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Abstract— As the technology is moving towards nano-scale
regime, CNFET is having high stability, high performance and
low power dissipation. This makes CNFET a promising device
for designing of memory arrays. We have optimized a design of
6T SRAM cell based on 32nm CNFET technology and compared
it with MOSFET at same regime. SRAM cell designed by CNFET
shows improvement in the SNM for read and write operation.
We had examined the read and write operation and obtained the
results showing improved performance by using different
transistor ratio of small in size. As per the property of CNFET
having cell ratio of 2 and pull up ratio of 0.4, there had been
improvement in stability, performance and sensitivity on process
variation. High SNM is achieved with low nanotube diameter for
the SRAM cell. All the simulation is done on HSPICE simulation
software using 32nm CNFET Stanford model. Devices and
circuits development of low power circuits based on its unique
tunneling properties and chirality can further be explored.

Index Term — Six-transistor static random access
memory(6T  SRAM), carbon nanotube field effect
transistor(CNFET), static noise margin ( SNM), cell ratios (CR),
silicon on chip (SOC), Pull up ratio (PR).

l. INTRODUCTION

Static Random Access Memories (SRAMSs) continue to be
very important parts/pieces across wide range of
microelectronics applications from consumer wireless to high
performance server processors, (combining video, sound,
words and pictures together) and System on Chip (SoC)
applications[1,14]. For SRAM scaling, difficulties embody
maintaining each acceptable noise margins within the presence
of accelerating random Green Mountain State fluctuations and
random telegraph noise, and dominant instability, particularly
hot-electron instability and negative bias temperature
instability (NBTI). There square measure tough problems with
keeping the outpouring current among tolerable targets, yet as
tough lithography and print method problems with scaling.
Determination this SRAM challenge is crucial to system
performance, since SRAM is often used for quick, on-chip
memory [17]. As semiconductor material feature size scales
all the way down to the nanometer range, planner bulk CMOS
style and fabrication encounter vital challenges [2]. CNTFETs
are recognized as a promising candidate for future nano-
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electronic devices. An exceptional electrical property like high
speed, high-K compatibility, and chemical stability has

provided CNFETs with wonderful characteristics that match
or could exceed those of the state of the art Si based
MOSFETSs [3]. In addition to the electrical properties CNFETS
are less sensitive to several method parameter variations
compared to standard MOSFETs [3-4]. Recently, varied
authors planned a brand new SRAM Cell style based on
CNFETSs. This paper proposes to improvement of the assorted
parameters of the CNTFET based SRAM Cell with minimum
attainable space and delay trade off. In Section Il the brief of
CNFET is mentioned, in section Il the design of static
random access memory is specified. The simulation results of
MOSFET and CNFET based inverter are compared; also the
CNFET SRAM results are mentioned in terms of SNM, Pull
Up Ratio, Supply Vdd and Temperature in Section IV. The
comparisons of the results are made in Section V with the
conclusion. The future scope of work is specified in Section
VI.

Il. CNFET

A CNTFET refers to a field-effect transistor that utilizes a
single carbon nanotube or an array of carbon nanotubes as the
channel material instead of bulk silicon in the traditional
MOSFET structure [5].

A. Structure of carbon nano tubes

Since the invention of carbon nanotubes (CNTSs) by lijimain
1991 [6,13], planer CNTFETS as shown in Figure 1 represent
the bulk of devices fabricated to date, principally attributable
to their relative simplicity and moderate compatibility with
prevailing manufacturing technologies. The coaxial geometry
as shown in Figure 2 specifies maximizes the electrical
phenomenon coupling between the gate conductor and
therefore the carbon nanotube surface thereby causes a lot of
channel charge at a given bias then the alternative geometries.
This improved coupling is fascinating in mitigating the short-
channel effects that plague technologies like CMOS as they
downside device options. Parameters such as pitch, channel
length (Lch), gate width (W gate), and number of tubes will
affect the performance of CNFET. The threshold voltage of
CNFET is determined by the CNT diameter [7].
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Figure 1: Structures of CNTFETS planar.

