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Iniroduction

The ferrite cores widely used as information storage
elements in high-speed computers must exhibit rectan-
gular magnetic hysteresis loops. *Square-loop cores”
today are fabricated {rom materials chosen from several
ferrite solid-solution systems which include copper-
magnesium-manganess  ferrites,

and lithium-nickel ferrites,

,manganese ferrites,
‘lithium-m?n'gahese ferrites,
If the cores are to be used as memory devices which
are subjected to changes in temperature, the temperature
coefficients of the coercive force force and “knee-current”

are important properties. In order to make a memory
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device operate satisfactorilly over a wide temperaiure
range, changes in “knee-current” must be compensated
by changing the amplitude of current pulses used to
switch the cores. Therefore, cores with small temper-
ature coefficients lead to improved performance and
stmpler memcry design., The temperature coeflicient of
the “knee curtent”, however, is increased by substitution
of zinc and by most of the other elements which are
introduced fer various purposesi?®,

Small temperature coefficient have been found in
nickel-manganess-ferrous ferrite system®#? and cobalt
substituted lithium ferrite system®, Memory cores made
from the cohalt substltuted lithium ferrite exhibit almost
temperature independent “knee-current” in the temper-

ature range from —50°C to 100°C, but also exhibit
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larger magnetostrietive ringing voltages as well as larger
disturbed noise. This ringing voltage is a sourxce of
noise in a high-speed core memery and is undesirable
in practical applicetion of large memory systems®?,

In this work it is shown how the distwrbed noise of
the cobalt substituted lithium ferrite memory cores can
be decreased by the substitution of very small quantities
of niobium pentoxide and the megnetostrictive ringing
voltages can be decreased by the substitution of man-

ganese,

Experimental Procedure

A number of compositions in the system Zng, 105 Cog,ozs
Lig gas-1/2: Nix Fep g35.%2-p Mn, Mn, Oy were studied.
Zinc and cobalt were included in the formulation to
ohtain coercive force low enongh for 18 mil (0. 46mm)
cores and to reduce temperature coefficient of I; (knee
current). Compositions with various content of vandium
pentoxide (Fisher certified reagrent) or piohium pentoxide
(Alfa spec. grade) were also made. Fach powder was
prepared by mixing lithium carbonate (J.T. Baker),
cobalt earbomate (J.T. Baker), mangarese carbonate
(J.T. Baker), nickel oxide (J.T. Baker), and iron
cxide {Columbien Carbon Co.).

This mixture was

in Im

treated by calcining, mixing again with ball mill,
reacting at high temperature and ball mill grinding to
produce a fine powder. Cores were prepared from 1his
powder by tape method: the powder was mixed with a
large quantity of a suitable binder and solvent by ball
milling, coated on hase film, dried and peeled off from
the base filin, znd calendered into a strip of the desired
thickness from which cores were cut out with the aid
of a punch press. The cores sintered in a tube fumace
in air atmosphere. The sintering temperature and the
soak time were adjusted for each composition to oblain
cores with optimum magnetic properties. For several
batches, X-ray powder diffraction pattern were chtained
and it showed to be a single spinel phase. The cores
approximately 0. 46mm

after sintering were, in size,

outside diameter, (. 28mimn inside diameter and . 11mm
thick.

Measurements of memory-core characteristics were
performed with a Computer Test Corporation 1700 core
tester using a standard dVy program (dV; is the
(The definitions of

symbels are given below Table ). The ringing noises

disturbed voltage output signal).

per one hundred cores excited by nonswitching currents
with emplitude of 800ma, risetime {£z), and fall time

Table 1 Memory-Core Characteristics of Lig ss5-z75 Niz Zno.ygs Copoos Fes gasoro-y Mo, Oy

