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Abstract

A film of DBM is deposited on a -Si single crystal to fabricate a p-DBM/n-Si (thickness = 90 nm).
Researchers have explored the electrical and photoelectrical characteristics of photovoltaic cells by
analyzing current. have been studied through current analysis. Photovoltaic
cell. Electrical and photoelectrical properties have "The matter has been under investigation.” by the
current density — voltage measurements at different temperatures ((J-V) characteristics)."The fabricated
cell displayed rectifying properties, with a rectification ratio.” R=4043 at 1 Volt. The obtained value of
the series resistance Rs and the shunt resistance Rsh at room temperature were determined to be 750 Q and
1700 Q, respectively. At low voltages (V<1V), the dark forward current density is controlled by the
tunneling mechanism, while at relatively high voltage (V>1V), a space charge-limited-conduction
mechanism is observed, controlled by a single trap level. The C-V measurements indicate an abrupt
junction with a built-in voltage of 0.78V. Finally, the cell exhibited photovoltaic characteristics with an
open-circuit voltage of 780 mV, a short-circuit current of 1.2x10° mA, and a power conversion efficiency
of 1.48%. These parameters were estimated at room temperature under light illumination from a source
with an input power density of 20 mWatt/cm2. These parameters were estimated at room temperature
under light illumination from a source with an input power density of 20 mWatt/cm?.
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1. Introduction:

Energy from the sun is converted into electrical
energy by devices with organic solar cells. In order
to produce the most electricity possible while
exposed to sunlight, semiconductor diodes are
used to create solar cells. Because of variations in
temperature, optical excitation, and impurity
content,  semiconductors  have  electrical
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conductivities that range from those of metals to
insulators. Two different semiconductor kinds
make up a p—n junction: p—type and n-type. An
intersection of a positively doped (p-type) and a
negatively doped (n-type) semiconductor results
in a p-n junction. Carrier drift is encouraged and
additional carrier diffusion is inhibited by the
space charge area and electric field established by
this connection.
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The equilibrium state is attained when the carriers
diffusion and drift currents cancel one another out.
Whether the electrode creates an ohmic or
blocking contact for charge carriers depends on the
choice of materials used to form the interaction
with the semiconductor. Al, Ca, In, and Ag are
frequently used as electrode materials in organic
solar cells for collecting electrons, while Au is
used for collecting holes. In solar cells and LEDs,
at least one contact must be transparent. Semi-
transparent materials, such as sublimed metals,
can help achieve this. [1]

The conjugated solids that make up organic
photovoltaic materials are principally affected by
partially delocalized r and r* orbitals in terms of
both light absorption and charge transport.
Materials that are appropriate for use in
photovoltaic applications include crystalline or
polycrystalline films made wup of "small
molecules” (molecules weighing a few hundred)
as well as amorphous films made up of small
molecules that are deposited by vacuum
deposition or solution processing. Combinations
of these substances with inorganic or additional
organic solids are also feasible alternatives.

There are many distinctions between organic and
inorganic solids. For example, in organic
materials, carrier production frequently requires
about 100 meV and does not always result from
light absorption alone. Rather than band transport,
charge transfer in organic solids usually entails
hopping between localized states, which leads to
reduced mobilities. These properties result from
the bonds in organic solids having intermolecular
Van der Waals forces that are substantially less
than those in inorganic crystals.

In addition, compared to the sun spectrum, the
spectral range of optical absorption in organic
materials is somewhat small. Organic materials
frequently have high absorption coefficients (~ 10°
cm™), which allows for the attainment of high
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optical densities at peak wavelengths in films
thinner than 100 nm. Furthermore, the presence of
oxygen or water can cause a lot of organic
molecules to degrade. In the presence of water or
oxygen, many materials become unstable. They
can have extremely anisotropic electrical and
optical properties since they are one-dimensional
semiconductors. For the design of devices, this
could be helpful. Many organic solids have a high
degree of disorganization, which exacerbates low
mobility. Transitions from m to r* are typically the
optical excitations that visible photons can reach.

Organic photovoltaic devices are limited by
various attributes. To break apart the
photosynthesized exactions, a strong driving force
needs to exist. The photocurrent in the solar
spectrum is limited by low charge carrier
mobilities and limited light absorption. Defective
interfaces on gadgets can have serious
consequences. Since hopping transfer occurs, the
photocurrent is temperature-sensitive [2].

