
Supplementary Information

Flexible High Performance Hybrid AZO/Ag-Nanowire/AZO Sandwich Structured 

Transparent Conductors for Flexible Cu(In,Ga)Se2 Solar Cell Applications

Wen-Chi Tsaiɸ,a,c, Stuart R. Thomasɸ,a,b, Cheng-Hung Hsua,c, Yu-Chen Huanga, Jiun-Yi Tsenga, Tsung-Ta 

Wua,c, Chia-ho Changc, Zhiming M. Wangb, Jia-Min Shiehc*, Chang-Hong Shenc* and Yu-Lun Chueha*

ɸ Authors contributed equally to this work

aDepartment of Materials Science and Engineering, National Tsing-Hua University, Hsinchu 30013, 

Taiwan

Email: ylchueh@mx.nthu.edu.tw

bInstitute of Fundamental and Frontier Sciences, University of Electronic Science and Technology of China, 

Chengdu, People’s Republic of China

cNational Nano Device Laboratories, No.26, Prosperity Road 1, Hsinchu 30078, Taiwan

Email: chshen@ndl.narl.org.tw, jmshieh@ndl.narl.org.tw

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2016

mailto:ylchueh@mx.nthu.edu.tw
mailto:chshen@ndl.narl.org.tw
mailto:jmshieh@ndl.narl.org.tw


10 μm

1.0c Ag NWs
CAR ~ 17.568 %

10 μm

3.0c Ag NWs
CAR ~ 24.154 %

10 μm

5.0 Ag NWs
CAR ~ 33.160 %

(b)

(c)

(a)

Fig S1. Top view SEM images showing increasing Ag-NWs network density achieved through 

increased number of Ag-NWs precursor solution spin coating cycles.
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Fig S2. Cross section SEM image illustrating shadowing effect and resultant uneven AZO film 

thickness observed during initial stages of AZO deposition on top of Ag-NWs network.
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Fig S3. (a) Transmission spectra and (b) sheet resistance values obtained from AAA electrodes 

using higher density (1.0c, 3.0c and 5.0c) Ag-NWs network.
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Figure S4. Extracted device characteristics for solar cells fabricated using ITO, AZO and AAA 

electrodes, shown as a function of increasing number of bending cycles.


