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Abstract:  

  Bi2S3 thin films were prepared by thermal evaporation technique on glass substrate. The 

influence of thickness on the structural and optical properties has been studied. The 

surface morphology, roughness and structure of the prepared films were investigated by 

atomic force microscopy (AFM) and x-ray diffraction. The results showed that bismuth 

sulfide thin films have amorphous structure turns to crystalline stricture at higher 

thickness. The absorption spectra have been taken in the wavelength range 300 nm to 

1100 nm. We devoted in this work on the effect of thickness (t) on the optical properties 

of Bi2S3thin films like (the optical energy gap (Eg ),the optical constants (the refractive 

index (n) ,the extinction coefficient (k) and the real (εr) and the imaginary (εi )part of 

dielectric constant. The different electronic transitions and the optical constants are 

determined from the transmittance and reflectance data of these thin films for normal 

incidence. The optical parameters of Bi2S3 films show a remarkable dependence on the 

preparation condition. Reasonable photoelectric conversion efficiency has been achieved 

for thin film  Bi2S3 /Si solar cell which consists of  different thickness (300 to 700nm) 

layer of Bi2S3  .The photovoltaic structure: Bi2S3 /Si thickness of 300nm shows an open 

circuit voltage (Voc) of 244mV, a short circuit current density (Jsc) of 0.0016 mA/cm2, fill 

factor of 0.94and conversion efficiency of 0.24% under 106mW/cm2 illumination 

intensity.  

Index Terms- Bismuth sulfide, Thin films, Photovoltaic materials, Thermal evaporation, 

Optical properties, Solar cell. 

 

 

 

1-Introduction:  

 Chalcogenides thin films are largely used nowadays in the fabrication of components 

such as photodiodes and photovoltaic cells [1,2]. The effort of investigation on sulfide 

compounds is still increasing, and Bi2S3 has been extensively examined [3,4]. Bi2S3 

which is of the family of AV BVI compounds is of particular interest because of its 

physical properties. Due to its important thermoelectric effect, Bi2S3 can have 

applications in thermoelectric conversion[5].Recently, the synthesis of metal 

chalcogenides group A2
V B3 

VI (A = As, Sb and Bi; B = S, Se and Te) has been the focus 

of attention because of their important physical and chemical properties [6], wide 

applications in semiconductors [7], pigments [8], luminescence devices [9], solar cells 

[10], IR detectors [11], and thermoelectric devices [12]. Especially, Bi2S3, which is one 

family member of metal chalcogenides group, have drawn much attention by a large 

number of researchers [13,14]. Particularly, extensive investigations on the synthesis of 
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Bi2S3 thin films have been carried out [15,16]. Quantum-confined semiconductor 

structures, including quantum wells, quantum rods, and quantum dots, have been 

extensively investigated in the past few years[17]. One of the most interesting effect of 

low-dimensional semiconductor structures is the size dependent band gap. 

Semiconductors, which have changed properties resulting from quantum confinement, 

have drawn considerable interest and are currently being investigated. Semiconducting 

thin films exhibit size-dependent electronic band gap energies melting temperatures, solid 

phase transition temperatures and pressures. These properties of nanomaterial make them 

an interesting category of material for optoelectronic applications[18]. These 

semiconducting materials may find applications in nonlinear optical devices, photo 

catalysis, etc. Semiconductors have immense technological importance in different 

applied branches of science and technology. Bismuth sulphide (Bi2S3) is an important 

binary semiconducting material and it has been studied due to its wide applications as 

solar absorbers and in optoelectronics[19]. Bi2S3 thin films have received great attention 

since its band gap lies close to the range of theoretically maximum attainable energy 

conversion efficiency[20]. In addition, thermal evaporation technique is particularly 

attractive because of its simplicity. It is widely used for large scale production of films 

owing to low production cost. It is also fast, inexpensive, and suitable for mass 

production [21]. In this paper we report structural ,morphology  ,optical  properties and 

the  photovoltaic performance of Bi2S3/Si   hetrojunction and quantum confinement effect 

on of Bi2S3 thin films prepared by thermal evaporation method. These studies have been 

carried out in dark and under illumination. The interesting results along with their 

interpretations have been discussed. This research throws adequate light on elucidating 

the mechanism governing the charge carrier transport and generation of 

photocurrent/photo-voltage in the thin film solar cells devices as a function of thickness. 

