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FLERACELECTRLCS

i. 1 Introdauctions:

- to- o - - > W

LThe fercoelectricity is an interesting and recent branch

las

of <dielecctricse A number of phwsicists tried to ianvestigete

PR 1

new phenomena during last few years in tnis kranch. Yhe

—

ferroelectrics are the matcrials which possess the spontaneous
electric polarization. +he ferroelectrics can be studled ouly
when tney a@re in the fom of single crystels. ieny of the
ferroclectric meterials such es barium titanate, Kechelle
s2lt, triglycine sulfate etc., can be usad in optical devices,
clectronic devices and second noenmnacnic gencration. Usuelly

the ferroelectric crystal

anc of which thoe dirccticn of spontaneous polérization cean

‘he first ferroclectric material that was digcoverec

is sochelle seli i.e. Sodium~Fotassium tartrete tetrehydrate
(NaKC4H406 ' 4H20). Fockels (1394} reportad the anomzlously
large piezocleciric constants cf Kochelle selt. Valasek (1920)

obhserved the forroeclectric hysteresis loop in this crystel.

this crystel werc made in seversl countrics.

proposed @ phenomenological theory which f£irst
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brought us of the relétlicas
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netween anomelous dielectric, piezoelcctric an

cheviours of this crystal.

Bugch and Scherrer (1935) discovered ferroelectricity

4
in potessium dihydrogen yrhosphete, Kid,FC, (KUF) and its
roperties were studied by the Zurich group. Slater (1941)
T ] 2

published @ theory of the phasce transition of K FO,, wil

stinuleated interest and insvireticn in ferroelccori

]

Cgawa (

[

943} in Jepen, dainer and Solomon (1943) in
the UsGefe, and wul and Soldman (1945} in the U. 8. S. ke discovered
independently the anomalous dielectric psopercies of B2 010, ,

>

and later Von Hippel et al (1946) and .4l and 3cldmen (1945)
confimed that Ba in3 1s ferroelccotric., Ba '10 and geveral
ceramics of isomorphous oxides show large dieclectric constants

and beccauge of this fact ferroelectric meterials became very

usoful in applicetic.is.

Shirene, Sewequchi end Tekagi (1951) repcited anti=-
ferroclectric bchaviour of Pb2r03. AfLer one Or two yeers
many new ferroelectrics were discovered and it was revealcoed
thet ferroclectricity is not sc igelated a phenomencon as had
been considered. Large discoveries of ferroclectrics ware
done since 1950. the wats of discoverinj'férroelectlics

decreased to some extent apout 19¢5, but recently ageia therc

ere many repoits on new ferroglectricse wow @ days, a ounbes



of ferroclectrics accurate research technicques have been
developed and, as a result, the researches on these materials
have ioome across the boundary which is beyond the stage of
phenomenological tnecrve These researches have also reacned
~he stage of precise physics of the sclid state. Mucn of the
regearch work 1s done on Ba 'l‘iO3 , triglvcine sulfate and

HatlO, .
as,

The useful tarle of seventy six ferroelectric crvstals
was given by Jona and shirane (1962). Recently Subbarao (1972)
nrovided comprehensive compili;%ion of ferrcelectrics an
antiferroelectrics known upto (1971). This provides a useful
source of data on thne gpontaneous polarigzatiocn end curie

temperature of ferrcelectric and antiferroelectric meterials.

le 2 Melcectric Froperties of Crystals:
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According to electromagnetic theory, when the electric
fiecld at a point is E, a small change db in elcctric dis~
placement D gives rigse toc a change of electric encrgy
density by an amount of ( 1/4ﬁ } EAD, Thig is of course

applicable to the cage of ferroelectrics.e The relation betwern
D and a polerizaticn F iss
D = E + 4% P --—- (1e1)
The first teyxm has nothing to do with the existence of

dielectrics and can be regarded ag the change of electric

energy density stored in vacuum. The second term of this



equation is due to the change of polarization of dielectricse.

Above equation can be also written ast

- — - .
D € E Eoc Eo - - - - (1.2

sdhere .E% and ~§ are the field strengths outside and in the
dielectrice X0 andEere the dielectric consteants of the

surrounding medium and of the dielcciric respectively. Since
<he surrounding medium is ugually air or vacuum, €, is taken

<0 be unity.

The dielectric constant of an isotropic medium czn be

defined ag:

. " n
€=+ =2FEE g +ampy - --- (13
o B _ &€-1 - :
Jherc‘q’ =g = i3 - (1.4)

Here n’ is the dielectric susceptibility.

Equation (l.4) gives relation between n_ and € .

