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ELECTRICAL AND THERMOELECTRIC
PROPERTIES OF CulnTe, IN THE SOLID
AND LIQUID PHASES

N. H. MOUSA, M. M. EL-BAHAY, A. ABDELGHANY and
A.H. ABOU EL ELA

Physics Department, Faculty of Science Al-Azhar University for Girls,
Nuasr City, Cairo, Egypt

( Received 29 May 1996)

Measurements of the electrical conductivity and thermoelectric power of CulnTe, in the
temperature range from 400°C to 970°C shows that the thermoelectric power changes
sign from positive in the solid state to negative in the liquid state above its melting
point. The experimental data were explained on the basis of a model developed for
the density of states and electrical transport in solid amorphous semiconductors [1].
The activation energy from electrical conductivity was found to be 0.31 ev for the solid
and 0.79 ev for the liquid and the coefficient of the linear decrease of the energy gap
with temperature was found to be 1.18 x 10™* ev/'K.

Keywords: Electrical conductivity; thermo electric power; energy gap

INTRODUCTION

Much research and attention have been devoted to understand the
properties of amorphous and liquid semiconductors. Various models
were suggested for liquid semiconductors, and the most comprehen-
sive attack to the theoretical problems has been made by Mott [2, 3]
and Cutler [4]. Ternary chalcopyrite semiconductors have recently
attracted attention because of their possible applications in electro-
optical devices. High efficiency solar cells are often fabricated using
these ternary compounds [5-7].

The aim of the present paper, is to study the electrical conductivity
and thermoelectric power of CulnTe, semiconductor in a wide range

113



08:11 28 January 2011

Downl oaded At:

114 N. H. MOUSA et al.

of temperatures in the solid and liquid states. CulnTe, is a direct
energy gap semiconductor, its melting point is 780°C and crystallizes
in the chalcopyrite structure.

EXPERIMENTAL

The samples were prepared by melting the proper amounts of high
purity component elements (99.999%) taken in their stoichiometric
ratios. The material was sealed in a silica tube at 1073 Pa, and heated
at 1200°C for 12 h with frequent rocking using an oscillating oven to
ensure homogeneity of the melt. Then the tube was quenched to room
temperature. The solid material is then heated in an inert atmosphere
until it melts and then transferred to the measuring cell.

Measurements of the electrical conductivity and thermoelectric
power were carried out in the measuring cell which was fitted with
graphite electrodes, heaters, and thermocouples for accurate measure-
ments of temperature up to 0.2°C [8]. A highly stabilized power
supply, a sensitive voltmeter, and a sensitive digital electronic multi-
meter capable of measuring currents as low as 10™° A were used. The
sample was investigated up to 200°C above its melting point.

RESULTS

X-ray diffraction techniques have been applied to study the structure
of CulnTe, ternary compound. Figure 1 shows x-ray diffraction pat-
terns obtained for the bulk material, it is clear that no evidence for the
existence of more than one phase [9, 10] was observed. The peak
heights and positions are in good agreement with the data reported
for the bulk material {11, 12].

Figure 2 shows the temperature dependence of the electrical con-
ductivity in the solid and liquid states. It is divided into two parts, the
first one for solid and the second for liquid. Both of them increases
exponentially with increasing the temperature, between them there is a
decrease of the electrical conductivity from 636°C till it reaches the
melting point of the compound 780°C. In the solid state the activation
energy is E_,,=0.31 ev, while at higher temperatures in the liquid

state the activation energy is E; ;= 0.79 ev.
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FIGURE 1 X-ray diffraction pattern of CulnTe, (Powder Sample).
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FIGURE2 Temperature dependence of the electrical conductivity of CulnTe, in solid
and liquid states.
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Figure 3 shows the temperature dependence of the thermoelectric-
power in the solid and liquid states. It is observed that the thermoelec-
tric power is positive in the range from 460°C to 700°C, at 735°C it
begins to change its polarity and become negative.

