Chapter -1

FERROELECTRIC




1.1 Introduction

Ferroelectrics are certain materials that exhibit.. even
in the absence of an electric field small microscopic‘regions,
which are pﬁlarized in several' directions. The intrinsic
polarization of these regions is specified by the magnitude

known as the spontaneous polarization and denoted by PS. The

-
magnitude  of the vector Py is representative of many

properties of ferroelectrics. Dielectric constant of
Qf

ferroelectric materials are usually large and depend to =a

great degree on the intensity of the electric field. Curie

point Tc is the temperature at which, the chogen ferroelectric

material does not exhibit the ferroelectric properties when

the temperature exceeds the value of T,.

Ferroelectrics are‘mgterials which posses a spontaneous
electric polarization. However, it can be oriented in a
speoific direction by the application of a suitable electric
field. Ferfoelectrics show a hysteresis relation in the

- spontaneous pdlariZation (Pg) and Electric field (E).
: '

The first ferroelectric phenomenon was observed in the
Rochelle salt i.e. sodium-potassium tartrate tetrahydrate

[NaKC,H,O,; 4H,0]. Rochelle salt was prepared around 1655 by



Seigrette in La Rochelle (France). Ferroelectrics of Rochelle
salt was affiramitively established by Valasek (1). He was
v@he first to point out the analogy between the dielectric
- properties of} Rochelle salt and the magnetic properties of

ferromagnetic material. Mueller (2{‘ called this pheriomenon

. 'as' ferroelectricity - because of its analogy with

ferromagnetism. In 1835, the ferroelectric activity of

potassium dihydrogen phosphate (KH,PO,) was discovered by

Busch and Scherref (3). Further they reported that a number
of isomorphous compoﬁnd of potassiuﬁ dihydrogen phosphate are
ferroslectric. Slater (4) published a theory of the phase
transilion of KH;PO‘, in the year (1841).

The anomalous dielectric properties of ceramic barium
titanate was diécovered by Wainer and Saloman (5) (19842) in
united states, Ogawa (6) (1944) in Japan, and Wula and Goldman
.~(?)‘(;945) in Russia. Later on the ferroelectric activity of
BaTiO; was confirred by Von Hipple (8) and his co-workers and
independently by Wu and Goldman (8). Since the discovery of

ferroelectricity in BaTiO; compounds with perovakite
structure (ABO,), they are being studied extensively. Matthias

{10) discovered -ferroelectricity in potassium niobates.
1
Shirane (11) et al studied the various dielectric and opticel

properties of KNbO,;

Jona and Shirane (12) have given an useful table of



‘sgventy six ferroelectric crystals a collection made up-to
January 1961. Mitsul (13) et al, have listed nearly 450 pure
compounds and solid solutions of, ferroelectric character known
to thém from various sources. G&lasso (14) provided +the.
- structure épd property data on a large numbef of pero#ékiﬁé—
type compouﬁds. |

1.2 Ferrcelectric Materials and their characteristic

properties

_ Ferroelectricé are_usually solids but they are also the
ones which are non-metallic. The propertioé of ferroelectrics
are most simﬁly studied, when the material is in a single
crystal form. While in a ceramié form or as solid
solutions, they offer wide practical importance.
Ferroelectrics are materials which posses spontaneous electric

polarization (Ps), that can be reversed by applying a
sutable electric field (Ec). The process is kqown as

switching and thus is characterized by a hysteresis behaviour

As shown in Fig. (1.1).
The dielectric displacement (D) is related both to the
electric field (E) and td‘the polarization (P) and is given by
D =E+ 4nP ' (1.1)

Differentiating with respect to E, we get : 1

dD _ dp
dE - 1t A g
or as ' € =1 + 4nn T (1.2)
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Fig.11: Schematic representation of

ferroelectric hysteresis loop.
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where € = %% = the dielectric constant,
and w = %% = the dielectric susceptibility.

