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ABSTRACT

The electronics devices are facing a foremost drawback of standby leakage, which
severely impacting the electronics industry from the past few decades. As well as
the need for cache memory is proportionately increasing with the data processing
frequency of the processors. SRAM is used for cache reminiscence layout. Many low-
energy techniques are considered to minimize the current leakage. Full MOSFET 6T
SRAM mobile is the main application used for designing digital circuits. This task
implements 6T MOSFET SRAM cell. The usage of FinFET spectra models, the layout,
and circuit level software implementations are carried out using FinFET 18nm nodes.
The power intake, mainly off-state leakage, present-day, is every other major problem
being confronted inside the present-day technology of electronic enterprise because
the chip densities increase with a wider variety of transistors. Energy consumption is
the fundamental disadvantage in the SRAM model evaluation. Considering the salient
features of the FinFET, 6T SRAM cell is designed at 18nm FinFET spectre models, and
it is compared in contrast to MOSFET standard cell in support to the simulation results.
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INTRODUCTION

Sub-threshold current due to the low threshold voltage,
gate leakage current due to very thin gate oxide and
eventually band to band tunneling due to the excessively
doped halo doping profile is some of the noted sources
responsible for leakage currents in electronic devices. A
resonant submicron MOSFET transistor’s leakage current
consists of three components: the tunneling current of
the junction, the sub-threshold current and the tunneling
current of the exit.l'31) [l ['7]

SRAM is a type of RAM. There lie some differences
with DRAM. SRAM is designed to meet two basic needs:
to provide a direct interface with the CPU at speeds not
attainable by DRAMs and to replace DRAMs in systems that
require very low power consumption. SRAM is better in
terms of speed resulting in faster operation. As a result,
it takes less amount of time for accessing data. It is used
to create speed sensitive cache and has medium power
consumption. & 19
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The power consumption of SRAM varies widely
depending on how frequently it is accessed. Numerous
techniques have been proposed to manage the power
consumption of SRAM-based memory structures./?! SRAM
exhibits volatile memory in other words; the memory is
lost when power is not supplied. It uses bistable latching
circuitry, which is a circuit that has two stable states; in
other words, it is a bistable multivibrator.[?! This circuit
allows the states to be changed by the inputs that are
applied. Based upon the inputs, the respective outputs
will be obtained. This bistable circuit’s main job is to store
the information bit by bit. A bi-stable circuit can have at
least four to six transistors in its structure.?

SRAM is widely used in electronics devices such as
mobile phones, workstations, routers etc. SRAM allows
data to be accessed quickly, but it is quite large in size
compared to DRAM. As it uses a more significant number
of transistors, it is quite expensive.l?*] It is the main job to
perform read and write operations. In SRAM the memory is
in the form of arrays, i.e. the memory is arranged in rows
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and columns that are called as word lines and bit lines.
SRAM are also used in portable devices.

A typical SRAM cell is made up of six transistors that
form two cross-coupled inverters. When the SRAM is
performing, it creates and manipulates the variables.
It has low latency and high speed to access data. There
are many companies, such as IBM that design SRAM and
release it into the market.!?* Before the introduction of
FinFET, MOSFET was widely used. MOSFET further had
technologies namely GPDK 180nm, 90nm and 45nm.
There were significant limitations that are associated
with MOSFET such as high propagation delay, high leakage
current, high power dissipation and consumption and low
operating speed which led to the decline in efficiency and
performance. Due to these factors, the MOSFET technology
was not acceptable in accordance with the expectations
of the electronic industry. To overcome the limitations of
MOSFET technology, another technology, namely FinFET
has been introduced.?3! 12¢]

In this paper, we will be discussing the FinFET technology
with its advantages and limitations, along with its respective
pictorial representation. Later, there will be an in-depth
explanation about what SRAM is, along with its importance
in the electronic industry. The structure of 6T SRAM cell has
been explained from one transistor to another transistor.
Its block diagram is given for a better understanding of the
structure. Later, there will be an explanation about SRAM
operation along with its truth table using FinFET. The
resultant truth table obtained is also given. Going further,
a schematic will be designed using FinFET technology, and
the graphs that have been obtained by using the software
will be verified with the respective truth table of the
technology. Once the graph is verified with the truth table,
we will start observing the transient responses. Apart from
the transient responses, we will be observing the power and
delay graphs of FinFET. Based upon the power and delay
values, a comparison table is drawn.