DISCUSSION

From Figure 2 the activation energy of CulnTe, in the solid phase
equal to 0.31 ev which may be attributed to impurity conduction. At
the melting point the electrical conductivity decrease which may be
attributed to changes in the short range order on melting and the
subsequent decrease in carrier mobility. In the liquid state In ¢ in-
creases linearly with temperature, with an activation energy equal to
0.79 ev which indicates a weakening of the influence of impurities and
a change from extrinsic conduction to intrinsic conduction in the
liquid state.
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FIGURE 3 Temperature dependence of the thermoelectric power of CulnTe, in solid
and liquid states.
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Figure 3 shows the temperature dependence of the thermoelectric
power S. Positive § indicates large predominance of holes in the elec-
trical transport and the rapid decrease of S with temperature in the
solid state just before melting may be attributed to variation in the
short range order during softning and melting, and the resulting vari-
ation in the width of conduction and valence bands which affects the
magnitude of the thermoelectric power. At the melting point, a sudden
decrease in the thermoelectric power and o is observed, which may be
attributed to changes in the short range order and the decrease in
carrier mobility. The values of the activation energy 0.31 ev suggest
that the conductivity is attributed to extended states in the conduction
and valence bands.

Above the melting point and in the liquid state S becomes negative.
It appears that CulnTe, behaves in the liquid state as n-type semicon-
ductor. Moreover, inversion of sign of S occurs where ¢ decreases and
becomes minimum. This inversion can be understood in terms of
transition between transport in two different bands. The region be-
tween the peaks in magnitude of S is explained by ambipolar trans-
port which suggests that there is cancellation between the positive and
negative contributions to the thermoelectric power due to hole and
electron transport.

The electrical conductivity is determined from

_E
o= o'oexp( ‘_EJKT ”) (1)

The value of the constant ¢, various strongly with the conduction
process. (E, — E,) depends on temperature and is given by:

E,—E =EO0) —yT (2)

! t
Thus
o = aoexply/K) exp[ — E(0)/KT] (3)

The temperature coefficient 7 can be calculated directly from the
thermoelectric power equation which is expressed as
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_K(E@ ¥
S“e(KT k+A> @

where the constant 4 is related to scattering mechanisms. If A4 is
known, y can be determined directly from the intercept on the 1/T=0
axis of a plot of § vs 1/T. By combining (1) and (4), we obtain the
relation between ¢ and S.

hY
a=aoexp(— €E+ A) (5)

Figure 3 shows that the relation between S and 1/T, above the
melting point in the liquid state, is a straight line. The extrapolation of
this line to the axis 1/T=o yields: y/k= —e/k S, + A

For A>2o0, y/k>=S,/86. According to Culter and Mott [13], the
constant A is of order unity for disordered structures. A recent investi-
gation of the thermoelectric power of amorphous chalcogenides [14]
suggests that 4 may be larger than unity for highly disordered ma-
terials. In our discussion, we assume that 4 = 1, and the extrapolation
of the curve gives for the coefficient y a value 1.18 x 10™* ev/°k. The
obtained value of y indicates that the temperature dependence of the
gap for liquid CulnTe, is of the same order as that found for liquid
Te-Se alloys [15]. It seams likely that the large linear decrease of the
gap with increasing temperature is related to that the difference be-
tween the distances from one atom to nearest and next-nearest neigh-
bours decrease [1].

Various workers [13, 16, 17] have attributed the negative values of
S to a large predominance of electrons in electrical transport. The
equations of the electrical conductivity and thermoelectric power for
liquid semiconductor can be written as:

0 =0, + 0, = ney, + pey,

where n and p are the concentrations of electrons and holes, p, and
I, the mobilities of electrons and holes, o, o, are the hole and electron
conductivities and the thermoelectric power is given by:
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S_——I (E[ = ](‘3’;) E

. [o(E) (a/ >dE

Dutchak [18] had shown that the thermoelectric power for bipolar
transport can be written as:

k\| Eg || o.—0,
S=— < 6
B Fed ®
where Eg is the energy gap.
It is clear from Eq. (6) that the thermoelectric power depends on the
difference between o, and o, and varies strongly as ¢, and g, vary
with temperature. Positive S in the solid state indicates that ¢,>g,

due to high density of holes or high hole mobility. In the liquid state
o, becomes larger than ¢, and S changes sign and becomes negative.

CONCLUSION

CulnTe, behaves as n-type semiconductor in the liquid state. The
inversion from P-type in the solid phase to n-type can be understood
in terms of transition between transport in two different bands. The
electrical conduction in liquid CulnTe, could be analyzed by the
model developed by Mott. The electrical conduction mechanism is
due to holes excited into extended states near the band edge, and the
energy gap is 1.58 ev. The temperature coefficient y is found to be
1.18 x 107 ev/°K which shows a large decrease of the gap with tem-
perature.
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