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Abstract 
This work aims to study lead sulfide thin films on glass slide by the successive ionic layer 

adsorption and reaction method (SILAR). The purpose of this research is to study the optical properties 
of PbS thin films on glass slide, which would lead to an understanding of the optical properties of each 
PbS thin films caused by the SILAR method. The growth of PbS thin films was found to be profoundly 
affected by number of SILAR cycles. This work uses Lead dinitrate and Sodium sulfide for creating 
PbS thin films. The PbS thin films on glass slide were investigated for the X-ray diffraction and the 
optical properties of the SILAR cycle effect. The X-ray diffraction image showed face center cubic 
structure. Moreover, we found that the transmittance of thin films depended on SILAR cycles. 60 and 
80 SILAR cycles were lower spectral transmittance [below 40%] in wavelength of 400  900 nm. The 
films of 10 and 20 SILAR cycles of PbS thin films had very high transmittance though is used to 
contrast two statements. These two statements are not relevant. The PbS thin films were deposited by 
40 SILAR cycles with transmittance between 40  90% in wavelength 400  900 nm. For SILAR 
method, the number of deposition cycles affect the optical properties of PbS thin films. Therefore, 
increasing the SILAR cycles leads to lower the transmittance of PbS thin film.  
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Introduction 

 
Semiconductor nanoparticles or quantum 

dots (QDs) are intensive research efforts which 
have been undertaken to develop solar cells 
because QDs have excellent electronic properties 
and can be produced by low-cost methods. These 
include tunability of band gap energy, good 
photostability, narrow emission spectrum, broad 
excitation spectra, high extinction coefficient and 
multiple exciton generation [35]. With these 
advantages, researchers could be able to fabricate 
solar cells devices with high efficiency. [6] 

The tactics to fabricate solar cells based on 
QDs is to use QDs as sensitizer in porous metal 
oxide nanostructure films. Mesporous films 
consist of crystals with a diameter of tens of 
nanometers [78]. Mesoporous titanium dioxide 
was prepared by screen printing from paste and 
doctor blade method [9]. Sensitization of titanium 
dioxide was demonstrated into semiconductor 

QDs. Among the various QD materials, PbS and 
PbSe are good candidates for solar cells, because 
they can be made to overlap the solar spectrum. 
By controlling their size, the adsorption 
wavelength of the first exciton peak can easily be 
extended in the infrared [10]. For mechanism of 
carrier multiplication in QDs, PbS and PbSe QDs 
are found to be the materials with dramatic 
indications of carrier multiplication with photon-
to-exciton conversion efficiency up to 700% [11]. 
R.J. Ellingson and coworker focus on PbS 
quantum dots, they found that shows 300% 
quantum efficiency due to multiple exciton 
generation [12] and exhibit strong quantum size 
effects for relatively large sizes as compared to 
other semiconductors such as CdS, CdSe, ZnS, 
etc [13]. PbS QDs are interesting materials, which 
is possible to increase the light to electric power 
conversion efficiency. Nowadays, many researcher 
in the world have been studying properties of PbS 
QDs to construct solar cells.  
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Lead sulfide is a IV-VI group of 
semiconductor, which has received considerable 
attention because, with a narrow direct energy 
band gap of 0.41 eV, PbS has a large exciton 
Bohr radius of 18 nm. It is not only PbS Quantum 
dot very interesting for solar cells applications 
but also PbS thin films because they are cheap 
and convenient to fabrication.  Lead sulfide thin 
film have been synthesized using various method 
such as chemical bath deposition [2], spray 
pyrolysis [14] and the successive ionic layer 
adsorption and reaction (SILAR) method [15]. 
SILAR is most popular technique for deposition 
of thin film because the deposition rate and the 
thickness of the film can be easily controlled by 
changing the deposition cycles. Without using 
high power. inexpensive, simple and convenient 
for large area deposition [15]. 

In this work we report an experimental 
study on optical properties of PbS thin films. The 
absorbance, along with X-ray diffractrometer and 
uv-vis spectroscopy measurements, indicate 
transmittance range of PbS thin films. The 
meaning of these results for each of thin films 
will be discussed. 
 
Materials and Methods 
 

PbS thin films preparation 
Lead dinitrate (Pb(NO3)2) and sodium 

sulfide (Na2S) aqueous solution were used as the 
lead source and sulfide source for PbS thin films. 
PbS thin films was prepared by successive ionic 
layer adsorption and reaction (SILAR) method. 
Here, thin films were immersed in two solutions 
for 1 minute each. The glass slide was dipped in 
Pb(NO3)2 solution and following by dipping into 
methanol. After that the films were thoroughly 
cleaned with methanol and dried with hot air.  

