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Maxwell Boltzmann (M-B) approximation

• Simplified M-B expression for the number of electrons in 
the conduction band:the conduction band:
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• NC = Effective density of states in the conduction band. It 
varies as T3/2 and (m /m )3/2
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• EF = Fermi energy. We do not need its absolute value. 
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We only need its relative position with respect to the 
conduction band minimum, EC. If we know (Ec-EF), we 
can calculate n and vice-versa.



• Similarly, the number of holes in the valence 
b d i i bband is given by: 
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• NC = Effective density of states in the valance
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NC  Effective density of states in the valance 
band. It varies as T3/2 and (mh

*/mo)3/2
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Worked Example:

Worked Example



Fermi level positions in n-type and p-type semiconductors

 expC F Cn N E E KT  expC F Cn N E E KT
 expV V Fp N E E KT 

NC and NV are about the same order of magnitude. Hence, n and p are very 
sensitive to the Fermi energy EF (exponential functions).

If EF is closer to EC (or EF lies in the upper halfIf EF is closer to EC (or EF lies in the upper half
of the band gap) then n >> p. The semiconductor

is called ‘n-type’. 

If EF is closer to EV ( or EF lies in the lower 
half) then p >> n. The semiconductor is called 

‘p-type’.

If EF is near the center of the band gap, 
then n=p. The semiconductor is then 
intrinsic.

n,p product
Note that the expressions for n and p are valid irrespective ofNote that the expressions for n and p are valid irrespective of 
whether the semiconductor is n-type, or p-type or intrinsic. Only EF

position is different for different types of semiconductors. 
L k t th d t f d It i i d d t f th• Look at the product of n and p. It is independent of the 

semiconductor type. It depends upon only the basic material 
properties.

Since np product does not depend upon the type of semiconductor itSince np product does not depend upon the type of semiconductor it
must be same for the intrinsic semiconductor too.

For intrinsic material, n=p=ni,

Thus n.p product is a constant at a given T and is equal to ni 2



Intrinsic Fermi level
For The intrinsic semiconductor: 
EF is called EFI (the intrinsic Fermi level):
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Alternative expressions for n and p
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It is easier to see that                 from the above two equations.2
inp n



Conditions for the validity of
Maxwell - Boltzmann approximationMaxwell Boltzmann approximation

Charge neutrality equation andCharge neutrality equation and 
carrier concentrations in
doped semiconductors



Charge Neutrality Equation

 So far we have learnt how to calculate the carrier concentrations n and 
p if we know the Fermi energy EF relative to EC or EV. However, how do 
we know where is EF? In fact, we do not know. What is in our control is 
the doping concentration. So we need to be able to calculate the carrier 
concentrations from the impurity concentrations, ND and NA.p y , D A

 The equation underlying the calculation of n or p from ND and NA is the 
charge neutrality equation.

What is charge neutrality equation?

It is simply a statement of the charge neutrality condition There are fourIt is simply a statement of the charge neutrality condition. There are four 
kinds of charged species inside a semiconductor; ND

+, NA
-, n-, p+.

A semiconductor in equilibrium is charge neutral everywhere inside the 
l If it t t l th th ill b l t i fi ld th t ill isample. If it were not neutral, then there will be electric fields that will give 

rise to electric currents against the assumption of equilibrium.
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Solution of charge neutrality equation (n-type)
Consider the charge neutrality equationConsider the charge neutrality equation:
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For shallow impurities, ND
+ = ND and NA

‐ = NA. 
ND and NA are known from the doping process.
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Still there are two unknowns, n and p. How do we solve for n and p using one 
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equation? Actually there is a second equation that we know between n and p.
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By solving these two equations, we get n and p.
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Once n is known, p is obtained by using the equation.
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(n‐type) Special cases
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So we can neglect ni w.r.t.  
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Once n is known, p is obtained by using the equation.
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Solution of charge neutrality equation (p-type)

Still there are two unknowns, n and p. How do we solve for n and p using one 
A Dn N p N   (1)

p p g

equation? Actually there is a second equation that we know between n and p.
2
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By solving these two equations, we get p and n.
Eliminating n from equation number (1), so
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Once n is known, p is obtained by using the equation.

Solving: we get
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(p‐type) Special cases
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So we can neglect ni w.r.t.  
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Once p is known, n is obtained by using the equation.
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Solved Examples



Fermi level positions relative to intrinsic Fermi level


