D H R ] Applied Mathematics and Mechanics
45 %104 2024410 A Vol.45,No.10, Oct. , 2024

© N FHBCEER 29025 25, ISSN 1000-0887

& T PINNs By E B+ SR
xESHBENFETH

HEr', ®EM, KHER'

http ://www.applmathmech.cn

(1. WL R fiias iRe4Be, il 310027,
2. BEVLSEERE, Wil 5% 311816)

(KA FHFRHERAEA BHEHRBRRS)

FE: JEHESER(PS) A R FE SRR AR & I RRE  7TE BT L Z DI RE L/ OG- T2 a8 oA T i i
JAHT L R BS 5301 Bl 2P RS 7ESN B E T T i 208 6 024 ma 2+ oy R AR N, SR e v o ik &
Ykl G 17 EAT e R S A AR LR R B i R, JR T BAR e s 1T HLAR 222k SR S O TARTE R AR IE
BT  TE 1% FJR T U AR L (] 5 3 et R LAl =l e P 2 T ) SRl e 17 B 3% SO X e v 2 4
Grobry | BT PRAE S A M 2 ( physics informed neural networks, PINNs) , IR T RERACR i ARk 2 S
2[R PINNs 7 325 308 2 AR U N 83k P 24 445 440 v 280 00 J00R s R 30, 322 Jr 32k B P R 1 381 R, 228 ) R 3 P 255 4 1
100 A IR 2B PINNs , 7047 1 i 2 SR BRI 4 TR0 T B 255008 120 LU 25 3R 3R W 2T Hh i
BET PINNs WYBIAUREA RIOR M 2 A vl DL S Sl s PSR R 2 22 S 4 It AEORS T 35, JFCAE SR i He vl
i SR SRR 11 3 2 e I I B B R A

X @ W JRRERARR; ZYEG;  JEZ&ME;  PINNs

FESES: 03435 XHEARERD . A DOI: 10.21656/1000-0887.450070

Analysis of Nonlinear Multi-Field Coupling Mechanics of
Piezoelectric Semiconductor Beams via PINNs

XIAO Zhengguang', ZHANG Chunli'>, CHEN Weigiu'’
(1. School of Aeronautics and Astronautics, Zhejiang University
Hangzhou 310027, P.R.China;
2. Huanjiang Laboratory, Zhuji, Zhejiang 311816, P.R.China)
( Contributed by ZHANG Chunli, M.AMM Youth Editorial Board & CHEN Weiqgiu, M.AMM Editorial Board)

Abstract: Piezoelectric semiconductors ( PSs) possess the characteristics of coexistence of piezoelectric and

semiconductor properties and have broad application prospects in new multifunctional electronic/optoelectronic
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devices. It is very important to theoretically analyze multi-field coupling mechanical responses of PS structures

under external loads. However, the governing equations describing the multi-field coupling mechanical behav-
iors of PS structures contain physically nonlinear current equations. On the other hand, many semiconductor
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devices typically operate under large deformation, which raises a geometrically nonlinear problem. The pres-
ence of physical and geometric nonlinearity poses challenges to the solution of the problem. Herein, for PS

beam structures, a method based on physics informed neural networks ( PINNs) was established to efficiently
solve their nonlinear multi-field coupling responses. Through successive elimination of carrier-related terms and

.

piezoelectricity-related terms from the constructed PINNs, the proposed method can be reduced to the cases of
=]

piezoelectric and pure elastic structures, respectively. With the proposed PINNs, the multi-field coupling re-

sponses of a PS beam under static uniform pressure were predicted. Numerical results show that, the proposed

method can effectively solve the nonlinear multi-field coupling problems of the PS, piezoelectric and pure elas-

tic structures. Relatively, it exhibits higher accuracy in solving piezoelectric and pure elastic structures.
Key words: PS beam; multi-field coupling; nonlinearity; PINNs
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Table 1 Maximum displacements, electric potentials and electron concentrations of the PS cantilever
displacement displacement electric potential electron concentration
w/(107"m) w /(10710 m) @ /V n/(10% +m?)
COMSOL -8.430 0 -6.690 0 -1.237 1 1.200 0
PINNs -8.864 2 -6.715 2 -1.2345 1.198 1
relative error & /% 5.15 0.36 0.21 0.15
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Table 2 Maximum displacements, electric potentials and electron concentrations of the PS beam with CC boundary conditions

displacement displacement electricpotential electron concentration
w/(1072.m) w/(107" -m) o /V n/(10% +m?)
COMSOL -8.540 0 -4.310 0 0.055 1 1.260 0
PINNs -8.419 6 -4.286 3 0.055 4 1.232 4
relative error & /% 1.41 0.55 0.54 2.19
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Table 3 Maximum displacements and electric potentials of the piezoelectric cantilever
displacement u /(107" -m) displacement w /(1071 +m) electric potential ¢ /V
COMSOL -7.940 0 -6.310 0 -0.164 8
PINNs -7.949 8 -6.301 3 -0.165 5
relative error & /% 0.12 0.14 0.42
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Table 4 Maximum displacements of the pure elastic cantilever

displacement u /(107" -m) displacement w /(10710 -m)
COMSOL -8.840 0 —-7.000 8
PINNs -8.832 0 -7.000 6

relative error & /% 0.090 0.002
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