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Effect of 100 MeV (7+) Oxygen ion irradiation on the structural
properties of Cadmium Telluride thin films
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Abstract: Polycrystalline Cadmium Telluride (CdTe) thin films were prepared using thermal evaporation method at 150 °C
substrate temperature. These samples were irradiated with 100 MeV (7+) oxygen ions for various fluences namely 1x1011,
5x1011, 1x1012 and 5x1012 ions/cm2, to study the irradiation effects on structural properties. X-ray diffraction patterns
showed increase in crystallinity and enhanced microstructure up to the fluence of 5x1011 ions/cm2. For higher fluences
5x1012 ions/cm2, microstructure and surface morphology decreases which is an advantages as it increases the efficiency of
the CdTe solar cells. The detailed studies have been presented and discussed in this paper.
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1. Introduction

Cadmium Telluride belongs to the family of 11-VI compound semiconductors and exhibit many
interesting solid-state phenomena of considerable practical importance. CdTe is a direct band gap (1.54
eV) material used in radiation environments such as reactors and space applications. CdTe is also used in
the fabrication of advanced infrared detectors for satellite based surveillance, solar cells, X-ray detectors,
gamma ray detectors and other important applications [1-5]. The irradiation effect of energetic heavy ions
on the structure of the materials used for space applications is a further stimulating aspect. In the outer
space, electronic devices are exposed to cosmic radiations, comprising a variety of high energy particles,
which may degrade their performance over years of operation.

2. Experimental

CdTe thin films were deposited on chemically cleaned glass substrates using a conventional vacuum
coating unit (Hind High Vacuum Company, Bangalore Model 12A4D). The starting material (99.999%
pure stoichiometry CdTe powder from Sigma Aldrich) was evaporated from a molybdenum boat at a
pressure of 1 x10-5 mbar. The thickness of the film was monitored in situ by quartz crystal thickness
monitor and is about 1 pum. lon beam irradiation was carried out using 15 UD Pelletron tandem
accelerators. Films of 1 cm2 area were mounted on a ladder in an irradiation chamber evacuated at a
pressure of 10-6 mbar. The films were subjected to 100 MeV oxygen (7+) ion radiations for different
fluences namely 1x1011, 5x1011, 1x1012 and 5x1012 ions/cm2. The beam current was maintained 1 pnA
(particle nano-ampere) to avoid heating effect during irradiation. The ion beam was focused to a spot of 10
mm diameter and then scanned over an area of 1 cm2 using magnetic scanner to achieve the dose
uniformity across the sample area. The fluence values were measured by collecting the charge falling on
the sample mounted on an electrically insulated sample ladder placed in secondary electron suppressed
geometry. Ladder current was integrated with a digital current integrator and the charged pulses were
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counted using scalar counter. The films were characterized before and after irradiation to study the
influence of irradiation on the film properties.
The un-irradiated and irradiated samples are characterized using Bruker (AXSD8 Advance) X-ray

diffractometer with Cu Ka radiation having a wavelength of 1.5406 A as the X-ray source. The
morphological studies were carried out using a Multimode Illa, Digital Instruments atomic force
microscope.

3. Result and discussion.
Structural Properties

X-ray diffractogram of the un-irradiated and irradiated CdTe thin films is shown in Fig. 1. CdTe
deposited in cubic zinc blend structure, preferably oriented along (111) plane. SHI irradiation can be
explained by total energy deposited in electronic excitations/ionizations of respective CdTe atoms in the
films by energetic ions. The range of 100 MeV oxygen ions in CdTe was calculated using TRIM [22] and
is found to be 64.45 pm. Since CdTe thin films are about 1 pm thick it can be assumed that ions penetrated
the thin films with an almost constant value of electronic energy loss Se = 112.030 eV/A. It can be noticed
that intensity of peaks increases with irradiation and is maximum for the sample irradiated to 5x1011
ions/cm2. This increase in intensity is indication of improvement in crystallinity due to the annealing of
defects at a low fluence [11, 18, 21]. However, for further increase in the ion fluence, peak intensity
decreases slightly due to the formation of point defects, defects clusters, partial amorphization [11, 23].
The increase and decrease of diffraction intensity could be expected on the irradiated films due to creation
or annihilation of defects and recrystallization.
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Figure 1 : X-ray diffractogram of un-irradiated and irradiated CdTe thin
films.

Shift in diffraction peaks towards lower diffraction angle from its corresponding powder data [20=24.026
degrees JCPDS number 75-2086] indicates the developments of tensile tress in the as-grown film [20 =
23.779 degrees]. Displacement of diffraction peaks is an indication of development of tensile stress normal
corresponding to crystal plane in the film during condensation. The films grown by any technique will
have a tensile stress of certain magnitude depending on the material and growth conditions. The value of
tensile stress is calculated by multiplying the strain produce, using the equation,

Ad _ d(observed) —d(ASTM)
d d(ASTM)
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Where, C11=5.351x1010 Pa, is the elastic stiffness constant of CdTe and ASTM stands for American
Society for Testing of Materials.

