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Abstract—Cadmium telluride (CdTe) thin filmsare prepared
by the dip-coating deposition technique under atmospheric
pressure at different temperature. The optical band gap
obtained within the range 1.63-1.60 eV. Crystallite sizes are
obtained from XRD that ar e dependent on composition (Cd/Te)
and baking temperatures. Raman spectra confirms the
presence of transverse (TO) and longitudinal (LO) optical
phononsin the CdTestructure. Filmsare good photoconductive
in nature and could be used in photovoltaic applications.

Index Terms—CdTe, optical band-gap, photoconductivity.

I. INTRODUCTION

The interest on the different properties of photonic CdTe
material is of considerable, due to its practical importancein
technological applications such as, integrated optics,
optoelectronics, solar energy conversion, gamma ray
detection, and x-ray imaging. CdTe is of low cost thin film
photovoltaic cells because of its direct band gap and have
high absorption coefficient. CdTe could be doped with both
n- and p- type materials using a large number of of
preparation methods / techniques such as vacuum deposition
[1], electro-deposition [2], [3], molecular beam epitaxial [4],
metal-organic chemical vapour deposition [5], [6],
close-space sublimation [ 7], [8] and screen printing [9], [10].
It is necessary to have a detailed understanding of the basic
properties of the materialsfor the fabricating the photovoltaic
applications.

In this present work we focuses on the basic and
fundamental properties like optical, structural and
photoconductive response of CdTe thin films grown by the
dip-coating for the photovoltaic applications.

Il. EXPERIMENTAL DETAILS

The dip-coating method is used to preparation of CdTe
thin films on 7059 corning glasses and ITO coated glass
substrates. These substrates are cleaned with detergent
solution followed by water, ethanol, acetone and isopropanol
respectively. In the film forming process requisite amount of
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Cd (NO3)».4H,0 and TeCl, was dissolved into ethanol
solvent to make two separate solutions. After preparing two
solutionsthey are mix-up each other to get the parent solution
for the deposition of thin film by the dip-coating technique. A
clean substrate was dipped into the starting solution and then
withdrawn verticaly a a controlled speed, under
atmospheric conditions, with the help of a pulley and geared
motor, when a liquid film adhered to the substrate. The
substrate together with the liquid film adhering to it was
immediately transferred to a furnace for baking, when the
chemicals reacted to form the desired solid film. It is found
that films of a very high quality films were obtainable when
prepared at a baking temperature of >180°C. The thicknesses
of the resulting films are several microns. Films with
different compositions were obtained when films are baked at
different temperature. The coating thicknesses of the film
were determined from the profile of profilometry.

This work includes the results of optical band gap, x-ray
diffraction, Raman spectra and electrical voltage-current
relationship of the CdTe films grown by the dip-coating
technique. Optical transmission, reflectance spectra were
measured using UV-2501 PC SIMADZU UV-VIS recording
spectrophotometer. Thin film structure was investigated
using Rigaku D/MAX-111B X-ray diffraction with Ni-filter
and Cu K,radiation having wavelength 1.5418 A was
employed in these experiments. Energy dispersive
spectroscopy (EDS) was performed using the EDAX
Phoenix to determine the film composition. The Raman
scattering measurements were made using Bruker FT-Raman
optics model FRA-106/S. The excitation source was 30 mW
with Ar* lager light having wavelength 488 nm.

I1l. RESULTSAND DISCUSSION

The optical energy gap (E,®) of the CdTe thin films are
estimated by measuring optical density (O.D) of thefilmsasa
function of wavelength by assuming alowed direct
inter-band transitions [11]. The absorption coefficient (a) as
a function of photon energy was determined using function
model [12], [13]. This coefficient, of the CdTe films are
determined from the transmittance (T) and the reflectance R
spectra, using the relation [14]:

12
a=1ind=R
d T

where d denotes thickness of the film. Assuming the
transition probability constant near the band edge, the
absorption coefficient for the allowed direct transitions may,
in general, be written as afunction of photon energy as[15]:
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aoc(h’l)— Eg jyz (2)
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where Ey is the band gap and hv is the photon energy.
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Fig. 1. (eh)? vs hv characteristics of CdTe films prepared at different
backing temperatures (Tg). Inset above shows the linear fitting curve
(Tg=180°C) for determination of optical direct band gap (Eg) and inset below
shows the variation of Eg with (Tg).

