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InsulatingInsulating solidssolids

Conductors

Semiconductors

Insulators

Si, Ge, FeS2, MnO2

MgO, Al2O3, TiO2, polyethylene

Ag, Au, Fe, Ni, Cr

DielectricsDielectrics Insulators

-Localized electrons, bonds or on atoms
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DielectricsDielectrics
The relative permittivity (dielectric constant, εr) describes the
response of a solid to an electric field. -> Polarizability.

P = ε0χE0 χ = (εr-1) P = ε0(εr-1)E0



DielectricsDielectrics

The polarization of a material depends on the polarisability of a 
range of different effects.

Each constituent will be acted upon by a local electrical field.

p = αEloc where Eloc is not 
necessarily the same as E0

P = N α Eloc

DielectricsDielectrics
Electronic polarisability, αe

Ionic polarisability, αi

Orientational polarisability, αd

Space charge polarisability, αe

Bulk polarisability, αe

+-

αtot = αe + αi + αd + αs

DielectricsDielectrics
The different types of polarisation are frequency dependent

n2 = εr

DielectricsDielectrics

The polarization is not always isotropic



--electricelectric

For normal dielectrics, the observed
polarisation is zero in absence of an 
electric field.
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Piezoelectric materials develop a 
surface electric charge when
subjected to mechanical stress.
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Pyroelectric materials develop surface
charge when the temperature is 
changed.
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Piezoelectric

Pyroelectric
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PiezoelectricPiezoelectric, , MetalMetal--oxygenoxygen tetrahedratetrahedra PiezoelectricPiezoelectric, , dipoledipole containingcontaining crystalscrystals

PiezoelectricPiezoelectric, Polymers, Polymers PiezoelectricPiezoelectric, Polymers, Polymers



PiezoelectricPiezoelectric, Polymers, Polymers

PbTiO3
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PiezoelectricPiezoelectric effecteffect
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PiezoelectricPiezoelectric effecteffect PiezoelectricPiezoelectric effecteffect



PiezoelectricPiezoelectric effecteffect
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PVDF  (polyvinylidene fluoride)
LiTaO3
BaTiO3
PbTiO3
Pb(Zr,Ti)O3

PyroelectricPyroelectric effecteffect
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ZnO

PyroelectricPyroelectric effecteffect

PbTiO3

+

-

- -
--

-

PyroelectricPyroelectric effecteffect
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Pyroelectric crystals do not usually show an 
external charge since surface charges are
neutralised by ions or other charged particles in 
the air.

(∆Ps)i = πi∆T

The buildup of spontaneous polarisation can be written:

The pyroelectric effect is composed of two effects:
-The primary effect is measured for crystals with constant size
-The secondary effect is due to strains that develop due to temperature difference



Important that the crystal structures does not have centre of symmetry.
Requires also unique polarization axis.

PyroelectricPyroelectric FerroelectricsFerroelectrics
In ferroelectric materials, the spontaneous polarisation can be switched. 

FerroelectricsFerroelectrics, , hysteresishysteresis FerroelectricsFerroelectrics, , temperaturetemperature dependencedependence
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Temperature will affect the relative 
permitivity, εr.

Tc = Curie temperature
C = constant

Tc notes the transition from paraelectric to ferroelectric



FerroelectricsFerroelectrics, PbTiO, PbTiO33 FerroelectricsFerroelectrics, hydrogen , hydrogen bondsbonds

FerroelectricsFerroelectrics, Polar , Polar groupsgroups

The dipole moment is lost in the 
high temperature structure because 
of disorder. Half the chevrons
point to the left and half to the right, 
and correspondingly, the Na ions 
also occupy two different sites
at random.

FerroelectricsFerroelectrics, Medium , Medium sizedsized cationscations



FerroelectricsFerroelectrics, poling, poling


