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Abstract-BaM films have a lot of advantage of chemical stability and mechanical stability as compared with a metal-
lic thin film. In this paper, (Ba-Pb)M films have been prepared by using dc magnetron sputtering system and the
dependences of their crystallographic characteristics and magnetic properties on oxygen pressure(Poz) were studied.
The films prepared at Po, of around 0.02mTorr exhibit a fine particle-like structure and Afsg is as small as 1° . Hc
» Heyy and Ms of (Ba-Ph)M filins are 700-8000e, 2000e¢ and 180-230emu/cc, respectively.

I INTRODUCTION

Perpendicular recording proposed by Prof. S.Iwasaki
et al[l] is substantially preferable for ultra high den-
sity recording under the geometrical conditions of the
head-medium configuration. Many researchers have been
focused on perpendicular magnetic recording technolo-
gies and there are various candidates for the perpen-
dicular recording materials such as Co-Cr thin films[2],
Fe and Co plated films on alminium oxide substrate(3],
and Ba-ferrite particulate medium[4]. A chemical stabil-
ity and mechanical durability as well as excellent mag-
netic properties are essential for recording medium. Ox-
ide films have a lot of advantage of chemical stability
and mechanical stability as compared with a metallic
thin film. The authors have been studying a magneto-
plumbite type of hexagonal Ba-ferrite (BaM) thin films
prepared by a sputtering(5] and a sol-gel method[6] and
reported that BaM sputtered rigid disks with small c-
axis dispersion angle(A#f59) possess an excellent recording
characteristics[7]. According to their reports, the record-
ing density(Dsq) depends on Afsg and the smaller Afsg
results in the higler Dsg. In order to prepare BaM films
with c-axis orientation, the substrate temperature dur-
ing the deposition should be elevated up to about 620°C
[5]. The authors have already reported that the addition
of Ph to BaM filins is very effective to lower the crys-
tallization temperature of hexagonal ferrite and the sub-
strate temperature can be reduced to 540°C . Pl added
BaM((Ba-Pb)M) films exhibited very small Aésq of about
1° [8]. In reactive sputtering for the synthesis of oxide
films, oxygen gas will play very important role in a crys-
tallization. In this paper, (Ba-Ph)M films have been pre-
pared by using dc magnetron sputtering system and the
dependences of their crystallographic characteristics and
magnetic properties on oxygen pressure(Pos) were stud-
ied.

II EXPERIMENTAL PROCEDURES

(Ba-Pb)M films have been prepared by using d¢ mag-
netron sputtering system and the target used in this study

was a sintered ferrite disk with steichiometric composi-
tion of BaM(i.e. n=6 in BaO-nFey0. ), where Ph chips of
Smm square were placed on this disk. This sintered ferrite
target was reduced in nitrogen gas atmosphere at about
800°C in order to he able to discharge in a dc electric
field. In this study, 10 pieces of Ph chips were placed on
the target[8]. The substrate is a thermally oxidized sili-
con wafer and the substrate temperature(Ts) is measured
with a thermocouple in contact with the substrate surface
and Ts was set at 540°C . After evacuating the chamber
to a pressure below 3.0%10~%Torr, argon and oxygen gas
were introduced and working gas pressure(Prgq1) was set
2mTorr. The thickness of (Ba-Pb)M films was measured
with a stylus apparatus and was about 1000A. The crystal
structure of the films was determined by X-ray diffactom-
etry(Cu Ko) and magnetic properties were measured with
a vibrating sample magnetometer at room temperature in
the maximum field of 10kOec. The composition of the films
was measured by electron probe micro analysis(EPMA).

IIT RESULTS AND DISCUSSION

Figure 1 shows the x-ray diffraction diagrams for
the films prepared at various oxygen partial gas
pressure(Poy). Weak diffraction lines from c-plane of
Lexagonal M phase are observed even though oxygen gas
is not introduced(Po;=0mTorr). When Pos is increased
from 0.012 to 0.03 mTorr, the diffraction lines from both
c-plane of hexagonal structure and (222) plane of cubic
structure of spinel ferrite are observed. It is found that the
hexagonal ferrite is not synthesized for further increase of
Pos.4 Figure 2 shows the dependence of the intensity of
x-ray diffraction lines both from (008) plane for hexago-
nal structure and (222) plane for cubic structure on Po,.
Each intensity of diffraction line increase with increase of
Poy up to 0.02 mTorr and further increase of Pos results
in the decrease of each intensity.

