Chapter 2:
Laser I'rradiation Effect on Optical Properties
of Chalcogenide Glasses

Optical absorption measurements are widely used for studying disorder and defects in a-
semiconductors. Optical absorption measurements are also very useful for studying the
modifications of the density of states upon alloying and laser irradiating. The disorder and the
defects have a strong influence on the band structure of Chalcogenide Glasses (ChGs) and the
detailed electronic structure of a given Chalcogenide glass (ChG) are determined by the
chemical bonding which occurs and therefore by its composition. Recently, there has been an
increasing interest in semiconductor thin films due to their exceptional properties, which are
remarkably different from those of bulk materials. ChGs are well-known and promising
materials for a variety of photonic applications. The interest in these materials stems principally
due to low phonon energy, extended infrared transparency, high refractive index, high
photosensitivity, in reversible phase change optical recording etc [1-3]. Se-Te based alloys have
created extreme interest due to their greater hardness, higher photosensitivity, higher
crystallization temperature, and lower aging effects as in comparison to pure amorphous Se
[4, 5]. It has been pointed out that Se-Te based alloys have more advantages than a-Se from
the technological point of view. Addition of Te into Se improves the corrosion resistance [6].
Therefore, Se-Te based alloys are thought to be promising media, which make use of, a phase
change between an amorphous state and a crystalline state and used to extend the utility of a-
Se. Selenium—Tellurium based semiconductors have been the focus of interest in thin film
form because of properties suitable for device applications [7, 8]. These glasses are optically
highly non-linear and sensitive to the absorption of electromagnetic radiation and show a
variety of photo-induced effects pursuant to illumination. Se—Te form a continuous series of
solid solutions [9] and the Se—Te system has an intermediate behaviour between pure Se and
pure Te. The addition of Te has a catalytic effect on the crystallization of Se. The presence of
Te in Se chains probably favours thermal dissociation, the Se—Te bond being weaker than the
Se—Se bond. This makes crystallization easier, by facilitating the close packing of a few Se
chains to form a nucleation centre. An enhanced interaction between chains when Te is
introduced is probably also conducive to crystallization. In the Se—Te alloy series, it is
interesting to investigate the gradual change of the strange behaviour of Se to the normal
behaviour. The important differences between elements exist in the character of band gap. In
contrast to Te [10], the smaller gap of Se is an indirect one [11] so that in the Se—T'e system a

transition from the direct band gap of Te to the indirect band gap of Se must occur. The
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investigation of these properties with laser irradiation thus provides an understanding of the
mechanism of degradation in these materials.

Exposure to light or other radiations like laser that excites electron-hole pair produces
structural changes in neatly all ChGs and amorphous films. This causes a change in atomic
configuration and a subsequent change in the physical and chemical properties such as
structure, optical and electronic transport properties of the material [12-22]. The absorption
of laser irradiation in chalcogenide thin film depends strongly on their electronic structure
which in turn changes by the interaction with photons. The additional absorption of Te
containing glasses is due to the increase in the number of thermally excited free carriers with
Te content. The most important applications of chalcogenide are now in the field of optics
[23-28] and arising mainly from either their exhibited infrared transmitting properties or
photo-induced effects [29, 30]. Their potential uses have been reported [31-35] in integrated
optics, optical imaging, optical data storage and infrared optics. Se-Te based alloys have gained
much attention and found to be useful in practical application [36]. Among various
applications of these chalcogenides, the optical recording of information has a leading
importance. The principle underlying optical recording consists in the appearance of large
change of certain physical and chemical parameters of the chalcogenides under the action of
light. The energy of the light quanta situated in the UV spectral range is expected to induce
qualitatively new changes in the ChGs, because this energy is equal or higher than the chemical
bond energy.

The aim of the present work is to prepare amorphous Se-Te based glassy alloy with different additive by melt
quenching technique and to investigate the laser irradiation effect on optical properties of prepared glassy alloys.
To investigate the effect of laser irradiation on optical properties of prepared glassy alloys, thin films of each
composition have been prepared by thermal evaporation technigue. Prepared amorphous thin films bave been
irradiated with a pulsed Transverse Electrical Excitation at Atmospheric pressure (I'EA) Nitrogen Laser
and characterized before and after different time of irradiation by using UV'/ Visible Spectrophotometer.

2.1 Optical Properties of a-Semiconductors

The effect of disorder in the electronic structure of a-semiconductors is the
redistribution of the states at the band edges in creation of tails of localized states which extend
into the gap. Hence, unlike a crystalline semiconductor, the band edges are not discontinuous
feature. These band tails originate from the distortions of the bond length and angle. Another
feature of electronic structure of a-semiconductor is the presence of electronic states deep
within the band gap which arise from the defects present in system such as coordination
defects. Due to the absence of periodicity the momentum conservation rules for direct and
indirect optical transitions are no longer applied. It is suggested that the optical transitions in

a-semiconductors to be described by indirect transition model in which conservation of energy
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and not the wave vector is significant [37]. In a-semiconductors, the optical absorption
associated with the band to band transition is given by the product of joint density of states
of conduction and valence band with transition probability [38]

In c-semiconductors, translational periodicity only permits excitations in which the wave
vectors of initial and final states are conserved whereas in a-semiconductors this restriction
does not apply [39]. In a-semiconductors, due to the presence of band tails and a wide
distribution of defect states in the gap, the absorption coefficient does not show any sharp
drop at any energy which would correspond to the band edge separation. An “optical band
gap” (Eg) is usually defined by extrapolation of the observed absorption coefficient behavior
in the high energy range where the absorption can be assigned to transitions between extended
states in both bands. In addition, it is not yet clear whether the obtained energy gap represents
band gap or mobility gap or something in between. At energies smaller than the optical band
gap, the residual optical absorption is due to transitions involving localized states in the
pseudo-gap as initial or/and final states and can therefore provide information on disorder
and defects [40].

Analysis of optical absorption spectra provides essential information about band structure in
both crystalline and non-crystalline materials. Optical absorption measurements are widely
used for studying disorder and defects in a-semiconductors. Optical absorption measurements
are also very useful for studying the modifications of the density of states upon alloying.
Measurement of the absorption coefficient () as a function of frequency (V) provides a mean
to determine the optical band gap (Ey) of thin film. The absorption coefficient has been

calculated directly from the following well known relation [41, 42]-
— Tin (!
« = in( /Io) @.1)

where "t" is the film thickness and In (1 / Io)corresponds to absorbance, neglecting the

reflection coefficient, which is negligible and insignificant near the absorption edge.

