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ABSTRACT

Large saturation magnetization 4pM, is essentially required for soft magnetic thin layers
used in magnetic recording devices. Amorphous Co-based alloys and Fe-Co alloys may be re-
garded as one of the candidates for soft magnetic materials which possess large 47M. Some
preparation process to improve soft magnetism of these films were performed in this study.
Addition of Ta seemed to be effective to change the magnetostriction constant A from posi-
tive value to negative one. The magnetoelastic energy K. is strongly dependent on A (Cogs Zr
w3ho-~Ta, films with K. of negative value have sufficiently soft magnetic characteristics. Feg,
Co,, alloy exhibits extremely large 4zM, of about 24 kG. Addition of N and Ta to Fe.« o

films improved the soft magnetism of them.

The Fes, {Cos.¢Ta,0 .. N/Ti multilayered films exhibit better soft magnetic properties and bet-
ter thermal stability than Fe-Co-Ta:N singlelayer films.

INTRODUCTION

Magnetic thin films with soft magnetic
properties are used for core layers in magnet-
ic recording heads and the backlayers in
doublelayered perpendicular magnetic record-
ing media.l"? Since soft magnetic films have
to pass sufficient magnetic flux, the soft
magnetic films with large saturation magneti-
zation are desired. Amorphous Co-based
alloys and Fe-Co alloys may be regarded as
one of the candidates for soft magnetic mate-
rials which possess large 47M,. Some prepa-
ration processes to improve soft magnetism
of these films were performed in this study.
By changing Ta content y of (Cogs 7Zr4 3)100-«
Ta, films, the relationship among x, magneto-

striction constant A and coercivity H. were
clearly observed. The magnetostriction con-
stant A of Co-based alloy films should be min-
imized to attain soft magnetism. Fe-Co alloy
has the largest saturation magnetization 47M,
of all the magnetic alloys. The addition of N
and Ta to FeyxCoyo sputtered thin films pre-
pared by facing targets sputtering apparatus
were effective to improve soft magnetic prop-
erties.'” These soft magnetism seemed to be
caused by the fine granulation in the films.
The as-deposited films of Feg, (Coz¢Tag. . N
possessed relatively large 4pM, and high rela-
tive permeability m, of 17kG and 400, respec-
tively. Moreover, Feq, Coz ¢Ta1.4 - N/Ti mult-
ilayered films possessed not only high perm-
eability g, without annealing process but also
excellent thermal stability.
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EXPERIMENTAL PROCEDURE

All the specimen films were prepared by
the facing targets sputtering (FTS) appara-
tus as shown Fig.1, where two targets were
located face-to-face. Permanent magnets
were Installed behind the targets to confine
the plasma in the space between the targets.
This FTS apparatus has four kinds of target
materials and can deposit thin layers of them
continuously. The substrates were polye-
thlene naphtalate tape or silicon. They were
positioned on a can roll, which was located
out of the plasma. Therefore the substrates
were almost free from plasma. The substrate
temperature T, was kept at room tempera-
ture (R.T.). Kr was used in place of Ar as
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Fig. 1 Schematic figure of facing targets sputter-
ing{FTS) appuratus

sputtering gas in depositing (Cogs 721 3) 100-x L 2«
and Ti films to minimize damage of films by
recoiled particles. Feg ¢CossTa 0. . N films were
deposited by reactive sputtering method using
mixture gas of N, and Kr. Total pressure of
the mixture gas was set at 1 mTorr. N, par-
tial pressure Py, was adjusted to control the
N content from 0.02 mTorr to 0.34 mTorr.

Crystallographic characteristics of the films
were analyzed by X-ray diffractometry(XRD),
and magnetic properties were measured by
vibrating sample magnetometer (VSM). In-
ternal stress s was evaluated from the degree
in curling of the sheet substrates with the de-
posited films. Films composition was analyzed
by inductively coupled plasma (ICP) analy-
sis. Relative permeability of magnetic films
were measured by shunt core method at
1MHz. Magnetostriction constant 1 of (Cog; ;
Zry3)w0--Ta, films were evaluated by the
method which will be described below.

Measurement of magnetostriction constant A
of (CO&;. VAN 3)100— «Tax films

Since the magnetostriction constant A of Co
-Zr alloy thin films are so small below 110-°
it is difficult to measure | of the films with
small thickness around 0.1xm. Schematic con-
figuration of the measurement system used in
this study were shown in Fig. 2. Two pairs of
coils were installed to measure M-H loop.
QOuter coils were used to apply AC magnetic
field H to (Coss 7Zr4.3)100- <184 films, and inner
coils were used to detect magnetization M of
(Cogs.7Zry s)100-Ta, films. When the tensile
stress F' was applied to the films, the aniso-
tropic tensile stress was induced in the soft
magnetic films. By applying the tensile stress
F to the films, anisotropy field Hy in the films
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Fig. 2 Schematic configuration of the system to
measure magnetization constant A

changed due to the reverse magnetostrictive
effect. The change of anisotropic field DH.y
by applying anisotropic stress ¢ to the films
is

A_Ikeﬂzszu,/Ms (1)

where 4K, and M, are the change of anisot-
ropy energy K, and saturation magnetization,
respectively. Anisotropy energy K. induced
due to reverse magnetostrictive effect caused
by the applied anisotropic stress s 1s

K.* = (-3/2)A0 (2)

JK.*, the change of anisotropy energy K, to
anisotropic stress 4o, is

F=(-3/2)Ado (3)

Assuming that the change of anisotropic
field is induced due to reverse magnetostric-
tive effect, DK, =K. *. Then | is calculated
as follows;

/1:(‘1/3)M5Aern/A0' (4)

where AH,.«/ o is determined by the gradient
of H..ir vs. o characteristic curve.

