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The optical properties (transmission and emission) for Ga.Sess-.Teis(x = 0, 2, 6, 10, 15) semiconductor
were studied using UV Visible spectra and PL Spectra of thermally evaporated thin films. Optical band
gap is found to be decreasing with increased Ga-content in the compositions. Increase in refractive index,
dielectric constants and absorption coefficient is observed in the wavelength region 550-850 nm.The fall in
the optical band gap is explained with chemical bond approach and electro negativity. The increase in re-
fractive index (n) is interpreted in association to the mean coordination number and cohesive energy. Di-

rect band gap is found to be allowed in these thin films.

Keywords: Optical constants, Optical band gap, Semiconductors, Coordination number, Cohesive energy,
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1. INTRODUCTION

Today’s fast changing requirements of engineering
applications has paved the way to find newer materi-
als. One of the fastest modes of communication i.e. op-
tical fiber communication has led to the studies of ma-
terials with different optoelectronic properties and con-
ductivities. Study of optical properties is useful in
manufacturing devices such as solar cells, LEDs, vari-
ous visual displays. Optical parameters of the material
decide their usage in the fabrication of optoelectronic
devices and optical mass storage media. One of the
most interesting categories of materials is semiconduc-
tors, as their properties can be tuned according to their
doping levels. In ternary semiconductors electrical con-
duction is predicted due to two processes, band conduc-
tion and hopping conduction. [1]. New form of semicon-
ductors based on Selenium, Tellurium with third ele-
ment such as Ge, Ga, Bi, Ag, Sb are used in numerous
applications these days [2]. These materials absorb
electromagnetic radiations which allows its use in op-
tics and optoelectronics to fabricate optical elements,
optical memories, microlences, wave-guides, holog-
raphy, optical filters, bio and chemical sensors and in
many more optical applications [3-12]. In the present
work, optical transmission spectra and PL Spectra are
taken to carry out calculations of optical coefficients of
the system GaxSess-<Teis(x=0, 2, 6, 10, 15).
Swanepoel’s method is applied to calculate optical con-
stants [13].

2. EXPERIMENTAL STUDIES
2.1 Preparation of Material

Conventional technique of melting and then ice
cooled quenching is used to synthesize
GaxSess —:Te15(x =0, 2, 6, 10, 15) material samples. For
this the pure elements {Selenium pellets 3N; Tellurium
3N and Gallium pellet 5N} were weighed in required
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PACS numbers: 78.20.Ci; 78.66.Hf; 78.55.Qr

atomic weight percentages, using Wensar™ MAB220
model electronic weighing machine having resolution of
10-4 gm. For different compositions the weighed mate-
rials were melted inside the furnace at 800 °C for near-
ly 24 hours in vacuum sealed Quartz ampoules (length-
12 cm; internal dia. 8 mm ) followed by quenching in
ice cooled water. The prepared ingots were crushed into
fine powder. This bulk material was further used to
prepare thermally evaporated thin films using a mo-
lybdenum boat on clean glass substrates under vacuum
of 10-5 Torr. To achieve the metastable equilibrium
the films were taken out of the deposition chamber af-
ter 24 hours.

2.2 Characterization

Bulk materials were characterized using powder X-
ray diffraction. The patterns of Ga.Sess-xTe15 (x =0, 2,
6, 10, 15) are shown in Fig. 1.
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Fig. 1a — XRD of Ga.Sess - Teis(x = 0, 2, 6, 10, 15) bulk form

X-Ray diffraction pattern shown confirms the
amorphous nature of SessTe1s and polycrystalline na-
ture of Sess—xTe15Gax (x =2, 6, 10 and 15) alloys which has
sharp and clearly resolved peaks. These measurements
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Fig. 1b — FESEM of Sess - xTe15Gax thin films

were done using Cu Kaq line radiation of wavelength
1.54 A. The average size of the crystallite was deter-
mined using Debye-Scherrer’s formula: D = 0.94/fcos6
where f is the full width at half maximum (FWHM) of
the peak, 1 is X-ray wavelength, 6 is the Bragg angle.
The average crystallite size of prepared compounds are
less than 100 nm Ga.Te15Sess - x FESEM of thin films
clearly shows the small crystals.

2.3 UV/VIS & PL Spectra

A Double UV/VIS Perkin Elmer UV WinLab is used
to take UV/VIS Spectra of GaxSess-.Te1s thin films in
the wavelength region 500-2500 nm. The PL mapping
of thin films was done using a WITech alpha 300R+
confocal PL microscope system, where 375 nm diode
laser is used as a source of excitation.

