Digest Journal of Nanomaterials and Biostructures Vol. 18, No. 1, January - March 2023, p. 235 - 241

Deposition and characterization of carbon nanotubes on porous silicon by PECVD
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Nano porous silicon was achieved by electrochemical etching technique of current density
20 mA/cm %, 25% HF and etching time 15min. Carbon Nano layers have been deposited
on PSi substrate by PECVD. XRD spectrum show that porous silicon has crystalline phase
and becomes very broad after etching time, in addition, XRD spectrum for carbon layers
show several peaks between (20=28.25-28.75) which belong to carbon nanotube and these
peaks intensity increases with increasing of carbon thickness. Raman spectrum illustrates
that peak position was at 516.32nm for porous silicon prepared at etching time 15 min.
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1. Introduction

The most important nanostructures are carbon nanotubes, and their importance comes due
to the great change that they have made with their use in all fields .Carbon nanotubes are originally
two-way strips of graphene wrapped around a specific axis to form a cylindrical shape with a
diameter ranging between (0.4-50nm), each carbon atom hybrid (sp?) has three covalent bonds[1].
Many kinds of fabrication methods have been established to grow the CNTs, such as sol-gel,
chemical vapor deposition (CVD), PECVD and laser ablation [2]. The manufacture and
preparation of materials and devices with nanoscale dimensions is of great importance due to the
clear and sometimes significant change in the structural and chemical properties of these
materials[3,4]. The performance of the plasma enhanced chemical vapor deposition is a very
promising method for the development of optoelectronic devices because of its significant feature
and high quality. It can be seen, this technique can be formed of uniform layers with a regular
distributed along the surface [5]. Last years, several works reported has studied carbon nanotubes
on the PSi material due to an appropriate material for several applications like photovoltaic
devices, photo detectors, waveguides and the optoelectronic devices [6]. The combinations of
carbon nanotubes and PSi layer are more important because the deposition of high - quality carbon
films on a porous silicon surface can provide a good matching of lattice constant [7]. This work
carried out more insight of the growth carbon nanotubes on porous silicon involved in
homogenous for the selection of an optima process. The results were studied by surface properties
(SEM), Structural properties (XRD) and Raman spectroscopy.
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2. Material methodology

A porous silicon structure was achieved using the electrochemical etching technique. A
commercially available mirror-like p-type (111) oriented silicon wafer of thickness (508+15um)
and (1.5 - 4 Q.cm) resistivity was used. In order to form excess holes on the p-type silicon, the
samples were dipped into Hydrophobic acid and Ethanol solution. The HF contraction has been
diluted by using absolute ethanoic solution (25%) HF and (99%) (C,HsOH) during the etching for
20 min by current density of (20 mA/cm®). The power supply was applied by two parts, the upper
part is a steel and the lower part is made of gold. Figure 1 represents the experiment setup for the
electrochemical etching.
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Fig. 1. Electrochemical etching system.

The carbon layer was deposited by plasma sputtering method with a precipitate current of
70A as the Figure 2. A pure Carbon rods was applied as a carbon source. The precipitation process
was achieved in an atmosphere of argon gas. Porous Silicon wafers were used as a substrate to
prepare the PSi-CNT structure [8]. Variable values of the plasma sputtering device that used for
carbon deposition are shown in Table 1
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Fig. 2. Plasma sputtering system.

Table 1. Shows the values of the variables used in carbon deposition.

Parameter Value
Pulse Current 70 A
Pulses Length 10 seconds

Number of Pulses 5
Out Gas Time 60 seconds
Out Gas Current 50 A
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4. Results and discussion

Porous silicon substrate was prepared at the etching time 15min with 25 %HF and current
density 20mA/cm”. A sponge-like structure was produced during anodization process due to the
extra chemical dissolution in HF and then to easy excess of holes at the top surface as shown in the
Figure 3 [9]. The surface morphology of PSi can be strongly effect on the distribution between
nearest neighbour pores. Thus, fabrication conditions can be used to control the final structures of
PSi [10].
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Fig. 4. Scanning electron microscope images for different carbon layer thickness (a:20nm, b:30nm and
c:39nm).



238

Carbon layers with different thicknesses (20, 30 and 40 nm) have been deposited on the
porous silicon substrates, scanning electron microscope images show that the grains with in the
layers aggregate and grow with the increase of layers thicknesses as shown in Figure 4.

