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Abstract
This study displays three different encoder setups: CMOS, Memristor, and Pseudo NMOS. Digital logic gate

designs that use memristors provide an alternative to the present IC architecture. This computing architecture
will be among the upcoming ones. The poly silicon gate of an NMOS transistor can be used to build
memristors, making MRL gates simple to fabricate. The encoder's design makes use of four bits. When
comparing the recommended 4-bit encoder with memristor logic to one with CMOS logic and pseudo-N MOS
logic, the former requires less power. This paper also presents a 4-bit encoder design that combines SAPON
methodology with memristor technology, aiming for low-power optimization and increased efficiency.
Memristors' dynamic resistance and non-volatile memory enhance encoding performance, minimizing energy
consumption and ensuring strategic power optimization. Experimental results demonstrate its potential for

efficiency and power conservation.
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1. Introduction

Soft Moore's rule states that the number of transistors
per unit area of semiconductors has been increasing
dramatically over the past few decades, about
doubling every two years. However, transistor
limitations in terms of physical materials, energy
consumption, and cost are making the semiconductor
field more difficult. Finding a smaller component to
replace the typical transistor is one of the numerous
solutions put out to maintain Moore's law. The efforts
made to create new methods for the CMOS process
are very beneficial since there is still a need to
achieve a smaller area and better efficiency [1]. The
primary problem arises when leakage currents have a
greater effect and cause CMOS cells to diminish in
size. The dissipation static power is enhanced. The
primary problem arises as CMOS cell size decreases
due to the significant impact of leakage currents.
These leakage currents enhance the static power
dissipation. Furthermore, it becomes challenging to
build such cells due to the large error rates. By using
a passive device called a "Memristor," all of these
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problems may be resolved and significantly reduced.
The concept of a memristor was initially presented by
Professor Chua in 1971, and the first memristor at the
nano scale was realized by HP Lab in 2008. A range
of devices, including FPGAs and amplifiers, have
been suggested as potential uses for memristors [2].
Memristors may be used to evaluate a wide variety of
memory devices that are utilized in crossbars.
Additionally, it makes production easier and
addresses regional problems [3].Memristors have
several applications in memory, neuromorphic
systems, and analog circuits. One interesting
application of memristors is in logic, where they are
used to construct logic gates. In a digital context, a
high memristive is referred to as logic 0, and a low
memristive as logic 1 [3]. Among the Memristor
logic circuits, Memristor-aided Logic (MAGIC) and
Material Implication (IMPLY) Memristor logic are
unsuitable because of their complexity and
inconsistent numerous fan-outs.
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Figure 1 Circuit Model

An encoder is a circuit that is frequently used in
digital circuits to encode signals and improve
selection ease in digital logic circuits. When creating
a logic circuit with a memristor, several logic's can be
used. The encoder idea in this study is implemented
using Memristor ratioed logic. To compare the new
memristor-based encoder with the current CMOS and
pseudo-N MOS circuit logic, this research focuses on
its design and analysis in terms of power.

2. Working of Memristor

Memristor is just charge-dependent resistance, and an
ohm is the memristors unit of measurement. The
concept of a memristor was initially introduced from
the standpoint of circuit integrity as a hypothetical
non-linear passive two-terminal electrical component
[1]. Figure 1 and 2 shows Circuit model and
Memristor Model.

