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What is the effect of high-pressure ?

High-pressure : Strong modifications of interatomic distances & bond angles

= Moadificaion / Tuning of coupling and physical properties

Interest of high-pressure studies (p > 1 GPa)

“Clean” parameter (G.A.Samaraetal.)

- Acts only on interatomic distances
- Important changes in volume (chemical bonding)
0to 700 K—> AV/Vy=1% <> 1 barto 100 GPa — AV/IV,=25 %

- Access to new structural & physical phenomena

p— Estimation and understanding of strain in thin films
- e.g. Estimation of strain via Raman modes in ferroelectrics
Substrate

- Relation with strain-induced deformations ?

- Pressure easier simulated than temperature

"! Ab-initio calculations

- Serious test for ab-initio models
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Pressure-induced polarization reversal in multiferroic YMnyOs
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Pressure can

reduce & enhance

ferroelectricity

=>» thus acts on m-e coupling

What is high-pressure ?

High-pressure 2> AV/V=10-25% 1 bar = 1 kg/cm?
50 GPa = 500 kbar = 500 t/cm?

100 kPa 1 MPa 10 MPa 100 MPa 1GPa 10 GPa 100 GPa 1TPa
| I |

~1 bar
Common investigations
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B. Experimental aspects

More elegant ways to apply high-pressure ...

Diamond anvil cells
Large volume cells
Feasable < unfeasable

Applying high-pressure in a diamond anvil cell

(Pictures: P. Gillet)




Applying high-pressure in a diamond anvil cell

Diamonds :
. __!',___' ) Size, defects. .. Rubly fluorescence‘llne
s . _f_.'_}' Gasket --0GIF'a -.Z?IIIGPa
’ | Steel, Rhenium... |
p— | |/ A— orecei . . |
Nl ression gauge g | 1
7 Ruby, Au... || I
_f \ ‘? y [V
A 1L, Transmitting medium et W O
SN Noble gases (He, Ne) i 7o

x Alcohol, oil..

1) Raman spectroscopy and any optical measurement in a DAC

Raman spectroscopy : a probe for

* Phase transitions 1
* Phonons

» Soft modes =

Experimental issues
* Purity of the diamond ¢
* Long focal objective »
« Signal of the diamond

* Intensity of the Raman signal

Micro-Raman - T64000 - Jobin-Yvon




X-ray diffraction or absorption in a

Diamond Synchrotron
anvil cell radiation
2D
CCD detector
Large Volume cells ex. « Paris-Edinburgh Cell »
a i b upper (stable) anvil

breech 7 ~ [ LEm
/ lower (movable) anvil
#—tie-rod Curing
| — S eeramic )
seats< —=anvils . CETAMIC BN powder
et o ¢

\

= \H\ \% Graphite cylinder |m|b

(S E— oil inlet BN eylinder

Graphite disc

Figure 1: Cross-section of Paris-Edinburgh press (a), anvils/sample ensemble (b) and sample (¢).




How does it look like

Figure 3: XRD pattern recorded of a AlS1;sNig
sample at ambient pressure (a) and 6.8
GPa (b).

Figure 2: Picture of the set-up at beamline PETRAL.

Magnetic measurements under pressure

| MPMS cell specifications Hydrostatic | Uniaxial | High pressure
. MPMS | MPMS | MPMS | PPMS | PPMS | MPMS
Medel LPC-15 MLPC-15 XPC-5 HPC-20 HPC-30 HMD-13
I Prazzurization zyztem Hydralatalic . Uniaxial High plre::ure [
| Maximum applied pressure 125GPa | 1.5GPa | 500MPa | 20GPa | 3.0GPa 1.3 GPa
12GPa | 400MPa | 1.6GPa | 24GPa | 1.0GPe

| Maximum sample prezsure @ 7K | 1 GPa

w
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Feasible experiments ?

» Type of Measurements ? Optical or not ?
*  Wiring needed ?

* Needed size of sample ?

* Pressure range ?

