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 1.5 INTRINSIC CARRIER CONCENTRATION

We now derive the carrier concentration in the thermal equilibrium condition, that is, the

steady-state condition at a given temperature without any external excitations such as

light, pressure, or an electric field.

At a given temperature, continuous thermal agitation(برانگیختگی) results in the excitation

of electrons from the valence band to the conduction band and leaves an equal number of

holes in the valence band.
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An intrinsic semiconductor is one that contains relatively small amounts of impurities

compared with the thermally generated electrons and holes.

To obtain the electron density (i.e., the number of electrons per unit volume) in an

intrinsic semiconductor, we first evaluate the electron density in an incremental(افزایشی)

energy range dE.

This density n(E) is given by the product of the density of states N(E), that is, the density

of allowed energy states (including electron spin) per energy range per unit volume, and

by the probability of occupying that energy range F(E).
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Thus, the electron density in the conduction band is given by integrating N(E) F(E) dE

from the bottom of the conduction band (EC initially taken to be E = 0 for simplicity) to

the top of the conduction band Etop

where n is in cm-3, and N(E) is in (cm3–eV)-1.

The probability that an electron occupies an electronic state with energy E is given by the

Fermi–Dirac distribution function, which is also called the Fermi distribution function.
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where k is the Boltzmann constant, T is the absolute temperature in degrees Kelvin, and

EF is the energy of the Fermi level.

The Fermi level is the energy at which the probability of occupation by an electron is

exactly one-half.

The Fermi distribution is illustrated in Fig. 16 for different temperatures.

Note that F(E) is symmetrical around the Fermi level EF
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Figure 17 shows schematically from left to right the band diagram, the density of states

N(E), which varies as E1/2 for a given electron effective mass, the Fermi distribution

function, and the carrier concentrations for an intrinsic semiconductor.

 The electron concentration can be obtained graphically from Fig. 17 using Eq. 6; that is,

the product of N(E) in Fig. 17b and F(E) in Fig. 17c gives the n(E) -versus-E curve (upper

curve) in Fig. 17d. The upper shaded area in Fig. 17d corresponds to the electron density.
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There are a large number of allowed states in the conduction band. However, for an intrinsic

semiconductor there will not be many electrons in the conduction band. Therefore, the probability

of an electron occupying one of these states is small.

Also, there are a large number of allowed states in the valence band. By contrast, most of these

are occupied by electrons. Thus, the probability of an electron occupying one of these states in the

valence band is nearly unity. There will be only a few unoccupied electron states, that is, holes, in

the valence band.

From Fig. 16 then, all electrons are in the valence band, and there are no electrons in the

conduction band at T = 0 K.
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The Fermi energy EF for which the probability of occupation by an electron is 0.5 lies

midway between the two bands.

At a finite temperature, the number of electrons in the conduction band is equal to the

number of holes in the valence band.

The Fermi distribution is symmetrical around the Fermi level EF. The Fermi level must be

at the midgap in order to obtain equal electron and hole concentrations if the density of

state in the conduction and valence bands is the same. That is to say, EF is independent of

temperature for an intrinsic semiconductor.
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As can be seen, the Fermi level is located near the middle of the bandgap.

Substituting the last equation in Appendix H and Eq. 6 yields§

§ We have taken Etop to be ∞, because F(E) becomes very small when (E – EC) >> kT. 12
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For an intrinsic semiconductor, the number of electrons per unit volume in the conduction band is

equal to the number of holes per unit volume in the valence band, that is, n = p = ni where ni is the

intrinsic carrier density.

This relationship of electrons and holes is depicted in Fig. 17d. Note that the shaded area in the

conduction band is the same as that in the valence band.

The Fermi level for an intrinsic semiconductor is obtained by equating Eq.13 and Eq. 14:

At room temperature, the second term is much smaller than the bandgap. Hence, the intrinsic

Fermi level Ei of an intrinsic semiconductor generally lies very close to the middle of the bandgap.14
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