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Deformation in Ferroelectrics/Piezoelectrics 4,
under £

i

ferroelectric
(piezoelectric)
ceramics

grain & domain crystal structure
(charge density)

How grain and structure deform ?
(shape & speed)

Time-resolved measurements at BL02B2 & BL02B1
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Examples (thin films, ceramics)

Neutron diffraction.
At=10" s.
£ =500 k¥/m.

J. L. Jones et al.
(4PL, 2006)

J. E. Daniels et al.
(J. dppl. Phys., 2007)

{9 »

PZT thin films BiFeO; polycrystalline thin filml
SR X-ray diffraction at SPring-8. SR X-ray diffraction at SPring-8.
Af=10T7s. £=102 MV/m. AE=100 g, £=102 MV/m.
SPring-8 accelerator Y. Ehara e# af. (4PL, 201 S. Nakashima e a/. (APL, 200
% /sm €0 ® 208 (b) BFO (110),
op, &ZD lens §uo
x f/:,% i Top electrode < %0
s o L X-ray detector gzw — 20=2044"
Pulse —I U L < / Bilayered PZT film ‘°: i
Femoelectric tester Bottom electrode ’ 0 e '°° 20 (dog)
Tetragonal soft PZT ceramics PbZr, ,Tig 305

thin films
SR X-ray diffraction. N

4
< 440

Af=1079 s. i,
£ =102 MV/m. )

|
44188

L. Grigoriev et al.
(PRL, 2008)

1.60 1.62
q, (A"

g (A"

¥

Examples (superlattices, bulk)

-
PbTi0;/SrTi0; superlattice
SR X-ray diffraction at APS (10 keV).

At =108 s. £=102 MV/m.
Ji Young Jo e# af. (PRL,

. A

Integrated Intonsty (a.u.)
7S
3

Time (ns)

2

" BiB,40; and Li,s0, H,0

~\

SR X-ray diffraction at ESRF. Single cryst:

At=107s. V=104 V.
011) S. Gorfman et a/. (JAP, 2010)
e — T T
[ okcwones] —| - —| e
_~
l *'}“‘“ ftracted photons
E
movement s [Xeray point detector
! digital putses.




Length-Resolution Required

Possible lattice strain of ferroelectrics induced by appl

E
¥ fi /

90deg domain

PoTar ot on < Finduced
. \ C 4
aniidhitiny | | v phase
- transition

=)

0. 01%

“1% 0. 1%?

Length-Resolution Required

xpected piezoelectric strain of tetragonal BaTiO, under £ //

wEEs

A/=10"%A =10

Ghas = by = 136 pm/V, ahg = b = -53 pm/V
£ =20
o
© 39920 &
%" 1 o= 4.0%1 &
» _OFP; c/a=1.0110
a
Eg =10 kV/cm = 10° V/m
 2=3.9918 A
c W ¢ = 4 0366 A
P, c/a=1.0112
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Single Crystal SR Diffraction at SPring-8 BL02B1

Extremely High Resolution
Single Crystal Diffractometory

for Orbital Resolution
(Sugimoto e af. 4IP Conf. Proc. (2010)

Attenuator Slit
2nd Mirror

Collimato
=S

el =9 - 115 keV

Shutter DCM "%—\\\ :

) 1st Mirror

r Y
Sample ELJg wire
o v 43

J

<D

|
BaTi0; single crystal plat

% (@=01mm )
(| h
/ X-Ray (35 kel

> Beam size

150 um

% 2

Transmission geometry & High-& data & No diffraction of Au
High-qual ity data enough to analyze crystal structure

p—




Diffraction Spots under Static Electric Field

( F=0 F=2kV/em | F=4kV/cm

- @ = e
e e | e A

Multidomain State Polarization Switchifgngle Domain State
(90° domain)

0 kV/cm 50 kV/cm l
e = e

10 R
Equipment Installed in BLO2B1

C. Moriyoshi et a/., Jpn. J. dppl. Phys. 50 (2011) O9NEOS.
(34th JSAP Paper Award (2012))

BaTi0; Single Crystal Plate 5.0 mm
High-energy (35 keV) Qﬁ mm
Synchrotradiation Pulse UL
- .ﬁ.
( SPring-8
— : 7~,,.::

Large Cylindrical IP

Control ler
trigger
Function — De lay we frequency
Generator Generator divider




Electric Field Applied to BaTi0;

-~ 02k g
Pump voltage
i 0.1f 1667 psec (600 Hz . P £
= 8? N Bipolar square wave
;u o —

02f 1 Frequency:600 Hz

g gva\/\( 1| Voltage (sample)
Tz .3]?1 478 *y e 10scillating components
NT 2l AT M e A t{exist in one period.

