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Abstract - A thin film's microstructural and optical
properties are essential for the development of
optoelectronic devices. As a result, the thermal
evaporation of selenium-rich GesSegs (SR-GeSe with
thickness of 250 nm) thin films was investigated for
improving these properties. The films fabricated in a pure
nitrogen-rich atmosphere were annealed in the thermal
temperature range between 200°C and 300°C for 30
minutes. The microstructural, compositional, and optical
characteristics of these films were investigated using X-ray
diffraction (XRD), scanning electron microscopy (SEM)
coupled with the energy dispersive X-ray analysis (EDXA),
and UV-Vis-INR spectrophotometers. In accordance with
the XRD patterns, the as-prepared films were in an
amorphous state, while the annealed films were in the
polycrystalline style. In annealed films, crystalline phases
with hexagonal orientations were formed.
Crystallographic parameters were significantly affected by
thermally induced effects. As seen from the surface
morphology, the films were nearly densely packed,
homogeneous, smooth, uniform, and free from holes and
voids. In the thin films of SR-GeSe, the band gap and
Urbach energies behaved oppositely. Amorphous-
crystalline transitions and the Mott-Davis model were used
to explain the studied optical properties. The single
oscillator for Wimple-DiDomenico (WDD) model
described the refractive index scattering whose parameters
were determined as a function of annealing temperature.
By adjusting the thermal annealing process, the
microstructural and optical properties of SR-GeSe thin
films were improved, indicating their suitability for
thermo-optic applications. On the other side, the electronic
parameters including the energies of Plasmon, Penn,
Fermi and the number of active electrons were computed.
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I. INTRODUCTION

The potential applications of chalcogenide glasses in
various solid-state technologies have received much attention
in the technology field [1-4].These materials, especially those
based on selenium, had applications in blue-colored laser
diodes, as an amplifier for optical signals, in the field of dry
and laser imaging for peace and war purposes, solar cells and
optical lithography, as well as optical fibers that carry signals
over long distances [5-11]. On the other hand, amorphous
Germanium Selenide (GeSe) thin films have been exploited in
smart memory systems, giant screens, and signal switching
devices due to their many advantages, including the wide
range of optical transmission over a wide spectral region
extending to the near-infrared region, in addition to the
general structural stability of the properties under normal
conditions and thermal stability [12-14].

It is expected that thermal annealing will significantly
influence chalcogenide glasses' microstructural pathways,
transport  processes, optical properties, and practical
applications. Germanium Selenide systems have not been
sufficiently studied for their growth, properties, and
characterization. A previous study by Baker et al. [15]
investigated the structural characteristics of Ge,Se; thin films
synthesized using the semi-closed space technique where x
was in the range of (0.1-0.5 wt.%). Amorphous state and
maximal glass transition temperatures were determined by X-
rays and DTA measurements at x~0.28. At this content
(x=0.28), the measured band-gap energy increased at its
maximum value while the tail width reached its maximum
value at 0.2 <x< 0.32. Alnajjar studied heat treatments of
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Gey.155€0.g5 thin films in the range of (25-177°C) [16]. As the
annealing temperature increased, the energy gap E, increased

and the absorption edge moved to shorter wavelengths as a
result according to the mentioned study.

Meshal, et al.[6] studied the Gey.,Segox thin films
synthesized using the thermally evaporation technique at the
corresponding conditions (25°C, the layer thickness of 890
nm, different contents of x ranges from 5 to 30 at.%). Using
only the wavelength measurements of the normal and slightly
slanted incident light, the real optical constant and film
thickness of GeSe thin films have been estimated in this study.
It was decided on the optical parameters, optical constants,
and dispersion parameters. The placements of the energy
states and the optical dispersion, (phase & group velocities),
magneto-optical constant have all been well examined. An
effect of microwave radiation and thermal annealing
temperatures on the optical properties and structural properties
of Ge25Se75 thin films was recently investigated [17, 18]. As
illumination time or thermal annealing temperature increases,
they observed amorphous-crystalline transitions and increased
optical band gaps.