In some ferroelectrics,'tbe temperasture dependence of the

dielectric constant above the transition temperature (T,) can

be described fairly by a simple law called the Curie-Wiess law

{from its ferromagnetic analogue). This law states that,

€= €, + TSTQ - - (1.3)
where C = Curie constant,
' | Ty = Curie-Wiess transition temperature,
'fand €, = the temperature independent part.

The dielectric constant becomes very large in the
vicinity of the Curie-Wiess transition temperature and at such
temperatures the relation between the dielectric constant and

the susceptibility can be approximated by

Eﬁ_ = q - (1.4)

With increasing temperature ferroelectricity disappears

above a certain temperature and that temperature is known

&

as the "Curie” transition temperature (Tc). At the transition-

temperature the material underdoes a transition from a polar
state to a non-polar state. As a rule, the lower
temperature phase is a polar phase and the high temperature

phase is a non—- polar phase.



The first-order transition is that in which there is a
discontinuous chande of volume and enerdy, the enerdy
appearing as latent heat in an infinitely narrow temperature
range. A second-order  transition ié  that in which
there is° no discontinuity in the chaﬁgg‘ in véiumé'and 
enerdy. Therefore, in the second-order transition there is
no release of latent heat but the expansion coefficient
and  the specific heat show anomalies extending ovef a
finite range of temperature. Other properties, such as the
spontaneous polarization, show discontinuity in a first-order
transition but not in a second-order transition.

" The foliowing properties are in gdensral possesed by

most of the ferroelectric materials

1) They exhibit a dielectric hysteresis loop below a
certain critical temperature, This temperdture is
called ferroelectric transition temperature.

2) They have a.ferroéleetric domain structure which may be
yet times visible in polarizéd light.

3) They have a high dielectric constant along the polar
axis, which is a function of temperature and it riées to

a peak value at the curie temperature.

4) They posses us&ally a pseudo-symmetric structurq, in the
ferroelectric state.
5) The curie temperature may be raised to a higher value by

application of a biasing field, or a hydrostatic



pressure.
6) They show piezoelectric and pyroelectric properties
below the curie temperature. ‘
7) | There is a sudden appearance of surface charge at the

4 ~ transition.
1.3 Classification of‘ferroelectrics

For a number of years, the phenomenon of ferroeiectricity‘
was known to occur in a rather limited number of crystals.
Investigations, in recent years, have revealed that
ferroelectricity is a more common‘phenomenon, than that has
been t?gught for a long time. Satisfactory classification of
all tﬁé materials has . become very difficult, . however,
classifications of some ferroelectrics have been proposed,
according to different criteria, certain of which are
enumerated below.

(1) stal ~ chemical clagssification

This classification sorts ferroelectric compounds into
two ¢roupé. The first group cohpriges of hydrogen bonded
crystals, such as Rochelle salt, triglycine sulfate potassium
dihydrbgen phosphate etc. The second group includes the
double oxides, such as BaTiO;, PbTiO,, Cd,Nb,0, etc.

(2) Clagsification according to ﬁhe number of directions
allowed to the spontanecgus polarization

This classification also sorts the ferroelectric



materials into two droups. The first group includes those
ferroelectrics which can polarize along only one axis, such as

Rochelle salt, KH,PO,, PbTa,0,, colemanite etc. The second

groﬁp includes those ferroelectrics which can polarize along
several ‘axes, (that are equivalent in non-polar phase) eé;

BaTiO4, PbNbL,Og, ferroelectric alums etc. These ferroelectrics

are found best suited for the study of ferroelectric domains.

(3) Classification ac i iste
of ce e etr i oup of thei

non-polar phase '
This‘.classification also divides' the ferroelectrics
intq: two droups. The first group includes  thase
ferroelectrics that are piezoelectric in the non-polar

phase, such as Rochelle salt, KH,PO,, and isomorphous

compounds. The second group includes those ferroelectrics,
which are not piezoelectric in the non- polar phase such
as BaTiO,, Cd,Nb,0,, PbNb,0, etc. This classifiéation is
particularly useful for the thermodynamic description of the

ferroelectric transitions.

