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Fig. 2. XRD patterns at different annealing temperatures.

Kl 3(a) s T AR KR BERE Sy (311) U4
() 260 F A2 58 (FWHM) FIAT S04 A0 EE (7T
DL Hh Ui it 2 1R JCTRLBE i T e T i S BRI, 7
B JGRBEIRF] 800 °C ), 35 F f & 414 58 5
(B, e R SESHO07 I, v LUA S5 R KR E T
T, 2RI S AR = 800 °C BEAN Y 0.179° FAR(E )G
FRLR TS, T v BIG, ARER AR R RR, 45
raPEREAS. M Scherrer A

0.94\
D:
Bcost

A LIS B2 ol R (WLEL 3(b)) B, D R-F
b RS (nm) . A XG4 A B3 K (Cu,
0.15418 nm), BJ& 1§58 (rad). 0 "~ Braggfit 4
A (vad). THEAZE RS MR R BE A 1R GRFE 1Y
T RIS = S B B T 800 °C HEdhik

500 0.40
(a) —a— Intensity
—a— FWHM 414
10.35
£ 400 0.312
g 0.297
el 0.30
3 300
E 256
-t 40.25
=]
2
S L 179
= 200 0.227 .20
146 0.179
100 . . . L L 0.15
25 600 700 800 900
Annealing temperature/°C
&l 3

FWHM/()

F i S 49.0 nm. Z8 F, o] DA BE IR KR
FERITEE, A BRI ) 25 o B R A b, o
800 °C A b4k i i it Fe i, 900 °C FF i i I iR
A5 2%, 454 Feng 45 U RN Tien 4§ P 5C T KR
PIARIE AR, HEME B PO A I R AR 1) Bl
FIRJGRE R TH Sy, Wb kL2 AR RE A B
LA E, 15 AR ERHES A A, ST
JRE2 5T 2) TR UUR TR K 2 A5 R
MR TR B2 ) DL G B AL, AT
i A A s (BB 1S 22, RIS A o . 7
iR GRS T 800 °C i, HLEE 1 5 F FHbf, ik
VR 1) - 1 o RUST Bt o 1 KIRJRE T vy T 2 44
K, B KGR 800 °C LUG, MLEH 2 Bk EEA
%, 900 C AT SR RS R AR /)N

Kl 4 AR KGREE (600, 700, 800 F1 900 °C)
B 2 pm J A AFM 4k B{R DL K 305 AR RE
B (RMS) #& & EM%, o] LA H Rt 5 R KR R i 7
1o, A ) R TS R A R LR R B, 5
&l 3(b) HrBE A 1B SR BE Ty, P2 ok RO
FEAR L TR R SR N, 2R B S G R T R AR
AT LA 5 B SR ThHE TF-22 , I R T R i
B R ARG, LERE S RTETE U0 1/ NSOk 20
i FE B AR 121, 17 800 °C Y RMS B 57 % 38 K Ay 1%
B, 2546 & 4(c) AT LA PR T 7 R 2R TR B K
1) B IR AR R A

] 5(a) AN IR AL RE i i 2203 S R ]
%, AT LAE A AR S E AT OB IX A 75% LA
AR, P E R E GG ER, AR
an WS 7R TR B2 A1 IX ), HAH S T AR IR AR
i, IR JORE S WO e A BE RS IS RN

54T
49.0
48 %
g
£
) 42
g 36l 38.7
5
29.5
L 28.1
. 1}/%/31.4
25 600 700 800 900

Annealing temperature/°C

(a) AN TR]IE SR EE T fr) 2 0 S8 NG5 B I8 (b) AN [R]3R SR BE B4 ~F £ ok RO IR

Fig. 3. (a) Images of the half-peak width and peak intensity at different annealing temperatures; (b) images of average grain size at

different annealing temperatures.
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Fig. 4. AFM images of annealing temperatures of 600 C (a), 700 C (b), 800 °C (c) and 900 °C (d), and RMS roughness images (e)

of the four samples.
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Fig. 5. (a) Transmission spectra of Ga,O3 thin films at different annealing temperatures; (b) optical band gap images of thin films

at different annealing temperatures.
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Fig. 6. XPS survey spectra (a) and high-resolution Oy, spectra for the as-grown (b), in different annealing temperatures (c) of Ga,O3

film.
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Fig. 7. IV images and semi-logarithmic images of samples grown at room temperature (a) and annealed at 800 °C (b) in the dark un-
der 254 nm UV light source and under 5 V bias, the I-T image of 25 °C (c), 800 °C (d) and its bi-exponential fitting I-T images (e), (£).
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Table 1.

time parameters at 5 V bias.

