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WITCHULADA KEMPET : STUDY OF POLARIZATION SWITCHING OF
LEAD ZIRCONATE TITANATE UNDER ELECTRIC FIELD BY X-RAY
ABSORPTION SPECTROSCOPY TECHNIQUE. THESIS ADVISOR : ASST.

PROF. BOONRUANG MARUNGSRI, D.Eng., 155 PP.

LEAD ZIRCONATE TITANATE (PZT)/IN-SITU X-RAY ABSORPTION/XANES

This thesis aims to investigate polarization switching of lead zirconate titanate
ceramic subjected to a DC electric field with different amplitudes. The movement of
the titanium atoms near the body center of the perovskite unit cell, which reflects
polarization switching behavior, was measured by using synchrotron X-ray
Absorption Spectroscopy technique. The excitation energy of the titanium K-edge is
4966 eV and the spectra were recorded over the region of 4960 eV to 5020 eV. X-ray
Absorption Near Edge Structure (XANES) spectra of Ti K-edge were analyzed by
using Athena software. We found that the peak intensity of pre-edge fine structure of
XANES increased with increasing the amplitude .of applied field. In addition, the
simulation of XANES spectra is calculated by using ATOM and FEFF software to
compare with the experiment results. The result shows that the simulation results are
overall in good agreement with the experiment results. From the results, it can be
confirmed that the change of peak intensity can be used to indicate polarization

switching behavior.
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€000 x| 1o [see.ase x|
Forward Fourier transform
kange: [z xlw [z X
ac [T windowtpe: hanning —i € (x| (& ] | [mex] ma] [
I

.03
T

0.02

xu{E}

Phase correction: M no  arbitrary keweight [3.5 ] & |
Backward Fourier transform : —— 4900 5000 5‘0E0 5200 5300 5400
Range [t xlw [z X [ (ev)
o [0.0  windowtpe: hanning —i N Nomsized  ®
e e e W Dervaive W

plot multiplier: |1 y-axis offset |0

1-1/1: u=180, v=017 (109, 75) - (3179, 2651) 4

517 n.5 wihaaaasdoyavesalnasy

AA o o ~ a 3’/ Yy Y o 9 3’/
7) Tunsaindaanlnasuvessignaulaluaanz@uralsnse udrdeansinveyanivuamn
v q v A A o A a g [ o Y g’/ 1
swnuiluannesuded deaadnanusunivimevulualnasy aunsori1d lasaa
v o 9 A . [ A g’; 1 [ 9 A A
nnanlnasudaun limlounumlnaiuusnnrINNIAINA1E 9 audon 6 lagaon
] o o 1 S g’/ o 4 ] {
anlnasuirmumshluden ¢ Iditlunonduas mmiviuasesnmegnuihaninesy  f

Y gy Y =X A P~
#99M3A9A1 11829417 Values — set all marked groups’values to the current Llﬁﬂﬂugﬂ‘ﬂ .6



File Edit Group PlotMark Settings _ Help

“ v dified i
‘ hiect Set all groups’ values to the current M A

Currentgroup | Set all marked groups’ values to the current i Foil

File: (1201106 Set current groups’ values to their defaults —
i * | PZTFLGe EXAFS 1408_2
Make current group's values the session defaults PZT FLGe EXAFS 1408_3

Background rer  Unset session defaults PZT FLGe EXAFS 1408 4

EO: J4980.85 5ot EQ for THIS group'to ... ’ — PZT FLGe EXAFS
kweight [z SetEOfor AL groupsto .. &

Pre-edge rang

»
»
Tie reference channel "
o e— E
Efo.oo0 X[ to [sez.a58 X

Set EO for MARKED groups to ..

normalized xpu(E)

Forward Fourier transform [‘0 BIS2 8138w
krange: |2 X o H X Y Plotting options
ac [T windowtpe: hanning — €| k| R| a sack|ma|pF|
Phase comection: Ml no arbitrary kwelght: [0.5 L ) £

L L L
M background 5000 5100 5200
Backward Fourier transform W pre-edge line £ (ev)

Riange: [T Hw s -] W post-edge line
ar. |o.o window type:  hanning —4 M Normalized &
Plotting parameters B Dervative L)

plot multiplier: Ix y-axis offset |0 Emin:'v150 Emax: [450

‘ displaying parameters for group "PZT FLGe EXAFS 1408_1" .. done. 1-1/1: u=109, v=1115 Il |

] 1/ 1.6 M3 Set all marked groups’ values to the current

' A o o 9 o @ Y o o o
NOUNY mmssmmnanaasy waewimsdaldanlnasunnanlnasuasanu Tag
11U Data —> Align scan Ingvhmsfmuaaulnasundn 1299 Auto align nnanlnasy

¥ o A ) o o oA A v A A Y~
nnuuiuasesrganinalaasunn - o alaasuiiden Tagaulnasuni@enazdoal
Yunadyanasuniuilndifesiu minlaulaaiulalidyanasuniumnnnhannasuou

