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ABSTRACT Transparent conducting oxide (TCO) films have been widely used in optoelectronic devices, such as OLEDs, TFTs, and
solar cells. However, thin films of indium tin oxide (ITO) have few disadvantages pertaining to process parameters such as substrate
temperature and sputtering power. In this study, we investigated the requirements for using TCO films in silicon-based solar cells and
the best alternative TCO materials to improve their efficiency. Moreover, we discussed the current status of high-efficiency solar cells
using low-temperature TCO films such as indium zinc oxide and Zr-doped indium oxide.
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Subscript SnO; : tin oxide

ZnO : zinc oxide

OLED : organic light emitting diode
& & & FTO : fluorine doped SnO,
TFT :thin film transistor . .
CVD : chemical vapor deposition

ITO :indium tin oxide

1) Ph.D., Convergence Research Center for Energy and 1 kl E
Environmental Science, Sungkyunkwan University

2) Ph.D,, College of Ir?fom.lation and Communication Engineering, B A uhako. 7PA3A ol = ETlS(80%
Sungkyunkwan University AN T} e v @A S8 ZE ok ket OLED
] = HHA =Z5l|oF o=1
3) Professor, College of Information and Communication ° A AR A o B =
Engineering, Sungkyunkwan University Solar cells 2 TFTQ} 7-& 3 Ax}o)| A thofFslA| 85|
4) Ph.D. Candidate, College of Information and Communication 2 9t ¥ En g wabo g 38k W= 3.5 eV o)

Engineering, Sungkyunkwan University

*Corresponding author: richspark@skku.edu (HSP); o] Me Exo 7 W g
bri3tain@skku.edu (YGK); junsin@skku.edu (JSY) o A S4& Z=rt. " P ITO 9Jo|= SnO;, ZnO,
Tel: +82-31-290-7174

Copyright (©)2021 by the New & Renewable Energy
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.


https://crossmark.crossref.org/dialog/?doi=10.7849/ksnre.2021.0001&domain=http://journalksnre.com/&uri_scheme=http:&cm_version=v1.5

FTO 59 &A1& ARESaL UAIE, AA|7HA] ITO7} A7)
2.5k EXo] 74 025k Ja] AR sl gy BT

SIX|HE, ITO ¥le 0.7 9l flexible 7|HA oA ARE-
she] ofele, o Zakah A7t Az ofeie Sof
wo oy wjiof CVD, E—Beam Evaporation, Spray—
Pyrolysis 52| 374 Fo Bdg I8 4 9ded), of
2 EFF 300°C o] FALwolA] QePapAL H7)H-
A EAS KoK} A2 o] QERRE
R/ 0] ASIaL 9 27 Ao bt )27} ofgithe
tho] o8] ZAFE U aga B =R ek
AR AL S8 f1sl ITO vk thAIS & d=4
Aje] FRot olF S-gatol AzE BYHA ATE
sl dropi izt gy,

o
Figure 16 914 A ulol 7o) QA Welo] e
S8 7Hs3 BAHAAE ek Zlole, 9] el & 4
glzo] BopaXelq TR WARE Wobdss 3
& 7Rssiths 22 & 4 Qe o] v £ A% A

E—beam evaporation, spray—pyrolysis, CVD, sputtering

Touch screen

Flexible LCD

N e
SN 2
Flexible OLED m

Solar cell

Fig. 1. Application of TCO in various optoelectronic device; (a)
solar cell, (b) LCD, (c) OLED; Reproduced by permission
of Elsevier Materials Science and Engineering R™
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Fig. 2. Literature—reported transparency values in the visible
spectral range as a function of the sheet resistance
for trasparent conductive materials; Reproduced by
permission of SPIE Journal of Photonics for Energy™™*
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Table 1. Summary on the electrical characteristics of the In.0O3
based TCO films"~%!
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Fig. 3. Application of Si/perovskite tandem solar cell using
1ZO or 1IZRO-TCO films; (a) 120, (b) 1ZRO; Reproduced
by permission of Nature Materials and Advanced
functional Materials®®!
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Table 2, Summary of the present reported status for 2—terminal
perovskite—based tandem solar cells; Reproduced
by permission of Advanced Energy Materials'?”

Ref JSC , FF VOC PCE MPP
' [mA/ cm] | [%] | [mVl | [%] [%]
Perovskite/Silicon

Sahli 19.5 73.2 1.79 25.5 25.2
Bush 18.4 7 1.77 25.0
Chen 17.8 79.4 1.8 25.4
Jost 18.5 78.5 1,76 25.5

Mazzarella 19.0 74.6 1.79 25.4 25.2

Nogay 19.5 747 | 174 | 254 | 251

Kdhnen 17.8 78.6 1,77 25.0 25.0

KOhnen 19.2 76.6 1.77 26.0 26.0
Oxfor PV 19.8 78.7 1.8 28.0

HZB 29.2

Perovskite/CIGS

Han 17.3 73.1 1.77 22.4 22.4

Jost 18.0 75,7 1,59 21.6 21.6

Al—Ashouri 19.2 71,9 1.68 23.3 23.3

Perovskite/Perovskite

Zhao 14.0 78.1 1,922 21,0 20,7

Tong 15.0 80.3 1,942 23.4 23.1

Palmstrom 16.0 77 1.88 23.1 23.1

Lin 15,6 81.0 1,965 24,8 245
Lin 14.0 82.0 1,945 22.3
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