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Digital Computer Laboratory 
Massachusetts I n s t i t u t e of Technology 

Cambridge 39, Massachusetts 

SUBJECT: .MAGNETIC COFF. ACTIVITY 

To: If. H. Taylor 

?rom: William II. Papien 

l e t e : January 1 3 , 1952 

Abetraotl Tho 16 x 16 metallic srroy hss been operated succescfully. 
Only p r r t i a l operation of the 16 x 16 ceremic-core switch-
driven a r r a y has been accomplished. Some progress hes also 
been made v/ith pulse transformer invest igat ions, ferroelectr ic 
storage, and new magnetic materials. 

A verbal repor t on tho s ta tus of the work being done vdth magnetic 
cores was givrn a t a meeting held here on U Jenunry 1952. This memorandum 
Is a post-facto attempt to put on record the information which came out. 
during that meeting; i t i s organized according to e8ch incepencent ac t iv i ty . 
A reasonable background knowledge fbout the r c t i v i t i e s i s assumed; such 
information is avai lable from the Bi-Weekly and Summary Reports. 

1.0 T*iE METALLIC /PF.AY 

A feir demonstration of the pract icabi l i ty of the multi-dimen-
oroncl magnetic-core memory scheme (see F.-187 by J.Vi.F.) has been given 
by r ecen t successful operation of our f i r s t 16 x 16 metallic array. 

An c rb i t r r ry information pattern hes been put into the array. 
I'he information in each successive corn has been read und rewritten at o 
i kc r a t e , giving an array-scanning frequency of about 16 cycles, as 
H a l t e d by the surrounding test equipment. The switching time of each 
•r.re was about 10 microseconds using a selocting-curront ra t io of 2 :1 . 
:ha wors t ONE-ZEFO r a t i o (taken on an omplituce bas is a t the sensing-time 
'X5int) v/as about 4 : 1 . A test of current-variation margins indicated tr.at 
uny one cooroinata currant could be varied by more thfln +1C% without in ter-

t i n g operation. Pa r t i a l operation of the arrey using""3:l solecting-
^arrent rotio3 has el3C been accomplished and resulted in a reduction of 
oore-fiivitching time t o roughly 5 microseconcs. 

The fact of error-free operation for periods as long as several 
hours i o highly encouraging in view of the very large variation of chtract-

; ; t ios nmong the 256 cores and the incomplete s t e t e of oovelopmcnt of the 
lofdcol t es t equipment surrouncing the array. I t i s bolievec that two 
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major l i n e o of future effort should be to construct naw arrays out of 
cores with greater uniformity of charac ter i s t ies , enc to remocol or replace 

•• nding test oquipraont unt i l the lexical t o s t setup performs with i 
degree of r e l i a b i l i t y . A third l ine of effort i s , of course, aimec 

at obtaining significant data from the tes t operation of the array for M 
in future design work and r e l i a b i l i t y estimates. 

2.0 THL GKKAK1C ATTJ.Y l.JSL SV.1TCH 

This array has been progressing only slowly i.n the l a s t few 
weeks. Two salient ways in which tho coramic array i s different from tho 
metallic one mske the former a much tougher problem. Ono i s the fact 
i t cons is t s of two closely coupled new devices, the array and the drive: 
pvitch, each of which has i t s own development problems; the resul tant 
problem i s greater than jus t the sum of the tv/o because of the close 
coupling between them. The other difference 3s in tho use of ceramic 
instead of metallic cores; this means cores with l e s s desirable B-H chtr-
Fc te r i s t i cs and, a l so , a faster speed rmge whore timing enc circui t ry 
entails becono mora c r i t i c a l . 

Nevertheless, par t ia l ly successful operation has been achieved 
on a 2 x 1+ portion of the array. Scanning was a t a lev r a t e , eddresc-
pctup time of the order of 2 microseconds, and reading and rewriting tccl: 
a l i t t l e over 3 microseconds. CNE-ZEKC rat ios were of the order of 2:1 
on an amplituce be s i s and 4:1 or so on an area b a s i s . 

Imncoiate development problems center largely around the driver 
swatch and i t s coupling to the ar ray . The big longer term problem i s 
concerned with obtaining satisfactory core mater ia l s . 

3.0 OTHER ACTIVITIES 

Some work i s being done in the aross of pulse transformers, 
ferroeleetr lo storage, other computer compononts, end new mater ia ls . 
These a re discussed below. 

3.1 Pulse Transformers 

The present offort in t h i s area i s to duplicate the performance 
of t he present ViV.l pulse transformer using a small f e r r i t i c core. 
Some successes have been achievec experimentaliy. 

Plans include test ing a worthwhile new cesign in 8 few of the 
5-Ligi t Multiplier c i r cu i t s . Background and experience gcined in 
ths present work are cxpectec to IOCL to a complete re-evaluation 
of our pulse-transformer designs and cesign methods, and the cevelopnent 
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o: any cesirable new units for future applications. Should time allow, 
a short survey of the poss ib i l i ty of improving colay line designs by 
Vie U3e of f e r r i t e rode vd.ll a lso be made. 

