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Thin films of Cd;_xMgxTe with band gap in the range of 1.6-1.96 eV were deposited by vacuum co-
evaporation of CdTe and Mg on glass substrates heated at 300 °C. Different experimental techniques such
as XRD, UV-vis spectroscopy, SEM, and XPS were used to study the effect of Mg incorporation into the
lattice of CdTe. The band gap of the films showed a clear tendency to increase as the Mg content in the
film is increased. The Cd;_xMg,Te films maintain all the structural characteristics of the CdTe, however,
) diminishing of intensity for the XRD patterns is observed due to both change in preferential orientation
Thin films . . . . . . . .
Evaporation and change in atomlc' scattering due to the incorporation of Mg. SEM images showed significant evi-
XPS dences of morphological changes due to the presence of Mg. XRD, UV-vis spectroscopy, and XPS data
confirmed the incorporation of Mg in the lattice of CdTe. The significant increase in band gap of CdTe due
to incorporation of Mg suggests that the Cd;_,Mg,Te thin film is a candidate material to use as absorber
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layer in the top-cell of a tandem solar cell.
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1. Introduction

In order to lower the cost per watt of the photovoltaic electric-
ity, it is necessary to develop solar cells with high solar-to-electric
conversion efficiency. Tandem solar cells promise high efficiencies
by overcoming the limitations of the single junction solar cells.
In this context development of promising materials for applica-
tions in tandem devices are interesting. A two junction all thin-film
tandem solar cell with a top-cell absorber having band gap in
the range 1.6-1.7eV can attain efficiencies in the range of 25%
[1]. Cd1_xMgxTe is a candidate material for developing top-cell
absorber layer with the above band gap criterion. The band gap
of CdTe can be significantly opened by incorporating small amount
of Mg, and the lattice mismatch between CdTe and MgTe is only
little. Cdy_xMgyTe thin films can be deposited by different tech-
niques such as molecular beam epitaxy [2], sputtering [3,4], and
co-evaporation [5,6]. Among these techniques co-evaporation is
more economical, simple, and offers the flexibility of preparing thin
films with different compositions by adjusting the evaporation rate
of the individual source materials. There are recent reports about
the development of Cd;_yMgxTe thin films and the fabrication
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of Cdq_xMgyTe/CdS solar cells [4-6]. In this paper we are dis-
cussing the growth and a detailed characterization of Cd_yMgxTe
thin films with x=0-0.2, developed by co-evaporation technique.
Cdq_xMgxTe thin films with x>0.2 can also be easily prepared by
co-evaporation, however, for the application of this material as a
top-cell absorber layer in tandem solar cells the required band gap
is about 1.7 eV [1] which corresponds to x<0.15 [4,5]. The results
discussed in this paper will enhance the knowledge about the mate-
rial properties of Cd;_yMgxTe thin film, and provide fundamental
knowledge about this promising material.

2. Experimental details

Thin films of Cd;_yMg,Te were deposited by co-evaporation on
corning glass substrates of area 3 cm x 3 cm. The thickness of thin
films was measured using a surface profiler, and it was in the range
of 1.7 wm. The deposition of the films was performed at a base
pressure of 5 x 1076 Torr and at a substrate temperature of 300°C.
The film stoichiometry was controlled by adjusting the evapora-
tion rate of CdTe and Mg independently. The conductivity type of
the deposited films was determined to be p-type using the hot-
probe technique. Structural characterization was performed with
a Rigaku X-ray diffractometer with CuKa radiation and the opti-
cal transmittance spectra were recorded in the wavelength range
of 500-900 nm using a Shimadzu UV-vis spectrophotometer. The
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Fig. 1. XRD patterns of Cd;_yMg,Te thin films of identical thickness and deposited
at same substrate temperature.
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Fig. 2. The variation of the crystallite size with the Mg content (x) in the film.

morphological properties were investigated using a Hitachi scan-
ning electron microscope FE SEM S-5500 and for the analysis of
X-ray photoelectron spectroscopy (XPS) we used a system of ultra
high vacuum (UHV) VG Microtech Multilab ESCA2000.

