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We will continue with description of scattering on ionized 1mpur1t1es
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The following picture shows an example of application of the Matthiessen rule for a combination of
two scattering mechanisms — scattering on ionized impurities and non-polar acoustical phonons.

F

logrt

We can see that the relaxation time has a maximum for a given concentration of ionized
impurities. If this concentration is higher, the maximum is smaller and is shifted gto higher
temperature. Multiplying the ,,y* axis by mi we obtain the diagram for the temperature
e

dependence of mobility ux =

7.
m
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We repeat the last figure from the previous lecture and explain its meaning.

v

X

Figure — an example of the spatial profile of bands in an inhomogeneous semiconductor. Here & is the Fermi
energy and ¢; is the intrinsic Fermi energy. Their difference &g; characterizes the spatial changes.

The concentration of electrons (non —degenerate case) is

_EF_
n(r) = NceksT

The intrinsic concentration is

&i
n; = NceksT

We can write

_ G
= n.e kgT
N, =n;e *s

SF_é‘i
n(r) = nge *s7, & — & = kgT(r)In nr(: = &y
n(r) n(r) n(r) V,.n(r)
V,.eri = kgV, Tl + kgTV, 1 = kgV, T In—+ kgT
réFi BVr n n; B rin n; BVr n n; B n(r)

The intrinsic Fermi energy &; can be written using the potential as &z; = —eg,. Then the
corresponding electric field is

Vréri
E; =-V,p ="

e

The total electric field E* in the sample is a sum of the electric field E = —V,.¢ formed as a

result of the application of external bias and the electric field E; formed due to the gradient of
concentration of electrons (or holes).

E'= E+E;

The solution of the Boltzmann transport equation leads to the equation for the density of the
electric current



j =GE*+ BV,T,
Which can be written as

kgTV.n(r) k n(r
j=6E +5—-= @) | ks, n0)
e n(r) e n;

V,T +B,V,T.

We define a new tensor ﬁ combining the 3 and 4" term of the equation and obtain the drift-
diffusion equation

Lo kgTV.n(r) o
j=0oFE + o— ) + pV,.T

The first term represents the electric current caused by externally applied bias (drift term), the
second term is the electric current due to diffusion of carriers caused by the concentration
gradient and the third term is the electric current caused by gradient of temperature.
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