Carrier concentration in semiconductors

There are two types of carriers:

1- Electrons in the conduction band
2- Holes in the valence band

The electron concentration in the conduction band (CB) is related to the density
of available states, g-(E), and the probability of occupation, f(E). This is given by:
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The density of states of the 3D structure is
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Fermi-Dirac function is
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For electrons in CB,
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Substitute Eqg. (2) and (3) in Eq. (1), we get:
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where m;, = m* which is the effective mass of electrons in CB. N. is a temperature-
dependent constant called the effective density of states at the conduction band
edge. It gives the total number of available states per unit volume at the bottom of
the conduction band for electrons to occupy. E. is the bottom of the conduction

band and Er is the position of the Fermi level.

A similar equation can be written for holes in the valence band (VB):
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where m;; = m”* which is the effective mass of the hole in VB. N, is the effective

density of states at the valence band edge.

In an ideally intrinsic semiconductor, the Fermi level is in the middle of the

bandgap and n,=p, , so the intrinsic carrier concentration can be expressed as
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The equation (8) is called the law of mass action and it valid for any semiconductor

at equilibrium.

25



Example 1: Find the electron concentration in CB at 300K if N (300 K) = 2.8*10%

cm and Eris 0.25 eV below E..
Solution:

Ny = N..exp (—_(E;;EF ))
~0.25

0.0259

N, = 2.8+ 10" .exp( ) =1.8x10¥cm™3

Example 2: Find the hole concentration in VB at 400K. N,(300K) = 1.04*10%° cm
and the difference between the Erand E,is 0.27 eV.

Solution:

N, (400K) (400)3/ 2

N,(300K)  \300
00 3/2
N,(400K) = 1.04 * 10° * <300) = 1.60 * 101° cm™3
—(Er — Ey)
Po = Nv-exp< T -
—0.27

po = 1.60 * 10%° .exp( ) — 643 % 105cm=3

0.0345

H.W: Find the intrinsic carrier concentration at 300K and 400K for GaAs.
Nc(300 K) = 4.7*10% cm3

N, (300K) = 7.0*10'® cm3

E;=1.42¢eV
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