Below 10 GPa

(large volume anvil press’, screw press & diamond anvil cells)

= Most experiments are feasible &
= X-ray, neutrons (!), magnetic, electric, optic
=> Optical experiments either in diamond anvils or by side view

Above 10 GPa

(diamond anvil cells)

= Small samples !
=>» Wiring remains a challenge ! Ferroelectric measurements very difficult
- Diffraction, X-ray absorption, Raman, Fluorescence &

C. lllustrations 1

Effect of high-pressure on ferroic oxides

(or ... Understanding individual ferroic orders before looking at multiferroics)

Octahedra tilts (ferroelasticity)

Cation displacements (ferroelectricity)
Jahn-Teller distortion

General rules




Perovskites
@ 300 K

Colex & instructif
phase transitions !

What about general rules ?|

General Rules: Effect of temperature

One « simple »
Octahedra » tendancy
tilts e :

Cation »
displacements

! Pressure ?!
Jahn-Teller
' Very high-pressure ?!
!




The effect of high pressure on perovskites: Samara’s rules

Important Generalization Concerning the Role of Competing Forces
in_Displacive Phase Transitions

G. A. Samara et al., Phys. Rev. Lett. 35, 17671769 (1975)

Soft zone boundary instabilities

dT,
dpP

Pressure
increases
tilts

—

>0

dT ferroelectricity
<0

dP —

Soft zone centre instabilities Pressure
suppresses

Effect of pressure on octahedra tilts ?

Samara rule

G. A. Samara
Phys. Rev. Lett. 35, 1767 (1975)
Increase of tilt

Decrease of tilt

Compression mechanism ?

Tilts <> Bond compression (A-O, B-O distances ?)
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Octahedra rotations (tilts): Important characteristics
R. H. Mitchell, Perovskites: Modern and ancient ,Almaz Press, Ontario (C), 2002

Most common type of distortion
0,0,0

Subtle distortion Q 0

BOjg close to rigid (<> AO;,) [ )-4)- 4

‘ 0 ‘ A. M. Glazer
Acta Crystallographica B 28, 3384 (1972).
Long-range correlations 23 different tilt systems !

Cubic (Pm3m) Orthorhombic (Pnma)
Reduced symmetry Linear Mn-O-Mn Bent Mn-O-Mn

Tuned by size of A-cation

Lattice instability
=>» Tuning by external parameters

Drives physical properties

Detecting tilts with diffraction: 1st step

Peak splitting of Bragg reflections

L L B B o Crystal system (structure refinement)

: N + & Unit cell strain
E‘&\ jf ‘ 200 $ Resolution limited
L

$ Low precision on tilt angles

)
A Tilt NaMgF, GdFeO,
Al
[ From cell dimensions
v_// ‘,\k ¢ 8.5 9.46
----- —— ‘,w' | 2] 12.3 17.58
/| & 14.9 19.89
J F"u From bond angles
B [V 1 [ 10.7 11.32
/‘T\% [} 14.3 16.51
T - ] LY 17.8 19.93
200 + 020 + 002 a, 10.1 11.71
R T N From atomic coordinates
o 10.4 11.95
45 45.5 46 46.5 47 47.5 48 [5) 14.3 16.51
L 17.7 20.28

20(°)




©,0,0 31,31, 3, © Intensity
f Superstructure © Selection rules

< Low intensity for X-rays (<> neutrons)

100 200
() O (o

Investigation of octahedra tilts

Cell doubling = Superstructure « tilt » reflections

=> Tilt angle
=> Type of tilt system

$ Other cell doubling mechanism

Table 2.6. Reflections Associated With Octahedral Tilts (Glazer 1975)

In-phase tilts Anti-phase tilts
Tilt  Conditions Examples*  Tilt Conditions Examples*
a €00 ki 013,031 a 000 kel 131, 113
b oeo Tl 103, 301 b 000 il 113,311
c* ooe h=k 130, 310 2 000 Ik 131, 311

*

All indices given on the basis of a double (2a,) cubic cell.

