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Growth, Structure and Electrical Properties of Tantalum Pentoxide and Manganese Dioxide
Co-Doped Potassium Sodium Niobate Based Piezoelectric Single Crystals Prepared by
Seed-Free Solid-State Crystal Growth Method

ZHANG Zhaowei, JIANG Minhong, LI Lin, LU Huan, WANG Wei, CHENG Shuai, RAO Guanghui
(Guangxi Key Laboratory of Information Materials, School of Materials Science and Engineering, Guilin University of
Electronic Technology, Guilin 541004, Guangxi, China)

Abstract: The 99.7K, sNay s(Nb;_Ta,)0;-0.3BaBiO; lead-free piezoelectric single crystals of tantalum pentoxide and manganese
dioxide doped were prepared by a seed-free solid-state crystal growth method, and the effects of mono-doping and co-doping of Ta
and Mn on the growth, structure and electrical properties of the crystals were investigated. The result shows that a proper amount of
Ta and Mn co-doping is beneficial to the growth of the single crystal. The single crystal surface becomes more regular and compact,
and the maximum size of the obtained crystal can reach 30.0 mmx9.2 mmx2.6 mm when 0.9% (mole fraction) Ta and 0.1% Mn are
co-doped. When 0.1% Mn doping is fixed and the amount of Ta is changed, the single crystals with a greater amount of tantalum
pentoxide doping have higher piezoelectric properties. When the co-doping amounts of Ta and Mn are 0.9% and 0.1%, the crystals
have greater remanent polarization (i.e., P, = 26.96 nC/cm?) and piezoelectric constant (i.e., dy; = 227 pC/N), respectively.

Keywords: seed-free solid-state crystal growth method; potassium sodium niobate; piezoelectric single crystal; tantalum pentoxide

doping; manganese dioxide doping
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(b) 0.1% Mn mono doping
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(c) 0.9% Ta and 0.1% Mn co-doping
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Fig. 1 Photos of Ta, Mn mono doping respectively and co-doping KNN-based single crystal samples
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(a) 0.9% Ta mono doping

10 um

| S|

(b) 0.1% Mn mono doping

(c) 0.9% Ta and 0.1% Mn co-doping

(d) 0.9% Ta mono doping

(e) 0.1% Mn mono doping

(f) 0.9% Ta and 0.1% Mn co-doping

Figs. 2(a)-2(c) are interface between single crystal and matrix: Figs. 2(d)-2(f) are single crystal zone.
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Fig. 2 SEM photographs of the natural surface of Ta, Mn mono doping respectively and co-doping KNN-based crystals
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(c) 0.9% Ta and 0.1% Mn co-doping
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Fig. 3 Surface morphology of Ta, Mn mono doping respectively and co-doping KNN-based single crystals
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Fig. 4 XRD patterns of Ta, Mn mono doping respectively and
co-doping KNN-based single crystal powder samples
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(a) Ta, Mn mono doping respectively and co-doping
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(b) 0.1% Mn was fixed and amounts of Ta were changed
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Fig. 5 Ferroelectric hysteresis loop of Ta, Mn mono doping
respectively and co-doping KNN-based single crystals
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(b) different amounts of Ta with 0.1% Mn co-doping(y=0.001)
x—Mole fraction.
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Fig. 6 Piezoelectric constant dz; of Ta, Mn mono doping
respectively and co-doping KNN-based single crystals
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(b) Different amounts of Ta with 0.1% Mn co-doping(y=0.001)
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Mn mono doping respectively and co-doping KNN-
based single crystals
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Fig. 8 Dielectric temperature spectrum of Ta, Mn mono
doping respectively and co-doping KNN-based single
crystals
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