Fig. 1 showsthe variation of (ahv)? against photon energy
(hv) obtained from the optical spectra of CdTe thin films at
different backing temperature. The optical band-gaps (E,™)
are calculated by extrapolating the linear portion of the
(chv)? = 0 asinserted in Fig. 1 (left-above). The calculated
optical direct band-gap values are also plotted and inserted in
fig.1 (right — below). The values are varied between 1.63 to
160 eV for the samples deposited within the baking
temperature 180-250°C are in good agreement with those
found in the literature data for CdTe band-gap. The lower
values of E;”™ obtained for samples deposited at higher
temperature could be attributed to the changein the grain size
and the stoichiometry dueto loss of Te resulting formation of
shallow accepter levels[16], [17]. The high concentration of
the acceptor states introduced by these free Cd atoms gives
rise to the density of the states tails extending into the
forbidden band. Consequently, the effective band-gap width
will be reduced [15]. The band gap values found to be in
good agreement with those published in the literature of
CdTe[18], [19].

Fig. 2 shows the X-ray diffraction pattern of CdTe thin
films prepared at different temperature with corresponding
five different compositions as mention in the figure. X-ray
diffraction spectra clearly indicate the formation of
hexagonal structure of CdTe film. The peak positions are in
good agreement with JCPDS data file19-0193 of x-ray
powder datafor hexagonal -phase features of CdTe. The (hkl)
reflection is the closed-packing direction of the zincblende
substrate and this type of ordering is often observed in
polycrystalline CdTe thin films. Peak positions, relative
intensity, their d-values are listed in table 1 and compared
with the JCPDS data file. Few peaks marked by * are not
identified and may be the metallic oxide impurities arises
from the film structure. The XRD spectra had alarge peak at

26 =~15°, which corresponds to the (102) crystallographic
plane. This shows that the CdTe films predominately (102)
orientation. Considering this peak position and plane,
average crystaline size of the CdTe in (102) orientations
were evaluated for all samples using the following relation

[20]:
D :( 0.91 J A3)
pcosé

where D isthe average crystalline size in normal direction to
thereflection plane, 6-the Bragg angle and S-thefull width at
half maximum (FWHM). The evaluated values of crystalline
size D are 40-50 nm and changes with backing temperature
and Cd content presence in the film structure as shown in
figure 2b. The compositional analyses were performed by the
EDS measurements and it shows the Cd/Te at% is increases
with backing temperature due to removal of Te fromthefilm
surface (see Fig. 2b).
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Fig. 2. (8) X-ray diffraction spectraof CdTe films prepared at different
backing temperatures (Tg). (b) Variation of crystallite sizesand Cd/Teatomic
ratio with (Tg).

Fig. 3 shows first-order Raman spectraof CdTethin films.
There are three main Raman active modes are observed at
~84 cm, ~12140.5 cm™* and ~140+0.5 cm™. A very week
pesk at 175 cm™ is also observed and its peak intensity
becomes quite prominent when CdTe thin filmis prepared at
baking temperature of 250°C. The features in this figure can
be understood on the basis of the positions and selection rules
for transverse (TO) and longitudinal (LO) optical phonons of
CdTe. The TO and LO modes of CdTe have been found to
occur at 140+0.5 cm™ and 175 cm™ respectively [21]-[23].
The feature observed at 121+0.5 cm is corresponds to the
L O mode of the CdTe[24] while the peak at 84 cm ™ originate
from phonons with an E (Te) symmetry. One interesting fact
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isthat our observed Raman lines at 84 cm™®* and 175 cm* are
approximately 5 cm™ lower and higher in energy respectively
than those reported earlier [25], [26] and it may be due to
non-stoichiometric compositionsin the film forming network
or due to dispersive phenomena of laser light that used (in
this case 488 nm) during Raman spectra measurements.

