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ABSTRACT

The localization criterion of Kumar et al. is applied to the case

of a uniform distribution for the site energies ana particular attention

is given to the behaviour of the mobility edge in the limit of weak disorder.

The results are similar to other theories but disagree with that of

Abou-Chacra and Thouless in the limit of aero disorder.
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Hon-crystalline materials provide a large field for investigation.

Considerable theoretical attention has been given to the nature of the

eigenstates and the distinction between localized states and extended states

to understand the transport properties In such systems. Probably the most

important information is obtained from their localization properties.

Anderson (1958), through a linearized random tight-binding Hamiltonian,

pointed out qualitative conclusions supported by experimental evidence

(Anderson 1970, Hott and Davis 1971). Particularly, the absence of

electronic diffusion above a critical value of the degree of disorder,

called the "Anderson transition", Is greatly appreciated in describing

metal-non-metal transitions.

However in some oases, such as sietal-oxide semiconductors (Pepper 1977)

and amorphous semiconductors (Davies 1980),the degree of disorder is

relatively small compared to the prediction of Anderson to localize all the

states. In such situations, Mott (1967) suggested the existence of a

mobility edge separating localized states in the band tails from extended

states in the interior of the band.

In this field, recently, Brezini and Olivier (l98la and b) have

proposed a model, using the localization criterion of Kumar, Henrichs and

Kumar (1975), applied to the case of binary alloys and for a Cauchy distri-

bution for the site energies. The purpose of this paper is to extend this

model to the case of a uniform distribution for the site energies in the

limit of weak disorder.

In the present study the lattice is a Cayley tree for which a closed

form for the Green function may be expressed. Although this lattice is with-

out a physical nature and the disorder only in site energies, this model

contains the basic physical phenomena of an amorphous semiconductor:

namely a mobility edge.

In Anderson's model the localizability of an eigenstate is related

to the convergence of a renormalized perturbation series of the self-energies

which ̂ s examined in terms of probability since this series contains random

quantities. The absence of intersecting paths in the Cayley tree reduces the

number of self-avoiding walks. Consequently, the renormalized perturbation

series is truncated to its leading term. Kumar et al. have presented an

equivalent localization criterion in terms of the derivative of the self-

energy. In this model the mobility edge is characterized as the energy

where the derivative Y. = -d S.(E)/dE becomes infinite with probability

unity. From their criterion, Kumar et al. get a non-linear integral equation
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dx TJ (1)

Here l s t h e Laplace transform of the original distribution ^ (y-);

(x+E) the joint probability distribution for the sumz

- E (2)

where E, is the energy of the site "i" given by a probability distribution

and S . (E) the self-energy. K i s ^ e lattice connectivity, i .e . the co-

ordination number minus one. In the limit of weak disorder, the probability

distribution 'jp (y ) must satisfy the equation of stable infinite dis tr i -

butions (see Gnedenko and Kolmogorov 195U and Moran 1968) and consequently

^p (u) may be written as

= expf-au - (3)

with real coefficients a > 0, c > 0 and 0 < a < 1 (see Kumar et al.)

The problem of solving the non-linear integral equation (l) is

simplified in the case of a Cauchy distribution for the si te energy since the

exact analytical expression of Ĵ  (x+E) is found (see Abou-Chacra and
z ̂ ^^

Thouless). The problem of finding y (x+E) becomes more difficult with

other distributions. In the case of the uniform distribution, we have

pU) = \

= 0

for

otherwise

<

In the limit of weak disorder, the degree of disorder W is small and since

we have a. compact disorder one can replace the self-energy S.(E) of Eq.(2)

by i t s value at the unperturbed band edge which is jKV obtained by solving

the equation of the self-energy of an electron at the s i te "I" in a localized

state in the limit of zero disorder given by

V2

J * i
E - I. - S . ( E )

J J

(5)

In this approximation the probability distribution is taken to be
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p(x t /KV - E) (6)

Substitution of (3) and (6) in (l) yields

au
-

2a iTa
x cos —

dx

(7)

In this model, the mobility edge is given by determining the coefficient "a"

and taking the limit "a" infinite (see Kumar et al.)• An approximate

form for the coefficient "a" may be obtained by using a series expansion of

the exponentials and comparing the coefficients of Eq.(T), after integration

one gets to the first order:

K.V2

(E - - %-- KV2

Then the coefficient "a" is infinite for

(8)

(E - i^V)2 - £_ - KV2 = 0 (9)

In the limit of weak disorder the mobility edge is

(9)

Thus the present approximation reproduces correctly the band edge of

an ordered Cayley tree which is 2 ijKV (see Economou 1979) for the limit

W—»0 and furthermore,the mobility edge E moves outvards of the band

tangently to the unperturbed band as W increases from zero. This result

contrasts with that of Abou-Chacra and Thouless which does not reproduce

the correct band edge of an ordered Cayley tree since they must neglect the

term K V in the argument of the probability distribution p in Eq.(5.3)

of their paper.

The localization criterion of Kumar et al . is equivalent to the

definition of Abou-Chacra, Anderson and Thouless (1973) in terms of the limit

of stabil i ty equation for their probability distribution. They discuss the

probability distribution for the imaginary part A of the self-energy

which results from a small imaginary part ri in the energy E. In the
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region of localized states A. -> 0 ^s n -*• 0 and the ratio A /r\ tends
J J

to -d S,(E)/dE according to the analytieity condition for the self-energy

S.(E). The integral equation for the probability distribution of a, they

obtained is similar to equation (1) if one does not neglect the real

part of the self energy (Eq.. (5-1) of their paper). By neglecting this term,

Abou-Chacra and Thouless study the asymptotic form of *p (y.) near the

centre of the "band (E = 0) where the most probable value of the real part

of the self-energy vanishes. This explains the discrepancy with the present

result.

A similar formula to (9) is obtained from the coherent potential

approximation (CFA) (see Soven 2-9'oJ) for the band edge in the limit of weak-

disorder. The use of the CPA near the unperturbed band edge is discussed

by Economou and Cohen (1972) and for probability distributions with short

tails, the CPA appears to be a better approximation.
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