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Abstract: As a new wide-bandgap semiconductor, S—Ga,0, has attracted a lot of attention in recent years. The bandgap of
B-Ga,0, is as large as 4. 7 €V, as a new type of ultra-wide bandgap semiconductor, it has the advantages of larger bandgap,
higher breakdown field, bigger Baliga FOM, shorter absorption edge and lower cost, compared to the third-generation semi-
conductors such as SiC and GaN. Therefore, 8—Ga,0; may become a preferred material for high voltage, high power, low
loss power devices, and deep UV optoelectronic devices. Furthermore, 8-Ga,0; single crystals could be grown by melt
methods with low cost and high growth speed which is beneficial for large-scale applications. In this paper, the main consid-
erations are focused on single crystal growth and technology optimizations. Besides, the crystal processing, properties charac-
terization, photodetectors, power devices are introduced and future developments are discussed.
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Fig. 1 Schematic diagram of EFG method!'”]
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Fig.2 B-Ga,0; crystals grown by EFG method 2’
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Fig.3 B—-Ga,0; crystals grown by Tamura 2!
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Table 1 Comparison of different crystal growth methods of

B-Ga,0, 012!

Methods  Crystalline quality ~ Crystal size  Conductivity control

CVT x « v

Flux x « y
Verneuil x « v

OFZ — x v

VB — _ v

“ v % _

EFG vV v v/
Note: “x” = not good; “—" —ordinary; “V"” —good
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Fig. 4 CCD images of growing B—Ga, 05 in EFG method! 7]
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Fig. 5 Condensate polycrystal around the as-grown crystal and dis-

turbed weighing signal of the growing crystal
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Fig. 6 Weight signal of the crystal under optimized atmosphere
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Fig. 7 The B-Ga, 05 crystals grown by EFG method under different tem-
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Fig. 10 Laue patterns of B—Ga, 05 single crystal 17!
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Fig. 11 Rocking curve of the (400) -faced B—Ga, 05 crystal grown by
EFG method
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Fig. 12 The epi-ready 8-Ga,0; wafers fabricated by exfoliation method!2*)
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Fig. 13 AFM image of exfoliated B—Ga,O5 crystal wafer!?*]
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Fig. 14 AFM image of (001 )-faced B - Ga,0; wafer polished by
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Fig. 17 The relationship of mid-IR transmission and electron concentra-

tions of B-Ga, 04?2
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Table 2 Basic properties of unintentionally doped B8-Ga, O, crystal

Properties a” b c”
Hardness/H 6.39 5.87 6.82
Density/ (g - em™) — 5.945 —
Thermal expansion i i 6
- i 4.70x10 5.45x10 5.35x10
coefficient/K
Specific heat
o o 0.47 —
/() -g - KT
Thermal diffusion
. , 5.23 9.76 6.26
coefficient/ (mm* « s7")
Thermal conductivity
. o 15.0 28.0 18.0
/(W-m™ - K)
Refractive index
1.9027 1.9405 1.9304
/(@632.8 nm)
Band gap/(eV) 4.70 4.55 4.70
Carrier density/(cm™) — 3.92x10'° —
Carrier mobility
s ol — 107 —
/(em® « V7' e s7h)
Electrical resistivity . 1.49 .

/(Q + cm)
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4B E Y30 f R4S (metal oxide semiconductor field
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Fig. 18  Application prospect of B-Ga, 03[21]
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Fig. 19 Development history of B-Ga, 05 power devices
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Fig. 21  Schematic diagram of the B~Ga, 05 single crystal MSM structure photodetector(a) , I=V curve of the photodetector(b)
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Fig. 22 Spectroscopic responsivity of the 8—Ga, 0; MSM structure photodetector(a) , time response of the 8~Ga, 0; MSM structure photodetec-

tor(b)

, enlarged of the current rise and decay process (c
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Fig. 23 Schematic of the Schottky barrier diode with Pt/B-Ga,0;/Ti (a) , cross-sectional high resolution transmission electron

microscope (HRTEM) image of the device (b) !
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