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(9:1) FFI P& T 3 F Sn EF4MH (0, 0.6% F11.5%)
AIAER Sn #82% Ga,O4 IR 1M J5 UURLRE & 43
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SR BELRR I, K T R U B R T e 22, Rk
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R R NI SR E Ry s T Y oY NI = ¢
ZER T T Sn 848 GayO Wi VE L. ASHFSY
LR 5 SR FH )2 ) 5 S o P S e s B R
g5, RISk SP-122 T Ljuhv, W 5% B R & B %40
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(Og+Ar)] K 1.0% LIRS T34 500 W, 2l
A FN BB R 28 102 nm. T, B4 155
%) Sn 2% Ga,O3 WA E 2GR K, ZEAR
AT, 43 HPEFT 400—800 °C ARITREIE &, 1B

KR A 2 h, PR HERE ] 2 S8 OGR K5
e 1 v d. fJa, BT IR RIS B AR
il & 7 AR Y 42 )8 - K-8 )8 (metal-semicon-
ductor-metal, MSM) &I H 5t FL R &%, 45 2F 1A
FUR 2200 pmx 2000 pm, HARIR A R | 5
Fa]FE 23514 900, 100 1 100 pm, F-%HH 300 nm
JEH 4 JEAS AL, BT 4 A X 2R AR
1 5 Z WSO, s A ROG B TR 1.68 x
102 cm?; RAZKARAT (B4 Merc-500) FIEE4MG
A A GY R EE A 368 wW /em? Y 254 nm
RS, 454 Keithley 4200 2 SRS HINL &
3, M A8 A /5 R - L RIS () B 285 7
. SR X BT 4 (X-ray diffraction, XRD) 43
P REIR KCHT G W S IS5, 456 X S20th
FHEIE (X-ray photoelectron spectroscopy, XPS)
3T Y S oA R HAR 2N 28 R IR+
Jii (secondary ion mass spectrometry, SIMS)
X AR KA 800 °C iR K Sn 847 Ga,O4 1
177 RS B8 s o s 2565 &
FL /% (field emission scanning electron mic-
roscopy, FESEM) Fl 5 JJ B fil % (atomic force
microscopy, AFM) FRAIF i JEE K A 5 2 1P 5
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Table 1. Growth and annealing parameters of the
sputtered Sn-doped Ga,Oj films.

E i fH
T 1/ Torr 5x10°7
TAEETT/Torr 9x10°3
WS /W 500
SRR /SCCM 40
AR [0,/ (00+Ar)] /% 1.0
ORI EE / °C et
IR /nm ~102
B KGRI R] NLSUHFI2 h

BKIR B/ C As-dep., 400, 500, 600, 700, 800

E: SCOM M RF it B/ (standard cubic centimeter per minute).

3 HERE5H

TEH A A XRD R T8 kA5 Sn 18
A= GayO4 M S ARZE 7R 1k, Wil 1 i, XRD
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Fig. 1. XRD diffraction property of Sn-doped Ga,O; films

annealed at various temperatures.
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Fig. 2. (a) XPS survey spectrum, (b) atomic percent of O,

Ga, C, and Sn of Sn-doped Ga,Oj films annealed at vari-

ous temperatures.
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Fig. 3. High-resolution XPS spectra and its fitting spectra of (a) O 1s, (b) Ga 3d, and (c¢) Sn 3d; the Oy, proportion (d), Ga’" ratio

(e) and Sn** percentage (f) of the films annealed at various temperatures.
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TRFEETHE 2 800 °C i, Sn*t H il FR&ZE 65%, i 1]
FE U1 R 6 b MR ) S 5 480 R T U A Y
SnO 06 LK Al B9 22

T 2T 800 °C 1B KT RS 25
49 JE PR, A SO SIMES %o AR E A FT 800 °C 1B &
() Sn B 4% Ga,O3 W HEAT T J0 & 43 1 10 2 &
AT, WK 4 Frs . XFHCE 4(a), (b) B2
e PR I IR GR K Sn o R AR E R 1 AT
(segregation) PL 4, )i W B L) A Sn b7 i, H
I L5 B LR A SIS P TH b & A= T B Y AL [] 78
FEE PN ERY 8, Sn AR TEMMAT LA S AL (98U B0

(a) — O H — Ga
Sn — Al
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wn
.*é Al,O3
5
o)
—
5
~
B
bl
\Sam—
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WEE/nm
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‘Al diffusion
>

SR /arb. units
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Fig. 4. SIMS data of the Sn-doped Ga,Oj films: (a) before

and (b) after 800 “C annealing.

Zh 4 fliH FESEM 1 AFM BF 5% T 38 K A5
Sn 7% Ga,O5 WM RTEIES, & 5(a)—(f) T
7N, BT AR R EDRREEE (RMS). Tfii)5, 3T
SEM JE i M (Nano Measurer 1.2), i i3 [#]
FEGTH AR AR BAR R, et I T AR A A
(cluster) Fvkr ROF R/ N A AR B

FE TG 133 cluster X RST, 45 R anfEl 5 4 &
7R, AT LAREE S BT A 1 R T A AE R o ) AT
UL, H A 1R R EE AR IR KT & 800 °C,
TS % 1A UKL 8 RS B AR R, M 14.5 nm 34
% 31.2 nm. HILFEE, AFM #4558 5 SEM %
e S a3 —3, REMHAEE H 0.69 nm T+
£ 0.86 nm. AR I A5 0RET- 35 ROST R R THDRL
AR KT R 2 PR R e A 2R R B A5 v A
JRFIE RS G /NIURE 128 9T R A R A A R R
H B AR K5 45 df B R T . ek, 800 <C iR
K, WEEAETE Sn BIHTH DL Al DG E AT IR A
Y, SRR T AR 2, T AT BT R
WO 25 RUST RN R TR B2 AR K.

