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I.INTRODUCTION 

SRAM is a type of volatile memory that uses bi-stable 
latching circuitry to store each bit and is mainly used 
for the cache memory in micro-processors. The 
cache memory occupies almost 70% of the chip area. 
In such a memory rich chip, the leakage current of an 
SRAM, which comprises the vast majority of on-chip 
transistors, dominates the standby current because 
leakage power is proportional to the number of 
transistors. Thus, it becomes important to focus on 
SRAM standby leakage current reduction for ultra-
low power application [6]. The main source of power 
dissipation in the chip is the leakage power 
associated with the cache memory area. Supply 
voltage is scaled down basically to reduce the power 
dissipation. But for high performance the threshold 
voltage should also be scaled down which 
exponentially increases the sub threshold leakage 
current and thus leads to increase in the leakage 
power [8]. Due to MOS scaling, stability of SRAM cell 
has become a major concern for future technology. 
In the CMOS based 6T SRAM cell, it is tough to find 
an optimum design because both the read stability 
and write ability has to be considered. At low power 
supply voltage, the read stability of 6T SRAM cell is 
less [6]. The scaling down of the components on the 
chip and the increase in the working speed has 
become the dynamic vigor in technological 

advancements to accommodate the components and 
meet the components density on the integrated chip 
and to obey Moore’s law.  

Further scaling down to sub-22nm range has faced 
serious limits to fabrication technology and device 
performances [5]. As the size of the integrated chip 
shrinks, the thickness of the insulators in the 
transistor decreases. This results in the short circuit 
allowing current to flow directly from source to drain, 
drain to body and also through the gate oxides that 
act as insulators between gate terminal and channel. 
Because of this doping becomes a problem [7]. The 
continuous scaling of CMOS technology limits the 
performance of 6T SRAM and hence the read 
stability is less in CMOS 6T SRAM cell.  

The paper consists of the sections that brief about 
the existing CMOS based 6T SRAM cell, Carbon 
Nanotube, CNTFET, CNTFET based 6T SRAM cell, 
future scope.                      
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II. EXISTING SYSTEM 

Single cell SRAM with 6 transistors model is capable 
of reading or writing 1 bit at an instance. It consists 
of two cross coupled inverters with two access 
transistors to give control access to them during read 
or write operation. This storage cell consists of two 
stable states 0 and 1. Each bit in an SRAM cell is 
stored on four transistors M1, M2, M3 and M4 that 
form two cross-coupled inverters. Access to the cell 
is enabled by the word line (WL) which controls the 
two access transistors, which in turn control whether 
the cell should be connected to the bit lines: BL and 
BLB [1]. They are used to transfer data for both read 
and write operations. Although it is not necessary to 
have two bit lines, both the signal (BL) and its inverse 
(BLB) are typically provided in order to improve noise 
margins. 

SRAM cell operates in three modes as follows – 
standby mode, read mode and write mode. The cell 
is said to be in standby mode when the access 
transistors are inactive. The cell is said to perform 
write operation when WL=1, the bits from BL and 
BLB is written into the cell. The cell performs read 
operation when WL-0, the bit stored in the cell is 
read. 

 
Figure 1: CMOS based 6T SRAM cell 

II. PROPOSED SYSTEM  

A. Carbon Nanotube (CNT) 

Carbon nanotubes (CNTs) are allotropes of 
carbon with a cylindrical nanostructure. They are 
hexagonal sheets of graphene, which are single 
layers of graphite atoms, rolled up into hollow 
cylinder. Due to their hexagonal nature, they are part 
of a class of molecules called fullerenes. There are 
two types of carbon nanotubes –  
 

 Single-Walled Carbon Nanotube (SWCNT) 
having diameter range of 0.33 to 5.0 nm and 
length ranging from 2 to 10nm. 

 Multi-Walled carbon Nanotube (MWCNT) 
having diameter range from 3 to 50 nm and 
length of several microns. 

 
The electrical properties in carbon nanotubes (CNT) 
are unique and customizable. Unlike most materials, 
they come in both metallic and semiconducting 
forms. In addition, their band gaps can be set to 
desired level by adjusting some physical 
characteristics. Another unique property is that they 
are one-dimensional ballistic conductors even above 
room temperature [4]. A carbon nanotube’s bandgap 
is directly affected by its chirality and diameter. Since 
the nanotube has ballistic conductance, the charge 
carriers do not collide, reducing resistance to 
negligible levels. 