The process of an electron moving from the
highest occupied molecular orbital (HOMO) to the
lowest unoccupied molecular orbital (LUMO) in a
photovoltaic (PV) device to produce an exciton
occurs after light absorption. After then, there is
exciton dissociation, which leads to the electron
and hole moving in different directions toward
different electrodes.

The synthesis of thin films of Ch-diisoQ was
studied by A. Darwish et al. They described a
method of fabricating these films using the thermal
evaporation technique, which is a commonly used
technique for depositing thin films of various
materials. In order to create a thin film, this
method entails heating the Ch-diisoQ material
until it evaporates, then letting the vapor condense
onto a substrate. Using infrared spectroscopy,
which provides information on the functional
groups in the molecule and facilitates structural
determination, the molecular structure of Ch-
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diisoQ was examined in both its powder and as-
deposited/annealed thin-film forms.

Ch-diisoQ thin films were found to have a
nanostructure using X-ray diffraction (XRD)
research. A higher annealing temperature resulted
in a larger crystal size for the material. The
crystalline structure of Ch-diisoQ thin films
appears to be influenced by annealing. Ch-diisoQ
thin-film dark electrical conductivity was
investigated at both as-deposited and annealed
temperatures between 298 and 423 K. Growing
annealing temperature resulted in a decrease in
activation energy, which controls the temperature
dependence of conductivity.

At low voltages, the conduction mechanism in Ch-
diisoQ thin films was found to be Ohmic,
suggesting linear current-voltage characteristics.
However, at high voltages, the conduction
mechanism transitioned to space charge limited
conductivity (SCLC), indicating the presence of
localized traps that influence charge transport.
Fundamental electronic properties such as the
Fermi level position (EF), electron mobility (),
and concentration of traps (Nt) were calculated.
The calculated values (EF = 0.231 eV, p = 1.56 x
10 cm? V1 st Nt = 3.35 x 10* cm®) indicate
the potential of Ch-diisoQ thin films for
applications in heterojunction solar cells. The
values suggest efficient charge transport and low
trap densities, which are desirable for solar cell
performance.

These results improve the understanding and
refinement of Ch-diisoQ thin films for use in
renewable energy technologies[3]. The study
provides important insights into the structural,
electrical, and electronic characteristics of Ch-
diisoQ thin films, highlighting their suitability for
applications in  photovoltaic devices like
heterojunction solar cells[3].

Thermally evaporated 5,10,15,20-tetraphenyl-
21H, 23H-porphine iron (I11) chloride FeTPPCI
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and p-type Si wafer were used by M. El-Nahass et
al. to build a heterojunction. Both thermally
triggered carrier recombination and rectification
behavior were seen at the junction. With a drop in
temperature, barrier heights reduced and ideality
factors increased. 2.8 mA short-circuit current,
0.475V open-circuit voltage, and a 32% fill factor
were noted under light[4].

An AI/NTCDA/p-Si/Al device was examined at
various temperatures by Ahmed Nawar et al. With
rising temperatures, the idealism factor dropped
and the barrier height increased. It was discovered
that the barrier height had a mean of 1.5 eV and a
standard variation of 20 mV. The series resistance
dropped as the temperature rose. A passivation
process can be used to illustrate how the
distribution of interface states was affected by
inserting NTCDA between the electrode and p-Si

[5].

S. Al Garni et al. used the thermal evaporation
method to create hybrid organic-inorganic solar
cells. With a rectification ratio of 157 at £ 1V, the
cell exhibited rectifying action. At lower voltages,
the dark current density was governed by the
thermionic emission instrument, and at higher
voltages, by a space charge-limited-conduction
process. Adding an InSe layer to the cell resulted
in a roughly nine-fold increase in conversion
efficiency, as well as a notable improvement in the
short circuit photocurrent density and fill factor. It
was discovered that temperature increased the
power conversion efficiency [6].

Using standard thermal evaporation methods, M.
El-Nahass et al. created an n-SO/P-Si
heterojunction by depositing a thin layer of 1,3,3-
Trimethylindolino-B-naphthopyrylospiran ~ (SO)
onto a P-Si single crystal substrate. At low voltage,
forward conduction was mostly controlled by
thermoionic emission, whereas at high voltage,
space-charge-limited current (SCLC) processes
were dominant. When the device was
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continuously illuminated at room temperature
with 5 mW/cm?, it demonstrated noticeable
photovoltaic characteristics. [7]

