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Realization of four states in Bi-based ferroelectric materials with giant self-strai
n
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Four states are tried to realize using Bi-based ferroelectric films having more th
an 20% self-strain. Epitaxial films having both of about 7 and 22% tetragonlity were successfully grown by
changing the x values in [(2/3)[Bi((an—ngx)l/ZTi1/2)03]—(1/33[BiFe03]. However,their tetragonality did
not drastically change up to 800 degree. Epitaxial Bi((ZnxMgl-x)1/2Ti1/2)03 films having about 22% tetrago

nlity were also grown, but smaller one cannot be obtained.



XRD (002)
@)
(ABOs)
BOs x=0 05
221% 7.4%
7% X
@ P-E
7% PbTiOs x=0 1.5 MV/cm
x=0.5
[ 20) ]
()
Bi (an/zTi 1/2)03'Bi FeO,
@
a 2% (b) 800
b)
a) - BiFeO, <l
S N %§ @ ;L S
E :z %‘Bi(z..,n)o3 Bi(Mg, Ti)0; g %
[J. Phys. Cond. Matter. 20(2008), Phys. Rev. Sl | gl
B68 2011)] z S
b) 20 PbTiOs-BiFeO; E o
(b) N
10 2I0 3I0 4I0 50
[Phys. Rev B. 84(2011)] 20, CuKa, (deg)
(100).SrRUO//(100)STiO,
@x=0 (b)x=0.5 XRD
@ «es
Ng 50
«g _2: : x=0
20%
o JEﬂPeom-ic ﬁeold (k\'/lcl:)o 2
2 ,E\ 100 (b) 1000
L—:"' TS5k - 750 g
g PbTiO; ref) E
g 50 500 %
; =r e 3
; - : H
[(2/3)[B| ((an-XM gX)JJZTI JJZ) 03] _(1/3)[B| FeO3] = 00 500 1000 1;0(()1
M OCV D Electric field (kV/cm)
XRD (aP-E
(b)
(100).SrRUO//(100)SrTiO,
(@x=0 (b)x=0.5




BiFeO;

Bi((ZnMgy1.,)v2Ti12)Os

(b)

V.

48} (a)
?4'6'. ° e o .x=.0._
&
2 44
£ x=0.5
S 42/mununmnunn = [
@ | TTTmmmm———
'E 4.0 PbTiO; ref) “~~| . |
= gmm-mmmmmmmm T og
38|° [e] c? o (? o¥ |
1.25 @ ; :
d L] x=0
1.2 ¢ o o 1
S .
I .
E’ 1.15
=
éﬂ H x=0.5
s L - -n
= m———
£ 10spT T ——n
- PHTIO; -
1t ‘ R |
0 200 400 600 800
Temperature (°C)
T T
(@) R
Aamm A A
T1
[

T2
s

, , \
f f +
(b) orthorhombic
D\

Heatﬂ Rhombohedral Tetragonal
A

*—o—0—0—0—9
; ; ; ;

047y t t t t

2046 cr

E045f

So044f

g

E043f .

Fo42f o

g 041f ‘/./“

S 040L any ag P

3 T

S0l o 5 —seip
038 u u u t
1.20 (d) 2
115

.§ 1.10 TI e ®
1.05 ——oo"

1.00F—atss—a 4

0 02 04 06 08 1
x in (1-X)Bi(Mgy ;Ti; )O3-xBi(Zn, ;Tiy )O3

Bi((Zn\M01.4)1/2Ti12) O3 @
(b)

A. V. Pushkarev, N. M. Olekhnovich, and Yu.

Radyush, Inorg. Mater. 47, 1116 (2011)
(© (d)

(111).SrRUOY//(111)STiO;

(112)

7%

@
(b)
4(c) (d)
x=0.65
P-E
Zn
9
2013/14 , , 41(95),
2013, 153-157.
Mari Hayashi, Shintaro Yasui, Hiroshi

Funakubo, and Hiroshi Uchida, “Fabrication
of BiFeO:;-Bi(an/zTi]/g)O:; Solid Solution
Thin Films Using Perovskite-Type Oxide
Interface Layer”, Key. Eng. Mater., ,
566, 2013, 163-166.

Shintaro Yasui, Keisuke Yazawa, Masaaki
Matsushima, Tomoaki Yamada, Hiroshi
Funakubo, Hitoshi Morioka, Hiroshi Uchida,
Takashi Iijima, Lu You, and Junling Wang,
“Unusual  90° domain  structure in
(2/3)Bi(Zn1/2Ti1/2)O3 - (1/3)B1FCO3 epitaxial
films with giant 22% tetragonal distortion”,
Appl. Phys. Lett., , 103, 2013,
042904-1-5.

