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The chemical pseudopotential method has been used by a number of workers in order to study the
valence bands of amorphous tetrahedrally bonded semiconductors. However, various problems related
to this method are unsolved. In this paper, a theoretical formulation tending to clarify some of these
problems is presented.

This formulation concerns bonding orbitals and is valid, in principle, for amorphous silicon.

I. INTRODUCTION

Localised pseudopotential theory is applicable to evaluate localised orbitals in
amorphous semiconductors. This theory was applied by P.W. Anderson!? in order
to calculate localised orbitals for use in solid-state chemical bonding problems. In
addition, other workers have studied bonding problems in the context of amorphous
semiconductors.?

The chemical pseudopotential method is related to certain empirical and semi-
empirical techniques as, for example, the empirical pseudopotential method
(EPM). In certain cases, EPM has provided results in good agreement with ex-
perimental results. This method, as well as other similar methods, have been used
to analyze complex systems.*”’

In the following, we shall use a method that offers a high level of reliability. By
considering bonding orbitals, we shall establish an interesting equation for the
electronic density of states corresponding to amorphous silicon. In fact, our the-
oretical formulation involves the determination of the electronic density of states
in a unique way.

II. THEORETICAL FORMULATION

First, let us consider two isolated atoms 1 and 2. We can write:

H|2|¢1z> = E|¢12> (1)
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Where H;, denotes hamiltonian, E means energy, and |¢y,) is local bonding orbital.
A given electron in the bonding orbital is influenced by the potential of perturbation
of the above atoms. This potential satisfies the following relation:

Vi, = H - Hp 2
where V, is the potential and H is the total single-electron hamiltonian.
We shall formulate the potential by using the Born model. Then, we have:®

Vi =3 Bl — Gyl + 5 (@~ B - B ®)

where i, and @, are the displacement vectors of the atoms 1 and 2 respectively,
and f,, stands for a unit vector that connects the atoms. The parameters a and 8
are force constants.

On the other hand, we choose a = 28 and we consider ii;-f); = U, f), (see ref.
[9]). Then, from eq. (3) it is obtained:

| . .
Vy, = EBIul — Tyl 4)

By combining egs. (1), (2) and (4), we have:
2H|¢1z> - Blﬁl - ﬁ2|2|¢12) = 2E|¢12> )]
Moreover, the molecular orbital in eq. (5) can be expressed as follows:?

|6y = <) + |$2o1)) (6)

where c is a constant, |¢1_,2) is the orbital on atom 1 directed towards atom 2, and
|¢,1) is the orbital on atom 2 directed towards atom 1. Eq. (6) represents the
normalized sum of a Pauling-type hybridised sp® orbital on each atom.

Finally, we will consider the local electronic density of states namely:!

) = 3 || [ o - 0 o oce - B0 ™

where ¢, denotes eigenfunction that satisfies:?
Hl¢,) = E,|¢) ®)

In eq. (8) E, is the energy eigenvalue corresponding to ¢,. By determining ¢,
from eq. (8), it is feasible to use eq. (7) by also taking into consideration egs. (5)
and (6). Furthermore, for very small clusters of atoms, we can use the following
approximation to obtain the total density of states, namely:!!

g(E) ~ Qg(5, E) )
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where ( is the volume of the cluster and g(, E) arises from eq. (7) so that:

®) =03 H | w@rou)

(s - E.,)] (10)

III. DISCUSSION

We have established a chain of equations whose end is the total electronic density
of states for amorphous silicon. This total density arises from the local density of
states. All equations exposed here are important; in particular, eq. (8) is the
Schrodinger equation corresponding to electronic wave functions.

In addition, the consideration of the Born model in order to describe the in-
teraction of two isolated atoms constitutes an important fact. This model has been
applied the last twenty years with limited success.
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