In a non-cubic crystal the dielectric response ig
degcribed by the components of the susceptibility tensor or

of the dielectric congtant tensor.

pj = ’ij B - - = - (1.5)

Ejk= 1 + 4% "ij - - - (1.6)

From equation (1.5), we can write following eguations

due to Kelwvint



Py Mg B P g0 By T s B
Py SWp1 BEp TRy By TR o5 By

Fy S M3p By T3, By YR 33 B3

N Ne? S ABa AN N At e

I
!
I
i

o~

-

.

~3

N #

Corrasponding to (1.7), we have the following equations

for components Of displacement:

e = yo)
b, *€ 5 +€, 5, +€ 5

b, =€, B +€, B, +€,; By

D

€ =
35 T3 L +€5, By +€, B

N M Nl M Nt M N S

The subscripts 1, 2, 3 refer to the orthegonal crystallo—

graphic X , I, & axes respectively.

The statements conceming the polarizability and internal

field are summarigzed below:

The dielectric behaviour of ferroelectric crystals
depends on polarizability and intermal field. The actual field
in a dielectric varies greatly from point to point, over
distances = comparablc with molecular dimensions. The internal
field ¥, also called the local or molecular field, is defined
ags that field in a very small spherical cavity from which the

molecules have becen removed.



According to Lorentz equation:

-

F=E+yp +E(L1+Y¥y) - - = - (1.9)

Jhere, L 1is statistical field in the dielectrici F is
polarization and ¥ is internal field constant in an isotropic
mediun, Y = 47f/3 « But in the crystals of the lower sgrmetrj,

U

¥ differs from 4%/3 bu% the magnitude is the same. This Y~ is

independent of temperature.

In the field F, each molecule becomes polarized and
acquires the dipole moment p . The polarizability of the atom

is defined by:

P = XF - - (1.20)

The polarigability is the atomic property, but the
dielectric constant will depend on the manner in which the

atoms are assembled to foxm a crystal.

The polarization in the crystel may be expressed as:

P=% N, P, = & HN. & F(j) =-=-- (1.11)
T3 5 3T

#dhere, Mj is concentration,,(j is polarizability of
the atoms j and F(jJ) is the local field at atom sites je

Teking local field as:

F = E + 4%/3F - - = - (1.12),

de get B = v oo, CE +47/3 2 - - - - (1.13)
J



Therefore dielectric susceptibility n‘ ist

w= 4 = yERIEE - - - - (2.18)
1= 43/3?‘\%"(_]'

Since €= 1 + 4% LI

in CG3 units, we get,

€~ 1 _ __4am ; o -

This is well-known Chausius = Mossottl relation. This
equation relates the dielectric constant to the electronic
polarizability. The total polarizability is usually separated

into three partss

I) Electronic Polarizability (e )@
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This is due to displacements of electrons within tne

atoms Oor ionse

I1) Atomic FPolarigability &g )3
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This is due to displacement of atoms or ions within the

molecules.

I111) Dipolar Folarigability @¥d)‘

This arizes from moleculeg with a permmanent elcctric
dipole moment that can change orientation in an appliced fields
Yhe contributions to the total polarizebility are shown in the

Fige (1e1)e
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Fig.11: Schematic representation of frequency dependence

of the several contributions to the total polarizability.




The dielectric consteant at optical freguencies is
entirely due to the electronic polarizability. The atomic and

dipolar contributions are gmall at high frequencies.

Folarigzability is the function of freguency of the
zpplied field. At low frequency of the applied field all
types of polarization are equal to the value in the steady

field.

1.3 Ferroelectric Materials and Their Froperties:
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Ferroelectrics are a@ll solids and all are non-metallic,
the propertiss of ferroelectrics are most simply studied when
the material is in & single crystal fomm. Ferroelectrics should
not be confused with ferrites which are non-metallic ferro=-

magnetic materials.

A ferroelectric crystal is defined as a crystal which
belongs to the pyroelectric family ( i.e. shows a spontaneous
electric polarization), and the direction of spontaneous

polarization of which can be reversed by an electric field.

in ferroelectrics is observed as a nomal hysteresis loog

shown in Pige (1s2).

Three prominent properties of ferroelectrics are,
their reversible polarization, their'anomalous' properties

and their non=linearities. Most of the ferroelectrics cease



Fig.1:2:Schematic representation of feerpelectric
hysteresis loop .
Ps : Spontaneous polarization.
Pr: Remanent polarization.
Ec: Coercive ftield.
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to be ferroelectric above a temperature /To known &g the

transition temgerature. The anomzlous behavior near lo i

%]

probably as significeant es the reversible polarigzation, but

it is not definitive of a ferroelectric. the permittivity
sises sharply to a veiy high peak value at the temperature To ;
the very high valucs in this neighbourhood are referred to

as anomalous values.
The permmittivity values can be cz2lculeated asi

€=1+4T 1R in e.s.l
(1.18)

R e
1
1
1
1

c=€c + R in MKSunit

wWwhere, €o is vemittivity of free space.
Above the transition temperature Ty , the anomaly is

frequently of the Curie - Weiss fomms

_ _4F ¢ )
e T e P )
e oo
_c ) (1.17)
T T =T, MKS y

dhere C 1is known as the Curie constent and Te is

Curie temperature.

