 milliradians for
transmission over long distances (voice or television pictures
from Mars). Long lifetime attributed to self-circulating gas
reservoir, electrode design, and special cleaning and seal-
ing techniques. Has convenience of operating without bul<y
support equipment (gas bottle or vacuum pump) that is
ordinarily required. '

Western Space Conference

First Western Space Congress, based on theme “Space
Sciences—Future Applications for Mankind,” will convene in
Santa Maria, Cal. on October 27-29. The Congress, spon-
sored by Vandenberg Scientific and Technical Societies
Council, will present 102 technical and scientific pape s
during 18 programmed sessions (education, medicine. guid-
ance and navigation, communications, space exploration.
and international cooperation, etc.). Many major space and
defense industries will exhibit daily new and exciting dis-
plays of interest to both the scientific community and the
general public.

New Trade Association

A new trade association called Semiconductor Equipment
and Materials Institute (SEMI) was recently formed for the
rapidly expanding semiconductor industry. Raison d'étre of
new organization is to sponsor trade shows limited to makers
of semiconductor equipment and materials and their cus-
tomers, and to set up machinery for improving Industry-
Government relations. Plan is to have one annual show, al-
ternating between San Francisco and Boston. Future plans
envision shows held in Europe and Orient. Dr. William B.
Hugle, president of Hugle Industries, Inc., Sunnyvale, Cal.
named president and Fred Kulicke, president of Kulicke &
Soffa Industries, Fort Washington, Pa., as chairman of SEMI.
Next meeting of SEMI will take place in San Francisco dur-
ing SEMICON week in November when constitution and by-
laws will be voted on and a first-year slate of officers
presented. A
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Important New SAMS Books

New 10th Edition of the Sams
Transistor Substitution Handbook

by the HOWARD W. SAMS ENGINEERING STAFF. Fully
updated to include tens of thousands of substitu-
tions. Covers all manufacturers and gives proper
substitutions for all types of bipolar transistors:
U.S. and foreign, home-entertainment and indus-
trial. Computer-compiled for accuracy. Also in-
cludes manufacturers’ recommendations for gen-
eral-replacement transistor substitutions.

Order 20773 only ... .. .. .. ... .. .. ... $1.95

Color-TV Training Manual. 3rd Edition

by the HOWARD W. SAMS ENGINEERING STAFF. The
completely revised third edition of this famous
training guide covers al! the latést developmcnls
in the field. Written for the technician preparing
to service color TV receivers. Describes the sci-
ence of color, requirements and make-up of the
color signal, latest color circuits, and practical
setup and servicing procedures. Includes full-color
picture tube photos. Order 20736, only. . $6.95

ABC's of Air Conditioning

by ERNEST TRICOMI. This book presents a non-
technical explanation of the laws of physics which
relate to air conditioning and shows how these
laws are applied practically in the design and
manufacture of all types of air conditioning units
and their components. Covers components com-
mon to all systems, electrical systems, estimating
capacity and installation methods, and air con-
ditioning repairs. Order 20725, 0nly .. ... $2.95

1-2-3-4 Servicing Transistor Color TV
by FOREST H. BELT. The **1-2-3-4 Method” a
simple, logical, step-by-step process which helps
do the service job the right way and the easy way.
In this book, the fundamentals of transistor color
TV are covered, followed by a detailed explana-
tion of how to apply the method for quick trou-
bleshooting and easy repairs. Supported by a
wealth of illustrations, charts, and block and
schematic diagrams to make undersldndmg easy.
Order 20777, 0nly ... ... ........ $4.95

Tape Recorder Servicing Guide
by ROBERT G. MIDDLETON. Thoroughly explains
the principles and characteristics of magnetic
recorder circuitry, describing the various com-
ponents and systems. Provides comprehensive
instructions on preventative maintenance, adjust-
ments and minor repairs, and solving tape trans-
port, recording, and reproduction troubles.
Order 20748, only. ... .. ... cuiinennnn. $3.95

1-2-3-4 Servicing Automobile Stereo
by FOREsT H. BeLT. This book first applies the
ingenious *"1-2-3-4" repair method to both me-
chanical and electrical equipment and then pro-
ceeds to cover the electronic and mechanical
principles of automobile stereo, fm multiplex and
tape cartridge systems. Finally, the book shows
how to apply the method to auto stereo systems.
Includes many schematics, charts and illustra-
tions. Order 20737, only .. ............ $3.95

Workshop in Solid State

by HAROLD E. ENNES. Presents the technology of
transistor operation in terms familiar to those
educated in tube technology. Provides an orien-
tation in solid state principles, and a detailed
analysis of the diode; covers transistor param-
eters, linear swnlchln&, and pulse circuits, a wide
variety of practical design problems and applica-
tions and basic testing and servicing techniques.
Order 20735, 0nly ... . ... ... ... . ..... $9.95

I S s HOWARD W. SAMS & CO., INC.

Order from your Electronic Parts Distributor,
or maii to Howard W. Sams & Co., Inc., Dept. EW-100

4300 W. 62nd St., indianapolis, Ind. 46268

’
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THIS IS ELECTRONICS Series

by ITT EDUCATIONAL SERVICES, INC. These
books provide a remarkable introduction
to electronics, imparting to amy reader a
clear understandlng of the basics of this
vital technology. All topics are covered
and readily mastered.

Vol. 1. Basic D-C Principles
Covers electronics—past and present ; elec-
tronic:components and symbols; matter
and electricity3 current, voltage, and re-
sistance; series and parallel circuits; con-
ductors, semiconductors, and -insulators;
resistors; sources of d-c powcr

Order :.0557 m!ly .............. $5.95

Vol. 2. Basic A-C Principles

:Covers -alternating voltage and current;
capacitors and capacitive reactance; mag-
netism and electromagnetism,; electrical
measurmgmst uments; and inductors and

inductive reactance.
Order 20727, 0nly......... ..$6.95

Yol. 3. Circuits

A-c and d-c principles and components
are used to illustrate how vacuum tubes
and semiconductors operate: Describes
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DIGITAL
Voice Communications

By SIDNEY L. SILVER

Sophisticated pulse techniques, employing solid-state circuits, are making
possible the reliable transmission of high-quality speech in digital form.

HE idea of transmitting voice signals in digital form was

conceived many vears ago, but owing to the large num-
her of active elements required, severe limitations were im-
posed on the design of a practical digital communications
svstem. These limitations were mainly associated with the
nse of vacunm tubes which were bulky, consumed too much
power, and functioned poorly as switching devices. In recent
vears, however, the advancement of the solid-state art has
provided new components and techniques that allow elec-
tronic circuits to become more complex, vet smaller and less
costly than vacuum-tube circuits. The development ol high-
speed switching transistors and. more recently, integrated
circuits, has made it possible to employ sophisticated pulse
techniques which provide reliable. high-quality, digital
speech transmission.

Formerly. voice communications over transmission lines
was accomplished almost entirely with conventional analog
electrical waves. In analog transmission, the andio wave-
forms vary continuously in proportion to the original speech
signals. As these signals propagate along the line, they ex-
perience attenuation losses which mnst be compensated for
by high-quality repeater amplifiers. Unfortunatelv. analog
repeaters introduce some noise and distortion into the sys-
tem, which accumulate as signals are passed through a chain
of these devices. Moreover, any extraneous noise or inter-
ference picked up by the transmission cable. or coupled in
from other lines in the cable, is amplified along with the
voice signals.

A digital transmission signal represents a radically differ-
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ent method of communicating speech information. Using
such techniques as pulse-code modulation, a given voice sig-
nal can be reduced to a stream of binary digits, whereby the
intelligence of the speech signal is contained only in a

Fig. 1. Block diagram of a basic pulse-code modulation system.
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particular pulse pattern, or code group. The binary pulses
are transmitted in a fixed and predetermined time position,
and thus can readily carry the message over the transmission
path with a high degree of accuracy. During transmission,
line attenuation will tend to obliterate most of the high-
frequency components of the pulse waveform. In addition,
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Fig. 2. Basic operating steps in pulse-code modulated trans-
mission. (A) The original speech signal is (B) sampled to
produce pulses corresponding to instantaneous voltage ampli-
tude of audio waveform which is then (C) quantized into in-
cremental levels and (D) encoded into equivalent digital signal.

Fig. 3. Sample of time-division multiplexing using pulse-am-
plitude modulation showing how three (A, B, and C) signal voice
channels are (D) interleaved in time to form a single, higher-
speed pulse train and fed to common line for encoding.
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the presence of noise spikes on the line will further distort the
digital signal. These problems are met by placing digital
repeater circuits along the line, which are able to completely
regenerate the pulse stream. Since all the pulses are of the
same size and shape, these devices are simply required to
detect the presence or absence of an input pulse and to
generate, as often as necessary, a new undistorted output
pulse. This process allows a high signal-to-noise ratio to
be maintained throughout the system, thus overcoming the
problem of cumulative noise which characterizes analog
transmission svstems. Finally, upon arriving at their destina-
tion, the regenerated digital pulses are reconstructed in order
to recover the original signal.

Pulse-Code Modulation

At the present state of the art, the most advanced and
efficient method of transforming band-limited voice signals
into noise-free, wide-band pulse signals is the technique
known as pulse-code modulation (PCM). The primary appli-
cation of PCM is in multi-channel voice communications
over wire circuits, although the digital pulse could, of course,
be modulated on a carrier wave and then transmitted as a
radio signal.

Fig. 1 shows a functional block diagram of the basic PCM
system. Here a number of voice channels (24 in this case),
representing various speech signals, are sequentially sumpled
by a multiplexing device, producing an interlaced series of
varying-amplitude pulses. These pulse-amplitude modulated
(PAM) signals, roughly analogous to the audio waveforms,
are processed by a coding device which “quantizes” or
divides the sampled signals into incremental amplitude levels.
Each finite value is encoded, or translated into a digital
number, so that a string of constant-amplitude PCM pulses
is delivered to the transmission line. At the receiving end
an inverse process, involving decoding and de-multiplexing
functions, reproduces a replica of the analog voice signals.
With this brief general description, we shall now discuss in
detail the three basic steps (illustrated in Fig. 2) which im-
plement the PCM system; namely, the sampling, quantizing,
and coding operation.

Sampling

The initial operating step in a PCM process is to sample
the voice signals at a suitable rate and measure the amplitude
of the signals during the sampling time. As shown in Figs.
2A and 2B, successive portions of the fluctuating signals are
extracted at regular intervals to produce a sequence of
imiformly spaced PAM samples; the magnitude of each pulse
sample corresponding to the instantaneous voltage amplitude
of the audio waveform at the moment of sampling. In this
process, the minimum allowable sampling rate is quantita-
tively related to the frequency spectrum of the audio signals,
so that information can be lost if the sampling rate is not fast
enough. This relationship is known as the sampling theorem,
which states that if u signal is sampled at a rate of at least
twice the maximum frequency, the sample will contain all
the information of the original signal. In other words, any
complex waveform can be faithfully reproduced if at least
two amplitude samples are generated for each cycle of the
highest frequency component.

Since voice signals are usually band-limited to reject all
frequencies above 4000 Hz, a sampling rate of 8000 pulses
per second, or one sample every 125 us, is generally em-
ployed. This rate is sufficiently fast to prevent the listener
from detecting any perceptible difference between sampled
speech and normal speech. The effect is analogous to what
an observer experiences when viewing motion pictures.

An important advantage of the sampling principle is that
the discrete time intervals between the samples of a single
voice channel can be allocated to other, independent channels
by the technique known as time-division multiplexing
(TDM). This is accomplished on a time-sharing basis by
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repetitively scanning each channel in a regular sequence, and
allotting a particular time position to each channel. As shown
in Fig. 3, the variable-aumplitude pulse samples of one channel
are interleaved in time between the samples of all the other
channels, to form a single higher-speed pulse train. These
multiplexed pulses are then applied to a common line for
encoding.

The number of channels that can be multiplexed depends.
of course, upon the duration of the time interval assigned to
each sample; the shorter the time duration, the greater the
number of channels that can be accommodated. For the sake
of simplicity, a 3-channel TDM system is shown in Fig. 3
but in practice, 24 voice signals are uvsually multiplexed at
one time. Since each channel is sampled at 8000 times a
second, there would be 192,000 samples per second on a
24-voice multiplexed line.

Quantizing

Upon completion of the sampling operation, the next step
is to quantize the intensity range of the sampled voice signals
into distinct amplitude levels, thus permitting binary digital
coding. As shown in Fig. 2C, the magnitude of each sample
is compared to a scale of discrete values, or quantum steps
which are used to represent any level in the dynamic speech
range. Each step actually represents a limited range so that.
essentially, this process creates only an approximation of
the magnitude of the sampled waveform. The quantizing
operation is performed by applying the quantum step nearest
to the actual value of the pulse sample. For instance, a
sample value of 8.21 would be represented by quantum step
8, a sample of 8.98 would be rounded off and quantized
as step 9, ete. Obviously, the greater the number of steps, the
closer the approximation to the sampled signals.

The difference between the actual value and the measured
value of each pulse sample constitutes an error which gives
rise to a phenomenon called quantizing noise, or quantizing
distortion. This type of noise is inherent in PCM systems
and differs subjectively from the continuous noise, e.g..
thermal, normally encountered in analog systems. As shown
in Fig. 4, the error component tends to spread randomly over
the speech range, producing quantizing noise only in the
presence of voice signals whose amplitude does not coincide
with an exact quantum step. Clearly, maximum error per
saumple cannot exceed one half the size of a quantum step.

Ideally, it would seem desirable to quantize all the positive
and negative peaks in the dynamic speech range, thereby
achieving infinite resolution and thus completely eliminating
quantizing error. Increasing the number of quantum steps,
however, would add to the complexity of the system, since
digital components with much higher switching ratios would
be required. Moreover, the great number of amplitude levels
involved would raise the bandwidth requirements of the
coded signals.

One method of reducing the number of quantum steps
without sacrificing voice quality is to take advantage of the
statistical distribution of speech amplitudes. For example.
the normal distribution of voice signals is such that the prob-
ability of weak signals occurring is much greater than that
of strong signals. Since most of the speech information is
concentrated at low amplitudes. using quantum steps of
cqual size would result in the greatest amount of quantizing
error for weuk signals. By progressively tapering down the
quantum steps so that very small increments ure assigned to
low levels and larger ones to the rest of the amplitude range,
the total number of steps can be greatly reduced.

