US 20070193506A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2007/0193506 A1

Ohido

43) Pub. Date: Aug. 23, 2007

(54)

(735)

(73)
@
(22)

(30)

Jan. 27, 2006

METHOD OF PRODUCING OPTICAL
ELEMENT

Inventor: Atsushi OQhido, Tokyo (JP)

Correspondence Address:

OLIFF & BERRIDGE, PLC

P.O. BOX 19928

ALEXANDRIA, VA 22320 (US)

Assignee: TDK CORPORATION, TOKYO (JP)
Appl. No.: 11/655,070
Filed: Jan. 19, 2007

Foreign Application Priority Data

(TP oo 2006-018932

Nov. 21, 2006 (JP) e 2006-314087

0

Publication Classification

(51) Int. CL

C30B 2928 (2006.01)

C30B 29/16 (2006.01)

C30B  23/00 (2006.01)
(52) US.CL oo 117/942; 117/945; 117/105
(57) ABSTRACT

The invention relates to a method of producing an optical
element using a garnet single crystal for the purpose of
providing an optical element with a reduced Pb content or
from which Pb can preliminarily be removed completely. By
growing a garnet single crystal by using a solution contain-
ing Na, Bi and B by the LPE process and thermally treating
the garnet single crystal in reducing atmosphere prepared by
using nitrogen gas and/or hydrogen gas, the resulting ther-
mally treated garnet single crystal is used to prepare an
optical element.
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METHOD OF PRODUCING OPTICAL ELEMENT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method of pro-
ducing an optical element using a garnet single crystal.

[0003] 2. Description of the Related Art

[0004] Faraday rotator is an optical element with a func-
tion to rotate the polarization plane of transmitting light and
is used in optical devices such as optical isolator and optical
circulator for communication. Faraday rotator is generally
prepared by using a plane-like bismuth (Bi)-substituted
rare-earth iron garnet single crystal. The Bi-substituted
rare-earth iron garnet single crystal is prepared by the liquid
phase epitaxial (LPE) process as one of flux processes.

[0005] In growing the Bi-substituted rare-earth iron garnet
single crystal by the LPE process, generally, lead oxide
(PbO), bismuth oxide (Bi,O5) and boron oxide (B,0O;) are
used as the solvents so as to stably grow the garnet single
crystal while the solvents are maintained at the supersatu-
ration states. During the growth of the magnetic garnet
single crystal, therefore, a small amount of lead (Pb) con-
taminates in the resulting crystal. In Faraday rotators for use
in optical devices for communication, magnetic garnet
single crystals at a Pb content “y” of about 0.03 to 0.06 in
the chemical formula Bi, , M1 Pb Fe, , M2 M3 O,,
have been used conventionally. See Patent Reference 1: the
official gazette of JP-A-2001-044026 and Patent Reference
2: the official gazette of JP-A-2001-044027.

[0006] Following the upsurge in the recent environmental
protection movement, however, efforts are now directed
toward the reduction of the content of Pb as an environ-
mental load substance in any of industrial products. There-
fore, a trace amount of contaminating Pb in magnetic garnet
single crystals grown by the LPE process draws concerns as
a factor of environmental pollution. Therefore, it is neces-
sary to reduce or eliminate the amount of Pb contained in
magnetic garnet single crystals as materials constituting
optical elements as such Faraday rotators.

SUMMARY OF THE INVENTION

[0007] Tt is an object of the present invention to provide a
method of producing an optical element at a reduced Pb
content.

[0008] The object is attained by a method of producing an
optical element comprising growing a garnet single crystal
by using a solution containing Na, Bi and B, thermally
treating the garnet single crystal in reducing atmosphere,
and preparing an optical element by using the thermally
treated garnet single crystal.

[0009] The method of producing an optical element in
accordance with the invention is characteristic in that the
reducing atmosphere is generated by using an inactive gas
and/or a reducing gas.

[0010] The method of producing an optical element in
accordance with the invention is characteristic in that the
inactive gas includes nitrogen gas.

