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Abstract

The dielectric constants and reflectance of Cu,ln,Se;, CuGa;Se; and
CuGasSeg typical chalcopyrite belonging to the family of ordered defect

compounds (ODC) were computed using &(w) =& (w)+ie,(w) and

_(n-7°
(n+1)°
refractive index n and the extinction coefficient « . The graphs plotted from
the computed values of the dielectric function and the reflectance were

analyzed and compared with experimentally measured values at the angles of
55° and 65 °and they were found to be in tandem.

obtained from the values of the experimental results of the
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1.0 Introduction

Wave propagated in materials like crystals sucthasfilm has been of interest to many
researchers since the earlier works of [1, 2 andt&ir works made significant impact on the use of
beam propagation method in study of propertiesystals. The applicability of this technique hasrbe
assessed and discovered to be of great techndlagipartance and has been widely used as a
modeling tool for integrated optics [9 and 10].

Electromagnetic wave incident normally or obliquely the surface of a crystal is bound to
experience attenuation as the field propagatesighrd [7 and 11]. The attenuation depends on the
solid state properties of the crystal such as the teftandex and the dielectric function of the crystal
In determining the optical properties of CulpSend the related chalcopyrite type semiconductiors,
has been found that the existence of an indiunmrighe material surface layer on the later enhances
the absorption performance of thin films as dréases the efficiency of the film which makes it
suitable for use as a solar cell [8].
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A typical ordered defect compound has been found to play an importaninrthe
performance of the high efficiency of chalcopyrite type semicoodlzsed solar cells [4, 11].
There had been an evidence of band gap widening from the report amfde roperties of
CuGaSe thin film [6]. This makes the study of its optical properties essential.

To achieve this, the knowledge of the dielectric function over a véidge of wavelength
is indispensable for many applications [13] coupled with the band gap as measj&ed by

In this work, the interest was on the use of the pseudoettieléunctions of the samples
comprising the ordered defects compound in computing the dielectritantmsf the samples
using the measured value of refractive index and the exincbefficient as obtained using
Spectroscopic Ellipsometry (SE) [5] and to relate the correspondingutedireflectance and the
dielectric constants of each of the samples both at normal and obligueninaiidton.

2.0  Experimental and theoretical procedure
The samples were specified as given below according to compound group.

A B C Bl C1l
Cu,lIn,Se, Cu,Ga,Se, CuGa,Se, CuGa.Sg, CuGa,Se,
These samples were developed using Bridgman's method by the soli@ phas

crystallization technique as a family of ordered defect compodiidEHe values of the dielectric
functions of the crystals were computed using the relations:

£(w) =g (w)+ie,(w) (2.1)
which can be decomposed in terms of the refractive index and extinction ieoefis

& (w)=n’-k? (2.2)

&, (w) = 2nk (2.3)

where ¢, (w) is the real part of the dielectric ard(w) is the imaginary parts of the dielectric

constantn is the refractive index and, the extinction coefficient.

The computed results carried out on the ordered defect compounds (@DEes were
measured by SE at room temperature in the photon energy framged.&V to 38eV. The
measured refractive indices and extinction coefficientewdetermined using microscopic
ellipsometer [5].

This computed dielectric were compared with the experimentadigsored dielectric
constant which was measured over incidence angles’ah8%3 consistently in order to ensure
a degree of accuracy in the determination of the dielectrionstant. The reflectance of the
crystals was also computed for normal incidence wave/fidlich was simplified by considering
the complex amplitude for the reflectance coefficient oflactemagnetic wave of frequenay

given by r(w) = RE expia (2.4)
The reflectance coefficient allows one to calculatephase angle to wave propagating through
the crystal by the equation:

1 f f-l-a) d 1
a(w)=—| logl=——/|——=Ilog|R¢|zd 2.5
(€)=, log| - |z o[ Re]- d¢ (2.5)
By limiting to the quasi — normal induce measurement dor@=ad}; we get the value & as
—_ 2 2
sz (2.6)
(n+1)" +x?
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which on simplification reducesto Rr= (2.7)

The energy band gap of the material was computed for the satm@edB1, C1 as specified at
room temperature and was found to range frore\0t8 3.&V from the relations

q = 4777% (2.8)
and = ( he JZ
a=|—-E (2.9)
A 9

wherea is the absorption co-efficierk,is the extinction co-efficieng is the energy band gap

hc
while 7 is the photon energy.

3.0  Results and discussion
Figures la and 1b show the computed real and imagindry) and ¢, (w) components

of the dielectric oA, B, C, B1 andC1 from the numerical values of the refractive indeand the
extinction coefficienk . The real and imaginary refractive indexand extinction coefficienk

are the fundamental properties. To assess properly the irgluehthe chalcopyrite optical
properties on the solar cell device properties, the optical gtimoicoefficient is important. The
spectral dependence ef= 4nk/L wherel is the wavelength of light in the vacuum is presented
for the samples. Tha values in the transparency region of the studied samples secfdh
increasing wavelength. The spectra of the imaginary and ca@aponents of the complex
dielectric function of the samples in figures 3.la and 3.1b showspbak correspond to various
values of energy transitions of the electronic band strugtuaecordance with the report of [15].
In the region below &, the fundamental energy gap = E, is well identified for each case and

in the region below 36Y/.
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Figure 3.1a Real dielectric constants as a functiof | Flgtgre 3];“1' Con}plexhdllelectni COPStame as 6;
of energy for chalcopyrite —type of crysfal, B, C, unction of energy for chalcopyrite —type of crystg
B1,CL [A, B, C,B1,C1]

In figure 3.2, the graphs of reflectance with respect to rieegy were plotted and it was
observed that all the samples appear to have the sametamtkcbehaviour. That is the
reflectance of the compound no matter how they are grown asanfe The structures observed
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in the dielectric spectra are likened to the inter—band alricints, which is related to the region
of the band structure with large, or singular point electrdensity of states as explained by [5]
and [14] in their work respectively. This structure was andlyzeéerms of standard analytic line
shape. The experimental spectra of the imaginary and real components of

the complex dielectric functions have slightly different shatedifferent crystal photon
energy as compared to the computed values.
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Figure 3.2 Reflectancébehaviour as a function of
energy-band for chalcopyrite —type of crysta#isi,
C.B1, C1]

4.0 Conclusion

In this work, the properties of copper based chalcopyrite semiconsiu@ee been computed
using measured refractive indices and extinction co-effi¢fent microscopic ellipsometer. The
computed dielectric constant and reflectance tend to agréethdt experimentally measured
values apart from the peak that is observed in the computediegsdtric. From this work, the
efficacy in the use of mathematical approach in computation of satiek state and optical
properties of semiconductor materials is clearly demonstrated arehisosiee workable.
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