(4) Classification according to the nature of the phase
exchange at the curie goint

According to this classification the ferrgelectric
crystal are divided into two groups, (1) order-disorder group
and (2) displacive droup. The order-disorder group of

ferroelectrics includes crystals with hydrogen bonds, such



as KH,PO, and isomorphous salts, trigdlycine sulfate. The

ferroelectrics in  this group undergo transition of the
. ordered-disordered type.

The displacive group of ferroelectrics include ionic
crystals ° whose structures are closely.’related fto ”4the'

perovskite, such as those of BaTiO, and most of the double

oxide ferroslectrics.

(b) Clasgification according to the predominant nature of

tomic displacements i b it aversal

According to the predominant nature of the atomio
displacement required by polarity reversal, Abrahams and Keve
(15)"have divided ferroelectric crystals into three groups.

The one-dimensional class includes those feroelectric

S
crystals, in which, the atomic displacement vectors (& ), and
loci (L) followed by the atoms during reversal, are linear

and parallel to the polar axis, BaTiO;, PbTiO;, KNbOy,.

The two-dimensional class includes those ferroelectric

__) .
crystals, in which, the atomic displacement vector (o ) and
actual Loci (L) followed by atoms during reversal,lie in a set
of parallel planes containing the polar direction. Examples

of this group are BaCOF‘, HCl, HBr, NaNO,.

1

The three-dimensional class includes those ferroelectric

; —3
crystals, in which, the displacement vector (& ) and the
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Loci(L) followed by atoms during reversal, have sssentially

random orientations for example, such crystals such as

(NH,),S0,, KH,PO, etc.

1.4 Ferrgelectric Domains

The ferroelectric phase of KH,PO,, directly related with

v

the domains, was first given by de QuerQain (16).. Zwicker and
Seherier (17) bhave made the direct optical observation of
these doma;n using a polarized light. ~Kay (18) and Blatter
(18) et al were the first to report the domain structure in

single crystals of BaTiO,.

%" In genefal. a ferroelectric crystal consists of domains,
which are regions of homogenous polarizatibn that differ only
in a direction of the polarization. All the spontaneously
polarised unit cells, within a domain, in a ferroelectric
crystal are oriented identically, consequently, each domain
haél a microscopic spontaneous polarization, ﬁnd such
polarizations of neighbouring domains in a ferroelectric
crystal make definite angles with one another. A line
of  separation between two neighbouring domains, is called, a
domain wall. The domain wall is usually so thin, that it
has a much smaller volume than the bulk materigl in the
domains. A domain wall is electrically ' neutral and

correspoﬁds to a winimum of the energy of a crystal.

Consequently, the dipoles in the neighbouring domains are
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oriented in such a way that, at a wall the projection of
the polarization vector of one domain is equal in magnitude
and opposite in sign to the projection of polarization vector
of the neighbouring domain.

A single~domain crystal is diffioult to obtain, a crystal’
generally consists of a mixture of domains with different
orientations of polar axis. The fundamental problem is then
that of describing property of a ceramic below the curie
température in ,termé of physical constants of a single
crystal. .Ceramic bodies are agdregates of crystallites which
in a turn may consist of several domains. We have little
knowledgd' of the forces that are working among the
crystallites and of the mechanical strains created around the
boundaries.

A single crystal may contain a number of domain regions
although, by definition, kit cannot contain more than one
crystaliiate. In a polycrystalline material, there mgy be
several domains in each crystallite.' In paraelectric phase
i.e. above the curie temperature the direction along which
the polarization is to occur cannot be a unique direction.
Even in a ferroelectric phase, there must be at least two
equivalent directions along which polarization can ‘gccur
with the same probability. The paraelectric crystal consists
of uniformly polarized regions, because at the curie

temperature different regions of the crystal can occur
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~polarized in different directions. Below T, the orystal must

belong, by its symmetry, to one of the paraelectric classes
And the domains differ in the direction of spontaneous
polarizatioq. Tbgrefore, when a ferroelectric is cooled below
.the curie-temperature, in the absence of external élebtrioal
and mechanical étress, it exhibits domains of ~different
orientations. From a crystallographic point of view, the
domain structure may be said to be identical with the twinning
structure. Twin operations of ferroelectric domains have been

discussed by Zheludev and Scuvalov (20).

