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Abstract: Copper Indium diselenide and disulphide (CIS) and their alloys with Ga based thin film solar cells have achieved efficiencies 

approaching 20%. The best results were obtained with chemical bath deposition CdS buffer layers. However, cadmium is harmful for 

health and environmentally unfriendly. Then, the replacement of toxic CdS buffer layer is a challenge in photovoltaic research 

development. A variety of alternative Cd-free buffer layers were studied. The most efficient were Zn- and In –based compounds. In this 

paper, we present some results concerned with high absorbing layers and high transmitting buffer layers prepared by cheap and simple 

methods. Good quality CIS and CIGS absorber layers prepared by one step electrodeposition. The films were polycristalline and exhibited 

an optical band gap varying between 1.01 to 1.26 eV by increasing the Ga content in the films. The absorption coefficient is higher than 

105 cm-1. In2S3 buffer layers were obtained by flash evaporation. The films exhibited high transmission coefficient, 80-90% and a gap 

varying between 2.5 and 2.65 eV depending on the thickness and the heat treatments. Finally, In2S3/(CIS,CIGS)/Mo/Glass heterostructures 

has been successfully obtained and has shown a rectifying effect and could be used to low energy production. 

 

I. Introduction 

Copper Indium diselenide and disulphide (CIS) and their 

alloys with Ga based thin film solar cells have achieved 

efficiencies approaching 20% [1,2].CIS and CIGS thin 

films have been prepared using a variety of processes 

including coevaporation of the elements in different ways, 

two or three stage process consisting in sequentially 

sputtered Cu and In thin layers and a subsequent 

chalcogenisation by selenisation and electrodeposition. 

The best results were obtained with a high vacuum method 

(Coevaporation of the elements) for the absorber CIS and 

CIGS layers and a chemical bath deposition of CdS buffer 

layers. However, cadmium is harmful for health and 

environmentally unfriendly. Then, the replacement of toxic 

CdS buffer layer is a challenge in photovoltaic research 

development. A variety of alternative Cd-free buffer layers 

were studied. The most efficient were Zn- and In –based 

compounds [3-10]. 

In this work we present some results concerned with CIS 

and CIGS absorber layers obtained by a non vacuum 

method (electrodeposition) and the preparation of In2S3 

buffer layer obtained by flash evaporation. Finally, some 

results concerned with the preparation of 

Mo/(CIS,CIGS)/In2S3 heterostructures are presented. 

II. Experimental 

CuInSe2 (CISe) were obtained by one step 

electrodeposition of Cu, In and Se from an electrolyte bath 

consisting in CuSO4 (2.5 – 3.5 mM), In2(SO4)3 ( 2 - 3.5 

mM) and SeO2 (5 mM). For CuIn(Ga)Se2 (CIGSe) thin  

 

film deposition, Ga2(SO4)3 (0-2.5 mM) was used for Ga 

grading. Citric acid (C6H8O7, H2O), with a concentration 

between 0.1 and 0.3 M, was used as the complexing agent. 

ITO and Mo substrates were thoroughly degreased with 

isopropanol, and cleaned ultrasonically in distilled water 

and finally dried under nitrogen. The deposition was 

carried out at room temperature using three electrodes 

potensiostat system with a satured calomel electrode (SCE) 

as the reference electrode and platinum as the counter 

electrode. The polarization curves were investigated at a 

sweep rate of 10 mV/s. All the films were grown at 

potentials ranging from – 0.4 to -0.6 V (vs. SCE). The 

complete procedure was described in our previous work 

[11-13]. In2S3 thin films were obtained by flash 

evaporation of 99.99% In2S3 powder [14,15]. The samples 

obtained were heat treated and characterized by X ray 

diffraction (XRD) using a Philips PW 1840 diffractometer 

with CuKα source (λ = 15418 Å), scanning electron 

microscopy (SEM) with the help of a JEOL 5500 SEM, 

energy dispersive X-ray analysis (EDX). The optical 

properties were carried out with a spectrophotometer Cary 

500 (Varian) and Shimadzu UV-3101 UV-visible-IR 

spectrophotometer operating in the wavelength range 320 

to 3200 nm. Finally, J-V electrical measurements were 

performed on various In2S3/(CIS, CIGS)/Mo 

heterostructures  
 

III.Results and discussion  
 

Figure 1 shows a typical SEM micrograph of CIS and 
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CIGS thin film electrodeposited onto ITO substrate, after 