The structure of any carbon nanotube can be described by an
index with a pair of integers (n, m) that define its chiral vector.
In terms of the integers (n, m), the nanotube diameter and the
chiral angle are given by [7]

d = ﬁa\/mz:mrwnz (1)
Figure 2: Structures of CNTFET coaxial [7].
V3n
f = tan™! 2
an 2Zm+n 2

Where a = 0.249 nm is the carbon to carbon atom distance.
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Figure 3: CNFET Structure [3, 8].

IlIl. STATIC RANDOM ACCESS MEMORY
A. Construction of SRAM

ADDRESS
INPUT

—
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Figure 4: Construction of SRAM.

We have different row and column in between this rows and
column there is memory cell having two pass transistors and
two cross coupled CMOS inverter. Depending on the x
address input one of the address lines goes high and selects the
pass transistor in that particular row and that particular cell is
connected to BL line and another end is connected to the BLB
line. To select one of the column there is again to pass
transistor also have their two 1/O lines pass transistor in
connected to 1/O lines. The input from this pass transistor
comes from the Y decoder which receives the Y address input
and output are pass to the gate of the pass transistor . So
depending on the combination at the input Y decoder one of
the output of Y decoder is going to high so it basically select
one particular column only the output of one particular column
is connected to the 1/0O lines as shown in Figure 4.

Depending on the input address one row will select and
with the help of Y decoder we selecting one particular column
that column is available on 1/O lines. Depending on the
combination of X and Y inputs one particular cell will be
selected. MNC & MNC1 is access transistor for the column
selection [9].

B. 6T SRAM Cell
WL
ADDRESS | X D
INPUT D E
R C
) D)o
v D
E E
R R
L BLB

Figure 5: 6T SRAM Cell.
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Two cross coupled inverter having transistor inverter 1 (MP5-
PMOS & MN3-NMOS) inverter 2 (MP6-PMOS & MN4-
NMOS) and two access transistor MN1 (NMOS) and MN2
(NMOS) these transistor enable access to the cell during read
and write operation. When world line is activating the two
access transistor MN3 and MN4 are connected to the internal
node of the cell to the BL and BLB line [16].

TABLE I: Operation of the 6T SRAM.

TABLE II: Output Voltage of the CMOS inverter.

Read Write Hold
BL Logic 1 Logic 0 Logic 0
BLB Logic 1 Logic 1 Logic 0
WL Logic 1 Logic 1 Logic 0

C. Read Operation

During scan operation WL is activated and also the BL is pre
charge to VDD and BLB s store to zero. [10] The voltage at
BL is remaining at the pre charge level and also the voltage at
BLB discharges through MN2 serial with MN4 electronic
transistor.

D. Write Operation

During the write operation, the bit-lines are driven to
complementary voltage levels via a write driver then the word-
line is chosen [15]. On the facet of the cell that the bit-line
voltage is logic ‘0’ (i.e., an occasional voltage), the interior
storage node is discharged through the access electronic
transistor [11].

E. Pull up and Cell ratio

1) Pull up ratio (PR): It is ratio of PMOS of the
inverter to the MN1 access transistor right side
WesL;

PR = 3
LW, ®)

2) Cell up ratio (CR): It is ratio of the NMOS of the
inverter and the access transistor MN2 right side
Ws3L,
CR =
LsW;
Proper W/L ratio is to be design for getting good stability in
all modes (read, write, hold).

(4)

IV. SIMULATION RESULTS

Select a proper transistor and improve the parameters of the
SRAM cell is which plays a major role in designing a SRAM.
So we first check the performance of the inverter on CMOS
and CNFET and obtain the results. All the simulation is done
in the HSPICE software.

A. MOSFET Inverter

Using 32nm CMOS technology we have simulate the
CMOS INVERTER output and obtain the following
waveform.

INPUT VOLTAGE OUTPUT VOLTAGE
0.00v 2.22V
3.00V 0.01v
;

Tne (W) (TIVE

_ Woave  Sywaa R
WO wiowt) e T e

votages

~r v Y v Y \

Figure.6: CMOS inverter output waveform.

B. CNFET Inverter

Using CNFET we have simulate the inverter in the HSPICE to
obtain the better result than the TFET transistor output and
obtain the following waveform.

TABLE IlI: Output Voltage of the CNFET inverter.

