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ABSTRACT: We present measurements of the electrical conductivity of barely metallic n-type SiAs that are driven to the metal-
insulator transition (MIT) by impurity concentration. The experiments were carried out at low temperature in the range (3.48 - 0.00044
K) and with impurity concentrations up t0 10.410'** cm—2. On the metallic side of the MIT, the electrical conductivity is found to

behave like o = o, +mTY2down to 0.44 mK. Physical explanation to the temperature dependence of the conductivity is given in

metallic side of the MIT using a competition between two effects involved in the mechanisms of conduction, like electron-electron

interaction effect, and weak localization effect.
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l. Introduction

Biskupski et al. [1], and El kaaouachi et al. [2] have
observed the metal-insulator transition (MIT) induced by
an impurity concentration in barely metallic and
compensated n-type InP. Using new analysis methods,
they determined the critical magnetic field g_ for which

the conductivity changes from a metallic behaviour to a
variable range hopping regime.
In recent years it has become clear that not too close to
the MIT, the equation for the temperature dependence of
the metallic conductivity [3 - 5] is:
oc=c (T=0)+mT¥?

(1)
Where (T = 0) is the zero temperature conductivity
and m is the magnitude of the -correction term.
o(T =0) and m were obtained by standard linear

regression methods.

In the absence of the magnetic field, several authors have
examined the behaviour of the magnitude m in different
semiconductors [6-8]. They have shown that at B=0 T, the
sign of the term m depends on the difference between the
Hartree and the exchange terms.

In this paper, we examine the behaviour of the magnitude
m with impurity concentration N . When the MIT is
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induced by an impurity concentration, several phenomena
contribute to this corrective term  “mT/2” among
which are the electron-electron interaction effect, and the
weak localization effect.

In the absence of the magnetic field the electrical
conductivity can be written as:

o= O-(T = O) + 5O-e—einteraction + 50Weak localization
(2)

where OO, and oo, are

e—einteraction eak localization
respectively the contributions of  electron-electron
interaction and weak localization effects of corrective

term of the electrical conductivity o .

In Fig. 1, we have plotted the electrical conductivity o
versus T2 for different values of impurity
concentration n between 8.67.10° and

10,4.10%cm 2 for a metallic SiAs sample with

magnetic field equal O T. The experiments were carried
out at low temperature in the range (0.9 -0.00033 K) and
in impurity concentration up to 6,4.107cm 2 . We

have observed that m changes the sign in this interval of
impurity concentration.
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Fig. 1. Electrical conductivity o versus TY?for different
impurity concentration

I1. Electron-electron interaction effect

The electron-electron interaction effect has been
estimated by Altshuler et al. [9] and simplified by El
kaaouachi et al. [2]. The simplified form of the
contribution of electron-electron interaction effect to the

1/2
electrical conductivity with a T dependence is given
by:

-1 1/2
e? F F E 23 [[e
60 (T, M)y ¢ interaction = 2;r2h2{1+2u{k fl'ﬂ oD bT}
B -

7Kg

©)

Where D is a diffusion parameter of the middle given
by :
D=D,(n/n, -1)"
)
N, is the critical impurety concentration. D, and v are a

Vir

constants D, = , Veand 7 are respectively the

speed at the Fermi level and the elastic scattering time. In
other hand, following the work of Wegner [10], in the
metal side of the TMI, the conductivity at zero
temperature is given by:

c(0)=0, (1 - 1J
nC
©)

In fig. 2 we plot the variation of the In(c(0)) with the
In(n/n_ =1). This allows us to access to the slope V
(v :0.7). And Fig.3, shows the evolution of the diffusion
parameter D with the impurety concentration N .
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Fig. 2. Evolution of the In(c(0)) against
In(n/n, -1)

I11. Weak localisation effect

The weak localization correction has been calculated by
kawabata [11] and developed by El kaaouachi et al.[2].
The expression obtained is given by:

