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Fig. 1 (Color online) Ferroelectric phase transition in BaTiO3. Six
kinds of domain are possible in the ferroelectric phase as-
sociated with the phase transition from the cubic to
tetragonal symmetry.
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Fig. 2 (Color online) Schematic view of possible electric-field-in-
duced strain in ferroelectric materials. (a) Piezoelectric and
electrostrictive strain. (b) Strain by orientation change of
spontaneous polarization. (c) Strain by electric-field phase
transition.
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Fig. 3 (Color online) Schematic view of P-E hysteresis loop of
BaTiOs-type ferroelectric materials with domain structure
and crystal structure. Total polarization contains contribu-
tions of both the domain orientation (extrinsic) and crystal
structure (intrinsic).
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Table 1 Energy of X-rays, X-ray linear absorption coefficient u of
BaTiOs;, and transmission ratio I/I, of X-rays when BaTiO;
plate with thickness /=0.1 mm is interposed normally into
a parallel beam of X-rays. I, and I are the intensities of ini-
tial and transmitted X-ray beams, respectively.

Energy of X-rays (keV) u(BaTiO3) (cm~1) 1/,
8 (CuKa) 1400 8§x 107

17 (MoKw) 170 0.18

35 24 0.78
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Fig. 4 (Color online) Diffraction image of BaTiO; single crystal
recorded on two-dimensional detector Imaging Plate (IP) at
SPring-8 BL02B1 using high-energy SR X-ray of 35 keV (1

=0.35A). The diffraction spots in the range of d>0.25 A
are clearly observed.
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Fig. 5 (Color online) Diffraction spots of BaTiO; recorded on IP
under static external electric field. At E=0, the peak of
(440) . from the c-domain and the peak of (044), from the a-
domain are observed in this area. With increasing E, the in-
tensity of (044), decreases. The sample is monodomain at E
>4 kV/cm.
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Fig. 6 (Color online) Experimental setup for time-resolved single
crystal diffraction measurement installed in SPing-8
BL02B1. The SR X-ray is monochromatized to be 35 keV,
and the 1667 us X-ray pulse is generated by an X-ray chop-
per. The external electric potential V. (¢) is a bipolar square
wave whose period is 1667 us. The diffraction spots from the
BaTiO; single crystal plate at each At are detected by a large
cylindrical IP camera.
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Fig. 7 (Color online) (a) Time dependence of electric voltage V(z)
between electrodes of BaTiOj; single crystal plate when a cy-
clic driving electric voltage of bipolar square wave type is ap-
plied. When the direction of V., changes, V(¢) changes
gradually in that direction and shows the behavior of a
damped oscillation. The shape of V has a periodicity of 1667
us, which is the same as that of V. At is defined as the time
in each period. (b) Enlarged V' (¢) within half period. There
are characteristic time regions named I to VI. (c)
Tetragonality c¢/a versus At plot. (c/a),=1.0110 in the
steady state.
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Fig. 8 (Color online) Relationship between ¢/a and E of BaTiO; in
time-resolved measurement. The tendency is well fitted by
c/a=(c/a),(1+aE), where (c/a),=1.01092+0.00001 and
a=100+30 pm/V for At=0~49 us, at which the sample is
in the transient multidomain state, and (c/a),=1.01093 +
0.00003 and «=210+30 pm/V for At=58~830 us, at which
the sample is in the monodomain state. Here, o is identical to
dyy—d3.
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Observation of Intrinsic Lattice Strain of
Ferroelectric BaTiO3; during Domain Reversal and
Piezoelectric Vibration under Electric Field:
Time-Resolved Synchrotron Radiation Single
Crystal Diffraction Study

Chikako MORIYOSHI Department of Physical Science, Graduate School of Science,
Hiroshima University, Higashi-Hiroshima, Hiroshima 739-8526, Japan

Yoshihiro KUROIWA  Department of Physical Science, Graduate School of Science,
Hiroshima University, Higashi-Hiroshima, Hiroshima 739-8526, Japan

Abstract The dynamic response of an intrinsic lattice strain in a ferroelectric tetragonal BaTiO3 single crys-
tal to an electric field is successfully observed by using the time-resolved single crystal diffraction
measurement. High-energy synchrotron radiation enables us to detect the time dependence of the
small change in the tetragonality of BaTiO3 during polarization reversal and piezoelectric vibration
after a step like electric field antiparallel to the spontaneous polarization is applied to the BaTiO5
sample.
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