










Chapter 5 

(Sel-xSxh thin films by thermal diffusion of sulfur into CulnSel [13]. The 

formation of Culn (Sel-xSx)2 by reacting CuInSe2 thin films in a flowing 

ArlH2S atmosphere has been reported by Engelmann et af [16]. The 

deposition of CuIn (Sel_xSx)2 by solution growth technique has also been 

reported in literature [17]. 

5.2 Diffusion Processes and Reaction Kinetics 

Sheppard, et af [18] has explained the reaction kinetics of binary phases of 

Cu]n(Sel_XS,)2 and how it can be accurately controlled to prevent the 

formation of phase-segregated material. They observed that when the fully 

formed CulnSe2 films were sulfurised, two discrete ternary phases were 

formed, CuInS2 and CulnSe2' In another attempt they used partially 

selenized composite alloys to react with H2S/ Ar. During the sulfurization 

step, the existing binary phases in the partially selenized films reacted with 

sulfur to produced ternary sulfoselenides (i.e. Cu(Se, S) and In(Se, S». The 

subsequent reaction between the sulfoselenides and the unstable CulnSe2 

phase under defined thermal conditions produced uniform, single-phase 

CuIn(Sel_xSx)2 compound. The homogeneous incorporation of S into 

CulnSe2 led to a systematic shift in the lattice parameters and band gap of 

the absorber films. 

An investigation on surface sulfurisation and the effects of sulfur in 

Culnl_xGax(SJ_x,Sex)2 absorber material and device performance has been 

carried out by Nakada et al [10]. The behaviour of sulfur diffusion is related 

to the grain structure of the CUlnl_xGaxS2 (CIGS) film, since S atoms can 

easily diffused through grain boundaries. It was proved from the experiment, 

in which the sulfur concentration seen through the entire film when it is 

deposited at lower temperature, where as the film deposited at higher 

substratc temperature was sulfurised only in the surface region. A dramatic 

increase of solar cell efficiency to 14.3% from a cell efficiency of 8-11 % 
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range before sulfurisation occurred with Voc = 528 mY, Js<' = 39.9 mA/cm2 

[10). 

The incorporation of S in a Cu(ln,Ga)Se2 film has been shown to depend on 

the composition and structure of the film. The rate of sulfur incorporation 

found to increasing during co-evaporation of the elements [19] or post­

deposition sulfurization of CuInl_xGax(Sl_x,Sex)2 [20], when the copper 

percentage is more than 25. In addition, films with small grains draw sulfur 

faster than films with large grains [10, 20]. In Cu-rich CuInSe2 films on 

silica substrates, S incorporation has been quantitatively described as a 

combination of bulk and grain boundary diffusion [16]. Post-deposition 

sulfurization on CuGaSe2 and Cuinl_xGaxSe2 films produces a completely 

sulfurised surface layer that has been correlated with a structure visible in 

scanning electron microscope (SEM) cross-sectional images. It has also been 

observed that in sulfurised CulnSe2 films a Na compound tends to segregate 

at the surface [11]. 

A model was recently offered to explain the mechanism of S diffusion into 

CuInSe2 layers by exposing the CulnSe2 surface to S vapours or H2S gas 

[21). According to this model, first a surface reaction which is kinetically 

controlled occurs between the CuInSe2 surface and the S source, forming a 

thin CulnS2 layer. This is followed by an inter diffusion process between the 

CulnS2 and the CuInSe2 layers. Using this model and experimental data, 

Engelmann and Birkmire derived a bulk diffusion constant of sulfur in 

slightly Cu-rich CulnSe2 layers as D = 1.5x10·12 cm2/sec at 475 0 C. For a 

20-minute sulfurization time at 475 0 C, the sulfur is expected to extend into 

the absorber layer by about O.4Il.m [21]. 

