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ABSTRACT 
 
Metallic nature of multiwalled carbon nanotubes (MWCNTs) 
were modified using low frequency (50Hz) non-equilibrium 
plasma, which was generated separately by oxygen and 
nitrogen dielectric barrier discharge plasma (DBD) at 
atmospheric pressure. Its potential to behave as 
semiconducting behavior mainly in diode application was 
studied. The surface structure and electrical properties 
changes before and after treatments were analyzed by using 
X-Ray Photoelectron (XPS), and IV measurement (a 
two-point probe). The current–voltage (I–V) characteristics 
shows that Au/MWCNT-N2(12kV)/Al shows good rectifying 
behavior. This showed that, the nitrogen-containing group 
can modify the metallic nature of MWCNTs to 
semiconducting behavior. Since the I-V curves for 
Au/MWCNTs-N2(12kV)/Al has rectifying behavior similar 
to Schottky diode, the electronic parameters such as ideality 
factor, barrier height and series resistance of the device were 
extracted by using three methods and give good agreement 
between them. 
 
Key words : DBD plasma; metallic; semiconducting; 
Schottky diode  
 
1. INTRODUCTION 
 
Schottky diodes playing an important role in recent 
electronics technology. Schottky diodes are the fundamental 
of the large number compound semiconductor device 
although they have the simplest structure [1]. Among their 
unique advantages over p-n junction diodes are fast response, 
low resistance and small transient reverse current during 
switching [2, 3]. CNTs are an excellent candidate nowadays 
due to several reasons which are near ballistic transport and 

 
 

making them a very low-power alternative [4, 5]. One 
foremost obstacle to the implementation of CNTs in 
electronic devices is the present of metallic tubes in bulk 
SWCNTs. Generally, as-grown SWCNTs consist of one third 
metallic tubes and the remains are semiconducting  
 
[6]. On the other hand, bulk MWCNTs have metallic 
behavior due to their large diameter and complex structure of 
each tubes [7]. However, the application of micro and 
nano-electronic devices especially like Schottky diode or 
transistor, semiconducting CNT are required [8].  
 
A variety different methods to separate metallic and 
semiconducting SWCNTs has been implemented such as 
ac-dielectrophoresis [9], selective breakdown of metallic 
SWCNTs [10], DNA wrapping [11], gel agarose 
electrophoresis [12] and amine extraction [13]. Up to now, 
the manufacture of semiconducting CNTs on a bulk scale is 
still a challenging process. Besides, the production of 
SWCNTs is expensive and complex as compared to 
MWCNTs that can be produced on a large scale with a 
reasonable price [14]. Regarding to this issue, the 
modification of MWCNTs properties to ensure that they can 
be a semiconducting behavior needs further exploration. 
Previously, the transition of metallic MWCNTs into 
semiconducting one by burning or removing the outer carbon 
shells via electrical breakdown has been proposed by Collin et 
al. [15]. However, this technique can cause parallel 
breakdown and might destroy CNT devices due to 
uncontrolled method.   
 
Recently, studies on modification of MWCNTs properties 
based on defect and imperfections could recommend a 
possible route to alter their electronic properties. Activated 
v-CNT tips from MWCNTs doped with nitrogen to tune their 
electronic properties has been reported by Mattia et al. [16]. 
Janas et al. modified MWCNTs electronic nature by exposed 
the CNT nanotube films to vapors from harsh chemicals [17]. 
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Their electronics properties also can be changed by the 
replacement of carbon atoms with boron dopants [18] and an 
oxidizing agent [19]. Besides that, numerous approaches has 
been stabilized to change the electronic properties of 
MWCNTs such as polymer wrapping [20], fluorination [21], 
electrochemical methods [22] and plasma treatment [23]. 
 
Plasma treatment offers some worthwhile advantages, 
including short time treatment, the capability to be processed 
at room temperature and environmentally friendly process. 
Depending on the plasma parameters, such as applied 
voltage, plasma gas used, time treatment, and the power and 
frequency of the plasma different defect structures and 
functional groups can be formed on the CNT surface. The 
C=C bond of CNT is attacked by the excited molecules and it 
generates radicals during plasma discharge. This process 
produces open ends and defect sites as the main sites for 
functionalization. Dielectric barrier discharge (DBD) plasma 
is the most flexible and simplest plasma amongst the different 
methods used to produce a plasma. This method is described 
by the presence of at most one dielectric barrier in contact 
with the discharge between two electrodes connected to a high 
voltage power supply.      
 
