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High-quality Indium-doped Gallium Oxide Single Crystal
Growth by Floating Zone M ethod

LI Xianke, ZHANG Chaoyi, HUANG Lin, SUN Peng, LIU Bo, XU Jun, TANG Huili

(MOE Key Laboratory of Advanced Micro-Structured Materials, School of Physics Science and Engineering, Tongji University,
Shanghai 200092, China)

Abstract: f-Ga,0; is a novel wide bandgap semiconductor material with excellent performance, which has great
potential applications in high power electronic devices and deep ultraviolet detectors. By doping with In’" ions, the
bandgap and optical properties of f-Ga,0; can be adjusted, further expanding its application range. In this study,
F-Ga,05:9%In and f-Ga,05:15%In single crystals are prepared using high-purity Ga,0O; and In,0; as raw materials
by the optical floating zone method. When the growth rate is 5 mm/h, the crystals exhibit a phenomenon of
transparency loss. Observation under an optical microscope reveals the presence of numerous bubble defects in the
crystals, which mainly appearing strip-like and spherical shape. Length of the strip-like bubbles ranges from 50 to
200 pm and extends along the [010] crystal direction. Observation under a scanning electron microscope reveals

uniform elemental distribution around the bubbles, with no evidence of impurity element accumulation. These
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findings suggest that the formation of defects is related to the high-temperature decomposition of In,O;, where the

generated gas is not timely discharged, entering the crystal interior with the crystallization of the melt to form

bubbles. After optimizing the crystal growth process, the problem of opacity caused by bubble defects is effectively

resolved, resulting in transparent $-Ga,0;:9%In single crystal with a full width at half maximum of the rocking

curve as low as 44 arcsec and significantly improved crystalline quality. This study provides a solution for growing

high-quality f-Ga,0;:In bulk single crystal, laying a foundation for a deeper understanding of its optoelectronic

properties.

K ey words: indium-doped gallium oxide; optical floating zone method; crystal growth; bubble defect
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Fig. 1 Images of as-grown f-Ga,0;:In crystals
(a) Opaque $-Ga,05:9%]In; (b) Transparent f-Ga,03:9%ln; (c) Transparent f-Ga,05:15%In
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Fig. 2 XRD patterns of f-Ga,0s:In crystal powders

(a) XRD patterns in the range of 26=10°-90°; (b) XRD diffraction peak
of (400) crystal surface at 26=30.095°
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Fig. 3  Optical microscope morphologies of bubble defects in
opaque $-Ga,03:9%In

(a) Long strip bubble; (b) Short strip bubble; (c) Spherical bubble;
(d) Short strip bubble
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Fig. 4 SEM image, EDS pattern and corresponding elemental mappings of the opaque f-Ga,0;:9%In crystal
(a) SEM image; (b) EDS pattern and elemental contents; (c-e) Elemental mappings of (c¢) Ga, (d) O and (e) In
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Fig. 5 Transparent f-Ga,03:9%In crystal morphology under
optical microscope
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Fig. 6 SEM image, EDS pattern and corresponding elemental mappings of transparent 5-Ga,0;:9%In crystal
(a) SEM image; (b) EDS pattern and elemental contents; (c-e) Elemental mappings of (c¢) Ga, (d) O and (e) In
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Tablel |CP-AEStesting of transparent f-Ga,05:9%In and f-Ga,03:15%In crystals (%, in mass)
Element P-Ga,05:9%In F-Gay05:15%In
In 1.76 1.87
Si 0.01 0.03
Al 0.01 0.01
Fe 0.01 0
Mg 0.02 0.02
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Fig. 7 Absorption spectra and optical bandgaps of UID S-Ga,03 and f-Ga,05:In crystals
(a) Absorption spectra of UID f-Ga,0;, opaque f-Ga,03:9%]In, transparent -Ga,0;:9%In and transparent 5-Ga,0;:15%In crystals;
(b) Optical bandgap fitting of UID f-Ga,0s, transparent 5-Ga,03:9%In and transparent f-Ga,05:15%In crystals
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Fig. 8 Rocking curves of (a) opaque f-Ga,0;:9%In and (b) transparent f-Ga,0;3:9%In crystals
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