Another method of preserving voice quality with fewer
quantum steps is to compress the magnitude of the pulse
sumples before upplying uniform quantization, and then to
cxpand the amplitude range back to normal at the receiving
end. This technique, called instantaneous companding,
achieves the same results as chauging the size of the quantum
steps. The companding action must be extremely fast in order
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Fig. 5. Functiona! block diagram of a linear coder that uses
the ‘‘successive-approximation’’ technique to determine the digi-
tal number representing the amplitude of a PAM sample value.

to respond to the narrow pulse samples. In the transmitting
operation, the compressor effectively modifies the normal
distribution of sampled speech so that preferential gain is
given to low-level signals at the expense of the higher ampli-
tudes. As a result, the signal-to-quantizing noise ratio is kept
fairly constant even though the input levels vary over a
large portion of the speech intensity range. Usually, the
intensity range encountered in voice communications is
about 60 dB. which represents the ratio of the loudest to the
weukest speech level. By using a compression characteristic
that varies logarithmically with signal amplitude, this range
can be reduced to about 36 dB while maintaining the saime
(uantizing noise performance.

Coding

The first step in transmitting the PCNI signal is to encode
the discrete amplitude levels in binary digital form. To form
a digital code group, each gquantum step is numbered iu
decimal form and a combination of binary 1's and s is used
to represent each of the decimal numbers. The number of
quantum steps that can be designated by the hinary code is
given by 21 where n is equal to the number of binary digits.
or bits. required in each code group. Thus, the 4-bit code
illustrated in Fig. 2C requires 2!, or 16 discrete awmplitude
levels: with 8 quantum steps positive, 8§ quantum steps nega-
tive, and zero reference (for the sampled signals) correspond-
ing to the midpoint between steps 7 and 8. The first digit
in the code group indicates whether a pulse sample is positive
(binary “17) or negative (binary “0”), while the subsequent
digits identify the voltage amplitude.
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Fig. 8. Comparison of energy distribution between unipolar
(straight binary) and bipolar signals with 50% duty cycle.
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Fig. 5 shows a simplified block diagram of a linear coder
which utilizes a technique called “successive approximation.”
In this arrangement, the digital output is determined one
digit at a time, starting with the most significant bit. Initially,
a comparison is made between the amplitude of each com-
pressed sample input and a series of reference voltages; a
voltage comparator making the decision as to whether a par-
ticular reference voltage is greater or smaller than the sample
value. The output of the comparator causes the value of the
reference to be changed until it approximates the amplitude
of the input signal. This is accomplished by a diode switching
network which progressively connects a number of precision
resistors into the reference circuit; the operation being con-
trolled by the logic elements. The process continues until
all the digits of the binary code group are produced at the
output.

The first comparison voltage is 50% of maximum amplitude,
the second is 25%, the third is 12.5%, etc., so that each pre-
cision voltage is one half the value of the preceding one. Thus,
when the pulse sample is compared to the first reference
voltage, the most significant digit of the code is determined. 1f
the sample is less than 50% of maximum, the logic circuits
will generate a binary “07. If it is greater than 50%. the first
digit will be a binary “17. As an example, let us assume that
the 4-bit code (Fig. 2C) is being used, and the sample of
interest is 70% of maximum amplitude. Since this value is
greater than the first comparison voltage, the first digit to
be generated is a binary “1”. Now the second comparison
(25%) is combined with the first and the sample value is com-
pared again. Since the sample magnitude is less than 75%,
the second digit is a binary “0”. At this point, the second
comparison voltage is switched out, and the third voltage
(12.5%) is switched in. The sample is then compared against
62.5% of full value, and since it exceeds this, the third binary
digit is a “1”. Finally, the fourth comparison voltage is
switched in, and the sample is compared against 68.75%. The
fourth digit is therefore a binary “17. Thus, the digital number
generated by the logic circuits is 1011, which represents the
decimal number eleven (70% of the full-scale value of 16
amplitude levels).

Nevertheless, a 4-bit code group cannot handle the full
range of positive and negative amplitudes, and is described
here only for reasons of clarity, With this particular code,
very weak signals would be completely lost while strong sig-
nals would be severely clipped. It has been empirically de-
termined by listening tests that approximately 219, or 1024
linear quantum steps are required to adequately cover the
dvnamic speech range. This would call for a 10-bit code
which, unfortunately, wonld be impractical for processing
speech signals. However, by employing either instantaneous
compression or nonlinear quantizing, this can be reduced to
a 7-bit code representing 27, or 128 quantum steps. Fig. 6
shows the variations of signal-to-noise ratio with input level
for a 7-bit code, and clearly indicates the advantage of
logarithmic (A) over linear (B) encoding.

Puise Transmission Techniques

A fundamental requirement in PCM trunsmission is that
the pulse stream must be held to extremely close timing
standards. so that all voice channels can work together with-
out interference. Fig. 7 shows a typical pulse-pattern arrange-
nient in which 24 voice channels are encoded in a 7-bit binary
code group. Here the total 125-us sampling interval, called
a frame, is divided into a series of digital “time slots” repre-
senting the speech information in each channel. The binary
coded pulses have a 50% duty cycle, which means that the
width of each pulse is equal to one half the time allocated
to each pulse. An extra time slot is added to the code group
to carry supervisory and signaling information. Each time
the entire frame is encoded, a framing pulse is placed in the
last slot of the 24th channel, in order to synchronize the end
terminals. Synchronization enables (Continued on page 78)
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Adding

Xtra Channel
for Improved

By DAVID HAFLER /President, Dynaco Inc.

A third channel, derived from the present two stereo channels, can be applied
to one or two rear speakers for an extra sound dimension and greater ambience,

OME of the major benefits of four-channel sound can
be had for just the cost of an extra loudspeaker, without
need for a special four-track tape player and four amplifier
channels, If four-channel systems are designed to help in the
re-creation of hall ambience, then we can show a very simple
way to do this with many existing two-channel recordings.
If four-channel systems are designed to supply an extra dimen-
sion or “ping-pong” effect, with sounds in the rear, then our
simple way still applies; but it requires the cooperation of
the recording engineer.

There is @ very simple and practical way to get ambience
effects with a speaker at the rear of the listening area. This
is not just simulation. It is based on the fact that information
in the normal two channels contains ambience data which
is lost in normal plavback, but which can be partially cap-
tured in a rear loudspeaker. Fig. 1 shows the basic method
ol connecting the extra loudspeaker. The speaker is connected
differentially across the two amplifier outputs and is placed
in the rear of the room.

The differential connection is made from the high side
of one amplifier output to the high side of the other. There
is no ground or chassis reference for this speaker. This con-
nection will not affect normal amplifier performance. but it
does decrease the load into which the amplifier looks. For
practical purposes, the loudspeaker can be considered to be in
parallel with one of the side speakers; so if 8-ohm speakers
are nsed for the left and right channels, the amplifier is look-
ing into 4 ohms. It is not practical to use this cotmection with
speakers of less than 8-ohm rating unless the amplifier is
operated well below maximum.

The rear loudspeaker reproduces difference information
onlv. (If the signals at each end of this speaker were the
same, there would be no potential across it and no signal out-
put.) Included in this out-of-phase information is the re-
flected sounds which reach the microphone in random phase.
These sounds produce the winbience effects.

If it is not practical to put a single loudspeaker behind
the listener, two speakers, one on each side of the listener,
can be used. The two rear speakers can be connected in
series or in parallel. The series connection will give less
output in the rear. The connection should be chosen so that
the sound level from the rear is unobtrusive from the normal
listening position.

Why it Works

Why does this extra speaker give an additional ambience
effect? The answer is that the reverberant sound which is
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reflected throughout the recording area is at a lower level
than the direct sound and has a time delay before pickup
as compared to the direct sound. Therefore, it is to a large
extent masked by the direct sound when using two stereo
loudspeakers. However, when we use the differential speaker.
some of the direct sound is canceled (that which is common
to the two channels), so there is sound in the front speakers
which does not appear in the back, but the reflections of
this sound do appear in the back with the same time lag
from front to rear speaker as appeared in the original hall
between direct and reflected sound.

The source of the sound still appears to be in front due
to precedence and amplitude effects, in which the first and/or
loudest of two identical signals establishes the point source;
but the sound in the rear adds to the total sound front in the
same way that it adds in a resonant recording environment,
Thus, the addition of the rear differential speaker uncovers
spatial information which was always in the recording but
does not appear in conventional playback.

When using the differential loudspeuker. it carries a sound
source in the rear for signals which are in opposite phase. This
leads to a most useful opportunity. If the recording engineer
deliberately introduces an oppositely phased signal in the
two channels, the rear speaker will reproduce this signal in
the rear—without apparent front source. This rear signal can
be used either for control of umbience or for positioning some
sounds in the rear. A

Fig. 1. Simple hookup to add rear-channel information.
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Recent
Developments
in Electronics

Portable TV Control Center. (Top left) A complete single-
cabinet portable television control center is shown here.
This new unit electronically combines pictures and sound
from a variety of sources for closed-circuit and live TV
productions. It provides complete video monitoring and con-
trol waveform monitoring and audio mixing all in one
compact cabinet. The entire unit weighs only 90 Ibs and it
measures about 22 by 16 by 20 inches deep. It can be eas-
ily transported for on-site productions. in addition, its man-
ufacturer, Ampex Corp., has priced the control center at
just under $3000, which they say is less than half the price
of comparable systems. The three 5-inch television monitors
can be seen along the top of the new portable control center.

Infrared Communications System. (Center) A new data com-
munications medium—infrared—is being used to link two
University of Southern California computer installations. The
University is the nation’s first to use infrared trans-
mission in a fully operational system which allows the two
computers to communicate at speeds up to 250,000 bits per
second. The device providing this new high-speed capability
is called "“Optran” and is manufactured by Computer Trans-
mission Corp. of Los Angeles. The distance covered by the
IR link is one-half mile across the campus. The optical unit
located on a mast atop one of the school’'s engineering build-
ings is shown in the photograph. Other infrared transceiver
link-ups at the University of Southern California are planned
for the future. As many as three or four other campus sites
are expected to be interconnected by means of an IR link.

Computerized Heart Study. (Below left) A research system
used for heart studies has been set up at the Krannert In-
stitute of Cardiology in Indianapolis. The system is said to
be the first designed as a completely integrated unit. It con-
verts physiological analog data into digitized form for anal-
ysis and interpretation. Vital life signs of patients, such as
the electrocardiogram, external heart sounds, various blood-
pressure measurements, and respiration are monitored and
recorded by the two analog units on the left. This data is
then converted to a format acceptabie to the computer units
on the right for programmed analysis. The information is
then printed out on the typewriter unit for use by the Insti-
tute in its heart research. Honeywell instrumentation is used.
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Giant Crystal-Growing Furnace. (Top right) One of the larg-
est commercially available crystal-growing furnaces is shown
here. The furnace, with three times greater production ca-
pacity than earlier models, is used by semiconductor manu-
facturers for growing crystals of silicon, germanium, and other
materials. The resistance-heated vertical furnace grows 314-in
diameter, 28-in long crystals, each one of which will produce
about a quarter million IC chips. Manufactured by Norton Co.,
the unit has several automatic features. One of these increases
or decreases the seed pulling and crucible lift rates to maintain
uniform crystal diameter. Another is an optical temperature
sensor that maintains the melt surface within =0.5° C of the
freezing point of silicon to assure uniform crystal diameter.

Credit-Card Checker. (Center) Over 1400 keyboard terminals,
like the one pictured here, are being installed beside cash reg-
isters at all May Co. stores throughout Southern California.
These are part of a new credit-authorization system that allows
salesclerks to quick!ly check all credit purchases. The custom-
er's purchase total and account number are punched into this
terminal and this information is sent via communications lines
to the company’s central credit office in downtown Los Angeles.
The system was developed by TRW. Perhaps the harried cus-
tomer, with her credit card being checked and with her moves
being watched by CCTV cameras, may get the feeling that she's
not really being trusted, especially by some of the unhelpful
and discourteous salesclerks that we've encountered recently.

Electronic Carillon. (Below left) At Brandeis University near
Boston a glass carillon 1s reproducing the peals of the
world’s greatest carillons, but without the use of huge bronze
bells. Replacing these bells is a 40-lb device containing 35
glass bells made of fused quartz from GE’'s Lamp Glass Dept.
Various lengths of quartz tubing, with tiny glass-tipped ham-
mers sealed inside, produce very weak bell tones. These are
then amplified electronically and fed to loudspeakers mounted
in a chapel belfry. Carillon can be played manually through 3-
octave keyboard console or programmed to play automatically.

Lightweight Aircraft Communications System. (Below right)
A compact, lightweight communications and navigation system
for helicopters and fixed-wing aircraft 1s being flight-tested
by the U.S. Army. The 40-1b system, built by Sylvania, is one-
third the size and weight of comparable equipment. It uses
three solid-state IC modularized transceivers operating on
v.h.f-FM, v.h.f-AM, and u.h.f.-AM. These can automatically
re-transmit point-to-point air, ground, and sea communica-
tions. There is also an automatic direction finder and com-
munications control unit that can send and receive digital data.
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Editor’s Note: This is the first part of a two-part article de-
stoned to acquaint the reader with some of today’s graphic
video display termninals being used as data interfaces be-
aeeen man and computer. Raster-scan display and random
point display (RPD) systems arce thoroughly described in
Fart 1. A third type of display terminal—the stroke generator
display system—as well as some of the sophisticated circuits
that can be used with RPD terminal to both speed up and
improve its operation will bhe described in Part 2.

N the 1940’s, technology gave scientists. engincers. and

businessmen the digital computer. Since that time. com-
puter users have been dreaming up problems that require
fuster und more complicated computers in smaller and less
expensive packages.

The biggest stumbling block in man ‘computer systems. no
matter how simple or complex. is the information interface
between the machine and the humans who use it. Thumans
want to put information into the machines with as little phys-
ical and mental effort as possible: and they want to retrieve
the results of the machines” eflorts in the same wav.,

Interactive graphics is presently the ultimate in informa-

tion exchange schemes between men and machine. No other

computer in‘ont svstem can approach graphic terminals in
the rate and quantity of easilv digestible information it can
feed the human mind.

GRAPHIC
COMPUTER
TERMINALS

(Part 1

A picture is. indeed, worth a thousand words. A single
video computer display is worth a thousand jumbled charac-
ters printed out on reams of paper. Instead of spending hours
or even days interpreting conventional computer readouts,
an operator at an interactive graphics video terminal can
interpret his data at a glance. and make any changes or add-
itions in an instant.

Interactive graphics is a phenomenon born in the late
1960’s. During the next few vears. video terminals promise to
become the most practical and efficient way of coping with
the rising complexity of computer-solvable problems.

Raster-Scan Video Terminals

By far the most popular kind of video display svstem to-
dav is the TV raster-scan display svstem (Fig. 1}. The things
users like most about it are its relativelv low cost and its
compatibility with existing closed-circuit TV svstems.