In this study, defects on MWCNTs surface by using 
atmospheric pressure DBD plasma treatment at 50Hz were 
produced. The purpose of this research is to study the 
probability of altering the electronic properties of metallic 
MWCNT by DBD treatments by using two different gases at 
atmospheric pressure. Changes in the structural surface and 
electrical properties that appeared on the MWCNTs after the 
treatments were examined by using XPS and IV measurement 
(a two-point probe). The Au/Treated MWCNTs/Al Schottky 
diode was fabricated and their performance parameters were 
evaluated and compared to other CNTs based Schottky 
diodes.  
 
2. METHODOLOGY 
 
2.1 Materials 
 
MWCNTs powder got commercially and prepared by 
Combustion Chemical Vapor Deposition (CCVD) were used 
without purification. The lengths were about 10-30µm and 
the outer and inner diameters lies between 20-30nm and 
5-10nm respectively.  
 

2.2 DBD Apparatus 
 
Figure 1 shows the experimental set-up of DBD plasma 
discharge used in this work that conducted in ambient air. 
Two gases which are oxygen and nitrogen were used 
separately as a buffer gas. Discharges were produced between 
60 mm diameter of two circular plane parallel copper 
electrodes. In the case of DBD, both electrodes were enclosed 
by a 2 mm thick glass material that acted as a dielectric 

barrier which permits the charge build up and maintains the 
plasma from micro discharge. A fine wire mesh (#325) was 
inserted between the electrode and the glass so that a stable 
glow discharge can be obtained. In both cases (oxygen and 
nitrogen), the gap spacing, gas flow rate and time treatment 
were kept constant at 2 mm, 1 lpm and 10 minutes, 
respectively. A voltage between 1 to 20 kV at a frequency of 
50 Hz was used as the voltage supply.  
 
A high voltage probe (Tektronix P6015A, 1000x) was used to 
measure the voltage applied to the electrodes. The discharge 
current was determined by using a Pearson Rogowski current 
monitor via a 50  resistor connected in series to the ground. 
The PicoScope 5242A was used to record the waveform of the 
applied voltage and discharge current.  
 

 
Figure 1: Apparatus setup for DBD plasma treatment 

 
2.3 Thin Film Fabrication 
 
The MWCNTs thin film was fabricated on glass substrate, by 
using drop casting method. 0.6 mg of treated and untreated 
MWCNTs powders at different gas sources and different 
plasma voltages, was dissolved in 60 mL DI water, sonicated 
for 2 hours and stirred for 6 h to get a uniform solution. Then, 
same volume of each MWCNTs solution was dropped on a 
cleaned glass substrate by using micropipette so that a similar 
thickness of thin film for all samples can be achieved. Finally, 
the DI water for all samples were evaporated by baked at 100 
oC. 

 
Figure 2: Cross-sectional view of Al/MWCNTs/Au 

surface type Schottky diode 
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Two asymmetrical electrodes, which are Gold (Au) and 
Aluminium (Al), were contacted at two ends of the MWCNTs 
thin film by using thermal evaporator. Au and Al were chosen 
as contacts owing to their high and low work functions that 
can act as Ohmic contact and rectifying contact, respectively. 
In a previous work, the combination of these two electrodes 
was shown to rectify the current when semiconducting 
SWCNT was contacting between Al and Au metals [24]. Our 
main aim was to reach a similar rectifying behavior by using a 
treated MWCNTs network. Figure 2 displays the FESEM 
image of thin film between 100 µm Al and Au electrodes. 
After completion the fabrication of thin film and deposition of 
asymmetric electrodes, this device can be called as 
Au/MWCNTs/Al surface type of Schottky diode.  

 

2.4 Materials Characterization 
 
Materials characterizations were carried out in two forms, 
which were in powder and thin film forms. The powder form 
of MWCNTs was used for characterization using XPS 
Spectroscopy. Thin films of pristine and treated MWCNTs 
deposited with two electrodes (Al and Au) by using thermal 
evaporation were analyzed by using the current voltage (IV) 
measurement. 
 

X-Ray Photoelectron (XPS) 
The defect structure of the MWCNTs samples was 
explored using a Raman Horiba Xplora Plus. The 
excitation line was set to λ = 532 nm and magnification 
set to 40x. Detailed scans from 800 cm-1 to 2000 cm-1 

were conducted on each MWCNT sample.  
 
Current-Voltage (IV) Measurement 
The IV characteristics were conducted using a Keithley 
6517B source metre to investigate the Ohmic or 
Schottky behavior of CNTs between the asymmetrical 
electrodes (Al and Au).  

