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Abstract 
The effect of sputtering current that flow in a carbon rod on the structural and transport proper-
ties of Si-C junction is studied. Si-C junction is fabricated by plasma sputtering in Argon gas at-
mosphere without catalysts with thickness of 20, 40 and 60 nm. Images of the specimen by scan-
ning electron microscope (SEM) and atomic force microscope (AFM) show that the carbon layer is 
as carbon nanotubes with diameters about 20 - 30 nm. X-ray and Raman spectrums show peak 
characteristics of the carbon nanotubes, the G and D bands appear for all thicknesses indicating 
free of defect carbon nanotubes. Two parameters about the thickness of the carbon layer and the 
sputtering current for different thicknesses and currents were studied. Nanotubes evidence was 
clear. We noticed that the sputtering current and thickness of layers affect the structure of CNT 
layer leading to the formation of grains. Increasing plasma current led to decrease grain formation 
however increasing thickness ends to increase grain size; moreover it led to amorphous structure 
formation and this was proved through X-ray, Raman spectra and AFM images. 
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1. Introduction 
Carbon Nanotubes (CNT’s) are cylindrical structures of nanoscale diameter; it composed of carbon atoms in a 
hexagonal arrangement. They were discovered in 1991 by Japanese scientist Sumio Iijima [2]. The unique prop-
erties of CNT’s, such as tremendous strength and excellent thermal and electrical conductivity, have caused this 
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material to become the focus of intense research by many groups [1]-[3]. 
There are three commonly used methods of CNT synthesis. Arc-discharge method employs evaporation of 

graphite electrodes in electric arcs that involve very high temperatures (~4000˚C). Laser-vaporization technique 
employs evaporation of high-purity graphite target by high-power lasers in conjunction with high-temperature 
furnaces. Chemical vapor deposition (CVD) required incorporating catalyst-assisted by thermal decomposition 
of hydrocarbons [1]-[5]. 

All the above methods need catalysts such as Ni, Fe …etc. In our research, we use plasma scattering of car-
bon rod to prepare Si-C junction, which was studied earlier thoroughly in our published paper [6]. 

In this paper, we want to find the effect of changing the sputtering current and the thickness effect on the 
structural and electrical properties of the CNT layer in the Si-C junction. 

2. Experimental Method 
We report the synthesis of carbon nanotubes on silicon wafers without catalyst of large aspect ratios by plasma 
sputtering method as shown in Figure 1. The carbon-containing and reacting gases introduced into the chamber 
through a network with mass flow controllers allowing to regulate the flow rate and gas composition of the 
mixture. A high voltage applied to the electrode above the sample causes an ionization of the gases, resulting in 
plasma formation. This method allows the control of growth parameters to influence growth rateand diameter. 

The two most important features of this technique are carbon layer thickness and current flow through the 
carbon rod, which studied using scanning electron microscopy (SEM), Atomic force microscope (AFM), X-ray 
diffraction (XRD) and Raman spectroscopy. 

The surface microstructure obtained by a cold field scanning electron microscope (SEM) (JEUM-JSM-6756 F) 
operating at a voltage of 10 keV. Scanning electron microscope (Jeol; JDS-7391LV) was used to record Energy 
dispersive scattering (EDS). 

Raman spectra measurements (GM SER No 87,120) in (Germany made). The current voltage characteristics 
obtained using A WXS140s Wacom sun simulator. 

Micro-Raman spectroscopy consists of a laser excitation beam that focused through a microscope on the sam-
ple surface. The back scattered light intensity is measured as a function of its frequency shift. These shifts in-
duced by the inelastic energy exchange between photons and vibration modes. The spectra obtained give infor-
mation on the bonding environment in the sample. X-ray diffraction (XRD, Bruker/D8-advance with Cu Kα 
radiation (λ = 1.54178 Å), the diffraction angle was scanned from 20± to 100± at the scanning speed of 0:02± 
per second. 

3. The Results 
Many measurements were done include Scanning electron microscopy (SEM), Atomic force microscope (AFM), 
X-ray diffraction (XRD) and Raman spectra are taken. 

