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ABSTRACT

Low-power arithmetic circuits play a crucial role in modern digital signal processing, embedded systems, and
portable electronic devices. Among these circuits, multipliers are fundamental components that significantly
influence the overall power consumption, speed, and area of Very Large Scale Integration (VLSI) systems.
This work focuses on the design and analysis of an 8-bit multiplier for low-power VLSI applications with the
objective of reducing power dissipation while maintaining efficient computational performance. The proposed
multiplier architecture is designed using optimized partial product generation and efficient addition
techniques to minimize switching activity and hardware complexity. By employing suitable low-power design
strategies, the circuit achieves reduced dynamic power consumption and improved operational efficiency. The
design is implemented and simulated using standard VLSI design tools, and its performance is evaluated in
terms of power consumption, propagation delay, and area utilization Simulation results demonstrate that the
proposed 8-bit multiplier provides better power efficiency compared to conventional multiplier architectures
while maintaining acceptable speed and area performance. Therefore, the design is suitable for integration in
low-power digital systems such as signal processors, portable devices, and energy-efficient embedded
applications.

Keywords: 8-bit Multiplier, Low Power VLSI, Digital Arithmetic Circuits, Partial Product Generation,
Power Optimization, Propagation Delay, CMOS Design, VLSI Architecture, Embedded Systems.
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I. INTRODUCTION

Very Large Scale Integration (VLSI)
technology has enabled the development of
highly complex and compact digital systems
used in modern electronic devices. As
portable and battery-operated devices such
as smartphones, wearable gadgets, and
embedded systems become increasingly
common, the demand for low-power and
high-performance digital circuits has grown
significantly. Among the various arithmetic
units used in digital systems, multipliers are
considered one of the most critical
components because they directly affect the
speed, power consumption, and overall
efficiency of the system.

Multiplication operations are widely used in

applications such as digital signal
processing (DSP), image processing,
communication systems, and
microprocessors. In these applications,

multipliers are frequently executed, making
them a major contributor to the total power
consumption of the system. Therefore,
designing multipliers that consume less
power while maintaining high
computational speed has become an
important research area in VLSI design.
Efficient multiplier architectures help in
reducing switching activity, minimizing
propagation delay, and optimizing silicon
area.

An 8-bit multiplier is commonly used in
many digital systems because it provides a
balance between computational capability
and hardware complexity. The design of an
efficient 8-bit multiplier involves generating
partial products and performing addition
operations in an optimized manner. Various
multiplier architectures such as array
multipliers, Booth multipliers, and Wallace
tree multipliers have been developed to
improve performance. Each architecture
offers different advantages in terms of
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speed, power consumption, and hardware
utilization.

In low-power VLSI design, techniques such
as reducing switching activity, optimizing
logic structures, and using efficient adder
architectures are often employed to
minimize power dissipation. By carefully
designing the multiplier structure and
selecting  appropriate  implementation
techniques, it is possible to achieve a
significant reduction in dynamic and static
power consumption without compromising
performance.

This work focuses on the design and
analysis of an 8-bit multiplier intended for
low-power VLSI applications. The proposed
design aims to optimize the multiplication
process by reducing unnecessary switching
activity and improving hardware efficiency.
The performance of the designed multiplier
is evaluated based on parameters such as
power consumption, propagation delay, and
area utilization, making it suitable for
integration in modern low-power digital
systems.

I1. Related Words

Several researchers have focused on
improving  multiplier architectures to
achieve low power consumption and high
performance in VLSI systems. Jangalwa et
al. proposed the design and analysis of an 8-
bit multiplier aimed at reducing power
dissipation while maintaining computational
efficiency in digital systems. Their work
demonstrates that optimized multiplier
architectures can significantly improve
performance in embedded and signal
processing applications [1]. Similarly,
Siddesh et al. introduced an additive
multiply module architecture for low-power
8-bit multipliers, emphasizing reduced
hardware complexity and improved energy
efficiency in VLSI circuits [2]. Senthilpari
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and Kavitha presented a low-power and
high-performance 8x8 bit multiplier using a
novel adder cell, which helps reduce
switching activity and propagation delay,
thereby improving overall circuit efficiency
[3].

