) 32 2 3R Acta Phys. Sin. Vol. 72, No. 3 (2023) 038501

B TR A g i dER R REE
HE 2 5MET =S

%Ry

R A

RN

HAED mF AR

1) (e TR0 2B, bt AP 5 ek R HoR TR O, WIES BRI, Jb 100081)
2) (EREAT B ARAFRAR, EK  400714)

(2022 4F 7 H 22 HULE]; 2022 4F 11 H 18 B HR)

AR, Ga B SRR R LB AR B R R AMRM G A N A SR T Tz . AR TR L& T
Ak SR AL I SR S A GIR Iy ZURR AR T B A% ) 25 TR, I LA o 8 0k 18 1 A8 Ak A5 IR 3 1, 42
F T AARE R SR G 1 M E . 25 SR B 2P AR A B RS A ) A T BE 9 % 300 °C, A B SRR MR AR
Hy il & . HUTARER IR IR BETE 3—5 nm B, AIERA M3 5) . HARN 2—3 nm YRR RN, 2840 1) A 10 B IR
FEI 0 T 06 R e SR RE AT HE BRI 7E 254 nm OYGIR T, B oROGIE HL I LL T3 2.55x 104, 152 A B
B LY Lsy wn/ Tags nm 9 2.2 10% S A (0 448000 25 w7 B85 R HR 2243 551024 0.771 A/W 1 1.13% 10" Jones, 4 Lt
TR AN 1 1) AR AR B 2 AR R AR T 24 34 £ AN 36 5. SR, SEANK BURL A Ao 23 | AFR A BRI S, 3L

SR A BTG L RN 45 M) 57T 2R P 1] ) 8K

KA AR, BESIMEN, BOR0E, RaRBTR

PACS: 85.60.Gz, 85.30.-z, 73.61.-r, 82.80.-d

1 3

12k A A BH % 200—280 nm 22N BER
PR RAJZ SE R, TR AR T B ER R
IR BRI, MR A HERME. HE
LA A5 2 ' L PRI U — A H A 735, K
RN | R s RN | 5 i ] A5 R 4 S U AR
A R HT U3 — Bk, i TR AR TR A
MR B SEZ, il % H SR 48 ZORIBO LR
R BT R, DASEE0 X K 1 2241
Wi 7 P A, A T S T IS MIE Y e, LA
TH BRI A BOGIGE M B A1, BEGS AT R0 15 2405
A, Pitas PR, H AR A SE85 2 S AR A
AR W IR (A1GaN)P) LR (GayO3)l

-

*ER HRBIERESE (EES 61874009) B BhAYIRAL.
t BIEVEE. E-mail: znyu@bit.edu.cn
©2023 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.72.20221476

FEALEEE (MgZnO)l. Hih Ga,O, HBREIA 4.7—
4.9 eV, XTI /NT 280 nm I K B AMG, K a] I
YA EW S HE L R, FRHE B R ifbeiia e
PEFIREREE, HIOR E 2m6 &l &, gl
e H B MR ER B AR

H AT, GayO4 Bl £ 5 TR 5 B 25 ] 45 7 1%,
W ST B, 4 8 A ML 2= SR DT ) 2+
FRAIE A A 10 Bk TR () 25T R
#% GayO3 MITCT H2s I EE, ATSE GayOy W)
RSAS %, B2 FCBRm 4. GayO3 F 1L
ol &5 it bR 2 280 H i 3 2 0 BIF 5T T R L S8 -
GayOg BT =101 H Bl 2 P2 1R 1 & SR 7 SR A
Wrs i, B GayOs R HIE AR . AR S5
P H ™ .

J T SEELE T RE Ga,Of BRI 8 45, ARy

http://wulixb.iphy.ac.cn

038501-1


http://doi.org/10.7498/aps.72.20221476
mailto:znyu@bit.edu.cn
mailto:znyu@bit.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 3 (2023) 038501

MO TR . 2016 4F, Liu 48 1 R4 F R Ah
MEIEFE R R AMIK EAER T GayOg HiE, i@t 5]
A A FIZE R Z 22T T 3-GayO5 45 i
[, ARG T 10 FDEREFRIREL. 2017 4, Alema S5 01S)
T4 EAILFESMUURR Zn 848 Ga,04 1
WEHEAT T HF5E, FTA5 ZnGaO 00 %8 B ' 0 17 41 4]
F Rogo mm/ Rs20 nm 35 5 X 10% 2019 4, Wang %5 [19]
il T —Fa L VLIRS 8-Gay05 /PEDOT:PSS
SERL BRI EIH] L Ross o/ Roso am N 105, J5)
Sl 3R A B ARSI R — P R 8 3 SR R D A DU
PERBIY 7. FFE 3R, AR A b = A SRR A 1A
P, 5 FH (AR e il 5 B EL AT R 48 %o {1 1Y) 7 S5
T, AR/ IE B GRS, PRI 5 4 2 Jal A X el
BRI R 20 (HE 4 (Aw)PY AR (Ag)l?Y 45514
J& 7= A R P RS FR R ZAE T IOEIX, 5 GayOs
AHEVCHEL. 2016 4F, An 25 23 58 52 1 55 4 9 K 0k /
B-Gay05 A WA, WAL RIS Z97E 510 nm i
A Wi, 1A R T A gk R A 1
T 45 B PR TOT. 53R, 7F 254 nm+532 nm
JEET, AR IR/ 5-GayOs B IR % (16 1
N FRATE 2 TAE 254 nm JERER A G R K. M4 )8
B (AL) TEERIMEIX A 242 RTUHFEME GayO4
H T SOMAIES, LA THR IR 0 o7 454

PR, AR SR A WA 48 T 3R i GagyOs T
JEE, ik 58 AR K 7 SRR T A IR, IR
PEER T ETEIE R GagO4 IR b ITU AR AR B
HE, SR B AR ST T AR AR IR I Ga, O
R T, HF9T s H B SN 8 1 e
REFIH B REE.