 

 
Figure 1. Schematic of plasma sputtering system.                             
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Two parameters were studied, the thickness of the carbon layer and the sputtering current. For all thicknesses 
and all currents included in the study, the effect of plasma sputtering current is opposite to increasing of layers 
thickness. Increasing plasma current will decrease grain formation and increasing thickness will increases grain 
size and moreover it lead to amorphous structure formation, this were proved by X-ray, Raman spectra and 
AFM images.  

Carbon layers deposited using 70 A current in the carbon rod are shown in Figures 2(a)-(c). From Figure 
2(a), it is noticed that the sputtering process produces small grains and these grains grows with thickness in-
crease as shown in Figure 2(b) and Figure 2(c) for 40 and 60 nm respectively. 

In Figure 2(c), clearly shown bigger grains due to cohesion between the small grains as a result of the con-
tinued growth in their dimensions with increasing the thickness of the carbon layer. 

In Figure 2(a), Figure 2(d) and Figure 2(g), represents SEM images due to sputtering currents in the carbon 
layer with values 70, 80 and 90 A with constant thickness (20 nm).The increase in current flow in the carbon rod 
produces further excitation(increase in the energy of plasma) in plasma which tries to obstruct the formation of 
grains and this will lead to produce more amorphous phase at the expense of carbon nanotubes formation (or-
dered phase) in the deposited carbon layer. 

As a conclusion, the increase of thickness will produce grains that grown slowly with high currents. This 
agree with the results of X-ray and Raman spectra, which will be discussed later. 

Raman spectra revealed the G and D bands clearly for all thicknesses and just for 70 A and 80 A. However, 
for high current 90 A, the G and D bands distorted as shown in Figure 3. 

From Figure 3(a) and Figure 3(b), the most important features seen are the disorder induced D band at 1340 
- 1350 cm−1 and the tangential G band at 1550 - 1580 cm−1, which is related to the graphite tangential Raman ac-
tive mode where the two atoms in graphene unit cell are vibrating tangentially one against the other. A presence 
in the Raman spectra of D bands with the frequency 1350 cm−1 is ascribed to a presence of amorphous Carbon in 
the sample, while the presence of G bands with a frequency 1580 cm−1 give us information about the existence 
of ordered Carbon structure [7]-[12]. 

We note that the specific peaks shown for 70 A and 80 A are clear but they decrease when increasing current 
to 90 A. The Raman spectrum distorted due to the increase in plasma energy by increasing current. 

The ratio of ID/IG bands (about 74% for 70 A and 77% for 80 A) give indication that the more probable phase 
is the ordered mode, but for 90 A power, the amorphous mode increase as a result of high sputtering power, so 
that we conclude that the amorphous mode will increase with increasing of flow current, this conclusion matches 
with conclusion that drown from the SEM images [10]. 

 

 
Current 70 A                Current 80 A                 Current 90 A 

Figure 2. SEM images of Carbon layers for a range of currents 70 A, 80 A and 90 A.           
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Figure 3. The Raman spectra of Carbon layers for a range of plasma currents 70 A, 80 A and 90 A.    

 
The Raman features associated with the radial breathing mode (RBM) from the large diameter tubes is usually 

too poor to be observable. The D band activated in the first order scattering process of sp2 Carbons by the pres-
ence of in plane substitution heteroatom vacancies, grain boundaries, or other defects and by finite size effects, 
all of which lower the crystalline symmetry of the quasi-infinite lattice. Therefore, the D mode could be used as 
a diagnostic of disruptions in the hexagonal framework of MWNTs and is induced by double resonance process. 
This result also observed elsewhere [10]. 

The shape of the G Raman peak gives possibility to distinguish between semiconducting or metallic nano-
tubes. Here, we think, that the nanotubes are associated with semiconducting type of conductivity as mentioned 
in ref. [12].  

In purified sample G band is narrower than in non-purified, so the spectra shows that our samples were well 
purified. At low thickness the intensity is somewhat lower than that of high thickness, this indicate that the di-
ameter of the nanotube is increasing, this is clear through comparing (a) with (b) and (c) spectra in Figure 2. 