The objective of this study was to investigate the
microstructure and surface morphology changes of the
Gey5Segs thin films that were prepared by thermal evaporation,
called selenium-rich GeSe (SR-GeSe) thin films. For annealed
films, crystallite size, micro-strain, and dislocation density
were determined from XRD data. In addition, thermally
evaporated SR-GeSe thin films were investigated to know
spectral behavior, optical constants, and dispersion parameters
at different temperatures (25°-300°C). The parent material was
a melt-quenched Cd;sSegs alloy. SR-GeSe thin films have
been studied only in limited works, so the findings in this
work are likely to be valuable to future researchers in the field
of chalcogenide glasses. Electronic parameters of optical
materials are important because they are applied in a wide
range of applications, such as solar cells, optical sensors,
detectors, diodes, optical filters, display screens, alarm
systems, photoelectric circuits, etc. For this reason, several
electronic parameters have been addressed, and we
documented the relationship between the refractive index and
the optical bandgap energy in this work.

Il. THEORETICAL BACKGROUND

In the polycrystalline films, an estimate of the average
crystallite  size based on the Scherrer's formula

D=094(4/fcos6) [19], the
£=(tang)" [ A.(D.cos6)™ - B] [20, 21] and the length of
dislocation lines per unit volume (the dislocation density
5=(d X D’3))[21] are also computed via X-ray diffraction.

residual strain
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In the mentioned formula, d is the film‘s thickness, B (or
FWHM) portrays the full width at half maximum (in radian
unit), 0 is the Bragg’s angle in the range of (4°-90°) and
A=1.5418 A for the CuK, radiation.

The band tails (Ee), which represent the formed localized
states near the band edges, can be used to measure the degree
of disorder in an amorphous semiconductor. This energy

computes using Urbach's formula a(v)=c, exp(hv/E,)

[19], where h in this formula refers to Plank’s constant, 4v
represents the photon energy in the range of (300-2500 nm),

Q,is constant andg(v)is the absorption coefficient

determined via the following formula in terms of optical
spectra [transmittance, T(A)& reflectance R(A) and the film‘s
thickness d] [20]:

a=d | (1-R Y\ x(ZT )-1+{((1-R)2x(2T )-1)2 —RZ}O'S ®

The second important optical parameter in this study is
the optical bandgap energy, Eq -Tauc energy- which in turn is
calculated according to the following equation [22]:

ahVZA(hV—Eg)r @)

A is the edge width parameter indicating the film quality;
r indicates the allowed or forbidden status of direct or indirect
transitions.

On the other pathway, the linear optical constants (the
refractive index is:

0.

5
n:(1+R)/(1—R)+[[(1+R)/(1—R)]2—(1+ke2X)J , and the
extinction coefficient is kK = a4/4x [22], the real dielectric
constant &, =n®—k.2 [23] and imaginary dielectric part

& = 2nk are very important in optoelectronic applications.

A high-frequency dielectric constant & has been

computed using Drude's theory, which takes into account both
free carriers and lattice vibration modes of dispersion [24, 25],
according to the following formula:

- e’N 2
g =N=g, —| ——— 1|1 3
' B (47rzczgom*] ©

In this equation,e represents the electronic charge which
equal 1.6 x 10™ C, c is the light velocity (3x10® m/sec),
eoportrays the free space dielectric constant (8.845x10 **F/m),
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N and m” are the free carrier concentration and its effective
mass, respectively [25]. In addition, the plasma resonance

frequencya)p is calculated now easy from the following

equation [26, 27]:

4)

Based on the single oscillator model proposed by Wemple
and Didomenico, the refractive index values below the

-1
E,’ —(hv)’]
were analyzed to extract the dispersion parameters (the single
oscillator constant E,, and dispersion energy Eg) [28, 29].

interband absorption edge n2:1+EdEO.[

After knowing the plasma frequency, an important set of
parameters can be easily extracted, called electronic
parameters, and they include Plasmon, Penn, and Fermi

energies, (¥, E D and E - ) which are computed according to

the following equations [30, 31]:

¥ =haw, =(h/27).0

p
¥
E, /(sw—l) (5)

E,. =03x3w*

In the related side, the total effective count of valence

electrons N is extracted according the following [30]:

. =0.12. (‘szV ), V., =ﬂ
Y2,
" ((15><MGG)+(85>< j ©
=((15><pse)+(85><pSe)j
100
Here, V is the molar volume, p portrays the density of

studied composition (with unit of g/cm® and M represents
the molecular weight (with unit of g/mol.).
The electronic polarization ap in terms of the three

mentioned energies is computed from the following formula
[32-34]:
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Reddy et al. [35] proposed the following empirical

formulas to extract the electronic polarization in terms of the
optical band gap:

(12.41-[E, —0.365) ®

(12.41+ 2\/E -0. 365) Vi

a, =(04x107).

