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Atomic position analysis in whole particle of ferroelectrics
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In this_research project, we have conducted electron microscopic analysis of
ferroelectric nanoparticle, which is a promising material for future electronic devices wherein
downsizing and improving is strongly demanded. Using scanning transmission electron microscopy
(STEM) by which atomic position can be determined at high precision, atomic resolution images were
acquired. We have measured STEM image from multiple fields of view and connect them to unravel the
lattice constant and ionic position in the unit cell and their spatial distribution in the particle.
We have characterized commercially available barium titanate (BaTiO3) nanoparticle and found that
Ba ion largely displaced by larger than 20 pm. This implies that dielectric and ferroelectric
properties of the particle is affected by the surface.



¢ X C—19, F-19—1, Z—19, CK—19 (dm)

1. BRSO 5

FFEI IS AR SN D E e D
NRUE - EERR O R CER SN E T
NA A [FERIZNRE - mPERB (R RO &
T TWA. fBEtsIyrarrFot
RMFERA YR EICHLEND
BaTiOs; & & 9 5 MEEE AR b £ D fish
TRV, ZOX D RBEENG, YL -
EMEREIL D FED 1oL L TCHBBEAEAT
J k¥ (il 21X, Dang et al., Nanoscale,
2012) DRFZENELZITHOR TV D, 5856
B R OFEREILZE O mEIE I
Aok LRI R AL Y oA XITIRFET D
& & % (Hoshina et al., JJAP, 2013., Arlt, J.
Mater. Sci., 1990)fth, ZJEH#iE7R & DR S
R STV A (Bl 21X, Magome et al.,
JIAP, 2012.). FHEMD DI E MR T
WO mEE (BRI T ERITE A
Z OWNEERE) I <KFET 5. Lien
> T, FHERMEORIR A EfEICEfRT 57
DIZIE, F kN OEEIC BT 5
WEEZETOILENRDD.

BB ORI I i 1S R AT I B W T
H A E M EIE (STEM) 1398172 F
EDO1OThD. T TR O
g BT — X ICE SV THEIC
METEDLIHITR-oTETEBYWZIE,
Lubk et al., Phys. Rev. Lett., 2012.), H#5# &
STEM BB L Na v a—FIC &k 5140
o bR EZ e 258217 > C
X 7= (Takehara et al., J. Mater. Sci., 2014.72
E). LU s, JRFArE ORElE X
10 nm PU G RREE O IEFE IO FEIKIZ BRE <
U2 T2 3 it A i AT D — R 72 F ik &
L TIEHW SR TW Y, T ofEICx L
T, HEEHITEEAE O STEM % #2f
52 L CHIEEKEZILRTE T R4
IR CR A EAMATEL 20 54
STy

BT, MBEMRT R 7 OfG A & AT
WZIIH T ER A ERETRO LD X #
FlTiE 70 EOFE e BIE KD B <
WS BN, TR EOR/NxTS

W OFATIZLT L HERETIE RV, —F T,
STEM BLEIHREF DR S NRE S 5 40,

i A EAEEE T, T OZERMIN Ry
FHbRIETEDEVWI RS D, AW
FHEIL STEM BlIZ2 D RSx4 5 TiE%2 B
KT DHEHDOT, RPIEDMENL S VIERTE
W RIS HS T D AR O IR
g s, A AR - KRR L
DOERFED TN HES., BB HE O M
REREZLEOTZENAMGEESNS. Nz
T, TBIEFEBRBRV ] v D & fiEae
STEM LD RLFT % 4 O ARWFSCHE 0 LR E
- F ki v - BBEIREIIE R EEE O

FE I T D EREFO.

2. WO HB
AWFFEETEClX, WA EERT R o4
R % U CIR O % m i E CRIET
HIEEEWME L TR EITo 2. T,
SITiOs HifEdh 2 2 ikl & L CHWTHIE
SNDJRFNLE DO IEZITV, EORRA
W CHHE BaTiOs F / ki DfiglT 217 -
7. BT A R TE O T RO
REEIRIC I T D AL E ORNE 2 5T

3. WDk

ey R RE STEM 13 JUM| K S8 R AT AT
Jet v ¥ —F%iE O JEM-ARM200F B & 1B
BEEHOTHE L. BEsG o HIS M
T — 2 B H I SITiOs Bk sl (15 5e4EML) ,
il BaTiOs 7+ / ki¢ (Sigma-Aldrich #1:5)
BILOKAGHKIETER LT 2R &
AW,

T fiERE STEM 18 % 2 us/pixel FLEE DS
T 10~20 FEEERIHER > D BUSG L, #HECK
D14 % SmartAlign (HREM research £5) % H
VT Non-Rigid Registration 5 T ¥ L ALEE L
fEFTICEE R L7z, LB O REIC I kot
DAY AR LA =0 T 4T 47
FaEHANT, =T E - RE% A IERIE R
N RETRIEILL TRDZ, =2 T (v
7 4 > Z'1Z1% Visual Basic 6.0  (Microsoft £t)
ERHWTER LIZBIEO Y v 7 5 A& H
L7z.

F010]
@-. [100]

1. @27 —% L LTHMHLE SITIO;
Bk AL o0 &4 fiREE STEM 4. (b)[100] 7517 &
[010]15 6] D& TE L D 7E 756 % 9 H X

Sr



4. WFFERCR

F 7. SITiOs HLfE & O = 43 fifhE STEM 122
47 (K1 (a). STEM BHCcllEsn D
SN DIEIE 24T - T, AMER 2 T 5%,
JH 40512 x 512 1] CHUAS L 72 STEM 412
ST Non-Rigid Registration %12 & 5 EH{k
SLFEDZNTHE A EEL (dsiaoodS & O dsroop,
1 (b)) ZRHT, 2DV LIEERAEZ
pixel BLAL TR U 7255 2R dsiaoo i3 17.45 pixel,
dsrozofd 17.19 pixel & [FE S fz. Z DOfER

2. (QfEHT 21T o7l BaTiOs 7/ ki
O TEM 1472 5 N2 (b)~() 5 > DHRE (A~
E) b HEUS L7z @ ofiERE STEM 4.

0

(@) A

Position (y) (nm)

104

12 : P e
0 2 4 6 8 10 12
Position (x) (nm)

3. (@M 2b) LV HEH LK Ba A A DE
fir.

i

ol
\“‘i

—— -

VI el

\\.\\'--:-Q-\:\‘\ \i \:\ \ Y

Position (y) (hnm) &

=y
o
L

12

40 pm
0] oz koo
12 T T T T T
0 2 4 6 8 10 12
0
(e)
2 -

Position (y) (nm)

10

E
0 2 4 6 8 10 12
Position (x) (nm)

12

3 (Bex). (b)~e) X 20)~M L HH L~
Ba 1 A4 > DZEATL.

VR A7 2[R E 9 2 BRI IE[100] 47 1) &
[010] /7 M COREZEE B EIZ AN TR IED &
BEThDHIEATRLTWS., S EOR A
EZ AT D SITiOs s & DR EEH 390.5
pm TH D Z &b, [1001051H Tl 1 pixel @



K Z X7 390.5 pm/17.45 pix. = 22.38 pm/pix.,
[010] 5 1] TiE 1 pixel ® KX 2% 390.5
pm/17.19 pix. = 22.72 pm/pix. & FH &7z, LA
Bl offiiz W CTERT — ¥ Z/KIEL
fENT AT o7, £, BREORMEEREDY
BA 72K 9 LI BaTiOs 7/ ki 1D
fENT B[R USSR TIT o 72,

WAZ, TR D BaTiOz 7/ ki~ DA s F iz
DOWTORY. ZOF k13K 2 @27 &
TR0 NM DL DO TH D, SlEliEH
2(b)~(MZ7R T 51BN T Ba A A v DAL
BEAEMCT L. =2 7 v T4 v
WX VIEIE ST Ba A AU ALiED S 1EHD
JRAALE S OB &R USR8 3
@~@ETH5.

FIZK3@BIUROIZBNTRBNLE LD
R DORMEIZIBUWNT Ba A 4 DALED K
ELIEMLTWD ZERHALNE ST, FB
FOREZ20pmEzHA A RERLEDER ST
BY, ZOHELIT XL THoT=0, Ki+
DOIMINZENL T DA A HELS ST 5.
Lo Laas, [ 3(c)R0(d)n Ky TR N
% KO ITENBEND 2O ERCK 3(e) TR B
B X2k ONANCEN ZRT X D 7
FE L H Y, Ba A AL OLEAITFE T & IR
AR EZ R L TN, —FTTiA s
WTIHEZD L) R REBREBEOEMITERD
NTEHT, Ba A A4 DEMNFHEBREMEICE
Bh G252 ERERBEIND. LD
% F 1% 2018 4 (2 Applied Microscopy 36 (2 % 3
.

