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In this paper, the nano Silver dioxides films have been deposited using the reactive pulsed
laser deposition method (RPLD) using the tattoo removal Q-swithing Nd-Yag laser, at the
value of the wavelength of 1064nm, pulseduration of 6 sec, and 800 mJ energy of laser
have been applied for ablated an extra purity of the Silver target then deposited the nano
siver oxide particles on the silicon substrates, synthesize and studying of the rapid
thermal annealing (RTA) effects on the structural properties, the morphological properties,
the Optical properties, the electrical properties and finally the solar cell properties for the
prepared samples. Both X-ray diffraction and electron microscopy studies show that the
structure of the film depends on the annealing teamperatures effects of the deposited film.
The nano silver oxide is present in different crystalline stages, where the particle sizes
have been increases with increasing heat treatment from 45nm to 75 nm. The analized
Results of the optical aprove the improvements of the absorption lead to decreasing the
reflection values compared with the surface of the silicon (crystalline Si), where the
transparency for the range of larger than 300 nm and the values of the optical band gap of
2.12 eV. The synthesized results for the solar cell fabrications present a clear improvement
in the solar cell quantum efficiency values in the case of silver nano oxide deposition and
annealed with the high degree, where the value of the efficiency about of 4.22.

(Received December 17, 2020; Accepted April 2, 2021)

Keywords: RPLD, Ag,0, Surface morphology, Solar cell properties, Optical properties,
Nano silver

1. Introduction

Silver oxygen is the chemical substance (Ag-O) and it is a black or dark brown fine
powder used in preparing other silver compounds [1-4]. Silver nanooxides are p-type
semiconductor materials with energy band gaps ranging from 1.2 eV to 3.4 eV [5-9]. These
nanoparticles are known in several forms: Ag,0, AgO, Ags0,, Ags0s, Ag,03 and Ag,0,, and this
oxide are used in silver-oxide batteries [10-13]. Where laboratory and practically the two
compounds Ag,0 and AgO silver oxides are the most stable of the previously mentioned group of
oxides [14-18].

The stability, structure, size, morphology, and properties of nanostructures depend on the
various compositional methods and criteria used [19-22]. The nano silver oxide films in organic
chemistry are used as an agent oxidizing light. i.e, that is, it works by oxidizing aldehydes to
carboxylic acids [23-25]. These reactions are used effectively when preparing silver oxides in situ
and in laboratories from mixing alkali hydroxides and silver nitrate. A conventional solar cell, a
portion of the solar energy that falls on photovoltaics is wasted in the form of untapped thermal
energy discovered and used by humans. For this reason, nanotechnology that uses thin films is
used [26-28].
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Nanotechnology has contributed to creating a number of unique and technological
solutions, especially in the field of solar cells production, as it works to raise energy efficiency and
reduce the cost of its production and operation to suit all applications to suit all life and industrial
applications. Several methods have been adopted for preparing and depositing these nanoparticles
[29-31]. These include: the reduction of the chemical by using the organic varieties and the factors
reducing non-organic [32, 33], methods of the electrochemical [34, 35], and Physical chemical
reduction [36, 37]. Many modern and varied techniques have been used to prepare silver oxide
nanofilms. These techniques such as the Evaporation of the RF[38], the Evaporation of the
electron beam [39], the chemical bath deposition [40], the pulsed laser deposition [41], and the
pulsed laser ablation in liqueds [42] etc.

Silver Oxides nanoparticles are used in inorganic chemistry as a light oxidizing agent. For
example, it oxidizes aldehydes into carboxylic acids. Often these reactions work best when silver
nanoxides are prepared in situ and in laboratories with silver nitrate and also with alkali hydroxide
as cofactors [43-45].

In this presented paper, rapid thermal annealing has been achieved and its effects on the
physical properties for the deposited Nano silver oxides for fabricated the solar cells. The
guantitative efficiency, the filling factor, and other variables were tested and discussed the
presented results.

2. Experimental

In this paper, the effects of rapid thermal annealing on the structural, morphological,
optical, electrical, and solar cell properties for the deposited nanosilver oxides film have been
studied in this manuscript. Where it is possible to control the transparency and conductivity of the
deposited films by fixing and changing the conditions of sedimentation to enable us to use these
nanofilms in photonics and optical-electronic applications.

A system of the laser Q-switching Tattoo removal Nd-YAG has been used for ablated the
extra purity of Silver metal target on the substrates of Si at 350 °C, a photograph shows the PLD
system parts are presents in figure (1) [46, 47].

Fig. 1 the system of the pulse laser deposition (pld)

An extra purity (99.999%) Silver metals powders have bees supplied from the Fluka
company was used to production the Ag target at disk diameter = 20 mm and the thickness of 5
mm under the pressing force of 10 ton. The substrates samples (samples of silicon) are formed
(Been sliced) up square-shaped of 1.5x1.5 cm by using a wire-cut machine. The film was
performed deposition usually in the background ambient oxygen gas (O,) pressure of up to 350000
mTor. It was allowed to enter this background gas to the discharge chamber through the needle
valve.