N. Khusayfan et al. presented the results of
heterojunction indigo thin films on silicon that
were created utilizing the thermal evaporation
method in a high vacuum. It was discovered that,
at low voltage, thermionic emission dominated the
charge transport mechanism in this indigo on
silicon, and that, at higher voltages, single trap
distribution dominated space charge limited
conduction SCLC. It was discovered that p-Si was
the main source of the reverse current at reverse
applied voltage because of generation-
recombination. These devices' capacitance-
voltage (C-V) properties were evaluated at a high
frequency of 1 MHz. Under white illumination, the
I-V characteristic parameter was computed. [8]

Through the use of vacuum thermal evaporation,
Saleem Qashou et al.'s study produced thin films
of Au/Ch-diisoQ/p-Si/Au. On a p-Si substrate, an
organic substance called Ch-diisoQ was deposited.
Deposition parameters must be precisely
controlled during this process. to achieve the
desired levels of homogeneity and film thickness.
They employed atomic force microscopy (AFM)
and X-ray diffraction (XRD) patterns to examine
the morphology and structure of the Ch-diisoQ
layer. AFM delivers insights into surface shape at
the nanoscale, whereas XRD provides information
regarding crystal structure.

The parameters of dark current density-voltage
were examined across a range of temperatures.
The presence of space charge limited current at
high forward bias voltage and thermionic emission
at low voltage indicates distinct conduction
mechanisms under various circumstances. In order
to better understand how temperature influences
device performance, they examined the
temperature dependency of reverse current density
utilizing Poole-Frenkel and Schottky's effects [9].
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In an investigation conducted by H. Zeyadaa et al.,
scientists created a hybrid hetero junction solar
cell by utilizing a thermal evaporation method to
deposit an indium phthalocyanine chloride
derivative (InPcCI-D) onto a p-type silicon single
crystal wafer. To achieve the intended device
features, this material and deposition technique
selection is essential. Current-voltage and
capacitance-voltage measurements, which offer
comprehensive details about the electrical
behavior of the device, were used to characterize
the manufactured cell.
The examination of dark current-voltage
characteristics at varying temperatures provides
valuable information on the predominant
conduction processes and how they vary with
temperature. Understanding how temperature
impacts device performance and behavior is made
possible by the estimation of junction parameters
as functions of temperature [10].

In a work by H. Zeyadaa et al., the thermal
evaporation method is used to deposit films of two
distinct quinoline derivatives onto p-Si substrates.
Device features and performance are probably
impacted by material selection. grasp device
operation requires a grasp of the optical and
electronic properties of the quinoline derivatives,
which can be obtained by illustrating their
absorbance and energy band diagrams.

Understanding the behavior of heterojunction
diodes under various conditions can be achieved
by examining their electrical properties through
the examination of current-voltage characteristics.
The relative benefits and downsides of each
material system can be understood by comparing
devices made of different materials [11].

Each study contributes to the understanding and
advancement of hybrid heterojunctions for solar
cell applications through meticulous fabrication,
comprehensive characterization, and performance
evaluation. By analyzing each aspect in detail,
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researchers can

performance.
2. Methods of Research and the tools

used

The experimental techniques used in this research
focus on the structural, optical, electrical, and
photovoltaic properties of thermally evaporated
4-dimethyl amino benzylidene malononitrile
(DBM) thin films. The structural properties were
analyzed By employing Analyses involving X-
ray diffraction (XRD), scanning electron
microscopy (SEM), and Fourier transform
infrared spectroscopy (FTIR).

Optical properties were examined through
spectrophotometric measurements of
transmittance and reflectance at normal
incidence. Electrical properties were investigated
using conductivity measurements, employing the
two-probe method. The photovoltaic properties
of DBMI/n-Si heterojunctions were evaluated
through current density-voltage (J-V) and
capacitance-voltage (C-V) measurements.

N
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4-dimethyl amino benzylidene malononitrile (DBM)
The DBM used in the study was prepared through
a chemical reaction between 4-dimethyl
amino benzaldehyde and malononitrile in
ethanol. The reactants were dissolved in ethanol,
and triethylamine (TEA) was added as a catalyst.
After heating for 30 min and After reaching
room temperature, a precipitate developed, which
was subsequently filtered and rinsed with
ethanol. The resultant product was dissolved in
ethanol, filtered once more, and underwent
crystallization, leading to the emergence of
yellow needle-shaped crystals.

The preparation of DBM thin films involves

ETOH/ Basic Catalyst
(TEA)
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identify  opportunities for
optimization and further improvement in device

depositing them via thermal evaporation on
different substrates selected based on the specific
properties being studied. Glass substrates are
used to examine structural and electrical
properties, quartz substrates for optical
properties, and potassium bromide (KBr) single
crystal substrates for IR measurements.

