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ARTICLE INFO ABSTRACT

Keywords: Bulk TlGaS; single crystals were produced by the Bridgman method. TIGaS; thin film samples were deposited
TIGaS, from bulk crystals by the thermal evaporation technique under a high vacuum. TlGaS; thin films were deposited
Thin-film

in the 100-750 nm thickness range. Dielectric spectroscopy measurements were operated in the frequency range
of 1-10° Hz and temperature range of 273-373 K under the voltage of 1 V (rms). TlGaS, thin films have
amorphous. Bulk TIGaSy has a crystalline structure based on X-Ray diffraction patterns. Three polarization
mechanisms were detected from the analysis of Cole-Cole plots. At low frequencies, the effect of interfacial
polarization was observed. Toward higher frequencies, two dipolar polarization mechanisms were detected. In
comparison to the bulk TIGaS; single crystal, the dielectric constant of the thin films has 100-1000 times larger
values at frequencies lower than 100 Hz. The thickness limit at which bulk physical properties started has been
investigated. The transition thickness between bulk/thin film properties was detected at around 700 nm. The low
dielectric constant and the good conductivity around 108 S/cm at10° Hz can give opportunities to use these thin

Dielectric spectroscopy
Thickness dependence
AC conductivity

films in technological applications.

1. Introduction

Semiconductor TlGaS; crystals have a layered structure and belong
to the TlGaX, (X = S, Se, Te) A3BCS type chemical compounds group
[1-4]. In these layered crystals, while there are van der Waals bonds
between the atoms that make up the layer, there are ionic and covalent
bonds between the layers [5]. Semiconductor TIGaX, compounds have
anisotropic and ferroelectric properties [6,7]. In recent years, the
semiconductor TlGaX; triple compound has been an important subject
of study in terms of meeting the need for optoelectronic applications due
to its remarkable physical and chemical properties. The dielectric,
electric, photoelectric, photovoltaic, and thermoluminescence proper-
ties of this compound were examined [2,4-8]. Mustafaeva studied the
dielectric properties and ac conductivity of bulk TIGaS; single crystal
prepared in the frequency ranges of 5.10%-3.10” Hz and 300 K temper-
ature. It was found that the permittivity of the material was between 26
and 30. It was calculated The state’s intensity, hopping distance, and
time at the Fermi level in this study [9]. Kawabata et al. produced bulk
T1GaS, compounds in different thicknesses, using the Bridgman method.
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They studied the dielectric properties and the transitions between the
bands. Density function theory (DFT) for TIGaS; was obtained using an
electronic band structure [10]. Asadov et al. have studied the dielectric
properties of TIGaS; single crystal under electron irradiation [3]. Also,
there are some studies on TlGaS; and compounds including T1GaS,
[11-13]. In studies conducted on this subject, whole studies on the
physical properties of TIGaS; are including the investigation in the bulk
form [14-22]. In the literature, there is only one recent study on T1GaS,
thin films. In the study, structural and optical properties of TIGaS, thin
films in a thickness range of 100-200 nm were investigated [23].

In this study, T1GaS; thin films with different thicknesses between
100 and 750 nm were obtained using the thermal evaporation method.
The capacity and loss values of these samples were determined by using
dielectric spectroscopy in the frequency range of 1Hz-20 MHz at a
temperature interval of 273-373 K. It was observed that there is a lack of
information on the dielectric properties of TIGaS; thin films in literature.
For this reason, it is aimed to contribute to the literature by studying the
dielectric properties of TlGaSy thin films depending on frequency,
temperature, and thickness. Dielectric properties and electrical
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characteristics of some ternary compounds having a similar composition
to TlGaS, were studied. In these studies, the structure and dielectric
behavior of TISbS; bulk and thin films [24], dielectric properties and AC
conductivity of TISbTey thin films [25], and electrical switching in
TISbSe, compounds [26] were investigated. The results belonging to
T1GaS, thin film samples will be evaluated contrary to studies performed
on bulk materials in literature. The thickness at which thin-film char-
acteristics differ from bulk characteristics will be examined. In this way,
the use of thin films of TIGaS; is possible as an alternative in nano or
micro-sized applications of TlGaS; bulk materials. The investigation of
the dielectric properties of TIGaS, thin films will be a complete study of
the literature in which the structural and optical properties of TIGaS2
thin films were evaluated. Thus, an electrical evaluation on TlGaS, thin
films will be done. The interpretation of thickness-dependent dielectric
properties of TIGaS, thin films will give information about the appli-
cation of these materials in various areas in daily life electronics,
microengineering, thermo-electric industry, electronic applications and
optical limiting applications.