TABLE: D-SPACING (A) OF CDTE SAMPLE DEPOSITED AT FIVE DIFFERENT
BACKING TEMPERATURES (TB) SHOWN IN FIG. 2 COMPARED WITH JCPDS
19-013 OF WURTZITE CDTE.

. Sample Sample Sample JCPDS
Reflections —rono, oo, oo
Te=180°C Tg=230°C Teg=250°C 19-013
(101) 7.43 7.43 7.45 7.64
(102) 5.96 5.95 5.99 5.93
(203) 471 4.68 4.71 459
(202) 3.67 3.67 3.68 3.73
(203) 3.39 3.40 3.40 3.37
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Fig. 3. Raman spectra of CdTe films prepared at different backing
temperatures (Tg).

The current-voltage (I-V?) characteristic of device
consisting of ITO/CdTe/Au of two films prepared at two
different backing temperatures are shown in Fig. 4(a). ITO is
used as a positively biased terminal with respect to the Au.
This device is used up to 100 V as a bias-voltage and the
corresponding dark current shows a very few mA. The film
deposited at 250°C temperatureis slightly higher current than
the film prepared at 180°C and it may be due to better
crystallinity of thefilm. The photocurrent ismeasured using a
light source having power of 100 watt white bulb for the
films deposited at 250°C baking temperature as shown in Fig.
4(b). It's clearly shows that CdTe films have
photoconductive character, athough the photocurrent is not
so high with compare to dark current. However, the current
flow through device may be limited by space charge effects
within the film thickness or carrier tunneling through a
barrier not associated within the films. It is easy to perceive
that the photo-absorption process will generate electron-hole
pairs within CdTe cluster with very low efficiency. The
voltage current (1-V?) shows an increased linearity that
indicates the continuous increase of voltage, the current
increases exponentialy as |-V* (x=2) in the entire region.
Therefore, the space-charge —limited current (SCLC)
dominates the carrier transport process.
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Fig. 4. (a) Voltage-Current (V*1) relationship (dark current) of CdTe films

prepared at Tz=180°C & 250°C; (b) Dark (Ip) and photocurrent (Ig,) of the
CdTefilm prepared at T=250°C temperature.

IV. CONCLUSION

CdTe films with cadmium-rich and nearly stoichiometric
compositions were prepared by cost effective spin-coating
technique. Films were grown under atmospheric pressure at
different baking temperature. Optical band gap were obtained
within the range 1.60-1.63 eV. XRD analysis of the films
confirms the formation of hexagona structure and
predominately (102) orientation films. Raman spectra
confirm the presence of transverse (TO) and longitudinal
(LO) optical phonons of CdTe in the film forming structure.
The films have photocurrent response that could be used for
photovoltaic devices.

ACKNOWLEDGMENT

The author (S.C.R.) thank to the Department of Science
and Technology (DST) and the National Research
Foundation (NRF), South Africa, for financial support for the
work.

REFERENCES

K. V. Bangera, G. K. Rao, and G. K. Shivakumar, “Fabrication and
electrical characterization of Vaccum deposited n-CdTe/p-ZnTe
Heterojunction diode,” AlIP Conf. Proc, vol. 1341, pp. 328-331, Dec.
2010.

F. Golgovici and T. Visan, “Electrodeposition behavior of CdTe from
choline chloride-ureaionic liquids,” Chalcogenide Letters, vol. 9, no. 4,
pp. 165-174, April 2012.

B. Asheada and S. U. Khanb, “Electrodeposition of Semiconductor
n-CdTe and p-CdTe in Aqueous Medium and Aluminum Metal in a
Nonagueous Medium,” ECSTrans, vol. 33, issue 18, pp. 81-90, 2011.

