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Figure S1. Top-view SEM images of a) ZnO, b) 1% Cs-doped ZnO, c) 5% Cs-doped ZnO,
d) 10% Cs-doped ZnO, e) 15% Cs-doped ZnO and f) 20% Cs-doped ZnO films. The scale
bars are 200 nm.
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Figure S2. AFM height images of a) ZnO, b) 10% Cs-doped ZnO and c) 20% Cs-doped
ZnO films.

The optical band gaps were obtained from the following equation:
1/2
_ A (hv — E)Y/
hv
where a is the absorption coefficient, A is a constant, hv is the photon energy and E is
the band gap. Bandgaps are derived by extrapolating the linear region of the plot of
(ahv)? versus hv to the energy axis.
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Figure S3. (a) Transmittance spectra of ZnO and Cs-doped ZnO films spin coated with

the same concentration. (b) Extrapolated optical bandgaps of ZnO and Cs-doped ZnO
films, showing slight shift after Cs doping.

Figure S4. Drift corrected HAADF-STEM images and elemental mappings of Zn, O, and
Cs for 20% Cs-doped ZnO NP performed on the selected area in STEM image.
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Figure S5. Enlarged view of (101) plane from XRD spectra of ZnO and Cs-doped ZnO

NPs.
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Figure S6. The EDX spectrum of 5% Cs- doped ZnO nanoparticles.
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Figure S7. EQE of the optimized CQD photovoltaic device with ZnO and 5% Cs-doped
ZnO ETLs.
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Figure S8. PL spectra of pristine ZnO layer and 5% Cs-doped ZnO layer.
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Figure S9. Dark J-V curve of the CQD photovoltaic devices with ZnO and 5% Cs-doped
ZnO ETLs.
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Figure S10. Light-intensity dependence of Jsc (solid lines: linear fits) of the CQD solar
cells with pristine ZnO and 5% Cs-doped ZnO.
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Figure S11. The equivalent circuit model employed to fit the Nyquist plots for CQD
solar cells.
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Figure S12. XPS spectra of (a) Zn 2p, (b) Cs 3d and (c) O 1s core level measured on ZnO
and 5% Cs-doped ZnO.



Table S1. EIS parameters of the CQD photovoltaic devices based on ZnO or 5% Cs-
doped ZnO as ETLs.

R R
ETL s rec CPE P'Z;igr
[Q] [Q]
Zno 23.3 4687 318x 10" 0.86
Cs-ZnO 13.9 18270 936 X 10 0.98

Table S2. Valence-band level (VB), conduction-band level (CB) and Fermi level for pure
ZnO and 5% Cs-doped ZnO films.

CB VB Fermi level
[eV] [eV] [eV]
ZnO -4.33 -1.74 -4.40

Cs-ZnO -4.27 -7.69 -4.29