Raster-scan terminals can be used alone (Fig. 1A), or in
conjunction with some kind of data processing (Fig. 1B).
Used alone. the terminals serve as high-speed. high-capacity
communications svstems. Used with a data processor, the
terminals become high-performance in/out subsystems for
a complete data processing system.

The majority of raster-scan terminal nsers run the terminal
without a data processor. The operator sits at a typewriter-
like kevboard (Fig. 2) and types in the desired alphanumeric
text. A cursor mark, such as a dash, appears under the point

Fig. 1. One of the most popular video display systems today is the relatively inexpensive, CCTV-compatible raster-scan
video terminal which can be used either (A) alone as a high-speed, high-capacity communications system or (B) in con-
junction with a data processor to act as a high-performance in/out subsystem for a complete data processing system,
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By DAVID L. HEISERMAN

By displaying the computer output in picture form,
the user is able to quickly interpret the data and
act upon it. Widely used in busy air terminals, as
teaching machines, and in R & D laboratories, these
video display terminals permit good machine-man
interfaces, thus expediting all communications.

Univac graphic displays showing (top left across page) the kinds of
figures and graphics that can be automatically generated by random-
point or stroke generator display systems and (right, this page) the
type of display that might have wide applications in the fields of me-
teorology, law enforcement, and education. See text for descriptions.

on the CRT screen where the next character will appear.
When the operator presses a character kev, that character
appears on the screen, and the cursor mark moves on to the
next point,

The operator can delete a character in the text by using
a special kev to move the cwrsor under the character to
be erased, then pressing the “Erase” kev. The character im-
mediately disappears from the text and the operator can re-
place it with another. With niost raster-scan video systems,
the operator can delete an entire line of text by placing the
cursor to l=ft of the line and pressing “Line Erase” key.

It is possible to connect six or eight TV monitors into the
raster-scan video display system. This allows the user to dis-
play the text simultaneously at muny different locations. Us-
ing the svstem in this way is much like using an ordinary
typewriter, but which has the incredible ability to provide
printout text at many different places at the same time.

One popular application of this communications feature of
raster-scan video terminals is in busy airports. An operator
can display up-to-the-instant flight scheduling data on moni-
tor screens all over the airport (Fig. 3).

Used in conjunction with a data processor, the raster-scan
video terminal becomes a high-speed readout device. Typical
teletypewriters have a printing rate of less than 10 characters
per sccond. With w video terminal, however, the computer
can dump a full Toad of 500 characters onto the screen in one
raster-framing time. If the user wants to preserve the display,
he can photograph it or record the video signal on conven-
tional video tape.

Using a raster-scan video terminal as a computer input
device, the operator can type his program and data onto the
CRT screen. Before unloading it into the processor. he can
inspect the text on the screen, and make any changes simply
by using the cursor controls and erase kevs. This video pro-
gramming technique eliminates the need for special editing
languages now needed for most teletvpewriter computer ter-
minal svstems.

Raster-scan video terminal svstems are now commonly
used as teaching aids. The processor sends a question that
appears on the screen. The student types in his answer to the
question and sends it back to the processor. If the answer is
correct. the processor goes on to the next question. If the
answer is incorrect, the processor might display some kind
of text that explains why the answer is wrong.

A serious disadvantage of todav’s raster-scan video dis-
play terminals is the fact that they can be used successtully
only with character displays. None of the commercial raster-
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scan video systems has a line-drawing capability. Most raster-
scan users, however, find they can compensate for this in-
ability to draw lines by using the terminal in conjunction
with a CCTV system. Whenever the user wants to display
pictures on the monitors, he cau switch out the character
generator and switch in an ordinary TV camera.

How Raster-Scan System Works

A display controller unit (Fig. ) is the heart of the raster-
scan vid=o display svstem. This unit develops the sync and
raster unblinking pulses. The display controller’s main job

Fig. 2. Terminal keyboard used with A.B. Dick’s raster-scan
dispiay system. Resembles ordinary typewriter keyboard ex-
cept for extra keys for moving the cursor, erase operation,
and communicating with display controller shown in Fig. 1.

Fig. 3. Typical raster-scan airport video terminal display.
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Fig. 4. The heart of any raster-scan video system—the dis-
play controller. The unit's main function is to store charac-
ter text information and read it out as a TV video signal.

1
o000 . ~ 2
* - o 3
° T TS 4
-E B — HORIZONTAL
* e 3 1" SCAN LINES
* T ° 6
TS © > 7
8
oo 0o 9
WHITE
M LINE 2
BLACK
VIDEO
N TITIE SIGNAL
TN LINE 3
BLACK :
TIME

Fig. 5. Examples of two characters and the cursor as they
appear on a raster-scan video terminal screen. Note that
since display controller is a digital device it displays char-
acters by scanning each horizontal row of character dots,
one scan line at a time. The white-to-black video signal
ratio is so great that the horizontal scan lines do not ap-
pear on the terminal screen as on an ordinary TV display.

is to store the character text information and read it out as a
TV video signal. Any character data typed into the display
controller or fed into it from the processor goes to a memory
section. The syne clock triggers the horizontal scan and, at
the same time, begins the memory readout sequence.

Since the display controller is a digital device, the video
signals to the CRT must be in the form of “yes” or “no” digital
bits. For the sake of economy. the pulse width of all these
bits are the same. Thus, a raster display system cannot draw
a continuous line segment at one instant and a small dot the
next—all displavs must be a composite drawing of uniform
dot elements (Fig. 5).

A raster-scan display for a single character is much like a
scorehoard display at a sports arena. In one way or another,
cach video character fits into a rectangular matrix of dot ele-
ments. Instead of lighting all the appropriate dots simul-
taneously, the video system display controller builds up a
character by scanning each horizontal row of character dots,
one scan line at a time,

To do this job, the controller has to break up each charac-
ter into a series of dot segments. With the exception of the
period character, no character can be completely drawn in a
single horizontal scan. Beelive Electrotech markets a raster-
scan video terminal for about $3300. The Beehive system,
tvpical of the hundred or so on the market today, can write
20 lines of text with up to 40 characters in each line. Each
character occupies a 5 X 7 dot matrix,
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People viewing an alphanumeric display on a raster-scan
terminal will not confuse the character in spite of their some-
what jagged appearance. In the case of graphs and compli-
cated line drawings, interpretation becomes more difficult
because of the raster-scan discontinuities. No matter how
finely spaced the horizontal dots are in a raster-scan display,
the vertical spacing of the raster breuks up any kind of line
or curve that has a vertical or Y-axis component. This is why
none of the companies that manufucture raster-scan displays
bothers to design in line-drawing capabilities.

The Random-Point Display

Today’s graphic video terminals can display line drawings
as well as alphanumeric text, and the Y-uxis components do
not appear to be broken up any more than the horizontal
components, To display smooth vectors or curves, the con-
troller must be able to place the electron beam at any point
on the CRT screen in response to commands from a display
bulfer.

A controller that can position the CRT beam at any point
on the screen is commonly called a random-point display
(RPD) controller. Since an RPD controller does its job with-
out any of the Y-component restrictions imposed by a raster-
scan display system, it is the take-off point for building up
all of today’s high-performance interactive graphic display
svstems.

RPD controllers receive their display coordinate informa-
tion from a display buffer. The buffer gets its information
from a keyboard, a “light pen,” or a data-processing unit.
In the simplest kind of point-display systenm, the RPD must
liave one word from the display bulfer for every point plotted
cn the screen.,

Suppose, for example, a display buffer delivers a 21-bit
word to the controller. As shown in Fig. 6, 10 of these bits
might be for the X-axis coordinates, 10 for the Y-axis coor-
dinates, and 1 bit for the CRT digital unblanking circuit.

The 10 bits for the X-axis coordinute go to a digital-to-
analog (D/A) converter that translates the bit code into an
analog level. After a stage of amplification, this analog volt-
age drives the CRT horizontal deHlection circuit and positions
the beam horizontally on the screen. Likewise, the 10 bits for
the Y-axis coordinates go to a D/A converter where they are
translated into a vertical deflection voltage for the CRT. A
1-bit unblanking signal drives the grid or cathode of the CRT
to display the spot once the beam is in position.

Allowing 10 bits for the X coordinates, the RPD controller
can place the electron beam in any one of 21" or 1024 points
lhorizontally, The Y section can similarly place the beam in
any one of 1024 points vertically. Thus, a single 21-bit word
contains all the coordinate information the RPD controller
needs to place the electron beam anywhere within a
1024 x 1024 dot matrix. Such a random-point display con-
troller has a display capacity of over one-million points com-
pared to less than 50,000 for most raster-scan display systems.

In principle, it is possible to draw any kind of figure on the
CRT with the point-display controller system described thus
far. All that is needed is the appropriate sequence of 21-bit
words from the display buffer unit. The buffer might get its
information from a full-blown general-purpose computer such
as an IBM 360, or from a smaller processor such as the PDP-8
by Digital Equipment Corp. Of course, the RPD system can
also be connected to a remote processor in a commercial time-
sharing computer system. (See the author’s “Computer Time
Sharing” in the March, 1970 issue of ELecTRONICS WORLD.)

Although this simple RPD system works in principle, in
reality it has one disadvantage—it is slow. State-of-the-art
CRT data storage, readout, and display systems require be-
tween 30 and 40 microseconds to run one word from memory
to display. Roughly speaking, it takes about 40 milliseconds
to display a 1000-point figure on the CRT.

Forty milliseconds doesn’t sound like a great deal of tinie
to plot out 1000 random points on (Continued on page 76)
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Computer Storage & Memory Devices

By CARYL A. THORN / Manager, Input/Output Architecture

Systems Development Division, IBM

An overview of the various types of computer memory and storage devices
showing their comparative characteristics and how they are used together.

ROGRERSS in the digital-computer industry during

the past 20 vears can be measured in varions ways.

For example. the number of compulers in existence
has grown from a few i the 1950°< to nearly 30,000 in the
LS. today. One can also speak of the increased speed at
which operations are performed by computers. noting that
solid-state computers today are in some cases several thou-
anand thnes faster than the vacuum-tube machimes of the
carly '507s.

Another indication of progress is the mercased amount of
gkorage used by computer svstems. The mternal, address-
able anain storage available on computers has increased
Bom approximately 107 bits in the early 1950°x to more
than 36 million bits today. On-line external. non-address-
able bulk storage (eg.. single disc or drum) has increased
from 10° hits to more than 109 bits during the past decade.

These few examples illustrate the significance of slorage
n the computer systenr. In this article. various types of
storwee and thenr uses are discussed.

While some uses of storage within a computing svstem are
vell known (for example, main memory and bulk storage) .
many other uses exist within the computer (See Table 1) .

1. Main Mcemory. Mam memory storage is the one most
commonly referred to in a compnting syvstem. Its funetion i1z
to hold prograans and data which are awaiting proeessing or
have Just been processed by the central processing unit
(CPL)

Typieally. a program occupies upwards of 10" hits of
storage. Assocated with this program wmay be a variable
amount of data on which the program works.

Wiien the gnantity of data is small. it may be loaded into
main memory along with the program. When the quantity is
large. it is common to load segments of the data (perhaps
frum bulk storage) into main memory as needed by the pro-
grami. Since a program will occasionally lave o wait for
needed data to be teanstferred from bulk storage to main
memory, it is ebvious that initially toading all the data into
e memory along with the program will allow that pro-
gram Lo he completed more quickly. The performance of a
computing system can thus be generally improved by pro-
viding a large-capacity main memory.

The necd for a laree-capacily main memory is also evi-
denced by applications which require that several programs
“tine-share” the computer. By time-sharing. we reier to
the interleaved use of tle computer by multiple programs.
=ich of which is in the process of being executed. One iin-
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phication of such thme-sharing is that main memory must
generally hold several programs and several sets of data.
[Uis not unusnal to find the main memory capacily require-
menls for such au application specifving many miflion bits,

Sinee main memory must generally he accessed for each
instriction in a prograum. as well as for each picce of data
to be processed. the speed of main memaory is one of the
most critical factors in determining the speed of the com-
puter. Accordingly. various schemes have been devised to
reduce the impact on computer performance of a main mem-
ory speed. which is slow in comparison with the CPU. Que
sueh seheme involves use of cache or buffer slorage.

2. Cache Storage. Cache or buffer storage. when used in
a computer system, is interposed between the mam mem-
ory and the CPU (Fig. 1). Although smaller in capacity
than main memory. cache storage is usually ten to twenty
thnes faster than main memory.,

The value of eache storage becomes apparent when it i
observed that accesses to main memory are not evenly dis-
tributed across all of waim memory. In a tvpical data-pro-
cessing application. a large number of accesses are made
to one arvea of memory. and then a large number of access-
es are made to another parl of memory. Performnnce im-
provement is accomplished by loading into the caclie a
portion of main memory the first time a location in that por-
tion of memory is accessed. Thereafter. successive accesses
to locations in that ssune portion will not have to go to main
memory but necd only go to cache storage with its much
shorter access time. When accesses are made to different
portion af memory. thal new portion of memory is loaded
into the cache. Portions no longer beiy accessed are even-
tually repiaced. once main memory has been updated.

3. Registers. Another means of avoiding degradation re-
sulting from a slow main memory is the use of registers
in the CPU. These registers usually have a velatively small
capacity (3-16 registers with 82-64 bits per register) and
are very quickly accessed. By placing frequently accessed
miormation or intermediale results in these registers. ac-
cessing of main storage can be avoided.

Other registers. not divectly aceessible by programs.
ety he used by the CPU to hold addres-es. transient data.
mstructions, or control informalion. Since these registers
are involved in the execution of instructions, the highest
possible speed 1s essential.

1. Lacal Storage. In many data-processing situations it
iv convenient to have available to the CPU some sion-pro-
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Fig. 1. Various memory functions or functions that are
associated with the central processing unit of computer.

Fig. 2. Arrangement of storage elements into a hierarchy.

gram accessible storage facility which can be used for stor-
ing control information and data where accessibility is not
as eritical as that of the information stored in registers.
Local storage can be provided for this purpose. Operations
with external devices tcard readers, printers, tapes, com-
munications equipment. ete.) frequently require control in-
formation which is appropriately kept in local storage. Data
being transferred to or from such devices may also be buff-
ered i local storage so that aceesses to main storage are
required only when a full memory width is needed.

Some CPU's also use local storage for the retention of
“check-point™ information to be used in the event of an er-
ror. By periodically collecting and saving information per-
taining to the state of the CPU, the CPU ¢an, upon the
detection of an error, perform a check-point restart, ic.,

Table 1. Types of storage and memories, and charocteristics.

Use iﬂegimrs' Locat | Control | Cache Main Bulk
Charac. ! | Storage Storage Memory Memory Storage

Access 2-50x10-? 50-200x10°% .1-.5x10-6 20-100x10-9 .5-5x106 02-several
Time (sec.) |

Transfer —_ —— | == | .1.3x10% 2.100x10¢ .5-50x106
Rate

(bits/sec.)