The relation between band gap of CuIn(SI_xSexh film with sulfur to 

selenium ratio variation has been studied by Chavan et al for 

Culn(Sel_x,Sx)2 thin films deposited by solution growth technique [17]. 
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Optical band gap varies from 1.44 eV to 1.07 eV as sulfur to selenium ratio 

changes from x = 0 to 1. The lattice parameters also change with respect to 

composition x. 

In the present study, it has been demonstrated that a classical two step 

growth process can be utilized to investigate and establish a scientific basis 

for the graded band gap CuIn(Sel.x,Sxh thin films. The experimental 

approach consists of reacting CuInSe2 films in flowing H2S-N2 atmosphere 

to convert films completely to CuInS2, or to produce graded CuIn(Sel_xSx)2 

films by reacting CUll1n9 alloy in a mixture of sulfur and selenium. 

The Culn(Sel.x,Sx)2 thin films were obtained by reactive annealing of Culn 

precursors in a mixture of sulfur and selenium atmosphere while post 

sulfurisation of single phase CulnSe2 did not result in CuIn(Sel."Sxh thin 

films. A band gap of 1.38 eV, obtained for the prepared Culn(Sel.x,Sx)2' 

5.3. Experimental Details 

The attention was focussed on the effect of sulfur incorporation into the 

CuInSe2 thin films and thus establish a technique for the growth of graded 

band gap CuIn (Sel.xSx)2 thin films. Two thermal profiles were used to study 

the incorporation of sulfur to increase the band gap of CulnSe2 thin films. 

One of them was the annealing of the prepared CuInSe2 thin films (CIS) in 

sulfur atmosphere for different duration. This process called post 

sulfurisation process however has limited success and the resulting films 

were not CuIn (Sel.x,Sxh. In the second thermal profile the sulfur was passed 

through the reaction vessel during the selenization. This thermal profile was 

llamed as co- chalcogcnisation. 

The CuinSe2 thin films for the post sulfurisation process were prepared by 

selenization of CulIn alloy precursors as described in chapter 4. CUI11n9 

precursors were prepared by sequential vacuum deposition of copper and 
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indium followed by annealing at 1530 C. Heating the prepared CuIn alloy in 

the presence of selenium vapour under optimised selenization conditions 

resulted in CuInSe2 films. The CIS film prepared as described above were 

annealed in sulfur atmosphere for different durations (post sulfurisation). In 

the co- chalcogenisation process CUll In!) precursors were annealed in a 

mixture of sui fur and selenium atmosphere for duration varying from 1 to 3 

hours. The optimised CulnSe2 and CuInS2 thin films, discllssed in the 

previous sections were used as reference samples. 

The thickness of precursor layers and the deposition rates were controlled 

during deposition using a quartz crystal digital thickness monitor. The 

thickness of the prepared films was determined by stylus profiler. The 

structural studies of the bulk, as deposited and annealed thin films were 

performed using the X-ray diffractometer and the optical transmission was 

recorded using the UV-VIS-NIR spectrophotometer. The electrical 

resistivity of the films was measured using a Keithley source measure unit 

by two-probe method with electrodes in planar configuration with highly 

conducting silver paint as the electrodes. 

The crystal structure, lattice strain, lattice parameters, absorption coefficient, 

conductivity, band gap and resistivity were obtained from these studies. 

5.4. Results and Discussions 

5.4.1 Structural Characterisations 

i) XRD Studies on the Prepared Films 

In a first profile, the sample were processed under optimised conditions 

which involved a selenization step at 350°C for 3 hours to produce a fully 

reacted CuInSe2 thin film. Details of CulnSe2 thin film preparation is given 

in chapter 4. The CulnSe2 films prepared so, were annealed in IhSIN2 

atmosphere. 
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The figures 5.1, 5.2 and 5.3 depict the XRD pattern of a typical sample 

prepared under the above described experimental condition at different 

duration of sulfurisation. The XRD patterns of the single phase CuInSe2 and 

CuInS2 thin films were used as reference for the structural studies. 

