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Investigating the optical and electrical characteristics of AssoCug4o-xSex thin films
prepared using pulsed laser deposition method
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In this work, AsgCu4oxSex thin films were synthesized, and the pulsed laser deposition
method was used to study the effected partial replacement of copper with selenium. The
electrical characteristics and optical characteristics, as indicated by the absorbance and
transmittance as a function of wavelength were calculated. Additionally, the energy gap was
computed. The electrical conductivity of the DC in the various conduction zones was
calculated by measuring the current and voltage as a function of temperature. Additionally,
the mathematical equations are used to compute the energy constants, electron hopping
distance, tail width, pre-exponential factor, and density of the energy states in variation
zones (densities of the energetic extended states N(gex), localize N(eioc) and at the Fermi states
Nep). The acquired data also demonstrated that the selenium concentration obviously had
an impact on the electrical conduction mechanics, energy states, and the level of
randomization.
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1. Introduction

In several technological contexts , the pulse laser deposition method is one of the most
effective and affordable methods for semiconductor , mineral , and oxide deposits . Despite the fact
that the first thin film production using pulse laser technology began in 1960 [1] . The optical
features of amorphous semiconductors include unique infrared transmittance ranges and an elevated
refractive index (2-4) . This is the optical band gap: appropriate for modified devices and
applications . In photovoltaic coating , the thin films of chalcogenides were produced . Thin film
photovoltaic coatings for chalcogenides have been developed recently for use in photo thermal
equipment , solar radiation absorption , sensing , visualization , verification , and display [2] . The
use of optoelectronic devices depends heavily on their optical properties . The separation in energy
between bar of the valence and bar of the conduction is generally small in semiconductor materials
and is close to the thermal energy (KT) . If the material is of the negative type (n-type) , the
concentration of electrons in the conduction band will grow as the semiconductor's temperature rises
., or it may increase the concentration of holes in the valence band if the material is of the other
positive type (p-type) . The atoms of the impurities are ionized in accordance with the kind of
impurity by raising the temperature to ambient temperature ( energy of the impurities ) . The process
of producing more electrons and holes as a result of excited electrons moving from bar of the valence
to bar of the conduction , known as electron-hole generation , occurs if the temperature is raised
above that.

The link between electrical conductivity and semiconductor temperature is displayed in
the equation.
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Transporter are enthusiastic about prolonged states to display activation Energy AE ( Ec—
Er) or ( Er—Ey), Temperature is T (k) , The Boltzmann constant is k .

Electrical conductivity's contribution is mostly influenced by the various temperature ranges
to which the semiconductors are subjected , particularly in the case of the semiconductor
chalcogenide glass .

At lower temperatures , conductivity may result from electron or hole hopping between near
by Fermi level-like local energy states . However , at moderate temperatures, electrical conductivity
is determined by the levels of the energy states at the local level band's tails , where the electronic
charges are moved by hopping between the local levels in this area . Regarding increased electrical
conductivity at high temperatures is situated between the extended energy levels of the conduction
and valence beams . As a result , equation 1 often consists of three terms , each of which denotes a
conduction mechanism for one of the aforementioned locations . Equation 1 then has the form [3]

o) o) o)
0 = 018" KT' + 0pze" KT + 0gze" KT )

It can be used to establish understanding the connections between temperature range and electrical
conductivity that a semiconductor is exposed to regarding the first term , which stands for the
electrical conductivity at high temperatures , the following equation can be used to determine the
density between the two bundles of conduction and valence of the extended energy levels [4]

Ooext, = (De2aVoN(Ec) (3)

2
Where electron frequency Ve = # and Interatomic space a = 0.026 % therefor N(Eex) [5,6]

em

N(Eex) = [ﬁ] Ooext (4)

The element that originates from the activation energy before the exponent ¢ 02 are
computed from equation 2 second term , which stands for conductivity at medium temperatures ,
before computing the density states of local energy in the vicinity of the energy bands' tails . The
following equation states

N(Eloc) = 0o2 Q)

6
e2v RZ] 0
ph

When V,, indicates the frequency of a phonons , distance R hops between two localized
states

when temperatures are lower , it's feasible to compute the density of local energy levels
close to the Fermi level by first extracting the activation energy E; as well as the pre-exponential
component 03 from the third part of equation 2 . The following equation states that

003 = ()e2VpnR*N (E) (©)
where ¢ is the electron charge , N (Er) represents the state density close to the Fermi level.

