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Supplementary Note 1. ny4p calculation.
The trap density (ntrap) is determined by the trap-filled limit voltage (VrrL) based on the
following equation[1]:

Nerap = 15" ro (S-eq 1)
Where L is the thickness of the perovskite film, VrrL is the onset voltage of the trap-

filled limit region, e is the relative dielectric constant of perovskite film, & is the

vacuum permittivity, and q is the electron charge.
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Figure S1. Light transmittance of NiOx, MeO-Ph, and NiOxy/MeO-Ph
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Figure S2. Surface roughness of (a) NiOx, (b) MeO-Ph and (c) NiOx/MeO-Ph, CPD distribution
of (d-e) three films (from left to right: NiOx, MeO-Ph, NiOx/MeO-Ph).
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Figure S3. (a-b) (ahv)* vs. hv plots (x = 2 or 1/2) of NiOx, MeO-Ph, and NiOx/MeO-Ph.
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Figure S4. Theoretical adsorption mode of MeO-Ph on surfaces without -OH (a) ITO, (b) NiOx,
and with -OH (c) ITO, (d) NiOx.
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Figure S5. NiOx, MeO-Ph, and NiO,/MeO-Ph based on (a) PL spectra, and (b) TRPL spectra.
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Figure S6. TPC plots of NiOx, MeO-Ph, and NiOx/MeO-Ph based PSCs.
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Figure S7. Top-view particle size distribution plots of perovskite deposited on (a) NiOy, (b) MeO-
Ph and (c) NiOx/MeO-Ph surfaces.

Figure S8. Cross-sectional thickness plots of perovskite deposited on (a) NiOx and (b) MeO-Ph

surfaces.
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Figure S9. Water contact angle plots of perovskite deposited on (a) NiOy, (b) MeO-Ph and (c)
NiO/MeO-Ph surfaces.
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Figure S10. XRD spectra plots of perovskite deposited on NiOx, MeO-Ph and NiOx/MeO-Ph

surfaces.
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Figure S11. (ahv)? vs. Energy (eV) plots of perovskite deposited on NiOx, MeO-Ph and
NiO/MeO-Ph surfaces.
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Figure S12. Extraction of (a) Voc, (b) Jsc and (¢) FF distributions from J-7 measurements of
NiOy, MeO-Ph, and NiOx/MeO-Ph based PSCs (20 individual devices).
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Figure S13. Stability measurements were performed at 60 °C and 60 + 10% relative humidity.
Includes evolution of XRD patterns of perovskite deposited on (a) NiOy, (b) MeO-Ph and (c)
NiOx/MeO-Ph.

27
Glass/ITO/HTL/IPVKIC,,/BCP/Ag
— 2 : 2
q -
£ 184
0 = = =
g e o o
i = C
e o o % x O % =09
— 9/{=Q2 20 Qo=
Q = 25 = 9 5= = O B
@ =0 =0 =0
o = = =
0

1.59eV 1.59eV 1.68eV
MA CsFAMA CsFAMA

Figure S14. Jsc performances of NiOx, MeO-Ph, and NiOx/MeO-Ph in different perovskite.
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Figure S15. (a) Jsc and (b) PCE performances of NiO/(MeO-2PACz or MeO-Ph) mixed hole

transport layer.



Table S1. Atomic concentrations of various major elements of NiOx, MeO-Ph, and NiOx/MeO-Ph

Sample P2p N 1s O1s C1ls In 3d Ni 3p
ITO/NiOx N/A N/A 47.94 25.98 0.59 25.49
ITO/MeO-Ph 3.29 3.32 27.97 54.22 11.19 N/A
ITO/NiOx/MeO-Ph 4.45 3.51 25.42 49.97 0.42 6.22

Table S2. TRPL fitting parameters based on NiOx, MeO-Ph, and NiOx/MeO-Ph devices. Where
e = (A7 + Ao) / (A1+ Az)?

Sample As 11 (NS) Az T2 (nS) tave (NS)
NiOx 0.17 20.66 0.79 99.27 96.89
MeO-Ph 0.11 17.53 0.75 176.14 313.05
NiOx/ MeO-Ph 0.04 17.03 0.72 314.03 173.91

Table S3. NiOy, MeO-Ph, and NiOxMeO-Ph as photovoltaic parameters for HSL best PSCs

Devices Scan direction  Jsc (MA cm™) Voc (V) FF (%) PCE (%)

Forward 22.23 1.07 80.82 19.75
NiOy
Reverse 22.31 1.07 81.86 19.86
Forward 23.27 1.04 81.01 20.29
MeO-Ph
Reverse 23.22 1.04 81.54 20.36
Forward 23.47 1.06 85.12 21.64
NiOx/MeO-Ph

Reverse 23.74 1.07 84.43 21.75
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