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THE NOISE 'PROBLEM IN THE COINGIDENT-CURRENT
HEMORY MATRIX

James D, Childress
Eincoln Lab,, Mass, Inst. of Technology

Hagnetic ferrites which have square hystere-
sis loops are being used as memory elements in
high=speed digital computers., The limiting fac~
tor in memory reliability is the noise generated
by the magnetic cores which are subjected to
field excitations of amplitude insufficient to
cause a reversal of magnetization., .The occur=
rence of such excitations (half-amplitude pulses)
at any given core in almost any possible sequence
is inherent in the two=to=-one coincident=current
_method of register selection, The noise voltage
induced by a magnetic core when excited by a
half -amplitude pulse \Hm/al can be expressed as

e(t) e by ...%_ .Q
where By is the incmmntal permeébility for

AH = H /2 from remanence and @ is an irreversis
~ble centribution which is shown to be negligible
in all cases of interest, The region of validity
of the sbove equation is discussed with reference
%o particular ferrite materials. The incremens

~ tal permeability is shown to depend both on the
direction (relative to the remanent state) of
the applied pulse and on the sequence of excita=
tion since the most recent magnetization revere
sal, Of particular importance to the matrix-
noise problem is the difference between: p,A s the

incremental permeability for an excitation in
~ the demmetizing direetion, and Hpgs for an

&xcitatien in the magnetizing direction, Ths
oontributiens to Bp from rotation, domain-wall

mﬁen, and reverse-domsin mucleation and the
mechanism responsi‘ble for the permeability
difference, (;LA p;“?S *) are discussed, Also

data are presented on the dependence of the
various noise voltages on the: amplitude and wave=-
form of the pulse excitations, The meaning of
these data with regard to the noise problem is
é&seusaeda

Me research o thi.a decument was supparted
jointly by the Arwy, Navy, and Air Force ‘
under contract with the: Hasaachusetts
Institute of Technclagy. '



I, INTRODUCTION

Magnetic ferrites which have square hystere-
sis loops are being used as mgmory elements in
high-speed digital computers.- Informaticn
" coded in binary numbers is stored one digit per
corej the direction of remanent magnetization of
the core determines whether the digit stored is
& binary ONE or ZERO, Fig., 2o In the two-to=-one
selection coincident=current memory; the none
linearity or squareness of the hysteresis loop
is utilized in the register=selection operation
of the memory, The cores are arranged as
elements of a matrix; each core has a row- and
a columm=coordinate wire passing through its
center, K particular core is selected by the
simultaneous application of equal current pulses,
called half-amplitude pulses, on its row and
colum wires; the coincident magnetic field at
the selected core is sufficient to cause a
complete induction reversal, The cores which
‘have the same row or column coordinate as the
selected core receive half-amplitude excitations
and are called ®halfe-selected®, Because of the
squareness of the hysteresis loop of the core
material, the half-amplitude pulses cause rela=
tively little change of induction in the half=
selected cores; but in a large matrix, the total
of these half=select induction changes can be
appreciable with respect to the induction change
of the selected core,

The induction changes of all the cores in -
the matrix induce voltages on the sense winding,
a wire which links all the cores in the matrix,
The original remanent state of the selected core
is determined from the sense signal; the half-
select signals, which tend to obscure the signal
from the selected core, may be characterized as
noise,

"The total noise in the system limits the
over=all reliability of the memory, Although
other types of noise are important in practical
design, the noise from the half-select signals
is material dependent and, therefore; of funda-
mental interest in the evaluation of magnetic
ma‘berials for memory applications,

T, W.N. Papian, Yroc, Eastern Joint Computer
Conference, pp. 37=42, December, 1953
2, JMNo Forrester, Jo Appl. Phys., 22, Lli (1951)



The object of this paper is to show the
dependence of the half-select signals upon the
- magnetic-field excitations and to relate this
dependence to the parameters of the magnetie
material,

II, THEORY

As will be shown from experiment, a half-
select voltage e(t) can be expressed as

@ edacky H, g

- where Q is an irreversible contribution and Ky

is the incremental permeability for a halfe
amplitude field |Hmf2‘ applied from remanence,

