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Background & motivation

What is ferroelectricity?

Ferroelectric materials

Permittivity (a.u.)

» Typical perovskite structure
with lattice distortion
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Background & motivation

What is quantum paraelectricity (QPE)?
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» Typical perovskite structure without much lattice distortion



Background & motivation

Simple mechanism for quantum fluctuations (QFs)

APL 93, 132903; PRL 74, 2587
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Simple theory on QPE

Background & motivation

PRB 72, 121101(R); PRB 19, 3593; PRL 52, 2289
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Background & motivation

Other quantum paraelectrics PRB 77,052106
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» Not only STO but also other titanates
show QPE: (Ln,,Na,;,) TiO; (Ln=Dy,
Ho, Er, Tm, Yb, Lu)
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Background & motivation

Manipulate the QFs?

Temperature

‘Re |ma"
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5y '~coth(hA/2k,T)

QCP Quantum tuning
parameter, g, e.g. Pressure

Science 276, 392; JPSJ 72, 37



A-site disorder: symmetry scenario

Symmetry scenario: SrTiO,

» Tolerance factor t=1.01 (STO, cubic), 1.07 (BTO, tetragonal), 0.97
(CTO, tetragonal). SrTiO;: a marginal system

» Oxygen isotope effect (right)
» Strain effect (bottom)
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A-site disorder: symmetry scenario

A-site structural disorder, without symmetry breaking
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Keep macroscopic symmetry but modulating local disorder

degree of freedom




A-site disorder: symmetry scenario

Pure A-site structural disorder

ot-0){of

Sample (SrCaBaTiO3) X o2 (10‘6nm2) lattice parameters (nm) error (x10)
SrTiO, 0 0 0.3905

SrysCag 019776B8g 09722, 1105 | 0.02 | 5.978 0.390289 7
Sry67:Ca;010167B30 010833 1105 | 0.03 | 8.967 0.390421 9

Sry6:Cay 031045880 018055 105 | 0.05 | 14.95 0.390624 14
Sry,Cag 5111oB3g g0gges 1105 | 0.08 | 23.91 0.390467 4

Sry60Ca, 063800B30 036110 1105 | 0.10 | 29.89 0.390269 3

Sy 55Ca; 076668830 043332 1105 | 0.12 | 35.97 0.390256 4

SIry56Ca) 080446B30 050554 T10; | 0.14 | 41.58 0.390461 3

Sry64Cay 102924B8g g57776 1105 | 0.16 | 47.82 0.390421 4
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A-site disorder: symmetry scenario

Structural identification
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A-site disorder: symmetry scenario

Dielectric evidence of FE state

2 0k 0.03

1. Clear deviation from
QPE state into FE-
like state

g x10°

2. ItisreallyaFE
state?




A-site disorder: symmetry scenario

FE state at high disorder degree
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A-site disorder: symmetry scenario

Dielectric dispersion at low and high degrees of disorder

T (K) I (K)

Clear relaxor ferroelectric behavior given by
the dielectric dispersion




A-site disorder: symmetry scenario

ferroelectricity
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Background & motivation

Manipulate the QFs?

Temperature

Classical Regime

Paraelectric

Lluantum tuning
parameter, g, e.g. Pressure

Science 276, 392; JPSJ 72, 37



Enhancement of QFs

Problem I1: how to enhance local quantum fluctuation?
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Enhancement of QFs

Problem I1: how to enhance local quantum fluctuation?

# % 1. e (doublet), t,, (triplet) low-spin
(F2g 125 4)

2. High conductivity results from the
overlap between cation z,, and anion p
orbitals

Sr,,Ba, TiO, (SBT)

Ru-doping enhances the quantum fluctuation & draws SBT
back to QPE




Enhancement of QFs

Ru-doping: no symmetry breaking

Sr,,Ba,, T1, ,Ru, O,

Intensity (arb. units)
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Enhancement of QFs

Suppression of FE state into QFE and QPE
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Enhancement of QFs

Suppression of FE state into QFE and QPE

Caop) |T(K) |TyK) |T,-2T,(K)

STO 0.8 92 35.3 19.4

x=0.0 |1.0 141 89.3 -37.6

x=0.02 |1.15 131 67.7 -4.4

x=0.05 |1.24 101 10.7 79.6

x=0.10 | 1.9 94 -172.9 |439.8

C
(T, /2)coth(T, / 2T) —T,




Enhancement of QFs

Raman evidence SrTiO,
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Enhancement of QFs

Raman evidence

Intensity (arb. units)

(c)

TO,(192.6)

x=0.1

TO,(578.1)

‘_

0 200 400 600 800 1000

Raman shift em™)
Sr,,Ba,, Ti, ,Ru, O,

10K
50K
70K
100K
300K

Normalized Raman Intens

3l (®)
| Fitti
itting
\% 2t A x=0.05
i | x=0.10
@ 1+
g |
10 100
T (K)
10°F
[ x=0
[ Vv To,
A 10,
T Fitting TO,
i — Fitting TO,
7
107} \
0 50 100 150

Temperature




Raman evidence

Enhancement of QFs
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Background & motivation

Effect of spin order?

Classical Regime ot
Sy ~T Paraeléctric
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Quantum Paraelectric
8y "~coth(hA/2k,T)

QcCP Quantum tuning
parameter, g, e.g. Pressure

Science 276, 392; JPSJ 72, 37



Magnetoelectric effect in EuTIO,

Motivation

@

EuTiO,

Pm3m, a=0.3905nm
Quantum paraelectric
Ts=30K

. QFs vs FE

Euzt(S=7/2), G-AFM
Soft mode 10meV



Magnetoelectric effect in EuTIO,

Preparation
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Magnetoelectric effect in EuTIO,

Magnetic behaviors
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Magnetoelectric effect in EuTIO,

Magnetic field induced QPE
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T~40K, quantum saturation temperature
T\~5K, sharp drop of dielectric constant




Magnetoelectric effect in EuTIO,

Magnetic field induced QPE
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Magnetoelectric effect in EuTIO,

Magnetic field induced QPE
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Summary

s A-site disorder and B-site Ru?* substitution can

obviously modulate the QFs.

= QFs can be respectively suppressed by the A-site
disorder and enhanced by the Ru** substitution.

= Excellent magnetoelectric effects in quantum

paraelectric EuTIO,.




Thank you for your attentions!




