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Abstract: In this study, double-layered TCO (transparent conductive oxide) films were produced by depositing two distinct

TCO materials: SnO, works as an n-type layer and ITO (indium-doped tin oxide) serves as a transparent conductor. Both

transparent conductive oxide-films were sequentially deposited by sputtering. The electrical and optical properties of
single-layered TCO films (SnO,) and double-layered TCO (ITO/SnO,) films were investigated. A TCO-embedding photodetector
was realized through the formation of an ITO/SnO,/p-Si/Al layered structure. The remarkably high rectifying ratio of 400.64
was achieved with the double-layered TCO device, compared to 1.72 with the single-layered TCO device. This result was
attributed to the enhanced electrical properties of the double-layered TCO device. With respect to the photoresponses, the
photocurrent of the double-layered TCO photodetector was significantly improved: 1,500% of that of the single-layered
TCO device. This study suggests that, due to the electrical and optical benefits, double-layered TCO films are effective for
enhancing the photoresponses of TCO photodetectors. This provides a useful approach for the design of photoelectric

devices, including solar cells and photosensors.
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JA(380~780 nm)oj|A] Futgo] 80%7F @il Optical

a. Corresponding author; joonkim@incheon.ac.kr
Sang-eun Lee, Gyeong-Nam Lee, Sang-cheol Ye, and Sung-ho Lee
equally contributed to this work.

Copyright ©2018 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

bandgap2 3.0 eV7} Yool 10°3~10* Q9] ©
Zrech TCOO oleldt SR JHITA o
A71oUR| 2 vHl= o gabAloltt [1-4].
E1t89] EHoA TCOx YHEfSH XA &
A3 B AoR A8st: TR ER9
MR Ax|Q] "W A Q@ Aot [5,6].

TCO 24 % 549l SnOy= n-type BI=A|2A] 3.6
eV Y& optical band-gap& 7HA|1L ¢Jon 200°CH
B 600°C7IR] P LEmglolA Aol Thseith. wat
gel5oe oryste) 2540 YAL VAT AL 43

ol L_.
_L4

_um JR

]

ox N rlo mo mo

o oE
o A Hfr wE oo

I_,

u
ool £il FANozE: Hojutt. ol2fet olFE
o ettetEs SoME SnO9f RSt ©2 A+



166 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 31, No. 3, pp. 165-170, March 2018: S.-E. Lee et al.

7F o] RofR| L et [7]. Fikg FHIAE 7}1\]qu3}
SR of TieiA] 80% ©]d9] =2 Eutg Eoll:}
J84 Sn0O; @Y xol 79 H|xFo] l-—_o]-
7\15}\4 R2og ALR37] QSiME o2 ZAlmto] A
E5| A7|AEES 3R "7t 9t [8].
Jfﬂ SnO, o]ejo] @o] AREEY Q&= TCO A=
% 3= ITO (indium tin oxide)o|t}. ITO: 1%
2 g% n-type YFZAo]0], 3.5 eV 0]A}9] optical
band gapg ZHXl1 9t ITOS] 71 2 AL =
2 FiHde 7T A0 107 cmQo]
ZHRIAL Qlth= ol [9-11].

2 AdoAE "xEo] & Sn0,0 BY +x9] ©A
< 85| s SnOy0l ITOS AFAIA ITO/SnOx/
-Si/Al %9 LXAXE FAsIFOoH, ME2-Fet
HA(dark IV)1} 3 SH(photo-response)s =745}
ol ITOS AMESIA] 942 ©Y TCO FHAXHSnO,)t
£74S vl EAsinh

Sk
=]

ml

ol

mlo B

we Ay

2. &8 Wy

B APoIA L p-Si Z|HE ol g3t BHHPL &
o Y2 otMlE, HEE, ?%‘4 A= 10%1t
ARAG S Aagsta Ast WAlg of
blowingC 2 ZAXArA-S opxict.
SAeAE 2 10 =A8sieh. SnOxe RF-&
Z70A

