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Toroidal ferroelectricity and photoresponse in ferroelectric nanocrystals

Takesada, Masaki
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High-resolution broadband light scattering spectroscopy and second harmonic
generation (SHG) measurement were performed in barium titanate nanocrystals prepared by
supercritical hydrothermal synthesis, in order to elucidate the mechanism of a novel ferroelectric
transition derived from nanostructures. Temperature dependence of the observed broadband spectra in
the nanocrystals of barium titanate shows a characteristic self-similarity. The results of the
broadband spectra in the nanocrystals of barium titanate indicate that the ferroelectric

nano-ordering is accompanied with anomalies of the hierarchical phonon behavior and SHG intensity,
which is not in the bulk system.



2004
Naumov [Naumov
et al., Nature 432 (2004) 737, Naumov et
al., Phys. Rev. Lett. 101 (2008) 107601]

3.2 nm

180

O
(SITi*0, & SrTi%0,)

SrTi'o, 160 189
SrTi'0,
SrTi*®0, r Eu
[1,2] SrTi'®0,
[3]
[4]
1
SrTi*o,
SrTi*®o,
SrTi*o,
SrTi*o,
SrTi*®0,
30 nm
Raman
640 mm PDPX,
PHOTON Design 532 nm
J200GS-11,
SoC 3 mW

*He



ST

[ {Mamo)

Imberasy (arh. uniik

_../

L i i
bl | 10 (5] 11 i1 ] Mey -I0D (1] [[1] 20

||-.«,um.:. shifi fom ) Froquency shifl iem ')
1. STi0;,
SITi*®0,
Raman
& it-'l'l
- *a
ul [ r 1
= Ll B &

ST N
! ik
2. STit%o, SITi*0,
LSBR
a SrTlO;:,
- Y ST, (T 2
o ST 0 ) 23
— W ST, ) 43 5
i I i
= i
: S
R H&f}* -

, ,
i =y . o o .
0 20 40 i 20 100

Temperaturs (K

3. STi%0, Eu

Optistat CF, Oxford Instruments

1 SrTi*o, SrTi*®o,
Raman
SrTi'o,
SrTi't0,
150 cm? 175 cmt
2
150 cm™
SrTi't0,
70 cm? 60 K
Raman
LSBR Local Symmetry
Breaking Region [5]1
2 SrTi*o,
SrTi*to, LSBR
SrTi'0, SrTi'80,
LSBR
SrTi*®o,
LSBR SrTi*o, 2
LSBR
LSBR
SrTi*e0, Eu
3 SrTi'o,
Eu
SrTi*®0,
SrTi'®0,
SrTi*®0, SrTi*®0,
SrTi'80,
20 K
55K
[61 2
3 SrTi'to,
55 K
SrTi'®0, SrTi'80,
30 K 300 K
Raman
LSBR
(&Y) SrTi*to, SrTi'o,
LSBR
) SrTi*®0,
LSBR SrTi'o, 2

(©)) SrTi*o, Eu



55 K
SrTi't0,
Oxxius
8,17, 30
nm 0.3 GHz 10THz
1953
Kénzig
30 nm
4 4
100 nm
Fe-RAM 5
I(rfnH r
10 nm
[6]
SHG
2
8, 17, 30 nm
8 nm, 17 nm, 30 nm
30 nm
Tc




30nm

BN
B

4 30 nm

(a)x 128 cm-1, (b)x 32 cm-1,
(c)x 8 cm-1, (d)x 2 cm-1

Pagillek

5 30 nm

303 K 40

[1IM. Itoh et al., Phys. Rev. Lett. 82,
3540 (1999).

[2]M. Takesada et al ., Phys. Rev. Lett. 96,
227602 (2006) .

[3]K. A. Muller and et al., Phys. Rev. B
19, 3593 (1979).

[4]S- E. Rowley et al., Nat. Phys. 10, 367

(2014).

[5]H. Uwe et al., Phys. Rev. B 33, 6436
(1986) .

[6]1. I. Naumov et al ., Nature (London) 432,
737 (2004).

5
Akira Onodera and Masaki Takesada,
Ferroelectricity 1in simple binary
crystals, Crystals, , accepted
(2017).
T. Hori, M. Takesada and A.Onodera,
Structural Aspects in A-site Ordered

Perovskite CaCuzTi,0;,: Colossal
Dielectric  Behavior and Ca/Cu
Disordering, Ferroelectrics, ,

accepted (2017).

Masanori Fukunaga, Masaki Takesada,
Akira Onodera, Ferroelectricity in
Layered Perovskites as a Model of
UltraiThin Films, World Journal of
Condensed Matter Physics, Vol.
6 2016 pp. 224-243.

N. Hasegawa, M. Sasaki, T. Hattori, H.
Satoh, M. Takesada, and A. Onodera,
Anomalous Dielectric Behavior in

A-site Ordered Perovskite
CaCu3Ti4012: Effect of A*-site Doping,
Ferroelectrics, , Vol. 485

(2015) pp. 129-135.

N. Hasegawa, T. Mitsumura, M. Takesada,
A. Onodera, J. Kano, and N. Ikeda
Specific Heat Study of Multiferroic
LuFe204 Single Crystal,
Ferroelectrics, , Vol. 462
(2014) pp. 145-150.

19

, BaTiO,
, 72
2017 ,2007 3 17 H—~20
( , )
M. Takesada, Dynamics of Geometrical
Nano Ordering in Ferroelectric
Nanocrystals of BaTi0;, Joint Workshop
of WFF&WFSM 2017, 2-5 March 2017

, )

SrTi%o,
) 2016
2016 9 13 A~16 \



o

®

SrTio3

I, 71
2016 2016 3 19 A~22
( , )
BaTiO,
SHG 71
2016 2016 3 19 H~22 (
7 )
2015 12
5 EI~6 ( ’
)( )
\ 2015
2015 9 16 -19 \
SrTio, ,
2015 2015 9 16

-19 ,
Masaki Takesada, Broadband Light
Scattering and Second Harmonic
Generation in Ferroelectric
Nanocrystals, Joint Int.Symposium
RCBJSF2014-FM&NT, 2014 9 29 -10

2 , Riga, Latvia( )
M. Takesadsa, Y. Hakuta, H. Takashima
and A. Onodra, Broadband Light
Scattering in Ferroelectric
Nanocrystals of BaTi0;, The 10th Japan
& Korea Conference of Ferroelectrics
JKC-FE10, 2014 8 17 -20 ,

o

TAKESADA, Masaki

30311434

HAKUTA, Yukiya
30250707

SUE, Kiwamu

60333845
TAKASHIMA, Hiroshi

10357353

*
MATSUSHIMA, Kohei
MAKIGUCHI, Kei