2
. :0.4X1024[(5.563—[0.033x168.58+30.3In(0.027Eg)J) —1]va )

(5563 0.033x168.58+30.3In(0.027E ;) [y +2

4.06—, fE
— VI Y (10)

— (0.4x107%
% = (04x107) x| — 7 m

In terms of €, ap is computed based on the Clausius-

Mossotti Model (CMM) as follows [36]:

— %1072 (6.-1)
a, =(0.4x10™)x ((gm+2)J <V, (11)

The path followed by the refractive index of the studied
thin films can be traced with the knowledge of the optical
bandgap energy according to the following equations,
according to the proposal of several scientists:

Tripathy, n(T ) [37]:

nQ) =1.73+[(3.28xexp— (0.54xE, ))] (12)
Moss, N(M ) [38]:

n(m) =3.12/<1/E (13)
Ravindra, N (R) [39]:

n, =4.08-[0.62xE ] (14)

Herve-Vandamme, n (HV ) [40, 41]:

n(HV )= [ 1+ 184.96 i
(E, +3.47)
(15)
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Reddy and Anjaneyulu, n(RA) [42]:

n(RA)=3.6-In(E,)
(16)

Gupta and Ravindra, N (GR) [43]:
n(GR)=4.16-1.12E  +0.31E; —0.08E; (17)
Kumar and Singh, n(KS) [38]:

n(ks) =237 (18)

0.32
]

111. EXPERIMENTAL DETAILS

The first step in preparing the bulk material in any system
formed as an ingot (alloy) is to use the melt cooling melt
quenching technique (melt quenching process). In our studied
system, the alloy was in the form of a mixture that combines
selenium with germanium, which is of high purity at an
estimated rate of 99.999%, as they were purchased from
(Aldrich Chem. Co, USA), and for this combination, the
corresponding structural formula: Ge;sSegs (SR-GeSe) was
prepared according to the aforementioned method. These
components were weighed using an electrically sensitive scale
with 0.1 mg accuracy.

To ensure a high level of uniformity and homogeneity for
the final alloy, we prepared the weighted elements in an
evacuated (10°Torr), silica tube at 950°C for 26 hours in a
furnace that vibrates regularly during the synthesis process.
An ice-cold water bath was used to cool the molten substance
after synthesis. Thermal evaporation was used to deposit thin
films on clean glass substrates in an easily-rotatable holder.
The films were all deposited at room temperature. Rotation
speed resulted in a homogeneous film thickness distribution of
around 250 nm. During film deposition process, the Edward
Coating Unit (ECU-306A) vacuum chamber was pumped
down to (10” Torr). The film thickness was determined using
quartz crystal thickness monitor (FTMS). The samples were
annealed for 30 minutes under pure nitrogen flow in a Pyrex
tube furnace at 200-300°C to prevent oxidation.

In order to obtain the XRD data, a Philips diffractometer,
PW1710-Model, was used, and it was equipped with a copper
target with a wavelength of 1.5418 A, and at the other end it
was equipped with a nickel filter. Measurement by this device
gave an accurate description of the structure of the pristine
thin film and the annealed thin films. In this study, the
composition of GeSe powder material was determined by

© 2023-2017 IRJIET All Rights Reserved

ISSN (online): 2581-3048
Volume 7, Issue 3, pp 36-49, March-2023
https://doi.org/10.47001/IRJIET/2023.703006

energy dispersive X-ray analysis (EDXA), coupled to a Jeol
(JSM)-T200 type scanning electron microscope (SEM).

In order to examine the surface morphology of the films
using SEM, they were coated with gold prior to examination.
The transmittance, 7(%), and reflectance, R(4), of the films
deposited on glass substrates, were measured optically at
normal incidence in the wavelength range of (300-2500nm)
using a double-beam spectrophotometer (JASCO-570)
connected to a specular reflection stage.

