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Storage of information in a ferroelectric

Size effect in ferroelectric thin films

Materials:

Pb(Zr,Ti)O5 (PZT)
SrBi,Ta,0q

Thickness < 100 nm

The problem for down-scaling
-> ferroelectric/electrode coupling

N

Surface Incomplete Surface induced
interaction screening asymmetry
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Ferroelectric/electrode coupling

Surface Incomplete Surface-induced
interaction screening asymmetry
Interface locally Bound and free Interface “likes”
suppresses charges are separated one direction
ferroelectricity at interface of polarization

electrode HHHelectrode
Can be modeled P
: E o=
as a passive layer depol ™ hy 5

Energy of ferroelectric capacitor
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Electrostatic energy of short-circuited

capacitor
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Suppression of homogeneous
polarization state
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Multi-scale approach to the size effect

Phenomenology
applicable to any h
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Ab initio calculations
( can be done for small h)

To calculate
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(Tagantsev et al., 2008) 11

System under consideration
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Calculations

')0 e SrRu0O,/BaTiO;/SrRuO, stack
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to stabilize tetragonal phase 13

Technical
%% SrRu0,/BaTiO,/SrRuO, stack
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SrRu
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0%,9 VASP DFT with GGA
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BaTiO,

Monkhorst-Pack grid = 6x6x1

K Eoon= 400 eV  Fup<1meVIA;

Short-circuited stack = periodic boundary conditions
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Aumpling (A]
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Determination of A and n
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Parameters of SRO/BTO interface

. A+7n¢g
Parameter Soft electrode (real) Hard electrode
. Ti-Ti Ru-Ru Ti-Ti Ru-Ru
_ electrostatic
A 0.124+0.01A 0.134+0.01 A 0.204+0.01A 0.10+0.01A
con +0.01 A 0.01 +0.01 A 0.024+0.01A 0.08+0.01A

~ short-range

@ &,7 is much smaller than the expected “atomic estimate’~ 2 A

@ For realistic interfaces, the short-range contribution is relatively small

C=15x10°K

A
AT (h)=-—  A=x2CA=3.6x10°Knm
A+ng,=1.2x107 nm h 17

Size effect in STO/SRO/BTO/SRO system
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2 100
s A
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Upler =—0.022 wmp AT (U,)=1000K h; (300 K)=3.2nm
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Where is the gradient term?

(Kretchmer & Binder, 1979)

@, /N —%PZ +§P“+E
Out-of-plane geometry
P,
T BaTiO,
] & £ =0.03-0.2nm
: / Z g, is too small

L Solution to the problem

N

Taken into account by P = const
q)surf = Q Pz
2 (Tagantsev et al., 2008) 19

Domain instability and size effect
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Chensky-Tarasenko instability

X
d h d
electrode| “ %4 |electrode
YA
First-harmonics approximation Multi-domain instability
to domain pattern
(“soft” domain pattern) PZ = acoskxcos qz
—
~—
(Chensky&Tarasenko, 1982) 21
Chensky-Tarasenko instability-
mathematical problem
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Chensky-Tarasenko instability-

result
2
Critical normalized 2 3Dg; -
thickness of the passive layer ﬂ’m - < A=d /(gd /80)
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Chensky-Tarasenko instability-
result for STO/SRO/BST/SRO
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Chensky-Tarasenko instability-
result for STO/SRO/BST/SRO@RT

SrRuOslBaTiO3/SrRuO3ISrTi03 @RT
A= 0_12,& A =~ 0_02,& A> ,1m domain instability

Critical thickness

AT, =Bu, —% Ay =2CA =06x10°Knm  Neir(300 K)=0.5nm

Domain period

W
v?v: herh hey =7\/6,D ~0.75nm  h=30nm ?zSnm
25
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 A> 1
(soft-domain approximation)
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Soft-domain approximation and real life

TSSS TSS

Ty para '

X X X
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(i) High harmonics on cooling /W\J —p | 131
(ii) Elastic effects (Pertsev&Kohistedt , 2007)
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Domain state of ferroelectric
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Chensky-Tarasenko theory vs.
classical Mitsui-Furuichi theory (1953)

Mitsui theory (A>>h)
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Experiment: STO/SRO/BST/SRO

(Kim et al., 2005) T

h=5-30nm; RT

Single domain state
is metastable
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Experiment: STO/SRO/PZT/SRO

“Domain assisted” size effects
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size effects h,. Ny 33
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Conclusions

The size effect in ferroelectric films is controlled
by misfit strain (u,,), screening conditions (1),
parameters of ferroelectric (A,,), and
temperature (T)

24 C

Tue :TC—%(S/i—Z/lm) Tu=Te—— = T
X X 23 X

T, =T, _%(1.51 ~054,) T.(u,)

With the thickness reduction, the single domain state
starts competing, first of all, with a multi-domain state
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