Y o A Y ol s o ] dy =2 1 o v

Idirenasesnanegneenvinivesan)nasuiu Fanmsiusuivineds s nasuiu
a g’/ ylg o ana 4 g‘/ §

NAITANAIY (MItTuogRUgasiiedInsIzideya) 91ntiu 1A Merge —> Merge
marked data in mu(E) taraelugin n.7

1ORIUNT Merge marked data in mu(E) 1d2 vz Idalnasuawaaslugn 8 uay

44 4 Y 44 v 49 L a4y
aunsolasuield lasimsnagesnsinFevesalnasuidesms vinuunmia1aaIse
= Y ' A A ) Y =

5200av04 1U5UNTY 32UAAINDAIUI New name for group “TFOLAN” LAINNAIUDVTLUAT

Tviunuae lvdvesan)nasuaslunauduas ud139na OK



| Project
Current group  PZT FLGe EXAFS 1408_1
File: [/20110921/54-2-392/PZT_0C_fatigue FLC

— =
Z T —| Edge: K ~| Eshift I-0.27 'wmzlcm.

Merge marked data in norm(E)
Merge marked data in chi(k)

CF, File Edit View Mode Window Options

%s 1408_2
1408_3

Background removal mmmml
o [1se0.es x| Rokg [T x|
kweight [z Edgestep: [0.02019.0] M fxstep
Preedgerange:  [150 X o [30 x|
Normalization range:[22.511  X| to [367.726 x|
Splinerange: Kk 0.0 Xl to Js.e3¢ x|
E fo.000  X] to [362.454 X|

W PZT FLGe EXAFS 1408_4

normalized xu(E)

Forward Fourier transform
krange: |2 Xl |] X
dk l:l window type:  hanning —4

Phase correction: M no  arbitrary k-weight: |o.s

60816263 64w

€| (k][R ]fa] (st ma] (e |

W mu(E) e

L
L 4900

Backward Fourier transform
Rerange: 1 X o |: X
dr  [o.0  windowtype: hanning —

W pre-edge line
M post-edge line
M Normalized &

Plotting parameters

plotmuttplier: [T yadsofset o

W Derivative u

Emin:[150  Emax [450

plotting in energy for all marked groups .. done!

otheno
T T T
— PZT FLGe EXAFS| 1408_1
— PZT FLGe EXAFS|1408_2
——BZT FLGe EXAFS]1408_3)
— PZT FLGe EXAFS]1408_4|
L L L L L
5000 5100 5200 5300 5400
E (ev)

1-1/1: u=122, v=510 (109, 75) - (3179, 2670)

“_- Athena

[ File Edit Group Values Plot Mark Data Merge Analysis

Settings  Help

C¥ File Edit View Mode Window Options

Help

] Project RSLRU54-2- P

(afu]1]

Current group  merge
File: |_2, PZT FLGe EXAFS 1408_3, PZT FLGe EXAFS 1408_4 |

z T —| edge: K —| Eshit o imponance: [T

| TiFoil

PZT FLGe EXAFS 1408_1
PZT FLGe EXAFS 1408_2

Background removal ‘Show additional parameters
o [1se0.es x| Rokg [To x|
kweight [z Edgestep: [T D F mcien
Pre-edgerange: [0 ¥ o[04
Normalization range:[22. 510 %[ to [367.726 %/
Spline range: 0.0 Xl to Js.e3¢ x|
E fo.000 X to [362.454 X

PZT FLGe EXAFS 1408_4

L
L]
W PZT FLGe EXAFS 1408_3
L]
L

norm xu(E)

e

Forward Fourier transform

(80 8182 83 & kw

krange: |2 X Is X
dk l:l window type:  hanning —

Phase correction: M no  arbitrary k-weight: |o.s

E| k| R|a stack| ma| pr|
MW mu(E) L

— merge+std.dev.

erge—std.dev. |

L
L 4900

Il Backward Fourier transform
Rerange: 1 X o |: X

o [0 windowtppe: hanning —i|

Plotting parameters

W pre-edge line
W post-edge line
W Normalized &
W Derivative L

plotmuttplier: [T yadsofset o

Emin:[150 Emax [450

New name for group “merge. I oK

L
5000

L L
5100 5200

E (ev)

1-1/1: u=189, v=2008 (109, 75) - (3179, 2670)
g = =

317 .8 a1lnASuHAINIUNG Merge marked data in mu(E) wagmsnasue

A Aa o 9 o g A == 9 1 A
8) Gl.uﬂim‘ﬂ'llﬂﬂz‘l’iIﬂiﬁﬁiNlL‘U‘U XANES mim“lumumu‘n 1 -7 DININBLLAD umiummw

a o o o 4 .
An51ZA Insaas ey EXAFS vzaoai lhilvimsutaanyes ( Fourier transform) Tagnea

@7 k vz ldanlnasuiuaadlugii n.ouaznain

uda naaelugdd n.io

(3

1R W

lanswiirumsudawnuizes

4
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I e it Group s Veloes s Plotss Mark s Datars Merge s Analysis s Setings s Help
= T =

