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Background: domain

= Ferroelectricity
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4] Work 1: microwave dielectric response

= 90° domain structure contribution

= External normal strain effect



Background: domain

= Dielectric microwave
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http://www.eetimes.com/document.asp?doc_id=1318751&image_number=1

{4} Motivations: domain structure

= Domain structures and high-f dielectric response
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http://images.iop.org/objects/jio/labtalk/3/5/32/figure.jpg

Work 1: microwave dielectric response

= Phase-field method
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BaTiO, From W.F.Rao et al, APL 97, 162901 (2010)



4/ Work 1: microwave dielectric response

= Thermodynamics ,
y OP(r,t) OF

ot OP(r.t)
t
F = |:Id T Fg T |:dd + |:el + |:es T |:se P(t) = J S(t_ tF)EBXf(f)dtr

P((_r)) = é’i((_r))ngt ((_r))

Physical parameters chosen for the simulation (z-1= |4, |D). All these parameters appear

in the dimensionless form..
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Work 1: microwave dielectric response

= Domain wall motion with electric bias
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{4} Work 1: microwave dielectric response

= High-f dielectric response
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{4} Work 1: microwave dielectric response

= Domalin response: 77,=0
 f

6=112" = 135"



2} Work 1: microwave dielectric response

= Domain response: 7, #0




= Domalin response: 7, #0
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i)/ Work 1: microwave dielectric response
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4] Work 1: microwave dielectric response
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from L.M.B.Alldredge et al, JAP 106, 034108 (2009)
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from E.A.Fardin et al, APL 89, 182907 (2006)
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[} Work 2: domain antidot structure

= Seriously strained 90° domains & suppressed piezoelectricity

= How to enhance the piezoelectricity?



Background: domain

= [Ferroelectric nanostructures

GeorgiaTech

Composite scanning electron microscope (SEM) image of PZT
nanotube arrays and their piezoelectric response as measured by
band-excitation PFM (BE-PFM)



Background: domain

Ferroelectric nanostructures

BaTiO, nanodot
A.Schilling et al, Nano Lett, 2009, DOI: 10.1021/n1901661a
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{4} Motivations: domain structure

= Enhancing the piezoelectricity

Strain
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. carena |, ~ 22
ectric field \ ij an
I I Depoling fields

Noliac homepage



&) Work 2: domained antidots

= Strategy: Monte Carlo simulations




&) Work 2: domained antidots

= Effect of domain gridding




2} Work 2: domained antidots

= Domain evolution

MCS



2} Work 2: domained antidots

= Domain evolution

MCS MCS
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£) Work 2: domained antidots

= Energy Landscape
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1] Work 2: domained antidots

= Energy Landscape
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4] Work 2: domained antidots

= Piezoelectricity enhancement
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{4} Work 2: domained antidots

= Piezoelectricity enhancement

T domain wall
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&) Work 2: domained antidots

= Piezoelectricity enhancement

E — field
 piezoelectric coefficient
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Release the pre-strained lattice but keeping the domain twins



= Phase-field simulation of the high-f dielectric response

= Consequence of normal tensile and compressive strains

= Domain evolution with the lattice gridding

= Piezoelectricity enhancement
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