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ABSTRACT 

High-speed arithmetic circuits are 

essential components in modern digital 

systems and signal processing 

applications. Among these circuits, 

multipliers play a major role in 

determining system performance, power 

consumption, and hardware complexity. 

This project focuses on the design and 

performance analysis of a high-efficiency 

Booth multiplier intended for high-speed 

applications. The Booth encoding 

algorithm reduces the number of partial 

products generated during multiplication, 

thereby decreasing computational delay 

and hardware requirements. The proposed 

architecture improves multiplication 

speed while maintaining lower power 

consumption and optimized silicon area. 

Efficient partial product generation and 

high-speed adders are used to increase 

throughput. The design is implemented 

using Verilog HDL and simulated using 

Xilinx ISE tools. Performance parameters 

such as delay, area utilization, and power  

 

consumption are analyzed and compared 

with conventional multiplier 

architectures. Simulation results 

demonstrate significant improvement in 

speed and efficiency. The proposed Booth 

multiplier is suitable for DSP, 

communication, image processing, and 

VLSI applications requiring high-speed 

arithmetic operations. 

Keywords: Booth Multiplier, High-Speed 

Multiplication, Verilog HDL, VLSI, DSP, 

Partial Products, Radix-4 Booth 

Algorithm, Low Power Design, High-

Efficiency Arithmetic Circuits. 

INTRODUCTION  

The advancement of digital technology has 

increased the demand for high-speed and 

low-power arithmetic circuits in modern 

electronic systems. Multipliers are one of 

the most important arithmetic components 

used in digital signal processing, image 

processing, communication systems, 

microprocessors, and embedded systems.  

http://www.ijerst./


Int. J. Engg. Res. & Sci. & Tech. 2026 
 
 
 

ISSN 2319-5991                                www.ijerst.org               Vol. 22, No. 2(2), 2026           772 

The overall performance of such systems 

depends greatly on the speed and efficiency 

of multiplication operations. Conventional 

multipliers generally require a large number 

of partial products, which increases 

propagation delay, hardware complexity, 

and power consumption. Therefore, 

efficient multiplier architectures are 

essential for high-performance VLSI 

applications. Booth multiplication is one of 

the most widely used techniques for signed 

binary multiplication because it reduces the 

number of partial products by encoding 

multiplier bits. Modified Booth encoding 

further improves performance by grouping 

multiplier bits and minimizing addition 

operations.  

This reduction in computational complexity 

helps improve speed and energy efficiency. 

High-speed adders are integrated with 

Booth encoding to achieve faster 

accumulation of partial products. The 

design and implementation of efficient 

multipliers using Verilog HDL enable 

accurate simulation and synthesis for 

performance evaluation. Parameters such as 

delay, power consumption, and area 

utilization are analyzed to determine design 

efficiency. Booth multipliers are highly 

suitable for applications requiring fast and 

reliable arithmetic operations. The 

proposed architecture aims to provide 

enhanced throughput with reduced 

switching activity. The design supports 

scalability for higher bit-width 

multiplication and contributes to modern 

VLSI system development. 

LITERATURE SURVEY 

Several researchers have proposed different 

multiplier architectures to improve speed, 

reduce power consumption, and minimize 

hardware complexity in VLSI systems. 

Booth multiplication algorithms have 

gained significant importance because they 

reduce the number of partial products 

generated during multiplication. A. Booth 

and R. P. Jain developed high-speed signed 

multipliers using Booth encoding and 

achieved reduced propagation delay and 

hardware complexity.  

S. Kumar and M. Patel proposed a Modified 

Booth Multiplier for DSP applications that 

significantly improved multiplication speed 

and reduced switching activity. R. Sharma 

and P. Verma analyzed Booth multipliers 

integrated with high-speed adders and 

showed that optimized adder structures 

reduce critical path delay. K. Reddy and S. 

Rao introduced a low-power Booth 

multiplier architecture that minimized 

energy consumption for portable devices. 

M. Singh and A. Kaur implemented Booth 

multipliers on FPGA platforms and 

achieved higher operating frequency and 

reduced latency. L. Wang and J. Chen 
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focused on area-efficient Booth multiplier 

designs using optimized logic circuits. 

Researchers also compared Booth 

multipliers with array multipliers and 

concluded that Booth architectures provide 

better speed and lower delay. Approximate 

Booth multipliers have been proposed to 

reduce power consumption and hardware 

utilization further.  

High-radix Booth algorithms reduce partial 

products even more, improving 

performance in DSP and image processing 

systems. Studies also demonstrated that 

radix-4 Booth encoding reduces 

multiplication complexity by nearly half. 

The literature survey confirms that Booth 

multiplier architectures provide superior 

performance in terms of speed, power, and 

area compared to conventional 

multiplication techniques. 

EXISTING SYSTEM 

The conventional multiplier architectures 

used in digital systems mainly include array 

multipliers and shift-and-add multipliers. 