3.  RESULTS AND DISCUSSIONS 
 

3.1 X-Ray Photoelectron Spectroscopy (XPS)  
 
X-Ray photoelectron spectroscopy (XPS) was used to 
characterize the surface atomic composition of pristine and 
treated MWCNTs. The presence of carbon, oxygen and 
nitrogen atom that nominated by C 1s, O 1s and N 1s are 
appear at position 283.9, 531.8 and 399 eV respectively. From 
Figure 3, it can be seen that the pristine MWCNT 
(MWCNT-p) has no N 1s signal but low oxygen levels (O 1s) 
were detected which arises from oxygen or water absorbed on 
MWCNTs. After being treated by oxygen DBD plasma 
treatment, the peak of O 1s appears obviously for all treatment 
conditions. The oxygen atomic percentage can reach up to 
16.9 and 32.5 at. % when treated at applied voltage of 6 and 8 

kV respectively. At higher applied voltage, the composition of 
O 1s decreased gradually to 28.8 at. %. The carbon and 
oxygen atomic percent of MWCNTs for pristine and after 
treated by oxygen DBD plasma is tabulated in the inset of 
Figure 3. The XPS C 1s peak fitting for MWCNTs-p and 
MWCNTs-O2(10kV) are shown in Figure 4 (a) and 4 (b). In 
Figure 4 (a), the C 1s for MWCNTs-p can be decomposed into 
two components which are peak 1 at 283.9 eV and peak 2 at 
284.4 eV.  

 
Figure 3: XPS spectra of pristine and MWCNT-O2. 

 
The peak 1 is attributed to the sp2 type carbon which indicates 
the level of graphite, whereas the peak 2 corresponds to the 
diamond-like sp3 carbon which denotes the defects and 
disorder level. After plasma treatment, the functional groups 
which is at peak 3, 4 and 5 turn out in the C 1s component. 
These peaks are corresponding to hydroxyl, carbonyl and 
carboxyl group respectively.  
 
Table 1 displays the relative percentage of carbon atom 
components for MWCNT-p and MWCNT-O2 treated at all 
applied voltage, after quantitative analysis.  
 
Figure 5 shows the XPS spectra of pristine and MWCNT-N2. 
The carbon and nitrogen atomic percent of MWCNTs for 
pristine and after treated by nitrogen DBD plasma is tabulated 
in the inset of Figure 5. The presence of N 1s signal at 399 eV 
after nitrogen DBD plasma treatment confirms that the 
incorporation of nitrogen functional group into MWCNTs 
surface was successful. MWCNTs-N2 treated at 10 kV results 
to a moderate nitrogen content of approximately 4 at. %. The 
signal of N 1s increases slightly for applied voltage plasma at 
12 kV which is 14.8 at %, but leads to decrease the nitrogen 
content at higher applied voltage (14 kV) of about 10.3 at %.  
 

 
Figure 5: XPS spectra of pristine and MWCNT-N2. 
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Figure 6 (a) and (b) show the N 1s and C 1s peak fitting for 
MWCNTs-N2(12kV) respectively. As shown in Figure 6 (a), 
the N 1s peak fitting has three components indicating that the 
N atoms have three different bonding characters inserted into 
MWCNT network (Figure 7 (c)). The peak 2 and peak 3 
located at 400.1 and 398.2 eV are correspond to “pyrrolic” 
and “pyridinic” N, respectively. They refer to the N atoms 
which are located in a π conjugated system and contribute to 
the π system with one or two p-electrons, respectively. The 
peak 1 at 401.7 eV is a “graphitic” N, which refers to the N 
atoms substituting C atoms inside the tubes. 
 
For C 1s peak fitting in Figure 6 (b), the main peak at 284.0 
eV is attributed to the graphite-like sp2 carbon. The peak 2 at 
285.2 eV can be denoted to sp3 type carbon (defect and 
disorder), while the other peaks at 286.1 and 287.5 eV can 
result from carbon atoms bonded to either nitrogen or oxygen 
species. It this case, these two peaks can be correlated to C-N, 
C=N and CN (nitrile) type bonds since the total increase of 
oxygen (O 1s) upon plasma treatment is rather low than the N 
1s signal.       
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The duration of plasma treatment on MWCNTs also varied in 
different time in order to investigate deeply the effect on 
MWNCTs. Figure 7 (a) and (b) demonstrate the variation of 
oxygen and nitrogen concentration respectively with different 
applied voltage and time treatment. The concentration of 
oxygen and nitrogen is verified from C 1s and N 1s bond, 
respectively from XPS analysis.  
 