The X-Ray reflections from (112) planes of CulnSe2 and CuInS2 phases 

were present in the XRD pattern. The main peak of the CulnSe2 (112) was 

shifted from 28 = 270 to 28 =0 26.640 when these films were annealed in 

sulfur atmosphere for 1 hour. 
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Figure 5.1 XRD pattern (112) peak ofthe CulnSe2 thin film after post annealing in 
sulfur atmosphere for a duration of I hour (solid line). (112) peaks ofCulnSe2 and 

CulnS2 are also shown (dotted lines) 

When the annealing time increased to 2 hours the peak shifted to 28 = 26.4 0 

from 2e = 2r. The (112) peak was shifted to 29 = 26.25 0 for the film prepared 

by 3 hour sulfurisation. 



800 

-Cl) 

:t::: 600 c 
~ 

..c 
~ 

ca -
~ 

400 
Cl) 
c 
Cl.) -C 

200 

o 

Optimisation of Process for rhe Growth of·· 

/\ . 
N •• 

~ I \ 
-i i: 

CulnSe
2

! .' 
I 

I 

" i " '.: . . ~I \ .. . ,'. -;-; ..... /. " 
,., ...... " .-:: - .. 

.. 

: CulnS
2 

25 26 27 28 
28 (degrees) 

29 

Figure 5.2 XRD pattern (112) peak of the CulnSe2 thin film after post annealing in 
sulfur atmosphere for a duration of2hours (solid line). (112) peaks ofCulnSe2 and 

CulnS2 are also shown (dotted lines) 

The full width at half maximum (FWHM) values of the (112) peaks of 

CulnSe2 and CU1nSl phases in the film decrease with the increase of duration 

of sulfurisation. This indicates the increase in crystalline size with the 

duration of annealing. The relative intensity of (112) peak corresponding to 

CuInSl compared to the (112) peak of CulnScl phase increases with the 

duration of sulfurisation. This indicates that there is an increase in the 

CuInSz phase compared to CulnSe2 phase as the duration of annealing 

increases. The EDX analysis also shows that there is an increase in sulfur 

content suggesting the increase of CulnS2 phases. However the sulfurisation 

of CulnSel does not lead to the formation of Cui n(Se,."SJ2 compound. 
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Figure 5.3 XRD pattern (112) peak of the Cu[nSe2 thin film after post annealing 
in suI fur atmosphere for duration of3 hours (solid line). (112) peaks ofCuInSe2 

and CulnS2 are also shown (dotted lines). 

ii) Lattice strain and Volume 

Cell volumes were calculated from the lattice parameters and found to be 

increasing with the duration of the post annealing of the CulnSe2 samples in 

H2S atmosphere. 

Lattice strains were calculated from the plot of Sin e versus p Cos 0 where p 
is the full width at half maximum (Fig. 5.4). The strain of the CuInSez 

annealed in sulfur atmosphere was found to increase by - 0.1 %. 
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The XRD pattern of the films prepared by the co-chalcogenisation ofCuIIln9 

precursors in a mixture of sulfur and selenium atmosphere is shown in figure 

5.5. It was found that the position of the dominant peak (112) was at (20 = 

27.2°) significantly higher 28 value than the expected value for the pure 

CulnSe2 phase (28 = 27°). This increase in the 28 value corresponds to the 

decrease in lattice parameter. This indicates an incorporation of S in the 

CulnSc2 absorber layer. 
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Figure 5.5 The XRD pattern showing the shift in the main peak (112) of 
Culn(Se,S)2 thin film prepared by annealing CuIn precursor in Se +S atmosphere. 