The disorder and the defects have a strong influence on the band structure of ChGs and the
fundamental optical absorption edge is one of the most sensitive methods for studying the
electronic structure of both crystalline and a-semiconductors. The optical absorption edge in
a-semiconductors is generally not as steep as that in crystalline semiconductors. In general, the

absorption coefficient « can be divided into three parts [37, 43-45]:

@ For « = 10° cm, a weak absorption tail exists with the form of-
hv
a o« exp (E) 2.2)

In this case the absorption spectrum describes optical transitions from the localized
states attributed to the dangling bond defects to the extended states in the conduction
band [46, 47].
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Urbach [48] reported that for 104 = « = 10° cm! the Urbach edge appears near the
band edge and shows an exponential dependence on photon energy (hv)with the
form of-
a < exp (Z—:) (2.3)

where Ey is the width of the band tail of the localized states in the band gap, also
known as Urbach energy. The optical absorption for low values of @ is mainly
attributed to the transitions from the localized valence band tail states with an
exponentially decreasing density of states function towards extended states in the
conduction band. The width of the localized states depends on the degree of disorder
and defects present in the amorphous structure. Magnitude of Ey; has been calculated
by taking slope of In a versus hv cutve.

In the high absorption region for « = 10* cm! optical absorption is attributed to the
transitions from the extended states in the valence band to the extended states in the
conduction band and the spectrum shows a square root dependence with photon

energy (hv) given by Tauc et al [49] and discussed in more general terms by Devis
and Mott [50, 51], whose equation is in the form of-
ahv = ﬂ(hv — Eg)n 2.4

where B is a constant, E, is the optical energy gap of the material. The phonon
absorption in many amorphous materials is found to obey the Tauc’s relation. The
index n is a number which characterizes the transition process involved. n has discrete
values like 1/2, 3/2, 2 or more depending on whether the transition is direct or
indirect and allowed or forbidden, respectively. In the direct and allowed cases, the
index n is 1/2 whereas for the direct but forbidden cases it is 3/2. But for the indirect
and allowed cases n=2 and for the forbidden cases it will be 3 or more. According to
Tauc [52] the absorption tail related to localized states into the pseudo-gap, which

localized states can arise from the existence of vacancy defects and/or imputities. The
optical band gap(E,) have been measured from the plot (ahv) Y2yersus hv by

extrapolating the curves to AV axis at (ahv)/2 =0

Experimental Procedure

Optical study and effect of laser irradiation on optical properties has been carried out on

different chalcogenide alloys. First the melt-quenching technique has been adopted to prepare

all compositions of the investigated glassy systems. The procedure is described in next section.

The as-quenched glassy alloys have been grounded and the resulting fine powder has been

used to prepare the thin films by physical vapor deposition (PVD) method on propetly cleaned

glass slides. The prepared films have been characterized by using XRD. The optical

absorbance (A) and transmittance (1) were recorded using Camspec model M550
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UV/VIS/NIR double beam spectrometer in the wavelength range 190 —1100 nm. Laser

irradiation has been carried out using pulsed Transverse Electrical Excitation at Atmospheric
pressure (TEA) Nitrogen laser (wavelength 337.1 nm, peak power 100 kW, and pulse ~ width
1 ns) with peak average energy density of ~3.5 x 105 W/cm? for different time. Involved

procedure explained below.
2.3 Preparation of Amorphous Materials

There are several techniques that can be used to prepare materials in an amorphous state. In
the present research work, melt-quenching method has been adopted to prepare the glassy
alloys. The highly pure materials (99.999%) having the desired compositional ratio in
accordance with their atomic percentage weight of elements have been weighted using an
electronic balance and sealed in a quartz ampoule (length ~ 5cm, internal diameter ~ 8mm) in
a vacuum of about 10> Torr. The sealed ampoules were kept inside a furnace where the
temperature was raised at a rate of 4-5 K min' with frequent rocking to ensure the
homogenization of the melt. The temperature and time for which ampoules had kept in
furnace for different alloys have been given in Table 2.1 on next page. The rapid quenching
has been done in ice cool water. After quenching, ingots of the quenched alloy were removed
by breaking the ampoules. These ingots have been grinded into a fine powder using Pastel and

Mortal. The following glassy alloys have been prepared in our present study:

Table 2.1: Composition and preparation condition of glassy alloys

Glassy system compositions Preparation Condition
5896T64
Temperature: 900 K
SegoTes . .
Se1oo-xTex Heating rate: 4 K/ min
SeggTer .
Time: 10 hours
SegsTess
Temperature: 1173 K
SegsTesGag p .
Segs.x [eaGay Heating rate: 5 K/ min
SeqsTesGay )
Time: 10 hours
8638T88A|4
Temperature: 1100 K
8638T85A|6

SeggTenxAl Heating rate: 4 K/ min
12 SeggTesAlg A
Time: 10 hours

SessTezAho

SegrTesHygs Temperature: 900 K
Sege.xTesHgx SegsTesHgs Heating rate: 4 K/ min

SegaTesHQ12 Time: 10 hours
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2.4 Preparation of Amorphous Thin Films

We adopt vacuum evaporation technique of thin film deposition. The deposition unit consists
of a vacuum chamber and a cabinet containing vacuum-pumping unit together with all the
electrical components necessary for the coating process. Schematic diagram of bell jar shape

Vacuum chamber has been shown in figure 2.1.
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Figure 2.1: Schematic diagram of vacuum chamber

Vacuum chamber contains molybdenum boat where source material has to place. This boat
connected with high voltage potential difference through which the boat can be heated till the
alloy started to evaporate. Above the boat there is a shutter to control evaporation rate and
thickness of deposited film with the help of single crystal thickness monitor mounted near
substrate holder. Substrate holder connected with a substrate heater to vary substrate
temperature as desired and a thermocouple to measure substrate temperature. To deposit thin
film for all samples we use glass substrate at room temperature cleaned by ultrasonic bath

using acetone and distill water. This chamber has two different inlet for rotary and diffusion

Laser Irradiation Effect & Photoconductivity in Amorphous Semiconductor

18



Chapter 2: Laser Irradiation Effect on Optical Properties of Chalcogenide Glasses

pump evacuation controlled by mechanical valve. The chamber is evacuated by diffusion
pump and backed up by rotary pump. Diffusion pumps operate efficiently only at low
pressures at both the inlet and outlet ports. Rotary pump used to evacuate the chamber to a
pressure within the operating range of a diffusion pump; this is called the rough vacuum.
Once the chamber has been roughed, the mechanical valve is used to keep the outlet port of
the diffusion pump at a low pressure, called the backing pressure. The pirani gauge is used to
measure roughing and backing pressure (~ 0.5 to 10> Torr) and penning gauge is used to
measure fine pressure (~ 102 to 10-¢ Torr) in the chamber. An air admittance valve is fitted to
the chamber pipeline to release the chamber vacuum. It admits a controlled flow of air into
the chamber when required.

