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Abstract: Perovskite solar cells (PSCs) have garnered significant attention in the realm of innovative photovoltaic
technologies due to their impressive performance. Traditional trial-and-error experimental methods often result in
lengthy research cycles to enhance the power conversion efficiency (PCE) of PSCs. We propose a machine learning
(ML) -based intelligent optimization strategy to accelerate research cycles in PSC fabrication. By applying various
ML algorithms to develop PCE prediction models, the gradient boosting (Gradient boosting, GB) model was chosen
for Shapley additive explanations (SHAP) visualization analysis and experimental validation. The experimental re-
sults revealed that the design guided by model predictions and SHAP analysis achieved a PCE of 21. 81% for wide
bandgap (1. 65 eV) PSCs. This study effectively addresses the limitations of conventional trial-and-error approaches

and overcomes the challenge of low predictive accuracy in ML applications within the PSC domain. It provides a new
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perspective and scientific basis for the rapid development of high-PCE PSCs, and also offers a reference for the devel-

opment of other new solar cell technologies.

Key words: perovskite solar cells; machine learning; Shapley additive explanations (SHAP) analysis; power con-

version efficiency(PCE) prediction
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Fig.1  Workflow for optimizing preparation processes to

enhance PCE based on ML techniques
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Tab. 1 The key features selected based on the PCC heatmap

and its abbreviations

No. FEAE 4iEH

num__PVK_DilutionVolume nP_DV

1

2 num__PVK_IntrinsicPassivationConcentration nP_IPC

3 num__PVK_CoatingSpeed nP_CS

4 num__SAM_CleanAnnealTime nS_CAT

5 cat__PVK_IntrinsicPassivationMaterial_MDAI, cP_I"PM_MI
6 cat__PVK_lIntrinsicPassivationMaterial_MDABr, ¢P_I"PM_MBr
7 cat__PVK_InterfacePassivationMaterial_ MDAI2 cP_I"PM_MI
8

num__PVK_SubmergedPassivationAnnealTime2 nP_SPAT2
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Tab.2 Trainsets and testsets performance metrics of GB

under different data balancing conditions

Bk Jik A, P, R, F A
0.7104 0.7108 0.7597 0.7344 0.7899

VIS 1

HURFW S 1 0.7162 0.7109 0.7778 0.7429 0.7510
VERS 2 0.7468 0.7474 0.9399 0.8327 0.7729
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model
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