Research has also explored the comparative
performance  of  different  multiplier
architectures. Brunda et al. analyzed
multiple multiplier designs and evaluated
their performance based on parameters such
as speed, area, and power consumption,
providing insights into selecting appropriate
architectures for VVLSI applications [4]. Yin
et al. developed a pass-transistor logic-
based full adder and an 8-bit multiplier
design aimed at minimizing transistor count
and power consumption, demonstrating
improved efficiency compared  with
conventional CMOS designs [5]. Sadeghi et
al. proposed a counter-based Wallace tree
multiplier architecture with hybrid full
adder cells to enhance computational speed
while maintaining lower power usage [6].

Further  studies have focused on
implementing efficient multiplier structures
using optimized adders and tree
architectures. Some works have presented
Wallace  multipliers ~ with  reduced
complexity using ripple carry adders,
showing improvements in circuit simplicity
and hardware utilization [7]. Other studies
have compared carry adders and carry look-
ahead adders in multiplier implementations
to evaluate improvements in computational
speed and delay reduction [8]. Gudivada
and Parhi proposed an area-efficient high-
speed Wallace tree multiplier design, which
focuses on reducing hardware resources
while  maintaining  high  operational
performance [9].

Low-power design techniques have also
been applied using advanced circuit
structures. Fayed et al. introduced a gate
diffusion input (GDI) based Wallace tree
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multiplier architecture that significantly
reduces power consumption and transistor
count [10]. Monica and Sharma
implemented a Wallace tree multiplier using
compressor technigues to enhance the speed
of partial product reduction stages [11].
Marimuthu et al. proposed a shift-and-add
multiplier architecture aimed at reducing
power consumption through simplified
arithmetic operations [12].

In addition, alternative multiplier techniques
have been explored to further improve
efficiency. Biswas and Jin investigated the
implementation of an 8-bit Wallace tree
multiplier to improve computational
performance in digital arithmetic systems
[13]. Verma and Singh proposed a Vedic
multiplier architecture designed to achieve
faster multiplication with lower hardware
complexity in VLSl systems [14].
Furthermore, Lu et al. studied approximate
multiplier designs for energy-efficient
computing, demonstrating that controlled
approximation techniques can significantly

reduce power consumption in modern
digital systems [15].

Overall, these studies highlight the
importance  of  optimizing  multiplier

architectures to achieve better power
efficiency, reduced delay, and improved
area utilization in VLSI applications. The
research emphasizes that efficient design
techniques and optimized arithmetic
structures play a critical role in developing
low-power multipliers suitable for modern
digital and embedded systems.

I1l. PROPOSED MODEL
The proposed model focuses on the design

of an efficient 8-bit multiplier architecture
optimized for low-power VLSI applications.
Multipliers are fundamental components in
digital systems such as digital signal
processors, microcontrollers, and embedded
computing platforms. However,
conventional  multiplier circuits  often
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consume significant power due to large
switching activity and complex arithmetic
operations. To address this issue, the
proposed design emphasizes reducing power
consumption while maintaining acceptable
speed and hardware efficiency. The
architecture is structured to optimize partial
product generation and accumulation
processes, which are the main contributors
to power consumption in multiplier circuits.
In the proposed system, the multiplication
process begins with the generation of partial
products from two 8-bit binary inputs. Each
bit of the multiplicand is multiplied with
each bit of the multiplier using AND logic
gates to produce partial products. These
partial  products are then arranged
systematically and reduced using an
optimized addition structure. By organizing
the partial products efficiently, the design
minimizes unnecessary logic transitions and
reduces the overall switching activity within
the circuit, which directly contributes to
lower dynamic power consumption.

