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Fig. 1. Schematic diagram of CuyZnSnS, solar cells.
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Fig. 2. Conventional TCO film Re vs. film thickness.

—+— Optimal TCO

Reflectivity
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Fig. 3. Reflectivity of optimal TCO film vs. wavelength.

# 1 i BEAR FIRIEERIHT CZTS KFHREH A
HHL TCO FiH ATCO BEAYSBEL

Table 1. Parameters of conventional TCO and new
ATCO films for CZTSSC optimized by EAR method.
WHTCO HATCO kit
(F2FnE3)  (KlafEs) 6%
SiO, JEBE /nm — 70 —
ZnO JEFE /nm 50 50 0
CdS & /nm 20 20 0
ARCF YRR (R,) /% 5.6 3.8 -1.8

3.2 EBEARBKE TCO(ATCO) iE (300—
800 nm) B CZTS KPHAEER

T REAR CZTS K BHBE L ith JiT 25 1 119 SR,
EAMLS I FMAT, it T SiOy/ZnO 2 4
TCO(ATCO) M. [Fi}, Sh5esr%1& ATCO 254
TR 2 BIR &R0, A TR 2t AR E R,
H CdS, CZTS JZH A IR )= IS 200 A 1
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Fig. 4. SiOy/Zn0O ATCO films R, vs. SiO, thickness.
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Fig. 5. (a) Optimal TCO film reflectivity vs. wavelength;
(b) optimal Si02/ZnO ATCO films reflectivity wvs.

wavelength.
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Abstract

At present, there are several kinds of broadband antireflection coatings (ARCs). For the flat multilayer
ARQC, it usually contains double, triple, or up to 4 layers. It has been demonstrated that the performance of a
single layer coating is not good enough across the desired spectral range. Multiple layer ARCs have much better
performance for broadband solar cells (SCs). When inspecting the antireflection structure of Cu,ZnSnS, solar
cells (CZTSSCs), it is shown that the transparent conductive oxide (T'CO) of traditional CZTSSCs does not
have an satisfactory antireflective performance. This paper aims to investigate a way to increase the incident
light transmitted into CZTSSCs, and thus improving the efficiency of solar cells by studying the use of the
antireflective effect of a TCO film. It introduces a new type of TCO film with better antireflective properties
across a wide wavelength range. An SiO,/ZnO antireflective TCO (ATCO) is designed under AMI1.5
illumination. In order to measure the antireflective effect over the 300-800 nm wavelength range, an effective
average reflectance method (EAR) is introduced. Considering the effect of the refractive index dispersion and
the coupling of the TCO or ATCO films with the active layer, in this paper we use a multi-dimensional transfer
matrix to optimize the thickness of each key layer to accurately confirm the best antireflective effect. In
addition, the optimized TCO film and the optimized ATCO film in CZTSSCs are compared and analyzed by
means of EAR. The result shows, through the comparison of the antireflection between conventional TCO
CZTSSCs and ATCO CZTSSCs, that there are considerable differences in final optimal reflectivity between
TCO layer and ATCO film. For the conventional CZTSSC, the optimal effective average reflectance of TCO
layer is 5.6%, and the lowest reflectivity in the waveband from 400 nm to 500 nm is 6.9%. In addition, the
corresponding values obtained in the new ATCO CZTSSC are 3.8% and 1.6% respectively. These apparent
changes in reflectivity are appealing in that the new ATCO films can effectively reduce light loss and improve
the efficiency of photovoltaic conversion.

Keywords: antireflective films, transparent conductive oxide, CuyZnSnS, solar cells, effective average

reflectance

PACS: 78.20.—e, 78.20.Bh, 78.20.Ci DOI: 10.7498/aps.69.20200897

* Project supported by the Natural Science Foundation of Guangxi Province, China (Grant Nos. 2018GXNSFAA138186,
2014GXNSFAA118025, 2013GXNSFBA019019), the National Natural Science Foundation of China (Grant No. 11364003),
the Systematic Research Project of Key Laboratory of Processing for Non-ferrous Metal and Featured Materials of Guangxi
Province, China (Grant No. GKN13-051-02), and the Open Fund of Ministry-Province Jointly-Constructed Cultivation Base
for State Key Laboratory of Processing for Non-ferrous Metal and Featured Materials, Guangxi Province, China (Grant No.
GXKFJ12-01).

1 Corresponding author. E-mail: fzhan gxu@126.com

237801-6


http://doi.org/10.7498/aps.69.20200897
http://doi.org/10.7498/aps.69.20200897
mailto:fzhan_gxu@126.com
mailto:fzhan_gxu@126.com
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