X-ray measurements for Carbon nanotubes is somewhat different from that of crystalline or polycrystalline 
samples. X-ray diffraction of CNT gives indication of the presence of graphite layers. X-ray diffraction pattern 
shows clearly the characteristic peak (002) of the graphite layers which indicate surly the existence of multiwall 
Carbon nanotube. From Figure 4, it can be observed that the peaks for power 70 A Can be specified clearly for 
all thicknesses and they are distorted with increasing sputtering current due to increase in amorphous phase, In 
addition, the increase in thickness is inversely proportional to spectrum distortion for 80 A and 90 A currents, 
also it is noted that some peaks which belong to Si-C are disappeared in high current spectrums. XRD spectrum 
also shows characteristic peaks of Si, which belong to the substrate, and Si-C, which is normally formed at the 
junction but the intensity, is low indicating small quantity of Si-C. 

Figure 5 shows the atomic force microscope AFM images of the carbon layer on silicon wafer for different 
thicknesses and powers. It can be observed that the surface roughness of the carbon layers increases with thick-
ness for all currents, this roughness is due to the formation of grains and their growth, so that the amorphous 
mode (grains) and short CNTS were clearly shown in this figure which increases with thickness. 

In Figure 6, the three dimensional images of the samples for 90 A current are shown. It is clear that there is 
an enlargement in the grain size with increasing thickness. 

Figures 7(a)-(c) show the I-V characteristics for the Si-CNT junction for all currents and all thicknesses un-
der study, it is noticed that the current decreases with sample thickness for the same current in the carbon rod. 
Moreover for the same thickness, the current in I-V characteristics increases with the current flows in the carbon  
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Figure 4. X-ray spectrum for Carbon layers (a) 20 nm thickness, (b) 40 nm thickness and (c) 60 
nm thickness.                                                                      

 

 
Figure 5. AFM images of Carbon layers for a range of currents 70 A, 80 A and 90 A.                         



M. M. Uonis et al. 
 

 
95 

 
Figure 6. AFM images of Carbon layers for plasma current 90 A.                             

 

       
(a)                                  (b)                                 (c) 

       
(d)                                  (e)                                 (f) 

Figure 7. The I-V characteristics of Si-CNT junction for different plasma current and thicknesses.              
 

rod as in Figures 7(a)-(c). As a general behavior of the junction, I-V characteristics show semiconducting beha-
vior. 

For constant thickness, the increase in the plasma current flowing in the carbon rod will increase the energy of 
the plasma, which pervert the formation of the grains in the deposited carbon layer, reduces the amorphous 
phase, and thus reduces distortions occurring in this layer, which in turn is reflected in the increase in I-V cha-
racteristics current. 

4. Conclusions 
1) The joined effect of increasing thickness of the CNT layer in Si-CNT junction and the sputtering current in 

0

5

10

15

20

25

0 10 20 30

C = 60nm
C = 40nm
C = 20nm

70 A

0

5

10

15

20

25

0 10 20 30

C = 60nm
C = 40nm
C = 20nm

80 A

0

5

10

15

20

25

30

0 10 20 30

C = 60nm
C = 40nm
C = 20nm

90 A

0

5

10

15

20

25

30

0 10 20 30

I = 70A
I = 80A
I = 90A

C = 20 nm 

0

5

10

15

20

25

0 10 20 30

I = 70A
I = 80A
I = 90A

C = 40nm

0
2
4
6
8

10
12
14
16
18
20

0 10 20 30

I = 70A

I = 80A

I = 90A

C = 60 nm



M. M. Uonis et al. 
 

 
96 

the carbon rod led to the formation of grains. 
2) At certain sputtering current increasing thickness of the layer increases the grain size. 
3) Increasing sputtering current that flows in the carbon rod led to increase the plasma energy, which lead to 

increase percentage of amorphous phase in the CNT layer. 
4) I-V characteristic shows semiconducting behavior and the current decreases with increasing thickness for 

the same sputtering current in the carbon rod, whereas the current increases with increasing sputtering current in 
the carbon rod. 
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