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Fig. 1 Electrostrictive strain signal and electric field signal as
a function of time at different electric fields
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Table 1 Comparison of calculated and fitted crossover electric fields for various relaxor ferroelectric ceramics and polymers

Material a B Calculated Egrossover/(kV-cm™)  Fitting Egrossover/(kV-cm™) Reference
0.96BNKT-0.04BNiT 17.14 1.67 38.88 37.99 [19]
BNKLSTT-0.2La 23.64 4.92 36.64 35.10 [20]
BNKLT—0.003Ta205 28.78 5.14 33.15 34.01 [21]
BNKT-BZ 21.05 3.96 34.33 32.10 [22]
BNT-BT-0.3SBT 40.32 10.96 54.68 53.98 [23]
KNLN-20ST 89.53 16.28 148.44 150.09 [24]
KNN-0.1BZ 55.24 40.42 45.66 46.09 [25]
KNNSO_OQ—BNZ 37.43 43.86 24.45 24.29 [26]
0.8075(PMN-PT)-0.1925BZN 30.37 22.33 25.04 24.00 [27]
0.7875(PMN-PT)-0.2125BZN 30.95 19.40 27.65 26.04 [27]
PMN-28PT 19.43 22.79 12.69 12.04 [28]
(BFS-0.5BT-BZH) 26.41 8.99 32.01 30.04 [29]
NN-25BT 44.40 68.59 25.26 24.02 [30]
P(VDF-TIFE) 65/35 327439 12947.26 1164.37 1160.15 [31]
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Analytical Relationship Between Electrostrictive Strain and Applied Electric Field in
Relaxor Ferroelectrics

LU Shengguo, ZENG Wenhan, XIAO Bowen, NIU Xiang, WANG Shibin
(Guangdong Provincial Research Center on Smart Materials and Energy Conversion Devices, Guangdong Provincial Key Laboratory
of Functional Soft Condensed Matter, School of Materials and Energy, Guangdong University of Technology, Guangzhou
510006, China)

Extended Abstract

Introduction With the development of science and technology, precision positioning technology becomes one of the key
technologies driving the prosperity and development of modern science and advanced industrial technology in the 21% century. It is
widely used in high-tech fields such as precision machining and aerospace. Among the core components of precision positioning
technology, the micro-displacement actuator with a high positioning accuracy plays a critical role. However, conventional
micro-displacement actuators suffer from several drawbacks, including long transmission chain, complex structure and low precision,
which pose some challenges to precision positioning system. Electrostrictive effect has attracted considerable attention due to its
advantageous properties, such as the absence of hysteresis and independence from the direction of the electric field. The relaxor
ferroelectrics, which exhibit minimal hysteresis are commonly studied for their electrostrictive behavior. Although extensive
research has been conducted on the large electrostrictive effect of materials, there is still no analytic expression to describe
electrostrictive strains. In this paper, the electrostrictive strain of high-energy electron irradiated P(VDF-TrFE) 68/32 relaxor
ferroelectric copolymers was measured as a function of applied electric field using a laser-assisted micro-displacement measurement
setup. An analytic expression of electrostrictive strain as a function of applied electric field was derived based on the thermodynamic
phenomenological theory.

Methods An electrostrictive effect test platform was built, and the electrostrictive effect of high-energy electron irradiated
P(VDF-TrFE) 68/32 relaxor ferroelectric copolymers was examined. The tested results were analyzed. The phenomenological theory
was used to derive the analytic expression of electrostrictive strain as a function of applied electric field for relaxor ferroelectrics.
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Results and discussion  The results reveal that the electrostrictive strain has a quadratic  relationship with the electric field at lower
electric fields. At higher electric fields, the relationship transitions to a power of 2/3, and at even higher electric fields, it further
shifts to a power of 2/5. The electrostrictive strain as a function of electric field is analyzed for relaxor ferroelectric ceramics and
polymers using this analytical expression. The fitting results confirmed the validity of this relationship across a wide range of electric
fields. The strain and crossover electric field of the material can be designed in terms of the analytical expression of strain as a
function of electric field.

Conclusions  The high-energy electron irradiated P(VDF-TrFE) relaxor ferroelectric polymers were prepared, and their
electrostrictive strain as a function of electric field was determined. In addition, an analytical expression was also derived based on the
thermodynamic phenomenological theory, which was used to fit the electrostrictive strain as a function of electric field for irradiated
copolymers. The electrostrictive strain had a quadratic relationship with the electric field at lower electric fields. At higher electric
fields, the relationship transitioned to a power of 2/3, and at even higher electric fields, it further shifted to a power of 2/5. These
relationships were consistent with the experimental results. Furthermore, the expression was used to fit the electrostrictive strains
versus electric field for relaxor ferroelectric ceramics and polymers, and it was procured that the expression could be applicable.
Moreover, the transition electric field of the electrostrictive strain versus electric field was proportional to ¢®?, and inversely
proportional to Y2,

Keywords relaxor ferroelectrics; electrostrictive strains; electric field; ceramics; polymers

BXEE, TARIDVRSHE, MLAESN. RS MR RE BB TR 03T, %
PRHEKSEARL, Wi, PH2s@ Kt RS TR Fsm k. EEEMMN L ENH
MR TAE 14 £, BT TREFMS(EEE)mA SR, FEE MR SENEms TR EME X
PRI ZE R 5525 01, IERERR 5E 2 AN R r > B, A [E AR IR iR 2 v T o 284 G i
| =3 ¥ MBS HER L WR RSB FERR, DEE MRS i =2 R AT e € XE R 2R R . TF
& '«Fﬁ'i R FEEN NS, BRECAMEIRIE . S SRR TR S84 %5 . 7E Science.
. / Advanced Materials £ [H N 4N ER R 272 2%, SCHIER 190 R, FASEELF] 1 00, A+
EEH 41 T, ATF50 Wi, fENRSFFHL— A& T 17 i E B TE. SRR A E 28 19 i dF ook
I B [ A5 A PR RIS AR 2 (5700 ND o 2019 R4 ER AR 22 Ak 2 22 R T8 RS BN F 1 22 -RADRL 3 23 80 1
et 76 EPRE PSR O ER S FIRAT 2 R 60 RIK.