 

2- Experimental procedure 

Prior to deposition, the substrates were cleaned in with cleaner solution, distilled water 

and followed by alcohol using ultrasonic bath. The alloys of  Bi2S3 were prepared by 

quenching technique. The exact amount of high purity (99.999%) (Bi and S) elements 

accordance with their atomic percentages were weighed using an electronic balance with 

the least count of (10-4 gm). The mixed elements were sealed in evacuated (~10-3 Torr) 

quartz ampoule (length ~ 25 cm and internal diameter ~ 8 mm).The ampoules which 

containing the elements were heated to 1073K  for 8 hours then cooled to room 

temperature. The temperature of the furnace was raised at a rate of10oC/min. During 

heating the ampoules are constantly rocked .This is done to obtain homogeneous alloys. 

The vacuum unit system, which is used to prepare thermally evaporated Bi2S3  films, was 

supplied by Edward coating unit (model 606) under high vacuum (10-5 mbar) which was 

provided by rotary and diffusion pump. The structures of the prepared thin films  were 

investigated by means of a X ray diffraction XRD Shimadzu 6000 Japan using 

CuKα1,λ=1.5405A). The thickness of the prepared films has been determined using 

Fizeau fringes . Thickness of the films was t 10nm. The surface morphology and 

roughness of the films were examined means of atomic force microscopy (AFM) type 

Vecco model D3100.The thickness of photo electrode has a strong impact on the 

performance of photovoltaic cell .The devices were prepared from the Ag/ n- Bi2S3/ p-

Si/Al+Ag configuration, where Bi2S3 thin film works as exciton blocking layer. 
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Application of exciton blocking layer reduces the exciton quenching at cathode and 

improves the cell performance . The p-Si substrates were coated from one side by n-type 

Bi2S3 thin film using thermal evaporation coating process. The fabricated cells were 

prepared with different thickness (t=300,500, and 700nm). 

To eliminate the performance variance due to fabrication conditions, the devices were 

fabricated in a controlled way under identical conditions. The current - voltage (I-V) 

characteristics were carried out in dark and under halogen lamp illumination with 

irradiance of 106 mW/cm2. The electrical measurements were performed using a 

conventional d.c. technique and a high-impedance Keithley 610 electrometer.The 

capacitance of the Heterojunction is measured as a function of the reverse bias voltage at 

the range (0-1.5) Volt with fixed frequency of 10 kHz using HP-R2C unit model 4274A 

and 4275A multi-frequency LRC meter. Capacitance voltage measurements can be 

manipulated to yield a number of parameters such as: type of the junction (abrupt or 

graded), built - in voltage (Vbi), carrier concentration and the width of the junction 

(depletion layer).The charge-carrier density (NB) and width of the depletion layer (w) for 

both devices are calculated by the following equations :       

            ]/))/''(/1[(
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 When A'' the active area (0.16cm2).  

 

 

3. Results and discussion  

3.1 Structural and Optical Properties Measurements 

The material was further characterized by structural and optical techniques. The  

thermally deposited Bi2S3thin films were found to be amorphous in the as-prepared form 

for low thickness(100, 300, and 500nm) . When thickness increase to 700nm, Bi2S3 thin 

films become crystalline, as found by XRD in Fig.1 , small diffraction peaks appear 

located at 2θ=22.4 , 27.50 and 38.10corresponding to diffraction planes 

(220),(311)and(014). These observations are in close agreement with the results reported 

by other investigators [22-24]. The transformation of the predominantly amorphous state 

of the ”as-prepared" sample to crystalline state is also evident in the optical density  

[25],where the absorption edge is shifted to a lower wavelength. This behavior may 

indicate a drop in the optical bandgap. The surface morphologies of the Bi2S3 films are 

studied by Atomic Force Microscopy (AFM). Fig.2shows their surface morphologies 

analyzed by AFM. The measured grain size and RMS roughness are given in Table 1. It 

is clear from the Table that the average grain size increases by increasing thickness. The 

roughness of the films shows distinct decrease by increasing thickness, moreover the 

values of surface roughness were found to decrease from 0.561 to 0.191nm with increase 

of thickness. Fig.3 show that transmittance spectra of four different thicknesses in Bi2S3 

thin films increases monotonically with the increase in wavelength; but decreases 

monotonically with the increase in film thickness. Absorption coefficient of Bi2S3 thin 

films has been calculated using transmittance spectra.  