0 250 500 750 10001250 1500 1750 Period:1667 i sec (600 H;

Pump-probe

The sample was broken
after 12 hrs measurements
(7107 cycles) due to fatig

LA b - 1)
Measurement of
c/lavs At in 1/2 p

Time-Evolution of Tetragonal Lattice Distortion "W
c/a

v (kV)

nt

25 50 75 100 125 150 175 825 850

At (us)

A/=10"mé& At=10"s

|

)

il

|

—
—
)
—

i
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o
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Temperature profiles of polarization along @ and ¢ axes at various magnetic fields along the b-axis.

T Kimuraetal., PRB 71,224425(2005).
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P DyMD3 (4 q1)

positive

EIINEISDBIEEEZ T
HIRHERGEED
FEXFRIEE RIE

Counts /200 sc

Fundamental
Reflection

500
035 036 037 038 039 040

Right Handed
035 036 037 038 039 040

= E
i K/rlu
’I"n 750 . :
Sample S DyMrO3 (4 g 1)
700 - negative T
Magnetic #
Satellite S 650
=, Reflection ]
2
5 g 600 4 5
2 La) i
! ' 5508t ,.-/ S
ig r o : i
Circular Polarization & )) 500_ 2 : i
K/rlu

DyMnO;,
4 H. Sagayamaetal.:JPS) 79,043711(2010).
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s / SHTEL
)’2/[—602—] R’104 |
mo =
2 i A0 ~055 neutrons/sec
o P (10%x 10% x 1045 x )
F—4L&:$0.3mm -
o T ~10* neutrons/sec | L R EEL~ | 25138 LY
E— 1% $10 mm

~107 neutrons/sec

SRR
0.3%>10°
(10 £8)

i

BREELCOE BRI T
BERAECIRIRTE T
([CH B S RLEL D HF




(a) Vertical direction
12.4keVICHITRENE —LOEREO 771

(b) Horizontal direction
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Current status and future perspectives
of
inelastic x-ray scattering
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Elastic v.s. Inelastic

X W= — of when w; # 0y,
. Q=ki-k > inelastic x-ray scattering (IXS
\ g
o:. k. r K¢, x-ray Raman scattering, x-ray emission spectroscopy
od 12 € | et W1 1+ © here,
sample

momentum-resolved IXS from crystalline materials

¢ Elastic scattering (diffraction)
[ground state]
static state of material

sasass i
¢ Inelastic scattering ::3::::3 AAAAAAAA

[excited state]
dynamics of materials
=> interaction of electrons (> 1 meV)

crystal structure magnetic structure

understanding of mechanism
[fluctuation] oood%%oo 444&44
near phase boundary S :::1::::
S(Q,0) ~ [V(Q)1-ef] Imx(Q) ~  990eeeee 7
S(Q,w) : dynamical correlation function band gap, width exchange (J)
V(Q) - interaction of probe Coulomb repulsion

X(Q,w) :response function (susceptibility)

2

Inelastic scattering in textbook

Imagnetic excitation (spin wave) ‘

ferromagnetic order antiferromagnetic order
H = ‘_2']ZSi'Si+l H = Q.IZS,' -S,‘+1
E = 4BS(1 - cosqa) ~ (2JSa?)q? E = J4IS|sinqa| ~ 4JSalq|

=
|

RbMnFs

Gy~ 7 |
).010 q
C. Kittel, Introduction of Solid State Physics

k(A7

dispersion relation of magnetic excitation = intersite magnetic interaction J

width of excitation = coupling to other degree of freedom (lifetime)




Recent topics (nonresonant, phonon)

Displacement-type ferroelectricity

in
400
<300
(8]
=200

100 |

0

magnetic Sri.xBaxMnOs

T

@ ' sr,,Ba,MnO, b

L

(meV)

n X " 1 : 1 "
0 01 02 03 04 05 -
X
(c) 0

@ (meV)