[0011] The method of producing an optical element in
accordance with the invention is characteristic in that the
reducing gas includes hydrogen gas.
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[0012] The method of producing an optical element in
accordance with the invention is characteristic in that the
garnet single crystal contains Na.

[0013] The method of producing an optical element in
accordance with the invention is characteristic in that the Na
in the solution is obtained by melting at least one of NaOH,
Na,CO;, NaHCO,, NaFeO,, NaBO,, Na,B,0,, and
NaBiO,.

[0014] The method of producing an optical element in
accordance with the invention is characteristic in that the Na
in the solution is obtained by melting at least one of NaOH,
NaHCO;, NaFeO,, NaBO,, Na,B,0,, and NaBiO,.

[0015] In accordance with the invention, the amount of Pb
contained in the resulting optical element can be reduced or
removed completely.

BRIEF DESCRIPTION OF THE DRAWING

[0016] FIG. 1 is a view depicting a part of the single
crystal growing process.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Mode for Carrying out the Invention

[0017] A method of producing an optical element in
accordance with a first mode for carrying out the invention
is now described in FIG. 1. In the present mode, a magnetic
garnet single crystal is grown in a solvent containing sodium
(Na) after at least a part of Pb contained in conventional
solvents is replaced with Na. Compared with other oxides,
a great number of substances containing Na and oxygen are
dissolved at lower temperatures. Therefore, Na is effective
as a solvent for growing magnetic garnet single crystals. A
magnetic garnet single crystal grown in a solvent containing
for example sodium hydroxide (NaOH) is of an excellent
quality without any defects or cracks. By removing PbO
from a solvent material and using a Na-containing substance
together with Bi,O; and B,O; as a solvent, a trace amount
of Pb contained in conventional magnetic garnet single
crystals can be removed almost completely.

[0018] It was nonetheless demonstrated that the garnet
single crystal grown in Na-containing solvents had very
large optical absorption in a wavelength band region of 1300
to 1600 nm for use in optical communication. When garnet
single crystals with such large optical absorption are pro-
cessed to prepare an optical element such as Faraday rotator,
disadvantageously, the optical loss (insertion loss) in the
resulting optical element is elevated. So as to reduce the
optical loss of an optical element from which Pb has
preliminarily been removed almost completely, therefore, it
is necessary to reduce the optical absorption of garnet single
crystals grown with solvents containing Na.

[0019] Herein, a Faraday rotator was prepared by process-
ing a magnetic garnet single crystal [(BiGdYb),Fe;O,,]
grown with NaOH, Bi,0; and B,0O; as solvents by the LPE
process. The optical loss of the Faraday rotator against the
beam at a wavelength of 1.55 um was 3 dB. Another Faraday
rotator was prepared by processing a magnetic garnet single
crystal [(BiGdYb),Fe;0,,] grown with a solvent containing
Pb by the LPE process. The optical loss of the resulting
Faraday rotator against the beam at a wavelength of 1.55 um
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was 0.05 dB or less. It was now shown that the optical loss
of the Faraday rotator prepared by using the Na-containing
solvent was extremely high compared with the optical loss
of the Faraday rotator prepared by using the Pb-containing
solvent. The composition of the garnet single crystal pre-
pared by using the Na-containing solvent was examined by
X-ray fluorescence analysis. Na at about 100 to 300 ppm
was detected in the garnet single crystal. The cation (positive
ion) constituting the Bi-substituted rare-earth iron garnet is
essentially trivalent. When the Na cation of monovalence as
a stable valence number enters in a garnet single crystal, the
charge balance is deteriorated so that the resulting garnet
single crystal becomes a semiconductor. This indicates the
occurrence of optical absorption in the Na-containing garnet
single crystal.