The absorption coefficient (α) and the optical constants (n, k) are determined from the 

transmission and reflection spectrum based on the following relations [26]: 
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where d is the film thickness and α the absorption coefficient is related to the extinction 

coefficient k by: 
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The refractive index (n) can be determined from R and k using the relation: 
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The high value of optical absorption coefficient confirms that Bi2S3 has direct band gap. 

The resulting values of the optical constants (n,k) as functions of wavelength are 

presented in Fig. 4 and 5. The figure demonstrate that the extinction coefficient (k) has its 

maximum value at wavelength corresponds to maximum photon energy and decreases at 

longer wavelength while the refractive index (n) approximately constant .The values of 

the refractive index (n)agree with the values given in Ref.[ 27]. εr and  εi  were determined 

using equation (6 ) and (7) respectively[28]:- 
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For the direct band-gap semiconductor, the relation between the absorption edge and 

photon energy (hν) can be written as follows [29]: 

r

gEhAh )(   ----(8) 

where A is a constant, h is Planck’s constant, ν is the photon frequency and Eg is the 

optical band gap. where Eg is the optical energy gap, r=1/2 or 2 for an allowed director 

indirect-transition energy gap, respectively The plot of (αhν)2 versus hν for Bi2S3 thin 

films with four different thicknesses is shown in Figure 8. An extrapolation of the linear 

region of a plot of (αhν)2  on the y-axis versus photon energy (hν) on the x-axis gives the 

value of the optical band gap Eg.Variation of band gap with thickness is given in Table 2.  

It is found that the band gap of Bi2S3thin films is thickness dependent. It decreases with 

the increase in film thickness. In thin films the particle size of crystallites is of the order 

of film thickness and proportional to thickness of films. Since grain size influences the 

energy level of electrons, the band gap will be dependent on thickness of films Band gap 

of thin films as a function of reciprocal of square of thickness [30]. The linear 

extrapolation of(αhν)2 versus hν curve to the energy axis gives the value of band gap of 

Bi2S3 as 1.85 eV, 1.75 eV ,1.72 eV and 1.62 eV which agrees with the reported 

value[31]. Table-2 gives the optical band of Bi2S3 thin films of different thicknesses. The 

optical band gap increases from 1.62 eV to 1.85 eV as thickness varied from 700 nm to 

100 nm. The decrease in Eg and structure enhancement of the film as a function of the 

film thickness suggests that quantum confinement effect exists in thermally evaporated 

Bi2S3 thin films[30-31]. 
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The absorption edge is much broader than expected for a direct-bandgap -type material. 

This can be ascribed to the grain-boundary discontinuity effect in the structure and lack 

of stoichiometry generally observed in polycrystalline materials [32,33].The variation of 

the absorption edge mainly resulted from the increase of particle size, especially for Bi2S3 

thin films with higher thickness. This value agrees well with the value of [34,35]. The 

direct transition at 1.6 eV would make Bi2S3 particularly suitable for solar energy 

conversion since relatively thin films could be used. 

 

Table .1 Average grain size and average roughness for Bi2S3 films with different 

thickness. 

Average grain size (nm) Average roughness  

(nm) 

t (nm) 

97.51 0.561 100 

103.48 0.313 300 

106.40  0.263 500 

108.56 0.191 700 

 

Table .2 illustrate the values of Eg
opt and Optical constants at  λ=700 nm for Bi2S3  films 

with different thicknesses. 

 
Eg(eV) εi εr k n T% t (nm) 

1.85 1.452 1.142 0.593 1.222 34.53 011 

1.75 2.124 1.197 0.783 1.337 8.74 011 

1.72 3.860 2.453 1.030 1.883 6.24 011 

1.62 6.271 3.204 1.411 2.279 1.38 011 

 

 
 

Fig. 1 X-ray diffraction patterns of  Bi2S3 thin films with different thickness. 
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Fig. 2 AFM pictures for Bi2S3 films with different thickness. 
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Fig.3. The transmittance versus the wavelength for Bi2S3 thin films with different 

thickness. 

 

 
Fig.4. Refractive index versus the wavelength for Bi2S3 thin films with different thickness. 
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Fig. 5.   Extinction coefficient versus the wavelength for Bi2S3 thin films with different 

thickness. 

 

 
 

Fig. 6.  Real dielectric constant versus the wavelength for Bi2S3 thin films with different 

thickness 
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Fig.7 imaginary dielectric constant versus the wavelength for Bi2S3 thin films with 

different thickness 

 

 

 

 
Fig.8The variation of (αhυ)2 versus the photon energy (hυ) for Bi2S3 thin films with 

different thickness. 

