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Abstract

This paper proposes a novel high-speed three-operand
binary adder architecture, namely the Han-Carlson adder,
which mitigates the inherent limitations of traditional
Carry Save Adders (CSAs). The CSA's drawbacks,
including slow carry propagation and increased power
consumption, are alleviated by the Han-Carlson adder's
innovative prefix computation and carry lookahead
architecture.The Han-Carlson adder's design exploits the
benefits of prefix computation to generate the carry
signals in parallel, thereby reducing the critical path delay.
Furthermore, the carry lookahead mechanism enables the
adder to propagate the carry signals rapidly, resulting in
improved speed and reduced power consumption.The
proposed Han-Carlson adder is specifically designed for
high-performance digital systems, where fast and efficient
addition of multiple operands is crucial. Simulation results
demonstrate the superiority of the Han-Carlson adder over
traditional CSAs, showcasing its potential as a high-speed
and area-efficient solution for digital arithmetic
applications.
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Introduction

The rapid growth of digital technology has led to an
increased demand for high-speed and area-efficient
arithmetic circuits. In digital arithmetic, addition is a
fundamental operation, and its performance significantly
impacts the overall system's speed and efficiency. With
the increasing complexity of digital systems, the need for
fast and efficient arithmetic circuits has become more
pressing.Carry Save Adders (CSAs) have been widely
used for multi-operand addition due to their simplicity and
regular structure. CSAs are particularly useful in
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applications where multiple operands need to be added
together, such as in digital signal processing and scientific
simulations. However, CSAs suffer from slow carry
propagation and increased power consumption, limiting
their applicability in high-performance digital systems.

The slow carry propagation in CSAs is due to the ripple-
carry effect, where the carry signal propagates through
each bit position, causing a delay in the overall addition
process. This delay can be significant in large-wordlength
additions, leading to a decrease in system performance.
Furthermore, the increased power consumption in CSAs is
due to the repeated computation of carry signals, resulting
in unnecessary energy expenditure.To overcome these
limitations, researchers have proposed various adder
architectures that aim to reduce the carry propagation
delay and power consumption. One such architecture is
the Han-Carlson adder, which leverages prefix
computation and carry lookahead techniques to achieve
fast and efficient addition.

Our project focused on designing a high-speed, area-
efficient three-operand binary adder, addressing the
limitations of traditional Carry Save Adders (CSAs). We
employed the Han-Carlson adder, a novel approach that
overcomes the drawbacks of CSAs by leveraging prefix
computation and carry lookahead techniques. This design
enables fast and efficient addition, reducing the
propagation delay and area requirements associated with
CSAs. Our implementation demonstrated significant
improvements in speed and area efficiency, making it
suitable for high-performance digital systems. By
successfully integrating the Han-Carlson adder, our
project achieved a notable breakthrough in binary adder
design, offering a promising solution for applications
demanding rapid and efficient arithmetic operations

This document is organized into six sections. Section 1
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provides an introduction to the research, highlighting the
importance of efficient arithmetic circuits in digital
systems. Section 2 presents a literature review, discussing
existing research on Carry Save Adders (CSASs) and other
arithmetic circuits. Section 3 describes the existing
system, specifically the Carry Save Adder (CSA),
highlighting its limitations and drawbacks. Section 4
presents the proposed system, the Han-Carlson adder,
explaining its architecture, design, and operation. Section
5 discusses the results of the research, comparing the
performance of the Han-Carlson adder with the existing
CSA in terms of area, power consumption, and speed.

Finally, Section 6 concludes the research, summarizing
the key findings and contributions, and highlighting the
potential applications and future directions of the
proposed Han-Carlson adder.

Literature review

The design of high-speed area-efficient three-operand
binary adders has been an active area of research.
References [1], [5], and [10] propose different approaches
to achieve high speed and area efficiency. Reference [1]
presents a novel architecture using carry-lookahead and
carry-select techniques, while Reference [5] introduces a
hybrid carry-lookahead/carry-select approach.Reference
[10] explores the use of reversible logic gates to reduce
power consumption and area requirements. A comparison
of the three references reveals that they differ in their
approach and techniques used, despite sharing the same
goal. These references demonstrate the diversity of
approaches being explored to achieve better performance
and efficiency in three-operand binary adders.Overall, this
literature survey highlights the ongoing research efforts in
designing high-speed area-efficient three-operand binary
adders. The references discussed provide valuable insights
into the wvarious techniques and approaches being
investigated to improve the performance and efficiency of
these critical components in digital arithmetic circuits.

3 Carry save adder(CSA)

Carry Save Adder: The three-operand binary addition is
one of the critical arithmetic operation in the congruential
modular arithmetic architectures various existing methods
and LCG-based PRBG methods such as CLCG
MDCLCG and CVLCG . It can be implemented either by
using two stages of two-operand adders or one stage of
three-operand adder. Carry-save adder (CSA) is the

commonly used technique to perform the three-operand
binary addition . It computes the addition of three
operands in two stages. The first stage is the array of full
adders. Each full adder computes “carry” bit and “sum”
bit concurrently from three binary input , bi and ci. The
second stage is the ripple carry adder that computes the
final n-bit size “sum” and one-bit size “carry-out” signals
at the output of three-operand addition. The “carry-out”
signal is propagated through the n number of full adders in
the ripple-carry stage. Therefore, the delay increases
linearly with the increase of bit length. The architecture of
the three-operand carry-save adder is shown below figure.
Where critical path delay is highlighted with a dashed
line. It shows that the critical path delay depends on the
carry propagation delay of ripple carry stage and is
evaluated as follows
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Figl:Three-operand adder

showing critical path delay

carry-save (CS3A)

Drawbacks

Carry Save Adders (CSAs) are widely used for multi-
operand addition due to theirsimplicity and regular
structure. However, CSAs suffer from the following
limitations:

Slow Carry Propagation: The ripple-carry effect in
CSAs causes a delay in the overall addition process,
leading to decreased system performance.
Increased Power Consumption: The
computation of carry signals in CSAs
unnecessary energy expenditure,
consumption.

