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Impurity Energy Band in Nearly Degenerate
Semiconductor

By

Akio UsHiroxkawA and Masatoshi WARASHINA

Abstract: Simple theoretical expressions of the state-densities of impurity energy
bands in the nearly degenerate semiconductor are given at the aim of the fact that
the expressions are convenient for the dependency of the state-densities on the impurity
concentration, and that available for a design theory of degenerate semiconductor
devices”?. In the case of very much impurity concentration N, the impurity distri-
bution in the crystal is actually at random, but an average distribution may be approxi-
mated to the case of very weak periodicity of “/a”, where “@” is the lattice constant
of the mother crystal and “I” is a constant determined only by the N.

Then, it is found that the potential distribution in this crystal is of “a” periodicity
modulated by the weak average periodicty of “l/@”. Thus, “almost free electron
approximation” method can be used in the analysis of the impurity energy bands. In
the only case of introducing this new weak average periodicity, simple theoretical
formulas of impurity band depending upon the “N” may be obtained.

In the case of z direction in a crystal, the potential distribution and the wave
function are given as Eq. (1) and (2), respectively. The electron motion is given
by Eq. (3). According to almost free electron approximation, the wave function can
be approximated as Eq. (4). When solve the equation of the electron motion, setting
energy zero point as Eq. (7), such a determinant as Eq. (11) characterizing energy
bands in this crystal is derived from the condition of the existing wave function 4).
Still more, a quantity a@isazsa*1a-+aisa*izaxs* is cubic of potential energy, so that this
quantity may be neglected compared with the products of kinetic energy and square
of potential energies. Thus, we can deduce the determinant (11) to Eq. (12) as follows

1
asz2 az3 —ailr a3 —an ai
—an +ax»|3 taas| 3 =0

3 ax* a
= % ais* as ap* az

Each determinant in Eq. (12) to be equal to zero is solved. It can be found that
the first determinant, second’s and third’s correspond, respectively, to the energy bands

affected by both mother crystal lattice and impurity lattice, the impurity energy band
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constructed by only impurity lattices and by only mother crystal. Then, in this
paper, we propose the approximation to the case of the nearly degenerate semicon-
ductor, in which we assume to exist a weak periodic potential, so that the impurity
energy bands may be obtained in simple and available form. For examples, as for
the zn-th impurity band, the maximum state-density of impurity g.max is located at the
energy at k=7r(n——é—>/(la). In both cases that potential distributions between im-
purity atoms are overlapped even between the nearest neighbor impurity ions and
that are not overlapped, as increasing N(=(l@)?), g.max 1s hardly dependent of N and
the allowed energy band width almost corresponds to N3, so that it may be supposed
that an electron activation energy in this nearly degenerate semiconductor decreases

with N?/3 as increasing N.
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