Intensity (Counts/s)

o
&
S

e
&

©
S

Phonon in 2H-NbSe: surface
(Kohn anomaly)

e
bg

T I T

(b), ' i
surface J’
bulk

E (meV)
Murphy et al., PRL 95, 256104 (2005)

0 <
0.0 0.1 0.2 0.3 0.4 05 0.0 0.1 0.2 0.3 0.4 05
qin(qq0) qin(gq0)

Sakai et al., PRL 107, 137601 (2011)

Norm. intensity (arb. u.)

A eastic

D optical phonon magnon
B: single magnon La-CuQ. (Cu L_edge)
C:multiplernagnon
ws| & co ®[©)  Rewons) .. 7
20 T Cul, T=15K | *a 7 - PR
5 i q,=+1.885 W) RIXS} ]
930 93 N -
10 | Photon energy (eV) _ . J |
ch\ N LCO - - - "'\ 'o' ]
J/" ). ¢ \ 2l ‘.‘ ,' ]
0 s PR 1 L T T L m
1.0 0.5 0.0 -3
Energy loss (eV)
L.Braicovich et a., PRL 104, 077002 (2010).
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Similar data in Kim et al., PRL 108, 177003 (2012)
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Polarization analyzed RIXS
KCuF; (Cu K-edge)
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Intensity [arb. units]

o oo
'

Energy Loss [eV]

Ishiietal., PRE 83, 241101 {(2011)

CaCuOq (Cu L-edge)

CaCuO,

— Jence
— = incidence
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with polarimeter

b)

experiment theory
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IXS beamlines at SPring-8
nonresonant (NIXS) resonant (RIXS)
soft x-ray

hard x-ray
electronic excitation
(Aw ~ 100 meV)
?

phonon
(Aw ~ 1 meV)
1011 Hz/100meV (23]

109 Hz/1meV 1]
11XU,12XU
[1] 35XU: Baron et al., Nucl. Instrum. Methods Phys. Res. A 467-468, 627 (2001)
[2] 11XU: Inami et al., Nucl. Instrum. Methods Phys. Res. A 467-468, 1081 (2001)

35XU
[3] 12XU: Cai et al., AIP Conf. Proc. 705, 340 (2004)

07LSU (27SU,17SU)

~
Flux
Bl

Most experiments are photon-demanding.
e

= BLA3LXU

- New beamline BL43LXU

(RIKEN Quantum NanoDynamics beamline)

e high electron beam energy (8 GeV)

e |ong straight section

e in-vacuum undulator technology
BLI9LXU

S BL3SXL

- =

4x10' Hz/1meV is expected.
(for nonresonant IXS)
Baron, SPring-8 Newsletter 15, 14 (2010)

Energy resolution in RIXS
soft x-ray (Cu Ls-edge)

resolution (meV)

hard x-ray (Cu K-edge)
resolution (meV)
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500

o)

LTS 2000

D2g g SRE
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Blog g pp
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AXES 5 2003
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Probably, resolution will be improved further in next 10 years.

D32 ¢ SBRr

Ament et al.,
RMP 83, 705 (2011)



Future perspectives

NIXS
¢ atom dynamics
strongly correlated electron system (superconductor, multiferroics), liquid
+ extreme conditions (high pressure ...)
¢ clectronic excitation
direct observation of dynamical charge correlation function N(q,w)
orbital excitation (higher multipole transition)

Time-resolved (pump-probe)

RIXS (hard and soft x-rays) resonant soft x-ray diffraction

* magnetic excitation (tiny sample, thin fim, ...) in La1 75510 25NiO4
Approach from time domain (XFEL) . 3

AT SPring-8: several tens ps ‘ ‘ | o
SACLA(BL3). 6-30fsec | )

energy (1 meV—-1eV) & time (1ps—1fs) AL ﬁ  atce

¢ recovery force (interaction) —_—

e dissipation of energy (coupling to others) e Ly

higher flux sources
Seeded FEL, XFELO, ...

A<d, d%d, E~% A~Ay d%dy 5~E

Lee et al., Nat Commun. 3, 538 (2012)



