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ABSTRACT

Amorphous Se4oxTegSny glassy alloys have been synthesized by thermal evaporation technique under high
vacuum conditions (~ 10~ torr). The optical spectra of amorphous — Ses.TegSn, (X = 0, 2, 4, 6, 8) thin films
have been measured by a double beam UV-VIS-NIR computer controlled spectrophotometer over the range of
200-3000 nm. Swanepole technique has been used to calculate the optical constants [refractive index
(n),extinction coefficient (k) and absorption coefficient (a)] and optical band gap of amorphous Se 44T€s0SNy
thin films. Absorption coefficient (o) increases with incident photon energy (hv) for all the samples. The optical
band gap increases with increase of the tin (Sn) content. .

Keywords: Thin film, Optical constants, Optical band gap etc.

I. INTRODUCTION

Se-Te glassy alloy have gained much importance among chalcogenide glasses because of their high
photosensitivity, greater hardness, high crystallization temperature and smaller ageing effect as compare to pure
a-Se [1] and useful in practical application [2]. It was believed earlier that impurities have little effect on the
properties of amorphous semiconductors as each impurity atom satisfies its requirement by adjusting its
neighboring environment.

The role of various metals such as Ag, Sn etc. as “additives” in affecting the properties of chalcogenide glasses
have been received much attention [3, 4]. It would be interesting to study the role of Ag, Sn metals in affecting
the properties of the glasses of the Se-Te system. In this communication, we report the effect of Sn and Ag
atom on the optical properties of Se-Te system. Sn is chosen as an additive material because it alloys with most
of the metals and modify their physical properties. The knowledge of accurate values of wavelength dependent
refractive index of thin films yields fundamental information on the optical energy gap (Eg), defect levels,
phonon and plasma frequencies, etc. The optical behavior of material is utilized to determine its optical constant.
Optical constants like refractive index (n) and extinction coefficient (k) are calculated by well known Swanepoel
method [5],using transmission spectrum in the UV-VIS-NIR region. Analysis of absorption coefficient was also
carried out to determine the Eg and the nature of transitions.

Sn-containing chalcogenide glasses have attracted much interest in glass science and technology for
fundamental research of their structure, properties and preparation [6-10]. They have many current applications

in optics, optoelectronics, chemistry and biology such as optical elements, gratings, photodoping, optical
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memories, microlences, wave-guides, holography, bio and chemical sensors, solid electrolytes, batteries etc.
[11-20].

The effect of an impurity in an amorphous semiconductor material may be widely different, depending on the
conduction mechanism and the structure of material [21]. The study of the optical properties of chalcogenide
glasses is important for the determination of the electronic band structure as well as other optical parameters,
such as optical energy gap and refractive index. The aim of present paper is to study the effect of Sn
incorporation on the optical properties of Se-Te alloys. The optical transmission spectra of the amorphous thin

films of a-Seq.4TegSN, are measured by spectrophotometer.

I1. EXPERIMENTAL PROCEDURE

Glassy alloys of a-SesoxTegSny (X = 0, 2, 4, 6, 8) were prepared by melt-quenching technique.The exact
proportions of high purity 99.999% Se, Sn and Te granules were weighted according to the formula of a-Sey,.
«TesSny (x =0, 2, 4, 6, 8). The powder mixture was loaded into quartz ampoule and sealed under vacuum at 10
*torr. The sealed quartz ampoules was loaded in a furnace and heated to 950°C at a rate of 3-4 °C/minute for 18
hours to ensure the composition homogeneity and quenched in liquid nitrogen. The ingots were crushed,
separated, grounded and characterized. The glassy nature of alloys was checked with the help of X-ray
diffraction technique using Cu-Ka radiation.

The thin films of chalcogenide were synthesized by thermal evaporation technique under high vacuum
conditions (~ 10 torr) using a small piece of bulk alloy as a source material and glass as a substrate. The films
were kept inside the deposition chamber for 24 hours to achieve the metastable equilibrium. The optical
transmission spectra of amorphous SezoTesoShy (X =0, 2, 4, 6, 8) thin films have been measured by a double

beam UV-VIS-NIR computer controlled spectrophotometer as a function of wavelength.

111 RESULT AND DISCUSSION

3.1 Determination of Optical Constants

By Swanepole's method , the optical parameters are deduced from the fringe patterns in the transmittance
spectrum. In the transmittance region where the absorption coefficient (o = 0), the refractive index n is given by

n=[N +(N2_Sz)1/2]1/2 (i)

where N =(2s/T,) - (s*+ 1)/ 2, sis the refractive index of the substrate and Ty, is the envelope function of
the transmittance minima.
Where (a # 0), in the region of weak and medium absorption, the refractive index n is given by

n=[N+ (N2 _ S2)1/211/2 (ii)

where N = {25(Ty - Tr) / }TmTm + (5% + 1) / 2 and T, is the envelope function of the transmittance maxima.

In the region of strong absorption, the transmittance decreases drastically and refractive index (n) can be
estimated by extrapolating the values in the other regions.