Current Current
> 1+
Resistance decreases Resistance Increases

Figure 2 Memristor Model

The relationship between charge and flux is
represented by the M = do/dq, where M is
memristance (ohm), q is charge (coulomb), and ¢ is
magnetic flux (volt-second).The memristor is built in
such a manner that pure (undoped) titanium dioxide
(Ti02) serves as a dielectric between two platinum
metal layers.A semiconductor is formed by doping
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titanium dioxide (TiO2—x) on top of the dielectric
layer. The current through the memristor causes the
device's resistance to change [4]. Ron represents low
resistance when the width of the doped zone exceeds
the width of the undoped region in TiO2. R off is
defined as high resistance when the width of the
undoped zone exceeds that of the doped region. The
dark thick line indicates the polarity of a memristor
[5]. When current flows towards the black line, the
resistance falls; the lowest resistance provided by the
Memristor is known as ON resistance (Ron). As the
water travels away from the black line, resistance
rises. R off is defined as high resistance when the
width of the undoped zone exceeds that of the doped
region. The dark thick line indicates the polarity of a
memristor [5]. When current flows towards the black
line, the resistance falls; the lowest resistance
provided by the Memristor is known as ON. Figure 3
shows Memristor Diagrammatic.
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Figure 3 Memristor Diagrammatic
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Figure 4 Simple Representation of a
Memristor
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In Figure 4, w is the width of the doped TiO2, and D
is the overall width of the TiO2. Depending on the
supply current, the memristor's undoped width (w)
might overshoot or undershoot. Between the
Memiristor's physical boundaries, the undoped width
is controlled by the window function, F(x) [6].
X =w/D
Here, X represents the ratio of the depletion region's

width to the overall TiO2's width.

d

d_f = Flz) x K x I(t)
I(t) is the current at time t, F(x) is the window
function, and K is a constant.

w \7
Flz)=1-
(‘r) (D_1>

Where p is a positive integer
2.1. Memristor Ratioed Logic

Memristor ratioed logic is the design of logic gates
utilizing CMOS technology and memristor (MRL).
The advantage over traditional CMOS design is
provided by this hybrid design [7]. Memristor can be
easily fabricated on top of the CMOS poly silicon
layer, which reduces the design's overall area [7].
Additionally, fewer transistors are used [8]. When
two memristors, M1 and M2, are connected in
parallel in Figure 5, the resultant output is supplied to
the CMOS inverter, producing NAND gate logic. The
potential across the terminals is zero if we set A=0
and B=0. Subsequently, there is only one CMOS
inverter [9].

v
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Figure 5 NAND Gate Using Memristor
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The NOR gate logic in Fig. 6 can also be obtained
by simply inverting the polarity terminals of the
memristors in the architecture shown in Fig. 5.
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When this logic is contrasted with IMPLY and
MAGIC logic, the signal attenuation is extremely
low [10, 11].
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Figure 6 NOR Gate Using Memristor
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3. Memristor Models

Memristor research and development is essential
to boosting the performance of current-generating
circuits. Memristors provide many benefits,
including  better design density, CMOS
compatibility, and non-volatility. Memristors' non-
volatility is very inspiring for memory design.
Extensive research is being conducted on in-
memory computations with the aid of the Crossbar
IMPLY logic gate implementation, which is
opening the door to a possible revolution in
computer architecture known as Beyond-Newman
architecture. This could eliminate the V on
Newman architecture's existing bottleneck.
primarily three models.

3.1. Linear lon Drift Model

= () -3

According to this model, the doped region width
varies linearly with the input current as
dw  u,R,p

dt — Dil(t)
It is symmetric, simple to use, and makes use of a
window function.

Flw)=1- (DQ?_”])QP

3.2. Simmons Tunnel Barrier
The undoped area width (x) is the state variable in this
model.
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This model has higher complexity and asymmetric
switching timings, and it is accurate.
3.3. Threshold Adaptive Model (TEAM)

The state variable in the TEAM model is the undoped
area width. It uses current thresholds and allows
parameters to be changed for other models. It takes
advantage of window functions and offers acceptable
[12] accuracy with less complexity.

[ i(t) Rofs ) .
= =0 v lon <& <lgoff

@ f— kt’)n- (._ é(t)

dt ; — l) f()rl(-"r)- 2 << lop <0

The current is modeled as

V(t) = Roni(t) exp ( - )

(:Uoff - xon)(m - xon)

R
on — ey
Ro,ff
3.4. Window Function

There is a possibility that the Memristor's breadth will
exceed its actual size. Therefore, we constrain the
width to be inside the Memristor's physical
dimensions using window functions for simulation.
Numerous window function models are available,
including Biolek, Joglekar, and others [10], [12]. This
work uses the Joglekar window function of
memristors and the lon Drift Model to model an
encoder.