1.5 §ggn§ang§gs-?olagization
The existence of a dielectric hysteresis loop serves as

a measure for spontaneous polarization (Ps). This is

defined as the dipole moment per unit volume. The
experimental methods of observation of the hysistersis loop
are generally based on the Sawyer and Tower circuit (215. The
hysteresis loop is shown .in Fig.1.1. Linear extrapolation from
the saturation region to zero field gives spontaneous.

polarization (Ps)- The intercept on polarization axis is Pr

(ramenant polarization) and the intercept OD on the E-axis
gives coercive field.b (See Fig 1.1). The total polarigation
of the ferroelectric in the saturation field OM is represented
by the intercept OL.

The main defect of Sawyer and Tower circuit is the phase



- difference introduced between the applied field and the
polarization of the ferroelectric crystel, that arises as the
impedance of the crystal is variable. Sinha (22) proposed a
modified Sawyer and Tower circuit. Other methods whigh are
‘.commonly ‘adopted for measuring the magnitude of the Py are
(I’ polarity reversal techniques (Cﬁmlibel) (23), (II) charge
intergration technique (Glass) (24) and (IlI) pyroelectric
measurement using calibration for scaling (Glass) (24).

The spﬁntaneoﬁs polarization dépénds upon the

temperature. The spontaneous polarization Pg suddenly fails
to zero in ferroelectries, which underdoes the first-order
phase transition. The transition in BaTiO;, is an example of
first order transition (Merz) (25). In second-order phase
transition Pg decreases continucusly to zero at the transition
tempgrature. The example of second-order transit?on type.
ferroeloctriovis triglycine sulfate (Jona and Shifane) (12).

-1.8 Dielectric Properties and Polarizability

1.6.1 Dielectric properties

A flat slab of any solid dielectric when placed in a

' —
uniform electric field E, and has a dielectric displacement
. . 1

—
(D ), which is normally parallel to-the electric field. The

—
dielectric displacement D is given in C.G.S system as



- h
e

- —3 - - =
D=f,E, =¢E=E+ 4npP (1.5)
. - .
vhere E = the applied electric field strength,
Eg; = the electric field inside the dielectric,
€5 = the dielectric constant of the surrounding medium,
€ = the dielectric constent of the solid dieélectric,
. | .
and P = the polarization.

For the surrounding medium of air or vaccum the value of

dielectric constant €, is taken to be unity. The total

-
polarigation (P) 1is proportional to the slectric field of

| —
strength, (E)
e I .
P=wE (1.6)

where % 1is the dielsctric susceptibility.

— — A
In an isotropic cubic system P is parallel to E, then all
quéhtities in the above equations are written as scalars.
But from equation (1.5) the dielectric constant of an

isotropic medium is defined as

¢ =.D_ - E + 4nP
" "E E
=1 + 4nq : ' 1 (1.7)
n=§;~1- (1.8)

The equation (1.8) is a relation between dielectric



susceptibility and the dielectric constant.

In a non-cubic crystal, the dielectric response is
described by the components of the susceptibility tensor Tk
or the dielectric constant tensor Ejk .

Py = ongy By | (1.9)

Fjp = 1 + dnngy , (1.10)
. 8. b olari ilit

The .dielectric behaviour of ferroelectric crystals
depends on polarizability and internal field. The internal

field is also called the local field Ejqg -

%7

According to Lorentz equation the internal field is

given by

1

Ejoc = E, + E, + E; + E, (1.11)
where E, = field due to the charges on the plate,

E, = field due to the chardes on the surface of the

dielectric,
E; = field due to the charges on the éurfgce of* the
‘spherical.cavity, |
and E, = field due to the dipole interaction of the

material with the sphere. ’

The effect of plate charges is given directly by the

Gauss theorem.
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E‘ = 9.

