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Abstract: The pulse response of ferrite memory cores, that will 
be used in MoToCo~ has been found as a function of 
Current Pulse Duration 0 It has been found that reduction 
of Current Pulse Dura.tion to 105 microseconds is the 
pra.ctical 11m! t for best opere,tion 0 Calculations made 
concerning signal discrimination of memory arrays 
indicate that discrimination of signals from 64 x 64 
arrays of MoToCo cores will be marg1nal--even us1ng 
a. Post-Wrl te disturbing pulse when wri t1ng ones 1n 
the memoryo 

The daccess time" of a computer memory is of utmost 
importance concerning its integra.tion into the oompllter a.s a whole 0 

The access time of aoolncident current memory w1l1'be a function 
of the number of necessary curren t pulses for B. gi ven opera.tion, 
the curren t pulse duration, and unavoida.ble "red tepe t' time 0 An 
investigation h~s therefore been made on the effect of current 
pulse duration on the pulse response of the cores that will make 
up the MoToCo memory 0 

When cores B.re used in a coinciden t .1c:"':UIlC:~:"·j· ple.ne the 
Delta output is cumUlative as noise and thus is 1ncreasingly 
important as t~e size of a memory plane is increasedo This is 
shown in E-4S8 where Delta 1s also definedo Due to the extremely 
high ratio of the Undisturbed One output to the Delta output (of 
the order of 1000 for long current pulse lengths).conslderable 
d1fficulty has been experienced 1n measurement of Delta.. This 
difficulty 1s the effect of the Read-Write output which tends to 
paralize the scope pre-e.mpllfier during measurement ot the Del ta 
output 0 The diffioulties Just desoribed have been overcome by 
measuring Delta tor th1s investIgation using the circuit shown 
1n Figure 1, where groups of cores oonnected 1n series ere indi
oated as a single large ooreo Standard pulse output response 1s 
sensed trom'GroupAo Delta 1s measured as the output of Group A, 
Band C which are so oonnected as to gl ve Del ta from' Group A and if 
B while the Read-Wrltestrom Groups A and B are cancelled by those 
of Group Co The information obtained from this ,expe,r1ment is 

1 EngIneering Note E-4Sa Del taNS In CeramiC Array #1 by Eo Ao G'tldltz 
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therefore an average for 100 ooreso 

The oores tested were a General Ceramic ferrite, body 
MF-1326B ~ die F-291 0 These cores were taken from Lot #4 and had 
e.lready been selected, by the Production Test Group) for !lLToCo 
with a Disturbed One output of 0011 And 0012 voltsB.t 057 J.1seco 

The Current Pulse Duration (,) is defined as the time 
from 10% of maximum current on the rise of the pulse to 10% of 
maximum current ~n the fall of the pulseo The rise time of the. 

Current Pulse 

~------~----------~ -C=o 
current pulse was 002 lJSeco from 10% to 90% of maximum current 
B.nd the fall time 00:3 fl;sec 0 from 90% to lO~ of maximum current 0 

The oomplete test cycle for a given measurement consisted 
of 40 Read-Write pulses and then 40 HeIf-Selecting pulses, w1th 
a P~RoFo ot 5~000 cycleso The actual sequenoe ot pulses for eaoh 
partioular group or oores indice,ted in Figure 1 is shown_in 
Figure 2 for eaoh measurement madeo 

The Undisturbed One output has been found as a function 
of Current Pulse Duration (see Figure 3) 0 The output is a maximum 
at ,.. = 102 J;1S for 13.11 drl:vlng forces 0 This can be attri buted to 
the tact that~ as the current Pulse Duration (~) is decreased 
from 4 fj.sec to 1 02 ~sec ~ a different hystereSis loop is traversed 
in the two caseso 

