N

N

Nanoscale Polar Order in Relaxor Ferroelectrics and its
response to external stimuli
Oana Condurache, Long Cheng, Maxime Vallet, Mojca Otonicar, Brahim
Dkhil

» To cite this version:

Oana Condurache, Long Cheng, Maxime Vallet, Mojca Otonicar, Brahim Dkhil. Nanoscale Polar
Order in Relaxor Ferroelectrics and its response to external stimuli. Ferroschool 2024, Nov 2024,
Ljubbljana, Slovenia. hal-04916178

HAL Id: hal-04916178
https://hal.science/hal-04916178v1
Submitted on 28 Jan 2025

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04916178v1
https://hal.archives-ouvertes.fr

The problem

Nanoscale Polar Order in Relaxor Ferroelectrics
. . . * Relaxor Ferroelectric (RFE) materials exhibit unique characteristics, including a slim
an d | tS re S p O n S e tO eXt e r n al St I m u I I polarization-electric field hysteresis loop, diffuse pr?ase transitions, frequency o?ispersion of

maximum permittivity, and exceptional electro-mechanical responses (Li et al., Adv. Funct. Mater.,

28, 1801504, 2018).
*0oana.condurache@centralesupelec.fr

* These extraordinary properties have been hypothesized to originate from polar states

O. CONDURACHE *, M. VALLET, R. BURCEA, M. OTONICAR, L. CHENG and B. DHKIL which correlate at the nanoscale.

Laboratoire Structures, Propriétés et Modélisation des Solides, CentraleSupélec, Université Paris-Saclay, France * Although this idea remained speculative for decades, recent advances in high-resolution
electron microscopy have enabled the direct detection of polar nanodomains and their

spatial correlation with chemically ordered regions (Kumar et al., Nature Materials, volume 20, 2021).

* Despite these advances, the complex polar arrangement and its role in the functionality of
RFE are still a matter of debate and especially how the polar disorder responds to external
ReS U I tS 0.72Pb(l\/|g1,3Nb2,3)03-0.28PbTi03 stimuli, such as the electric field (Tadej Rojac, Communication Materials, volume 4, 12, 2023). This thus

requires in situ high resolution techniques to directly probe it at the atomic scale.

Nanoscale
Microscale

- Short-range polar order-

- Long-range polar order -

Ferroelectric Relaxors
a hopeless mess

Cohen, Nature 441, 941, 2006
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Techniques & Methods

« 2-3 nm lamellar-like nano polar domains.

* Micro-scaled 0.5-1um wedged-like domains.
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HAADF - High Angle Annular Dark Field
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CO n C I u S I O n S *The Pb displacement maps were determined from HAADF images, as described in the Methods. relative to B-sublattice
OO (X, Y¢) — coordinates of the
: : . : : : .. : _ E B- sublattice center
= Polar Order: Hierarchical structure, with micro-scaled wedge-like domains (0.5-1 um) coexisting with nanoscale lamellar domains (2-4 nm). OO
* Electric field response .
- . . . . . (Xpp, Ypp) — coordinates of
* The micro-scaled wedged-like domains undergo domain boundaries movement. the Pb atomic column
 The Nano Domains lose the lamellar correlation, shiftting towards a "nano-island"” distribution. The direction of the Pb displacement vector is changing in accodance to the direction of
the electric field.
Magnitude: r r= v &pp — X% + (¥pb — ¥o)?
= Temperature response: initially, the short-range order (nanodomains) responds marking a phase transition between 120-150°C. Further, the long-range order (micro domains) disappear f Xpp, — X,
around 200°C, marking the paraelectric phase. —arCCOS( . ) Ve <Yc
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