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ABSTRACT -  The Bi2Te2.88Seo.12 single crystal was grown using the Czochralski technique. Hall and Van der
Pauw method were used for the monocrystal characterization. Mobility and concentration of charge
bearers majority and Hall coefficient of single crystal were determined. For the sample of BiTe doped with
selenium Hall effect was measured at room temperature with an applied magnetic field strength of 0.37 T at
different current intensities. The Hall coefficient value is negative, which shows that the samples are n
type and that the charge carriers majority are electrons. The fact that the samples are n type was also
confirmed by the hot point method.
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INTRODUCTION

Thermoelectric materials have unique dual capability of directly converting heat into
electricity or electrical power into cooling or heating. They receiving increasing attention
due to their potential to make important contributions to the effort on reducing CO2 and
greenhouse gas emission and providing cleaner forms of energy [1,2]. The best known
commercially used thermoelectric material (TE) in the bulk form for cooling and power
generation applications at ambient temperature is bismuth telluride (ВЈгТез), including
p-type BixSb2-xTe3 and n-type ВЈгТез-у5еу [3]. The ВЈгТез based single crystal bulks have
the lamellar structure and the weak Van der Waals bonding between Te(l)-Te(l), which
is responsible for the easy cleavage along the planes perpendicular to the c-axis. Because
this unique structural anisotropy, thermoelectric properties of n-type ВЈгТез-у5еу single
crystal solid solutions prepared by traveling heater method shows strong anisotropy. The
electrical and thermal conductivities along the cleavage planes (perpendicular to the c-
axis) are about four and two times larger than those along the c-axis, respectively.

Hall effect measurements are important to semiconductor material characterization.
From the Hall voltage, the conductivity type, carrier density, and mobility can be derived.
With an applied magnetic field, the Hall voltage can be measured.

The Van der Pauw method was first propounded by Leo J. van der Pauw in 1958 [4,5].
This technique commonly used to measure the Hall coefficient of a sample and the
resistivity. This method employs a four-point probe placed around the perimeter of the
sample. This allows the van der Pauw method to provide an average resistivity of the
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sample. From the measurements made, the resistivity of the material, the doping type,
the number of majority carriers per unit area and the mobility of the material majority
carrier can be calculated. The measurements require that four ohmic contacts be placed
on the sample. Sample thickness must be much less than the width and length.
Symmetrical of the sample reduce errors in the calculations.

In this paper we report results for Bi2Te2.88Seo.12 single crystal obtained by Hall and
Van der Pauw method.

EXPERIMENTAL METHOD

Hall-based measurements were performed on an Ecopia device, HMS-3000. The Hall
Effect Measurement System HMS-3000, manufactured by Ecopia, is designed to measure
the concentration of charge carriers, mobility, specific resistance and Hall coefficient,
with the aim of enabling easier and simpler observation of the semiconductor samples
electrical characteristics.

Ecopia HMS-3000 set (Figure 1) consists of an adjustable constant current source,
software part system, low temperature measurement system and a source of magnetic
flux density in the form of a permanent magnet (magnetic set). The system for measuring
at different temperatures and the source of magnetic flux density in the form of a
permanent magnet (Figure 1 b) physically represent one whole, which has, in addition to
the stated roles, also the task of the input part of the whole system (main role).

Figure 1 Ecopia HMS-3000 set

An important property of this measurement system is that different data can be
calculated and displayed automatically at once (graphically and tabular), after the
measurement has been performed on a material single sample. The data obtained after
the measurement are: surface carrier concentration, mobility, specific resistance,
conductivity, Hall coefficient, magnetic resistance (occurrence of resistance change
when the sample is exposed to a magnetic field), alpha (horizontal / vertical resistance
ratio), etc., as well as a graphical representation of voltage dependence and current
resistance (U-l, R-l graphs).
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RESULTS AND DISCUSSION

The samples tested by the Hall and Van der Pauw method were cut from different
parts of the ingot normally to the crystallization direction (±). In the following, these
samples will be referred to as 1/5 (±) and 2/2 (±), respectively.

1 2 3 4 6

Figure 2 Schematic representation of the location from which the 1/5 (±)
sample was cut from the ingot

The sample 1/5 (±) of circular cross-section is 2.05 mm thick. On Figure 2 the crystal
growth beginning is the location one.

