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4.1 | CHARGE CARRIERS IN SEMICONDUCTORS

contribution to a current of the semiconductors

electron hole
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• To determine the concentration 
of electrons and holes

The Fermi–Dirac probability
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4.1.1 Equilibrium Distribution of Electrons and Holes

 The distribution of electrons in the conduction band                                                     ….(1)

 The distribution  of electrons in the conduction band                                                     ….(2)

where 𝑓𝐹(𝐸) is the Fermi–Dirac probability function and g𝑐(𝐸) is the density of quantum 
states in the conduction band.

The total hole concentration per unit volume is found by integrating this function over 
the entire valence-band energy.
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To find the thermal-equilibrium electron and hole concentrations, we need to determine 
the position of the Fermi energy 𝐸𝐹 with respect to the bottom of the conduction-band 
energy 𝐸𝑐 and the top of the valence-band energy 𝐸𝑣.

Here we will initially consider an intrinsic semiconductor.

Intrinsic semiconductor is a pure semiconductor with no impurity 
atoms and no lattice defects in the crystal

• if 𝑔𝑐(𝐸) and 𝑔𝑣(𝐸) are symmetrical,
the Fermi energy must be at the mid-
gap energy in order to obtain equal
electron and hole concentrations.

• If the effective masses of the
electron and hole are not exactly
equal, then the effective density of
states functions 𝑔𝑐(𝐸) and 𝑔𝑣(𝐸)
will not be exactly symmetrical
about the midgap energy. The
Fermi level for the intrinsic
semiconductor will then shift
slightly from the midgap energy in
order to obtain equal electron and
hole concentrations.
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4.1.2 The 𝒏𝒐 and 𝒑𝒐 Equations

𝒏𝒐 = 𝒈𝑪 𝑬 𝒇𝑭 𝑬 𝒅𝑬 …… . . (𝟑) ,

If  𝐸𝑓 be found in band gap, 𝐸 > 𝐸𝑐, and 𝐸𝑐 − 𝐸𝑓>>kT, then 𝐸 − 𝐸𝑓>>kT

so that the Fermi probability function reduces to the Boltzmann approximation, which is

and

in the same way, we get the 
holes concentration
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Example:
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4.1.3 The Intrinsic Carrier Concentration

For an intrinsic semiconductor, the concentration of electrons in the conduction band
is equal to the concentration of holes in the valence band

𝒏𝒊 = 𝒑𝒊= 𝒏𝒐 = 𝒑𝒐

The Fermi energy level for the intrinsic semiconductor is called the intrinsic Fermi energy, 
or 𝐸𝐹 = 𝐸𝐹𝑖

If we take the 
product of 
Equations

where 𝐸𝑔 is the bandgap energy. For a given semiconductor material at a constant 

temperature, the value of 𝑛𝑖 is a constant, and independent of the Fermi energy.
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Example:


