Indian Journal of Science and Technology, Vol 9(5), DOI: 10.17485/ijst/2016/v9i5/87151, February 2016

ISSN (Print) : 0974-6846
ISSN (Online) : 0974-5645

A Neoteric FPGA Architecture with Memristor Based
Interconnects for Efficient Power Consumption
A. Karthikeyan*, J. Arunarasi and A. Arul Mary
Department of Electronics and Communication Engineering, Vel Tech Multitech, Avadi, Chennai – 600062,
Tamil Nadu, India; a.karthik1982@gmail.com, arunarasij@veltechmultitech.org, arulmary@veltechmultitech.org

Abstract
Objective: This paper discusses different ways of power consumption in FPGA and the earlier SRAM based power
reduction techniques with its limitations and demonstrates the methodology adapted by the proposed neoteric Memristor
based FPGA architecture. The programmable interconnects of Memristor based FPGA architecture uses the newly found
circuit element, i.e. Memristor instead of the SRAM based interconnects as in the usual FPGA architecture, resulting in
significant reduction of overall power consumption, area, propagation delay which in turn increases the speed of FPGA
than the other conventional SRAM based FPGA architecture. Statistical Methods: The study on the various architectures
of FPGA aiming at minimizing the power consumption with the application of different techniques is carried out earlier.
One such technique is the SRAM power reduction technique which has got its own limitations such as low density, longer
routing path, increased propagation delay, increased peak power consumption rate as well as high value of average power
consumption. This paper proposes a low area with the help of Memristor in order to such a minimal routing path aiming
to reduce the drawbacks as identified in SRAM architecture. Findings: A simulation work has been carried out with the
help of HSPICE and the results prove that the peak power consumption, average power consumption, propagation delay
are reduced to a larger extent than that of the reported SRAM architecture. Applications/Improvements: Further it is
recorded that the Memristor based FPGA architecture suits better for the applications where there is minimal energy
requirement on wireless network scenarios.

Keywords: CMOS Technologies, Field-Programmable Gate Arrays (FPGA), Low Power Consumption, Memristor, SRAM,
Very Large Scale Integrated Circuits

1. Introduction

As a result of the developing technology, in recent times
the low power very large scale circuits especially in the
case of Field-Programmable Gate Arrays (FPGA’s) are
gaining prominence. FPGA’s are more popular in use than
the Application Specific Integrated Circuits (ASIC’s)1,2.
But the main problem with the FPGA is that it is less
power efficient than the ASIC3. Studies on FPGA show
that they are between 9 and 12 times less power efficient
than the ASIC’s4. Despite the several advantages of FPGA
like its programmability and flexibility, it suffers certain
shortcomings in relation to the performance of ASIC’s
due to its high power consumption. These differences
lead to an area, performance and power consumption gap
between ASIC and FPGAs. These gaps have been studied
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extensively5,6 and even more deeply in the later studies.
So the important goal in the recent time is to design or
modify the conventional FPGA architecture with low
power consumption, which will in turn increase the performance, area and speed of these FPGA’s. Generally the
power consumed in the FPGA consists of both the static
and dynamic components. The static power consumption is only about 10% of the total power consumed in an
FPGA7. Further, the known techniques for reducing this
static power consumption such as programmable supply
voltage, multiple transistor threshold voltages, multiple
gate oxide thicknesses and power gating, have already
been used in the conventional FPGA’s 8.
On the other hand, the dynamic power constitutes
about 90% of the total power consumed in FPGA’s and
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it is considered to be the main reason for these FPGA’s
power inefficiency. This high power consumption is due
to the increase in the programming of FPGA’s, including
the presence of the pass transistor switches, buffers, multiplexers and the configuration of its memory used in the
routing fabric which occupies 50%-80% of the total area.
This results in much more longer routing paths than the
ASIC implementations and hence increases the loading
of the capacitors of these conventional FPGA’s, because of
this 60%-80% of the total FPGA’s dynamic power is being
consumed in these programmable routing fabrics9,10.
Also the major power consumption in FPGA is due
to its programmable routing structure. In the programmable routing structure, due to the presence of the
programmable logic blocks and the programmable interconnects, more amount of the power is being consumed,
which results for about 90% of the total area, about 85%
of the total power consumption and about 80% of the
total delay.
The conventional FPGA’s suffers a lot from its programmable interconnects due to major use of the Static
Random Access Memory (SRAM) based programming
interconnects. This is because one SRAM cell contains
about six transistors, but can store only one bit data. The
low density of SRAM-based storage increases the area
of FPGA programmability which in turn leads to longer
routing paths and larger interconnect delay which has
direct impact on the overall performance of the FPGA. In
addition to this, SRAM is a volatile memory which consumes excessive power consumption during the stand-by
mode and the hold mode. On the other end, the problem
with the DRAM is that, it stores the data as electric charge
which has to be refreshed time to time10.
This paper is organized as follows: Section 2 describes
the power consumption in FPGA. Section 3 describes the
conventional SRAM based FPGA. Section 4 describes
the Memristor based FPGA. Section 5 describes about
modeling a stable Memristor. Section 6 describes about
Memristor parameter analysis. Section 7 describes the
implementation and the simulation results. Finally,
Section 8 summarizes the paper and proposes the future
work.