 

 

0

2

4

6

8

10

12

300 400 500 600 700 800 900 1000 1100

λ (nm)

εi

t=100nm

t=300nm

t=500nm

t=700nm

0

10

20

30

40

50

60

0 0.5 1 1.5 2 2.5 3 3.5 4

hν  (eV)

(α
hν

) 2 
   (

cm
 -2

. (
eV

) 2 )*
10

10

t=100nm

t=300nm

t=500nm

t=700nm



International journal of advanced scientific and technical research             Issue 4 volume 3, May-June 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com  Page 112 
 

 

3.2 Characteristic for Ag/n- Bi2S3/ p-Si/(Al+Ag) heterojunctions  

   The junction capacitance variations of the reverse bias of Ag)/n- Bi2S3/ p-Si/Al+Ag 

heterojunction prepared with different thicknesses (300, 500 and 700) nm  are plotted in 

Figs. 9 to 11. It is clear that the capacitance increase with the increase of reverse bias, this 

is due to increase in the depletion layer width , which lead to an increase in built  in 

voltage values .On the other hand the capacitance increase with the increase of thickness. 

This behavior ascribes to the increase of carrier concentration as a result of reduce the 

potential barrier  accompanies phase transformation which led to increase the capacitance 

and  reduction   of width layer .The width of depletion layer w decreases from 3.13x10-7 

cm to 1.34x10-7 cm with the increase of t from 300 to 700nm. The linear dependence of 

C-2-V curves give an indication that the impurity profile near the junction is abrupt. 

Table. 1 illustrates the parameters measured in this work. It is obvious that built  in 

voltage decreases  from 1.5eV to 0.55eVwith the increase of t  from 300 to 700 nm, this 

can be explained as follows: it well known that Is decreases exponentially with Eg 

according to the relations: )exp()
11

(
kT

ED

N

D

N
NAqNI

g

p

p

Dn

n

A

vcS





  ----(9)and Voc 

is related to saturation current according to the relation
S

L
OC

I

I

q

kT
V ln  , thus large Eg 

leads to large Voc, and reducing of Eg as result of thickness increment lead to reduces Voc. 

The carrier concentration increase one order of magnitude  with increase of thickness in 

mentioned range. The power conversion efficiency depends on the absorption efficiency, 

exciton dissociation efficiency, transport of charge carriers and charge collection 

efficiency. Absorption of incident photons and exciton dissociation are decided by the 

thickness of the photoactive layers. The best performance can only be achieved by the 

optimization of various parameters.Fig.11showed I-V characteristics for Ag/n-Bi2S3/p-

Si/Al+Ag heterojunction prepared with different thicknesses (300, 500and 700) nm at 

forward and reverse bias voltages. It exhibits a semiconductor / semiconductor 

multijunction thin film behavior with the forward direction to the positive potential on p-

Si. This exponential dependence at this voltage range can be attributed to the formation 

of depletion region between n- Bi2S3 active layer and Si due to the high work function of 

the two ohmic contacts for active layer and n- Bi2S3.The I-Characteristics presented in 

Fig.12 can be described as follows [36]:  

sh

s

R

IRVq
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]1][exp[[]1][exp[

2

20
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 ---- (10) 

where I0 is the reverse saturation current, q the electronic charge, V the applied voltage, k 

the Boltzmann’s constant, T the temperature and n is the ideality factor, Rs and Rsh are 

series and shunt resistances, respectively. The subscripts 1 and 2 indicated that two 

possible contributions to the diode current can be presented. One of the important 

parameters of diode measurement is a current-voltage characteristic which explains the 

behavior of the resultant current with the applied forward and reverse bias voltages. The 

significant feature of these figures is the non ohmic behavior, where current flow in the 

forward biasing , but very law current flows in reverse biasing.  

In general the forward dark current is generated due to the flow of majority carriers and 

the applied voltage injects majority carriers which lead to the decrease of the built - in 
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potential, hence decreases the width of depletion layer. One can recognize two region in 

the foreword current. The low biasing voltage region where the current is generation 

recombination, here the generated carriers is greater than the intrinsic carriers 

i.e.np>ni
2 .The high biasing voltage , the current  attributed to tunneling effect. The 

reverse bias current also contains from two regions. In the first region of low voltages, 

where the generation current dominates, here the increase of the applied voltage, lead to 

increase the depletion width with in turn increases, while at the second high voltage 

region, the diffusion current dominates. Also we can observe from this figure that the 

value of the current increases with increasing of thickness of  Bi2S3 films up to 500nm 

but then decreases which is attributed to structure enhancement that imply the phase 

transformation from amorphous to crystalline structure .  