The field H is the maximum field amplitude for

the hysteresis loop of maximum squareness, For
a field pulse defined as positive in the mag=
netizing direction, the incremental permeability
is By for a pulse in the negative or demag~

netizing direction, ngQ The difference,
S = I’pAa =ity » is important to the memory-

noise problem because the sense winding links
all the cores in the matrix such that the half=-
select voltages tend to cancel, For perfect
uniformity of the memory cores, the maximum
error of cancellation per pair of cores depends
on %, The incremental permeability is con-
sidered experimentally to have both a reversible
and an irreversible part such tha:b'pA depends

upon the amplitude of the field pulse and the
excitation sequence since the most recent mage
netization reversal, The factor § is introdused
to accéunt for the deviation from the dH/dt :
relation,

& modelg gssentially the same as that used
by Goodeneugh,” is the basis for caleulating the
incremen‘tai pemabi‘l:.ty at remanence, Consider
a unit volume ¥ of a domain whose direction of
magnetization is at an angle @ with respect to
the direction of net magnetization, Assume that
the unit volume contains fractional volumes v
and v¢! (averaged for the total sample at the
square-loop remanence) of reverse and closure
domains, respectively, The induction per unit
volume in the direction of net magnetization is
thus

3” T8 Goodenoughg Wio Rev, 95,9917 (195k)




(2) B_ =B (l=vi<2v) cos®

where Bs,is the saturation induction of t.he

material, For an axially symmetric materlal
with uniform angular distribution from e = 0 to
6 = gm" the net indugtion at remanence on the.

hysteresis loop of maximum squareness is
(3) B, = B, (1-v'=2v) (1ecose,)/2 »

Goodenough3 has shown that the magnetic
field necessary to cause closure domains to grow
is large with respect to the coercive force of
the material, Since the fields here are less
than the coercive force, v! is assumed to be
constant, .

' Induction changes occur by (1) the rotation
of domain directions of magnetization, (2) the
growth of existent reverse domains, and {3) the
nucleation and growth of reverse domains, With
reference to Eq, 3, the first mechanism causes
a variation of em and the second and third

meéhan;lsms cause a va;'iation of v,

" The ineremental permeability per unit
volume for a field increment AH from remanence is

s

B)  (wy), = - - sind e

‘ BSI Ar - [Ap 2}:’ |
e [ el

where the fractional volume v is assumed to con-
sist of a number of ellipsoidal reverse domains
of average radius r o and an eccentricity

1 - A%, The first term on the right is the
incremental permeability due to the rotation of
the domain directions of magnetization through
an angle AG; the second term is due to the
growth eof the reverse domains by an average
radial increment Ar, A assumed constant, Both
these processes are considered as completely
reversible, The irreversible part of the incre=~
mental permeability can be explained by varia-
tions in the number of reverse domains



.(nucleation) and in r o° Such variations would
cause corresponding changes in v and Bpo

However, for field amplitudes smaller than the
field value at the knee of the square hysteresis
loop, there should be little nucleation or irre-
versible growth of reverse domains,3

It is observed experimentally that the first
field pulse in a direction opposite to the
previous pulses causes a measurable irreversible
change; succeeding pulses in the same direction
cause only reversible changes. Because of the .
difficulty in calculating the irreversible part,
. only the theory of the reversible part of the

incremental permeability is considered.

Lo Incremental Permeability Due to Rotation

-~ The angle of rotation A@ is determined by
the variation of the magnetic and anisotropy
energy density. For small values of AG,

AE % K00 (80)7 = (8H)I cos(® 10,

where K ., is the effective anisetropy and © is

the original angle between the magnetization
direction and the direction of the applied
field, The minimization of AE with respect to
A@ gives '

(5) 46 = - asing/(1 + scose),
where ‘g = (AH)BQ/BEKef
Substituting Eq. (5) into the first term of
Eq.(Lk) and averaging over the angular distribu-

tion, we obtain the incremental permeability at
remanence due to rotation '

2

(6) (ﬂb)rot "m" “{“"‘(2“0039 ‘003 () )

a sind@n
" facosem)h

where higher-order terms in g and the harmonic
value of @ £ #/2 in 6, are neglected, The

difference ("‘Am - ""A&) is give'n from Eq,. (6) as

(7) (S)rot ,m'r £ %?%—-ég—’



The substitution into Eqe {7) of the
reasonable valuds == B, =3x 10° gauss,
Keff 101l ergs=cm 3 = hS and AH = 0,5
oersted =~ gives (p,A) =1 (8) =10 -2,