€
Since the surface charges on the dielectric are given by
the  polarization P and their electric field, which is

oppositely directed to E,, we get,

. B, =-E

€o

The field due to charges on the surface of the spherical
cavity is given
| n

P cos* 6 on r®* gin 0 4 ©

Eq o) 47 g,

L

_B_
e,
If the material is assumed to have cubic symmeﬁry. then

effect of dipole intercations averages to zero,

E, = O.

The magnitude of the total internal field is given by

=.9. . _P
Ejoc < o §§:"
But Q =

D =E + 4nP,

Therefore, equation (1.11) becomes

Ejoe = E + B ' To(1.12)
3s,

In the local field Ej,c ®ach molecule becomes polariged

‘and acquires the dipole moment p. The polarizability of an
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atom is defined as,
p =« K0 (1.13)
where « is the polarizability.
The polarizability is an atomic propert&, but the |
dislectric constant will depend on the manner in which the
atoms are assembled to form a crystal.

The polarization in the crystal may be expressed as
Where Nj is the concentration and « j the polarizability

of atoms 'j and Ej,.(J) is the local field at atom sites jJ.

. .Q!." . _ . LN 4"? k\
L P -_% * 3 N'J (E + ~§~) (1.15)
N the dielectric susceptibility is given by

a= P o ENje=; (1.16)

E~ 1-(4n/3)T Nj «;

Since € 1 + 4n4 in C.G.8. unit

E:.L:mg”ZN

€+2 J

(1.17)

=3
This equation is known as Clausius-Mossotti relation.
The total polarizability is usually separated into three

parts.

(1) Electric ploarizability (xg) it is arises due to displa-

1

cement of electron and nucleus within the atom.

(2) Atomic . tonic polarizability («x,) @ it arises due to

' AHEB KHARDEKAR LIBRARY
“&NE}AENWEBSITY. KOLHAPUSE.
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displacement of atoms or ions within thé same molecules.

{3) Dipolar polarizability (“d) . it arises from molecules

with a permanant electric dipole moment that can change

orientation in an applied field.

Thg‘ electronic and atomic polarizebilities are indé;
pendent of temperature. Hence, in this region, the dielectric

‘constant «q is essentially independent of temperature. The

dipolar polarizability, is a function of +temperature. But
from_ the bebye’s theory (26) the dipolar polarizability per

molecule in a weak field is given by

‘ pZ | (1.18)
N o T~ ——— .
" d ~ 3KT

Where p is dipole moment of a polar molecule, k is
Boltzman constant and T is the absolute temperature. The
contributions tb the total probability are shown in Fig.1l.2.
'Tbe dielectric constant at optical frequercies, is entirely
due to the electronic polgrizability. The atomic and
dipolar contributions are small at high frequencies, because
'of the inertia of the molecules and ions. Polarizability is
a function of frequency of the applied field.

1.7 Theories of Ferroelectricity

Many attempts were made to explain the property of
ferroelectricity in crysﬁals. The theories proposed so far
have only avpartial success, and but one of which is most the

promising is that due to Cochran. His theory is based on the
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lattice dynamics. A description of thermodynamic theory is

diven below.

1.7.1 Tharmodzgamio Theory

!

Mueller (27) and Cady (28) formulated a thermodynamic
theory for the Rochelle salt. This theory can be applied to

KH,PO; type ferroelectrics. The thermodynamical teatment of
BaTiO; type ferroelectric is some what different, since these

crystals have more than one ferrbelectric axis and are not
piezoelectric in paraelectric phase. Devonshire (29)  and
Ginzburg l(30) developed a thermodynamic theory for such type
of.ﬁgrroelectrics.
The thefmodynumic‘ theory is based on the following
assumptions
i) The free enerdy of a ferroelectric crystal is unique
function of te&perature, stress, and polarization.

ii) The polarized phase is regarded as a slightl} distorted
unpolarized phase, ktherefore in the polarized phase the
crystal is described by the same free energy function.

iii) The anomalous piezoelectric and elastic éroperties are

considered to be a result of the anomalous dielectric

behaviouor. Therefore the coefficients of P®*, in the free
1

energy functions, exhibit the significant temperature

dependence.

iv) The free energy functions contain three cdmponents of
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the polarization vector.

v) The second-order piezoelectric coefficients i.e. the
electrostrictive coefficients are of main importance
because the crystél is not piezoelectric in the un-
polarized state. B | |
The free energy of the crystal is expressed in terms of

Gibb’'s function.
Gi =U-T8+%; X-T8 - Ey Py (1.18)

where U is the internal energy of the crystal under

external stress, X; is the ith component of mechanical stress.

