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Abstract: Solar-blind ultraviolet photodetectors have broad application prospects in the fields of national defense
and civilian use. The solar-blind ultraviolet photodetectors based on wide bandgap semiconductor materials are recog-
nized as new generation of ultraviolet detector with the characteristics of no expensive filter, low working voltage, all-
solid-state, small size, light weight, strong anti-interference ability, and wide operating temperature range. Among
these wide bandgap semiconductors, gallium containing oxides with Ga,0; as a typical representative have become re-
search hotspot in the field of microelectronics and optoelectronics because of their excellent electrical and optoelec-
tronic properties, especially their unique characteristics such as intrinsic solar-blind, high temperature resistance,
high pressure resistance and good chemical stability, which makes such materials show great potential in the field of
solar-blind ultraviolet photodetectors. In view of this, this article reviews the research progress in the past five years
of gallium-based oxide films such as Ga,0; with different crystal structures, gallate oxide, gallium aluminum (or tin,

indium) oxide and their solar blind ultraviolet detectors.
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Fig.1 (a)Schematics of the device fabrication process, including printing, 100 °C shaping, 350 ‘C baking, and 900 °C anneal-

ing. (b) AFM images and roughness of the printed films at the above three stages. (¢)The AFM profile of the 15 nm film

after 900 °C annealing. (d)Photograph and close-up view of the printed film array .
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(b) a-Ga,0,/1TO on sapphire
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Fig.2 XRD patterns of epitaxial Ga,0; films on c-Al,05 substrate (a) and on ITO substrate (b). The top-view SEM images of

Ga,0; films on ¢-Al,05 substrate(c) and on ITO substrate(d). (e)The cross-sectional SEM image of device™'.
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Fig.3 (a)Dependence of the carrier multiplication on the reverse bias of the B-Ga,03 SBPD under UV-C(254 nm) illumination.

(b) The simulated electric field distribution under the reverse bias of =40 V. (¢) Illustration of the carrier multiplication

process that occurs in the B-Ga,03 SBPD under UV illumination at high reverse bias. (d) D" vs. gain of this work com-

pared with other ever-reported PDs"*"
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sapphire stack with EDX spectra'®".
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Fig.5 Schematics of the photogenerated carriers/excitons spatial distribution (a) and the energy diagram (b) of the a-Ga,04/

PANI p-n heterojunction under the condition of thermal equilibrium with visible irradiation, respectively. (¢)—(d)Show

the case under DUV light irradiation *’.
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Fig.6 (a) Cross-sectional bright-field STEM image of &-Ga,0; film. tmmsdl,(b) and tmm>dp(c) in the £€-Ga,0; MSM thin-film

UV-Vis rejection ratio

photodetectors illustrating the critical role of the extra dark region in assisting carrier collection. (d) Radar plot summariz-

ing critical device metrics of the e-Ga,0; MSM pholodeteclorrm.
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Tab. 1 Comparison of performance of various gallium-based oxide thin film solar-blind UV photodetectors

R S5 H4 fIE/N - W /pA Wi B3 2 /(A - W) L TEa) /s FERRF s 2% 30Kk
B-Ga,0, MSM 15 0.08 1.3 0.313 0.026 [16]
B-Ga,0, MSM 10 37 2800 0.4 0.24 [17]
B-Ga,0, MSM 10 400 1.2 — — [24]
B-Ga,0, MSM 5 — 0.23 4.8x10™ 3.8x107 [28]
B-Ga,0, MSM 10 1.6 74.9 1. 63 0.38 [29]
B-Ga,0, Ff -1 1 0.001 0.2 0.2 [30]
B-Ga,0, EEEE S -40 — 12 000 — 0. 09 [31]
B-Ga,0, H Rk 0 — 0.076 2 1.2x107 2.12x10™* [32]
B-Ga,0, 5 4 -3 2 400 0.088 5 2.1 6.1 [55]
B-Ga,0, S as -15 ~1 12 0.56 0.095 [64]
B-Ga,0, 5 4l -10 560 0. 085 0.11 0.45 [65]
B-Ga,0, 54 -7 — 0.415 — — [66]
a-Ga,0, MSM 10 163 1.2 <10 <10 [67]
a-Ga,0, EEEE 0 — 1. 1x107™ 0. 84 0. 08 [68]
a-Ga,0, SR 0 — 8.2x107 3.6x107 1.76x10™ [69]
&-Ga,0, MSM 6 23.5 230 — 0.024 [70]
&-Ga,0, MSM 5 98.5 0.077 2 ~9 ~6 [71]
e-Ga,0, Ff 0 — 0.0155 0. 043 0.145 [72]
e-Ga,0, 54 20 0.12 0.38 0.323 0.171 [73]
&-Ga,0, MSM 20 1 1388 — 0.123 [74]
&-Ga,0, MSM 15 — 0.38 0.55 ~1 [75]
k-Ga,0, MSM 10 6.9 0.37 — 1.37x107° [76]

4k i Ga,0, MSM 15 170 8.9 1.5x107° ~8x107* [79]
Akl Ga,0, MSM 2 11000 43.99 6.14 2.32 [80]
10 9.43 1.34 1x107 1.5%107
A& Ga,0, MSM " ~ [81]
10 43.6 28 1x10 2.2x10
IE A Ga,0, MSM 5 0.3 733 <0. 001 0.018 [82]
4E i Ga,0, [EREE 0 — 2.3x107 0.24 — [83]
E & Ga,0, St B4 5 6 22.75 — — [85]
4k Ga,0, 57 U4 -40 1 000" 59 000 — — [86]
3k & Ga,0, 5 20 460 2.49 0. 147 0.343 [87]
ZnGa,0, H A 5 916 639 2.4 0.4 [88]
ZnGa,0, 5 4l 0 — 7.5x107 0.04 0. 04 [90]
ZnGa,0, S 4 -1 5.7 0.095 0.12 0.08 [91]
10 17 0.23 2x107° 4x107’
MgGa,0, MSM . . [93]
10 106 1.84 8x10 3x10
MgGa,0, MSM 10 0.96 0. 89 — 0.08 [94]
Sn Ga,_ 0, MSM 100 ~100 16 >4.1 >16.34 [95]
Sn Ga, 0, EELE -5 764 194 >2. 69 >0. 26 [96]
Al Ga, 0, [EEEE 0 — 0. 02 ~2x107 0. 01 [98]
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