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Abstract. We have studied the transport properties in metallic n-type InP semiconductor. We
show that the dependence on temperature of metallic electrical conductivity obey to the law
o = o(T = 0) + mT2, We highlight the absence of a minimum electrical conductivity o,,,
proposed by Mott at the metal-insulator transition. We show that the conductivity at temperature
T=0K, o(T = 0), follows a scaling law as a function of the effective parallel and perpendicular
Bohr radii ay and a, .
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1. Introduction

In this paper the low-temperature electrical properties of an n-type InP device in the metallic
regime of the metal-insulator transition (MIT) are studied in the presence of magnetic fields. The
impurity concentration is n=1.23-10m™ with a compensation parameter k=0.5, the carrier
concentration has been determined from measurements of the Hall coefficient at room temperature
and the compensation was determined by the method described by Brooks [1].The critical
concentration n. in InP is calculated to 5-10*m™ using the Mott criterion [2, 3] (n.*® ay=0.25+0.05)
with the dielectric constant of 12.5.This indicates that our sample falls on the metallic side of the
MIT. The experiments are carried out at low temperature (between 0.066 K and 4.2 K) and in
magnetic fields up to 11 T. The InP sample is driven to the MIT by applying a strong magnetic
field. All the physical parameters of our sample are grouped in Tablel.

It is well known that in three dimensions on the metallic side of the MIT, the electrical
conductivity ¢ can be fitted by the following equation

o =0(T =0)+mT5, 1)

where the exponent s can be calculated to be 0.5 or 0.33 [4-7], where, o(T = 0) is the conductivity at
T =0 K, T is the temperature, m is the coefficient of thermal variation. s and m are adjustable
parameters. The fitting procedure was as follows: s was varied from 0.01 to 1 with steps in 0.01; for
each value of s the data were fitted to equation (1). (T = 0) and m were obtained by the standard
linear regression methods. The quality of the fit was tested with the estimation of the percentage

deviation
1/2

Dev () = [157, (X2 (oo + mT) - ) | @
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where g are the experimental values of the electrical conductivity at different temperatures.

Table 1. Physical parameters of our InP sample.

Parameter Symbol Value
Effective mass m* 0.079
my
Dielectric constant < 125
Impurity concentration n 1.2310%3m=3
Fermi vector k. 1.5427108m™1
Fermivelocity Vi 2.2596 m/s
Fermi energy Er 1.83810721)
Free Pathmean ly 148.441071%m
Elastic diffusion time T 6.57107 s
Diffusion constant D 11.18210"*m?/s

In Fig. 1 we plot Dev(%) against the exponent s for values of the magnetic field. It is clear that
the exponent s is almost equal to 0.5. We find the same result for all the other values of the
magnetic field. In Fig. 2 we plot the electrical conductivity o against T1/2 for several magnetic
fields.
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Fig. 1. Percentage deviation in Eq. (2) Dev(%) versus exponent s in Eq. (1) for two values of magnetic
fields (for B=10 T, S=0.56 and for B=11 T, s =0.55). The exponent s is very close to 0.5.

In Fig. 3 we plot o(T = 0) obtained by the standard linear regression method of the curves
o against T2 versus magnetic field B. We note that (T = 0) decreases linearly when the magnetic
field increases. (T = 0 ) tends to zero for B =15.2T. This shows that a minimum electrical
conductivity a,,;,, proposed by Mott [2, 3] at the MIT do not exist in this sample and that the MIT is
done continuously. This MIT must occur at a critical magnetic field B, =15.2T.B, forms de
boundary between the metallic (B<15.2 T) and the insulating (B>15.2 T) sides of MIT.
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Fig. 2. Electrical conductivity o against T1/2 for several values of strong magnetic fields.
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Fig. 3. o(T = OK) versus magnetic field B.
2. Determination of effective parallel and perpendicular Bohr radii a; and a

In this paragraph we will calculate an effective parallel and perpendicular Bohr radii a; and
a, (a;. and a, . are their critical value at the MIT). We use the normalized wave function given by
[8] as function as a; and a

E E _ 2 2 2
@ = (22a,?aym2) " Y2exp [—% — 42"2], 3)
X, Y, z being the coordinates along the X, Y and Z axis.
Yafet [8] poses
E = {p|H|p), (4)
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where E is the ionization energy and H is the Hamiltonian of the moving atom with the presence of
a uniform magnetic field. Using Eq. (4) we obtain

