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Abstract

Single crystals of In4Te3 grown by modified Bridgman technique were characterized by measurement
of the Hall coefficient, electrical conductivity and Seebeck coefficient, in the temperature range 200-500
K. The investigated sample was found to be of P-type conductivity.RH at room temperature was 3.1 ×
1014cm3/coul and the carrier concentration was evaluated as 2.007 × 1014 cm3. Energy gap ∆Eg and
ionization energy ∆Ea were estimated as 0.28 eV and 0.12 eV, respectively, and the diffusion coefficient,
the diffusion length, the mean free time between collision and the effective mass of carriers were evaluated.
The variation of the Hall mobility with temperature was studied and hence the scattering mechanism is
discussed.
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1. Introduction

Single crystal semiconductors have important practical applications in technology. For example, much
better frequency stability and lower acoustic losses can be better achieved in single crystals than in poly-
crystalline aggregates. Great attention has been paid to the Ga-, In- and Tl- chalcogenides. In particular,
the study of the AIII

2 BV I
3 −, AIII

2 BV I
5 −, and AIII

4 BV I
3 − compounds has been quite attractive.

Indium tellurides are useful as materials for electronics and for optical recording. Phase diagrams of In-Te
systems can primarily attributed to the work of [1-7]. Compounds of InTe2, In9Te7, In4Te3, InTe, In3Te4, α-
In2Te3(low-temperature), β-In2Te3(high-temperature), In3Te5, In4Te7 and In2Te5 have been found to form
in the In-Te system under standard conditions. The existence of the In2Te, In9Te7, In3Te4 and In4Te7

phases are questionable [8]. The In4Te3 crystal structure has a Pearson symbol (oP28) and space group
(Pnnm) [9]. J. H. C. Hogg et al. [10] summarise the unit cell parameters as, a = 1.5630 nm, b = 1.2756 nm,
c = 0.4441 nm.

The present work is a study of some of the physical properties of the semiconducting telluride In4Te3

over the wide temperature range 200 –500 K in an attempt to obtain as much as possible information
about the semiconducting properties of these compounds. The properties investigated were the electrical
conductivity σ, Hall coefficient RH and thermoelectric power α and then the dependence of these properties
on temperature, where this is important for an investigation of transport phenomena in these materials. The
work conducted is intended further the information about the electrical conduction, forbidden gap width
and mobility of current carriers.
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2. Experimental

2.1. Growth of single crystals and preparation samples

In4Te3 single crystal was synthesized by direct fusion method. This method is a new design [11] for
crystal growth, based on the Bridgman technique and constructed in our laboratory. A silica ampoule was
washed with both pure alcohol and doubly-distilled hot water. The ampoule was coated with a thin layer
of carbon and then filled with spectroscopically standardized elements supplied by Aldirch with 99.999%
purity. The correct proportion of the component materials was placed in the quartz ampoule. The silica
ampoule was evacuated to 1.3 × 10−3 Pa before being sealed. The ampoule was moved through a three-zone
tube furnace over a period fourteen days. In the first zone, the ampoule was held at a temperature above the
melting point for about 24 hours. During the fusion process, the ampoule was frequently agitated to ensure
homogeneity of the melt. With the aid of a mechanical system, the ampoule was then driven to the second
zone. The zone temperature was held at about the melting point according to the phase diagram [8]. In the
third zone the temperature was below the melting point, where crystallization proceeded until the ampoule
solidified. The principles of the design and details of the process have been previously published in [11]. On
removal from the furnace, the ingot appeared more gray-black, exihibiting reflection. The produced ingot
was analyzed by X-ray analysis at the Central Metallurgical Research and Development Institute (CMRDI),
Egypt. The results indicated that the ingot was good crystalline material with the required phase without
any secondary phases. Conformation of the grown crystal showed that it had unit cell parameters as reported
by J. H. C. Hogg et al. [10].

2.2. Characterization of the samples

For studying the electrical conductivity and Hall effect, the sample was prepared in a rectangular shape
with dimension 7.5 × 2.6 × 1.3 mm3. Silver paste was used for the ohmic contacts. Measurement of
the current-voltage characteristics showed that the contacts were ohmic. The conductivity and the Hall
coefficient were measured by a compensation method in a special cryostat [12] with a conventional D.C.
type potentiometer (type UJ 33E Mark) in a magnetic field of 5000 G which supplied from an Oxford N177
electromagnet. During the investigation, the temperature was varied 200-500 K. All measurements were
carried out under vacuum at about 0.13 Pa.

