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Figure S1. Optical Transmittances of the bare FTO glass substrate and the compact TiO,/FTO substrate.
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Figure S2. Distribution histograms of the PCEs of the TiO, PSC and various CdS PSCs, observed from the

identical 36 devices of each type. (a) TiO, PSC, (b) 20 nm CdS PSC, (c¢) 30 CdS PSC, and (d) 50 CdS PSC.
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Figure S3. J-V measurement results of the CdS-PSCs adopting the thin CdS HBLs with the thicknesses of 20

nm, 10 nm, and 5 nm. Too thin CdS layers are considered to be not appropriate for the device fabrication.
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Figure S4. J-V curves of the TiO, PSC and 20-CdS PSC depending on the scan direction, measured to

investigate the hysteresis effects of PSCs. The both PSCs demonstrated insignificant degrees of hysteresis.

S-3



Equivalent Circuits - basic model.mdl . ' Equivalent Circuits - basic model.mdl ' '

File Model Help File Model Help
©EH 8 BB | @ Runfiing/seictedprs | Frotered = 0053457 ©dH 8 BB @ Bunfiing/Selectedpts. | (routed 0012892

R1 R2 R3 R1 R2 R3

crEt cpe2 Fresh TiO, PSC crEt cre2 Fresh CdS PSC

Element Freedom ‘&Je | Eror | Emor% | Element | Freedom \&Je | Eror | Emor% |
A1 &l Free? [1208 024711 20456 R1 %1 Free?] [10.42 024022 23054
R2 %] Free(? 108.2 14.077 130 R2 %1 Free(? 1199 18.984 15.833
CPE1-T %] Free(? 6.7411E-7 21502€-7 31.897 CPE1-T %] Free(? 4.7537€-7 1.6613E-7 34948
CPE1-P %] Free(?  |0.88256 0.043661 5.6269 CPE1-P %] Free?  |0.90874 0.05658 6.2262
R3 %] Free(? 107 12.907 12063 R3 %l Free(? 1467 176 119.97
CPE2-T %] Free(? 1.72226-7 3.304E-7 191.85 CPE2T %] Free(? 1.4624€-7 2.3895E-7 1634
CPE2-P %] Free(? 1.036 0.20033 19343 CPE2P %] Free(? 1.038 0.18006 17.347

L 12 h light illumination >

Equivalent Circuits - basic model.mdl Equivalent Circuits - basic model.mdl - B
File Model Help File Model Help
= ChScuared =0.0010573 = ChiSquared =0,0094339
©HH 8 BB | @ -Bunfiing/Selectedprs. | (roeted 07 eEaH & BB | @-anting/seecedrs | oteed =00
R1 R2 R3 R1 R2 R3
crer cre2 Aged TiO, PSC crer crez Aged CdS PSC
Element Freedom \Lai_.le ] Eror | Emor% | Element | Freedom \.l_ah_z J Eror | Enor% |
R1 %] Free(? 10.71 015766 14721 R1 %] Free(? 11.19 0.25419 2276
R2 %] Free(? [2833 28.387 10.02 R2 %] Free? [1305 20.036 15.353
CPE1-T 2] Free(? 6.2818E-7 8.0206E-8 12768 CPE1-T 2] Free(? 4.7205€-7 1.7553€-7 37.185
CPE1-P 2] Free(? 0.86666 0.028585 3.2983 CPE1-P %1 Free(? 0.90504 0.05806 6.4152
R3 %] Free(? 21.06 25878 122.88 R3 %] Free(? 13.65 18.061 13232
CPE2T %] Free(?  |6.4737E-7 6.2635€-7 96.753 CPE2T %] Free(?  [1.5958E-7 2.9388E-7 184.16
CPE2-P %] Free(? 0.95507 014178 14.845 CPE2P %1 Free(? 1.036 0.20231 19.528

Figure S5. Equivalent circuit models used for the data-fitting of the EIS measurement result, and corresponding
results of the data-fitting. The resistance denoted “R2” is the dominant resistance, which was interpreted as the

charge transfer resistance at the HBL/perovskite interface.
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Figure S6. Raw graphs of the time-resolved PL decay measurement without the data-fitting. Insets visualize the

average PL lifetimes of each result.
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