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Piezoelectric crystals are widely used in many applications such as oscillators, sensors, and actuators. The 
mechanisms of piezoelectricity could be explained from atomic displacements under a static electric field. 
However, atomic displacements under a static electric field are usually too small to be detected by conventional X-
ray diffraction (XRD) measurements. The small atomic displacements can be resonantly amplified by mechanical 
vibrations under an alternating electric field with the resonant frequency. We have recently succeeded in detecting 
the small atomic displacements of resonantly vibrating quartz (SiO2) and langasite-type (La3Ga5SiO14 and 
Nd3Ga5SiO14) piezoelectric crystals by the time-resolved synchrotron radiation XRD measurements under an 
alternating electric field [1-3]. 

The time-resolved crystal structure analyses of the quartz and langasite-type crystals revealed that bridging angles 
of oxygen tetrahedra are deformed with displacements of specific oxygen atoms along the applied electric field 
during the resonant vibrations. Deformations of specific oxygen tetrahedra were also observed in the langasite-
type crystals. GaO4 and Ga0.5Si0.5O4 tetrahedra in the langasite-type crystals are more deformable than 
SiO4 tetrahedra in the quartz crystal. This seems the reason why the piezoelectric constants d11 of the langasite-
type crystals are larger than that of the quartz crystal. 
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