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Abstract In recent years, perovskite solar cells (PSCs) have attracted much attention because of their remarkable
advantages in power conversion efficiency and manufacturing cost. However, their complex physical mechanisms and
numerous constraints pose challenges to experimental design, process fabrication, and comprehensive optimization
strategies. Here, we carried out a series of multi-physical field simulations with the optoelectronic multi-physical field
coupling model as the core, and studied the underlying physics and boundary conditions of the optoelectronic coupling
model, and then obtained a large amount of data on the optical and electrical properties of PSCs. Based on these data, we
established the machine learning models and neural network models for the micro physical quantities and macro
photoelectric responses, which predicted the performance of PSCs with an error of less than 3% in a fast speed. Combined
with the genetic algorithm, the model reversely optimized the structural parameters according to the given response curves
to obtain the more efficient PSCs. This study effectively solves the problem that PSCs are difficult to optimize design due
to complex photoelectric coupling mechanism, numerous physical property parameters and slow simulation speed, and
provides a feasible path for rapid and intelligent design of photovoltaic devices.
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Fig. 1 Combination of intelligent algorithms such as machine learning and multi-physical field design of photovoltaic devices. Neural

networks are not only used for forward prediction (blue circles), but also for reverse design (red circles), achieving a

comprehensive design from the material, structure, and other parameters to the photoelectric response
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Fig. 2 Structure and energy level diagram of perovskite solar cells. (a) Structural diagram; (b) energy level diagram
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Table 1 Key material parameters for the optoelectronic coupling simulation
Parameter Symbol Unit Perovskite ETL HTL
Electron affinity X eV 3.93 4 2.5
Band gap E, eV 1.55 3.2 2.7
Relative permittivity €, 6.5 9 3
Effective DOS for electron N cem ? 0.23m, 9m, 1x10"
Effective DOS for hole Ny cem ? 0. 29m, 3m, 1x10"
Radiative recombination coefficient C em’es! 3.27X107" 0 0
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Fig. 3

Influence of the parameters such as the thickness of each layer of PSCs on their performance. (a) Absorption contour map within

the working band, as the thickness of the perovskite layer changes from 450 nm to 900 nm; (b) plot of the percentage stacking

area of absorption and reflection of each layer under illumination; (¢) contour map of the macroscopic changes in the current-

voltage curve, as the electronic lifetime of the perovskite layer increases from 0. 0005 ps to 20 ps; (d) effect of the electronic

lifetime of the perovskite layer on the device temperature
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Fig. 4 Machine learning models and their predictive effects.

(a) Tmportance ranking of the input features in the decision tree model;

(b) underlying decision tree; (c) cross validation results of 50 random forests; (d) learning curves of the random forests during

200 iteration times
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Fig. 5 Neural network model and its prediction results. (a) Neural network structure diagram; (b) loss value measured by MSE during
the training and testing process; (c) comparison between the predicted current-voltage curves and those calculated by the
optoelectronic coupling model; (d) comparison of current-voltage curves in the literature and current-voltage curves predicted by

machine learning models
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Fig. 6 Regression results between predicted and true values of four important parameters of perovskite solar cells. (a) Short circuit

current; (b) open circuit voltage; (c) fill factor; (d) conversion efficiency
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Table 2 Comparison between reverse deduction and true values

of five structural parameters and nine electrical

parameters
Inverse design
Parameter Layer Input
output
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FTO 342 319
Thickness /nm ETL 34 39
Perovskite 564 572
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ETL 0.458 0.452
Electron )
o Perovskite 1.6 11.81
mobility
HTL 0.985 0.93
ETL 0. 0005 0. 0005
Electronic .
o Perovskite 10.1 15.76
lifetime /ps
HTL 0.0075 0.01
ETL 6.79x10" 6.83x10"
Doping . 16 16
) Perovskite 1.71X10 1.99X10
concentration
HTL 6.5X10" 6.12x10"
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