3. RESULTS AND DISCUSSION
3.1 Optical Constants

The transmission spectra of the thin films are given
in Fig. 2. Red shift is observed in the absorption edge of
the deposited films as there is increase in the Ga con-
tent in the compositions. This shift signifies the compo-
sitional dependence of the optical band gap of the ma-
terial. Swanepoel method is used to derive the optical
constants [13]. The optical constants are derived from
the fringe patterns in the transmittance spectrum. For
absorption coefficient (¢=0) i.e. in the transparent
region the refractive index (n) is:

1/2

n=|:M+(M2—82)1/2:| 1)
2
Where M= H%J - [S i IJ , Tm — envelope

2

m

function of the transmittance minima s — refractive
index of the substrate.

In the region of weak and medium absorption,
where (a# 0), absorption coefficients (@) and the refrac-
tive index (n) is:
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lope function of the transmittance maxima.

In the strong absorption region the interference
fringes disappear. There the values of n can be esti-
mated by extrapolating the calculated values in other
parts of the spectrum. Using eqn. (1) and (2) the refrac-
tive index (n) of the films can be calculated from the
fringes shown in Transmission spectrum (Fig. 2).The
extinction coefficient (k) can be determined from the
relation,

k=all(4r) (6))

The change in refractive index (n) and extinction
coefficient (k) with variation in wavelength for Gax-
Sess-xTe1s (x=0, 2, 6, 10, 15) are shown in Fig 3 and
Fig 4 respectively. The speed of light in a material is
dependent on electrical and magnetic properties of the
material. Thus the deviation in real and imaginary
part of the dielectric constant of the material Figs. 5
and 6 are in unison with the variation in Refractive
index (n). These values at a particular wavelength are
given in Table 1 which depicts their increase with in-
creased value of Ga-content in the compositions. In-
crease in the refractive index with increase in Ga con-
tent may be related with the increase of the mean coor-
dination number of semiconductor materials [14-15].
FESEM shown in Fig 1b also supports that as the Ga
content is increased, crosslinking increases which is
due to increase in the coordination number. The mean
coordination number (IN¢) values for the studied ternary
semiconductor alloy SexTey,Ga. (x + y + z=1), are calcu-
lated using the formula[16]:

N, = xCN(Se)+ yCN(Te)+2zCN(Bi) 4)

Where CN is the coordination number of the pure
element given in Table 2 and x, y and z are the atomic
concentrations of Se, Te and Ga, respectively.
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Fig. 1 — Transmission spectra of GaxSess-.Te1s (x =0, 2, 6, 10,
and 15)
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Table 1 — Calculated values of absorption coefficient, refractive index, extinction coefficient, real and imaginary dielectric con-
stant, mean coordination number and electronegativity

X at | Absorption Refrac- Extinction | Real Imaginary Mean Cor- | Electroneg-
% Coefficient (a) at | tive coeffi- dielectric Dielectric dination ativity
690 nm. in (m %) index (n) | cient(k) constant (€') | Constant (¢") | number
0 4936 2.4 0.0271 5.70 0.13 2.00 2.48
2 7590 3.0 0.0417 9.24 0.25 2.02 2.46
6 8849 3.4 0.0486 11.44 0.33 2.06 2.43
10 11414 4.2 0.0627 17.59 0.53 2.10 2.39
15 12879 4.8 0.0708 22.59 0.67 2.15 2.35
Table 2 — Values of atomic radius, coordination number, electronegativity and homo-nuclear bond energy of pure elements
Element Atomic Radius (pm) Coordination Electronegativity Homo-nuclear bond
number energy (Kcal/mol)
Se 117 2.55 44.0
Te 137 2.10 33.0
Ga 153 1.81 26.9
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Fig. 2 — Wavelength v/s Refractive index (n) w.r.t. Ga atomic
weight percentage variation.
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Fig. 3 — Wavelength v/s extinction coefficient (k) w.r.t. Ga
atomic weight percentage variation.
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Fig. 5 — Wavelength v/s ¢” w.r.t. Ga atomic weight percentage
variation.

3.2 Absorption Coefficient and Optical Band
Gap

The absorption coefficient (@) of GaxSess-xTe1s (x =0, 2,
6, 10, 15) thin films can be calculated using the relation

a=4rkIA

Fig. 7 depicts dependence of the absorption coefficient,
on photon energy (hv); it is apparent that the value of the
absorption coefficient increases for Ga rich compositions.
The optical band gap (Eg) of the films is obtained by fitting
the absorption data in the Tauc's relation. Fig. 8 shows
plot between (ahv)? vs. photon energy (hv). For the direct
transition the values of E; were taken as the intercept of
(ahv)? vs. (hv) at (ahv)?=0. It is assumed that due to in-
crease in crystallinity, the defect states might have or-
dered their positions in the band structure resulting in
direct band gap. The values of Eg for different composi-
tions are given in Table 3.Thevalue of Eg decreases with
increasing Ga content.