annealing under argon for one hour at 400°C. This figure 

suggests a good morphological aspect of the CIS film. It 

shows a good and uniform coverage of the surface of the 

substrate. The film consists of grains with a size of about 1 

µm consisting on the well known multinuclear 

cauliflower-like grains. In fact, the grains consist on 

clusters of small particles. On the other hand, no pinholes 

are observed.  

 

 
 

Figure 1: SEM micrograph of CIS thin film after 

annealing at 400°C under argon for 1 hour. 
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Figure 2: XRD spectrum of CISe thin film annealed 

under Ar at 400°C for 1 hour.  

The as deposited films are almost amorphous. Annealing 

in Ar has lead to the formation of the well known 

chalcopyrite structure of CuInSe2 with the preferential 

orientation in the (112) plane as illustrated in fig. 2. The 

sharpness of the peak at 2teta = 27.6 ° suggests a good 

crystalline quality of the film. The crystallite size as 

determined using Sherrer’s formula from the half width of 

the (112) peak is about 40 nm [17].  

 

The results concerning the preparation of In2S3 thin films 

were already published [14,15]. The optical transmission 

of the films was very high, 80 to 90 %, for wavelengths 

higher than 500 nm and their optical band gap scaled 

between 2.5 and 2.65 eV depending on the film thickness 

and annealing temperature. These values correspond to the 

optimum range for solar energy conversion. 

 

In order to test the aptitude of our materials for 

photovoltaic conversion, different heterostructures were 

prepared. The multilayer structure used in this work is 

sketched in figure 3. 
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Figure 3: Schematic of the In2S3/(CIS, CIGS)/Mo 

heterostructures. 

 

Typical dark I-V characteristic is shown in figure 4. Only 

structures with glass/Mo substrates exhibit a rectifying 

effect. 
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Figure 4: Dark I-Vcharacteristic of CIGS/ In2S3 /Mo 

heterostructure. 

 

Using the well known I = f(V) law: 
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Where IS is the saturation current, Vth is the thermal voltage 

(
q

TK
V B

th  ) and n is the ideality factor. 

The different parameters deduced from the dark I-V 

characteristic, are reported in table1: 

 

Table I: Parameters deduced from the dark I-V 
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characteristic. 

 

Structure Is (A) n Vc (V) 

CIS/ In2S3 /Mo 1.7 10
-7

 2 0.2 

 

 

The ideality factor deduced approaches the ideal value 

ranging from 1 to 1.6. This suggests a good quality contact 

between the absorber and the buffer layers. However, 

some problems of stability and reproducibility of the 

structures were encountered. To elucidate the origin of 

such problems, complementary studies are being done. 

Especially, the study by HREM and XPS of the interface 

CIS- In2S3 are necessary. 

 

IV. Conclusion 

Good quality one step electrodeposited CIS and CIGS thin 

films were obtained. The well known chalcopyrite 

structure is observed upon annealing at 400°C. The films 

exhibit a high absorption coefficient suitable for PV 

conversion. The band gap value was increased by Ga 

grading. β- In2S3 thin films were obtained by flash 

evaporation and subsequent annealing in vacuum at 400°C. 

These thin films were used successfully as a buffer layer 

onto CIS and CIGS absorber thin films. (CIS,CIGS)/ 

In2S3/Mo have shown a rectifying effect. Therefore, such 

structures have a potential in solar energy conversion and 

should be used instead of CdS thin films. 
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