1 €* ylai® V2 1+V1—¢€2
E= 2a,2 (1 + 2) + 2 a,m(1-€2) 1-V1-eZ|’ ()

C

with y is a dimensionless quantlty given by y = hﬂ. We =— £Lisa cyclotron frequency. R, is the

2Ry
Rydberg constant and e = —
II
By minimizing E we obtain
SE
and
SE
Sag O (7)
We obtain
_ 1 €? 14+V1—¢2
se 2a,? f[(l 62) J1-€2) (1—62)3/2}l [1—\/1 €2 =0, (8)
S8E 2 V2 1+V1-€e?| _
Sa, aJ_ (1 + ) tytag+ ajm(1—€2) n [1—v1—e2 =0. (9)
By using Eq. (8) we obtain
— €
T (10)
with
1 €? 1+V1—€2
h(e) = flu eZ) J(1-€2) (1—52)3/2}ln [1—\/@ l (11)

By using Eqg. (9) we obtain

2h(e) € 2h(e) 1+V1-€?
( )3 (1 + ) Y (Zh(e) [1/ (1—€2 1—V1—62]] - (12)
Eq. (11) can be written as
F(e,y) =0. (13)

By calculatingy for each magnetic field we obtain a function F(e) with only one variable. For
each fixed magnetic field, we search numerically for the root of the function F(e) = 0. Each time
we numerize and draw the function F(e), and we determine graphically the value of e which
cancels the function F(e). In Fig. 4 we present an overview of the function F(e) for a fixed
magnetic field. Once €, we calculate the function h(e) by using Eq.(11).a, is obtained using Eqg.

(10) and q, is calculated using the relation e = Z
I
In Fig. 5 we plot an effective parallel and perpendicular Bohr radii a; and a, versus the

parameter y (y = %).
Y
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Fig. 4. Overview of the function F (¢) for a fixed magnetic field B.
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Fig. 5. Variation of an effective parallel and perpendicular Bohr radii a; and a, versus parameter y.

3. Scale law relating (T = 0) to effective parallel and perpendicular Bohr radiia, and a

Several authors have emitted different theories based on the renormalization equations and
their derivatives to establish scaling laws that the conductivity at zero temperature o(T = 0) could
satisfy. Abrahams et.al. [9] have denied the existence of minimum conductivity o,,;, at the MIT in
systems where electron-electron interactions do not exist. This was confirmed experimentally in
doped semiconductors [10-14]. Scale laws have been verified experimentally by several researchers

[15], who shown that o(T = 0K) = o, (nl — 1)V with the exponent v equal to 1 or 1/2.When the
C

sample is driven to MIT by applying a strong magnetic field (T = 0K) obey to the following scale
law o(T = 0K) = o¢ (1 —-2)".
c

Another approach to the variation of o(T = 0K) with magnetic field is to use a scale law in
which is introduced the Mott criterion (n.® an=0.25+0.05) dependent on the magnetic field
through the effective parallel and perpendicular Bohr radii a; and a, .We obtain

o(T = 0K) = gp (L% _ qyv, (14)

2
aic”q|c
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2
In Fig. 6 we plot In(c(T = 0 K)) against In(% — 1). We notice that o(T = 0 K) verifies
1c %lc
the scale law given by Eq. (14). We obtain o, = 16.94(Qcm)~* and v = 0.87. This value obtained
for the exponent v is appreciably close to 1. This result is in good agreement with theories.
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Fig. 6. In(o(T = 0K)) versus In(-2% — 1),
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4. Conclusions

In this work, we have shown using a numerical method of the percentage deviation Dev(%)
given by Eq. (2), that the electrical conductivity in metallic side of the MIT obey to the law ¢ =
o(T = 0) + mT%>. We have also shown that this MIT is done continuously and that the minimum
electrical conductivity o,,;, at the MIT suggested by Mott does not exist in our sample. We have
also shown that the conductivity at zero temperature (T = 0) follows a scale law as function as the
effective parallel and perpendicular Bohr radii a; and a,. In previous works we have study the
behaviors of electrical conductivity in the both sides of the MIT in 2D and 3D systems [16-23]. We
shown that the MIT can be driven by applying strong magnetic fields or by varying the
concentration of impurities, and that the electrical conductivity follows a Variable Range Hopping
conduction regime according to Mott or according to Efros—Schklovskii in the insulating side of the
MIT. We have also shown that the behavior of the electrical conductivity in metallic side of the
MIT is due to the weak localization effects, the electron-electron interactions effects and the
Zeeman effect in the presence of a magnetic field.
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