After achieving required vacuum pressure (~10-Torr) potential difference has been given to
boat for heating and after a certain temperature material starts evaporating. Evaporated
material of desired thickness has been deposited on pre-cleaned glass substrate. The thickness
of all samples has been controlled by the help of single crystal thickness monitor and shutter.
After evaporation, films of semiconductor compounds generally show heterogeneities of
chemical composition and of crystal structure. The nature of these heterogeneities depends
on the compound and on the evaporation method. Thin films of glassy semiconductor
produced by evaporation show in general electrical and optical properties different from the

corresponding properties of bulk materials.
2.5 Laser Irradiation System

High-energy beams like x-rays and lasers, both continuous wave (CW) and pulsed, are being
increasingly used in a variety of material processing, manufacturing, and biomedical
applications. Traditionally, most laser applications in material processing and medicine involve
using of a CW laser; more recently, though, short pulsed lasers are being used in a vatiety of
applications such as remote sensing, optical tomography, laser surgery, and ablation processes.
Pulsed lasers have the additional ability to control the width and depth of heating as well as
induce high heating or cooling rates because of higher peak powers and shorter time duration
[53]. Short-pulsed lasers are thus being used increasingly for micromachining, welding, etching,
cutting, and a variety of material processing applications [54-58].

In present study pulsed TEA N laser has been used to irradiate all samples. TEA N3 lasers
emit Pulse radiation at a wavelength of 337.1 nm. One of the very basic characteristics of N
laser is that its radiation lasts in an extremely short time (5-10 ns), but its gain is very high. In
present study TEA Ny laser having pulse width 1 ns and peak power 100 kW has been used.
To irradiate prepared amorphous thin films, specially designed sample holder assembly
attached with TEA Ny laser unit has been used as shown in figure 2.2. This sample holder

assembly consists of an adjustable lens and thin film holder with X-Y movement. Lens is used
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to focus laser beam on sample holder with desired beam spot width. Thin film can be mounted

in holder perpendicular to the laser beam at a desired distance from laser output head.

Laser beam Output head
\ Thin Film Holder

Focusing Le\ns\v_

TEA N; laser system

Adjustable base clﬁ;s with X

and Y movements

Figure 2.2: Layout of laser irradiation system.

In present study pulsed laser beam has been focused by lens perpendicular onto thin film
mounted in sample holder, which kept at a distance of 15 cm from output laser head. For
irradiation a spot of 6 mm diameter has been adjusted which irradiates thin film with an

average peak power energy density of ~3.5 x 105W/cm? for different times.

2.6 UV-Visible Spectroscopy

The word ‘spectroscopy’ is used as a collective term for all the analytical techniques based on
the interaction of light and matter. Absorption or emission of photons occurs when a
molecular  system  undergoes

transition between energy states.

When a photon is absorbed its Jk-ﬂﬂ{b«“
energy is used to promote the 3
molecular system to a higher

energy state; if the molecular

Absorbance

system is already in higher energy
state, it can drop to a lower state Wi
with the emission of a photon. A o

graph of absorbance against

-1 T T T T T T T 1
wavelength giVCS the sample’s 100 200 300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

absorption spectrum (Figure 2.3).

Figure 2.3: Graph of absorbance against wavelength
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Figure 2.4: General layout of a double beam UV-visible spectrophotometer

The general layout of a UV-visible spectrometer is shown in figure 2.4. Source in wavelength
range 190-1100 nm cannot get from a single lamp, and so a combination of two is used - a
deuterium lamp for the UV part of the spectrum, and a tungsten / halogen lamp for the visible
part. Most instruments are arranged to scan smoothly through the full structural range and
switching from one source to the other can be achieved smoothly using a moving mirror,
through in some instruments the light sources themselves are moved. The combined output
electromagnetic radiation of these two bulbs is focussed on to a monochromator which can
consist of a prism or a diffraction grating. A prism splits light into its component colours and
a diffraction grating also does the same job, but more efficiently. This spreads out the spectral
components, permitting a very narrow range from the whole spectrum (a tiny part of the range
at a time) to be passed through a slit by gradually rotating the monochromator. The slit passes
a finite bandwidth which must be 10 % of the natural bandwidth of the spectral line to be
measured to avoid significant error in the peak intensity. Each monochromatic (single
wavelength) beam in turn is split into two equal intensity beams by a half-mirrored device.
One beam passes through the sample cell where sample, to be studied can mount using

suitable sample holder. The other beam passes through the reference cell where reference used
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in sample can mount. The intensities of these light beams are then measured by electronic
detectors and compared. The intensity of the reference beam, which should have suffered little
or no light absorption, is defined as Io. The intensity of the sample beam is defined as I. Over
a short period of time, the spectrometer automatically scans all the component wavelengths

in the manner described. The ratio of I to Io is defined as Transmittance (T)

T=1 2.5)
Io
The absorbance A, is related to the input and output intensities according to the Beer-Lambert

law [59, 60] which is shown in equation
A= —logT = —logIL (2.6)
0

The absorption of UV or visible radiation corresponds to the excitation of outer electrons.
When an atom or molecule absorbs energy, electrons are promoted from their ground state
to an excited state. In a molecule, the atoms can rotate and vibrate with respect to each other.
These vibrations and rotations also have discrete energy levels, which can be considered as
being packed on the top of each electronic energy level. In the present work the absorption
spectra of thin films were collected by using Camspec M550 double beam UV-Visible
Spectrophotometer shown in figure 2.5, in the range 190 to 1100 nm.

Figure 2.5: Camspec M550 double beam UV-visible spectrophotometer
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2.7 Laser Irradiation Effect on Optical Properties of Chalcogenide Glassy Alloys.

Effect of laser irradiation on optical properties of Se-Te based glassy alloys having different
additives as given in table 2.1 has been studied. For all samples thermally, evaporated
amorphous thin film has been used. Obtained results before and after laser irradiation for all

alloys have been explained below.

