


Dielectrics
Dielectrics used as electrical insulators should not conduct.
Large breakdown field.
Low AC losses.
Sometimes a low dielectric constant is desired (CMOS 
interconnects)
Sometimes a high dielectric constant is desired (supercapacitors).



Breakdown field

Typically 105-106 V/cm



AC losses - loss tangent
In an ideal capacitor, current leads voltage by 90o.

2
1 0 tan2
V 

Because the dielectric constant is complex, in real materials current 
leads voltage by 90o - . 

Power loss =  
Becomes more of an issue at high frequencies (microwaves)
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Polarizability 

• Orientation polarizability
• Space charge polarizability

• Ionic polarizability
• Electronic polarizability

Overdamped modes

Underdamped modes



Orientation (dipolar) Polarizability 
For materials (gases, liquids, solids) with a permanent dipole moment.

The theory is very similar to paramagnetism.

1
T  Curie law



Orientation Polarizability 
Ion jumps.

doubly ionized



Orientation (dipolar) Polarizability 

For low frequencies the dipoles can reorient with the field but at high frequencies 
they can't respond fast enough. 

Overdamped mode
Impulse response function

Susceptibility



Schematic dielectric function 
of water from Wikipedia

Water 

Source: Classical Electrodynamics,
J.D. Jackson



Space charge polarizability 
Multiple phases are present where one phase has a much higher 
resistivity than the other. Charge accumulates at the interfaces of the 
phases.

Like a network of resistors and capacitors.
This results in an overdamped mode.



Ionic Polarizability 
Displacement of ions of opposite sign. Only in ionic substances.

This is an underdamped mode in the infrared.



Electronic polarizability (all materials)
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density 

dipole moments

polarizability



Polarizability 

Kittel



Inter- and intraband transitions
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When the bands are parallel, there is a peak in the absorption (")

Optical spectroscopy has developed into the most important experimental tool 
for band structure determination.  - Kittel