4. Encoder Design and Operation

Binary bits that correspond to specific meanings are
used in digital logic circuits to encode data. The
circuit that performs this encoding function is called
an encoder. When one of the input bits is at an
effective level, the encoder's job is to encode; its
output varies based on the bits it receives. The
relationship between the circuit's "N" outputs and
"M" inputs is given by M = 2N. The encoder diagram
and its truth table are displayed in Figure 7 and Table
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I, respectively. The outputs and inputs are connected
by the encoder truth table. From the Encoder truth
table, the outputs and inputs are related by

00 = X1+ X3+ X5+ X7 + X9 +X11+X13+X15
01 = X2 + X3 + X6 + X7 +X10+X11+X14+X15
02 = X4 + X5 + X6 + X7+X12+X13+X14+X15
03 = X8 +X9+X10+X11+X12+X13+X14+X15

From these relations, a logic circuit can be
implemented using CMOS and MRL. In the Encoder
circuits, X1- X7 are input bits and O3, 02, O1, and
OO0 are output bits. In an Encoder circuit using MRL,
MOS transistors act as a pull-down network and a
Memristor acts as a pull-up network. MOSFETSs and
Memristor constitute a 4-input NOR gate. X1, X3,
X5, and X7.... respectively are the input signals that
pass through the NOR gate and the signal at the drain
of MOS is an inverted signal of (X1 + X3 + X5 + X7+
X9 +X11+X13+X15). NMOS and Memristor
constitute an inverter. The output of the 4-input NOR
gate is given as the input of the inverter. The signal at
the output node is O0 = X1 + X3 + X5 + X7 + X9
+X11+X13+X15.

Table | Encoder Truth Table
Outputs

Inputs
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Figure 7 4-Bit Encoder
5. Results and Discussion
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Figure 8 Schematic of 8-Bit OR Using
Memristor-Based Logic
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Figure 9 Schematic of 8-bit OR using CMOS
Logic
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Figure 10 Schematic of 8-Bit OR Using Pseudo
NMOS

The results are shown in Figure 8, 9, 10. Memristor-
based designs are known to occupy less area than
CMOS designs [11], [14], and [15]. Therefore, it can
be inferred that their efficiency in terms of area
consumed is high. When compared to traditional
CMOS logic, it is evident that this design requires the
fewest transistors overall. The encoder circuit
contains 72 transistors (36 PMOS and 36 NMOS)
thanks to CMOS technology. The encoder has 36
transistors total—8 memristors and 36 NMOS—
thanks to MRL technology.
5.1. SAPON Approach

As shown in Figure 11, A stack of leakage-controlled
transistors positioned below the circuit makes up a
stackable arranged low-power ON transistor or
SAPON. The gate of the PMOS leakage-regulated
transistor is grounded. As seen in the figure, the gate
of the NMOS leakage-regulated transistor is
connected to VVdd; as a result, both leakage-controlled
transistors will function in the active region.
Although a transistor's resistance in the active region
is less than that in the cut-off region, this little
resistance will still contribute to a decrease in power
consumption.
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Figure 11 Block Diagram of SAPON

5.2. Proposed OR Design

'Figure 12 Proposed OR Logic Gate Uéing'
SAPON and Memristor

It is possible to conclude from looking at the
proposed structure and the SAPON Block diagram
that the M10 and M11 make up the SAPON network,
and the remaining structure will stand in for the MRL
OR circuit. As M10 is PMOS and M11 is NMQOS, the
gate terminals of both transistors are connected to
GND and vdd, respectively, upon circuit analysis.
This indicates that both transistors are always in the
ON state. Figure 12 shows Proposed OR Logic Gate
Using SAPON and Memristor.
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Table 2 Comparison of Performance Parameters
among CMOS, Pseudo NMOS, and MRL-Based

Encoders
Average Delay
Power
CMOS based encoder 205 uyW  184.33ps
MRL based encoder 170 yW  61.4439ps
Pseudo NMOS encoder 2.7mW  61.8238ps
Proposed Encoder 89.8 uW  20.433ps
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Conclusion