AEa™1
So,R = 0.7736[m]0.25

Where AE = E;-E;, o' = 10”7cm (coefficient of optical absorption) while N (E.) indicate
the extended state's density .
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2. Modeling and working methods

In this paper , The preparation of thin films of AsgCusoxSex involved weighing and transferring
suitable amounts of beginning components , including arsenic , copper , and selenium , into quartz
ampoules . The beginning components were then combined thoroughly in the ampoules before being
squeezed into a single mass and employing pulsed laser deposition technology to deposit it on glass
substrates . It does this by guiding pulses from a pulsed Nd:Y AG laser counts of 200 , 6 Hz repetition
rate and an energy of 400 mJ in vacuum of 2.5 x 102 mbar . The figure depicts the device's
experimental configuration (PLD) [7] . It substitutes for the selenium compound in various amounts
, after samples were ready , they were flattened into 1 x 1 cm discs and placed on a glass substrate
that was 7 cm * 2.5 cm in size . The system contained a mechanical rotational pump for gas removal
as well as a bell constructed of pyrex glass that was 1 mm thick , 320 mm in diameter , and 45 cm
high as shown in [8] .

éﬁ’AG laser
wavelength=1064 nm
under vacuum

L — rotery outlet

Fig. 1. Illustration of the PLD system used in this work.

The numbers of pulses , as well as , the pulse energy and laser spot size are all configurable
. They fluctuate depending on the distance between the laser lens and the target . Use the laser beam
to direct the beam at the target at a 45-degree angle . The optical characteristics of the thin films
were calculated using 2 g of the target material , AsgoCusoxSex at (x =0, 5, 15 and 20) Ultraviolet
Visible Spectro- photometer within the wavelength between (300 and 1100 nm) .

3. Results and discussion

3.1. Optical properties
3.1.1. Transmittance spectrum
The results of examining the transmitance and absorption spectrum of AsgCusoxSex at (x =0, 5

, 10, 15 and 20) for the thin film at wavelengths between (300 and 1100 nm) revealed that the
transmittance increases with increasing wavelength and decreases with increasing distortion , as
shown in figure 2 . The cause of this is the formation of motional levels inside the energy gap as a
result of replaced , which increases the membrane's absorbance and decreases the transmittance of
the membrane.[9].
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Fig. 2. Transmittance as a function of wavelength Ass)CusoSex Thin film with X = 0.20, 0.15, 0.1 and 0.5

3.1.2. Absorbance spectrum
In the case of absorbance , we note that its absorption curves behave exactly the opposite of
the transmittance curves , and decrease with increasing replaced at longitudinal wavelengths (at low

energies) . At short wavelengths (at higher energies) , the absorbance changing with increasing
doping , as in Figure 3 .

4.5 e AbS. X =0
Absorbance
4 e AbS.%=0.5
Abs.x=0.10
35
e b8, %=0,15
3 e A8, X=0.20

Absorbance (A%)
(=]

300 500 700 900 1100
waveiength

Fig. 3. Absorbance as a function of wavelength (As60Cu4p.Sey) Thin film with different Se concentration.

3.1.3. Energy gap

The energy necessary to excite electrons from top of bar the valence to bottom of bar the
conduction is termed as the gap energy (48) and it has been called prohibited or forbidden because
the time period during which the electron possesses energy during this region is very short (93) and
it is considered the most important optical constant on which semiconductors are relied upon for the
manufacture of many electronic devices such as solar cells , detectors , photodiodes and others . The
energy gap was calculated by drawing the graphic relationship between (ahv )2 and (hv ) as in figure
4 )x=0,5,10, 15 and 20) and the energy gap is calculated when (ahv)2 = 0 of the intersection
of the tangent with (hv) . The point of intersection represents the energy gap and we note that the
values of the energy gap decrease with distortion and the schedule 1 represents energy gap
computations with increasing concentration [10,11] .
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Fig. 4. Energy gap of (As60Cu40 -x Se x) Thin film x= 0 (pure), 0.5, 0.10, 0.15 and 0.20.

Table 1. Represents the values of the energy gap with x= 0 (pure), 0.5, 0.10, 0.15 and 0.20.
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3.2. Electrical properties
Continuous electrical measurements when temps. are low , medium , and high were
examined for the five samples just partially replacement of Se with Cu showing in figure 5 . All
materials are electrically conductive alloy at various temperatures , thin films were with
semiconductor behavior (i.e. all samples increased with electrical conductivity with temperature
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increase) . Figure 5 shows the relationship between the logarithm of electrical conductivity and
temperature . From this figure , it can be seen that every sample's conductivity depends on the
temperature and behavior of the semiconductor as temperature rise , electrical conductivity rise as
well as illustrating how each alloy operates as a semiconductor [12] . Additionally , as amount of
Se raises the electrical conductivity rises . In order to identify probable the processes in the thin
films , informations of the conductivity were analyzed , in particular procedures of the electrically
stimulated shown between In versus 1000/T for the As60Cu40-xSex compound . The curves of all
the samples under the experiment demonstrate that there are three different ways that electrical
stimulation affects conduction . as each curve consists of three different parts for each part has its
own activation energy obtained before the exponential factors according to equation 1 which
represents the conduction mechanisms for all regions levels [13,14]

12 == 1n0(0)
¢ Ino(5
14 (5
=0=1n0(10)
-1
6 =0==1n0(15)