2. Experimental
2.1. Production of thin-film samples

Bulk TlGaS, samples were prepared using the Bridgman technique
which is described in the literature [13,27,28]. TlGaS, single crystal
bulk samples were produced using appropriate elemental mixtures.
These mixtures were melted at 1000 + 5 K for 5-7 h in silica tubes which
were sealed off under a vacuum of 7,5 x 10~° Torr. TIGaS; single crystal
bulk samples were homogenized by vacuum annealing at 750 K for 120
h. The annealed samples were furnace-cooled to room temperature. The
chemicals [Thalium (TI), Galium (Ga), Sulphur (S)] used in the bulk
production process have a purity of 99,99% [3]. As mentioned in the
introduction part, the article is aimed to compare the dielectric prop-
erties of thin film TIGaS, and bulk single-crystal TlGaS, samples.
Because of this purpose, the bulk TlGaS, samples produced by some
authors of this article for a previous study were used to produce thin film
TlGaS, samples [3,9,28].

The picture of TIGaS; single crystal samples is seen in Scheme 1. The
flowchart and the information including the procedures of the Bridgman
Stockbarger technique are presented in previous literature [3,9,28] (see
Scheme 2).

Thin-film samples were deposited in three steps in the shape of
parallel plated capacitor form using suitable masks to investigate the
dielectric properties. Whole thin film deposition processes were oper-
ated by thermal evaporation under 107> Torr pressure. Microscope
slides were as substrates. The microscope slides (25.4 mm-76.2 mm)
were cleaned using pure water (resistivity of 15 MQ cm), acetone
(Merck), and ethanol (Merck), respectively, with the help of an ultra-
sonic cleaner. As the first step of deposition, Aluminum (Al) was evap-
orated as the lower electrode’ Then, TIGaS, thin films were coated on the
Al lower electrode. The deposition of TIGaS; thin films was operated by
wearing a charcoal mask to be protected from the poisonous effects of
thallium (T1). TIGaS; thin films having thicknesses of

Thallium (TI)

Bridgman
Stockbarger
Technique

Sulfur (S)

Scheme 1. Production of TIGaS, single crystal samples.
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2.2. Thermal evaporation technique

100, 250, 500, and 750 nm were produced. As the last step of sample
production, the upper electrodes were deposited under the same con-
ditions similar to the lower electrodes. The thicknesses of the Al elec-
trodes were defined as 300 nm. The thicknesses of both electrodes and
T1GaS; thin films were determined by the geometrical method. So, the
Al/T1GaSy/Al samples were prepared in capacitive form. The surface
area of capacitor samples was measured by a micrometer. The surface
area of the thin film samples was measured by a traveling microscope

and was determined as 16 mm?.

2.3. X-ray diffraction (XRD) analysis

The morphology of the TIGaS, samples was defined by XRD analysis
by Rigaku D/Max-2200/PC having Cu-Ka (A = 1.54 A) radiation source.
The analysis is progressed based on 20 angles between 0 and 90° at room
temperature. The XRD analysis was operated on TlGaS; crystal and all
thin film samples.

2.4. Attenuated total reflection fourier transformed infrared spectroscopy
(ATR FT-IR) analysis

ATR FT-IR analysis was operated as an attenuated reflection tech-
nique over 400-4000 em ! on TIGaS; crystal and all TlGaS; thin film
samples by FT/IR-4700typeA device due to ATR-PRO-ONE accessory at
room temperature. Measurement results present information about the
structural differences, coming from the deposition conditions, between
bulk and thin film samples.

