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ABSTRACT. The effects of pH of the reaction baths on the structural, optical and electrical
properties of PbSe thin films have been investigated in the study. The thin films were
deposited using the Chemical Bath Deposition technique and the samples were analyzed
using X-Ray Diffraction (XRD) and UV-VIS-NIR spectrophotometry. The different sample
thicknesses observed due to the variation of the deposition parameter are reported. The
study revealed that the electrical conductivity and band gap energy of the samples
decrease with thickness while the dielectric constant increased with thickness. This
indicates that the solid state properties of the material can be controllably adjusted to
achieve a desired function by variation of the deposition parameter in the deposition
technique. Thus, by influencing the deposition of PbSe thin films through variation of it
deposition parameters, it is possible to fabricate nanostructured materials with properties
that can play significant roles in the production and utilization of thin films for solar
system devices.
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1. Introduction. Semiconductors based on selenium are important class of semiconducting
systems which have been widely studied due to their fundamental electronic and optical
properties. Intensive research has been performed in the past to study the fabrication and
characterization of these compounds in the form of thin films [1]. A number of methods for
the preparation of PbSe thin films have been reported, but chemical bath deposition is
found to be attractive due to the low-cost method of fabrication. Although chemical bath
deposition has been used as a technique for preparing films since 1910 [2], utilization of
CBD semiconductors in photovoltaic devices is much more recent [3, 4, 5] The large
number of materials that can be prepared by CBD and their prospective applications in
solar energy conversion, mainly in the area of thin-film solar cells [6], has increased the
research interest in chemically deposited semiconductor thin films. It has been found that
the microstructure and the electrical properties of thin films are different from the
properties reported for the bulk material with the same composition. [7] have studied the
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electrical conductivity of epitaxial thin films of Sr4Fe6O13−δdeposited on single crystal
NdGaO3 and the dependency of the conductivity on the film thickness. Lead Selenide
(PbSe) thin films are important materials for applications such as IR detector photographic
plates, and photo resistors [8, 9]. Lead Selenide film is used as a target material in infrared
sensor, grating, lenses and various optoelectronic devices [10]. PbSe thin films have a
direct band gap of 1.30 eV at room temperature. This paper reports the effect of the
deposition parameter on the electrical properties of PbSe thin films prepared by chemical
bath deposition technique. The possible applications of the material in solar device
technology will also be determined.
2. Materials and Methods. PbSe thin films of varying thicknesses were deposited on glass
substrates using the chemical bath deposition (CBD) method. The basic principle of the
CBD technique consists of the controlled generation of the metal and chalcogenide ions in
an alkaline medium and their precipitation on the substrate. The AR reagents used for the
thin film preparation are Lead Nitrate(Pb(NO3)2), Selenium Sulphate (SeSO3),
Triethanolamide (TEA), Ethylene diamine tetra acetate (EDTA), 25% Ammonia and
microscope glass slides (76×26×1 mm3) are used as substrates.

The Lead ion (Pb2+) was generated by the decomposition of (Pb(EDTA)2+)
complex. The Se2- ions were obtained in alkaline medium by decomposition of the
Selenium precursor which is SeSO3. The pH of the solution was adjusted by the use of
25% ammonia (NH3). The deposition bath was prepared as shown in Table 1.0 : 10 ml of
0.5 M Pb(NO3)2 solution was measured into 5 different 50ml beakers and this was added
to 5ml of 0.5 M of SeSO3, various volumes of 1 M EDTA disodium salt was then added.
The mixture was made up to the required volume with addition of water. The resulting
solution was stirred for a few seconds with a glass rod stirrer and thepHof the solutions
were determined using a Jenway 3015 pH meter. Well cleaned and degreased glass slides
were clamped in the reaction baths and held vertically. The deposition process lasted for 24
hours at a deposition temperature of27 0C. The slides were taken out, rinsed with distilled
waterand allowed to dry in laboratory air. The thickness of deposited thin films was
determined using gravimetric weight method with a sensitive digital Mettler AE 166
microbalance. The equation governing the reaction and deposition of PbSe thin films are as
follows:

2

LEAD SELENIDE BASED THIN FILM FOR SOLAR DEVICES
A. HELEN MARY CLARA AND R. AKILA

The presence of the Pb+2 and Se-2 ions led to the formation of PbSe.

The samples were run on an X’pert Pro MD diffractometer which uses a Copper
target (CuKα =1.540502Å, Current 40mA and a.c. Voltage 45kV) [11]. The thin films were
scanned continuously within the 2θ range from 200 to 500 at a step size of 0.002 and a time
per step of 0.05s. The optical absorption spectra were recorded at room temperature using a
Jenway 6045 UV-VIS-IR spectrophotometer [11].
3. Theoretical Considerations. The theoretical considerations of the optical and electrical
properties of the films are as discussed in [12-21].
From the XRD analysis the inter-planer distance (d) and lattice constants (a) as were
calculated. The crystallite (grain) size (D), dislocation density (Ƿ) and the micro strain (ε)
were also calculated using the expressions below:
Grain size (D) was calculated using Scherre’s formular
where λ is wavelength of x-ray, β is FWHM (full width half maximum), θ is the diffraction
angle and K is 0.9 which varies with (hkl) and crystallite shape.
The lattice constant (a) was calculated with:
The dislocation density, (ρ) = aD
where a is the lattice constant.
Micro strain,