These values are two orders of magnltude smaller
than the values obtained from the d-ec hysteresis
loop and from pulse experiments, Therefore, we
conclude that the rotation of domain directions
of magnetization cammot account for the magni-
tude of the incremental permeability at remanence,

kccording to Eq, (6), a decrease in’ Kopp

tends to increase o3 however, a lower value of
K gp TeSults in better alignment (by the internal
field) of the directions of magnetization, The
resultant decrease in 0 would cause a decrease

in p’A" It is expected that the rotation
mechanism could yield a large value of ""A only
for materials with vm:'y low effectlve anisotropy.,

To Justify the assumption that 9 is constant 9

we substitute the numerical values into Eq. (5)
and find. the maximum A6 as. AO - 0,1° .

Since this value is negligible 2 the maxiwum angle
G of the angular distribution is not changed

apprecia‘bly by fields smaller than the coercive
force, _ .
B, Incremental Permeability Due
to Domain Gmwth

Ellipsoidal domains of reverse magnet.ﬁ.sa-
tion are assumed to exist at crystal imperfece
tions-in the material, Possible sites for the
nucleation of such domains are grain boundaries,
inclusions, etc, These domains are assumed to
have an average radius r_in zero external field

and an eccentricity {1 = A where A<l and
is assumed constant, Gnly the reversible part -
of the incremental permeability will be calcu-
lated; hence r, is assumed to be constant,

‘The total energy associated with a reverse
domain in an external field H is

(8) E=E ¢E +E +E,



where the magnetic energy is 'Em, = 2 ﬁ;is V, the
domain-wall. energy is E =0 wAw’ and the demag-
netization energy is ’Ed = 2N182Vo In the above
energy terms, o, is the domain-wall energy per
unit area; the demagnetization constant for an
-ellipsoid is N = Ln )\2[1n(2/}) - 1]

V = linr°/3\. is the volume of the ellipsoid with
surface area A = r2/ A o« The saturation
magnetization Is may be expressed in terms of
saturation induction B, as Bs',/lut.f

The energy term Ep represents the magnetice

pole=distribution energy gained by the introduce
tion of reverse domains, As‘sumingf-Ep to depend

on the cross-=sectional area of the reverse
domin, Wwe take Ep = - pr2 where p is independent
of ro. A more exact calculationf shows Ep to have

a term in rl‘ with a coefficient small compared
to po However, the expression used here for. Ep

is sufficiently accurate for an order of magni-
tude calculation,

By minimizing the total domain energy with
respect to r, we obtain the equilibrlum value
of r for an applied field H,

2
Ap - 0,

(9) r = — : °
(BT, + 312)

‘Equation (9) shows clearly the importance
of E 3 reverse domains exist at remanence only

if p >n Gu/ X - This means that the energy

gain from the reduction of the surface-pole-
distribution energy must be greater than the
energy required to form the walls of the reverse
domain,

- For H=0, r = r, and p may be expressed. in
terms of r o’ then,

(10) I e r ———x——,

F Tobe pnblishéao

7



For the domain lying at an angle @ with respect
to the external field and for AH applied from
remanence, the resultant change in radius is

cose

(11) br = - B T4 Boos® °

B = Lin (AH)
"B.
s
Substitution of Eq, (11) into the second term of
Eqs (L) and averaging over the angular distribu-
tion gives the incremsntal permeability at
remanence due to domain grouth,

‘ | 5 |
(12) (kg =5 °2""3i(1:gs ‘

g_g_ lncos )}

where higher order terms in B are neglected.
From Eg. (12),

@ §)gog = ,m. 6vep?
(l*cosG 4+cos” e tcosjo )

Taking v x (B B, )/213 1/6, AH = 1 cersted,

Bg=2x 103 gauss; © l¢5° and A= 1/30, we

find (wy), £ 200 and ( 5) e 100, Experi-
mental values are By = 50 - 500 and § = 10-100,

In view of the simplifying assumptions made, the
order-of -magnitude agreement is good. Therefore,
it appears that the incremental permeability at
remanence is primarily due to the growth of
reverse domains,

IV, EXPERIMENTS AND DISCUSSIONS

i S

" Pulse measurements have been made of the
incremental permeability at remanence as a
function of (1) the magnetic-field-pulse wave=
form and {2) the sequence of excitations.

