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Synergy effect of piezoelectricity and piezoluminescence
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The aim of this study is to elucidate the mechanism of a newly discovered
multipiezo material and reveal the synergy effect between piezoluminescence and piezoelectricity. We
focused on LiNbO3 and employed non-stoichiometric composition and element substitution for crystal
control. As a result, we identified a significant enhancement of piezoluminescence intensity near
the morphotropic phase boundary (MPB) of Na-substituted LiNbO3 with specific crystal structures.

This piezoluminescence at the MPB achieved more than a tenfold improvement compared to
non-stoichiometric LiNbO3, along with a similar tenfold enhancement in piezoelectricity, as
demonstrated by the increased piezoelectric coefficient d33. Furthermore, we extended this
phenomenon of synergy effect between piezoluminescence and piezoelectricity to other material
systems.
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Fig. 1. (a) Piezoluminescence response curves of LNyN samples (partialy listed x = 0.5, 0.9, 0.95), (b)
Transitions of piezoluminescenceintensity by Nasubstitution content x, and inset isthe crystal structure
of each region, (c) Piezo-L and Photo-L intensity changes near the phase boundary (H. Hara, C.N. Xu,
et.al., J. Ceram. Soc. Jpn., 518 (2020)).
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Fig. 2. Correlation between piezoelectric constant dsz of

LNxN and piezoluminescence intensity (H. Hara, C.N. Xu,

et.a., J. Ceram. Soc. Jpn., 518 (2020)).
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Figure 3. @) The XRD patterns of Sro.g9Ndo,01SNOs, Sr1.00Ndo.01SNO4, and Srz.99Ndo01Sn207. b) Electron
diffraction pattern of the SSN (Sr2.99Ndo01Sn20y7). c) Electric polarization (P) versus electric field (E)
hysteresisloop of a ceramic SSN pellet, measured with triangular wave pulse method to get rid of leakage
contributionin oil at frequency f = 1 Hz. d) Left; the c-direction views of the a—a—c+ distortionsin SrSnOa.
Right:the c-direction views of the ferroelectric a—a—c+ distortions in Sr3Sn,O-. The light and dark green
arrows represent Sr antipolar displacements along the a-axis in the rock-salt block and perovskite block,
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