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ABSTRACT

In the ultra-low-power implementation, center circuits of numerous frameworks
are activated by inadequate occasions, for example, the Internet of Things (loT)
sensors and implantable clinical consideration. To guarantee that, the sensors get
each and every occasion showing up whenever the circuits operate in standby mode
the most of the time. Under such conditions, static power dominates in the total
power consumption. For these implementations, the lessening framework leakage
current can straightforwardly accomplish the greatest effectiveness of the complete
framework power utilization. Since the SRAM cluster takes up a bigger bit of the
circuit, it is important to decrease the power utilization of the SRAM exhibit so as to
lessen circuit all-out power. Band-to-band tunneling (BTBT) mechanism introduced
silicon tunnel FET (TFET), MOSFET compatible fabrication process and ultra-steep SS,
which can break the 60mV/dec limitation of MOSFET at room temperature and ultra-
low off-state current. Subsequently, it is required to be a promising contender for an
ultra-low-power rationale circuit. The impact of forward p-I-n leakage current could
prompt harm to the static noise margin (SNM), static power and power defer result of
the SRAM circuit. So the proposed topology can stay away from the p-I-n intersection,
by expanding SRAM cell read and hold static noise margin (SNM) and diminishing static
power utilization drastically.
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INTRODUCTION

As process technologies still advance, the speed of SRAMs
will increase, but devices are going to be more at risk of
mismatches, which worsen the static- noise margin of SRAM
cells. Because of stability concerns, the twin port designs
that implement read disturb-free feature like that seen
within the 7T and 8T cell implementation might become
more practical in the futures RAM cell implementation.['5
Zone scaling abilities of numerous types of SRAM, edge help
answers for voltage changeability issues, which depend on
different endeavors from 6T to 8T and 10T, yet additionally
fuse of various voltage supply for cell terminal biasing and
having arrangement controls of read and write activity
was thought about, the varieties in SRAM arrangements
were investigated considering an effect on the necessary
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territory overhead for each plan arrangement given by
ever-expanding irregular varieties. Unlike the DRAM
cell, total power consumption, static power dissipation,
dynamic power dissipation, static current and area which
will affect the speed of operation of novel SRAM cell.
Therefore, the power dissipation can have a significant
effect on the performance of the memory design.®
The parameters such as SNM, power, read and write are
needed to be considered for planning of SRAM. Some
methods might not guarantee the thermal stability of the
memory system, thus a unifying framework for analysis
and magnificence of 8T and 10T cell design for SRAM is
to be considered. It is clear that there is a necessity to
develop an acceptable transistor level design for memory
system with varying temperature conditions. Hence, it’s
proposed to perform in depth study on SRAM memory
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design with various low power logic circuits and to suggest
suitable logic of SRAM cell for low power applications. The
subsequent gate of FinFET can be utilized to control the
limit voltage of the gadget, accordingly permitting quick
turning on one side and diminished leakage current when
circuits are inactive.l'’?"!

SRAM is one among the recollections for the most part
utilized in the storage memory of gadgets. Memory Cells
(SRAM) need to be quicker, consume less power devouring
and reliable. But then, this is influenced by MOSFET scaling
process varieties. The previous 4-5 decades CMOS scaling
starting with one innovation hub then onto the next hub
has given improved execution. This empowered in creating
littler, quicker and incredible advanced frameworks. Be
that as it may, scaling of the CMOS results in a ton of
difficulties because of the material used and procedure
innovation beyond level. To beat the resultant raise in
the static power consumption in chips, various device
structures like Fully Depleted Silicon on Insulator (FDSOI)
and FinFETs are developed and are now under production
with the technology nodes below 7 nm.l'8

In order to improve the parameters such as read and
write 10T FinFET based SRAM cells have been proposed.
There are many issues in the parameters like write and
read delays which are very long and wide for read, write
operations in the sub threshold area of the CMOS based
10T SRAM cell. While reading it is observed that CMOS
based 10T SRAM cell is touchy to clamor. So to decrease
these issues, 10T FinFET based SRAM cell is presented.
In READ ‘0’ operation RBL line is precharged to VDD and
WR is kept HIGH. By keeping the WL line as LOW, the write
access FETs (TN3 & TN5) are in OFF state. As RBL and WR
are ON TN7 is ON. If QB is logic HIGH, then TN8 is ON. As
TN7 and TN8 are ON, RBL discharges to GND through TN7
and TN8. As RBL discharged we can verify that the value
stores in QB is logic HIGH (‘1’). In READ ‘1’ operation RBL
line is precharged to VDD and WR is kept at logic ‘1’. The
WL line is kept LOW, the write access FETs (TN3 and TN5)
are in OFF state. As RBL and WR are ON, TN7 is ON. If QB
is logic LOW, then TN8 is OFF. As TN7 is ON and TN8 is OFF,
RBL can’t discharges to GND through TN7 and TN8. As RBL
won’t discharged we can verify that the value stores in
QB is logic LOW (‘0’).In WRITE operation, the data which
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Fig. 1: Conventional 10T SRAM
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has to be written is loaded on BL and BLB through write
driver. For WRITE operation, WL is set to HIGH and WR,
RBL is set LOW. In WRITE ‘1’ operation BL is made ‘0’ and
BLB as ‘1’. TN5 and TN6 are ON in this state. As QB is ‘1’ in
WRITE ‘1’ operation, Qb discharges through TN5 and TN6
to GND making QB as LOW. As QB is LOW, Q is logic HIGH
(‘“1’). In WRITE ‘0’ operation WL, BL are HIGH then TN3 and
TN4 are ON. As Qis ‘1’ in WRITE ‘0’ state, Q discharges to
GND through TN3 and TN4 making Q as logic LOW (‘0’).[1923

