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Key Points

Introduction to Optoelectronics Devices
Energy bands in solids,  E-k diagram
Elemental and Compound Semiconductor
Semiconductor optoelectronic materials
Carrier effective mass 
Effect of Temperature and Pressure on bandgap
Carrier scattering 
Effect of scattering om mobility of carriers
Conductance process in semiconductor
Bulk and surface recombination phenomena



Carrier scattering phenomena in Semiconductors

• The charge carrier, electron or holes in a semiconductor is usually not stationary.
• They are always in random thermal motion, thus the net displacement is zero. 
• Electrons & holes within a crystal are scattered by phonons, or lattice vibration.

• There are other source of carrier scattering such as:
• Mechanism of Carrier Scattering:
1. Phonon or lattice Scattering
2. Impurity ion (dopant) Scattering

• In general anything that perturbs the periodic crystal potential in lattice which in turns 
alters the band edge potential will scatter carrier. 



Relation b/w the relaxation time for carrier scattering & 
resulting mobility of carrier

• We define a scattering cross section σ𝑠𝑠(θ,φ)dΩ, which is the probability that an electron is scattered
from (θ,φ)=0 to some angle (θ,φ), within an incremental solid angle dΩ as in fig 1.6.

• The total cross section is then
σ𝒔𝒔𝒔𝒔=∫ σ𝒔𝒔(θ,φ)dΩ (1.6)

Fig 1.6 (a) Scattering geometry in polar coordinates (b) motion of an electron under the influence of an electric
field.
• The motion is a superposition of drift and random motion with thermal velocity.
• As the field increases, the drift component becomes more dominant.



We also define a mean time τ𝑐𝑐 between the successive 
collision such that:





Effect of Scattering on Mobility Of Carriers

• In a very pure crystal the mobility is limited at high temperature by carrier scattering or
phonon scattering.

• The lattice vibration depends on the temperature.

• It is explained by two phenomena:
• (a)Impurity scattering (b)Lattice or phonon scattering

Lattice or phonon scattering:
• As the phonon moves through the crystal, the bandgap develops periodic perturbation
• As the temperature increases the lattice vibrational frequency will increase and the effect of

this cause the lattice scattering.
• When the temperature increases thermal vibration increases which decreases the mobility and

lattice scattering occurs.
• Due to future increase in the temperature the lattice scattering increases and mobility of

carrier decrease which is given by :
μ𝑃𝑃 α 𝑇𝑇−3/2



Impurity Scattering:
• Even in a pure crystals there are impurities and other electrically active defects

• Due to impurity doping in semiconductor the atoms or the electrons are deviated from the path i.e. the
motion of electron will be changed and deviation path will take place.

• As the temperature will increase the effect of impurity scattering will decrease.

• When the temperature increases the mobility of the carrier increase then the carrier does not deviate
from the path .

The mobility of carrier as the temperature increases impurity scattering increases is given by:

μ𝐼𝐼 α 𝑇𝑇3/2

The total mobility as a function of temperature, is then given by Mattheisen’s rule as:
1
μ

=
1
μ𝐼𝐼

+
1
μ𝑃𝑃

Where μ𝐼𝐼 is the mobility limited by impurity scattering and μ𝑃𝑃 is the mobility limited by phonon
scattering
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