‘/J\



Ko Definitions

Definitions of the parameters of the pulse
measurements are given in Fig. lo Fig. 2 shows
the method of information storage (discussed in
Section I) and defines the terms used in this
application, ‘

‘Fig, 1 goes here
Figs 1o Definitions of Pulse Measurements
Figo 2. goes here

Fig. 2o Storage of Biziary‘ Informat'ion. in a
Magnetic Core

During the READ operation, a field pulse
+H . is applied to the selected core: If the core

were in the ONE state, the resultant change of
induction is relatively large and induces a
large voltage on the sense winding; if the core
were in the ZERO state, the induction change and
induced voltage are small, The half-selected
cores are excited by a fi‘eld:pulse‘#&"n/a, and

the sum of their induction changes induces a
noise voltage N{t) on the sense winding. This
noise voltage has been expressed by Freeman* in
terms of the peak signal voltages., His expres=-
sion can be written in the form of Eq., (1) as

(1) N(t) Kuy pp ax/fat,

where,; as will be shown later, the irreversible
term Q may be neglected in a practical memory,
and the effective incremental permeability may
be defined in terms of the parameters f.tA, S,
and ¥ as o

(15) _ p’Aeff = 2ﬂA* (y”'z) 8 °

The parameter ¥ is the dimension, or number of
rows, in the square memory matrix, It is
assumed that there is perfect uniformity of the

Lo dJdo Re T‘rfeeman,‘ Proce LeR.Es Wescon Computer
Sessions, pp. 50«61, August, 1954,



cores in the matrix and that the sense winding
links the cores diagonally through the matrix

so as to achieve noise-gignal cancellation
between the diagonal rows. For g, = 100, S = 50,

and n = 6l gy pp = 3300, an appreciable value,

It can be seen from these values and Eg. (15)
that the material-dependent contributions to the
matrix noise is of grea’c importance in large
matrices,

~Information is extracted from the memory
-only during the READ operation; therefore only
the half-select signals caused by half-amplitude
READ pulses contribute to the noise, Experie
mentally it is found that these signals depend
upon the remanent state of the core as determined
only by (1) the digit stored and (2) the nature
of the previous pulse, If Freeman's nomenclature
for voltage signals is used; the letters Vh -
indicate that the voltage signal is caused by
the application of a half=READ (+H m/2) pulse,

A lower-case letter preceding the Vh indicates
whether the previous pulse was the full pulse
which determines the digit stored, a half-
amplitude WRITE pulse (=H /2), or a half-

amplitude READ pulse (fam/z) 3 these are indicated

by u, w, and r, respectively, Finally the letter
z or the number 1 following Vh indicate whether
the digit stored is a ZERO or a ONE,

For example, wVhz means the output signal
from a half-select READ pulse applied to 2 core
‘which contains a ZERO and was last subject to a
half-amplitude WRITE pulse, or from Fig, 2, the
signal from a core previously driven by a half-
amplitude pulse in the demagnetiszing direction
but now driven by a halr-amplitude pulse in the
mgnetiz:.ng direction,

‘Bé Experimental Materials

The pulse measurements have been taken on
two ferrite materials: Ferramic S~l1 made by
- General Ceramics and a material {identified as -
the DCL ferrite) prepared at Lincoln Laboratory,
These two were chosen because they are being
used in the coincident=current memory applica=
tions they compare as shown in Table I.



Table I: Comparative Properties of Two Memoryw
Core Ferrites

5-1(1-83)*  DCL(2-853mR-1)"

Composition as

fired (mole percent), 3
Fe,0, | 4 Lo
‘Mg0 38
MnO 22
Saturation induction, ‘
B, (gauss) ~ 2000 ~2200
Remanent induction on

the loop of maximum

squareness, B_ (gauss)~1300 ~1800
Squareness ratio, R; 0,82 0.86
Hc(’oersted) ~ 1k ~1h
H (oersted) ~ 2 ~2

. FTdentification mumbers of the lots from which
samples were taken.

- #The squareness ratie is defined with referenee
to Figs 1 as R = B! '/B .

’ ‘me two materials are found te similar;
this is not surprieing since the two have approxi-
mately the same composition. However, the DCL
ferrite has a significantly higher remanent ine
duction on the hysteresis loop of maximum square-
ness, On the basis of the theory developed in
Section II, this difference is expected to give
& similar difference in the fractional volume of
reverse domains and to- predict the relative
properties in Table II. The experimental values
are p,A = 25 and < 10 for the DCL ferrite and

=55 and § = 22 for Ferramic S-1., These

remlta are in agreement with the theoretical
predictions.



