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Ternary glasses of SegyTes,Shy (Xx=3 and 9 at.%) are prepared by melt quench technique.
Thin films of SegyTesn,Shy (x=3 and 9 at.%) of different thicknesses in the range of (25 nm
-1450 nm) are prepared by the conventional thermal evaporation technique on glass
substrate. X-ray diffraction measurements show that both bulk and thin films of
SegoTeo04SN, have amorphous natures. Optical transmission and reflection spectra of the
studied thin films are measured in the wavelength range of 200-2500 nm at room
temperature. The absorption coefficient (o) as an optical constant is determined as a
function of film thickness. The width of localized states near the mobility edge increases
with increasing the film thickness. The optical band gap is redshifted from 1.87 to 1.49 eV
and from 1.85 to 1.35 eV with increasing the film thickness for both SegyTe,.xSn, (x=3
and 9 at.%) thin films respectively, due to quantum size effect.
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1. Introduction

Chalcogenide glasses have been widely studied for their various and unique optical
properties which make them very promising materials for use in optical and micro- optical
elements such as gratings [1], optical recording media [2], fibre optics and waveguided devices in
integrated optics since they exhibit a good transparency in the infrared region, especially at the
telecommunication wavelengths at 1.30 and 1.55mm [3]. Characterization of linear optical
properties of a material requires not only the values of both the refractive index and absorption
coefficient at a specific wavelength but also the knowledge of their evolution as a function of the
optical wavelength [4]. Various device applications like rectifiers, photocells, xerography,
switching and memory, etc. have made selenium attractive. Unfortunately, pure Se element has
disadvantages like short lifetime and low sensitivity. This problem can be overcome by alloying Se
with some impurity atoms (As, Te, Bi, Ge, Ga, Sb etc), which gives higher sensitivity, higher
crystallization temperature and smaller ageing effects [5-7]. Studying the effect of thickness on the
optical gap provides a better understanding of the mechanism of disorder and defect formation in
the chalcogenide films. The Se-Te alloys are found to be useful from the technological point of
view if these alloys are thermally stable with time and temperature during use. However, thermal
instability leading to crystallization is found to be one of the drawbacks of these alloys. Hence,
attempts have been made to improve the stability of Se-Te by the addition of third element [8].
The insertion of an impurity e.g., Sb [9], Bi [10], Sn [11] in Se—Te binary alloy at the cost of Se is
of interest owing to their various properties like higher glass transition temperature, higher
crystallization temperature, and thermally more stable effects as compared to host Se-Te alloy.
The addition of impurities like Sn is particularly of much interest as it has produced a remarkable
change in the optical, electrical, and thermal properties of the chalcogenide glasses. Our group
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have done the crystallization Kinetics of this ternary glasses of SegiTesxShy (X=3 and 9 at.%) [12].
Therefore, in this work, the structural characteristics of amorphous SegyTezoSny (x=3 and 9 at.%)
bulk and thin films are studied. Then the optical transmittance and reflectance spectra are analyzed
to determine the optical constants for SegyTes xSy (X=3 and 9 at.%) thin films with different
thickness ranged from 25 to 1450 nm.

2. Experimental

The bulk SegyTexxSny (x=3 and 9 at.%) chalcogenide glasses were prepared by the melt-
guench technique. Materials (99.999% pure) were weighted according to their atomic percentages
and were sealed in an evacuated silica tube, which was heated at 1100 °C for 15 h. The ampoule
was frequently rocked at maximum temperature to make the melt homogeneous. The quenching
was performed in ice water. Thin films were prepared by thermal evaporation at vacuum of 107
Torr using an Edwards E-306 coating system. The evaporation rates as well as the film thickness
were controlled by using a quartz crystal monitor, Edwards model FTMS.

The chemical composition of the samples was determined using the standard Energy
Dispersive analysis of X-ray (EDX) technique, Jeol (JSM)-T200 type, Japan. The X-ray diffraction
(XRD) of the as-prepared films was performed using Philips Diffractometer 1710 with Ni filtered
Cu Ka source (A = 0.154 nm). The transmittance (T) and reflectance (R) were recorded at room
temperature using a double-beam spectrophotometer (Shimadzu UV-2101, Japan).