The nano thin layer was immediately achieved upon the beam of the pulsed laser hitting
the target resulting in the ablation of the target material, which is based on the rotating motor with
the angle of 45 ° from the substrate to ensure that the plasma column falls and precipitates directly
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onto the substrate. As the process of using target rotation to ensure that ablation does not occur in
the same place on the target being used, the distance between the substrate and the target is
approximately 30 mm.

Keithley devices have been used to test the flowing current in the fabricated structure of
the solar cell produced in the state of dark and the formed voltage from the power source ranges
(500-3000) mV in forward bias, and (500-5000) mV in the biasing of reverse. A fairly thick layer
of high-purity aluminum was deposited at the top and back of the fabricated device as an ohmic
contact.

The C-V measurements have been tested using the programmable LRC meter model of
PM6306 scale programmable and supplied by Fluke, at the reverse voltage bias at the range of
(500-5000) mV. The value of the point cross (1/C%=0) from the curve (1/C2-V) represents the
built-in potential of the nano heterostructure [48-50].

The values of the responsivity and the spectral response results have been tested using a
duble-beam spectrometer at the range of work about wavelengths of (150-1100) nanometers, and
the measurements of the voltage-current have been tested by a digital multimeter from Fluke. The
responsivity and the spectral responce have been analyzed using the following formula [51-53]:

R, = AW 1)

where Iph refers to the values of the measured photoelectric current and Pl is the value of the
incident optical power.
The quantitative efficiency value was also calculated based on the formula [54, 55]:

R
=1.24—*%
n P O]

The values of the efficiency and the factor of the filling for the fabricated solar cell have
been tested by placing it under the 100 mW/cmz2 tungsten lamp illumination and it120 mm away
placed.

The factor of the fill (FF) have been tested for the quality junction and the resistance series
for the cell, and it's defined as: [56-58]

FF = Jmp mp @)

VOCI sc

The values of the quantum efficiency for the fabricated solar cell was tested as the fraction
of power incident (light) that are converted to electricity and its formula are:

Pmax
1 e “
where  Pmax =V, | o« FF
where Voc is the voltage at rhe open-circuit; and the Isc its the current in the short-circuit [22].

The setup of the experimental is schematically illustrated in the presented figure (2).
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Fig. 2. The setup of the Experimental for the measurement of the carrier life time.
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3. Result and discussion

3.1. Structural properties

Figure 3 presents the diffractions of the X-ray profiles for the nanosilver oxide structures
treated at 400 and 500 ° C annealing temperatures and 120 sec time of oxidation. The nano-thin
films deposited and treated show three different peaks presented at the 2 thetas = 33.18°, 38.75°,
and 67.17° that are related to the diffraction planes of (111), (200), and (103) respectively, all
these peaks appear in the both of the annealing treated and also all are represent to the nanosilver
oxides. The plane (111) is representing the strong reflection peak along compering with the other
reflections of (200) and (103), this corresponds to the single-phase Ag,O growth with shape
structure of cubic. It is clearly that, the peak intensity for the deposited and treated structures at
500 °C are higher than that deposited and treated structures at 400 °C, This apparent difference is
the result of a better crystallization at a temperature of 500 ° C, as well as a clear improvement in
the crystal structure of the silver oxide nanostructures, and an indication of complete oxidation of
the stripped silver crystals from the original target used, This interpretation matches previous
publications [48]
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Fig. 3. XRD patern of nanosilver oxides treated at different temperatures.

3.2. Optical properties

Figure 4 presents the optical spectra transmission for the nanosilver oxides films deposited
and treated at different heat treatements. It is clear that the nano deposited and treated films gives
high and good transparency values at the range of the spectral about the 0.4-0.8 micrometer,
Where the transmission values range are reduction from (90% to 77%) with the increasing the
heat treated from 400 to 500 °C respectively. The lower permeability value within the UV region is
related to the value of the optical energy gap of the precipitated nanomaterial that is present within
this region as part of the physical properties of this nanomaterial. Within the visible range of
wavelengths, higher optical transmittance values indicate low surface roughness and good
homogeneity of the deposited nanofilm [42].
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Fig 4. Spectra of the optical transitions for nano silver oxides films treated at different temperatures.
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The values of the optical band band gap (Eg) for the nano deposited and treated films were
predestined computed from plots of the photon energy (hv) versus the (ahv) ? by using the relation
of extrapolation for the linear portion of the (ahv) ? versus photon energy curve to the o = 0
resulting the optical energy band gap values of the deposited and treated nano silver oxides films
as presented in fig. 5. The values of the optical energy band gap for the deposited and treated nan
silver oxides films have been increased from 2.095 to 2.122 eV with increase of the heat treated,
and this increase as a result of increasing of the sizes of grains for the deposited and treated nano
silver oxides films with increase of the heat treated, and this lead to a redshift. The optical energy
band gap values reported for the silver oxide nanofilms varied depending on the different
deposition methods used and the parameters of the different deposition processes that are changed
to ensure the growth of the nanofilm.
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Fig. 5. Optical band gap for nano silver oxides films treated at different temperatures.