Fig.13 show the semi-log relation of forward dark current and the biasing voltage (0-

0.2)Volt for n-Bi2S3/ p-Si heterojunction prepared with different thicknesses (300, 500and 

700) , It clear that the there are two region the first the recombination current is 

dominated while the tunneling current is dominated at the second region. hence it is obey 

the recombination- tunneling  mechanism. The mechanism of transport current also 

estimated from the ideality factor β which is determined from the reverse saturation 

current which represents the intercept of straight line of the current at zero biasing. The 

measurements β are listed in Table.3. The ideality factor decreases from 2.16 to1.07 

when t increases from 300to700nm. This is expected because such increase of thickness 

led to phase transformation from amorphous to crystalline structure and elimination of 

dislocation state.     

For the same objective we varied the thicknesses of the active layer n-type Bi2S3 film. 

The current supplied by a solar cell to a load is that given by the difference between the 

photocurrent IL and the recombination current ID(V),according to the equation:-  

)(VIII DL  ----- (11) 

the latter being due to the bias from the generated voltage. If we assume, to simplify 

things, that a single exponential can express the current in the diode, the characteristic 

equation for the device is:  

]1][exp[0 
nkT

eV
III L ----- (12) 

Fig.14 illustrates the relation between the I-V characteristics of the fabricated n-Bi2S3/ p-

Si solar cell with different thickness. It is observed that Isc increases with increasing in 

thickness, but Voc decrease with increasing in thickness. It is well known that thickness 

has the same effect of temperature. Thus thickness dependence of Isc can be attributed to 

the electronic transport properties of the active n-type Bi2S3 materials. Their charge 

carrier motilities are very low and depend on the temperature (thickness). Regarding the 

variation of Voc with temperature (thickness), the origin of Voc itself is not well 

understood. Different models have been presented to explain the experimental 

observations [37,38]. However, the temperature variation of Voc could not directly be 

explained by these models. In conventional Si solar cells the temperature dependence of 

Voc is given by:- 

]1ln[
0


J

J

q

nkT
V sc

oc ----- (13) 
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where J0 is the reverse saturation current in the device and n is the diode ideality factor. 

Here both the Jsc and J0 also depend on temperature (thickness) and increase with increase 

in temperature (thickness) [39,40]. Though increase in Jsc would slightly increase Voc but 

due to large increase in J0 (J0 is proportional to ni
2, where ni is intrinsic charge carrier 

density) would rapidly decrease Voc with increment in temperature (thickness) [41].Voc 

was observed to increase linearly with temperature reduction and Eq. (13) was used to 

explain the temperature(thickness) dependence of Voc. Alternatively the 

temperature(thickness) dependence of the Voc in the present case has been attributed to 

the temperature(thickness) dependence of built-in voltage (Vbi)[42-43]. For the devices 

containing electrodes with different work- functions, in thermal equilibrium the Fermi 

level alignment takes place and an electric field is developed which is known as built-in 

electric field. The corresponding voltage between the two electrodes is known as the 

built-in voltage (Vbi). The built-in electric field for electrons is directed from anode to 

cathode. Generally, Vbi is given by the difference of the work-function of the two 

electrodes (ΔW). But if electrodes make ohmic contact with the active materials, an 

accumulation of charge carriers takes place in the vicinity of the electrodes and band 

bending takes place. Because of this band bending Vbi now becomes less than the (ΔW). 

As the temperature( thickness) increases Vbi decreases and because of increment in Vbi, 

Voc decreases. The observed thickness dependence of FF is almost similar to that of Jsc. 

This behavior can qualitatively be understood in terms of thickness dependent series 

resistance of the  devices. 