7] 38l nitrogen

o
=2

mEHE 7|¥HoZ RF 300 W, Ar (30 sccm) &
217t (a) 3=, (b) 6, (c) 1027t AlRE Zelsto] &
HE|Y5tF L 100°ColA] A 2]S syt o=z
ITOS DC 300 W, Ar (50 sccm), 2710fA] DC-AT
B JlMoz FASIEI Sn00f thMNZ 217t
AZYe gejstel Anlelgstact Anee oAl §
RTP (rapid thermal processing) 542 E3f 500°C
2 34 9A22 Zslo] IT0Y MEwe}l Enes =
Aot 2eln Jlwe el $U A3 Al AL
Al DC-AHEH 7[Ho=z DC 300 W, Ar (30 sccm)
204 1027 AT E Y5

2 A™oA = o]F TCOZ(TO/Sn0z)o] Al F7|
£ oF 120 nm=z 35t ITO/SnO, ZF 49| AmEH
At 2Ejste] FAIE HSAIZY. AAl FA19] wet
zxo0] WA EXO] Waly} 37| U
20 olg At vlHsLT ITOSt SnO59] 54€ &
AsP] 5] o155¢ 120 nme. A2 o ol
7zt 29Ity Sample 12 ITO/Sn0:9] FH=

SnO, deposition

ITO deposition

2

Al deposition

Fig. 1. Fabrication steps of ITO/SnO2/p-Si/Al photodetector.
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Fig. 2. Optical properties of SnO, (a) transmittance and (b) tauc plot.

Table 1. Optical properties of SnO,.

Thickness (nm)  Transmittance (%) Optical bandgap (eV)

20 90 3.81

40 85 3.78

80 78 3.75
J(FM-SEM)& o]&std &F3t ITO/SnO:/p-Si/Al
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Fig. 3. (a) Schematic and photographic images of ITO/SnO./p-Si/
Al photodetector and (b) SEM images: top-view and cross-section.
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Fig. 4. (a) 1-V characteristic of ITO/SnO,/p-Si/Al photodetector,
(b) reflectance of ITO/SnO,/p-Si/Al photodetector, and (c) reflectance
of ITO/p-Si.
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Table 2. Rectification ratio and reflectance of ITO/SnO./p-Si/Al
photodetector.

Rectification ratio Reflectance (%)

Sample 1 400.64 2.77
Sample 2 15.36 5.55
Sample 3 9.57 4.99
Reference 1.72 -

Bare Si - 38.55

Table 3. Refractive index of ITO and ITO/SnO; in wavelength
of 455 nm, 560 nm, 740 nm, and 980 nm.

455 nm 560 nm 740 nm 980 nm

ITO (40 nm) 441 2.33 2.95 4.01
ITO (80 nm) 3.21 4.46 3.21 2.70
ITO (100 nm) 5.78 2.84 4.93 2.65
Sample 1 2.46 2.63 2.32 2.13
Sample 2 2.92 2.27 2.85 233
Sample 3 33 2.66 2.1 2.44

Ideal refractive index  2.66 2.39 223 2.1
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Fig. 5. (a) Equivalent circuit showing junction capacitance C, shunt
resistance R and series resistance Rs and (b) impedance analysis
of ITO/SnO,/p-Si/Al photodetector.

Table 4. Impedance and life time of ITO/SnO,/p-Si/Al photodetector.

Rs () R (kQ) C (nF) T (ms)
Sample 1 123 20.18 648 13.1
Sample 2 145 15.28 701.5 10.7
Sample 3 18.62 1.81 651.8 1.2
Reference 389 14.46 714.2 10.3
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Table 5. Photocurrent of 1TO/SnO,/p-Si/Al photodetector.

Photocurrent (pA)

365 nm 455 nm 560 nm 740 nm 980 nm

S.1 7.45 24.8 22.6 33.5 16.0

S.2 1.16 6.75 2.95 7.56 1.34

S3 0.81 2.13 1.46 3.74 1.08

Ref 0.49 9.00 7.44 16.9 2.43
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