2. Power Consumption in FPGA
Power consumption in FPGA is mainly due to the static
and dynamic power consumption, which in turn is due to
the conventional structure of the FPGA .
2

Vol 9 (5) | February 2016 | www.indjst.org

2.1 Structure of a Conventional FPGA
It is made of several arrays of blocks and each block consists
of one Logic Block (LB), two Connection Blocks (CB) and
one Switch Block (SB). Each Logic Block contains a cluster
of Basic Logic Elements (BLE’s); the Lookup Tables (LUT’s)
for providing the logic functions. LB’s are connected to the
routing channels through CB’s and the routing channels
are connected with each other through the SB’s.
The selector pins of each multiplexer are connected to
the SRAM cell made of 6-transistors for their connectivity
with much larger area and higher complexity compared
to the direct interconnects of the ASIC. The programming technology for the logic and interconnect resources
are the SRAM. The SRAM based FPGA’s offer in-circuit
reconfigurability though being volatile.

2.2 Sources of Power Dissipation in FPGA
The main sources of the power dissipation in the FPGA are
the static, dynamic and the memory cell power consumption. FPGA’s consume more power than the ASIC because of
the presence of a large number of transistors which though
provides flexibility causes both the static and dynamic power
dissipation. The SRAM cells have to be slowed down and
their leakage have to be reduced in order to reduce the total
power consumption of FPGA. Furthermore, SRAM cells
constitute a large space of the FPGA’s total area which makes
the wire lengths in FPGA’s longer. These interconnects thus
increases the high capacitive load in FPGAs, making it as
the primary source of dynamic power dissipation.

2.3 Earlier Power Reduction Techniques
The earlier techniques that are commonly used to reduce
the power consumption of the conventional FPGA are as
follows:

2.3.1 Architectural Level Power Reduction
Techniques
The architectural level power reduction techniques are
fine grained-VDD, leakage reduction in FPGA routing
multiplexers, low power programmable FPGA routing
circuitry, clock gating power reduction technique, power
gating and sub threshold FPGA.

2.3.2 Circuit Level Power Reduction Techniques
The circuit level power reduction techniques are a dualthreshold FPGA routing design, programmability of
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VDD, input vector reordering, FPGA leakage power
reduction using CLB- clustering and Dual Threshold
Transistor Stacking (DTTS).

2.3.3 Device Level Power Reduction Techniques
The device level power reduction techniques are leakage
power reductions from Tunnel FETs (TFETs) and carbon
nano tube SRAM design.
The key problems in the related works are mainly due
to the presence of the SRAM based interconnects in the
FPGAs architecture which results in high power consumption. These related works are mainly focused on reducing
the number of transistors in the SRAM. However, almost
the same amount of power is being consumed once again,
because of the access time, density and power dissipation
of the SRAM in the FPGA.

3. Conventional SRAM based FPGA
The Conventional FPGA’s are made of SRAM based
programmable interconnects. The major power consumption in FPGA is due to its programmable routing
structure made of SRAM. The main reason is that these
SRAM memory cells are made up of six transistors.
The energy consumption in the SRAM includes two
components: dynamic energy consumption and static
energy consumption. Static energy consumption, consumed due to leakage current in SRAM and dynamic
energy consumption consumed due to the charging and
de-charging of capacitance during read and write operation. It is been found that the programmable interconnects
in FPGA accounts for about 90% of the total area, about
80% of the total delay and about 85% of the total power
consumption.

