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Figure S1. Transmittance spectrum of PEDOT:PSS film. 
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Figure S2. a) AFM image of the AgNWs spin-coated on PI substrates. b) RMS surface 
roughness of AgNWs on the top of PI and embedded in PI. 
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Figure S3. Normalized sheet resistance of AgNWs@PI after annealing for different time at a 
temperature of 150 °C.
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Figure S4. a) Transmittance, b) reflectance and c) absorption spectra of a PI substrate (200 μm).
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Figure S5. Current density–voltage (J–V) curves of flexible OSCs based on ZnO sol-gel in 2-ME 
(AgNWs@PI/ZnO sol-gel in 2-ME/PBDB-T-2F:IT-4F/MoO3/Ag). The insets are images of 
AgNWs@PI after ZnO coating from 2-ME solvent.
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Figure S6. J–V curves of OSCs based on PBDB-T-2F:IT-4F with ZnO sol-gel different solvents 
processed from different solvents: (a) from 2-ME; (b) from IPA. Device structure is 
glass/ITO/ZnO in IPA/Active Layer/MoO3/Ag.
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Figure S7. Transmittance spectra for ZnO sol-gel processed from different solvents.
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glass/ITO(d)Figure S8. AFM height images of the PBDB-T-2F:IT-4F films on different substrates: a) 
AgNWs@PI; b) glass/ITO. 
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Figure S9. Typical J–V curves of flexible OSCs with PBDB-T-2F:IT-4F on PI/AgNWs (AgNWs 
spin-coated on top of PI substrates).

(a)
(b)

2 μm

1 μm

Active layer on PI/AgNWs

Active layer on PI/AgNWs

Figure S10. AFM height images of the PBDB-T-2F:IT-4F films on PI/AgNWs.



S-7

Figure S11. Comparison of PCE values of this work and the recently reported flexible OSCs (the 
references are given in Table S3 of this supporting information). 
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Figure S12. Molecular structures of (a) PBDB-T, ITIC and (b) PTB7-Th, IEICO-4F.
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Figure S13. J–V curves of flexible OSCs on AgNWs@PI with different active layers: (a) PBDB-T:ITIC; 
(b) PTB7-Th:IEICO-4F.



S-9

Table S1. Photovoltaic parameters of OSCs with different solvents of ZnO sol-gel; Device structure 
glass/ITO/ZnO sol gel/PBDB-T-2F:IT-4F/MoO3/Ag. 

Solvent of ZnO VOC (V) JSC (mA/cm2) FF PCE (%)

2-ME 0.82 20.78 0.75 12.78

IPA 0.82 20.26 0.74 12.29

Table S2. Typical photovoltaic parameters of OSCs on PI/AgNWs (AgNws spin-coated on top of PI 
substrates); Device structure is PI/AgNWs/ZnO/PBDB-T-2F:IT-4F/MoO3/Ag.

Cell VOC (V) JSC (mA/cm2) FF PCE (%)

(a) Short circuit

(b) 0.64 18.32 0.31 3.57

(c) 0.81 13.88 0.66 7.42
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Table S3. Summaries of structures and PCEs of various flexible OSCs reported previously. 

Device Structure Best PCE Year Ref.

PET/H3PO4-PEDOT:PSS/PEI/P3HT:ICBA/PEDOT:PSS 3.30% 2015 [S1]

PET/ AgNWs/PEDOT/PTB7-F20:PC71BM/LiF/Al 5.02% 2013 [S2]

PDMS/mild acid-PEDOT:PSS/4083/PBDTT-STT:PC71BM/Ca/Al 5.38% 2016 [S3]

PEN/ ZnO/Ag/ ZnO /PIDT-PhanQ:PC71BM/MoO3/Ag 6.04% 2015 [S4]

PET/ AgNWs/PFN /PTB7:PC71BM/MoO3/Ag 6.17% 2015 [S5]

PEN/AgNWs-exfoliated graphene/PEDOT:PSS/PTB7:PC71BM/Ba/Ag 6.60% 2018 [S6]

PEN/ CVD-graphene /ZnO/PTB7:PC71BM/MoO3/Ag 7.10% 2014 [S7]

PET/Ag/PEN/PTB7-Th:PCBM/ITO/MoO3/gradient Ag 7.15% 2015 [S8]

PET/ZnO/Cu/ ZnO /PTB7-Th:PC71BM/PEDOT:PSS/Ag 7.50% 2015 [S9]