Current group  PZT Ti Foil
File: |_2, PZT FLGe EXAFS 1408_3, PZT FLGe EXAFS 1408_4 | PZT FLGe EXAFS 1408_1
z T —| edge: K —i| Eshit o impotance: [T 2
PZT FLGe EXAFS 1408_3
Background removal ‘Show additional parameters PZT FLGe EXAFS 1408_4
o [1se0.es x| Rokg [T x|
kweight [z Edge step: [x_ﬂ F finstep
Pre-edgerange: [0 o [50 ¥
Normalization range:[22. 511 %[ to [367.726 %/
Splinerange: Kk 0.0 Xl to [s.e3¢ x|
E fo.000 x| to [362.454 X|

Forward Fourier transform
wange: 2 Xlv [ x
e E| k| R| q| stack| ma| pF |
Phase correction: Ml no  arbitrary k-weight [0.5
Backward Fourier transform i
R-range: [l—xlbl’—ﬁ ::‘V:d:a -
o [0:0 windowtipe: hanning — Km0 kmax[15

Plotting parameters

plotmuttipier: [T yadsofset o

plotting in k-space from group 'PZT" ... done!

- (3179, 2670)

a J

519 n.9 elnau EXAFS nounsuiayizes

[ Fie Egt Group Volues  Plot Mork Data Merge Analysis ~Settings  Help S Fie_Edt View Mode Window Options _Help
’Prohet RUSLRUS4-2. oi lalu]1]
Current group  PZT | TiFoil
File: [ 2, PZT FLGe EXAFS 1408_3, PZT FLGe EXAFS 1408 4 | || ™ PZT FLGe EXAFS 1408_1 o L
2| = | e IR | | wkt [ mpontace’ 11 PZT FLGe EXAFS 1408 2 — IR
PZT FLGe EXAFS 1408 3
Background removal WWMHl PZT FLGe EXAFS 1408.4
o [iseo.es x| Rokg [0 x|
Kwelght [z Edglmn - & F st
Preedgerange: [0 X to [0 ¥
Normalization range:[22. 510 %[ to [367.726 %/
Spline range: k0.0 Xl tofa.ess X
E fo.000  X] to [362.454 X|

Forward Fourier transform
krange: |2 Xl |] X =
ac [T windowtpe: hanning — | [E| 7 ) e s
W Magnitude & |
= 5
Phase correction: Ml no  arbitrary k-weight [0.5 =
Backward Fourier transform

W Real part e
Rerange: 1 X o |: X W kaghiaey pat (@
dr.  [0.0  windowtype: hanning — M Phase L]

Plotting parameters W Window

plotmuttplier [T yadsofset o Rmin[0 Rmax[6

plotting in R-space from group "PZT ... done! 1-1/1: u=189, v=2008

(109, 75) - (3179, 2670)
= =

5% n.10 anJne3u EXAFS wmmmﬂmwms

9) himsifudindoya TaeTisunsy Athena aunsatiuiindoya lanaeguuy dweaaslugl

v 9
7 11 Tagensoendlroea ldasns 1
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. . = L= o a Aa 1 1 = A
- Save entire project fio M3tiuinTsvany Tswaduniiog Tae luawison/asuse
= Ao &
waznlagundany
. . A o R A A Ao g Y
- Save entire project as ... f19 msuunnldsen Tasaunsalaouse wazh ﬂLﬂ“]Julﬂ
. A V=1 (% d’d o d‘
- Save marked groups as a project ... f1® mi‘UL!‘I/Iﬂﬁl‘ﬂﬂﬁi‘JJVI‘lJm'i‘VluﬂiﬁN“rim&Qﬂ
3 g’l 1 4 { { d
winanlnasuiu TugdvesTisn Taeansonldsuse uazulasunny1d
- Save mu(E) fln m3aveondoyadnlnaiuignimonduacluzivesnt u(E)
A 1 9 o A o = o A
- Save norm(E) fie Macaoandoyamilnasungninuavauas Tugilvesanlnasun
CRITLRERIY Normalized
- Save chi(k) fio m3dseandeyaalnasuiigniuauduas Tuglvesanlnaiy
A J

