
Dielectric properties 
of insulators



Dispersion relation
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If  r< 0 : decaying solutions 

If  is complex, r> 0 : decaying electromagnetic waves 



Dielectric function
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Dispersion relation: 



The index of refraction n and the extinction coefficient K



Dispersion
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Cause of chromatic aberration in lenses.



Absorption coefficient 



Reflectance   



Dielectric function of silicon 
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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.
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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)

0 0





ht
tp
://
w
w
w.
rfc
af
e.
co
m
/re

fe
re
nc
es
/e
le
ct
ric
al
/d
ie
le
ct
ric
-c
on
st
an
ts
-s
tre
ng
th
s.
ht
m

Loss tangent



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.
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