2 LIt AR
2.1 SEHEHE

B 1 R BB IR BT GayO4 IR R
FHER K IURL 6 i Z2 1h1 19 H B 2 AMAE I 2% 1Y 2544
N E e BRI E TR TR
Wil SR 2B K B R e, R A AT
J& , NSRS B RSN A2 10 min, DIk
BV R T TE S5 SL I WG TR I B I . KA
M 8% (Ga(NOs)gaH,0) . 2-H S 3k B (C3H,O,)
DL B 2 e (CoH,NO) il %5 0.5 mol /L 1 Hif 9K
PR, Horpep R R R, 5K G R IR
SRR . W BCHILF R T 60 °C THFE 1 h, &

JEEE 36 h PEAT R ALAL PR . IR IR 7R AU
T HEAT, B8N 3000 r/min, FFLEEE]N 30 s. fiE
e, K AR E AR 100 C B G B TEE k
10 min, SRJEHCF E TR EHME T IS 10 min, Z
Jo AT S T I Y e TR, A PR e U I
5 )25 1§ 5 RGN 8 55, BRI T 300 <C
1 b R TR 1 hiiR K

FRASURL
‘f/ y

AR

1 SRR A Ga,O4 FRI 4% 45 14 78 2 18]
Fig. 1. Schematic device structure of the Al nanoparticles

decorated amorphous Ga,Oj3 thin film photodetector.
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Fig. 2. (a) XRD patterns of GayO3 thin film; (b) XPS spectrum of GayOy thin film.

Bl 3 Ga,Og WL I AFM [
Fig. 3. The AFM images of Ga,Oj: (a) Without Al Nanoparticles; (b) with 3 nm Al layer; (¢) with 5 nm Al layer; (d) with 7 nm Al

layer.
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Fig. 4. (a) Transmittance spectra and (b) curves of (ahv)?hv of GayOy thin film with different Al thickness.
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Fig. 5. Electrical performance of GayOj photodetectors with/without Al decoration: (a) Dark current; (b) photocurrent under
254 nm illumination; (c¢) photocurrent under 365 nm illumination.
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Fig. 6. Schematic illustration of the energy band and elec-
tron transfer mechanisms at Al nanoparticles/Ga,O3 inter-
face.
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Table 1.  Electrical parameters of samples with 3 nm /5 nm /7 nm Al and without Al under 20 V bias.
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Fig. 7. Time response curves of Ga,O3 photodetectors: (a) Without Al; (b) with 3 nm Al layer; (c¢) with 5 nm Al layer; (d) with

7 nm Al layer.
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Abstract

Gallium oxide (Gay,O3) as a wide bandgap semiconductor material has attracted much attention in the field
of solar blind ultraviolet photodetection recently. Localized surface plasmon resonance is considered an effective
way to improve the performance of optoelectronic devices by decorating the materials with metal particles. Al
nanoparticle is a potential candidate for ultraviolet photodetectors because its suitable resonance wavelength is
located in the ultraviolet wavelength range. In this work, the preparation temperature of the Ga;O3 thin film is
reduced by ultraviolet photo-annealing, and the amorphous Ga,O; thin film is prepared by using the solution
method. In addition, aluminum (Al) nanoparticles are used to decorate the surface of GayOy thin film through
thermal evaporation of aluminum film and then annealing, which improves the optoelectrical performance in the
solar-blind wavelength spectrum. The X-ray diffraction (XRD) is employed to demonstrate the amorphous
Gag0; thin film. The surface roughness and the diameters of Al nanoparticles are analyzed by atomic force
microscope (AFM). When the thickness of the deposited Al layer is about 3-5 nm, Al particles with the
diameters in a range of 2—3 nm can be obtained. When the thickness of the deposited Al layer is more than
7 nm, Al nanoparticles turn into the particles with non-identical diameters and distribute in the form of
agglomeration. Transmittance spectrum and absorption spectrum are employed to characterize the optical
properties. The bandgaps of different samples are obtained, and the results are consistent with the theoretical
ones. The GayO5 thin film shows excellent optoelectrical performance and solar blind rejection ratio. Under
254 nm illumination, the maximum photo-to-dark current ratio is 2.55x10%, and the rejection ratio of Lsy nm/ 365 nm
is 2.2x10%. The best responsivity and detectivity of prepared samples are 0.771 A/W and 1.13x10" Jones,
which are about 34 times and 36 times higher than those without Al decoration. The improvement is attributed
to the scattering effect of surface Al nanoparticles for illumination, which enhances the Ga;O3 thin film
absorption of solar blind ultraviolet light. Meanwhile, owing to the localized surface plasma resonance, the local
electromagnetic fields generated near the Al nanoparticles promote the transfer of carriers in the film.
Furthermore, the point about how the Al nanoparticles decorated on the surface of Ga,O3 thin film influence
the time response is also discussed in this work. As a result, the introduction of defect states will lead to an
increase of fall time due to the Al deposition. In this work, the effect of Al nanoparticles decoration on the
optoelectrical performance of amorphous GayQO4 thin film solar blind ultraviolet photodetectors is studied based
on a simple preparation, which provides a possible pathway for developing the flexible solar blind electronic
devices in the future.

Keywords: gallium oxide, solar blind ultraviolet photodetector, solution method, Al nanoparticles
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