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CALCULATION OF THE FERMI LEVEL IN A CERTAIN
TYPE OF DISORDERED METALLIC STRUCTURE

PACYET S3HEPTMIM ®EPMH JJIA OTHOI0 CIYYASA HEYHNOPATOYEHHOMN
METAJIMYECKON CTPYKTYPBI

STEFAN BARTA*, RUDOLF DURNY?*, Bratislava

It was found experimentally that many metallic glasses exhibit an interesting effect — the appearance
of a minimum in the temperature dependence of electrical resistivity — usually considered to be .
connected with the Kondo effect {1-—3]. It has been shown, however, that the presence of the minimum
can be explained by using in the case of metallic glasses the theory of the so-called modified relaxation
constant, under the assumption that the Fermi level approaches close enough to the levels of defects [4].
In the disordered metallic structures this effect has not been investigated yet either theoretically or
experimentally. The aim of this paper is to show (by a calculation) that the drop of the Fermi level can
be due to the disorder of the metallic structure.

Let us consider the model of free electron moving in a random potential. Their Hamiltonian has the
following form

H=

+U,(r).

where U,(r) is a mﬁwmon_mnw random function defined by the multigaussian distribution function, so that
{U,(r)) =0. Let n* denote the dispersion of the random potenial. Using the formalism of the Feynman
path integrals — applied in the treatment of similar probiems also byEdwards {5, 6] — the density of
states can be calculated as a series in the powers of h {7]. Considering the quasiclassical approximation
only, the energy of electrons in a disordered metallic structure can be written as

E=¢e+&y,

where £ =h%?/2m and £ is a random quantity with a gaussian distribution function.
The Fermi level will be determined using the relation for the concentration of electrons

m:» IA:anN
n u| de d§ . (1)
x* h* V2 % g‘ - m+malmmv+~
PAT kT
; m . . e+&n—
After integrating by parts and applying the transformation x II.ﬂ,ll one obtains
n _2V2m 1 .ﬁ % 2 & (DN ~Ep k1)l — & 4o dx | )
3a* B’ V2n (1+e*)?

* Department of Physics, Slovak Technical University, Gottwaldovo nam. 19, CS-880 19 BRATIS-
LAVA.

315



Further, using the translation operator D =d/dE, we obtain

2 /\Msub 1 \l P x\l
==Xt dx g3 e (/2e~Ep n 2 de .
3x* B Varl | (+ery ), " ®
Introducing the following substitutions €=1nYy, 2= ~E¢/n we have
2 /\MSQN 1 A\s erT/Abs ox
N 32 dx .\l 32 |:\~¥~+§|:\3~N
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where D' = d/dz.
The integration of (4) over x after introducing the parabolic cylinder function D _;,,(z) yields

2V2Zm* S\ [#kT . kT
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«S.o: oxﬁma&amn—.nnxu..nmmmosi c..mn_nma‘inommoanmuaa taking into account the m_wn and the second
terms only, one obtains ’ . .
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The differentiation of the parabolic cylinder function can be performed using the recursion formula

d= ~t/a m -z
QIN”O ) U«ﬁNv"Almv e Nvl..:ANv‘

with m=1, 2, 3, .. Then the expression (6) reads

2V2ame g 5 1 (7kT\?
n==-<7"__ u\nﬁ Alv ﬁ |~Nkb| 2 AL.V —22/4
P /\ﬂn: 5 ¢ u\uANv.Tm . € D ..(z)] . 0]
Taking the two first terms in the asympotic expression of the parabolic cylinder function one obtains [8]
’ IW.«\M&:EN e n? (kT\? I/ n\2
s e (R () T3 ()] ®

It is known that in crystalline metals the Fermi level is given by an approximative formula
er z (kT\?] | h? .
F=Eg, T Y Am g with E, = Ty (372n)** being the Fermi level at T =0 K. Then the relation
(8) can be written as

o 3] e e

After solving Eq. (9) the following result for the Fermi level is obtained

Lo 1,
E =3 Bzt (EF - n¥yn, (10)
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Since at 5 =0 there must be E¢=E%, only the singn+is allovable, thus

m«wmﬂ%: TAPZ 11
e=3 B# 141 (Z)]. an

The obtained result can be interpreted as a drop of the Fermi level in glassy metals due to the disorder of
structure. The rate of the decrease is given by the dispersion of the random potential as a parameter of
disorder. The relation (11) shows that a considerable decrease of Ef requires fair oscillations of the
random potential. This is illustrated in Fig. 1, where the Fermi level (in units EF) is plotted as a function
of 7.
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Fig. 1. The Fermi level of a disordered metallic
structure vs 7 as the parameter of disorder.
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It should be noted that the obtained result is a rough approximation only, which describes
qualitatively the dependence E, = Ex(n). In the following it is desirable to perform a calculation which
would consider not only the quasiclassical expression of the density of states but also the first (second)
quantum mechanical correction (s).
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