2.7.1 Effect of laser irradiation on optical properties of a-Seigo-xTex thin films
(Radiation Effects & Defects in Solids;V'ol. 166, No. 7, July 2011, 529-536)

The effect of laser irradiation on optical properties of thermally evaporated SeiooTex (x = 8,
12, 16) chalcogenide thin films of thickness 300nm have been studied. The result shows that
irradiation causes a shift in the optical gap. The results have been analyzed on the basis of laser
irradiation-induced defects in the film. The width of the tail of localized state in the band gap
has been evaluated using the Urbach edge method.

The amorphous thin films have been irradiated with TEA N laser for 5, 10, 15 & 20 minutes
having peak average energy density of ~3.5 x 105 W/cm?. The optical spectrum has been
measured as a function of wavelength (190-1100 nm) of incident light.

Measurement of the absorption coefficient (&) as a function of frequency (V) provides a mean
to determine the optical band gap (Ejg) of thin film. The absorption coefficient has been
calculated directly from the equation 2.1. Estimated values of the absorption coefficient («)
near the absorption edge for pristine and laser irradiated samples are given in table 2.2.

It has been observed that absorption coefficient increases with increasing irradiation time.
Width of the band tail of the localized states in the band gap, also known as Urbach energy
(Ey) has been calculated using equation 2.3. The width of the localized states depends on the
degree of disorder and defects present in the amorphous structure. Magnitude of Ey has been
calculated by taking slope of In @ versus hv curve. Value of Ey is very much larger than 0.05
eV; a minimum value that satisfies Urbach’s formula. Estimated Urbach energy is shown in
table 2.2 for all samples. Urbach energy increases with irradiation time which indicates
decreasing in film crystallinity.

The optical band gap (Eg) have been measured by using equation 2.4 from the plot

(ahv)Y/%versus hv by extrapolating the cutves to hv axis at (ahv)1/2 = 0 for all samples

before and after laser irradiation with different time as shown in figures 2.5 to 2.7.
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Table 2.2: Optical parameters of SeixTex thin films at 600 nm

S.N. Sample/ o (104cm-) k Ey (meV) E4 (eV)
Exposure time
1. SegrTes
(@) Pristine film 2.205%0.3 0.1053 157 1.5620.001
(b) | Exposure time
@) 5 minutes 2.344%0.3 0.1119 585 1.53%0.001
(i) 10 minutes 2238+ 0.3 0.1069 948 1.50%0.001
(iti) 15 minutes 2.331£0.3 0.1114 1182 1.4620.001
(iv) 20 minutes 1.37610.3 0.0836 1360 1.41%0.001
2. SeggTe12
(@) Pristine film 2.287+0.3 0.1188 432 1.51£0.001
(b) | Exposure time
@) 5 minutes 2.487+0.3 0.1193 518 1.40%0.001
(i) 10 minutes 2.497%0.3 0.1159 911 1.37£0.001
(iti) 15 minutes 2.425%0.3 0. 1245 955 1.34%0.001
(iv) 20 minutes 2.605%0.3 0.1341 1199 1.30%0.001
3. SCg4TC1(,
(@) Pristine film 3.121£0.3 0.1491 492 1.41%0.001
(b) | Exposure time
) 5 minutes 3.247£0.3 0.1551 582 1.37£0.001
(i) 10 minutes 3.051£0.3 0.1204 700 1.30%0.001
(iti) 15 minutes 3.256%0.3 0.1458 794 1.24%0.001
(iv) 20 minutes 3.267%0.3 0.1561 883 1.19%0.001

Laser Irradiation Effect & Photoconductivity in Amorphous Semiconductor

24




Chapter 2: Laser Irradiation Effect on Optical Properties of Chalcogenide Glasses

12 14 16 18 20 22 24 26 28 30 3.2

600 U L} L] L] ] ] L} ) ] ]
| 20 min ifradiated '~ © " T T T T e
400 | o 8 -
200 |- -
600 I 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
| 15 min irradiated I
400 | " - -
200 |- -
:> 600 i 1 | 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 i |
(> | 10 min irradiated Lo
<_ 400 | L -
£ _ .t _
(&) .
o~ 200 ~
-:’; 600 I 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 |
3 | 5 min irradiated ]
400 |- _ LI
200 | i
600 I 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | .l |
- Pristine et
400 N =
200 =

O 1 | 1 | 1 | 1 | 1 | ! | 1 | 1 | 1 | 1
12 14 16 18 20 22 24 26 28 30 32

Energy (eV)

Figure 2.5: Variation of («hv)!/2 with photon energy (hv) without and with laser

irradiated Seo,Teg thin film.
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Figure 2.6: Variation of («hv)!/2 with photon energy (hv) without and with laser

irradiated SegsTes, thin film.
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Figure 2.7: Variation of (¢hv)!/2 with photon energy (hv) without and with laser
irradiated SessTess thin film.
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During optical parameters estimation from absorption data the systematic error of instrument
has been considered and respective uncertainties are given in table 2.2. The table shows that
the optical energy gap decreases with increasing laser irradiation time as well as Te content in
Se-Te alloy. Variation of optical band gap and Urbach energy with laser irradiation time are
shown in figure 2.8.
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Figure 2.8: Variation of optical band gap (E ;) and Urbach energy (Ey) with laser
irradiation time
Valance band of chalcogenide forms by lone pair orbital whereas the conduction band is
formed by anti-bonding orbital [61]. The decrease in the energy gap has been explained by
Kastner’s suggestion [62] that, the lone pair electrons adjacent to electropositive atoms will

have higher energies than close to electronegative atoms. Therefore, addition of more
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electropositive atoms to the alloy may raise the energy of some lone pair state and hence to
broaden the band into the forbidden gap. Se is more electronegative than Te, hence an
increment of Te content in Se-Te alloy would expect to raise some lone pair states and broaden
the valance band giving rise to additional absorption over a wide range. This may be
responsible for the decrease in the optical energy gap by increasing Te content. Laser
irradiation excites the electron from the lone pair of bonding state to higher energy states and
hence vacancies created in these states. These vacancies are immediately filled by the outer
electrons via Auger process. This induces more holes in the lone pair bonding orbital leading
to a vacancy cascade process. This makes easier bond breaking and ionization of atoms and
changes the local structure order of the amorphous network, which leads a decrease in the
optical energy gap. Se-Te alloy regarded as a mixture of Ses rings, Se-T'e mixed rings and Se-
Te chain having different lengths. Se-Te covalent bond is stronger than the mean value of Se-
Se and Te-Te bonds [63]. Therefore, Se-Te alloy tends to maximize the number of Se-Te
bonds and the proportion of Seg rings decreases rapidly with the increases of Te content [64].
A strong covalent bond [65] existed between the atoms in the ring, whereas in between the
chain only weak Van der Waal forces dominant. This makes it easy to break chains by laser
irradiation and leads to an increment of disorder in the amorphous network. As a consequence
of produced disorderness in the amorphous network, Ey increases because Ey strongly
depends on the degree of disorder present in the amorphous structure. This effect is possibly
responsible for the increase of absorption in the sample with increasing laser irradiation time
as well as Te content. Hence the large influence of laser irradiation on the optical properties
is connected with a higher degree of disorder in the alloy. Analysis of Ey; also revealed an
increment in the number of localized state into the gap. This will increase the transition
probabilities through the localized state to the conduction band and consequently, the
absorption coefficient (o) increases which lead shift of absorption edge toward lower energy.
Hence the increase in transition probability due to disorder produced by laser irradiation leads
to narrow the optical band gap of chalcogenide alloy. The extinction coefficient (k), which
indicates the amount of absorption loss when the electromagnetic wave propagates through