[0020] In this mode, a garnet single crystal was grown in
a solvent containing Na, which was then thermally treated
under controls of the atmosphere. Specifically, a Bi-substi-
tuted rare-earth iron garnet single crystal was first grown on
a single crystal substrate by the LPE process, by using a
solvent containing Na, Bi and B. Subsequently, the single
crystal substrate was removed by polishing, to prepare a
garnet single crystal plate. Then, the garnet single crystal
plate was thermally treated in reducing atmosphere at a
relatively small oxygen content. Herein, the reducing atmo-
sphere was generated by using an inactive gas, a reducing
gas, or a mixture gas of an inactive gas with a reducing gas.
As the inactive gas, for example, nitrogen gas and argon gas
are used. As the reducing gas, for example, hydrogen gas
and carbon monooxide gas are used. The optical absorption
of the garnet single crystal plate thermally treated in the
reducing atmosphere was examined. The reduction of the
optical absorption was confirmed. Furthermore, the garnet
single crystal plate was processed to prepare a Faraday
rotator. The optical loss of the prepared Faraday rotator was
examined. Compared with a Faraday rotator from a garnet
single crystal without any thermal treatment in the reducing
atmosphere, the reduction of the optical loss thereof was
confirmed.

[0021] The reason why the optical absorption of the garnet
single crystal and the optical loss of the resulting Faraday
rotator were reduced in accordance with this mode was
investigated and studied. It is believed that the garnet single
crystal with contaminating Na through the growth in the
Na-containing solvent may be a semiconductor of the type
P in electron deficiency. In case that an oxide is a semicon-
ductor of the type P, the electron deficiency is resolved when
oxygen defects involving partial defects of oxygen atoms
occur, so that the oxide may be an insulant. In other words,
the garnet single crystal of the semiconductor of the type P
is thermally treated in the reducing atmosphere to trigger
oxygen defects, so that the garnet single crystal can be
prepared as an insulant. It is considered that the optical
absorption of the garnet single crystal and the optical loss of
the resulting Faraday rotator can be reduced by preparing the
garnet single crystal as an insulant in this mode.

[0022] Inthis mode as described above, an optical element
is produced by growing a garnet single crystal by for
example the LPE method by using a solution containing Na,
Bi and B, thermally treating the resulting garnet single
crystal in the reducing atmosphere and then using the
thermally treated garnet single crystal. In such manner, an
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optical element at less optical loss can be prepared, in which
Pb is preliminarily reduced or removed totally.

[0023] The process of producing an optical element in
accordance with the mode for carrying out the invention is
more specifically described below, using Examples and
Comparative Examples.

EXAMPLE 1

[0024] FIG. 1 depicts a part of the process of growing a
single crystal in the present Example. Gd,O;, Yb,Oj;, Fe,0;,
B,0;, Bi,0;, and NaOH were charged in a total weight of
2.3 kg in a crucible 4 made of gold (Au). The blended Fe
ratio was 15.5 mol %. The blended ratios of B, Bi and Na
were 7.0 mol %, 51.6 mol % and 25.4 mol %, respectively.
Herein, the term “blended ratio” to be used in the specifi-
cation represents the ratio of each element in molar number
occupying the total molar number of elements (Na, Bi, B,
Fe, rare-carth elements, and the like) becoming cations in a
solution charged in the crucible 4. The crucible 4 with the
materials charged therein was arranged in an electric fur-
nace. By melting and agitating the materials in the crucible
4 by raising the furnace temperature to 900° C., a homog-
enous melt (solution) 8 was generated. Arranging a
CaMgZr-substituted GGG (gadolinium gallium garnet)
[(GdCa),(GaMgZr);O,,] single crystal substrate 10 of a
2-inch diameter onto a fixing device 2, the substrate was
charged in a furnace. After the temperature of the melt 8 was
lowered down to 770° C., a single face of the substrate 10
was put in contact with the melt 8 to allow epitaxial growth
for 40 hours. Consequently, a single crystal film 12 of a film
thickness of 500 um was grown. The single crystal was
compositionally analyzed by X-ray fluorescence analysis.
The composition was Bi; ;oGd, ;0Ybg 50Fes 0005 Then,
the composition was examined in detail by the ICP (induc-
tively coupled plasma; high-frequency inductively coupled
plasma) analysis. It was shown that the chemical formula of
the resulting magnetic garnet single crystal was
(BiGdYb); 595Nag go2F€s 60001 2-

