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The model for experimentally observed metal-insulator transition induced by magnetic field in amorphous
Gd;Sii—, is presented. The method of calculation is based on the previously created model for amorphous alloys
now developed to include magnetic field effects. The model is based on the quantum “2kr” scattering model theory
where the pseudopotentials are replaced by the scattering matrix operators and the Fermi energy is properly
determined by the accurate values of the phase shifts. The results agree very well with experimental data.
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1. Introduction

Magnetic field can induce metal—insulator transition in
highly disordered systems, that was experimentally found
for amorphous Gd,Si;_, at the temperatures close to
absolute zero by Teizer et al. [1]. Teizer and other re-
searchers investigated this material and its various prop-
erties in later papers [2-4] but they did not explain that
transition. Hereafter we show how such transition can
be explained within the model of the electron transport
that we presented in our previous work [5]. To our knowl-
edge it is the first explanation of this effect based on the
quantum transport theory of disordered systems.

Previously we developed the model [5] for calculations
of the resistivity of disordered systems basing on the
Morgan-Howson-Saub (MHS) model with the Evans cor-
rection which improved its stability and precision. We
corrected the Esposito method for the Fermi energy de-
termination by improving the phase shifts calculations
and finally we obtained two-parameter, fully quantum
model, that can be used for multi-element alloys. The
performed calculations have shown that the model can
be considered as universal one for a quite large group of
simpler elements.

In the next section we show how this model can be ex-
tended to include magnetoconductivity effects as it was
performed for the original MHS model [6]. After this
modification we use the model for calculations of the con-
ductivity in Gdg.14Sip.8¢ system at 0 K temperature to
present our explanation of the observed metal-insulator
transition in this material.

2. Model
The resistivity is calculated as in [5]:
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Here 7wy stands for the transport lifetime and 7 is one-
-electron lifetime (both taken from the Faber—Ziman
(F-Z) model), X = h/(7Er), and
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Instead of the original formula for F-Z lifetimes we follow
Evans et al. [7] taking

1 m*()o 2ke 3
o e dgh 4
P T /0 A q)q”, (4)
1 m*QO 2kr
= dg\ 5
. 27Th3kF/0 q\q)q, (5)

where () is the average volume per one atom in the sys-
tem, and for p-element alloy we generalized A(q) to be
equal to
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In this equation ¢; stands for the number concentration of
the 4-th component, S;; are the Ashcroft-Langreth par-
tial structure factors [8] and ¢;(q) are scattering operator
matrix elements (at the Fermi level):
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where P, are the Legendre polynomials, cosf = 1 —

¢*/(2kp)?, and 1, — phase shifts at the Fermi level for
the [-th band of the considered element.

2.1. Structure factors and phase shifts

Details of the methodology used for the calculation
were presented in [5]. We use the Ashcroft-Langreth
partial structure factors [8] calculated by means of the
method presented by Hoshino [9] and also we follow
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Waseda empirical rule [10] for calculation of the pack-
ing fraction. Phase shifts are calculated by solving the
Schrodinger equation with the muffin-tin potential calcu-
lated by means of the Mattheiss prescription generalized
for disordered systems by Mukhopadhyay et al. [11, 12]
and with counting wave function oscillations to obtain
their proper values as it was described in [5].

2.2. Magnetic field effects

Magnetic field influence on the resistivity is calculated
as in generalized “2kp” model [6] that leads to
it = 4 (B),
where 71 stands for the total relaxation time and
n ' (B) ~ —AB?,
where A = 10'* T2 s~! is a parameter of the model.
It was shown that transport lifetime in the generalized
model can be calculated as [6]:
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where X = h/(Ep7) and Y = h/(Ep7rr) = X(1+ 77 1).
Function Fl\l/l/gp(Y) for A > 0 is expressed as
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and for A < 0:
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where A =1- 7 and y = V1 + Y2,

This definition allows for calculation of the magneto-
conductivity as
Aon(B,T) =0(B,T) — o(0,T). (13)
Finally, to obtain resistivity in presence of the mag-
netic field we add the result above to the regular conduc-
tivity
1 1 n 1 1
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where the conductivities are replaced by the inverse re-
sistivities, p is the final resistivity, pvugs is the resistiv-
ity within the regular model without magnetic field ef-
fects included as presented in the beginning of the section
and pypp is the resistivity within the model generalized
for magnetic effects as presented above.
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3. Results

We performed calculations within the presented model
for Gdg.14Sip.8¢ amorphous system at 0 K temperature.
Parameters used for calculations were taken as: \ =

)
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1.23 x 10'2 T=2 571, agq = 0.7, ag; = 0.9045, and the
effective to regular electron mass ratios were assumed to
be equal to one.
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Fig. 1. Magnetic field induced metal-insulator transi-
tion in Gdo.14Si0.86 system at 0 K temperature. Solid
line denotes our calculation results and crosses are the
experimental data taken from [1].

Results are presented in Fig. 1. We can see very good
agreement between our calculations and the experimental
data, which suggests that the physics of the model is
correct and the model can be used for such calculations.
These results show that the observed phenomenon can
be explained as the effect of destruction of the quantum
interference that occurs as a result of high disorder in the
system, and so it can be seen as the Anderson transition.

4. Discussion

Calculations were performed with the use of the sim-
plest possible set of parameters. In fact, neither effective
electron masses nor the Slater exchange rate agq were
adjusted in any way and their values were taken as the
most typical ones. Only two parameters were used for
fitting: the Slater exchange rate ag;, the value of which
was established reasonably in the range 0.6 to 1.0, and
the parameter A adopted from the MHS model general-
ized in [6]. It describes the effect of the magnetic field
on the conductivity and it also turned out to have sound
value.

Anyway the fitting was performed for the single case of
the Gdg.14Sip.8¢ amorphous alloy and was not verified for
any other system. This should not affect our conclusions
but only means that the values of parameters may be
different in calculations for other systems.

5. Summary

We have adjusted previously developed and verified
model to include the influence of magnetic field on the
transport properties of disordered systems. We per-
formed calculations of the magnetoconductivity for amor-
phous Gdg.14Sig.g¢ system for which the metal-insulator
transition in the external magnetic field was experimen-
tally observed. We have obtained very good agreement
between our results and the experimental data, which
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