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Abstract. Magneto-optical films were prepared by coating nano-size Bi-YIG particles, the Faraday rotation of the films were
measured. The particle size was changed by milling with a planetary milling machine from 1 h to 100 h. The magnetic and
magneto-optical properties were measured. The Mg of the films dropped with milling time, however, the peak values of
Faraday rotation increased. The Faraday rotation spectra of the films changed with particle size. These results indicate that the
magneto-optical properties of the coated films differ from those of sputterd films. The figure of merit of the coated films was
3.0 and comparable to that of sputtered films.

1.INTROD UCTION

Thin films of bismuth substituted yttrium iron garnet (Bi-YIG) are expected to be applied to magneto-optical devices.
We have reported that the Faraday rotation spectra of particle-coated films differ from sputtered films [1]. The origin of the
spectrum change was presumed to be the change in the interactions between Bi-YIG particles and binder. In this paper, we
study the magnetic and magneto-optical properties of the coated films which were made with various size particles.

2. EXPERIMENTAL

The Bi, Y, ,FeO,, particles were prepared by coprecipitation and annealing processes [2]. The crystal phases in the
particles were examined by X-ray diffraction analysis. The particles were mixed with an epoxy binder and cyclohexanone.
Then the mixtures were milled with a planetary milling machine from 1 to 100 h. The particles were coated by a spin coater.
The particles in the films were observed by an atomic-force microscope (AFM). The magnetic properties were measured
with a VSM. Absorption coefficient o were measured by a spectrophotometer. Faraday rotation 6, were measured by the
polarization modulation method.

3. RESULTS ; Milling time, 30 h

Figure 1 shows an AF'M image of the.coated particles which were
milled for 30 h. The size of the particles is about 15 nm. It is noted that
the size of the particles is uniform. The mean size of the particles is
smaller than the wavelength of visible light. The size of the particles did
not change when the milling time extended to 100 h. This result suggests
that the size of the primary particles is about 15 nm.

Figure 2 shows the saturation magnetization M and in-plane coercive
force H, of the films as a function of the milling time. The M and H,
are divided by milling time. The M and H  are dropped during the 1 ~
30 h milling. This result shows that the non-magnetic surface parts of
the particles are increased by pulverization [3]. After 30 h milling, the
magnetic properties of the films did not change with the milling time.

. S0nm
Fig. 1 An AFM image of the Bi-YIG particles coated
with a binder.
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Figure 3 shows the Faraday rotation spectra of the coating
films. The films containing particles milled over 20 h show the
Faraday rotation spectra which are similar to those of Bi-YIG
sputtered films. However, the 1 to 20 h milled films do not show
similar spectrum. The lights were scattered by the Bi-YIG particles
in the films which were milled 1 to 20 h, because the size of the
particles is nearly equal to the wavelength of the measuring light.

Figure 4 shows 6, and « of the films as a function of the
milling time. The a decreased with milling time. The peak values
of Faraday rotation increased with milling time, although the M,
of the films dropped.

The figure of merit of the coating films as a function of the
milling time is shown in Fig. 5. The maximum figure of merit
was obtained with the coating film containing 30h-milled particles.
The figure of merit of the coated films was 3.0 and comparable to
that of sputtered films [4].

4. CONCLUSIONS

Nano-size Bi-YIG fine particles were synthesized. Thin films
were prepared by coating the fine particles milled from 1 to 100 h.
Magnetic and magneto-optical properties of the films were measured.

The peak values of Faraday rotation increased with milling
time, however, the M; of the films dropped. The Faraday rotation
spectrum of the films was changed with particle size. These results
indicate that the magneto-optical properties of Bi-YIG nano-size
particle coating films differ from those of sputterd films.

The figure of merit of the coated films was 3.0 and comparable
to that of sputtered films. The Bi-YIG coating film is a new
material for magneto-optical devices.
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Fig4 Faraday rotation 8 and absorption coefficient a as
a function of the milling time.
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Fig.2 Saturation magnetization and coercive force as
a function of the milling time.
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Fig3 Faraday rotation spectra of Bi-YIG coating films.
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Fig.5 Figure of merit as a function of the milling time.