2.5. Dielectric spectroscopy measurements

The samples have a parallel plate capacitor form of Al/T1GaSy/Al.
Thin-film form samples were placed on a dielectric spectroscopy device
(Alpha-A High-Resolution Dielectric, Conductivity, and Impedance
Analyzer). The frequency range was determined as 10-10° rad/s
(~1-10° Hz) and the temperature range was selected as 273-373 K.
Frequency, temperature and thickness-dependent capacity, and loss
values of the TIGaS, films were measured.

3. Results and discussion
3.1. Structural characterization of TIGaS, crystal and TIGaS,thin films

3.1.1. XRD analysis

XRD patterns for bulk TIGaS, and T1GaS; films are shown in Fig. 1. It
is detected that the TlGaSy crystal represents characteristic peaks
belonging to TlGaS; [23,28,29]. Whole thin film samples have amor-
phous while the bulk sample has a crystalline structure. The results of
representative thin film samples with thicknesses of 250 nm and 750 nm
are given in Fig. 1. The crystal structure changes to amorphous by
thermal evaporation as observed in studies operated on some binary and
ternary compounds [23-25,30,31]. For most samples, it is a fact that
thin-film deposition causes the splitting of solid crystal structure into
vapor molecules before depositing on the substrate. Then, vapor mole-
cules of the sample are deposited on the substrate in a custom way. Thus,
a continuous crystalline structure except in some regions can not be
obtained during deposition. This non-crystalline structure can be called
amorphous [23,32-35].

3.1.2. ATR FT-IR analysis

ATR FT-IR analysis of TIGaS; crystal corresponds to the spectrum
obtained for TIGaS, in literature [36,37]. It can be observed that the
characteristic transmission bands become undetectable for thin film
samples as shown in Fig. 2. Also, new bands appear in spectra. The
crystal structure changes to amorphous. These results coincide with XRD
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Scheme 2. The production of TIGaS, thin films from bulk TlGaS, samples by thermal evaporation.
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Fig. 1. XRD pattern for TlGaS, crystal (The granule of the sample before
deposition), TIGaS; thin films with thicknesses of 250 and 750 nm.

results. On the vertical axis, the change from crystalline to amorphous
phase causes an increase in the transmission of incoming light. The
transmission increases with increasing film thickness. The increasing
effect of thickness can be interpreted by The presence of closer packing
in structure with increasing density. The increasing effective density
may trigger the orientation and the ordering of crystallite regions in-
creases [38,39].

3.1.3. Dielectric analysis

3.1.3.1. Frequency and temperature dependence of dielectric constant. The
dielectric constant values of TlGaS, thin films were calculated from
measured capacitance with a parallel plate of the sample capacitor by
using equation (1):

K= )
SoA

where «' is the dielectric constant, d film thickness, C is the capacitance
of the capacitor, A is the surface area of the electrode, and g permittivity
of free space [40]. In Fig. 3, it is shown that the dielectric constant values
are frequency and temperature-dependent for all TIGaS; thin films. It is
seen that the dielectric constant decreases with increasing frequency and
exhibits an increase in temperature. Polarization mechanisms in the
structure were detected by the fitting results of the Cole-Cole equation
which is described below,

(@) — Koo 1

= 2
Ak 1+ (ian'cc)/}

where, x* is the complex dielectric function, k, is the dielectric constant
at infinitely high frequencies, Ak is the dielectric strength which is the
difference between the static dielectric constant and the dielectric con-
stant at infinitely high frequencies. » is the angular frequency, t¢c is

