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Fig. 1. (a) XRD pattern, (b) SEM image, (c) EDS pattern, (d) XPS energy spectrum, (¢) Ga 2p spectrum, (f) AFM pattern, (g) op-

tical absorption curve of GayOs thin film. The inset in panel (g) shows the curve of (ozhl/)2 versus hv for the determination of the

optical band gap of Ga,O3 thin film.
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Fig. 2. (a) Physical photograph of Ga,Oj thin film-based photodetector; (b) schematic of the structure of the cantilevered thin film

chip; (c¢) the SEM image of interdigital electrodes in the red box in panel (b); (d) the detailed schematic structure of interdigital

electrodes in the red box in panel (b).
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Table 1.  Comparison of photoresponse parameters of MSM type photodetectors based on Ga,O3 thin film.
R FIReS fRJE/V BEHLF/mMA  PDCR  R/(AW?1) D'/Jones EQE/% /s Ta/s Ref.
MOCVD , Bi% 14 10 0.17 3.5 x 103 9.4 1.17 x 1012 4.6 x 10 27 3.93 (28]
BFUIE 2T 10 0.0287 953 0.13 — —  2.96/34.17 1.94/32.64  [38]
Wl EOCTIRL REE IS 15 12.4 — 29.08 216 x 101 1.4 x 10* 0.41/0.52 1.06/1.68 [33]
P SARSME ) " s .
BRI T 2. 10 10 7x 10" 1.12 x 10" 3.79 x 10 [39]
MOCVD ., iz sft 5 <10®  11x10°  0.046 34x10% 224 0.96 0.19 [40]
MOCVD  JEZIAE TS 10 1.9x 103 897 x 107  634.15 593 x 10" 3.1 x 10° — — [41]
MEMST.Z | R 5t 18 1.3 130 0.364  7.9x 10 1779 1.22 0.24  This work
0.20 0.20 0.18 — 1
015 _(a) — Dark 0.18 F(b) — 254 nm on 0.16 2.08 mW /cm?
: —— 254 nm 0.16 —— 365 nm 0.14 —_—
0.10 F 0.14 ’ 1.55 mW/cm?
< < < 0.12 —
é« 0.05 g 8}3 § 0.10 Bl mW /cm?
S 0 S 0.08 g 0.08 878 yW/cm?
5 —0.05F 3 = 0.06 For ;
5 5 0.06 6 0.04 525.7 pW /cm?
—0.10} 0.04
0.02 L 0.02 L
—0.15 0 0
—0.20 1 1 1 1 1 1 1 |Off 1 1 1 1 1 1 1
T218 —12 -6 0 6 12 18 0 20 40 60 80 100 0 20 40 60 80 100
Voltage/V Time/s Time/s
0.18 0.18 0.20 - —
(d) @ Photocurrent Lo 0.16 _(e) (f) Power density: 2.08 mW /cm?, bias: 18 V.
< 0.16 | — - Fitting curve - 4 014k cnnnn r __________________ 015 l
< 0a4f 2 ER § ri=024s 5 ||
2 .7 = 010} It = 0.10
2 o012} P . 5 o.08f g |
] . o PO-T5 g g
1) photo 5 0.06F = |
ks . O m=122s O 0.05
< 0.10 ’ 0.04 |
a 23 0.02 i |
7’ R S I [T - Y 0
008 1o . . . . . 0 femm—— . S . . . . .
600 900 1200 1500 1800 2100 25 30 35 40 45 0 200 400 600 800 1000 1200
Intensity /(pW-cm?) Time/s Time/s
KBl 3 GayOz HFEEM&E  (a) 76 SART AN 254 nm G Y FVIITZR; (b) 254 nm 1 365 nm YR s ma Rz th£k; (c) 75 18 V 1w

JETF AN B B2 9 sl A5 B2 2 (d) Db B S OBIR I E &R

(e) bFt/TFRERLR; (f) HT A~ AE 5 b 45

Fig. 3. GayOj3 thin film detector: (a) IV curves of the photodetector in the dark and under 254 nm illumination; (b) ¢ curves oper-

ated at 254 nm and 365 nm illumination (2.08 mW/cm?); (c) ¢ curves of the photodetector under different light intensities of

254 nm with a bias voltage of 18 V; (d) photocurrent versus light intensity; (e) rise/decay curves; (f) over tens of operation cycles.
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Abstract

The performance of gallium oxide (GayO3) thin film detector based on metal-semiconductor-metal (MSM)
is highly dependent on the uniformity of the GayOs thin film, and the manufacturing process is quite
sophisticated, which poses a challenge for the scale-up and mass production of thin film photodetectors. In this
work, an MSM Ga,O; thin film solar-blind photodetector with five-finger interdigital electrodes is fabricated by
physically depositing GayO5 thin film on the surface of a mass-produced cantilevered thin film chip. Through
the microelectromechanical system (MEMS) process, the cantilever electrode structure is prepared, which
protects the internal circuit and the integrity of the thin film. The GayO4 thin film treated by argon plasma at a
low temperature is amorphous, but the photodetector still possesses considerable ultraviolet detection
performance. At a bias voltage of 18 V, it approaches the detection performance of crystalline Ga,O3 thin film,
with a detectivity of 7.9x10'° Jones, an external quantum efficiency of 1779%, rise time and decay time of
1.22 s and 0.24 s, respectively. Moreover, a system of arc detection is built in outdoor environments. Without
any optical focusing system, this photodetector achieves sensitive detection of pulsed arc in an outdoor sunlight
environments. For pulsed arcs with an output voltage of 100 kV, the photodetector is capable of sensitive
detection at a distance of 25 cm. Besides, the maximum detection distance of 155 c¢m indicates that the
photodetector will have a favorable potential application value in the field of solar-blind detection. This work
develops a sensitive functional thin film deposition technology based on the cantilever electrode structure
fabricated by the MEMS process, which avoids the influence of the large-area uniformity of the functional thin
film on the etching circuit. It provides a new technical approach and process route for preparing MSM

photodetectors.
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