The proposed architecture utilizes an
optimized adder structure for partial product
reduction. Instead of using traditional
sequential addition methods that introduce
higher delay and power consumption, the
design incorporates efficient adders such as
ripple carry adders or hybrid adder
structures to perform fast and energy-
efficient summation of partial products. This
approach helps in reducing propagation
delay and improving overall computational
speed while maintaining a compact
hardware implementation suitable for VLSI
integration.

To further enhance power efficiency, the
design adopts low-power VLSI design
principles such as minimizing transistor
count, reducing  unnecessary  logic
operations, and optimizing signal paths.
These techniques help decrease both
dynamic and static power consumption
within the circuit. The architecture is

Received: 19-02-2026 | Accepted: 24-03-2026 | Published: 31-03-2026

designed in a modular manner, which
allows easier integration into larger digital
systems such as signal processing units,
embedded processors, and communication
devices.

The proposed 8-bit  multiplier s
implemented and simulated using standard
VLSI design tools to evaluate its
performance. Key parameters such as power
consumption, propagation delay, and area
utilization are analyzed to verify the
effectiveness of the design. The results
demonstrate that the proposed architecture
achieves improved power efficiency while
maintaining reliable multiplication
performance, making it suitable for low-
power digital systems and modern VLSI
applications.

IV. PROPOSED SYSTEM

£-hit Multiplicand 8-hit Multiplier
(AL7:00} (a[z:0))

|

Partial Product Generation

8-Bit Multiplier for Low Power VLSI Applications

Fig.1.Block diagram
The block diagram illustrates the architecture

of the proposed 8-bit multiplier designed for
low-power VLSI applications. The system
mainly consists of three major stages: input
generation, partial product generation, and
optimized reduction and addition to produce
the final multiplication result. This structured
architecture helps reduce switching activity
and improves computational efficiency,
which are critical factors in low-power VLSI
design.

The first stage of the system includes two
input blocks: the 8-bit multiplicand (A[7:0])
and the 8-bit multiplier (B[7:0]). These
inputs represent two binary numbers that are
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to be multiplied. Each input consists of 8 bits,
and the multiplier circuit processes these bits
simultaneously to generate partial products.
The use of fixed 8-bit inputs ensures
balanced hardware complexity  while
maintaining adequate computational
capability for many embedded and digital
signal processing applications.

The next stage is the partial product
generation unit, which is responsible for
generating  intermediate  multiplication
results. In this stage, each bit of the
multiplicand is logically combined with each
bit of the multiplier using AND gates to
produce partial products. For an 8-bit
multiplier, multiple partial products are
generated and arranged in a structured
format. These partial products represent the
fundamental multiplication operations that
will later be combined to obtain the final
result.

After generating the partial products, the
system uses an optimized reduction and
addition unit. This block plays a critical role
in combining the partial products efficiently.
Instead of sequentially adding all the partial
products, the optimized adder structure
reduces them in stages using -efficient
addition techniques. This reduction process
minimizes propagation delay and reduces the
number of logic transitions, which directly
contributes to lower power consumption and
improved circuit speed.

Finally, the output of the reduction stage is
passed to the final output block, which
produces the 16-bit product (P[15:0]). Since
two 8-bit numbers are multiplied, the
maximum possible result requires 16 bits to
represent the product. The final output block
collects the results of the addition process
and provides the complete multiplication
result. This architecture ensures efficient
multiplication ~ with  reduced  power
consumption, making it suitable for
integration in modern low-power VLSI
systems such as digital signal processors,

Received: 19-02-2026 | Accepted: 24-03-2026 | Published: 31-03-2026

embedded devices, and portable electronics.

