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ABSTRACT

In order to clarify the origin of perpendicular anisotropy in thermally eva-
porated TbFeCo amorphous thin films, we have investigated the effects of
deposition angle on magnetic Kerr hysteresis loops, perpendicular magnetic aniso-
tropy and internal stress. It is found that the perpendicular anisotropy and the internal
stress depend strongly on the deposition angle and above a threshold value(30°), the
perpendicular anisotropy disappears and the in-plane anisotropy appears. The measure-
ment of internal stress, which is due to the substrate constraint, reveals that the
compressive stress is the major contribution to the perpendicular anisotropy. The
measurements of Kerr hysteresis loops in the polar and the longitudinal directions
show that as the deposition angle increases the polar Kerr hysteresis loop deteriorates
while the longitudinal Kerr hysteresis loop becomes prominent.

INTRODUCTION

Amorphous films of rare-earth transition-metal alloy, such as TbFeCo, NdDy-
FeCo etc, with perpendicular magnetic anisotropy are of great interest because of
their application in magneto-optical recording.[1] Although several mechanisms
such as pair- ordering,[2] columnar structure[3] and magnetostrictive effect[4] were
proposed, the origin of the perpendicular magnetic anisotropy is not fully
explained yet. Perpendicular magnetic anisotropy is known to be sensitive to the film
preparation conditions and the relative magnitudes of the contributions of these
mechanisms seem to be different for different materials.[S] Deliberate creation and
control of perpendicular anisotropy in films require a further understanding of the ori-
gin and the controlling factors of the anisotropy.

In this study, in order to clarify the origin of perpendicular anisotropy in ther-
mally evaporated TbFeCo thin films, we investigate the effects of deposition
angle on perpendicular magnetic anisotropy, internal stress and magnetic Kerr hys-
teresis loops. 127



EXPERIMENT

Amorphous TbFeCo films are prepared by resistive thermal evaporation of an
arc melted alloy onto the slide glass, Si and polyimide substrates. The pressure dur-
ing evaporation is maintained at about 5%107¢ “torr and the substrates are at room
temperature. The typical deposition rate is about 15nm/sec. To achieve oblique depo-
sition, substrates are mounted on a tilted substrate holder so as to make the angles of
incidence of the vapor beam a=0° - 60° with respect to the normal of the substrate.
The films are cut into small pieces of 4mm in width. The spread of the deposition
angle in each piece is within + 3° The film thickness is in the range of 100 -
200nm, as measured by the Tolansky interferometry. X-ray diffraction and high reso-
lution scanning electron microscope measurements have shown that the films have
amorphous structure.

The magnetic Kerr rotation angle ®g and hysteresis loops of the films in the
polar and longitudinal directions are measured with He-Ne laser(632.8nm) with an
accuracy of better than +0.001°. Polarization modulation and phase-sensitive detec-
tion methods are used.

The perpendicular anisotropy constant K, and the saturation magnetization My are

measured by using a torque magnetometer with the method developed by Miyajima et
al. [6]

The internal stress ¢ between the film and the substrate is measured by measuring
the deflection of a laser beam reflected from the substrate before and after chemical
etching of the alloy film.[4] The magnetostriction constant A is measured by an opti-
cal interferometric method in which the specimen held by a cantilever acts as one of
the two facing mirrors of the Fizeau interferometer.

RESULTS AND DISCUSSIONS

Figure 1 shows the observed magnetic Kerr hysteresis loops for the films with
several deposition angles. It compares the polar and longitudinal Kerr effects. As the
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Fig.1. Kerr hysteresis loops for several deposition angles:

(a)polar direction and (b) longitudinal direction.
128



incidence angle of the laser beam is limited to 10° by the electromagnet pole pieces,
the magnitude of ®g, as shown in Fig.1(b), is necessarily small in the longitudinal
direction. As seen in the figure, at the normal incidence deposition, square hysteresis
loop appears in the polar direction while in the longitudinal direction the hysteresis is
very small, which is a typical behavior of the hysteresis loop of the thin film with
perpendicular anisotropy. As o increases, the polar Kerr hysteresis loop
deteriorates while the longitudinal Kerr hysteresis loop becomes gradully prominent
and at a deposition angle of 57°, the squareness disappears in the polar direc-
tion while in the longitudinal direction, square hysteresis loop is observed with a
coercivity of 0.12kOe much smaller than that of the polar direction(7kQe) for a=0°.
Figure 2 shows the relative changes of the coercivity H, and the remanent Kerr rota-
tion angle @k with deposition angle for the polar Kerr hysteresis loops.

Figure 3 shows the dependence of perpendicular anisotropy constant K, and
saturation magnetization Mg on the deposition angle a. As shown in the figure, K, is
positive at low deposition angle( a<30°) where positive K, means that the easy direc-
tion of magnetization is perpendicular to the film plane. As o increases, K, becomes
zero and then becomes negative, namely, the film has in-plane easy axis. M increases
gradually with o. The deterioration of the polar Kerr hysteresis loop with deposi-
tion angle can be understood from the change of perpendicular anisotropy constant.

The ini>rnal planar stress ¢ and the magnetostriction constant A are shown in
Fig.4. The stress is compressive(o<0) for a<30°, while it is tensile(c>0) for o>30°.
A is decreasing gradually with deposition angle and is always positive. In the calcula-
tion of A, Young’s modulus of TbFeCo films is taken as 9.3x10!! dynes/cm?[7] and
the change of Young’s modulus with deposition angle is neglected.
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From Fig.3 and Fig.4, we see that K, and ¢ change their polarities at the same
point of a=30°. Both dependences on deposition angle suggests that K, and G are
strongly correlated. Stress-induced anisotropy constant Ky is equal to Ky= -3A0/2, so
that the internal compressive stress can induce perpendicular anisotropy(K4>0) through
the positive magnetostrictive effect. In order to investigate the contribution of stress to
K, in TbFeCo films, we have plotted K, and K versus stress for all of our films with
various deposition angles in Fig.5. From the figure, it is clear that the internal
compressive stress due to the substrate constraint contributes dominantly to the perpen-
dicular anisotropy. Further, the normal incidence deposition is essestial to obtain
magnetic thin film with large perpendicular anisotropy and square hysteresis loop.

CONCLUSIONS

It is found that the deposition angle during evaporation effects greatly the per-
pendicular anisotropy and the internal stress in evaporated TbFeCo films. Above 30°
of deposition angle, the film loses the perpendicular anisotropy because the internal
stress shifts from compression to tension. The internal compressive stress contributes
mainly to the perpendicular anisotropy. The change in the state of the internal stress
for increasing deposition angle is the cause of deterioration in the polar Kerr hysteresis

loop.

130



el S

AN

REFERENCES

M.H Kryder, J.Appl.Phys. 57 ,3913(1985).
R.J.Gambino, J.Ziegler, and J.J.Cuomo, Appl.Phys.Lett. 24 ,99(1974).
S.Yasugi, S.Honda, M.Ohkoshi, and T.Kusuda, J.Appl.Phys. 52 ,2298(1981)."

S.Tsunashima, H.Takagi, K Kamegaki, T.Fujii, and S.Uchiyama, IEEE Trans.
Magn. MAG-14 ,844(1978).

W.H.Meiklejohn, Proc.IEEE, 74 ,1570(1986).
H.Miyajima and K.Sato, J.Appl.Phys. 47 ,4669(1976).
H.Takagi, S.Tsunashima, S.Uchiyama, and T.Fujii, J.Appl.Phys. 50 ,1642(1979).

131



