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The optical properties of Se90Sb10-x Agx (x= 4,6,8 ) solid thin films made by vacuum evaporation technique were studied.
The X-ray diffraction technique was used to  analyse the amorphous nature of thin films. The optical parameters of thin
films have been investigated in the wavelength range 400–1200 nm.  Tauc proposed a mechanism for the optical absorption
which follows the ‘non-direct electronic transition’ model, which is used in the present study. It was found that the optical
band gap Eg increases while the width of localized states (Urbach energy) Ec decreases with Sb content.
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1. Introduction
Sulphur ,selenium,and tellurium from group VI  of the periodic table are added with  elements like germanium,
antimony, lead,  gallium which are low-phonon-energy materials and are generally transparent from the visible
up to the infrared region to form chalcogenide glasses [1].These glasses are rigid materials whose structures lack
crystalline order  .They  exihibit amorphous semiconductor behaviour with band gap energies from 1 to 3 eV
.Since  chalcogenide glasses have unique properties such as high refractive  indices and transparency in IR
region , they are excellent materials to be used in photonic applications [2-4] .They are widely used in many
fields as optical recording media because of their excellent laser writing sensitivity , xerography and
electrographic applications. Though amorphous selenium have got various device applications but pure selenium
have some disadvantages like short life time and low sensitivity.The solution to the  problem can be overcome
by alloying Se with impurity atoms which give higher sensitivity , higher crystallization temperature and small
aging effects [5-7] . The addition of third element Ag will create compositional and configurational disorder in
the material with respect to the binary alloys, which will be useful in understanding the structural properties of
chalcogenide glasses [8-9].The present work deals with the determination of optical band gap, the absorption
coefficient, the refractive index and extinction coefficient of Se-Sb-Ag films by analyzing the optical
transmission spectra by spectrophotometer.

2. Material preparation
Glass composition Se90Sb10-x Agx (x = 2, 4, 6, 8) were prepared from highly pure element Se, In, Ag   (99.99%
purity) by melt quenching technique .The elements are weighed in accordance with their atomic percentages,
with (LIBROR, AEG-120) electronic balance , whose least count was 10-4 gm.The elements were heated
together in an evacuated (10-5 Torr) quartz ampoule upto 10000C so that it crosses the melting point of all the
constituent elements for 12 hours. The temperature of the furnace was raised slowly at a rate of 3 - 40C / minute .
Throughout the heating, the ampoule were constantly shaken by rotating a ceramic rod to which the ampoule
was tucked away in the furnace which was done to obtain homogenous glassy alloy .After rocking for about 12
hours, the obtained melt was then rapidly quenched in ice-cooled water. The quenched sample was then taken
out by breaking the quartz ampoule.Thin films of a Se90Sb10-x Agx were prepared by vacuum evaporation
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technique, in which the substrate was kept at room temperature at a pressure of 10-6 Torr using a molybdenum
boat. The films were kept inside the deposition chamber for 24 hours to achieve the metastable equilibrium as
suggested by Abkowitz. Optical transmission of Se90Sb10-x Agx was measured by a Double UV/VIS/NIR
Computer Controlled Spectrometer (Hitachi-330) .

3 . Results and Discussion
In the method proposed by Swanepoel [10], which is based on Mainfacer [11], the envelope of the interference
maxima and minima occurred in the spectrum can be utilized for obtaining optical parameters the optical
constants are deduced from the fringe patterns in the transmittance spectrum. In the transmittance region where
the absorption coefficient ( =0), the refractive index n is given by

n = [N + (N2 - s2)1/2]1/2 (1)

where N = (2s/ Tm) - (s2 + 1)/2

Tm is the envelope function of the transmittance minima and s is the refractive index of the substrate.

In the region of weak and medium absorption, where (  0), the transmittance decreases mainly due to the
effect of , the refractive index n is given by,

n = [N + (N2 - s2)1/2]1/2 (2)

where, N = {2s (TM –Tm) / TM Tm} + (s2 + 1)/2

and TM is the envelope function of the transmittance maximum.

The absorption coefficient has been measured in high and intermediate absorption region, not in the weak
absorption region. The values of absorption coefficient (α) are calculated using the relation
 = 1/d ln (1/x)

Where, x is the absorbance and d is the thickness.