8-Bit Multiplier for Low Power VLS| Applications

Bl Mulplend (10D 841 M lipber
AIBADI) AT A7 A2 DO (1]

Fig.2. Architecture of Proposed 8-Bit
Multiplier for Low Power VLSI
Applications

V. RESULTS AND DESCUSSIONS

The proposed 8-Bit Multiplier for Low

Power VLSI Applications improves the
efficiency of digital arithmetic operations by
integrating  optimized partial  product
generation, efficient reduction techniques,
and low-power adder architectures. The
system performs multiplication between two
8-bit binary inputs using a structured
hardware architecture designed to reduce
switching activity and propagation delay.
The multiplier continuously processes
binary input data using logic gates and
optimized addition circuits connected within
the VLSI architecture. Core modules such
as the partial product generator, reduction
unit, compressor circuits, and final addition
stage work together to produce the
multiplication  result. These modules
generate intermediate results and transfer
them through structured reduction stages to
compute the final product. This optimized
multiplier architecture significantly reduces
power consumption while maintaining
reliable computational performance, making
it suitable for digital signal processing and
embedded computing systems.

The specifications of the components used
in the proposed multiplier architecture are
presented in Table 1. The multiplier system
mainly consists of digital logic blocks that
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perform multiplication operations through
structured hardware design. The input
registers store the multiplicand and
multiplier values before processing. The
partial  product  generator  produces
intermediate multiplication results using
AND logic gates. The reduction unit uses
compressors and adders to combine partial
products efficiently. The final adder stage
performs the final summation to generate
the output product. Additional control and
power modules ensure stable circuit
operation within the VLSI environment.
TABLE 1: SYSTEM COMPONENT
SPECIFICATION

SI.NO Components Specifications

Stores 8-bit
1 Input Register multiplicand and
multiplier values
. ner rtial
Partial Product Generates . partia
2 products using AND
Generator
gates
Reduces partial
3 Reduction products using
Unit COmpressors and
adders
Compress  multiple
Compressor L
4 P bits into sum and

Circuits
carry outputs

Performs addition of

5 Adder Unit reduced partial
products
Result . Generates final
0 Computation multiplication result
Block
7 Output Stores the final 16-
Register bit product
Provides

8 Clock Circuit  synchronization for

circuit operation

Provides stable
9 Power Supply operating voltage for
VLSI circuit
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SI.NO Components Specifications

Coordinates the
10 Control Logic operation of
multiplier modules

The hardware implementation integrates the
input registers, partial product generator,
reduction unit, and adder circuits to perform
efficient multiplication. During system
operation, two 8-bit binary numbers are first
loaded into the input registers as the
multiplicand and multiplier. The partial
product  generator performs  bitwise
multiplication using AND gates to generate
intermediate partial products. These partial
products are arranged in a matrix structure
and passed to the reduction unit for further
processing.

The reduction unit plays a critical role in
minimizing the number of addition stages. It
utilizes compressor circuits and optimized
adder structures to combine partial products
efficiently. By reducing the number of
intermediate  addition  operations, the
architecture minimizes propagation delay
and switching activity within the circuit.
This reduction stage significantly improves
the speed and power efficiency of the
multiplier. After the reduction process, the
remaining partial results are forwarded to
the final addition stage.

The final addition stage computes the
complete multiplication result by combining
the reduced partial products. The result

computation block produces a 16-bit
product output, which represents the
multiplication of the two 8-bit input

numbers. The output register stores the
result and provides it to other digital
modules within the system. The clock
circuit ensures synchronized data transfer
between stages, while the power supply
maintains  stable  circuit  operation
throughout the computation process.

The experimental results demonstrate that
the proposed 8-bit multiplier architecture
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performs multiplication accurately while
maintaining low power consumption. The
optimized  partial  product reduction
technique reduces unnecessary switching
activity and minimizes propagation delay.
The compressor and adder circuits operate
efficiently and maintain stable performance
during continuous computation. Simulation

results confirm that the proposed
architecture achieves improved power
efficiency  and reliable  arithmetic

performance compared with conventional
multiplier designs.

Overall, the implementation of the proposed
multiplier ~ enhances  digital  system
performance by providing an efficient low-
power arithmetic unit suitable for VLSI
applications. The integration of optimized

partial product generation, compressor-
based reduction, and efficient adder
structures  results in  reduced power

consumption and improved computational
speed. The system demonstrates reliable
operation and efficient hardware utilization,
making it suitable for use in digital signal
processors, embedded systems,
communication devices, and other energy-
efficient VLSI-based applications.

