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Figure S1. Bandgap of ZnO ETL and ZnO NP/ZnO ETL determined from the Tauc
plot.
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Figure S2. X-Ray photoelectron spectroscopy (XPS) survey spectra of (a) ZnO, (b) ZnO-NP

and (c) bilayer ETLs, on ITO/glass substrate, demonstrating the elemental peaks.

Table S1: Photovoltaic parameters of organic solar cells with ZnO-based electron transport

layer (ETL)
ELT Donors Acceptors Voc Jsc FF PCE [Ref]
AR i (O R O
Li-doped ZnO PTB7-Th IT-4F 0.83 16.20 67 8.96 [1]
KOH-ZnO PBDB-T- Y1-4F 0.84 23.0 78.3 63 [2]
2CL

Zn0O/Ce-SAM PTB7-Th IEICO-4F 0.71 22.70 60 7.40 [3]
ZnO:PFN-Br PBDB-T IT-4F 0.87 20.02 79 13.82 [4]
ZnO/Ti02 PTB7-Th IEICO-4F 0.7 24.2 61.1 10.3 [5]
ZnO/ASP-SWNT PM6 Y6 0.87 24.90 66 14.37 [6]




Csl/ZnO PTB7 PC/1BM 0.73 17.6 56.6 7.3 [7]
MgO/ZnO PTB7-Th PC/1BM 0.80 19.28 71.51 11.01 [8]
In203/Zn0O PTB7-Th PC/1BM 0.81 18.3 66 9.8 [9]
(NP)
Zn0O/glycine PM6 IT-4F 0.85 22.01 75 14 [10]

Table S2: XRD parameters for ZnO, ZnO NP, and ZnO NP/ZnO ELTs.

Sample Peak d-spacing FWHM Crystallite
position [26] [A] [°20] Size only
[nm]
ZnO 31.7409 2.81683 0.614 13.45
34.1538 2.62314 1.4327 5.80
36.1542 2.48246 0.614 13.61
ZnO NP 31.6569 2.82411 0.4093 20.17
34.262 2.61511 0.7164 11.60
36.0083 2.49218 0.3582 23.32
ZnO 31.8081 2.81103 0.4093 20.18
NP/ZnO
34.3373 2.60954 0.614 13.54
36.0687 2.48815 0.307 27.21

Table S3: Peak binding energy, peak full width at half maximum, and atomic percentage of

ETL films (ZnO, ZnO-NP and bilayer) from X-Ray photoelectron spectroscopy (XPS) data.

Start Peak End Full Width Atomic
ETL Peak

Binding Binding Binding at Half Percentage




Energy Energy Energy Maximum (%)
(eV) (eV) (eV) (FWHM)
(eV)
Ois A 539.1 529.87 523.1 1.08 14.45
Zn0O
OisB 539.1 531.32 523.1 2.22 29.66
Ois A 539.1 529.51 523.1 1.31 13.93
ZnO-
NP OisB 539.1 532.35 523.1 1.78 18.11
015 C 539.1 530.6 523.1 1.31 8.02
Ois A 539.3 530.11 5233 1.13 22.01
Bilayer
OisB 539.3 531.68 5233 1.76 23.86
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Figure S3. Statistical distribution of the device parameters (devices with ZnO and bilayer ZnO
NP/ZnO) displayed (a,d) Voc (V), (b,e) Jsc (mA/cm?), and (c,f) FF (%). 10 cells have been tested

for each case. A bilayer device exhibits a simultaneous improvement in all photovoltaic

parameters compared to the ZnO control device.




Table S4: Electrical parameters extracted from Nyquist plot for ZnO only and ZnO NP/ZnO
devices

Device Parameters ZnO ZnO NP/ZnO | Unit
ETL ETL
PTB7-Th:IEICO-4F Series resistance, Rs 152 143 Q
Transport resistance, R; 545 618 Q
Recombination resistance, Ryec 7.47 10.9 KQ
Bulk capacitance, C; 10.9 9.68 nF
Chemical capacitance, Cy 5.89 4.47 nF
PM6:Y6 Series resistance, Rs 82.8 74.5 Q
Transport resistance, R; 848.2 953 Q
Recombination resistance, Ryec 2.46 6.35 KQ
Bulk capacitance, C; 4.35 6.31 nF
Chemical capacitance, Cy 11.2 3.23 nF

Figure S4. (a,b) Cross-section SEM images of fresh and aged bilayer ZnO NP/ZnO ETL.
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