FinFET Characteristics and Modeling

FinFETs are referred as multi-gate devices. By replacing the
planar configuration of the standard single-gate MOSFETs,
they can be characterized by a gate electrode wrapped
around several sides of the conducting channel. The
electrostatic control of the gate can be increased by using
the transistors which are of multi gate. This also allows the
decrement in leakage power as well as the short channel
effects which are present inside the device. The following
next years, transistors are likely to get reduced to some
nanometers and further diminish of the transistors are
practically impossible.[2333]

The advantages of FinFETs are higher technological,
maturity than planar DG, suppressed short channel
effect, better in driving current, more compact and low
cost. Applications of FinFETs are plausibility to spare
power emerges when the two gates can be controlled
independently, and at long last separate access to the
two gates could likewise be utilized to configuration
rearranged rationale gates. This would likewise lessen
power, and spare chip zone, prompting littler, more cost
proficient plans.[3¢3%

FinFET Device Schematic
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Fig. 2: FinFET schematic
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Fig. 3: 10T SRAM cell circuit
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Proposep SRAM circurts Using FINFET MobELs

In READ ‘0’ operation RBL line is precharged to VDD and
WR is kept HIGH. By keeping the WL line as LOW, the write
access FETs (TN3 & TN5) are in OFF state. As RBL and WR
are ON TN7 is ON. If QB is logic HIGH, then TN8 is ON. As
TN7 and TN8 are ON, RBL discharges to GND through TN7
and TN8. As RBL discharged we can verify that the value
stores in QB is logic HIGH (‘1’). In READ ‘1’ operation RBL
line is precharged to VDD and WR is kept at logic ‘1. The
WL line is kept LOW, the write access FETs (TN3 and TN5)
are in OFF state. As RBL and WR are ON, TN7 is ON. If QB
is logic LOW, then TN8 is OFF. As TN7 is ON and TN8 is OFF,
RBL can’t discharges to GND through TN7 and TN8. As RBL
won’t discharged we can verify that the value stores in
QB is logic LOW (‘0’). In WRITE operation, the data which
has to be written is loaded on BL and BLB through write
driver. For WRITE operation, WL is set to HIGH and WR,
RBL is set LOW. In WRITE ‘1’ operation BL is made ‘0’ and
BLB as ‘1’. TN5 and TN6 are ON in this state. As QB is ‘1’ in
WRITE ‘1’ operation, Qb discharges through TN5 and TN6
to GND making QB as LOW. As QB is LOW, Q is logic HIGH
(‘“1’). In WRITE ‘0’ operation WL, BL are HIGH then TN3 and
TN4 are ON. As Q is ‘1’ in WRITE ‘0O’ state, Q discharges
to GND through TN3 and TN4 making Q as logic LOW (‘0’).

In WRITE operation WWL is logic HIGH, RWL is HIGH, As
WW.L is HIGH MN3 is ON. If BLB is HIGH and L is logic LOW,
then the voltage at L and BLB should be the same making

Table 1: Truth table of 10T SRAM cell

L as ‘1’ i.e. WRITE ‘1’ operation and if BLB is logic LOW,
then WRITE ‘0’ operation is performed. In READ operation
WWL and RWL are logic LOW. As RWL is LOW, MN7 is OFF.
As WWL is LOW, MN3 AND MN4 are OFF. DATA inside the
cell gets HOLD i.e. no WRITE operation is possible making
the data stored inside the inverted pair.

In READ operation RWL is logic HIGH, RBL is precharged
to VDD. RBL (read bit line) provides read operation output.
If the value stored in QB is LOW then N5 is OFF. N6 is ON
as RWL is HIGH, as N5 is OFF RBL won’t discharge to GND
i.e RBL will be logic HIGH which is the same as the value
stored in Q(‘1’). In READ‘Q’ operation i.e assuming Q is
LOW and QB as HIGH. As QB is HIGH, N5 is ON. RWL and
RBL are HIGH which make N6 ON. RBL discharges to GND
through N6 and N5, making RBL to ‘O’. As RBL is LOW it
concludes that the bit stored in Q is logic LOW. In WRITE
operation WL is logic HIGH, the access transistors N3 and
N4 are ON allowing the data through BL and BLB which are
input lines in WRITE operation. In WRITE ‘1’ operation BLB
is logic LOW and BL is logic HIGH. As N3 is ON the value
of BL reflects at Q through N3 making the values stored
in Q as HIGH. As BLB is logic LOW and N4 is ON, the value
stored in QB will be LOW and the operation of WRITE ‘0’
is same as WRITE ‘1’ operation only the value of BLB and
BL changes to HIGH and LOW to store logic LOW at Q.