 From these figures it is clear that the photocurrent increases with increasing of the bias 

voltage, also at forward biasing voltage the current rises exponentially with forward 

voltage until the slope becomes more gradual. This can be due to high level injection of 

carriers such that the applied voltage is no longer totally developed across the depletion 

region. At the high reverse biasing break down can occur due to impact ionization or 

zener tunneling. These mechanisms can be separated by temperature dependence. The 

width of the depletion region increases with increasing of the applied reverse bias 

voltage. The reverse bias illumination current is a function of the generation and diffusion 

of carriers. It  can be noticed for all samples that the illumination current increases when 

thickness increases  from 300 to 700nm which is due to the decrease of energy gap with  

the increase of t  as presented in research published previously[44](see table.4). The short 

circuit current Iscis determined. It is proportional to the light intensity , if the circuit is 

open , an open circuit voltage Voc  will be generated, theses two parameters are of 

considered as distinction feature  for the solar cell. It is obvious that Voc decreases with 

the increase of t ,this due to the decrease  of built in potential as a result of reducing 

energy gap  value with the increase of thickness. 

The series resistance for the cell area mentioned with the Ag contacts together suggests 

that t=300nm is the best thickness among the three to provide good contact with the top 

layer of the photovoltaic structure. The previous published data also show that increasing 

the thickness of Bi2S3 results in increased series resistance in the photovoltaic structure.  
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Table.3 the values of Vbi , wD and Nb ,and β of Ag/n- Bi2S3/ p-Si/Al+Ag heterojunction 

with different  thicknesses 

Thickness(nm) Vbi (volt) NB(cm-3) wD(cm) 

 

Slope 

(F2volt/cm4) 

β 

300 1.5 1.41x1019 3.13x10-7 2.20x1012 2.16 

500 0.6 2.82x1019 2.43x10-7 1.30x1012 2.29 

   700 

    

0.55 4.03x1020 1.34x10-7 1.28x1010 1.07 

 

Table.4 the values of Voc , Isc ,η and FF of Ag/n- Bi2S3/ p-Si/Al+Ag heterojunction with 

different  thicknesses. 

 

 

 

 

 

 

 
Fig. 9 Variation of 1/C2 versus reverse biasing voltage for n- Bi2S3/ p-Si with t= (300) nm 

when the f=10 kHz. 

 
Fig. 10 Variation of 1/C2 versus reverse biasing voltage for n- Bi2S3/ p-Si  with t= (500) 

nm when the f=10 kHz. 
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Fig. 11Variation of 1/C2 versus reverse biasing voltage for n- Bi2S3/ p-Si with t= (700) nm 

when the f=10 kHz. 

 
Fig. 12 I-V characteristics under dark for n- Bi2S3/ p-Si  heterojunctions with different 

thickness. 
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Fig. 13 The variation of Ln(I) versus the forward bias voltage for Ag/n-Bi2S3/p-Si/Al+Ag 

thin film solar cell with  different thicknesses. 

 
Fig. 14 I–V curve of photovoltaic structures n- Bi2S3/ p-Si  illumination with 106 

mW/cm2 with different thickness. 
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4. Conclusion  

Amorphous phases of any material with the same co-ordination as that of the crystalline 

phase have approximately the same band gap. In other words, the band gap value does 

not depend on whether the film is crystalline or not, but only on the co-ordination. Since 

the band gap value of amorphous phase are higher than that of crystalline phase ,it must 

be concluded that the amorphous phase has a different coordination than the crystalline 

phase . Thus, the high value of band gap of  amorphous phase may be due to the lower  

values of co-ordination number than that of crystalline  phase .The band gap decreases 

from 1.85 to 1.62 eV as the thickness increases from 100 to 700nm. The current-voltage 

characteristics of the fabricatedAg/n-Bi2S3/p-Si/ Al+Ag thin Film device showed the 

recombination  is dominated at low forward bias while the tunneling  is dominated  

charge transport mechanism through the device at high forward bias. Thickness has been 

found to have a significant effect on device performance. The dark current under reverse 

bias and has been attributed to be governed by the tunneling of the charge carriers 

through large injection barriers. The overall efficiency of the device decreases with 

increase of thickness. Various photovoltaic parameters were obtained from the analysis of 

loaded I-V characteristics under global solar radiation. The increase of the power 

conversion efficiency can be attributed to the low recombination rate of carrier and 

consequently unlimited the collection efficiency of the charge carriers for low thickness. 

 In this paper we showed that in Ag/n-Bi2S3/p-Si/ Al+Ag cells, the use of n-Bi2S3 thin 

film window with low thickness results in a higher Voc. The cells produce a higher Isc, 

due to the reduction in the optical band gap and the resulting efficient optical absorption. 

The observation that very thin films of n-Bi2S3 in combination with c-Si offered the best 

result opens up various possibilities for future work in this theme. 
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