If ny and n, are the refractive indices at two adjacent maxima and minima at A, and A, then the thickness of the

film (d) is given by
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d=MA/ 2[}\,1n2 - 7\.2”1] (lll)
The extinction coefficient (k) can be calculated by relation
k=a)/(4m) (iv)
= (A / 4xnd) In (1/x)

where x is the absorbance and d is the film thickness.
In the region of weak and medium absorption, absorbance (x) can be calculated from the transmission minima

T and given by the equation

X = [Em-{En - (n*-1)° (n*- %]/ [(n - 1)° (n - §)] (v)
where Em = [(8n%S/Tim)-(n*-1)(n*-s%)]
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Fig 1. Vanation of refractive mdex (n) with photon energy (hv) for amorphous Se40-xTes0Snx thin films.

The obtained values of refractive index and extinction coefficient are given in Table 1. The variation of
refractive index with photon energy (hv) is shown in Fig. 1 and the variation of extinction coefficient with
photon energy is shown in Fig. 2. It is observed that the value of refractive index and extinction coefficient
show an overall increasing trend with the increase in photonic energy. From Table 1, it is observed that the
values of refractive index (n) and extinction coefficient (k) increases with the increase of Sn content for a-Sey,.
«T €SNy thin films. This spectral and dopant dependence of optical constants with the photonic energy will be

helpful in deciding on the suitability of this system for application in optical data storage devices.
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Fig.2. Variation of extinction coefficient (k) with photon energy (hv) for amorphous
Sed0-xTes0Snx thin fims.

Table 1: Optical constants for amorphous Seso-x Te€s0Snx thin films at 2600 nm.

Material Refractive Extinction Absorption Optical
Index (n) Coefficient Coefficient Band
(k) (o)(m™) x 10° Gap Eg (eV)

SesoTeso 17.66 0.099 28.00 0.78
SessTesoSn2 12.95 0.071 16.00 1.13
SessTesoSna 9.35 0.052 10.00 1.25
Se34TesoSne 6.85 0.045 6.60 1.33
Ses2TesoSns 5.25 0.038 4.10 1.42

These are found that the optical band gap to increase with the increase in photon energy and also with

addition of Sn impurity in the present system of a-Seso.xTegSn, thin films.

3.2 Absorption Coefficient and Optical Band Gap

The absorption coefficient (o) of amorphous Se4o.Teg0SNy thin films have been calculated by using relation

o=4nk /A

(vi)
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Fig
3. Variation of absorption coefficient (o) with photon energy (hv) for amorphous Sego.T€g0SNy thin films.
Here an increase in the value of absorption coefficient (a) with the increase in photon energy for a-

SesxTesShy thin films and it is also observed that the value of absorption coefficient increases with the
increase of Sn content. Due to the large absorption coefficient these materials may be suitable for optical
memory storage devices.
The optical band gap is calculated from absorption coefficient data as a function of energy (hv) by using
relation

a=A(hv - Eg)"/ hv (vii)
Here A is a constant, Eq is the optical band gap of the material and the exponent n depends on the type of
transition and have values 1/2, 2, 3/2 and 3 corresponding to the allowed direct, allowed indirect, forbidden
direct and forbidden indirect transitions, respectively.
The present system of a-Sesq.,TegoSny 0beys the rule of allowed indirect transition. The values of optical band

gap (Ey) is calculated by extrapolating the straight line portion of (chv) vn

vs. hv by taking n = 2 as shown in
Fig.4. The calculated values of E4 for all samples are given in Table 1. It is evident from Table 1, that the
optical band gap (Eg) increases with increase of the Sn content. The increase in optical band gap with increase of
the Sn content can be explained on the basis of Mott and Davis Model [22]. According to this technique,
chalcogenide thin films contain a high concentration of defect states and these defects are responsible for the
presence of localized states in the band gap. The increase in optical band gap with increase of the Sn content
may be due to decrease in the density of defect states in the mobility gap or increase in disorderness. The

increase in optical band gap along with the decrease in the density of defect states may also be correlated with
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electronegativity of the elements involved. The electronegativity of Se, Te and Sn are 2.4, 2.1 and 1.96

respectively and Sn has higher electronegativity than Se. .
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Fig
4. Variation of (ahv)1/2 with photon energy (hv) for amorphous Ses.xT€gSny thin films
These indirect band gap materials may have potential applications in optical recording media, infrared
spectroscopy, laser fibers, xerography, fiber optical telecommunication and electrographic applications.
Moreover, their refractive index and transparency in the infrared region are good indicators for integrated optics
and detection in the near-infrared spectral domain.

IV. CONCLUTION

The optical gap increases with an increase of Sn concentration in SesxTegSnk (where x = 0, 2, 4, 6 and 8)
systems. The results prove that optical gap strongly depends upon the film composition. The absorption
coefficient for the film exhibits a linear dependency on photon energy. In the wide range of wavelength the
absorption coefficient follows Urbach relation[23]. It is also found that the values of the optical constants
increase with increasing Sn content at room temperature. An increase in the optical band gap with increasing Sn
content is probably due to the increase in grain size, reduction in the disorder and decrease in the density of

defect state which results in the reduction of tailing of bands.
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