—| —|
Capacity | 50-1000 |100-10,000 | 1-10x103 |10-200x103 .04-100x10¢ 10%.5x10t
(bits)

Bits per 672 672 | 30-100 672 6500 625
Access
Readability | Yes Yes Yes Yes Yes Yes
Writability Yes Yes Not | Yes Yes Yes
|necessarily|
Yolatility A table Acceptable |A table| Acceptabl Otten No
! | |if writable! acceptable
38

restore the CPU to its carlier state and re<do the operation
which encountered the error.

3. Control Storage. A number of CPU's have been de-
signed to use a technique called “microprogranmuing.™ The
microprogramming technique is generally used when lower
cost 15 desired and reduced speed can be tolerated. As a
by-product. greater functional flexibility can usually be ob-
tained. Microprogranuning involves control of the individ-
ual gates and logic blocks of the hardware by means of
very rudimentary, hardware-oriented instroctions, The wi-
croprogram is stored in a control storage which is not ac-
cessible to the program. Sinee the microprogram  deler-
mines how the CPU operates, it must always be present in
the CPU and is not alterable. For this reason the control
store is usually “read-only.”

6. Bull: Storage. Long-term storage of information (c...
programs. data) is provided for by bulk storage. Bulk stor-
age is nsually in the form of dises. tapes. and drums and
has as its major requirement a massive storage capacily.
Bulk storage is also referred to as “secondary storage”
(main memory s ealled “primary storage™) . sinee data
and programs stored there camnot be directly operated upon
by the CPU. Information to be exeeuted or processed must
be loaded into main storage from bulk storage.

Bulk storage is used for three purposes: unprocessed in-
put information: processed output information: and inor-
mation for long-term storage. Input information is loade.|
into bulk storage from an input device such as a card reader.
Output information may be placed in bulk storage prior to
transfer of this information to an output device sueh as a
printer. Information for long-term storage is simply data
retained for some future use: for example. payvroll records
or inventory data,

Bulk storage is often spoken of as being “on line™ or “off
line™ storage. On-line storage allows information to be ace-
cessed by the computer and transferred to main memory
without outside intervention. An example of on-line storage
would be w drum which always remains connected to the
system. Off-line storage i1s not accessible without outside as-
sistanee. Any bulk-storage device with removable media
(such as magnetic tapes) would thus provide off-line storage.
Wiile the amount of information which can be stored oft-
lime is thus Ihnited. on-line storage capacity is finite, al-
though generally very large.

Categories of storage uses and their essential character-
isties. as discussed above. are summarized in Table 1. With
reference to the information contained in the table, sev-
cral features are noteworthy.

There is, for example. an exception to the need for writ-
ability in the case of control storage. This is true because
the control storage component contains information which
should never need changing.

There is also a ditference in the number of bits (or
widths) mvolved in cach access, The width for control stor-
age depends upon the hardware makup of the CPU. the
munber of registers. and the number of conditions which
need to be tested. Main memory width is large so that trans-
fer rate can be high. Since accesses to main memory are
often sequential (particularly when cache memory is used) ,
aceessing many contiguous bits is practical. Bulk storage
transfer width is often constrained by cabling consider-
ations.

Hierarchy of Storage

Implicit in Table 1 is a hierarchy of storage among the
generalized storage components (all but local and control
storage) . There is. for example. a progression of access
times from 2 nanoseconds to several seconds: capacity goes
from 50 to 5 X 10 bits. There is also a trend in the vola-
tility from registers, where the loss of information is accept-
able, to bulk storage, where the loss of information is
quite intolerable. These three characteristies: speed. capac-
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x Ferrite Thin Semi- Movabie-
B N i i Head Fixed-Head
Characteristic Core Film conductor Optical S Mag. Drum, Mag, Dram, Magnetic
Characteristic Disc Disc Tap:
Access Time .2-5x10-¢ 70-300x10-° | 20-700x10-° | —100x10-°
(seconds) Access Time 50-500x10-3 8-25x10-3 =
Cycie Time .5-10x10-¢ | 100-600x10-4 | 50-1000x10-% | -—~200x10-° i
(seconds) Transfer Rate 5.4x106 1-30x106 .05-3x10¢
(bits/sec)}
Cost 1-4 .5-3 1-10 —
(cents/bit) Typlcal 5.5000x106 5-300x106 2108
Capacity (bits)
Volatile Generally Generally Yes No
no ne Cost .0025-.1 .001-1 2x10°5
(cents/bits)
Readable Yes Yes Yes Yes
Volatile No No No
Writabie Yes Yes Yes No
Readable and Yes Yes Yes
Density — 1000- 1000- 1000- Writable
(bits/in) 10,000 10,000 10,000
Removable Generally No Yes
yes
Density 600-1500 500-3000 200-1600
(bits/in)

Table 2, Various devices that are employed for the storage or memory function.

ity. and volatility are benchmarks of a storage hierarchy.

The concept of storage hierarchy is 1ot new. but only late-
Iy has it been exploited in computer system design. The
general 1dea is to place the most recently accessed segments
of information in that storage component which is most
quickly accessed. When it is possible to anticipate the need
for certain information. that information can also be trans-
ferred to a storage component with quicker acecess. Infre-
quently used information is generally kept in slow-access
storage.

A\ rather extensive storage hierarchy is shown in Fig. 2.
To illustrate how such a hierarchy might be used. we ean
consider the following application. In a typical business
situation, their quarterly reports would be stored on a reel
of magnetic tape conveniently kept in the tape library. The
executive program, supervising all other programs running
i the computer. would be located in main memory. with
portions of the executive program residing at times in a
cache, or in a slow-access storage component.

During the past 15 years magnetic technology has occu-
cupied a dominant place in computer storage. This is true
hecause magnetic technology is applicable to a very broad
range of uses: from bulk storage to high-speed main mem-
ories.

In the bulk-storage area. magnetic applications have
largely taken the form of ferric-oxide coated dises, drums,
and Mylar tape. Other magnetic devices have also been
designed: for example. semi-rigid cards or strips. Information
is recorded onto. and read from. these devices by passing
the oxide-coated medium near a recording and/or reading
head which produces minute magnetized spots on the
medium or detects spots already recorded. The material
technology, in conjunction with precise read/write head
alignments, have made possible recording densities up to
3000 bits per lnear inch.

The application of magnetic technology in the main mem-
ory area is typically represented by ferrite cores and thin
filins. While reading and recording in bulk-storage magnet-
ic devices is accomplished by media motion, cores and thin
films are stationary when accessed. Information is accessed
by means of conductors passing throngh, near, or around
the core or thin film. When the conductors are energized,
the magnetic-polarity state of the core or thin film can be
sensed or changed.

In an effort to obtain greater speed, various semiconduc-
tor devices are now being used i mass-storage operations.
While the speed attainable for semiconductor devices is
more than ten times greater than for cores. the greater
cost and volatility of semiconductors have restricted their
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application. New fabricating techniques. however. are re-
ducing the cost factor, thus a comparable cost for the two
tecliniques can be expected. The accompanying requirements
for non-volatility that each memory element constant draw
current is a limiting factor for semiconductor storage. Mil-
lions of bits of storage in a semiconductor device implies
densely packaged components which may require large pow-
er consumption and special cooling systems.

A general summary of the various types of storage de-
vices discussed is shown in Table 2. Typical applications of
storage devices in computers are shown in Table 3.

Future Trends

Simiple extrapolation of storage trends of the past several
vears indicates that storage-capacity requirements will con-
tinue to rise. both in terms of main memory or bulk storage.
To manage expeeted increases in storage capacity. there
will be growing use of the storage hierarchy. including a
widening range of storage devices.

Attainment of higher computer performance will continue
to demand storage devices with even shorter access times.
Semiconductor devices seem to be one answer to this re-
quirement, with continued improvement of existing semi-
conductor devices elaiming an attention at least equal to
that of cores.

[t is likely that developments in storage systems over the
next several years will emphasize the organization of the
storage, and the information in storage. rather than the
technology of the storage devices. However, when different
ways of organizing memories are required, new technologies
are often necessary and these new techunologies will certainly
be developed. A

Table 3. Here is where the various devices are applied
to the different storage and memory portions of computer.

&‘ Registers Local Control Cache Main Bulk
Type ] | Storage ‘ Storage Memory ‘ Memory Storage
Ferrite | Generally "Used if fast| Used if fast | Generally| Yes |Generally
Core | not used cores and/or|cores and/or| not used too
slow CPU stow CPU | |expensive
Thin Generally | Suitable Suitable | Suitable  Yes |Generally
Film not used | ! too
| I [ : i ‘expensive
Sen:’i- " | VYes Suitable Suitable Suitable SuL(a'bIe |Generally
conductor u too
‘ ‘ 1 somewhat|expensive
‘ | | expensive
Movable- | No | No | No | No ‘ No Yes
Head Mag. | ’ r
Drum, Disc | | |
Fixed-Head | No | No | No No Rarely Yes
Mag. Drum, ‘ used
Disc | | | |__now
Magnetic [ No No No " No | No Yes
Tape |
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The author specializes in the coordination of magnetics pro-

grams across organizational and functional lines, He has been
with Burroughs since 1956, and has extensive experience in a
wide range of systems, peripherals, and applications. His back-
ground in electronic data processing dates back to 1951 when
he began four years of work in shipboard electronics. Follow-
ing that, he obtained one and a half years’ experience in
guided-missile programs. In all, he has 20 years of divergent
types of data processing experience. He has a B.S. in manage-
ment from Calif. State College with a minor in electronics.

Magnetic Tape, Drum, Disc

Memories

By HENRY T. MEYER / Sr. Product Program Coordinator, Burroughs Corporation

Highly versatile and widely used, these devices extend a
computer’s main memory, provide permanent storage of
large amounts of data, and serve as input/output sections.

APE. drum, and dise devices are used to record infor-
mation passed to them by data-processing equipment
and, at a later time. reproduce that data, passing it

back to any data-processing equipment that requests it.
Data is passed back and forth between the storage devices
and source or destination equipment in discrete form (as bi-
nary information digits, or bits) . Information bits are usual-
Iy collected into eight-bit “bytes:™ the various bit patterns
in an cight-bit byte are each reprezentative of a specifie
number. letter. character, or symbol.

Each of the three magnetic devices contains a moving
mediom capable of being magnetized. This is moved. with
respect to record/reproduce heads, allowing data to be re-
corded in or reproduced from various data tracks. The width
of a data track is determined by the characteristies of the
head which is, in turn. determined by the speed of the
medium, the nature of the medium, and the density at
which data is recorded.

The magnetizable material on tape. drum. and dise pro-
vides for the “permanent” recording of data. Data, once
written, must either be erased or overwritten; it is not lost
when power is turned off. Each head can record in one or
more tracks. If a head is fixed, it can only record in one
track. If the head is movable. it can record in as many
tracks as there are head positions. Devices which have one
head for each track are commonly referred to as “head-per-
track”™ devices while all others are called “movable-head™
deviees,

Each type of device is available in models whieh permit
removal of the medium. Magnetic tape is the most common
removable medium: dises may also be removable; drums and
dises in a head-per-track arrangement. are the least com-
monly removable medium.

Tape. drum. and dise are all used as extensions of the
main memory of a computer; they are also used to provide
mput to and receive output from either a computer’s main
memory or its extension, Sequentially oriented data is most
often stored on reels of magnetic tape: randomly oriented
data is usually stored on dises or drums.

. Physical Characteristics

Fig. 1 shows the three magnetic memory systems de-
seribed in this article. Magnetic tape is usually cut into
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strips whichi are wound on reels. Reel diameters vary from
1 to 10.5 inches: with tape lengths varving from 30 to 3600
feet. Tape thicknesses vary from 00005 inch to upwards
of 0,002 inch: while tape widths vary from .150 inch to up-
wards of 2 inches, The most commaon configuration is a 0.5-
imceh-wide, 002-inch-thick, 2400-foot-long  ANSI-compat-
ible computer-grade tape. This .5-inch tape is typically re-
corded using a head assembly which contains either seven
or nine heads: thus, typical .3-inch tape contains either
seven or nine data tracks (actually, in both cases. one
track is used for error detection). Several devices, which
contain tape loops to which heads are transported on a car-
riage, exist, but these have not had general acceptance.

Drums are rotatable metal evlinders from 6 to 18 inches
long. which are magnetically coated over their curved sur-
face. Head-per-track drums contain fixed heads which are
usually mounted in the drum housing. Each head records a
single circular track. Movable-lhiead drums contain position-
able assemblies of heads: this arrangement results in as
many tracks per head as there are head positions. In most
cases, drums are not a replaceable device: however, there
have been cases of small replaceable drum memories.

Dises are rotatable metal platters, varying in diameter
from 6 to 18 inches, which are either magnetically coated
or electrolytically plated on hoth faces. More than one dise
can be stacked on a single shaft. Dises can be mounted so
that they rotate in a horizontal or vertical plane. Both head-
per-track and movable-head disc devices are readily avail-
able. Head-per-track devices are usually rotated in a ver-
tical plane while movable-head devices usually rotate in a
horizontal plane. The medium in movable-head devices ean
usually be removed, while in the fixed-head (head-per-
track) device it cannot.

A ook at Fig. 2 shows that the average random-acceess
times for standard 2400-foot tape are quite slow. Even at
top magnetic tape speeds of 200 in/s, average random-ac-
cess time is almost a minute. Speeds from 37 to 200 in/s
and costs from $3000 to $60.000 were used to make the
2100-foot tape estimations. Tape devices, using 600 feet
of tape on a seven-inch reel. lower average random-access
time at the expense of cost-per-bit stored. Still, this ac-
cess time is hardly suitable for random access. even on
slow-speed data processing equipment. Tape devices using
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50- to 300-foot cassettes begin to approach acceptability, 1.e..
1 to 10 seconds. This is achievable because of fast-search
-apabilities which are not generally used on standard tapes.

Drums generally have average random-access times in the
8 to 10 ms range. which is faster than their dise equivalents.
Disc average random-access times generally run from 17 to
1004+ ms. It is possible to build disc memories with access
times of less than 10 ms, although these are just beginning
to come into being,

Transfer rate (between a magnetic device and a using sta-
tion) is measured in bits-per-second. characters-per-sec-
ond, or bytes-per-second. Characters are generally consid-
ered to be groupings of six bits, while bytes are generally
considered to be groupings of eight bits. Transfer rate is
determined by three factors: 1. The density at which data is
recorded (called packing density and measured in bits-per-
inch) . 2. medium movement speed (measured in in/s) for
tape and r/min for dise and drum) . and 3. the number of
parallel data paths.

