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CHAPTER 2
Carrier Transport Phenomena 
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2.7.1.1 Impurity scattering

Impurities are foreign atoms in the semiconductor.

 They are efficient scattering centers especially when charged.

Ionized donors and acceptors in a semiconductor are a common example of such

impurities.

The amount of scattering due to electrostatic forces between the carrier and the

ionized impurity depends on the interaction time and the number of impurities.

 Larger impurity concentrations result in a lower mobility. 3
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2.7.1.2 Lattice scattering 

Scattering by lattice waves includes the absorption or emission of either acoustical or

optical phonons.

 These phonons represent quanta of mechanical waves that travel through the

semiconductor crystal.

Since the density of phonons in a solid increases with temperature, the scattering

time due to this mechanism will decrease with temperature as will the mobility.
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2.7.1.3 Surface scattering

The surface and interface mobility of carriers is affected by the nature of the

adjacent layer or surface.

Even if the carrier does not transfer into the adjacent region, its wavefunction does

extend over 1 to 10 nanometer, so that there is a non-zero probability that the

particle is in the adjacent region.

The net mobility is then a combination of the mobility in both layers.
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The carrier mobility deserves(شایسته) further study since it is directly linked to the

conductivity and resistivity of a semiconductor.

 First we examine the doping dependence of the mobility and the corresponding

doping dependence of the conductivity and resistivity.

The concept of the sheet resistance is introduced next and applied to the calculation

of the resistance of a semiconductor.
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2.7.2.1 Doping dependence of the carrier mobility 

The mobility of electrons and holes in silicon at room temperature is shown in Figure

2.7.3.

8

http://ecee.colorado.edu/~bart/book/book/chapter2/ch2_7.htm#2_7_2_1


The electron mobility and hole mobility have a similar doping dependence:

 For low doping concentrations, the mobility is almost constant and is primarily

limited by phonon scattering. At higher doping concentrations, the mobility

decreases .

The actual mobility also depends on the type of dopant. Figure 2.7.3 is for

phosphorous and boron doped silicon.

Note that the mobility is linked to the total number of ionized impurities or the sum

of the donor and acceptor densities. 9
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2.7.2.2 Conductivity and Resistivity 

The conductivity of a material is defined as the current density divided by the

applied electric field.

 Since the current density equals the product of the charge of the mobile carriers,

their density and velocity ,it can be expressed as a function of the electric field using

the mobility.

To include the contribution of electrons as well as holes to the conductivity, we add

the current density due to holes to that of the electrons, or:
10
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2.7.2.3 Sheet resistance

The sheet resistance concept is used to characterize both wafers and thin doped

layers, since it is typically easier to measure the sheet resistance rather than the

resistivity of the material.

The sheet resistance of a uniformly-doped layer with resistivity and thickness, t, is

given by their ratio:

The unit of the sheet resistance is Ohms. 13
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Figure 2.7.5 provides, as an example, the sheet resistance of a 14 mm thick silicon

wafer for both n-type and p-type silicon.
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2.7.3. Velocity saturation

 The linear relationship between the average carrier velocity and the applied field

breaks down when high fields are applied.

As the electric field is increased, the average carrier velocity and the average carrier

energy increases as well.

When the carrier energy increases beyond the optical phonon energy, the

probability of emitting an optical phonon increases abruptly.

 This mechanism causes the carrier velocity to saturate with increasing electric field. 17



For carriers in silicon and other materials, which do not contain accessible higher

bands, the velocity versus field relation increases monotonically(یکنواخت) as shown in

Figure 2.7.7a.

Materials with an accessible higher band such as GaAs as shown in Figure 2.7.7b.

18

http://ecee.colorado.edu/~bart/book/book/chapter2/ch2_7.htm#fig2_7_7
http://ecee.colorado.edu/~bart/book/book/chapter2/ch2_7.htm#fig2_7_7


19


