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The structural, optical properties of cupper indium gallium selenite (CuIn1-xGaxSe) have been studied. CuIn1-xGaxSe thin 
films for x=0.6 have been prepared by thermal evaporation technique, of 2000±20 nm thickness, with rate of deposition 
2±0.1 nm/sec, on glass substrate at room temperature. Heat treatment has been carried out in the range (373-773) K for 
1 hour. It demonstrated from the XRD method that all the as-deposited and annealed films have polycrystalline structure 
of multiphase. The optical measurement of the CIGS thin films conformed that they have, direct allowed energy gap 
equal to 1.7 eV. The values of some important optical parameters of the studied films such as (absorption coefficient, 
refractive index, extinction coefficient , real and imaginary parts of dielectric constant) were determined using absorption 
and transmission spectra. 

I.INTRODUCTION:
Thin layers of CuInSe2 (CIS) and CuIn1-xGaxSe2 (CIGS) and 
CdTe compound semiconductors are important for terrestrial 
applications because of their high efficiency, long-term stable 
performance and potential for low-cost production. Because 
of the high absorption coefficient(~105 cm-1) a thin layer of ~2 
mm is sufficient to absorb the useful part of the spectrum., 
they  are considered as the most promising material for low 
cost and high-efficiency solar cells, because of their high ab-
sorptivity (>105cm-1) and stability against photo-degradation. 
Solar cells based on CuInSe2 (CIS) and Cu(In,Ga)Se2 (CIGS) 
have reached conversion efficiencies as high as 18.8% and 
19.5%. Several methods for preparation CIS (CIGS) absorber 
films have been reported, such as co-evaporation, sputtering 
and selenization, and electrodeposition[1,2], sequential evapo-
ration, closed space vapor transport, spray pyrolysis[3].

Within the family of Cu-chalcopyrite semiconductors, Cu(In,-
Ga)Se2 is of considerable interest for photovoltaic applications 
because of its desirable direct band gap in the range 1.0-1.4 
eV, high optical absorption coefficient, a moderate surface re-
combination velocity and radiation resistance. These properties 
give an opportunity for the fabrication of low cost, stable and 
high efficiency thin film solar cells [4, 5].

The copper indium gallium diselenide, CuIn1-xGaxSe2 (CIGS), 
based solar cells have largest efficiencies on the laboratory 
scale and as well as on the level of large-area modules. In ad-
dition to high efficiencies, CIGS thin-film modules exhibit ex-
cellent outdoor stability and radiation hardness. Therefore, this 
combination of high efficiency coupled with stability and radi-
ation hardness makes CIGS a promising material for the low 
cost, high efficiency solar cells [6].

X-ray Diffraction (XRD), was used to the position and inten-
sity of diffracted intensity spectra versus Bragg’s angle, gives 

information on the crystal structure such as phase crystalline, 
polycrystalline, amorphous, grain size, and lattice parameter.

The inter planer distance d (hkl) for different planes was 
measured by Bragg’s law[7]:
2dsin θ=n λ                     ----------------------------------------- (1)                                             

 Where n is the reflection order.

The optical absorption spectrum used to determine the 
optical energy gap and the absorption coefficient. We 
employed Tauc formula   equation[6]:
 
αhν=B (hν -Eg

opt) 1/r        ------------------------------------------- (2)                    

Where, B is a constant inversely proportional to amorphousity, 
hν is the photon energy (eV), Eg

opt is the optical energy gap 
(eV) ,and r is constant  and may take values 2, 3,1/2, 3/2 de-
pending on the material and the type of the optical transition. 
There are two types of the optical transitions, direct and indi-
rect transition, according to the type of materials and the op-
tical transition.                                   

The optical behavior of a material is generally utilized to de-
termine its optical constant [refractive index (n), extinction co-
efficient (k) and, real (ε1) and imaginary parts (ε2) of dielectric 
constant].     

The refraction index value can calculate from the formula 
[8]:
 n= {[4R/(R-1)]-k2}1/2 – [(R+1)/(R-1)]  -----------------------        (3)

Where, R is the reflectance, and k is the extinction coefficient.