# x v avi | odv, | oo I Colma/"C) | vt | gain

(Ni) (Mnd) (mv) (mv) (nsec) {ma) —25°C | 25°C {mv) | (mv/ma)
to 25°C | to 35°C

1 0.10 0. 05 28 12 175 460 0.42 —0. 20 5.0 .24
2 0.10 0.10 46 a3 195 470 0.0 —(.55 2.5 .21
3 .10 0.15 45 7.1 25 476 0.0 —0.64 1.5 .21
4 .10 0.2 44 6.0 222 470 0.0 —{0.86 0.5 L21
5 .10 0. 25 a7 8.7 202 474 (.64 | —0.52 0.9 .22
6 a .15 36 9.0 195 474 0.50 —0.34 0.5 .22
7 (. 05 0.15 43 7.6 205 475 0. 40 —( 36 1.0 .21
8 0.10 0.15 54 7.1 215 475 0 —0. 04 1.5 .21
9 0.15 0.15 44 6.8 213 480 0 —0.68 2.0 .21
1+ 0 o012 47 4.2 233 495 0.40 —0.52 0.8 .21
11#* 0 0.12 27 7.0 215 455 — — — —

I;=720mA, I,—=450mA, #p=iy=5b0nsec, fs=300nsec
+ : ringing voltage per one hundred cores
#= 1 with addition of . 010 formmla unit of V,O05
1, : partial read or write current

dVy @ disturbed one lotvage ouptut
£ : switching time of dV;

(s

dV_:

% 1 with addition of 0.010 formula unit of NbaOg
L2 full read or write current

Iz ¢ knee current

disturbed zero voltage output

C, : temperature coefficient of knee current

¢
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(#;) equal to 50 nsec, and pulse width (#,) adjusted to
obtain maximum ringing noise were measured.
The microstructures were examined with a scanning

electron microscope.

Resnlt

Memory-core-characteristics of compositions given by
Liy 436272 Niz Zne105 Coopzs Fez s vsp., Mn, Oy 'are
listed in Table 1. Samples here were sintered at 1038°
C with varying soak time to be tested under the same
drive-current conditions.” The disturbed noise (dV.)
decreases with increasing manganese content. The
composition with Mn equal to (.20 gives the greatest
value of the signal to noise ratio dV,/dV, which is a
measure of the squareness of a core under the test
condition. A further increase of manganese content
causes a decrease of squareness and the sample with
manganese equal to 0. 25 shows marginal squareness for
memory-core operation. The temperature coefficient of
knee current C), however, increases with increasing
manganese content. The disturbed noise dV, decreases
with increasing nickel content, and composition with
Ni equal to 0.15 gives the hest squarencss. The ringing
noise {Vz), on the other hand, decreases sharply with
increasing manganese content and increases with increa-
sing nickel content, It can be seen here that material
without nickel (composition $#6) gives lower ringing
noise but also give low value of signal to noise ratia.
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Figure 1 Memory core characteristics as a function of
temperature for various manganes content,
T,=800mA, tx=t,=50nsec, £;=300nsec.
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Figure 2 Memory core characteristics as a function of
temperature for various nickel content.
I,=800mA, tp=t#,=5(nsec, #;=300nsec.
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TFigure 3 Memory core characteristics as a function of
temperature for
Lip. 40 Zng 05 M2y g7 Nig.ps Mn®*y 50 Fea 10 Oy
Lio, 385 Zmyg. 105 Mio. 10 Cou, oas Mn¥* 15 Feg 35 Oy
Lio.43 Zno.10 Cop.ar Mg, g9 Nbo gg Mnd*g 12
Fep oy O,
L;=750mA,
3= 30Insec.

1,=375mA, tz=t,=50nsec,
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riohium' pentoxide to this type of {composition % 10)
gives extremely high value of dVi/dV..

The disturbed voltage output signal V3 and the
disturb ratic I,/I; bth as a function of temperature for
varic:ms manganess and nickel content are shown in
Figure 1 and Figure 2. tespectively, It canbe seen that
the temperature dependence of d¥ is rather small with

the exception of sample with manganese equal to 0. 25.