the material, has been calculated using well known relation [66-68]

Kk = & 2.7

4m
Where, is absorption coefficient and A is the corresponding wavelength. Extinction

coefficient is frequency dependent. In the region of strong absorption, the interference fringes
disappear [69] and near the absorption edge reflection coefficient are negligible and
insignificant. Hence we choose a wavelength near the absorption edge to analyze the effect of
laser irradiation and increase in Te content. The estimated values of the extinction coefficient
before and after laser irradiation are given in table 2.2, and found to be increases with

increasing the laser irradiation time.
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The optical measurements of thin films indicate indirect allowed transition in Se-Te system.
Analysis of the results reveals that the laser irradiation produces disorder in material, causing
an increase in the number of localized states in the band gap. As a result tail energy width (Ey)
increases and optical band gap (E,) decreases with increasing irradiation time as well as Te
content. It is also obsetved that absorption coefficient (@) and extinction coefficient (k)

increases with laser irradiation time.

2.7.2 Effect of Laser Irradiation on the Optical Properties of Amorphous
SegsxTesGay Thin Films

Amorphous SegsTes and SeosT'esGay thin films of thickness 400 nm have been prepared onto
glass substrates by using thermal evaporation method. These thin films are irradiated by pulsed
nitrogen laser upto~7min. The laser irradiation effect in the optical properties has been
measured in the wavelength range 350-900 nm by spectrophotometer. It is found that optical

band gap (E,) is decrease in both samples after laser irradiation. It is also observed that addition
of Ga increases optical band gap. The measurement of the absorption coefficient (o) as a
function of frequency (V) of the incident beam provides a mean to determine the band gap E,
of a material. The absorption coefficient o has been calculated directly from the absorbance
against wavelength curve using equation 2.1. Figure 2.9 and figure 2.10 shows the variation a

as a function of incident photon energy (hv) for SeosTesGay films before and after irradiation.
It is found that the value of absorption coefficient is decreases with increase Ga. The

absorption coefficient of these films are high (#10* cm) and are given in table 2.3.

Se_Te, Radiated (7 min)
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«{10°cm’)
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Figure 2.9: Variation of absorption coefficient (o) with incident photon energy (hv)

for 5696T64
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Figure 2.10: Variation of absorption coefficient () with incident photon energy
(hv) for SeoTesGaz
Table-2.3: Optical parameters of a -Segs. TesGa, system at 600 nm.
Un-irradiated Irradiated
S.N Sample a (104cm) k E, o (104cm- k Eg
(V) | (V)
1 SeosTes 2.0446 0.0977 | 1.59 3.7405 0.1787 1.47
2 SeosTesGaz | 1.5672 0.0505 | 1.80 1.0499 0.0502 1.76

The optical band gaps SeosTes and SegsTesGar have been determined with the help of
absorption spectra. The present system obeys indirect transition and indirect band gap has
been calculated by well-known Tauc relation given in equation 2.4. Variation of (0thv)!/2 with
photon energy (hv) for SeosTesGa, with and without irradiated films are shown in figure 2.11
and figure 2.12.
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The value of the indirect band gap has been determined by taking the intercept on the x-axis
at y =0. It is clear that optical band gap decreases after irradiation, and calculated values are
given in table 2.3. It is also clear from table that optical energy gap (E,) increases with increase
in Ga concentration in SegsTesGay system. The increase of band gap suggests [70] a decrease
in the density of localized states. In chalcogenide materials the lone pair orbital forms the
valence band, whereas the conduction band is formed by the antibonding orbital [71].

The high-energy ions excite the electrons from the lone pair and bonding states to higher
energy states. Vacancies created in these states are immediately filled by the outer electrons
with Auger processes that in turn induce more holes in the lone pair and bonding orbital
leading to a vacancy cascade process. In this process, bond breaking, or ionization of atoms is
easier to occur which leads to a change in the local structure order of the amorphous network
causing a decrease in the optical band gap. The increase in the optical band gap on the addition
of Ga in the Segs«T'esGay system may be explained on the basis of the model of density of
states in amorphous solids proposed by Mott and Davis [72]. According to this model, the
width of localized states near the mobility edges depends on the degree of disorder and defects
presented in the amorphous structure. In particular, it is known that unsaturated bonds
together with some saturated bonds [73] are produced as a result of insufficient number of
atoms deposited in the amorphous films [74]. The unsaturated bonds are responsible for the
formation of some defects in the films. Such defects produce localized states in the amorphous
solids. Moreover, the increase in the optical band gap may be explained on the basis of the
defects introduced in the system due to Ga incorporation. On the addition of Ga, Ga-Se
bonding is developed, which introduces the larger number of defects in the system. The Ga-
Se bond concentration increases with Ga concentration. It may also be due to the formation
of an impurity band adjacent to a band and the formation of the tails of states extending the
band into the mobility gap [75-78].

Extinction coefficient (k) has been calculated using the well-known relation using equation
2.7. Extinction coefficient (k) decreases as the Ga concentration increases and increases after
irradiation in SegsTesGay2 system. Variation of extinction coefficient with wavelength before
and after irradiation has been shown in figure 2.13 and figure 2.14. Mott and Davis [72] have
also been observed a similar trend for the thin films of the various other a-semiconductors.