3. Results and discussion
3.1. Elemental analyses and XRD

Fig. 1 shows the EDX spectra of SegyTe;7Sn; and SeggTe;;Sng thin films along with
elemental percentage of different elements present in thin film. The inset figure 1 shows the EDX
spectra of SegyTe;;Sn; and SegyTe;Sng bulk samples to compare with the thin film samples. The
elemental percentage of these elements in thin film samples are nearly agreed with the starting
bulk material. X- ray diffraction (XRD) measurements are performed in order to define the total
phase nature of the as deposited thin films. Fig. 2 shows the XRD patterns of as- deposited
SegoTe7SN; and SegoTey;Shy thin films. As illustrated form the figure, the absences of sharp
diffraction peaks confirms the amorphous nature of these thin films.
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Fig. 1a: EDX of as-prepared SegyTe;;Sns thin films of 2000 nm thick. (The inset figure is
the EDX of SegyTe;7Sn3 bulk samples). b: EDX of as-prepared SegoTe;;Sng thin films of
1000 nm thick. (The inset figure is the EDX of SegyTe11Sng bulk samples).
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Fig. 2: X-ray diffraction patterns of as-prepared a) SeggTe;;Snhzand b) SegyTe;;Sng thin
films of 1000 nm thick.

3.1. Optical properties

The spectral distribution of the transmittance (T) and reflectance (R) of SegyTe;7Sn; and
SegoTe11SNg films for different film thicknesses are shown in Figs. 3 and 4, respectively. In contrast
to the reflectance, the transmittance increases as wavelength increases for all films. In addition,
more interference peaks appear with increasing the film thickness. For wavelengths A>500 nm, all
films become transparent and neither light is scattered nor absorbed (R+T=1), i.e., nonabsorbent
region.
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Fig. 3: Transmittance spectra (T) of the a) SegyTe;7Sn; and b) SeggTe;1Sng thin films of
various thicknesses.
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Fig. 4: Reflectance spectra (R) of the a) SegyTe;7Snz and b) SegyTe ;1Sng thin films of
various thicknesses.

The absorption coefficient (o) was computed from the experimentally measured values of
transmittance T(A) and reflectance R(A) according to the following relation [13]:

T= (1-R)%exp(-ad) /[1-R*exp (-2ad)] (1)

where d (cm) is the film thickness. Fig. 5 shows the dependence of absorption coefficient (o) on
the incident photon energy (#v) for as-deposited SegyTe;;Sns and SegyTe;;Sng thin films with
different film thicknesses. It is observed that the value of a increases with increasing the photon
energy. On the other hand, it decreases with increasing the film thickness.
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Fig. 5: Dependence of the absorption coefficient (a) on photon energy (hv) for a)

SegoTe17Sn3 and b) SeggTe;1SNg thin films of various thicknesses. (The inset figure (a) is the

dependence of absorption coefficient (a) on photon energy (hv) for SegyTe;;Sn; at

thicknesses of 25, 50, 75, 100 and 300 nm). (The inset figure (b) is the dependence of

absorption coefficient (o) on photon energy (hv) for SegyTe;1Sng at thicknesses of 25, 50,
75, 150 and 300 nm).

As in all amorphous semiconductors [14-16], the spectral distributions of the absorption
coefficient can be divided into three distinct regions. These are: a high absorption region is caused
by band-to-band transition, an exponential edge region relates to the structural randomness of
amorphous materials and a weak absorption tail that originates from the defects and impurities. For
o < 10*cm™, there is usually an Urbach tail, where o depends exponentially on the photon energy
hv according to Urbach’s empirical relation [17]:

a(v) = o, exp(hviEe) 2

where v is the frequency of the incident light, «, is a constant and E. is interpreted as the width of
the tails of localized states in the gap region. In general, E, represents the degree of disorder in an
amorphous semiconductor. Fig. 6 shows the dependence of the natural logarithm of absorption
coefficient on the photon energy for and SegyTe;,Sn; and SegyTe11Sng thin films with different film
thickness. The reciprocal of the slope yields the magnitude of the width of the tail of localized
states (E.) while the interception at lower energy gives o, according to Eq. (2). The values of E.
are strongly dependent on the film thickness as shown in Fig. 7. According to Mott and Davis [18],
the width of localized states near the mobility edge depends on the degree of disorder and defects
present in the amorphous structure. The dependence on the thickness of E, can rise due to a large
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density of structural defects (dislocations) as the thickness increases [19]. These defects can
introduce localized states near the band edges resulting in an increase of E..
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Fig. 6: Dependence of the In(a) on photon energy (hv) for a) SegyTei;Snz and b)
SegoTe11Sng thin films of various thicknesses. (The inset figure (a) is the dependence of
In(a) on photon energy (hv) for SeggTe;Snz at thicknesses of 25, 50, 75, 100 and 300 nm).
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Fig. 7: The width of localized state tails (E.) of SegyTe;7Sn; and SegyTe ;Sng thin films as a
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Fig. 8: Y/Y' of 300-nm thick SegyTe;7Sns and SegyTe;Sng film.

For higher o values of greater than 10 cm™, o takes the form [20, 21]:
ahv=A(hv —Eg)". 3

Where E, is the optical energy gap of the material and the exponent m characterizes the transitions
process. The value of m is 2 for the indirect allowed transitions or % for direct allowed transition.
Making the substitution that y = ahv, Eq. (3) can be written in the form [22]:

YIY' = (Um) (v - Ey), (4)

where Y' is the derivative of Y with respect to photon energy (4v). EQ. (4) is used to analyze the
experimental data since it gives the ratio of Y/Y' as a linear function of (4v) and offers a direct
method for determining the exponent m. Fig. 8 displays the dependence of the ratio of Y/Y' on the
photon energy for the SegyTei;; Shs and SegyTer;Sng thin films. The best straight line is drawn
through plotted points using the linear regression so the values of m are 2+0.05. The value of m is
closed to 2 indicating the electronic transition responsible for the photon absorption is non-direct
process.
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Fig. 9 shows linear (a/v)” versus photon energy (kv) plots for the two films with different
film thickness. Intercept of the straight line with the photon energy axis at (a/v)? = 0 gives the
optical band gap, E;. Fig 10 shows the thickness dependence of Eg for both Seg Te;;Sn; and
SegoTenSng films. E, decreases with increasing the film thickness. A similar behavior for Egq
depending on the film thickness has been observed for Ag,Te thin films [23]. This behavior can be
explained in term of quantum size effect [24]. This behavior can be explained due to the defects
present in the amorphous structure. On the other hand, this effect appears in semiconductors and
semi-metal films when the thickness of the films is comparable with the mean free path and
effective de-Broglie wavelength of the carriers. The transverse components of the electron states
assume quasi-discrete energy values in thin films due to the finite size of the thickness.
Accordingly, the bottom of the conduction and top of the valence band are separated by an
additional amount AE = h?/8m"d” where d is the thickness of the film and m” is the effective mass
of the carrier. This means Eg is proportional to the square of reciprocal of thickness. Therefore, the
decrease of Eq as film thickness increases is due to the quantization effect.

4. Conclusion

Thin films of SegTe;;Sn; and SegyTey;Shy with different thickness are amorphous
materials as confirmed by the existence of a hump in the XRD patterns of the films. The results of
EDX show that the elemental percentage of the composition elements of a specific film is nearly
agreed with the starting bulk material. The optical absorption measurements for the as deposited
SegoTe;;Snzand SegyTey;Sng films indicate the indirect transition of the absorption mechanism. The
width of localized states near the mobility edge increases with increasing the film thickness. The
optical energy gap for the studied films is redshifted with increasing film thickness due to the
energy quantization of the transverse components of the electron states.
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