X-ray diffraction is another significant feature of the sample. Figure 5 shows that the
porous silicon has single crystalline phase and sharp peak at 20 = 28.2°, the value of hkl was found
by JCDS card [11]. The pattern of the PSi remains crystalline phase, but it has a significant peak
broadening with different at half maximum of full width due to formation of pores on silicon layer
as in the Table 2. This confirms that the porous silicon has cubic structure [12]. Crystallites size
can be calculated from Scherrer equation [13].

kA
L= Bcos6 (1)

where L is grain crystallites (nm) and B is FWHM and £ is a constant (k=0.894).

Table 2. Shows the values of FWHM, inter-plane distance and crystal size at time 15min.

Time(min.) Crystallites size (nm) FWHM (deg.) d(°A)
15 10.78 1.134 2.173
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Fig. 5. X-ray spectrum of PSi formed at etching time 15min.

The X-ray spectrum of CNT-PSI structure shown in Figure 6, the strongest peaks was
observed at 20 = 28.25°, 28.75° and 28.3° for 40, 30 and 20 nm carbon thickness respectively. The
both peaks in each spectrum belongs to the carbon nano tube [14,15,16]. It can be seen that the
intensity of XRD increases with an increase thickness of film due to the carbon nanotube density
with in the layers.



200000 -
150000 -
7
=3
<
£ 100000 -
[T}
c
U
=
= 50000 -
0

239

[ —40nm
—30nm
20nm

35 40

Fig. 6. X-ray spectrum of CNT-PSI structure for different carbon thickness (20,30 &40 nm).

Furthermore, the grain size increases with increasing carbon thickness due to formation of
a small fraction of carbon leads to increase the fragmentation process [14,15].

Raman spectroscopy plays important role to determine the vibration properties of material.
The Raman spectrum of bulk Si consists of a single sharp peak located at 520 cm™. Nano-porous
silicon of Raman pattern exhibits extended shifted less 520 cm™. Figure 7 shows the shift of
Raman peak position towards lower energies, this refers to the existence of nanostructure. As the
crystalline size decreases, the optical phonon mode of PSi surface shifts to lower frequency and
looks like asymmetry. The optical phonon is observed in the central of Brillouin zone [17, 18,19].

Table 2. Shows the values of FWHM, Raman Peak Position and Asymmetry for porous silicon with etching

time 15min.
Etching time min FWHM Raman Peak Position (cm™) | Asymmetry
(em™)

15 17.3 516.32 1.6
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Fig. 7. Raman spectra of porous silicon at etching time 15min.
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The significant proofs of the formation of carbon nanotubes is the Raman spectroscope.
Figure 8 illustrates the Raman spectrum of a PSi-CNT device for 40nm carbon thickness with
deposition current 70A. G peak of the crystalline phase of carbon appear within the wavelength
range between (1580-1550 nm) and the appearance of the D peak of the amorphous phase of
carbon within the wavelength range ( 1360-1350 nm) [20,21].The small displacement in the
locations of the peaks is a result of increasing in the number of walls forming the carbon
nanotubes, in other words, the increase in the diameter of these tubes with increase of the thickness
of the carbon surface [22] .Moreover , we find that the intensity of the both peaks was slightly low,
and we can explain this depending on the growth of carbon nanotubes formed within the carbon
layer and the overlap between the spectra of porous silicon and carbon nanotubes.
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Fig. 8. Raman spectrum for PSi-CNT structure of 40nm carbon thickness.

5. Conclusion

A sponge-like structure was produced due to the extra chemical dissolution in HF and
then to easy excess of holes.The distribution between nearest neighbour pores affected by surface
morphology of porous silicon .Grain dimensions increase with carbon layer thickness. In the X-ray
spectrum, single crystalline porous silicon has a sharp peak at 20 = 28.2° while the strongest peaks
of CNT-PSI structure have been found at 20 = 28.25°, 28.75° and 28.3° for 40,30 and 20 nm
carbon thickness respectively. Nano-porous silicon of Raman pattern exhibits extended shifted less
520 cm”. G and D peaks have been observed between (1580-1550 nm) and (1360-1350 nm)
respectively and the small displacement in the position of both peaks are due to the increase in the
carbon nanotubes walls numbers.
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