relaxation time and p is the coefficient of broadening of polarization
inside the frequency range [29,41]. Two polarization mechanisms were
determined in the investigated frequency and temperature interval. It is
detected that these mechanisms are temperature-dependent and shift
toward higher frequencies with increasing temperature. One of these
polarization mechanisms is more pronounced at high temperatures and
inside angular frequency regions of 1-10° rad/s (represented by blue fit
lines). The other one is observed clearly at low temperatures and inside
the angular frequency region of 1000-10° rad/s (represented by red fit
lines). The polarization mechanism observed at low frequencies and
high temperatures has a relaxation time between 10~2 and 10! s, while
the mechanism observed at relatively higher frequencies and lower
temperatures has a relaxation time between 10~* and 1072 s. The
remarkable difference between relaxation times may indicate the dif-
ference between the nature of these two mechanisms. As known from
the literature, from low frequencies to high frequencies electrical po-
larization mechanisms appear as steps starting from space-charge
(interfacial) polarization. Following space-charge polarization, dipolar
polarization, ionic polarization, and electronic polarization, respectively
[42-44]. The mechanism observed at angular frequencies between 1 and
10° rad/s (~1 and 100 Hz) can be attributed to interfacial or electrode
polarization [36-38,45-48]. The other mechanism which is detected in
the frequency range of 1000-10° (~100-10° Hz) can be attributed to
dipolar polarization [37,47,49]. It was reported that there is not any
remarkable relaxation in the frequency range for a single crystal [9],
while there are two relaxation mechanisms detected from dielectric
constant plots for T1GaS; thin film samples. This difference is sourced
from the change of crystal structure by thin film deposition. In thin film
samples, two relaxation mechanisms. One be attributed to space-charge
polarization at low frequencies which is sourced from partly free charge
carriers produced by thin film deposition. The other mechanism is called
dipolar polarization of covalent bonding in structure [44,49,50]. This
evaluation supports the interpretation written from XRD results.

The dielectric constant has values around 9 and 11 for thin-film
samples with thicknesses of 100 nm and 500 nm at room temperature,
respectively. However, the dielectric constant is between 25 and 30 at
room temperature and 10 kHz for TlGaS; single crystal in literature [1].
The difference between dielectric constant values for thin-film TIGaS,
and TIGaS; single-crystal samples can be related to the nature of
thin-film deposition as interpreted in structural analysis. At the time of
deposition, the placing of vapor may succeed to construct the solid
crystal structure in some regions on the substrate, but from a general
view, it is possible to obtain an amorphous or a polycrystalline structure
[51-53]. Thus, the crystal structure changes, and new bonds and some
excess, partially free charge carriers may occur in the structure. This
new structure can include different polarization mechanisms by
comparing the single-crystal structure. Amorphous thin film products
which are deposited from binary and ternary compounds may have
higher dielectric constants than bulk binary and ternary compounds [44,
54]. Partially free charge carrier occurs because the deposition process
may be subjected to space-charge polarization which is dominant fre-
quencies lower than 100 Hz. In our article, it is observed that there is a
frequency and temperature-dependent behavior of dielectric constant as
shown in Fig. 3. When the frequency and temperature-dependent
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Fig. 2. ATR FT-IR spectra for TIGaS; crystal, TIGaS; thin films with thicknesses of 100 nm and 500 nm.
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Fig. 3. Frequency and temperature dependence of dielectric constant (k') for samples with thicknesses of a) 100 nm, b) 500 nm as representative samples.

dielectric constant of bulk TlGaS, is considered [9], the dielectric con-
stant has values between 25 and 30 at frequencies lower than 10* Hz. In
response to this, the dielectric constant values obtained in our study
have values between 100 and 1000 depending on the thickness as shown
in Fig. 3. As a consequence of this observation, the remarkable increase
of the dielectric constant of thin film samples at low frequencies may
give ideas to use this thin film material in applications except the areas
at which the bulk form is used.