X; is the ith component of the meéhanical strain, T is the
7 ' 4

temperature, S is entropy and Pm is the mth compopent of

electrical polarization.
The differential form of this Gibbs function is
dG; = - SdT + x; dX; + Ey dP, . © (1.20)
The index i can take six values, for compression or
expansion i = 1,2,3 and for shear i = 4,5,8. For fixed

temperature T, stress (x) and field (E) are zero, the G, can

be expanded in powers of polarization.’ For simplicity it is
assumed, that in the ferroelectric region, the spontaneous

polarization occurs along only one axis. Let G,, be, the free
enerdy of the unpolarized crystal. Devonshire found that it

was necessary to consider terms upto p®. The expression for
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the free energy is given by
G, -G, = 1/2 x’ P* + 1/4 ¢’ P* + 1/6 v’ P%, (1.21)

- where dashes indicate that the coefficients are taken at
fixed stress. -
Let a small electric field E be applied to thé crystal.

Then under zero pressure. The equation yields,

dG, = - SdAT + EdP . (1.22)
o : oG ‘ :
* - — . .
e E= 5 | | (1.23)
Above - .the +transition temperature, the polarization is

small for small applied fields. Therefore for T < T, all terms
Q-"«" -

except the first, on the right hand side of the equation, may
be neglected. Therefore, we have

* E=[2R] =x P (1.24)

 The dielectric constant and susceptibility -along the
polar axis are given by

o8

= 4n_ - .
3P ) 1/n}. (1.25)

From equations (1.23) and (1.25), we have

xJ=4ﬂ

1/ . (1.28)
£~1

/

From this equation the coefficient %X’ 1is seen 'equal to
the reciprocal susceptibility. However, in this temperature

range, the susceptibility and the dielectric constant along
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the polar axis are given by the Curie-Weiss law,

- =1 _ _C :
w = a T-T, , (1.27)
‘ so that
T-T -
X' = G £ {1.28)

where C is the Curie contant, and T, is the Curie-

Weiss temperature,

Hence the equation (1.21) becomes
' T“To £ ‘4 o '3
G,-G,, = 1/2(~E-)P + 1/4 8 P + 1/6 »* P® . (1.29)

From equation (1.24) and (1.28) we obtain equation for

the Biplied field and the dielectric constant.

G T-T , o o
E= (g5 )= (5 ) P + #’ P* + ¥y’ P® (1.30)
and
no= 4% = (T;T°) +3 #'Pt + 65 y'P* . (1.31)

1.7.2 Sgontanequs Polarization

~

aG
In the therma} equlibrium (53*‘) = 0, since spontaneous

polarization Pg for' zero electric field satisfies the
equation,
. 1
— 3 ) Y -3
0 =Xx'Pg + p’Pg + v’ Pg, (1.32)

it follows the values of Pg which gdive extremum of G,



are diven by
Pg = 0,
X’Pg + #°P3 + ¥'P% = 0. (1.33)
From equation (1.32), we have,

axG ) ' ’ F 3 ’ <
opt =X’ + 3 8’ x* + 5 » P* . (1.34)

If x’, #’, and »’ are positive, Pa = 0 gives a positive
3
Sa
op*

Therefore Ps =0 will correspond to the only
minimum of free energy, and in this ovent spontaneoﬁs pola~-
rizat}gn | would not occur. However, if as a result of
temperature dependence, the coefficient X’ becomes negative,
%G
opt

G, would be maxinum for Pg = 0. Because in this case

is negative quantit&. When X’ is negative, the equation

(1.34) gives at least one non-vanishing value of Pg for

z

apt

which would be a positive quantity. This shows that in

this «case G, would be a mnminimum i.e. spontaneous

polarization would occur. Consequently, continuous variation

of x’ from poéitive to negative values changes a stable
A

paraelectric state (X’ > 0) to a stable ferroelectric state

(x* < 0). At the transition temperature T, between these

states we have X’ = 0.



