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ABSTRACT   Plasma sputtering was used to deposit carbon layer from pure 

graphite with thicknesses (20, 54, 63 nm) on a p-type silicon wafer substrate for the 

preparation of a Si-CNT (Silicon – Carbon Nano Tubes) junction without any catalyst. 

The I-V characteristics of the junction were found to be similar to that of the diode, 

which confirm that the carbon layer or, in other words, that the carbon nanotubes are 

acting as an n-type semiconductor. The effect of heat and light illumination on the I-V 

characteristics is studied. At temperatures (32, 40, 50 and 60 oC), the I-V characteristics 

shows increase in conductivity with increasing the temperature for a certain thickness. 

The effect of light on I-V characteristics has also been studied showing an increase in 

current flow, the effect of both heat and light illumination is more pronounced at low 

values of the thickness of the CNT layer due to their low resistivity.  
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1. INTRODUCTION 

 

         Carbon atoms are characterized 

by a strong tendency to bind with each 

other or with the atoms of other 

chemical elements (Pierson, 1993). 

This behavior gives rise to a variety of 

structural forms, including crystallized 

carbon, such as diamonds, graphite, 

fullerene, carbines, non-crystalline 

carbon and nanoparticles, including 

nanotubes (Mahtani, 2010). Each of 

these forms has different physical and 

chemical characteristics (Saito, 1998).  

   

 For the preparation of carbon 

layers with a nanoscale thickness in 

 which carbon nanotubes are formed, 

there are different chemical and 

physical methods. One of those 

methods is the plasma sputtering 

(Seshan, 2002).The physical basis of 

this method is the transfer of kinetic 

energy and momentum of the 

bombarding atoms to the surface of the 

target material. Sputtering can occur 

irrespective of the particle charge or 

type. The bombarding particles can be 

atoms, electrons, ions or even 

molecules (Seshan, 2002; Uonis et. al, 

2014). 

      

 In this study the Si-CNT 

junction was prepared using the plasma  
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sputtering method with different 

thicknesses of the carbon nano tube 

layers (20, 54, 63 nm) without using 

catalyst (Uonis et. al, 2014). Scanning 

electron microscope (SEM), atomic 

force microscope AFM and Raman 

spectroscopy are used to ensure the 

existence of the CNT and to study 

samples structures (Aksak et. al, 2009; 

Zhang, 2009).  The main aim of the 

present work is to examine the effect of 

light and heat on the electrical 

properties of the Si-CNT junction 

prepared by plasma sputtering without 

catalyst.  

 

 

2. EXPERIMENT 

  

 Silicon wafers were used as 

substrates to prepare the nanotube layer 

for the Si-CNT   junction. A glass cutter 

was used to cut the silicon wafers into 

square pieces of area (1×1 cm2). The 

process of cleaning silicon wafers 

includes several steps: washing with 

distilled water, drying with alcohol and 

methanol, using ultrasound waves to 

remove the dirt from the Si wafers 

surface, washing again with distilled 

water, and drying. Finally removing the 

silicone dioxide layer from the surfaces 

of the wafers by fluoric acid, then 

washing another time with distilled 

water (Seshan, 2002). 

       

 To fabricate the Si-CNT 

junction, a highly purred graphite rods 

were used as a source of carbon in 

plasma sputtering device to deposit a 

layer of carbon nano tubes with 

different thicknesses using a plasma 

sputtering method with a helium as 

ambient gas and a precipitation current 

of 70 A from pure carbon rods without 

catalyst. Thickness of carbon nano 

layer was controlled by application of 

the current on the graphite rods for 

different times lapses (Seshan, 2002). 

     

 Figure 1 shows the Si-CNT 

junction (right), and the mask (left) 

used in deposition of the upper gold 

contact points, the lower part of the 

junction is the back gold contact, the 

layer above the back contact (blue) is 

the silicon wafer, and the upper layer is 

the carbon nano tube layer. Figure 2 

shows the electrical circuit used for 

measuring I-V characteristics, while 

light and heat is applied to the sample.

  

 

 

  

 

 

 

 

 

 

 

 

 

Figure 1. The Si-CNT junction (right), and the mask (left) used in deposition of the 

upper gold contacts seen on the top of the right figure, below them is the CNT layer, 

then Si layer and the gold back contact layer. 
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Figure 2. The electrical circuit used to measure the I-V characteristics. 

 

 

 After preparation of the samples 

with different thicknesses of the CNT 

layer, each sample was connected to the 

circuit shown in Figure 2 to measure the 

I-V characteristics, which were initially 

measured with light applied at the top 

surface of the junction. Then, the I-V 

characteristics was measured without 

light, to compare between the two cases 

as shown in Figure 6. The same 

procedure was repeated and the I-V 

characteristics were measured again, 

but now for studying the heat effect. By 

heating the sample of different 

thicknesses of the CNT layer, and at 

different temperatures 32, 40, 50 and  

60 oC the effect of heating the samples 

is shown in Figure 8. 

 

 Structural properties are 

important in the understanding of the 

nature of nanomaterials (Aksak et. al, 

2009; Zhang, 2009; Costa et.al, 2008). 

So, scanning electron microscope SEM 

(Aksak et. al, 2009) and atomic force 

microscope images AFM (Zhang, 

2009) were taken, for our samples as in 

figures 3 and 4. In Figure 5, Raman 

spectra of Carbon layers with 

thicknesses (a-20, b-40 and c- 60 nm) 

using 70 A sputtering current and 

different time periods, are shown which 

give clear evidence of formation of the 

CNT tubes because the appearance of 

the D band 1357 cm-1 and G 1588 cm-1 

proves the existence of CNT (Costa 

et.al,2008).  