The temperature dependence of V7, dV., the disturh

tatio I/I; and the switching time (4) are shown
araphically in Figure 3 for lithium-manganese ferrite
and cobalt substituted

lithtum-manganese with and without addition of NhOs.

which is widely used teday,

It is seen bere that I, for the cobalt and niobiwn con-
laining material is almost temperature independent
(TIN* core). The result is a very small temperature
depcx;dence of the ¥ and switching time t,.‘l o

A typieal microstructure of cobalt substituted lithium
manganese ferriie is shown in Figure 4a, and those of
lithinm manganese ferrite with 0,01 formnla unit of
Vs ond Nby Os are shown in TFigure 4b and 4c

respectively.
Discussion

The material characteristis which cause the occurance
of square hysteresis loops in polyerystalline magnetic
ferrites have heen described by win et al  as
follows (7). The preferred direction of magnetizalion
in individual crystallites of cubic symmetry should be
in the crystal [111)] direction, a condition described by
a negative value of the crystal anisctropy constant Kj.
The crystal anisotropy must dominate the shape and
stress anisotropies. This condition will be met if the
magmetostriction coefficient in the preferred direction of
magnetization A is very small. A low porosity in the
matérial s also a necessary candition for'the cccurance
of square loops. The sguare-loop propeftig§ observed
for compositions in the system kNiFeg(‘);—FeBO%'FJ, NiFes
O4Fey Op-MnFes0%, NiFepOp MnzOs and Lig sFey 5
Q-MnsQ®, and Lip a1-zr2C0,Z0p 2:Nig ogFes 41272045
have 'been 'explained on the bhasis of these material
characterstics. The valie of K '.for lithium ferrite is

*Ampex trade name for temperature independent

MEemory COre.
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negative, —0¥ 10%rg/emd 9, and Ay is small, values
of —3 8x1078 1 and+2,7x1076 1 have heen repor-
ted. The values of Ay for nickel ferrite has been
measured as —21.6x107% at 20°C', An accurately
measurad value of Ayy3 for cobalt ferrite has not been
reported but it appears to be large and positive, appro-
ximately +130%1075 19, It was reported the presemce
of Mo in cctahedral site in the lithium ferrite contri-
The greatest squareness was
observed when the value of Co?* is .010 in iithium

nickel zinc ferrited,

butes to positive Apg™.

and when the value of Mn3~ is
0. 30 in lithium nickel ferrite®.

The data in Table 1 show that in the compasitions
containing cobalt a smaller quantity of substituted
manganese is required to produce maximum squareness,
» equal to 0.20. This was, at first, a surprising because
the values of Zi3; for cobalt is positive and was thought
to be be sufficient to make Anr=0 when the value of
cobalt equal fo 0.010, and thus any addition of Mn3*
It has
that the effects of cobalt is

diluted when zinc is present®1%. Thus we may speculate

would make 2;3;°> 0 reducing the squareness.
been {ound, however,
that effects of cobalt is also diluted when manganese is
present. This diluting effect is also manifested in the
temperature dependence of 4V as can be seen in Figure
1, i.e, the temperaturc dependeness of 417 with in-
-créasing manganese content are similar to those-of ¥V
with decreasing cobalt comtent with no manganese®.

The decrease of the ringing noise with increasing
manganese content and the increase of the ringing noise
with icreasing niclel content can be explained in terms
of effective moagpetostriction coefficient A, i.e the
substitutions of manganese deecrease A,y and the substi-
tution of nickel increase Agp. 8119,

The exiremely high value of the signal to noise ratio
observed in Nby(Qs substituted material {$#10) appears
to he related with higher density and uniform grain size
whereas very paor properties observed in Vo035 substitu-
ted material is related with lower density and non-
uniformity in grain size, as shown in Figure 4A, B&C.

It should be pointed be pointed out that with substi-
tution of V05 a reasonably ‘high wvalue of sigmal to
noise ratio can be obtained for large size and low drive

cores as reported by otherst®1718)19),

) J. Kor. Ceram, Soc,
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Figure 4 A typical microstructure of lithium manganese
ferrite with and without “Hux”
a) no flux
b) with 0. CL formula unit of Va0;
c) with 0. 01 formula unit of NbaO,
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