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Performance Characterization of Capacitance 
Modeling for Carbon Nanotube MOSFET 
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Abstract— Nanostructures performs in a better way with its unique characteristics in the field of electronic devices. Carbon nanotube exhibits 1D 
electron transport with high mobility because of its density of states for scattering and propagation modes. With the cylindrical  electrode structure it 
possesses good control over the conducting channel. In this paper, CNTMOSFET is modeled for its capacitance and simulated using the CNTMOS 
tool.  
Index Terms—Carbon nanotube, Capacitance Modeling, Energy profile, Electron density, Mobile charge, Density of states, Drive current. 

——————————      —————————— 
 

1 INTRODUCTION 

C MOS technology plays a vital role in miniaturization of           

         electronic components. The challenges ahead of scaled  
         CMOS with the similar performance of unscaled are  

• Physical challenges 
• Material challenges  
• Power Thermal challenges 
• Technological challenges 
• Economical Challenges 

Decreasing the physical dimension of the device, 
increases the Tunneling and Leakage current reducing the 
performance of dielectric material and electrodes. Scaling 
down increases the density of devices thereby increasing 
power consumption and thermal dissipation. The techniques 
used in fabrication of CMOS and to provide resolution below 
the wavelength of the light become a challenging. Finally, the 
product should be cost effective besides the production, 
fabrication and testing cost [6]. 

Therefore, conventional scaling methods of the 
device is less effective and other alternative solution is the 
need for the time. Nanodevices can be a good answer to meet 
the above challenges. Since the discovery of SWCNT in early 
‘90s, has appreciable application in Electronic, Mechanical and 
Thermal Properties supporting for new device applications. In 
CNT the conduction band and valence bands are mirror 
images of each other unlike silicon. This property supports for 
designing Complementary devices. [3] 

Layers of carbon atoms are arranged in hexagonal 
lattice called graphite which consists of a two-dimensional 
sheet of carbon atoms in a honey comb structure. The carbon 
nanotube is obtained by rolling two-dimensional sheet of 
carbon atoms.  

Nano MOSFETs are needed to be modeled to provide 
new devices and to know the scaling limits. Modeling 
explores new device structures with different principles. 

There are two different ways of realizing  CNTs. 
They  are 

• Charge modulation transistor  and  
•  Transmission-Modulation Transistor or 

Schottky barrier transistor. 
 
The first type is MOSFET-like device in which  gate 

gets charge, supplied  from the contacts and  the second case 
is barrier contact and the operation here is by modulating the 
tunnel barrier  width. Here, the first case is taken.[3] 

 
2 STRUCTURE OF CNTMOS 

 
Fig.1 shows the structure of CNTMOS. This model assumes 
for a cylindrical CNT as the channel and considered CNT as 
semiconductor. The structure rests on the p++ substrate and the 
remaining structure remains same as that of conventional 
transistor. 
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Fig.1. Structure of CNTMOS 
 

3 MODELING OF CNTCMOS 

 
 

Fig.2. Distribution of Capacitances 
 

The capacitance model of n-type MOS shown in 
Fig.2. [12] 

 
Where 
 Cox - CGC - the per unit length electrostatic 

capacitance between gate and channel, 
              CSub - CCB -the per unit length electrostatic 

capacitance between substrate and channel, 
              Cqs – per unit length quantum capacitance for 

the channel due to carriers from the source, 
              Cqd – per unit length quantum capacitance for 

the channel due to carriers from the drain, 
              Cgs – per unit length fringing capacitance 

between gate and source metal interconnect, 
              Cgd – per unit length fringing capacitance 

between gate and drain metal interconnect, 
              Cof(g) – Cgc – per unit length fringing 

capacitance between gate and the channel 
              Cof(s) – Ccb – per unit length fringing 

capacitance between gate and the channel 
              Cgsub –electrostatic capacitance between metal 

and substrate 
 
The  model can be approximated as [12] 

Qcap = Cox(VG-VFB)+CSubVSub+ CcβVCh,D+Cc (1-β)VCh,S- 
(Cox+CSub+Cc) ΔΦB/e                                                             --  (1) 

 
Where ,  
 Cc     -   coupling capacitance between the surface 

potential and the source,drain. 
  β   -   coupling coefficient for the drain. 
1- β -  coupling coefficient for the source  
 VFB   -  Flat band voltage  
 e-         Electron charge  

Csub=2πκε0/(cosh-1(2HSub/d))------------(2) 

Where, 
 κ-dielectric constant of the material 
 HSub-oxide thickness 
 ε0- dielectric constant of free space 
 d-diameter of CNT 
 

QCNT,S =4e/LxΣΣ(1/(1+exp((Em,l –ΔΦB)/κT))  --------------(3) 
QCNT,D =4e/LxΣΣ(1/(1+exp((Em,l –ΔΦB+eVch,DS)/κT)) -----(4) 
QCNT = QCNT,S + QCNT,D ---------------(5)  
ID =2qkBTL/πh[f0(ηF1) - f0(ηF2)]-----------------(8) 
 
Where, 

ηF1=(EF1 - ΔΦB)/ kBTL 
ηF2=(EF2 - ΔΦB)/ kBTL    and 
f0(ηF)=1/1+exp((ηF -Ef)/ kBT 
 
dVch,s and dVch,D can be found from  

dVch,DS/dx = ID/qμnNavA(x), 
for  x=0, 

dVch,s/dx = ID/qμnNavA(0), 
for x=x, 

dVch,D/dx = ID/qμnNavA(0). 
 