 
 
 

Next, glass slide was dipped in Na2S solution and 
following by dipping into methanol. Finally, the 
films were thoroughly cleaned with methanol and 
dried with hot air. By repeating these cycles, PbS 
thin films of different thicknesses could be 
obtained.  

Successive ionic layer adsorption and 
reaction (SILAR) method was called the 
modified generation of chemical bath deposition 
(CBD) method. SILAR is solution method for the 
deposition of thin films. The facts affecting the 
growth phenomena of thin films are the quality of 
the precursor solution, pH values, concentrations, 
counter ions, complexing agent and pretreatment 

of substrate have been shown to affect the SILAR 
growth [15]. The crystal structure and orientation of 
the PbS thin films were examined by Bruker AXS : 
D8 Advance X-ray diffractometer using CuKa1 
radiation. Transmittance measurments were carried 
out using the UV-vis spectrometer : Avantes 
avaspec-EDU, which is the tungsten light source 
(MEGALIGHT 100 from SCHOTT Nippon k.k. 
Fiber Optics). The probe beam which was white 
light can be tuned in the 400  900 nm wavelength 
region using a software.  
        In this research we studied PbS thin films by 
concentration of precursor at 0.02 M. SILAR cycles 
were used 10, 20, 40, 60 and 80 cycles for 
measurement the optical properties of PbS thin 
films. The SILAR deposition cycles affect the 
properties of thin films. According to the X-ray 
diffraction image in Fig. 2 the PbS thin films grown 
on glass slide with 10, 20, 40, 60 and 80 SILAR 
cycles were face centered cubic structure. In Fig. 
2(a) 10 SILAR cycles, the peak still not clearly. In 
Fig. 2(b), 20 SILAR cycles, the peak is strong at 
(111) and preferential orientation of (200) in Fig. 
2(c), 2(d) (40 and 60 SILAR cycles respectively) 
and the most obvious in Fig. 2(e) which is the PbS 
thin films that deposition by 80 SILAR cycles.  
 
Results and Discussion 
 

 
 
Fig. 1 PbS thin films of the deposition thin films 
by SILAR method 10, 20, 40, 60 and 80 cycles  
respectively. 
 

 
 
 

Optical properties of PbS thin film XRD patturn 
 

(a) 

(2Pbaq2+ + 4(NO3)-1) + (4Naaq+1 + 2S2-)  4PbSS  + 4(NO3)aq-1 + 4Naaq+1 
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(b) 

(c) 

(d) 

(e) 
  

Fig. 2 (a) X-ray diffraction pattern of 10 SILAR 
cycles, (b) 20 SILAR cycles, (c) 40 SILAR cycles, 
(d) 60 SILAR cycles and (e) 80 SILAR cycles. 
 

According to the X-ray diffraction pattern in 
Fig. 2 the PbS thin films grown on glass slide with 
10, 20, 40, 60 and 80 SILAR cycles were face 
centered cubic structure. In Fig. 2(a) 10 SILAR 
cycles, the peak is not clear. In Fig. 2(b), 20 SILAR 
cycles, the peak is strong at (111) and is preferential 
orientation of (200) in Fig. 2(c), 2(d) (40 and 60 
SILAR cycles respectively) and the most obvious in 
Fig. 2(e) which is the PbS thin films that deposition 
by 80 SILAR cycles.  

Transmittance of PbS thin films 
 

Fig. 3 The Transmittance as the function of 
SILAR cycles of PbS thin films 
 

Fig. 3 shows the transmittance of PbS thin 
films using SILAR method of difference cycles. 
The SILAR cycles of films showed different 
trends in transmittance all of the films. 60 and 80 
SILAR cycles were lower spectral transmittance 
(below 40 %) in wavelength of 400  900 nm. The 
films of 10 and 20 SILAR cycles of PbS thin films 
obtained high transmittance. The PbS thin films 
were deposited by 40 SILAR cycles with 
transmittance between 40  90% in wavelength 
400  900 nm. For growth of PbS by SILAR 
methods, the number of deposition cycles affect the 
optical properties of PbS thin films. Therefore, 

increasing the SILAR cycles leads to lower the 
transmittance of PbS thin films. 
 
Conclusion 

 
The properties of PbS thin films glass slides 

substrate which was prepared by successive ionic 
layer adsorption and reaction (SILAR) method 
were measured by X-ray diffractometer. The 
characteristics of PbS thin films showed face 
centered cubic structure. For 20 SILAR cycles of 
PbS thin films, the peak is strong at (111). 40, 60 
SILAR cycles of PbS thin films the peak is strong 
at (200) and the most obvious in 80 SILAR 
cycles of thin films. For the spectra analysis of 
the data were done to obtain the transmittance. It 
was found from the spectra measurement that 
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PbS thin films can be possible as good absorbers 
in 40 SILAR cycles.  
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