Figure 3 shows the dependence of the lattice constant c
of hexagonal ferrite on Po,. The ¢ increases and closes to
the value of bulk BaM with increase of Po,. This suggests

that the oxygen content is increased in the deposited
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films with increase of Pos because the oxygen ion has a
large ionic radius to expand the hexagonal crystallite.
Figure 4 shows the dependence of Afsy on Poy which
was evaluated from the rocking curve of (008) plane. The
films prepared without introducing the oxygen gas pos-
sesses relatively large value of 3.5° . The Af5¢ decreases
rapidly to about 1° with increasing of Po;. These small
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Fig.1 X-ray diffraction diagrams of the films
prepared at various Poa.
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values of Afgg are suitable for the high density record-
ing media, where the ring type head is used in perpendic-
ular magnetic recording(7].

Figure 5 shows the dependence of average grain size on
Poy which was evaluated from the x-ray diffraction line of
(008) plane for hexagonal crystallite. The average grain
size increases rapidly with introducing oxygen gas and is
almost constant of 3704.

Figure 6 shows the dependence of saturation magneti-
zation(Ms) on Po;. The Ms increases from 200 to 240
emu/cc with increase of Poy up to 0.012mTorr and de-
creases for further increase of Pos.

Figure 7 shows the dependence of coercivities on Po,.
The He and He, for the film prepared without introduc-
ing Poy are 1.1kOe and 0.3kOe, respectively, while those
prepared at Poy in the range from 0.02 to 0.03 mTorr
decrease to about 0.8kOe and 0.1kQe, respectively.
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Fig.9 M-H loops for the films prepared at various Poa.

Figure 8 shows the dependence of squareness ratio on
Poz. The S, increases with increasing Po, and takes a
maximum value of 0.55 at 0.02mTorr, while the S// was
decreases with increasing Po,.

Figure 9 shows the M-H loops for the films prepared at
various Poj. As indicated in this figure, the solid line and
dashed line are M-H loop in perpendicular direction and
in-plane direction, respectively. It is found that the re-
manent magnetization in perpendicular direction is higher
than that in in-plane direction. Although the Hc, of these
films is less than 1kOe, perpendicular anisotropy field can
be estimated from in-plane M-H loop and is more than
10kOe for the film prepared at Poy of 0.12mTorr.
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Fig.11 Surface structure of the films prepared at various Poa.

Figure 10 shows the dependence of (Ba+Pb) and
Pb content for (Ba-Pb)M films on Poy. The value of
X which represents (Ba+PD) content in a formula of
(Ba+Pb)xFe12019. The X is almost constant at 1.1 at
Po, below 0.05mTorr. This means that these films have
almost stoichiometric composition of hexagonal M-type
ferrite. Further increase of Po, results in a rapid increase
of the X of above 2.0. This increase is mainly due to
the increase of Pb content as indicated in this figure. Al-
though the reason of this rapid increase of Pb content in
the deposited films at higher Pog is not yet clear, it may
be caused by an increase of Pb-oxide in the film.
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Figure 11 shows the surface of the films prepared at
various Pog. It is found that all of the films consists of
fine particle-like structure of about 200-300A in diameter.
These films can be expected to be a high density recording
media with low noise.

IV CONCLUSION

(Ba-Pb)M films have been prepared by using a dc mag-
netron sputtering system and their crystallographic char-
acteristics and magnetic properties were studied. It is
found that the crystallinity of hexagonal M phase is im-
proved by introducing oxygen gas up to about 0.03mTorr
where Protar is 2mTorr. The films prepared at Poy of
around 0.02mTorr exhibit a fine particle-like structure
and the Afsg is as small as 1° . The Hc, , Heyy and
Ms of (Ba-Pb)M films are 700-8000e, 2000e and 180-
230emu/cc, respectively. These values of Hc should be
improved to be higher than 1kOe for ultra high density
recording media.
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