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Introduction

Thin film technology is pervasive in many applications, including microelectronics, optics, magnetic,
hard resistant coating, micro-mechanics etc. Progress in each of these areas depends upon the ability
to selectively and controllably deposit thin films — thickness ranging from tens of angstroms to
micrometers — with specified physical properties. With rapid technology advances in the preparation
of films with controlled reproducible and well defined structures, thin film are expected to play an
important role in the studies of a variety of solid state phenomenon of basic and practical interest".
The properties of a large variety of new and exotic materials obtained by thin film techniques will
undoubtedly draw considerable attention in future.

The present work deals with the preparation of lead sulphide (PbS) thin film on a glass substrate
using the chemical bath deposition (CBD) technique. CBD is a chemical process in which a liquid
solution containing precursors is prepared and a substrate is exposed the solution. Over the course of
seconds or minutes (depending on the reagents and their concentrations), the precursors react to
produce a solid material that grows, atom by atom, on all the surfaces exposed to the bath. This
technique also offers the advantage of being able to deposit films on different kinds, shapes and sizes
of substrates®. This method of deposition, compared to other thin film deposition methods, is often
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noted for its low cost and for the simple apparatus required to perform the deposition. The CBD
method is one of the cheapest methods to deposit thin films and nanomaterials, as it does not depend
on expensive equipment and is a scalable technique that can be employed for large area batch
processing or continuous deposition. This method is based on successive adsorption and reaction of
species on the substrate surface from aqueous solutions. By CBD method pinhole-free thin films have
been grown easily since the basic building blocks are ions instead of atoms®.

PbS is an important direct narrow gap semiconductor material with an approximate energy band
gap of 0.4 eV at 300 K*. This makes PbS very suitable for infrared detection application®. This
material has also been used in many fields such as photography®, Pb*" ion-selective sensors’ and solar
absorption®. In addition, PbS has been utilized as photo resistance, diode lasers, humidity and
temperature sensors, decorative and solar control coatings®'°.Many researchers have reported
properties of chemically deposited PbS thin films'®*4.

Experimental

The reactive substances used to obtain the PbS layers were (Pb(NOs),), (NaOH), (SC(NHy),) and H,O for
different concentrations at constant room temperature. The concentration of lead nitrate was kept fixed at
0.175 M, thiourea at 0.1 M and NaOH at 0.55 M. All of these were measured in measuring jars and
individually made up to 10 mL in the corresponding measuring jars in the case of lead nitrate and thiourea
and then added to 30 mL of NaOH to make the final solution to 50 mL. But a characteristic blackish
solution of PbS was not formed. White suspension was formed which may be due to the presence of lead
oxide or lead nitrate. Now the order of mixing was changed. First the complexing agent, NaOH was added
to lead nitrate and after some time thiourea was added. First a white precipated solution was formed which
turned into a blackish colour after some time which indicates the presence of PbS. NaOH fixes the
alkalinity of lead nitrate solution. The reaction of lead nitrate and NaOH resulted in the production of
HPDO, ions. Then thiourea was added which resulted in the formation of PbS. Water was added only after
mixing the reactants. Thus it became clear that order of precursor mixing is very important in the formation
of good PDbS thin films. The substrate used is a rectangular piece of glass of dimensions 4cm x 1cm X
0.1cm. It was cleaned first by dipping in chromic acid and washed in pure water and rubbed thoroughly
with cotton waste. It was then cleaned using distilled water and then dried. This glass substrate was dipped
in the above prepared solution and it was examined that an adherent film was seen to be deposited on the
substrate only after 50-60 minutes without any heat treatment. Then the concentration of lead nitrate was
changed from 0.15 M to 0.19 M and examined the properties of the PbS films.

Results and Discussion

To study the role of lead nitrate on PbS thin films, the concentration of NaOH was fixed at 0.55 M and that
of at thiourea 0.1 M and the concentration of lead nitrate was varied from 0.15 to 0.19 M (Table 1).
Structural characterisation were done using x ray diffraction technique and electrical properties using
multimeter.

Table 1. Concentration of thiourea and lead nitrate solutions used in different samples

S.No Molarity of NaOH, M Molarity of Thiourea, M Molarity of Lead nitrate M
A 0.55 0.1 0.15
B 0.55 0.1 0.16
C 0.55 0.1 0.17
D 0.55 0.1 0.18
E 0.55 0.1 0.19

Figure 1 and Figure 2 indicates the XRD pattern of samples A and E. The (h k I) values of the observed
peaks are compared with the works of Seghaier et al.”®. This proved From XRD plots, we can infer that
crystallinity decreased when Pb(NO3), concentration increased. While the Pb(NOs), exceeds 0.17M, the
thickness of PbS layer decreases. The result seems to confirm that the nucleation rate is mainly regulated by
the concentration of Pb 2" ions in solution, which results in the development of PbS complex™. For samples
with high Pb(NO3), molarity, PbS films formed are removed from its substrate then, so the solution becomes
depleted of ions, resulting in a lower rate of deposition and less crystalline PbS thin films.
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Sheet resistance of PbS thin films was measured using two probe multimeter and obtained result
is given in Table 2. From hot probe method it was understood that the films were p-type.
Table 2. Sheet resistance of PbS thin films

Sample A B C D E
Resistance(MQ)  0.46 0.41 0.38 0.32 0.2

From this table, we can understand that as the concentration of lead nitrate was increased, the
sheet resistance decreased and this may be due to the slight decrease in PbS layer thickness.
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Figure 2. XRD pattern of samples E
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Conclusion

It was found that CBD is a cost effective method for the formation of thin films. Our method does not
involve heating or stirring. The order of adding the reactants of the precursor solution is important to
deposit PbS layers on substrate. The films formed are conductive and crystalline in nature. The
molarity of lead nitrate also play a great role in controlling the resistance of films.
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