4. Memristor based FPGA
Ultra-Low Energy Sub-threshold FPGA which uses SingleVDD was proposed11. Minimum Energy Analysis and
Experimental Verification of a Latch-based subthreshold
FPGA was proposed12. In this paper the proposed methodology is aimed to reduce the power consumption of
FPGA by using the Memristor based FPGA architecture.
The methodology used here is the neoteric Memristor
based FPGA architecture. Memristor based FPGA uses
Memristor interconnects rather than programmable
interconnects made of SRAM memory cells. Dnamically
supporting ontrolled power gating which uses An FPGA
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architecture was given13. Proposed methodology is made
of 3-D crossbar-based memory architecture with the 3D
die-stacking process and also provides capacitance shielding from unused routing path. FPGA power reduction
using gating architectures was given14.
Low-Power programmable FPGA which uses
routing circuitry was proposed15. FPGA routing multiplexers which uses Leakage reduction was given16. The
95% Leakage reduced FPGA using zigzag power-gating,
Dual-VTH/VDD and Micro VDD hopping was given17.
There are a number of studies which uses SPICE modeling of Memristors was proposed18. The application of
Memristors in modeling unconventional devices shows
that Memristors are useful even if they are used as a conceptual tool of analysis was given19. These systems are
unconventional in the sense that while they behave like
resistive devices was proposed20.
The programmable interconnects of Memristor based
FPGA architecture uses the newly found circuit element,
i.e. Memristors instead of the SRAM based interconnects
as in the usual FPGA architecture, resulting in significant reduction of overall area power consumption, area,
interconnect delay and increases the speed of the FPGA.
Compared to the existing system, it does not occupy
more area because Memristor is a nano device. The main
highlight of this approach is that it employs the Resistive
Random Access Memory (RRAM) instead of the SRAM.

4.1 Memristor
Memristor is a fourth fundamental passive 2 terminal
linear Resistor with Memory (RRAM). Memristor is a
semiconductor thin film sandwiched between two metal
contacts with a total length of D of TiO2 film and it consists of doped low resistance and undoped high resistance
regions and memristance arises naturally in nanoscale
systems in which solid-state electronic and ionic transport
are coupled under an external bias voltage was given21.
Moreover, Memristors provide new paradigms in
Application Specific Integrated Circuits (ASICs) and Field
Programmable Gate Arrays (FPGAs). A significant reduction in area with an unprecedented memory capacity and
device density are the potential advantages of Memristors
for Integrated Circuits (ICs) was proposed22 and architectural innovations in Virtex-5 devices to ensure that static
power consumption is minimized and that the dynamic
power benefits of moving to a new process node are fully
realized in 65 nm FPGAs was given23. The amount of
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power reduction depend not only on supply voltage but
also on the threshold voltage to sustain the reduction of
component delay, which is crucial for high speed digital
circuit design was given24.
The physical structure of Memristor is shown in
Figure 1(a) and its equivalent model is shown in Figure
1(b). Resistance can be changed by changing the direction of applied voltage or current. Resistance increases
when current flows in one direction and decreases when
it flows in the other direction. Memristance arises naturally in nanoscale systems in which solid-state electronic
and ionic transport are coupled under an external bias
voltage.
When applied external potential is removed,
Memristor remains in the last state. Memristor is capable
of memorizing its own resistance, different resistance values can be used to represent different values of data.
The Memristive systems25 can be described as
follows:
M(x) = RONx + ROFF(1-x)

(1)
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vector reordering for leakage power reduction in FPGAs
was given29. FPGA power reduction which uses Field programmability of supply voltages was given30. Design for
sub-threshold leakage reduction using A dual-threshold
FPGA routing was propsed31. Monolithically Integrated
Graphene Interconnects which uses demonstration of a
Subthreshold FPGA was reported32.

6.1 Power
Power calculations are done to calculate the amount of
static power and dynamic power dissipated. In this paper
the power calculations is carried through two types: the
peak power and the average power calculation. The peak
power is the rate of energy flow in each and every pulse
whereas the average power is the rate of energy flow
averaged over one full period. The amount of power dissipation along this peak and average power constitutes
the total power dissipation. In this paper, the power consumption is got from the transient analysis of the HSPICE
simulation tool.
Ppeak = E/Δt

(2)

Pavg = E/T

(3)

Where, ‘E’ is the energy flow and‘t’ is the time period.

