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1   Introduction 
Strontium titanate (SrTiO3) is a quantum paraelectric 

material and exhibits paraelectricity in all temperature 
ranges at ambient pressure. It is reported that the ferroelec-
tricity appears by several methods such as UV irradiation 
[1], oxygen isotope substitution [2], and uniaxial pressure 
[3]. However, the appearance of the ferroelectric phase is 
at low temperatures of several tens of K. 

Recently, room-temperature ferroelectricity was re-
ported by Haeni et al [4] through the application of biaxial 
strain in thin films. In the present study, the existence of 
electric polarization in a SrTiO3 thin film at room temper-
ature was examined in the first place. Then, its response to 
the ap-plied electric field was observed by time-resolved 
X-ray absorption spectroscopy (TR-XAS). 
 
2   Experiment 

A thin film with a structure of Pt (50 nm) /SrTiO3 (35 
nm) /SrRuO3 (20 nm) /LSAT was fabricated using the 
pulsed laser deposition method. In the SrTiO3 layer, an in-
plane compressive strain of ca. 1% due to the lattice 
mismatch with the LSAT substrate was confirmed by X-
ray reciprocal mapping.  

Ti-K edge X-ray absorption spectra (XAS) were 
measured on the beamline BL-15A1 under ambient 
conditions using the fluorescence mode. TR-XAS 
measurements were done by the same method reported 
previously [5]. A single triangular pulse at a frequency of 
1 kHz followed by a null voltage was applied to the SrTiO3 
layer through Pt and SrRuO3 electrodes. The X-ray 
fluorescence signals were recorded by a digital signal 
processor together with time information to obtain TR-
XAS. 
 
3   Results and Discussion 

Ti pre-K edge spectra with and without  the electric field 
(E) is compared in Fig. 1. The eg-peak intensity changes 
upon application of the electric field as shown in the inset. 
It is reported that the eg peak intensity (𝐼) is proportional 
to the square of the Ti off-center displacement, (𝛿୧) [6], 
i.e., 𝐼 ∝ 𝛿୧

ଶ , therefore the electric field response is direct 
evidence of existence of spontaneous polarization in the 
SrTiO3 thin film at room temperature.  

The dynamic response of the polarization to the applied 
field was investigated by TR-XAS. Figure 2(b) shows the 
time variation of the relative eg-peak intensity in response 
to the applied field (Fig. 2(a)), in which average voltage 
during zero voltage (1.0-2.9 ms) is set to unity. As a 
comparison, the similar response of the ferroelectric 
BaTiO3 is displayed in Fig. 2(c). When the positive field is 
applied during 0.0-0.5 ms, both SrTiO3 and BaTiO3 present 
the enhancement of the eg peak intensity, i.e., the increase 
of the electric polarization (P). On the contrary, when the 
negative field is applied during 0.5-1.0 ms, their responses 
differ from each other.  

Based on the Landau phenomenological theory, a 
double-peak feature observed in BaTiO3 is reasonable 
because of the quadratic nature of the free-energy in P. 
Intuitively speaking, in the case of ferroelectric perovskite 
titanates, the amount of 𝛿୧  is irrespective of the sign of 
the electric field. On the other hand, in the case of SrTiO3, 
the eg-peak intensity decreases when the negative electric 
field is applied. From this unusual behavior, reduction of 
𝛿୧  can be concluded instead of polarization reversal. It 
should be also noted that the decrease in the negative field 
is smaller than the increase in the positive field.  

Figure 1: Ti pre-K edge XAS of SrTiO3 with (red/blue) 
and without (black) the apply electric field. Inset: En-
larged view of the eg peaks. 
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This asymmetric response to the electric field, along 
with the lack of polarization reversal, naturally reminds us 
of the flexoelectricity where a strain gradient induces 
polarization in the lattice even in an originally 
centrosymmetric SrTiO3. In general, the flexoelectric 
polarization is very small. However, the relative intensity 
enhancement in SrTiO3 is 5 times larger than that of 
BaTiO3. Oxygen defects introduced during the film 
deposition process would be a plausible cause of the 
enhancement of the electric field response in the SrTiO3 
thin film [7]. 

 
Acknowledgement  

We acknowledge the staff of Photon Factory for their 
excellent machine operation. This experiment was done 
under the approval of Photon Factory Advisory Committee 
(Proposal No. 2021G620)  
 
References 
[1] M. Takesada, T. Yagi, M. Itoh, and S. Koshihara, J. 

Phys. Soc. Jpn. 72, 37 (2003); T. Hasegawa, S. Mouri, 
Y. Yamada, and K. Tanaka, J. Phys. Soc. Jpn. 72, 41 
(2003). 

[2] M. Itoh and R. Wang, Appl. Phys. Lett. 76, 221 
(2000).  

[3] Y. Fujii, H. Uwe, and T. Sakudo, J. Phys. Soc. Jpn. 
56, 1940 (1987). 

[4] J. H. Haeni, P. Irvin, W. Chang, R. Uecker, P. Reiche, 
Y. L. Li, S. Choudhury, W. Tian, M. E. Hawley, B. 
Craigo, A. K. Tagantsev, X. Q. Pan, S. K. Streiffer, L. 
Q. Chen, S. W. Kirchoefer, J. Levy, and D. G. Schlom, 
Nature 430, 758 (2004). 

[5] S. Kato, N. Nakajima, S. Yasui, S. Yasuhara, D. Fu, J. 
Adachi, H. Nitani, Y. Takeichi, A. Anspoks, Acta Ma-
terialia 207, 116681 (2021). 

[6] R V. Vedrinskii, V. L. Kraizman, A. A. Novakovich, 
Ph. V. Demekhin, and S. V. Urazhdin, J. Phys.: Con-
dens. Matter 10, 9561 (1998).  

[7] D. Lee, A. Yoon, S. Y. Jang, J.-G. Yoon, J.-S. Chung, 
M. Kim, J. F. Scott, and T. W. Noh, Phys. Rev. Lett. 
107, 057602 (2011). 

 
* nekomoto-yuuki@hiroshima-u.ac.jp 

Figure 2: Temporal variation of (a) the applied electric 
field and the eg-peak intensities of (b) SrTiO3 and (c) 
BaTiO3. 


