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Fig. S1 SEM images of FTO substrates after (a) 5, (b) 10, and (c) 15 nm ALD-TiO2 

coating. 



Fig. S2 Cross-sectional SEM image of FTO substrate with TiO2 film deposited by 

spin-coating technique. 



  

Fig. S3 SEM images of annealed perovskite layers on 10 nm ALD-TiO2 films with 

different waiting time: (a) 5, (b) 10, and (c) 15 s. 



Fig. S4 SEM image of perovskite layer spin-coated on conventional TiO2 film. 



 

 

Fig. S5 The histogram plots of key parameters of as-fabricated seven batches (B1-B7) 

of solar cells. Note: Columns from black to magenta color represent devices 

fabricated using spin-coated TiO2, and 5, 10, 15 and 20 nm ALD TiO2. 



Fig. S6 J–V curve of a cell based on 10 nm ALD TiO2 layer without annealing 

treatment and corresponding photovoltaic parameters.



Fig. S7 Nyquist curve of an incomplete solar cell without a TiO2 layer. 



Fig. S8 Nyquist curves of the 10 nm ALD TiO2 devices measured at different bias 

voltages (0, 0.3, 0.5, 0.7 and 0.9 V).



Sample Voc (V) Jsc (mA cm-2) FF (%) PCE (%) 

ALD-5 nm 0.96 0.04 ±  21.96 1.22      ±  53.79 1.85 ±  11.4 0.62 ±  

ALD-10 nm 0.98 0.02 ±  22.13 1.16 ±  55.73 1.45 ±  12.6 0.57 ±  

ALD-15 nm 0.96 0.02      ±  21.01 1.06 ±  52.44 1.81 ±  10.6 0.39 ±  

ALD-20 nm 0.96 0.02      ±  21.43 1.42 ±  48.74 2.87 ±  10.1 0.38 ±  

Spin-coating 0.97 0.03       ±  19.34 0.59   ±  45.73 2.39  ±  8.61 0.15 ±  

Table S1 Summary of the average values of photovoltaic parameters of seven batches 

of solar cells based on different ALD TiO2 thicknesses and traditional TiO2 layer by 

spin-coating. 



Sample Rs (Ω) Rct (Ω) = Rct1+Rct2 Rrec (Ω)

ALD-5 nm 6.86 1.3 ±  

5

513.5 29.54 ±  1286.54 84.2 ±  

7

ALD-10 nm 11.2 3.2 ±  

7

546.8 23.47 ±  969.04 70.96 ±  

ALD-15 nm 20.7 3.7 ±  

5

637.4 39.01 ±  1416.92 82.0 ±  

9

ALD-20 nm 28.9 1.2 ±  

9

730.3 17.29 ±  1257.6 112.0 ±  

6

Spin-coating 14.4 2.1 ±  

1 

587 14.62.0 ±  2302.6 152.5 ±  

8

Table S2 Summary of the average values of EIS parameters of solar cells based on 

different ALD TiO2 thicknesses and traditional TiO2 layer by spin-coating. 



Bending times Voc (V) Jsc (mA cm-2) FF (%) PCE (%) 

0 0.90 18.3     43.5 7.17

10 0.88 16.8 45.4 6.78

50 0.80     18.0 30.2 4.35

Table S3 Summary of the photovoltaic parameters of flexible devices without 

bending, and after 10 and 50 cycles of bending.