With increasing temperature, ferroelectricity usually
disappears above a certain temperature called the 'transiticon
temperature'. At the transiticn temperature, the ciystal
undergeces @ transiticon from the polar steate to the non=

state. Pg 2 rule, the low temperature phase is a polar ;hasc.

1
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The phase transiticn can be of the first ord
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{usually second) order.

s

The first order transition is that in which there is a
iscontinuous change of volume and energy, the energy avonearing
as * ent heat ® in an infinitely narrow temperature range.

A second order transition is that in which “here ig no discont=-
inuity in the change in volume or enecrgye. Thus inm the second
order transitica the.e is no release of ‘Latent heat' buc the

heat show a2aomalics

9]

expension coefficient aand the specifi

.

oxtending over @ finite temperature renge. Uther propercics

3

H

suchh es polarizaticn show discontinuity in e f£irst ordex

change but not in a second order change.

~

tThe properties possessed by the most of the ferrcelectric
meterials are as followsi=
1) They exhibit & dielectric hysteresis loop hetween

polerigation and applied electric field below a certain

critical temperature, this temperature is called the

ferroelcectric trensgiticir temperature.
2) They have a ferroelectric domein structure wnich may

ke visgible in polerized light

3) They have a hich dielectric constant elong the polar

-

axis, which is & function of tempereturc and riscs to

2 pedk value 2t the curie temperatlic.
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4) They possess a Pseudo Symmetric structure. In the
ferroelectric phase the structure belcongs to the zolar

cleéss.

5) they have a transition at the Curie temperature to formm
structure ¢f hicher i?mmetry.

6) The Curie temperaturc is raised by appliceticn of a
biasing field, oxr @ hydrostatic pressure.

7) ‘hey show piezoelectric and pyroelectric properties
below the Qurie temperature.

8) There 15 a sudden appearance of surface charge at the
transition.

1.4 Spontaneous Folzzization:

Folarization P 1ig defined as dipele manent per uait
volume. Dipole moment may be measured in debyes; a debye is,
18 9 HKS

10 €e SeUs O l/3 X 10~

The existence of dielectric hysteresis loop indicates
reversible sponteneous polarization Fg « The experimental
methods for observation of the hysteresis loop on the screen
of a Cathode Ray Ogcillograph are based on-the Sawyer and
Tower circuit. The hysteresis loop schematically represented
ig as shown in the Fig. le2. The linear extrapolation from the

saturation region to gero field gives the spontaneous pclarizatior

&)

P The intercept on the polarization axis is Fr (remanent

s -



14

polarization) and the intercept on the I = axis gives the

W

coercive field.

The main defect of the Sawyer and lower circuit is the
chase difference introduced between the applied ficld and the
nolarigzaticn of the crystal, because the impedance of the

crystal is varizble.

The nature of the temperature dependcince 0f Fg is
governed by the type of phase transition. In @ ferroeleciric
crystal which undergoes the first = order phase transition,
Fg suddenly falls to zero at the transition temperaturc.

Merz (1953) had reported that the :trensition in Ba Ti0, is an

3
example of the first order transition. In a ferroelecctric
c¢rystal which undergoes the second-orde:r phase transition,
Pg decreeses continuously to zero at the treasicion temperature.

The transition in triglycine sulfate (Jona and Shirane, 1962)

is an examgple of the second—-order transition.

1.5 Clagsification of Ferroelcctrics:
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‘he phenomenon of ferroelectricity hés been discovered
in @ large number of crystals or materiels and therefore it
is becomg;a more coannon phenomenon than had been considered
Zor a long time. Thercfcre, it is difficult to classify the

ferroelectric materials. However, the ferroelectrics have been

zlagsified according to different criteria as follows -
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L) Crystel Chemical Classifications

This clagsification divides ferroelectric compouncs
into two groups: The first group includes hydrogen=bonded
crystal, sucn as potassiwa dihydrogen phosphate, rRochelle 3alt,

triglycine sulfete etc.e The second group includes the double

oxides, such as Ba Ti03 ' KNbO3 ' CdZNb207 P PbNbZOG, beazog
etce
2) Clegsification According to_the itumber of Lirecticng

#1lowed to the Spontaneous Folarizations

T e T o BN W WS Yty SHE WS e T S e S g S SO0 A T WS G W oy G S T Tt g e E Sy S e S W S

This kind of classification also divides the fcrroele-
ctrics into two groups. The first group consists of such tyre
of ferroelectric materials that can polarize along only one
axis like potagsium dihydrogen rhosphate tyvpe ferroelcctrics,
rRochelle Salt, ammonium sulfate, thiourca, triglycine suliate
and triglycine selenete. The second group includes those
ferroelcctrics that can polarize along several axes that ore
equivalent in non-polar phase such as La TiG3 type ferroelect~

rics, €4, Ab Pbﬁbzcsetc.