Typically, the range of packing densities runs from 200
to 4000 bits/in. Tape speeds vary from 1% in/s (in tape
assettes) up to 200 in/s. Drum and dise rotation rates vary
from several hundred r/nin up to 6000 r/min. The number
of parallel data paths from tape, dise. and drums is dictated
by systems uses and costs as well as by standards.

Principal Uses

Drums have found their principal usage as high-speed ex-
tensions to a computer’s core memory. Because of their high
speed, such items as system-control programs, address di-
rectories for large random-access storage devices, and other
frequently accessed programs and data, are stored on drums.
One computer manufacturer uses drums as a mass memory.

Discs have come into much more widespread use than
drums. They have been used as extensions to computer main
memories like drums: they have been used as an input/out-
put medium like tape: and they have also been accepted as
main element of an on-line data memory bank. Smail dises
are being used in minicomputers where they are employed
as fast-access concentrators for data to be subsequently
stored on other media.

Magnetic tape devices, although at times used in an on-
line mode, are increasingly being used as input and out-
put from other on-dine media. Magnetic tape is lower-
cost medium than dises or drums. A reel of tape costs ap-
proximately $30 while a dise pack costs about $500. Tape
1s readily replaceable and easily transported. Other advan-
tages include user acceptance over a long period of time,
established recording and data-format standards. and lower
device cost per bit than cither drum or disc.

The two foremost limitations are its non-adaptability to
random accessing and its resistance to selective updating.
Data must be accessed sequentially and updated sequen-
tially. The comparative market size and projections for the
three memory systems described are shown in Table 1.

Transporting & Recording

Tape is usually driven by capstan-like wheels which are
brought into contact with the non-record side of tape using
direct friction. enhanced by vacuum
or positive air, or friction enhanced by
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Fig. 1. Physical arrangement used in tape, drum, and disc.

columns which have vacuum applied through the bottom
or, in the case of lower-speed units, by using flexible arms.
The buffering agents contain sensors which servo-control
the speed of the reel motors thus maintaining constant
lengths of tape in the buffer for cach reel, See Fig. 3.\. The
tape is guided during the time that it is wound on either reel
by means of precision-tooled, double-edged tape guides.

In magnetic drum devices, drive is applied to the drum
ria an axle which passes through its axis. Record/reproduce
heads record and reproduce data as the drum surface passes
adjacent to them. Thus, when accessing particular items of
data, there may be a rotational delay (called lateney time)
of as much as a complete revolution.

In the case of magnetic dises. one or more dises are
mounted on a single shaft in parallel planes. Data is re-
corded in concentric tracks, usually in bit-serial form, and
usually on both faces of each dise. Most dises have literally
hundreds of tracks per surface. When two or more dises
are ganged on the same shaft, similarly located concentric

Table 1. Approximate past, present, and future markets for magnetic memories.

other rollers which “pinch” the tape
against the drive rollers. Since the
speed at which tape is either reeled
or unreeled varies with the amount of

TOTAL COMPUTER SYSTEMS

1969 1965 1970 1975

$800 Million| $ 2.5 Billion $7.2 Billion $14.6 Billion

tape wound on the reel at a given

. : : . Tape 75 Million| 270 Million 810 Million 1.3 Billion
time, and since no irregular resistance

an be presented to the drive system, Drum 15 Million| 50 Million| 110 Million 150 Million
the reeling syvstem must include a S

means for “buffering” the tape before Disc 55 Million| 155 Million 890 Million 1.7 Billion

it reaches the drive roller. This buffer-
ing 1s usually accomplished by using

Total: Tape, Drum and Disc

$145 Million| $475 Million| $1.810 Billion $3.15 Billion

October, 1970
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Fig. 2. Access 'ir;le versus cost of the three memory types.
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Fig. 3. (A) Tape transport, (B) head assembly, (C) core.

Iracks (one per face) are said to constitute a exlinder. The
majority of drives in existence today are dise-pack drives,
They are characterized by one movable head per face,
mounted on a common actuator. ax opposed  to other
movable-head dises whieh, like movable-head drums, have
nultiple heads per face. Movable-head dises are usually
operated so as to minimize the effects of head-movement
time, This is done by orienting the storage of data to a
exlinder (e storing it sequentially in long contiguous
blocks of data like magnetic tape) . This Limits access time
Lo laleney time  (typically 12,5 williseconds in dise-pack
drives),

The recording and reproducing process involves a mag-
netie pattern, the intensity of which is controlled by the
intensity of the current passing through the recording head
ax well as the ability of the magnetic material to retain the
flux pattern induced by the recording current. Fig. 3B shows
a nine-head record/reproduce assemblyt a head within that
assembly ix shown in Fig, 83C. When current is passed
through the left winding. the core is magnetized in one di-
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rection and a directional flux pattern is established at the
head gap. The flux thus produced affects a magnetic medi-
um passed through it. The effect is to unidirectionally mag-
netize the medium in the area where the flux is felt. When
current in the left core winding is cut off and cwrrent is
started in the right core winding, the head core is magne-
tized in the opposite direction: this results in flux reversal
tn the head gap. At flux reversal time, there is a heavy con-
centration of flux in the core gap which results in a heavy
concentration of flux in the magnetic mediun. The concen-
tration of ux in the magnetic medium is considered a “hit”
of information—considered a binary bit because it has two
states: it either exists or it does not,

The reproduction process is primarily sensitive to the rate
of change m the recorded medium. The reproduced signal
then tends to he the time derivative of the record signal.
The signal which emerges from the reproduce head must
then be integrated in order to reconstruct the recorded sig-
nal. The integration usually takes place in electronies that
are located in the magnetic storage device or its controller.
This process usually ineludes compensation for distortion
introduced by the variables in recording, the medium, and
reproducing.

The methods used to give bits of data coded significance
are generally separated into non-return-to-zero (NRZ) and
phase-coded methods (PE) . In NRZ. the medium is either
magnetized in one direction or the other of flux saturation.
In the straight NRZ method of recording (Fig. #). a flux
transition indicates a change in bit significance: in a modi-
fiecd version ecalled NRZI (for “inverted™) . flux transitions
are considered to be 1 bits: the lack of flux transition i<
thought of as 0 bits. Included in the recording methods
shown is the phase-encoded method of recording (PE).
where downward transitions are 0 bits, upward transitions
are 1 bits. Whereas NRZI is preferred over NRZ because.
in NRZIL. cach flux transition is indicative of a 1-bit, PE is
preferred over both beeause at least one flux transition is
assured per bit period. HHowever, PE could require up to
twice as mwany transitions to store the same amuount of data
as NRZ. Double-frequency recording is still another method.
It includes one Hux change for a 0 and two Hux changes for
a 1: direction is not important. Thus, the method chosen
to record data can atfect the “format™ of that data.

The physical disposition of bits written on a mediimm also
affects the format of data. This is primarily evidenced by
the location of tracks and the arrangement of control data
m those tracks. Location of the tracks, width of the tracks.
and the arrangement of data within the tracks is related to
the way in which a computer system wishes to use the me-
dinm. coupled with the often over-riding constraints of
compatibility.

Magnetic tape recording nsually involves magnetic tape
in direet contact with the record/reproduce tramsducer, At
high speeds, however, an air bearing begins to form hetween
the tape and the head. Dise heads, in almost all cases, “fly”
at heights of 100 microinches or less above the rotating
dises. These heads fly on an air bearing through which ve-
cording on the dise surface takes place, A few manufacturers
have had limited success with contact-recorded dises: but
even in those cases, the degree of contact was minimized.
There is usually an adjustable gap between drum heads and
drum surface. Thus, the heads do not actually “fly™ over
the drum surface, in most cases. One manufacturer, who
uses a movable-head, mass-memory type of drum, flies
heads over the rotated drum surface just as over the dise
surfaces,

Al magnetic-type media are sensitive to contaminants.
such as dust and small particles of dirt. Contaminants cause
misreads called “drop-outs” in many cases and, in some
cases. can result in erashes between a flving head and its
associated rotating medium, For this reason, environmental
control of cleanliness is very important.
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Magnetic media differ in the methods used to bond oxide
coatings to metal or polvester backings. They also differ
more dramatically in whether they are “coated™ or “plated.”
Magnetic tape is. for the most part. a coated medium.
Disc-packs are also a “coated™ mediun. Some dise-packs are
spray-coated: others are centrifugally spin-coated. The coat-
ing is a composition of iron-oxide particles. Fixed discs are
often plated: using a nickel-cobalt composition. Plated dises
generally have a thinner magnetic medium than coated
dises. thus affording higher resolution with less signal
strength, more uniform surface flatness. and the capacity
for storing higher packing densities than coated dises.

Selection of Memory

The end user of tape. disc. and drum devices is the person
referred to in most companies as a Data Processing Man-
ager. DI managers, along with the systems analysts, pro-
grammers, computer operators. and key-punch operators
who work for them. comprise the team which puts a DY
syatem to work. A DI manager buys tape, disc. and drum
devices in either of two situations: as part of a new or re-
placement system or as add-ons or replacements for an exist-
ing system.

Most users of DP systems rent their equipment rather
than buy it. Hence. these users want to reunt the latest
equipment available and turn in any previous generation
cquipment they may have. An end user who is shopping for
a new system will find that all system manufacturers offer a
line of tape and disc (or drum) equipment. He will find that
whether he chooses disc or drum. he will still be advised to
back-up his on-line files on reels of magnetic tape.

The user should strive for system balance, that is. he
should seek a blend of performance and capacity which
adequately meets the needs of present and planned uses for
the equipment. He should weigh systems prices against
systems performance, including reliability. expandahility,
and flexibility.

In apphlications where accesses are random and trans-
action turnaround is critical, the user will likely end up
seeking devices with very low average random-access time.
When dises or drums are operationally loaded and unloaded
using magnetic tapes, tape transfer rates which approach
those of disc or drum become important.

Compatibility is an important consideration when more
than one syvstem 1s involved. This is especially true when
disc packs or tape reels are to be interchanged between
systems.

Future of Magnetic Memories

Table 1 shows how magnetic tape device sales. estimated
at $810 million in 1970, are expected to grow to $1.3 billion
during 1975. This represents a 60-percent inecrease or an
average growth rate of 12 percent a vear. During this time
period, systems sales are expected to increase to about 100
percent, or an average of 20 percent a year. Tape-device
sales, as a percentage of systems sales, is expected to de-
crease from 11.2 percent in 19760 to 8.9 percent in 1975. This
is primarily attributable to inroads expected to be made by
disc-pack drives. These mroads mnight be even more signifi-
ant if it were not for the impact on the punch-card and
punch-tape markets being made by small reel-type magnetic
tape umts and magnetic tape cassettes.

Table 1 also shows how magnetic drum sales, estimated
at $110 million in 1970, are expected to grow to $150 million
during 1975, This minimal growth, averaging only 5.3 per-
cent a vear, is 1 contrast to a corresponding svstem growth
of 20 percent a year. Drum sales, which were 1.5 percent
of systems sales in 1970, will drop to only one percent of
systems sales in 1975. The relatively poor showing for drums
is attributable to inroads made by head-per-track dises on
one side and by bulk core on the other.

Table 1 shows disc sales estimated at $890 million in 1970

October, 1970
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Fig. 4. Various methods of recording information bits.

rising to $1.7 billion by 1975. This represents a 90 percent
increase—un average of 18 percent a vear. The disc figures

“include both head-per-track disc and disc-pack drives.

Head-per-track drives are expected to increase from $70
million in 1970 to $150 million in 1975, This represents an
increase of 114 percent or an average of 22.8 percent a year.
The increase is attributable to use of the head-per-track
dise as a memory extension, .e.. as systems memory, as
well as the increased use of head-per-track file in data banks
where access time is critical (banking. airline reservations,
time-sharing. ete.). Disc-pack sales will increase from $820
million in 1970 to $1.55 billion in 1975—89 percent over a
3-vear period—an average increase of 17.8 percent a year.

Large tape systems will require high-speed tape units (200
/s and higher) with high packing densities (3200 bits/in
is reportedly the next step in terms of industry standards).
Automatic-loading features and other automatic methods
aimed at reducing operator imvolvement will gain in popu-
larity.

The upper end of medium tape systems will use the same
high-speed tape units as large systems: the lower end me-
dium systems will use the low-speed tape units also used by
small systems. Most of the medium systems will use manu-
ally operated tape units in the 75 to 150 in/s speed category.
Their popularity will be attributable to price and reliability.

sSmall systems will use reel-type tape units varying in
speed from 12l% to 75 in/s: reel sizes of approximately
7. 8, and 10Y% inches will be used. Small systems will also
use cartridge-type tape units varying in speed from 1% to 10
in/s. The Philips-type cassette will be a popular type of
cartridge in this market area.

Magnetic tape will also find use in the mass-memory field.
Mass memories (“trillion-bit stores™) are being developed.
using video recording techniques and ultra-high packing
densities. When used as a mass memory. a tape device loses
its syvstems orientation and becomes an archival storage
area which could be accessed by small. medium, or large
systens.

Drums will be used on large. medium, and small systems
as high-speed memory extension in situations where sys-
tems designers choose drum over head-per-track disc. Small
drums will find limited use as data concentrators on mini-
computers; large drums as mass memories.

Dises will be used in a wide range of systems applications.
They will be used in small, medium, and large systems:
there will be both fixed- and removable-medium applica-
tions. Fixed-medium dise drives will be used as memory
extension and as fast-access data banks in applications
which demand low access times and predominantly random
accessing of data. Removable medium drives will be used
when the application contains several data bases, each used
at a different time or when the application dictates the
intersystem exchange of media. Generally speaking. the
prevalence of (and frequency of performing the inter-
change) disc packs. varies inversely with systems size. As
systems get larger, packs are less frequently removed but as
svatems get smaller, packs are often removed. A
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Bipolar Semiconductor 1C Memories

By JOHN J. RIENZO / Manager and EDWIN F. TARBOX / Eng. in Charge, IC Applications & Evaluation

Semiconductor Division, Sylvania Electric Products Inc.

Large arrays of bipolar transistors on an IC provide high-speed data
storage at low power in small space. A thousand bits can be readily
stored in 1V square inch and will dissipate less than one-third watt.

