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Conduction Processes in Semiconductors

 In order for a semiconductor material to conduct following
conditions are required-

• Electrons and holes must be in motion in their respective band.

• There should be partially filled band.

• Carrier motion should be a net direction and for this an external
force is needed.



Conduction Processes in Semiconductors

 Since the electrons and holes are charged particles, an
externally applied electric field can move carriers in
a band in the direction of the electric field. Such
motion is called ‘drift’ as shown in figure.

 The bending of bands and the motion of electrons and
holes in opposite direction occurs.

 Electrons and holes, like neutral particles, acquire
directional motion due to a concentration gradient,
and such motion is termed ‘diffusion’ as shown in
figure.



Drift Process in Semiconductors

• Drift process in semiconductor arises due to force |qE| applied by an externally applied
electric field E on charge carriers.

• The current due to electron in conduction band is given by

𝒅𝒓
𝟐 (1)

which is essentially Ohm’s law. Here is the conductivity of the sample, E is the applied
electric field, and 𝑫 is the average scattering-limited drift velocity of the electrons.

• Let the average time between collisions be 𝑪, then the average rate of change of
momentum due to collision is 𝑫 𝑪 .



Drift Process in Semiconductors

• The equation of motion of an electron subject to an electric field in the x-direction is then
given by-

𝒆
∗ 𝒅𝒗𝑫𝒙

𝒅𝒕
+ 𝒆

∗ 𝒗𝑫𝒙

𝝉𝑪 
(2)

• Solution of the differential equation leads to

𝑫𝒙
𝒒𝝉𝑪𝑬

𝒎𝒆
∗

ି 𝒕 𝝉𝑪⁄ (3)

Energy gained 
from the field

Energy lost due
to collision



Drift Process in Semiconductors

• From eq.(1), the current density is given by

𝒅𝒓
𝒏 𝒒𝟐𝝉𝑪𝑬

𝒎𝒆
∗

ି 𝒕 𝝉𝑪⁄ (4)

 Equation (3) and (4) indicate that 𝑫𝒙 and 𝒅𝒓 rise exponentially with time to a
constant value in a time comparable to 𝑪, which is defined as relaxation time.

 Physically, it is the time taken by the system to relax back to thermal equilibrium
after the field is switched off to zero.

• Thus,

𝑫𝒙 𝑫𝟎
ି 𝒕 𝝉𝑪⁄ (5)



Drift Process in Semiconductors

• And in the time 𝑪 the current also reduces to zero.

• The steady-state values of velocity and current are given by

𝑫𝒙 𝒆 (6)
and

𝒙 𝒆 (7)

 If  𝑪 is not a function of E, which is usually a valid assumption. It follows that

𝒆
𝒏 𝒒𝟐𝝉𝑪

𝒎𝒆
∗

ି𝟏 (8)

The equation derived above are  equally valid for hole transport in the valance band



Drift Process in Semiconductors

• The total current density due to drift of electrons and holes is given by

𝒅𝒓 𝒆 𝒉 (9)

and the conductivity is given by

(10)

• For doped semiconductors in which the impurity levels are fully ionized, n and p are 
replaced by  and  , respectively.



Diffusion Process in Semiconductors

• Diffusion arises from a non uniform density of carriers – electrons and holes.

• In the absence of any other processes such as drift, the carriers will diffuse from a region of
high density to a region of low density.

• The force of diffusion acting on each electron is given by

𝒅𝒊𝒇𝒇
𝟏

𝒏

𝒅𝑷

𝒅𝒙
(11)

where the negative sign signifies that the carriers move in a direction opposite to
the concentration gradient. Here

𝑩 (12)



Diffusion Process in Semiconductors

• P is the force per unit area acting on the distribution of electrons.

• But the motion of carriers by diffusion is limited by collisions and scattering. Thus, ௗ is
equivalent to the force exerted by an electric field

• The velocity due to diffusion is therefore given by
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and taking into account equation (12)
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Diffusion Process in Semiconductors

• This leads to the well-known equation for diffusion

𝒅𝒊𝒇𝒇
𝑫𝒆

𝒏

𝒅𝒏

𝒅𝒙
(15)

where 𝒆 is the diffusion coefficient for electrons, given by

𝒆
𝝉𝑪𝒆𝒌𝑩𝑻

𝒎𝒆
∗ (16)

• The current due to diffusion of electrons is expressed as

𝒅𝒊𝒇𝒇
𝒆
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Diffusion Process in Semiconductors

• Similarly for holes

𝒅𝒊𝒇𝒇
𝒉

𝒉
𝒅𝒑

𝒅𝒙
(18)

where 𝒉 is the diffusion coefficient for holes.

• The positive and negative signs in equation (17) and
(18) signify the direction of current with respect to
the concentration gradient.

• The figure illustrated here shows diffusion of (a)
electrons and (b) holes due to concentration gradient
and the corresponding current directions

(a)

(b)



Diffusion Process in Semiconductors

• Thus, for electrons having positive concentration gradient the diffusion velocity is in the
negative x direction and diffusion current is in the positive x direction.

• For holes having a positive concentration gradient, the hole diffusion velocity and
diffusion current are both in the negative x direction.

• Since 𝒆
𝒎𝒆𝒂𝒏 𝒗𝑫

𝑬

ି𝒒𝝉𝑪𝒆

𝒎𝒆
∗ hence from eq. (16), the diffusion constant for electrons can also

be expressed as

𝒆
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𝒒
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Similarly,
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Carrier Scattering Phenomena (Temperature Dependence)

 In a very pure crystal, the mobility is limited by high temperatures by carrier lattice, or phonon
scattering.

 The lattice vibrations depend on temperature.

 At temperature, T> 0 K, atoms randomly vibrate. These thermal vibrations cause a disruption
of the periodic potential function. This resulting in an interaction between carrier and the
vibrating lattice atoms.

 Mobility due to lattice or phonon scattering, 

𝑷
ష𝟑

𝟐ൗ

 As temperature decreases, the probability of a scattering event decreases and thus,
mobility increases.



Carrier Scattering Phenomena (Temperature Dependence)

 However, even in sufficiently pure crystals, there are impurities and other electrically active
defects.

 As the temperature is lowered, the moves more slowly through the crystal and therefore the
probability of collision with such charged or neutral (at very low temperature) impurity centers
increase.

 To a first approximation mobility limited by ionized impurity scattering is given by, 𝑰

𝑰
𝟑

𝟐ൗ and also 𝑰 𝒊
ି𝟏

where  is the density of impurity centers.

 Thus total mobility as a function of temperature is given by Mattheisen’s rule, as
𝟏
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Dependence of Carrier Mobility on Temperature 

(a) Approximate temperature dependence of mobility in very pure semiconductor sample.
(b) Mobility measured as a function of temperature in a very pure sample of GaAs grown by
vapour phase epitaxy

(a) (b)



Dependence of Carrier Mobility on Impurity Concentration

Variation of electron and hole mobilities in GaAs as a function of doping level



Carrier Scattering Phenomena (Temperature Dependence)

 In addition to two dominant carrier-scattering mechanisms, there are other sources of scattering
in a real crystal.

 In particular, in alloy semiconductors there is a dominant effect called alloy scattering, which
limits the mobility.

 Alloy scattering rises from the random positioning of the substituting atom species in the
relevant sub lattice and the consequent perturbation of the crystal potential.

 The measurement of mobility can be easily done by Hall measurement in which motion of the
carriers across the sample is altered by the Lorentz force due to magnetic field.

 This creates Hall voltage in the sample, which can be related to the mobility which is known as
Hall mobility.



Hall Measurement




