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Abstract — This project presents the VLSI implementation of
different adder architectures and the approximation of
Arithmetic Logic Units (ALUs) to optimize speed, power, and
area. Various adders such as Carry Save, Carry Skip, Carry
Select, Kogge-Stone, Sklansky, and Carry Lookahead were
designed and simulated using Cadence tool. Their performance
was analyzed based on parameters like delay, power, and area
utilization. Among them, the Carry Lookahead Adder showed
the best overall efficiency with minimal delay and moderate
power consumption. The project concludes that approximate
computing and optimized VLSI designs can enhance system
performance in energy-efficient and real-time applications.

Keywords: VLSI, ALU, adders, cadence tool, delay,
power, area.

1.INTRODUCTION

Very Large-Scale Integration (VLSI) technology enables the
integration of millions of transistors onto a single chip,
allowing the design of compact, high-speed, and energy-
efficient digital systems. In digital electronics, adders and the
Arithmetic Logic Unit (ALU) play a crucial role in performing
arithmetic and logical operations that form the foundation of
processors. Efficient implementation of these components
directly impacts the overall performance, speed, and power
consumption of digital circuits. This project focuses on
designing and analyzing various adder architectures using
VLSI techniques to achieve optimal trade-offs between area,
delay, and power. Additionally, it explores approximate ALU
designs suitable for error-tolerant applications like image
processing and machine learning, where reduced power and
area are prioritized over absolute accuracy.

2.LITERATURE REVIEW

Modern VLSI adder research has focused on balancing latency,
area, and power across a variety of architectures. Classical
ripple-carry and carry-lookahead adders remain useful for small
widths, but parallel-prefix (tree) adders — e.g., Kogge-Stone,
Brent-Kung, Han-Carlson and sparse variants — dominate for
wide, high-performance designs because they minimize
critical-path depth at the cost of increased wiring and area;
many comparative studies quantify these tradeoffs across
CMOS design flows and technology nodes. Implementation
papers typically evaluate adders at multiple abstraction levels
(gate/cell, RTL-synthesis, and physical layout), showing that
the “best” adder depends on target metrics: Kogge-Stone gives
lowest delay, Brent-Kung and sparse trees lower area/wiring,
and hybrid carry-select/skip styles can give attractive midpoint
tradeoffs for medium speed/area constraints. Practical VLSI
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work also highlights routing congestion, fanout, and power-
clock interaction as primary real-world constraints beyond pure

gate-delay analysis. Approximate computing — applied to
ALUs and arithmetic units — has emerged as an effective way
to trade correctness for energy, area and speed in error-tolerant
applications (image/video processing, ML inference, sensor
nodes). Surveys and recent papers categorize approximation
approaches at multiple levels: algorithmic (reduced precision),
architectural (approximate adders/multipliers, truncated or
segmented arithmetic), circuit-level (inexact gates, transistor
sizing, voltage over scaling), and system/runtime techniques
that adapt approximation to QoS requirements. In the adder
literature, families of approximate full-adder designs (e.g.,
truncated LSBs, hybrid error-reduction schemes, inexact logic
primitives) have been proposed and evaluated; results
consistently show substantial energy and area savings (often
>20-50%) with bounded error metrics (mean error, worst-case
error, and application QoR). Recent VLSI studies also stress
that the most practical approximate ALUs are those that
combine circuit-level simplifications with architecture-level
error mitigation and evaluate designs with application-level
error-impact metrics rather than gate-level error alone. Open
research directions include adaptive approximation (dynamic
fidelity tuning), better error metrics tied to end-applications,
and layout-aware approximate designs that account for
parasitics and variability.

3.METHODOLOGY

The project methodology involves systematic design,
implementation, simulation, and analysis of different adder
architectures using VLSI design techniques. The following
steps were followed throughout the project:

1. Problem Identification and Objective Definition:

The first step was to identify the need for high-speed and low-
power arithmetic circuits in modern VLSI systems. The
objective was to design and compare various adder
architectures to determine the most efficient one in terms of
speed, area, and power.

2. Selection of Adders:

Various adder architectures such as Carry Save Adder (CSA),
Carry Skip Adder (CSKA), Carry Select Adder (CSeA), Kogge-
Stone Adder (KSA), Sklansky Adder, and Carry Lookahead
Adder (CLA) were selected based on their performance
characteristics.
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2.2) EXPLANATION OF ADDERS

1. Carry Save Adder (CSA):

Idea: Adds multiple numbers at once without immediately
calculating carries.

How it works: Saves (stores) the carry bits instead of
propagating them immediately.

Use: Common in multipliers where several partial sums are
added.

Advantage: Very fast for adding more than two numbers.
Disadvantage: Final carry needs to be resolved later using
another adder.

2. Carry Skip Adder (CSkA):

Idea: Skips carry computation over certain blocks when not
needed.