For thermoelectric power (TEP) measurements, an evacuated calorimeter at 0.13 Pa was used to protect
the sample from oxidation and water vapor condensation at high and low temperatures, respectively. The
calorimeter was built with two heaters. The outer heater found the external source and discharged its heat
slowly to the specimen environment. The inner heater was attached to the lower end of the crystal in order to
control the temperature and its gradient along the specimen. The TEP is calculated at different temperatures
by dividing the magnitude of the thermovoltage difference across the crystal by the temperature difference
between the hot and cold ends.

3. Results and Discussion

3.1. Temperature dependence of electrical conductivity and Hall effect for In4Te3

Figure 1 shows the variation of electrical conductivity σ versus inverse temperature for In4Te3 single
crystal. The relation shows quite clearly that, by increasing the temperature up the transition point (∼200K),
the conductivity varies sharply with temperature. The rise of σ was interpreted as the increase in the
number of charge carriers due to impurity ionization. At temperatures above the transition point, i.e.
in the temperature range 280-400 K the conductivity remains almost temperature-independent. At high
temperatures, 400-500 K, the conductivity increases sharply with increasing temperature, allowing us to
measure the energy gap ∆Egfrom the slope of the curve, a value we calculate to be 0.28 eV. The room
temperature conductivity has been found to be 107.9 × 104 ohm−1.cm−1. The Hall coefficient RH was
measured and found to have a positive variation with temperature, indicating that the holes are a major
contribution to the conductivity. Figure 2 shows the temperature dependence of RHT 3/2 as a funcution of
inverse temperature and found to have behavior axpacted of semiconductors. The band-gap can measured
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from this graph and found have a value of 0.24 eV. In the low temperature portion of the curve the ionization
energy of the centers can be determined and was found to be 0.11 eV. The temperature dependence of the
hole mobility of In4Te3 is shown in Figure 3. It was found that for temperatures T > 200 K the mobility
decreases according as µ ∼ T−2. This dependence indicates that the phonon scattering mechanism is
responsible for the mobility in the high temperature range. The highest value of the hole mobility at 200 K
is 362.96 cm2/v.s. In addition, ionize impurities and other carriers may contribute to the scattering process
within this range of temperature. Measurements of carrier density versus reciprocal temperature indicated
that an acceptor level lies 0.12 eV above the valence band, as shown in Figure 4. In the temperature range
200-350 K, the carrier concentration in In4Te3 is determined by the number of ionize acceptors. Since the
In4Te3 sample exhibits an intrinsic behavior above 400 K, the expected value for the intrinsic concentration
can be given as [13]
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Figure 1. Temperature dependence of the electrical con-

ductivity ln4 Te3.

Figure 2. The relation between RHT
3/2 and In4Te3.

ni = 2(
2πk
h2

)3/2(m∗nm
∗
p)

3/4T 3/2 exp(−∆Eg/2kT ). (1)

One can see that the carrier concentration varies sharply with increasing temperature. The value for
the hole concentration at room temperature is 2.007 × 1014 cm−3. The diffusion coefficient for holes is
calculated to be 8.668 cm2/s.
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Figure 3. The behavior of Hall mobility as a function

of temperature for In4Te3.

Figure 4. Variation of carrier concentration with tem-

perature for In4Te3.

3.2. Temperature Dependence of the Thermoelectric Power for In4Te3

The temperature dependence of the thermoelectric power for In4Te3 is shown in Figure 5. Some features
of these results may be pointed out as follows.

1. The thermoelectric power grows monotonically with temperature and shows a sharp maximum of α =
136 µV/K at T = 392 K. The rise of α is attributed to the thermal activation of the charge carriers in
this range.

2. With a further rise in temperature a rapid fall in the thermoelectric power is noticeable. Such diminu-
tion of α, in this intrinsic range, is due to the fact that the direction of thermelectric fildes of the
carriers is opposite to their energy flow and hence they attenuate each other.

3. The results show that In4Te3 samples have positive α over the entire temperature range, indicating a
p-type conductivity of the investigated samples.

4. The room temperature of α value for In4Te3 amounted to 84 µV/K.

214



DONGOL, NASSARY, GERGES, SEBAG

—

—

—

—

—

—

— — — — — —

14.7

14.4

14.1

13.8
200 300 350

T (K)

α(
µV

/K
)

250 400 450 500

Figure 5. Temperature dependence of thermoelectric power of In4Te3.

