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DIELECTRIC DISPERSION

Space Charge Polanization

Dipolar Polayization

Tonic Polaxization

Electronic Polarization

Vacuum permittivity=1
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FERROELECTRIC DOMAINS
%+ % *+ ¥+ Single domain crystal:
p ' IRILF—HIZERRE
®Fabrication -heating above T,

-cooling in an external E-field

*i=ihi— Multi-domain crystal:
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(Single domain crystal)
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Ferroelectricity disappears above certain w
temperature called the transition
temperature T (Curie temperature).
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\ paraelectricity

phase where e > 1 and e(T) decreases
rapidly with increasing T, P(E=0)=0.
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L Above T the crystal is in a paraelectric
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Ehrenfest(C & 2 1BEZ NI DERK:
FITRIRILF—GONRHADRNERICRDHDZ
nX188:# (n-th order phase transition)

Ehrenfest Classification

first order phase transtion (1 KFHIERS)
second order phase transtion (2KAHEAFS)
n-th order phase transtion (MR AHEEFS)
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THE FIRST-ORDER PHASE TRANSITION
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THE SECOND-ORDER PHASE TRANSITION

|
* N
i &84 B 2 ’kﬁﬁ%
H h :
A ‘ FTRIRILE—
* T BEERE TR CEL
| ; o ;
p | IyhkOE—:GD 1 RHD
? / BRI
H |

7c BE e 0 GD 2 kD

&

TEELLE

EHRENFEST [CXK2 D3 DHR

MODERN CLASSIFICATION OF PHASE TRANSITIONS

Ehrenfest [CKD D FEDIH2 ¢
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Modern classification of Phase Transitions
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Free energy of Landau Theory
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~ INTRODUCTION TO LANDAU’S
THEORY~
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L. P. Kadanoff et al., Rev. Mod. Phys., 39 (1967), 395.
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F(m)=F0+—aP2+—bP4+EcP6+ -EP
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b=0 > 2XRD¥I

F ONEHE > RDNRETHDIFHE

oF

— = 3 E=
P =aP + bP> + ... -E=0
If E=0:
a+bP?=0 > P=|-2- > P=
=
é E: external electric field \
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To=Tc  Temperature

E>0
E=0 T If EZ0:

equation of state

a 1
B (ToT)?

Nontrivial solution; only if T<TO,
for T>TO =»P=0

cubic equation to solve =»P#0 above T,
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For your understanding of the Landau’s 2nd order transition

B & B -brass(CuzZn)
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F(m)=F 1 P2+ L ppastoper.... Ep
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Simplifications: we neglect dependence of parameters
on p and for simplicity only a = f(T) = a,(T-T,)
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ORDER PARAMETER AND THE SECOND-ORDER PHASE TRANSITION

() random occupation

&BZ (Occupation fraction)
Cu on body-center: w(Cu)
Zn on body-center: w(Zn)

When the occupation is random,
w(Cu)= w(Zn)=0.5

Order parameter: m

#FAIE(B2) TIRANMB(A2)

m= <uo(Cu)+(.oZn>

m=1 for a fully ordered state
m=0 for a completely random state
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order parameter

o

Tc Temperature
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PHASE TRANSITION OF FERROELECTRISITY

b<0 = 1XRIBEH 1 R18§:%8 2 R8RS

We need term +%CP6 in order to keep F positive. €
IfE=0: oF
aF’ =0 = aP—|b|P3+cP>=0 = trivial solution P=0 BR D IEPs B AR
1/¢
nontrivial solution € a—| b |P?+cP*=0 —/
T>Te @T minimum of F appears at P#0 7
= discontinuous jump of P from 0 To Tc BE
to some value # 0 @T
T,=T, T, <T, g Py 1B
(T ¢ S E1<E2<Es Ei< E2< E3
O - \
~_ " p. 3
[a¥ =0 E1E E
.......... [ E=0| E1 E2 3 E50
Ps(Tw) Te Temperature ‘ E=0 Ei| E2 Es E=0 ‘
If E#£0: at some critical E¢ discontinuous transition becomes continuous

critical point defined by (T¢,E() Tc mE Tc aE
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~ACCORDING TO THE NATURE OF THE
FERROELECTRIC PHASE TRANSITION ~
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SUCCESSIVE PHASE TRANSITION
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DISPLACIVE TYPE

Perovskite-type Oxide, ABO;  ex) BaTiO,, PbTiO,

Y H&ENROT RAHA SMEE(On) Projection of the ABO, structure

on to the (010) plane
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ORDER-DISORDER TYPE

TR 1) D A; Sodium Nitrite, NaNO,
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TGS;HREE U 2 Vtri-glycine sulfate, (NH,CH,COOH)3H,S0,
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