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Determination of Output Power of Si—CNT Solar Cell
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Plasma-sputtering technique is used to deposit the carbon layers with dif-
ferent nanoscale thicknesses on the p-type silicon wafers. The scanning
electron-microscope images show the grains’ size growth and aggregation
in clusters. The electrical properties of the junction behave as a solar cell,
and this gives the proof of formation of the carbon nanotubes (CNT). Both
the out power and the efficiency of the Si—CNT cells increase with carbon-
layer thickness and light intensity.

TexHiKa MJIa3MOBOTO HATOPOIIEHHSA BUKOPUCTOBYETHCA IS HAHECEHHS BYT-
JeleBUX INIapiB piBHOI HAHOPO3MipHOI TOBIIMHM Ha p-TUIY KPeMHillOBi mia-
cTuHU. 300pakeHHA CKAHYBaJbHOTO €JEKTPOHHOTO MiKPOCKOIIa MOKAa3yIOTh
3pPOCTaHHS PO3MIipiB 3epeH i arperarito ix y rjaacrtepu. EjqeKTpuuHi BiracTu-
BOCTi IIepexony IIOBOIATBLCSA K COHAYHUU €JIeMEeHT, i Ile Jae AOoKa3 yTBO-
peuHs ByrieneBux HaHOTpPyOOoK (BHT). Ik BuXimHa moTy:KHicTh, Tak i ede-
KTuBHicTE esemeHTiB Si—BHT spocraioTh 3i 30iJIbIIeHHSM TOBIIUHU BYTJeE-
1IeBOT0 Iapy ¥ iHTEeHCUBHOCTU CBiTJIA.
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1. INTRODUCTION

The importance of carbon as a chemical element comes from the
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ability of its large atoms to bond with each other or with atoms of
different chemical elements in different ways. This diversity in
bonding gives a diversity of structural forms, including crystalline
carbon such as graphite and fullerene, amorphous carbon and car-
bon nanoparticles, including carbon nanotubes, each of these shapes
is characterized by different properties, including a low coefficient
of friction, high thermal conductivity, optical transmittance, hard-
ness, as well as being non-toxic or harmful to the environment. In
1985, Kroto and Smalley gave the name fullerene to clusters of car-
bon atoms that contain sixty carbon atoms Cg,, which are a group of
icosahedral symmetry closed molecules, and, because of the similar-
ity between them and Buckminster’s designs, R. Buckminster called
them as ‘buckminster fullerene’, and for short, these molecules are
called ‘buckyballs’ [1, 2].

Fullerene particles have attracted great interest in recent re-
search because of their distinct electrical and mechanical properties,
including high electrical conductivity, hardness, and others. Fuller-
ene molecules are the basis for the construction of carbon nano-
tubes, because the ends of the carbon nanotubes are in the form of
fullerene molecules [3]. Each carbon atom in the fullerene is aligned
with three other carbon atoms and the positions of the carbon atoms
in the fullerene molecule (C4,) are identical and are located at a
fixed distance from the centre of the molecule (approximately 3.55
A) and the average distance between each Two adjacent carbon at-
oms of 1.44 A and the fullerene (Cy) can be counted as a coiled
graphite layer that generates a symmetric polyhedral shape consist-
ing of 20 hexagonal rings and 12 pentagonal rings needed to form
curved surfaces and this agrees with Euler’s theorem. The carbon
nanotubes are originally bi-directional strips of graphene wrapped
around a specific axis to form a cylindrical shape with a diameter
ranging between 50-0.4 nm, each carbon atom hybrid (sp®) has
three covalent bonds with three other carbon atoms, and the fourth
electron is in unhybridized orbital ©, and since the unit cell in gra-
phene includes two atoms, there will be even numbers of electrons
that can give the conductor or semiconductor properties of carbon
nanotubes [4].

Different techniques have been used in the preparation of carbon
nanotube such as hot-filament chemical vapour deposition (HF-CVD)
[6—7], thermal chemical vapour deposition [8, 9], plasma-enhanced
chemical vapour deposition (PECVD) [10, 11], and laser ablation
technique [12, 13].

In this study, different thickness of carbon nanolayers (30.5,
52.6 and 70.12 nm) have been used in the preparation of Si—CNT
solar cell, carbon layers were examined using scanning electron mi-
croscope and measure the effect of the layer thickness and light in-
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tensity on the solar cell out power.

Absorbance and transmittance index spectrum exhibits steady
values for all concentrations along the range 300-550 nm before
decreasing over the range 550—-600 nm. The band gap was of 2.7 eV
for the initial concentration, of 2.95 eV for the second concentra-
tion, and, finally, of 3.1 eV for the third concentration.

The structure of the films varies greatly throughout concentra-
tions, as seen in scanning electron microscope images. X-ray spec-
trum show that the layers are crystalline completely, and peaks for
all concentrations appear at the same 20 with different intensities.
In addition, the calculated grain size decreased with KOH concen-
tration increasing.

Finally, the outcomes demonstrated the potential for producing a
thin film from the semiconductor perovskite CaZnO,;, which makes
it suitable for application in the production of solar cells and di-
odes.