277

Both groups show plezoeclectric cffect in the polarized
pnasee. Ferroelectrics of the second group often have transition
points below their Curie temperature, at which the sponteneous
polarization changes in magnitude and direction. whis type of

classificetion is particularly uscful for the study of

ferroelectric domainse
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5 Clasgificatica iiccording to the Existence or Lack

non-polar Phage:

-

Thie type of classificaticon divides the ferroclectiics
into two groups. the first group consists of those ferroelect—
rics that arc plezoelcctric in the unpolarized vhose like
Rochelle Salt and releoted tartrates, KﬁzPé4 tvyre ferroclectrics.
fhe gescond group includes those ferroelcectrics that are not
plezoelectric in unyolerized phase, guch as Ba TiOB, CdZNb207 P
PbNb204 etce Thisg classification is perticulerly useful Zorx

the themodynamic treatment of the ferroclectric transitiocons.

4) Classification &ccording to_the Hature of the Fhase
thange_at_the Curie Foint:

This classification divides ferroelectrics into two

¥

greups, order=dicorder Jroup @nd digplecive yroups. Yhe order-

disorder group of fervowelectrics dncludes ciystals with nydroucn
Honwus, such as KHQPO4 and isomorphous salteg, triglyciane sulfeate.
=

the ferroelectrics in this group uandergyo & trangition of the

The displecive group of ferroelecctrics includes ionic
crystals, whose structures arc closely related to the Ferovckite
and ilmenite structurss, like 3aTil, and mozt of che dcoublce
oxides which are ferroelectrics. ithe simplest ferroelectric

crystel of this group is 3ete (Fawley et 2l, 1966) with sodium

£
chloride gtructure.
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) Classification ‘wccording to the Fredominant o
of &Atomic Displacements required by Folarity
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Ebrehams and Keve (1971) examined the properties

17

STULC

1< :

vergel

of

fervoelectric materials., They clagsified ferrcclictrics into
three classcs according to the predominant nature of the atomic
Jdispleacements reguired by polarity revergal.

ihe one - dimeasional class includes those ferroelectric
crystels in which the etomic displacement vectors (8 ) and
all Loci (L ) £followed by thc atoms during reversel, cre
Zinesr and parcllel o the polar axis, sxwemples Of thie Jroups
are Ba’l‘iO3 ,Pbrio3 R de03 and Sbi31

The two - dimensional class includes those ferroelectrics
in which the atomic displezcement Vector (7? ) or the actaal
Loci ( L ) followed by atoms duriag reversel lis in parsllel
planes containing the polar direction. e.ge. 3albyr, , HCL, H2r,

nanG

5 etcCe

e o~ dimensional class includes chose

yetals in which the displacement Vector (& ) and

8]

Zollowed by atoms during reversal, have esscentially

i)

&

orienteticns. Examples are (W s5¢, , KHZI-'O4 .
£

2

Theories of Ferroelectricity:

S s W s W oy o et Wt . Y W T e S G T St Sk W S Y S . Vo . -

~1

Many physicists tried to explain the ghenomen
ferroelectricity in crystals eand proposcd & mumber O

ferroclectric
the Loci (L)

random

on L
< Shoeorias
T CheOrles
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but ac any one theory wes found to be satisfactory. “he nost
promising and chellenging theory due to Cochran is bascd on
the lettice dynamicsge e shall discuss themnodynamic theory

and meodcl theorics of ferroelectricity in brief as fcollows

o6 (a) Thermodynamic Theory:

- e s . s o o o O o o o 1

this theory is general znd indeyendent of eny particularp
nodel. hough this theory does not provide iphysicel mechanism,

it vroviaes @ framework which can be used in connection with

jall

ny pérticuler model.s the pioneeriny work in fommleting e
chemodynemic theory f£cr the case of kochelle Salt has boen
done by Muellcr (1940) end Cady (1946€). “his theory cen be
liea to Kd 14¢

also app 4 tyre ferroelectrics.

h'

The themmodynamic thecry is not appliceble to Baiil
tyie of ferroelecctrics; becsuse these ciystals have more th2an

one ferroelectric axis and arc not piezoelectric in para-

electric phase. & thermodynamic theory of such ferroelecirics
was developed by Devonshire (1948, 1949). This theocry is based

on the following assumptionsi=

1) the free eneygy of the ferrcelectric crystal is regarded
as a function of temperature, stress and polrrizetion.