 

 

3. RESULTS AND 

DISCUSSIONS 
         

 Figure 3 shows SEM images of 

Carbon layers with thicknesses (20, 40 

and 60 nm) using 70 A sputtering 

current and different time periods 

(Uonis et. al, 2014; Aksak et. al, 

2009).Insight study of the samples 

shows clear evidence of increase of 

diameter of nano tubes of the CNT 

layer with increasing thickness of the 

CNT layer, because more carbon layers 

are added to the nano tubes, which 

increases the multiwall nano tubes 

diameter and length (Aksak et. al, 

2009). The increase in diameter and 

length of multiwall nano tubes 

increases   resistivity. This result also 

proved experimentally in Figure 7. This 

leads to the result that, current 

decreases, with increasing CNT layer 

thickness.  

carbon 
p type - Si 

V 

A 
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Figure 3. SEM images of Carbon layers with thicknesses (20, 40 and 60 nm) using 

70 A sputtering current and different time periods (Uonis et. al, 2014; Aksak et. al, 

2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. AFM images of Carbon layers with thicknesses (20, 40 and 60 nm) and 70 

sputtering current (Uonis et. al, 2014; Zhang, 2009). 
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 Figure 4 shows AFM images of 

CNT layers with thicknesses (20, 40 

and 60 nm) and 70 A sputtering current 

(Uonis et. al, 2014; Zhang, 2009). 

Insight study of these images reinforce 

our former conclusion from SEM 

images that the increase in diameter and 

length of multiwall nano tubes 

increases the thickness of the CNT 

layer. Here increase of diameter and 

length of CNT is more pronounced, 

which gives another powerful prove to 

our conclusion that, the increase in 

diameter and length of multiwall nano 

tubes increase resistivity, this leads to 

decrease of current with increasing 

thickness (Zhang, 2009) .  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Raman spectrum of carbon layers with thicknesses (a) 20nm, (b) 40nm and 

 (c) 60 nm and 70 A sputtering current, the D band 1357 cm-1 and G 1588 cm-1 proves 

the existence of CNT (Costa et.al, 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The I-V characteristics for Si-CNT junction for different carbon 

thicknesses (20, 54 and 63 nm) in light and dark. 
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Figure 6 shows the I-V 

characteristics when light is on and off 

respectively.  In general, the shape of  

I-V characteristics is comparable to the 

general shape of I-V characteristics of 

the diode (Fedawy et. al 201; Uchino 

et.al 2013). This gives an indication that 

the carbon CNT layer have n-type 

semiconductor behavior due to the 

production of a multi-wall nanotubes 

(MWCNT), as SEM and AFM images 

in Figure 3 and Figure 4 shows. These 

results also agree with conclusions of 

references (Fedawy et. al 2012; Uchino 

et.al 2013). The current increases with 

voltages for all samples, but the 

variation in current values with a 

change in the carbon nano layer 

thickness have inverse dependence. 

This inverse dependence can be 

explained as it is due to the increase of 

diameter and length of nano tubes of the 

CNT layer with increasing thickness of 

the CNT layer, because more carbon 

layers are added to the multiwall nano 

tubes, (Costa et. al,2008; Fedawy et. al 

2012; Uchino et.al 2013). By studying 

resistivity characteristics of these layers 

as shown in Figure 7 it is clear that, the 

increase in resistivity with increasing 

thickness which explains that the small 

thicknesses have higher currents in 

comparison with greater thicknesses 

due to its low resistivity (Pierson, 

1993).

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The resistivity of Si-CNT junction for different carbon thicknesses (20, 54 

and 63 nm) in light and dark. 
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 The effect of the variation in 

temperature on the Si-CNT 

characteristics appears in the Figure 8 

(a, b). In Figure 8(a) and for CNT layer 

thickness of (63 nm) the currents 

increases with increasing temperature 

proportional and this agrees with the 

typical behavior of semiconductor 

diodes due to generation of carriers, but 

here the mechanism of this increase in 

the CNT is unknown and we register it 

as an experimental fact. 

  

 Figure 8(b) shows the effect of 

temperature on the I-V characteristics 

for different thicknesses. We notice that 

the intensity of the current increases 

with the decrease in the CNT layer 

thickness at any value of the voltage. 

The sample of thickness 20 nm shows 

great increase of current about two 

times that of 60 and 54 nm thickness 

this also is good experimental fact and 

can be due to low diameter of the nano 

tubes with low resistivity and so, have 

higher current.

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. The I-V characteristics for Si-CNT junction a) different operating 

temperature; b) different thicknesses (20, 54 and 63 nm) at temperature 60 oC 
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4. CONCLUSIONS 

 

 Finally, Si-CNT junction 

prepared by plasma sputtering of 

Carbon without catalyst leads to the 

following conclusions:  

 

1. Iluminating   Si-CNT junction by 

light increasing generated current 

flowing in the Junction.  

2. Heating of Si-CNT junction 

increasing current flowing in the 

junction and heat are more effective 

than light in increasing generated 

current.   

3. Low diameter carbon nano tubes 

are more sensitive to light and heat 

due to low resistivity of them in 

comparison with higher diameter 

ones.  

4. The current is inversely 

proportional with carbon layer 

thickness because of the increase in 

nano tube thickness, as a result of 

addition of more carbon layers, this 

increases resistivity, and explains 

the inverse proportionality of 

current with thickness.  
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