3.3. Morphological properties

Figure 6 displays the results of the morphological nanostructure of the precipitated and
heat treated silver oxides. The uniform distribution of the nanoparticles is quite clear in the images
shown in the figure, and the difference in the particle sizes can be observed according to the heat
treatment. As for the silver oxidation nanoparticles deposited and heat treated at 400 ° C, it appears
clearly that the number of nanoparticles with spherical shape and uniform distribution, and the
average sizes of these nanoparticles were about 45 nm. The concentration of nanofilms of silver
oxides increases with increasing heat treatment to 400 ° C, in addition to increasing the size of
nanoparticles to about 75 nm. The SEM images confirm that the increase in the humber and sizes
of the nanoparticles at the higher thermal treatment of 500 ° C is the reason for the further
reduction of the energy of the incident optical beam, which leads to an increase in the particle size.
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Fig. 6. FESEM image for nano silver oxides films treated at different temperatures.

This examination is considered one of the most important tests for the deposited nanofilms
for the purpose of using it in the synthesis of optical and electro-optical devices as it works to
determine various key parameters such as potential capacity of the device and the type of device,
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as Figure (7) presents the CV measurements of the silver oxidation nanofilms that have been
deposited and treated thermally.The results showed in the figure below that the capacitance value
of the device is inversely proportional to the bias voltage value for both prepared samples. The
value of the decrease in the capacitance value of the prepared devices with increasing the bias
voltage is caused by the expansion in the depletion region with the value of the barrier potential.
The value of the depletion area amplitude indicates an increase in the values of the charge per unit
area and a gradual change in the applied voltage. As this characteristic gives a clear indication of
the behavior of the transport and movement of shipments from the donor area to the receiving
party, as it was found to be of the "sudden" type and confirms this behavior when the relationship
is linear and straight between 1 / C2 and reverse bias.
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Fig. 7. c-v characteristics for nano silver oxides films treated at different temperatures.

Figure 7 shows the relationship between the square capacitance versus the reverse bias
voltage diagram mathematically computed from the C-V properties as shown in the previous result
above. The linear relationship of the | / C2 -V curve indicates that the prepared and thermally
treated silver oxides of silver are of the abrupt type, and that the intercept value of 1 / C2 with the
applied voltage is the diffusion potential. It clearly shows that the higher thermal treatment of 500
degrees Celsius works better and gives higher and better results because its structural,
topographical, optical and physical properties, according to what was previously presented, are
better than samples that have been thermally treated with a value of less than 400 degrees Celsius,
and this has the effect of utilizing the largest energy to convert Light into electricity according to
the photoelectric phenomenon, due to the higher crystallization.
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Fig. 8. 1/c2 -v characteristics for nano silver oxides films treated at different temperatures.

Fig. 9 shows the relationship between Voc and Isc as a function of the load variable
resistance. The efficiency of the blocking and deposited device in both cases was calculated at the
heat treatment values of 400 and 500 ° C for comparison. Where the quantitative efficiency values
were (2.86 and 4.22) respectively, that is, there is a marked improvement in the quantitative
efficiency values of devices prepared from the precipitation of nanostructured silver oxides and
heat treated at a higher temperature, where the reason is due to the absorption values.
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At the surface of the nanoparticles and at the separating region (the first junction formed
between the silver oxide nanolayer and the surface of the silicon base).
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Fig. 9. Quantum efficiency for Ag20/Si solar cell at two different laser wavelengths.
a) 400 °C , b) 500 °C

4. Conclusion

Silver oxide Nano structure film have been deposited successfully by using the (RPLD)
reactive pulsed laser deposition technique on the substrates of silicon and it have been treated
heatly at two differente heat treatments ( 400 and 500 ° C ). The structural reslts present a three
different peaks at the 2 thetas = 33.18°, 38.75°, and 67.17° that are related to the diffraction planes
of (111), (200), and (103) respectively, for both of the heat treated and the plane (111) is
representing the strong reflection peak and also it is clearly that, the peak intensity for the
deposited and treated structures at 500 °C are higher than that deposited and treated structures at
400 °C. The Optical results presents a good value of the transparency for the range of larger than
300 nm and the values of the optical band gap of 2.12 eV. The value of the efficiency for the
deposited and treated hetely device present a difference in both cases of (4.22, 2.86) respectively.
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