Table II: Predicted Relative Propertles of
Two Memory=Core Ferrites

DCL S«1
Functional volume of reverse
domains, v larger
Tncremental permeability at
remanence; |, larger
oo, =gyl larger
Squareness ratio, R larger

3

Fig, 3 goes here

Fig. 3. Reversibls Voltage Signal
(a) Field Pulse
(b) Voltage Signal

Co. The Time Dependence of the
Half-Select 8ignals

Figure 3 shows a halfwselect signal which
is taken for a large number of pulses in the
magnetizing direction and thus is ‘completely
reversible. The appliedw-fi 31& pulses have a
rise time less than 7 x 10*7 second and a peak
amplitude approximately one oersted. The rise
time of the oscilloscope used is sbout 7 x 10-9
second,

The voltage signal (b) is shown superimposed
on the field pulse waveform (a). Both are seen
to rise as 511?. ¥y as the oscilloscope could
follows when dH/dt = Q, the voltage signal falls
with the same rapiditys There is no long "tail®
corresponding to a relatively slow induction
changs, On the actual photograph, the Mring".
follewing the initial pulse is meen to be
related to the ripple on the field pulse,’

Fig, h goes here

Fig. h. Reversible Half-Select Signal Peak
Amplitude vs Field Pulse Rise Time



‘From Eq. (1), the peak amplitude of the
half-gelect signal ean be expressed in volis as

(1) e(s), =n,(ax107) Bz

where Q is neglected, A is the cross=gectional
area of the core in square centimeters, and

and'r are the peak amplitude in oersteds and

rise time in seconds, respectively, of the field -
pulse, Fig. Ly which is a plot of e(t) vs 1/7 o

shows that Eq. (1?) is valid for revers:.ble halfe
select s:.gna.‘m where T p< 0,1 microsecond and

[Hl < () e | ](H g ) 18 defined in Fig,2

as the field value at the knee of the, square
hysteresis loop. For | le < I(H ) l s each

field pulse in the demagnetizing d:.rection causes

an irreversible induction change; 2 long series

of such pulses causes an almost complete induction
reversal and thus destroys the information stored

by the core.

Fig. 5. goes here

| Fig. 5. Halfwselect Signals (a) ZERO (b) ONE
(Freeman

Figure 5 shows the half<select signals
import 1t to the study of memoIyw-core pulse
response4.” The pulse sequences by which these
si;;iaa‘ls are obtained are shown in the insetis of
Figs. 6 and 7. In' the insets, the large pulses
are full amplitude; the small, halfe-amplitude
the READ direction is upy WRITE, down. The
arrow indicates the pulse at which the signal is
observed. The amplitude and rise time of the
half-emplitude field pulse are approximately ’
one cérsted and 0.2 microsecondy respectivelys
the rise time of the oscilloscope is about 0,03
microseconds

The rVhl signal is completely reversn.bles
the small tail is caused by the shape (dH/dt)
of the field pulse. By comparing the other
signals to »Vhl, we see that only the uVhl
has an appreciable tail. However, the uVhl is
relatively unimportant to the matrix noise
problem. In the memory, a WRITE operation
always follows the READ operation so that only



the core bein% selected can be in the virgin ONE
state., Therefore, only one uVhl signal at most
can occur during any READ operation.

F:Lg. 6 goes here

Fig. 6. Incremental Permeability at Remanenee
vs Field-Pulse Duration (from ONE

signals)

Fig. 7 goes here

Fig. 7 Incremental Permeability at Remanence
vs Field=Pulse Duration (from ZERO

signals)

D. Experimental Study of the Incremental
Permeabllity at Remanence

The incremental permeabilities corresponding
to the halfwselect s:.gmls from which they are
calculated are shown in Figs, 6 and 7 as functions

of ”z‘d-‘z' -—‘l'f, the time interval during whieh

the field amplitude is equal to or greater than
ninety percent of the peak value; see Fig, 1.
The data'are averaged from measurements taken at
|E,| = 1.8 cersted anlem/ZI = 0.9 oersted, and

for three values of rise time,7_ = 0.2, 0.5, and
0.8 microseconds

The incremental permesbilities at remanence
increase as 7 e~ %" Tf decreases: The syitch

time 7, and peak time 75 (defined in Fig, 2) are
found to decrease as 7 4= Tr - Tf decreases, see

Figs 8. ‘These variations are explained as

follows: As 7 a- z‘r-» z'f becomea less than the

switch time (asymptotic value), the duration of
the peak amplitude of the driving field is less
than the time necessary for the magnetization to
traverse the hysteresis loop of maximum square=
ness, Therefore, the magnetization follows
smaller and less square hysteresis loops as the
peak-»field duration decreases.

