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Abstract: In exploring ways to optimize Multiply and Accumulate (MAC) units, this study
conducted a thorough experimental analysis focusing on four distinct signed multiplier architectures:
Booth’s Multiplier (BO), Modified Booth’s Multiplier (MBO), Vedic Multiplier (VM), Baugh-
Wooley Multiplier (BA), and an advanced Baugh-Wooley Multiplier integrated with the Wallace
Tree (BAW). Evaluations cover 8-bit, 16-bit, and 32-bit operations, scrutinizing critical performance
metrics such as area utilization, power consumption, and critical path delay. A central theme of the
study is integrating the Wallace Tree algorithm with the Baugh-Wooley Multiplier, which
demonstrates significant enhancements in efficiency. This integrated approach reduces hardware
requirements and achieves notable reductions in power consumption and critical path delay. These
features make it particularly suitable for applications requiring robust and energy-efficient multiplier
designs, such as those used in digital signal processing and embedded systems. Validation and
analysis were rigorously conducted using the Xilinx tool on the Artix-7 AC701 Evaluation platform
for delay and area, using the Cadence tool for power analysis, ensuring the reliability and relevance
of the findings. The proposed Baugh-Wooley multiplier integrated with the Wallace tree structure
results in approximately 60% reduced area, 70% decreased delay, and 73% lower power
consumption in 32-bit multipliers. These impressive results position the Baugh-Wooley-Wallace
combination as a promising advancement for MAC unit technologies, opening doors for further
optimizations and practical applications. This study contributes significantly to the ongoing
development of high-performance multiplier architectures tailored to meet contemporary
computational demands.

Keywords: DSP; MAC; Vedic Multiplier; Booth’s Multiplier; Baugh Wooley Multipliers;

Wallace Tree Multipliers

1. Introduction

Very Large-Scale Integration (VLSI) is designing
integrated circuits by incorporating millions of transistors
onto a single chip. This advanced technology facilitates
the creation of highly complex and compact
semiconductor devices, significantly enhancing the
performance, efficiency, and functionality of modern
electronic systems across diverse applications. Digital
Signal Processing (DSP) employs advanced digital
techniques to analyze, modify, and synthesize signals.
Utilizing sophisticated algorithms and specialized
hardware, DSP enhances the accuracy and reliability of
communication systems, audio, and video processing, and
various other applications that demand real-time signal
manipulation and enhancement). The Multiplier-
Accumulator (MAC) unit is a digital circuit that excels at
performing multiplication and accumulation operations

with great efficiency. It is extensively utilized in Digital
Signal Processing (DSP)? and other computational
applications to enhance overall performance. The MAC
unit achieves this by swiftly executing multiply-and-add
instructions, which are crucial to the algorithms employed
in tasks such as filtering, convolution, and real-time data
processing®.

The multiplier is a crucial component in digital circuit
design, playing a key role in the functionality of VLSI
(Very Large-Scale Integration), DSP (Digital Signal
Processing), FIR Filter*>, and MAC (Multiplier-
Accumulator) units®. In VLSI, multipliers allow for the
integration of complex computational tasks within
compact circuits, thereby enhancing the processing
capabilities of semiconductor devices. In DSP, multipliers
are essential for executing operations such as filtering and
convolution, which are fundamental to signal processing.
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The multiplier in a MAC (Multiply-Accumulate)” unit is
crucial for carrying out the multiply and accumulates®®
operations that are fundamental to many DSP (Digital
Signal Processing)!? algorithms. This enables efficient
real-time processing of digital signals, which is essential
for high-performance modern electronic systems. It is
more efficient in terms of speed and resource usage
compared to Vedic and array multipliers, which have
higher delays and greater slice utilization'V.