=—b=11n0(20)
-20

In(0)

-22

24

-26

-28

-30

1000/T

Fig. 5. Representing the relationship between the logarithm of the DC electrical resistance (In o) and
the reciprocal of the absolute temperature (1000 / T) for the compound AssoCuqo-xSex with x= 0, 5,
10,15 and 20

The activation energies AE3 , AE2 and AE1 and the pre-exponential factor co1, Go2 and Gos
were calculated for each of these parts , respectively . They are listed in table 1. The interaction of
activation energies AE1 , AE2 and AE3 and Se concentration was drawn in the figure 6. Through
this figure, it is noticed that the AE1 , AE2 and AE3 of These findings concur with those of the
researchers in reference , who found that all samples rise with increasing Se content .

Table 2. The composition dependence of activation emerges (AE;, AE>, AE3) and pre- exponential factor
Ovext, Oioe, Ovioc  fOr three regent states of AssoCu40..Ses.

High temperature medium temperature low temperature
X | AEi(ev) 7”[’2': nf )ﬁj AE:(eV) ‘;‘_’j)j nf f,s AEs(eV) 7”;2': nf )ﬁj
0 5.7 27.85 1.2 2.403 0.16 1.935
5 5.9 24,032 1.7 19.35 0.12 1.999
10 6.1 2.696 2.9 2.779 0.125 9.995
15 6.7 2.394 3.7 36.64 0. 157 2.593
20 6.9 2.3966 4.7 10.79 1.9 4.999
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Fig. 6. Shows the Activation Energy as a function of Se concentration for As60Cu40 -x Sex
(x=20,35, 10,15 and 20.

Figure 7 shows dimension of hopping (R) , domain of energy tail (AE) , also distance
between atoms (a) which are calculated from the theoretical components' equations as a function of
Se element concentration , where it is typically seen that both R and E decrease with increasing
concentration of element Se , this indicates the presence of condensation in the band's energy levels
, and thus these variables dropped . Additionally , the decline in local states results in the compound's
propensity to crystallize the state , moving away from randomness , as shown in table 2 .
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Fig. 7 : Displays dimension of hopping (R) , domain of energy tail (AE) and distance between atoms (a)
versus of Se concentration for As60Cu40 -xSex withx =0,5, 10, 15 and 20.

For all samples , it is noted from table 2 that the raise in Se content (x=0,5, 10, 15) for
the samples leads to an increase in energy levels in the extended states N (Eext) and this indicates
that the atomic structure of the samples becomes more regular at these concentrations [10] , but it
decreases at the concentration 20 , and this is reflected in the density of cases . The locality at the
tails of the bundles (Eloc) with the raise in Se content as shown in the figure 8 , and this shows that
the randomness increases with the increase in the concentration of selenium at 20 , and at the same
time it is noted that there is a slight change in the Fermi level's state density (Ef) with a rise in
selenium concentration . This indicates that the randomness in the configuration has decreased
significantly[13] . They are illustrated in figure 8 and shown in table 3.
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Fig. 8. Represents the densities of energy states with respect to Se concentration for AssoCuiggSex.

Table 3. Represents to Tail Width AE, R and a, as well as the density of states for the three reigns.

Ngext) x 1018 N(&loc) x 1016 N x 1010
X AE (eV) R (AY) a (A
(1/eV.cm®) (1/eV.cm®) (1/eV.cm®)
0 1.024 3.15466 | 3.9178x10°3 1.654 2.75 14.5
5 1.031 4.17911 4.540*10 3 15.566 40 2.26
10 1.325 5.8543 0.04047 30.87 306 4.28
15 1.343 3.1314 0.04557 18.94 656 3.16
20 1.454 2.4358 0.45522 1.51 4.57 2.84

4. Conclusion

This study focused on the effect of partial substitution of copper with selenium on the
electrical properties of AssoCusoxSex (x =0, 5, 10, 15, 20) . This study confirmed the existence of
three conduction mechanisms : localized state conduction at medium temperatures , extended state
(high-temperature conduction temperatures) and localized (variable band jumping near plane of
Fermi in the little temperature) . The high , middile and little temperature regions of the samples and
electrical conductivity measurements were separated for the purpose of determining the conductivity
coefficients , the density of the localized and extended states at the beam tails of the medium . has
been calculated three conduction processes were identified by electrical measurements : extended-
state conduction the temperature is high to localized conduction in the middile temperature and
band-variable jumping in the little temperature .

The introduction of selenium had the effect of increasing the activation energy of the
expanded status conduction in plane of Fermi and decreasing the activation dose in the localized
vacuum states . This effect was measured as a function of concentration . It was found that increasing
the concentration of selenium in the samples led to a clear change in all conduction coefficients and
in the intensity of the local and extended state and at the Fermi level . As for the optical properties
such as absorbance , transmittance and energy gap , the consequences pointed that raising
concentration of the selenium guide to a clear change in all optical properties .
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