EMORIES can be made of relays. cores, switches,
wires, bistable chemical ¢ircuits, or any device or
mechanisin which has more than one possible state,
level. or condition, and which can be made to go or stay in
a particular state under the nser’s control. To store mforma-
tion, such as a nmuber or word in binary coding. requires
many binary digits (bits) of data, For example. to store the
number 8 requires four bits (1000) . the number 32 requires
6. Any reasonable amount of information could be stored
a bit pattern using the binary numbering system.
Memory storage of data is accomplished in a memory bank
ol a computer by writing information to be remembered for
a short or long interval of time. The information can he re-
trieved at the appropriate time by reading out the stored in-
formation and using it in add/subtract functions to compare
changes or to restore data. Hundreds. thousands, and
sometimes even millions of bits may have to be stored.
Bistable eirenits made from a large number of bipolar tran-

Fig. 1. Organization of a simple scratch-pad memory.
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sistors or an IC provide storage of data at low power in very
small space. A\s many as 1000 bits of information can be
stored in 14 square-inch area and dissipate less than 0.3 W,

Memories have many uses, hut most applications can be
classified as temporary and changeable or permanent. In
temporary applications, a device is used into which you ¢an
put new mformation (write) or withdraw (read) old -
formation. Further, it is desirable to have access to any part
of the information (random aceess) . This type of memory
is therefore referred to as Read and Write Random Access
Memory (RAWRAM) . sometimes shortened to RAM.

Some of the applications for storing information ave tran-
sieut, e, a small amount of information might be stored for
nanoseconds in a computer while something else happens
and then the information is brought back out and used. The
operation is analogous ta that of a scratceh pad and memories
operating in this manner may be referved to as serateh-pad
nenmories.

The Syleania SM82 is one of the first generation of
serateh-pad memories (see Fig, ). This memory device is an
array of 16 R-S flip-flops and two write amplifiers connected
to form a 16-word by 1 bit scratch-pad memory with direel
addressing and nondestructive readont. The flip-flops are
awrranged in a b X b matrix and are addressed by the ap-
propriate combinations of X address lines and + Y address
lines. Addressing of a particular flip-Hop is accomplished
by raising the X and Y lines associated with that Hip-tlop
to a logic ~17 level. Address Iines are normally held at a
logic 07 level and currents tfrom all conducting fip-flops
flow out through these lines, When a storage flip-flop is
selected, either the sense amplifier associated with the
logic 0" output or the sense amplifier associated with the
logic 17 output is activated (in either case the output
changes from a logic “17 1o a logic 707 level) .

The memory is nondestructive. as the states of the flip-
flops are not disturbed during sensing. The memory, how-
ever, is volatile in that its contents are destroyed when the
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supply voltage is removed. Information is written into mem-
ory by raising the appropriate X and Y address lines and
pulsing the wrile amplifier with a logic “1.7 .\ number of
these memories may be connected in parallel to give the de-
sired combination of words and bits. The ontputs are open-
collector transistors which can be or-wired to facilitate ex-
pansion.

A second-generation read-write memory has 64 storage
cells arranged to form 16 four-bit words. Each bit of storage
can be addressed separately and the contents can be changed
and then read out without changing the contents. It is not
necessary to restore information after reading.

IFor situations requiring permanent storage. a read-only
memory can be used, such as the SM320 (see Fig. 2). This
read-only memory has a 256-bit capacity arranged in 32-
word X 8-bit format. All decoding is done directly on the
chip. The outputs have free collectors, thus making it easy to
parallel devices to expand system capacity. A 5-bit address
code enables the selection of any one of 32 8-bit words
stored in the menory.

The read-only memory is shown in block diagram form in
IYig. 8. Input address gates and chip-enabie gaie are located
i section A, the address decoder matrix (5 bits for 32
words) is located in section B. and the memory storage
(236 bits) 1s located in section C. Section D contains the
output transistors wlhiclt have open collectors to facilitate
ceding data onto a common bus. Selection of any one of the
32 8-bit words stored in the memory is implemented by 32
S-inputl emitter-selector transistors. Only one word may be

e ected at a time. The chip-enable signal controls selection
or inhibition of all words in the memory.

I a larger system using more than one device, the clip-
cnable function can be ured to select individual units or
groups of units. In this manner. for example. data in mul-
ap es of 8 bits can be sequenced onto a serial bus line. De-
cuding of appropriate units, as in character generation. can
also be implemented in this manner.

Both read-only and read-write devices are basically ran-
dom aceess. To convert these types of memories to sequen-
tial-access interlace buffers or other types of memory
~vstems commonly associated with core memories, it is
necessary to add counters or read-write timing circuits as is
done with core memories.

Applications

Bipolar read-write memories can do just about anything a
core memory can in less space. In addition. they consume
less power and operate at ten times the speed. Bipolar read-
only memories can also do anything that ROM's made with
dicdes, switches, and resistors can except that bipolar de-
vices take fess space and have the advantages of low power
and very high speed. In fact. in many MOS memory systems,
the address decoding is done with bipolar clements to in-
crease speed.

For large systems, bipolar read-write memories are gener-
ally more expensive than cores: however, for small scratch-
pad tyvpe systems they are definitely more cconomical.
especially when one considers the cost of space and power
supplies, Bipolar ROM’s, on the other hand, can almost
become a basic building block of logic systems. Some appli-
ations are:

Character Generators. Letters, numbers or characters may
be stored in a 5 X 7 matrix.

Code Converters. When given one binary number and a
different or coded number is required, it is only necessary
that the coded value be stored at that location which is
addressed by the binary number. For example, a binary-to-
BCD converter is shown in Fig. +.

Look-Up Tables. This application is really the same as a
code converter, The value in memory can have the value of
the sine, cosine, tangent, ete. of the input address number.

Function Generator. Repetitive patterns of “zeros™ and

O:ttober, 1970
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Fig. 2. Photomicrograph of Sylvania’'s $SM320, a read-only
memory consisting of an array of bipolar transistors on IC.

“ones” can be stored in ROM’s which can then be read ont
by having a counter address the ROM. A 32 X 8-bit ROM
an have eight different stored patterns of 32 bits cach.

Mou-Progranmomers or Controllers. In this application. on
receipt of an address word. the ROM will have available at
its output commands to a computer to add, or subtract, shift
right or left. clear load, or various combinations of ecach.

The applications of ROM’s are practically unlimited. Any-
time a fixed value or combination of controls is reguired
from a fixed input, a ROM may be the answer.

In summary, bipolar memories offer the advantages of:
high bit density in small area. low power. high speed. single
low-voltage supply. are easily expandable. and are com-

patible with DTL and TTL cireuits. A
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MOSFET Semiconductor 1C Memories

By ROBERT N. NOQYCE / President-Director, Intel Corporation

These solid-state high-speed memories have dropped in price so that
they are now challenging magnetic types in many computer applications.

EMORY functions have been realized through the
use of semiconductor devices since they were first
employed in any digital application. However. cost

of a semiconductor flip-flop has been high in comparison
with magnetic elements when used for storing large amounts
of information. As a result. semiconductor elements have
been used only in high-speed memories. or in registers re-
quiring the storage of a small number of bits,

The cost of semiconductor devices has dropped as inte-
grated circuits have become a reality. and soon semicon-
ductor devices will challenge magneties on a straightforward
cost basis. Today, semiconductor IC devices furnish the
lowest cost solution for small buffer memories. and the
dividing line will move continuously to larger and larger
memory syvstems.

Factors Involved

The cost factors involved in producing semiconductor
memories may be broken down into three main components:

1. Cost of producing an operational die of silicon perform-
mg the memory funection,

2. Cost of packaging this die in a practical environment.

3. Overhead costs of drivers, address registers, power
supphies. and printed-circuit boards.

The first cost listed above can be derived: silicon process-
g cost per unit area, yvield. and functional density.

Since all processing steps in making integrated-ecireuit
wafers which define the topography are done by photo-
engraving steps. the processing cost per unit area iz rela-

Fig. 1. Basic cells used in MOS read-write memory. (A)
Static flip-flop, (B) dynamic shift register, (C) RAM cell.
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tively mdependent of the circuit design. or functional
density. Somewhat more care is needed when working with
higher resolution designs with smaller line widths. since
re-indexing must be done more accurately. However. this
factor will account for a variation of only, say. =509 in
silicon processing cost.

The vyield depends on the average number of defeets
which are effective in making the eircuit inoperative in a
single chip. If average defect densities can be reduced to
one-hall of today’s levels. a circuit with twice the area can
be made with the same yield as today’s eircuit.

Through circuit innovations, new phenomena. or nar-
rower Iine widths, the bit density can be increased with no
penalty in chip cost. and a proportional drop in bit cost will
result.

MOS vs Bipolar Memories

It is the last two factors cited that make the MOSFET
niemory less expensive per bit than the bipolar memory.
Hence, for nmany memory applications which can accept
MOS speeds, they represent a better compromise. Nearly
all process-induced defects are introduced in the photoen-
graving operations, Since MOS processex typically use fewer
photoengraving steps. defect densities are typically only
one-half those for a processed bipolar wafer. Thus. the ¢hip
can he made twice the area at a given yield.

Second. the self-isolating feature of MOS devices allows
them to be placed much closer together than in bipolar cir-
cuits, Thix permits a functional density of about four times
that of the bipolar circuits, In addition. the high impedance
of MOS devices makes possible dynamie circuits where in-
formation is temporarily stored as a charge on a capacitor,
allowing even higher functional density for dynamic circuits.

Basic Memory Cells

Fig. 1 shows examples of the basic cells used in MOS read-
write memories, Fig. 1A shows an MOS flip-flop using MOS
transistors as load resistors. It is addressed for writing and
reading by turning on the transmission gates connected
to the data lines.

An example of a circuit using this cell is shown in Fig, 2
which illustrates a 236-bit fully decoded random-access
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memory, with TTL compatibility at both input and output.

Fig. 1B is a shift-register stage, where on each clock phase
a bit of information is inverted and transferred a half cell
to the right. A 1024-bit serial memory, or shift register,
using this type of cell is shown in Fig. 3. Although this
device, the i-1402, contains nearly four times as many tran-
sistors as the i-1101, it is approximately the same size. The
reason for this is that the dynamic cireuit may use only
minimum size devices, whereas the static circuit cannot.

Fig. 1C shows a typical cell used in dynamic random-
access memory. This can be considered as one-half of the
shift-register stage. The other half of the shift-register stage
is time-shared by all cells in a column. with the circuit
arranged to provide direct access to any cell. 7.0.. the RAM
function. The basic storage element is a capacitor and the
charge on this capacitor must be restored periodically.
Typically 16, of the total memory cycles ave used for this
operation.

Fig. + shows the i-1102. a 1024-bit fully decoded RAM
which uses dynamic storage of this type. Again. the chip
is approximately the same size as the two earlier examples,
for although the number of transistors per bit has dropped
to slightly more than three, as compared with six in the
shift register, additional circuitry is put on the chip. This
includes X and Y decoders, sense amplifiers, read-write
control, and chip seleet.

Other Cost Factors

If we assume that packaging costs are the same on cach
of these circuits. the cost contribution of this factor is in-
versely proportional to the number of bits on a chip. Thus,
this cost factor is four times as great per bit for the 256-bit
memory as for the 102+-bit memory.

The static memory has very low overhead cost in final use.
since its operation requires only that an address be present-
ed at TTL levels and data will be present on the data line
at TTL levels. No interface is used, and operation requires
only a single d.c. power supply. Thus. the per-bit cost re-
mains constant down to memories of only 256 words, and
for small memories is the lowest cost memory available.

The shift registers, on the other hand. require clock driv-
ers, address counters. and recirculate controls to be oper-
ative in memory applications. Because of this. overhead
cost does play a role. Iligh-speed operation requires high-
current drivers, with their cost. so input clock capacitance
becomes a significant factor.

In addition to drivers for high-specd operation. the dy-
namic RAM requires control circuits to assure that every X
line is addressed periodically to refresh its content. adding
to overhead costs. However, for large systems, the total
memory cost is estimated to be less than twice the cost of
the memory elements themselves.

From Chip to System

Thus far we have been discussing only the individual
memory chip. which includes 236 or 1021 words of a single
bit. Of course, in practical systems, larger memories are
required. Extension of the number of bits in a word is easily
accomplished by adding as many memory chips as required
by the desired word length, as shown in Fig. 5.

All address lines, chip select. power supplies. and read-
write control are connected in parallel to each package.
Data lines are brought out separately from each package.
Thus, memories of any arbitrary word length are easy to
construct.

To increase the number of words in the memory, another
decoding level to the chip-select lines is needed. Only the
selected chip will be active. In the circuit shown in Fig. 6
for example. a one-out-of-four decoder is needed to decode
the additional two-address bits in constructing a 1024-word
memory from 256-word chips. The data lines are connected
in parallel (wired “or™), only the selected chip driving the
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Fig. 2. Photomicrograph of Intel i-1101 256-hit fully de-
coded RAM with TTL compatibility. This type of memory
is most useful for small buffer memories and has an access
time of 1 us. It costs approximately 6¢ per bit in quantity.

Fig. 3. The i-1402 is a 1024-bit (4 X 256) dynamic shift
register with a shift rate variable from 1 kHz to 5 MHz.
Its cost is on the order of 1.5 cents per bit in quantity.

Fig. 4. The i-1102 1024-b#t random-access fully decoded
dynamic memory. This has an access time of 300 nano-
seconds and a cost of about 1.5 cents per bit in quantity.
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(Editor's Note: For further technical details on senicon-
ductor memaories of both the MOS and bipolar types. refer
to the two-part article ™ Growth and Future”
i our Mareh and April. 1970 issues.)

data line or aceepting data from the data line on a write
cvele, In cirenits intended for memories with a large num-
her of words, several chip select lines will be included. sim-
plifying the decoding problem.

Dynamic Memories

As noted previously. the dynamic memory requires peri-
adic refreshing. This happens each time a particular X-line
i< addressed for all bits on that line. However. in order to
insure that all NX-lines are addressed within the required
refresh time. other ¢cirenitry will be required.

In the i-1102. the chip is internally organized as a 32 X 32
arvay. This means that 32 addresses must he activated
within the refresh time, which is 2 ms for this circuit. This
will be accomplished by a 3-bit address connter and a thn-
ing signal that initiates the refresh evele. The memory will.
during refresh. send out a busy signal if data is requested
by the system during the refresh cyele. Approximately 1
of the memory ceveles will be nsed for this function. The
additional memory-refresh cirenitry required will, of course.
add to the cost. However, for large systems. it will be negli-
aible compared to the cost savings effected by using the
dyvnamic memory cell. and to that of today’s core memory
syvstems.

In nsing the shift register for a serial access memory.
the functions required include the read-write-recirculate
controls, which are included in the shift-register chip itself.
In addition, external clock drivers and a master timing
signal ar counter is required to svnchronize the memory
with the rest of the system.

In moderate gquantities. the static memory now sells at
ahout G¢ per bit. The dynamice cireunits sell for about one-
quarter of this amount. The annual cost decrease for these
circuits can be expected to he about 309 a vear. Thus.
unless magnetic memories can mateh this price drop. the
question of displacing magneties with semiconductors i<
answered. The only remaining question is when will it

happen? A

MAGNETIC bubbles, a technology developed by Bell Telephone

Laburatories and still in the experimental stage, shows poten-
tial for providing low-cost, high-capacity memory (106 bits per
square inch) and logic functions, all within one solid magnetic
mate.ial.