6.2 Propagation Delay
Transistors within the gates take a finite amount of time to
switch (i.e.) a change on the input of a gate takes a finite
amount of time to cause a change on the output. This time
is known as Propagation Delay. If the structure is small
then the switching times will be faster. In this paper the
amount of the propagation delay is got from the transient
analysis of the HSPICE simulation tool.

(HspuiA-2007.09). There after simulation is carried and
the parameters are obtained from the transient analysis of
both SRAM and Memristor.
Later the output wave form of the SRAM and Memristor
is got from the CosmosScope of CosmosScope(TM)
Z-2007.03-SPI from Synopsys.

7.1 SRAM Parameter Analysis
SRAM parameter analysis is of two types: SRAM cell and
SRAM cell in hold mode. In the output of the SRAM cell,
there are three lines; they are the word line (wl), the bit
line (bl) and the read output (Voutr). The “Voutr” line will
be high, only when both the “bl” and “wl” lines are high.
For reading a value from the SRAM, the word line (wl)
should be kept high.

7.1.1 SRAM 6t Cell

For enabling the read operation or the write operation,
enable the word line signal.
If the word line signal is near to zero then the SRAM
cell will be in the standby mode.
For the write operation, both the bit lines are enabled
high along with the word line.
For read operation, either of bit line is kept low and
the other is kept high.
From
Figurethe
3 itread
is seen
that in
the write
voltage
graph the
For
enabling
operation
or the
operation,
enable the word lin
value
written
in
“Voutr”
line
will
be
high,
only
when
If the word line signal is near to zero then the SRAM cell will be in the st
both the “bl” and “wl” lines are high. For reading a value
For the write operation, both the bit lines are enabled high along with the
from the SRAM, the word line (wl) should be kept high.

For read operation, either of bit line is kept low and the other is kept high

6.3 Number of Transistors
The number of transistors calculation is very important
because this determines the density of the circuit and the
overall area of the chip, which in turn relates to the power
consumption also. Hence the number of transistors is also
calculated in this work.

7. Implementation
The SRAM and Memristor parameter analysis is done
by writing the HSPICE coding for both separately and
the executing that coding in the HSPICEA-2007.09
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HSPICE simulation tool.

For enabling the read operation or the write operation, enable the word line signal.
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If the word line signal is near to zero then the SRAM cell will be in the standby mode.
For the write operation, both the bit lines are enabled high along with the word line.