The behavior of thermoelectric power with temperature in the intrinsic region can be described by the
following equation [14]:

α = −k
e

[
b− 1
b+ 1

(
∆Eg
2kT

+ 2
)

+
1
2

ln
(
m∗n
m∗p

)
3/2
]
, (2)

where b is the ratio of electron to hole mobility, ∆Eg is the energy gap and m∗n , m
∗
p are the effective mass

of electrons and holes, respectively. This relationship is linear in inverse temperature. From the slope of the
curve (in the intrinsic region) we calculated the ratio b = µn

µp
= 5, using ∆Eg = 0.28 eV. Thus using µp =

335.97 cm2/ vs at room temperature, then µn = 1679.85 cm2/ vs.
Figure 6. Shows a plot of α vs. 103/T for P-type In4Te3. The region negative slope indicates the increase

of α with elevating surrounding temperature. Measurements of the temperature dependence of the electrical
conductivity, the Hall coefficient and thermoelectric power enabled us to find the mean effective masses of
the electrons and holes. Their ratio was evaluated from the intercept of the curve at m∗n

m∗p
= 1.3 (we supposed

here that m∗n
m∗p

dose not vary with temperature).

Wilson in 1953 suggested the following formula for use in the extrinsic region [15]:

α =
k

e

2− ln
ph3

2(2πm∗pkT )
3/2

 (3)
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Plotting Eq. (3) ln T against α, we obtain Figure 7. This appears that α decreases linearly with the
increase of temperature in the temperature range corresponding to the extrinsic conductivity region, allowing
the effective mass of the holes to be evaluated to m∗p = 4.6 × 10−7mo.
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Figure 6. The relation between α and 103/T for In4Te3. Figure 7. The relation between α and `nT of In4Te3.

Combining this value with the above-mentioned results for, the ratio m∗n
m∗p

= 1.3, we obtain m∗n = 3.5

× 10−8 mo for the effective mass of the minority carriers. Using the effective mass values of electrons
and holes, the relaxation timeτ for both current carriers can be determined. For holes τp = 8.86 × 10−16

s, whereas for electrons τn = 3.36 × 10−16 s. The diffusion constants being related to the mobility of the
charge carriers, we deduced as Dp = 8.668 cm2/s and Dn = 42.5 cm2/s, respectively. One can see that
the diffusion constant inversely proportional to the effective mass of the holes and electrons. The electron
mobility, as calculated, is much higher than the hole mobility; and this results is acceptable, since the hole
effective mass is greater than that of the electron effective mass.

Another important parameter can be established, this being the diffusion length for holes and electrons.
The value of Lp and Ln was found to be 8.7 × 10−8 cm and 11.95 × 10−8 cm, respectively. Figure 8.
shows the dependence of thermoelectric power on the carrier density. We show that α increases sharply
at beginning of the curve, and covers a temperature range 200-370 K and reaches a maximum value in the
same transition region. After that, the value of thermoelectric power decreases exponentially with the carrier
concentration. The general behavior of α as a function of P is quite similar to the temperature dependence
of α. From this behavior we realize the effect of the charge carriers is a strong factor governing the variation
of α. The same behavior was observed when we plotted α vs. lnσ for In4Te3 sample in Figure 9. This
figure shows the dependence of thermoelectric power coefficient α on the natural logarithm of electrical
conductivity according to [16]

216



DONGOL, NASSARY, GERGES, SEBAG

α =
k

e

A + ln
2(2πm∗pkT )

3/2eµ
(2πh)3

− k

e
lnσ. (4)

The decrease of the thermoelectric power with electric conductivity may be due to the decreases of
the carrier density in this range T > 200 K. Below 203 K it seems that TEP increases with the electric
conductivity. The increase in the value of α in the low conductivity region may be due to the drag of
carriers by phonons. From Figures 8 and 9, we can deduced that the variation of α with the environmental
temperature is not a mobility effect, but is dependent on the variation of the concentration. The proposed
treatment of the experimental data sheds new light on the main physical parameters in In4Te3 single crystal.
The pronounced parameters obtained from TEP data gave evidence for practical applications.
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Figure 9. Variation of thermoelectric power with con-

ductivity In4Te3.

4. Summary

We summarize out study of ln4Te3 single crystals as fllows.
The temperature dependence of the electrical conductivity and Hall effect was investigated in the tem-

perature range from 200 to 500 K for In4Te3 single crystal.
The positive values of both the Hall coefficient and thermoelectric power inticated that conductivity was

p-type throughout the entire temperature range.
The crystal exhibited an energy gap of 0.28 eV and ionization energy of 0.12 eV.
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