The absorption coefficient is related to k by:
α=4πk/λ  ---------------------------------------------------------------(4)                              
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Where, λ is the wavelength of the light.

The dielectric constant can be introduced by [9]: 
ε=ε1-iε2 	 ---------------------------------------------------------------(5)                                                  

Where, ε1 =n2-k2            -------------------------------------------------(6)                                                      

            ε2 =2nk     ---------------------------------------------------(7)                                   

Where, ε1, ε2 are the real and imaginary parts of dielectric con-
stant respectively.

II.EXPERMENTAL PARTS
The CuIn1-xGaxSe thin films have been prepared by using ther-
mal evaporation method at pressure about 2x10-6 mbar in 
vacuum, with rate of deposition 2±0.1 nm/sec, using Coating 
unit (Edward-320E), 

Annealing heat treatment have been done for the various 
degree of temperature from (373, 473, 573,673, and 773) 
K, with furnace of (Annealing oven Victoreen 187) type. The 
structures of the deposited films have been examined by XRD 
methods using (Shimadzu 6000, Japan) x-ray diffractometer 
system.

The optical parameters, such as the refractive index, real and 
imaginary parts of dielectric constant, extinction coefficient, 
and optical energy gap of CuIn1-xGaxSe thin films have been 
calculated, using the measurement of absorption and trans-
mission as a function of wave length in range (400-1100) nm, 
using UV-Visible 1800 spectra photometer.

III. RESULTS AND DISCUSION:
1-Structural properties:
The as-deposited and all annealed samples of  CIGS thin films 
were analyzed structurally for the identification of different 
phases.

The XRD patterns of all CIGS samples are shown in Fig. (1). 
The reflecting planes and the corresponding phases of CIGS 
are indicated in these patterns

It is obvious from these patterns that the samples contained 
a mixtureof the following phases; Se exhibits only one peak 
corresponding to (101) orientation  in the case of as deposit-
ed films, Cu9In4 in (220,300,411,600) direction, CuSe2 in (210, 
211) direction, which was found to be necessary for the incor-
poration of S into the partly selenized alloy in order to form 
good quality of absorber layer [3], and CIGS along certain 
crystallographic planes such as (112, 204,312,400) direction 
for all other samples.

This results show that there was phase  separation for as-de-
posited films, and this phenomena disappear in the annealing 
condition indicating continuous growth and improved struc-
tural formation of binary CuSe2 and quaternary CIGS com-
pounds.

Fig.(1) XRD patreen for CIGS thin films for different values 
of annealing temperature within the range (373-673) K, 
(a) at R.T(300K) ,  (b) at 373 K, (C) at 473 K, (d) at 573 K, (e) 
at 673 K  and (f) at 773 K.

2-Optical properties:
Optical experiments provide a good way of examining the 
properties of semiconductors. Particularly measuring the ab-
sorption coefficient for various energies gives information 
about the band gaps of the material. Knowledge of these 
band gaps is extremely important for understanding the elec-
trical properties of a semiconductor, and is therefore of great 
practical interest.

This mechanism of the absorption of light mainly depends on 
the relation between the band gap energy and the photon 
energy of light. The optical characteristic of CIGS thin films in 
this experiment is measured as a function of wavelength of 
the spectrum of light. The absorptivity is characteristic of pho-
ton absorption by generated electron-hole pairs or generated 
of carrier charge [10]. 

Fig.(2) The variation of absorption coefficient  as a function 
of wavelength at different annealing temperature within the 
range (373-673) K, the diagram shows that for the low values 
of wavelength i.e. high energies there is no transmission be-
cause all the light is absorbed. For low energies however there 
are no appropriate electronic transitions possible so transmis-
sion is very high in this range. It is not 100% however, be-
cause of reflection. There is a relatively sharp delimitation be-
tween the areas of high and low absorption.

The measurement results of absorption coefficient as a func-
tion of photon energy for the interval of 1100-800 nm is very 
low. Since, there is a minimum creation of carrier in the con-
duction band to valence band. That’s mean the carrier will be 
generated in the first interval in the stable condition, because 
the carrier generate only in the interband transition. In the 
second interval, the value about 800 to 700 nm, the absorp-
tion coefficients shown significantly increase with exponen-
tially which indicating the starting of the transitions processes 
of electrons and holes to be generated a carrier. This carrier 
could be applied in the current carrying charge on the sensor 
and solar cell application.

