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Abstract: In the present paper, we analyze the effect of monovalent cations on the electronic behaviors and
optical related properties of AglnesGaosSe; and CulngsGagsSez quaternary chalcopyrite crystals. We carry
out this task by calculating band structure and optoelectronic properties of these chalcopyrite compounds by
performing first principles calculations within generalized gradient approximation (GGA) based on Density
Functional Theory (DFT).
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l. Introduction:

Researchers have been interested in 111-V multi-element alloy semiconductors for several decades. Their band
gaps extend widely from infrared to ultraviolet regions and the lattice constants can be tailored by controlling their
composition. They also provide the material basis for a number of well-established commercial technologies.
These multi-component alloys are promising candidates for many device applications such as high speed
electronic and long wavelength photonic devices. Continuing progress in I11-V optoelectronics requires the
synthesis of semiconductor alloys with specific structural, electronic and optical properties. The quaternary alloys
lattice- matched to the given substrate provide new possibilities to realize the desired material properties and are
very useful for reducing defects, dislocations and piezoelectric field. InGaAsP, GalnNAs, AlGalnN etc.,
quaternary alloys have been widely adopted for device applications [1-5].
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Fig. 1 Calculated band structure of CulngsGagsSe2 (a) and AglnosGaosSe: (b).
The search for new semiconductor materials with structural and electronic properties for the advancement of
optoelectronic applications, such as thin-film solar cells or laser diodes, constitutes one of the central challenges
in materials science. 11-VI1 and 111-V compound semiconductors have long been viewed as promising materials
for the device applications in electronic and optoelectronic technologies. Many of these binary semiconductors
crystallize in a cubic zinc-blende structure. Recently, a number of ternary and quaternary semiconductors of type
I-111-1V2 (1 = Cu, Ag;lll = Al, Ga, In; IV=S, Se, Te) crystallized in the chalcopyrite structure have attracted
considerable interest of researchers due to their optoelectronic properties appropriate for designing nonlinear
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optical devices and solar cells [6-9], especially Culni«GaxSe; (CIGS) was expected to be useful in solar cell
applications because it has large absorption coefficients at the band gap energy[10-14], and Agln;«GaxSe; was
used as materials for laser-frequency doublers for the mid-IR spectral region owing to the nonlinear properties
[15-18]. A typical representative of this family, CulnesGaosSe, has been widely studied. In experiments, the
various interesting properties including the structure character [19-23], electronic structures [21-25], and optical
constants[22, 23, 25, 26] have been investigated. The corresponding theoretical work, such as electronic structures
and optical constants [27, 28], also has been followed. However, the experimental studies on the precise material
characterizations of the AglnosGaosSe; crystals concern the structure properties [17, 29], electronic and optical
properties [30, 31] are still rather limited, and no theoretical work has been reported in comparison with other
chalcopyrite semiconductors. In this work, by performing first principles calculations within generalized gradient
approximation (GGA) based on Density Functional Theory (DFT), the band structure and optical-related
properties of quaternary metal chalcogenides CulnosGaosSez and AglnesGagsSez.are presented. The energy gap
is found to be direct of 0.177 and 0.011 eV for the two materials, respectively. The differences of the complex
dielectric functions, the absorption spectra and the reflectivity coefficients of CulngsGapsSe2 and AglngsGapsSe:
are discussed. It follows that the electronic configurations of monovalent X (X = Ag, Cu) cations are responsible
for the different electronic and optical properties of XlIngsGaosSez.

1. Computational Method

The calculations are performed in the framework of density function theory. Advanced plane wave expansion
technology is applied to optimize the lattice constants and calculate the electronic and optical properties
CulngsGagsSez and AglngsGagsSe, .using the WIEN2K code [32,33]. The effects of exchange—correlation
interaction are treated with the generalized gradient approximation (GGA) of Perdrew-Burke-Ernzerh [34], known
as PBE-GGA. The Vanderbilt-type ultrasoft pseudopotentials (USP) [35] are employed to describe the electron—
ion interactions. A plane-wave cutoff energy of 400.00 eV in USP was employed throughout the calculation. For
the Brillouin-zone sampling, the electronic structures used 4x4x2 k-points grid generated according to the
Monkhorst—Pack scheme. In the calculations of the optical susceptibilities, a dense mesh of uniformly distributed
k-points is required. Hence, we have used 8x8x4 meshes to calculate the complex dielectric functions of
CulngsGagsSe2 and AglngsGaosSes.
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Fig. 2. Projected density of states for CulnosGaosSe, and AglngsGaosSe;.
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Fig.3 Dielectric functions for CulngsGagsSe, Fig.4 Absorption spectra for CulngsGagsSe;
and AglnosGaosSe; and AglnosGaosSez
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1. Result and Discussion:

The bands and PDOS graphs are given in Fig. 1 and Fig. 2, respectively. For the two alloys, the calculated band
structures are similar to each other. Both the two mixed crystals have a direct band gap at the 7" point, and the
obtained band gap values are 0.011 eV and 0.177 eV for CulngsGaosSez and AglnosGaosSe,, respectively. The
band gaps are smaller than the experimental values[28, 31],this error is caused by the discontinuity of exchange-
correlation energy [36]. The optical functions calculated by neglecting all lattice vibrational effects and pertaining
only the electronic transitions are shown in Fig. 3-Fig. 5. The average of complex dielectric functions are presented
in Fig. 3. The main shape of the real parts of these complex dielectric functions of CulnosGaosSe, and
AglnosGaosSe; are similar. The calculated imaginary parts of the frequency-dependent linear dielectric function
are different obviously.

For CulngsGagsSe2 the main peaks position locate around 2.62 and 6.08 eV, respectively. For AglngsGaosSe; the
main peak position locates around 6.72 eV. These peaks correspond to the optical transitions from the valence
band to the conduction band.. The absorption spectra are shown in Fig.4. For the two interesting materials,
according to the graph, it is obvious that the shape of the curves of absorption spectra are similar, and the
absorption coefficients decrease rapidly in the low-energy region, which is the representative character of the
semiconductor and insulator. One can see that CulnosGaosSe; alloy has a higher absorption than AglngsGagsSe;
in the 0 -5 eV region, the main visible sunlight spectrum could be possible to be absorbed. This results are similar
to the earlier measurements [38].
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Fig.5. Reflectivity spectra of CulnosGagsSez and AglnosGagsSes.

V. Conclusion:

In this paper, we have presented the structural, electronic and optical properties of CulngsGagsSe, and
AglngsGagsSe; alloys using the first principles methods. The studied alloys are both characterized by direct band
gap materials at the I point. Specifically, the difference of the energy band structure and the PDOS between the
two interesting materials has been discussed. Also, the different electronic properties of CulnosGagsSez and
AglnosGagsSe, lead to their different optical properties. The investigations show that AglngsGaosSe: is a more
excellent IR crystal material than CulngsGagsSe, for making nonlinear optical device, while the latter is a more
outstanding material for solar energy.

References

[1] W.Shan,W.Walukiewicz,J.W.Ager,E.E.Haller,J.F.Geisz,D.J.Friedman, J.M. Olson,S.R.Kurtz, Phys.Rev.Lett.82, 1221 (1999).

[2] MasahikoKondov, Kazuhisa Uomi, AtsukoNiwa, TakeshiKitatanil, Seiji Watahiki, Yoshiaki Yazaw, Jpn.J.Appl.Phys.35, 1273
(1996).

[3] Siew LiTan, WaiMunSoong, Shiyong Zhang, JoShienNg, John P.R. David, Proc. SPIE8256(2012) 82561E.

[4] J.J. Wierer, D.A. Steigerwald, M.R. Krames, J.J. O’Shea, M.J.Ludowise, G. Christenson, Y.-Shen, C.Lowery, P.S.Martin, S.
Subramanya, W.Gotz, N.F. Gardner, R.S. Kern, S.A. Stockman, Appl. Phys.Lett.78, 3379 (2001).

[5] M.F. Schubert, J.Xu, J.K.Kim, E.F. Schubert, M.H. Kim, S.Yoon, S.M.Lee, C.Sone, T.Sakong, Y. Park, Appl. Phys.Lett.93,
041102 (2008).

[6] L. S. Lerner, J. Phys. Chem. Solids 27, 1 (1966).

[7] D. C. Hanna, V. V. Rampal, R. C. Smith, Opt. Commun. 8, 151, (1973).

[8] R. C. Eckardt, Y. X. Fan, R. L. Byer, C. L. Marquardt, M. E. Storm and L. Esterowitz, Appl. Phys. Lett. 49, 608 (1986).