[0025] By removing the CaMgZr-substituted GGG single
crystal substrate 10 by polishing, a Bi-substituted rare-earth
iron garnet single crystal plate was obtained. Subsequently,
the single crystal plate was thermally treated in reducing
atmosphere with 100% nitrogen at 500° C. for 10 hours.
Additionally, the single crystal plate was subject to mirror
polishing so that the rotation angle thereof toward the beam
at a wavelength of 1.55 um might be 45 deg. Then, a
non-reflective film was formed on the polished two faces of
the resulting single crystal plate, to prepare a Faraday
rotator. 20 samples were taken out of the prepared Faraday
rotators to evaluate the optical loss against the beam at a
wavelength of 1.55 um. The optical loss of the Faraday
rotator was 0.04 to 0.06 dB. In this Example, a Faraday
rotator with no Pb content and with low optical loss as a
characteristic profile utilizable in optical devices was
obtained.

EXAMPLE 2

[0026] Gd,O,, Yb,0,, Fe,O;, B,O;, Bi,0,, and NaOH
were charged in a total weight of 2.3 kg in a crucible 4 made
of Au. The blended Fe ratio was 15.5 mol %. The blended
ratios of B, Bi and Na were 7.0 mol %, 51.6 mol % and 25.4
mol %, respectively. The crucible 4 with the materials
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charged therein was arranged in an electric furnace. By
melting and agitating the materials in the crucible 4 by
raising the furnace temperature to 900° C., a homogenous
melt 8 was generated. Arranging a CaMgZr-substituted
GGG single crystal substrate 10 of a 2-inch diameter onto a
fixing device 2, the substrate was charged in a furnace. After
the temperature of the melt 8 was lowered down to 770° C.,
a single face of the substrate 10 was put in contact with the
melt 8 to allow epitaxial growth for 40 hours. Consequently,
a single crystal film 12 of a film thickness of 500 um was
grown. The single crystal was compositionally analyzed by
X-ray fluorescence analysis. The composition was
Bi; 0Gd; 50Ybg soFes O,5. Then, the composition was
examined in detail by the ICP analysis. It was shown that the
chemical formula of the magnetic garnet single crystal was
(BiGdYb), 99sNag 002Fes.000012-

[0027] By removing the CaMgZr-substituted GGG single
crystal substrate 10 by polishing, then, a Bi-substituted
rare-earth iron garnet single crystal plate was obtained.
Subsequently, the single crystal plate was thermally treated
in reducing atmosphere with 95% nitrogen and 5% oxygen
(in volume ratio) at 650° C. for 20 hours. Additionally, the
single crystal plate was polished by wrapping so that the
rotation angle thereof toward the beam at a wavelength of
1.55 um might be 45 deg. Then, a non-reflective film was
formed on the polished two faces thereof, to prepare a
Faraday rotator. 20 samples were taken out of the prepared
Faraday rotators to evaluate the optical loss against the beam
at a wavelength of 1.55 um. The optical loss of the Faraday
rotator was 0.04 to 0.06 dB. In this Example, a Faraday
rotator with no Pb content and with low optical loss as a
characteristic profile utilizable in optical devices was
obtained.

EXAMPLE 3

[0028] Gd,O0,, Yb,0,, Fe,0;, B,O;, Bi,0,, and NaOH
were charged in a total weight of 2.3 kg in a crucible 4 made
of Au. The blended Fe ratio was 15.5 mol %. The blended
ratios of B, Bi and Na were 7.0 mol %, 51.6 mol % and 25.4
mol %, respectively. The crucible 4 with the materials
charged therein was arranged in an electric furnace. By
melting and agitating the materials in the crucible 4 by
raising the furnace temperature to 900° C., a homogenous
melt 8 was generated. Arranging a CaMgZr-substituted
GGG single crystal substrate 10 of a 2-inch diameter onto a
fixing device 2, the substrate was charged in a furnace. After
the temperature of the melt 8 was lowered down to 770° C.,
a single face of the substrate 10 was put in contact with the
melt 8 to allow epitaxial growth for 40 hours. Consequently,
a single crystal film 12 of a film thickness of 500 um was
grown. The single crystal was compositionally analyzed by
X-ray fluorescence analysis. The composition was
Bi; 0Gd; 50Ybg soFes O,5. Then, the composition was
examined in detail by the ICP analysis. It was shown that the
chemical formula of the magnetic garnet single crystal was
(BiGdYDb); 59sNag go2F€s 00001 2-