Based on Figure 7 (a), the concentration of oxygen is small for 
MWCNTs-O2(6kV) at all treatment time. However, the 
concentration of oxygen for MWCNTs-O2(10kV) is less than 
MWCNTs-O2(8kV). This is due to the different of oxygen 
energy bombarded to the MWCNTs surface. 

 

Theoretically, 10 kV applied voltage of plasma has higher 
electron energy than 8 kV applied voltage. The electron 
energy at different applied voltage has been calculated at 
previous section. Thus, higher energy of oxygen 
bombardment only attacked the MWCNTs surface and have 
sufficient energy to move away from carbon atom rather than 
produce C=O bond with carbon atom.   
 

 
(a)  

(b) 

Figure 4: The XPS C 1s peak fitting for (a) MWCNT-p, (b) MWCNT-O2(10kV) 

 
Table 1. Relative percentage of carbon atom components for MWCNT-p and MWCNT-O2 treated at all 

applied voltage. 
 C (%) O (%) Fit peak 1 Fit peak 2 Fit peak 3 Fit peak 4 Fit peak 5 

Sp2 carbon 
(%) graphite 
like 

Sp3 carbon 
(%) 
diamond 
like 

C-O (%) 
hydroxyl 
groups 

C=O (%) 
carbonyl 
groups 

COO (%) 
carboxyl groups 

MWCNT-p 99.8 0.2 86.07 13.93 0 0 0 

MWCNT-O2 
(6kV) 

83.1 16.9 71.51 14.73 8.37 3.65 1.74 

MWCNT-O2 
(8kV) 

67.5 32.5 63.15 12.31 14.78 7.38 2.38 

MWCNT-O2 
(10kV) 

71.2 28.8 65.86 12.37 11.13 6.91 3.73 

 

(a) (b) 
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The concentration of nitrogen on MWCNTs at different 
applied voltage and time treatment is shows in Figure 7 (b). 
The higher concentration of nitrogen is happened when the 
applied voltage of plasma is at 12 kV. Dissimilar to Figure 7 
(a), the concentration of nitrogen gives saturated values after 
10 minutes of treatment time. It can be seen that, the optimum 
condition to functionalize higher concentration of nitrogen 
for DBD plasma at atmospheric pressure (50 Hz) is at 12 kV 
applied voltage and 10 minutes time treatment.  

 

3.2 Electrical Characteristics 
 
     Electrical characteristics of untreated and treated 
MWCNT using oxygen and nitrogen plasma was measured 
using current-voltage (I-V) measurement. The measurement 
of current-voltage characteristics was conducted at room 
temperature and within the biased voltage between -5V to 
+5V. The measurement was repeated more than three times 
for each sample in order to validate the repeatability of the 
experiment. The I-V curve can measure the current flowing 
through the MWCNTs connected by the Al and Au electrodes 
as the function of voltage applied. Its behavior and 
performance as Schottky or Ohmic contact also can be 
examined from this measurement. Al was deposited to act as 
the rectifying contact and Au as the Ohmic contact to the 
channel [25]. In previous work, the combination of this 

 
(a) 

 
(b) 

 
(c) 

Figure 6: The XPS peak fitting for MWCNT-N2 (12kV) (a) N 1s and (b) C 1s.  
(c) Schematic representation of N-doped CNT.  

 
 
 

 
(a) 

 
(b) 

Figure 7: Variation of  (a) Oxygen and (b) Nitrogen 
concentration with applied voltage at different time treatment 
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asymmetric electrodes has been shown to rectify the current 
when a single SWCNT was contacted between them [37]. Our 
main purpose was to reach a similar rectifying behavior by 
using a treated MWCNTs network. Figure 8 shows a linear 
relationship between the current and voltage for MWCNTs-p. 
The linear graph demonstrates a resistive nature and no 
semiconducting characteristics can be identified and this 
Ohmic behavior is predictable since the MWCNTs-p is 
metallic in nature. 