3. Results and discussion

The X-ray diffraction patterns of the Cd;_,MgxTe films and the
reference CdTe film are shown in Fig. 1. To compare the structural
properties of films with different amounts of Mg, films were made
with the same thickness under the same deposition conditions. The
diffractogram of CdTe (x=0) shows the planes (111),(220),(311)
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Fig. 3. Variation of lattice constant of Cd;_yMg,Te films with the amount of Mg
incorporated in it. The markers are experimental data and the line is a guide to the
eye. The dotted line corresponds to the stress free value of the lattice constant in the
case of CdTe (acqre =6.481 A) and dashed line corresponds to the stress free value of
the lattice constant of CdMgTe (amgre =6.420 A).
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Fig. 4. The dependence of stress on the Mg content in Cd;_yMg,Te thin films.

conforming to the JCPDS card (15-0770), with a strong preference
for the (11 1) plane. The CdTe film has cubic zinc blend lattice, the
estimated value of the lattice parameter a=6.498 A. The diffrac-
tograms of Cd;_yMgyTe films with x=0.06 and x=0.20 are similar
to that of CdTe indicating similar crystal structure of CdTe, and
preferential growth for the plane (11 1), however, there is a signif-
icant decrease in the intensity of (11 1) reflection with increasing
Mg content [5]. This decrease in intensity of the (11 1) reflection
observed upon the incorporation of Mg in the lattice of CdTe can
be either due to: (i) a change in preferential orientation grade for
the film, (ii) change in X-ray scattering factor of the unit cell, or (iii)
change in crystallite size. The preferential orientation grade of the
films for the plane (1 1 1) was calculated using the XRD data and the
orientation grade is found to decrease as the Mg content increased.
The values of the preferential orientation grade was 1.84, 1.57, and
1.39, respectively, for x=0, 0.06, and 0.2. However, comparing the
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Fig. 5. (a) Transmittance spectra of Cd;_yMgyTe with x=0, 0.06, 0.08, 0.13, and 0.20
[5]. (b) Band gap vs. Mg content, inset is the Tauc plot of a typical Cd;_yMg,Te film
with x=0.065, the corresponding band gap is 1.65eV.
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Fig. 6. SEM image of Cd;_yMg,Te films with different Mg contents. (a) x=0, (b) x=0.06, (c) x=0.10 and (d) x=0.20.

relative intensities of the XRD patterns of three films (Fig. 1), it can
be concluded that the observed change in the XRD intensity is not
only due to a change in the preferred growth but the atomic scat-
tering factor is also playing a role [7]. The atomic scattering factor
for Mg is only 9.8 A=, while that of Cd is 41.7 A~ at theta=11.85°
and for the X-ray wavelength A =1.54 A,

The crystal size (D) was calculated using the FWHM of diffrac-
tion peak (11 1) and using the Scherer equation [8]. Fig. 2 shows
the variation of the crystallite size with the amount of Mg in the
film. In all these cases films with identical thickness were used, it
is observed that with increasing the Mg content, the crystallite size
decreases from 23 nm of the CdTe film to 17 nm for the Cd_yMgxTe
film with x=0.20. The calculated value of the lattice parameters of
the Cd;_yMgxTe (x=0-0.20) is presented in Fig. 3. The lattice value
of CdTe film a=6.498 A is higher than the powder pattern (6.481 A)
indicating that the deposited CdTe film is under stress. Fig. 4 shows
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Fig. 7. XPS survey of Cd;_yMg,Te samples with x=0, 0.06, 0.08, 0.13, and 0.20.

the relation between Mg content and the stress in the film. As can
be seen from figure, with the increase in Mg content the stress
changes from compressive to tensile. In the case of Cd;_yMgxTe
films the lattice parameter is changed from 6.498 A to 6.47 A when
x changed from 0 to 0.20, showing the effect of incorporation of Mg
in the CdTe lattice. This nominal decrease in the lattice parameter
is expected since the difference in lattice values of MgTe and CdTe
is only 0.061 A. The lattice value for MgTe is 6.420 A [2,4] and that of
CdTe is 6.481 A [9]. The observed decrease in lattice value of CdTe
due to the incorporation of Mg is possible since Mg has the smallest
ionic radius among the three elements Mg, Cd and Te. For example
the ionic radii of Mg (+2), Cd (+2) and Te (—2) are 72,95 and 221 pm,
respectively, at a particular coordination number of 6 [10,11].