 

4 SIMULATION  
 

Simulation is done using CNTMOS tool. This model 
assumes the following parametric values . 

 
Channel length   = 20nm 
Source/drain length  = 10nm 
Oxide thickness   = 3nm 
Dielectric constant  = 16 
CNTdiameter   = 1.7nm 
Tight binding parameter  = 3 
Gate contact work function = 0.4084meV 
Source/Drain doping  = 1*10^9/m2 
Coupling capacitance (Cc)               =            Cox/15 
Chirality                                           =            (16,0) 
 
 

To study the electrical performance of CNTMOS,  an 
array of seven values  for both Vg and Vd are  taken for 
consideration.  
                      Vg = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7V  
                      Vd = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7V 
 
 
 
 
 
 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 5, Issue 5, MAY-2014                                                                                                      64 
ISSN 2229-5518   

IJSER © 2014 
http://www.ijser.org 

 
 
 
 
 
 

 
 
5 RESULTS AND DISCUSSION 

 

      

     
 

      a) 
 

 
 

               b) 
Fig.3.a)&b).  Sub band energy profile of CNTMOS for  

Vg, Vd =0.3V &Vg,Vd =(0.1-1.0)V 
 

    
 

 
                                                               
                                                        b) 
 

 
 

                                                       c)                                                        
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      d) 
                                                                                                                                 

 
Fig.4. The electron density of first sub band  with respect to 
the gate length  for a)Vg,Vd=0.3V  b)Vg=(0.1-1.0)V, Vd=0.3  
c)Vg=0.3V,Vd=(0.1-1.0)V  and   d) Vg=(0.1-1.0)V, Vd=(0.1-

1.0)V. 
 

               The Fig.3. is the subband energy profile for Vg, 
Vd =0.3V and Vg,Vd =(0.1-1.0)V. From the plots it can be 
seen that the energy band is rising at the channel 
region.From the Fig.4 the electron density of the channel is 
studied. With increase in Vgs and Vds the density gets 
increase above 4*10^6 per cm also the width is also 
increasing. 

 

 
 

Fig.5. Current of CNTFET relating to gate voltage for 
Vd=(0.1 -1.0)V 

 
                    Fig. 5. and Fig.6. projects the relation of current 
for the gate control voltage and drain voltage. The current 
increases linearly from 10-3μA to 10-1μA for Vgs and  it is 
above 20μA for Vds greater than 0.8Vand Vgs =1.0V.This 
rise in current is justified from the above electron 
density(Fig.4.) and energy profile curves(Fig.3.). That is 

with higher density and higher energy, more current is 
flowing. The total mobile charge  is piecewise linear and it 
is steadily increasing  for Vg greater than 0.4V.This can be 
verified from Fig.6, that after Vg=0.4V,the devices enters 
the saturation region. The memory usage  and the time 
taken (Fig.8)for  this simulation gives an idea that  the 
memory usage  becomes constant after 150 seconds for 
around 15MB.Fig.9. is the variation of capacitance for 
different Vgs. The increment in values of capacitance is 
due to increase in local density of states in the channel 
which in turn results in increase in drive current of the 
device. 

 

 
 

Fig.6.Current Voltage characteristics of CNTMOS for 
Vgs=0.1V,0.2V,0.8V,1V. 

 
 

 
 

Fig.7. Total mobile charge with respect to gate voltage for 
various Vd=0.1-1.0V 
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a) 

  
 

                                                        b) 
 

 
 

 c)   
 

 
 

                                             d) 
Fig.8.Time taken and the usage of memory for the simulation 
a)Vg,Vd=0.3V  b)Vg=(0.1-1.0)V, Vd=0.3V  c)Vg=0.3V,Vd=(0.1-

1.0)V  and   d) Vg=(0.1-1.0)V, Vd=(0.1-1.0)V. 

     
a)                                                              
 

 
                                                                      b) 

 
Fig.9.Capacitance for various values of gate control voltage     
                          a)Vg=0.3V, Vd=0.3V  and    
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b) Vg=(0.1-1.0)V, Vd=(0.1-1.0)V. 
 
 

6 CONCLUSION 
               Carbon nanotube is proving its promising 
characteristics against the challenges for scaling down the 
devices size. The transport is ballistic in CNT which makes 
possible for negligible scattering in propagation of 
electrons and the length is so short for the accumulation of 
the energy. This results in more density of electrons and 
more density of states. The capacitance values increase 
with the charges and results in increment in current flow. 
The drive current is 0.4μA[14] for Si whereas  it is around 
20μaA for ballistic Carbon nanotube MOSFET. In near 
future it is expected that Carbon nanotube will dominate 
electronic industry. 
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