 
 

 
Figure 8: I-V curve for Al/MWCNTs-p/Au 

 
Figure 9 (a) and (b) show the I-V characteristics for 
MWCNTs-O2 and MWCNTs-N2, respectively. In case of 
MWCNTs-O2, both I-V curves for 6kV and 8kV input 
voltages continued to act as Ohmic behavior. But, the 
resistance for MWCNT-O2 (8kV) improved as compared to 
that of MWCNTs-O2 (6kV). When input voltage of plasma 
was increased to 10kV, the I-V curves for MWCNTs-O2 
showed non-linear characteristics and tended to show 
near-Schottky behavior.  Their electronics properties 
strongly affected by the severe defect structure of the 
MWCNTs. It can be noticed by the non-linear 
characteristics for MWCNTs-O2 treated at higher plasma 
voltage, where the higher energy of ion bombardment 
breaks the C=C bond of MWCNTs. Unlike to MWCNTs-O2, 
all I-V curves for MWCNTs-N2 showed non-linear behaviors. 
The I-V curves showed rectifying or Schottky-like behavior 
from when the breakdown in nitrogen gas started to occur at 
10kV, until the discharge stopped at 14kV. As can be 
observed, the current of MWCNTs-N2 (12 kV) was very small 
at lower bias, but went up after a slightly higher bias. This 
shown that the MWCNTs-N2(12kV) had a semiconducting 
character compared to MWCNTs-N2(10kV) and 
MWCNTs-N2(14kV). The behavior of current rectifying for 
Al/MWCNTs-N2(12)/Au device is similar to SWCNTs based 
Schottky diode [25-28]. This suggested that with moderation 
of nitrogen plasma applied voltage, bamboo-like structure of 
MWCNTs would be created. This structure could increase the 
mobility of metallic MWCNTs, besides having the tendency 
to convert metallic MWCNT into semiconducting behavior. 
From these two different I-V curve behaviors of MWCNTs-O2 
and MWCNTs-N2, it can be assumed that the nitrogen 
functional groups attached to the sidewall of the MWCNTs 

are greatly affect the electronic properties of MWCNTs 
compared to the oxygen molecules. 
 

 
(a) 

 
(b) 

Figure 9: I-V curve of (a) Al/MWCNTs-O2/Au and  
(b) Al/MWCNTs-N2/Au. 

 
Since Au/MWCNTs-N2(12)/Al is the optimum device that 
has current rectification similar to the previous research of 
SWCNTs based Schottky diode, the I-V data obtained was 
extracted to find their Schottky diode parameters. The quality 
of the diode can be evaluated by its parameter such as ideality 
factor (n), saturated current (Io), barrier height (∅푏), and 
series resistance (Rs) which measured from low forward bias 
part of ln (I)-V characteristics and diode equation.  
 

exp 1o
qVI I
nkT

     
  

                                                                 (1) 

Where Io is the saturation current, q the elementary charge, V 
the applied voltage, k the Boltzmann constant and T is the 
absolute temperature. Io is the saturation current and can be 
expressed as: 
 

* 2 exp b
o

qI AA T
kT
   

                                                                 (2) 

 
Where A is a device area, A* is effective Richardson Constant 
(120 Acm-2K-2 for CNT [29]), ∅b is the effective barrier height 
and k is the Boltzmann constant. The ideality factor (n) of 
Schottky diode is calculated from the slope of linear region in 
ln I-V characteristics. It can be expressed as: 
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(ln )
q dVn

kT d I
        

                                                                     (3) 

 
Whereas, the barrier height can be obtained from (2) as: 

* 2

lnb
o

kT AA T
q I


 

   
 

                                                                    (4) 

 
Figure 10 shows the ln (I)-V plot for 
Al/MWCNTs-N2(12)/Au. Low forward bias part of ln (I)-V 
characteristics was used to measure n and ∅b, since the 
current curve in forward bias become dominated by series 
resistance and deviates from linearity. Taking natural 
logarithm of (1): 
 

o
qLnI LnI V

nkT
                                                                      (5) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Ln (I)-V plot for Al/MWCNTs-N2(12)/Au 

 
The value of n and Io were determined from the slope and the 
y-axis intercept of the fitted straight line after performing 
least square fitting on the ln (I)-V plot in the linear region as 
in Figure 11. 
 

 
Figure 11: Least square fitting for ln I vs. V plot of 

Au/MWCNTs-N2(12kV)/Al Schottky diode 
 

Using equation 5, n, Io and ∅b were determined to be 6.69, 
5.2925 x 10-7 A and 0.761 eV respectively. It is reported that 
the ideal value for Schottky diode ideality factor lies between 
0 to 1. High value of ideality factor, n could be due to the 
occurrence of oxide layer, interfacial layer and imperfections. 
However, this method only applicable for Schottky diode with 
low series resistance which can be ignored in the low forward 
region of I-V curve. Series resistance, Rs is an important 
parameter that effect the electrical characteristics of Schottky 
diode. It can be obtained by using Cheung method. 
 
