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Abstract — Cos Sm/Cr bilayer films were deposited on Si and
glass slides by means of a Direct-Current (DC) magnetron
sputtering system with substrate heating. Magnetic properties
measurements show that the sample with glass substrate has a
comparatively large coercivity (H, =2 141.2 Oe) with a rela-
tively low optimal temperature ( T, =350 C ). X-ray diffraction
patterns indicate that Cr presents a hexagonal-close-packed
(hcp) texture on Si, while a body-centered-cubic (bcc) struc-
ture on glass substrate, which leads to Cos Sm films having dif-
ferent lattice constants on Si and glass substrates. At their opti-
mal temperature, the grain size of the sample on glass slide is
smaller with its size distribution more uniform. Concurrently,
the shape of magnetic domain is more regular and ordered. The
value of magnetic switching volume (V" ) for the film on glass
is 1.65x10™" cm’, smaller than that for films on Si. For the
film on glass, the magnetization reversal mechanism is mainly
influenced by magnetocrystalline anisotropy, the shape of the
crystal grain and the stress in the film.
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1 Introduction

The magnetic properties of bulk rare-earth tran-
sition metals with the CaCus structure have been ex-
tensively studied since the 1970’ s. The most out-
standing property exhibited by some of their alloy is
large magnetocrystalline anisotropy ( Ku). The
CoSm alloys, especially CosSm with anisotropy larg-
er than 108 erg/cm’, are expected to be one of the
candidates for high-density recording media'’. In
the work of Velu et al.'?, Cr has often been select-
ed as an underlayer for lattice matching of the hex-
agonal compound Sm-Cos on the Cr (110) layer™’ .
Zana et al. * studied magnetic interactions and ther-
mal stability in very thin films of CoSm fabricated

* Received: 2011-03-12

by DC magnetron sputtering on glass substrates.

C. Prados et al. deposited SmCo/Cr films on Si
substrates with substrate heating, and investigated
the magnetic properties of the resulting films”' .
They found that high temperature treatments yield-
ed better crystallization. Shigeto Takei et al. pre-
pared SmCo/Cr film at substrate temperatures of
250 C on glass, and studied the effects of substrate
heating and the dependence of properties on the
SmCo thickness®' . Shan et al. reported systematic
studies of the magnetic properties of SmCo/Cr films
on glass substrate at room and low temperatures’’ .

Here we report the effects of substrate heating
and the dependence of the properties of CoSm/Cr
films deposited on different(Si, glass) substrates.

2 Experimental details

CoSm/Cr bilayer films were deposited on Si
(100) and 7101 glass slides by means of Direct-Cur-
rent (DC) magnetron sputtering system with sub-
strate heating. The base pressure was below
210" Pa, and Ar at a pressure of 2 Pa was used as
the discharge gas. The Cr and alloyed CosSm were
obtained commercially. The Cr target was of 99.9%
purity. The chemical composition of the CoSm
films, determined by Energy Dispersive X-ray spec-
troscopy (EDX), was CosSm. All of the samples
had a structure with CosSm (30 nm) on an underlay-
er of Cr (90 nm). The power for CoSm was 96 W
and that for Cr was 90 W, respectively.

The structural properties were examined by X-
ray Diffraction (XRD, D8advance). The magnetic
properties were studied at room temperature using
Vibrating Sample Magnetometer (VSM, Lake Shore
7310), with a maximum applied field of 2.8 kOe.
The microstructure of the films was observed using
Scanning Probe Microscope (SPM, Nanoscope IV).
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3 Results and discussion

Shown in Fig. 1(a) are room temperature easy-
axis hysteresis loops of the Sm-Co/Cr films with Si
substrate deposited at various substrate temperatures
(T,). At low temperature, as the temperature in-
creased, the coercivity of the film increased. When
T,= 500 C, the film had a large coercivity (H.) of
1 350.3 Oe. If T, was further increased, magnetic
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Fig. 1

Fig. 2(a) shows the X-ray diffraction pattern
for CosSm/Cr films deposited on Si (100) at a sub-
strate temperature 500 C. The texture of Cr layer is
hexagonal-close-packed (hcp). The peaks corre-
sponding to the diffraction from CosSm (110),
(002) and (201) planes were observed. CosSm is
hexagonal with ¢ =3.991 A, a =4.966 A, and
c¢/a=0.804. The XRD pattern of CosSm/Cr films
deposited on glass at T, = 350 C is shown in
Fig.2(b). In contrast to the results for the Si sub-
strates, Cr layer has a body-centered-cubic (bcc)
structure on glass substrate. Except for the CosSm
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Fig.2 XRD pattern for CosSm/Cr films deposited