Fig. 2. illustrates the variation of tensile stress as a function of ion fluence. There are many structural
transformations that may influence on the stress in a film like creation of hillocks, shrinkage of grain
boundary voids are amorphization of the films or substrate. It is very difficult to determine the exact
physical process, which caused the changes of residual tensile stress. Samples have small stress and there
is no much change in the stress after irradiation. The complete structural analyses of the films were given
in the Table 1. It can be noticed from the tablel that dislocation density is increased in the sample

irradiated to highest fluence which indicates the change in the microstructure of the film due to ion
irradiation.

64

62 ;
60 ;
58 —_
56 —_
54 ;

52

Stress (10'Pa)

50
48

46

44 —_

As‘(‘lleposlltet‘fl‘ 01 - 05 1 - HSI

Figure 2 : Variation of stress with fluence (1012 ions/cm?2)

Table 1 : Microstructure analvsis of the 100 MeV oxvaen irradiated CdTe thin films

Irradiated Sample Lattice constant Grain size Dislocation density Stress
(ions/cm?) d(A) D (A) (x10™) (lin/m?) (x10°® Pa)
CdTe -as deposited 6.47572 478.4827 4.36785 5.13
1x10" 6.47732 474.775 4.36794 5.24
5x10™ 6.46985 478.502 4.3675 4.61
1x10" 6.48489 478.444 4.36855 6.10
5x10" 6.47766 430.6285 5.39255 5.26

Average grain size of un-irradiated and irradiated samples were calculated using the Debye-Scherer
formula, D = 0.90/(p Cos0), where, D is the diameter of crystallites forming the films, A is the wavelength
of X-ray source, B is Full Width Half Maximum [FWHM] in radiance and 6 is the Brag angle. Dislocation
densities present in the samples were calculated as (1= 1/D2 and presented in the table 1.Grain size
increases maximum for the sample irradiated to 5x1011 ions/cm2 and decreases for the sample irradiated
to 5x1012 ions/cm2. This variation in the grain size is due to the ion beam induced recrystallization. The
average grain/particle size before irradiation was 478.45 A, which upon irradiation at fluence 5x1012
ions/cm2 decreases to 430.62 A, as calculated by Scherrer’s equation.
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Surface Morphology

Parameter of easy physical interpretation used to characterize the surface morphology of thin films is its
roughness, which can be considered as an inheritance of growth process. The measured RMS roughness
for 1x1 micrometer area of the as grown sample and samples irradiated to ion fluence of 5x1011 and
5x%1012 ions/cm2 is 4.782, 4.553 and 5.019 nm respectively.

Fig. 3. shows the three dimension AFM images of CdTe film surface before and after irradiation. RMS
roughness increases for the irradiated sample due to the increase in dislocations and cracks created by the
oxygen irradiation. After irradiation the grains seem to be more closely packed due to melting of grains
followed by re-growth, which is clearly seen from Fig. 3b and 3c. Increase in the surface roughness is
advantages as it increases the efficiency of the CdTe solar cells [25].

4, Conclusion

CdTe thin films prepared using thermal evaporation method were irradiated with 100 MeV oxygen ions
for different fluences. There is a significant change in the material characteristics because of influence of
energetic ions. The study highlights the change in the stress in the samples due to irradiation. Changes in
the morphology of the films were also noticed in the irradiated thin films. The morphology of the irradiated
films reveals increase in surface roughness, which is more desirable to enhance the solar cell efficiency.

Figure 3 : AFM graphs of a) as-deposited b) 100 MeV oxygen irradiated CdTe thin films for the fluence
5x10™ and c) for 510" ions/cm?

References

[1] Merchant, J.D. and Cocievera, M., Properties of Zinc Telluride Containing Impurities Introduced during Spray Pyrolysis, J.
Electrochem. 1996, Soc. Vol. 143, No. 12, pp. 4054-4059.



Jayadev Pattar , et al: Effect of 100 MeV (7+) ...... .MN S F) 41

[2] Ota, T. and Takahashi, K., Non-polarized memory-switching characteristics of ZnTe thin films, Solid-State Electron., 1973,
Vol. 16, No.10, pp. 1089-1092.

[3] Manish Jain, Godlevsky, V. V. Derby J. J. and Chelikowsky, J.R., First-principles simulations of liquid ZnTe, Phys. Review
B, 2001, Vol. 65, No.3, pp. 35212-35219.

[4] Ziari, M. Steiner, W. Ranon, P. Klein M. and Trivedi, S., Photorefractivity in vanadium-doped ZnTe, Appl. Phys. Lett., 1992,
Vol. 601, No.9, pp. 1052-1055.

[5] Rioux, D. Niles D.W. and Hochst, H., ZnTe: A potential interlayer to form low resistance back contacts in CdS/CdTe solar
cells, J. Appl. Phys., 1993, Vol. 73, No. 12, pp. 8381-8386.

[6] Gessert, T. A. and Coultts, T.J., in: Proceedings of the 12th NREL Photovoltaic Program Review, 1993, p.345.

[7] Gessert, A. Mason, R. Reedy, R. C. Maston, R. Cutts T. J. and Sheldon, P., Development of rf sputtered, Cu-doped ZnTe for
use as a contact interface layer to p-CdTe, J. Electron. Mater., 1995, Vol. 24, No.10, pp. 1443-1449.

