
1

Size effects on stability and polarization 
dynamics in ferroelectrics

Alexander K. Tagantsev 

Swiss Federal Institute of Technology, EPFL
1015 Lausanne, Switzerland 

Workshop on PFM, Lausanne , May 2008

2

Ferroelectrics
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Storage of information in a ferroelectric
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Thin films !!!!!
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Size effect in ferroelectric thin films 

Materials:

Pb(Zr,Ti)O3 (PZT) 
SrBi2Ta2O9

Thickness < 100 nm

The problem for down-scaling
ferroelectric/electrode coupling

Surface
interaction

Incomplete 
screening  

Surface induced
asymmetry   
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Energy of ferroelectric capacitor
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Electrostatic energy of short-circuited 
capacitor  
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Total energy of short-circuited real 
capacitor
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Suppression of homogeneous 
polarization state
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Suppression of homogeneous 
polarization state; test feature
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Multi-scale approach to the size effect

Phenomenology
applicable to any h 

Ab initio calculations
( can be done for small h)
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Ru

Ti
Ba

Sr

Ru-termination

System  under consideration

SrRuO3 SrRuO3
BaTiO3

2.2 % in-plane compressed

Ru-term.

BaTiO3

SrRuO3

Ti-termination

SrRuO3
SrRuO3

BaTiO3

2.2 % in-plane compressed
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Ti-term.Ti-term.



13

Calculations

Frozen phonons
“hard” electrode”
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um = 2.2% -in-plane compression
to stabilize tetragonal phase 
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Technical
SrRuO3/BaTiO3/SrRuO3 stack

Frozen phonons

z

Full relaxation
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VASP DFT with GGA

Monkhorst-Pack grid = 6x6x1

Ecut-off= 400 eV FH-F < 1 meV/A;

Short-circuited stack = periodic boundary conditions
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Full relaxation - rumplings

Ru-Ru termination

Ti-Ti termination

(Tagantsev et al., 2008)
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Determination of λ and η
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Parameters of SRO/BTO interface
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Where is the gradient term?

ξ1 is too small 
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Domain instability and size effect
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Chensky-Tarasenko instability
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Chensky-Tarasenko instability-
mathematical problem
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Chensky-Tarasenko instability-
result

xx
m

D
ε

ελ
2
02 3

=Critical normalized
thickness of the passive layer

cT
x

T

Multi-domain instability

h
CTT mλ2

cM −=

x

mλλ >Domain period

hhW
CT2

= Dh xxεπ=CT

)//( 0d εελ d≡

cT
x

T
x

h
CTT λ2

cS −=

Single-domain instability

mλλ <Nothing new !

24

Chensky-Tarasenko instability-
result for STO/SRO/BST/SRO
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Chensky-Tarasenko instability-
result for STO/SRO/BST/SRO@RT
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Chensky-Tarasenko theory-
domain states in field

(soft-domain approximation)   

Competing states
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Chensky-Tarasenko theory-
map of domain state in field
(soft-domain approximation)   
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Domain state map in field
in soft-domain approximation for 

STO/SRO/BST/SRO
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Soft-domain approximation and real life
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Chensky-Tarasenko theory vs.
classical Mitsui-Furuichi theory (1953)

Mitsui theory (λ>>h) 
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Experiment: STO/SRO/BST/SRO
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(Kim et al., 2005)
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Experiment: STO/SRO/PZT/SRO

RTnm;505 −=h
PbZr0.2Ti0.7O3

(Nagarajan et al., 2006)

“Domain assisted” size effects
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Conclusions
The size effect in ferroelectric films is controlled 

by misfit strain (um), screening conditions (λ), 
parameters of ferroelectric (λm), and 
temperature (T)
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With the thickness reduction, the single domain state 
starts competing, first of all, with a multi-domain state
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