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Fig. 1. (a) The representation of initial screening elements in the periodic table, where blue represents cations and orange repres-

ents anions; (b) the conditions and specific process for screening; (c) reasonable composition elements of binary wurtzite materials

obtained through screening.
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Fig. 2. P, of (a) AB, (b) A;A,B, and (c) AB;B, systems; (d) box plots of P, for monovalent, divalent, and trivalent cations as well

as all systems.
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Table 1. Parameters describing the characteristic types of wurtzite materials—Basic element attributes.

FEAE L FHE 7E S

aN S EL aM AR I BT
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X LU VE 7

R, B e B; BT

R, JEF2AR IPi BETHY(VE/RI)
FIP B SIP B
TIP BB CP 2
FAE A R T RE Men, I 155 R

22 HTRARFE MR R EE A — R S8

Table 2. Parameters describing the characteristic types of wurtzite materials—Crystal structure parameters.
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Ay, A, Tyl B ) SRR £ A, - A, il o R 5 ) R A 25
Au/ Ao At B 1 R AT Y LU AE A IO TR A% PR - 247 £

K3 DO RS H S 80N B
Fig. 3. Schematic diagram of tetrahedral structure para-

meters.

4 hekmkies A

Fig. 4. Schematic diagram of curve path.
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Table 3. Parameters describing the characteristic types of wurtzite materials—Electronic parameters.
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Fig. 5. Heatmap of distance correlation coefficients: (a) element properties; (b) crystal parameters; (¢) DC properties; (d) COHP,
BC, ELF properties; (e) DOS properties. (f) Feature preserving inter group distance autocorrelation coefficient heat map.
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Fig. 6. (a) R? and (b) RMSE values of six machine-learning models and (c) scatter plot of the XGBR model with 105 features; (d) R?
and (e) RMSE values of six machine-learning models and (f) scatter plot of the XGBR model with 10 features.
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Abstract

Emerging wurtzite ferroelectric materials have aroused significant interest due to their high spontaneous
polarization magnitude (P,). However, there is a limited understanding of the key factors that influence P..
Herein, a machine-learning regression model is developed to predict the P, using a dataset consisting of 40
binary and 89 simple ternary wurtzite materials. Features are extracted based on elemental properties, crystal
parameters and electronic properties. Feature selection is carried out using the Boruta algorithm and distance
correlation analysis, resulting in a comprehensive machine learning model. Furthermore, SHapley Additive
exPlanations analysis identifies the average cation-ion potential (IPi_Aave) and the lattice parameter (a) as
significant determinants of P,, with IPi Aave having the most prominent effect. A lower IPi_Aave corresponds
to a lower Py in the material. Additionally, a exhibits an approximately negative correlation with P,.

This multifactorial analysis fills the existing gap in understanding the determinants of P,, and makes a
foundational contribution to the evaluating emerging wurtzite materials and expediting the discovery of high-
performance ferroelectric materials.

The dataset in this work can be accessed in the Scientific Data Bank https://www.doi.org/10.57760/
sciencedb.j00213.00073.

Keywords: wurtzite ferroelectric materials, spontaneous polarization magnitude, machine learning, first

principles methods
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