(112) peaks CulnSe2 and CulnS2 are also shown (dotted lines) 

The incorporation of sulfur resulted in a shift of the d-values of all peaks 

towards lower values compared to single phase CuInSe2 (Fig. 5.6). The 

observed increase in the 2e of the diffraction peaks can be attributed to the 

shrinkage of the chalcopyrite lattice. No secondary phases were detected in 

XRD, this confirms the compound formation. Unlike the post sulfurisation, 

no phase segregation was observed in the co-chalcogenisation process. 
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Figure 5.6 XRD pattern of the Culn(Se,S)2 thin film prepared by annealing CUI11n9 
precursor in Se/S atmosphere for 3 hours. ~ -unidentified. The gray line indicates 

the XRD pattern of single phase CuinSe2 

The variation of sulfur diffusion into CulnSez for samples having different 

Cu/In ratio in the precursor was also studied. A large shrinkage was 

observed for CuInSez having CulIn ratio 1 or greater while a comparatively 

no shrinkage for In rich samples (Table 5.1). 

Table 5.1 The change in the unit cell volume with the Cu/In ratio 

Ratio CulnSe2 (A 0)5 CuIn(Se/S) (A 0)' 

Cu/In = 0.77 387.91 382.16 

Cu/ln = 0.98 382.79 365.7 

Cu/In = 1.22 395.02 365.31 

For Cu/In ratios of I or greater, CuzSe is assumed to be present in the film. 

Engelmann et al. [22] described the sulfur incorporation into CuInSe2 films 
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as two step process. The first step is the cha\cogenisation exchange reaction 

at the solid-gas interface, and the second step is the diffusion of S into the 

film and Se out of the film. They studied the variation of S di ffusion with the 

presence of CU2Se and it was found that CU2Se in the film enhances the 

diffusion of sulfur. So the large shrinkage of the cell volume for Cu/In ratio 

of I or greater may be due to the increased diffusion due to the presence of 

CU2Se. 

The structural studies shows that when the single phase CulnSe2 is post 

annealed in sulfur atmosphere, sui fur might have been incorporated in the 

interstitial positions, while co-chalcogenisation resulted in Culn(Sel_x,Sx)2 . 

iii) Morphological Characterisation 

Energy dispersive x-ray spectroscopy (EDX) measurements and scanning 

electron microscopy (SEM) were carried out for post sulfurised samples and 

co-chalcogenised samples having different Culln ratio. The EDX studies 

showed that the Se content was very low (- 6 %) in the post sulfurised films 

while for the films prepared by co-chalcogenisation, the Se content was 

around 25%. The results points out that by post sulfurisation the sulfur 

replace the Se in the compound. EDX results also support the observations 

fromXRD. 

SEM studies revealed the expected non-uniform crystal size of the 

heterogeneous alloy. The results presented in figure 5.7 represent the typical 

structural features of the chalcopyrite alloys, prepared by the post­

sulfurization of a fully reacted CuInSe2 thin film. 
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Figure 5.7 SEM picture demonstrating the structural features 
of post sulfurised CulnSe2 

Figure 5.8 SEM micrograph showing typical surface morphology 
ofCulnSel thin film 

Surface morphology of the films prepared by the co-chalcogcnisation of 

Cul lln,) precursors in a mixture of sui fur and selenium atmosphere (rig. 5.9) 

showed a non uniform surface morphology with large irregular shaped 

grains superimposed on smooth flat background material. 
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Figure 5.9: Surface morphology ofCuln(Scl .• S.h thin films prepared 
by co-chalcogenisation. 

5.4.2 Optical and Electrical Characterisations 

The band gap of the films was detennined from the absorption spectra of the 

samples. The studies showed there was an increase in the band gap for the 

post sulfurised CulnSe2 films in H2S atmosphere compared to that of the 

single phase CulnSe2 (Eg = 1.05 eV). The band gap was 1.2 eV for the post 

sulfurised CulnSe2 films irrespective of the duration of sulfurisation (Fig. 

5.10). 
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Figure 5.10 Plot of (ahvivs the energy of post sulfurised CuInSe2 

The CuinSe2 sample after sulfurisation showed the fonnation of CulnS2 

phase as evident from XRD. The increase in the band gap is due to the fact 

that the measured band gap is the average of the CuinSe2 and CulnS2 phases 

present in the film. Since CulnS2 has larger band gap, the increase of CulnS2 

phase due to the sulfurisation of CuinSe2 resulted in higher band gap values. 