THE PrRIMARY ADVANCEMENTS OF FINFET
MODELING

FinFET in simple terms is a multi-gate. In this type of
technology, the MOSFET is fabricated on a substrate,
where the gates are placed on different sides of the
channel. By this, it forms a double gate structure. FinFET
has a three-dimensional type of structure. The persistent
increase in the levels of integration has led to the birth
of FinFET technology. In continuation with the previous
existing technologies, the size of the transistors can be
less than 20nm. Because of this feature, FinFET was
widely used since 2014. It also overcame the drawbacks
that were associated with MOSFET technology.[?7:3
Fig. 1 represents the schematic diagram of FinFET in three-
dimensional views.

[0 | —

Fig. 1: FinFET Structure

It was also proven that FinFET could be two independent
electric gates which give more flexibility with efficiency
and lower power gates. One of the many applications of
FinFET is the replacement of switches that were primarily
built using MOSFET with FinFET. The reason being is
that FinFET had better performance when compared to
MOSFET. FinFET also provided low leakage current and
improved on-off current ratio gives FinFET an upper hand
over MOSFET. FinFET is also used in designing modern
processors. The advantages of FinFET are that with
an increase in voltage for circuits, results in low gate
resistance. There are many more advantages of FinFET
apart from the ones mentioned above when compared
with MOSFET. The propagation delay is less compared to
that of MOSFET 180nm and 90nm. It has a higher drive
current. The speed is higher. The power consumption also
decreases along with power dissipation.' 32

In recent times, the FinFET technology has seen an
increase in adoption in integrating circuits. The FinFET
technology provides the superior levels of scalability that
is needed to ensure the present progress with increased
levels of integration. The FinFET technology provides many
advantages in terms of IC processing which means that it is
adopted as a significant way within the IC technology. 334

StANDARD SRAM circurt Using MOSFET anbp
FINFET MobELs

The circuit construction and operation of the 6T SRAM
in both MOSFET and FinFET versions with their mode of
operation has presented in this section. The representation
of the FinFET based transistors is given by their respective
colored representation with an extra added fin.

Conventional 6T SRAM cell

The Fig. 2 gives the schematic diagram of conventional 6T
SRAM cell designed using gpdk 180 nm technology.

6T SRAM using FinFET

To overcome the limitations that are associated with the
MOSFET technique, we have used 18nm FinFET spectre
models. The 6T SRAM built using MOSFET technology lower
than 45nm has the reliability and parametric issues. The
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structure of 6T SRAM using FinFET has shown in Fig. 3.
In similar to the Fig. 2, It has two cross-coupled inverters
in which it forms a reversal connection by neutralizing
inverters to the original values.

The SRAM transistor cell can store one bit at a time.
Each time a data must be stored; it will process bit by bit.
The output potential of the inverter is given as the input to
the other inverter. That is, Q’ is the output of transistors
M4 and M5. This is then given as the input to transistors
M2 and M3. Similarly, Q is the output of transistors M2 and
M3. This is then fed as the input for transistors M4 and
M5. This can be termed as a feedback loop. This feedback
loop tends to stabilize the cross coupled invertors to their
respective states.

SRAM has three types of modes: standby mode, write
mode and read mode. It is said to be in standby mode
when the write line is low, that the input to the write
line is given as 0. So, when the write line is 0, the two
access transistors N2 and N4 are turned off as the write
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Fig. 2: MOSFET based 6T SRAM circuit diagram
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Fig. 3: FinFET based 6T SRAM circuit diagram

Table 1: SRAM Truth Table

WL Bit line Bit line bar Q Q
1 1 0 0 1
0 1 0 0 1
1 0 1 1 0
0 0 1 1 1
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line is the input to them. When the access transistors are
OFF, the two inverters are in complementary with each
other. The reason for this is that there is no input being
given to the two invertors. When the PMOS transistor of
the left inverter is turned ON, the output of the inverter
would be high.

This is then given as the input to the right inverter.
Since the input is high, the PFinFET transistor of the right
inverter turns OFF concerning the FinFET logic and output
obtained at the right inverter is low. This is also known as
read mode. Now coming to the write mode, the input of
the write line is given as high in other words, it is given
as 1. By this, the two access transistors turn ON. When
the two access transistors turn ON, they act as the inputs
to the inverters. The data that needs to be written are
fed to the bit line and the inverse data is given to the
complementary bit line. As the input to the bit line is one,
a path is created from the access transistor to Q’. Upon
reaching Q’ the voltage decreases to 0.