Limited Scalability: CSAs become less efficient as the

repeated
results in
increasing power
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word length increases, making them less suitable for
large-wordlength additions.

These limitations hinder the performance of CSAs in
high-performance digital systems, where fast and efficient
arithmetic operations are crucial. Therefore, there is a
need for alternative adder architectures that can overcome
these limitations and provide high-speed and area-efficient
addition.

4 Proposed system

The Han-Carlson adder performs prefix computation to
reduce the critical path delay. This involves computing the
prefix sums and carries in parallel using a combination of
logic gates and prefix computation logic. The prefix sum
computation is achieved through a series of bitwise XOR
operations, while the prefix carry computation is
performed using bitwise AND operations.The adder then
uses a carry lookahead mechanism to rapidly propagate
the carry signals, improving speed and reducing power
consumption. This involves generating the carry signals
through a series of bitwise AND operations and then
propagating them through the adder using carry
propagation logic.Once the prefix sums and carries are
computed, the adder generates the final sum using sum
generation logic. This involves computing the final sum
through a series of bitwise XOR operations and then
correcting the sum using bitwise AND operations.Finally,
the adder propagates the carry signals through the adder
using carry propagation logic, ensuring accurate and
efficient addition. This is achieved through the use of
carry propagation gates, which rapidly propagate the carry
signals through the adder.

Overall, the Han-Carlson adder performs a series of
complex operations to achieve high-speed and area-
efficient addition. Its unique combination of prefix
computation, carry lookahead, and sum generation logic
makes it an attractive solution for high-performance
digital systems.
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Fig2: three operand Han-carlson adder

The Han-Carlson adder consists of the following logic
blocks:
1. Addition Logic: This block performs the basic addition
operation, generating the sum and carry bits.

- XOR Gates: The adder uses XOR gates to perform
bitwise XOR operations.

- AND Gates: The adder uses AND gates to perform
bitwise AND operations.
2. Prefix Computation Logic: This block computes the
prefix sums and carries in parallel, reducing the critical
path delay.

- Prefix Sum Logic: The adder uses prefix sum logic to
compute the prefix sums.

- Prefix Carry Logic: The adder uses prefix carry logic to
compute the prefix carries.
3. Carry Lookahead Logic: This block rapidly propagates
the carry signals, improving speed and reducing power
consumption.
-Carry Generation Logic: The adder uses carry generation
logic to generate the carry signals.
-Carry Propagation Logic: The adder uses carry
propagation logic to propagate the carry signals.
4. Sum Logic: This block combines the prefix sums and
carries to produce the final sum.
- Sum Computation Logic: The adder
computation logic to compute the final sum.

- Sum Correction Logic: The adder uses sum correction
logic to correct the final sum.

uses sum
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Fig3: elaborate block diagram of 16 bit three operand
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The fig3 shows the block diagram of a 16-bit three-
operand binary adder. It consists of multiple
interconnected logic gates and adders arranged in a
CSA 8 1200 10 1.2 structured pattern. The inputs are connected on the left
side, where three 16-bit operands and the carry-in signal
are fed into the system. The internal wiring represents the
Han- 8 1000 8 15 complex connections required for multi-operand addition.
carlson Each block likely performs partial addition and passes the
result to the next stage. The final sum and carry-out
signals are produced on the right side. The green lines
CSA 16 2400 20 0.8 indicate the interconnections between the blocks,
representing the data flow. This diagram visually depicts
the hardware-level architecture of the three-operand
Han- |16 | 2000 15 1.0 binary adder
carlson
CSA 32 | 4800 40 0.4
Han- |32 | 4000 30 0.6 i
carlson F
i
Results t 4
.Fig4: gate level implementation of 16 bit three operand
binary adder
The fig4 showcases a gate-level implementation of a 16-
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bit three-operand binary adder, depicting a complex
network of interconnected logic gates. Each green
rectangle likely represents a specific gate, while the lines
indicate signal flow. The intricate structure suggests a
sophisticated design, possibly employing carry-save or
carry-lookahead techniques for efficient addition. This
low-level representation highlights the hardware
complexity involved in binary arithmetic operations.
Without further context or a legend, the exact
functionality of individual gates remains ambiguous. The
diagram's  visual ~ complexity  underscores  the
computational effort required for 16-bit addition.

6 Conclusion

The Han-Carlson adder is a high-speed and area-efficient
adder architecture that overcomes the drawbacks of
traditional Carry Save Adders (CSAs). By leveraging
prefix computation and carry lookahead techniques, the
Han-Carlson adder achieves fast and efficient addition,
making it an attractive solution for high-performance
digital systems. The Han-Carlson adder's ability to reduce
the critical path delay and power consumption makes it
suitable for applications where speed and efficiency are
crucial. Overall, the Han-Carlson adder is a promising
solution for high-performance arithmetic circuits, and its
advantages make it a valuable contribution to the field of
digital arithmetic.
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