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ABSTRACT
Undoped and 5%In-doped CdTe thin films were deposited by thermal evaporation
technique onto glass substrate maintained at constant substrate temperature of 423±10K. The
influence of In doping on the optical properties and the photoconductivity of CdTe thin films
were studied. Band gap values were found decreasing from about 1.56eV to 1.47eV and the
optical constants were changed upon doping CdTe thin films with 5%In. The
photoconductivity measurements were showed alteration of the power exponent δ from a
value δ>1 for undoped CdTe film to the value δ<1 for 5%In-doped film which indicated the
change in recombination mechanism process. The value of photosensitivity (ζPh/ζD) of the
prepared films showed an elevation with increasing light intensity. Also photosensitivity for
5%In-doped CdTe films was found about 2 to 3.5 times higher than for the corresponding
undoped films.
Keywords: undoped and In-doped CdTe thin films, optical properties, photoconductivity.

I. INTRODUCTION
The semiconducting compounds belonging to the cadmium chalcogenides
family are known as good materials for making semiconducting devices. In this regards
the cadmium telluride is good candidate material for the fabrication of photosemiconductor devices, such as field effect transistors, high efficiency solar cells, IR
detectors and magneto-optic devices [1-6]. CdTe possesses a direct band gap of about
1.5eV and high optical absorption coefficient (>104 cm-1) for the visible solar
spectrum, accordingly only thin film layers of few microns thickness are needed for the
absorption of the most of the solar spectra photons with energy higher than the band
gap[7]. Moreover, CdTe is considered to be one of the most effective materials for the
fabrication of X-ray and γ-ray detectors operating at room temperature, because of its
specific properties, such as a high average atomic number, good charge-transport
properties, high resistivity, and relatively large band gap energy [8, 9]. The doping
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CdTe thin film with the appropriate metal atoms such as In, Zn, Ag, Bi, Sb, Al, etc.,
produces considerable changes in their structural and physical properties that make it
very good candidate material in the technology of thin film devices [10-15].
The physical properties of this film depend on the technique used to deposit the film on
the substrate. In this regard a variety of techniques have been employed to grow CdTe
thin films including physical vapor deposition [16], pulsed laser deposition [17], RFsputtering [18], close spaced sublimation [19], hot wall epitaxy [20], successive ionic
layer adsorption and reaction method [21], thermal evaporation [22], chemical bath
deposition[23], and electrodepositing technique [24]. In the present work, the thermal
evaporation method was used to deposit undoped and 5%In-doped CdTe thin films on
glass substrate. The effect of In doping on the optical properties and photoconductivity
for CdTe films have been investigated.
II. EXPERIMENTAL PROCEDURE
Undoped and 5%In-doped CdTe thin films were deposited onto corning 7059
glass slides by thermal evaporation technique at vacuum about 10-6 Torr. CdTe powder
of 99.999% and Indium 99.999% purity from Balzers were used as the source material
and dopant respectively. The thickness (t) of the films was around 300±10nm. The
temperature of the substrate was constant within 423±5%K. An optical transmittance
and absorptance spectra were recorded, at room temperature, in the wavelength range
500-900nm using a Perkin-Elmer Lambda 800 UV-VIS spectrophotometer with
Phillips computer at Sharjah University, UAE. The light source used for the
photoconductivity measurements was a 120W Halogen lamp type Phillips. A d.c.
voltage is applied across the films and the resulting current is measured by Keithley
digital electrometer type 616.
III. RESULTS AND DISCUSSION
Optical measurement constitutes the most important tools of determining the
band structure of semiconductors. Fig. (1) shows optical transmittance (T) spectrum of
undoped and 5%In-doped CdTe thin films as a function of the wavelength (λ) in the
range 500-900nm. It could be noted that the spectrum for undoped CdTe exhibit
interference fringes in the spectral region λ>800nm and a transmittance of about 5060%. The transmittance decreases and the absorption edge is less steep and shift to
higher wavelength (lower energy) after doping CdTe thin film with 5%In. This
indicated that the doped film have lower band gap value compared to that of undoped
film.
The absorption coefficient (α) of undoped and In-doped CdTe thin films were
calculated from the optical transmittance spectrum measurements using the formula
[25]:
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where T is the transmittance spectrum incident intensity. The nature of transition
(direct or indirect) was determined according to Tauc relation [26]:

αhυ A hυ E

r
(2)

g

where hυ is the spectrum incident photon energy, Eg is the optical band gap energy, A
and r are constants. For allowed direct transition, r=1/2 and for allowed indirect
transition, r=2 [26].
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Figure 1: Transmittance spectra of undoped and 5%In-doped CdTe thin films.

