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Abstract 
The research studies the effect of the distance between the sample and the plasma sputtering 
source on the properties of the junction (silicon wafer-carbon nanotubes). The silicon wafer is 
fixed at (near, medium and far distances from the plasma source which is in the form of high puri-
ty graphite rod heated electrically). For the three cases, thickness of the sample is constant (20 
nm). The samples were studied by scanning electron (SEM) and atomic force microscopes (AFM), 
X-ray and Raman spectra. For optimum distances the carbon layer is in the form of multi wall car-
bon nanotube (MWCNT). SEM images shows no formation of CNT on the Si wafer for near distance, 
which is consistent with the AFM images, X-ray and Raman spectrograms and no existence of cha-
racteristics (002) peaks whereas it appears for medium and longer distances, and by experience 
the optimum distance was found. This means that at closer distance high energy and high intensity 
plasma particles prevent the formation of CNT. This effect decreases with increasing distance of 
substrate from the graphite rod. 
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1. Introduction 
There are many applications of carbon nanotubes in various scientific fields such as electronics, materials, med-
ical science and others. Researchers were interested in finding different methods to produce these nanotubes and 
to study different variables affecting these methods to gain best properties for these tubes: their directions of 
growth, lengths and densities. Different methods are used in the production of CNTS some of them involve very 
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high temperature (arc discharge: 5000˚C - 20,000˚C, laser vaporization: 4000˚C - 5000˚C) and others are per-
formed at low temperatures (chemical vapor deposition CVD: below 1000˚C) [1]. 

In this work preparation of Si-CNT junction without catalyst was done using plasma-sputtering system. The 
effects of distance variation between the carbon rod and the samples on nanotubes productions and their optical 
properties have to be examined through the SEM & AFM images, X-ray and Raman spectra. 

2. Experimental Method 
Our research involves the production of Si-C junctions using plasma-sputtering method. The main procedure is 
through the conventional sputter chamber which is evacuated with a rotary pump until the vacuum level (10−2 
tor), then Introducing Argon gas into the chamber to allow the vacuum to recover then. Apply the lowest voltage 
that will allow a plasma to strike the carbon rod [2].  

The carbon layers (20 nm thickness) were directly deposited on silicon wafer from carbon rods without any 
kind of catalysts [3]. The current flow through carbon rods is about 70 A. The effect of distance variation be-
tween the carbon rod and the samples on nanotubes productions and their properties was examined through the 
SEM, AFM images, X-ray and Raman spectroscopy.  

The system for synthesis of carbon nanotubes on silicon wafers without catalyst by plasma sputtering method 
is shown in Figure 1. A high voltage is applied to the electrode causes an ionization of the gases, resulting in 
plasma formation. This method allows the control of growth parameters and as a result affecting the growth rate. 

The most two important parameters in this technique are distance of the sample from the carbon rod thickness 
and the current flow through the carbon rod. 

Measurements of the properties of the samples prepared by the above method are: 
The surface microstructure obtained by a cold field scanning electron microscope (SEM) (JEUM-JSM-6756 F) 

operating at a voltage of 10 keV. Raman spectra measurements using spectrometer (GM SER No 87120) (Ger-
many) which consists of a laser excitation beam that is focused through a microscope on the sample surface. The 
back scattered light intensity is measured as a function of its frequency shift. These shifts induced by the inelas-
tic energy exchange between photons and vibration modes. The spectra obtained give information on the bond-
ing environment in the sample. X-ray diffraction is done using the diffractometer (XRD, Bruker/D8-a with Cu 
Kα radiation λ = 1.54178 Å). The current-voltage characteristics obtained using the circuit shown in Figure 2 
revealed a standard pattern as shown later. 

3. Results & Discussion 
Figure 3 shows scanning electron microscope images for 20 nm carbon layer deposited on silicon wafers. These 
samples were located at three different distance from carbon rod with 3 mm increment. For the three cases,  
 

 
Figure 1. Schematic of plasma sputtering system.                                      
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Figure 2. The circuit used for measuring I-V characteristics.                 