Apart from ASICs, FPGAs have become increasingly
popular for VLSI applications'? due to their flexibility
and rapid prototyping capabilities. FPGAs allow
designers to implement and test logic designs quickly,
enabling them to verify functionality before committing
to a physical chip design'®. This iterative process is
invaluable, as it reduces the risk of costly errors and
ensures that the logic will perform as intended in real-
world scenarios. By using FPGAs for prototyping,
engineers can efficiently assess various design parameters
and make adjustments on-the-fly, significantly
streamlining the development process. Once a design has
been validated on the FPGA, it can then be transitioned to
a full IC implementation, paving the way for production
with greater confidence in its performance'. In digital
design, factors such as cost, energy consumption, and time
efficiency are paramount; thus, leveraging FPGAs not
only expedites development but also enhances overall
project viability'®.

This paper aims to design and optimize a Multiply-
Accumulate (MAC) unit in VLSI using advanced
multipliers, with a focus on creating a low-delay, signed
multiplier'®. The goal is to improve the performance and
efficiency of digital signal processing applications by
developing a robust multiplier that can accurately and
efficiently handle signed numbers. To achieve this,
various multiplier strategies will be explored, including
the Booth multiplier (BO)'?, The effectiveness of the
Modified Booth multiplier (MBO), Vedic
Multiplier(VM), the Baugh-Wooley multiplier (BA), and
the Baugh-Wooley with Wallace tree (BAW) are being
evaluated to reduce computation time and power
consumption. This is aimed at improving overall system
performance in terms of speed and energy efficiency'®!?.

In this paper, we proposed a new method of signed
multiplier for MAC architecture. In this work, we
combined the Baugh-Wooley with the Wallace tree for the
multiplication operation. The Baugh-Wooley Multiplier is
particularly effective for signed number multiplication
because it handles the sign bit directly during the
multiplication process, avoiding the need for extra
correction steps. By combining the Baugh-Wooley for the
multiplication operation, this new combination provides
an immense performance increment in the area delay and
power in the higher bits.

In this paper, Section 2 provides a discussion of these
multipliers. Session 3 described the proposed work,
section 4 presents the results, And Section 5 is the

Conclusion.

2. Discussion On Multipliers

Signed multipliers in digital systems process signed
binary numbers, crucial for operations in digital signal
processing and arithmetic units. They accurately handle
both positive and negative values, enabling complex
computations. These multipliers are designed to
efficiently manage the nuances of signed arithmetic,
ensuring correct results across various applications®?. A
good amount of investigation is going on the signed
multiplication steps?!. Getting an optimized design in the
multiplier is still in progress?”. Not only in signed
unsigned multipliers are also important in the digital
market?.

In today's fast-paced world, the quest for faster
multiplication techniques has become a critical area of
research and development. Among the emerging
approaches, the exploration of approximate quantum
multipliers*»?> stands out as a promising avenue. These
multipliers are designed to trade off a certain degree of
accuracy for significant gains in speed and efficiency,
making them particularly suited for applications where
approximate results are acceptable. However, a key
challenge in designing such multipliers is the accurate
calculation and evaluation of errors introduced by their
approximate nature. Error calculation becomes a crucial
factor and is inherently tied to the performance metrics of
these designs. These metrics not only include traditional
factors like speed, power, and area but also account for the
degree of approximation and its impact on the
functionality of the multiplier. While approximate
quantum multipliers can deliver high-performance
metrics and significantly enhance the efficiency of
multiplication processes, it is important to note that they
are inherently designed to provide only approximate
results. This trade-off highlights the need for careful
consideration of their application in scenarios where exact
precision is not mandatory but high-speed performance is
critical.

2.1 Booth’s Multiplier

Booth’s multiplier?® is a sophisticated hardware
algorithm designed for the efficient multiplication of
binary numbers, particularly adept at handling signed
numbers in two’s complement representation. The flow
chart is shown in Fig. 1. The algorithm significantly
reduces the number of addition and subtraction operations
needed during multiplication by examining the multiplier
bit-pairs, encoding transitions, and employing optimized
arithmetic operations. Booth’s algorithm begins with
initializing the multiplicand M, the multiplier Q, an extra
bit Q-; set to 0, and an accumulator A set to 0. It then
iterates through the bit pairs of the multiplier. For each
pair (Qi, Qi-1), specific operations are performed: adding
M to A if the pair is 01, subtracting M from A if the pair is
10, and doing nothing if the pair is 00 or 11. After each
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operation, the combined value of A, Q, and Q-1
undergoes an arithmetic shift right (ASR), maintaining the
sign bit. This process continues until all bit pairs are
processed, resulting in a final product held in the
concatenated values of A and Q?”. Booth’s algorithm
enhances speed and reduces hardware resource utilization
by minimizing the number of operations through
exploiting patterns in the multiplier, making it highly
suitable for high-speed digital systems and applications
requiring rapid and efficient arithmetic computations®.