The values of extinction coefficient before and after irradiation are given in table 2.3.
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Figure 2.14: Variation of extinction coefficient with wavelength for SeqTesGa:

Analysis of optical measurements of thin films indicates indirect allowed transition. The optical
band gap (E,) increases by increasing Ga content in Seos.TesGay system. It is observed that
optical band gap (E,) decreasing after laser irradiation. It is also observed that absorption

coefficient (o) and extinction coefficient (k) decreases with Ga. The results have been
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explained on the basis of enhanced valence band tailing caused by laser irradiation and the

initiation of the Auger process upon irradiation.

2.7.3 Laser Irradiation Effect on the Optical Properties of Amorphous
SegsTerzxAlx Thin Films
The Laser Irradiation effect on Optical properties of SegsTei2 <Al (Where x= 4, 6, 8 and 10)
thin films of thickness 300nm have been studied in wavelength range 190-1100 nm. The
amorphous thin films have been irradiated with a pulsed Transverse Electrical Excitation at
Atmospheric pressure (TEA) nitrogen laser for 5, 10, 15 & 20 minutes. Optical absorption
measurements are widely used for studying disorder and defects in a-semiconductors. Optical
absorption measurements are also very useful for studying the modifications of the density of
states upon alloying. The optical absorption coefficient (a) has been calculated from the
optical data using equation 2.1 and obtained value for all pristine and laser irradiated
samples has been listed in table 2.4. The variation of absorption coefficient & as a
function wavelength X for all pristine thin films has been shown in figure 2.15.
It is observed that o decreases with increasing A for all samples. For the pristine thin films
Increase in aluminium concentration results in reduction of the absorption coefficient ¢ in the
range 300-650 nm. In the range 650-1100 nm the observed peak at 800 nm for SegsTegAly is
disappear by increasing aluminium concentration. The effect of Al concentration on the
absorption coefficient & is understandable in the light of the structural network. The clusters
in SegsTe1Aly films are almost covered with the metallic additive Al, which results in high
reflectance and decrease the observed absorption coefficient ().
As described in chapter 1, in ChGs, a typical absorption edge can be broadly ascribed to any
of the three processes: the high absorption region which determines the optical energy band
gap, the exponential edge region which is strongly related to the structural randomness of the
system; and the weak absorption tail which originates from defects and impurities. The plots
of Tauc, Equation 2.4, for all the pristine and laser irradiated films are shown in Figures 2.16
- 2.19. The optical band gap (Eg) have been measured by extrapolating the cutrves to hv axis
at ()2 =0 for all samples before and after laser irradiation with different time and

obtained optical band gap E, for all samples is given in Table 2.4.
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Figure 2.15: The variation of absorption coefficient & as a function of wavelength A

for different Al content.

During optical parameters estimation from absorption data the systematic error of instrument
has been considered and respective uncertainties are shown in figure also given in table 2.4.
The estimated optical energy gap decreases with increasing laser irradiation time as well as Al
content in SegsTer Al alloy. The obtained optical band gap E, shows that the increase in
aluminium concentration results in decreasing the optical band gap which reveals an increase
in the band broadening. The decrease in the energy gap has been explained by Kastner’s
suggestion [62] that, the lone pair electrons adjacent to electropositive atoms will have higher
energies than close to electronegative atoms. Therefore, addition of more electropositive
atoms to the alloy may raise the energy of some lone pair state and hence to broaden the band
into the forbidden gap. Al is more electropositive than Se and Te, hence an increment of Al
content in SegsTei2«Aly alloy would expect to raise some lone pair states and broaden the
valance band giving rise to additional absorption over a wide range. This may be responsible
for the decrease in the optical energy gap by increasing Al content.

The estimated optical energy gap decreases with increasing laser irradiation time in Se-Te-Al
alloy. This decrease of energy gap with radiation can be attributed to the variation of disorder
and defects present in amorphous materials [79, 80]. The unsaturated bonds are responsible
for the formation of some defects in the films. Such defects produce localized states in the
amorphous solids. The presence of such localized states in the band structure is responsible

for decreasing optical energy gap.
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Table 2.4: Optical parameter @ 600 nm for SegsTerr<Alx

S.N. Exposure time o (104cm) k E; (eV)
1. SegsTesAl
(a) Pristine film 1.351+0.3 0.0645 1.6240.001
(b) Exposure time
@) 5 min 1.6341+0.3 0.0780 1.5940.001
(i1) 10 min 1.727£0.3 0.0824 1.54%0.001
(iif) 15 min 1.758%0.3 0.0839 1.48%0.001
(iv) 20 min 1.8271+0.3 0.0872 1.39£0.001
2. SessTesAls
(a) Pristine film 1.6341+0.3 0.0780 1.5940.001
(b) Exposure time
@) 5 min 1.72610.3 0.0824 1.51£0.001
(i) 10 min 1.737+0.3 0.0829 1.44%0.001
(iif) 15 min 1.751+0.3 0.0836 1.40£0.001
(iv) 20 min 2.05910.3 0.0983 1.3740.001
3. SegsTesAls
() Pristine film 1.604%0.3 0.0766 1.56%0.001
(b) Exposure time
@) 5 min 1.65910.3 0.0792 1.50£0.001
(i) 10 min 1.66810.3 0.0796 1.45%0.001
(iif) 15 min 1.707+0.3 0.0815 1.40£0.001
(iv) 20 min 2.05110.3 0.0979 1.34%0.001
4. SessT'ezAly
() Pristine film 1.67410.3 0.0799 1.5240.001
(b) Exposure time
@) 5 min 1.95910.3 0.0935 1.5040.001
(i) 10 min 1.75910.3 0.0936 1.47%0.001
(iif) 15 min 1.827+0.3 0.0839 1.4620.001
(iv) 20 min 1.82810.3 0.0872 1.4610.001

The unsaturated defects produce a large number of unsaturated bonds when get irradiated by
laser. The increase in the number of unsaturated defects increases the density of localized
states in the band structure [81] and consequently decreases the optical energy gap E, [82].
Light-induced changes are favored in ChGs due to their structural flexibility (low coordination
of chalcogens) and also due to their high-lying lone-pair p states in their valence bands [83]
The decrease in optical gap of Se-Te-Al thin films by laser irradiation may be explained on the
basis of bonds distribution model suggested by Golovchak et al. [84, 85] According to them,
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Figure 2.16: Variation of («xhv)'/2 with photon energy (hv) without and with laser

irradiated SegsTegAl, thin film.

