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Electric-Field-Induced Strain Distribution Characteristics of Fe Doped KTa;_Nb,O; Crystal

JIN Xinyu', TIAN Hao"*?, TAN Peng', WANG Xiaoou'
(1. School of Physics, Harbin Institute of Technology, Harbin 150001, China; 2. Key Laboratory of Micro-Nano Optoelectronic
Information System, Ministry of Industry and Information Technology, Harbin 150001, China; 3. Collaborative Innovation Center of
Extreme Optics, Shanxi University, Taiyuan 030006, China)

Abstract: KTa; ,Nb,O; crystal doped with 0.15% (in mole fraction) Fe was prepared by a top-seeded solution growth method. The
dielectric properties, electric-field-induced strain distribution, component distribution and domain structure of Fe: KTN crystal were
characterized. The results show that digital holography is a promising method to measure the spatial distribution of strain, and the
electric-field-induced strain properties of KTN crystal present a uneven distribution. At room temperature, the maximum strain of
crystal is 0.05% when the applied electric field is 435 V/mm, while the strain value is near 0.02% 3/4 area of crystal. There is a
relationship among strain distribution, component distribution and domain structure of Fe:KTN crystal. The domain structure of
crystal in the region with less Nb content is smaller and the electric-field-induced strain is greater when the room temperature is lower
than the Curie temperature.

Keywords: ferrum doped potassium tantalum niobate crystal; dielectric properties; electric-field-induced strain; component
distribution; domain structure
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Fig. 1 Schematic diagram of digital holographic microscope system
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Fig. 2 Temperature dependence of relative dielectric permittivity(s) and Frohlich entropy(s) in the as-grown and pre-treated

Fe:KTN crystal
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Spot  x(Ta)/%  x(NbY%  x(Fe)%  x(Nb)(x(Nby+tx(Ta))
4 14.97% 11.66% 0.12% 0438
B 15.17% 12.57% 0.13% 0453
c 14.88% 12.26% 0.14% 0452
D 15.01% 12.49% 0.15% 0.454

x—Mole fraction.

3 i
1) AN TEEBMASERI T Fe: KIN &



« 804 - CRERR Eh2230)

J Chin Ceram Soc, 2022, 50(3): 798-804

2022 4

A BRI AR 2R AN AR PR RE A A, 5k FLIIR Y
ML R, KRB FAEERE RIFHIAER T
FRTEEME, 2 — P RCERAEM B RS 1 fE 4 23 5]
AT

2) M LCR Ml E=AX M T Fe: KTN &R/
B PERE IS T AR Frohlich 55, 20#T 1 SRAKTE
AR FE X TR A 71« 485 EDS A o i sk i 7
S BT SRR LR S A AT R R SR AL, ENL T 40
IYAT, KRR AR A 2 MK R o 45 RR
| Fe: KTN @A Curie L fE =T ZHA, Nb tHR A
/DI XIRTE =i T BA E 2 RSN,
X EIA M N B e 4y, B SRR BN AR P RE

SE R

[1] MIRVAKILI S M, HUNTER I W. Artificial muscles: mechanisms,
applications, and challenges[J]. Adv Mater, 2018, 30(6): 1704407.

[2] MIRFAKHRAI T, MADDEN J D W, BAUGHMAN R H. Polymer
artificial muscles[J]. Mater Today, 2007, 10(4): 30-38.

[3] FUKADA E. History and recent progress in piezoelectric polymers[J].
IEEE Trans 2000, 47(6):
1277-1290.

[4] KHAN N U, UIIAH A, ULLAH A, et al. Boosting electrostriction and

strain performance in bismuth sodium titanate-based ceramics via

Ultrason Ferroelectr Freq Control,

introducing low tolerance factor chemical modifier[J]. Sens Actuator A
Phys, 2019, 291: 156-166.

[5] HU Chengpeng, MENG Xiangda, ZHANG Maohua, et al. Ultra-large
electric field-induced strain in potassium sodium niobate crystals[J].
Sci Adv, 2020, 6(13): eaay5979.

[6] SINGH A, CHATTERIJEE R, GUPTA V. Effect of stoichiometric
addition of La on BigsNagsTiOs and large strain in thus modified
(Bij_,La,)osNay sTiO; at room temperature and above[J]. Mater Chem
Phy, 2021, 265: 124483.

[71 ZHANG Maohua, ZHANG Qinghua, YU Tingting, et al. Enhanced
electric-field-induced strains in (K,Na)NbO; piezoelectrics from
heterogeneous structures[J]. Mater Today, 2021, 46: 44-53.

[8] FU D S, KAKIHARA E. A capacitive displacement system for
studying the piezoelectric strain and its temperature variation[J]. J Appl
Phys, 2021, 129(14): 144101.

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

HUANG Z, WHATMORE R W. A double-beam common path laser
interferometer for the measurement of electric field-induced strains of
piezoelectric thin films[J]. Rev Sci Instrum, 2005, 76(12): 123906.
SMITH C D, BIEWER T M, GEBHART T E, et al. Measurements of
dynamic surface changes by digital holography for in situ plasma
erosion applications[J]. Rev Sci Instrum, 2021, 92(3): 033504.
KELNER R, ROSEN J. Methods of single-channel digital holography
for three-dimensional imaging[J]. IEEE Trans Industr Inform, 2015,
12(1): 220-230.

GHOSH A, NOBLE J, SEBASTIAN A, et al. Digital holography for
non-invasive quantitative imaging of two-dimensional materials[J]. J
Appl Phys, 2020, 127(8): 084901.

LU Qieni, HAN Jinxin, DAI Haitao, et al.
spatial-temporal evolution of light-induced refractive
Mn:Fe:KTN co-doped crystal based on digital
interferometry[J]. IEEE Photon J, 2015, 7(4): 2600711.
WANG Yu, TAN Peng, MENG Xiangda, et al. Manganese-doping
enhanced local heterogeneity and piezoelectric properties in potassium
tantalate nionate single crystals[J]. [IUCRIJ, 2021, 8: 319-326.

ZHANG Yuanyuan, LI Shuhuan, LIU fengying, et al. Growth and
characterization of large size lead-free ferroelectric K(Ta,Nb)O; single
crystal [J]. J Am Ceram Soc, 2021, 104(10): 5182-5191.

LI Chang, WANG Xuping, WU Yang, et al. Three-dimensional

nonlinear

Visualization of
index in

holographic

photonic crystal in naturally grown
potassium-tantalate-niobate perovskite ferroelectrics[J]. Light Sci Appl,
2020, 9(1): 193.

PARRAVICINI J, DELRE E, AGRANAT A J, et al. Liquid—solid
directional composites and anisotropic dipolar phases of polar
nanoregions in disordered perovskites [J]. Nanoscale, 2017, 9(27):
9572-9580.

PARRAVICINI J, DELRE E, AGRANAT A J, et al. Macroscopic
response and directional disorder dynamics in chemically substituted
ferroelectrics [J]. Phys Rev B, 2016, 93(9): 094203.

WANG Fengpeng, WANG Dayong, CAO Jian, et al. Reflection in-line
and off-axis hybrid digital holography[J]. Opt Commun, 2020, 459:
124909.

GAUTAM S K, SINGH R K, NARAYANAMURTHY C S, et al.
Reconstruction of complex-object using edge point referencing[J]. J
Opt, 2020, 22(5): 055601.

SAKAMOTO T, SASAURA M, YAGI S, et al. In-plane distribution of
phase transition temperature of KTa; ,Nb,O; measured with single

temperature sweep[J]. Appl Phys Express, 2008, 1(10): 101601.