A. N. Tywari, H. Zagg, S. Blunier, K. Kesser, C. Maissen, and J.
Masek, “Growth of hetero-epitaxial CdTe layers on reusable S

substrate and a lift-off technique for thin film solar cell fabrication,
Int,” J. Solar Energy, vol.12, pp.187-195, February 1992.

G.-C. Wang, L. H. Zhang, K. Kisslinger, C. Gaire, A. Goyal, |. Bhat,
and T.-M. Lu, “COrientational domains in metalorganic chemical vapor
deposited CdTe(111) film on cube-textured Ni,” Thin Solid Films, vol.
531, pp. 217-221, March 2013.

K.-C. Kim, H. Kim, S.-H. Suh, M. Carmody, S. Sivananthan, and J.-S.
Kim, “Metalorganic Chemica Vapor Deposition of CdTe(133)
Epilayers on Si(211) Substrates,” J. of Elect. Mater, vol. 39, no. 7, pp.
863-867, July 2010.

N. A. Shah, A. Ali, S. Hussain, and A. Magsood, “CdCl-treated CdTe
thin films deposited by the close spaced sublimation technique,” J.
Coat. Technal. Res., vol. 7, pp. 105-110, June 2010.

(1

(3]

(4

(5]

(6]



(8

(9

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

International Journal of Chemical Engineering and Applications, Vol. 4, No. 4, August 2013

J. Schaffner, M. Motzko, A. Tueschen, A. Swirschuk, H.-J. Schimper,
A. Klein, T. Modes, O. Zywitzki, and W. Jaegermann, “12% efficient
CdTe/CdS thin films solar Cells deposited by low temperature close
space sublimation,” J. Appl. Phys, vol. 110, pp. 1-6, Sept. 2011

N. Suyama, T. Arita, Y. Nishiyama, N. Wueno, S. Kitamura, and M.
Murozona, Proc. 5 Int. Photovoltaic Sci. Eng. Conf, pp.757-760, New
Y ork, 1990.

I. Clemminck, M. Casteleyn, and B. Depuydt, “Screen printed and
sintered CdTe-CdS solar cells,” Int. J. Solar Energy, vol. 12, pp. 67-78,
February 1992.

R. Bangava, “Properties of wide Band gap 11-VI semiconductors,”
INSPEC, |EEE, Herts, UK, 1996.

J. C. Manifacier, M. Demurcia, J. P. Fillard, and L. Vicaria, “Optical
and electrical properties of SnO, thin films in relation to their
stoichiometric deviation and their crystalline structure,” Thin Solid
Films, vol. 41, pp. 127-135, July 1977.

Y.-Y. Liou, C-C. Lee, C.-C. Jaing, C.-W. Chu, and J-C. Hsu,
“Determination of the Optical Constant Profiles of Thin Weakly
Absorbing Inhomogeneous Films,” Jpn. J. Appl. Phys., vol. 34, pp.
1952-1957, January 1995.

T.S.Moss, G. J. Burrell, and B. Ellis, Semiconductor Opto-Electronics,
Butterworth & Co. Ltd., London, 1973.

J. 1. Pankove, Optical Processesin Semiconductors, Dover, New Y ork,
1971.

R. F. C. Farrow, G. R. Jones, G. M. Williams, and |. W. Young,
“Molecular beam epitaxial growth of high structura perfection,
heteroepitaxial CdTe films on InSb (001),” Appl. Phys. Lett., vol. 39,
pp. 954-956, December 1981.

D. H. Levi, H. R. Mountinho, F. S. Hasoon, B. M. Keyes, R. K.
Ahrenkiel, M. Al-Jassim, L. L. Kazmerski, and R. W. Birkmire, “Micro
through nanostructure investigations of polycrystaline CdTe:
Correlations with processing and electronic structures,” Solar Energy
Materiales and Solar Cells, vol. 41, pp. 381-393, June 1996.

S. Sarkar, S. Pal, and P. Sarkar, “Electronic structure and band gap
engineering of CdTe semiconductor nanowires,” J. Mater. Chem,, vol.
22, pp. 10716-10724, April 2012.

