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ABSTRACT: Nanosized PbS particles synthesized by using precursor solutions of lead nitrite [(PbNO3)2] and 

sodium sulfide (Na2S).The fabrication and detail properties of PbS doped SiO2 composite were reported. Present paper 

discusses the performance of ITO/PbS/Si/Al solar cell performance. In present work, silicic acid oxidizes to silicon 

dioxide and formation of PbS/Si composites takes place simultaneously by solid state diffusion method. X-ray 

diffraction (XRD), I-V measurement is use to determine crystallographic structure, optical and photovoltaic properties. 

Open circuit voltage( Voc), Fill factor (FF), Short circuit current (Isc) and efficiency of solar cells are determined using 

I-V curve. The photovoltaic performances of PbS/Si composite were found. The obtained results were discussed 

reconfirmation of PbS as an absorber for the fabrication of low-cost solar cells. 
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I. INTRODUCTION 

 

Solar energy is extensively used as the most important renewable energy sources in recent years. The available solar 

energy can be converted directly into electrical energy by the phenomenon of the photovoltaic effect. Among the 

various solar cells, multi-crystalline Silicon (Si) solar cell is still dominating and ruling in the market because of its 

efficiency, earth abundance of Si, non toxicity and its established methods of fabrication [1]. In spite of the market 

dominance, silicon solar cells have small absorption of light as Si is an indirect bandgap material [2,3]. Thus, a thick 

layer of silicon is needed to increase the light absorption, which in turn increases the cost of device fabrication. Due to 

this limitation, the other solar technologies also evolved intending to deliver photovoltaic energy at a reduced cost [4]. 

The inorganic sensitizers usually consist of narrow bandgap metal chalcogenide compounds, such as transition metal 

sulfides (S), selenides (Se), and tellurides (Te), CdS, CdSe, CdTe , PbS , PbSe. So far, the highest QDSSC efficiency 

was achieved by a PbS sensitizer [5,6]. 

Lead Sulfide (PbS) colloidal quantum dot solar cells are one of the most efficient and shows potential candidates 

among various quantum dot solar cells [7][8][9]. Lead sulfide (PbS) QDs are considered as the inspiring material in 
QDSCs due to their adjustable optical band gap from 0.4 to 1.5eV improves infrared absorption [10], which would 

significantly enhance the power conversion efficiency (PCE) of solar cells. Ag:PbS semiconductor materials have good 
potential not only due to their tunable optical and electrical characteristics but due to their potential for use as solar 

cells, IR detector, photoconductor photovoltaic cells, and electrochemical storage devices [11][12].The higher dielectric 

permittivity of PbS reflects more efficient charge separation at interface and hence enhancing the short circuit current 

density (Jsc) and fill factor (FF) of the device. PbS nanoparticles have variety of applications in the areas of high 

efficiency solar cell [13], photodetectors operating from infrared to ultraviolet wavelength range [14], optical switches 

[15], solar control coatings [16] etc.There are numerous methods for synthesis of PbS nanoparticles such as 

hydrothermal route [17], colloidal synthesis in aqueous media [18], electrochemical preparation [19], electron beam 

irradiation [20], hot injection method[21] etc. Transparent and conductive electrodes are one of the necessary layers for 

realizing monolithic perovskite silicon tandem solar cells. Transparent conductive oxides (TCOs) offer good electro-

optical properties with simplistic processing and are used widely among other transparent and conductive electrodes 

[22]. One of the most used TCOs is indium tin oxide (ITO) due to its superior electro-optical properties and stability. 

Since the ITO film is in direct contact with the organic thin film in the devices, the surface properties of ITO anodic 

electrode directly affect the hole injection/extraction process at ITO/organic interface and electrical properties of the 

devices  

As-prepared sample was characterized using X-ray diffractions (XRD), and photovoltaic response measurements. 
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II. EXPERIMENTAL 
 

 In this process, chemicals were used of high purity grade. In the present work, PbS doped Silicon composite is formed 

by solid state diffusion method. Chemical route approach adopted for the synthesis of PbS nanoparticles. The synthesis 

method involves the preparation of PbS nanoparticles by using (PbNO3)2 as a lead source and Na2S as a sulfur source.  

Both chemicals were mixed in distilled water in 1:2 ratio, respectively by maintain pH=3. As-obtained PbS 

nanoparticles were used to prepare composite with SiO2. The heating of silicic acid above 800 C oxidizes silicic acid. 

By considering this principle, for fixed value of silicic acid, prepared 10 wt % PbS added in silicic acid. The acetone is 

added to the mixture between silicic acid and PbS nanoparticles and homogenized by rigorous magnetic stirring. 

