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Abstract: As an emerging ultrawide bandgap semiconductor, gallium oxide has great application potential in power elec-
tronic devices, solar-blind ultraviolet detectors and gas detectors, which has the advantages of wide bandgap, high break-
down voltage, high Baliga’s figure of merit and good thermal stability. Firstly, the advantages of gallium oxide over other
semiconductor materials are summarized, and the physical properties of different crystalline phases (o, B8, v, 8, &, k) of
gallium oxide and their corresponding potential application directions are introduced. Secondly, the research status of n-type
doping of gallium oxide is discussed in detail, including intrinsic defects, doping mechanism and transport modulation of Si,
Ge, Sn and other high-valence dopants. Finally, current main problems of gallium oxide are discussed, including the diffi-
culty of p-type doping and low intrinsic thermal conductivity, and the development forground of gallium oxide in the future is
prospected.
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Fig. 1 Radar chart of main performance comparison between Ga, 05, Si, SiC and GaN (a) ') ; comparison of the relationship between
breakdown voltage and on-resistance of main semiconductor materials (b)[?
F1 BMESEMBE B-Ca,0, TEMEIHRLL! )
Table 1 Comparison of main performance indexes of various semiconductor materials and B-Ga203[“ 3]
Materials parameters Si GaAs 4H-SiC GaN Diamond B-Ga, 0,4
Bandgap (Eg)/eV 1.1 1.43 3.25 3.4 5.5 4.85
Breakdown field (E.)/(MV cem™) 0.3 0.4 2.5 3.3 10 8
Dielectric constant (&) 11.8 12.9 9.7 9 5.5 10
Mobility (,u,)/(cmz Vs 1480 8400 1000 1250 2000 300
Thermal conductivity (A)/(W »em™ -K™") 1.5 0.5 4.9 2.3 20 0.1~0.3
Baliga’s figure of merit 1 15 340 870 24 664 2870

2 FHUHERBSHERAR

1952 4, Roy %' 7£ Al,0,-Ga,0,-H,0 #F-#5k %
IR RARIE T Ga,0,, K IAE AL O, Il Ga,0, Ui
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mist-CVD) & 43F % #ME ( molecular beam epitaxy, MBE)
i
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Fig. 2 Schematic diagram of crystal structure of different Ga, O phases[

3,7, 11,13, 14, 21, 24, 25]

;E 2 Ga203 %W?ﬁ*ﬁi%%&“’ 7, 11, 13, 14, 21, 24, 25]

Table 2 Main parameters of Lattice structure of different Ga,0, phases'*

7,11, 13, 14, 21, 24, 25]

Polymorph System Space group Bandgap Lattice constant
_ a=b=4.98~5.04 A, ¢c=13.4~13.6 A
H, 1 -5. ) ,
et exagonal R3¢ 5.3 eV a=B=90°, y=120°
8 Vonoelini oy 48 ev a=12.12~12.34 A, b=3.03~3.04 A, ¢=5.80~5.87 A,
onoclinic m . e a=ﬁ=90°, y=103 80
_ =b=¢=8.24~8.30 A
L% Isometric Fd3m — “ c=8 8.30 4,
a=B=y=90°
=b=¢=9.4~10.0 A
) Isometric la3 ~5.3eV @ occ=B=y=90° ’
=5.06~5.12 A, b=8.69~8.79 A, ¢=9.3~9.4 A
& Hexagonal P63me ~4.9 eV “ O’L=B=90°, Y= 1200’ ¢ ’
. Orthorhombi Prad 19250V a=12.12~12.34 A, b=3.03~3.04 A, ¢=5.80~5.87 A,
orhombic 1 .9~5.0e

a=B=90°, y=103. 8°
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Fig. 3 Preparation methods of B-Ga, O single crystal and thin films (a) ; schematic diagram of the number of articles published on differ-

ent Ga,0; dopants by June 2022 indexed from the google scholar database, in which p-type doped elements are represented by red

rectangular column (b) , keywords: intitle;: (“element” AND “doped” AND *“gallium oxide” OR “Ga,05”)
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Fig. 4 The relationship between the formation energy of oxygen vacancy (a) and hydrogen impurity (b) in B-Ga,05 and Fermi

energy level, where I, II and III represent three sites of O respectively
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Table 3 lon radius data of main n-type dopants
Elements Valence R,/A Rs/A