Raman scattering: Vibrations with rotational pattern

PHONOM FREQUENCY IN CM™'

TEMPERATURE IN *K

8 #®

L=
0 20 40 60 80 100 120

© Scale to octahedra tilt angle

< Order parameter, soft mode

¥ No structure refinement possible
$ Raman difficult to model
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High-pressure X-ray diffraction of SrTiO,4

M. Guennou, P. Bouvier, J. Kreisel, and D. Machon, Phys. Rev. B 81, 054115 (2010)

Diffraction at 37 GPa I(P) of superstructure
20 .
. % 15 } RT
g i
2 2 ;
% % 10 1
2 g *
2 £
L 2 5t i
; E
M " S F
uo M2 W de #8280 N h w s W ® W
20(L=0.3738 A) Pressure (GPa)
& Clear evidence for distortion & Pressure-induced phase transition
© |dentification of symmetry ¥ Precision near P,

High-pressure Raman scattering of SrTiO4

M. Guennou, P. Bouvier, J. Kreisel, and D. Machon, Phys. Rev. B 81, 054115 (2010)
1000 i T
DRX limit
900 |- g - BBem ICPa |
~* d
Rl g ot E
= =" .. 59cm'icPa
700 |53 '::‘"’ o 55 cmIGPa |
?g ; 600 |c1 .ﬂ-"".. b
o 8 1 [l
& £ smol E+B, ]
= w - _,. 35 cm 'GP
g é 400 |22 ._4"”"‘" i « 3.2cm'iGFa
£ & Y N
w27
200 |- B1 E,+B,
I_‘_Lll‘-'.vl_l_ e o 'T-._\__"'-_\_’__,/-,__-’"\ 35 GFa 100 e ""---', o ,"\ -
N | I L ISy e Al i ’
-] " I " 1 M 1 M 1 i 0 N A 4 L N L
o 200 400 60D 8OO, 1000 1200 o 10 20 30
Raman shift {cm '}
Pressure (GPa)
- Identification of P
- Soft-mode-driven phase transitions
- Decription with Landau theory




P-T phase diagram

M. Guennou, P. Bouvier, J. Kreisel, Phys. Rev. B 81, 054115 (2010)

50

40 +

AN

20

Pressure (GPa)

l

0.054 GPa/K

l l i L i l l

Tetragonal

L

AN
AN

Samara model holds

in high-pressure regime

100 150

200 250 300 350
Temperature (K)

400 450 500

Model system 2:

LaAlO,

P. Bouvier & J. Kreisel J. Phys.: Condens. Matter 14, 3981 (2002) & 23, 395401 (2011).

[rk, units)

Sea——

Raman spectroscopy

“soft mode”

o (p) = 0 (P, = P)
~62(P)

v

Rotation of octahedra

o? (p)

et v Dnsensiny [0

Powder diffraction
at a synchrotron source

superstructure
reflection

Tilt

paraelectric
non-cubic

paraelectric
cubic

Up to 65 GPa!
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Model system 3 : Orthorhombic Pnma CaTiO4

M. Guennou, P. Bouvier, B. Krikler, J. Kreisel, R. Haumont, and G. Garbarino, Phys. Rev. B 82, 134101 (2010).

(c) 031
131 23@2
020 o
ta? 22
- 220
L 12
21411
- 212
T
101 :
B 292
301
1-11 ;
1% Sl
1-21 Bl
2 z d
293

Synchrotron X-ray data analysis

M. Guennou, P. Bouvier, B. Krikler, J. Kreisel, R. Haumont, and G. Garbarino, Phys. Rev. B 82, 134101 (2010).

Non-hydrostatic conditions !

No phase transition !

7N
N
_ T T TN T T T T
g 1 \ m telragonal-orthorhombic
-0.05 |’ \ B 1.2 Fo  cubic-tetragonal g
1 —_
: { ol 3
=004 b ! E r 0.8k 4
'S I [ =
s S | £ Rhime il HipEE
o [ 3 \ 1 i 7]
& o003 o ! 0al 4
100 f—+—H———+——n—— ’ } } } f
- NS 157 | i
»‘ g |
" [« s
_esb 0w 4 e
= * 156} ° e, e 4
@ . e o -
£ T = e a
g 90 - ha 4 g . o
z . 1551 L PR
> h D " m ’
£ -, ! <
B 85 b, J L
Eo$ (this work) e 154 .
-~ E0S by Ross (1998) A
80 I | I | I il I 1 | L
o 10 20 30 40 50 60 0 10 20 30 40
Pressure (GPa) Pressure (GPa)