1.7, ond-Order Transision

If the coefficent #’ and ¥’ are positive and X’
changes from positive to negative, as the temperature is
1oﬁered, we obtain free energy curves, as shown in Fig.1.3(a).
The corresponding spontaneous polarizatibn, as a function of
-temperaﬁure is shoﬁn in Fig.1.3(b).

" The electric field can be written as upto 4€h'0rder

w e 2
E = =XxPg + #'Pg : (1.35)

If E=0 in the above equation (1.35), then
spontaneous polarization for T < To is given by,
Q!‘-" -
P, = X'/P° ; Pg = (u)‘/‘ . (1.36)

c#’

This equation shows that Ps is a continuous function
of temperature below Tc and it decreasess continuously to
zero at Tc as shown in Fig.1.3(b). A transition of this type

is not associated with latent heat but with a discontinuity in
the specific heat and is called a second-order transition.
The susceptibility and dielectric constant above the curie

temperature for the second-order phase transition are given by

w=1= € (1.37)

4n T~Tc

The susceptibility and dielectric constant below the
transition temperature is cobtained as follows. Assuming that

the term »’ in equations (1.30) and (1.31) is negligible,
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we obtain

T-T,

E = ( s ) P + #’P? (1.38)
. - 4n T"To i p2
and 1/9 = 1 - ( G )y + 3 #°P . | {(1.39)

For émail aplied fields thé tétal polarization is nearlyv
equal to spontaneous polarization Ps i.e. P = PS .

T-T,

. rpr o
o p'P < G

) (1.40)

Now from equation (1.36) and 1.37 ‘we obtain

o 1/.“ - .4..’.'.,. - “/Z(T‘TO

€~1 C )

.Since for second order transition T, = T, , we have

/m o= 2 - 2(—-9).
. = &=1 - T-To
L " = yralie 1/72¢( G ) (1.41)

The temperature dependence of the reciprocal of the
susceptibility on either sides of the transition temperature
is shown Fig.1,4(b).

1.7.4 First order Trausition

The @ condition 4for the occurance of spontaneous‘
polarization is that X’ should be negative. 1If 8’ ig positive
at the same time as well then the transition is & secohd-order
type transition. Let us consider the case for which #’

is negative, as the temperature is lowered. For this casse,
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theAfree energy curves are shown in Fig. 1.4 (a). A transition
from the ‘non—polarized state to a spontaneously polarized
.state occurs when the minimum of the free energy corresponding

to Pg= 0. becomes equal to the minimum essociated with Pg » 0.
In the absence of an external field the apohtanébua“
polarization s&tisfies equation (1.21) and also the condition
G, = G,, . Therefore, |

172 X’ P; + 1/4 P'P; + 1/3'?'P;.= 0 {(1.42)

from equation (1.32) and (1.42), we get

by = - 3/4 (L5, ~(1.43)
" ,
Pg = - 3/18 (L)%, | (1.44)
Pt = 3 (X ~ | ,
and - Pg =3 (X5, (1.45)

The equation . (1.43) shows that +the spontaneous
polgrization is discontinuous at the transition temperature as
is shown in Fig.1.4 (b). The susceptibility and dielectric

constant in the region_above Tc can also be written as

n = iﬁl = TET (1.46)
’ [+

For first-order transition T, < T,. The expressions for

susceptibility and dielectric constant below transition
temperature are now given by

n = £l

= c . .47
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Fig. M(a) Schematic representatnon of the free energy

. as function of polarization for various values
ofz for a first-order transition.