Typical Undisturbed One output pulses and the corre~·
sponding HystereSiS Loops are shown ln F1gure 4 for the s'ame 
driving force (ampere turns), but d1fferent values of Current 
Pulse Duration" Output pulse "C\ II is the resul t ot the core 
belng dri ven by 10 ~sec 0 pulse.s, and "~,, is the resu1 t of being 
driven by 102 ~eco pulses" The output pulses correspond to the 
following travel on the HystereSiS Loops, for pulse "~" the core 
is changed trom the state at point 1 to that at point 2, whereas 
tor pulse "~" the core is ohenged from the state at point 3 to 
that at point 40 The flux ohange for pulse "~", is about 86% ot 
that tor pulse "~" as is found by integration over the positive 
portion ot each .. Output pulse"(('" ls the result of the oore , 
being driven by 102 usee. pulses before being sensed and then 
read by pulsing the core with a 10 ~8eoo pulse. Pulse "~" 
exactly duplicates palse "~" except as ind.icatedo 'fhe difterence 
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in the wave for~s is of course indicative of the reason for the 
different hysteresis loopso Insuffic1ent energy 1s available 
for short current pulse durat10n to switch doma1ns that have 
higher resistance to change, caused e1ther by the geometry of 
sample or varis.tlons w1 thin the materiel itself 0 Hence, there 
is an increase of the number of domains of reverse magnetization 
present at the remanent polnt 3 as compared to those present at 
point 10 These addit10nal domains of reverse magnetization at 
polnt 3 arealsoln areas that were hard to magnetlze from the 
point 10 Hentie~ the total effect of short pulse duration 1s not 
only to shorten the pulse output, but also to increase the lnl t1al 
rate of cha~e of flux to the extent that the mS.xlmum for the 
case where I = l02 p,s is greater than tha.t for longer current 
pulse exo1ts.tlono As the current pulse duration 1s further reduced 
of course the core is no longer able to switch and the Undlsturb 
Output falls off rapidly 0 

Curves of the D1sturbed One output are shown as a 
funct;ion of Current Pulse Duration 1n Figure 50 The effectlveness 
of Half-Selecting Pulses 1s heightened S.s the Current Pulse Duration 
is reduced, since a smaller effectlve Hysteresis Loop is .. involvedo 
For NIm = 90 a.mp turns the half amp11 tude pulse evidently does 
not greatly exceed the knee of the basic hysteresis loop even for 
the entire rs.nge of Current Pulse Duration from 4 J.LSec down to 
1 02 p .. seo 0 Therefore, for the) case of N1m = 90 amp turns the 
Half-Selected output pulse 1s very short)ss oompared to those for 
the higher driving foroes)s.t low values of Current Pulse Duration~ 
If the number of Half-Selecting Pulses were 1ncrea,sed sufficiently 
the full disturb1ng effect would be realized even for the higher 
driving forces" Hence, to dupllca,te this worst situs.tion as far 
as possible the length of the Half-Selecting pulses was kept a 
const~,-nt of' 20 !-lsecs for the measurement of' both the Disturbed 
One and the Disturbed ~eroo The effect of the disturb overcame 
the effect discussed oc;ncernlng the increase of the Undisturbed 
One at rr = 102 fJS for the case of N1m =90 A-T but for higher 
driving forces even this large number ot disturbs (40) and the 
long duratiQn ot the Halt-Seleoting current pulses was not 
suff10ient to oftset the effect causing the maximum previou,sly 
discussed for the Undisturbed Oneo 

Since it 1s planned to sense. the output of a core 1n 
time, all other measurements of output voltages have been made 
B. t the time to the maximum val ue of the D1 sturbed Qn! eu tput 0 

This time has been tound as a function of Ourrent Pulse Duration 
(see Figure 6)0 There is a reduct10n ot almost 40~ as Current 
Pulse Dura tion is reduced :from 4 J.LSecs 0 to 102 fJ,secs 0 

The D1 turbe 'Zero increases greatly for shorter 
Ourrent Pulse Duration see Figure 7), with r;-= 105 ~secs being 
marginal 0 This 1s cS.uSled by two effects. Firstly,' the Distur-bed 

. l..!.t2. is measured at the time to the m. aximum of the Disturbe~ One 
output, whi eh fe.lls off rapidly BS 'T'is decreased (Figure 6 0 

Seoondly, the aotual magnitude of the output signal als9 increases 
since the Half-Selecting pulses become increasingly more effeotive 

