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Abstract The present study aims to determine the scattering mechanism in two types of n- and p-type InSb single
crystal semiconductors. For this purpose, the changes in the Hall constant, electrical conductivity, dynamics
coefficient in the temperature range of 77K to 360K, and Hall effect with an intensity of 7900 Gauss were
simultaneously measured and compared with the theoretical results. Additionally, Debye temperature and
dispersion mechanism were determined from the curve of changes in the mobility coefficient with respect to
temperature. Further, the energy of the forbidden band and overlapping temperature were calculated from the curve
of changes in the electrical conductivity, and the density of the charged particles as well as the type of charge
carriers were determined from the changes in the Hall constant with respect to temperature. From the change
curve of the dynamic’s coefficient with respect to temperature, the dispersion mechanism was defined. In this
experiment, for the n-type sample, the scattering mechanism was carried out by the optical mode at high
temperatures and by impurity at low temperatures. In the p-type sample, scattering was done by the acoustic mode.
Finally, in both samples, the dynamics coefficient was theoretically calculated that showed good agreement with

the experimental values.
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1. INTRODUCTION
The electrical properties of the InSb semiconductor

were studied in detail (Morisaki, 1970; Sugiyama &
Kataoka, 1985; Alberga et al., 1982; Tukioka, 1991;
Tanenbaum & Maita, 1953; Hrostowski et al., 1955;
Biernat & Kriechbaum, 1976). Determining the
scattering mechanism in semiconductors enables us to
examine the behavior of electrical conductivity and
mobility of charge carriers.

In the current research, the Hall effect behavior in
different temperature ranges as well as variations in the
mobility of charge carriers and electrical conductivity
were studied based on the energy scattering mechanism.
Basically, scattering of the charge carriers occurs in five
cases, i.e., acoustic scattering mode, optical scattering
mode, percentage of impurity, charge carriers, and crystal
defects. The effects of all of the above-mentioned
specifications are observable in a certain temperature
range which is divided into two regions called high- and
low-temperature region. At low temperatures, the range
of atom vibrations in the position of the crystal lattice is
quite low; therefore, it can be ignored. In this region, the
changes result from the ionized impurity atoms and
crystal defects. On the contrary, at high temperatures, the

atoms in the lattice sites move significantly from their
equilibrium position due to thermal vibrations. The
modes increase and as a result, thermal scattering by
phonons prevails.

2. RESULTS AND DISCUSSION

The current study was carried out on two samples,
i.e., p- and n-type samples. The temperature range of the
analysis was from 77K to 360K, and the intensity of the
magnetic field applied on the sample was 7900 Gauss.
The amount of impurity in the two samples was measured
as  [Ng]=9.5x10%cm=  and  [N,]=9.2x10%cm,
respectively.

In the sample with the impurity of [Ng] = 9.5 x
10%*cm’3, the mobility increased from 180° up to 300° and
decreased from 300K to 360K. From 180K to 300K, the
relation of mobility with respect to temperature was
u~T1652 and from 300° to 360K, it was u~T /2. The
maximum mobility of 65000 cm?/v sec was measured at
300K. The obtained results were compared with the
theoretical models, the results of which showed good
agreement.
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Figure 1. Mobility for sample n
In the sample with the impurity of [N,] = 9.2 x 101
cm3, the mobility decreased from 80K to 360K, and its
dependence on temperature was calculated as u~T 16,
indicating that the Fermi level is degenerate.
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Figure.2. Mobility for sample p

In the first sample, an increase in the mobility is
defined by the ionized atom scattering mechanism. Its
decrease is also specified by the optical phonon scattering
mechanism and interaction among the charge carriers. In
the second example, both acoustic phonons scattering
mechanism and interaction among the charge carriers
play a significant role due to the lattice vibrations.
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