EXAFS noumstilagyizes

- Save chi(R) Ain M3dseondoyadlnaiuigniuouduas Tuglvesanlnaiy

A J

EXAFS viaamalagyfizes

scnlo =it <. Graphics Window 21 - athena] r o8] ®

Backward Fourier transform
Rerange: |1 X [5 X
o [0.0 windowtpe: hanning —

Plotting parameters
y-axis offset. |0

Edit Group Values  Plot Mark  Data Merge ~Analysis Settings Help Il &% Fie edn view Mode Window Options Help | x|
i lalu] modified
Open file(s) Ctio ] [v]1] .\:
Recent files » B TiFoil PZT
T T T T
Save entire project Ctrl-s EXAFS 1408 4| || @ PZTFLGe EXAFS 1408 1 | n
Save entire project as ... W PZT FLGe EXAFS 1408_2 — Ix(R)I
& nportance: |1 b
e =] ¥ PZTFLGe EXAFS 1408 3
Save mu(E) natparametes | || & 071 £y o Exars 1408_4
Save norm(E)
Save chik) L o
Save chi(R) step -~ o
Save chi(q) X ’\E
Save marked groups to afile as. > _ﬁ g
Save each marked group as r | X
Clear project name Ctrl-zero X [.0 AT O S
CIoas poect Cutw V| Plotting options
Quit Cilq
| e|lk|r stack | Ing | PF
Il o< [ windowtpe: hanning — ) e ] W
M Magnitude &
Phase correction: M no arbitrary k-weight |c.s o 1 1 L

M Envelope 1] ; ; 3 4 5
M Real part e
B Imaginary pat @
W Phase e

W Window
Rminfo Rmax [

plot multiplier: |1
\, ploting in R-space from group "PZT"... done!

(109, 75) - (3179, 2670)

1-1/1: u=189, v=2008

A L=} [
71U a.11 mafunnanlnasy
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T1Usun3n ATOMS taz FEFFS

T1l51n53 ATOMS tag FEFFS HuTisunsui 141y mssrasswaanasui 1dain

mailn aulnTasaIntlmsganausididnd

351411)5unsu ATOMS 1az FEFFS

Y [ a A~ Y o a A
1. W'IIﬂi\‘]ﬁ'i'l\?“lJ’E]\i'J’ﬁ@L‘ﬁﬁ'lﬂJﬂ PZT ﬂﬂzi%iuﬂ'ﬁiﬂa’ﬂ\?Waﬁ]'lﬂ!fﬁ]ﬂﬁ'li‘lfl'l\i')"lﬂﬂ'li NIvvn
www.crytallography.net

2. a3 Taines Inai tilowussqTsunsu ATOMS waz FEFFS aanaaalugiii a.1

e 4,

Organize v Include in library v Share with v New folder

>

= - Name Date modified
W Favorites

Bl Desktop 7 atoms 15/5/2551 22:34 Application
& Downloads 7 feffs2 15/5/2551 22:37 Application
=, Recent Places

9 Libraries
<] Documents
o Music
b=/ Pictures
B videos

1™ Computer
&, Local Disk (C:)
@ New Volume (D:)
= SD/ MMC (F:)

¢! Network

2 items

U 0.1 TlawmesAussgTsunsu ATOMS uaz FEFFS

Y [
3.100aT15unsu Notepad ntiuaiwenaisamgn v, 2 Tagluenaisdsznouaie %o

Iﬂiﬂﬁ'iN Glfuﬂﬂail mummmmu abec iﬂll3J”Iﬂ‘1/lﬁﬂ‘1/l‘1mﬂ"liﬁﬁ\ﬂﬂi\1ﬁi"lﬂ 516 ﬁﬁﬂﬂﬂﬁ

a

NWITTAUN !.m$ﬁ”lLE‘WLN511’ENLl@]a‘é’,‘ﬁ"lﬁﬂﬂﬂﬂ"lﬂsluiﬂiﬂﬁi”lﬂ LiJﬂUiS%ﬂlﬂﬂJﬁﬂiULlﬁ’J%QﬁTﬂﬁ

@ Y

fFunnluldawmosmernuny TUsunsy ATOMS tag FEFF8 Tasmstiunndaeaiuinaiede

atom.inp i]”lﬂ‘lrmﬁﬂﬂ save type A All files azidon Encoding A1 ANSI
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File Edit Format View Help
FU.E Tetragonal PZT

space P4mm

a=4.062 c=4.145

mmax=10

core=T1

atom

Pb 0.00000000 0.00000000 0.00000000

Ti 0.50000000 0.50000000 0.449354

Zr 0.50000000 0.50000000 0.449354

0 0.50000000 0.50000000 -0.10272800 01
0 0.50000000 0.00000000 0.37852400 02

U @2 enasasduaesllsunsy ATOMS

430aTsunsu ATOMS Tasaanaunnldsunsuudadenidla teoninawtlaasazienas

A 2 A4
AU ¥o feff Taomalullsznoudae

* This feff.inp file generated by ATOMS, version 2.50

* ATOMS written by and copyright (c) Bruce Ravel, 1992-1999
ook ok sk sk Lo sk sk koo sk ool sk on ok oskoo ok ok sk

* totalmu= 5956.2 cm™-1,deltamu=  712.9 cm”-1

* specific gravity = 9.672, cluster contains 309 atoms.

