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Abstract— This work addresses the limitations of silicon 

scaling by exploring Carbon Nanotube FETs (CNTFETs) as 

alternatives. Schottky Barrier CNTFETs (SBCNTFETs) suffer 

from ambipolar currents, which reduce the ION/IOFF ratio; this 

can be improved through optimised design parameters. A 

Double Gate (DG) structure is modelled to enhance gate 

control, achieving better ION/IOFF ratio (5.55 × 10⁵) and 

subthreshold swing (87.3 mV/decade). A mathematical model 

for DG-SBCNTFET is developed and validated with Nano 

TCAD ViDES simulations. Using optimised parameters, a DG-

SBCNTFET-based 6T SRAM cell is designed and simulated in 

HSPICE, demonstrating 20% lower power dissipation 

compared to a conventional CNTFET SRAM cell without 

compromising stability. 
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I. INTRODUCTION  

 

Carbon nanotubes (CNTs) are nanostructures created by 

rolling a single graphene sheet into seamless, hollow 

cylinders. Although thousands of times thinner than a human 

hair, they can grow to several micrometres in length, 

resembling a hair strand in form but not in scale of thickness. 

Based on their structure, CNTs are generally classified as 

single-walled (SWCNTs) or multi-walled (MWCNTs), each 

exhibiting distinct physical and electronic properties [1]. As 

shown in Figure 1, this classification depends on whether 

one or multiple graphene layers are rolled into a tube. 

Studies have demonstrated that chemically doping CNTs to 

n-type significantly improves CNTFET performance [2]. 

Furthermore, controlled doping allows conversion of p-type 

CNT devices into n-type, resulting in higher on-currents in 

the devices [3,4]. When bandgap is absent, the nanotube 

behaves like a metal. In table 1 basic comparison between 

silicon and single wall carbon nano tube is shown. It covers 

basic properties like electron mobility, bandgap, diameter   

and electron phonon mean free path, from the table it is clear 

that carbon nano tube single walled structure is advance 

version of silicon. 

 

 

 

 

 

 

 

 
TABLE I: COMPARAISION BETWEEN SILICON AND     

                 CNTSW      
                     RANGE OF DIELECTRIC CONSTANT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Silicon CNTSW 

Electron Mobility        
(cm2/V-sec) 

1400 20000 

Bandgap (eV) 1.12 0.9 

Diameter (nm) ~ 6 0.6 ~1.8 

Electron Phonon                                                                                                                                                                                

Mean free path (Å) 
76 ~ 700 

   

  

Fig.1. Structure of single wall and multi-wall CNTs [7] 

 

Figure 1 shows structure of single wall CNT and 

multiwall CNT (CNTSW and CNTMW) [7]. Figure 2 

shows applications and properties of CNT, it includes 

electrical, mechanical, thermal and optical properties 

and there corresponding applications. Figure 3(a) and (b) 

shows the schematic of a carbon Nanotube field effect 

transistor [9, 10], respectively. 
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                                  (a) 

    

(b) 

Fig 3. (a) & (b) Schematic of carbon Nanotube field effect transistor [9] 

 

II. COMPARISON OF CNTFETS AND MOSFETS 

• When CNT is compared with traditional MOSFETs higher 

carrier mobility can be achieved by applying high K 

(dielectric constant). CNTFET have higher carrier mobility 

[11].  

• The channel length in CNTFET is less than 10 nm, as 

compared to taraditional MOSFET in which it is around 

14nm to get the better carrier transport in CNTFET. 

• Chirality is lower in CNTFT as compared to traditional 

MOS leads to faster switching along and lower power 

dissipation [12, 13]. 

• By modulating the contact resistance switching capacity of 

CNTFET can be increased.   

• In CNTFET there is better control of gate which results 

in higher transconductance as much as four times in 

CNTFET.  

III. METHODOLOGY 

 

 

 

 

 

 

 
 Fig. 4.  Methodology of proposed work 

 

 

IV. SIMULATION RESULT AND ANALYSIS 

 

In the paper design and simulation of proposed DG-

SBCNTFET based 6T-SRAM cell by using optimized 

parameters carried out. A Comparison of DG-SBCNTFET 

Methodology of the proposed work includes the above 

blocks from architecture identification to further process. 

Figure 4 shows the methodology, it includes selection, 

development, analysis, low power design and finally 

benchmark development for proposed design.  

 

   

 

 Fig.2. Properties & applications of CNT   

 

CNT/SW

CNT  

Optical 

Properties/Applications 

Fluorescence, near-infrared 

Chirality resolved, strong 

Photon coupling, Transition 

excitation. 

Thermal 

Properties/Applic

ations 

Thermal stability:  

• 2800 °C  

(vacuum)  

Mechanical 

Properties/Appications 

Tensile Strength: 53 Gpa 

Density: 1.33 to 1.4 

Kg/cm3 

• Solar Cell, Photonics, 

Electrical 

Properties/Application

s 

Conductivity: 103  to 108 

S/m  

Current Capacity: 
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based 6TSRAM cell to that of the conventional CNTFET 

based SRAM cell is presented on the basis of stability and 

power dissipation [14, 15]. 

