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Figure S1. (a) Cross sectional EBIC image overlapped with SEM image of the TiO2/C60-based device. Line profiles of 

EBIC signal perpendicular to layers of the regions (b) without and (c) with a local pinhole in the C60 layer in the device. 

Scale bar: 500nm.  
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Figure S2. (a) A topographic image (Top), CPD distribution images under short-circuit (middle), and open circuit 

(bottom) conditions of the TiO2-based device. (b) A topographic image (Top), CPD distribution images under short-

circuit (middle), and open-circuit (bottom) conditions of the C60-based device. RMS of roughness in the topographic 

images of the TiO2-based and C60-based devices are 9.32 nm, 5.55 nm, respectively.  
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Figure S3. J-V characteristic of the (a) TiO2-based, (b) TiO2/C60-based, (c) C60-based devices measured in reverse (full 

circle) and forward (hollow circle) scan.  
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Figure S4. The sequence of the charge extraction measurement: 1) light off & short-circuit (SC) step in which charge 

remained in the device is extracted from the previous cycle; 2) light on & open-circuit (OC) step in which photocurrent 

is generated and carriers are recombined; 3) light off & OC step in which charge generation is stopped and 

accumulated charge inside the device is relaxed and recombined under certain delay time; 4) light off & SC step in 

which remnant accumulated charge is extracted. (a) An illustration of the potential and current values as a function 

of the steps, and (b) values of the extracted charge by integration of the current profile.  
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Figure S5. a) Quantity of extracted charges as a function of switching delay time up to 4s for the three different 

devices. Quantity of extracted charges delay time up to 180 s of b) the TIO2-based device, c) TiO2/C60-based and d) 

C60-based device, respectively. 
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Figure S6. (a) Nyquist plots (Z”-Z’) of the PSCs with different ETLs. (b) An equivalent circuit employed in this study 

and (c) the values of the geometrical capacitance and (d) surface accumulation capacitance depending on the applied 

voltage. EIS measurements are performed under a LED light source and ambient conditions. Here, Rs is ohmic 

contribution of contacts and wires; Cg is geometrical capacitance, which is dielectric response of the perovskite layer; 

Cs is capacitance of surface charge accumulation at the interfaces; and R1 and R2 are the resistance of recombination 

current flux. 
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Figure S7. Time evolution of cross-sectional SEM and EBIC images of TiO2-based device. a) Line profiles of EBIC signal 

perpendicular to the layers of the TiO2-based device with different light soaking time. Cross-sectional SEM image of 

the TiO2-based device after b) 6 hr under 1 sun light illumination, c)12 hr under 1sun light illumination and, d) 24 hr 

under 1 sun illumination. Cross-sectional EBIC image of the TiO2-based device after e) 6 hr 1sun light illumination, 

f)12 hr 1sun light illumination and g) 24hr 1sun light illumination. All samples were stored under 1sun in air. Scale 

bars, 500nm 
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Figure S8. Time evolution of cross-sectional SEM and EBIC images of C60-based device. a) Line profiles of EBIC signal 

perpendicular to the layers of the C60-based device with different light soaking time. Cross-sectional SEM image of 

the C60 -based device after b) 6 hr under 1 sun light illumination, c)12 hr under 1 sun light illumination and, d) 24 hr 

under 1 sun illumination. Cross-sectional EBIC image of the C60-based device after e) 6hr under 1sun light illumination, 

f)12 hr under 1sun light illumination and g) 24 hr under 1sun light illumination. All samples were stored under 1sun 

in air. Scale bars, 500 nm 

 

 

 

 

 



 10 

 

Figure S9. CPD distribution under illumination at open circuit condition (red line) and at short circuit condition (blue 

line) of fresh a) TiO2-based and d) C60-based device, respectively. CPD distribution under illumination at open circuit 

condition (red line) and at short circuit condition (blue line) of 12 hr aged b) TiO2-based and e) C60-based device, 

respectively. The arrow marks built up Voc. c) Normalized E-field distribution under illumination at open circuit 

condition of the fresh TiO2-based (purple line) and 12 hr aged TiO2–based device (green line). f) Normalized E-field 

distribution under illumination at open circuit condition of the fresh C60-based (purple line) and 12 hr aged C60–based 

device (green line). 
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Figure S10. Schematic illustrations of band diagrams of device with ideal p–i–n junction type under light illumination 

in (a) short-circuit state and (b) open-circuit state. VL: vacuum level; ETL, electron-transporting layer; HTL, hole-

transporting layer; VOC, open-circuit voltage 

 

 