Laser Irradiation Effect & Photoconductivity in Amorphous Semiconductor

38



Chapter 2: Laser Irradiation Effect on Optical Properties of Chalcogenide Glasses

600
¢ Irradiated 20 min
& 4
1 sett? e
00”“‘
*
204 "““00000"
0 ¥ I b I' . 1 v 1 ¥ 1 1 I I 1 1
10 12 14 16 18 20 22 24 26 28 30
600
* Irradiated 15 min
400 $
* ¥
et LA
200, o ****
i
0 L4 1 3 l' £ T ) g ) T T T T T 1
10 12 14 16 18 20 22 24 26 28 30
o
:> 600 - - L]
= ® Irradiated 10 min | o
g o
‘s 400 .
E .4"’0
g "
) 4 «mnanwaw_’.”’.‘
3 ] >
0 T T T T T T T T T 1
10 12 14 16 18 20 22 24 26 28 30
600
o Irradiated 5 min g a8l
T
400 - ot ? ¢
oot?
¢
200 set
A ,,..,»w"”
0 T T T T T T T T T T T T T T v T T T T 1
10 12 14 16 18 20 22 24 26 28 30
600
n_Pristine | 0"
400 o "R
J L ot
"
7 m*““
T s T
0 v T T T y — T T T \ T T T T T T T T 1
1.0 12 14 16 18 20 22 24 26 28 30
Energy (eV)

Figure 2.17: Variation of («xhv)'/2 with photon energy (hv) without and with laser
irradiated SegsTesAls thin film.
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Figure 2.18: Variation of (xhv)'/2 with photon energy (hv) without and with laser

irradiated SegsTesAlg thin film.
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Figure 2.19: Variation of (xhv)'/2 with photon energy (hv) without and with laser
irradiated SegsTe2Aly thin film.
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it is assumed that chalcogen located 1p electrons as well as s-electrons of covalent bonds are
excited. However, these electronic disturbances are not strongly localized, but decay giving
rise to significant atomic displacements within the whole glass network with a new distribution
of bonds. It is more likely that the change takes place in the chains, that is, the bonds within
the chains may be broken and built between chains. It is mentioned that Se-Te bonds have
bond energy less than that of Se—Al bonds, so it is expected that Se—T'e bonds are more
sensitive to laser irradiation. Therefore, upon laser irradiation some of Se—Te bonds are broken
leading to the formation of Te—Te homopolar bonds, because of their low energy of formation
[86]. This process allows the formation of defects which produce localized states that change
the effective Fermi level due to an increase in carrier concentrations. This increase in carriers
in localized states will lead to a decrease in the transition probabilities into the extended states,
resulting in additional absorption and reduction in the gap [87, 88]. Further it has been
observed that alloy with higher concentration of aluminum that is SegsTe2Alip does not show
significant change upon irradiation time after 10 mins. Glasses with a higher content of Al
have less Se-Te bond than Se-Al bond and consequently less sensitive to laser irradiation and
not easy to create more defect states. It confirmed that the changes of optical properties for
alloy with a higher content of aluminium are less sensitive to Laser irradiation. It suggests that
Se-Al bond is stronger and less flexible, and accordingly, cannot readily influence by laser
irradiation. The extinction coefficient (k), which indicates the amount of absorption loss when
the electromagnetic wave propagates through the material, has been calculated using well
known equation 2.7. Extinction coefficient is frequency dependent. In the region of strong
absorption, the interference fringes disappear [69] and near the absorption edge reflection
coefficient are negligible and insignificant. Hence, we choose a wavelength near the absorption
edge to analyze the effect of laser irradiation and Al content. The estimated values of the
extinction coefficient before and after laser irradiation are given in table 2.4 and found to be
increases with increasing the laser irradiation time.

The optical measurements of thin films indicate indirect allowed transition in Se-Te-Al system.
Analysis of the results reveals that the laser irradiation produces disorder in material, causing
an increase in the number of localized states in the band gap. As a result optical band gap (Ey)
decreases with increasing irradiation time as well as Al content. However laser irradiation does
not show significant effect at higher Al concentration (10%). It might be due to lack of weak
Se-Te bond as Te content decreases with increasing Al content. It concludes that alloy with
rich Al content is more stable and laser irradiation cannot affect it. It is also observed that

absorption coefficient (@) and extinction coefficient (k) increases with laser irradiation time.
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2.7.4 Laser Irradiation Effect on the Optical Properties of Amorphous
Segs.x TesHgx Thin Films

The effect of laser irradiation on optical properties of amorphous SessTesHgy (x = 8, 12, 16)
thin films have been studied. Thin films of thickness 300 nm have been deposited on glass
substrate by thermal evaporation unit. The result shows that irradiation causes a red shift in
the absorption edge and hence optical band gap decreases with increasing irradiation time.
The results have been analyzed on the basis of laser irradiation-induced defects in the film.
Furthermore, optical band gap has found to be decrease by increasing Hg concentration and
Eg decreases rapidly with higher concentration of Hg. The amorphous thin films have been
irradiated with TEA N laser for 5, 10, 15 & 20 minutes having peak average energy density
of ~3.5 x 105W/cm?. The optical specttum has been measured as a function of wavelength
(190-1100 nm) of incident light.

Optical absorption coefficient (a) has been calculated directly from the Absorption spectra
using equation 2.1 and obtained value for all pristine and laser irradiated samples has been

listed in table 2.5. The variation of absorption coefficient (o) as a function wavelength () for
all pristine thin films shows that o decreases with increasing A for all samples as shown in
figure 2.20. For the pristine thin films Increase in Hg concentration results in reduction of the
absorption coefficient (& )in the range 290-580 nm and then its increases with increasing Hg
concentration in the range of 580-800 nm. The effect of Hg concentration on the absorption
coefficient (& ) can be explained by considering structural network. Furthermore, o increases

with increasing irradiation time. The optical band gap (Eg) have been measured by

extrapolating the curves of Tauc plots [49] to hV axis at (ahv)¥/2 = 0 for all the pristine and
laser irradiated films and shown in Figures 2.21 to 2.23. Estimated optical band gap E, for all
samples are given in table 2.5.

During optical parameters estimation from absorption data the systematic error of instrument
has been considered and respective uncertainties are shown in figure also given in table 2.5.
Result shows that the optical energy gap decreases with increasing laser irradiation time as well
as Hg content in Se-Te-Hg alloy. It can be cleatly seen that energy band gap decreases rapidly
with higher Hg concentration. It indicates that increase in mercury concentration results in
rapid increase in the band broadening. Decrease of energy gap with radiation attributed to the
variation of disorder and defects present in amorphous materials [79, 80]. The unsaturated
bonds are responsible to produce localized defect states in the band structure of the
amorphous solids. The presence of such localized states in the band structure is responsible

for decreasing optical energy gap.
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Figure 2.20: The variation of absorption coefficient o as a function of wavelength A for

different Hg content.