@ Q=Multiplicand

M=Multiplier

Cou o

AZ00,Q-Q-1-0 &
Count = n
10 Compare 01
— Qo & —
Q1
A-AM

Fig. 1: Booth’s multiplier?”

2.2 Modified Booth Multiplier

The Modified Booth Multiplier reduces the number of
partial products compared to the basic Booth Multiplier,
enhancing efficiency. It performs signed and unsigned
multiplications, with signed numbers in 2’s complement
form*®. The algorithm is shown in Table 1. Consider two
N-bit numbers, X and Y:

X= Y0 a2ty 2 (D)

Y=Yty 2t gy 2V (@)

where x; and y; denote the i bit of the multiplicand and
multiplier, in this context, both X and Y are 16-bit
numbers. If a negative number is used, it is represented in
2’s complement form, whereas a positive number remains
unchanged. The most significant bit (MSB) indicates the
sign of the number®?.

The Modified Booth algorithm, introduced to address
this, offers significantly faster multiplications®?. One of
its key advantages is that computation time is proportional
to the length of the operands, enabling efficient processing
of larger numbers. Additionally, it reduces the area of the
multiplier block, making it more space-efficient. Other
important features include its ability to handle both
positive and negative numbers seamlessly and its
improved efficiency in generating partial products, further
contributing to its high-speed performance. These
enhancements make the Modified Booth algorithm
particularly advantageous for high-speed digital systems
and applications requiring efficient arithmetic
computations®®.

Table 1. Modified booth algorithm.

Ve | Yo | e | SRR epleation
0 0 0 0 0xMultiplicand
0 0 1 +1 +1xMultiplicand
0 1 0 +1 +1xMultiplicand
0 1 1 +2 +2xMultiplicand
1 0 0 -2 -2xMultiplicand
1 0 1 -1 -1xMultiplicand
1 1 0 -1 -1xMultiplicand
1 1 1 0 0xMultiplicand

2.3 Vedic Multiplier

In ancient India, Vedic mathematics was widely
practiced as an advanced and efficient mathematical
system, even before the 20th century. Among its numerous
algorithms, the Urdhva Tiryagbhyam sutra stands out as
an effective method for all types of multiplication. A
fundamental building block of this approach is the 2x2
Vedic multiplier, which operates using a systematic
sequence of logic. The process involves generating
intermediate terms, such as

C0=x0AND y0
PPO =x1 AND y0
PP1 =x0 AND yl
PP2 =x1 AND yl
C1 =PP0 XOR PP1
PP3 =PP0 AND PP1
C2 =PP3 XOR PP2
C3 =PP3 AND PP2

This logical structure ensures efficient computation of
partial products and their simultaneous addition. The
Vedic multiplier supports parallel processing, enabling
faster and more efficient high-bit operations, making it a
significant advantage over traditional multipliers. This
technique not only simplifies complex calculations but
also serves as a foundation for modern arithmetic circuits
in digital systems™¥.

2.4 Baugh Wooley Multiplier

The Baugh Wooley Multiplier is designed specifically
for signed multiplication®. It takes inputs in 2’s
complement form and gives the output in 2’s complement
as well. The Baugh Wooley Multiplier can be used for
both signed and unsigned multiplication. It is a simple
algorithm involving a few steps for n*n bit
multiplication®®. The algorithm follows as:

e Invert the Most Significant Bits (MSB) of the
first n-1 rows.

e Invert all partial products except for the Most
Significant Bit (MSB) of the nth row.
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e Add 1 to the nt+1 column.
Add 1 to the 2n column.