[9] A. Rockett and R. W. Birkmire, J. Appl. Phys. 70, R81 (1991).

[10] S. H. Wei, A. Zunger, J. Appl. Phys. 78, 3846 (1995).

[11] R. Caballero, C. Guillén, M. T. Gutiérrez and C. A. Kaufmann, Progress in Photovoltaics: Research and Applications 14, 145
(2006).

[12] M. A. Contrerasl, Brian Egaas, K. Ramanathan, J. Hiltner, A. Swartzlander, F. Hasoon and R.Noufi, Progress in Photovoltaics:

Research and Applications 7, 311 (1999).

IJETCAS 17-230; © 2017, IJETCAS All Rights Reserved Page 82



Tiwari et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 20(1), March-May 2017, pp. 80-

83
[13] M. J. Romero, K. Ramanathan, M. A. Contreras, et al., Appl. Phys. Lett. 83, 4770 (2003).
[14] Y. Tani, K. Sato, H. Katayama-Yoshida, Appl. Phys. Express 3, 101201, (2010).
[15] Yu. M. Andreev, P. Geiko, V. Voevodin, et al., Jpn. J. Apll. Phys. 39, 94 (2000).
[16] V. V. Badikov, V. I. Chizhikov, V. B. Laptev, V. L. Panyutin, G. S. Shevyrdyaeva, S. |. Scherbakov, Proceedings of SPIE 140,

4972 (2003).
[17] K. Yoshino, H. Komaki, K. Itani, S. F. Chichibu, Y. Akaki, T. Ikari, J. Cryst. Growth 236, 257 (2002).

[18] Shuquan Wan, Shifu Zhu, Beijun Zhao, Baojun Chen, Zhiyu He, Jianhua Xu, J. Cryst. Growth 318, 713 (2011).
[19] D. K. Suri, K. C. Nagpal, G. K. Chadha, J. Appl. Cryst. 22, 578 (1989).

[20] D. Aldakov, A. Lefrancois and P. Reiss, J. Mater. Chem. C 1, 3756 (2013).

[21] K. T. R. Reddy, R. B. V. Chalapathy, Sol. Energy Mat. Sol. Cells. 50, 19 (1998).

[22] R. Diaz, J. Vac. Sci. Technol. A 19, 2407 (2001).

[23] B. A. Masour, I. K. El Zawawi, H. Shaban, Journal of Materials Science: Materials in Electronics 14, 63 (2003).264
[24] S. Theodoropoulou, D. Papadimitriou, N. Rega, S. Siebentritt, M.Ch. Lux-Steiner, Thin Solid Films 511-512, 690 (2006).
[25] Y. Aparna, P. S. Reddy, B. Srinivasulu Naidu, P. J. Reddy, Proc. SPIE 1523, 149 (1992).

[26] D. K. Suri, R. H. Bhawalkar, K. C. Nagpal, J. Mater. Sci. 26, 3191 (1991).

[27] Rongzhen Chen, Clas Persson, Thin Solid Films 519, 7503 (2011).

[28] Rongzhen Chen and Clas Persson, J. Appl. Phys. 112, 103708 (2012).

[29] I. V. Bodnar, Inorganic Materials 40, 914 (2004).

[30] H. Karaagac, M. Kaleli and M. Parlak, J. Phys. D: Appl. Phys.42, 165413 (2009).

[31] P. Vijayakumar, G. Anandha Babu, P. Ramasamy, J. Cryst. Growth 389, 139 (2014).

[32] R. Dreizler and E. K.U. Gross, Density Functional Theory, (Berlin: Springer, 1990).

[33] K. Schwarz and P. Blaha, Comput. Mater. Sci. 28, 259 (2003).

[34] J. P. Perdew, K. Burke, M. Emzerhof, Phys. Rev. Lett. 77, 3865 (1996).

[35] D. Vanderbilt, Phys. Rev. B 41, 7892 (1990).

[36] J. P. Perdew, M. Levy, Phys. Rev. Lett. 20, 1884 (1983).

[37] F. Wooten, Optical properties of Solid, Academic, New York, 1972.

[38] S. Minoura, K. Kodera, T. Maekawa, K. Miyazaki, S. Niki, et al., J. Appl. Phys. 113, 063505 (2013).

IJETCAS 17-230; © 2017, IJETCAS All Rights Reserved Page 83



