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1 INTRODUCTION

Fine particles of Bi substituted ytrium iron garnet
(Bi-YIG) have large Faraday rotation in the visible
wavelengh region. Coated thin films of Bi-YIG particles
can be casily prepared and arce cxpected to be applied to
information display devices”. Strocka, et al.? reported
an cmpirical formula for the calculation of lattice
constants of garnct crystals and that the lattice constant
of Bi-YIG increased linearly with increasing Bi content.
However the study did not include particlate matcrials.
In this study, the lattice constants of Bi-YIG particles
prepared by coprecipitation and annealing are measurcd
for various Bi contents in the starting materials of nitrate
solutions. The maximum substitution in the Bi-YIG
phasc in the prepared particles is discussed for various
anncaling temperatures.

2 EXPERIMENTAL

Aqucous nitrate solutions of Bi, Y and Fe(it1) which
had the composition of Bi, Y, ,Fe;, 0 < x S 2.5 were
prepared. The solutions were mixed with an NH,OH
solution and coprecipitation reaction proceeded at room
lemperature.  After the reaction, the pH of the solution
was 10. Then the alkaline ions in the coprecipitates
were removed by washing with water, and filtered and
dricd at 300°C for 1h. Then 0.5g of dried coprecipitate
was thermally treated o crystallize at 600°C, 650°C,
700°C and 750°C for Lh. Saturation magnetization (M)
was measured by using a vibrating sample magnctometer
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at room temperature. The lattice constant of the particles
was measured by the internal standard method using a
high purity Si powder.

3 RESULTS AND DISCUSSION
Figurc | shows the lattice constant (a,) and M, of the
particles anncaled at each temperature as a function of
Bi content (x) in nitrale solutions. Dotted lines show
the relation between a, of Bi-YIG and substituted Bi
content given by Geller” as:

a, =12.3754 + 0.0828 x, n

where x, represents the Bi substitution in the garnet
phase. XRD was measured for all the samples. No
second phases were observed in the range of x from 1.5
o 1.8 for the anncaling temperaturc of 650°C. The
single phase regions for 700°C and 750"C were 1.2 S x
< 1.7, 05 = x = 1.6, respectively. The open circles in
Fig. 1 indicate single phase samples. The relationship
between the lattice constants of thesc garnet single phasc

- particles and Bi content in the nitrate solutions for various

anncaling temperatures was obtained as Eq. (2) by the
least square method.

ap=12.3482+ 00826 x  (2)

Solid circles in Fig. 1 indicate the multi-phase samples.
The slope of Eq. (2) is almost the same as Eq. (1).
Garnet phasc was not observed in the samples annealed
at 600°C for x < 1.3. The lattice constant of the samples
annealed at 600°C fits Eq. (1). The M, (or the samples
of 600°C shows a maximum valuc at x = 1.7. The M,
for the samples of 650°C decreases as the ratio of Bi,Fe,O,
phase increases in the Bi codtent of 1.9 < x. The lattice
constant and M_ for the samples of 700"C begin to
decrease when Bi Fe, O, phase is observed in the particles
at x=18. For the samples of 750°C, the second phase
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arnct particles for various anncaling tcmperatures as a

function of Bi content in the nitrate solution. 7, is anncaling tlemperature. The open marks (Q. 0) and
solid marks (@, M) represent garnct single phase samples and multi-phase samples, respectively.

appcared at.x = 1.7. An estimation of the limit of the Bi
substitution for this preparation process is presented.
The maximum value of lattice constant [or the garnct
single phase particles prepared in this experiment is
12.4950A in Fig. 1(b). Then we obtain the limit of the
Bi substitution is 1.5 from the value of lattice constant
and Eq. (1).

4 CONCLUTIONS
A lincar relationship between the lattice constant of
the garnct phasc and the Bi content in the starting
materials of nitrate solutions was obtained and the
cocfflicient was determined for the preparation of Bi-YIG
finc particles by coprecipitation and heat treatment. The
maximum lattice constants of the garnet phases formed

in the prepared particles lor various anncaling
temperature were determined. From the result, [t was
clarilied that more Bi containing particles were prepared
at lower anncaling lcn1pcrﬁlures. The limit of the Bi
substitution for YIG particles preparcd by coprecipitation
and heat treatment was also determined.
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