I S SN N N R SN P SN S S N S N

* mcemaster corrections: 0.00093 ang”2 and 0.165E-05 ang”™4
ook ok sk sk sk sk ok sk sk ok __osk ok __ ok __ 3k
TITLE Tetragonal PZT

EDGE K

S02 1.0

* pot xsph fms paths genfmt ff2chi

CONTROL 1 1 1 1 1 1

PRINT 1 0 O O O O
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* r scf [l scf n_scf ca]
SCF 406 0 15 0.1
* ixc [ Vr Vi]
EXCHANGE 0 0 O
*EXAFS

*RPATH  8.09963

* kmax [ delta_k delta e ]
XANES 4.0 0.07 0.5

* r fms [ fms]

FMS 5.00 0

*

RPATH 0.10000
* emin emax resolution
*LDOS  -20 20 0.1
POTENTIALS
* jpot z[label 1 scmt 1 fms stoichiometry ]
022 Ti -1 -1
1 8 O -1 -1
2 82 Pb -1 -1
340 Zr -1 -1

4 22 Ti -1 -1

ATOMS
0.00000  0.00000 0.00000 0 Ti 0.00000
0.00000 0.00000 -1.84082 1 Ol 1.84082
-8.08200 -4.04100 -4.14600 3 Zr 9.94172
4.04100 -8.08200 4.14600 3 Zr 9.94172

END
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Y 9

[ A A Y A 1 v A Yo T Ay 9
5. 1A SCF Mg ay laghal FMS @0d0A1m1nnI1 SCE tarue natl lamvuaaisudu e
a Y =K A 4 I o v °
FMS 3415.00 ta9u)agun SCF 1l 4.1, 4.2, 4.3, 4.4 11ag 4.5 U819 #a N15919099a
o ~ & [ A I VoA I 1 ~ o Y
alnasy uaaalugin ¥.3 Fanunm SCF Nan 4.4 Wuamnmnzay mazduawsniily
[ t:' (% [ g}/ 9 zﬂl o 1 tﬂl 9 [ ti'
anlnasulasuudasnanyasanlnasuasau uazwemruanl SCFE 71 4.5 uad ailnasun

Tandnvazan TinJasuulaslianmsmvuan SCE #1 4.4

1.2 T T T T T T T T T T T
1.0 -
S5 08-
£
3 ]
Q06
c
@® 4 J
2
§ 0.4 - —— SCF_default
< _ —— SCF=4.1
—— SCF=4.2
0.2 1 —— SCF=4.3
] - SCF=4.4
—— SCF=4.
0.0 T I T l T 'I T 'I T I T
4960 4970 4980 4990 5000 5010 5020
energy (eV)
31t 2.3 wamanlaeunlas scr

[ A A 9 A 1 v AN Yo 1 a1
6. Y119 T?GZH NHUIETY Tﬂﬂ“l/l?ﬂ FMS a93u1u1nni1 SCF 1eue ‘VNuhlﬂﬂWﬁuﬂﬂT SCF uan
Y K = 1 3| o v °
4.4 yarudasuar FMS 1w 5.0, 5.5, 5.6, 5.7, 5.75 uag 5.8 AINA1AU WA NTIIAOINA

Y] ~ = L A I VoA I 1 A o
anlnasy taalugln v.4 Fanuna FMS o 5.75 Wuaimnzay maziduausnim

[

v 9 ] ]
TWanlnaSuldsuulasnndnyuzalnasuaidu taziiomruan FMS 9 5.8 181

' '
Al Y » =

anlnasunlanudavazaan linJasunlasldanmssvuan FMS fian 5.75
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12 T T L T L T u T T T E
1.0 1
D 08- S
£
2 1 |
Y 06- =
C
@® = -
2]
@ 04- —— FMS=5.0
= | —— FMS=5.5
— FMS=5.6
0.2 - — FMS=5.7
i — FMS=5.75
— FMS=5.8
0.0 T T T T T T T T T T !
4960 4970 4980 4990 5000 5010 5020
energy (eV)

JUN v.4 wamsnlasuuilasn FMS

7. 1 Tlsunsw Fefrs m1w339 13 luTlme fifeanunuena1siaon feft

. v PZTpémm

Organize v 7] Open ~ Share with v New folder

I Favorites Name Date modified

B Desktop [ atoms 15/5/2551 22:34
& Downloads ] atoms 29/7/2556 17:27

HE- 0 @
Type Size

Application 256 KB
INP File 1KB

%] Recent Places I 29/7/2556 17:29

INP File 22 KB

=7 feffa2 15/5/2551 22:37
4 Libraries
[=| Documents
&' Music
|| Pictures

) videos

1% Computer
&, Local Disk (C:)
s New Volume (D)
s 5D/ MMC (F:)

€ Network

" feff  Date modified: 20/7/255 17:20 Date created: 20/7/2556 17:29
&) meFie Size: 219 KB

Application 936 KB

51t @5 TmofhussyTulsunsuazionans feff
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o o Y a Y o 1 g}/
8. 1/]1ﬂ1ﬁiuiﬂillﬂﬁuﬂgﬂﬂ1§ﬂaﬂ"u?1 llﬂ?iﬁ@ﬂﬂTQW open ﬁﬂﬂl!ﬂiﬂﬂlﬂﬁuﬂgllﬁﬂﬂ

