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Abstract: The pulse response of ferrite memory cores, that will
be used in M.T.C., has been found 28 a function of
Current Pulse Durstion. It hse been found that reduction
of Current Pulse Duration to 1.5 microseconds is the
practical limit for best operstion. Calculations made
concerning signel discrimination of memory arrays
indicate that discrimination of signals from 64 x 64
grrgys of M.T.C. cores will be marginsl--even using
a Post-Write disturbing pulse when writing ones in
the memory.

The "access time® of a computer memory is of utmost
importance concerning its integretion into the computer as a whole.
The access time of & coincident current memory will be a function
of the number of necesssry current pulses for & given operation,
the current pulse duration, and unavoidsble "red tespe" time. An
investigation has therefore been made on the effect of current
pulse duration on the pulse response of the cores that will make
up the M.T.C. memory. '

When cores sre used in a coincident ..cawec>y plane the
Delta output is cumulative as noise and thus is increasingly
important as t?e size of a memory plane is increased. This is
shown in E-488" where Delta is slso defined. 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) considersble
difficulty has been experienced in measurement of Delts. This
difficulty is the effect of the Read-Write output which tends to
parslize the scope pre-emplifier during messurement of the Delta
output. The difficulties Just described have been overcome by
measuring Delta for this investigation using the circuit shown
- in Figure 1, where groups of cores connected in series are indi-
cated as & single large core. Standard pulse output responee is
sensed from Group A. Delta 1s measured as the output of Group 4,
B and C which are so connected as to give Delta from Group A and’
B while the Read-Writes from Groups A and B are cancelled by those
of Group C. The information obtained from this experiment 1is
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therefore an average for 100 cores.

The cores tested were a General Ceramlc ferrite, body
MF-1326B - die F-291. These cores were teken from Lot #4 and had
already been selected, by the Production Test Group, for M.T.C.
with a Disturbed One output of 0.11 and 0.12 volts at .57 usec.

The Current Pulse Durstion (7T~) is defined as the time
from 10% of maximum current on the rise of the pulse to 10% of
maximum current on the fall of the pulse. The rise time of the .
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current pulse was 0.2 usec. from 10% to 90% of maximum current
snd the fall time 0.3 usec. from 90% to 10% of maximum current.

The complete test cycle for a given measurement consisted
of 40 Réad-Write pulses and then 40 Hslf-Selecting pulses, with
a2 P.R.F., of 5,000 cycles. The actual sequence of pulses for each
particular group of cores indiceted in Figure 1 is shown.in
Figure 2 for each measurement made. v

The Undisturbed One output has been found as a function
of Current Pulse Duration (see Figure 3). The output i1s a maximum
at T'= 1.2 ps for sll driving forces. This can be attributed to
the fact that, ss the current Pulse Duration (7T~) is decreased
from 4 usec tc 1.2 usec, a different hysteresis loop is traversed
in the two cases. .

Typical Undisturbed One output pulses and the corres~-
sponding Hysteresis Loops are shown in Figure 4 for the same
driving force (ampere turns), but different values of Current
Pulse Duration., Output pulse "Q" is the result of the core
being driven by 10 usec. pulses, and "P" ig the result of being
driven by 1.2 usec. pulses. The output pulses correspond to the
following travel on the Hysteresis Loops, for pulse "\ " the core
is chenged from the state at point 1 to that at polnt 2, wheress
for pulse "P" the core is chenged from the state at point 3 to
that at point 4. The flux change for pulse "p" is about 856% of
that for pulse "X" as 18 found by integration over the positive
portion of each.. Output pulse " " is the result of the core
being driven by 1.2 usec. pulses before being sensed and then
read by pulsing the core with a 10 usec. pulse. Pulse "y "
exactly duplicates pulse "P"¥ except as indicated. The difference
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in the wave forme is of course indicative of the reeson for the
different hysteresis loops. Insufficlent energy is availsble.

for short current pulse duration to swlitch domains that have
higher resistance to change, caused elither by the geometry of
sample or varistions within the materisl itself. Hence, there

is an increase of the number of domains of reverse magnetizatlon
present at the remanent point 3 @s compared to those present at
point 1. These =additional domains of reverse magnetization at

. point 3 are also in areas that were hard to msgnetize from the
point 1. Hence, the total effect of short pulse duration is not
only to shorten the pulse output, but also to increase the initial
rate of change of flux to the extent that the meximum for the

case where "] = 1.2 us is greaster than that for longer current
pulse excitation. As the current pulse duration 1s further reduced
of course the core is no longer able to switch and the Undisturb
OQutput falls off rgpidly. :