. . . , '" .. , ' 
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in~/sturbing "the st£'lte of the core ;~\S tbe a.ctuB.l hysteresis loop 
trS1ersed becomee sm,aller and a,mallaro, AS,was mentioned p,rev1,.OUSIY 
t~ . length of the Half-Selecting current pulses was kept e constant 
9';(' 20 ~secs for measurement of the Disturbed ~ero; thus greatly 
~ncreBsing the effective number of Half-Selecting current pulses 
for short vB.lues of Current Pulse Duration 0 

The" First HB.lf=Selected OQ~.,. E:1!:~! H~1-1f-Selected ~erQ ~ 
First Del ta, And Second. Del te output vol tr(ges were all meseur"ed 
with all current pulses in the test seruence heving the same 
Current Pulse Duretlon (see Figures 9 to 11)0 All these voltages 
are defined tn E-488~ in which their importance concern1.ng the 
use of cores in a coinoident current memory 1s alao explainedo 
All of the above mentioned output voltages increase sharply at 
low values of Curren t Pulse Dura.tion wi th 1-:=: 105 p,seca again 
being marginalo The reasons for this are the same as those given 
for the similar increase of the Disturbed ~ero for the same values 
of Curr'en t Pulse Durs,tlon 0 ----=-= 

It should be noted that pulse data was also taken for 
the Current Pulse Dur8tion of no j.US' s, n d we.a found 1n all cases 
to be 1 den ti cal wi th de. te tt9,ken e. t 1-'::~ 4 !..LS 0 

With reference to E-488~ the worst output of B core 
oontaining BOne 1n the memory or containing a ~ero is as follows' 

ID - 2NS11 - (n=2) dlZ 

and 

OD = 2NSol 0+ 2 cr 1 0+ (n=4)d'- 2 

where ID:=: Disturbed One Output 
On :=: Disturbed Zero Output 

NSII = First Halt-Selected One 
NBcl :=: First Half-Selected ~ero 
dl ;;: First Del ta 
02 :=: Second Delta 

n :: Number of coordinate lines in memory plane 
For the case where '8 Post=wrl te Half=Selectlng pulse is Bd.o,iec1 
to the wr1 ting sequence in a merrii(."lJr·Y the corresponding worst 
oondltionsbecome~ 

ID -+ 2NS02 - nd 2 

8.nd 

OD - 2NS02 ... (n-2)6 2 

where NS02 is the Second Halt Seleoted ~ero 
Since neither a NSll or a NSOl are now not possible with eaoh 
core in a disturbed stateo 
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The Discrimination R8.tion (RD) of B. memory will be 
defined as follows for the cese without e. Post-Write Dlsturbo 

U I D ... 2NSll CD (n-2)62 
RD = ---------------------------

- 0D"'" 2NSOI + 20l-t (n-4)cf2 
and for the case with a Post-Write Disturb 

-9 I D.... 2 NS O·~ .... n c:f 2 
RDD = --------------------

. - 0D./ - 2NSo2 + (n-2)cf' 2 

RDU B.nd RDD are shown in Figure 12 for a 32 x 32 array 
with NIm = 0950 amp turns and in Figtire 13 for a 64 x 64 array 
with NIm = 0950 amp turns. In genera.l the post-write disturb 
increases RD by about a factor of 20 For the 64 x 64 array the 
RD at 1.5 p,s 1s increased from 2 to 3.5 which is still very low 
B.nd RD does reach a value of 8 until rr= 205 !-tS using the Post
Wri te Di s turb p.ulse 0 Hence the expedient of break1ng up e 
64 x 64 plene into 4 - 32 x 32 sensing quadrants may become 
necessary if low values of Current Pulse are deemed necessaryo 

It should be noted that the pulse response obtained 
in this experiment is 8n nverege for 100 cores ~nd es such the 
Discrimination Ratio calculated from these values is alaoen 
average valueo Some distribution is to be expected about the 
~ean value, therefore the Discrimination Ratio ae calculated 
is optimistic to this extento 

PKE/djd 
A-54l2? 
A-54128 
A-54160 
A~54109 
A-54l69 
A-64110 
A-54l61 
A-54l1l 
A-54164 
A-54l66 
A-54166 
A-54l?2 
A-54l?l 

Slgned:.-.:;....;;;;K;.....·~. -X-·-P-~-K-. ~-B.-..,...r;z,.....e-r--
, Q~f2 
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David Ro Brown 
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