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Abstract: Langasite crystals are considered the preferred materials for high-temperature sensors due to their high resistivity
and excellent piezoelectric properties. In this paper, a novel (SrysCags);Ta(GagsAly5);Si,0.4 (SCTGAS) high temperature
piezoelectric crystal was successfully grown by the Czochralski method for the first time. The effects of ion substitution on
crystal growth and electrical properties were then studied. The as-grown SCTGAS crystal is colorless with a plate growth
morphology, having high transmittance in the visible light band. The crystal shows a high resistivity, with a value over
10° Q-cm at 450 C. In addition, Sr substitution can significantly enhance the piezoelectric coefficient d,;, which reaches
5.55 pC/N at 550 C. Therefore, the SCTGAS single crystal is very promising for high-temperature piezoelectric sensors.
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Fig.1 Photograph of SCTGAS crystal and Laue diffraction patterns: (a) photograph of as-grown SCTGAS single crystal,
(b) laue pattern of the X-plane, (c) laue pattern of the Y-plane
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Fig.5 Temperature dependence of the electrical resistivity of the
SCTGAS single crystal
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Fig.6 Relationship between the piezoelectric properties and temperature of SCTGAS and reported CTAS single crystals: (a) dielectric

permittivity 6‘?1 /e, at 100 kHz, (b) elastic compliance Si , (¢) electromechanical coupling factor k,, (d) piezoelectric coefficient d;,

o b
3 ]
(1) SCTGAS , , :
S [1] JIANG X N, KIM K, ZHANG S J, et al. High-temperature piezo-
(2) 450 C ,SCTGAS electric sensing[J]. Sensors, 2014, 14(1): 144-169.
10°0Q [2] YU F P, ZHANG S J, ZHAO X, et al. Investigation of Ca;TaGas-
-Cm
° S1,04 piezoelectric crystals for high temperature sensors[J]. Jour-
(3) SCTGAS nal of Applied Physics, 2011, 109(11): 114103.
, Sr** . [3] . . CTGS
550 C ,SCTGSA [J1. ,2021, 43(3): 320-323, 327.
9.72 pmz /N 10.78 pmz /N , ZENG H C,PENG B,ZHANG W L. Research on high temperature
o iezoelectric acceleration sensor based on CTGS[J]. Piezoelectrics
dy 4.56 pC/N 550 °C P ! bl
& Acoustooptics, 2021, 43(3): 320-323, 327.
5.55 pC/N, SCTGAS

[4] FU X W, VILLORA E G, MATSUSHITA Y, et al. Lattice engi-

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



404 -

FOUNDRY TECHNOLOGY

Vol.44 No.05
May 2023

[3]

(6]

(7]

[8]

[9]

[10]

(1]

[12]

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

neering by Sr-substitution leads to high piezoelectric performance
of (Sr,Ca,,);TaAl;Si,0y, single crystals [J]. Journal of Alloys and
Compounds, 2021, 851: 156860.

TAKEDA H, KUSAKABE H, USUI H, et al. Strontium-substituted
calcium magnesium silicate single crystals for high-temperature
piezoelectric applications[J]. Journal of the Ceramic Society of
Japan, 2020, 128(3): 130-134.

YU F P, HOU S, ZHAO X, et al. High-temperature piezoelectric
crystals ReCa,O (BOs);: A review[J]. IEEE Transactions on Ul-
trasonics, Ferroelectrics, and Frequency Control, 2014, 61(8): 1344-
1356.

FRITZE H. High-temperature piezoelectric crystals and devices[J].
Journal of Electroceramics, 2011, 26: 122-161.

JIANG C, LONG Y, YU F P, et al. Single crystal growth and tem-
perature dependent behaviors of melilite type piezoelectric crystal
Ca,Al,SiO,[J]. Journal of Crystal Growth, 2018, 496-497: 57-63.
TAKEDA H, YOSHIDA K, OKUDERA H, et al. Growth and char-
acterization of strontium-substituted Ca,Al,SiO; piezoelectric sin-
gle crystals[J]. Journal of the Ceramic Society of Japan, 2017, 125
(1): 23-26.

MILL B V, PISAREVSKY Y V. Langasite-type materials from dis-
covery to present state: Proceedings of the 2000 IEEE/EIA interna-
tional frequency control symposium and exhibition [C]. Piscat-
away: IEEE, 2000: 133-144.

KAMINSKII A A, SILVESTROVA I M, SARKISOV S E, et al. In-
vestigation of trigonal (La;,Nd,);GasSiOy, crystals. II. Spectral laser
and electromechanical properties[J]. Physica Status Solidi (a), 1983,
80(2): 607-620.

XIONG K, WANG S, TU X, et al. Growth and piezoelectric prop-
erties of large sized Ca;TaGa;Si,0,, crystals[J]. CrystEngComm,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

2021, 23(31): 5362-5366.

ZHANG S J, ZHENG Y Q, KONG H K, et al. Characterization of
high temperature piezoelectric crystals with an ordered langasite
structure[J]. Journal of Applied Physics, 2009, 105(11): 114107.
SUHAK Y, FRITZE H, SOTNIKOV A, et al. High-temperature
electromechanical loss in piezoelectric langasite and catangasite
crystals[J]. Journal of Applied Physics, 2021, 130(8): 085102.

BAI L, LIU D, ZHAO X, et al. Intrinsic defects and the Inducing
conduction mechanism of langasite-type high-temperature piezo-
electric crystals[J]. ACS Applied Materials & Interfaces, 2023,
15(2): 3152-3162.

FU X W, VILLORA E G, MATSUSHITA Y, et al. Influence of
oxygen partial pressure during growth on optical and electrical
properties of Ca;TaAl;Si,0,, single crystals [J]. Crystal Growth &
Design, 2016, 16(4): 2151-2156.

Standards committee of the IEEE ultrasonics, ferroelectrics, and
frequency control society. 176-1987 IEEE standard on piezoelec-
tricity[S]. New York: IEEE, 1988.

FU X W, VILLORA E G, OSHIMA Y, et al. Thermal and piezo-
electric properties of LasTa,sGas;AlpsO14 (LTGA) for high tempera-
ture sensors [J]. Journal of Alloys and Compounds, 2015, 647:
1086-1090.

FU X W, VILLORA E G, MATSUSHITA Y, et al. Temperature
dependence of electrical resistivity, dielectric and piezoelectric
properties of Ca;TaGa;, Al Si,0\, single crystals as a function of Al
content[J]. Journal of Alloys and Compounds, 2016, 687: 797-803.
FU X W, VILLORA E G, MATSUSHITA Y, et al. Piezoelectric
Ca;TaAl;Si,01s (CTAS): High quality 2-in. single-crystal growth
and electro-elastic properties from room to high (650 ‘C) tempera-
ture[J]. Journal of Crystal Growth, 2018, 501: 38-42.

http://www.cnki.net