In WRITE operation there are two cases which can be
considered i.e WRITE ‘1’ and WRITE O’ operations this both
operations are performed in SRAM WRITE operation.BLB

Table 2: Truth table of 9T SRAM cell

Operation WL BL BLB WR RBL Q QB Operation WwWL BLB BL L H
Write 1 1 0 1 0 0 1 0 Write 1 1 1 0 1 0
Write 0 1 1 0 0 0 0 1 Write 0 1 0 1 0 1
Read 1 0 1 1 1 1 1 0 Read 1 0 1 1 1 0
Read 0 0 1 1 1 1 0 1 Read 0 0 1 1 0 1
Hold 1 0 0 0 0 0 1 0 Hold 1 0 0 0 1 0
Hold 0 0 0 0 0 0 0 1 Hold 0 0 0 0 0 1

Fig. 4: 9T SRAM cell circuit
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Fig. 4: 5T SRAM cell circuit
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and BL are input lines in WRITE operation. In WRITE ‘0’ W is
logic LOW making N5 OFF, WL is logic HIGH making N3 ON.
BLB is logic LOW as N3 is ON the value at BLB reflects at
the node Q making Q logic LOW. Same operation is done in
WRITE ‘1’ operation the only difference is that BLB is logic
HIGH which makes the values stored in Q to be HIGH (‘1’).
In READ operation the value stored inside Q is known. W
is logic HIGH making N5 ON in READ operation. RL is logic
HIGH making N4 ON. BL is precharged to VDD and WL is
inactive i.e. logic LOW. If the values stored is LOW then
BL discharges or else if the value stored is HIGH then BL
won’t discharge by which the values stored can be known
in 7T SRAM cell.

SiMuULATION REesuLTs AND EXPERIMENTAL FINDINGS
ofF THE PrRorosep WORK

As seen in the waveform whenever WL is HIGH i.e. logic
‘1" and BL is logic ‘1’ write‘0’ operation is carried out and
when BL is logic ‘O’ then write ‘1’ operation is carried out
making Q as ‘1’ as seen in the waveform above. QB is the
complementary to Q as in the waveform and RBL is ON i.e.
logic ‘1’ in read operation only. In HOLD operation WL, WR,
RBL are logic ‘1’ by not allowing read or write operation
to proceed and making Q value as same value before the
operation is taken place as in the waveform.

The waveform depicts the write, read operations,
where WWL is logic ‘1’ in write operation. We can see
that L is logic HIGH in write ‘1’ operation and H is logic
LOW. In write ‘0’ operation H is logic HIGH (‘1) and is

Table 3: Truth table of 10T SRAM cell

logic LOW (‘0’). WWL is ‘0’ in read operation has seen

in the waveform above allowing to read the value stored

in the loop of the inverters connected in cross coupled

manner which is an important part in the Cell in which
ata/value is stored
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Table 4: Truth table of 7T SRAM cell

Operation WL BL BLB RWL RBL Q QB Operation WL BLB BL RL w Q QB
Write 1 1 1 0 0 0 1 0 Write 1 1 0 1 0 0 1 0
Write 0 1 0 1 0 0 0 1 Write 0 1 1 0 0 0 0 1
Read 1 0 1 1 1 1 1 0 Read 1 0 1 1 1 1 1 0
Read 0 0 1 1 1 1 0 1 Read 0 0 1 1 1 1 0 1
Hold 1 0 0 0 0 0 1 0 Hold 1 0 0 0 0 0 1 0
Hold 0 0 0 0 0 0 0 1 Hold 0 0 0 0 0 0 0 1
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Fig. 5: 7T SRAM cell circuit
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Fig. 7: Timing diagram of 10T SRAM Fig. 8: Timing diagram of 9T SRAM
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CONCLUSION

In this study, impacts of FinFET on SRAM Cells have
been analyzed. It presents 10T, 9T, 8T and 7TSRAM Cells
analyzed in 18nm Fine technology node using Cadence
virtuoso Tool. The performance evaluations of the
mentioned SRAM cells are carried out in Cadence virtuoso
Tool. The design of 10TSRAM Cell has stable read and write
operations unlike in 6T SRAM Cell. The parameters of 10T,
9T, 8T, 7T SRAM Cell can be compared and application
suitable SRAM Cell can be used based on the results present
in FinFET technology. Parameters like power, delay, power
delay product, energy delay product are calculated and
analyzed for10T, 9T, 8T, 7T SRAM Cells. Compared to the
previous work on CMOS SRAM, the analysis on FinFET SRAM
Cells has very low power consumption and read access time
and less PDP values. The outcomes appears FinFET based
SRAM is quicker, dependable and the force utilization is
fundamentally decreased and offers great exchange offs
at lower technology nodes.
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