The Figure 2 is an example of a 4*4 Baugh Wooley
Multiplier. The size of the Multiplicands (a, b) is 4-bit1i.e.,
n=4. Since we represent the Multiplicands in the 2’s
Complement form, the minimum & maximum value it can
handle for n*n Multiplier is —2 "' to 2""! — 1. This type of
multiplier is commonly used in digital signal processing
and other applications where fast multiplication of two
numbers is required. The Baugh Wooley algorithm is
known for its efficiency in performing signed binary
multiplication, making it a popular choice in various
computational tasks’?.

a3 a2 al al

b3 b2 bl b0
1 ~a3b0 a2b0  alb0  a0Ob0
~a3bl a2bl  albl a0bl

~a3b2 a2b2  alb2  a0Ob2

1 a3b3 ~a2b3 ~alb3 ~a0Ob3

p7 p6 ps p4 p3 p2 pl p0

Fig. 2: Baugh wooley’s algorithm.

The Baugh-Wooley Multiplier is specifically designed
to handle signed number multiplication, a requirement in
many digital signal processing and computing
applications where negative numbers are common. The
Baugh-Wooley approach simplifies the multiplication of
signed binary numbers by modifying the partial products
and arranging them in a way that inherently accounts for
the sign bits. This method avoids the need for additional
steps to correct the sign after the multiplication process,
which is a significant advantage over traditional methods
like Booth's algorithm. In Booth's multiplication, for
instance, handling signed numbers requires additional
operations that can increase the overall complexity and
delay of the multiplier. The Baugh-Wooley multiplier
addresses these challenges by directly incorporating the
sign bit into the multiplication process, thereby
streamlining the operation and reducing the overall
latency. This makes it one of the fastest multipliers for
signed binary numbers. Additionally, the Baugh-Wooley
multiplier is efficient in terms of hardware usage. By
organizing the partial products in a specific manner, it
reduces the number of logic gates required, which in turn
lowers power consumption and the area occupied by the
circuit on a chip. This efficiency is particularly important
in integrated circuit design, where space and power are
often at a premium. However, while it excels in speed and
efficiency, its structure can still be improved when dealing
with larger bit-widths, where the complexity and delay
can become more pronounced.

2.5 Wallace Tree Multiplier Algorithm

In 1964, C. S. Wallace introduced a binary
multiplication technique known as the Wallace Tree
multiplier*®, which significantly advanced the design of
digital circuits by optimizing the way partial products are
summed. This method arranges partial products in a
hierarchical structure, reducing the number of sequential
addition stages necessary to complete a multiplication
operation. By systematically combining partial products
using layers of full adders and half adders, the Wallace
Tree minimizes the number of carry propagation steps,
which are typically the bottleneck in traditional binary
multipliers. Then, thereafter the different styles of
modified Wallace tree algorithms are reported by the
various researcher®”, The reduction of these steps not only
decreases the overall delay but also reduces the
complexity of the hardware implementation, making the
Wallace Tree multiplier particularly suitable for high-
speed applications. In digital circuits, speed is often
constrained by the critical path, the longest path that data
must travel through a circuit. The Wallace Tree’s
architecture, by minimizing the depth of this critical path,
allows for faster computation, which is crucial in
performance-critical applications such as real-time data
processing and digital signal processing. Despite these
advantages, the Wallace Tree multiplier is primarily
optimized for unsigned numbers, which limits its direct
applicability in certain domains where signed number
arithmetic is required. Nevertheless, its impact on the field
of digital arithmetic cannot be overstated, as it laid the
foundation for the development of faster and more
efficient multiplication techniques that are still in use
today*?).

The objective of this study is to develop a high-
performance multiplier for signal processing applications.
The findings indicate that while the Wallace tree
multiplier excels in minimizing delay, it presents
complexities when applied to signed multiplication
techniques. In contrast, the Baugh-Wooley multiplier
demonstrates a significant reduction in area compared to
the Booth algorithm, which is widely recognized as one of
the best methods for signed binary multiplication. Each
approach offers distinct advantages: the modified Booth
algorithm, for instance, optimizes both area and time delay,
making it a compelling choice for efficient design. Overall,
understanding the strengths and weaknesses of these
various multiplier techniques is essential for advancing
the performance of signal processing systems.