INPUT VOLTAGE OUTPUT VOLTAGE
0.00v 2.22V
3.00V 0.01Vv

W g
FDO e L

Waw Py
20 1o wpuuty = ¥ — — — — p—

voRmpes W

Figure 7: CNFET inverter output waveform.
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C. Comparasion and analysis of the CMOS and CNFET
inverter

TABLE IV: Comparison of CNFET and CMOS inverter.

APPLIED MOSFET CNFET
VOLTAGE
0.00v 2.22V 3.00V
3.00Vv 0.01v 0.00v

D. CNFET simulation of SRAM

The Transistors required for design of a 6T SRAM cell is
required to be selected such that it improve the various
performance parameters. After selection of proper transistor,
sizing plays a important role in the improvement of the SRAM
parameters such as small area, low power dissipation, high
SNM. Following table shows the transistor sizing and
transistor ratio of the CNFET 6T SRAM.

TABLE V: Tube based sizing of CNFET.

Transistor Number of Tubes
Pull up transistor 2
Pull down transistor 10
Access Transistor 5
TABLE VI: Sizing of the CNFET in SRAM.
Cell Ratio Pull up Ratio
2 0.4
6.00E-06
==@=RSNM CNFET
5.00E-06 V == WSVIN CNFET
4.00E-06
E 3.00E-06
S
2
n 2.00E-06
1.00E-06 w
0.00E+00 T 1
0 100 200
Temperature (°C)

Figure 8: CNFET reading by change in temperature.

Figure 8 shows the various temperatures reading of the
CNFET Transistor for design a 6T SRAM cell.

1.20E-05
—8—RSNM
1.00E-05
8.00E-06
; \
€ 6.00E-06
z J h
Z  4.00E-06
2.00E-06 ll
0-00E+00 T T T T T T T
0 02 04 06 08 1 12 14
Supply Voltage (V)

Figure 9: CNFET reading by change in supply voltage.

Figure 9 shows the various supply voltage reading of the
CNFET Transistor for design a 6T SRAM cell.

== WLWN

6.00E-05
5.00E-05 2
4.00E-05 f
3.00E-05 /
2.00E-05 /

1.00E-05

SNM(mV)

0.00E+00 T T T T T T 1

Supply Voltage (V)

Figure 10: CNFET reading by change in Pull Up ratio.

Figure 10 shows the various reading by change in WL of the
CNFET Transistor for design a 6T SRAM cell.
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==¢-—READ SNM

300
== STANDBY
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200
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Figure 11: CMOS reading by temperature.

Figure 11 shows the various reading by change in temperature
of CMOS Transistor for design a 6T SRAM cell.

=¢=READ SNM

300

250 == STANDBY
SNM

/

100 /f //
50 /

0 0.5 1 1.5 2
Supply Voltage (V)

SNM (mV)
3

Figure 12: CMOS reading by in supply voltage.

Figure 12 shows the various reading by change in supply
voltage of CMOS Transistor for design a 6T SRAM cell.

Figure 13: CMOS reading by in cell ratio.

Figure 13 shows the various reading by change in cell ratio
CMOS Transistor for design a 6T SRAM cell.

V. CONCLUSION

The CNFET inverter improves the results up to 79% than the
conventional CMOS inverter. So we choose the CNFET. Here
we have simulate the 6T SRAM in CNFET by comparing the
readings of the 6T SRAM MOSFET and CNFET we analysis
the read, write and hold maximum cell ratio for read stability
and minimum pull up ration for write operation. As per the
property of CNFET high supply voltage improves the high
stability. The 6T SRAM CNFET having cell ratio of 2 and
pull up ratio of 0.4 improve and achieve maximum stability
during read operation and also improve the standby mode
operation compared with conventional CMOS SRAM.

VI. FUTURE SCOPE

Further analysis within the foresaid space are going to be
targeted on growth and placement controlled synthesis of
nanotubes of given diameter, chirality. As we scale down the
transistor size it will be difficult to drive data line so issue it
can be overcome by sense amplifier in memory array.
Additionally the areas of CNFET’s in terms of conformal
deposition of ultrathin high-k dielectrics on nanotubes
alongside devices and circuits development of low power
circuits supported its distinctive tunneling properties are often
explored.
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