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Figure S1. The refractive index (n, dot line), extinction coefficient (k, solid line) values 

of glass substrate, ITO, PTAA, PC61BM and perovskite. 
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Figure S2. The top view images of final plane and textured PTAA, a) pure PTAA, b) 

5:12, c) 5:20 and d) 5:45 PTAA to PS. The texture structure was obtained 

by washing away PS from the mixed film. The scale bar is 500 nm. 

 

Figure S3. The cross-sectional images of different textured PTAA, by demixing of 

binary polymer layers. The PTAA to PS mixing ratios were a) 5:12, b) 5:20 

and c) 5:45, respectively. The scale bar is 500 nm. 

 

Figure. S4. The thickness of the PTAA/PS mixed layer, textured PTAA layer and plane 

PTAA layer obtained by using AFM to cross-sectional scan the film after 

removing half of the layers. The PTAA/PS ratios are 5:45 (a), 5:20 (b) and 

5:12 (c) respectively. 
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Figure S5. The transmittance of the Glass/ITO/PTAA/Perovskite semi-finished device 

with plane and different textures. 
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Figure S6. The relative transmittance after coating 125 nm MgF2 anti-reflection layer. 

The ratio is achieved by dividing the transmittance after AR coating with 

the transmittance before AR coating. 
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Figure S7. The SEM images of the perovskite layers prepared on different substrates, 

a) pure PTAA, texture PTAA obtained from b) 5:12, c) 5:20 and d) 5:45 

PTAA to PS. The scale bar is 1 μm. 
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Figure S8. The XRD of the perovskite films prepared on different substrates.  
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Figure S9. J-V curves of the texture PTAA solar cell measured under forward and 

reverse scan.  

 

Figure S10. The steady-state output of the current with the optimal power output point 

(the voltage is about 0.98 V) for 10 minutes and corresponding power 

conversion efficiency. 
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Figure S11. The summary of output characteristics of a) PCE, b) VOC, c) JSC and d) FF 

from 17 batches of devices. 
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Figure S12. TPC measurements of devices with plane and optimized texture PTAA. 

 

Figure S13. TPV measurements of devices with plane and optimized texture PTAA. 
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Figure S14. PL spectra for perovskite on glass (black), textured PTAA (red) and plane 

PTAA (blue) samples. (b) Normalized TRPL decay of the perovskite films 

on three different substrates. 

 

 

Figure S15. The Nyquist plots for samples with plane PTAA and different textured 

PTAA. 
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Figure S16. The transmittance of glass/ITO/PTAA with plane and different texture 

PTAA HTL layers. 

  



S-13 

 

TCO HTL Perovskite ETL 
PCE

(%) 

JSC 

(mA·cm-

2) 

VOC 

(V) 

FF 

(%) 

Time 

(year) 
Ref. DOI 

ITO P3CT-CH3NH2 MAPbI3 PCBM/BCP 19.6 22.2 1.09 81 2018 1 10.1021/acsami.7b11977 

ITO P3CT-K MAPbI3 PCBM-GO/ZnO 20 24.1 1.05 79 2018 2 10.1016/j.nanoen.2018.02.014 

ITO P3CT-N MAPbI3 PCBM/BCP 20.9 22.8 1.1 83.2 2019 3 10.1039/c9ta04192c 

ITO P3CT-Na MAPbI3 TPE-PDI4/C60/BCP 18.8 21.9 1.05 81 2018 4 10.1039/c8ta06081a 

ITO P3CT-Na MAPbI3 ITCPTC/C60/BCP 19.5 22.1 1.07 82 2018 5 10.1039/c8ta06730a 

ITO P3CT-Na MAPbI3 IDT6CN-4F/BCP 19.8 22.3 1.07 83 2018 6 10.1039/c8ta10975c 

ITO P3CT-Na MAPbI3 ITCPTC-Th/BCP 18.8 22.5 1.06 78 2017 7 10.1039/c8ta00492g 

ITO PEDOT:PSS FA0.85MA0.15Pb (I0.85Br0.15)3 C60/BCP 21 23.1 1.06 86 2018 8 10.1021/acsnano.8b05731 

ITO PEDOT:PSS FAPbI3-xBrx NDI-PM 20 23 1.06 79.8 2017 9 10.1039/c7ta06900f 

ITO PEDOT:PSS FAPbI3-xBrx NDI-ID 20.2 23 1.1 80 2018 10 10.1002/adfm.201800346 

ITO PEDOT:PSS FAPbI3-xBrx NDI-PhE 20.5 23.1 1.1 80.8 2018 11 10.1002/cssc.201802234 

ITO PEDOT:PSS MAPbI3 PCBM 18.9 21.4 1.11 79.6 2017 9 10.1039/c7ta06900f 

ITO PEDOT:PSS MAPbI3 PCBM/BCP 18.7 22.4 1.02 82 2016 12 10.1002/adma.201604048 

FTO PEDOT:PSS MAPbI3 HBM 20.6 22.4 1.12 82 2019 13 10.1021/acs.nanolett.9b00936 

ITO PEDOT:PSS MAPbI3-xClx INIC/PCBM/PDIN 19.3 23.1 1.01 82.7 2017 14 10.1039/c7ta06923e 

ITO PEDOT:PSS (FAPbI3)0.8(MAPbBr3)0.2 PCBM/BCP 20.3 22.4 1.13 80 2018 15 10.1002/adma.201805554 

ITO PTAA(F4-TCNQ) MAPbI3 PS/C60/BCP 19.4 22.3 1.16 75.2 2017 16 10.1002/adma.201700159 

ITO PTAA MAPbI3 PCBM/BCP 19.3 23.4 1.04 78.8 2018 17 10.1002/smll.201804692 

ITO PTAA(F4-TCNQ) (FA0.95PbI2.95)0.85(MAPbBr3)0.15 PCBM/BCP 20.9 21.9 1.18 81.4 2018 18 10.1126/science.aap9282 

ITO PTAA(F4-TCNQ) MAPbI3 PCBM/BCP 19.0 22.5 1.1 76.8 2017 19 10.1002/adfm.201704836 

ITO PTAA(F4-TCNQ) MAPbI3 PCBM/Bphen 20.2 23.4 1.12 77.6 2018 20 10.1002/smll.201704007 

ITO PTAA-Doped MA0.6FA0.4PbI3 PCBM/BCP 20.2 23.1 1.09 80 2017 21 10.1002/adma.201604758 

ITO TAPC(PTAA) MAPbI3-xClx C60/BCP 21.0 23.4 1.12 80.1 2018 22 10.1002/solr.201800173 

ITO PTAA(texture) MAPbI3-xClx PCBM/BCP 20.8 22.5 1.12 82.5 2019  this works 
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Table S1. Literature survey of low temperature process HTL for p-i-n devices. The present study has been included for comparison.

ITO PTAA(AR-texture) MAPbI3-xClx PCBM/BCP 21.6 23.3 1.12 82.9 2019  
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