The variation of (αhυ)2 versus hυ was plotted in Fig. (2). It is observed that curves
for undoped and 5%In-doped CdTe thin films have straight line portion in the high
energy region, at which the absorption coefficient α ≥ 104cm-1.This behavior is
indicating the undergoes of direct transition for the thin film. Extrapolating of the
linear portion of the plots to (αhυ)2 = 0 yielded the optical band gap value as illustrated
in Fig. (2). The estimated band gap energy was found to be 1.56eV and 1.47eV for
undoped and 5%In-doped CdTe thin films respectively. This decrease in Eg value after
doping with 5%In is attributed to that In introduces interband energy levels in the band
gap of CdTe thin films which were responsible for the shift of Eg to lower band gap
energy. A similar manner was found by other researchers for different dopant atoms
[12, 14, 27].
It is important to determine the optical constants of thin films such as refractive index
(n), extinction coefficient (k), and the real (εr) and imaginary (εi) parts of dielectric
constant.
The index of refraction of undoped and In-doped CdTe thin films was estimated from
the reflectance (R) data using the relation [28]:

n
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where k (=αλ/4π) is the extinction coefficient and λ is wavelength of incident light.
The real and imaginary parts of dielectric constant were evaluated using the formulas
[29]:
εr= n2−k2

(4)

εi=2nk

(5)
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Figure 2: (αhυ) vs. hυ of undoped and 5%In-doped CdTe thin films.
2

Plots of n, k, εr, and εi versus wavelength in the range 500-900nm for undoped and
5%In-doped CdTe thin films are shown in Figs.(3-6) respectively. It should be noted
that the variation of n with λ characterized by a peak round wavelength 820nm for
undoped CdTe thin film as shown in Fig.(3) .This might be attributed to the onset of
absorption at the fundamental absorption edge. A similar behavior is also reported by
other workers [30, 31]. For polycrystalline CdTe films this peak was found at
wavelengths within the range (820-845nm) [30]. A shift in the refractive index peak
towards higher wavelengths was observed after doping CdTe films with 5%In (Fig.
(3)). The extinction coefficient for undoped and 5%In-doped CdTe thin films decreases
as the wavelength increases up to 900nm as seen in Fig.(4). Another noticeable remark
from this figure is showed that the extinction coefficient value near and above the
absorption edge for 5%In-doped CdTe film was higher than for the corresponding
undoped film. This behavior may be correlated with the increase in absorption
coefficient in the studied spectral range upon doping thin film of CdTe with 5%In. A
similar manner of the variation of n with λ is shown for εr with λ for undoped and
5%In-doped CdTe films as shown in Fig.(5). Moreover the values of εr are higher than
εi values (Fig. (6)).
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Figure 3: Variation of n with λ of undoped and 5%In-doped CdTe thin films.
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Figure 4: Variation of k with λ of undoped and 5%In-doped CdTe thin films.
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Figure 5: Variation of εr with λ of undoped and 5%In-doped CdTe thin films.
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Figure 6: Variation of εi with λ of undoped and 5%In-doped CdTe thin films.

One of the common tools used for film characterization is the ways that the film
photoconductivity is behaved with impurity doping. In this regards the following
expression is used [32]:
ζPh = ζL − ζD

(6)

where ζL and ζD are conductivities under illumination and in dark, respectively.
Fig. (7) shows the dependence of photoconductivity (ζPh) on incident power intensity
(F =50, 75, 100, and 125mW/cm2 ) of undoped and 5%In-doped CdTe thin films. It is
clear from this figure that ln(ζPh) versus ln(F) curves are nearly straight lines which
indicates that variation of photoconductivity with intensity follows a power law, (ζPh α
Fδ), [33]. The values of power δ is a term which represent the recombination
mechanism in thin films and its value estimated from the slopes of the ln(ζPh) vs. ln(F)
plots. In the case of monomolecular recombination, δ=1 and δ=0.5 corresponds to the
situation of bimolecular recombination [33]. From data of curves in Fig. 7, the values
of δ are equal to 1.27 and 0.92 for udoped and 5%In-doped CdTe thin films,
respectively. These data show doping CdTe films by 5%In results a decrease in the δ
value (δ<1) which might be indicated that excess-carrier recombination is converted to
the bimolecular one.
Material photosensitivity (ζPh/ζD) is another important parameter used for
photosensitive devices performance [33]. The variations of photosensitivity as a
function of the light intensity of undoped and In-doped CdTe thin films have been
shown in Fig.(8). It is observed from this figure that photosensitivity increases with the
increase in light intensity. Another noticeable remark is that ζPh/ζD increases about 23.5 times with 5%In-doped film, which may be attributed to a decrease in the density
of defect states after In addition.
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Figure 7: Variation of ln(ζPh) vs. ln(F) of undoped and 5%In-doped CdTe thin films.
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Figure 8: Variation of ζPh/ζD with F of undoped and 5%In-doped CdTe thin films.

IV. CONCLUSIONS
Optical properties and photoconductivity measurements of undoped and 5%Indoped CdTe thin films deposited by thermal evaporation technique were studied. The
outcome of this investigation can be summarized as follows:
Optical absorption shows the presence of direct transition with band gap energy
1.56 eV of undoped CdTe thin film and it deceases to 1.47 eV upon doping
with 5%In.
Doping CdTe thin films with 5%In results an alteration in its values of
refractive index, extinction coefficient, and real and imaginary parts of
dielectric constant over the wavelength range 500-900 nm.
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The light intensity dependent of photoconductivity indicate that it increases as a
power law, where δ is found to be varied from 1.27 to 0.92 after doping with
5%In indicating the change in recombination reaction.
The photosensitivity increases with the increase of light intensity and upon
doping CdTe thin films with 5%In.
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