Ga +3 47 62

Si +4 26 40

Ge +4 39 53

Sn +4 55 69

Nb +5 48 64

Ta +5 — 64

w +5 — 62

\ +5 35.5 54

Note: R4 and R6 represent the ionic radii of fourfold and sixfold co-

ordination of elements respectively.
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Fig. 5 Conductivity of B8-Ga, 05 as a function of Si doping concentration (a) (7] ;

SiCl, partial pressure in Si doped B-Ga, O prepared by halide vapor phase epitaxy method (b) (28]
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temperature of 3-Ga, 05 with different Si doping concentrations, and the serial numbers (1) ~ (4) indicate that the Si doping concentra-

tion increases in turn (c¢) ¥ relationship between Sn doping 8-Ga, 05 concentration and resistivity (d) L42]
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F4 MUEREPIIBE Ga,0, BENFREEHHENDLE
Table 4 Transport property summary of doped Ga, O, crystals or films in pervious report
Dopants/phases Substrate Dptgt C/” J szM_“}jfify_ o Method

Sn/B-Ga, 0, — NR 5.95x10" 51 EFGI*!
Sn/B-Ga, 0, — (0.05~0. 1) mol% (0.5~5)x10'" 60 VB!
Sn/B-Ga, 0, — NR (0.3~1)x10" 35~52 cz
Sn/B-Ga, 0, — NR 1.15x10"8(RT) 82.9 (RT) FZ1
Sn/B-Ga, 0, B-Ga, 0, (0~12) mol% 9.54x10'(RT) 12.03 (RT) MocvDp!#!
Sn/a-Ga, 0, C-Sapphire NR 10 ~10" <1 Mist-CVDL#7!
Si/B-Ga, 0, — NR 10"~ 10" 100 OFz!"
Si/B-Ga, 0, — NR 4.9x10"(RT) 93 (RT) EFGH*
Si/B-Ga, 0 B-Ga, 0, 3x10% em™® 2.24x10°(RT) 64.5 (RT) PLD !

Si/(010)B-Ga, 054 B-Ga, 04 2.4x10" em™ 1.2x10'®(RT) 72 (RT) LPCVD!!

Si/(001)B-Ga, 0, B-Ga, 04 9.6x10"7 em™ 9.5%10"7(RT) 42 (RT) LPCVD!
Si/y-Ga, 0,4 MgAl, 0, 10% ¢m™? 1.8x10"(RT) 1.6 (RT) pLDMY
Si/B-Ga, 0, B-Ga, 0, 10" ~ 10" em™3 10'°( RT) 150 (RT) HVPE!®!
Ge/Ga, 0, B-Ga, 0, NR ~2x10' ~3x10% 140~38 MOCVD!®]
Ge/B-Ga, 05 B-Ga, 0, NR 1.6x10% 97 PAMBE!?
Ge/Ga, 0, C-Sapphire NR (0.2~3)x10'8(RT) 20~35 (RT) LPCVD!®!

Note: NR(not reference) ,RT(room temperature ) , FZ ( floating zone ) , LPCVD (low pressure chemical vapor deposition) , PAMBE ( plasma-assisted

molecular beam epitaxy) .
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Sn0, AiAk e Sn*JRAE T 5 O JFF /TR BC AL I AL
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R
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FACF AR DAL L, BRAZ SN, Bavib =TI
ARG, 7E Gogova SUDTIRE R Si By B-Ga,0, F£ i
i, W 6a~6d s, ME S F U (transmission
electron microscope, TEM) 4145 (19 B 37 K &5 43 HE IR R op
ATLVE N, RIBIR B-Ga,0, M6k FE 25 I AE 518 4k L
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— DA, DURAECH S, BRm IR, dEm
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