3.1.3.2. Thickness dependence of dielectric constant of TIGaS; thin films.
The variation of the dielectric constant depending on the film thickness
is given in Fig. 4. It is shown that the dielectric constant increases

exponentially between 5 and 10 with increasing thickness at 1 kHz at
room temperature. However, when a certain thickness value is reached,
it is seen that the dielectric constant becomes thickness independent at 1
kHz between 600 and 800 nm. Similar behavior depending on thickness
is observed for all frequencies. The exponential fit equation calculates
the thickness-independent dielectric constant around 11 at a thickness
of 1 pm. The amount of void density that decreases with the increase of
thickness will be too small to affect the polarization in the structure after
a certain thickness and over this thickness the sample is called bulk [25].
The reason for the dielectric constant with increasing thickness is based
on the decrease in free volume [25,51]. As mentioned in Fig. 2, the
transmission increases with increasing thickness, and the reason for this
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Fig. 4. Thickness dependence of dielectric constant at 293 K and 1 kHz.

increase is related to the ordering of crystallite regions. Crystallite re-
gions can be assumed as regions occupied by a high number of charge
carriers instead of voids. Thus, the density of voids decreases with
increasing thickness. A high number of charge carriers represent a
higher dielectric constant as observed in Fig. 4. It can be said that the
thickness-dependent dielectric constant behavior supports the result
obtained in the ATR FT-IR spectrum depending on the thickness of
TlGaS; thin films.

3.1.3.3. Frequency and temperature dependence of dielectric dissipation
(tansd) of TIGaS; thin films. Three polarization regions can be seen in
Fig. 5. These three mechanisms can be classified as regionl for the
mechanism observed at frequencies lower than 100 Hz and fitted by blue
lines; region2 for the mechanism observed at higher frequencies than
100 Hz and fitted by black lines; region3 for the mechanism observed at
low temperatures, frequencies higher than the frequencies, which the
region2 is detected, and fitted by red lines. While the regionl can be
related to interfacial polarization or electrode polarization, the other
two mechanisms observed at the relatively higher frequency side at high
temperatures (represented by black fit lines) and the high-frequency side
at low temperatures (represented by red fit lines) can be related to
dipolar polarization of parts of the lattice with different size [41,55,56].
The relaxation time obtained from Cole-Cole fits applied to tand plots for
all mechanisms can be classified as a relaxation time for regionl is
detected between 1072 and 107! s; for region2 it is between 1072 and

tand

tand
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107! s at lower temperatures than of region1, that is at same tempera-
tures it can be said that relaxation time may be lower than of region1; for
region3 the relaxation time is around 10™* s. These results can be
evaluated that region2 and region3 have similar natures and probably
these mechanisms are dipolar polarization mechanisms. The difference
may be the size of the polarized charge carriers.

3.1.3.4. Frequency and temperature dependence of AC conductivity (cac).
AC conductivity (cac) with the equation as:

0" (6ac) +i0" = wepk" + iweok’ 3
where ¢' is the real part of conductivity and called AC conductivity (cac),
o" is the imaginary part of total conductivity [57]. cac in equation (4):

Oac =0y + Ao’ (4)
where o is frequency-independent conduction. It is observed on the
low-frequency side. A is a coefficient and s is a coefficient that relies on
the type of conduction mechanism [25,42,52,58-61]. ¢" can be used if
there is an unknown polarization mechanism at frequencies lower than
100 Hz [57,62]. In this region, there may be trouble distinguishing
interfacial polarization from electrode polarization [29,54]. In Fig. 6,
the frequency and temperature dependence of AC conductivity for all
samples can be seen. It is shown that there are three polarization or
conduction mechanisms in the investigated frequency and temperature
interval. The mechanism observed at frequencies lower than 10° rad/s
(~10? Hz) can be attributed to interfacial polarization or electrode po-
larization. This mechanism is represented by blue fit lines. To distin-
guish the nature of the regionl, the frequency dependence of ¢" can be
used at room temperature.

The presence of electrode polarization can be detected by analyzing
the temperature dependence of ¢" at room temperature. If there is an
influence of electrode polarization at low frequencies, there should be a
relaxation behavior as a hill or as a shoulder at frequencies lower than
1000 rad/s or 100 Hz [57]. Fig. 7 shows that there is not any sign of the
presence of electrode polarization. Thus, it can be evaluated that at
frequencies lower than 100 Hz interfacial polarization dominates total
polarization.

