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Figure S1. SEM images of NiOy films with different SAMs at magnification of (a) 2500
times and (b) 20000 times.
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Figure S2. FTIR spectra of NiOy without and with Br-BA modification. From the FTIR
spectrum, the Ref group has a strong peak at 3450 cm™ which is attributed to the O-H
streching vibration. After Br-BA modification, the peak at 3450 cm™' becomes weaker
demonstrating the reaction of carboxyl functional group of Br-BA and hydroxyl functional
group of NiOy. Also, the new appearing peak ranging from 1700-1500 cm™ corresponds to the
aromatic C=C bending peaks, which comes from the Br-BA.
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Figure S3. Large view of surface morphology of (a) Ref and (b) Br-BA modified NiOy
films. Scale bar is 2 pm.
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Figure S4. XRD patterns of the MAPbI; perovskite films deposited on various R-BA
modified NiOy films spun on glass substrates.



WILEY-VCH

o R

PCBM+bis-Cgy

MAPbI,

NiOx+SAM

ITO

ITO Glass or ITO PET

Figure SS. (a) Device structure of the PVSCs made in this study; (b) Cross section image of
ITO/NiOy/SAM/MAPDI:/PCBM/bisCep/Ag
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Figure S6: J-V curves of PVSC with and without SAM modification.
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Figure S7. Absorption spectrum of the PVSCs with and without Br-BA modification.
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Figure S8. J-V curves of the Br-BA modified PVSCs at various scan rates: (a) 0.5, (b) 0.1, (¢)

0.05, and (d) 0.01 V s\
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Figure S9. J-V curves of (a) the Ref and (b) Br-BA modified PVSCs at various light

intensities.
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Table S1. Photovoltaic parameters of various SAM-modified PVSCs.

SAMs Voe Jse FF (%) PCE (%)
None 1.07 19.6 74.2 15.5
-NH; 0.99 17.5 741 12.8
-OCHjs 1.02 19.1 70.6 13.8
-H 1.05 20.3 76.2 16.2
-Cl 1.10 21.0 76.0 17.6
-Br 1.1 21.7 76.3 18.4
-Bron 1.10 20.7 71.3 16.2
ITO/PET
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Table S2. Summary of the recent works focusing on the application of NiOy HTL in PVSCs

Device structure Voe Jso FF (%) PCE (%) High T?  Reference
(V) (mA/cm?)

ITO/ NiOy(solution)/ CHsNH;Pbly PCBM/ Al 1.05 15.4 47 7.6 Y r
(300 °C)

ITO/ NiOy(solution)/ NiO,/ CHsNH3Pbls/ PCBM/ 1.04 13.2 69 9.5 Y @

BCP/ Al (300 °C)

FTO/ NiOx(sol-gel)/ CHsNH;Pbly/ PCBM/ Au 0.88 16.3 64 9.1 Y Bl
(500 °C)

ITO/ NiOy(sputtered)/ NiO,/ CHsNHsPbly/ PCBM/ 0.96 19.8 61 11.6 Y “

BCP/ Al (400 °C)

FTO/ NiO(spray pyrolysis)/ meso-Al,Os/ 1.04 18.0 72 13.5 Y Bl

CHsNHsPbly/ PCBM/ BCP/ Ag (500 °C)

ITO/ Cu: NiO,(sol-gel)/ CHsNHsPbly/ PCBM/ 1.11 19.0 73 15.4 Y e

bis-Ceo/ Ag (400 °C)

FTO/ NiOy(sputtered)/ NiO,/ CHsNHsPbly/ PCBM/  1.10 15.2 59 9.83 Y "

BCP/ Au (450 °C)

ITO/ NiOx(PLD)/ CH3sNHsPbly/ PCBM/ LiF/ Al 1.06 20.2 81 17.3 N 8
(150 °C)

ITO/ Cu: NiO,(combustion)/ CHsNHsPbls/ Ceq/ 1.05 22.2 76 17.8 N ©

bis-Ceo/ Ag (150 °C)