The obtained values of absorption coefficient as a function of wavelength have been plotted .Tthe absorption
edge in the figure can be divided into two regions, namely Urbach region and Tauc region.

Fig.1.Variation of absorption coefficient () as a function of wavelength ( λ) for Se90Sb10-x Agx



104 Nidhi Yaduvanshi, Deepak kumar, Nikhil Rastogi

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

Thin film

In chalcogenide glasses, the optical absorption edge spectra generally contain three distinct regions

1. High absorption region (α = 104 cm-1), which shows the optical transition between conduction band
and valence band determines the optical band gap.
2. For α less than 104 cm-1 ,there is usually an Urbach tail where α depends exponentially on the photon
energy.
3. The region (α ≤102 cm-1) involves low energy absorption and originates from defects and impurities .

In the low absorption region (α ≤ 104 cm-1 ) the absorption coefficient shows an exponential dependence on
photon energy (hν), and obeys the Urbach relation
α =α0exp (hν /Ec )

where, αo is a constant and Ec is the Urbach energy explained as the width of band tails of localized states in
the band gap region and represents the degree of disorder in an amorphous semiconductor.[13]

The variation of (α h)1/2 with photon energy (h) for Se90Sb10-xAgx films are shown in Figs 2-4. The value of
indirect optical band gap Eg has been calculated by taking intercept on x-axis

Fig.2 The variation of (α h)1/2 with photon energy (h) for Se90Sb6 Ag4

Fig.3. The variation of (α h)1/2 with photon energy (h) for Se90Sb4Ag6
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Fig.4 .The variation of (α h)1/2 with photon energy (h) for Se90Sb2 Ag8

From these graphs values of constants for the two models are calculated

Table 1. Fitting parameters obtained by Tauc and Urbach model

S. No. Sample Tauc Urbach

A Eg 0 Ec

1. Se90Sb6Ag4 1.8161 X107 1.44 3.5 X 105 0.69

2.
Se90Sb4Ag6

1.50211 X107 1.59
2.9 X 105

0.63

3.
Se90Sb2Ag8

1.06847 X107 1.62
1.5 X 105

0.62

In the high absorption region where (α ≤ 104 cm-1 ) involving interband optical transitions between valence
and conduction bands, the absorption coefficient data as a function of wavelength follows the non-direct
electronic transition model proposed by Tauc and is given by the equation

(h)m (h - Eg)
Where, hν, Eg and A shows photon energy, the optical band gap and band tailing parameter respectively. In
the above equation m= 2 and 1/2 in the case of allowed direct and indirect optical transitions respectively;
while m = 2/3 and 1/3 in the case of forbidden direct and indirect optical transitions respectively



106 Nidhi Yaduvanshi, Deepak kumar, Nikhil Rastogi

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

It has been found that with decreasing Sb content optical band gap increases. This variation of Eg as a
function of Sb content may be analysed as antimony-based glasses contain short chains, while selenium-based
glasses contain a mixture of chains and Se8 rings. An introduction of Sb decreases the Se8 ring concentration
with an increase in long Se–Sb polymeric chains and mixed rings [15] which makes the system more rigid.  At
higher concentration of Sb , the possibility of Sb-Sb  bonding may also exits.

The fractional concentration of Sb atoms varies with optical band gap . This may be due to the property of Sb
atoms to form chemical disordering and to produce localized states in the band gap. According to Mott and
Davis [16] the width of localized states created near the mobility edge depends on the degree of disorder and
defects present in the amorphous structure. Such defects are formed due to unsaturated bonds which produce
localized states in the band gap. For low optical band gap the high concentration localized states in thin films
are responsible .Therefore addition of Sb increases the concentration of localized states in the Se–Sb alloy
results in the increase in band gap. The electronegativities of Se and Sb are 2.55 and 2.05 respectively. From
these values, it is noticed that Sb is less electronegative than Se, so the substitution of Se by Sb may raise the
energy of some lone-pair states and hence broaden the valence band.

3. Conclusion
Addition of Antimony in selenium has been found to change the band gap .Tentative reasons for this variation
have been explained in terms of Se-Sb bonds in Se8 rings. The absorbance spectra for normal incidence is
used to determine the  optical property of Se90Sb10-xAgx . Optical band gap is indirect in nature and increases
with the decrease of Sb content in a Se thin films. The change in optical parameters with Sb incorporation in a
Se is explained on the basis of Mott and Davis model.
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