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Angular dependence of impurity scattering in nonparabolic semiconductors
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The probability of scattering by ionized impurities has been calculated as function of the scattering angle for
various energy values of the electrons in indium antimonide at 77 K. It is found that for electron energies
higher than 0.1 eV, almost-zero angle scatterings are most preVi@3éi6t3-182@08)08419-7

I. INTRODUCTION tors before and after collision. The coefficiertsb, andc

The probability of scattering of electrons with ionized im- are evaluatetiin terms of the band gaRg, the nonparabo-

purities under high-field condition is a complicated funCtionIIClgufs;:tti?l:tic:]gqgrt?ﬁesrr::;ﬁ;bgl:ﬂgﬂ?%r?gfggrying out the
of the polar angle between the wave vectors before and aﬂ(?rrnegration over the azimuthal angfeandk’ and noting that
collision. While calculating the high-field conductivity char- for elastic scattering the integrand is nonzero only whin
acteristics of semiconductors by the Monte Carlo technique,:E ts. f Eq). for the total it Yy i
this dependence has been variously taken into consideration %'’ one gets, from Eq(1), for the total scattering rate,
by different authors. Some have calculated the scattering
angle by generating random numbers using the von Neu-
mann techniqué,while others have used a numerical solu- where
tion of the scattering integral to find out a scattering angle in
terms of a random numbér. ' Cimp= (Z2€N;M* )/(87%%),

It is of interest to study the dependence of the scattering
rate on the polar angle between the electron wave vectorg’ (E,)=dy(E)/JE,, v(E,)=(%%k?)/(2m*) is the energy
before and after the collision. In this paper we present thgyarameter for nonparabolic band and is given pyE,)
dependence of the scattering rate on the polar angle and theg, (1+ «E,) for the case of simple nonparabolicity;
electron energy for different amounts of ionized impurity =1/E4, and

Simp(k:)\):Cimp?’,(Ek)kisFimp(k:)\)l ©)

concentration.
Il. THEORY Fimp(K,N) = fo [O;(cosd)sing d6][1—cos
The probability of an electron being scattered from the 1 (2k2\2) 12
statek is given by
= | "fu(k\, 0)d0, 4
S(k)=Vc/(4772ﬁ)J IM(k,k")|28(Ex—E)dk’, (1) fo imp( ) 4)

. . . — 2
whereV, is the crystal volume. The material is assumed toVhereO;(x)=a+bx+cx. ,
be nondegenerate, i.e., it is assumed that the final ktaite We note that the dependence of the scattering rate upon

empty. The density of states ki space ig1/2m)3 because it the polar angle betwednandk’ is given exclusively by Eq.

is assumed that the spin is not altered due to scattering ). The probability that the electron will be scattered
ionized impurities. through an anglé@ is given by

The matrix element for ionized impurity scattering which )
takes place without the assistance of phonons and is assumed _ J' ' f” '
olastic, s given by P(0)=| | fimp(k\,0)d0 fmp(k,0)d6] (5)
IM(k,k)|>=[A(lk—k'[)]?°G(k,k"), (2  and this integral can be evaluated analytically.
We note that if screening is neglected, the expression for
fimp(K,\,6) presents a singularity @=0. In the presence of
[A(k—K'N2=[(Z¥)/(eV)I[(|k—K'[2+N"2)] L screening, however, the singularity is removed but low-angle
¢ scatterings are still favored, unless the electron energy is
where \ is the Debye screening length being given Xy very low or the free electron concentration is too large to

=[(n€?)/(ekgT)]*? for n-type nondegenerate materials.  produce any considerable effect due to screening.
The screening of the wave function has been taken into

where

consideration to avoid the mathematical singularity that . RESULTS
would otherwise creep in the expressida(k,k’) is the '
overlap integral and is given byG(k,k')=a+b cosy We have calculated the values®f#d) for various values

+¢ cog 6, whered is the polar angle between the wave vec-of @ for indium antimonide at 77 K using the following val-
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FIG. 1. Variation of the scattering probability with the angle of
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FIG. 2. Variation of the scattering probability with the angle of

scattering in InSb at 77 K for different values of the electron en-scattering in InSb at 77 K for different values of ionized impurity

ergy. The ionized impurity concentration is #0cm 3, (1) 3.9
X107 (2) 9.8<10°* (3) 2.4x10°% (4) 3.0x1075 (5) 3.0
X 1078,
ues of the material parameters:

m* =0.0145n,,

e=175%&, E4=0.21218 eV,

A=0.09 eV.

In Fig. 1 we have plotted the values Bf 6) versusé for

concentration. The average electron energy is 0.01 eV for all the
curves. (1) X108 (2) 5x108® (3) 1x10* (4) 5x10%
(5) 1x10% (6) 5x10'°.

In Fig. 2 we have plotted the variation of the scattering
probability for different values of the ionized impurity con-
centration taking the electron energy to be 0.01 eV. The free
carrier concentration in all these cases have been taken to be
equal to the ionized impurity concentration. We note that
large-angle scatterings increase with increasing carrier con-
centration due to increase in the contribution of screening.

The usefulness of these graphs becomes evident when we

different values of the electron energy taking the free elecéonsider simulation of the electron trajectory by the Monte
tron as well as ionized impurity concentration to be Carlo technique, which has now become an important tool

10* cm3. It is seen from the calculations that for higher
values of electron energ{e(>0.01 eV}, the scattering prob-
ability reaches the value of 1 sharply and the curves fo
various energies become indistinguishable indicating tha@
only extremely low angle scatteringg<0.1°) occur in this
energy range. For electron energies less than 0.01 eV, ho

for the calculation of high-field conductivity in semiconduc-
tors. In this technique, a random number is generated to de-

}ermine 6, the polar angle between the wave vectors before

nd after scattering. Equatigh) is then made use of to find
, i.e., given a random number uniformly distributed be-

tween 0 and 1, one has to fimdsuch that the right-hand side
Wf Eq. (5) becomes equal to. This can be done either by

ever, the scattering probability varies almost linearly with thesolving Eq. (5 numerically or by an elaborate two-
logarithm of the angle and the curves become almost equigimensional table lookup arrangement. During an actual
spaced for equal changes in energy. Almost 90% of the scakimulation, however, this becomes painstakingly difficult
terings, however, tgkes place within an angle of 15° for engand time consuming, because the values of the integrals de-
ergies down to 10° eV. When these results are comparedpend upon energy and the electron passes through a very

with those obtained by using simple expressidhat neglect
the effect of overlapping of the- and p-type wave func-

wide range of energy during its course of motion.

On the other hand the nature of the graphs presented here

tions, it is seen that the results do not differ by more tharshows thatP(6) and 6 can be related by some empirical
5%. This indicates that the overlap integral does not contribrelationship. Such empirical relation may be effectively used
ute significantly to the angular dependence of the probabilitfor faster and simpler implementation of the Monte Carlo

of scattering by ionized impurities in indium antimonide.

technique without considerable loss in accuracy.

1W. Fawcett, A. D. Boardman, and S. Swain, J. Phys. Chem. Sol-*B. R. Nag, Electron Transport in Compound Semiconductors

ids 31, 1963(1970.
2B. R. Nag, J. Appl. Physi4, 1888(1973.
3D. Chattopadhyay, J. Appl. Phy45, 4931(1974.

(Springer-Verlag, Berlin, 1980
5B. K. Ridley, Quantum Processes in Semiconduct@arendon
Press, Oxford, 1988