 
Figure 2: Types of Carbon nanotubes  

 
B. Carbon Nanotube Field Effect Transistor 
(CNTFET) 

A carbon nanotube field effect transistor consists of 
three terminals-Source, Drain and Gate. It refers to a 
field effect transistor that uses a single carbon 
nanotube or an array of carbon nanotubes as 
channel material instead of bulk silicon in the 
traditional MOSFET structure [1]. Gate terminal 
controls the current flow across source and drain [7]. 
CNTFET works on the principle of direct tunneling 
through a Schottky barrier at the source-channel 
junction. Applied voltage to the gate terminal can 
control they electrical conductance of CNTFET by 
changing electron density in the tube (channel) [2]. 
Figure 3 shows the structure of CNTFET. 
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Figure 3: Structural view of CNTFET 

C. CNTFET BASED 6T SRAM CELL 

The read stability and write ability is increased in 
CNTFET based 6T SRAM cell compared to CMOS 
based 6T SRAM cell. The inverter is the major part of 
the SRAM cell [1]. INV1 and INV2 as shown in Figure 
4 forms two cross coupled CNTFET based inverters. 
The pull-up network is implemented using p-type 
CNTFET and the pull-down network is implemented 
using n-type CNTFET. They are cascaded between 
high supply voltage and ground. This cell has 6 
transistors like in conventional CMOS based SRAM 
cell [1]. The source terminals of the p-type CNTFET 
(M2, M4) is connected to the supply and that of n-
type CNTFET (M1, M3) is connected to ground. The 
gate terminals are cross-coupled. The drain terminals 
are connected to the storage nodes Q and QB. Two n-
type CNTFETs (M5, M6) are connected to the bit lines 
(BL, BLB) which are asserted by word line (WL). 

 

Figure 4: CNTFET based 6T SRAM cell 

IV. SIMULATION AND RESULT 

The CMOS based and CNTFET based 6T SRAM cell is 
simulated in Cadence Virtuoso tool in 45 nm 
technology. The CNT based nFET and pFET are coded 
using Verilog-A which is simulated to obtain the 
instances and symbol is created. The figures in this 
section are in are obtained on simulating the 

schematic of the cells as shown in Figure 5 and 6. 
VTC curve is obtained for the stability analysis. 
Overlapping two inverters results in butterfly curve as 
shown in Figure 9 by which SNM value is obtained as 
shown in Table 2. 

 
Figure 5: Schematic of CMOS based 6T SRAM cell 

 
Figure 6: Schematic of CNTFET based 6T SRAM cell 

 
Figure 7: Output waveforms for read and write operation 

 
Figure 8: VTC of CNTFET based 6T SRAM cell 

 
Figure 9: Butterfly curve of CNTFET based 6T SRAM cell 
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Stability analysis is also made using N-curve for read 
and write operations and the values for different 
conditions are measured and tabulated as shown in 
Table 3. Table 2 consists of the comparison in terms 
of delay and leakage power between CMOS and 
CNTFET based 6T SRAM cell. 

 
Figure 10: N-curve for Read-0 and Write-0 

 
Figure 11: N-curve for Read-1 and Write-1 

Table 1: Performance comparison 

Parameter CMOS based 
6T SRAM cell 

CNTFET based 
6T SRAM cell 

Delay (ns) 100 29.93 
Leakage Power (mW) 989.2 387.2 

 

Table 2: Stability analysis using butterfly curve 

Parameter Existing value Obtained value 
SNM (mW) 154.85 190 

 

Table 3: Stability analysis using N-curve 

Condition SVNM 
(mV) 

SINM 
(μA) 

WTV 
(mV) 

WTI 
(μA) 

Read 0 & Write 0 117 179 175 90 

Read 1 & Write 1 122 180 234 95 

 

V. CONCULSION 

In this paper, we have made comparison between 
the CMOS based and CNTFET based 6T SRAM cell. 
The simulation is carried out to cover all the 

parameters to measure the stability analysis of the 
cell and proved that CNTFET is a good replacement. 

VI. FUTURE WORK 

This can be implemented in 8T SRAM cell, 10 T SRAM 
cell to achieve better stability of the cell. Further 
optimization of supply voltage can be made to 
obtain better delay and also reduced leakage power. 
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