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Discovering ABO;-Type Perovskite with High Dielectric Constant via Unsupervised Learning
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Abstract: Machine learning has become an important transformative method to explore novel materials, but the small sample size and
high noise of material data bring a great challenge to data-driven research and development. To address the challenge, unsupervised
learning was applied to discover perovskite materials with a high dielectric constant. Twenty perovskite materials with a high
dielectric constant (i.e., BaHfO; and BiFeO;) were screened out Via iterative clustering. We performed dimensionality reduction
analysis and descriptors analysis including elements, crystal structure and tolerance factors to find the underlying trend and the
relationship between ABO; structure and dielectric constant. This method can provide an idea for solving the lack of material data
labels, which can be also applied to screen other novel functional materials.

Keywords: diclectric constant; machine learning; perovskite materials; dielectrics

HAN B PORHEE AR S s S A6 R T AR R PRI NG R R B A () R JE R 3, AT B A A
1, FEBRELT. ok, RGBSR EREATAL T RS RO Rk s . BRI, R E A
RELBEIER. ENERHFRRS . MRS #5005 A R AR B A 12 S0 ) 2 20 5 7 1)
(f A M EME R 2 —, ABO; BUSEERE MRIEIL 2 —.

LB A B (), FPHe v M T R i . B RBE 5N T R AR I R R, Bl
KPARE I B, M 2 S8V i, kel BR55 17 VRO T R IR Bh A R R I E T
(BaTiOy)™. ZkMR%E(SITION™ %5, FEBEE T 08 A, FREEMRMURaRE T2 06k, s, Wi

ek H#H: 2022-09-30. BT H I 2022-11-24, Received date: 2022-09-30.  Revised date: 2022-11-24.
HETH: EREARREEESFHEREELTH (52002300); EQER:S First author: LIU Runlin (2001-), male, Master candidate.

b Bk G W FL RIS B U0H (92066103); I RHI 4R E-mail: rony_l@whut.edu.cn

ANA 62 TAE(2019QNRC001). Correspondent author: SHEN Zhonghui (1991-), male, Ph.D, Associate
F—1EH: XEKE01—), T, R Professor.

BREESE: REE0991—), ¥, L, BlFdR. E-mail: zhshen@whut.edu.cn



+ 368 - CRERR Sh2230)

J Chin Ceram Soc, 2023, 51(2): 367-372

2023 4F

S SRR RO, Curie IR, TEH R
MO . BhAh, HLEsS SR RTINS kA1
BHOA RSP AT Z N, W0 Kim 250585t
BLAS 5 o) 456 % FE i BRI ERIE 0T ABO; B85 EKH 44
BHOA R BT T H0; Lin 2505 b R 158 o]
JA(GBR)BLIN TN 431 412 SRR R HUH 2
ML OTiR{E . ARTTT, e L ) F A SRR AT
TG PR EE RS> . R REEE 2Pk . 1F
N A TohRic B MR SRS B RHR, T
WS S IR RS . AR R A R A R B AE
YU R RN, JERS R T s e
TR IR, 2 Hessle AR R K
F A MR R SR 1%

A TAELL Materials Project #4 Kl £## £ (MP,
https://materialsproject.org/) 2 398 Fff ABO; 454k
WA G N R E R, R TE B ST i 7 v
X EA EA B 11 ABOs BYARERT M RL AT
5326 » G A B A A U B BEAR S I R S 104 B
TARRARWE 1 PR, BT D26 b2 M B E,
TE JF GG H 4 2 18 1 FH SR 2K 5 1R H B A5 4K
WM RLEAT IS IR G, Il 2 R EAR, 29 A
AU ABO; R AR

e—Dielectric constant; A—Goodness of clustering; m—Clustering threshold
BT e IR AR B A A U B B B A R
e
Fig. 1 Workflow of iterative screening of materials with high
dielectric constant by unsupervised learning

1 AR T iE

1.1 ¥BIREMFMETIRE
PL ABO; ZY 85 ERA A R NI FO0T 5, £ B

Pymatgen " M MP %4fz J22 rh st S5 1 2 398 i
R MR R GG EE, o 104 FRobEH A H Bl
FRic, MXF e T 1~341 200 5648550 MR
SERIRE R, AR TARYIPIREU T 156 Fhiiid T, N
PLR 338 1) sum(E R BEE . AL
BTt WArE, R mE. Bk, AERET.
JUHEIR IR 7 28 1a) B a5k 25, Bt k4 — iy
fEVHREIL 4 Mgt &, Bl KE. &OME. FIE
DA R bR 22, DA R AN FE AR B G A (A #E 1 e
fE; 2) &ffER: =E M@ fr y)» A-O. B-O.
A-B BT HEES . MBRFAV) B (p) MR RIS
&, Hh b M)A IEE T 3) ReEFF
fiE: BARFIEEREE). ERkAE. k%%, N T
BRITARAE B HIEEIE P AER R, FERIERTE
—EUE, e R AR BE A (B 2a) R H AR (A
ey BN TUE) S RAE (AT B B AR #E
ATILUEAL R, RS B AT iR #7147 Min-Max JH—
fAbEE, BEJGFIF Pearson AHIG R EL LA A IH 25 AH 5
LA SRR . 4 2 MR RFIRAH
KAKHIT 80%, MIAFEHLLREE A 1 MR TT,
B ABUHRIE VIS I 4ERE 79 1 030%87 8] 2b SEAHRFEI%
)G Pearson AHOCREH I, KEVRHIEZ [
A A IR
1.2 1%

B EERIREEE, AT 8 FARMIER
R PIREAT T, 58 K BN ZE R
%2 (Birch)!', 5 (Spectral Clustering)!'®. %
W #%(Meanshift). 2%#1 775 25 (Affinity Propagation).
X % 2 (SpectralCoclustering) « %% & Z X ¥ %
(Agglomerative) Gaussian B A B WY
(GaussianMixture) LA K& /N fib & K ¥ fH
(MinibatchKmeans)'" . 58 25 [ 4 58 I 58 25400 7 (1)
KIFAl, € ONFEER £ 4(S) 5 Davies Bouldin fi
MO, AR T | U R AT
B0 RR F B R AR A P R B BRI DA R 7% ] R S
izt; D MR TR P BE R 2 RN R R PR B 2 AT
EClEMN. 4 856 T 2 MARBEENNY, Reigi
TR LN TR tPE AR

S=§l h -3

S max{h,a}’

1 (S+S)
D=—)» max| ———— 1

) :

A=S-D,




FES51ESE 2

AR S oM SA ST IR A U B ABOs S ERH 4R © 369 -

(a) Raw dataset

(b) Feature correlation coefficient plots

(c) First cluster analysis
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Fig.2 Raw dataset and data cleaning
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(b) Curve of A change with the number of iterations
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Fig. 3 Results of iterative clustering analysis
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(a) Spatial distribution after the data dimension reduction

Note: Red line represents the average tolerance factor of the original data.
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(b) Comparison of the tolerance factor violin diagram of the three types of materials
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Fig. 4 Elemental, tolerance factor (t) distribution of the clustering results
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(b) Tolerance factor distribution of cubic, triangular, orthogonal phases
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Fig. 5 Crystal structure distribution before and after clustering
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