Prepared mixture was kept for 24 h to evaporation of acetone. The obtained fine powder further heated at 50C for the 

complete removal of acetone. After this, as-obtained fine power heated in step wise pattern. For each step powder 

heated at 200, 400, 600, 800, and 1000 C in vacuum for three hours. In this fashion, we prepared sample of PbS loaded 

SiO2 rich composites. 

The physic-chemical analysis of prepared samples was done through various analytical tools. The structural study of 

samples was completed using X-ray diffraction (XRD) analysis on XRD (Philips PW 1830).The photovoltaic cell for 

the study was prepared by simple doctor blade method. In this fabrication process, ITO plates were used as transparent 

electrode whereas aluminium foil was used as metallic electrode. As-prepared sample was sandwiched between ITO 

and aluminum. The diode parameters of photovoltaic cell were checked in dark conditions. The data of diode 

parameters such as short circuit current (ISC), open circuit voltage (VOC), fill factor (FF), and power conversion 

efficiency () were tested under incandescent light bulb. 

 

III. CHARACTERIZATION TECHNIQUE 
 

Formation of PbS nanoparticle was confirmed using X ray diffraction technique. Figure 4.1 depit the XRD patterns of 

PbS (10 wt.%) loaded SiO2 rich composites. The structural properties and phase analysis of as prepared PbS-Si 

composite is confirm by X-ray diffraction (XRD) with JCPDS data card.in the XRD patterned shows that all the crystal 

planes are mostly matching with reference data with crystal orientations (111), (200), (220) and (311) respectively, this 

peak clearly shows the PbS-Si has cubic structure because ß-ZnS phase present in composite . 

The wide diffraction peak at 21.3
o
 also present in this peak indicates that presence of SiO2 cluster in composites. As the 

PbS-Si are crystalline phase, its average crystalline grain size was computed using the Debye-Scherrer equation (eq. 

(4.1)),[10] 




Cos

K
D 

    

(4.1) 

Where, D is average crystallite grain size, K is shape factor and its standard value for unknown shape is K=0.89, λ is 

the wavelength of X-Rays used for analysis (λ=1.54 Å),  β is full width at half maxima (FWHM) and ϴ is diffraction 

peak position.The value of average size of particle is in between 17-20 nm, which are most desirable for generation of 

charge carrier. 
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Figure 4.1. XRD patterns of PbS loaded 10 wt.% SiO2 rich composites. 

 
IV. I-V CHARACTERISTICS 

 

The PV parameters of the Solar cells are determined by observing I-V characteristics under light irradiation. From the 

observation of I-V characteristics, typical diode behavior was obtained for as-fabricated solar cells. I-V curve has 

several characteristic points. When electrodes were connected externally, the short circuit current (Isc) was obtained 

and voltage starts to approach towards zero. The open circuit voltage (Voc) was obtained, when the current was zero. 

At both points, the cell does not produce power, since VI = 0. The maximum power (Pmax) was obtained when the 

product VI was maximum also known as “maximum power point”. I-V characteristic curve for the prepared PV cell 

was shown in figure 4.9. The values of Imax and Vmax are directly measured from I-V plot of PV cell and provided in 

table 4.2. Another indicator for the performance was the fill factor (FF) and power conversion efficiency (η). The 
relations for the determination of FF and η, is given by eq (4.2) [17] and eq. (4.3)[18], 

   

scoc
IV

IV
FF




 maxmax
                                                   (4.2) 

   

in

scoc

P

FFIV 


)(                                                (4.3) 

where, Pin is input power of light irradiation 

The obtained value of PV parameter was listed in Table 4.2. From table 1, it is observed that power conversion 

efficiency is not linearly varied with ZnS concentration in composites. The highest power conversion efficiency is 

associated with 25 wt.% ZnS loaded SiO2 composite. 

 

Table 4.2. Diode parameters of photovoltaic cell Isc, Voc, Imax, Vmax, % FF and % ŋ with architecture ITO/ZnS-

SiO2/Aluminum. 

Sample Isc (A) Voc (V) Imax (A) Vmax (V) FF % 

10 wt.% 619.7 0.63 617.6 0.21 0.332 1.29 
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         Voltage (V) 

Figure 4.2. I-V characteristics of PbS loaded 10 wt.% SiO2 rich composites. 
 

V. RESULTS AND DISCUSSION 
 

Figure 1 shows the XRD patterns of PbS (10 wt.%) loaded SiO2 rich composites. The structural purity and phase 

analysis of as-prepared composites was confirmed by comparing X-ray diffraction data with JCPDS cards. The 

broadening of peaks in XRD pattern indicates the nanocrystalline nature of the sample. In this work, we ably 

demonstrated salicic acid as a source of silicon in the process of solid state diffusion. The power conversion efficiency 

from 10 % of PbS loaded SiO2
 
found to be 1.29 % and Fill factor was 0.332 for weak light source of radiating power 

0.0104 W/m
2
. 
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