TABLE II: CHIRALITY EFFECT ON ION/IOFF RATIO 

AND SUBTHRESHOLD SLOPE 

S.No. 
Chirality 

(x,0) 
ION/IOFF Ratio 

Subthreshold 

Slope 

1. 10 902000 97.4 

2. 13 2000 112 

3. 16 341 137 

4. 19 66.5 161 

5. 22 15.3 214 

6. 25 4.0 367 

 

 

TABLE III: ION, IOFF RATIO VS OXIDE THICKNESS FOR VARYING 

DIELECTRIC CONSTANT

 
 

 

Fig. 5. Comparative analysis: ION/IOFF ratio and oxide thickness with 
varying dielectric constant (k) 

 

The table II and III presents the variation of the ION/IOFF ratio 

and oxide thickness with varying dielectric constant (k). It is 

observed that for very thin oxide layers (0.15–0.5 nm), the 

ratio remains relatively high across all k values, reaching a 

maximum of 245 for 0.15 nm at (k=30). The ratio decreases 

steadily with oxide thickness from 1 nm-4 nm, the ratio, 

indicating a degradation in device performance due to 

increased leakage suppression and reduced drive current. 

Additionally, for a given oxide thickness, higher dielectric 

constant values improve the ratio, though the improvement 

is more pronounced for thinner oxides. This demonstrates 

the effectiveness of high-k materials in maintaining 

performance while allowing thicker physical oxides, thereby 

reducing gate leakage. Overall, the data highlights that ultra-

thin oxides combined with high-k dielectrics provide the 

best trade-off for achieving maximum ratios. Figure 6 and 7 

shows design flow and 6T SRAM cell carbon nano tube FET 

structure. 

 

 
         Fig.6. Design Flow 6T SRAM cell using CNTFET  

 

          
 

                          Fig.7. 6T SRAM cell using CNTFET structure 

 

Figure 8 shows basic curves of carbon nano tube field effect 

transistor write/read modes and internal node voltages. 

Table IV shows comparative analysis of basic CNTFET and 

DGSBCNTFET for a value of VDD  as 0.9 Volt.  
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                             Fig.8. 6T CNTFET SRAM Graphs 
 

 

Equations involves in the design are as follows: 

 

• a Lattice constant (0.246 nm),  

• m and n - chirality indices 

The gate oxide thickness determines the gate capacitance 

[13]. 

 

Where 𝐶𝑜𝑥 is Gate oxide capacitance per unit area 

 𝜀0 is permittivity of free space  

 K𝑜𝑥 is dielectric constant of the gate oxide 

 and 𝑡𝑜𝑥 is thickness of the gate oxide [14]. 

Gate oxide dielectric constant Kox relates to the gate    

oxide material and affects Cox [15]. 

 

The substrate dielectric constant Ksub impacts the 

capacitive coupling between the channel and the substrate. 

 
Where 𝑡𝑠𝑢𝑏 is Thickness of the substrate layer and 𝐶𝑠𝑢𝑏 

is Substrate capacitance. 

The spacer dielectric constant 𝐾𝑠𝑝𝑎 determines the fringe 

capacitance in the device. 

 
Where 𝑡𝑠𝑝𝑎 is Thickness of the spacer dielectric layer [21]. 

The energy difference 𝐸𝑉 at the source and drain, 

influencing carrier injection 

 
Where 𝐸𝑓𝑠 is Fermi level and 𝐸𝑔 is Bandgap energy [14]. 

Doping density 𝐸𝑓𝑠𝑑 influences the shift in the Fermi 

level. 

 
Where 𝑁𝑑 is Doping concentration and 𝑡𝑐ℎ is Channel 

thickness [15]. 

DG SB CNTFETs used in design of 6T SRAM cell which 

offers an advanced approach to low-power and high-speed 

memory implementation. The circuit consists of 2 cross-

coupled inverters formed by CNTFETs and two access 

transistors controlled by the word line (WL), which link the 

bit lines (BL and BLB) to the internal storage nodes (Q and 

QN). Using DG SB CNTFETs enhances current drive, 

reduces short-channel effects, and allows efficient control of 

threshold voltages, thereby improving stability and reducing 

leakage. Simulation results with circuit graphs demonstrate 

the cell’s ability to perform read and write operations 

reliably, with higher on-currents and reduced power 

consumption compared to traditional MOSFET-based 

SRAM designs. The waveforms of Q, QN, BL, BLB, and WL 

validate correct switching behavior, while supply current 

plots highlight the transient spikes during write and read 

operations, confirming the robustness of the DG SB 

CNTFET-based 6T SRAM cell. 

DDC is dual drain contact it is used in CNTFET where two 

drain terminals are used for better control, performance, or 

layout optimization in static random access memory cells 

[13-15]. 

WL, BL & BLB are Word, Bit Line & Bit Line Bar 

WE- Write Enable,  

Din- data to be written into the SRAM cell. 

VDD & VSS – Power Supply  

SE- Sense Enable 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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In any SRAM cell, data is stored using cross-coupled 

inverters, and access to this data is managed through bit lines. 

In SRAM cell design BL and BLB are complementary 

signals used in read/write operations. Which improves speed, 

reliability, and noise immunity. Also shows significant 

improvement in stability. In an SRAM array deviating 

voltage detection amplifiers is also used to reduce layout 

area, ensures full voltage swing across BL/BLB lines. 

              V.   CONCLUSION 

A 6T SRAM cell is design by using double gate SBCNTFET. 

As DGSBCNTFET is having low leakage current so this  

proposed structure is very well suited to in the field of low 

power digital design. It can be clearly shown from table 4 that 

the design and simulation of 6T-SRAM cell using 

DGSBCNTFET has far better results as compared to 

CMOSCNTFET. The analysis is performed using HSPICE 

simulator for power dissipation and stability. The simulation 

results provides that the 6T SRAM cell designed using DG-

SBCNTFET provides a stable design leads to power 

reduction as compared to conventional CNTFET. It can be 

clearly seen from results in table 4 that the proposed model is 

suitable for low power digital design. Similar static noise 

margin can be achieve in proposed model with 20% reduced 

static power dissipation. 
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