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Abstract: The performance of digital signal processors (DSPs) can be improved by introducing some
acceptable errors, such as the inaccuracy of hardware computational blocks. In fault-tolerant signal and image
processing, approximation multipliers are used. These programs are superior in speed and energy efficiency
but sacrifice accuracy. In this paper, we focus on the design of a 4:2 approximation compressor, which is at
the heart of the inexact multipliers. This study proposes a concept for an approximation multiplier that uses an
MTJ-based 4:2 approximation compressor to reduce hardware and power consumption compared to current
designs. Using 180 nm CMOS technology and a novel adiabatic MTJ/CMOS hybrid structure, a method is
proposed to create compressor circuits with a 4:2 approximation compressor. The evaluation findings in the
above-mentioned technology show a significant improvement in the proposed system. The compressor
performance was simulated in ADS and calculated in terms of delay, power and power delay product (PDP)
with values of 969.53 pj, 067.41 ps and 216.2 fsj, respectively. When multiplying images in MATLAB, the
proposed compressor is used to simulate an 8x8 multiplier. The MSSIM and PSNR are competitive with values
0f 26.79 and 15.52, respectively, which is comparable to more complex approximation coefficients.
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Extended Abstract

1- Introduction

Utilizing unconventional CMOS devices and new
nanotechnology is one method for minimizing leakage
power in low-power electronics design. Low-power
applications can benefit greatly from the usage of some
developing technologies. The non-volatile memory known
as magnetic tunnel junction (MTJ) provides a fast access
time, a small footprint, and is compatible with CMOS
technology. Thus, it is well-suited for implementations in
in-memory logic systems. Since MTJ-based LiM
structures have nearly negligible quiescent power
dissipation, they are ideally suited for low power systems.
Because of their high performance, digital signal
processors (DSPs) provide excellent computing platforms
for handling multimedia.

Multiplier circuits are commonly employed in the image
processing industry. To improve the circuit's efficiency
and shorten the critical route delay, compressors are
employed for summing. Since more efficient multipliers
require faster compressors, this necessitates lowering their
power requirements. To improve performance while
decreasing power consumption, 4:2 and 5:2 compressors
are commonly utilized in modern multiplier designs.

In this study, we introduce a new logical design for an
approximate 4:2 compressor and use it to develop an
approximate multiplier. To do this, cutting-edge hybrid
adiabatic compressors are incorporated into the multiplier
circuit. Current-mode logic circuit design significantly
decreases the time it takes for an output to be generated.
Therefore, the performance of the multiplier circuit can be
greatly enhanced by designing the central section, which
comprises of compressors, in MTJ/CMOS technology.

2- Methodology

A broad variety of silicon FET (MOSFET or FinFET)
based compressors are built on the same two essential
logic blocks, regardless of whether they are designed for
precision or non-precision 4:2 compressors. In this work,
4:2 compressor in CMOS-MT]J technology was proposed
using the adibatback logic design. Therefore, the truth
table of the approximation mode and the magnitude of the
approximation error are described first to introduce the
design of the 4:2 approximation compressors. Next, the
logical circuit structure of the approximation compressor
is shown and its circuit function is introduced at the gate
level. Adibatback logic in CMOS-MT]J technology is used
to create and design the approximation models described
in this article at the transistor level. Through simulation in
ADS, it is ensured that base gates and non-precision
compressors operate correctly. Following the compressor
architectural design, this part explains the approximate
multiplier architecture that was employed to test the
suggested approximation compressor. While the outputs
of this multiplier architecture have an acceptable accuracy
when compared to the exact multiplier, it should be noted

that all of the 4:2 compressor components utilized in this
article's proposed multiplier are approximate.

3- Results and discussion

All of the suggested compressors are built on 180 nm
CMOS-MT]J technology, run at 1 GHz, and require only
0.9 v of bias voltage. Transistor count, latency, power, and
PDP metrics are all examples of operational efficiency
metrics that can be used to analyze the quality of the
proposed hardware architecture. Less transistors means a
more compact design. Latency is the amount of time it
takes for a design to carry out its intended function; it is
used to gauge the highest possible running speed of a
circuit and to broach topics like power consumption. For a
wide variety of equivalent accuracy, the parameters of the
design, such as the number of transistors, latency, and
power consumption, should be optimized. In the
architecture of compressor designs, a design with less error
has been considered. Compressors are typically designed
with the assumption that all input states have an equal
chance of occurring. The total number of errors, the total
number of transistors, power consumption, delay and the
Power-Delay Product (PDP) delay of the proposed
approximate current mode compressors are reported. In
comparison to previous approximate compressors in
current mode articles, the suggested approximate
compressor performs better, as evidenced by the table, in
terms of power and delay, transistor count, and error count.
We have used the ADS2009 simulator to evaluate the
suggested approximation multiplier circuits.

4- Conclusion

This study proposes a novel, remarkably simple 4:2
approximation compressor architecture. In accordance
with different applications, it uses a revolutionary
MTIJ/CMOS adiabatic structure-based design to minimize
power consumption problems. With a specified error rate,
the suggested system exhibits an acceptable accuracy.
Thus, the suggested technique has a favorable error rate
and greatly improves both MED and MRED. This
compressor, which has minimized hardware complexity,
latency, and power consumption with flexibility in
accuracy criteria, was also suggested in the paper for a
multiplication operation. Utilizing ADS simulator, this
adiabatic architecture was planned and built at the
transistor level utilizing MTJ/CMOS technology at 180
nm. Using MATLAB, the suggested structures' potential
for usage in error-tolerant applications like image
processing was examined. Findings from the study
indicate that, when compared to previous efforts, the
suggested multiplier performs satisfactorily for picture
multiplication in terms of accuracy, speed, and power
consumption. Our goal is to supply multipliers in the
future using differential current mode architecture and 5:2
compressors with MTJ technology. We will also assess the
multiplier's performance and ensure that applications
continue to process data accurately.
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