These multipliers generate a large number 

of partial products, which increases the 

complexity of arithmetic operations. The 

propagation delay becomes high due to 

multiple addition stages required during 

multiplication. Conventional multipliers 

also consume more power because of 

increased switching activity in the hardware 

circuits. The hardware area required for 

implementing traditional multipliers is 

comparatively large. These architectures 

are not suitable for modern high-speed 

applications requiring fast arithmetic 

processing. In DSP and communication 

systems, conventional multipliers reduce 

overall system efficiency. The delay 

produced during partial product 

accumulation affects throughput 

significantly. Existing multipliers also 

suffer from poor scalability for higher bit-

width operations. Thus, there is a need for 

optimized multiplier architectures that 

provide high speed, reduced power 

consumption, and lower hardware 

complexity. 

PROPOSED SYSTEM 

The proposed system uses a high-efficiency 

Booth multiplier architecture designed for 

high-speed applications. Booth encoding is 

used to reduce the number of partial 

products generated during multiplication.  

The reduction in partial products minimizes 

computational complexity and propagation 

delay. Modified radix-4 Booth encoding 

further improves multiplication 

performance by grouping bits effectively. 

High-speed adders are integrated into the 

architecture for faster accumulation of 

partial products. The proposed design 

reduces switching activity, thereby 
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lowering power consumption. Verilog 

HDL is used for hardware modeling and 

simulation of the multiplier architecture. 

Performance metrics such as speed, power, 

and area utilization are evaluated. The 

proposed Booth multiplier provides better 

throughput and energy efficiency compared 

to conventional multiplier architectures. 

SYSTEM ARCHITECTURE 

 

Fig:1 System Architecture 

METHODOLOGY DESCRIPTION 

The methodology of the proposed Booth 

multiplier begins with receiving the 

multiplier and multiplicand inputs through 

buffer circuits. The multiplier bits are 

processed using the Booth Encoder, which 

analyzes and encodes the bits to reduce the 

number of partial products generated during 

multiplication.  

The multiplicand is simultaneously stored 

in a buffer and forwarded to the Partial 

Product Generator. Based on the encoded 

outputs from the Booth Encoder, optimized 

partial products such as +X, -X, +2X, and -

2X are generated efficiently. This process 

minimizes unnecessary arithmetic 

operations and improves multiplication 

speed. The generated partial products are 

then transferred to the final adder stage for 

accumulation. High-speed adders and 

compressors are used to reduce propagation 

delay and improve throughput.  

The entire architecture is implemented 

using Verilog HDL and simulated using 

Xilinx ISE tools. Performance metrics such 

as delay, power consumption, and area 

utilization are analyzed during synthesis. 

The proposed methodology achieves high-

speed multiplication with improved 

efficiency and reduced hardware 

complexity. 

RESULTS AND DISCUSSION 

The simulation results of the proposed 

Booth multiplier show significant 

improvement in arithmetic performance 

compared to conventional multiplier 

architectures. The Booth encoding 

technique successfully reduced the number 

of partial products generated during 

multiplication. This reduction minimized 

propagation delay and improved overall 
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computational speed. The Partial Product 

Generator efficiently produced optimized 

multiplication outputs based on Booth 

recoding. The final adder stage 

accumulated the partial products accurately 

with reduced carry propagation delay. 

Simulation waveforms verified the correct 

functionality of the multiplier design. The 

architecture achieved higher operating 

frequency and improved throughput. 

Comparative analysis confirmed better 

speed and energy efficiency than traditional 

array multipliers. The proposed Booth 

multiplier proved suitable for DSP, 

communication, and high-speed VLSI 

applications. 

USING LANGUAGE TEMPLATES 

(VERILOG): 

Use a simple counter code example from 

the ISE Language Templates and customize 

it for the counter design. 

 

Fig 2: Using Verilog 

 

Fig 3: Timing Analysis and Delay 

WAVEFORM SIMULATION 

OUTPUT  

 

Fig 2.4: Waveform Simulation 

Fig shows the output waveform of proposed 

adder where we performed Multiplication 

using booth multiplier. 

CONCLUSION 

The proposed high-efficiency Booth 

multiplier provides an optimized solution 

for high-speed arithmetic applications in 

modern VLSI systems. The Booth encoding 

algorithm effectively reduces the number of 

partial products, thereby minimizing 
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computational complexity and propagation 

delay. The integration of partial product 

generators and high-speed adders improves 

multiplication speed and overall system 

throughput. Simulation and synthesis 

results validated the correctness and 

efficiency of the proposed architecture.  

The design achieved lower power 

consumption and better area utilization 

compared to conventional multipliers. 

Reduced switching activity further 

enhanced energy efficiency in high-

frequency applications. The architecture 

supports signed multiplication and can be 

extended for higher bit-width operations. 

The multiplier is highly suitable for DSP, 

image processing, and communication 

systems.  

The project successfully demonstrated 

improved speed, reduced delay, and 

efficient hardware utilization. Thus, the 

proposed Booth multiplier architecture is an 

effective solution for modern high-

performance arithmetic systems. 
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