2) The polarized phase 1s regarded as a sliynhtly distorted
unpolarized phase. Thercfore, in the polarized phase

the crystal is described by the sane free eneigy function.



3)

4)

Gibb's

extemel stress, T is the tem

The anomalous piszoelectric and elastic properties are
considered to be a result of the anomalous dieclectric

behaviour.

The second = order piezoelcctric coefficient i.e. the

electrostrictive coefficients are of main importence;

o

because the crystal is not piegoelcctric in the

unpolarized state.

The free energy functions contein three components

of thc polarization vector.

The free encrgy ©f the cxrystal is enpressed by the

functions:

G, =U - Ty Xi Xi+ Enm Em - - - - (1s 157

where, U is the internal energy of the crystal under

3 m

P s

13

serature, S is the entrogy and

Xi is the j th component of mechanical stress. F, is the m th

component of electricel strein (Folerizetionl). ihe differenti

formm of this function igst

d(GlJ=-SdT+IidX_;_+Em:3Pm - - - - (1. 19)

al

The index 1 can take gix veluss. For compressions or

e b - .
cxpensions, = 1,2,3 and for shear (= 4, 5, .

can be



dependent coefficientse Let us consider that crystal is
ferroelectric below the transitiocn temperaturc %o « For the
sekc of simplicity it is assumcd that ian the fcrxoclectric
regiou, the spontaneocus polarization occurs along only cae
axise Let us consider that 3., is the free energy of the

unpolarized civstal. Devonshlic found thet it was necess=qyy

<

- L0 » . - .
<O congider terms uprto F . Thug on exyonsicn of the free

cnergy for X = o, is given by the eguations
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poleyigaticn and derivetive of Gl Wo Ie e F is the extemn?lly

Y
]

ihe meoning of . X can be scen from the followiug

consideration. Let @ ¢nall luctric £icld & be apglicd to

a . e . P o N . N . iy e PRI
the cryetel: then under zero pressure Zoom couation (L. 167,
AG, = = 347 + 3 dgr - = - =~ (1.21)
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Wove the transition torvesrature, the coloyigeticn is
* K o3 iy — e K S e emrn
ylied ficlds. whercforedws & In all torms
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1) X F

2= |
ST

5 3 l ‘ (1. 25)
- == le 23/
E

<he diclcctric consteat and succcytibility along thc
oley axis ave given by,
L an %4\ -—-— (1.24)
1%
€-1
From equaticas (1.23) and (1.24) we have
LY 1 N
X = = o - == (..Lot.)l
€ -1 43
ple

e

thet coefficient X is equal

"his eouation shows

L
reciprocal of the supceptihiliiy Y\ .

the susceptcinrility

erslefe
lmA.l\;jﬁ,, (WS

However, in this

DO ra o

constant along the polwer axis arc

~&€-31 _ C_ - -
== = %6
D
30 that X C
4 L. is Curie-viciss

dhere, C is

tompe ratilre.

- followinn

i

From cquaticas (le23) and (1e27), we cbhtaiu Lh
cquations for the aygliced field and the dielocctric congtanis
— 834 A - - fy o~ %
= (710, = (1e2C)

E J

P
'.‘
.
[\
A\
[—




1.6 (k) Spontaneous Folrrization:

S s
, f o 1 i
FPor the thermel couilibrium, ( 3T ) = U, fThercfore

spontaneous polarization P, for zexro applied electric ficld

s2tlsfies the egquationt

- - - - (ie.30C)

.1
A Eg + e 2 +-(pz

It follows thet the value of Fg which gives extremun

of 53, are given by Fg = G

1 S
1 {1_2 1 %
X +g k’s+f }S

!
1
1
I
~
fas
.
G
'— 3
L —

= 0O

e N N s S

From equaticn {l.20) we can also write,

2
é-:;1 1 L, b
52=X + 3P P +5 ¥ F - - - - (1.32)
P
1

1
It X, E1 and ¥ are all positive, ¥g = o0 gives @ positive
2 .
4

> 4

value of 1 . “hercfore, ¥g = 0 will correcspond to the

S e°

only minimum of frce energy end in this case spontaneous

polarigation would anot ocour. iowever, if as a result
1
temperature dependence the coefficient X becomes negative,

2
Gl would he maximum for Fg = o, because in this cese 3 3

S’
1

negative quantizy. J~hen X is negetive, the eguation

1

-
16}
9]

(1. 20) gives at leas: one non=venishing valuc of PFg for
2
which S Gl would be positive gquantity. his shows that

$S 2

in this case 34 would be minimum i.e. spontaneous polarization

would occiirte.



le6{c) Second Crder Drensition:

1

If the coefficients ﬁl and‘tl are pogitive and X
varies from poOsitive o negative as the
we obtela free cnergy curves as shown in Fige. 1.3 (a). ihe
coriesponding spontencous polarization, as 2 function of

cemperature ig shown in Fig. 1. 3(b).