Very little changes in tilt angle
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Raman spectroscopy of CaTiO,

M. Guennou, P. Bouvier, B. Krikler, J. Kreisel, R. Haumont, and G. Garbarino, Phys. Rev. B 82, 134101 (2010).

- T T ol 3 1000 T T T T T T LY
54.7 GPa olarizel + 2"order D
.
o BzgorEi!g X s
o . a3
B\g '.,.»’" ot .
. .
" Ag g". - .
. .
800 L e '“’".-.. e i
. ISl 2 .\
= Rt __.a1t Ti-O Stretching
£ 700 | PR Ll
= — :
= -
g 5
& = 600 [ .
g = . ]
Z % .
2 P ot
3 @ 500 e o .ol .
= £ o . 115" Ca-O Stretching
aetlo®
© ="
ammms
: . neans
300 .- -.n 3
o | . EETEL
Ambient WE L aarasaeat = "
mbier
X . L . i ) 100 L L L L L L L L L L
100 200 300 400 600 600 700 800 0 5 10 15 20 25 30 35 40 45 50 55
Raman shift (cm™) Pression (GPa)

Compression dominated by bond compression not tilts !

Resume: Tilted perovskites under pressure

For perovskites with no distortion but tilts

Pm3m Mm /

10 GPa 53 GPa

Rule of thumb SITiO,

(driven by AO,,, BOgz compressibilities)

The tilt angle under hydrostatic pressure ...
.. increases for 2+/4+ perovskites, CaTiO3L L
SITiO,, CaTiO, 60GPa

BazrO,, SrZrO,

e
: LaAIO;] R Pm3m
.. decreases for 3+/3+ perovskites 1 \
14 GPa 63 GPa
REFeO,
REAIO;
HP-Til le!
REGaO, ilt systems are stable

Limited number of phase transitions
R. J. Angel, J. Zhao, N. L. Ross, Phys. Rev. Lett. 95, 025503 (2005).




Effect of pressure on ferroelectrics ?

Samara rule

G. A. Samara Phys. Rev. Lett. 35, 1767 (1975))

under
pressure

—

ferroelectric
non-cubic

paraelectric
cubic

High-pressure studies of PbTiO;: Literature

High-Pressure Raman data
J.A. Sanjurjo, E. Lopez-Cruz, G. Burns
Phys. Rev. B 28, (1983), p. 7260

High-pressure X-ray absorption data
N.Jaouen, A.C.Dhaussy, J.P.Itié, A.Rogalev, S.Marinel, Y.Joly
Phys. Rev. B 75 (2007) p. 224115

RAMAN WTENSITY (2.5 ]

®»? against pressure
'\'El-.mlf'I

DAMFING (cm)

S

.. ENTD)
e
et

.

X-ray Absorption (Arb. Units)

Ensrgy (aV)

§
§ 8
-
&

e 800 0
E R && 8

.
=

0z

=
8
.
'
s
|
~

015 -

ocal displacement (A)
L

Soor o
0.05 |
0.00 -

2 0 2 4 6 8 10 12 14

P (GPa)
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7

i

§ 51

D22

24

—

et
«

t

W

ﬂ
é

The ferroelectric PbTiO,

Relative Intensity (arb.unit)
==

Lattice paramsters (A)

33355588
(( g[ }
ﬁ/{

an

c
c

Coulomb
forces

—

Steric effect
cubic

m @ & i o

Wavenumber (cm")

Not cubic at high pressure !

ferroelectric
n

P.E. Janolin, P.Bouvier, J.Kreisel et al. Phys. Rev. Lett. 101 (2008)

R e Ty
Pressure (GPa)

= New mechanisms ?

and/or

ferroelastic
non-cubic

The high-pressure phase

1. A. Kornev, L. Bellaiche, P. Bouvier, P.-E. Janolin, B. Dkhil, and J. Kreisel, Phys. Rev. Lett. 95 (2005)

Coulomb
forces

—l

Steric effect

ferroelectric

Coulomb
forces

—

Steric effect

Ferroelectricity
«wins »

Non-Coulomb
Forces ?