J. Park, W. M. Jung, M. Song, W. Y. Lee, H. Kim, and I.-W. Shim,
“Preparation of PbS-coated CdTe Nanocrystals through Sonochemical
Reaction,” Bull. Korean Chem. Soc. vol. 34, no. 2, pp. 680-682, Jan.
2013.

S. Honey, M. T. Bhatti, S. Riaz, and S. Naseem, “Optical Properties of
CdTeFilms Prepared by Centrifugal Coating Technique,” Adv. Sc. Lett,
vol. 19, no. 3, pp. 866-868, March 2013.

P. M. Amirthargj and F. H. Pollak, “Raman scattering study of the
properties and removal of excess Te on CdTe surfaces,” Appl. Phys.
Lett, vol. 45, pp.789-791, August 1994.

N. Tschirner, H. Lange, K. Lambert, Z. Hens, and C. Thomsen, “ Raman
spectroscopy of PbTe/CdTe nanocrystals,” Phys. Satus Solidi B, vol.
248, pp. 2748-2750, Aug. 2011.

V. Dzhagan, |. Lokteva, C. Himcinschi, X. Jin, J. K. Olesiak, and D. R.
T. Zahn, “Phonon Raman spectraof colloidal CdTe nanocrystals: effect

186

[24]

[29]

[26]

of size, non-stoichiometry and ligand exchange,” Nanoscale Research
Letters, vol. 6, no. 79, pp. 1-10, Jan 2011.

P. T. C. Freire, M. A. A. Silva, V. C. S. Reynoso, A. R. Vaz, and V.
Lemos, “Pressure Raman scattering of CdTe quantum dots,” Phy. Rev.
B, vol. 55, pp. 6743-6346, March 1997.

S. H. Shin, J. Bgjaj, L. A. Moudy, and D. T. Cheung, “Characterization
of Teprecipitatesin CdTecrystals,” Appl. Phys. Lett, vol. 43, pp. 68-70
April 1983.

P. M. Amirthargj and F. H. Pollak, “Raman scattering study of the
properties and removal of excess Te on CdTe surfaces,” Appl. Phys.
Lett, vol. 45, pp. 789-791, July 1994.

&

Sekhar Chandra Ray was born at Kolkata, India on
10" October 1963. He obtained his Ph.D. (Physics)
from University of the North Bengal, Siliguri, Indiain
April 2000. During his Ph.D. research work, mainly he
worked on photovoltaic solar grade materials. Later he
joined with Prof. A. Tagliaferro's group as
postdoctoral fellow (200-2002), Then he moved in

Taiwan and join with Prof. W.F. Pong’s synchrotron radiation research
group (2002-2003) and subsequently he worked with Prof. M. Garcia
Hernandez (2003-2005) at the Instituto de Ciencias de Materials de Madrid,
Spain. After abrief stint asavisiting scientist (Brain Pool Position - 2005), at
the Korea Research Institute of Chemical Technology (KRICT), Degjeong,
South Korea, he had rejoined Prof. Pong's group (2005-2008) at Tamkang
University, Taiwan. Following this he joined the Indian Association for the
Cultivation of Science, Kolkata, India, as a Visiting Scientist (2008-2009),
and worked on the preparation of carbon nano-particles and carbon
nanotubes using different metal catalysts for bio-imaging and magnetic
storage media applications, respectively. At present he is serving the
University of Witwatersrand, Johannesburg as an Associate professor
(2009---) in Experimental Condensed Matter Physics. Hisresearch areais on
carbon nanostructure material on bio-imaging process and photovoltaic
materials.

Kaushik Mallick was born at Bankura, India on 13"
March 1970. He obtained his Ph.D. (chemistry) from
Magadh University, India in 1999. After his Ph.D. he
worked as postdoctoral fellow and as senior scientist in
University of the Witwatersrand and MINTEK
respectively. At present he is working as a senior
lecturer in Chemistry in University of Johannesburg. He
published 60 articles and 6 book chapter. Currently his

field of research work is on the fabrication of organic solar cells.