[0029] By subsequently removing the CaMgZr-substituted
GGG single crystal substrate 10 by polishing, a Bi-substi-
tuted rare-earth iron garnet single crystal plate was obtained.
Subsequently, the single crystal plate was thermally treated
in reducing atmosphere with 99.5% nitrogen and 0.5%
hydrogen (in volume ratio) at 500° C. for 6 hours. Addi-
tionally, the single crystal plate was polished by wrapping so
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that the rotation angle thereof toward the beam at a wave-
length of 1.55 pm might be 45 deg. Then, a non-reflective
film was formed on the polished two faces of the resulting
single crystal plate, to prepare a Faraday rotator. 20 samples
were taken out of the prepared Faraday rotators to evaluate
the optical loss against the beam at a wavelength of 1.55 um.
The optical loss of the Faraday rotator was 0.03 to 0.05 dB.
In this Example, a Faraday rotator with no Pb content and
with low optical loss as a characteristic profile utilizable in
optical devices was obtained.

COMPARATIVE EXAMPLE

[0030] Gd,O,, Yb,0;, Fe, 05, B,O,, Bi,O;, and NaOH
were charged in a total weight of 2.3 kg in a crucible 4 made
of Au. The blended Fe ratio was 15.5 mol %. The blended
ratios of B, Bi and Na were 7.0 mol %, 51.6 mol % and 25.4
mol %, respectively. The crucible 4 with the materials
charged therein was arranged in an electric furnace. By
melting and agitating the materials in the crucible 4 by
raising the furnace temperature to 900° C., a homogenous
melt 8 was generated. Arranging a CaMgZr-substituted
GGG single crystal substrate 10 of a 2-inch diameter onto a
fixing device 2, the substrate was charged in a furnace. After
the temperature of the melt 8 was lowered down to 770° C.,
a single face of the substrate 10 was put in contact with the
melt 8 to allow epitaxial growth for 40 hours. Consequently,
a single crystal film 12 of a film thickness of 500 um was
grown. The single crystal was compositionally analyzed by
X-ray fluorescence analysis. The composition was
Bi, 50Gd; 50Ybg 50Fes 00O;5. Then, the composition was
examined in detail by the ICP analysis. It was shown that the
chemical formula of the magnetic garnet single crystal was
(BiGdYb), 99sNag 002F€5.000012-

[0031] By subsequently removing the CaMgZr-substituted
GGG single crystal substrate 10 by polishing, a Bi-substi-
tuted rare-earth iron garnet single crystal plate was obtained.
Subsequently, the single crystal plate was polished by wrap-
ping so that the rotation angle thereof toward the beam at a
wavelength of 1.55 pm might be 45 deg. Then, a non-
reflective film was formed on the polished two faces thereof,
to prepare a Faraday rotator. 20 samples were taken out of
the prepared Faraday rotators to evaluate the optical loss
against the beam at a wavelength of 1.55 um. The optical
loss of the Faraday rotator was at such a large value as about
3 dB. In this Comparative Example, a Faraday rotator with
no Pb content was obtained, but the Faraday rotator was at
such high optical loss that the Faraday rotator absolutely
never had a characteristic profile utilizable in optical
devices.

Second Mode for Carrying out the Invention

[0032] In accordance with a second mode for carrying out
the invention, a method of producing an optical element is
described below, using FIG. 1 alike. In the first mode for
carrying out the invention, NaOH is used as a starting
material for Na. Because Na,CO; and NaHCO; are less
hygroscopic than NaOH, they are preferable as a starting
material for Na. Since a highly hygroscopic material is
weighed with frequent occurrence of an error, the error is a
cause of the variation of the Na ratio in a blend material.
When the Na ratio varies, for example, the growing tem-
perature, the growth rate of the garnet film and the Na
amount in garnet vary, which cause the occurrence of
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variations in the cracking level in the resulting grown garnet
film and in the optical absorption. Additionally, complex
oxides such as NaFeO,, NaBO,, Na,B,0,, and NaBiO; are
so less hygroscopic that these complex oxides are also
suitable as starting materials for Na. Herein, a vast amount
of gases such as CO, is generated from Na,CO;, by heating
and melting a material in blend with Na,COj;, so that the
material frequently blows out of the crucible. Therefore, the
starting materials for Na are more preferably NaOH,
NaHCO;, NaFeO,, NaBO,, Na,B,0,, and NaBiO,.

