Piezoelectric constants of KNbO; by molecular dynamics simulations using a shell model
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KNbOs; is an ABO; type perovskite whose solid solution with other A site atoms could be a potential
candidate for Pb free piezoelectric materials. KNbO; undergoes phase transitions among, listing from
high temperature to low temperature, cubic (C), tetragonal (T), orthorhombic (O), and rhombohedral (R)
phases. Despite its importance, the number of the experimental reports on the piezoelectric constants of
KNbOs; is small due to the difficulty in the growth of high quality crystals and in the poling treatments,
and these reports are limited to room temperatures. In this paper, we predicted the temperature
dependence of the piezoelectric coefficients of KNbO; by molecular dynamics simulations using a shell
model[1].

The piezoelectric constants were calculated by[2-4]
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Here, 1, E, 0, T, kg, and M are the strain tensor, the electric field, the stress, the temperature, the
Boltzmann's constant, and the total dipole moment of the MD cell, respectively. AX represents X - (X)),
where X is My, or 1;;.
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Figure 1 shows the temperature dependence of piezoelectric coefficients d;; for KNbO; in all three
ferroelectric phases. The results were similar to those by the Landau-Ginzburg-Devonshire (LGD)
theory[5] and the first-principles calculations for the R phase[6] of KNbO;. The shear and some of the

longitudinal piezoelectric constants changed by 200 — 300 % depending on the temperature. This is
because the dipole moment deviation from its average value and the strain deviation from its average
value are greatly dependent on temperatures. So, it should be difficult to predict the piezoelectric
constants by first-principles calculations except for the R phase.

We also predicted the temperature dependence of the longitudinal piezoelectric surface d3; of KNbO:.
The results were also similar to the previous calculations, since the temperature dependence of the
piezoelectric constants were similar to them. Near the T-C phase transition temperatures, due to the
enhanced d33, d55 is large along the polar direction. For other temperatures, especially near the phase
boundaries, the large shear piezoelectric constants result in the maximum of d3; along the non-polar
directions.
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Figure 1. Piezoelectric coefficients for KNbOs.

References

[1] M. Sepliarsky, A. Asthagiri, S. R. Phillpot, M. G. Stachiotti, and R. L. Migoni, Curr. Opin. Solid. St.
M. 9, 107113 (2005).

[2] A. Garcia and D. Vanderbilt, Appl. Phys. Lett. 72, 2981(1998).

[3] A. Garcia and D. Vanderbilt, First-Principles Calculations for Ferroelectrics: Fifth Williamsburg
Workshop, R.E. Cohen, ed. (AIP, Woodbury, New York, 1998) , 53 (1998).

[4] K. M. Rabe and E. Cockayne, First-Principles Calculations for Ferroelectrics: Fifth Williamsburg
Workshop, R.E. Cohen, ed. (AIP, Woodbury, New York, 1998) , 61 (1998).

[5] L. Liang, Y. L. Li, S. Y. Hu, L.-Q. Chen, and G.-H. Lu, J. Appl. Phys. 108, 094111 (2010).

[6] L. F. Wan, T. Nishimatsu, and S. P. Beckman, J. Appl. Phys. 111, 104107 (2012).