[8] Feng, L. Mao, D. Tang, J. Culins R.T. and Trenfny, J.U., The structural, optical and electrical properties of vacuum
evaporated Cu-doped ZnTe polycrystalline thin films, J. Electron. Mater., 1996, Vol. 25, No. 9, pp. 1442-1447.

[9] Ison, V.V. Ranga Rao, A. Dutta V. and Avasthi, D.K., Effect of swift heavy ion irradiation on spray deposited CdX (X =S,
Te) thin films, Nucl. Instrum. Methods B, 2007, VVol. 262, No. 2, pp. 209-214.

[10] Guozhong Cao, Nanostructures & Nanomaterials, 2004, Imperia College Press, World Scientific Publishing House,
Singapore.

[11] Jayadev Pattar, Shilpa N Sawant, Nagaraja, M. Shashank, N. Balakrishna, K. M. Ganesh Sanjeev, Mahesh, H. M., Structural
Optical and Electrical Properties of Vacuum Evaporated Indium Doped Zinc Telluride Thin Films, Int. J. Electrochem. Sci.,
2009, Vol. 4 pp. 369 —376.

[12] Mehta, G. K., Materials modification with high energy heavy ions, Nucl. Instrum. Methods A, 1996, Vol. 382 No. 1-2, pp.
335-342.

[13] Agarwal, D. C. Kumar, A. A.Khan, S. Kabiraj, D. Singh, F. Tripathi, A. Pivin, J. C. Chauhan R S. Avasthi, and D. K., SHI
induced modification of ZnO thin film: Optical and structural studies, Nucl. Instrum. Methods B, 2006, Vol. 244, No. 1, pp.
136-140.

[14] Chaudhary, Y. S. Khan, S. A. Shrivastav, R. Satsangi, V. R. Prakash, S. Avasthi D. K. and Dass, S., A study on 170 MeV
Aul3+ irradiation induced modifications in structural and photoelectrochemical behavior of nanostructured CuO thin films,
Nucl. Instrum. Methods B, 2004, Vol. 225, No. 3, pp. 291-296.

[15] Wesch, W. Kamarou A. and Wendler, E., Effect of high electronic energy deposition in semiconductors, Nucl. Instrum.
Methods B, 2004, Vol. 225, No. 1, pp. 111-128.

[16] Benyagoub, A., Investigations by X-ray diffraction of swift heavy ion induced effects in inorganic materials, Nucl. Instrum.
Methods B, 2004, Vol. 225, No. 1, pp. 88-96.

[17] Narayan, H. Bhatt, R. K. Agrawal, H. M. Kushwaha R. P. S. and Kishan, H., Swift heavy ion irradiation of MgB2 thin films:
a comparison between gold and silver ion irradiations, J. Phys.: Condens. Matter, 2007, Vol. 19, No. pp. 136209-136220.

[18] Veeramani, Haris, M. Kanjilal, D. Asokan K. and Moorthy Babu, S., Investigation of swift heavy ion irradiation effects in
CdTe crystals, J. Phys. D: Appl. Phys. 2006, Vol. 39, No. 13, pp. 2707-2710.

[19] Marayana, K.L. Vijaykumar, K.P. Nair K.G.M. and Tampi, N.S., Effect of irradiation-induced disorder on the optical
absorption spectra of CdS thin films, Physica B., 1997, Vol. 240, No.1, pp. 8-12.

[20] Sathyamoorthy, R. Chandramohan, S. Sudhagara, P. Kanjilal, D. Kabiraj D. and Asokan, K., Structural and
photoluminescence properties of swift heavy ion irradiated CdS thin films, Solar Energy Mater. Solar Cells, 2006, Vol. 90,
No. 15, pp. 2297-2304.

[21] Ison, V. V., Ranga Rao, A. Dutta, V. Kulriya, P.K. Avasthi, D.K.and Tripathi, S. K. On the role of microstructure in
determining the energy relaxation processes of swift heavy ions in CdTe thin films, J. Phys. D: Appl. Phys. 2008, Vol. 41,
pp. 105113-105120.

[22] Biersack J.P. and Ziegler J.F., www.SRIM.org. Version 2011.08.

[23] Soundeswaran, S. Kumar, O. S. Ramasamy, P. Kabiraj, D. Avasthi, D. K. Dhanasekharan, R., Effect of Si ion irradiation on
polycrystalline CdS thin film grown from novel photochemical deposition technique, Physica B, 2005, Vol. 355, No.1-4, pp.
222-230.

[24] Ratheesh Kumar, P. M. John, T. T. Sudha Kartha C. and Vijayakumar, K. P., SHI induced modifications in spray pyrolysed f3-
In2S3 thin films, Nucl. Instrum. Methods B, 2006, VVol. 244, No. 1, pp. 171-173.

[25] Amin, N. Okamoto, T. Yamada A. and Konagai, M., Thickness Reduction to 1 um of CdTe Thin-Film Solar Cells, 1999,
Applied Physics Conference, Tokyo, Japan.