The forward biased I-V characteristics of Schottky diode with 
series resistance due to thermionic emission can be expressed 
as Cheung’s function [30]: 
 

s
dV kTn IR

dLnI q
                                                                         (6) 

 
 

* 2( ) kT IH I V n Ln
q AA T

    
                                                       (7) 

 
 

( ) b sH I n IR                                                                            (8) 
 
 

 
Figure 12: The dV/dLnI vs. I and H(I) vs. I obtained from forward 

biased current-voltage characteristics of the 
Al/MWCNTs-N2(12kV)/Au Schottky diode 

 
Figure 12 represents the dV/dlnI vs. I plot of 
Au/MWCNTs-N2(12kV)/Al Schottky diode. After fitting the 
curve using equation 6, the values of n and Rs can be obtained 
from the intercept and the slope of the line respectively. The 
value of n obtained from dV/dlnI vs. I plot is 1.99. This value 
of n and I-V data from experimental for 
Au/MWCNTs-N2(12kV)/Al are used to define H(I) based on 
equation 7. Plotting H(I) vs. I give a straight line as shown in 
Figure 12. According to equation 8, the second values of Rs 
and ∅b can be determined from its slope and y-axis intercept. 
The values of Rs obtained from dV/dLnI vs. I and H(I) vs. I 
are 107.4kΩ and 108.21kΩ respectively. Thus, the value of Rs 
for Cheung’s method is obtained from the average of these 
two values which is 107.81kΩ. 
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An alternative method was proposed by Norde [31] in the 
determination the value of the series resistance. The equation 
of Norde’s method is as follows: 
 

* 2

( )(V) lnV kT I VF
q AA T

    
                                                          (9) 

 
Where γ is dimensionless which the first integer that have 
value greater than n. I(V) is the value of current obtained from 
experimental data of I-V curve. The value of barrier height 
can be obtained from equation (10) once the minimum of the 
F vs. V plot is determined: 
 

( ) o
b o

V kTF V
q




                                                                   (10) 

 
 
Where F(Vo) is the minimum plot of F(V), and Vo is the 
corresponding voltage. The F(V) vs V plot of the junction is 
shown in Figure 13. The value of series resistance, Rs can be 
determined from Norde’s function by using the following 
relation: 
 

( )
s

kT nR
qI
 

                                                                           (11) 

 
From Norde’s method, the values of Φb and Rs of the structure 
have been obtained as 0.705 eV and 110.85 kΩ respectively. 
The values of Φb, n and Rs calculated by these three methods 
are tabulated in Table 2. It has been shown that Cheung’s and 
Norde’s methods give good agreement of series resistance and 
barrier height values. Large value of series resistance suggests 
that the mobility and free carrier concentration has decreased 
due to the presence of oxide layer at the interface. The first 
method (basic ln I-V) which omits the series resistance can 
cause to a large ideality factor. Thus, not including the series 
resistance can cause inaccuracy in calculating electrical 
parameters of the Schottky diode.  
 

 
Figure 13: F(V) vs. V plot of the Al/MWCNTs-N2(12kV)/Au 

structure 
 
 

Table 2: The electrical parameters obtained from I-V characteristics 
in three methods 

 
Electrical  
Parameter 

Barrier 
Height (eV) 

Ideality 
factor (n) 

Series  
Resistance, Rs 

(kΩ) 
Ln I-V 0.761 6.695 - 

Cheung’s  
method 

0.753 1.99 107.81 

Norde’s  
method 

0.725 - 110.85 

 

4. CONCLUSION 
In this study, a method to convert metallic MWCNTs into 
semiconducting was successfully developed by introduced 
defects on MWCNTs surface by using atmospheric pressure 
dielectric barrier discharge (DBD) plasma treatment at 50 Hz 
(oxygen and nitrogen). It has been demonstrated that the 
applied voltages of non-thermal plasma generated by oxygen 
and nitrogen at atmospheric pressure can affect the surface 
and electrical properties after the modification process. It also 
can be proposed that the moderation plasma applied voltage) 
is necessary so that the functional group can attach to the 
sidewall of the MWCNT. Based on research finding, 
MWCNT modified by nitrogen at 12 kV in 10 minutes 
treatment time give the optimum condition to convert linear 
I-V curve to rectification Schottky diode I-V curve. 
Additionally, Au/MWCNT(12)/Al has good rectification 
behaviour which give the ideality factor of 1.99.  
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