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Abstract: Gallium oxide (Ga,0;) has the advantages of high absorption efficiency for low-energy X-rays, high
operating electric field, low dark current and high physicochemical stability, and is one of the important candi-
date materials for direct-conversion X-ray detectors. This paper reviews the progress of X-ray detection charac-
teristics of Ga,03 and its device research from the perspectives of material, device structure, photoelectric con-
version mechanism, and device applications. At present, the X-ray detectors using amorphous Ga,0; thin
films, polycrystalline (including microcrystalline and nanocrystalline) Ga,0; thin films, highly oriented epitaxi-
al single-crystal Ga,0; thin films, single-crystal Ga,0; bulks, and single-crystal Ga,0; microwires have been
fabricated and their detection performances have been studied. The device structures employed include metal-
semiconductor-metal (MSM) , Schottky junctions, heterojunctions, and vacuum structures. Various photoelec-
tric conversion mechanisms, such as photoconductive gain, avalanche gain, and electron bombardment induced
photoconductivity effect, have been proposed. In terms of device applications, the applications of Ga,0; X-ray
detectors in X-ray dosimeters, X-ray imaging, and wearable X-ray sensors have been displayed. Based on the
above research progress, this paper further looks forward to the future development direction of Ga,05 based X-

ray detectors.
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Fig.1

Basic properties of gallium oxide photoconductive materials. (a) Transformation relationships among different crystal phases

of gallium oxide. (b) Crystal structure of B-Ga,05. (¢) Absorption coefficients of various photoconductive materials. (d)Rela-

tionship between the detection sensitivity of gallium oxide and X-ray energy (the inset shows the corresponding sensitivity

as a function of electric field)"*'"***
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Tab. 1 Typical Schubweg values of various photoconductive materials

b IR BRMTFITEEREMER/(cm®- V") TAEfEIZ/(Vepum™) Schubwegﬁ/mm

Ga,0, ~10™ 1~100 10~10°

a-Se 3x107~107° 10 0.3~10

CdTe 2x107 0.25 5

Hgl, 10°~107" 0.5 0.5~5

Pbl, 7%107 0.5 3.5%107

PbhO 5%107 1.0 5%107

CH,NH,PbI, ~107 0.25 2.5

F2 AUEXHERNF[IFELLE
Tab.2 Comparison of properties of gallium oxide X-ray detectors
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2 B Py, X SR fght/ H%%m{/ iﬁiﬁf;/ 7 ﬁ{ﬂﬂm[{E/ i iy s 1]/ B
kv (pA-mm?) (uC-Gy,"*em?) (uGy,-s™) ms

Ga,0, HifiE MSM WA AR 20~70 ~57 1. 6x10° ~100 >1000  [46]
Ga,0, W MSM WIS AR 40 2.2x10° 6.77 <1.4x10° 1800 [73]
Ga,0, I MSM e+ I | E 40 3 1.6x10°mV -Gy = = [49]
Ga,0, Wi % MSM TR AR 80 20 2.78 5. 8x10° <35 [74]
Ga,0, Wi i MSM MOCVD B A ME P, 60 = 3.7x10° 1. 5x10" >1000  [47]
Ga,0, Wi it MSM MOCVD iU ME R, 60 5x10° 1.2x10° <1.5x10° 200 [48]
Ga,0, Wi it MSM MOCVD gl MER 0.3 ~5x10° 3x10°A- W' — 40 [95]
Ga,0, Wi MSM MOCVD RIS ME R, 30 2.4x10° 1.9x10° 42 37 [83]
Ga,0, oKk MSM CVD L 4~32 2nA 1.6x10°A- W — 2.2x10°  [96]
Ga,0, ok 2k MSM CVD iy 60 70 pA 5.9x10° 6.7x10” 0.16 [88]
Ga,0,(Fe) Heff MSM EFG L 30 9.6 23.2nC-Gy," — <20 [97]
Ga203( Fe) B ik MSM EFG JL 45 ~1.0 Unknow Unkown <300 [50]
Ga,0,(Mg)Hefhk  MsM ¥Z i 16 31 338.9 <69.5 <200 [98]
Ga,0,(ADH{A MSM FZ B 50 11 851.6 9.8 <20 [99]
Ga,0,(Fe) ek MSM ¥Z L 50 18 75.3 <831 200 [100]
Ga,0, ik HFRSEEE  EFG L 30 4x10° ~1.4x10° ~3.8x10° 1400  [75]
Ga,0,Hefk EESE = e B 50 100 4.3x10° 8.3x10°” 250 [51]
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Ga,0/NiO SRS TR GOk 6~50 5.2x10° 3.4x10* 42 2.2 [77]
Ga,O/NIOS# it 5% EFG iy 30 204 0.2 8x10° <20 [78]
Ga,O/NiO % R4 EFG L 30 ~1x10° ~750 1.9x10° 2.9x10°  [101]
Ga,0/FAPh SRl Sefotdli  WTHERE 9K 80 5 1.3x 10° 230 20 [102]
Ga,0,(Fe) ek HZESTHE EFG LA 6~50 1. 6x10° 1.3x 10° 280 40 [79]
Ga,0, A5 WA BFREER K 6~50 50 7. 1x10° — 5.3 [80]
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Fig.2 Categories of materials for gallium oxide X-ray detectors. (a)—(b) Amorphous or polycrystalline gallium oxide thin-film X-ray

detectors. (¢)—(d) Highly oriented single-crystal gallium oxide thin-film X-ray detectors. (e)—(f) Single-crystal gallium

oxide bulk X-ray detectors. (g)—(h)Single-crystal gallium oxide microwire X-ray detectors'
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Fig.3 Device structures of gallium oxide X-ray detectors. (a) MSM structure. (b) Schottky structure. (¢) Heterojunction struc-
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