EXAMPLE 4

[0033] FIG. 1 depicts a part of the-process of growing a
single crystal in this Example. Gd,0;, Yb,0;, Fe, 05, B,O;,
Bi,0;, and Na,CO, were charged in a total weight of 2.3 kg
in a crucible 4 made of Au. The blended Fe ratio was 15.5
mol %. The blended ratios of B, Bi and Na were 7.0 mol %,
51.6 mol % and 25.4 mol %, respectively. The crucible 4
with the materials charged therein was arranged in an
electric furnace. By melting and agitating the materials in
the crucible 4 by raising the furnace temperature to 900° C.,
a homogenous melt 8 was generated. Arranging a CaMgZr-
substituted GGG single crystal substrate 10 of a 2-inch
diameter onto a fixing device 2, the substrate was charged in
a furnace. After the temperature of the melt 8 was lowered
down to 770° C., a single face of the substrate 10 was put in
contact with the melt 8 to allow epitaxial growth for 40
hours. Consequently, a single crystal film 12 of a film
thickness of 500 um was grown. The single crystal was
compositionally analyzed by X-ray fluorescence analysis.
The composition was Bi, ;oGd, 5o Ybg 50Fes 00O, Then,
the composition was examined in detail by the ICP analysis.
It was shown that the chemical formula of the magnetic
garnet single crystal was (BiGdYb), ¢osNag ggsFes 50005

[0034] By removing the CaMgZr-substituted GGG single
crystal substrate 10 by polishing, a Bi-substituted rare-earth
iron garnet single crystal plate was obtained. Subsequently,
the single crystal plate was thermally treated in reducing
atmosphere with 100% nitrogen at 500° C. for 10 hours.
Additionally, the single crystal plate was polished by wrap-
ping so that the rotation angle thereof toward the beam at a
wavelength of 1.55 pm might be 45 deg. Then, a non-
reflective film was formed on the polished two faces of the
resulting single crystal plate, to prepare a Faraday rotator. 20
samples were taken out of the prepared Faraday rotators to
evaluate the optical loss against the beam at a wavelength of
1.55 um. The optical loss of the Faraday rotator was 0.04 to
0.06 dB, which was a characteristic profile utilizable as a
Faraday rotator.

EXAMPLE 5

[0035] Gd,0,, Yb,0;, Fe,0;, B,0O,, Bi,0,, and NaHCO,
were charged in a total weight of 2.3 kg in a crucible 4 made
of Au. The blended Fe ratio was 15.5 mol %. The blended
ratios of B, Bi and Na were 7.0 mol %, 51.6 mol % and 25.4
mol %, respectively. The crucible 4 with the materials
charged therein was arranged in an electric furnace. By
melting and agitating the materials in the crucible 4 by
raising the furnace temperature to 900° C., a homogenous
melt 8 was generated. Arranging a CaMgZr-substituted
GGG single crystal substrate 10 of a 2-inch diameter onto a
fixing device 2, the substrate was charged in a furnace. After
the temperature of the melt 8 was lowered down to 770° C.,
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a single face of the substrate 10 was put in contact with the
melt 8 to allow epitaxial growth for 40 hours. Consequently,
a single crystal film 12 of a film thickness of 500 um was
grown. The single crystal was compositionally analyzed by
X-ray fluorescence analysis. The composition was
Bi, 50Gd; 50Ybg 50Fes 00O;5. Then, the composition was
examined in detail by the ICP analysis. It was shown that the
chemical formula of the magnetic garnet single crystal was
(BiGdYb); 595Nag go2F€s 60001 2-