The cleanliness of the substrates is crucial for
achieving high-quality films, as it significantly
impacts the morphology and growth of the
deposited films. To ensure proper cleaning, the
substrate is immersed in a sodium hydroxide
solution for a duration of 24 hours to eliminate
grease, fingerprints, and small particles. It is then
washed multiple times with distilled water and
immersed in chromic acid for another 24 hours.
Afterward, the substrate is washed with distilled
water and then with ethyl alcohol. Finally, it is
rinsed with distilled water and dried using dry air
[12-14].

The process of preparing thin films is by using
the thermal evaporation technique. It describes
the setup of a high vacuum coating unit and the
steps involved in substrate cleaning. The cleaned
substrates are mounted in the unit, facing the
evaporation molybdenum boat, and the vacuum
chamber is pumped down to 10° Pa. The boat is
loaded with the material for evaporation, and the
current passing through it is increased to initiate
evaporation. The vapor condenses on the
substrates, forming a solid film of the desired
thickness. The deposition rate is controlled using
a quartz crystal thickness monitor, and the films
are kept under vacuum to prevent oxidation upon
exposure to air [15,16].

For the preparation and electrical measurement of
DBMI/n-Si heterojunctions, initially, n-type Si
wafers are cleaned and etched before being
coated with a 55 nm thick DBM thin film using
the thermal evaporation method. The top
electrode is deposited in a grid form using Au to
allow for current collection without obstructing
incident light. The bottom electrode is coated
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with Ag as an ohmic electrode [17]. Annealing
the junction at 373 K for two hours improves its
performance by removing potential channels that
may have formed during preparation. [14]

Electrical measurements of the space-charge-
limited current (SCLC) are conducted using a
high  impedance  electrometer,  varying
temperature from 298-423 K, and applying
voltages in the range of 0-60 V. The (I-V)
characteristics can be obtained by measuring the
resulting current corresponding to a certain
voltage value across the junction, using a suitable
circuit for I-V measurement, as Figure 1.
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Figure 1.1. Electric circuit for measuring the I-V
characteristic of p-n heterojunction.
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Figure 1.2. An electric circuit is used to measure
the load I-V characteristic under illumination.
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Figure 2 Simplified block diagram of model 1410 CV
circuit

heterojunction involved measurement conducted
at room temperature using a computerized
capacitance-voltage (C-V) system, which consists
of a 410 C-V meter connected to a personal
computer via a Model 4108 interface. The setup
allows for the characterization of the
heterojunction’s electrical properties. [14]

3. Results of Research and discussions

Fig. 3 shows the dark current density—voltage
characteristics, or the J-V characteristic, curves of
the new DBM/n-Si cell at various temperatures,
303, 313, 323, 333, 343, 353, and 363 K. The
diode-like behavior of the curves shows the
formation of a barrier at the interface between the
Si substrate and DBM film. It is also shown that,
for a given applied voltage, the current increases
as the temperature increases, which indicates that
the conductivity has a positive temperature
coefficient. The forward current divided by the
reverse current (RR=JF/JR) is known as the
rectification ratio (RR) ratio. It has been calculated
at +1V for a prepared cell and found to be 131 for
the J-V measurements conducted at room
temperature [18].

The dark forward current density can be fitted to
the modified ideal diode equation [1]

J= J01 exp q(V _‘]Rs) -1 +‘]02 exp q(V _‘]Rs) +V _‘]Rs
nkgT Nk T R,
Where ], stand for the reverse saturation current
density, where n denotes the diode quality factor,
g denotes the electronic charge, Rs denotes the

series resistance, and Rgh is the shunt resistance.

The process of measuring the capacitance-voltage
(C-V) characteristic for the p- DBM/n-Si
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Figure 3 Dark J V character‘zs{t\gzs of the fresh DBM/n Si cell at
different temperatures in both forward and reverse bias

At a certain applied voltage (Vcon), the
rectification ratio, or RR, is the ratio of the forward
current (IF) to the reverse current (IR). RR is
shown as (IF/IR) Vcon in Figure 4. At +1 V, the
RR value was found to be 4043.5. After measuring
the cell, it was observed that its behavior

demonstrated solid rectifying characteristics.