The addition of SAPON emphasizes the dedication to
strategic power optimization even more by making
sure that energy usage is kept to a minimum while
encoding data. In addition to increasing efficiency,
this novel use of memristors and SAPON shows great
promise for applications that need to strike a careful
balance between advanced functionality and power
saving. The proposed 4-bit encoder design is
effective, as demonstrated by the experimental
results, and it can fulfill the requirements of a variety
of applications that value low power consumption
and efficiency. In addition to advancing the field of
encoder design, this research establishes a standard
for integrating cutting-edge technologies and power
optimization techniques in digital systems. The
results open new possibilities for understanding low-
power encoder design principles and practical
applications. Figure 13 shows Block Diagram of the
Encoder Using LT-Spice and Figure 14 shows Output
Waveforms in LT-Spice. Table 2 shows the
Comparison of Performance Parameters among
CMOS, Pseudo NMOS, and MRL-Based Encoders.
References

[1]. G. Liu, S. Shen, P. Jin, G. Wang, and Y.
Liang, “Design of  memristor-based
combinational logic circuits,” Circuits,
Systems, and Signal Processing, vol. 40, no.
12, pp. 5825-5846, 2021.

[2]. S. Smaili and Y. Massoud, “Analytic
modeling of memristor variability for robust
memristor systems designs,” in 2014 |EEE
International Symposium on Circuits and
Systems (ISCAS). IEEE, 2014, pp. 794-797.

[3]. S. Kvatinsky, G. Satat, N. Wald, E. G.
Friedman, A. Kolodny, and U. C. Weiser,
“Memristor-based  material  implication
(imply) logic: Design principles and
methodologies,” IEEE Transactions on Very
Large Scale Integration (VLSI) Systems, vol.
22, no. 10, pp. 2054-2066, 2013.

[4]. K. Mbarek, F. O. Rziga, S. Ghedira, and K.
Besbes, “Design and properties of logic
circuits based on memristor devices,” in 2020
IEEE International Conference on Design &

[5].

[6].

[7].

[8].

[9].

[10].

[11].

International Research Journal on Advanced Engineering Hub (IRJAEH)

International Research Journal on Advanced Engineering Hub (IRJAEH)

e ISSN: 2584-2137
Vol. 02 Issue: 09 September 2024
Page No: 2296 - 2302

https://irjaeh.com
https://doi.org/10.47392/IRJAEH.2024.0314

Test of Integrated Micro &Nano Systems
(DTS). IEEE, 2020, pp. 1-5.

S. Mandal, J. Sinha, and A. Chakraborty,
“Design of memristor— CMOS based logic
gates and logic circuits,” in 2019 2nd
International Conference on Innovations in
Electronics,  Signal  Processing  and
Communication (IESC). IEEE, 2019, pp.
215-220.

A. Singh, “Memristor based xnor for high-
speed area efficient 1-bit full adder,” in 2017
International Conference on Computing,
Communication and Automation (ICCCA).
IEEE, 2017, pp. 1549-1553.

S. Kvatinsky, A. Kolodny, U. C. Weiser, and
E. G. Friedman, “Memristor-based imply
logic design procedure,” in 2011 IEEE 29th
International Conference on Computer
Design (ICCD). IEEE, 2011, pp. 142-147.

S. Kvatinsky, N. Wald, G. Satat, A. Kolodny,
U. C. Weiser, and E. G. Friedman, “Mrl—
memristor ratioed logic,” in 2012 13th
International  Workshop  on  Cellular
Nanoscale Networks and their Applications.
IEEE, 2012, pp. 1-6.

V. A. Slipko and Y. V. Pershin, “Importance
of the window function choice for the
predictive modeling of memristors,” IEEE
Transactions on Circuits and Systems |II:
Express Briefs, vol. 68, no. 6, pp. 2167— 2171,
2019.

L. O. Chua and S. M. Kang, “Memristive
devices and systems,” Proceedings of the
IEEE, vol. 64, no. 2, pp. 209-223, 1976. L. O.
Chua and S. M. Kang, “Memristive devices
and systems,” Proceedings of the IEEE, vol.
64, no. 2, pp. 209-223, 1976.

E. Lehtonen, J. H. Poikonen, and M. Laiho,
“Applications and limitations of memristive
implication logic,” in 2012 13th International
Workshop on Cellular Nanoscale Networks
and their Applications. IEEE, 2012, pp. 1-6.

2302


https://irjaeh.com/