The transmittance spectra of the films recorded in the wave-
length region 300-1000 nm were used to estimate the band gap
of the films. The value of the absorption coefficient was estimated
from the transmittance spectra (Fig. 5a). The band gap of the mate-
rial was determined by plotting a graph with (cchv)? vs. hv. The
band gap showed a systematic change which is proportional to the
amount of Mg incorporated in the film (Fig. 5b). Using the band gap
values and Eq. (1), the Mg content (x) in the films can be estimated
[2]:

Eg(x) =1.5+0.3x(1 — x) + 2x (1)

Fig. 6 shows the SEM images of Cd;_yMgxTe thin films with
different Mg contents; these images show the impact of Mg incor-
poration on the morphology of the films, the changes in grain size
and grain morphology are noticeable. Fig. 6a corresponds to the
CdTe film (x=0), and the images b-d correspond to the Cd_,MgxTe
films with x=0.06, 0.13, and 0.20, respectively. The images a and
b which corresponds to CdTe and Cdgg4MgoosTe shows voids
and large agglomerations of smaller grains, however, as the Mg
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Fig. 8. High resolution XPS spectra of Cd;_yMgyTe in the region corresponds to the
Mg 1s, Cd 3ds); and Te 3ds), core levels. The arrow indicates the increasing order of
x values.

content increases the films become more compact with smaller
grains. The average size of the grains are 213, 276, 213, and 156 nm
for Cdy_xMgxTe films with x=0, 0.06, 0.13 and 0.20, respectively.

The XPS survey of the Cd;_yMgxTe films is shown in Fig. 7. The
core level emissions corresponding to Mg 1s, Te 3d3, Te 3ds,, Cd
3ds3p, Cd 3ds); and O Ts are clearly seen in the spectra. The O 1s peak
can be due to the presence of traces of Te-O formed by the surface
oxidation of Te. In addition, the Te 3py,, Te 3p3), and Te Auger
peaks are also observed. The Mg 1s peak is observed with very low
intensity in the case of Cd;_yMgxTe film with less amount of Mg
(x=0.06), and the intensity of the Mg 1s peak increased with the
value of x indicating the effective incorporation of Mg in the CdTe
lattice. Fig. 8 shows the high resolution spectra of XPS correspond-
ing to binding energy (BE) of the core levels of Te 3d5/2, Cd 3d5/2
and Mg 1s for x=0.00, 0.06, 0.08, 0.13 and 0.20. The orbital Te 3ds,
(572.70 eV) shows no chemical shift in BE with the addition of mag-
nesium where as the BE of Cd 3dsj, shows a slight chemical shift
which can be due to the incorporation of Mg. The corresponding
values of the BE are 405.37, 405.49, 405.47, 405.46 and 405.19eV,
respectively, for x=0.00, 0.06, 0.08, 0.13 and 0.20. The Mg 1s orbital
presents a chemical shift of 0.55 eV to the lower binding energy as
the Mg content is increased to 0.20, this may be due to the fact that
the charge transfer from Mg is lowered in the alloys with higher
Mg content indicating that in these cases the charge state of Mg is
less than Mg2* [12].

4. Conclusions

The structural, morphological, and optical properties of
Cd;_xMgyTe films (x =0, 0.06, 0.08, 0.13 and 0.2) were investigated
indetail to understand the incorporation of Mg in the lattice of CdTe.
The band gap of the CdTe film increased with the amount Mg incor-
porated in the film. XRD analysis revealed that the Cd;_,MgxTe
films maintain all the structural characteristics of the CdTe. SEM
images showed noticeable evidences of morphological changes due
to the incorporation of Mg. The XPS data confirmed the incorpora-
tion of Mg in the lattice of CdTe; the intensity of the Mg 1s peak
showed a clear dependence on the amount of Mg in the film. Anal-
ysis of the binding energies of core levels Te 3dsj, Cd 3ds;, and
Mg 1s showed that the binding energy of Te 3ds;, was constant for
the films with different amounts of Mg, however, Cd 3ds;, and Mg
1s binding energies showed a dependence on the amount of Mg
incorporated in the film, indicating the substitution of Cd by Mg.
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