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Preparation and Photoelectric Performance of
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Abstract: In order to investigate the effects of Ag doping concentration on the photoelectric
performance of In,O; thin films, such as bandgap width, optical switching ratio and optical
detectivity, Ag doped In,O; (In,O; ¢ Ag) thin films with different concentrations were prepared by
magnetron sputtering method on quartz (SiO,) substrate. The crystal structure, elemental content
and valence state, surface morphology, bandgap width and photoelectric performance of In,O; # Ag
thin films were analyzed by using X-ray diffraction, X-ray photoelectron spectroscopy, scanning
electron microscopy and ultraviolet-visible spectrophotometer. The results show that with the increase
of Ag doping concentration, the transmittance of In,O; ¢ Ag thin films gradually decreases, the
bandgap width decreases from 2. 47 eV to 2. 08 eV, and the optical detectivity and optical switching
ratio increase. The spectral response range increases with the increase of doping concentration.
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J7 i, Islam 264 T A BT AAMNE S R (VB R In, O, K ; Jiang 5V 5 KW, Fe 48
Z In, O, 0K A5 B 50 1) 2k 6 1 R RE Y BR 0 25 38 9 Zhang % R E A HOBEACE S & T In, O, 250
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s 45 0 ) O o EL AT A T L RS L IRIR TR R A BB R . R RO S AR TR
B, Pz N A S 4. Subrahmanyam 255 FHRE R 5 07 2. RS A A R Ag
In &4 M I SHH1 & T In, O, ¢ Ag W5 Cho 25024 5% JH RUHE L 5F 05 1 %5 Ag S84 A1 Tn, O, $E4F
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1 £ %
1.1 #HE&FE

P P T S A AR AR AT SRS IR B 48 T, O = Ag WL, SCERBF R Ui 72800 99. 9990, HAR
HURJEE 53502 50. 8 mm Al 3 mm B FJE In, O, ¥ KRB 99. 999 0 By Ag BB TARE AR B
SR 99. 999 AR A ME A, ARERAAEBEAEWE R BT E TR EEN, fh1s =
5.0X10 " Pa, JlAGL MG BE A 3038 ), 38 A ORI URR A R X In, O 8 B SS 10 min
JEIERX M. SR E Ag BRI & AR FB AR In, O; = Ag M, In, O+ Ag MERERYAE K
RN T 1.

F1 In0; : AgHEEEKSH
Table 1 Growth parameters of In,O; : Ag thin films

FE i AP/ cm SR /W S JE/Pa VO, : V(Ar) IR EE]/h Ag Jiit/g
Agl 7 100 5X10 " 1:11 1 0.1
Ag3 7 100 5X10°" 1:11 1 0.2
Ag5 7 100 5X10 ! 1:11 1 0.3

1.2 HRARERE

K Cu Ke $8 55, B4 4 0. 154 1 nm Hitachi D/max 2500PC % X § £k fi7 5 (XRD) (S FAF i 1A 45
. R Thermo Scientific ESCALAB250 Xi I X §f £k 5t i 7 8 1% (XPS) 43 M i B o0 £ 4. R A
Zeiss Sigma 300 Y 9 4 B 7 & 53 B (SEM) £ AE # K JE 5. >R H PerkinElmer LAMBDA 950 #I
SO UL 53 566 BE T 43 B W B 1 01 27 8 aek AR AR i BE . SR Keithley4200-SCS #4243 K 73 Hr{L Ol
J5 4 365 nm Fl 532 nm B LED) 43 Hr A 5 596 B PR .
2 HRFMITE
2.1 EHEM XRD o4

Bl 1N Ag BN In, O, + Ag WAL XRD 3. Fr A #E 5 XRD 3% 0T $8 b5 16 4 5777 f
1 In, O, A (JCPDS 06-0416) , XRD 1% H oA 30 FLABAT 5 06 . 2 B SI2 560 5 R v oA 26 B At 2% B AH
In, O, = Ag MBEAAT S0 /N EIRES . — 2K Ag’ Bt In® B A In. O, fis N (Ag’ k4
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9126 nm, In*" BY2FEA2HR 80 nm), 53— J5 il 52 K
H Ag B In, O @Ak [a] B S A% 09 ] BE Y K, 5 o
BRI, BN S 0 ) /N A E A RS . A IR U i
Bt Ag EINBA In, O, FkH. (440) fi7 i
SEEE W Ao, BLW Ag B AR T ORI (440)
H I AR, In, O, + Ag TR B 2 16 T8 kL L= i =
ReFFFER2 mER2AW. ME Ag FTE B, 25 3‘0: T35 | P :so! : P
AR AN TE S IO BT ERIBIE S B o el XRD
In, Og = Ag WL 2 0 58 T Wi Bl /1 s Ag 2 A Fig. 1 XRD patterns of In,O; : Ag thin films with
In, Oy ¥ 5 BE AR, 28 0n, O, ¢ Ag K & different Ag doping concentrations
B RSE R, 25 5 i g s o
F2 In0; ¢ Ag HERE Y IS A R BL R ~F
Table 2 Half-peak width and grain size of In,O, : Ag thin films

B /2.