Curves of the Disturbed One output are shown as a
function of Current Pulse Durstion in Figure 5. The effectiveness
of Half-Selecting Pulses is heightened ss the Current Pulse Duration
1s reduced, since a smeller effective Hysteresls Loop is involved.
For NIy = 90 amp turns the hslf smplitude pulse evidently does
not greatly exceed the knee of the basic hystereslis loop even for
the entire range of Current Pulse Duration from 4 usec down %o
1.2 pusec. Therefore, for the case of NIp = 90 amp turns the
Half-Selected output pulse is very short,ss compered to those for
- the higher driving forces,at low values of Current Pulse Duration.
If the number of Half- Selecting Pulses were increassed sufficlently
the full disturbing effect would be reslized even for the higher
driving forces. Hence, to duplicate this worst situation as far
as possible the length of the Hglf-Selecting pulses was kept a
constant of 20 usecs for the megsurement of both the Disturbed
One snd the Disturbed Zero. The effect of the disturb overcame
the effect discussed concerning the increase of the Undisturbed
One at T = 1.2 us for the case of NIy = 90 A-T but for higher
driving forces even thls large number of disturbs (40) and the
long duration of the Half-Selecting current pulses was not .
sufficient to offset the effect causing the maximum previously
dliscussed for the Undlsturbed One.

Since it is planned to sense the output of a core in
time, 811 other measurements of output voltages have been made
8t the time to the maximum value of the Disturbed One Qutput.
This time has been found as a functicn of Current Pulee Duration
(see Figure 6). There is a reduction of almost 40% as Current
Pulse Duration is reduced from 4 usecs. to 1.2 usecs.

The Digturbed Zero incresses greatly for shorter
 Current Pulse Duration (see Figure 7), with 7 = 1.5 usecs being
marginal. This 1s czused by two effects. Firstly, the Disturbed
. Zero is messured at the time to the maximum of the Disturbed One
‘output, which fells off rapidly as T is decreased (Figure 6)
Secondly, the actusl magnitude of the output signal also 1ncreases
since the Half-Belecting pulses become increasingly more effective
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in dfsturbing the stete of the core aes the sctusl hysteresis lcop
trggirsed becomee ameller asnd smaller. As was mentioned previcusiy
9' length of the Helf-Selecting current pulses was kept s constent
of 20 Msecs for messurement of the Disturbed %ero; thus grestly
/Ancreesing the effective number of Hslf-Selecting current pulses

for short velues of Current Pulse Durstion.

The First Eslf-Selected One, First Helf-Selected Zero,
Firgt Delts &nd “Second Delts output vol tages were all messured
with ell current puises in the test seruence heving the same
Current Pulse Durstion (see Figures 2 to 11). All these voltages
are defined in E-488, in which their importence concerning the
use of cores in s eoincident current memory is also expleined.
All of the sbove mentioned output voltsges incresse sharply at
low values of Current Pulse Duration with 7= 1.5 usecs again
being marginsl. The reasons for this sre the same as those given
for the similer incresse of the Disturbed Zero for the same values
of Current Pulse Durstion.

It should be noted thet pulse date wses slso tsken for
the Current Pulse Dursetion of IO e and wes found in 8ll cases
to be identical with date teken 8t 7= 4 us.

With reference to E-488, the worst output of a core
containing a One in the memory or containing a Zero is &8 follows'

Ip - 2§81 - (n-2)dp

and
0D ;_2Nsol + 2d1 + (n-4)d »
where Ip = Disturbed One Output
Op = Disturbed Zero Output
NS1+ = First Half-8elected One
Nsol = Firet Half-Selected Zerc
d'1 = First Delta
4o = Second Delts
n = Number of coordinete lines in memory plane

For the cese where a Post-write Hell-S8electing pulse 1s sdded
to the writing seduence in z memory the corresponding worsd
conditions become:

Ip+ 2NSg2 - ndg
and
Op - 2NSg2 + (n-2)d o
where N8o2 1s the Second Half Selected Zeroc

Since neither a NS1l or a NSol are now not possible with each
core in a disturbed state.
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The Discrimination Ration (Rp) of s memory will be
defined as follows for_ the csese wlthout & Post-Write Disturb.
y Ip- 2881l - (n-2)d2
Rp" =

T Op - 2Ns¢l + 2d1 4+ (n-4)dp

and for the case with g Post-Write Disturd
Ip+ 2N80° - ndg

RpP = 5
Op, - 2N8g° + (n-2)d 2

- RpY and RDD are shown in Figure 12 for a 32 x 32 srray
with NIp 950 smp turns and in Figure 13 for a 64 x 64 array
with NIp .950 amp turns. In general the post-write disturb
increasses Rp by ebout a factor of 2. For the 64 x 64 arrsy the
Rp et 1.5 pws 1s increased from 2 to 3.5 which 1s still very low
and Rp does reach a value of 8 until 7= 2.5 us using the Post-
Write Disturb pulse. Hence the expedlent of bresking up s

64 x 64 plane into 4 - 32 x 32 sensing guadrants mey become
necessary if low velues of Current Pulse are deemed necesseary.

W

It should be noted that the pulse response obtsined
in thlis experiment is an averege for 100 cores asnd as such the
Discrimination Ratlio calculsted from these values 1s glsgo an
average velue. Some distribution is to be expected sbout the
mean value, therefore the Discriminstion Ratio gs calculated
1s optimistic to this extent.

Signed 15?35%77<ZE?¢EEE§§§3
P. K. %f;}%er
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