The bubbles, which are actually cylindrical magnetic domains
(magnetized regions found in magnetic materials), are formed when
a magnetic field of a crit'cal value is applied to an orthoferrite
(magnetic material composed of rare-earth iron oxides first grown
as crystals at Bell Labs). When the orthoferrite platelet, which is
2.2 thousandths of an inch thick, is subjecied to a 50-cersted bias
fiald pzrp:ndicular to ils surface, its normal strip domains, typi-
cally 3.5 thousandths of an inch in width (below, left) shrink to
fcrm cylindrical magnetic bubbles 1.4 thousandths of an inch in
diameter (below right).

Using this new technology, these magnetic bubbles can be cre-
ated, erased, and moved at high speed in the plane of the sheet of
orthoferrite material either by programming electric currents in an
overlay paltern of conductors or—with no connecting wires—by con-
trolling the surrounding magnetic field. It is the presence or ab-
sence of a bubble in a particular location that's equivalent to the
storage of either a “1”” or *'0,” respectively. The energy required to
move such a bubble is a fraction of that needed to switch a transistor.

'\

N
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MAGNETIC-BUBBLE MEMORIES

One experimental device using the magnetic-bubble technology—
a photolithographic pattern on the surface of a sheet of thulium or-
theferrite of a circuit that can move magnetic bubbles (large white
dots) through a shift register—is shown in the photo below. The
bubbles seen in this figure are actually 0.004 of an inch in diam-
eter. Data rates of 3,000,000 bits per second have been demon-
strated with this technology.

Although only a few processing steps are required to realize its
simple structure, and devices of very low cost are anticipated, much
work still remains before these devices can be shown to be practical
for use in computer or communications systems.
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Ferrite-Core Memories

By RONALD A. HILL / Manager, Advanced Memory Development

Ferroxcube Corp.

These memories continue to dominate storage market because
of their relatively low cost, versatility, and non-volatility.

ERRITE-core memories will continue to dominate the

digital data storage market during the 1970°s. Exclud-

mg peripheral storage, core memories constitute 957
o the total installed memory today. By 1980, the percentage
will he reduced to 60¢ . but the total ferrite core storage
market will sustain a growth rate undiminished from that of
the past decade. Three Factors have pul core memories
where they are now, and will continue to maintain the im-
portance of core memories. These are Tow cost. versatility,
and non-volatility.

Core memaries are fow in cost because they are produced
in Lirge quantities by companies with vast experience and
continually improved manufacturing methods and designs.
Other factors lowering costx are reduced associated semi-
conductor prices and reduced labor costs vesulting from
off-shore (Hong-Kong, Taiwan, Singapore) and automated
wiring.

Memory cores are produced in a wide variety of sizes.
from 10-mils outside diameter to 130-mils onlside diameter.
Since they are produced as separate entities and wired hy
haned For small quantity and prototype orders. core planes
and stacks can he made in an immense variety of configura-
tions to fit many sizes and shapes without expensive re-
tooling. Re-packaging of “standard™ electronies permits
rapid design and fabrication of systems for all but the largest
or the fastest storage applications,

Volatility ix the capacity to lose stored information if
power fails. Storage in wagnetic elements sueh as cores
and plated wire is non-volatile. Power can be shut down, as
during maintenance, and stored data and programs will not
be lost,

The design and production of ferrite-core memory svstenis
is a0 well-developed industry, producing about 1.3 billion
worth of memories thix year. At the heart of cach memory
system is a ferrite core “stack.” This assemblage ol tiny
magnetic. cermmie donghnuts itoroids) is the most costly
single part of the memory system (typically 20 to 10¢; of the
total) . In addition. the “stack™ iz by far the most eritical
determinant of system speed. It ix the storage properties
of the ceramic toroid, the ferrite core, which make it all
possible,

Core Requirements
The ferrite memory core toroid is pressed or stamped
from a powder material containing a binder. lo hold 1'¢
shape. The powder iz an iron oxide with other metallic
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pounds, formulated to provide the desired properties. Alter
compression, these “green™ cores arve fired in a kiln al tem-
peratures of 1300 to 1500°F. During firing, the final cheni-
ical and erystalline properties are achieved, making cach
core an individual storage cell.

[ order to store digital data. a deviee is required to meet
several requirements. First, the device or cell must have
at least two stable states. Second, it must be possible to
set the device into each state, as by passing electvic cur-
rent through wires threaded through the ferrite core. The
fervite imemory core can be magnetized in either of (wao di-
rections, and has a relatively high vesidual flux level after
being magnetized. Third, it is necessary that the data he
retrievable: that is, by interrogation of the deviee, a detect-
able output can be obtained. Passing a current pulse of
proper amplitude and polarity through a ferrite wmemory
core will cause the flux state to be reversed: the change in
flux will generate a voltage on another wire (the sense wire) .
This voltage i< mnplified to logic levels in the memnory sys-
tenr.

The first magnetic memory cores were Permalloy tape-
wound cores, consisting of very thin Ni-Fe tape (ribbon)
wound on a ceramic hobbin, These cores had excellent stor-
age properties and temperature characteristies, but were
very slow tlong switching time) and expensive to make an
to wire. The development of square hysteresis loop ferrite
cores produced by antomatic pressing. firing. and testing
made possible low-cost random-access storage. Early fer-

rite cores had less square hysteresis loops than maodern
cores, and had longer switching times.,

In the never-ending drive toward larger and faster mem-
ories, smaller memory cores were developed., Why smaller
cores? For one thing, the wired core arravs took up less
space. Current pulses required less time to propagate down
the wires. Resistance. inductance, and power requirements
were reduced. More important are the memory device de-
sign trade-offs in size. drive eurrent, and switeling time.
A small core will switeh mucelt faster for the same drive
current than a large core. Increasing the driving current
will provide a still shorter switeh time., Conversely. if no
change mm switch time is required. a smaller core can he
made which can operate with a lower drive current than the
larger core. The past 13 vears have seen the transition from
80-mil {o.d.} cores to 18-mil (o) cores in volume pro-
duction. At present. It-mil core tvpes are being wired in
prototype quantities, and some 10- and 12-mil (o4l.) cores
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Fig. 2. Current pulse timing diagrams for core memories.

have been used. Switching times of less than 150 ns are pos-
sible with these small cores under full switching conditions,
and switeh times around 50 ns or less are possible under
partial or impulse switching conditions. Al the other ex-
tremie are the low-drive cores, with switch times around
500 ns or more. with drive currents of 100 mA to 200 mA,
well within the capability of low-cost IC drivers.

After cores are pressed and fired. they are 1009 tested
by fully automatic test equipment. The test program simu-
lates the conditions of an operating memory-core plane,
and verifies the level of residual flux density of one and
zero states, as well as determining within limits the thresh-
old level and the switching time. After quality-control ver-
ification by sample testing of the test results, memory cores
are fed into a loading fixture or filler plate, which is a vac-
uum jig used for aligning cores in a neat row and column
matrix array preparatory to wiring. Initial X and Y wires
are fed through the rows and columns of cores by machine
or by hand.

Core-Plane Assembly

After core alignment on the vacuum jig. cores are ad-
hered directly to a printed-circuit board. a metal plate, or
to a flexible plastic tape. for later placement on a final sup-
port. For high-speed operation, cores are adhered to a
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metal plate with an adhesive, such as RTV silicone rubber
compounds, having good thermal conductivities to make sure
that all cores are close to the same temperature as possible.
Printed-circuit boards usually have copper-clad areas under
the memory cores for the same purpose. In addition, the
metal area serves as a ground plane. improving the trans-
mission-line characteristics of the various drive and sense
wires that are used.

Wires are threaded through the cores by hand or by ma-
chine. By hand. the wires are pushed through one at a time.
Machines push through 64 or 128 rows simultaneously.
greatly reducing the wiring time and labor content. After
wiring, the wires are terminated by wrapping, soldering. or
welding to terminals and printed-circuit pads. Automatic
systems for re-flow soldering with infrared and resistance-
soldering devices are in use for termmation.

In order to reduce still further the number of wires
threaded and terminated. designers of core memories have
required larger numbers of cores on a single plane, creating
so-called planar arrays. A typical core stack containing
4096 words and 18 bits per word will contain 18 areas
each of 64 by 64 cores (4096 total) on a single printed-cir-
cuit board, together with 256 diodes in 8 by 8 selection ma-
trices for X and for Y drive lines, and 9 dual inline package
1C sense amplifier modules. each containing 2 independent
sense amplifiers. This planar stack will be pluggable into
the memory system via P’C edge connectors. An advantage
of pluggable stacks is ease of test after assembly. since no
special fixtures are required. The reduced number of wire
terminations improves reliability.

In most faciities. the cores are retested after wiring, at
a subassembly stage of manufacture. In the early years of
ferrite-core memory production, the defect level of cores
was too high to permit wiring of cores directly into large
assemblies. Separate subassemblies or core planes were
wired. tested. repaired. then interconnected into stacks and
retested before inclusion in a memory system. Evolution-
ary improvements in corec-making process and core-string-
ing technique have permitted wiring of large arrays. with
256 X 576 (147,156 cores) a typical size, and 1000 X 2000
or larger planes (2 million cores) being used, with all or
nearly all cores in one plane. Planar arrays have the ad-
‘antage of mipimizing wiring time. reducing the number of
interconnections, and reducing the number of assembly
steps. Numerous smaller capacity systems have been pro-
duced with all cores and associated electronics on one large
printed-circuit board. This is the ultimate in packaging core
memory systems; however it does introduce logistics and
inventory problems for the systems manufacturer who goes
to an outside source for cores and wiring of the cores.

Our discussion of core plane wiring has been general and
independent of the way the memory system is logically de-
veloped to utilize the core array. In all systems core planes
are interconnected by solder or welded joints between ter-
minals, wires, and printed-circuit boards to form a core
stack if more than one such sub-assembly is required.
Electrically. the way in whicli the stack is connected to the
systent is dependent upon the organization of the memory.

Memory Organization

Four major memory organizations have evolved within
the memory industry. These have become known as 2D.
2%D, 3D 4-wire and 3D 3-wire. The most popular has
been the 3D 4-wire memary, with 3D 3-wire moving up rap-
idly in popularity as a result of its inherent advantages.
21 and 2D have great utility also, in particular appli-
cation areas. The four organizations represent four ways of
wiring cores to route the electric currents necessary to
change the direction of the magnetic flux stored in the mem-
ory cores. During operation. in each organization, the core
sees a magnetic field during “read” sufficient in amplitude
to change the flux state of the core to 07 il it is not already
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there. In a 2I) memory. this field is
generated by current in a single wire,
In 254D and 31 organized memories,
two currents of half amplitude in time
coincidence on two separate wires
(X and Y) produce this magnetic
field. Similarly. during a “write” oper-
ation, a core will see a “full-select™
magnetic field if it is to switch toa *1”
state. and a lesser field if it is not to
switch, but rather to stay in the “0”
state, Only the way the field generat-
ing electric currents are introduced to
the cores differs in the different or-
ganizations.

The simplest, and the earliest used,
organization is the 2I) organization.
2D memories are also known as word-
organized or linear-select memories
because a single wire is used to select
cach word. A 2D array for 8 words of
t bits per word is illustrated in Fig. 1.
Information is stored by coincidence
of two partial-write currents, one provided along the
selected word wire. the other on the bit wire. For writing
a 07, the bit wire is not driven. In the example shown the
information 1011 is written into the memory. All cores on
the selected bit line see a partial write pulse. below the
switching threshold of the core.

The read operation is accomplished by sending a full read
cirent down the selected word wire, driving all cores to
the “zero™ state. Those cores which were in the “one™ state
are fully switched, generating a large “one™ voltage on the
bit line. This voltage is sensed by a sense amplifier. The
cores in a zero state cannot switch further. so a much
smaller voltage appears on the bit line. which is insufficient
o actuate the sense amplifier, Since the word current passes
through all the cores of the word. and cores from no other
words, it does not disturb any cores. As a result. larger
word currents can be used. resulting in shorter switch
times. This organization is especially well suited to small
memories (few words), to memories with very many bits
per word, and to high-speed memories.

Advantages of the 2D organization are: (1) faster mem-
ories are possible: (2) wide tolerance on drive currents and
temperature range: (3) good signal-to-noise ratios; and (4)
core requirements are less severe,

21 memories are made in 2-, 3-. and l-wire models,
with 2-wire systems becoming more popular as cores be-
came smaller and more difficult to thread. In the 2-wire
version, the word wire is used for both read and write cur-
rents, the bit wire is used for digit drive as well as sensing
core outputs. Fig. 2\ shows a basic current pulse timing
diagram for the 2D memory.

A disadvantage of the 21) memory is the larger number of
selection circuits required. At the same time the simplified
wiring (2 wires per core) and ability to handle very long
words  (many bits per word) make the 21) organization
altractive for very large memories.

3D menwries, also commonly known as coincident-cur-
rent memories, provide a less-expensive solution to most
memory requirements. Operationally the 3D 3-wire and
31> 4-wire memories work in the same way, except that the
digit (called “inhibit™ in 8D) function is shared on one
common sense-digit wire per bit in the 3D 3-wire unit; 2
sepirate wires are used for the digit functions in the t-wire
scheme. An example of a 3D array containing 16 words of
+ bits each is shown in Fig. 3.

Reading is accomplished by time coincidence of two half-
select currents on a X and a Y drive line. Only those cores
intersected by both the selected X and the selected Y wire
see a full-select current pulse. During vead. outputs
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Fig. 3. A 3D array for sixteen 4-bit words, In bits 0, 1, and
3 sense wire is not shown. In bits 2, 3 Z wire not shown.

from all such cores in the “one” state will appear on the
respective sense wires. During the write portion of the
memory cycle, similar but opposite polarity current pulses
pass down the same X and Y wires. These currents will
write ones into every core in the selected word. except
where a digit current is turned on to prevent (or inhibit)
core switching. The inhibit current has a current polarity
opposite that of the X and Y, and a half current amplitude.
Cores along the selected X and Y line other than selected
word are said to be “read-disturbed” during read and “‘write-
disturbed™ during write by the half-select pulses on X and Y
wires. All cores in each bit area where the inhibit current
has been turned on see a half-select “disturb™ current also.
having “read-disturb™ polarity. Here the term “disturb™ is
used to denote the pulse history seen by the core, and does
not mean that the partial select current exceeded the core
switching threshold. changing the storage state of the core.

