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The Semiconductor

Outline:
�Charge Carriers in Semiconductors
�Dopant Atoms and Energy Levels
�The Extrinsic Semiconductor
�Charge Neutrality
�Position of Fermi Energy Level

Concentration 

of electrons or holes

n0 and p0 in conduction and
valence bands, respectively

n0 =   n(E) dE∫

gv(E) x (1-fF(E))gc(E) x fF(E)

p0 =   p(E) dE∫
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n0 equations

For electrons in the conduction band, we have E > Ec. If (Ec- Ef

>> kT, then (E-Ef) >> kT,

c

where

effective density of states function
in the conduction band

p0 equations

v

where

For energy states in the valence band, E < Ev. If (EF — Ev) >> kT

effective density of states function in the
valence band
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Effective density of states function and effective 

mass values

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.

� n0 = p0 ≡ni� intrinsic semiconductor

Let EF = EFi
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Intrinsic Fermi-Level Position

If we take the natural log of both sides of this equation and
solve for EFi, we got

where

m*p =, >, < m*n

N-type semiconductor

Extrinsic semiconductor
group V element
Donor impurity atom
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P-type semiconductor

hole

group III element
acceptor impurity atom

Extrinsic semiconductor

majority
carrier

minority
carrier

majority
carrier

minority
carrier
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where

Intrinsic carrier concentration

EF > EFi � n0 > p0 � n-type semi.

EF < EFi � p0 > ni, and n0 < ni � p0 > n0 � p-type semi.
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n0p0 Product

= ni
2

The product of n0 and p0 is always a constant for a given
semiconductor material at a given temperature.

Nondegenerate Semiconductors

In our discussion of adding dopant atoms to a semiconductor,
we have implicitly assumed that the concentration of dopant
atoms added is small when compared to the density of host or
semiconductor atoms. The small number of impurity atoms are
spread far enoughapart so that there is no interaction between
donor electrons. These types of semiconductors are referred to
as nondegenerate semiconductors.
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Degenerate Semiconductors
If the impurity concentration increases, the distance between the
impurity atoms decreases and a point will be reached when
donor electrons, for example, will begin to interact with each
other. When this occurs, the single discrete donor energy will
split into a band of energies. As the donor concentration further
increases, the band of donor states widens and may overlap the
bottom of the conduction band. This overlap occurs when the
donor concentration becomes comparable with the effective
density of states. When the concentration of electrons in the
conduction band exceeds the density of states Nc, the Fermi
energy lies within the conduction band. This type of
semiconductor is called a degenerate n-type semiconductor.

degenerate p-type semiconductor
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Compensated Semiconductors
A compensated semiconductoris one that contains both
donor and acceptor impurity atoms in the same region.

n-type compensated semiconductor: Nd > Na

p-type compensated semiconductor: Na > Nd

completely compensated semiconductor: Na = Nd

intrinsic material

If we assume complete
ionization, nd and pa are
both zero.
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POSITION OF FERMI ENERGY LEVEL

from

�

where

For n-type semi., Nd >>ni � n0 ~ Nd
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For p-type semi.,

If Na >> ni,

where

Another way
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n-type (Nd > Na ) p-type (Nd > Na)