F77, TOMIVRRO/NS 2T ) RiAIZ
ONTHIFT 2 HED TR Y, KEAKRETE
A% U7 RIEED3 %) 30 nm DRI+ TiX 4 HEF S
% L7- STEM g% &Rk L TR -2k D
STEM 825925 Z LTk L Tnb. =
ORLFIZBELCIEBaA A 72N TiA A
LB DIRMT D TE Y, BT D51
X Ti A A OMMENICH KT D BRI
DD 2D TN D . BRI OV TR
SH%EVFELDEITVWAETDHTFETHD.

5. ERFEERLH
(MeREamSC) (6 1)

1. M. Aoki, Y. Sato, R. Teranishi, and K.
Kaneko,, Measurement of Barium lon
Displacement Near Surface in a Barium
Titanate ~ Nanoparticle by  Scanning
Transmission Electron Microscopy, Applied
Microscopy, ##ifs, 48 %,2018, 27-32,
DOI: 10.9729/AM.2018.48.1.27

2. Y. Miyake, Y. Sato, R. Teranishi, and K.
Kaneko, Effect of heat treatments on the
microstructure and formability  of
Al-Mg-Mn-Sc-Zr alloy, Micron, ##iA,
101 %, 2017, 151-155
DOI: 10.1016/j.micron.2017.07.003

3. T.Maeda, K. Kaneko, K. Yamada, A. Roy, Y.

1

Sato, R. Teranishi, T. Kato, T. Izumi, and Y.
Shiohara, Nanostructural characterization of
artificial pinning centers in PLD-processed
REBa,CuzO7.s films, Ultramicroscopy, 2t
H, 176 %, 2017, 151-160,

DOI: 10.1016/j.ultramic.2016.11.015

(Fa%R) Gt4 11

. E#ESEAE, BIEEINZE O%E - BEMEEE
\Z X AR, [HFFER], 2018. 03.
05, WFF & WFSM 2018 TMZ 7y, [ES7 H 5
HOEARDSE, deiiE

Vefse/E, e, Bk, SFih5s,
&BIR, BEAINZ DY STEM EIC X
5 E AR G O By RREBLES, 2018, 01
04, AL & ZDOEMEICET 55 6 [A]
WHEE, BOR KT, HUR

BT, LA, FhE, &7 BIR, T
&N T T R OR BT IZE
V2 T A A — UAESE RN, 2017. 09. 19,
HAEZ I v 7 AmaE 30 BIkFEY
RTD A, MR, L

Yukio Sato, Electron microscopic analysis of
piezoelectric material for medical imaging
device, [#7F:#{#®] 2017. 03. 18, BIT’s 3rd
Annual World Congress of Smart Materials -
2017, AVANI Riverside Bangkok Hotel, /3
vay, 44

HAE, k=4, Fhse, &17TEIR
BaTiOs 7/ K DR mITHIZ I T D E5y
i RERE S MRAT, 2017. 03. 15, HALE
2 2017 FFEMEE 160 )RR RS, &
AR AW, BT

VEREsEZ:, RRmEe, Ahin Roy, 5 A%E,
MILER, 4&+EiE, BaTiOs i+ DRER
X OF O HIC BT D EEMEAT, 2016. 09.
15, HARWPSEE 2016 4EFKF RS, &R
K=, Al

VEREsEZA:, RRMER, Ahin Roy, #A%E,
MBS, & 1&IR, T4 BT U LKL
FDOREITFEZ I T D oy iR RERE & AT,
2016.09.08, HAL T I v 7 AHEH 29
B PR NNEIN- = IN -3

Yukio Sato, Nanoscopic study on domain
structure in morphotropic phase boundary
Pb(MgusNb23)Os — PbTiOs, [#fFikTH],
International Conference on Technologically
Advanced Materials & Asian Meeting of
Ferroelectricity (ICTAM-AMF10), 2016. 11.
9, University of Delhi, 7=V —, A > K.



Yukio Sato, Atomic Scale Characterization
of Grain Boundary in Zinc Oxide Ceramics
Using Electron Microscopy and
First-Principles Calculation, [#373%:# 1],

International Symposium on Microscopy and
Microanalysis of Materials 2016, 2016. 09.

24, Southeast University, =, H[E.

(XF) Gt 0fh)
®mL

(PEE R FEAE)
otk TL (Rt OfF)
mL

oSk (B OfF)
L

(& fth)
R A U
http://zaiko13.zaiko.kyushu-u.ac.jp/

6. AFFERERE

(OAFFEREE
g 4 (SATO YUKIO)
JUNKE: « KFZBE T2FIERE - HEHd2
W78 % 5 : 80581991

(Wtsesr
L

Q)EHENFTEH
mL