In the 3D t-wire and the 3D 3-wire systems, the sense
wire s threaded in such a pattern that one half of the half-
selected core outputs are of one polarity, the other half
opposite in polarity. providing cancellation of this inductive
or difference-mode signal at the sense amplifier input. This
cancellation of half-select outputs is not perfect: the re-
maining difference between them is known as “delta noise™.

Figs. + and 5 show sense-wiring patterns for 3D -

Fig. 4. 3D 4-wire plane with sense (S), inhibit (Z) windings.
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Fig. 5. A 3D 3-wire plane with a common sense-digit wire,

wire and 83D 3-wire arrays, The sense pattern of the 3D
3-wire organization must be parallel to the Y wires (or X)
becanse the counnon sense-digit wire is used to carry in-
hibit current during write time. and relative current polar-
ittes must be maintained throughout each bit in order to
write zeros. X and Y wires are electrically continuous
through all bits of the core stack. Recent designs have cores
wired all on one plane so that wires are physically continu-
ous as well, with fewer solder joints required. enhancing
reliability of the system.

The principal advantage of the 31 systems is that the
total number of drive lines (X 4+ Y) required to select all
words is lower than other organizations. In the case of a
square matrix (X + Y) the number of drive wires is 2V.V
where NV is the total number of words. In the 21 memory
the number of word lines which must be sclected is N,

Several disadvantages exist for 31 systems. such as
rather large power dissipation in inhibit windings. relatively
slow speed (eycle time) due to current amplitude limits
caused by half selection of many cores, and time delay re-
quired to allow inhibit noise to decay to a low level before
next read eyvele. Use of a 31) 3-wire system permits use of
larger sense-digit wire, reducing inhibit power and labor in
wiring. Fig. 2C shows 8D organization timing.

The 2% D organization is a hybrid of the 21 and 3D sy
tens, usually implemented with 8 wires. occasionally with
2 wires (known locally as 2141D)) . An X wire, a Y wire, and
a sense wire pass through each core. Read out of informa-
tion is done as in a 31 memory. Writing of data into the
cores is accomplished as in a 2I) memory. Fig. 2B shows
a timing diagram for this operation. To read., current
pulses are simultaneously introduced on one X (word) line
and one Y (bit) line in each bit area. The Y lines are inde-
pendent and are driven “in parallel.” as opposed to the 3D
systems where one wire is threaded through all bits. During
the write operation, the X (word) wire is driven with
a current pulse of opposite polarity to that for read. A simul-
tancous Y current pulse is sent down the Y (bit) lines in
each bit arca where a "17" is to be stored. No write current
1s sent along the Y lines where "0 is to be stored. Thus
independent control is required of the Y line current by bit
in order to store the proper data pattern in each word.

A disadvantage of the 2141 organization is the additional
drive selection circuitry required for the Y axis. since this
must be repeated for each bit. This makes 2141) matrices
most favorable for words of few bits per word. The Y selec-
tion matrix can be simplified by use of “phase” selection
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or "anticoincident™” selection of half the addresses, reducing
the total circuit requirement. This technique is sometimes
elfectively used in 3D units as well. »

Advantages of 214D include reduced power dissipation
and resultant heating. since there is no inhibit and. on the
average, the Y write current turns on in only half the write
cveles, Also there is no inhibit wire to thread. and no inhibit
noize on the sense wire. 2%D planes lend themselves
readily to wiring in a planar array. with all cores on a
single mounting surface, with wiring simplified and the num-
ber of terminations reduced. A choice of “aspeet ratio” or
the number of X (word) vs Y (bit) wires is possible to
optimize line lengths. delays. and circuit requirements.
Since there are more drive selection (X and Y) wires in
a 21 unit than in a 3D memory of the same capacity.
there are fewer cores on eacl of these wires. This results
in lower back-voltage on the line {lower inductance) so
that lower voltage power supplies and even IC drivers and
switches can be used to drive 2% arrays,

The 244D stack designs became extremely popular in 1963
as an effective means of building larger and faster memories.
At that time, the goal was to build 1-gs cycle-time memories.
using 30-mil o.d. coves. in capacities around half a million
bits. Since that time, efficient systems with 750-ns cycle
times have been built using 22-mil cores, and 500-ns sys
tems have been made using 18-mil cores.

Preseutly in design are 241 units using T4-mil cores
which will eyele in 800 ns. Systems much larger than a mil-
lion bits can be made more effectively in 2D organizations.
because drive liniitations are eventually seen in Jarger
2L61) units as well. Cost analyses have indicated 2D
2.wire svstems achieve the lowest costs of any device yet
known for use in direct electronic randomi-access memories
of large capacity.

So tar, we have looked only at the storage devices them-
selves. the core, core plane, and stack. To be useful in a
computer or other data-handling equipment, additional com-
ponents are required to form a memory system. .\ complete
memory system consists of the core stack plus address
drive and selection switches, data cirenits. input and output
interface timing and control circuits, and power supplies.
Additional eircnits may be provided to perform special func-
tions when the memory system is used in a small data pro-
cessor. On the other hand, a memory system will have cer-
tain functions deleted when used with a central processor
which already contains these functions. Examples of the
first category are error detection and correction circuits and
data-protection circuits. Examples of possible deletions are
address and data registers, timing and control functions,
and power supplies.

A memory system has one over-all function: to store
digital data and to give this data back upon request. Two
main operations occur, write to store data and reud to take
data out. The location of the data is determined by the ad-
dress data, which is given to the memory by the external
svstem. The address (typically in binary or octal code) is
decoded and the proper drive and select switches are acti-
ated. Data to be written is received from the outside by
data registers, then placed in storage during a write cycle.
Ax a result of differing needs of users, several cycle types
such as read/write (most basie) . read-only. write-only. read-
modify-write, and split cycle are established.

The memory stack is incapable of performing any function
except that of holding the data: it must be operated upon by
active, programmed elements that can cause it to accept and
relinquish data according to a plan. that can time and se-
quence all of the individual steps required, and that can per-
form all of the conversions, translations. interpretaticns.
and adaptations necessary to enable full, compatible com-
munication between the external EDI* equipment and the
stack. This combination of stack and essential interface con-
stitutes the memory system. or “memory.” A
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Plated -Wire Magnetic Film Memories

By GEORGE A. FEDDE /Mgr., Data Processing Research, Univac Div., Sperry Rand Corp.

By using this lower-cost manufacturing process, we gain
the advantages of nondestructive readout, fast response,
and adaptability to wide range of uses and environments.

HE very desirable characteristies of nondestructive

readout of stored information, very fast response, in-

formation retention without power. casy adaptahility
to a wide range of applications and enviromments and. most
importantly. low-cost manufacturing processes are com-
bined in the plated-wire memory element. This electroplated
evlindrical thin magnetie-filn element has many similarities
to both ferrite-core and planar magnetic-film memory cle-
ments.

Memory Operation

In its simplest form, a plated-wire miemory consists of a
number of parallel, 5-mil diameter (or smaller) wires with
a 20 to 10 millionths of an ineh thick plating of a nickel-iron
alloy on the surface. They are also called “sense-digit lnes.™
These wires are encireled by an orthogonal set oi parailel
drive conductors. round wires or flat strips ealled “word
drive lines.”

Fig. 1 shows a simplified drawing of a portion of a mem-
ory plane. Reading information stored in the memory is
performed by sensing the polarity of voltage induced in the
renze-digit line when current flows in one of the word drive
lines. Readont voltage will be induced in all the plated wires
encircled by the word drive line. These will be all of the bits
associated with one particular memory word which, as is
commonly done, may contain 8 to 16 processor words.

Writing information is done by the time coincidence of
current pulses in the word strap and the sense-digit line. The
digit current may be cither positive or negative depending
on whether a 17 or a “0™ ix to be written. Fig. 1 shows the
direction of the magnetization when the element is storing
information (solid arrows) for a 1-1-0 pattern. When drive
current is applied to the word drive lines, the resultant
magnetic field between the parallel strip lines causes the
direction of magnetization in the film to be rotated toward
the axis of the wire, as shown by the dotted arrows. The re-
sultant change of magnetic flux linking the sense-digit lines
induces a voltage of the polarity shown in the diagram. This
voltage is amplified and its polarity detected to generate a
standard 1" or 0.

If the word drive current is now turned off. the magneti-
zation retnrns to its original direction under the influence
of the film anisotropy. The readout is thus nondestructive
if the amplitude of the word drive current is limited io
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value less than the threshold value which would cause the
magnetization direction to be rotated parallel to the wire
axix. If the magnetization had been rotated parallel to the
wire axis, approximately half of the electron spins would
return to the “17 direction and the other half to the ~0" di-
rection when the word drive enrrent was turned off. The bit
would now be demagnetized and the information destroved.
Most plated-wire memories operate to alwavs limit the
word drive current to amplitudes less than the destructive
reacdont threshold, Writing new information is accomplished
by applying digit current in the plated wire for a period of

Fig. 1. [A) Portion of a memory plane that uses plated

wires. (B) Cross-section (noi to scale) of plated wire.
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INFORMATION PLATED WIRE PLANAR FILM FERRITE CORE planar ﬁlm. memory designs operate in
a destructive readout mode (DRO).
Stored by clockwise or counterclockwise flux around sense conductor and stored imformation must be rewrit-
Retained without power applied ' ten if it is to be saved after readout.
Table 1 shows some of the similari-
TG ties and differences of the two mag-
Composition 80% Ni- 809% Ni- oxides of netie-film memories described here as
20% Fe 20% Fe Mn, Mg, Fe compared with ferrite magnetic cores.

Magnetically Isotropic no no yes NDRO 0rganizati0n
Magnetostriction zero zero low NDRO plated-wire memories  are
Temperature Coefficient | —0.079%/°C —0.07%/°C —0.15%/°C usnally organized to minimize cost in
GEOMETRY hollow cylinder | layered hollow cylinder commercial environments. The mini-
rectangles mum size memory for a Univac 92008
SIGNAL or 9300 1s 8192 bytes of eight bits plus
parity. Since only nine bits are han-
“One” +5to +10mV ) +05t0 +1mV 20 to =50 mV dled in parallel cach memory cvele.
“Zero” —5to —10mV | —05to —1mV +5t0 =10 mV only nine sense amplifiers are needed
Element Individually yes, as part of a group yes fm. I.‘eafl,illg IS .(lig'it (l]‘i\"crs ‘fm‘
Tested before Assembly writing. Thus one possible organization

Table 1. Similarities and differences for the two magnetic-
film memories as compared to ferrite magnetic core memories.

time before and after the turn-off of the word drive current.
The circumierential magnetic field created by the digit cur-
rent is large enough to cause the magnetization direction to
be rotated from one dotted arrow direction to the other,

Typical pulse-current waveforms and sense signals during
a NDRO (nondestruetive readout) cycle followed by a
write cycle are shown in Fig. 2. Typical current-pulse rise
times for a G0O-nanosecond (ns) cycle time are 30 ns to H
ns. while the duration of the pulses may be 100 ns to 200 ns.
These values will be smaller by a factor of two or three for
a 100-ns eyele time memory.

Planar Film Element

The operation of a planar filmy memory is very similar in
many respects to that outlined for the plated wire. Fig. 3 is
a simplified drawing of the Sperry Rand Mated Filim% mem-
ory clement in production for certain military computer sys-
tems. By a series of depositions of various materials by
vacuum evaporation. the layered structure is built up to
form a complete elosed flux path around the sense-digit line.
The word drive lines are a pair of wires that. in conjunction
with a flat magnetic keeper. provides the magnetic drive
field parallel to the axis of the sense-digit line.

The sequence of operations is the same as described for
the plated wire. Usually, the NDRO signal from the thinner
planar fihus, 0.1 to 0.2 micron. is smaller than desirable for
reliable operation in a practical environment. Thus. most

Table 2. Summary of plated-wire and planar film memory characteristics.

of the memory stack consists of nine
sense-digit lines, cachi one 8192 bits
long. There are then 8192 word drive
lines. one diode for each word line and perhaps 16 matrices
of 32 X 16 word current diverters to select one of the 8192
word lines. Fig. + outlines this organization and the more
economical one actually used.

An analysis of the memory costs shows that 8192 word
drive circuits would cost 8 to 16 times more than the nine
sense-digit circuits. The actual design. therefore, used only
512 word drive lines and 16 X 9 = 1} sense-digit lines.
Since the memory is operated with NDRO. still only nine
sense amplifiers and digit drivers are needed. Each amplifier-
digit driver pair can be connected to any one of 16 sense-
digit lines.

During readout all 144 plated wires (16 X 9) generate
signals, but only 9 are sensed and the other signals ignored.
Information is not lost because of the NDRO operation.
Similarly. during a write cyele. only 9 plated wires receive
digit current and the other 135 wires are not affected. This
16:1 reduction of word drive circuits was accomplished by
adding a switch element in series with each plated wire. The
cost of the switches ix part of the sense-digit electronics.

The cost for a fixed-capacity memory system is larger
than the calculated minimum by 59 to 109 for small vari-
ations from the optimum ratio of number of word drive
circuits to number of sense digit lines, As with all magnetic
memory systems, the cost per bit decreases substantially as
the capacity of the basic module is increased. The ratio is
approximately an inverse square-root relationship.

In addition to ntilization of NDRO
to achieve the most economical ratio

MEMORY TYPE PLATED WIRE

PLANAR FILM of word drive lines to sense-digit lines,

it also permits higher average speed

Temp. Coefficient

Characteristic 0.005-in dia. 0.0025-in dia. 0.015-in wide operation and allows read-only oper-
e e 0.042:in long ation. The main memory of general-

Switching =15ns =15 ns =10 ns purpose processors tvpically receives +
Time read commands to each write com-
Switching 0.5 x 10-* joule 0.1 x 10~ joule 0.1 x 10 joule .mzm(l. C()nh:aste(l to a read (‘()lllll!;l.ll(l
Energy in a destructive readout memory which
Chaekie —500°C —500°C ~-500°C mvolves a re.ad and rewrite sub-cycle.
the plated wire performs only the read

Drive Current —0.07%/°C —0.07%/°C —0.07%/°C portion. In the Univae 9300 memory.

the read access time is 300 ns and Lhe

Nominal O;JTput 6mVx100nsx1/2 24mVx100nsx1/2

3mVx100nsx1/2 write cycle time is 600 ns. Although

Digit Drive 40 mA—-50 mA 20 mA—25 mA

40 mA—50 mA not used in this particular system. it s

Word Drive
No Keeper

900 mA x 1 turn or
500 mA x 2 turns

possible to design the processor to uti-
lize 300-ns read cycles and 600-ns write
cycles. Using + read cycles to 1 write

Word Drive 400 mA x 1 turn

Magnetic Keeper

750 mA x 1 turn or
400 mA x 2 turns

cvcle gives an average cycle time of:
(4 X 800) + (1 X 600) _

500 mA x 1 turn
360 ns
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