I1l. RESULTS AND DISCUSSIONS
3.1 Structural Pathways: (EDXA, XRD and SEM)

SR-GeSe materials in bulk form were experimentally
examined using EDXA. It was found that Ge and Se actually
had elemental ratios that were close to the original ratios. The
constituent element ratio of the examined thin films was
14.56:85.44wt.%, which is comparable to the expected
compositions as indicated in Fig.1 (a).The X-ray diffraction
patterns of annealed SR-GeSe thin films were investigated to
determine the crystalline phases. The XRD patterns of the
pristine and annealed SR-GeSe thin films are given in Fig.1
(b). The absence of distinct sharp structural peaks in these
patterns confirmed the amorphous nature (glassy stage) of the
thin film as it was formed.

Amorphous to crystalline phase transition was confirmed
by the polycrystalline structure of thin films after 30 minutes
of annealing for the annealed samples from 240°C to 300°C.
The study of XRD patterns from all annealed samples reveals
that GeSe, and Se are the major crystalline phases. The
interplanar spacing (dc) was calculated using Bragg’s
formula (de=A/2sinf) where 6 is Bragg’s angle, A is the
wavelength of the used X-ray. The calculated values of d for
annealed thin films are in good agreement with the standard
JCPDS values dg.ng for Se and GeSe, phases.

The intensity of the peaks grew when the annealing
temperature was raised, indicating a significant rise in the
volume fraction of two crystalline phases. Via the XRD
patterns the average crystallite size, strain, and dislocation
density of fresh and annealed samples according to formulas
in the theoretical section were determined. The computed
values of these variables are provided in Table 1. When the
annealing temperature is raised, it is seen that the strain and
dislocation density for the GeSe, and Se phases decrease while
the average crystallite size increases. This means that the
films' crystallization has improved.
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Figure 1(a,b): Mapping of EDXA And XRD Pathways for Pristine and Annealed SR-GeSe Thin Films

Table 1: Structural Parameters of the Last Four Annealed SR-GeSe Thin Films

TCC) Phases (hkl) de (A)  deana (A) D(MmM) £x10-3(lin2m™  &x 1014 (lines/m®)  No. Card

240 GeSe, (315) 1.31 1.308 20 2.08 245 16-0080

260 GeSe, (315) 1.309 1.308 24 1.9 22 16-0080
GeSe, (020) 6.18 6.15 26 18 19 16-0080

280 GeSe, (315) 1311 1.308 ' 33-0581
Se (314) 2.029 2.025 22 1.7 20 85-0566
GeSe, (020) 6.208 6.150 16-0080
GeSe, (105) 3.056 3.040 27 1.6 18.5 33-0581

300 GeSe, (315) 1.309 1.308 04-003-4149
Se (314) 2.029 2.025 29 15 16 85-0566
Se (103) 1.519 1.515 ' 83-2438

ipm 90OB33

15kV X16.060
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Figure 2: SEM Micrographs For SR-GeSe Thin Films: (A) Pristine (B) Annealed at 240°C, (C) Annealed at 260°C And (D) Annealed at 300°C

Fig. 2 (a-d) displays a top view of SEM image for SR-
GeSe pristine and annealed thin films. The surface
morphology of annealed thin film illustrated in Fig. 2 (b-d)
exhibits tiny semispherical crystallites uniformly scattered
over smooth, homogeneous backdrop, in contrast to the
pristine image of the thin film displayed in Fig. 2 (a), which
offers a fully amorphous matrix without any discernible
agglomerations. When the annealing temperature is increased
from 240°C to 300 °C, the crystallites become clearer and
larger. This supports the findings of crystallite size
calculations based on XRD patterns. This improvement in the
size of the crystals in particular and the structural properties in
general will result in an improvement in the optical and
electrical properties [27, 32].

3.2 Optical Analysis

The transmission T(A) and reflection R(A) in the
wavelength range of (300-2500 nm) for pristine and annealed
SR-GeSe thin films are illustrated in Fig. 3(a,b). Between 500
and 1000 nm in the Vis-NIR spectral region, there is a
maximum in transmission and a minimum in reflection
pathways. Values of the maximum and minimum pathways
can be associated with one another. As annealing temperature
rises, transmittance normally falls while the reflectance
spectrum shows the opposite tendency. However, the optical
absorption coefficient (a) was determined from the
experimentally measured transmission 7(4) and reflection R(4)
values of SR-GeSe thin films. The relationship between the
absorption coefficient and incident photon energy for SR-
GeSe thin films that have been deposited and annealed is

0.5 (b

0.4 +

0.3 1

Ge,;Seg; thin film

| d (250 nm)