For 1 L e, ths spontanecus polarigation 1= gilven by,

Fg = =1 - - - (1.33)
o

thig eguetiocon shows that Eg is 2 countinuous function

of tumperature below L. and it decreascs contiaucusly to zero

at Lo 22 shown in ¥Fig.l.3{(b). & treasitlon of this type is
aot agsociated with LoLent heat but with a2 ddscoavinuicy

.

Zn che specific heat rad 1s celled 2 scoonu~Oruer transicidile

b

For scocnu~oruer transiticon the susceptinility zad
dielectric constent gbove the Curlie tanperesture Yo are ~wiven

by

Below the Ctramsitioan temperatur: an cxpressicn for tho
susceptibility end the dieleciric congtrat 1s obtalned as

Zollowss

Agsuming that the temm ¥ in equation (le26) and

(1.29) is nejligiblc, we obtain ~
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Fig.13(a): Schematic r¢, rvsentation of the free energy as function
of polarizatic.- " various values of X for a second-order
transion.

1
n

P—

Fig.13(b):Schematic representation of the spontaneous polarizatior
and reciprocal susceptiliility near the transition temperature
Tc for a second-order transition,




B = ( JE + gtk - - = - (1. 35)

’r ’L"” J.‘O . . .
1. 4 )+ 3 .Y e - (1. 36)
n e 1 - C

For small =pplicd 1»1“0 he totel polarization is
neerly equal (o the spontanecus polarigaticn. iece F = Fg ,

sO .that according to equation (1.33), we have

pteg = - (=22 - === (L1.37)
c

4% &=L,
i = =2 I .
R oe-1 C

Since for second=order troasition

— [} - h? -
= . We heve

L
o
N
0

or rt = —————— — - e e we (*‘ 350
4% 2 (Lo = D)
<he temperecarce dependence Of the reciprocal of ihe

. N SR T s . .
as given by eguetions (1.34) and (1.358) is showin in Fig. 1. 3(b

1.0(3) Pirst Crder irensitions

Jde know thet £or the occurance Of spoatauncdus polari-

zetion, X¥ should be negative. If ot the stme cime BT ic

rOsitive, ther: ic a sgecond-Grder traasgitlon. Lot us cuasiles

the ceege f£or which B~ is negocive 2g the tamperature iz lowcwic

)



I:. thic cese the f{rce cneryy curves arce shown in Fige l.4(zi.

From eguation (1.20) we get,
= (.;,Q".\JJ

From equations (L. 397 and (1.40), we can find the

=_3/; Ciy - - - - (1.41)
X = /46 ( s;‘}‘r‘) - - (1e42)

; - - - - (Led3)

lexrizatiocu i1s disconzinucus at

O
-
=3
&
c
[ad
v
D]
} 2
(a3
o
o
ct
o
o
by
9]
o
{5
hat
¢

Lrd

as shown in Fig.le4(bi. 7ccordiag to egua

cntropy will 21s0 be discoantioutas at ¢ end thers will be

latent heate iew. the trénsitic: is of ©

o)
et
o

Lot ne ake inwoe coasideratic: the suscencibhility

the “delectric congtznt on
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Fig.1-4@:Schematic repesentation of the free energy as function
of polarization for various values of X' for a first

order transition.

1/11

Tc —T

Fig.'4(b) : Schematic repregentation of the spontaneous polarization
and reciprocal susceptibility near the transition temp,
Tc for a first order transition.
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tempera2tiic. Az 1n tne case of sccond order cransition ths
susceptibility and diclectric constant ia the regicn above

Lo 2gain follow the Curie-wWeiss law -

4 Lo
1f we consider first order transiticn, then boclow the

is not nejgetive at the transition temperature - ,
positive quantity. Its tempersture variation just anove and
just below Tc is shown in Figel.eéd (Rie

6{e) Model shcories of Fervoelectiicitys

2 .

ihe physicel models consisting of dipole monents cf

different unit cells oriented 2long the common directicn ere

essential to explain the occuraace of spontéunelus gola

&

|’))
p
N
o
It
o
v

[54]

. number of physicists have piropoged model theories of
fercvoelectiicity. fn introductory ides of these model thecries

is given belows:

—

Magon and Mathice (1948) proposed the model theory of

In their model theory, they suggcsted thet steble

o
o
=
-
o
L]
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[ V]

tion for the 4 ion is not at the centre of the oxygen

fte

508

Lr}

octahedron but it is at any of the six posgitions which correspond

to glight displecemcnt f£rom the centre towards tho oxyoen
. - . e N ‘ L4
ionse ihe unit cell will have dipole moment only when Iy

5 is
in eny one of these six positicnse. Such 2 Jdipole can not be

- N

com o red Wi

-

ch that in polar liquids; beceuse @liynment of

cipoles in ligquids would be expected to give rise to ferro-

<
.{_lj
ri
LQ
(6]
O
]
cr
)
2
63}
cr
)
I
O
=
~
[e
n
=
n
o

cvperimental end theoreticzl resultis are guite dAifferent.

