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Temperature- and time- dependent Hall effect studies on
chemically deposited CuBIS, thin films

V. BALASUBRAMANIAN", N. SURIYANARAYANAN?, S. PRABAHAR, S. SRIKANTH, P. RAVI
Department of Physics, Tamilnadu College of Engineering, Karumathampatti, Coimbatore, India
Department of Physics, Government College of Technology, Coimbatore, India

Copper bismuth sulphide thin films have been prepared onto well cleaned glass substrates by chemical deposition method
using copper nitrate, bismuth nitrate, sodium thiosulphate and EDTA as complexing agent. Studies of Hall effect show that
the carrier concentration (n) decreases while Hall mobility (u) increases with the increase of bath temperature and

deposition time period.
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1. Introduction

Metal chalcogenides have shown many potential and
actual applications in optoelectronic, thermoelectric and
photoelectric devices and solar selective coatings [1-8].
Group V-VI compounds are of continuous interest for
investigators. Amongst these compounds, CuBiS, in thin
film form is a promising candidate that can be prepared by
various methods [9-12]. In these chemical bath deposition
method is a simple, inexpensive and convenient for large
area deposition [13-14].

The present work describes a chemical method for
deposition of CuBiS, thin films from acidic bath on a glass
substrates using Na,S,0s as a sulphur ion source. In this
paper Hall effect investigation is made on chemically
deposited CuBiS, thin films.

2. Experimental details
2.1 Preparation of thin films

0.2M Copper nitrate solution was added into 0.2M
Bismuth nitrate solution in a beaker. To the above mixture
0.2M Sodium thiosulphate was added. Ultrasonically
cleaned glass substrates were dipped in the reaction bath
and the temperature of the bath was increased slowly.
Films were prepared for different bath temperatures and
different deposition time periods. To enhance uniformity
and quality of the films, di sodium salt of EDTA was used
as complexing agent [15].

2.2 Hall parameters
The standard Van der Pauw technique is employed to

determine the Hall parameters. From the Hall parameters,
one can determine the type of the charge carriers, carrier

concentration, mobility of the charge carriers and Hall
coefficient of the films.

3. Results and discussion

Hall effect study is a powerful tool for knowing the
electronic ~ properties  of  Semiconductor.  Hall
measurements are done by Van-der Pauw method at room
temperature using a magnetic field at 0.57 Tesla .The Hall
effect can be described by means of the Hall Coefficient
Ry. The sign of the Hall Coefficient Ry gives information
with regard to the type of semiconductor (n or p type).
Thin film samples of area one square cm prepared by
chemical bath deposition method are used to carry out the
Hall studies. Fig. 1, 2 & 3 shows the dependence of Hall
coefficient, Hall mobility and carrier concentration of the
CuBiS, thin films at different bath temperatures (40°C,
50°C, 60°C and 70°C). Fig. 4, 5 & 6 shows the dependence
of Hall coefficient, Hall mobility and carrier concentration
of the CuBiS, thin films at different deposition time
periods (1 hour, 3 hours and 5 hours). The various
temperature and time dependent electrical parameters of
the CuBiS, thin films determined from the Hall Studies are
given in Table 1, 2. Hall effect measurements show that
the films exhibit n-type conductivity. It may be noted that
the mobility increases with an increase of bath temperature
and deposition time which may be due to the decrease in
carrier concentration film. The above fact can be attributed
to the improvement in the crystallinity of the films, which
were well supported X-ray diffraction analysis [16]. This
is associated with a decreased number of structural defects
and increased crystal grain volume in the films higher
thickness. It is observed that Hall coefficient increases
while carrier concentration decreases with increasing bath
temperature and deposition time. Similar observations
have also been reported in AlSb films [17] and on Sb films
and [18] oxidized in air.
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Fig. 5. Deposition time dependence of Hall mobility for
CuBiS; thin films.
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Fig. 6. Deposition time dependence of Carrier concentration
for CuBiS; thin films.

Table.1 Temperature dependence of Hall coefficient, Hall
mobility and Carrier concentration for CuBisS; thin films.

Hall
Hall mobility Carrier
Temperature - n .
) coefflcslenlt (cm?V" conc%ntratlcir;
Ry (cm®C™) ) n(cm®) X10
X10"
40 0.0723 0.5002 14.270
50 3.4205 5.1155 11.466
60 7.0970 9.5220 8.7960
70 11.010 14.062 5.7700

Table. 2. Temperature dependence of Hall coefficient, Hall
mobility and Carrier concentration for CuBiS, thin films.

. Hall Hall Carrier
Deposition fici mobility p .
time (hours) coe |03|er_11t (cm’ Vs conc%ntratlcirgl

Ry (cm°C™) 1) X101 n(cm?) X10
1 0.0799 0.5152 15.20
3 3.6093 5.032 7.858
5 7.097 9.5220 0.0879
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4. Conclusions

From the above study, it is concluded that CuBiS, thin
films prepared with different bath temperature and
deposition time period by CBD are found to be n — type
semiconductor. It is also observed that the Hall coefficient
(Rp), Hall mobility (p) increases and carrier concentration
(n) decreases with the increase of bath temperature and
deposition time period.
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