[0036] By removing the CaMgZr-substituted GGG single
crystal substrate 10 by polishing, then, a Bi-substituted
rare-earth iron garnet single crystal plate was obtained.
Subsequently, the single crystal plate was thermally treated
in reducing atmosphere with 100% nitrogen at 500° C. for
10 hours. Additionally, the single crystal plate was polished
by wrapping so that the rotation angle thereof toward the
beam at a wavelength of 1.55 pm might be 45 deg. Then, a
non-reflective film was formed on the polished two faces of
the resulting single crystal plate, to prepare a Faraday
rotator. 20 samples were taken out of the prepared Faraday
rotators to evaluate the optical loss against the beam at a
wavelength of 1.55 um. The optical loss of the Faraday
rotator was 0.04 to 0.06 dB, which was a characteristic
profile utilizable as a Faraday rotator.

EXAMPLE 6

[0037] Gd,O;, Yb,0O,;, NaFeO,, NaBO,, Bi,O,, and
NaBiO, were charged in a total weight of 2.3 kg in a crucible
4 made of Au. The blended Fe ratio was 15.5 mol %. The
blended ratios of B, Bi and Na were 7.0 mol %, 51.6 mol %
and 25.4 mol %, respectively. The crucible 4 with the
materials charged therein was arranged in an electric fur-
nace. By melting and agitating the materials in the crucible
4 by raising the furnace temperature to 900° C., a homog-
enous melt 8 was generated. Arranging a CaMgZr-substi-
tuted GGG single crystal substrate 10 of a 2-inch diameter
onto a fixing device 2, the substrate was charged in a
furnace. After the temperature of the melt 8 was lowered
down to 770° C., a single face of the substrate 10 was put in
contact with the melt 8 to allow epitaxial growth for 40
hours. Consequently, a single crystal film 12 of a film
thickness of 500 um was grown. The single crystal was
compositionally analyzed by X-ray fluorescence analysis.
The composition was Bi, ;,Gd, ,oYb, s0F€s 00O;5. Then,
the composition was examined in detail by the ICP analysis.
It was shown that the chemical formula of the magnetic
garnet single crystal was (BiGdYb), 55N gosFes 00001 2-

[0038] By removing the CaMgZr-substituted GGG single
crystal substrate 10 by polishing, then, a Bi-substituted
rare-earth iron garnet single crystal plate was obtained.
Subsequently, the single crystal plate was thermally treated
in reducing atmosphere with 100% nitrogen at 500° C. for
10 hours. Additionally, the single crystal plate was polished
by wrapping so that the rotation angle thereof toward the
beam at a wavelength of 1.55 pm might be 45 deg. Then, a
non-reflective film was formed on the polished two faces of
the resulting single crystal plate, to prepare a Faraday
rotator. 20 samples were taken out of the prepared Faraday
rotators to evaluate the optical loss against the beam at a
wavelength of 1.55 um. The optical loss of the Faraday
rotator was 0.04 to 0.06 dB, which was a characteristic
profile utilizable as a Faraday rotator.
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What is claimed is:
1. A method of producing an optical element comprising:

growing a garnet single crystal by using a solution con-
taining Na, Bi and B,

thermally treating the garnet single crystal in reducing
atmosphere, and

preparing an optical element by using the thermally

treated garnet single crystal.

2. A method of producing an optical element according to
claim 1, where the reducing atmosphere is generated by
using an inactive gas and/or a reducing gas.

3. A method of producing an optical element according to
claim 2, where the inactive gas includes nitrogen gas.
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4. A method of producing an optical element according to
claim 2, where the reducing gas includes hydrogen gas.

5. A method of producing an optical element according to
claim 1, where the garnet single crystal contains Na.

6. A method of producing an optical element according to
claim 5, where the Na in the solution is obtained by melting
at least one of NaOH, Na,CO;, NaHCO,, NaFeO,, NaBO,,
Na,B,O,, and NaBiO,.

7. A method of producing an optical element according to
claim 5, where the Na in the solution is obtained by melting
at least one of NaOH, NaHCO,, NaFeO,, NaBO,, Na,B,0-,
and NaBiO,.