0.2 T (“c;]:m
— D5
e 200
240
o. 1 4 — 260
— 280
: 0 : :
500 1000 1500 2000 2500
A, (nm)

Figure 3: Mapping of Optical Spectra (T, R) for Pristine and Annealed
SR-GeSe Thin Films

At the high absorption region (o >10%cm™), the linear
correlation between (ohv)’andhv for pristine and annealed
SR-GeSe thin films illustrated in Fig.5 indicates the indirect
energy gap transition in SR-GeSe thin films. These findings
are consistent with those obtained in the corresponding work
[16]. The intercept of the extrapolations to zero absorption
with the photon energy (ahv)®®=0 could be utilized to
calculate the value of Eq. The obtained E,4 values are collected
and listed in Table 2. According to Fig. 5, a shift in the
absorption coefficient toward higher energies as a result of
raising the annealing temperatures generates an increase in Eg.

presented in Fig. 4. The absorption coefficient values 800 Ge .Seys thin film
improved as the photon energy and annealing temperature d (250 nm)
increased. . O '
% 600+ o 200
400 nm_700 nm @ = . 260
104 H S e 280 s
. B - 400+ 300
=
H <
Si Ge,Sey thin film 200 +
& d (250 nm)
- 0.5 —‘n: | T (°C): Shift of Eg (eV)
3i —25 e~
i —— 200 0 . : : :
240 15 2.0 25 3.0 35 4.0
— 260
——280 hv, (eV)
300
0.0 7% :
iVis Region NIR Region Figure 4: Diagram of Optical Absorption Coefficient for Pristine and
iy i : : : Annealed SR-GeSe Thin Films
500 1000 1500 2000 2501
A, (nm)
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Figure 5: Computation Pathways of Energy Bandgap (Tauc Energy)
According to Tauc Formula Shown in Text for Pristine and Annealed SR-
GeSe Thin Films
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In this work, very important methods for calculating the
optical gap energy were discussed along with Tauc's method.
These methods included the method of the first derivative of
the transmittance as a function of wavelength. This method is
inspired by a recently published work referred to in the
corresponding Ref. [44]. The extraction of the optical gap
energy according to this method is done by taking the values
of the highest peak in the curve resulting from the derivation,
as the value of the highest value in these curves indicates the
optical gap energy. This method is referred to in Fig. 6 and the
mentioned values for the band gap are recorded in the figure
and also in Table 2.

Table 2: The Computed Values of Optical Parameters for Pristine and Annealed SR-GeSe Thin Films

Optical Parameters

E,@€V)
o dT
0.
(ahv)*vs. (hv) MaX ., (H)
25 1.802 1.750
200 1.825 1.788
240 1.921 1.912
260 1.958 2.037
280 2.017 2.106
300 2.114 2.173
E, corresponds to the maximum peak for each curve
Ge..Seq, thin film L 1.75035
0.008 1 4 (250 nm) P 1.78818
T(°C): 1.91217
—25 2.03777
—200 2.10696
240
— 260
é 0.004 + —— g0
= 300
©
0.000 === ‘*“%
. T N
0.5 110 1j5 ' 2I0 215 3.0
hv, (eV)

Figure 6: Computation Pathways of Energy Bandgap According to
Transmittance Derivative Portrayed in Text for Pristine and Annealed
SR-GeRe Thin Films

Fig. 7 shows the surface resistance behavior of pristine
and annealed thin films. It is noted that the surface resistance
increases with the increase of both the photon energy and the

© 2023-2017 IRJIET All Rights Reserved

E.(6V)

Max peak (Rs (/1))

1.747 0.114
1.838 0.198
2.085 0.245
2.177 0.311
2.298 0.339
2.363 0.506

thermal annealing temperature. It is worth mentioning here
that the maximum peaks at each surface resistance curve refer
to the optical gap energy, which is recorded in Fig. 7 and also
in Table 2.

