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Figure S1. Top-view OM images of perovskite films prepared from (a) pure toluene and 

PCBM-Tol solution at different temperatures; (b) 75 ℃, (c) 50 ℃ and (d) 25 ℃.
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Figure S2. Photographs of perovskite precursor state films with (a) pure toluene treatment 

and different PCBM-Tol solution temperature; (b) 75 ℃, (c) 50 ℃ and (d) 25 ℃.
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Figure S3. Lateral morphology of the perovskite–PCBM interface. EDS mapping profiles of 

SEM images showing I(yellow, a) , Pb (green, b) and O (cyan, c) elements in perovskite films.
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Figure S4. Relationship between perovskite grain sizes in film and PCBM aggregate sizes in 

PCBM-Tol solution at different temperatures.
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Figure S5. XRD patterns of perovskite films prepared from pure toluene and PCBM-Tol 

solution with different temperatures.
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Figure S6. Surface morphologies of perovskite/PCBM films after PCBM washing process.
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Figure S7. Cross-sectional SEM images (a) after PCBM washing state and (b) applied re-

coating process.
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Figure S8. The band alignment for the perovskite solar cells.
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Figure S9. Current density-voltage (J-V) curves of the devices with and without re-coating 

process applied 75 ℃ and 50 ℃ PCBM-Tol devices.



  

S-11

0 20 40 60 80 100 120 140 160
0.0

0.2

0.4

0.6

0.8

1.0

PC
E 

(N
or

m
al

iz
ed

)

Time ( h )

Reference
25 C PCBM-Tol
Re-coating 25 C PCBM-Tol

Figure S10. Comparison of device stability between reference and with and without re-coating 

25 ˚C PCBM-Tol devices in ambient air condition.
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Figure S11. The device schematic of the charge flow according to the grain size of perovskite.
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Table S1. XRD data (2θ position, position intensity value and FWHM) for the peak (110) of 

perovskite films with reference and PCBM-Tol solution at different temperatures.

Conditions
(110) plane 2θ

(degree)

Max value

(intensity)

Half value

(intensity)

FWHM

(degree)

Pure toluene 14.1 993170 496585 0.0987

75 ℃ PCBM-Tol 14.1 2178870 1089435 0.0886

50 ℃ PCBM-Tol 14.1 2246280 1123140 0.0868

25 ℃ PCBM-Tol 14.1 2850080 1425040 0.0797
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Table S2. The root-mean-square (rms) roughness values of perovskite films with pure toluene 

and PCBM-Tol solution at different temperatures.

Conditions
Surface rms

(nm)
Red selected rms

(nm)

Reference 7.23 4.10

75 ℃ PCBM-Tol 31.81 38.81

50 ℃ PCBM-Tol 55.83 73.09

25 ℃ PCBM-Tol 83.46 145.71
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Table S3. The photovoltaic parameters of 75 ℃ and 50 ℃ PCBM-Tol devices with re-coating 

process.

Device configurations
Voc

[ V ]
Jsc

[ mA cm-2 ]
FF PCE

[ % ]

75 ℃ PCBM-Tol with 
re-coating PCBM

0.91(±0.01) 19.58(±0.23) 0.71(±0.02) 12.86(±0.41)

50 ℃ PCBM-Tol with 
re-coating PCBM

0.86(±0.02) 21.25(±0.35) 0.69(±0.03) 13.19(±0.53)
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Table S4. Nyquist plot parameters of reference device and re-coating 25 ℃ PCBM-Tol 
device.

Device configurations
Rs

(Ω)
RCT

(Ω)
CPECT

(F)
RRec

(Ω)
CPERec

(F)

Reference 32 25494 1.53×10–7 20653 2.50×10–6

25 ℃ PCBM-Tol with 
re-coating PCBM

17 9004 2.25×10–8 93251 9.66×10–8