Ichiro Fujii, Atsushi Shimamura, Kouichi
Nakashima, Nobuhiro Kumada, Hiroshi
Funakubo, Yoshihiro Kuroiwa, and Satoshi
Wada,” Preparation of Bismuth — Based
Perovskites with Non-integer A and B Site
Valence and Their Properties.”, Trans. Mater.
Res. Soc. Jpn., , 8[1], 2013, 49-52.
Takahiro Oikawa, Shintaro Yasui, Takayuki
Watanabe, Koji Ishii, Yoshitaka Ehara,
Hisato Yabuta, Takeshi Kobayashi, Tetsuro
Fukui, Kaoru Miura, and Hiroshi Funakubo,




“Growth of (111) One-Axis-Oriented
Bi(Mgl/zTi|/2)03 Films on (100)81
Substrates”, Jpn. J. Appl. Phys., ,
52,2013, 04CH09-1-4.
Mohamed-Tahar Chentir, Satoru Utsugi,
Takashi Fujisawa, Yoshitaka Ehara, Mutsuo
Ishikawa, Hitoshi Morioka, Tomoaki
Yamada, Masaaki Matsushima, and Hiroshi
Funakubo, “Small-strain (100) / (001)
-oriented Epitaxial PbTiO; Films with Film
Thickness Ranging From Nano to
Micrometer Order Grown on (100)CaF,
Substrates by Metal Organic Chemical Vapor
Deposition.”, J. Mater. Res., , 28(5),
2013, 696-701.
Takahiro Oikawa, Shintaro Yasui, Takayuki
Watanabe, Hisato Yabuta, Yoshitaka Ehara,
Tetsuro Fukui, and Hiroshi Funakubo, ”
Film Thickness Dependence of Ferroelectric
Properties of (111)-Oriented Epitaxial
Bi(Mg,,Ti;,)O53 Films”, Jpn. J. App. Phys.,
, 51,2012, 9LA04-1-4.
Shintaro Yasui, Yoshitaka FEhara, Satoru
Utsugi, Mitsumasa Nakajima, Hiroshi
Funakubo, and Alexei Gruverman,
Complex Domain Structure in Relaxed
PbTiO; Thick  Films Grown on
(100)SrRuO;//(100)SrTiO; Substrates.”, J.
Appl. Phys., ,2012,052001-1-5
Hidenori Tanaka, M.T. Chentir, Tomoaki
Yamada, Shintaro Yasui, Yoshitaka Ehara,
Keisuke Yamato, Yuta Kashiwagi, Chua
Ngeah Theng, Junling Wang, Soichiro
Okamura, Hiroshi Uchida, Takashi Iijima,
Satoshi Wada, and Hiroshi Funakubo, ”
Growth of (111)-oriented BaTiO; -
Bi(Mg,sTiy5)O; Epitaxial Films and Their
Crystal Structure and Electrical Property
Characterizations”, J. Appl. Phys., ,
111,2012, 084108.

7

S. Yasui, Y. Ehara, T. Shiraishi, T. Shimizu,
H. Funakubo, M. Itoh, Y. Imai, H. Tajiri, O.
Sakata, I. Takeuchi, “Piezoresponse behavior
at a Morphotropic Phase Boundary in
(Bi,Sm)FeO; Films”, Electronic Materials
and Applications 2014, January 22-24, 2014,
Double Tree by Hilton Orland at Sea World,
Orland, FL., USA

Takahiro Oikawa, Shintaro Yasui, Takayuki
Watanabe, Hisato Yabuta, Kaoru Miura,
Takeshi Kobayashi, and Hiroshi Funakubo,
“Characterizations of Bi(Mg;,Ti;»)0; -
Bi(Zn;,Ti;»)O; Solid  Solution  Films
Prepared by Pulsed Laser Deposition”, 2013
JSAP-MRS Joint Symposia, September
16-20, 2013, Doshisha University, Kyoto,
Japan

>

“PLD Bi(Mg,Ti; )O3
2 60
2013 3 27 30

> > >
113
>

Bi(an/QTil/2)O3 - Bi(Mgl/zTil/2)03
- B1F603 ”
32

2012 10 26 27

T. Oikawa, S. Yasui, T. Watanabe, H. Yabuta,
T. Fukui, and H. Funakubo,
“Characterization of Lead-free Piezoelectric
Bi(Mgl/zTi|/2)03 Films”, IUMRS-
International Conference on Electronic
Materials 2012 (IUMRS-ICEM 2012),
September 23-28, 2012, Pacifico Yokohama,
Yokohama, Japan

2 73
2012 9 11
14
, , _________ “PLD
Bi(Mgl/zTi|/2)03 ” 29
FMA29 2012 5
23 26
0
o 0
o 0

http://f-lab.iem.titech.ac.jp/

()
FUNAKUBO HIROSHI
@
KIGUCHI TAKANORI
€)