RESULT AND DISCUSSION

Co-Zr-Ta films

Fig. 3 shows the dependence of magnetc-
striction constant A on the Ta contents x for
the (Cou 724 3)100-x18, films with various
thickness and prepared at various Py, A de-
creased monotonously from positive value to
negative one as x increased. A seems to take
the value of nearly zero at y around 6 at.%.
Fig. 4 shows the change of coercivity Hc as a
function of magne-toelastic energy K. Since
Ds depended weakly on x and were in the
range from -2 to -6 x10°® (dyne/cm®) for
films deposited at Py, of 1mTorr, K. seemed
to be strongly dependent on A. It was con-
firmed that lower H¢; was observed at K, of

negative value.
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Fig. 3. Dependence of A of (Coss 1Zre)i00-xTax
films on Ta content x.
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Fe-Co-Ta:N films

Fe-Co alloy has the largest saturation mag-
netization 4zM, among all the magnetic
alloys.

The addition of N and Ta to FegCoy re-
duced the grain size <D>. These soft mag-
netism seemed to be caused by the fine gran-
ulation in the films. Fig. 5 shows the depen-
dence of saturation magnetization 42M, and
relative permeability g of Feg ¢CossTas i N
films on Py. Feg (CoréTa0s . N films pre-
pared of Py, at 0.06 mTorr exhibited relative-
ly large 47M, and high relative permeability
m, of 17kG and 400, respectively.

Feg Co76Ta . - N films thicker than 2000,
however, did not have soft magnetic proper-
ties. So it was attempted to improve their
soft magnetism by depositing Feg, (CossTaq .

: N layers thinner than 1000 A. In this study,
Feg Cos sTao . - N singlelayer film (specimen
A) and Feg CorsTan . - N/Ti multilayered
films (specimens B and C) were prepared as
shown in Fig. 6. Total thickness of magnetic

layers in these specimens were 2000A. Pk,
and PN, in depositing Feg (CossTa s, @ N lay-
ers are 0.84mTorr and 0.16mTorr, respect-
ively. Pk, in depositing Ti layers was set at
ImTorr. These films were annealed for 2
hours in vacuum at temperature T, of 150,
220°C and 300C.

Fig. 7 shows the dependence of relative
perrﬁeability i of Feg CossTaq, singlelayer
film and Feg CorsTa. : N/Ti multilayered
films on annealing temperature Ta. Specimen
A exhibited low relative permeability  of
about 50 in as-deposited state. After anneal-
ing at high T, of 220°C, u of it could be
higher than 400°C.
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Fig. 6 Schematic configuration of Feg o CozsTai s
N singlelayer film and Feg «CorsT a0 i N/
Timultilayered fims.
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Fig. 7. Ta dependence of g of Feg o Cors Ta04 -
N singlelayer film and Feg. o Cozs Taies : N/
Timultilayered films.

Specimen C exhibited high 4 of about 400
in as-deposited state. Deposition of Feg (Cor s
Ta,os - N/Ti multilayered films seems to be
effective to improve soft magnetism. And the
Feg oCo7sTa1g 4 - N/Ti multilayered film divid-
ed into four magnetic layers by Ti layers
maintained g of about 150 after annealing at
300°C though g of the other specimens were
less than 30.

Fig. 8 shows the dependence of 47M,(anneatess/
4 1M (55— deposiety Of Fegz ¢Co7 5T+ - N singlela-
yer film and Fes, ;Co; sTao 4:N/Timultilaye-
red films on annealing téemperature Ty. As T,
became high, 47M, gradually decreased. 4xM,
of singlelayer film ‘annealed at 300°C were
about 40% of that of as-deposited film. But 4
aM; of Feg CorTan, . N/Ti multilayered
films was not so small as that of singlelayer
film annealed at 300°C. It seemed to be due
to that ferromagnetic e-FesN and y-FeN
crys-tallites were formed in multilayered
films by annealed at 300°C and that nonma-

gnetic £-Fe,N crystallite were formed mainly
in singlelayer film since N atoms in magnetic
layers of multilayered films were diffused
into Ti layers. Deposition of Feg (Co;¢Tag .-
N/Ti multilayered films seems to be effective
to prevent 47M, from decreasing by anneal-

ing at high T,.
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Fig. 8 T, dependence of 4xM, of Feg o Cors Tals
. N singlelayer film and Feg. 0 Co7s Taws . N
/ Timultilayered films

CONCLUSION

Ta was added to Cog ;Zr,; to minimize
magnetostriction constant A. A of (Cog 7Zr4 3)
10-x1a, films decreased monotonously from
positive value to negative one as y increased.
A seems to take the value of nearly zero at x
around 6 at.%. K, seemed to be strongly de-
pendent on A It was confirmed that H. was
lower at K, of negative value. Soft magnetic
properties of Fe-Co alloy films were im-
proved by adding both Ta and N to FeqCoo
films. These soft magnetism of Fe-Co alloy
films seemed to be caused by the fine granu-
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lation in the films. Feg CorsTa, : N films
possessed relatively large 47M, and high rela-
tive perme-ability g, of 17kG and 400, respec-
‘tively.

Deposition of Feg, (CorsTag, - N/T1 multil-
ayered films seems to be effective to improve
soft magnetism and to prevent 47M;, from de-
creasing by annealing at high T..
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