The band gap of the Culn(Sel_x,Sx)2 prepared by co-chalcogenisation was 

1.36 eV (Fig. 5.11) more close to the obtained band gap obtained for CulnS2 

(1.45eV) [23]. This increase in band gap is due to the compound formation. 
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Figure 5.11 The plot of (ahvlvs the energy Culn(Sel.x,Sxh thin films 
prepared by co-chalcogenisation. 

Resistivity of the samples was calculated from the current voltage 

characteristics. The voltage was varied from 0 to 10 V and the corresponding 

current through the film was noted. A thin layer of silver was used as the 

electrode. The resistivity was of the order 103 n cm. 

Thickness of the films was determined by using a stylus thickness profiler 

and found to be - 2 ).l m 

5.5 Conclusions 

The sulfur incorporation into CulnSe2 thin film was investigated by two 

thermal profiles for the growth of graded band gap thin films. In the case of 

CulnSe2 films on post sulfurisation, the suI fur may be occupying the 

interstitial positions or forming a CulnS2 phase along with CulnSe2 phase. 

The present study shows that the sulfurisation of CuInSe2 is n01 a feasible 
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technique for the production of Culn(Sel_x,Sx)2 film. The co-chalcogenisation 

process of CUll In9 precursors resulted in a shift of 29 values and a reduction 

in cell volume which is indicative of an incorporation of sui fur into the 

CulnSe2 absorber layer forming Culn(Se2_xSx)2. A band gap of 1.38 eV, 

which is more close to the band gap of CulnS2, obtained for the Culn(Se,_ 

x,Sx)2' It can be concluded that the incorporation of S with the aim of band 

gap grading of CulnSe2 can be achieved by direct annealing Cu"ln9 

precursor in S+Se atmosphere. 

l"Q 
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Fabrication of Cbalcopyrite 

Heterojunctions 



The hetero junction is formed by contacting two different semiconductors. 

The top and bottom layers in a heterojunction device have different roles. 

The top layer, or window layer, is a material with a high band gap selected 

for its transparency 10 light. The window layer allows almosl all incident 

light to reach the bottom layer, which is a material with low band gap that 

readily absorbs light. This light then generates electrons and holes very near 

the junction, which helps to effectively separate the electrons and holes 

before they can recombine. 

The advantages of heterojunctions are 

• can be doped both p- and n-type. 

• high band gap window layer reduces the cell's series resistance. 

• window material can be made highly conductive. 
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6.1. Introduction 

Manufacture of solar cells depends on solid-state semiconductor technology, 

which is very economical in material use. In addition semiconductor 

technology continues to advance rapidly, and so the prospects for both better 

performance and reduced costs are improving continually. However, the 

commercial viability of solar energy suffers the well-known problem of its 

initial manufacturing cost. So recent research now focuses on large area 

solar cell fabrication at a minimum capital cost. With this objective we 

concentrated on the development of relatively scalable cost effective 

processes for the fabrication of heterojunctions. 

The absorber layer CuInS2 is prepared by two stage process which has a high 

potential for industrial application, because it offers a simple and flexible 

control over the film stoichiometry. Chemical bath deposition (CBD) 

technique is used for the preparation of CdS buffer layer. Among various 

tcchniques for preparing CdS films, chemical bath deposition is a simple and 

low cost method that produces uniform, adherent, and reproducible large 

area thin films for solar related applications. One of the advantages of CBO 

CdS layers in photovoltaic devices is deposition of a very thin layer «50nm) 

on the substrate surface. These characteristics produce an increase in device 

photocurrent by enhancing the solar absorption spectrum in the UV -range 

and in the cell open circuit voltage; owing to absorber CdS interface 

improvement [1]. Two heterojunction were studied with structures 

Mo/CuInSiCdSI Ag and Mol Cu[nSiCdS/ZnOI ZnO:AI. 

