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ABSTRACT
Thin CdTe films have been prepared by thermal evaporation technique on glass substrate under vacuum 

of about 10-5mbar. The thicknesses of the films were 2000 and 4000 ± 50Å. Absorbance spectra of the films 
indicate that the films have high transparency. The optical studies reveal that the transition is direct with band gap value increased 
from 1.51eV to 1.56eV with increasing film thicknesses. The refractive index dispersion curves obey to the single oscillator's 
model. The dispersion energy and single-oscillator energy varied with film thicknesses. The moments of optical spectra have 
studied. The infinite refractive index decreased from 2.41 to 2.05 with increasing film thicknesses.
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I. INTRODUCTION
Cadmium Telluride (CdTe) is an excellent choice for use as a 
semiconductor in solar panels, because it is perfectly matched 
to the solar spectrum [1]. Cadmium telluride provides semicon-
ductor properties with direct band gap about 1.54 eV for hex-
agonal and 1.50 eV for cubic phases and its transparency allows 
the sunlight to pass through to the CdTe layer for wavelengths 
below the absorption edge. CdTe is a most promising photo-
voltaic material as low cost, high efficiency solar cells [1]. It is 
cheaper than silicon, especially in thin film solar cell technology. 
“When it is sandwiched with cadmium sulfide, a p-n junction 
photovoltaic solar cell will be formed [2, 3]. A relatively large 
formation enthalpy and good chemical stability of CdTe allow 
solar cells to be made using a wide variety of film growth meth-
ods, such as close-space sublimation, vapour transport, physi-
cal vapour deposition, sputtering, and electrodeposition. CdTe 
films are polycrystalline, with grain sizes ranging from 0.1 to 
>10 μm, depending on film thickness and deposition method 
and the grain boundaries tend to be benign [4]. The most ef-
ficient CdTe solar cell reported so far is a 16.5% [5]. The pro-
duction of CdTe thin films has investigated for many years. The 
semiconductor properties of this material are suitable for appli-
cation in many other optoelectronic devices, such as detectors 
for the infrared and x-ray [6].

II. EXPERIMENTAL WORK
Thin CdTe films have deposited by Edward E306A vacuum 
system under high vacuum of about 10-5mbar on 7059 corn-
ing glass slides substrate kept at room temperature. Molybde-
num boat has used as a source. Before the deposition on glass 
substrates, they cleaned ultrasonically with acetone, deionized 
water, and finally dried by air blower. The CdTe films prepared 
with different thicknesses 2000 and 4000 ± 50Å. The thickness-
es (t) of the prepared films were measured using fizue method. 
The optical properties have measured by using a double beam 
UV-VIS spectrophotometer type Perkin-Elmer Lambda 900. Ab-
sorbance (A) and Reflectance (R) spectra have recorded in the 
wavelength range 450-850 nm. The effect of film thickness on 
the optical properties and dispersion parameters of CdTe thin 
films have studied.

III. RESULTS AND DISCUSSION 
The absorbance and reflectance spectra of thin CdTe films on 
glass substrate measured within the wavelength range 450-850 
nm at different thicknesses have illustrated in figure 1. The pre-
pared films display high absorption at wavelength range 580-
620 nm known as absorbing region. The absorption coefficient 
(α) of thin CdTe films determined from the following equation 
[7]:

	   	 -------(1)

Where t is thickness of the film, Io and I are the intensity of inci-
dent and transmitted beam. The behavior of the absorption co-
efficient as a function of photon energy of thin CdTe films have 
illustrated in figure 2. In the shorter wavelength the absorption 
coefficient exhibits high values >104 cm-1 which means that 
there is a large probability of the allowed direct transition [8]. 
In general, the absorption coefficient decreases with increasing 
the annealing temperature. The shifts of absorption coefficient 
spectrum to longer wavelength, red shift (smaller energies) 
compared to the as deposited films, similar behavior have found 
by Al Gahmdi et al [9]. Maximum absorption in the visible re-
gion is in the range 10-25 % for two thicknesses and this defer-
ence is due to the film thickness. 

Figure 1. The absorbance and reflectance spectra as a function 
of wavelength of as deposited and annealed thin CdTe films at 
different thicknesses.



IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 369 

Volume : 2 | Issue : 3 | Mar 2013 • ISSN No 2277 - 8179Research Paper

The spectral dependence of absorption coefficient in the strong 
absorption region is given by Tauc equation [10]:

      	 -------(2)

Where B is energy independent constant and r is equal to 2 or 
1/2 for allowed indirect or direct transitions, respectively. A 
good fit between the experimental data for prepared films when 
r=1/2. It well known that direct transition across the band gap 
is feasible between the valence and the conduction band edges 
in k space. In this transition process, the total energy and mo-
mentum of the electron–photon system must be conserved [7]. 
The values of the direct optical band gap (Eg) values of the CdTe 
thin films were obtained from the intercept of (αhν)2 as func-
tion of photon energy (hν) curves plotted as shown in figure 2, 
their values are given in Table 1. The values of the energy gap in-
creased as thickness increased because of decreasing disorder 
present in the structure then redistribution of tails from band 
to tail, thus allows a great number of possible band to tail and 
from tail to tail transitions, which lead to increase optical energy 
gap [11]. Similar behavior has found by Al Ghamdi et al [9] and 
Shaaban et al [12].

The energy independent constant (B) has been obtained from 
the root squire of the straight line in Tauc slope ((αhν)1/2 vs. 
photon energy). The B values have tabulated in Table 1. Our re-
sults show that B increased with increasing the film thickness. 
B is inversely proportional to non-crystallinity and width of tail 
states [11]. The increasing of B suggests an increase of crystal-
linity. 

Figure 2. The variation of (αhν)1/2 with photon energy and the 
absorption coefficient as a function of wavelength of thin CdTe 
films at different thicknesses.

The width of localized states inside the optical band gap of the 
CdTe films called Urbach tail, which related directly to a similar 
exponential tail for the density of states of either one of the two 
band edges [8]. The Urbach tail of the films has determined by 
the following relation [13]:

	   	 --------- (3)

Where hν is the photon energy, α˳ is constant and Eu is Urbach 
energy, which refers the width of the exponential absorption 
edge, and it gives information about localized state in the band 
gap. Figure 4 shows the variation of lnα as a function of pho-
ton energy for the CdTe thin films. This behavior corresponds 
to optical transitions between occupied states (in the valence 
band tail) to unoccupied states (in the conduction band edge). 
Urbach energy value has calculated from the reciprocal of the 
slope of figure 4.

Figure 3: The variation of Lnα as a function of photon energy of 
thin CdTe films at different thicknesses.

The Eu values change inversely with optical band gap of the 
films, Eu values have increased with increasing the film thick-
ness, as shown in Table 1.

The dependence of the optical absorption coefficient with pho-
ton energy may arise from electronic transitions between local-
ized states [10]. The density of these states falls off exponen-
tially with energy is consistent the theory of Tauc [10], so that 
equation 2 can rewrite as the following:

  	 -----------(4)

Where β is called the steepness parameter, which character-
izes the broadening of the absorption edge due to the elec-
tron–phonon interaction or exaction–phonon interaction, kB 
is Boltzmann’s constant and T is the absolute temperature. If 
the width of the edge related to the slope of figure 4, the β pa-
rameter found as β = (kBT/Eu), which is calculated by using 
this relationship. The absolute temperature measured at room 
temperature for CdTe films as shown in Table 1. The steepness 
parameter values suggest that the absorption edge increase as 
thickness increased. 

Table 1: Optical parameters of as deposited and annealed thin 
CdTe films at different thicknesses.

t
(Ǻ)

α×104
(cm-1)

Eg
(eV)

B×107
(cm-2/eV)

Eu
(meV)

Β
×10-3

2000 0.41 1.51 110.1 383 67.5
4000 0.47 1.56 177.9 317 81.5

The theory of reflectivity of light has used to calculate the values 
of refractive index (n) and extinction coefficient (k). The values 
of n and k have calculated by using the following equations [10]:

 	  --------------- (5)

 	 ----(6)