E, corresponds to the maximum peak for each curve

T
i 1.74789
i 1.83852
2.08571
2.17719
. 2.29815
=3
w
g Ge,5Segs thin film
=’ d (250 nm)
9 T (°C):
10 —e—25
—e—200
240
—e—260
—e— 280
1 0711 300 H
1 2 3 4

hv, (eV)

Figure 7: Computation Pathways of Energy Bandgap According to Sheet
Resistance Portrayed in Text for Pristine and Annealed SR-GeSe Thin
Films
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Thin films can be used in solar cells if they are highly
transparent to visible rays and electrically conductive. For this
reason, we must deal with in this work a very important
parameter that detects the spectral regions in which the thin
film is good at passing light rays, and it is called the quality
coefficient or "the figure of merit, Q". This important
parameter is related to the transmittance of the thin films T and
the surface resistance R; of the thin films via Haacke equation
[45]which is shown in the following formula:

(1)

S

Fig. 8 displays "the figure of merit, Q" parameter as a
function of wavelength for the as-prepared and annealed films.
It is worth mentioning here that the tracker of the spectral
regions in Fig. 8will notice that the quality factor of thin films
decreases in the spectral region of ultraviolet radiation and the
beginning of the visible region of the spectrum, but the quality
factor changes its behavior to become increasing with the
increase in the degree of thermal annealing in the infrared
region. Based on this harmony in the behavior of the quality of
the films according to this parameter, the studied thin films
can be exploited according to the desire to block or pass the
light rays, and then employ them as required in modern
applications [45].

4x10° +
T 3x10°+
o
£
g;, 2x10° 1
£
iT
(@3 Ge,Seg thin film
1x10°% + d@s0nm)
0 -
500 1000 1500 2000 2500
A, (nm)

Figure 8: The Figure of Merit Pathways for Pristine and Annealed SR-
GeSe Thin Films

Urbach's relation illustrated in theoretical section governs
the absorption coefficient at lower photon energy in the
exponential edge region where (10'cm’<a<10%cm™).A
straight line is obtained by plotting In(a) against the photon
energy for pristine and annealed SR-GeSe thin films, as
illustrated in Fig. 9. The band tail width E, of the localized
states at the band gap is given by the inverse of the slope. The
computed values of E. for studied films are listed in Table
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With increasing annealing temperature, the optical energy gap
is widening as the width of localized states narrows. The
amorphous-crystalline transitions model suggested by Mott
and Davis and the density of state model can both be used to
explain this phenomena [46, 47].Chalcogenide thin films
typically contain substantial concentrations of unsaturated
bonds or flaws. These flaws result in the localized states that
are present in the amorphous band gap. Localized states in the
SR-GeSe band structure are related to the Se-Se homopolar
bonds (formation of uncompleted bonds) and a large number
of defects. The optical band gap widens as the annealing
temperature increases because there are less Se-Se homopolar
bonds. The unsaturated flaws progressively soften entirely
during thermal annealing at temperatures below the
crystallization point, producing a huge quantity of saturated
bonds. As the quantity of unsaturated defects declines, the
density of localized states in the band structure drops, hence
widening the optical energy gap.

Urbach region under In(10*) cm™*=9.21034 cm™
® | O/ ]

9.2 F
™ °
)
®
9.0+
k)
= Ge,sSegs thin film
8.8 d (250 nm)
T (°C):
® 5
® 200
240
8.6 + ® 260
® 280
\ \ 300
T L4 T
2.3 2.5 2.6 2.7

hv, (eV)

Figure 9: Computation Pathways of Urbach Energy According to Urbach
Formula Incarnated in Text for Pristine and Annealed SR-GeSe Thin
Films

Spectral dispersion devices and optical communication
are dependent on refractive index dispersion in optical
materials [48]. The values of extinction coefficient (k) and
refractive index (n) were identified using the aforementioned
formula in this work's theoretical section. Figs. (10, 11)
illustrate the spectral dependence of extinction coefficient and
refractive index for pristine and annealed SR-GeSe thin films.
As the annealing temperature rises, the refractive index varies
from its maximum value (hn.) at one wavelength to lower
wavelengths. The extinction coefficient and refractive index
typically decrease as annealing temperature and wavelength
rise. Additionally, similar trends are seen in other
semiconductor thin films [49, 50].The values of n and k drop
as a result of structural and bonding configuration changes,

2.The bandgap and Urbach energies (E,, E.) of SR-GeSe thin particularly the elimination of homopolar bonds with
films exhibit opposing variations with annealing temperature. increasing annealing temperature [51]
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Figure 10: Extinction Coefficient Pathways for Pristine and Annealed
SR-GeSe Thin Films
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Figure 11: Refractive Index Pathways for Pristine and Annealed SR-
GeSe Thin Films

Depending on the relationship between the dielectric
constant and photon energy, there is an interaction between
photons and electrons in films at this energy range. As a result
of these interactions, the peaks in the dielectric spectra differ
depending on the type of material, resulting in different shapes
for the real and imaginary parts of the dielectric constant.
Fig.12 portrays the relation between the real parts of the
dielectric constant, ¢, with A%, Straight lines were discovered
to be the best way to validate Eq. (3). Higher energy curves
exhibit a minor divergence from linearity, which is frequently
brought on by excitonic absorption or being close to the band
edge [52].