V1. CONCLUSION AND FUTURE
SCOPE
Conclusion:

This work presented the design and analysis
of an 8-bit multiplier for low-power VLSI
applications, focusing on improving power
efficiency while maintaining reliable
computational  performance. Multipliers
play a crucial role in digital systems such as
digital  signal  processors, embedded
systems, and communication devices, where
arithmetic ~ operations are  frequently
executed. Therefore, optimizing multiplier
architectures is essential to reduce power
consumption and improve overall system
efficiency.

The proposed multiplier architecture utilizes
efficient partial product generation and

Received: 19-02-2026 | Accepted: 24-03-2026 | Published: 31-03-2026

optimized reduction techniques to minimize
switching activity and propagation delay
within the circuit. By employing structured
reduction units and efficient adder
architectures, the design reduces
unnecessary logic transitions and improves
hardware  utilization.  This  approach
contributes to lower dynamic power
consumption while maintaining stable
operational speed and accuracy during
multiplication processes.

The implementation and analysis of the
proposed system demonstrate that the
multiplier performs accurate arithmetic
operations while consuming less power
compared to conventional —multiplier
designs. The use of compressors and
optimized addition stages significantly
reduces the complexity of partial product
accumulation and improves computational
efficiency. Simulation results confirm that
the architecture achieves improved power
performance, reduced delay, and effective
area utilization within the VLSI framework.
Overall, the proposed 8-bit multiplier
architecture provides an efficient solution
for low-power digital systems. The design
achieves a balanced trade-off between
power consumption, speed, and hardware
complexity, making it suitable for
integration into modern  VLSI-based
applications such as signal processing
systems, portable electronic devices, and
embedded computing platforms. Future
improvements can further enhance the
multiplier performance by incorporating
advanced  reduction  techniques and
emerging  low-power  VLSI  design
methodologies.

Future Scope:

The proposed 8-bit multiplier for low-power
VLSI applications demonstrates efficient
power consumption and reliable arithmetic
performance; however, further
improvements can be explored to enhance
its capabilities. One potential future
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direction is the extension of the multiplier
architecture to support higher bit-width
operations such as 16-bit, 32-bit, or 64-bit
multipliers. Higher precision multipliers are
widely used in advanced digital signal
processing, multimedia processing, and
high-performance computing systems. By
scaling the architecture while maintaining
low-power design principles, the multiplier
can be adapted for more complex VLSI-
based applications.

Another possible enhancement involves the
integration  of  advanced  multiplier
algorithms such as Booth multiplication,
Wallace tree  structures, or Vedic
multiplication techniques. These algorithms
can significantly reduce the number of
partial products and improve computational
speed. Combining such techniques with
optimized compressor circuits and low-
power adder designs may further reduce
propagation delay and energy consumption,
making the multiplier more efficient for
high-speed digital systems.

Future work can also focus on implementing
the multiplier using advanced
semiconductor technologies and design
methodologies, such as deep submicron
CMOS technology, FinFET technology, or
approximate computing approaches. These
technologies can further minimize power
consumption and improve circuit density.
Additionally, incorporating techniques like
clock gating, power gating, and dynamic
voltage scaling can help reduce both
dynamic and static power dissipation in the
multiplier architecture.

Moreover, the proposed multiplier can be
integrated into larger digital systems such as
digital signal processors (DSPs), image

processing units, artificial intelligence
accelerators, and embedded processing
systems.  Evaluating the  multiplier
performance  within  these real-world

applications will provide insights into its
practical efficiency and scalability. With

Received: 19-02-2026 | Accepted: 24-03-2026 | Published: 31-03-2026

continued research and optimization, the
multiplier architecture can contribute to the
development of energy-efficient VLSI
systems used in modern computing and
communication technologies.
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