Fig. 8 gees here

Fig. 8. Switch Time and Peak Time vs Field
~ Pulse Duration (Ferramie S-1 Material)



For these hysteresis loops of decredsing square=
ness, the Incremental perméabilitiss dt remae
nénce are expected to increasej’ henvey the dow
pendence on 7 & Tru 7, shown in Fig. 6 and 7.
Since Egss (12) and (13) show i1, and J to
havée approximately the same dependence on para-
meters of the magnetic malerial, J' is expecied
to vary with 7' j= 7, ~ 7, a8 does i, » Figure 2

shows the predicted dependemcy of d on 7 4= 7, 7o
Fig. 9 goes here

Fig.9. Delta vs Field=Pulse Duration

In ﬁgs. 6 and T, ‘1, Lrhl] and i, [rhz]
correspond approximately to p, and p, .,

respectively. Because the total pulse sequence
is different for p,[rhl) and p, [ rhz], they

are measured at slightly different remmnent
states which implies a difference in vy the
fraction volume of reverse domains in Eqs (12)
Since the wVhl signal has a small irreversible
party; 4 as shown in Fig, 9 is the maximum “delta"
oceurring in the matrix and should be larger than
. the theoretical J obtained in Section IL-

Note that the incremental permeabilities at
 remanence, d , Tgs and z‘p‘mf.réach their asympe
‘totic values at a field=pulse peak duration
T qa Tr‘«- Tf,_ approximately equal to the asymptotic
value of 7 sa This obgervation is reasonably

valid-for all 7 » <7 Pa For slow-rise~time field
pulses, the departures of the above parameters
from theirl asymptotic values are less abrupt.

~ The dependence of the incremental permeaw
bility upon the sequence of excitations has been
discussed with reference to Figs, 5, 6, and 7"
In Fig. 10, the incremental permeabilities p,
‘and.-it  , are plotted versus n, the mumber of

- £ield pulses applied in the demagnetizing direce
tion previous to the measurement. The field
amp}itud‘efs:wege lHﬁl = 1,9 oersteds and

\im /2] = 0,96 oersteds. p a o is the completely
“reversible (for n>1) incremental permeability



Fige 10 goes here

Fig; 10, Incremental Permeability at Remanence
vs Number of Half-Amplitude Demagnetie
zation Field Pulses

for pulses applied in the demagnetiszing direc-
tions u’L 4 which corresponds to.p.A[wh:] , is

measured on the first pulse applied in the
magnetizing direction after n pulses in the de=
magnetizing direction and thus has an irrevers-
ible part., The incremental permeability for the
second pulse in the magnetising direction is-
completely reversible and corresponds to “A ¢

Note that for n greater than one, p.A and “A .
reach equilibrium values,

Figure 11 shows the dependence of Bal and
p:;upon the field-pulse amplitude, Only the
amplitude of the field pulse for which the
measurement is made is variedj thus all -measure~
ments are taken on the same square hysteresis
loop, The data show that as AH increases, the
incremental permeability increases, The rate
of increase is less than linear and indicates

16

the existence of the second=order term in Eq.{(12).

Fig, 11 goes here

Figo, 11, Incremental Permeability at Remanence
v vs Field-Pulse Amplitude

- IV CONCLUSION

The theory of the incremental permeability
at remanence as developed in Section II is in
reasonable agreement with the experiments re-
ported in Section ITI, The mechanism of growth
of ellipsoidal reverse domains seems to be
primarily responsible for the incremental permea=-
bility of materials which have large effeetive
anisotropies,

The half-select voltages are shown in é
Section III to be proportional to ;:.AdH/d'b 3 hence,

the ma‘terial—dependent contribution to memory=-
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matrix noise can be reduced by decreasing By and

§ o According to the theory of Section II, such
a deorease can be achieved by a reduction of the
fractional volume of reverse domains; this
results in an increase in the B /B ratio,

where B is the remanence of the ma:d.nn:uu square-
ness loop.
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