The values of N/m*, &, and w,can be calculated from the
slopes and intercepts of the plots in Fig. 12, respectively. The
values of these two parameters in correlation to the annealing
temperature are listed in Table 3. It is observed that as the
annealing temperature increased, N/m*,g,, and e, change in an
identical way. Considering that the effective mass m* is
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constant, both decreases may be ascribed to variations in
carrier concentration N. This has been observed in a variety of
different chalcogenide systems [53-55].

4.0 4.5 5.0 55 6.0
A2x10% (nm)?

Figure 12: Extrapolation of n? Vs. Photon Energy for Pristine and
Annealed SR-GeSe Thin Films

Based on:nz=1+EdEO.[E02—(hv)2]_l, the plot of

(n*-1)™ against (hv)? for the studied thin films is shown in Fig.
13. The noticed straight line for the normal behavior with the
slope (E.Eq) *and the intercept with the vertical axis being
E./E4 from which E, and E4 may be obtained directly. Fig. 13
displays the computed values of the dispersion parameters E,
and Egy listed also in Table 3. It has been illustrated that as
annealing temperatures were increased, the values of Eq,and Egq
almost increased. A common explanation for the decreased Egq
with annealing temperature is that the rate of atom diffusion in
the thin films has increased. As the diffusion rates rise, more
atoms are deposited in interstitial locations, producing
impurity-type scattering centers [56]. Furthermore, the single
oscillator energy E,=2E4, which is in good accord with the
relation of Tiché and Tich [57].

0.08

0.06 t t t i
0.28 0.32 0.36 0.40

(hv)?, (eV)?

Figure 13: Extrapolation Of 1/(n*1) Vs. Photon Energy for Pristine and
Annealed SR-GeSe Thin Films
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Table 3: The Values of Dielectric and Dispersion Parameters for Pristine and Annealed SR-GeSe Thin Films

Dielectric Parameters

TCC
= £, N /m"x10°(m3kg™)

25 2253  1.841
200 2145  1.748
240 1758  1.365
260 13.6 0.831
280 1309 0762
300 1266  0.701

The importance of electronic parameters of optical materials
lies in their employment in various fields of application, which
include, for example, the field of solar cells, optical sensors,
detectors, diodes, optical filters, display screens, alarm
devices, photoelectric circuits, and so on. As a result, we

calculated the energies of Plasmon ¥, Penn E D and Fermi
E - mentioned in the theoretical part in this study, as well as

the number of active electrons N which are the most

Dispersion Parameters

, x10“(Hz) E, V) E,€V)
4.861 3.575 14.091
4.853 3.621 13.334
4,739 3.811 10.226
4.204 3.884 8.029
4,102 4,001 5.002
4,001 4,194 4,233

important electronic parameters whose behavior should be
known. All values of the mentioned energies and the number
of active electrons are recorded in Table 4. The behavior that
dominates all these quantities is the decrease with the increase
in the degree of thermal annealing. Plasma resonance
frequency, which is closely associated with these quantities,
can be mainly responsible for the observed decrease in these
quantities [58].

Table 4: Electronic Parameters Including (Plasmon Energy i/ , Penn Energy EP , Fermi Energy EF and the Number of Effective Electrons N ff

for Pristine and Annealed SR-GeSe Thin Films

T(°C) v =
(eV) (eV)

25 0.32008 0.06898
200 0.31959 0.07067
240 0.31206 0.07664
260 0.27683 0.07799
280 0.27015 0.07770
300 0.26341 0.07714