WANMIHauaagUi v.6

B CAUsers\vaio\Desktop\PZT pamm\feﬁa_ o P S

Feff 8.20 -

KANES *
Tetragonal PZT
Calculating potentials -
atom potential i e aton type
atonm potential r aton type
atonm potential e aton type
atom potential e aton type
e atom potential e aton type

o

y_for que potential
tial parameters
h>

531E-
Core-valence separation
1.235

SCF ITERATION NUMBER 1 OUT OF 15
g energy and space dependent 1-DOS.
ine

atoms around iph
£ state

ing or
FHS matrix CLUD> at
for a cl

ng FMS for a cl u
FMS natrix CLUD> at nunher of
point # 28 ener 6
point # 40
point # 60
int # 88

6
3
a.
10
4
a
1

1 @6 wihaeTalsunsy FEFFS

¥ v ) v Y
9. o ldsunsudubiumsmuraaudis092 18 1Wanuzedn xmu 31Waaenaini

I v °

v a J g).l
ﬁﬂWﬁﬂWﬂ%@@QHWqﬂﬂlﬂ1§$ﬁWﬁ%ﬂﬂiﬂﬁ)ﬂﬂiﬂiuﬂﬁu Ifeffit 1.2.11

.+ B, — ==

o~ — ‘
(I ) » PZTphmm <[4 | search Pz £
Organize ~ Include in library ~ Share with ~ Bum New folder - O @
Favorites fad atoms. Elatoms
I Desktop |4 atoms A feff
18 Downloads 3] feff Efeff2
Recent Places A fms Tafpfo
% geom Tabglobal
3 Libraries [ 1dos Talist
% Documents i log Tanlogl
o Music i log2 Talog3
) Pictures T logd Tanlogs
B Videos Tanlog6 Tamlogdos
T misc 4 modt
1% Computer 5] mod2 [ mod2
&, Local Disk (C) (5] modd 5 mods
 New Volume (D) [Z/mods T paths
o SD/MMC b phase A pot
T xmu A xsect
€ Network
32 items

sui 0.7 Tlheesnussyradnsi Iannmssuiudlelsunsy FEFFS

Q
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Y15un5u OriginPro 8

ANUAINITONAINYANY 1u

g}

1151053 OriginPro 8 (13835%u 8.0724) WuTsunsun

e

Aq ¥ ¥ X A
uﬂiﬁﬂiﬁl\hﬂﬂ‘ﬂllﬂ LASNUN

=p

a 4 : : 3/ o
NITAATICHHANITNATDY c?%wﬁﬂuuuﬁa NITATUIUNIVUIN

Idnsvlgesvesnansnaaes
SEmsmnuilansivldaldsunsy OriginPro 8

1. Waldsunsuy OriginPro 8 Tagn 119 start — all program —> OriginPro 8
2 { a o 2 H Y '
2. nsenveyamnasui laninmadiaanlnTasalnilmsganduse@ond Adesns miuinld

Y 4 1 [ 4 [
ns vl agluneau i A (nu X Ao A Energy) agnoaud B (WU Y Ao Absorbance) ANLIEAY

Tugn a1
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Lead zirconate titanate ceramics, PZT, is a perovskite material that shows a great

piezoelectriciferroelectic effect. This phenomenon is caused by the shift of Ti't or

Zr't jon relative to neighboring atoms. Such movement results in the change of the
spontaneous polarization direction known ax domain switching. Microscopically, the
switching behavior due to the movement of the iony can be analvzed by using X-
ray absorption near-edge structure (XANES). The aim of this project is to elicit the
relationship between switching behavior and locallunit cell distortion in PZT ceramic
under the application of electric field employing X-ray absorption technique. In this
experiment, PZT sample was subjected to 0.7 kVimm and 1.4 kVimm respectively. The
1i K-edge X-ray absorption spectra reflect the change of the local struciure of the unit
cell of PZT specimens before and after elecerical static loading. The result shows that
the XANES spectra intensity changes when the electrical load was applied. This can be
caused by the shift of Ti atoms in the unit cells. The experiment result is in agreement
with the simulation result obtained from ATOMS (version 2.50) and FEFF (version
8.20) software.

Keywords Lead zirconate titanate (PZT); in-situ X-ray absorption; XANES: Ti K-edge

1. Introduction

It was known that the performance of piezoelectric/ferroelectric materials under electrical
and/or mechanical loading depends on the ability of domain switching. X-ray diffraction
is one of general technique used to investigate domain switching behavior in ferroelectric
materials [1-3]. For this technique, domain switching behavior is characterized by the
change of the intensities of diffraction peaks. For instance, the intensity change of 002
and 200 peaks represents switching behavior between out-of-plane domains and in-plane
domains of PZT ferroelectric ceramics, respectively. However, X-ray diffraction cannot
provide the detail of the change in the local structure of ferroelectric materials due to
domain switching (i.e.. the movement of Ti*t or Zr*t ion relative to neighboring atoms)
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because the structural information is extracted from the average positions of the atoms in the
crystal lattice. Alternatively, X-ray absorption spectroscopy (XAS) is a powerful technique
for investigating the local distortion due to domain switching in the ferroelectric materials
[4, 5]. It can provide information of the average inter-atomic distance, coordination number
and structural disorder.