In Fig. 8 s values for region2 and region3 can be shown. The tem-
perature dependence of s can give information about the type of con-
duction. The black data points represent the region2 and except the plot
¢ (temperature-dependent s values for the sample with a thickness of
500 nm) s values are lower than 1 and around 0,8 and 0,6 (for the sample
with a thickness of 750 nm) s values are temperature independent. This
behavior supports the quantum mechanical tunneling (QMT) conduc-
tion mechanism [53,63]. For plot ¢ (plot of the sample with a thickness
of 500 nm) s values are larger by a bit of 1, than with increasing tem-
perature s values decrease. This behavior corresponds to the classical

10% 104 10° 108

 (rad/s)

10° 10" 10?

102 10® 10* 105 10°

o (rad/s)

10" 10° 10’

Fig. 5. Frequency and temperature dependence of dielectric dissipation (tand) for the samples with thicknesses of a) 250 nm and b) 750 nm as representa-

tive samples.
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hopping of charge carriers. When s values for region 3 are investigated,
it is observed that there is a decrease starting from 1,8 toward 1 with
106 5 /_4 increasing temperature. This behavior can be attributed to the classical
% hopping mechanism [25,42,57,64]. However, it can be said that in Re-
gion 3 the charge carriers may be smaller in comparison to the size of
charge carriers or polarized in Region 2 [57]. Although the dielectric
constant of thin-film samples is lower than that of bulk TlGaS,, op¢ or
DC-like conductivity values at 10° Hz frequency for region 3 are almost
the same for thin film samples in comparison to that of bulk samples in
literature [9]. Especially, for the 500 nm thin film sample the conduc-
tivity is larger a bit (larger than 10~® S/cm) at 10° Hz at room tem-
100 nm perature. A lower dielectric constant and better or equal conductivity at
250 nm high frequencies can make a better choice to use TlGaS; thin films in
500 nm switching applications [17]. Also, equal conductivity can make T1GaSs
750 nm thin films a better option in thermoelectric applications as nano-sized
thermoelectric materials [65].

107 -

10 4

" (Slcm)

10 5
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10-11 .

‘ 161 162 163 ';'(')4 165 ' ':I‘Bs o 3.1.3.5. Activation energies calculated for polarization regions. To decide
the type of polarization mechanisms, the activation energies are calcu-
o (rad/s) lated from Equation (5):

Fig. 7. Frequency dependence of imaginary part of conductivity (¢") at room Oac =0 i 5)
temperature.
where oy is the frequency-independent part of conductivity. It can be
called DC-like conductivity. AE is activation energy which is the mini-
mum thermal energy required to support the contribution of a charge
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carrier to the conduction [52,57,59-61,66,67].

In Fig. 9 the application of this equation to temperature-dependent

conductivity is shown. In constant frequency graphs of dielectric spec-
troscopy results usually, 1 kHz constant frequency is used to eliminate

the possible effects of electrode polarization which is observed at

frequencies around 100 Hz. In addition to the frequency, we used some
other frequencies between 1-10° Hz. Similar to previous figures, blue fit
lines are represented the polarization mechanism observed at high
temperatures and low frequencies; black fit lines are attributed to the
polarization mechanism observed at higher frequencies in the former
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mechanism. Red fit lines represent the mechanism observed at high
frequencies and low temperatures. When the calculated activation en-
ergies are compared for three polarization mechanisms, it is detected
that the activation energy of the mechanism with blue fit lines is around
0,35 eV and changes depending on thickness. The activation energy of
the mechanism with the black fit line is around 0,25 eV with changing
thickness. This activation energy interval is the interval that orienta-
tional polarization that has been observed as mentioned in the literature
[67-70]. The last mechanism represented with red fit lines has activa-
tion energy around 0,10 eV based on thickness change. This activation
energy is close to the activation energy obtained for water-containing
materials impedance analysis results [68,71]. These activation en-
ergies indicate the presence of dipolar polarization [39,55,60,72,73].
When Table 1 is detected, it can be seen that the activation energies
increase with increasing thickness in general. The varying activation
energies in the level of dipolar polarization may indicate the presence of
varying sizes of charge groups appearing as a result of the thin film
deposition process. There may be charge groups with different sizes as a
result of the splitting of the TlGaS, lattice. Also, void density which
depends on thickness can affect the polarizability of charge groups [74].