6.2 Fabrication of CuinS2 Based Solar Cells 

The two stage process is utilised to prepare the CulnS2 films. The first stcp 

was the preparation of Cu-In precursors. Cu-In bilayer was deposited on Mo 

substrates by thermal evaporation and which on annealing at temperature of 
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153°C for 2 hours resulted in CUIIIn9 alloy. The details of the precursor 

preparation are given chapter 4. 
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Figure 6.1 XRD pattern of the CulnS21ayer sulfurised at 350°C 
for a duration of3 hours. (~indicate Mo substrate). 

Heating the CUllIng alloy in H2S atmosphere resulted in CuInS2 films. The 

optimum sulfurisation temperature was 350°C and duration was 3 hours for 

the growth of single phase CuInS2 which had been optimised in a previous 

study [2]. The films showed an orientation along (112) plane (Fig. 6.1). 

The band gap of the prepared film was 1.45 eV (figure 6.2). The film 

showed poor adhesion to Mo substrate. So a thin layer of gallium was 

introduced prior to In coating for better adhesion. 
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Figure 6.2 The plot of (ahvf vs the energy for CulnS2 film 

The CulnS2/CdS heterojunction was fabricated with the CdS buffer layer 

grown by chemical bath deposition from a solution of cadmium chloride and 

thiourea with triethanolamine (TEA) as complexing agent. The volume 

mixture ratio of the cadmium chloride and thiourea was I: 1 and TEA was 

added by 4% of the volume of cadmium chloride. The pH of the solution 

was kept at 10.8 by adding ammonia solution and the bath temperature was 

maintained constant at 80°C [3]. The CdS films showed an orientation in 

(lOO) plane with band gap of2.4 eV (figure 6.3). 
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Figure 6.3 The plot of (ahvivs the energy for CdS film 

The MoICuInS2/CdS/Ag heterojunction is completed by depositing silver 

electrodes by thermal evaporation. Heterojunction were also fabricated with 

ZnO/ZnO:AI as electrodes. The ZnO/ZnO:AI electrodes were deposited by 

RF sputtering in Ar atmosphere using ZnO and ZnO:AI(2% Al doped) 
I,' tlf -->,"<.',.,"! 

target [4]. The ZnO:AI film Ilfts a conductivity of 4.5 x 104 were prepared, 

ZnO:AI is frequently used as front contact in thin film solar cells with 

CulnS2 absorbers because it combines good electrical conductivity with high 

optical transparency. From the transmission spectra (Figure 6.4) it is seen 

that the prepared film exhibit a transmission over 85% in the visible region. 
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Figure 6.4 Transmission spectra ofZnO:AI thin films 

6.3 Solar Cen Characteristics 

For th e characterisation of the solar cells, J ~ V characteristics under 

illumination were studied by a light source having intensity 100 mV/cm2
. 

Device structure is given in figure 6.5 . 

Figure 6.S Structure of the fabricated solar cell 
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A typical J vs V plot of the cell with and without illumination is shown in 

figure 6.6. 

Voltage (V) 
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.. 0.001 

Figure 6.6 Typical J vs V plot of the cell 

When silver was used as the electrodes the open circuit was very low but 

short circuit current was found better compared to that of 

Mo/CulnS2/CdS/ZnOIZnO:AI junction. The efficiency increased with the 

duration of illumination for the junction Mol CulnS2/CdSI Ag. This might be 

due to the diffusion of silver by the heat produced during the illumination. 