__ e’ fi—l-l/z
27°h \ DA

50Weak localization

(6)
where A is a constant given by:
2
_ 2(Ee7)
3/2
32k h
(7
104
ol .
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Fig. 3. Variation of the diffusion parameter D with
impurety concentration N

IV. Results and discussion

We present in Table 1 some parameters of the SiAs
sample. We have calculated the Hartree Fock constant F
using two theoretical methods: the Thomas-Fermi

approximation “F; -, and the Kleinman-Langreth

dielectric function [12-13] “F,_
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2
Fr ¢ =—|n(l+x) where x=( 2k, ]
X Kr_r
(8)

Where K is the Fermi vector and K _ is the Thomas-
Fermi scattering vector.

In(L+c) K )
FK—L :u where o= s
2k,

a
9)
where Kg is the scattering parameter given by:
1/2
K, =K, %_1 and
1+0.15 ke
2k,
w g U2
127m ne
% = Groap’K?
TEE, F
(10)

We have obtained for our sample
F. . =0.893.

F; - =0.099 and

Table 1. Some parameters of the SiAs sample.

Parameters Symbol value
n 8.5810" cm ®
Critical impurity concentration c
81
Fermi vector kF 7.3810'm
1
Free path length 186 A
K 2.26 10°m™
Thomas-Fermi scattering vector T-F
Parameter k F I k E I T
D 4.66 10*m%™*
Elastic diffusion constant 0
0.099
Constant FT _F FT _F
0.893
Constant FK—L FK—L

Firstly, we have calculated separately the theoretical value
of the magnitude m due respectively to electron-electron
interaction effect, and weak localization effect using
Equations (3) and (6). Then we compared these
theoretical values with experimental values of m.

In Fig. 4, we plot experimental values of m and the
corrective term to electrical conductivity o due only to
electron-electron interaction effect Eq. (3) in the both
cases when F is calculated using Thomas-Fermi
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approximation “F =F; -7 and using Kleinman-

Langreth approximation “ F = F; .
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Fig. 4. Experimental and theoretical values with (F=Ft¢
and F=F,) of magnitude m versus impurity concentration
(contribution of electron-electron effect).

The electron-electron interaction effect contribution to m
is positive and decreases slightly with impurity
concentration. This decrease is larger when F was
calculated using the Kleinman-Langreth approximation.

In Fig. 5, we plot experimental values of m and the
corrective term to electrical conductivity o due only to
weak localization effect Eq.(6).
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Fig. 5. Experimental and theoretical values of magnitude
m versus impurity concentration (contribution of weak
localization effect).

The contribution to m due to the weak localization effect
vary with the impurety concentration and is negative.
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Fig . 6. Experimental and theoretical values of magnitude
m versus impurity concentration using the sum of the two
effects ( e-e interaction effect and weak localization effect

Eq. (2).

Secondly, we have calculated theoretical values of m
using the sum of electron-electron interaction effect, and
weak localization effect Equations (2), (3) and (6). The
Hartree-Fock constant F was calculated using respectively
the Thomas-Fermi approximation and the Kleinman-
Langreth approximation.

The theoretical and experimental results of the magnitude
m in corrective term “MTY?” of the electrical
conductivity are shown in Fig. 6. We noticed that the
experimental values of m are changing sign. We also
noted that there is not a good qualitative agreement
between experimental and theoretical results of magnitude

m when F =F, | , but when the Hartree-Fock constant
F was calculated in the Thomas-Fermi approximation

(F =F;_g) we observed a large discrepancy between
experimental and theoretical results.
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V. Conclusion

The experimental values of magnitude m are positive and
vary slightly with the magnetic field. We can infer that
the electron-electron interaction effect (positive
contributions to m) is dominant over the weak localization
effect (negative contribution to m). The summation of the
three effects varies slightly with magnetic field. In
previous work, El kaaouachi et al. [2] found that m
changes sign from negative to positive when the magnetic
field increases in InP sample. We have also obtained a
better correspondence between theory and experiment for

F = FT_F .
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