‘;.To' T¢——>T

Fig.14(b) Schematic representatnon of the spontaneous

polarization and reciprocal susceptibility near
the transition temperature Tc for a first-order
transatson : '
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From equation (1.46) and (1.47) it is eeed that the
~reciprocal of the susceptibility in a first-order transition

is not zero at the transitioq temperature. Tc, but is a

positive
quantity.. Its temperature variation just above and just below

the T, is schematically shown in Fig.1.4(b).

1.8 Applications

Ferroelectric materials have many applications. Thése
materials have strong anomalies in may of their physical
properties such as large dielectric constant, piezoslectric
and pyroelectric coefficient. The’ }arse piezoelectric
coef?&cent make them particularly suitable as transducers.
Ferroelecﬁrics have large dielectric constant makes them
useful, in ceramic form to make high capacitance and sansors.
Ferroelectrics are often better than other materials even for
piezoelectric purposes, because the high‘permitivity values
allow the electro-mechanical coupling factor to approach
unity. They are used in frequency controls, filters, minature
capacity, dielectric amplifers, as slow switches and
modulators for l;ser liéht.

Non-linear piezoelectric properties can be used in
direct amplification of sound and in computer Qiréuits.
Ferroelectrics can also be used as matrix stores, as stores

with ultrasonic readout systems counters and other bistable
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.elements. The pyroelectric properties of ferroelectric

"materials make them very suitable for thermal detectors.
1.8,1 Linear properties

Ferroelectric transducere have high coupling constant
but comparatively high dielectric losses."'The purpbée of a
tranéducere is in some case to convert a.c.fields into
corresponding mechanical motions; as in ultrasonic generators,
loud-speakers or pulse generators for use with some deiay
lines. In other'cases, a transducer uses the piezoelectric
effects to convert small motions into eleétric chardes, as in
ultrasonic detectors, sprain-gauges, microphones, pickups and

devibes to measure the extent of vibrations.
1.8.2 Non-Linear Properties

The non-linearities are most marked at low frequenéies
and near the transition temperature. Ferroelectrics can
be used as dielectric amplifer as a low frequency power
amplifier. This type of amplifer‘ could be used for
remote controls, sterio-system, stabilizer of supplies,
audio-frequency amplifers and »for d.c. amplifer.
Potassium dihydrogen phosphate has large electric-optic
effects. Generation of optical harmoﬁics has been

therefore carried out with red-laser light incident on KH,PO,

(Maker et al) (31).
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- 1.9 Origntgtiég of the present work

Ferroelectrics assume importance since they find
applications in electronic and electrical fields. Although
ferroelectrics have been extensively studied in theory and in
experiment during the last five decads owing ﬁo their
important devices applications, - they continue. to arouse
. interest among  the research workers. The scope for
ferroelectric 1is even further béoadeqed} in view of the
significance of the related phenomena such as
piezoelectribity. Electro-optics, pyroelectricity, non-linear
dielgctrics and liquid-crystals.

Potassium niobates have been studied by using various
techniques and reports are available in literature. Data on
these materials such as X-ray diffraction, infra-red
spectroscopy, E.P.ﬁ. and their characteristic dielectrioc
properties are available made by various research workers.

The present work is prompted by  the fact  that
potassium niobate doped with various elements gives rise to
new .type of ferroelectrics. Also from a chemical and
mechanical view point, they are very stable. As regards
their practicalv applicatioﬁs, they exhibit ferroelectrie
property above room temperature ‘and can be best useh in the
form of both ceramic crystalline and polycrystalline samples.

An object of the present research investigations on

potassium niobates is to prepare these with specifically
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chosen molar proportions of dopant nickel and iron oxides.

The

significance of dopants are highlighted by the following

studies.

(1)

(2)

(3)

(4)

"

(5)

X-ray diffraction and lattice planes determination for
the ferroelectric phase of the cer&hics at rdém tém964
rature. |

Dielectric hysteresis and determination-of coercive field
at differenp4temperatures. | |
Measurement of dielectric constant at different
temperatures. |

Measurement of d.c conductivity at different
temperatures.

Thermoelectric powers and natufe of seeback coefficient

at different temperatures,
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