[w}
r
Ve
e
{.
6]
—
’—_L
\0
[92]
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(o}
[0
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which oxygen ions
sztlcfactory for detexmining the cntropy chenge, but it prodicts
irfre=red 2bsorption line at ~—~ 10-A which is not detecccds

Levonsnire's model theory (1943) consisis of dipcle of

ai.

)

tom Vibrating in the field of ite neighbcu

1-«

ge <he digole
moment is aot fixed in magnitude, but depends on the displace=

ment from eguilibrium positions

nother model similar tce thet of Devoashire wes
Ly Stater (185CJ). The only difference between these twe molels
ig thet each 2tom haés an electronic polarigation #ad

ion hes an ionic polarization.

Me~aw (1352,54; hes suggested that directional covalent

. <

ronding is of primary imgortence in the fervoelectricity of

| 9

PbTiC3 and antifervoclectricity of PbZ:O3 o lMemgaw pointec out
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y

IS8

that 4r ion mey have directionzl covalency wnich vould

[}

certainly influence the beheviour of Fb. lhe drawback of

0

n

Licgaw's thecory 1s that the origin of ferroelectricity 1

.

attributed to ebrupt chengeg 2t each transition in the caarscter

of bonds which is rather difficult tco cstimate.

1le6(£) Cochzran's Theoiy:

G " WA S o U G T — PR e S S

Cochran (1960-51) has propossd a lattice dynamical

cheory of ferroelectricity for cortain crystels. “he theory is

based on the assumption that the ferroelcctric phose tvaasitious

~r¢c the results of the instebility of the crystel letticz with
rcspect Lo one ©f the homogeneons tiansverse optical moaz. If

are accompenicd by polovigatiouw ogcillaocions of couel fregueacy
wnich give rise to @ loc2l f£icld interacting wit
carouzny lony range Coulomb forces.e 1€ £0r dne particuler wode

oL vibreticn, these loug range forcegs ere cgual ia meosaliunde

The theory vrovides 2a cxplaination of ferrocleciric

whesc transition in dizcamic crystels of che Jall-tipe.

Cocnian has used the data oa the lattice dynamics of diatamic

cryetrls and his own cpeirimenczl data cn the ddelceotric
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T R N NS = [
he forroelectric Zdomains =21z the e dllg

AN

polerigzgaticn that differ only in the dirceticn of the polnyi-
zoblCie lthia @ daoweiln in @ ferrocloctric ciyestal all {he

Congoquantly,

2olerigetica. Jhe d

[

91 -.‘L D bhouri: I LOmeLns La e
[ T S e A e e, - - R SN U U~ JOURR UL SN
snclog With one=anouns i ne domercaticn boetwaen twe donsing

is cellced ' domain wa2ll 'e A domain is usually consldclel Bo

chin that it hes much smeller volume thon the bulk material

she domeinse A dommin wall ig electricelly neutral and
corraseponds o @ minimum of the caergy of @ crystal. Conseguencly,

)
i

e ddpoles in the neighbouring domeins are oriented Iin such

e way thet at 2 wall <he projecctlon ¢f the pelarization vector

of one domain is equal in maguicude and opposzite in sion o
the projecticon of polarxizetion vector ¢f the neighbouring

C.OME3ine

The reasons Lor the occuraace of domeins io @ feriO=

cleotric cryst2l are now fairly well-understcoods Abhove the

n the paraclectric ghasc the dircction

o
o
4
} de
l
cr
@
3
o0
¢
Al
)
=
H
(.
je
*
(&
-
-

along which the polerizotion is to be occcured cannot ke =
unigque direction. Bul even in ferroelectiic phasce, there muast

be 2t least two eguivelent dircctions 2long widlch Fg can

ccour with the seme probehilitve. Since &t the Cuwic tenperature

the crystel can polerize in differxent

bR
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cilrections, the pareeloctric crystal consigte of uniformmly

<

rolarized rcgionse Below 1. , the crystel must kbelung by its

4

symmetry, to one of the pyroelectric classes and the domeins

Ciffer in c¢he dirsction ©of Fg o« Thercfoie, wnen o ferroclecot=-
ric crystal is coolcd helow the Curdie temperature, iu the
egbsence of cxlbemel clectrical znd mecnhanical sticss, it

)

bresks up into domains of

[o

different ozientaticns. It meins
that f£rom the crystallogrephic point of view, the domain

styucture is identical with the twining structurc. Mrin opcrations

cf ferroelectric domains have becn discussed by gheluder and

Scuvzlor (1955,57).

