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Fig. S1. (a) UPS spectrum and (b) absorption coefficient as a function of photon 

energy of the prepared NiOx film.

Fig. S2. (a) UPS spectrum and (b) absorption coefficient as a function of photon 

energy of the prepared C60:C70 film.
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Fig. S3. J–V characteristics of the PSCs using NiOx and fullerene mixture (C60:C70 

=1:1) as the HTL and ETL, respectively. The fullerene mixture was spin coated from 

varying the rotating speed of 1000, 2000 and 3000 rpm.

Table S1. Device parameters for the PSCs using NiOx and fullerene mixture (C60:C70 

=1:1) as the charge transport layers. The fullerene mixture was spin coated from 

varying the rotating speed of 1000, 2000 and 3000 rpm.

Rotating speed Voc (V) Jsc (mA cm-2) FF (%)  PCE (%)
1000 rpm 1.01 18.2 71.2 13.1
2000 rpm 1.01 18.9 73.8 14.1
3000 rpm 1.00 18.4 72.7 13.4
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Fig. S4. PCE variations for PSCs using PEDOT:PSS/PCBM and NiOx/C60:C70 as the 

charge transport layers.

Fig. S5. J–V characteristics (under forward and reverse scans) of the PSCs using 

PEDOT:PSS and PCBM as the HTL and ETL.
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Fig. S6. Absorption spectra of the perovskite films formed on PEDOT:PSS and NiOx.

Fig. S7. Top-view SEM images of (a) underlying NiOx HTL and (b) fullerene mixture 

(C60:C70 =1:1) ETL.
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Fig. S8. PL (a) and TR-PL (b) spectra of NiOx/perovskite/C60:C70 and 

PEDOT:PSS/perovskite/PCBM on glass.

Table S2. Fast decay component (τ1) and slow decay component (τ2) for the films of 

perovskite, NiOx/perovskite, NiOx/perovskite/C60:C70 and 

PEDOT:PSS/perovskite/PCBM, which are obtained by fitting the TR-PL spectra.

Configuration τ1 (ns) τ2 (ns)
Peorvskite 32.3 304.8

NiOx/perovskite 11.2 82.6
NiOx/perovskite/C60:C70 6.8 38.2

PEDOT:PSS/perovskite/PCBM 10.5 47.7