Rs "The series resistance" is the combination of
the material's resistance and contact in the
junction. Using Fig.4, the shunt resistance Rsh,
represents the resistance from the leaking current
through the junction. Where R; = AV/AI, this can
be found from the current-voltage curves. The
junction resistance reaches a constant value at a
high enough forward bias; this value is the series
resistance or Rs. Conversely, at high enough
reverse bias, the junction resistance remains
constant and is equivalent to the diode shunt
resistance Rsh. On the other hand, shunt
resistances and junction series are crucial for
enhancing cell design and performance. At room

temperature, the series resistance (Rs) and shunt
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resistance (Rsh) were found to be 750 Q and 1700

Q, respectively.

10°

10° " i " A A
0.0 0s 1.0 1.5 20 25

V (voits)

Figure 4 Plots of the forward and reverse bias at room

temperature.

Figure 5 shows two different regions indicating
the presence of two different conduction
mechanisms. In the first region at low voltage
(V< 1 volt), the dark forward J-V characteristics
are presented in Figure 5.

For a given temperature, the forward current
gradient was found to be nearly constant, and the
quality factor was identified. The series resistance

decreases with increasing cell temperature.

10!

102

10°

10"

Ji (AT m?)

10°

10%

107 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25

5 Variation of Jswith V of DBM/n Si cell.
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: — Where B is a constant independent of the applied

voltage, Figure 7 shows the plot as a function of

temperature, and a straight lineis obtained,

indicating the existence of a multi-level tunnelling

mechanism. The value of P is determined by the

In[J(ATm*)]

slope of the straight line obtained and is 0.045 K-1.

The ratio @/ can be used to determine the change

0.00 0.05 0.10 0.15 0.20 0.25 0.30

‘o in the built-in  voltage (Vbi) with respect

Figure 6 Variation of In Jf with V of DBM/n Si cell at low voltage to absolute temperature (T) as:

Itis suggested that the main current transport mechani

sm in this region is the tunneling mechanism, and the

voltage dependence of the transient current can be exp

ressed as [5]:

[J(ATm?)]

J = Jo1 [exp (aV)]

Where o is an independent constant of
temperature, the data of Figure 6 were analyzed
using equation 2, and the parameter o was found B
to be 12 V1. On the other hand, the reverse S log[v"(f)] 0304
saturation current density J,, can be calculated by

extrapolating the forward current density curves to
zero voltage. According to multi-step tunneling
mechanisms, J,; should change exponentially
with temperature and given by dvy; B

Jo1 = Joo exp (BT)

w25

Figure 8 Variation of log (J) with log (V) at higher forward
voltage bias for DBM/n Si cell.

dT «a

35|
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145 [

In[J, (Afm?)]

300 310 30 30 M0 30 360 370 360
Figure (7): Variation of Jf with V of DBM/n Si cell.
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The calculated value of dvwwi/dT is equal to
3.75x10-3 V/K. The following relationship can
give the number of steps (R) required for an
electron to traverse the depletion region.

o = (8/3h) (m”e'/RN)Y2

Where h is represent Planck’s constant, N is the

acceptor concentration in n-Si, ¢’ is the dielectric

constant of n-Si, and m* is the effective mass of
the electron (m* = 0.56 m¢). It was found that R is
about 2.11x10° steps.

Another conduction mechanism emerges in the
second region, which is defined by high voltage (V
> 1 volt). Plotting the current density on a
logJ-logV scale, as shown in Figure 8, reveals a
power dependence on voltage with a slope of
about two. as depicted in Figure 8. This power
dependence proposes that the dark current is a
space-charge-limited current (SCLC) controlled
by a single trap level.

According to Lambert's theory, the relation for the
current density, in this case, is given by [6]

9 V?

J =—g, Ul —

scc T g oM FE
The trapping factor, denoted as 0, represents the
ratio of free charge to trapped charge. It is
determined by factors such as the thickness of the

DBM thin film (d), the dielectric constant of DBM
(€2), and the hole mobility (w). [7]

0= Nv exp(_ Et j
N KT
Boltzmann's constant, indicated by kg, the total
trap concentration at energy level Et above the
valence band edge, indicated by Nt(s), and the

density of states that is effectively present at the
valence band edge, called as Nv.
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Figure 9 C%-V characteristic for DBM/n-Si cell.

By extending the straight line to cross the voltage

axis at 1/C2 = 0, the built-in voltages were
determined. The donor concentration in DBM is
shown by the slope of the straight lines. Table 1
shows the estimated values for the device Co's
built-in  voltage, donor concentration, and
capacitance at zero bias.