R T RAEE G REE, 20 4h-1T WO
AL T B KRS Sn B2k GayO, 1 i1 1% 5t
Sk, i 6(a) Bros. A RS SHEE
YR 2, HAE 300—800 nm i K 11 14115 5 %
24 85%. B KR FEAE 400—700 °C AR AL,
LT A SRR A NN E Y €A AP VALY
AL EA B (E,) . WIERY E, A8 5d Tauc 23
R (ahv)? = A(hw — Ep) PV 2 (ah)? B (hv) 25
TR, WA 6(a) AEETTS, TR 2]
JEAT BRANE 6(c) Fran, Hd o AW REL, w
TR, A NHBIREL BEEIR JGRE BT Wt
2T BRI SO /L, 35T B R BE A 1R KGR T
FECERED SnttE R Gatt B R, WA S
FLAE 7485, HEBRUE/N 25, 1 800 °C 1B S AR Y
B BT EL 5.1 eV, XATAEE N Al JEE
PR AR, BB SR TR (AlGa),05
FEE B0 122, 3 5 22 i SIMS a5 SR — 2.

AR SCIA 8 3 B IR AN IR AR AE T Sn 5244
GayOs ML 22 RE Ve, HZ I VR E | W BHR AT
R, MR SR AL anE 7 R, 1B KR ETE
400—700 C ZFAUIT, VR B Tk B AT A R A
WiTh i FBHA TR, X T RRIF PR TR AR TR,
LRSS T AR 4, St LB R, Sn BT LU IR T
SRR A IR SR E—25 1 FHZE 800 °C, yiAs L BH
FIbE D GBI, X AT REE B R Al
TCEY I A L) SR S (R AT, S
R R A 25 25 1 IR REEN 700 °C B
ARG F PR Sn $824% Ga,O, WK, Hakin 7
W IR 4.20x10"7 em 3, ITEHFH 4.0 cm?/(V-s),
HLBHZN 3.71 Q-cm.
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Fig. 5. The FESEM, AFM, and cluster size distribution pictures of the Sn-doped Ga,Oj films annealed at different temperatures:

(a) As-dep; (b)—(f) after 400-800 °C annealing.
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Table 2.  Performance of the Sn-doped Ga,O photodetectors before and after annealing.
B KGR/ °C i LI/ pA JEHLIT/nA DG >HL L Wi N7 / (mA-W) L FHEFR /s RS H] /s
As-dep. 1.10 0.94 854.5 0.15 1.61 1.02
400 23.33 22.05 945.14 3.57 2.28 3.54
500 63.85 66.73 1045.11 10.8 1.43 1.34
600 80.28 89.65 1116.72 14.5 1.03 0.98
700 89.97 113.74 1264.20 18.4 0.93 0.87
800 1.14 0.09 82.46 0.02 1.12 17.36
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Abstract

In this study, Sn-doped GayO4 thin films are prepared on sapphire substrate by radio frequency magnetron
sputtering at ambient temperature, and then annealed at different temperatures (400-800 °C) in nitrogen
atmosphere. The corresponding metal-semiconductor-metal (MSM) solar blind photodetectors (PDs) are
prepared based on those films before and after annealing to explore the influence of annealing temperature on
the characteristics of the films and device properties. The results show that the as-deposited Sn-doped Ga,O4
film displays amorphous structure. With the increase of annealing temperature, the proportion of Oy, Ga** and
Sn** ions in the film increase, and the band gap of the film decreases slightly, indicating that the conductivity
of the film is enhanced and the quality of the film is improved. When the annealing temperature increases to
700 °C, the B-GayO; (402) crystal surface diffraction peak appeares, indicating that the film begins to
crystallize. As the annealing temperature increases to 800 °C, the proportion of O, Ga*" and Sn'* decreases,
and the quality and conductive properties of the film deteriorate, which may be attributed to Sn surface
segregation and Al diffusion into the film from the substrate. In addition, the average particle size and surface
roughness of the film surface increase with annealing temperature increasing, which is consistent with the
changing trend of film characteristics. Then, based on Sn-doped GayQO5 thin films before and after annealing, the
MSM solar blind PDs are prepared to explore the influence of annealing temperature on device performance.
The quality of the film and its conductive characteristics play a role in regulating the performance of Sn-doped
Gay04 solar blind PD. The optimal device performance can be obtained when the annealing temperature is
700 °C, with a low dark current of 89.97 pA, a responsivity of 18.4 mA /W, a light-dark current up to 1264, and
the rise/fall time of 0.93 s/0.87 s. In summary, the annealing temperature has an important effect on the
characteristics of Sn-doped GayO4 films and the performance of solar blind PDs, which has certain guiding
significance for the preparation of high-quality Sn-doped Ga,O4 films and high-performance solar blind PDs.

Keywords: radio frequency magnetron sputtering, Sn-doped GayOj film, annealing temperature, solar-blind

photodetector
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