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Figure 1 (Color online) (a) The 3D structure of Pb(ETC), crystal. (b) XRD patterns of Pb(ETC), from theoretical calculation and as-synthesized
powder. (¢) XPS spectra and (d) Raman spectra of Pb(Ac),, ZETC, Pb(ETC),.
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Figure 2 (Color online) (a) AFM images and (b) XRD patterns of Cu film and Cu/Pb(ETC), film immersed in FAI solution for different periods of
time. Figure 2b exhibits the standard XRD patterns of FAI crystals and Cul based on theoretical calculations. In addition, the diffraction peak of the Cu
films at 26=24.68° is attributed to residual FAI incompletely removed from the sample surface. (c) CV curves and (d) Tafel curves of Cu film and Cu/
Pb(ETC), film in 0.1 M Na,SO, solution. The Cu/Pb(ETC), film was prepared by spin-coating the CB solution of Pb(ETC), onto Cu.
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Figure 3 (Color online) (a) FTIR spectra of ZETC molecule, pristine perovskite film and target perovskite film. (b) XPS spectra of pristine
perovskite film and target perovskite film. (c) C-NMR results of ZETC and ZETC/Pbl,. (d) The XRD patterns of perovskite films with different
ZETC concentrations. (¢) SEM images (bottom) and the corresponding contact angle test results (top) of pristine perovskite film and target perovskite
film. (f) AFM images of pristine perovskite film and target perovskite film.
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Figure 4 (Color online) (a) Photoluminescence (PL) mapping and (b) Time-resolved photoluminescence (TRPL) mapping spectra of the pristine
perovskite film and the target perovskite film. (c) Pseudo-color TAS results of the pristine perovskite/ETL film and (d) the target perovskite/ETL film.
The inset images show the TA spectra of the perovskite films/ETL at different delay times. (e) Decay kinetics curves of the pristine perovskite/ETL

film and the target perovskite/ETL film.
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Figure 5 (Color online) (a) J-V curves of PSCs with different ZETC concentrations. (b) EQE spectra with integrated current density of PSCs.
(c) Statistical distribution of photovoltaic parameters, (d) TPC curves, and (¢) TPV curves for PSCs. The dark J-V curves of devices with the structures
of (f) FTO/4PADCB/perovskite film/Spiro-OMeTAD/Cu and (g) FTO/SnO,/perovskite film/Cyy/Cu. (h) Continuous maximum power point (MPP)
tracking of the encapsulated devices under one sun illumination (AM 1.5 G, 100 mW/cm2) at room temperature. (i) MPP tracking of the encapsulated

device under the same illumination at 85 °C.
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Table 1 Photovoltaic performance parameters of PSCs

Concentration Voc FF Jse PCE
(mg/mL) V) (%) (mA/cm?) (%)
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Defect-anchoring and spatial confinement strategy suppresses
electrode corrosion to improve stability of inverted perovskite
solar cells

Haodan Guol, Yang Wangl’z*, Kun Zhangl’z, Xiwen Zhangl’z, Jinxu Wen]’z, Yaning Lil’z,
Yanlin Songl’z*
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Beijing 100190, China
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Abstract: Metal electrode corrosion triggers the intrinsic stability degradation of inverted perovskite solar cells (PSCs).
Although conventional strategies, including physical barrier layers and chemical corrosion inhibitors, can suppress
electrode corrosion, they fail to simultaneously safeguard the stability of the perovskite active layer. Herein, we propose
a “defects anchoring spatial confinement” strategy, in which zinc diethyldithiocarbamate (ZETC) as an anti-solvent
additive constructs a Pb(ETC), interfacial layer at the perovskite/electron transport layer interface. This interfacial layer
anchors the undercoordinated Pb defects on the perovskite surface via its electron-donating —NCS, functional groups,
and concurrently acts as a barrier to inhibit the diffusion of iodine (I)-related species, thereby realizing the dual functions
of defects anchoring and spatial confinement of I species. Thus, the ZETC-modified PSCs deliver a champion power
conversion efficiency (PCE) of 26.91%. More impressively, the modified devices retain 90% of their initial PCE after
continuous operation for 1000 h under 1 sun illumination (ISOS-L-1) and 800 h under illuminated conditions at 65 °C
(ISOS-L-2), respectively. This work provides a novel strategy integrating interfacial optimization and electrode anti-
corrosion for boosting the long-term operational stability of inverted PSCs.

Keywords: perovskite solar cells, electrode corrosion, metal-organic compounds, defects anchoring, spatial
confinement
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