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1 Calculation of Carrier Concentration of Varied Thickness of ZnO 

Film 

The carrier concentration of O-ZnO and T-ZnO can be measured by Hall-effect 

measurement. However, the carrier concentration of C-ZnO can not be obtained from 

the same way, but from the fied-effect-transistor device characterization. In this 

method, the field-effect mobility of the ZnO layer was calculated from the two 

following formulas [1]:  

𝜇 =
𝒅𝑰𝑫𝑺

𝒅𝑽𝑮𝑺
∙

𝑳

𝑾𝑪𝑺𝒊𝑶𝟐𝑽𝑫𝑺

                                               (1) 

where L, W, and 𝐶𝑆𝑖𝑂2
 are the channel length, channel width, and the capacitance for 

SiO2, respectively. 

    ρ=n q μ                                                     (2) 

whereρ is the conductivity, q is the elementary charge, and n is the carrier 

concentration. 
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2 Scanning Kelvin Probe Microscopy Measurement 

The Voc enhancement was further strengthened from their energy band alignement. 

The surface potential shift of ZnO film was measured by scanning Kelvin probe 

microscopy (SKPM). As shown in Fig. S2b, the surface potential evolved from -4.35 

eV for C-ZnO to -4.28 eV for O-ZnO films, which closed to conduction of PbS-TBAI 

layer [2] and led to the corresponding change of Voc. The Voc evolution trend agreed 

well with the device statistical results in Fig. 3. And the highest Voc ~0.60 V was 

obtained from the O-ZnO film based devices. 

 

Fig. S1 a Absorption spectra of PbS QDs in hexane solution. The device structure 

used for the b Hall effect measurement and c FET measurement. d Transfer 

characteristics of C-ZnO FET 

 

 

Fig. S2 Statistics of device a series resistances and b shunt resistances using varied 

thickness of ZnO window layer 
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Fig. S3 a EQE and integral current curves for 30 and 90 nm-ZnO devices and 

corresponding current contribution difference in different spectra regione. b The 

schematic energy level diagram for the ZnO-PbS QDs devices. c C-F measurement 

data of ITO/PbS/Au ranging from 103 to 106 Hz. By getting the C value at 1~10 KHz, 

then εQD can be obtained from the following formula: 𝐶 =  
𝜀𝑟𝜀0𝑆

𝑑
, where S is active 

area and d is the thickness of PbS-TBAI layer. d C-V measurements data of ZnO-PbS 

QDSCs with various thickness of ZnO films 

 

 

Table S1 The Mott-Schttky analysis of the 60 nm-ZnO devices 
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Devieces Vbi (V) ND (cm-3) NA (cm-3) WD, ZnO (nm) WPbS (nm) 

60 nm-ZnO-PbS 0.70 2.9×1017 4.57×1016 23.7 151.2 
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