FTO/ NiOx(Li:Mg) (spray pyrolysis)/ CHsNHzPbls/ 1.09 20.4 83 18.4 Y ol

PCBM/ Ti(Nb)O/ Ag (500 °C)

ITO/ NiOy(sol-gel)/ DEA/ CHsNH3Pbls,Cl/ PCBM/  0.95 20.9 80 15.9 Y i

Ag (500 °C)

ITO/ NiOy(solution)/ CHsNHsPbly/ PCBM/ PDINO/ 1.11 20.57 76.5 17.5 N na

Ag (140 °C)

ITO/ NiOx(NPs)/ CHsNH3Pbly PCBM/ Ag 1.07 20.58 74.8 16.5 N 0l
(130 °C)

ITO/ NiOy(sol-gel)/ CHsNH;Pbly PCBM/ Ag 1.09 19.9 76.9 16.7 Y n4l
(300 °C)

ITO/ NiOx(NPs)/ CHsNH3Pbly/ PCBM/ bis-Ceo/ Ag 1.03 21.8 78.4 17.6 N 0l
(25 °C)

ITO/ NiO(NPs)/ CHsNHsPbls/ Cey/ bis-Ceo/ Ag 1.05 22.6 72.1 17.1 N rel
(25 °C)

ITO/ NiOx(NPs)/ CHsNHsPbls/ PCBM/ BCP / Ag 1.03 20.66 74.2 15.9 N il
(25 °C)

FTO/ Cs: NiO,(sol-gel)/ CHsNHsPbly/ PCBM/ 1.12 21.77 79.3 19.35 Y nel

Zr(Acac)/ Ag (275 °C)

ITO/ NiOy (NPs)/ SAM/ CHsNH;Pbly/ PCBM/ 1.11 21.7 76.3 18.4 N (25°C)  This work

biS'Ceo/ Ag

Y High T denotes high temperature processed NiOy films, which are not compatible with the
roll-to-roll fabrication.
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Table S3. Summary of the recent works of low-temperature processed NiOx film based
flexible perovskite solar cells (F-PVSCs) with PCE > 10% made on PET substrate.

Device structure Voc W) J sc FF (%) PCE (%) Power per Reference
(mA/cm2) weight (W/g)
ITO7 Nl()X (NPs)/ CHSNHSPMS/ C60/ 0.997 20.7 70.5 145 7 [15]
bis—C60/ Ag
1TO/ NiOx(NPs)/ CH3NH3Pb13/ PCBM/BCP  1.04 17.44 64.2 11.84 / [17]
! Ag
1TO/ NiOx(PLD)/ CHSNHSPbIS/ PCBM/LiF/  1.04 18.7 68.9 13.4 / [13]
Al
1TO/ NiOx(NPs)/ CH3NH3Pb13/ PCBM/ 0.975 20.9 69.63 14.19 23.26 [16]
PDINO/ Ag
1.1 20.7 71.3 16.2 26.92 This work

ITO/ NiO (NPs)/ SAM/ CH3 NH3Pb13/
X

PCBM/ bis-C  / Ag
60
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Table S4. Calculation of power per weight (w/g)

WILEY-VCH

Materials Thickness Weight (g/m?) Power

PET/ITO 1.4 um 5.6

NiOy 20 nm 1.5x10*

MAPblI; 250 nm 0.4167
(one-sun)1000W/m?xPCE
=1000x16.2% W/m?
=162 W/m?

PCBM/bis-Ceo 40 nm 8.34x10°

Ag 120 nm 1.26x10°

Total 6.0182

Therefore, the power per weight of F-PVSC= 162+ 6.0182=26.92 W/g

13



WILEY-VCH

Reference

[1] L. Hu,J. Peng, W. Wang, Z. Xia, J. Yuan, J. Lu, X. Huang, W. Ma, H. Song, W. Chen,
ACS Photonics 2014, 1, 547.