Where λ is wavelength. The values of n and k at different thick-
ness are given in Table 2. It is clear from this table that n and k 
both increases with the increase in thickness similar behavior 
have found by Shaaban et al [12]. The physical interpretation of 
the variation of refractive index can be as cribbed to the varia-
tion of both density and electronic structure. This indicates the 
dominance of density effect in the thickness dependence of re-
fractive index. For further analysis of the optical data, a number 
of useful, associated relations can be derived to link the real and 
imaginary parts of the dielectric function and the optical con-
stants (n, k). The following relations have used to calculate the 
values of the real part (εr) and imaginary part (εi) of the dielec-
tric constant for CdTe films [10]:

 	  	 -------------- (7)

 	  	 -------------- (8)

The values of real and imaginary parts of the dielectric con-
stants of CdTe thin films at different thickness are given in Ta-
ble 2. It can be seen that both, the real and imaginary part of 
dielectric constant increases with increase in photon energy at 
all thickness similar behavior have found by Al Ghamdi et al [9].

Table 2: optical constants of as deposited and annealed thin 
CdTe films at different thicknesses.

t (Ǻ) n k εr εi

2000 1.52 0.027 2.32 0.08

4000 1.86 0.031 3.46 0.12

The refractive index dispersion plays an important role in opti-
cal communication and designing of the optical devices, so that 
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it is important to determine dispersion parameters of the films. 
The dispersion energy related to the optical transition strengths 
and optical conductivity, thus, in order to analyze the refrac-
tive index dispersion of the films, we used the single-oscillator 
model, developed by Didomenico and Wemple [14], which de-
scribed the dielectric response for transitions below the optical 
gap. In terms of the dispersion energy (Ed) and single-oscillator 
energy for electronic transitions (Eo), the refractive index at a 
frequency can be expressed. The single-oscillator model for the 
refractive index dispersion expressed as follows [14]:

  	 -----------(9)

Where n is the refractive index. The dispersion energy which is 
a measure of the strength of inters band optical transitions. This 
model describes the dielectric response for transitions below 
the optical gap. Plotting (n2-1)-1 versus (hν)2 allows to deter-
mine the oscillator parameters. The dispersion energy and sin-
gle-oscillator energy values were calculated from the slope and 
intercept on the vertical axis of (n2-1)-1 and figure 5 illustrates 
(n2-1)-1 as a function of the square of photon energy (hv)2. The 
dispersion energy and single-oscillator energy values are given 
in Table 3. The oscillator energy related with the optical band 
gap by an empirical formula [15]. We can see that a higher thick-
ness means lower band gap, lower oscillator and dispersion en-
ergies. These results are very important because they are show 
that the optical and dispersion parameters changed with film 
thicknesses. The M-1 and M-3 moments of the optical spectra 
have obtained from the following relations [16]:

  	 ---------------------- (10)

 	  ---------------------- (11)

The M-1 and M-3 moments of the optical spectra values have 
increased as film thickness increased, as shown in Table 3.

The refractive index at infinite wavelength (n∞) determined by 
the following relation [17]:

 	 ------------------- (12)

The plot of (n2-1)-1 vs. λ-2 was plotted to obtain n∞ value of 
CdTe thin films. The n∞ values have found within the range 
2.42-2.05, which is deceased with increasing the film thickness, 
as given in Table 3.

Figure 4: The variation of (n2- 1)-1 as a function of the square of 
photon energy for CdTe thin films.

Table 3: Dispersion parameters of as deposited and annealed 
thin CdTe films at different annealing temperatures.

t (Ǻ)
Eo

(eV)

Ed

(eV)
M-1

M-3

(eV)-2
n∞

2000 1.91 1.94 0.98 0.26 2.41

4000 1.29 0.81 1.61 0.38 2.05

IV. CONCLUSIONS
The prepared films have direct optical band gap, which de-
creased as film thickness increased. Urbach energy of 3the films 
changes inversely with optical band gap. The refractive index 
dispersion curve of CdTe thin film obeys the single-oscillator 
model. The dispersion energy and single-oscillator energy for 
as deposited films were found to be 1.94 eV and 1.91 eV respec-
tively changed to 0.81 eV and 1.29 eV respectively with increas-
ing the film thickness.
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