3*2 Ferroelectric Storrge 

Some barium t i tancte slabs have been operatod as memory un i t e , 
bu t indications a re thet present mrterials w i l l not yet work success
f u l l y as coincident-voltage memory uni ts . 

Switching times for these slabs have run around 2 microseconds, 
and undisturbed ONE-ZEF.C r a t i o s were about 2 or 3 . 

3 .3 Other Computer Components 

Engineering Note E-438, by D. A. Buck, summarized the group's 
to -da te thinking about the use of magnetic cores as f l ip-f lop3, getea, 
counters, e tc . 

A carrier type of magnetic-core f l ip-f lop i s being investigated, 
and work is expacted to s t a r t soon on examining the poss ib i l i t i e s of 
making e binary adder out of cores. 

3.4 New Materials 

Improved magnetic materials continue to arrive slowly, and a 
l imi ted enount of measuring and evaluation goes on. 

The responsibil i ty for obtaining such improvements i s being shifted 
over to L. P.. Erown who also expects to s t a r t a complete and organized 
messurinp, t e s t i n g , one record-keeping program. 

Equipment i s being designed and constructed for acceptance test ing 
and for l ife t e s t i ng of ceramic cores. Liaison with other users and 
producers of our typo of magnetic cores i s good, part icularly in the 
a ree of t9st techniques and standards. 

An outline of the rectanguler-loop core-testing problem i s attached, 

m i i a t t T K fdjVLan 

AITFOVEl /&»& 
N. II. Taylor 
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AIPEHL1X 

Outline Jlotes on Fectanpular-loop, Core Tes t ing 

1. T'tVC BTvOAE TEST PUEPOSES 

A. Levelopnont T e s t i n g 

B. Acceptance T e s t i n g 

I I , LLVPLCP'ffiNT TFSTITTO: NEW WiTETlAl.S; PUBUSill Qli/IACTLI ilSTICS 

A. B-H Families 

1 . Quasi - s t a t i c loops 

a . Symmetrical 

b . Biased 

2 . High frequency loops 

B. P u l s e Te3ts 

1 . Curves of switching time versus amplitude of applied s t e p of H 

a . Symmetrical e x c i t s t i o n 

b . Asymr.etrical e x c i t a t i o n 

2 . Specialized pulse t e s t s 

a . Kctio of switched ou tpu t (ONE) t o not-switched (ZEF.C) output 

b . Coincident-current memory t e s t d i s t u r b e d s igna l r a t i o s ) 

ACCEPT;.NCI; Trsmt. - so:,ft COMBINATION OF 11 THAT I S SUFFICIENTLY 

•jicrYic-pv IV.TJ MiFnc3vrm.Y SI.MPLL 
A. B-H Fcmilies Hot Sa t i s f ac to ry 

1 . Qups i - s t e t i c onas ignore important t ime f a c t o r s and a r e d i f 
f icu l t t c o b t a i n on very small samples. 

2 . High frequency ones ore va luable to u s e r a t given frequency 
only; they a r e d i f f i c u l t t o obtain a t worthwhile h i^h frequencies 
because of d i s s i p a t i o n and c i r c u i t r y problems. 
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E. Pulse T e s t s 

J . Switching time v e r s u s K too complicated t c o b t a i n . 

2. Spec ia l i zed pulse t e s t 3 wrap up B—II c h a r s c t e r i s t i e s one 
time fac tors in one convenient package. 

a . Sv.dtch3d to not-switched ou tpu t s fine fo r most a p p l i c a t i o n s . 

b . Coinc ident -cur ren t memory t o s t a refinement of ( a ) ; needs 
small amount of addi t ional equipmont. 

IV. A TKCKKICUE FOR TILS! ACCITTAKCE TESTING 

A. Llcker a r d User Determine Following 

1. Lesdred sequence of current pu lsea 

2. r e s u l t a n t output-vol tage l i m i t s ( e i t he r c e r t a i n po in ts o r 
complete waveshape) 

3 . A ccup le of " c a l i b r a t i n g " cores corresponding t o above l i m i t s 

B. Engineer Se ta TJp Equipment Using tho "Cal ib ra t ing" Cores and 
Ifraws o r Otherwise I n c i c e t e s the Limit Points or Curves on 
Scope Sc reen . 

C. A s s i s t a n t Funs Tests 

1. Cores ere "mounted" on t e s t j i g a group a t a t ime, incluciing 
the two "ca l ib ra t i ng 1 ' cores. 

2. Core outputs a re looked e t s i n g l y . 

3 . r e f e r e n c e i s made beck to " c a l i b r a t i n g " cores for each group 
of t e s t e d cores t o assure t ha t equipment adjustments a re 
h o l d i n g . 

• 
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