Further this will come back to the reference value if “wr”
when “wl” goes low, “Voutr” holds the last output value
For read operation, either of bit line is kept low and the other is kept high.
and “rd” are low.
(high state) that is read because to read a value from the
From the Figure 4 it is shown that SRAM’s transient
SRAM, the word line (wl) should be kept high always.
analysis gives the value of propagation delay, average
and peak power values for a SRAM cell as the parameter
7.2 Memristor Parameter Analysis
output from the HSPICE simulation tool.
As discussed earlier, the physical structure of Memristor
is in such a way that the resistance can be changed by
7.1.2 SRAM in Hold Mode
changing the direction of applied voltage or current.
For SRAM in hold mode: When WL = 0; both NMOS will
Resistance can be changed by changing the direction of
be in OFF state, SRAM is in HOLD mode.
applied voltage or current.
From the Figure 5 it is shown that in the voltage graph
Resistance increases when current flows in one direc“Voutr” line will be high, only when both the “bl” and
tion and decreases when it flows in the other direction.
“wl” lines are high. Again when “wl” goes low, “Voutr”
When applied external potential is removed, Memristor
holds the last output value waveform of the SRAM cell in
remains in the last state. That is why the Memristor is
hold mode.
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From the Figure 6 it is seen that in the voltage graph
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high. Further this will come back to the reference value if
“wr” and “rd” are low.
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7.1.2 SRAM in Hold Mode
For SRAM in hold mode: When WL = 0; both NMOS will be in OFF state, SRAM is in
HOLD mode.
From the Figure 5 it is shown that in the voltage graph “Voutr” line will be high, only when
both the “bl” and “wl” lines are high. Again when “wl” goes low, “Voutr” holds the last
output value waveform of the SRAM cell in hold mode.
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For enabling read or write operation one needs to enable the word line signal. Here in the
output of the
cell in the hold mode, there are three lines; they are the word line (wl),
6 SRAM
Vol 9 (5) | February 2016 | www.indjst.org
the bit line (bl) and the read output (Voutr).
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From the Figure 7 it is shown that Memristor transient
analysis gives the value of propagation delay, average and
peak power values for a Memristor cell as the parameter
output from the HSPICE simulation tool.
From the transient analysis of the Memristor there is
a decrease in average power consumption, peak power
consumption and the propagation delay for the increase
in voltage in the two terminals Memristor.
Figure 8. Average power consumption in SRAM vs. Memristor. Avera
From the Figures 4 and 7 (i.e.) from the transient analconsumption increases in SRAM architecture for the increase in voltage
ysis of the SRAM and the Memristor, the following SRAM
Memristor shown the decrease in average power consumption for the in
Figure 8.
8. Average power
consumption
in SRAM
vs. Memristor.
Average p
and Memristor analysis is done:
Figure
power
consumption
in SRAM
vs.SRAM
Figure 8Average
represents
theSRAM
average
power consumption
for
vs. Mem
consumption
increases
in
architecture
for
the
increase
in
voltage,
wh
Figure 8 represents the average power consumption
Memristor.
Average
power
consumption
increases
in SRAM
figure
it
is
clearly
evident
that
the
average
power
consumption
increase
Memristor shown the decrease in average power consumption for the increa
for SRAM vs. Memristor. From this figure it is clearly
architecture
for the
in voltage,
whereas
the Memristor
architecture
forincrease
the increase
in voltage,
whereas
the Memristor shown th
Figure
8 represents
the
average
power consumption
consumption
for
SRAM
evident that the average power consumption increases in
power
consumption
for the power
increase
in voltage. For
theMemrist
potenti
shown
the
decrease
in average
forexample
the vs.
figure
it
is
clearly
evident
that
the
average
power
consumption
increases
power
consumption is only 20µw for Memristor whereas the SRAM in
it i
SRAM architecture for the increase in voltage, whereas
increase
in
voltage.
architecture
for Memristor
the increaseisinthe
voltage,
whereas the
shown
theco
d
proved that
best architecture
forMemristor
less average
power
the Memristor shown the decrease in average power conpower consumption for the increase in voltage. For example the potential of
sumption for the increase in voltage. For example the
power consumption is only 20µw for Memristor whereas the SRAM it is 35
proved that Memristor is the best architecture for less average power consum
potential of 2.5v the average power consumption is only
20µw for Memristor whereas the SRAM it is 350µw. Thus
it is proved that Memristor is the best architecture for less
average power consumption.
Figure 9 represents the propagation delay for SRAM vs.
Memristor. From this figure it is found that the propagation delay increases in SRAM architecture for the increase
in voltage, whereas the Memristor exhibited the decrease
propagation delay for the increase in voltage. For example
the potential of 2.5v the propagation delay is nearly 10ns
Figure
Peak Power
Power Consumption
in SRAM
vs. Memristor.
Peak pow
Figure
9. 9.Peak
Consumption
in SRAM
vs.
for Memristor, whereas for the SRAM it is nearly 465ns.
increases in SRAM architecture for the increase in voltage, whereas the
Memristor. Peak power consumption increases in SRAM
Thus it is proved that Memristor is the best architecture
decrease in peak power consumption for the increase in voltage.
Figure 9. Peak
SRAM whereas
vs. Memristor.
architecture
forPower
the Consumption
increase in in
voltage,
the Peak power c
for less propagation delay.
Figureinshown
9SRAM
represents
the propagation
delay for
vs.whereas
Memristor.
Fro
increases
architecture
for
the power
increase
inSRAM
voltage,
the Me
Memristor
the
decrease
in
peak
consumption
Figure 10 represents the propagation delay for SRAM
foundinthat
thepower
propagation
delay increases
in SRAM
architecture for the
decrease
peak
consumption
for
the
increase
in
voltage.
for the
increase
voltage. exhibited the decrease propagation delay for the
vs. Memristor. From this figure it is found that the propwhereas
theinMemristor
Figure
9
represents
propagation
for SRAM vs.
Memristor.
For example thethe
potential
of 2.5vdelay
the propagation
delay
is nearlyFrom
10ns tf
agation delay increases in SRAM architecture for the
found
that
the
propagation
delay
increases
in
SRAM
architecture
for
the
inc
Figure
6. Read
and write
of Memristor
- wr linefor
(the
line),
whereas
thewrite
SRAM
it is nearly 465ns. Thus it is proved that Memris
increase
in voltage,
whereas
theoperation
Memristor
exhibited Cell,
the wherewhereas
the
Memristor
exhibited
the
decrease
propagation
delay
for
the
inc
- d line (output data line), - rd line (the read line),
- comp line
(the combinational
word
architecture
for less propagation
delay.
decrease propagation delay for the increase in voltage.
For
example
the potential
of 2.5v the propagation delay is nearly 10ns for M
line). This value that is written in “wr” will be read only when
“comp”
becomes
high (i.e.)
whereas
for the
SRAMhigh.
it is nearly 465ns. Thus it is proved that Memristor i
For example
the becomes
potentialhigh
of 2.5v
the propagation
delay becomes
after “wr”
and again
whenever “comp”
high, “rd”
becomes
architecture for less propagation delay.
is nearly
10ns this
for read
Memristor,
the SRAM
Finally
value iswhereas
got as thefor
output
value. it is
nearly 465ns.
Thus
it is6proved
that
is the
best“comp” becomes high only when “wr”
From the
Figure
it is seen
thatMemristor
in the voltage
graph
architecture
forbecomes
less propagation
delay.
and “rd”
high. Further
this will come back to the reference value if “wr” and “rd”
are low.