This is then given as the input to the left inverter.
Then PFinFET transistor of the left inverter turns ON, and
the NFinFET transistor turns OFF. The output Q is then
1. This is then given as the input to the right inverter,
therefore which we would obtain 0 at Q’. This is case is
correct as both the outputs are complementing each other.
When it comes to read mode, whatever the data is stored
previously, that data will be displayed. The operation of 6T
SRAM can be verified using the truth table given in table
| as it represents the characteristics of the SRAM cell.

CAbpeENCE BAsep DesiGN MODELLING AND
PERFORMANCE EVALUATION

FInFET Simulation

The spectre models of 18nm FinFET is considered for
developing the SRAM modules in cadence virtuoso.

The design parameters of MOSFET SRAM and FinFET
SRAM are shown in Fig. 4 and Fig. 5; and are tabulated
in Table 2.

Fig. 4: The 180 nm technology MOSFET based 6T SRAM
implementaion of the circuit shown in Fig. 2
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Fig. 6 is the transient response of FinFET based SRAM
as shown in Fig. 5. The transient response has met all the
conditions of SRAM as mentioned in Table I.

Figures 7 and 8 are the power dissipation and
propagation delay Vs V of 6T SRAM cells. The power
supply has varied from 0.1V to 1V and the response has
presented in the Fig. 5 and Fig. 6, respectively.

Observing the graphs in Fig. 5 and Fig. 6, we can see
that there is an increase in power dissipation when the
power supply has increased from 0.1V to 1V, but at the
same variation of supply voltage, the decrease in the
propagation delay can be observed from the delay Vs
VDD graph. When compared the power and delay of all
MOSFET 180nm, 90nm, and 45nm with FinFET, we observed
that the power and delay are less in FinFET designs than
MOSFET designs. But the power and delay should still be
in challenging levels to meet the industrial expectations.

Layouts of MOSFET and FinFET based SRAMS

The conventional MOSFET based 6T SRAM has occupied
95um? of effective area. The FinFET based 6T SRAM has
occupied 1.37um? of effective area.

Fig. 5: The 18nm FinFET based 6T SRAM implementaion
of the circuit shown in Fig. 3

Table 2: The Transistors Aspect Ratios of the circuits shown in Fig. 4.
MOSFET based SRAM (Fig. 2)

Transistor W (nm) L (um)

M1, M2, M3, M4, M5, M6 180 2

Table 3: The Transistors Aspect Ratios of the circuits shown in Fig. 5.
FinFET based SRAM (Fig. 3)
Transistor W (nm) L (um)
M1, M2, M3, M4, M5, M6 18 0.36

Fig. 6: Transient Response of FinFET
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Fig. 7: Propagation delay Vs V of FinFET
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Fig. 8: Variation of Power dissipation Vs V  of FinFET

Fig. 10: Layout representation of Fig. 3.
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Table 4: Performance Validation of MOSFET and FinFET designs

Technology Power Delay PDP EDP

MOSFET (Fig. 2) 14.2mW 4.3 ns 61x10-12J 0.261 x10-18 Js
FinFET (Fig. 3) 16.8 yW 0.4 ns 6.72x10-15J  2.69 x10-24 Js

Designing a 6T SRAM with less than 45nm is not
desirable as MOSFET offers higher gate resistance, which
produces the uncontrolled flickering noise. From table II,
we can observe that the power and delay values are less
for the FinFET technology when compared to MOSFET
technology.

CoNCLUSION

In this paper, the vital factors which contribute to the
usage of SRAM in the electronic industry have discussed in
comparison to the advantages and disadvantages that SRAM
possesses. The components that are responsible for current
leakage in SRAM has discussed and plotted. Even though
MOSFET was initially used more for the higher technologies
greater than 45nm, it had some disadvantages which led
to decrease in efficiency when MOSFET scaling has made
below 28nm technology. In order to meet the limitations
caused in MOSFET, FinFET has been introduced and offers
significant improvements in the performance metrics.
The designed SRAM at 18nm FinFET spectre models has
performed with much advantages in comparison to that of
MOSFET based conventional design. The simulation results
and layouts of the same have concluded the meritorious
advantages of the FinFET.
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