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llassachugetts Institute of Technology
Cambridge 39, MMassachusetts

SUBJTCT:  MAGNETIC CORE ACTIVITY

To: N. H, Teylor
Froms: Filliem N. Papion
retes Jemuary 13, 1952

Jbstract: The 16 x 16 metallic array hes been operated succescfully.
Only pertial operation of the 16 x 16 cersmic-core switch-
driven array has been accomplished. Some progress hes also
been mede with pulse transformer investigetions, ferroceleciric
storepe, and new mernetic materials.

A verbal report on the status of the work being done with megretic
cores was piven at a meeting helc here on 4 Jemusry 1952. This memorandum
ls a post-facto attempt to put on rccord the informetion which came out
during thet meeting; it is orgenizec according to each incepencent activity.
» Teasonable background kncwledge sbout the rctivities is assumed; such
informatlon is evaileble from the Bi-leekly and Summary Feports.

1.0 THE _METALLIC AFRAY

L feir demongtration of the precticability of the multi-dimen-
'oncl magnetic-core memory scheme (see F=187 by J.W.F.) has been given
by recent successfvl operation of our first 16 x 16 metallic arroy.

An srbitrrry informetion pattern has been put into the arrey.
"he information in each successive core has been reed end rewritten et o
. ke rate, riving en array-scanning frequency of ebout 16 cycles, as
~Imitecu by the surrounding test equipmont. The switching time of each
ccre wes about 10 microseconds using a selocting-current ratio of 2:1.
‘he worst ONL-Z.FO ratio (taken on en smplituce besis at the sensing-time
oint) wes about 4:1. A test of current-veriation morgins indiceted lhat
nny one coordinate current could he varied by more then +1C% without inter-
“upting operastion. Partial operation of the arrey using 3:1 selecting-
wrren®t ratlos has elso been accomplished and resulted in a reduction of
core=switching time to rouphly 5 microseconcs.

The fect of error-free operation for reriods as long as severcl
houre ig highly encouraging in view of the very large variaetion of cheract-
istics omong the 256 cores and the incomplete stete of ceveloyment of the
.orical test equirment surrouncing the srray. 1t is believec that two
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jor lines of future effort should be to construct nsw arrays cul of

with preeter unifornlty of cherscieristies, esnc 4o remocel or rerlace
revnding test oquirment until the logical test setup performs vith -

hirh degree of relisbility. A thiré line of effort is, of course, aime

at obteining significant date from the test operstion of the array for vss

in future design work and reliability estimates.

™

2,0 THE CKRANIC ARRLY LNL SWITCH

This array has been progressing only slowly in the last few
veeks. Two sslient ways in which the ceromic erray is different from ile
stellic one meke the former a much tougher problem., One is the fect ‘iat
1% consists of iwo closely coupled new cevices, the array end the drivex
switch, each of which has its own development problems; the resultant
problem ig greater then just the sum of the two beceuse of the close
coupling between them. The other difference is in tho use of ceremic
insteed of metallic cores; this means cores with less desirsbles B-H cher=-
ceteristics and, also, e faster speec rrnge where timing enc circuitry
(otells becone more criticsl,

M

Nevertheless, partielly successful operation has been achievec
one 2 x 4 portion of the arrey. Scamning was at & low rete, cddress-
cotup time of the order of 2 microseconcs, and reecing and rowriting tecl:
a 11ttle over 3 microseconds. CNE-ZELC retios were of the order of 2:l
on an emplituce besis and 4:1 or so on an aree basies.

Imneciate development probicms center largely sround the driver

switch and its coupling to the array. The blg longer term problem ig
concerned with obtaining satisfectory core materiels.

7.0 OTHER _ACTIVITIES

Some vork is being done in the arcess of pulse trensformers,
mroelectiic storage, other computer components, anc new materials.
Ihese eare ciscussed below.

.1 Pulsge Trerncsfoimers

The pregsent offort in this arecs is to dupliesats the performance
of the present Vil pulse transformeor using a sma.l ferritic core,
Some successes heve been echievec experimentelly.