—~
o
=
=

1

P i i S g i/ O e/ () -2 KR E /nm
Agl (222) 29.97 0.38 22.49
(440) 49. 82 0. 80
Ag3 (222) 29.97 0.29 29.51
(440) 49. 80 0.43
Ag5 (222) 20. 97 0.23 36. 54
(440) 49. 69 0.37

2.2 EHPIER XPS S

Mk —BE S Ag B A In,O, H, X In,O; + Ag M T L E S MBS B 2N
In, O, + Ag B XPS(LL 284, 8 eV 1Y C 1s K IE). ME 2(A) AL, In, O, * Ag W& A C.Ag.
In,O JCE, HH Agl,Ag3.Agh HEM 1) Ag BB (JEF L6 73528 0.55% . 1. 03 % Fl 1. 96 %.
2By~ DAl UL, Ag 3d SRl LG R 4 ANFEIEIE, Ag” 3d., Fl Ag® 3ds,. 45 A RES MR Ag —3X.
L Ag #E A In, Oy FhA% (B B BT 80, Ag™ 3d,. Ml Ag™ 3ds. 5 Ag B TH K, B Ag & FHUR
In, Oy A& Y In BRI, UL In, Oy = Ag ' Ag DUBRANE T AIE X FFE. In O, = Ag
B Ag 3d W XPS UGS KA TR 3. R I ATW, BEEBIRWKEMWIEM, In,O, : Ag WM PR E ¥
(Ag ) MR T (Ag”) FEHIE, In, O; = Ag Wil Ag FE LB FIMIE XA, DL F B F
R, U Ag IR 2 il 2 . B0 X4 22 il /0.

£3 InO, : Ag IR Ag3d I XPSHIEER
Table 3 XPS fitting results of In,O; : Ag thin film Ag 3d

FE Ag MM 3ds, 1 3y, N EE G/ eV W 8 Y
Agl Ag” 366.8, 372.8 0.04
Ag’ 368. 4, 374.5 0.51
Ag3 Ag” 367.3, 373.4 0.12
Ag’ 368.7, 374.7 0.91
Ag5 Ag” 367.1. 372.9 0.14
Ag’ 368.7. 374. 6 1.82

2.3 HEMERSH

Kl 3 A Ag BAWEEM In, O, : Ag MERMIEH SEM M. HIE 3 70, In, O, : Ag M
R M) EHRE. WA Ag BAWRENE N, MRS EHS), PR ERSE, BAE
WM. R SCAYATIL, MBI IR BE R 0. 55 %0 iF, BE S R ERIRBURL. B 3(B) ar WL, MBIk BN
1. 03 % i, FEh R S 2 K AR PR A 2 . ORI R SE R 46 nm. BB 3O MWL, 2B 4k
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196 Vo IE AR R T SR B BURLAL 2 . OB BP9 RST 2900 40 nm.
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Fig.2 XPS of In,0; : Ag thin films

3 RE AgBRREN In,0, ¢ Ag BEFER R SEM B H
Fig.3 SEM images of surface morphology of In, O, : Ag thin films with different Ag doping concentrations
2.4 HEMEEBEMERESHT
4 In O+ Ag WIBERY S 5h- T WEIBHTEIE. 18 4 TTI0, Agl,Ag3, Ag5 7€ 450~800 nm 1y
9 24938 1 353 514 60. 194,44, 5796360754, In, O, ¢+ Ag WEBRAE T WL PRI 5278 %6 5163
B R, B 5 N In, O, = Ag R Cahw)?-ho {1 2R, HE )28 70 Bl il 58 I Ay o8 JE ) 207 5 13 0
RIS AT, In, O, ¢ Ag W IOARHF SE A2 B 2. 47,2, 21,2, 08 V. M F Ag O 454 95
(1.2 eV I Tn, O, (IS GERE (3. 6 eV) /N, B Ag 22k BE MBI, Ag B8 In [L 18 &, B
In, O, : Ag T8 A28 A7 55 B N9
&1 6 S ot HL AR T % 19 7 2 TR R O R0 A% XA 48 2 Wk (Agl) Al 8 24 W R (Agh) 1Y
In, O, + AgIEFAT el FEMX. Agl 7 365 nm JGME . Ag5 7£ 365 nm JEIEH Agb £F 532 nm R
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Fig.4 UV-Vis light transmission spectra
of In,O; : Ag thin films
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Fig.5 (ahv)*-hv curves of In,O; : Ag thin films
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Fig. 6 Schematic diagram of photodetector
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Fig.7 Optical response curves of Agl under 365 nm illumination (A), Ag5 under 365 nm

illumination (B) and Ag5 under 532 nm illumination (C)
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