Theoretically, the XAS spectrum consists of two regions.[6] The first region, exhibiting
strong absorption features, beyond the absorption edge for about 30-40 eV is called X-
ray absorption near-edge structure (XANES). XANES involves electronic transitions and
multiple scatterings of the excited photoelectrons. Thus it can be used to determine the
electronic state, the spatial arrangement of local atoms around the absorbing atom, and
relative orientations. The second region beyond the XANSE region is called extended
X-ray absorption fine structure (EXAFS). This region involves both single and multiple
scatterings of the excited photoelectrons. The EXAFS spectra can provide geometrical
arrangement of the local structure (i.e. the inter-atomic distance, and the coordination
number around the absorbing atom). Currently, the determination of short-range order
atomic structures is mainly associated with EXAFS. However, some XANSE features can
provide clearer information which can be used to determine the local atomic structure and
polarization state of ferroelectric materials. The previous work done by S. Limpijumnong
et al. [7] showed that the XANES technique was employed to indentify the position of
an impurity (Mn) in the local structure of PZT materials. Furthermore, a few previous
researchers [8, 9] demonstrated that the X-ray transition metal K-absorption spectra of
single crystals with low symmetry, which is often called pre-edge fine structure (PEFS),
can be used to detect polarization and orientational dependence. Extensive study carried
out by R.V. Vedirnskii et al.. showed the quantitative analysis of the PEFS of the X-ray Ti
K-absorption spectra for ATiO; perovskite structure [10]. They interpreted the relationship
between the PEFS peaks and atomic structure of the perovskite materials. In the present
work, we demonstrated the state-of-the-art in-situ XANSE technique applied to determine
the change of the Ti atom position of lead zirconate titanate (PZT) under an electrical
field. To obtain high spectral quality, the X-ray synchrotron radiation and XAS station at
beam line 8§ (BL8), Synchrotron Light Research Institute (Public Organization), Nakorn
Ratchasima, Thailand, were employed [11].

2, Experiment

2.1. Sample Preparation

Soft lead zirconate titanate (K350, Piezo Technologies, Indianapolis, Indiana, USA) of
composition Pb(Zry45Tips2)03 was received as a 4 mm-thick plate and cut into square-
sectioned bars. Previous X-ray experiment has confirmed the main tetragonal phase of
samples from this batch [3]. These bars were then ground using 800, 1200 and 4000 grit
SiC paper to their final dimensions of 8.73 mm x 10.56 mm x 0.70 mm. To remove
residual stress arising from sample preparation, the samples were annealed above the Curie
temperature (Te = 350°C) at 500°C for 4 hours. Gold electrodes were sputtered on the
873 mm x 10.56 mm.

2.2, In-sifu Static Electrical Loading and XANSE

To perform the in-sine XANSE under high voltage load, the custom-build sample chamber
was designed as shown in Fig. 1. This special-designed chamber can be subjected to
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Figure 1. Schematic drawing of (a) a sample holder and (b) picture of in-situ x-ray absorption
spectroscopy setup. (Color figure available online.)

£1.5 kV and aligned into the incident X-ray beam direction. During the experiment,
the sample was installed in the acrylic sample holder. The copper was used as electrical
connectors connected to a high voltage power supply (20/20 Trek). The step DC of 0kV/mm,
0.7 kV/mm and 1.4 kV/mm with the current limit of 20 mA was applied to the sample. To
prevent the electrical spark, the sample was submerged in silicone oil in the sample holder.

To detect the change of the atomic structure of PZT due to the small displacement
of Ti atoms, Ti K-edge X-ray absorption were collected at BL8. Synchrotron is generated
from a bending magnet with a maximum electron beam current of 150 mA and critical
energy of 1.38 keV. Incident X-rays absorption is monochromatized using a Ge(220) fixed-
exit double-crystal monochromator. The fluorescent X-ray emitted from the sample was
recorded by a silicon drift detector (SDD). A titanium metal foil of which K absorption
edge is 4966 eV was used for energy calibration with a precision of £0.2 eV. Spectra
were measured over the XANES region from 4946 eV to 5046 eV with an energy step
of 0.2 eV and time step of 3 seconds. In this experiment, the high signal-to-noise ratio
of XANES spectrum is required: therefore, the data collection time for a set of XANSE
spectrum is 1 hour. Moreover, to obtain the good statistic data, five XANSE spectra are
repetitively collected for the each electrical loading condition (i.e. 0 kV/mm, 0.7 kV/mm,
and 1.4 kV/mm). The averaged spectrum is normalized by using Athena (version 0.8.56)
software and shown in Fig. 2. The simulation of XANSE spectrum is calculated by using
FEFF (version 8.20) software to support the experiment result.