 

 

 
Figure 3. Scanning electron microscope images for the samples at three dis-
tance (a) 14.1 cm, (b) 14.4 cm and (c) 14.7 cm.                           

 
thickness of the sample is constant (20 nm) .the samples were studied by scanning electron (SEM) and atomic 
force microscopes (AFM), X-ray and Raman spectra. For optimum distances the carbon layer is in the form of 
multi wall carbon nanotube (MWCNT). 

Figure 3(a) show the SEM image of the nearest sample to carbon rod (1.41 cm), SEM images shows no for-
mation of CNT on the Si wafer for near distance, this is consistent with the AFM images, X-ray and Raman 
spectrograms where no existence of characteristics (002) peaks are noticed whereas Figure 3(b) & Figure 3(c) 
for the medium and longer distances shows formation of CNT. This means that at closer distance high energy 
and high intensity plasma particles prevent the formation of CNT, this effect decreased with increasing distance 
of substrate-graphite rod [4]-[6]. 

Raman spectra for the samples revealed: the G and D bands appear for the smallest distances at 1610 - 1620 
cm−1 and at 1360 - 1370 cm−1 respectively, also intensity of Raman peaks increase with distance by comparing 
(b) and (c) in Figure 4, while for the smallest distance (a) in the same figure, the peaks (D & G) disappeared [6]- 
[10]. The most noticeable features seen in Figure 4 are the increase in disorder induced D mode with distance 
increase, which ascribed to prevent the formation of the both phases (order and disorder modes) in the deposited 
carbon layers. 

X-ray diffractogram shows the characteristic peak (002) of the graphite layers which indicate surly the exis-
tence of multiwall Carbon nanotube, intensity of the peak for smaller distance is lower than that of high distance 
[11]. From Figure 5, we can observe that some peaks, which belong to SiC, and disappeared with decreasing 
distance. This is fully compatible with the SEM images and Raman spectrum.  

Figure 6 shows the Atomic force microscope images for the samples at three distances. Figure 6(c) at near 
distances from the graphite rod the center of the plasma will lead to a distortion of the samples surfaces, increase  
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Figure 4. Raman spectra for the samples with distances from 
the Carbon rod (a) 14.1 cm, (b) 14.4 cm and (c) 14.7 cm.     

 

 
Figure 5. X-ray spectrum for the samples at three distance (a) 
14.1 cm, (b) 14.4 cm and (c) 14.7 cm.                    

 

 
(a)                                       (b) 

 
(c) 

Figure 6. Atomic force microscope images for the samples at three (a) 14.1 cm, (b) 14.4 cm and (c) 14.7 cm.         
 
in surface roughness and preventing the formation of grains and carbon nanotubes, whereas grains are well de-
fined for the medium and far distances Which we will consider as optimum Figure 6(a) & Figure 6(b) [11] 
[12]. 
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Figure 7. The I-V characteristics for Si-C junction with gold elec-
trodes.                                                  

 
The I-V characteristics for Si-C junction with gold electrodes on the front and backsides of the junction are 

shown in Figure 7. It is very clear that the junction has a semiconducting behavior, which is a characteristic 
property of the zigzag carbon nanotubes I-V characteristics support our deduction and best curve is with distance 
1.47 cm. 

The study by scanning electron (SEM) and atomic force microscopes (AFM), X-ray and Raman spectra all 
shows that distance between sample and source of plasma sputtering source affecting the formation of CNT on 
the Si wafer .For near distance no formation of CNT , whereas it appears for medium and longer distances. This 
means that at closer distance high energy and high intensity plasma particles prevent the formation of CNTi.eit 
prevent the formation of the hexagonal C loops which is the essential unit of the graphite layer that forms the 
CNT, this effect decreased with increasing distance of substrate from the graphite rod which means that the dis-
tance between sample and source is a critical factor. 

4. Conclusion 
Distance between sample and source of plasma sputtering source affect the formation of CNT on the Si wafer. 
For near distance there is no formation of CNT, whereas it appears for medium and longer distances. This means 
that at closer distance high energy and high intensity plasma particles prevent the formation of CNT. This effect 
decreases with increasing distance of substrate from the graphite rod. 
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