Table 1: Values of Vi, N2, and C, of DBM/p-Si
cell room temperature.

Co (pF) Vi N>
(volts) (10t
cm?)
Febricated | 1 92 0.78 35

The experimental efficiency of the solar cell is
given by the following equation:

6 _ Pn _FFVocle o

n
Pin Pi

5.0x10™

v 'O

-5.0x10™

1(A)

-1.0x10™ 4

—e— dark
+— illumination|

-1.5x10°

-2.0x10” -

FigurelOLoad J-V characteristics under 20 mwW/cm?

illumination for DBM/n-Si cell.
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Where P;, is the estimated light intensity
impinging on the cell, expressed in mw/cm?, and
FF is the filling factor, as determined by: -

Vmax Imax

FF =
‘/OCISC

ISC

]sczj

where V... and I, are the potential and current
at the greatest power point. Consequently, the
maximum power that the cell can produce is
indicated by:

Prax = VimaxImax = FF-Voclse

Table 2: The photovoltaic parameters of the DBM/n-Si cell at room temperature.

The solar cell efficiency was determined without adjusting for reflection or electrode absorption losses,
yielding approximately 1.48%. This aligns with the values observed for organic materials as listed in Table
2.

ISC (Amps) VOC (VOItS) F Imax Vmax n%
(Amps) (volts)
a fabricated

cell 1.2x10°° 0.76 0.361 75x1010  0.44 1.48
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4. Conclusion

A fabricated heterojunction cell was prepared as a
thin film p-DBM/n-Si on a single-crystal substrate
by using thermal evaporation. By measuring the
dark current density-voltage (J-V) and
capacitance-voltage (C-V) at different values of
temperatures, we find that the rectification ratio
RR=4043 at 1V. We found that there are two types
of mechanisms. The first one, at voltages less than
1 volt, is a step tunneling mechanism with 2.11x
10° steps, and the second one, at high voltage of
more than 1 volt, is space—charge—limited current
(SCLC), controlled by a single trap level. By
measuring (C-V), we find that the junction is
abrupt, the built-in voltage equals 0.78 volts, and
the initial capacitance=1.9 pf.