3. Results and Discussion

Figure 2 shows the Ti K-edge XANES spectra of the bulk PZT sample. The intensity change
of absorption peaks P1, P2, P3, and P4 under the different amplitude of the applied field was
investigated. During the application of the electric field, although the amplitudes of P1, P2,
P3, and P4 slightly changes, this small change is significant for diminutive displacement of
Ti atoms. From the quantitative analysis proposed by RV Vedrinskii et al. [10], P1 could
represent PEFS formation due to the small displacement of Ti atoms in the perovskite unit
cells. To support this result, the Ti K-edge XANES spectra of PZT with tetragonal phase is
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Figure 2. Ti K-edge XANES spectra of bulk PZT sample at 0 kV/mm, 0.7 kV/mm, and 1.4 kV/mm
of the applied field.

calculated by using IFEFFIT software. The calculated XANSE spectra under different Ti
off-center positions, which are in the range of 0.05 and 0.10 A, are shown in Fig. 3.

To completely analyze the results, three energy ranges of XANSES spectra are consid-
ered. The first region is the energy range of 4965-4977 eV, which consists of P1 as show in
Fig. 4(a). The experiment result shows that the intensity decreases with an increase in the
amplitude of the field. As mentioned above, the change of P1 intensity could be attributed
to the small displacement of Ti atoms. This off-center displacement of Ti atoms is caused
by the applied field. Importantly. such displacement also reflects the change of ferroelectric
polarization or domain switching. The simulation of XANSE spectra is calculated as shown
in Fig. 4(b). The calculated spectra demonstrate the change of P1 intensity due to small
displacement (0 A, 0.05 A and 0.10 A) of Ti atoms. The calculated intensity drops when
the Ti atoms shift to a negative position. This simulation result is overall in good agreement
with the experiment.

The second region ranges from 4976 - 4991 eV as shown in Fig. 5. When the electric
field is applied, P2 intensity changes significantly. The intensity decreases when the field
is on. However, the difference of intensity between P2 at 0.7 kV/mm and P2 at 1.4 kV/mm
is very little. Similarly, the intensity obtained from the calculation also drops if the field is
on. It can be seen that the change of the experiment results are overall in agreement with
the calculations. However, the degree of intensity change of P2 due to the applied field is
less than that of P1.

The third region ranges from 4986-5000 eV. The experiment result shows the fluctu-
ation of P3 and P4 when the field is applied. The peak intensities seemingly increase with
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Figure 3. Calculated Ti K-edge XANES spectra at 0 A, 0.05 A and 0.10 A of Ti off-center displace-
ments by using FEFFS software.

an increase of the field. The calculations exhibit that P3 intensity increases very little with
the field while P4 intensity does not change but small peak shift is observed.

When considering an overall XANSE feature, it is found that the peak intensities
change with an increase in the applied field amplitude. When the field amplitude increases,
P1 peak intensity representing PEFS feature drops significantly, P2 intensity decreases
very little while P3 and P4 apparently increase. Such intensity changes are overall in
agreement with the calculation results which demonstrate that the intensity changes could
be attributed to the small displacement of Ti atoms. From the experiment and calculation,
it can be seen that the change of Pl intensity is more sensitive to the applied field and
displacement of Ti atoms. This intensity changes could be used to represent the change of
polarization and domain switching. This result corresponds to previous result reported by
Ravel B er al. [12] who showed the relationship between the change of Ti K-absorption
edge and the degree of ferroelectric phase in PbTi0;. Therefore, it is theoretically possible
that the intensity change of Ti K-absorption edge at P1 representing PEFS can be used
as a guantitative analysis method to determine the degree of ferroelectric polarization and
domain switching. The experiment and calculation results imply that when the amplitude
of the applied field increases, the Ti atoms shift along the field direction and results in the
reorientation of polarization and domains parallel to the field direction. This effect can be
detected by the intensity changes of Ti K-absorption edge of PEFS.
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Figure 4. The PEFS of Ti K-edge X-ray absorption obtained from (a) experiment at different applied
fields and (b) calculations at different Ti displacements.

4. Conclusion

In summary, the overall result shows that the changes of peak intensity are detected when
the electric field is on. The change of PI intensity is most sensitive to the amplitude
of the applied field while P3 and P4 intensity are less sensitive to the field. P1 and P2
intensity decrease with an increase of the field amplitude. From the calculations, this
intensity decreases with an increase in displacement of Ti atom from the origin position.
On the other hand, from the experiment and calculations, P3 seemingly increases while
P4 intensity does not change significantly with the applied field. From the overall feature
of XANES, it can be seen that the change of P1 intensity could be used as an indicator
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to detect the local structure distortion and the change polarization and domain switching
in lead zirconate titanate due to the small displacement of Ti atom surrounded by oxygen
atoms. For the future work, this result can be developed for quantitative analysis method to
measure the degree of local distortion and ferroelectric polarization.
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