Overlap N
Ti3d &02s

—

—

Tilts « win »

ferroelectric

against ferroelectricity

Ferroelectricity

Tilt

e ———

gone

« wins »

Figenvalues

0.04 (a)
0.00 —(%\7
—0.04F 3 \
—0.087 POTIOy N
——LDA
0,12 GGA

Pressure tunes
competition between

instabilties !
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KT, Nusmin 12

Effect of high-pressure on Jahn-Teller distortion

PHYSICAL REVIEW LETTERS

Pressure-Induced Quenching of the Jahn-Teller Distortion
and Insnlator-toMetal Transition in LaMnoy

L Loa® B Adler! A, Grrech

nik.! K. Sysssen.! U Schware.? M. Hanfland.! G Kh. Rarcoberg.

B Gooodessky,* and M. P Pastormak®

58 I(a] ‘ (©) " 0.8} (111) Refiection
3 F .06
Z 08
T F <04 0.05
3 < C
17 Sarmn 53 0.2 004.2
T 0 Lo ‘0
= E %5-5% 9 12003
2 Laxd, PPa) <
a F 002 E
g S
5 001 .
3 oy
0.00
La-z
e et == e W o
b o -0.01
L L L L d b L . .
T1.00 T T T :
250 © @
098 \e
[ = unit cell| [ 124
“% 240 S 06
0.94 | —
E MnOg A\ .. ‘fé,
© 230F [ octahedra ¢ 1
> 1 1 I I‘ 1 20 g
] 0246 810 2
o , @
= 2e0f > ] a
5 Murnaghan Fit — - T~ N\q19
Vy = 244.11 A? (fixed) 55
210rg - 108 +2GPa o Mn-02(b)
B =85404 3 !
) ; ) . A L ) . N P
4] 10 20 30 40 0 5 10 15
Pressure (GPa) Pressure (GPa)

General Rules: Effect of pressure

2 Increase (2+, 4+)

Octahedra =>» Constant
tits N Decrease (3+, 3+)
Cation *
displacements @ @
1
Jahn-Teller .% .%
1

N

More complex
than effect of T

Pressure can tune

competition
tilt <> cation displ.

Watch out for tilts !

Rules in case of

co-existence of

instabilities ?!
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D. lllustrations 2

Effect of high-pressure on multiferroic oxides

Primary ferroelectrics (ex. BiFeO,;)

Secondary ferroelectrics

Tilts + Cation displacements + Magnetism

=> Type | Multiferroics

BiFeO,
. (more) complex
(3+, 3+) A phase sequence ?

=>» Cubic ?

BiFeO; : Impact on the field of multiferroics comparable to that of YBCO on superconductors
Review: 6. Catalan & J. F. Scott, Advanced Materials 21, 1 (2009).
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1 bar

Physical measurements
Ref. 48

Ab-initio calculations
Ref. 53

Ab-initio calculations
Ref. 50

Raman spectroscopy
Ref. 37

XRD & IR spectroscopy
Ref. 38

XRD
Ref. 43

Neutron diffraction
Ref. 49

10 GPa
1

YES !

20 GPa
1

30 GPa
1

40 GPa
|

50 GPa
|

AFM/Insulator

]
PMMetal™y

R3c

[Rac)

R3c

b

R_.?,c’ 2

Pnma

R3¢ C2/m

i o

Pnma

XRD & Raman
This work

Pnma

I

|
03|
|

M. Guennou, P. Bouvier, G. S. Chen, R. Haumont, G. Garbarino, and J. Kreisel,

Phys. Rev. B 84, 174107 (2011).

1
02‘03|

Pnma

I

M. Guennou, P. Bouvier, G. S. Chen, R. Haumont, G. Garbarino, and J. Kreisel,

Cmem

Phys. Rev. B 84, 174107 (2011).

» Low < High-pressure regime ?

» Polarity of phases ?

» Unusual structures !

» <& other Bi-based perovskites

Expt.