properties degraded. With the Sm-Co/Cr films on a
glass substrate (shown in Fig. 1(b)), similar behav-
ior was observed. However, the optimal value of T
was Ty = 350 C with H, =2 141.2 QOe. From the
above results, one can note that the sample with the
glass substrate has a relatively low optimal tempera-
ture and a comparatively large H.. The differences
between films prepared on two substrates are pres-
umably related to their microstructure.
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(201) peak, the other diffraction peaks for CosSm
are also different from those of Fig.2(a). With the
glass substrate, the CosSm lattice constant ratio is
c/a=0.800, very close to that for the sample on the
Si substrate. However, the lattice constants for the
sample on the glass substrate have increased, with
c=4.039 Aand a =5.046 A. This may be due to
the fact that Cr presents different textures on Si and
glass substrates.
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Fig.3 Grain size (D) and the average roughness (Ra) for CosSm/
Cr films deposited on Si and glass substrate at various values of T
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The surface morphologies of CosSm/Cr films
with Si and glass substrates were observed using an
atomic force microscope (AFM), and the magnetic
domain were obtained by magnetic force microstruc-
ture (MFM). From the AFM images, the grain size
(D) and the average roughness (Ra) were obtained.
Fig.3 shows Ra and D for CosSm/Cr films deposited
on Si and glass substrate at various values of T,. For
both cases, the grain size and average roughness are
seen to have the same features, i.e., they first in-
crease with temperature at low temperature, then
decrease, and finally increase again. It is well un-
derstood that grains grow larger with temperature.
Cr also diffuses into the CosSm layer as the temper-
ature increases. At a certain temperature (here for
the sample on Si, T,=500 C, and that on glass,
T,=350 C), Cr reaches the boundaries of the
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CosSm grains and isolates them, in this situation,
the grain growth of CosSm is inhibited. Further in-
creasing the temperature leads to segregation of the
Cr grains, which results in the growth of the CosSm
grains. Fig.4 shows AFM and MFM images of the
CosSm/Cr films grown on Si at T, =500 C (AFM
image shown in Fig.4(a), and MFM image shown
in Fig.4(al)) and on glass at T, =350 C (AFM im-
age shown in Fig.4(b), and MFM image shown in
Fig.4(bl)). Comparing them, we see that the grain
size of the sample on the glass slide is smaller and
the size distribution is more uniform. Concurrently,
the shape of the magnetic domains is more regular
and ordered. In addition, for the sample on the
glass slide, CosSm grains are seen to have a circular
shape with well-isolated Cr. These attribute all con-

tribution to the magnetic properties of the grains.
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Fig.4 AFM and MFM images of the CosSm/Cr films grown on Si at T =500 C and on glass at T, =350 C

It is of essential importance for films to have
both high Ku and low magnetic switching volume
(V") so as to satisfy the requirements of high val-
ues of Hc, highthermal stability factor (KuV™/
KBT) and low noise™ . Jeong et al."”" found that
magnetic switching volume strongly correlates to the
nature and strength of magnetic intergranular inter-
action. V" was estimated from the coercivity mea-
sured as a function of the sweep rate of the magnetic
field'™""'. As shown in Fig. 3, the value of V" for

the film on glass is V" =1.65x10 ' cm’, smaller
than that for films on Si. This suggests that the film
on glass is more suitable for high-density magnetic
recording media. If the diameter of the grains is es-
timated to be about 10 nm for the film on glass, V"
is almost equal to the volume of the grain. This
means that the grain is a nearly single-domain nano-
crystallite, and the magnetization reversal mecha-
nism is mainly influenced by magneto crystalline
anisotropy, the shape of the crystal grain and the
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stress in the film.
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Fig.5 Magnetic switching volume( V™ )for the CosSm/Cr films on
glass and that for films on Si

4 Conclusions

CosSm/Cr bilayer films were fabricated on Si
and glass substrates by means of DC magnetron
sputtering system with different T,. Magnetic prop-
erties measurements show that the sample with glass
substrate has a relatively low optimal temperature
with T, =350 C and a comparatively large coercivi-
ty with H, =2 141.2 Oe. XRD measurements indi-
cate Cr presents an hcp texture on Si, while bcc
structure on glass substrate. CosSm films have larger
lattice constants on glass substrates. At their opti-
mal substrate temperature (for the sample on Si,
T,=500 C, and that on glass, T, =350 C), the
grain size of the sample on glass slide is smaller, and
the size distribution is more uniform. The shape of
magnetic domain is more regular and ordered. The
value of V" for the film on glass is smaller than that
for films on Si.

This suggests that the film on glass is more suit-
able for high-density magnetic recording media. For
the film on glass, the magnetization reversal mecha-
nism is mainly controlled by magneto crystalline
anisotropy, the shape of the crystal grain and the
stress in the film.
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