4. Conclusion

TIGaS, thin film samples with thicknesses of 100 nm, 250 nm, 500
nm, and 750 nm were deposited from bulk TlGaS; single crystals by
thermal evaporation, under a high vacuum level. The morphological
analysis based on XRD results shows that the TIGaS; crystal is crystalline
as expected while the structure of thin-film samples is amorphous. ATR
FT-IR results exhibit an increase in the order crystallite structure with
increasing film thickness based on the increase in transmission. Dielec-
tric measurements were operated by an impedance analyzer in the fre-
quency range 1-10° Hz and temperature range 273-373 K. Analyze
results showed that the dielectric constant of thin-film samples had
values, as an average of 11, about half of the dielectric constant of bulk
single crystal TIGaS,. The value 11 reached around the thicknesses be-
tween 600 and 800 nm. Following this range, the dielectric constant
becomes thickness independently. The range 600-800 nm is called the
bulk behavior border for the dielectric properties of TIGaS; thin films.
The thickness dependence of the dielectric constant supports the
behavior observed in ATR FT-IR spectra. Starting from dielectric con-
stant behavior to AC conduction behavior some analyzing plots were
used and it was realized that there were three polarization mechanisms
in the investigated frequency and temperature range for TlGaS; thin
films. The mechanism observed at high temperatures and frequencies
lower than 100 Hz was detected as interfacial polarization. The other
two mechanisms observed at lower temperatures and higher frequencies
were attributed to dipolar polarization. It is known that for single crystal
TIGaSs, it is possible one relaxation behavior {y,wever, for the thin-film
form of TIGaS,, it is possible to have three different polarization
mechanisms. The reason may be the nature of the deposition process.
Thermal evaporation causes the splitting of a solid into a vapor. Then,
the vapor solidifies at the time of deposition on the substrate. The
placement rate of atoms and molecules on the substrate restricts the
occurrence of crystallization. Thus, a polycrystalline or amorphous
structure is constructed. As a result, the structure may have additional
partially free charge carriers and dipolar groups of different sizes. The
presence of interfacial polarization indicates the effect of partially free
charge carriers at frequencies below 100 Hz. This can increase the
conduction of thin-film samples at which in application areas requiring
better electrical conduction. Also on the low-frequency side, the
dielectric constant has values between 100 and 1000 which is larger
than the dielectric constant of bulk samples at similar frequencies.
TIGaS, thin films can be applied in areas such as optoelectronics,
photovoltaic, and thermoelectric. The lower dielectric constant and the
relatively good conductivity of 10~ S/cm at 10° Hz compared to the
dielectric constant and the conductivity of TlGaSy bulk single crystal
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Table 1
The activation energies calculated from fit lines with colors of black, blue, and
red depending on T1Ga$, film thicknesses.

TIGaS, thin film thickness (nm) Activation energy fitted by (eV)

Black fit lines Blue fit lines Red fit lines

100 0,22 0,32 0,070
250 0,24 0,30 0,070
500 0,17 0,30 0,075
750 0,26 0,40 0,13

form may give advantages to T1GaS; thin films in thermoelectric and
switching applications. The investigation of thickness-dependent char-
acteristics of TIGaS, thin film can give options to evaluate possible
alternative applications in nano or micro-sized applications of T1GaS,
bulk materials such as electronics, microengineering, thermo-electric
industry, electronic applications, and optical limiting applications.
Also, the investigation of the dielectric properties of T1GaS, thin films
will be a complete study of the literature in which the structural and
optical properties of TIGaS2 thin films were evaluated.
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