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Fig. 1 Schematic picture of an electric dipole moment in Ferroelectrics: at (a) T > T¢, and (b) T < Tc. Schematic
electronic band structure with horizontal axis along polarization orientation: for (¢) P=0, (d) P#0, and (e) Pin

the opposite direction to the case of (d).
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Fig. 2 (a) Schematic picture of BTO film on NSTO (100) sub-
strate. (b) Topographic image of the BTO epitaxial film.
Piezoresponse phase images of BTO epitaxial film: (¢c) +3V
(2%x2 um? area) and —3V (1x1um? area); (d) reverse
bias voltage for (c) writing treatments with a measured area
of 3 x 3 um?. Light and dark regions represents negative and
positive polarization directions, respectively.
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Direct observation of skewed band structure
induced by spontaneous polarization on ferroe-
lectric BaTiO;

Norihiro OSHIME Synchrotron Radiation Research Center, Kansai Photon Science Intitute, Quantum
Beam Science Research Directorate, National Institutes for Quantum and Radiologi-
cal Science and Tecknology (QST), SPring-8, 1-1-1 Kouto, Sayo, Hyogo 679-
5148, Japan

Jun KANO Graduate School of Natural Science and Technology, Okayama University, Okayama
700-8530, Japan

Abstract A skewed electronic-band-structure has been empirically described in ferroelectric materials to ex-
plain the function of recently developed ferroelectric tunneling junction (FTJ) devices. This report
exhibits experimental evidence for the ferroelectric band skewing structure of BaTiO3 epitaxial
films, which was observed in the depth profiles of energy-level atomic orbitals using angle-
resolved hard x-ray photoemission spectroscopy. The magnitude of energy shifts for each atomic
orbital was large for the atoms that compose electric polarization and small for those that do not.
We also found the ferroelectric band skewing structure can switch by polarization reversal. These
findings could lead to a simple understanding of the origin of electric polarization in ferroelectrics,
also allow the development of novel FTJ devices using ferroelectric band skewing.
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