Then, less than 700 nm, the absorption coefficient is become 
stable again, because the generation of carrier approximately 
constant. That implied the carrier concentration is saturated 
and has reached the optimum value of optical absorption.

Fig.(2) The variation of absorption coefficient  as a func-
tion of wavelength at different annealing temperature 
(373-673) K.

Fig.(3) The variation of (αhν)2 as a function of photon energy 
at different annealing temperature (373-673) K.
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The optical energy gap was found to increases after heat 
treatment, this increasing is attributed to existence of a tails 
below the fundamental absorption edge (near the bands) 
which observed in the absorption coefficient Fig.(2), which is 
a characteristic of most of the optical data on polycrystalline 
semiconductors which is considered to be determined main-
ly to the structural disorder existing at the grain boundaries, 
these tails decreased after heat treatment due to the increas-
ing in crystallite size and the grain boundaries became more 
ordered than in as- deposited films [11].

The increase of energy gap with annealing temperature is due 
to decrease the absorption coefficient as shown in table (1).

The decrease of absorption coefficient caused by the magni-
tude of the photon energy at almost equal to the energy gap 
and reduction factor as a function of annealing temperature.

The dispersion is a measure of the change of the refractive in-
dex with wavelength.

Dispersion can be explained by applying the electromagnetic 
theory to the molecular structure of matter. If an electromag-
netic wave impinges on an atom or a molecule the bound 
charges vibrate at the frequency of the incident wave [11].

Fig.(4) represent the variation of the refractive index as a func-
tion of wavelength at different annealing temperature within 
the  range  (373-673) K. It can be seen that in the main spec-
tral transmission region the refractive index increases towards 
shorter wavelength. Additionally the dotted line shows the ab-
sorption coefficient as a function of the wavelength.

The refractive index depends also on the density of the meas-
ured sample, which is affected by its temperature. Typically, 
refractive index decreases with the decreasing density (in-
creasing temperature). The measurement of a refractive index 
is therefore reported together with the temperature and the 
wavelength of light used [12].

The refractive index increases after the heat treatment prob-
ably due to the increase of the compactness of the films af-
ter the heat treatment simultaneously with the increase of the 
crystallite size [11].

Fig.(4) The variation of refractive index as a function of 
wavelength At different annealing temperature (373-673) 
K.
 
From this figure it is found that the extinction coefficient (k) 
takes the similar behavior of the corresponding absorption co-
efficient.

One can deduce from this figure that the extinction coefficient 
increased with decreasing the photon energy up to ≈ 3.647eV 
due to the high values of the absorption coefficient at this 
range of wavelength, after that the extinction coefficient in-
creased very slightly which is associated with the increasing of 
the transmittance in this region and the large decreasing of 
the absorption coefficient at this wavelength.

The extinction coefficient is affected by heat treatment, which 
is decreased after annealing process. This behavior of the ex-
tinction coefficients values similar to that of the absorption co-

efficients for the same reasons as mentioned before. 

Fig.(5) The variation of extinction coefficient as a function 
of wavelength at different annealing temperature (373-
673) K.
 
Figures (6 and 7) shows the variation of (ε1and ε2) which is cal-
culated from equation 6&7 respectively with different anneal-
ing temperatures as a function of wavelength. The behavior of 
ε1 is similar to refractive index because the smaller value of k2 
comparison of n2, while ε2 is mainly depends on the k values, 
which are related to the variation of absorption coefficient. It 
is found that ε1 and ε2 decrease with the increase of Ta.

The imaginary part represents the absorption associated of ra-
diation by free carriers [13,14]. Table (1) gives values of the 
real and imaginary parts of the dielectric constant at wave-
length equal to 750 nm.

Fig.(6) The variation of real dielectric constant as a func-
tion of wavelength at different annealing temperature 
(373-673) K.  

