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Structural Study of Ferroelectrics at BL02B2 in SPring-8
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Perovskite-type Oxide

— antiferrodistortive and ferrodistortive instabilities
Inherent in prototype structure

Prototype structure of ABO; perovskite-type oxide: Cubic

A: (0, 0, 0)
B: (0.5, 0.5, 0.5)
0: (0.5, 0.5, 0), (0.5, 0, 0.5), (0, 0.5, 0.5)

Antiferrodistortive instability Ferrodistortive instability

BOg tilt driven perovskite B-site off-centering driven perovskite

Slater mode Last mode

M, mode R,; mode

If A is Pb or Bi, A-site off-centers
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Mode Classification by Tolerance Factor

— relationship between crystal structure and phase transition —
simple classification to predict phase transitions

Tolerance factor t: |0 8<t= 1 T+l <1.1 ABO; Perovskite
V2 1 41y
[as gy o & TONIC radius 0 o
t>1 B atom environment: ample
t=1 iIdeal tolerance e.g. SrTiO,
t<1 B atom environment: scanty ¢ ('
perovskite | ionic radius | ionic radius | tolerance ©® © e
oxide Aion (A) | Bion(A) | factor A B O
BaTiOs 1.61 0.61 1.07
— KO el O S b Ferro-distortive, q = 0
KTaOs 1.64 0.64 1.06 (phase transition at zone center)
PbTiO3 1.49 0.61 1.03
SrTiO3 1.44 0.61 1.00 — %0 (105 K), g =0 (<0 K)
NaNbO3 1.39 0.64 0.97 y : :
PbZrO- 1.49 0.72 0.97 Anti err(_)_—dlstortlve, g#0
(phase transition at zone boundary)
PbHfO3 1.49 0.71 0.97




MEM Charge Density Maps of NaNbO,; & KNbO,
In Cubic Structure on Nb-O Plane

NaNbO,| (T.=916 K M;) |KNbO;| (T.=707 K I}
a = 3.94642(1) A

a = 4.03074(1) A

Nb-O plane




Structure parameters of PZT
In Cubic Structure at 850 K

PZT Structure parameter of PZT
(harmonic model)
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B. Jaffe et al., “Piezoelectric Ceramics” Academic Press, London, (1971) 136 'l].l] 0.2 04 0.6 08 1.0
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@ Y. Kuroiwa et al., Jpn. J. Appl. Phys. 44 (2005) 7151



Disordered Structure of PZT in Cubic Phase

(110) disorder

(111) disorder

(110) disorder
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letters to nature

Lead-free Piezoceramics
(K, Na)NbO,-LiTaO,(-LiSbO.,)
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Enhanced Piezoelectric Response of BaTiO;-KNbO,
Composites with Heteroepitaxial Interface

@ |. Fujii etal.: Appl. Phys. Lett. 99 (2011) 202902.

APTLIED PHYSHCS LETTERS 99, 200002 (X011

Enhanced piezoelectric response of BaTiO;-KNbQ; composites

lehire Fujii,” Shigehito Shimizu," Kenta Yamashita," Kousch Makashima,'

Nobuhire Kumada, ' Chikake Mosyoshi, ® Yostehing Kuroewa,® Yoshinon Fujia,?
Daiguks Tanaka,” Masahito Furukswa,” and Satoshi Wada'*'
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The peroclecing response of solvothermally symihesized BaTil)y (BTi-KNBDy (KN composies
(the pomimal HT/KN mtio was 1) with distnct mterfaces was myvestigated. The -y diffraction
pattem shenwed Pan distingt peaks began 1o merpe imio 8 singular broad peak a a two-thet position
between (2000 mnd ((02) wemgonalk-relsied peaks of BT, The wansmission clectron miCIMCOpy
ohmervation showed 3 beterospitavial imedface region between BT single-orystal pamicles and
deposited KM crystals. The large-field plesselectne constant was | 3epU/N, which was thnee omes

Artificial Interface
between Polar Nano-BT
Region and KN

Larger thanm that of & amtered 0SET-03KN composite. The cnlsanced plemsiecine roiponse was
abribieed w the araned epitanial imerface reghon. © M Amencan Tnaie of Physics.
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BT-KN Composites with Heteroepitaxial Interface (HE I/F) -0.01% o e
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Size Effect of BaTiO4; Nanoparticles with
Gradient Lattice Strain Layer (GLSL)

@ T. Hoshina et al. : Appl. Phys. Lett. 93 (2008) 192914.

APPLIED PHYSICS LETTERS 93, 192914 {2008)

Composite structure and size effect of barium titanate nanoparticles
Takuys Hoshina,"*' Satoshi Wada.” Yoshihiro Kuroswa,? and Takaski Tsurumi'
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Particle-size Dependence of Dielectric Constant Composite Structure Model of BaTiO; Nanoparticles




Experimental

@ Synthesizing BaTiO;-KNbO,; nano-composite
ceramics with heteroepitaxial interface

@ Solvothermal method
KOH + K,CO, + Nb,O, +
BT03 (¢300 nm), EtOH
20 hrs @230

@ Dielectric constant
2x2x0.5mm3
1 MHz (HP4294A) @RT

@ Characterizing crystal structures which govern
dielectric properties . .

@ SR powder diffraction
SPring-8 BL02B2
0.67 A (18.5 keV) @RT

@ Rietveld analyses
9 samples KN/BT =0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0




Rietveld Profile Fitting for BT-0.5KN
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@ Upper: BT(tetra) + KN(ortho)
@ Lower: BT(5 tetra with different c/a and cubic) + KN (ortho + 2 cubic with different a)




Core/Multi-Shell Structure Model of BT-0.5KN

Lattice constant [A]
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Variation of Lattice Constants in BT-0.5KN

BT-0.5KN
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|| Validity of Six Components in Analyzing

BT Structure of BT-KN Composites

BT multi-shells with less c/a
than BT core

WET = 87.57%

multi-shell




Relationship between Relative Permittivity and
Structural Characteristics

Variation of c/a of BT and c /b, of KN Variations in & and Vg1 - 14
BT ' KN 400 14—
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« 0.5¢ | | [T 1 ) [ A
© 04 : — 200} KN X,
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So.f =N |s 53
= 0.0 = , el 5 >
0 50 100 150 0.0 0.2 0.4 0.6 0.8 1.0
Distance from center of particle [nm .
P [nm] Molar ratio of KN / BT

BT(tetra.) : a=3.9933 A, c
KN(ortho.) : a = 3.967 A, b’

4.0364 A, V13 =4.0076 A
c’'=4.035 A, a=90.22°, V13 =4,0151 A (primitive)

Bulk Crystal

The volume of the distorted interface region of BT and the dielectric property show a similar
trend in the variation of the KN/BT molar ratio, which suggests that the electrically soft interface
between KN and BT governs the dielectric properties of the KN/BT composite ceramics.




Structural Characteristics

of BT-KN Composites
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@ E. Magome et al : Jpn. J. Appl. Phys. 51 (N0.9) (2012) in press.