3. The proposed Baugh Wooley-Multiplier
Integrated with Wallace Tree Algorithm
(BAW)

The integration of the Wallace Tree and Baugh-Wooley
Multiplier represents a powerful advancement in digital
multiplication techniques by combining the strengths of
both methods to create a more efficient and faster
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multiplier. This hybrid approach leverages the hierarchical
reduction of the Wallace Tree, which minimizes the
number of sequential addition stages, with the Baugh-
Wooley Multiplier’s capability to efficiently handle
signed numbers. The result is a multiplier that not only
reduces the critical path delay but also decreases power
consumption, making it ideal for modern digital
applications that require both speed and efficiency. The
integration works by first utilizing the Baugh-Wooley
method to generate partial products that account for
signed numbers and then applying the Wallace Tree’s
hierarchical reduction to sum these products quickly. By
combining these two methods as shown in Fig. 3, the
number of full adders and half adders required in the
multiplication process is significantly reduced, which
directly impacts the critical path length. A shorter critical
path means that the multiplier can operate at a higher
speed, which is crucial in applications where processing
time is critical. Moreover, the reduction in the number of
logic gates used translates to lower power consumption,
which is increasingly important in today’s energy-
conscious world. This reduction in power consumption is
not just a result of fewer active logic gates but also the
decreased switching activity, which is a major contributor
to dynamic power consumption in digital circuits.
Additionally, the integration simplifies the overall design
of the multiplier, making it more scalable and easier to
implement in various digital systems.

)

Fig. 3: Baugh wooley’s integrated with wallace tree.

Overall, the proposed integration of the Wallace Tree
and Baugh-Wooley Multiplier offers a significant
improvement over the existing digital multiplication
technique. The Baugh-Wooley algorithm efficiently
handles signed number multiplication by generating
partial products with inherent sign correction, simplifying

the process. These partial products are hierarchically
reduced using the Wallace Tree, which minimizes the
critical path delay through parallel reduction stages with
adders. At the core, NAND gates operate as universal
logic gates, performing AND operations with inverted
outputs, which are extensively used in constructing adders
and other digital components in the architecture. By
combining the speed and efficiency of the Wallace Tree
with the robust handling of signed numbers provided by
the Baugh-Wooley method, this hybrid multiplier sets a
new standard for performance in digital circuits. It
addresses the common trade-offs between speed, power
consumption, and complexity that often limit the
effectiveness of traditional multipliers. The reduction in
critical path delay and power consumption, coupled with
the simplified design, makes this integrated multiplier a
compelling choice for a wide range of digital applications,
particularly in fields like digital signal processing and
computing, where rapid and accurate arithmetic
operations are essential. The ability to efficiently handle
large bit-widths and signed numbers without sacrificing
performance further enhances the appeal of this approach.
As digital systems continue to evolve, the demand for
more efficient and faster multipliers will only increase,
and the integration of the Wallace Tree and Baugh-Wooley
Multiplier represents a forward-looking solution to meet
these demands. Its application in modern digital design
not only improves the performance of individual circuits
but also contributes to the overall efficiency and
effectiveness of complex digital systems. Therefore, this
hybrid multiplier should be considered a superior and
innovative solution for binary multiplication tasks,
offering significant benefits in terms of speed, power
efficiency, and design simplicity.

4. Result and Discussion.

The performance of the multipliers was evaluated based
on their area, power consumption, and delay for different
bit sizes 8-bit, 16-bit, and 32-bit. The comparison included
four types of multipliers: Booth’s Multiplier, Modified
Booth’s Multiplier, Vedic Multiplier, Baugh Wooley
Multiplier, and the new Baugh Wooley integrated with
Wallace Tree Multiplier. These multipliers were tested and
analyzed using Verilog HDL and synthesized with the
Xilinx tool on the Artix-7 AC701 Evaluation Platform.
For the power analysis we use a cadence tool and using
GPDK 45nm,90nm, and 180nm technology.