Fig.(7) The variation of  imaginary dielectric constant as a 
function of wavelength at different annealing tempera-
ture (373-673) K.
 
Table (1) the optical parameters Eg(eV), α(cm-1), k, n, ε1, ε2 for 
CIGS thin films for different annealing temperature.

ε2ε1nKα(cm-1)Eg(eV)T(K)

1.140.791.050.55916300.8300

1.110.881.070.52864771.35373

0.591.341.220.24403021.7473

0.471.451.220.19320111.85573

0.261.451.170.11191141.88673
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VI.CONCLUSIONS
1-	 The X-ray diffraction observed that all the prepared films 

were of poly crystalline structure.
2- 	The optical energy gap have an allowed direct transition 

types and it was increase with the  increasing of the an-
nealing temperature.

3-	 The variation of real and imaginary parts of dielectric con-
stant have similar trends as for refractive index and extinc-
tion coefficient respectively according to Maxwell’s equa-
tions

REFERENCES

1- Fei long, Weiming wang, Jingjing DU, Zhengguang ZOU , ‘’ CIS(CIGS) Thin films prepared for solar cells by one-step electrodeposition in alcohol solution ‘’, Journal of 
physics : conference series , Vol.152, pp.1-5,2009 | | 2- A.Romeo, M.Terheggen, D.Abou-Ras, D.L.Batzner, F.-J.Haug, M.Kalin, D.Rudmann and A.N.Tiwari, “Development 
of thin – film Cu(In,Ga)Se2 and CdTe solar cells “, Prog. Photovolt: Res. Appl., Vol.12, pp.93-111, 2004. | | 3-J.R. Ray, M.S. Desai, C.J. Panchal, Bharati Rehani, P.K. Mehta,” 
Effect of Rapid Thermal Annealing of CIGS Thin Film as an Absorber Layer”, Vol.5, No.2, pp.1-7, 2013. | 4-Habibe BAYHAN, A. Sertap KAVASOGLU, “Admittance and Im-
pedance Spectroscopy on Cu(In,Ga)Se2 Solar Cells”, Turk J Phys, Vol.27,pp.529-535, 2003. | 5- Ather. JAVED, “Preparation and study of the structural , optical and electrical 
properties of Cu(In,Ga)Se2 thin films “, Turk. J.Phys , Vol.3 , pp.287-294, 2007. | 6- J.R.Ray, C.J.Panchal, M.S.Desai, U.B.Trivedi, “Simulation of (CIGS) Thin film solar cells 
using AMPS-1D “ , J.Nano-Electron. Phys. Vol.3, No. 1, pp.747-754, 2011. | 7- Blackmore,”Solid state physics”,Philadelpia and Tokyo 1974. | 8-T.S.Moss, “Optical Properties 
of Semiconductors” 1959. | 9-Lmwrence L.Kazmerski, “Polycrystalline and Amorphous Thin Films and Device “, Academic Press 1980. | 10- Masbah R.T. Siregar, Lamhot 
Hutagalung, “Analysis of Carrier Generation by Photon Absorption in Semiconductor Silicon”, Science Journal of Physics, Vol. 2012, pp.1-5, 2012. | 11-J George and K S 
Joseph, “Absorption edge measurements in tin disulphide thin films”, Journal of Physics D: Applied Physics, Vol. 15, No.6, pp. 1109 – 1116, 1982. | 12- Nada K. Abass Anwar 
A.Baker Asmaa J. Cadhum Nedhal A. Mahmood, Baghdad Science Journal, “Structural and Optical Properties of SnS2:Cu Thin films prepared by chemical Spbay Pyrolysis”, 
Vol.7, No.1, pp.57-68, 2010. | 13- L.D. Budyonnaya, A.M. Pavelets, L.N. Khanat, V.E. Badan, “A study of photosensitive sintered films of CdSexTe1−x solid solutions”, Thin 
Solid Films, Volume 138, No.157-308 , pp.163-169, 1986. | 14- Ermolovich I. and Milenin V., “Nature of deep luminescence centres in CdSe and CdSexTe1–x:”, physica 
status solidi (b) , Vol.133, No.2, pp.611-620, 1982. | 