I-T Bi-exponential fitted image response

Photodetector Ta/s  Tw/s  Ta/s  Tafs
25 C 0.93 0.93 0.45 0.49
800 C 0.19 0.48 0.64 0.72
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Fig. 8. Schematic diagram of the energy band of the gallium oxide MSM device when the light is turned on (a) and after the light is

turned off (b). Pathway 1 represents the generation (a) and recombination (b) of photogenerated carriers, and pathway 2 represents

oxygen vacancy defect trapping (a) and release (b) photogenerated electrons.
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Table 2. Summary table of detector parameters at —1.1 V bias.
Photodetector Iy /nA PDCR(Ly54/ Ijark) Ry/(A-W) EQE/% D*/Jones
25 °C 0.0262 136 5.54 x 104 0.2 4.21 x 101
800 C 0.677 1021.3 0.106 51.8 1.61 x 10%2
F 3 CYHTAMBEE MSM 45t HIR I a8 MRS BIL MR
Table 3.  Comparison of main performance parameters of current gallium oxide-based MSM photodetectors.
Photodetector Method I3/nA PDCR Roysy/(A-W) D*/Jones Ref.
Gay03/Al1,04 Sol-gel 0.125@15 V 673 0.04 4.6 x 101" [14]
Gay04/SiC Sputtering 7.6@10 V 383 2.6 1.6 x 10'? [17]
Gay03/Al,0;4 PLD 0.1@20 V 520 60 — [27]
N:Gay03/A1,0;4 Sputtering 0.01@10 V — 0.013 6.1 x 1010 [30]
Gay0;3/A1,0, MOCVD 0.17@10 V 4.53 9.4 0.17 x 102 [31]
Gay03/Al1,04 Sputtering 8.2 x 10°@10 V 3.58 x 10° 1.93 6.53 x 1013 [32]
Gay03/Quartz Sputtering 0.677@1.1 V 1021.3 0.106 1.61 x 10" This work
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Effects of annealing temperature on properties of gallium
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Abstract

In this work, gallium oxide (GayOs3) thin films are deposited on quartz substrates by radio frequency
magnetron sputtering at room temperature and annealed in argon atmosphere at different temperatures. The
influences of annealing temperatures in the argon atmosphere on crystal structure, transmittance, surface
morphology, and optical band gap of the samples are investigated in detail. It is found that the annealing
process can improve the crystalline quality of the film, but high-temperature annealing can also easily cause
oxygen elements in the film to escape from the film to form oxygen vacancies, which is evidenced by XPS test
results. To obtain the effect of the annealing process on the performance of gallium oxide thin film detector, the
metal-semiconductor-metal (MSM) photodetector based on the sample annealed at 800 °C, which is compared
with untreated sample operated at a reverse bias voltage of 1.1 V, can achieve excellent comprehensive photo-
detection properties for 254 nm ultraviolet light: the light-dark current ratio (Iysy/ljai), responsivity and
specific detectivity are as high as 1021.3, 0.106 A/W and 1.61 x 10'2 Jones, respectively, which are 7.5, 195 and
38.3 times those of the unannealed sample device. And the external quantum efficiency is improved by 51.6%.
The rise time of sample detector (0.19/0.48 s) annealed at 800 C decreases compared with that of the
unannealed sample (0.93/0.93 s), and the descent time of 800 °C detector (0.64/0.72 s)increases compared with
that of the unannealed sample (0.45/0.49 s), respectively. By comparing the parameters with those of other
current gallium oxide-based MSM photodetectors, it is found that the detector parameters of this work have
some gaps compared with the current optimal parameters, which is attributed to the fact that the quartz
substrate is selected for this work and not the sapphire substrate that is better matching with gallium oxide,
resulting in the poor quality of the film compared with that of the sample on the sapphire substrate, and in this
work, the photodetector has the high light-dark current ratio (PDCR) and detection rate (D"). In the end, the
mechanism of increasing oxygen vacancies after being annealed, which leads to the improvement of detector

performance parameters, is analyzed in detail.
Keywords: gallium oxide, RF magnetron sputtering, post-annealing temperature, solar-blind photodetector
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