1.8 fpplicatiocass
Feiroelecirics have been usced for many 7vears in covices

as transducers. rerroelcctrics

¢
N
M
B
&)
3
[
M
Q
[ah
!.d
pede
®;
[N
ot
1
0
o
0

ares cften beiter thean other materials for pilezcelectiric puiposcs,

meterials, cspecially near the tronsition temperacure, make
ferroelecirics attractive in piegoelceceric applicaticns.e <he

ferroelectrics can be uscd in Tfreguency controls, f£ilters,

minizture capacitors, tuemel meters, modulating Jdevices,

frequency multiplicrs and diel i molifiers. Ferzoelccirics



el Lincar Fropertices:

Ferroelcctriic transducers heve larjer valucs of

riczoslectiice coefficicenis near the trensition tanperature.

dhie purpo
D Co Fileldeg, or sudden changes of field, inlo corrcspondiigg
mechanicel moticns, as in ultresonic gencrators, loudspeakers

. A . T o g - a3 SRV S P - 3 A b —yym e
or pulse generetors fox usce with sonic delay lincce o some

ke

¢ther cases, the pilegoelcctric effects co coavert small

PR [ S “ Al S M [ L. E R ~ + [ S N, e a
moticons into clectiic chenges, as in ultresonic detociors,
strain~yavgee, microrhongs, cidkuprs anws Jevices to mecasgiic

. [
LS. W20

strain=gsuje has beea roported Lo give 100 mV for 2 movarment

In I’”l(_fur. 1011 s Tnd

- Py o oY s s s T | i Y e B e el
navanteds Yor mat€hing into 2iy "blenders' aand Plulst

fre veceds Ihcon heve lover mecnonical ingodeace @ud vad oo
Tre@tor mocio
3 T . e~ s - - gy
o} son=Linezr Frope.ties:
i apbisbeetiguiofip el Jpaduopntiid
M . e 2 .. N N N L F. ey Oy M " et - - - . . _
Jhe noa=lincey jropercice of the ferroclccetilcs gre

Tnd I e s - S - ~ Crpe e e
vhicn are expensivie 40 looz is lower ¢
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-0

sTLIcnTiwn ticans

{s
i

Ny PR T o D L
Coo coull pe usced fox comonic Jouelraliann Lo

thoe chipd hesmouaic at millimeter wavelengths.

- P e T e P T de - : W
Ei’li,] lflc,‘_o -LL e Ccnoay LJ.].\A ISTGICAN ‘.‘3 o e oely »)17’3;3- LTS
byee Of emplificr oon bo used for rumote contriols, ourw
o~ e atamil A ma-d - AR B e v (o) or TR
SV oS, SCCNLILEZS Chwn Wi BUPRLLLL T, CALAL o= L DA R S T P N g N

-4 3 -~ L S ~AD o - . . - T -
Le Y VidCni o oLon OF e Frosont Goxrgs
ks L sy e ki L mER el U

12 S > - - . T . P pla o e ~ A e o e o+ g P -
disciyglinsry regearch £iclos whiceh needs to be teckled in

P : . . e . I R N NN e - RV e e
wiycle 2l SCLLACLE, enjlaeelliinly dudu L‘A;\-LELLU:’LUJI o e clocoronic
""\r =

ad computer applicecicas ¢f Zerroelectrics aroused incerest
among the nunber of rescarch woikers. +he scope for ferio-
clectrics is even furtner broadened in view of tne significance
o= tie related phenomena sucn as piezoelectricity, electro-
optics, pyroelectricity, electro=-striction, non=-linear

dielectrics and licuid crystals.

&nony the ferroslectric materisls, venadates of czodium
and potassium are not =xtensively studied yet. Thercfore it
ig difficult to understend the origin of ferroelectricity ia

them. Yhege ferrcelectrics are nigh temrereture ferreelectrics

[y

and they can be obtained in the ceramic fomuse & very less work
is done on the vanadetes orf sodiwu and potassiwum Dy S2Wada o.
end womura (1951), weughmen (1570), «.Remani and Viswemitra

(1974). ihey studied the crystel structures, diclectric

P4



hysteresis, tnemal expansion, phase transition of uaVuB
and AVOB . &aVo3 showsthe irregular shape of dizlectric
hysteresis ( wsawads and tomura,1951). Thegse venadates of

sodiwn and potassium ere doubtful ferroelectrics.

36

iherefore our aim of tne pregent problem is tc propare

the ferroelectric materials of i\;aVo3 and KVO3 gna to stuuy

ne following properticg of fLerrcelectricss =~

1) Ddielectric hysteresis loop.
z) s0lid- sState bhattery formation.

3) second namaonic generation and RIDEL effect.

~Q0C0-
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