Plons include testing a worthwhile new cesign in e few of the
5-Ligit llultiplier circuits. Beckground anc experience geined in
th= present work are cxpectec to leeu to s complete re-eveluation
of our pulse-transformer cesipgns end cesign methods, and the cevelogment
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of any cepirable new units for future applicetions. Should time allow,
a8 short survey of the posgibility of improvirg deley line desipgna by
e uge of ferrite rods will elso be made.

3.2 Ferrcelectric Storege

Some barium titanate slabs have been opereted as memory units,
but indicetions are thet present meteriels will not yet work success-
fully as coincident-voltege memory units.

Switching times for these slabs heve run around 2 microseconcds,
and undisturbed ONE-ZEFO ratios were sbout 2 or 3,

3.3 Other Computer Components

Engineering Note E~438, by D. A. Buck, summarized the group's
to-date thinking sbout the use of magnetic cores as flip-flops, getes,
counters, etc.

A cerrier type of mesgnctic-core {lip-flop is being investigated,
and work is expacted 4o start soon on examining the possibilities of
making e binary adder out of cores.

3.4 lNew Materials

Improved magnetic meterials contimie to errive slowly, end &
limited enount of measvring end eveluation goes on.

The responsibility for obtaining such improvements is being shirted
over to I, R. Brown vho also expccts to stert a complete end orpenized
measuring, testing, enc record-kecping program.

Equipment is being cesigned and constructed for acceptence testing
and for life testing of cersmic cores. Lisison with other users anc
producers of our type of meghetic cores is good, perticulerly in the
area of test techniques and standerds.

fn outline of the rectanguler-loop core=-testing problem is ettached.
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iorandum M=1371 = Fage /4
ATPENLIX

Qutline liotes on Fectangular-loop Core Testing

1. TWC BROAD TEST PURPOSES

I+ DLevelopment Testing
B. Acceptance Testing

1. LEVELOPMENT TESTING: NEW MATEIILIS: PUBLISHEL CHATACIEILISTICS

A. BeH Fgnilies
1. Quegi-static loops
a. Symmetrical
b. Blesed
2. Hipgh frecuency loops
B. Pulse Tests
1. Curves of switching time versus emplitude of applied step of U
e, Symmetrical excltstion
b, Asymmetrical excitetion
2. Spoecielized pulse tests
a. Retio of switched output (ONE) to not-switched (ZERC) output

b. Coincident-current memory test (Listurbed signal retios,

ACCEITANCE TESTANG = SOMF COMBINATION OF 11 THAT 1S SUFFICIFNTLY
TCHIFICANT (KD cUFFICIENTLY SIMPLE

A. BeH Fenilies Not Satiffactory

l. CQuesi-gtatic ones ignore importent time factors and are dif-
ficult to obtein on very smell samples.

2., High frequency ones ere valuable to user et given frcquency
only; they are difficult to obtein et worthwhile high frequencies
becaupe of dissipation ané circuitry problems.
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Jo Switeching time versus K too complicated te obtain.

2. Srecislized pulse tests wrap up B-H characteristics anc
time fectors in ors convenient packege.

8. Switched to not-gwitched outputs fine for most applications.

b. Coincident-current memory test & refinement of (a); neceds
gmall amount of additional equipment.

V. A _TECENICUE FOE TULS: ACCEPT/NCE TESTING

L. lleker and Uger Determine Following
1. Lesired sequence of current pulses

2. Fesultent output-voltage limits (either certein points or
comrlete waveshape)

3. A couple of "calibrating" cores corresponding to above limits

B. Ingineer Sets Up Equirment Using theo "Calibrating" Cores anc
Lrews or Otherwise Indicetes the Limit Points or Curves ox
Scope Screen.

C. /lssistant Funs Tests

1. Cores sre ™mounted" on test jig a rroup et a time, incluaing
the two "calibrating" cores.

2. Core outputs are loocked ¢t singly.
3. Teference is made beck to "calibrrting" cores for each grour

of testec cores to sssure thet equipment edjustments are
holding.