Thin films' electronic polarizability is the second path
that should be known in electronic parameters as it is useful in
various optoelectronic applications [32, 33]. A key component
of electronic polarization is polarization, which is responsible
for the formation of waves within glass materials. In the form
of an electron gas cloud, internal charge transfer allows
electrons to travel further away from the nucleus, resulting in a
total dipole moment in the network. For this reason, effective
displacement must be modeled using nonlinear formula.
Because solids have a wide range of applications, great efforts
have been made to improve their extraction polarization ways
with several formulas including that mentioned in the
theoretical part. The values calculated for the electronic
polarization coefficient with the formulas recorded in the
theoretical part of this work are collected in Table 4.The
follower of the electronic polarization behavior in Table 5 will
find that the polarization values decrease with the increase in
the degree of thermal annealing, which can be attributed to a
large extent to the noticeable decrease in the refraction index

© 2023-2017 IRJIET All Rights Reserved

E,: N

(eV) (electron)
0.06455 0.19786
0.06441 0.19725
0.0624 0.18807
0.05319 0.14800
0.05148 0.14095
0.04978 0.13400

of thin films with the increase in temperature because this is
related to the increase in the scattering angles within the lattice
matrix of the studied material[58].

In a related aspect, we can summarize the relationship
that explains the dependence of the refractive index extracted
by the theoretical methods mentioned in the theoretical part on
the optical gap energy. The values of the refractive indices, or
rather the refractive indexes recorded in Table 6, behave
opposite to that shown by the optical gap energy, as they
decrease in contrast to the increase in the optical gap energy in
this work. Finally, we find that the theoretical values of the
refractive index calculated in terms of the gap energy are
consistent with the experimental values at the same
wavelengths that correspond to the optical gap energy to a
large extent, with a slight difference in each approximation
and the method of calculation based on it.
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Table 5: The Electronic Polarization ¢, According Several Empirical Formulas Mentioned in Text for Pristine and Annealed SR-GeSe Thin Films

a, x107%*(cm®)

T(°C)

Eq.7 Eq.8 Eq.9 Eq.10 Eq.11
25 5.2758 4.7907 5.6613 5.5536 4.1818
200 5.2262 4.7805 5.6582 5.5180 4.1686
240 4.9987 4.7388 5.6456 5.3580 4.1146
260 4.6241 4.7232 5.6408 5.1106 4.0942
280 4.5592 4.6988 5.6333 5.0695 4.0620
300 4.5000 4.6600 5.6211 5.0326 4.0101

Table 6: The Refractive Index-Energy Band-Gap Dependence for Pristine and Annealed SR-GeSe Thin Films

T(°C) Ny Ny Ng Ny Nga Ner Ngs
25 2.97557 2.69459 2.96676 2.76671 3.00292 2.6478 2.78469
200 2.96022 2.68606 2.9525 2.75626 2.99024 2.62892 2.77333
240 2.89818 2.65185 2.89298 2.71369 2.93897 2.54844 2.72788
260 2.87512 2.63924 2.87004 2.69771 2.9199 2.51665 2.71116
280 2.83927 2.61972 2.83346 2.67271 2.89021 2.46499 2.68533
300 2.718277 2.58914 2.77332 2.63283 2.84324 2.37722 2.64498

IV. CONCLUSION

The structural and optical properties, as well as the
electronic parameters of SR-GeSe thin films, were evaluated
by annealing them at various temperatures. Based on X-ray
diffraction results, the first and second films were amorphous
while the rest films were polycrystalline. The GeSe, phase
was predominantly present in the annealed polycrystalline
films at 240°C to 300°C in the N, atmosphere along with the
Se phase. The crystallite size, strain, and dislocation density
were all determined from the XRD patterns. After annealing,
there was a considerable drop in the films' strain and
dislocation density, which suggested an increase in
crystallinity. SEM images provided evidence in favor of these
conclusions. The sharp absorption edge in the transmission
spectrum is indicative of the SR-suitability GeSe's as filter
materials. Optical absorption measurements show that the
indirect band gap is what causes the absorption in both pristine
and annealed thin films. While the breadth of the localized
state tail narrows with increasing thermal annealing, the
optical bandgap of the SR-GeSe film widens. The Davis and
Mott model helps explain these findings. The refractive index
dispersion data in the transmission zone were analyzed using
the single-oscillator which suggested by Wemple and
DiDomenico model. Using this model, the dispersion
parameters were determined as functions of the annealing
temperature. According to the obtained results, the heat

© 2023-2017 IRJIET All Rights Reserved

treatment has an effects on the dispersion parameters Eg, E,,
e.,and N/m* of the studied thin films.
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