2. EXPERIMENTAL METHOD

Carbon nanolayers have been deposited on silicon wafers to prepare
Si—CNT junction using plasma-sputtering technique. The impurities
expected to be formed on the surface of silicon strips can be divided
into three categories, contamination fills, discreet particles and ab-
sorbed gas atoms, as a result of processing silicon strips during the
preparation. In the process of cleaning the silicon wafers, chemical
compounds are used as solvents for removing different types of im-
purities, and it includes a set of successive steps in which the sili-
con wafers is washed with distilled water for 2—-3 minutes, washed
with ethanol solution by ultrasonic for a period of 5—10 minutes,
washed with distilled water for 2—3 minutes, washed with ultrason-
ic acetone solution for 5—10 minutes, washed with distilled water
for 2—3 minutes and, then, immersed in HF hydrofluoric acid at a
concentration of 9% for one minute to remove a layer of silicon di-
oxide generated as a result of oxidation, washed with distilled water
for 2—3 minutes and finally immersed in acetone solution in order
for the model to be dried directly [14, 15].

The plasma atomization technique was used to deposit a layer of
carbon with different nanothicknesses 30.5, 52.6 and 70.12 nm of
pure graphite columns (99.9%) in a vacuum chamber of 10 mbar
in an atmosphere of argon gas, the device used in the plasma atomi-
zation process is Q150R S/E/ES shown in Fig. 1.

The device-specific variables are determined by the thickness and
structure of the carbon deposited layer, which can be controlled ac-
cording to the amount of current passing through the carbon column,
the time of pulses and the number of pulses, as shown in Table 1.



578 Z. B. IBRAHEEM, M. M. UONIS, and M. A. ABED

Fig. 1. Photograph of the Q150R S/E/ES plasma atomization system.

TABLE 1. Values of variables used in carbon deposition.

Parameter I Value
Material Carbon
Pulse current 70 A
Pulses length 10 seconds
Number of pulses 5
Out gas time 60 second
Out gas current 50 A

Fig. 2. Samples structure and the circuit used for measurement.

TABLE 2. Values of variables used in gold deposition.

Parameter | Value
Material Gold
Sputter current 70 A
Terminate thickness 70 nm
Tooling factor 5
Out gas time 30 second

Out gas current 50 A
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Gold was used as the electrode for the Si—CNT junction; layers of
gold were deposited on the top and back surfaces of the junction to
measure the electrical properties as shown in Fig. 2. The variables
used in gold deposition shown in Table 2.

3. RESULTS AND DISCUSSION

Silicon wafers (p-type) have been used as a substrate to deposit dif-
ferent thickness of carbon nanolayers 30.5, 52.6 and 70.12 nm in
the preparation of silicon—carbon nanotube junction Si—CNT; carbon
layers have been examined using scanning electron microscope, and
the effects of both the layer thickness and the light intensity on the
solar cell out power were investigated.

Figure 3 show the scanning electron microscope (SEM) images of
the carbon layers. The images showed aggregates of carbon nano-
particles, which took the form of clusters, and also showed a slight
change in the size of the grains with the change in the thickness of
the carbon layer, this is due to the fact that the plasma during the
deposition process scrapes the carbon layer as a result of the prox-
imity of the samples surfaces to the plasma, which will negatively
affect the growth of the grains [17].

The effect of light intensity on the out power of the Si—CNT so-
lar cell with different concentrations of carbon layer is shown in
Fig. 3. The junction for all thicknesses behaves as a semiconductor
of type n and this proves that the carbon nanotubes are of the mul-
tiwalled type because this type of tubes always behaves as a semi-
conductor [18]. The short circuit current and open circuit voltage

Fig. 3. Scanning electron microscope images of carbon layers with differ-
ent thicknesses: a—30.5 nm; b—52.6 nm; ¢—70.12 nm.
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Fig. 4. The out power of the Si—CNT solar cells with different carbon light
intensities (20, 40 and 60W) and layers thicknesses: a—30.5 nm; b—52.6
nm; ¢c—70.12 nm.

TABLE 3. Solar cell fill factor and efficiency with different carbon light
intensities and layers thicknesses.

Thick, nm Power, W | I, nA Vioer MV FF n
60 18.2 17.2 0.576 0.30
30.5 40 13.1 13 0.493 0.13
20 9.8 9.3 0.497 0.075
60 28.1 28.55 0.653 0.87
52.6 40 22.1 23.5 0.519 0.45
20 17.3 20.2 0.432 0.25
60 37.5 38.55 0.603 1.45
70.12 40 28.1 33.9 0.498 0.79
20 24 28.2 0.389 0.43

increases for all thicknesses of carbon layers as a result of the in-

crease of carbon nanotube density as shown in Fig. 4 and Table 3.
The effect of thickness on the Si—CNT solar cell is shown in Fig.

5; the out power of the Si—CNT junction (at a constant light inten-



DETERMINATION OF OUTPUT POWER OF Si—-CNT SOLAR CELL 581

40,

4 ——70.12 nm
351 - 52.5 nm
307 —~30.6 nm
254
=204
~ 154
104
5..
0 . . - - !
10 20 30 40 50

V, mV

Fig. 5. The out power of Si—CNT solar cell with different carbon layer
thickness.

sity of 60 W) increases with carbon layer thickness. The efficiency
also increases with carbon layer thickness from 0.3 for the carbon
layers with thickness of 30.5 nm to 0.87 for the carbon layers with
thickness of 52.6 nm and, then, the efficiency becomes 1.45 for the
carbon layers with thickness of 70.12 nm. This increase in efficien-
cy with the thickness of the carbon layer could be due to the in-
crease in the density of the carbon nanotubes as shown in Table 3.

4. CONCLUSIONS

The carbon nanotubes have been constructed on a p-type silicon wa-
fer substrates without catalysts. Scanning electron microscope
showed that the grain size increases slightly with layer thickness.
The Si—CNT junction behaves as a solar cell; the out power and ef-
ficiency increases with carbon layer thickness and light intensity.
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