PEN/H2SO4-PEDOT:PSS/PTB7-Th:PC71BM/Ca/Al 7.70% 2015 [S10]

PET/ZnO/Cu(N)/ ZnO /PTB7:PC71BM/PEDOT:PSS/Ag 7.70% 2016 [S11]

Corning Willow Glass /TiO2/Ag/ITO/ZnO/PTB7:PC71BM/MoO3/Ag 8.06% 2015 [S12]

PET/CIP-trated AgNWs /ZnO/PTB7-Th:PC71BM/MoO3/Ag 8.75% 2017 [S13]

PEN/PEI/Ag/PEDOT:PSS /PTB7:PC71BM/MoO3/Ag 9.90% 2015 [S14]

PET/ PEDOT:PSS /PEDOT:PSS(4083)/PBDB-T:IT-M/PDINO/Ag 10.12% 2018 [S15]

PET/thick Ag/PEIE/PBDTT-F-TT:PC71BM/UTMF-Ag/TeO2 10.40% 2015 [S16]
AgNWs@PI/ZnO/PBDBT-2F:IT-4F/MoO3/Ag 11.60% 2018 This

work



S-11

References

[S1] W. Meng, R. Ge, Z. Li, J. Tong, T. Liu, Q. Zhao, S. Xiong, F. Jiang, L. Mao, Y. Zhou, ACS Appl. 
Mater. Interfaces 2015, 7, 14089.

[S2] M. Song, D. S. You, K. Lim, S. Park, S. Jung, C. S. Kim, D.-H. Kim, D.-G. Kim, J.-K. Kim, J. Park, 
Y.-C. Kang, J. Heo, S.-H. Jin, J. H. Park, J.-W. Kang, Adv. Funct. Mater. 2013, 23, 4177.

[S3] X. Fan, B. Xu, S. Liu, C. Cui, J. Wang, F. Yan, ACS Appl. Mater. Interfaces 2016, 8, 14029.

[S4] J. Zou, C. Z. Li, C. Y. Chang, H. L. Yip, A. K. Jen, Adv. Mater. 2014, 26, 3618.

[S5] J. H. Seo, H.-D. Um, A. Shukla, I. Hwang, J. Park, Y.-C. Kang, C. S. Kim, M. Song, K. Seo, Nano 
Energy 2015, 16, 122.

[S6] A. G. Ricciardulli, S. Yang, G.-J. A. H. Wetzelaer, X. Feng, P. W. M. Blom, Adv. Funct. Mater. 2018, 
28, 1706010.

[S7] H. Park, S. Chang, X. Zhou, J. Kong, T. Palacios, S. Gradečak, Nano Lett. 2014, 14, 5148.

[S8] L. Zuo, S. Zhang, H. Li, H. Chen, Adv. Mater. 2015, 27, 6983.

[S9] G. Zhao, W. Wang, T. S. Bae, S. G. Lee, C. Mun, S. Lee, H. Yu, G. H. Lee, M. Song, J. Yun, Nat. 
Commun. 2015, 6, 8830.

[S10] N. Kim, H. Kang, J. H. Lee, S. Kee, S. H. Lee, K. Lee, Adv. Mater. 2015, 27, 2317.

[S11] G. Zhao, S. M. Kim, S.-G. Lee, T.-S. Bae, C. Mun, S. Lee, H. Yu, G.-H. Lee, H.-S. Lee, M. 
Song, J. Yun, Adv. Funct. Mater. 2016, 26, 4180.

[S12] D. S. Ghosh, Q. Liu, P. Mantilla-Perez, T. L. Chen, V. Mkhitaryan, M. Huang, S. Garner, J. 
Martorell, V. Pruneri, Adv. Funct. Mater. 2015, 25, 7309.

[S13] J. H. Seo, I. Hwang, H. D. Um, S. Lee, K. Lee, J. Park, H. Shin, T. H. Kwon, S. J. Kang, K. Seo, 
Adv. Mater. 2017, 29.

[S14] H. Kang, S. Jung, S. Jeong, G. Kim, K. Lee, Nat. Commun. 2015, 6, 6503.

[S15] W. Song, X. Fan, B. Xu, F. Yan, H. Cui, Q. Wei, R. Peng, L. Hong, J. Huang, Z. Ge, Adv. Mater. 
2018, 30, 1800075.

[S16]  J. Huang, C.-Z. Li, C.-C. Chueh, S.-Q. Liu, J.-S. Yu, A. K. Y. Jen, Adv. Energy Mater. 2015, 5, 
1500406.