This decrease in the value of E; can be explained in
the light of cohesive energy and chemical bond ap-
proach and electronegativity. In a multi-component
system the position of conduction and valence band
edges as well as the energy gap depends on the number
of various possible bonds in the system and the average
bond energy.The heteronuclear bond energies D(A — B)
are calculated with the relation [17]:
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Fig. 7 — Variation of optical band gap for SeTeGa

Table 3 — The bond probabilities in Ga.Sess-<Teis (x =0, 2, 6, 10, 15) and cohesive energy

Composition Bonds Formed Cohesive energy Optlcgzlpband
Se-Ga Se-Te Se-Se (keal/mol) Ey (eV)
SessTe1s — 0.1765 0.8235 44.03 1.75
SessTe1sGaz 0.0361 0.1807 0.7831 44.29 1.73
Ser9Te15Gas 0.1139 0.1898 0.6962 44.86 1.70
Se7sTe15Gaio 0.2000 0.2000 0.6000 45.49 1.65
SeroTe15Gais 0.3214 0.2142 0.4642 46.37 1.57

D(A - B) = [D(A - A) x D(B— B)]“2 +
+ 30(yA — yB)? (6)

D(A — A) and D(B — B) are the homonuclear bond ener-
gies, YA and yB are values of electronegativity for at-
oms involved [18] and are listed in Table 2. Chemical
bond approach suggests that bonds are formed in the
order of decreasing bond energies till the accessible
valences of atoms is satisfied [18]. In these composi-
tions, the Se-Ga bonds having highest heteronuclear
bond energy (51.278 kcal mol-1) are predicted to crop
up first followed by the Se-Te bonds with 44.18 keal
mol -1 bond energy to saturate all available valences of
Se. After the formation of these bonds, there are still
unsatisfied Se valences, to be satisfied by the formation
homonuclear Se-Se bonds. The cohesive energy is calcu-
lated by chemical bond approach [19]

CE=¥CD, (7)

C; — Expected number of chemical bonds;

D; — Corresponding bond energy.

Calculated values of the CE and the probability of
chemical bonds formed are given in Table 3. The out-
come reflects that the cohesive energy of the studied
system increases with increased Ga content in the
compositions. Even with the increase in cohesive ener-
gy, the decrease in optical band gap is observed. This
may be attributed to replacement of Selenium with
Gallium i.e. addition of less electronegative elements to
the compositions may increase the energy of lone pair
states, thus broadening of valence band inside the for-
bidden gap leading to decrease in the optical band gap.
Also, electronegativity of the prepared compositions
(Table 2) is decreasing which is calculated by Sander-
son’s principle [20].As per this principle, electronega-
tivity of an alloy is calculated as the geometric mean of
electronegativity of its component elements. It is ob-

servable from the Table 2 that the value of electronega-
tivity decreases with increase in Ga content. Electro-
negativity is measure of the power to exert a pull on
electron towards itself in a molecule. The relationship
of the electron affinity with the optical band gap was
studied by various researchers [21-22]. Mulliken [23],
states that the average of the ionization potential and
the electron affinity is electronegativity. It is not possi-
ble to allocate an electron affinity value for a semicon-
ducting alloy. Thus, for this studied system it will be
suitable to link the electronegativity with optical band
gap. In this system, it is experiential that with decreas-
ing electronegativity of a sample the optical band gap
decreases. Also, there may be shift in the Fermi level
due to addition of conductive element.

3.3 PL Spectra

The luminescence studies were performed on thin
films by exciting at 375 nm. The colours of the visible
spectrum can be broken up into the approximate wave-
length values The PL Spectra shown in Fig. 9 shows
emission of visible wavelength in Red region (Red 610
to approximately 750 nm) [24]. SessTe1s has maximum
emission in the given wavelength. The peaks observed
are at 620 nm and 658 nm. It is possible that the re-
combination of some of the free excitons becomes radia-
tive by going from amorphous to crystalline phase [25].
As Gallium is inserted in the system it shows quench-
ing of the emission. But as the Gallium content in-
creases it again shows emission in the same wave-
length region as crystallinity increases. It depicts Gal-
lium is not changing the wavelength but varies the
intensity of particular wavelength emission. This clear-
ly signifies the increase in defect states. Gallium has
led to better cross-linked system but increased defect
states. Band gap is decreasing with increased Ga-
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content but the same result is not observed in the
emission spectrum.
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Fig. 9 — PL emission spectrum (500-780 nm visible region) of
GaxSess —»Teis (x=0, 2, 6, 10, 15) thin films at an excitation of
375 nm

4. CONCLUSION

Optical Coefficients were obtained for GaxSess-xTeis
using the transmittance. The method recommended by
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