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Supplementary material for the paper: 

Table S1. Thicknesses of films used in devices fabrication measured by stylus profilometer. 

Layer Thickness, nm 

NiO 10 (±3.8) 

CuI 0.05 M 23 (±19.2) 

CuI 0.10 M 47 (±23.3) 

CuI 0.20 M 74 (±32.1) 

MAPbI3 472 (±25.2) 

PCBM 28 (±5.2) 

BCP 8 (±2.1) 

Ag 99 (±3.0) 

We performed SEM imaging of perovskite films crystalized on NiO film and NiO/CuI stack with 

0.10 M and 0.20 M concertation (Figure S1). Pin-hole free perovskite films with ~200–450 nm grain 

size was obtained without meaningful difference in morphology quality changes.  
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Figure S1. SEM images of MAPbI3 films crystallized on the top of (a) NiO film; (b) NiO/CuI (0.10 M) 

film and (c) NiO/CuI (0.20 M). 

Statistical spread of output JV performance for fabricated solar cells presented on Figure S1. 



 

Figure S2. Statistical spread of output JV performance for fabricated devices (a) Voc range, (b) Jsc 

range, (c) FF range and (d) PCE range. 

To quantitively compare the hysteresis effect we calculated Hindex for JV curves measured at 23.5 

mV/s scan rate (as for all devices) with Equation (S1): 
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Figure S3. Hysteresis JV curves for the PSCs with different HTL types (a) NiO, (b) CuI (0.05 M), (c) 

CuI (0.10 M), (d) CuI (0.20 M) and (e) NiO/CuI (0.10 M). 

To compare hysteresis effect quantitively by numbers we calculated Hindex for JV curves 

measured at 23.5 mV/s scan rate (as for all devices) with Equation (S1): 

𝐻𝑖𝑛𝑑𝑒𝑥 =
𝑃𝐶𝐸𝑓𝑜𝑟𝑤𝑎𝑟𝑑 𝑠𝑐𝑎𝑛 − 𝑃𝐶𝐸𝑟𝑒𝑣𝑒𝑟𝑠𝑒 𝑠𝑐𝑎𝑛

𝑃𝐶𝐸𝑓𝑜𝑟𝑤𝑎𝑟𝑑 𝑠𝑐𝑎𝑛

 (S1) 

where PCE reverse scan - efficiency calculated from reverse scan of JV curve, %; PCE forward scan-

efficiency calculated from forward scan of JV curve, %.  

Table S2. Hindex calculated for PSCs with single HTL configurations and best performing NiO/CuI 

(0.10 M) double layer. 

HTL type Hindex, a.u. 

NiO 0.002 

CuI 0.05 M 0.288 

CuI 0.10 M 0.322 

CuI 0.20 M 0.294 

NiO/CuI 0.10 M 0.089 
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Figure S4. Transient photo voltage measurements for the reference cell with single NiO HTL and 

double NiO/CuI (0.10 M) HTL in rise mode (a) and fall mode (b). 