XRD 1
XRD2
XRID 3
XRD 4
Raman

Sample

Single crystal
Single crystal

Single crystal
Powder
Single crystal

PTM

Helium
Neon
Helium
Helium
Alcohol

Beam line

1D09A
D27
1027
1027

P range (G

Pa)
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1) Low-pressure regime

o

An overview

Easy

Difficult

DRX

I
T

4 T
P (GPa)

188 =

i 100 200 300 400 500
20 (deg.) Raman shift (cm™)

Difficult

Easy
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Pressure-dependent single crystal diffraction on BiFeO,

P=0.4 GPa
Expected R3c, single domain

P=5 GPa
Orthorhombic, tilts, polar ?

P=6.7 Gpa
Disappearance of 2 domains
(changes in magnetic structure ?)

P=8 GPa

Orthorhombic, tilts, polar ?

P=10 GPa
Orthorh. Pnma tilts , non polar

Presence / change of domains are instructive, but complicate the analysis !

Pressure: Unusual large unit cells! # PZT-like monoclinic phases

Z=2 Z=12 Z=4

R3c | O1 l Pnma

4 (hOI) plane




Which of the phases are polar ? = An optical birefringence study

4 7 11 GPa 37 GPa

R3c o1 Pnma
polar non polar

Birefringence imaging
Metripol

transmission birefringence orientation

False
colors

Which of the phases are polar ?

7 11 GPa 37 GPa

Pnma
non polar

| fransmission

birefringence

orientation
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M. Guennou, P. Bouvier, J. Kreisel et al.
Phase Transitions 84, 474 (2011)

Attention to non-hydrostatic conditions !

4 37 GPa
R3c o1 Pnma
polar non polar
Ri‘ic ‘Phase‘ll P‘hase II; Plnma . o g
40 1 => New induced phase transition
L] P—-‘"Iib ] . ofe .
. t in silicon oil !
Sso T T e, o Monoclinic C lattice
g S .“=“c~abm G=9.6A
8 " b=514
E 38 w0 B c=96 A
O(R(a)/.’ - LI b: 108°
’;?’O. = 4 Hydrostatic
a7le ) ] X | & Mon-hydostatic
0 2 4 6 8 10 12 14
Pressure (GPa) Analogous to BiMnO3, BlCr‘O3
| |
R3c| I 02| 03
I o I
01

2) High pressure regime




High-pressure-regime (P>30 GPa)

P=35 GPa
Expected Pnma

P=37 GPa
Disappearance of super struct.
2 (212) (232) (252)

P=48 GPa
New super struct. + splitting
=> not cubic Pm-3m

[111] in 2x cubic or
[010] in 2x rhombo

aieo, ot [ -

4 7 11 GPa 37 GPa 48 GPa
@ Pressure >
C2/c P2,/c
BiMnO, _ Pnma Not Pm-3m Not Pm-3mx
1 6 GPa 38 GPa 54 GPa

- Low-pressure < high-pressure regime
- Intermediate Pnma structure (stable but not that stable ...)

- Common transition at high-pressure - a coincidence !?
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Not towards Resume for BIFeO3

cubic structure

“E Schematic P-T phase diagram
E-:I.?
g | LCubic 7 | T Tt
57 1400 L i
st . {Decomposition)
tRIe m Poma A R 1200 =777 T . .
N F = b BiFeO
_ 80 L kY ---- Equation of stabe . 1000 . 3 i
= i '-\ < %
B " ® I
3 85} =4
2 Foe 3 b
3 %8 g g PM Metal
§ Megs g Non cubic |
¢ ol M N AN
Rac il IV , Pna Prmm e . Ortho \.\ B
[ Pnma S =
at | = . . :
I._ | | Carmpetig .
N tl 0 | Gt d . . Dy N
£ L < (1L ]]} L 0 10 20 30 40 50 80
E . = cs et ';IJ]'%J[ Pressure (GPa)
:
[, o
o lmdm i B, cocy R3¢ structure = stable under T
’ i .. but not under strong deformations !

Highly-strained tetragonal-like BFO thin films on LaAlO;

J. Kreisel, P. Jadhav, O. Chaix-Pluchery, M. Varela, N. Dix, F. Sanchez, and J. Fontcuberta, Journal of Physics: Condensed Matter 23, 342202 (2011).