From Table 2 and Fig. 4, it is evident that the Baugh-
Wooley with Wallace tree (BAW) only utilizes 46 % of the
area reduction compare to Vedic multiplier. And compared
to the Baugh-Wooley multiplier (BA), indicating a 36.6%
reduction in slice utilization and thus occupying less area.
Consequently, the BAW demonstrates superior area
efficiency over the BA, providing crucial benefits for
contemporary VLSI designs.

From Table 3 and Fig. 5, In the comparison of various
32-bit multipliers delay and the last column it compares
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the frequency of 32-bit multiplier, it was observed that the
Booth multiplier (BO) exhibited the highest delay at
66.730 ns. In contrast, the Modified Booth Multiplier
(MBO) demonstrated a delay of 35.353 ns, which is
52.97% less compared to the Booth multiplier. The
Baugh-Wooley Multiplier (BA) showed a delay of 25.813
ns, amounting to a reduction of 38.68% relative to the
Booth multiplier. In the Vedic multiplier it shows 21.352
ns is also 3 ns higher than the proposed multiplier.
Notably, the Baugh-Wooley Multiplier with Wallace Tree
(BAW) exhibited the lowest delay at 18.641 ns,
representing only 27.93% of the delay experienced by the
Booth multiplier. Based on these results, it is evident that
the Baugh-Wooley Multiplier with Wallace Tree
configuration achieves the lowest delay among all the
multipliers analyzed.

The core multiplier operates efficiently at a frequency
of 53.63 MHz, which corresponds to the calculated
latency of 18.641 ns. This indicates that the proposed
multiplier is capable of handling this frequency
seamlessly. Throughput, which refers to the amount of
data processed per unit time, is directly related to this
frequency. Since the design is a purely combinational
circuit with no pipelining or intermediate storage, the
latency is equivalent to the critical path delay of 18.641 ns.
This demonstrates the multiplier's capacity to handle data
at the specified rate without additional delays.

Table 2. Slices utilization.

Table 3. Delay in ns.

Multiplier Type 8-bits 16-bits 32-bits
BO 3 147 660 2423
MBO 39 107 529 2021
VM3 117 511 2024
BA 30 77 401 2587
BAW (Proposed) 77 407 1641
SLICES
3000
" 2500
; 2000
;E: 1500
g 1000
= 500
’ BO[33] MBO[33] VM[34] BA[36] BAW(Proposed)

Signed MUL Technique

-8 16 32

Fig. 4: Area Utilization comparison of multipliers.

Itipli Frq.of 32-bit
Multiplier | g yits | 16-bits | 32-bits | | a:0f 32-bi
Type (MHz)
BO*) 16.24 | 34.465 66.730 14.99
MBO?*» 10.82 19.802 35.353 28.29
VM3 10.04 13.89 21.352 46.84
BA39) 9.107 13.976 25.815 38.73
BA
W 9.348 12.953 18.641 53.63
(Proposed)
DELAY
80
. 66.73
60
E 50
> 40 34.468 35.353
g _— 1352 25.815 -
20 16218 10.82% 10,0439 9.107°7% 9342953
o | ] n n n
BO[33] MBO[33] vM[34] BA[36] BAW(Proposed)
Diff. MUL.Tech.
u8 =16 m32

Fig. 5: Delay (ns) comparison of multipliers.

From Table 4 and Fig. 6, it is evident that for 32-bit
multipliers using 180nm technology, the Booth multiplier
exhibits the highest power consumption at 24.15309
milliwatts(mW). In contrast, the Baugh-Wooley
Multiplier (BA) has a power consumption of 15.71274
mW, which is only 65.054% of the Booth multiplier’s
power consumption. The Modified Booth Multiplier
(MBO) shows a power consumption of 12.7686 mW,
representing only 50.82% of the Booth multiplier’s power
consumption.
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Table 4. Power consumption of different signed multipliers across various technologies.