[2] K.-C. Wang, J.-Y. Jeng, P.-S. Shen, Y.-C. Chang, E. W.-G. Diau, C.-H. Tsai, T.-Y. Chao,
H.-C. Hsu, P.-Y. Lin, P. Chen, Sci. Rep. 2014, 4, 4756.

[3] Z.Zhu, Y. Bai, T. Zhang, Z. Liu, X. Long, Z. Wei, Z. Wang, L. Zhang, J. Wang, F. Yan,
S. Yang, Angew. Chem. Int. Ed. 2014, 53, 12571.

[4] K.-C. Wang, P.-S. Shen, M.-H. Li, S. Chen, M.-W. Lin, P. Chen, T.-F. Guo, ACS Appl.
Mater. Interfaces 2014, 6, 11851.

[5] W.Chen, Y. Wu,J. Liu, C. Qin, X. Yang, A. Islam, Y.-B. Cheng, L. Han, Energy
Environ. Sci. 2015, 8, 629.

[6] J. H. Kim, P. W. Liang, S. T. Williams, N. Cho, C. C. Chueh, M. S. Glaz, D. S. Ginger, A.
K. Y. Jen, Adv. Mater. 2015, 27, 695.

[7] J. Cui, F. Meng, H. Zhang, K. Cao, H. Yuan, Y. Cheng, F. Huang, M. Wang, ACS App!.
Mater. Interfaces 2014, 6, 22862.

[8] J. H. Park, J. Seo, S. Park, S. S. Shin, Y. C. Kim, N. J. Jeon, H. W. Shin, T. K. Ahn, J. H.
Noh, S. C. Yoon, C. S. Hwang, S. I. Seok, Adv. Mater. 2015, 27, 4013.

[9] J. W. Jung, C. C. Chueh, A. K. Y. Jen, Adv. Mater. 2015, 27, 7874.

[10]W. Chen, Y. Wu, Y. Yue, J. Liu, W. Zhang, X. Yang, H. Chen, E. Bi, I. Ashraful, M.
Gratzel, L. Han, Science 2015, 350, 944.

[11]Y. Bai, H. Chen, S. Xiao, Q. Xue, T. Zhang, Z. Zhu, Q. Li, C. Hu, Y. Yang, Z. Hu, F.
Huang, K. S. Wong, H.-L. Yip, S. Yang, Adv. Funct. Mater. 2016, 26, 2950.

[12]Y. Hou, W. Chen, D. Baran, T. Stubhan, N. A. Luechinger, B. Hartmeier, M. Richter, J.
Min, S. Chen, C. O. Quiroz, N. Li, H. Zhang, T. Heumueller, G. J. Matt, A. Osvet, K.
Forberich, Z. G. Zhang, Y. Li, B. Winter, P. Schweizer, E. Spiecker, C. J. Brabec, Adv. Mater.
2016, 28, 5112.

[13]X. Yin, P. Chen, M. Que, Y. Xing, W. Que, C. Niu, J. Shao, ACS Nano 2016, 10, 3630.
[14]X. Yin, J. Liu, J. Ma, C. Zhang, P. Chen, M. Que, Y. Yang, W. Que, C. Niu, J. Shao, J.
Power Sources 2016, 329, 398.

[15]H. Zhang, J. Cheng, F. Lin, H. He, J. Mao, K. S. Wong, A. K. Jen, W. C. Choy, ACS
Nano 2016, 10, 1503.

[16]H. Zhang, J. Cheng, D. Li, F. Lin, J. Mao, C. Liang, A. K. Y. Jen, M. Gritzel, W. C.
Choy, Adv. Mater. 2017, 29.

[17]Z. Liu, A. Zhu, F. Cai, L. Tao, Y. Zhou, Z. Zhao, Q. Chen, Y.-B. Cheng, H. Zhou, J.
Mater. Chem. A 2017, 5, 6597.

[18]W. Chen, F. Z. Liu, X. Y. Feng, A. B. Djuri$i¢, W. K. Chan, Z. B. He, Adv. Energy Mater.
2017.

14