A phase transition close to room temperature in BiFeO; thin films

(a) EIiFeC)3 on LaAIO3 (b)
"'«-, Lalo,
I, 4
I \
I A ! 7
z W) "whu\ “""“"':,k,, 500°C
= I\ \
5 W e o N 400 c 1 200 250 300 350 400
__% MY I_’"".,"W—w Jﬁ\’».._ﬂ s00°c |T2BFO | Wavenumber (crif)
2 ) r,'.'\\ M -\\""‘ 200 °C (C) — —
2 A R .
£ 2 o8} . 205 e
a UI 100°C | 12870 : :
L W\_/\._/'i 2c| + - Z 06l i
UUL/\J el g f '
- e 359em’
- kM*-- 23°C | T-BFO - 02t o Jr8ro]
1 . " . L oL® . . @
200 400 600 800 1000 0 50 100150200250300

Temperature (*C)
Wavenumber (cni')

Strong strain tunes phase transitions to room temperature




Tilts + Ferroelectricity + Magnetism

=>» Type || Multiferroics

=>» Ferroelectricity driven by Magnetism / CO

Same rules ?

APPLIED PHYSICS LETTERS 96, 102908 (2010]

Pressure effects on multiferroic LuFe,0,

X. Shen, C. H. Xu,” C. H. Li, Y. Zhang, Q. Zhao,™ H. X. Yang, Y. Sun, J. Q. Li, C. Q. Jin,
and R. C. Yu®

AC-susceptibility (arb. unit)
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Little changes
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Pressure-temperature phase diagram of multiferroic Ni;V,0y
R. P. Chaudhury.' F. Yen.! C. R. dela Cruz.! B. Lorenz.' Y. Q. Wang.! Y. Y. Sun.! and C. W. Chu'2?
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- PHYSICAL REVIEW B 77, 2200044R) ( 2008) .

¥
Pressure-induced polarization reversal in multiferroic YMn,Os

Raijit P. Chaudhury,! Clarina R, dela Cruz,®* Bernd Lorenz,! Yanyi Sun.! Ching-Wu Chu.'#* S, Park.® and Sang-W. Cheong®

Phbar

Pressure can
reduce & enhance
ferroelectricity

(a)

< Multiferroics type 1 !

— A C) Bond angle changes
I 5 =>»Changes in Magnetism

W ‘\ - K => Changes in Ferroelectricity
L => What'’s about strain in films ?!
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Uniaxial
pressure

High-pressure
synthesis

Pressure on films

Some interesting directions ...

PRL 107, 067203 (2011) PHYSICAL REVIEW LETTERS i B

Giant Effect of Uniaxial Pressure on Magnetic Domain Populations
in Multiferroic Bismuth Ferrite

M. Ramazanogl,' W. Rarcliff 112 H.T. Yi.! A.A. Sirenko," S.-W. Cheong.' and V. Kiryukhin'

APPLIED PHYSICS LETTERS 90, 112909 (2007)

High pressure bulk synthesis and characterization of the predicted
multiferroic Bi(Fey;3Cry2)0;,
Matthew R. Suchomel, Chris |. Thomas, Mathieu Allix, Matthew J. Rosseinsky,” and

Andrew M. Fogg
Depariment of Chemisiry, The University of Liverpool, Liverpool L6% 72D, United Kingdom

Michael F. Thomas
Department of Physics, The University of Liverpool, Liverpool 169 7ZE, United Kingdom

APPLIED PHYSICS LETTERS VOLUME 80, NUMBER 13 1 APRIL 2002

Magnetic behavior of epitaxial SrRuO; thin films under pressure
up to 23 GPa

F. Le Marrec,” A, Demuer,” D, Jaccard, and J.-M. Triscone
DPMC, University of Ceneva, 24 quad Ermest Ansermes, 1211 Genevar 4, Switzoriand
M. K. Lee and C. B. Eom
Department of Materials Science and Engi
1500 Engineering Drive, Madison, Wisconsin

;. University of Wisconsin-Madison

Concluding remarks

* Pressure is a useful parameter for tuning and understanding instabilities

* Guiding rules are more complex for pressure than for T (tilts not so simple)

» Competing instabilities remain to be understood (=» multiferroics)

* Very-high pressure regime should receive more attention
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“Decompressing” in Grenoble ...

( thank you for your attention !)
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