Finally, we estimate the solar cell parameters Voc
(open circuit voltage) = 0.76 volts, I (short-circuit
current) = 1.2 x 10° A, and the cell efficiency =
1.48% by illuminating the cell with a lamp whose
power density equals 20 mW/cm?,
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	Abstract:
	Unclean energy has become undesirable, as it pollutes the environment such as coal and petroleum so the whole world turned to using clean, renewable and sustainable energy. Therefore, this project was done to design a solar cell through thermal evapor...
	Through smelting, copper indium diselenide duo were prepared from their basic elements with a high degree of purity.
	Then CuInSe2 thin film was deposited using thermal evaporation procedure. Indexing the CuInSe2/n-Si heterojunction’s dark and illumination I-V characteristics curve was done at room temperature. The photovoltaic (PV) properties and several parameters ...
	The future belongs to the CuInSe2 solar cell.
	أصبحت الطاقة غير النظيفة ،تلوث البيئة، وغير مرغوب فيها مثل الفحم والبترول لذلك أتجه العالم كله إلى استخدام طاقة نظيفة متجددة مستدامة  لذلك تم عمل هذا المشروع لتصميم خلية شمسية عن طريق التبخير الحراري تعمل كمصدر للطاقة.
	تم تحضير السيلينيوم والانديوم والنحاس من خلال عملية الصهر من عناصرها الأولية بدرجة عالية من النقاء .
	ثم ترسيب اغشيه رقيقه من ثنائي السيلينيوم والانديوم والنحاس على حامله من السيلكون الإحادى من النوع السالب بطريقه التبخير الحرارى . تم قياس منحنيات الجهد والتيار في الظلام والاضاءة ومن خلال هذا الجهد
	والتيار لهذه الخلية (                                         (Au / CuInSe2/ n–Si / Al
	تم تعيين كفاءة الخلية ،وجد إنها تساوي ٥,٧٪ .
	Key Words: CuInSe2, Solar cell, thin films, photovoltaic.
	1. Introduction:
	A p-n junction that made of silicon (Si), gallium arsenide, or another material is the solar cell. Electrons in the valence band of a solar cell gain sufficient energy to move to the conduction band upon exposure to solar radiation, resulting in the f...
	After circling the external circuit and returning to the p-side of the junction,    the electrons from the n-side of the junction merge with the holes to close the current path [1].
	The increase in voltage causes electrons to move from the junction's n-side to the p-side. The movement of holes from the junction's p-side to n-side also occurs alongside with an increase in voltage. The concentration gradient between the two sides o...
	3.1 Preparation of Copper indium selenium as a bulk:
	The first ingot of the CuInSe2 material was made using stoichiometric proportions of 99.999 present pure copper (Cu), indium (In), and selenium (Se). Under vacuum, the mixture was enclosed inside a quartz tube.
	The quartz tube was gradually heated to 20  C every hour. It takes 48 h to achieve full homogeneity when the melt is kept at 750  C.
	After that, the tube cooled at a rate of 7 C/h to prevent cracking from the melt's thermal expansion during solidification.
	3.2 Preparation of Copper indium selenium as a thin film:
	Using a heat resistant filament coil around a quartz crucible or a metal boat, thermal evaporation can create thin films from pure elements, alloys, and compounds based on their melting or sublimation points. The material qualities and substrate condi...
	Under a high vacuum(2×10⁴ pa ) coating unit model was used to coat CuInSe2 thin films on the substrate surface. (Edwards E306 A) [10].
	Nippon Mining Co provides the n-type Si (100) single crystal wafers with a carrier concentration of 10²²m-³ . Area is 2cm ² , thickness is 450 micro meters and The degree of vaporization is 2 Angstroms per second were etched and cleaned using the CP4 ...
	Silicon wafers were etched, then they were washed with distilled water and ethyl alcohol. After being cleaned and etched, CuInSe2 thin films were coated on silicon wafers from the front side using the traditional thermal evaporation method.
	Gold mesh coated the over layer of CuInSe2 to serve as an ohmic electrode and Aluminium layer coated in front of layer of cell.
	4.Results and Discussion of Research:
	4.1Dark current-voltage characteristics:
	To investigate the junction qualities were constructed current–voltage characteristics I–V. Measurements of electric characteristics I–V usually become the valuable source of information about Junction properties, rectification ratio RR, diode quality...
	The analysis of I–V characteristics is also valuable for identifying the transport mechanisms, which is conduction control. The current–voltage properties of the deposited onto n-Si at the temperature of 300K in CuInSe2 Films with thickness 55 nm are ...
	The curves demonstrate a diode-like behaviour in a forward  and reverse direction with positive potential on cell .
	Fig.4.a Study I-V characteristics of Solar cell in dark with forward and reverse direction.
	4.2 Illumination current–voltage characteristics:
	The behavior of diode under illumination with forward and reverse direction is shown in Fig.4.b
	Fig.4.b I–V characteristics of solar cell under illumination with forward and reverse.
	Fig.5 Illustrates ln(I) against the voltage of solar cell, at 1.5V and RR =9.29
	Fig.5 study I–V characteristics for the junction at low voltage with forward and reverse direction.
	Fig.6 shows the I–V curves with higher current through the voltage range because direction. of the light generated carriers.
	The open-Circuit Voltage (Voc ) is higher under illumination because of the presence of light generated current.
	Short-Circuit Current (Isc) is the maximum current  at zero voltage.it’s only achievable under illumination.
	From Fig.6 we calculate the solar cell parameters such as:
	Fig.6 study I–V characteristics for the junction under illumination.
	5. Conclusion:
	I-V characteristics of solar cell
	(Au /CuInSe2/n–Si/Al) in dark have diode like behaviour.
	Gold , Copper Indium diselenide,
	n-Silicon and Aluminium photovoltaic device was prepared and determine the parameters of photovoltaic. The goal of the cell is producing clean, renewable and sustainable energy from sunlight.
	The values of Voltage open circuit (Voc) , Short circuit current density (Isc) , fill factor (ff) and efficiency (η) were calculated:  Voc = 0.567 v,    Isc=2.349×10^(-7)A,   ff= 0.85 and
	η=5.7 %
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	Abstract