4. Results and Discussions. Fig. 1.0 shows the plot of thickness versus pH of the reaction
baths. It was observed that varying the volume of complexing agent, EDTA, affects the
rate of deposition of the films. The thickness of the films increased initially to a maximum
of 1.592µm and dropped gradually to 0.517µm. The PbSe thin films were observed to grow
optimally in an alkaline medium with a pH range of 8.7-8.93. This indicates that the rate of
deposition depends on the pH of the reaction bath.
The XRD diffraction patterns of CBD PbSe thin films deposited for 2ml and 4ml
(EDTA) are presented in Fig.2.0. Phase identification was then made from an analysis of
intensity of peak versus 2θ. The PbSe deposited with 2ml (EDTA) peaks at 36.02° which
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gives rise to a structure with lattice constant a = 4.315Å and (111) preferred orientation.
The peak for 4ml deposition was observed at 36.49° with lattice constant a=4.261 Å. The
diffraction peak was observed to become much broader with increasing pH values and
tends to disappear for higher pH values. Similar effect was observed in previous study by
[22]. As the pH of chemical bath increased, the diffraction peak intensity decreased as
shown in Fig. 2. It can be seen that the crystal structure of the films was affected strongly
by the pH values of the chemical bath. The low intensity peak observed in the XRD pattern
of the 4ml sample under study shows that the film is nanocrystalline. The broad hump in
the displayed pattern could be due to the amorphous glass substrate [23] and also possibly
due to some amorphous phase present in the PbSe nanoparticle thin films. The structural
parameters of the PbSe thin film are shown in Table 2. It reveals that lattice constant, the
crystal size of the film and the dislocation density increases with film thickness, but micro
strain decreases with the increased film thickness. Since the dislocation density and strain
are the manifestation of dislocation network in the films, the decrease in the strain of the
material indicates the formation of higher quality films. This effect had also been noted by
[24] in previous work. This may be due to the decrease in imperfections and dislocations of
the films with increasing film thickness.
Transmission measurements are performed at normal incidence over a large spectral
range (200 to 1100 nm). The transmission spectra of PbSe thin films obtained at different
pH are displayed in Fig. 4. The broad cut off towards short wavelengths indicates the onset
of intrinsic inter-band absorption in the PbSe. An increase of the transmission values over
the whole spectral range is observed with increasing pH values. In the transparency region,
transmission is as high as 70% for pH=9.43; 60% for pH=9.58, about 50% for pH=8.84 and
at pH=8.78 transmission varies from 20% to 46% at the near infrared region. However
there is no detectable variation of the short wavelength absorption edge with the pH. The
decrease of the transmission coefficient with decreasing pH can be interpreted by an
increase of the film thickness as reported in Fig. 1. Films grown at pH=8.93 appear to have
the best crystallinity but also the smallest transmission in the transparency region.
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Fig.3 shows the plots of absorbance versus wavelength of PbSe thin films deposited
in this work. The absorbance generally decreased with increase in wavelength and has
relatively low values in the infrared region of the spectrum. A strong absorption was
observed at wavelength range of 300nm – 500nm, hence the film has potential application
in the fabrication of solar cell.
The transmittance spectra Fig. 4, displayed shows increase in transmittance as the
wavelength increases. The very high transmittance in the visible region makes Lead
Selenide films useful aesthetic window glaze materials. The films could also be suitable for
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solar energy collection because if coated on the surface of the collector, it will reduce
reflection of solar radiation and transmits radiation to the collector fluid.
The value of α is determined from transmittance spectra. These absorption spectra
which are perhaps the simplest method for probing the band structure of semiconductors
are employed in the determination of the energy gap, Eg.The value of α determined from
transmittance spectra was found to vary from an average of 3.0 x 10⁴ – 1.6 x 10⁴. This large
α-value is within the α-range 10⁴-10⁵ cm-1 for semiconductor thin films desirable for
production of polycrystalline thin film solar cell [25]. The energy band gap Eg was
obtained from Fig. 5.0. The photon energy at the point where (αhv)² is zero represents Eg,
which is determined by extrapolation. The values of the energy gap for the films are
recorded in table 4.0. The variation of energy gap with thickness is also shown in the Table
4. It is observed from figure5.0 that PbSe thin film exhibits direct band transition and its
band gap energy decreases with increase in film thickness. Hence the variations of band
gap in the films are due to the changes in the lattice constant.

Fig. 6.0 shows the graph of the electrical conductivity of PbSe thin films deposited
at different pH. All the films are found to conduct well at low frequencies, i.e. the
conductivity of the material decreases with increasing frequency of incident radiation. It is
observed that, the conductivity of the material decreases with frequency of the incident
radiation. So, the material conducts better at photon energy (hv) ≤ UV-VIR energy. The
electrical conductivity of the films vary from an average of 0.78x 10-4-0.71 x 10-4 (Ωcm)1 within the electrical conductivity range of 10-12 to 10² (Ωcm)-1 for semiconductors [2630]. The thickness of the material is also found to influence the conductivity, as the
thickness increases the conductivity decreases.
5. Conclusion. Lead selenide thin films were successfully prepared varying pH by
chemical bath deposition technique on glass substrates. The variations were found to affect
thickness of the deposited films. The structural and electrical properties of the films were
found to be thickness dependent. The X-ray diffraction studies revealed that all films had
FCC crystal structure with a (111) preferred orientation. Optical studies indicated that the
band gap decreased with increasing thickness of the films. The electrical conductivity
decreases with thickness while the dielectric constant increases with thickness. The values
of bandgap 𝐸𝑔 which fall within the light energy range of the electromagnetic spectrum
could find applications in solar devices useful for generating electricity especially for rural
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electrification, communication, remote monitoring and control. Also, the possibilities of
fabricating Lead Selenide thin films with adaptable microstructural and electrical properties
gives it many prospects in various technological fields. The deposited thin films with high
transmittance (T) and low reflectance (R) could find applications in thermal control
window coatings and heat mirror coatings in architectural industry and also in antireflection
coatings for solar-thermal devices.
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