Debye-type dielectric dispersion by photo-excited conductive region in ferroelectric Sr1-xCaxTiO3 (x=0.013)
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Recently it has been reported that photo-illumination induces the Debye-type dielectric dispersion in quantum paraelectric SrTiO3 (1). This result suggests that a new phase is created by illumination. Two models have been proposed to account the origin of the photo-induced Debye dispersion. One is permanent dipole model (1) and the other is conductive region model (2). However, it is still unclear what is created by illumination. In this study we investigated the photo-induced effects in ferroelectric Sr1-xCaxTiO3, in which doped Ca2+ ions behave as permanent dipoles and induce ferroelectricity. 
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  Figure 1(a) shows the temperature dependence of the permittivity at 1 kHz before and under illumination. Photo-illumination shifts Tc to the lower temperature side and enhances the permittivity. Cole-Cole plot at 28K (≌Tc) is shown in the inset. One can see the semi-circle corresponding to the Debye dispersion appears by illumination. The relaxation time  of Debye dispersion is 3.6 kHz at 28K. As is shown in Fig. 1 (b),  has anomaly around Tc. This indicates  depends on the permittivity before illumination. 

These results are well explained in terms of the conductive-region created by photo-carrier. Tc-shift is brought by the screening effect of Coulomb interaction between Ca dipoles by means of the photo-carriers. 
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Fig. 1 (a) Temperature dependence of 1 before (dotted line) and under illumination (solid line).　


(b) Temperature dependence of relaxation time of Debye dispersion. Cole-Cole plot at 28K (=Tc) is shown in the inset.








