Wact g2 E o5 A o Vol. 46 No. 2
20244F 4 A PIEZOELECTRICS & ACOUSTOOPTICS Apr. 2024

XEHS:1004-2474(2024)02-0234-07 DOI:10. 11977/5. issn. 1004-2474. 2024. 02. 018

ALREMKZFBEIIEEERMTRHRERIE

mooE R L
(1. BWgASIE AR MR AR I T 3R 42 [ f S 9080 %, B 2002405
2. R R PR RSB TR, LiE 200240)
W EJERMEME N EEIREA R, T N TR S 045 S8 (R SR AR D 25 2 5 30N O R v
FEUR BB T, B R RO R A R AT R A S A E B B e Dy 5 A & Uy A L, R B A A R
B3 BT ASC A S B S 5 0 e BEL BT 9 B AR A5 s R R R 0 BV R B, A% 4l BHL T RS 1 A R T TE MR S
B, A PSS AT BSOS R E Y G Rl R E 2 WA TR R R R, R SRR &
59 2 2l 37 BHL BT 33 30 3 R B0 O 1 SR 0 Sk 45 B B BTG S AR — IR OE S D e] A5 BB . B Comsol
Al Matlab A 07 B 2 7 S0 4, 51 35 15 S i AL 5k 80 & AL Pytorch #E 57 ARL, 2830 Il 2505, e I8 R 491 26
W25 NI UG 2. 8 Vo R 3 0. 806 o IR EE ARy Fs At b Ak 300 P 5 OKE 4% DU 4 48 (b ] SE 9 IR 15 S BRI 12
KA R RAL s H BB 1 s N TP 2R N 4% v o RO
FE XS TN384; TM22 XHkFRIRAD : A

Fast Electrical Impedance Spectroscopy-Based Characterization of
Piezoelectric Material Using Artificial Neural Network

XIANG Hui'”*, WU Xiaosheng'

(1. National Key Laboratory of Advanced Micro and Nano Manufacture Technology,Shanghai Jiaotong University,
Shanghai 200240, China; 2. Dept. of Micro/Nano Electronics. School of Electronic Information and Electrical Engineering.
Shanghai Jiaotong University, Shanghai 200240 ,China)

Abstract: As important functional materials, piezoelectrics are widely used in various fields. However, the devi-
ation of their elastic constants results in erroneous designs during application processes. Accurate characterization of
the elastic constant is crucial for the correct design of piezoelectric devices. In contrast to other measurement meth-
ods, electrical impedance spectroscopy can only be carried out using an impedance analyzer, and the elastic constants
of piezoelectric materials can be obtained by the inversion of the impedance spectroscopy data. In traditional electrical
impedance spectroscopy,the measured impedance spectra are coincided with the calculated impedance spectra to the
best possible extent by constantly modifying the material parameters. However, the process requires many itera-
tions, making it tedious and time consuming. This study developed a forward model that yields elastic constants
from impedance spectra by harnessing an artificial neural network. Upon measuring the impedance spectrum, the
elastic constant can be obtained by only one forward calculation. COMSOL and MATILAB co-simulation were used to
generate the data-sets. The discard method was employed to avoid overfitting of the model, and Pytorch was used
for implementation. The resonant frequency error was reduced from the initial 2. 8% to 0. 8% after training. The
proposed technique affords a reliable theoretical and practical approach for accurately measuring the elastic constants
of piezoelectric materials.
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