Figure 10. Propagation delay in SRAM vs. Memristor. Propagation de
Figure 7.
Transient
analysis
of Memristor
cell. The
transient
10.of the
Propagation
delay
in SRAM vs. Memristor.
Figure
7. Transient
analysis
of Memristor
cell.
The transientFigure
analysis
Memristor
gives in
architecture
for the increase
voltage, whereas the Memristor shown t
analysisthe
ofvalue
the Memristor
gives
the average
value ofand
propagation
Propagation
delay
increases
in
SRAM
architecture for
of propagation
delay,
peak power values
forpropagation
a Memristor
cell
as
the
delay for the increase
in voltage.
parameter
from the
HSPICE
delay, average
andoutput
peak power
values
for a simulation
Memristor tool.
cell as
the increase in voltage, whereas the Memristor shown the
Figure 10 represents the propagation delay for SRAM vs. Memristor. F
the parameter
output
from
HSPICE
decrease
propagation
delay for the increase in voltage.
From the
Figure
7 it the
is shown
thatsimulation
Memristortool.
transient analysis
gives
thethat
value
propagation
found
theof
propagation
delay increases in SRAM architecture for th
delay, average and peak power values for a Memristor cell as the whereas
parameter
output
from the
the Memristor
exhibited the decrease propagation delay for the
HSPICE simulation tool.
For example the potential of 2.5v the propagation delay is nearly 10ns
the SRAM
it isJournal
nearlyof465ns.
it is proved 7that Memri
Vol 9 (5) |From
February
| www.indjst.org
Indian
Science Thus
and Technology
the2016
transient
analysis of the Memristor there is a decrease inwhereas
averagefor
power
for less
propagation delay.
consumption, peak power consumption and the propagation delayarchitecture
for the increase
in voltage
in the two terminals Memristor.
8. Conclusion and Future Work

A Neoteric FPGA Architecture with Memristor Based Interconnects for Efficient Power Consumption

8. Conclusion and Future Work
Implementing the Memristor interconnects in the neoteric
Memristor based FPGA architecture rather than the conventional SRAM interconnects based architecture consumes less
power and very less propagation delay. Moreover it does not
occupy more area since Memristor is a nano device and hence
has high density. The main highlight of this approach is that
it employs the Resistive Random Access Memory instead of
the Static Random Access Memory. From the simulation it is
proved that the average power consumption for Memristor is
always lesser than the existing SRAM architecture. Further a
consistency in average power is also recorded as an output of
simulation. It is also proved that the peak power consumption for Memristor is very less when compared to SRAM
architecture for any selected voltage. The difference between
peak power consumption for Memristor and SRAM is about
300 to 500 µW. Next the difference between average power
consumption for Memristor and SRAM is about 200 to 400
µW. As a third achievement it is also proved that propagation delay for proposed Memristor records very less time in
terms of 0 to 40 ns whereas the existing SRAM architecture
the recorded propagation delay is about 320 to 500 ns. So,
it is obvious that the proposed Memristor architecture has
very less propagation delay than SRAM.
The Memristor based architecture presented in this
paper could be extended to fabricate with the help of
FPGA and real-time experiment can be carried out to
prove the results obtained through simulation. Further,
Memristor based security and Neuromorphic application
circuits in FPGA can also be done as a future enhancement
to this work.
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