The junctions with ZnO:AI and ZnOIZnO:AI as electrodes did not show any 

increase in efficiency with the duration of illumination. Even though the 

open circuit voltage and fill factor of Mol CuInS2/CdS/ZnOIZnO:Al junction 

were comparable to the reported values, the efficiency was very low, which 

was due to the very low short circuit current. This could be due to 

differences in spectral absorption in window material [5]. The high series 

resistance can be attributed to the mismatch in CdS/ZnO junction, which was 

due to the preferred orientation of CdS and ZnO in different planes [6J. 
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~Summary 

Fabrication of chalcopyrite heterojunctions 

Two stage processes consisting of precursor preparation by thermal 

evaporation followed by chalcogenisation in the required atmosphere is 

found to be a feasible technique for the PV materials such as n-p In2S], 

p-CulnSe2, p-CulnS2 and p-CuIn(Sel_xSx)2. The growth parameters such as 

chalcogenisation temperature and duration of chalcogenisation etc have been 

optimised in the present study. 

Single phase p-In2S3 thin films can be obtained by sulfllrising the indium 

films above 300°C for 45 minutes. Low sulfurisation temperatures required 

prolonged annealing after the sulfurisation to obtain single phase P-1n2S3, 

which resulted in high material loss. The maximum band gap of2.58 eV was 

obtained for the nearly stoichiometric p-In2S3 film which was sulfurised at 

350°C. This wider band gap, n type p-In2S3 can be used as an alternative to 

toxic CdS as window layer in photovoltaics [7]. 

The systematic study on the structural optical and electrical properties of 

ClIInSe2 films by varying the process parameters such as the duration of 

selenization and the selenization temperature led to the conclusion that for 

the growth of single-phase CuInSe2, the optimum selenization temperature is 

350°C and duration is 3 hours. The presence of some binary phases in films 

for shorter selenization period and lower selenization temperature may be 

due to the incomplete reaction and indium loss. Optical band gap energy of 

1.05 eV obtained for the films under the optimum condition. 

In order to obtain a closer match to the solar spectrum it is desirable to 

increase the band gap of the CulnSe2 by a few meV [8]. Further research 

works were carried out to produce graded band gap CuIn(Se,Sh absorber 

films by incorporation of sulfur into CuInSe2. It was observed that when the 

CulnSez prepared by two stage process were post annealed in slIlfur 



Chapter 6 

atmosphere, the sulfur may be occupying the interstitial positions or forming 

a CuInS2 phase along with CuInSe2 phase. The sulfur treatment during the 

selenization process OfCu 11 ln9 precursors resulted in Culn (Se,S)2 thin films. 

A band gap of 1.38 eV was obtained for the CuIn(Se,S)2. 

The optimised thin films n-p 1n2S3, p-CulnSe2 and p-Culn(Sel.xSx)2 can be 

lIsed for fabrication of polycrystalline solar cells. 

65 
6;3 Future Works 

Hybrid solar cell receives great attention now days in PV industry. The 

advantage of hybrid materials consisting of inorganic semiconductors and 

organic polymers is that potentially one gets the best of both worlds. 

Inorganic semiconductors offer excellent, well established electronic 

properties, and they are very well suited as solar cell materials. Polymers 

offer the advantage of solution processing at room temperature, which is 

cheaper and allows using fully flexible substrates, such as plastics [9). 

A hybrid solar cell with ITO/ln2S3/PANlIAg structure was fabricated using 

the layers optimised in our laboratory. The advantage in using semi­

transparent semiconductor such as In2S3 is that they offer the possibility of 

front wall illumination through the semiconductor avoiding light loss due to 

absorption in the polymer layer [10]. The polymer for the fabrication of 

junction used was poly aniline doped with HCI (PANI). PAN] was one of 

the most intensively studied polymers during the last decade [11]. PANl was 

made into solution by cyclohexanone. A drop of much diluted liquid form of 

PANI was deposited on ITO/n-1n2S3 by solution cast. Sil.ver was painted as 

electrodes. 

Though the cell showed only poor junction behaviour, we hope a better 

efficiency cell by improving the characteristics of polymer layer. 

Photovoltaic characteristics are mainly controlled by the electrical properties 
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of the polymer film which depend strongly on the synthesis conditions [12]. 

So more sophisticated predation methods likc spin coating can be applied for 

polymer deposition. 
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