Before the measurement starting, it is necessary to prepare the samples and connect
them to the PCB holders. The samples on which the measurements were performed had
a uniform thickness and did not have any irregularities on them. They prepared to be in
the form of thin disc (Figure 4) cut perpendicular to the long axis of a single crystal ingot.
All samples were carefully inspected for cavities and scratches and polished if necessary.
All measurements were carried out at room temperature (T=300 K). The source of
magnetic field applied perpendicular to the Hall element was a permanent magnet of
0.37 T. Hall effect measurements were done to obtain transport properties.

For resistance measure, voltage and current contacts were attached to 4 fixed contact
terminals located at the sample ends and at different current intensities. Schottky
contacts were used for tests performed at room temperature. The change of transport
and electrical parameters with increasing current intensity was also monitored.

Table 1 The results of the Hall and Van der Pauw method for the sample 1/5 (-Q

Current
intesity
1 [mA]

Bulk carrier
concentration

nb[/cm3]

Sheet carrier
concentration

ns [/cm2]

Mobility
p [cm2/Vs]

Average Hall
coefficient
Rh [cm3/C]

0.1 -l.O lOxlO 18 -2.070 xlO 17 6.698X102 -6.180x10°

0.5 8.546X1018 1.752X1018 2.892X102 7.304X101

1 -7.684X1018 -1.576X1018 2.517X102 -8.124X10'1

5 -2.268X1019 -4.650 xlO 18 1.356X102 -2.752 x lO 1

Figure 3 Schematic representation of the location from which the 2/2 (±)
sample was cut from the ingot

The sample 2/2 (±) of circular cross-section is 1.9 mm thick.
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Table 2 The results of the Hall and Van der Pauw method for the sample 2/2 (±)

Current
intesity
1 [mA]

Bulk carrier
concentration

nb[/cm3]

Sheet carrier
concentration

ns [/cm2]

Mobility
ц [cm2/Vs]

Average Hall
coefficient
Rh [cm3/C]

0.1 7.828xl017 1.487X1017 1.082X103 7.974x10°

0.5 -2.525X1018 -4.797X1017 6.982X102 -2.472x10°

1 -3.659X1019 -6.951X1018 5.810X101 -1.706X10'1

5 -1.050X1019 -1.996X1018 2.238X102 -5.943X101

Figure 4 Cross-sectional view of a circular samples 1/5 (±) and 2/2 (±), cut from the
ingot

The calculated data from the measurement results of the transport quantities for
samples 1/5 (±) and 2/2 (±) with a Schottky diode at room temperature (25 °C) and
magnetic induction of the permanent magnet B = 0.370 T are given in Tables 1 and 2.
Measurements were performed at currents of: 0.1; 0.5; 1; and 5 mA. The concentration
of the carrier charge increases with increasing current for both samples and ranges from
1017 to 1019 cm'3. The power factor is related to the concentration of the carrier charge
and is maximized by nb~1020 cm'3 in semiconductors [6,7], The Hall coefficient values
are negative except for the sample 1/5 (±) at a current of 0.5 mA and for the sample 2/2
(±) at a current of 0.1 mA. This indicates that the samples are of n type and that the
charge carriers majority are electrons. That the samples are of n type was also confirmed
by the hot point method. The mobility of most charge carriers decreases with increasing
current, which indicates that the temperature of the samples increases, which affects on
the mobility. For the sample 1/5 (±) the value of p is less than the value of n type bismuth
telluride mobility which is 510 e m W 1 [8].
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CONCLUSION

This paper was the result of the properties testing of an selenium doped bismuth telluride
semiconductor monocrystalline compound. Hall's and Van der Pauw's methods were used
for material characterization.

An selenium doped bismuth telluride monocrystal was synthesized. The electrical
properties of this crystal were measured and the mobility, concentration of the charge
carriers majority and Hall coefficient were observed. On the basis of the Hall coefficient,
it was determined that in the monocrystal the majority carriers are electrons. The
measured electrons mobility was significantly less than the electron mobility in pure
bismuth telluride.

The results of these studies show that the selenium doped bismuth and tellurium monocrystal
was successfully synthesized by the Czochralski method, and significantly complement existing
bismuth telluride single crystals knowledge.
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