Table 2.5: Optical parameter @ 600 nm for SeosTesHgy

S.N. Exposure time o (10%cm?) k Eq (eV)
. Seg2TesHgs

@) Pristine film 0.752+0.3 0.0359 1.7140.001
(b) Exposure time
(i) 5 min 0.782+0.3 0.0374 1.66+0.001
(i) 10 min 1.001+0.3 0.0478 1.64+0.001
(iii) 15 min 1.077+0.3 0.0515 1.60+0.001
(iv) 20 min 1.079+0.3 0.0515 1.56+0.001

2. SessTesHgs
@) Pristine film 1.067+0.3 0.0509 1.69+0.001
(b) Exposure time
(i) 5 min 1.297+0.3 0.0620 1.67+0.001
(i) 10 min 1.413+0.3 0.0675 1.64+0.001
(iii) 15 min 1.542+0.3 0.0736 1.6240.001
(iv) 20 min 1.599+0.3 0.0764 1.60+0.001

3. SessTesHg2
@) Pristine film 1.109+0.3 0.0530 1.24+0.001
(b) Exposure time
(i) 5 min 1.124 0.3 0.0537 1.21+0.001
(i) 10 min 1.164+0.3 0.0556 1.0240.001
(iii) 15 min 1.208+0.3 0.5773 1.0040.001
(iv) 20 min 1.339+0.3 0.0639 0.92+0.001
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The increase in the number of unsaturated defects increases the density of localized states in
the band structure [81] and consequently decreases the optical energy gap E,. [82]. Further,
study of photoconductivity suggests that increase in Hg concentration also responsible to
produce defect states and hence, availability of more localized defect state as found in eatlier
study of laser irradiation effect favored in ChGs due to their structural flexibility and also due
to their high-lying lone-pair p states in their valence bands [83]. The decrease in optical gap of
Se-Te-Hg thin films by laser irradiation may be explained on the basis of bonds distribution
model suggested by Golovchak et al. [84-86] that the bonds within the chains may be broken

and change takes place in between chains.
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Figure 2.21: Variation of (xhv)!/2 with photon energy (hv) without and with laser irradiated
8692T€4Hg4 thin film.

Laser Irradiation Effect & Photoconductivity in Amorphous Semiconductor

45



Chapter 2: Laser Irradiation Effect on Optical Properties of Chalcogenide Glasses

(ahv)ﬂz (cm-112ev112)

600
500 ¢ irradiated 20 min 5
400 ] o
4 4 Q
300 "B R
200 ]
(LR E———O
0 T T T T T T T T T T T T T T T T 1
10 12 14 16 30 32 34 36 38 40
600 - -
* |rradiated 15 min
* ¥ ¥
«#‘H*********' !
*
T T T T T T T T T T 1
30 32 34 36 38 40
4
N
abk # -
E
T . T v T ¥ T v T ¥ 1
30 32 34 36 38 40
600 - ‘
® |rradiated 5 min
500 PO T
4 ¢ [ ]
400- . 0 L
300 4
200
100] cummmmiosssssssssass
Ot+——T——T1— | R SO B W2 EI RO O |
10 12 14 16 30 32 34 36 38 40
600 -
= Pt
500 ¥
400 ;i ! w
300 gt
200
100
1 Y
0 f————1 ——
10 12 14 30 32 34 36 38 40

Figure 2.22: Variation of («hv)!/2 with photon energy (hv) without and with laser irradiated

SegsTesHgg thin film.

Laser Irradiation Effect & Photoconductivity in Amorphous Semiconductor



Chapter 2: Laser Irradiation Effect on Optical Properties of Chalcogenide Glasses

500

400

¢ Irradiated 20 min

300
200
100 4

0

500

v 7 tTrr Tttt
06 08 10 12 14 16 18 20 22

X Axis Title

400

* |rradiated 15 min

300
200
100 4

0

T T T
24 26 28 30 32 34

36

38 40

500

A |rradiated 10 min

400
300
200

100

(ahv)"z ( cm—1/2ev1/2)

06 08 10 12 14 16 18 20 22 24 26 28 30 32 34

36

38 40

® |rradiated 5 min

400
300 4
200

100 4

36

38 40

500 -

300
200

100

36

38 40

T T T T L1
06 08 10 12 14 16 18 20 22 24 26 28 30 32 34

Energy (eV)

36

38 40

Figure 2.23: Variation of («xhv)!/2 with photon energy (hv) without and with laser irradiated
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In the view of bond distribution model decrease in energy band gap with addition of Hg
content and laser irradiation can be expected. Increase in Hg concentration favored availability
of more Hg-Se bonds in the alloy. Since Hg-Se bond is weaker in comparison of other bonds
present in the alloy and so easy to be break by laser irradiation. With increasing of Hg
concentration more weak bonds would be available to be broken and hence the chance of the
formation of defects increases. Due to this, availability of more localized states increases with
increasing Hg content, which might be a reason to show strong effect of irradiation with higher
Hg concentration in comparison of composition with less Hg concentration. It confirmed that
the Se-Te based alloy with higher content of Hg is more sensitive to Laser irradiation.
Amount of absorption loss when the electromagnetic wave propagates through the material
i.e. extinction coefficient has been calculated using well known equation 2.7. As mentioned
carlier that extinction coefficient is frequency dependent. In the region of strong absorption,
the interference fringes disappear and near the absorption edge reflection coefficient are
negligible and insignificant. Hence, we choose a wavelength near the absorption edge to
analyze the effect of laser irradiation and Hg content on absorption coefficient and extinction
coefficient. The estimated values of the extinction coefficient before and after laser irradiation
are given in table 2.5 and found to be increases with increasing the laser irradiation time.
Optical absorption measurements of thin films show indirect allowed transition in Se-Te-Hg
system. Result shows that the laser irradiation produces disorder in the material, causing an
increase in the number of localized states in the band gap consequently optical band gap (Ey)
decreases with increasing irradiation. Furthermore, optical energy gap decreases rapidly with
increasing in Hg%. It suggests that addition of Hg make more localized density of the state
available. In addition, laser irradiation shows strong effect at higher Hg concentration (12%).
It might be due to availability of more Hg-Se bond as Se content decreasing with increasing
Hg content in the alloy. It concludes that alloy with rich Hg content is more sensitive to laser
irradiation. It is also observed that absorption coefficient (@) and extinction coefficient (k)

increases with laser irradiation time.
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