	The study aims to investigate the impact of the use of and employing of technology in teaching in schools on the quality of the educational process. Which achieves many benefits, including helping students enjoy learning, encouraging the learner to in...
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	1.
	Introduction:
	.
	4. Results of Research
	We applied modern technology tools, artificial intelligence, and teaching in traditional ways.
	After applying these tools and conducting tests for the students before and after, these results were monitored and shown as follows: these results were collected in Tables (1,2 and 3)  for the fourth, fifth, and sixth grades of primary school, and  ...
	Table No. (1) shows the grades obtained by fourth-grade primary school students in three different tests after teaching in the usual way and using artificial intelligence technology.
	Figure 8(a ,b& c) Shows a comparison between the grades  obtained by fourth year students before and after the  explanation using modern technological methods .
	Table No. (2) shows the grades obtained by fifth-grade primary school students in three different tests after teaching in the usual way and using artificial intelligence technology.
	Figure 8(a, b& c) Shows a comparison between the grades  obtained by fifth year students before and after the  explanation using modern technological methods.
	Table No. (3) shows the grades obtained by sixth grade students in three different tests after teaching in the usual way and using artificial intelligence technology.
	5.Interpretation of Results
	According to the results that we obtained in the tables and illustrations, it is clear that students obtained higher grades if they used teaching methods based on artificial intelligence technology. These results were determined more than once in diff...
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	1. Introduction:
	Figure 3 Dark J V characteristics of the fresh DBM/n Si cell at different temperatures in both forward and reverse bias
	At a certain applied voltage (Vcon), the rectification ratio, or RR, is the ratio of the forward current (IF) to the reverse current (IR). RR is shown as (IF/IR) Vcon in Figure 4. At +1 V, the RR value was found to be 4043.5. After measuring the cell,...
	Rs "The series resistance" is the combination of the material's resistance and contact in the junction. Using Fig.4, the shunt resistance 𝑅𝑠ℎ, represents the resistance from the leaking current through the junction. Where 𝑅𝐽 = Δ𝑉/Δ𝐼, this can be...
	Figure 4 Plots of the forward and reverse bias at room temperature.
	Figure 5 shows two different regions indicating the presence of two different conduction mechanisms. In the first region at low voltage (V< 1 volt), the dark forward J-V characteristics are presented in Figure 5.  For a given temperature, the forward ...
	5 Variation of Jf with V of DBM/n Si cell.
	Figure 6 Variation of ln Jf with V of DBM/n Si cell at low voltage
	Where β is a constant independent of the applied voltage, Figure 7 shows the plot as a function of temperature, and a straight line is obtained, indicating the existence of a multi-level tunnelling mechanism. The value of β is determined by the slope ...
	The ratio α/β can be used to determine the change in the built-in voltage (Vbi) with respect to absolute temperature (T) as:Figure 8 Variation of log (J) with log (V) at higher forward voltage bias for DBM/n Si cell.
	,𝒅,𝑽-𝒃𝒊.-𝒅𝑻.=−,𝜷-𝜶.
	Figure (7): Variation of Jf with V of DBM/n Si cell.
	Figure 9 C-2-V characteristic for DBM/n-Si cell.
	Figure10Load J-V characteristics under 20 mW/cm2 illumination for DBM/n-Si cell.
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	Abstract
	We faced a problem while teaching activities and experiments in physics due to a lack of imagination and a good understanding of physical phenomena. Therefore, we used artificial intelligence (AI), especially simulation experiments, to solve this prob...
	Key Words:
	4. Density
	4. Results of Research
	In our project, where we integrate artificial intelligence (AI) with simulation to enhance student experiments, the response from the students has been overwhelmingly positive. Through surveys conducted, we found that 72% of the students strongly agre...
	Following are the results of questionnaires for different stages and experiments.
	5. Interpretation of Results
	When explaining circular motion using traditional methods, students often face difficulties in visualizing the changes in direction and speed of the object as it moves from one place to another. This contrasts with using simulation systems, where thes...
	When explaining light interference using traditional methods, especially with the use of a wave generator, we encounter significant difficulties in visualizing the interference of waves, leading to a high level of confusion among students. Additionall...
	On the other hand, using simulation systems made it much easier to demonstrate how waves interfere with each other and display the results clearly without overwhelming the students with complex interferences, as often happens with traditional methods....
	Afterwards we conducted a survey among students to gauge their acceptance and appreciation of this method and the new technology. This is reflected in Tables (10-12), where the percentage of strongly agree and agree responses was very high compared to...
	In the traditional way of explaining density, we were having difficulty getting students to imagine how the density of materials differs in which materials float and which sink in water. It was also difficult for students to understand the concept of ...
	We have faced great difficulty with students imagining, i.e., how one substance becomes another substance or the difference in the distribution of molecules for each of the special cases and how they want the temperature, but when using visual techniq...
	Moving forward, it is recommended to further explore and refine AI-driven approaches in physics education. Institutions and educators should consider incorporating AI-based platforms and resources into their teaching methodologies to optimize learning...
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