Multiplier Bits 45nm (power mW) 90nm (power mW) 180nm (power mW)
BO* 8 0.01020 0.06272 0.32974
16 0.59032 0.63621 3.01409
32 3.92850 4.41629 24.1530
MBO3Y 8 0.08611 0.05356 0.24007
16 0.53551 0.43234 1.91271
32 3.58385 2.60545 12.2768
VM3 8 .047884 .078193 301376
16 .288403 455505 1.75649
32 1.53650 2.35837 9.23462
BA39 8 0.08432 0.06125 0.32514
16 0.58905 0.37318 2.27608
32 2.53762 3.67554 15.7127
BAW (Proposed) 8 0.10687 0.07247 0.40248
16 0.34527 0.52591 2.09564
32 1.87123 2.77970 11.3436

BO: Booth’s Multiplier, MBO: Modified Booth’s Multiplier, BA: Baugh-Wooley Multiplier, BAW: Baugh-Wooley Integrated with

Wallace Tree

Additionally, the Baugh-Wooley Multiplier with
Wallace Tree (BAW) has the lowest power consumption
at 11.34361 mW, which is only 46.96% of the power
consumption of the Booth multiplier. In 180 nm, 90 nm,
and 45 nm are widely utilized to evaluate and optimize
power efficiency. Among various implementations, the
VM demonstrates significant advantages over other types
of multipliers, offering superior performance in terms of
power consumption. when comparing signed multipliers,
the proposed design exhibits even better results,
showcasing its effectiveness in handling signed operations
with enhanced accuracy and efficiency.

POWER of 32-bit

w
=1

~
0}

£ 2
- 15
@
210
o

5

—_—
0
BO[33] MBO[33] VM[34] BA[36]  BAW(Proposed)
Diff MUL.Tech.
— 45 90 180

Fig. 6: Power (mW) comparison of 32-bit in 3 technology
multipliers.

From these results, it is clear that the Baugh-Wooley
Multiplier with Wallace Tree configuration achieves the
lowest power consumption among all the multipliers
analyzed. From Fig.7 and Fig.8, The 16-bit MAC
(Multiply-Accumulate) unit demonstrates exceptional
performance and efficiency. It operates with a delay of
15.377 nanoseconds, which is impressively fast for its bit-
width. It utilizes 431 slice LUTs, reflecting its complex

computational capabilities. Despite this complexity, the
power consumption remains remarkably low at 0.714453
mW. The multiplier in this unit can handle values ranging
from —2'° to 2'° — 1, and the constant can range from —23!
to 23'—1. The MAC unit produces outputs within the range
of —23! to 231—1. However, it is important to note that the
unit is susceptible to overflow if results exceed 23! — 1 and
underflow if results fall below —23'. Overall, the 16-bit
MAC unit offers high performance, efficient resource
utilization, and low power consumption, making it a
robust solution for complex computational tasks within its
defined operational limits.

The integration of the Baugh-Wooley multiplier with
the Wallace Tree can become less efficient for very large
bit-widths due to increased design complexity and
diminishing returns in delay and area optimization. The
Baugh-Wooley algorithm generates partial products while
efficiently handling signed numbers, avoiding additional
correction steps. These partial products are then fed into
the Wallace Tree, which hierarchically reduces them using
adders to minimize the critical path delay and hardware
complexity.

5. Conclusion.

In this paper, we have conducted a detailed analysis of
various signed multiplier architectures, including Booth,
Modified Booth, Baugh-Wooley, and Baugh-Wooley
integrated with Wallace tree multipliers, focusing on key
performance metrics such as area utilization, power
consumption, and delay. Our findings demonstrate that the
Baugh-Wooley multiplier offers superior performance,
exhibiting the lowest delay, reduced power consumption,
and minimal slice utilization compared to the other
architectures analyzed. These results highlight the Baugh-
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Fig. 8: Simulation of 16-bit MAC using BAW.

Wooley multiplier’s efficiency and effectiveness,
particularly when integrated with the Wallace tree, making
it the most suitable choice for applications demanding
high-speed, low-power, and resource-efficient multipliers.
Future research will aim to further optimize these
multipliers and explore their practical implementations
like to corroborate our theoretical insights. Digital signal
processing applications, such as speech processing,
loudspeaker equalization, echo cancellation, adaptive
noise cancellation, and various communication
applications, including software-defined radio* need to
done using this technique.
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