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Abstract: Wide band gap perovskite solar cells demonstrate significant potential for indoor photovoltaic applica-
tions, yet their performance and stability still face challenges. The two-dimensional/three-dimensional (2D/3D) hy-
brid perovskite approach is regarded as an effective strategy to enhance the overall performance of wide bandgap
perovskite devices. This study introduces a 2D/3D hybridperovskite structure based on methylenediammonium ions
(MDA*), aiming to improve the photovoltaic performance of wide-bandgap perovskites under indoor lighting condi-
tions. The research reveals that MDA®" can interact with lead ions, iodide ions, and bromide ions in the perovskite
precursor solution, inducing the formation of quasi-2D perovskite phases and thereby constructing a 2D/3D hybrid

perovskite system. Compared to conventional 3D perovskites, this hybrid structure effectively optimizes the crystallization
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process of perovskite films, promotes charge carrier transport, and significantly suppresses non-radiative recombina-

tion. Leveraging these advantages, the MDA*-modified 2D/3D hybrid perovskite solar cells achieve a synergistic im-

provement in open-circuit voltage and fill factor, delivering an indoor power conversion efficiency of 43.39% and

demonstrating excellent operational stability under continuous maximum power point tracking. This study not only

provides new insights for the development of high-performance indoor photovoltaic devices, but also highlights the

broad prospects of the 2D/3D hybrid strategy in advancing perovskite optoelectronic devices toward practical applications.

Keywords: two-dimensional/three-dimensional (2D/3D) hybrid perovskite; methylenediammonium ion (MDA?*) ;

wide-bandgap perovskite; indoor photovoltaics; stability
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Fig.1  Analysis of the microstructure, grain statistics, and elemental chemical states of the perovskite films. SEM surface mor-

phology image of (a)the reference perovskite film without MDA* doping, (b)the perovskite film with MDAI, additive, and

(¢)the perovskite film with MDABr, additive. (d)Statistical distribution of grain size corresponding to the film in (a). (e)

Statistical distribution of grain size corresponding to the film in (b). (f)Statistical distribution of grain size corresponding

to the film in (¢). (g)l 3d, (h)Br 3d, and (i)Pb 4f XPS of different film
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Fig.2 Photoelectronic properties and charge carrier transport characteristics of the perovskite films and devices. (a) PL spectra of

the undoped, MDAI-doped, and MDABr2-doped perovskite films. (b) TRPL decay curves of the corresponding samples. (¢)

C-V characterization curves of the devices based on different perovskite films. (d)SCLC characteristics of electron-only devices.

(e)SCLC characteristics of hole-only devices. (f)EIS plots of the undoped, MDAI-doped and MDABr.- doped devices
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