How it works: Divides bits into blocks; if all bits in a block can
propagate a carry, the carry “skips” the block.

Advantage: Faster than Ripple Carry Adder.

Disadvantage: Slightly more complex hardware than ripple
adder.

3. Carry Lookahead Adder (CLA):

Idea: Predicts carry bits in advance using logic equations.
How it works: Uses “generate” and “propagate” signals to
compute carries in parallel.

Advantage: Much faster than ripple adder; reduces carry delay.
Disadvantage: Complex for large bit-widths (more hardware).

4. Kogge-Stone Adder (KSA):

Idea: A parallel prefix adder that computes carries in a tree
structure.

How it works: Carries are calculated in multiple stages using
generate/propagate signals.

Advantage: Very fast — one of the fastest adders.
Disadvantage: Requires a lot of wiring and hardware.

5. Sklansky Adder (SkA):

Idea: Another parallel prefix adder with fewer logic levels.
How it works: Groups bits hierarchically to compute carries
quickly.

Advantage: Fast and has minimal logic depth.
Disadvantage: Has high fan-out (one signal drives many
others), which may slow down in hardware

3. Design Phase (RTL Coding):

Each adder was designed at the Register Transfer Level (RTL)
using Verilog HDL. Structural and behavioral modeling
techniques were used to describe the logic and data flow of each
architecture.

4. Simulation and Functional Verification:

The Verilog codes were simulated using tools to verify the
correctness of the designs. Testbenches were created for each
adder to check their functionality for different input
combinations

5. Synthesis and Implementation:

The verified designs were synthesized using Cadence synthesis
tools, converting the RTL design into gate-level netlists.
Implementation on an FPGA platform was performed to
analyze practical performance metrics.
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Fig -1: Block diagram

4. RESULTS:
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Comparison of 32-bit Adders

In the 32-bit case, the impact of bit-width reduction changes the
efficiency ranking slightly.

The Carry Save Adder (CSA) again achieves the lowest delay
(0.0088 ns) and lowest power (0.059 mW) with minimal area
(200 pm?), showing excellent performance in smaller bit
designs.

The Carry Skip Adder maintains moderate area and delay,
suitable for applications that prioritize simplicity.

The Kogge-Stone Adder (KSA) offers very fast operation but
suffers from high power (0.513 mW) and large area (1764 pm?)
due to its complex interconnections.

The Sklansky Adder provides good speed but requires more
area than simpler designs.

The Carry Lookahead Adder (CLA) achieves a balanced
performance across area, power, and delay (0.116 ns), making
it a practical choice for 32-bit implementations.
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4.d) 64-bit Carry Save Adder (CSA) simulation:
From this we can conclude that the Carry Lookahead Adder

(CLA) is the best choice because it balances speed, area, and ~ 50
power efficiently. SR TE T T T v TEL
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Comparison of 64-bit Adders 4.¢) Synthesis Reports:

The 64-bit adder comparison clearly shows how design A) Report on AREA:

complexity affects performance.

The Carry Save Adder (CSA) demonstrates the lowest power
(0.112 mW) and minimal delay (0.0015 ns) with the smallest
area (400 pm?), making it the most efficient design overall in
terms of speed, area, and power.

The Carry Skip Adder offers moderate performance with
reasonable area and delay, serving as a balanced but less
efficient option. Instance Modale Cell Count Cell Ares Net Aves Total Are

The Kogge-Stone Adder (KSA) achieves very high speed due
to its parallel prefix structure but at the cost of large area (2520
um?) and high power (0.965 mW).

The Sklansky Adder is also fast but consumes more area and
power compared to the CSA.

The Carry Lookahead Adder (CLA) maintains a good balance
between delay and power but is still less efficient than the CSA
for 64-bit implementation.

Carry Save Adder (CSA) is the most efficient adder among
the designs compared, offering the best balance of speed, area,
and power efficiency.

4.c) 32-bit Carry Lookahead Adder (CLA) simulation:

Fig -2(a): 32-bit (CLA) simulation
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5. CONCLUSIONS

The study also explored approximation techniques in ALU
design, which effectively reduced power consumption and
circuit complexity with minimal loss in accuracy. Overall,
the project achieved its objective of comparing and
optimizing adder designs, contributing to the development
of high-performance and low-power VLSI systems suitable
for modern digital applications. In conclusion, the VLSI
implementation of adders and their approximation using
ALU plays a vital role in enhancing computational
efficiency and reducing hardware complexity. By employing
optimized adder architectures like carry look-ahead, carry
skip, and parallel prefix adders, designers can achieve high-
speed and low-power performance. Approximate adders
further improve energy efficiency in error-tolerant
applications such as image processing and machine learning.
Overall, integrating these techniques into ALUs leads to
faster, smaller, and more power-efficient VLSI systems
suitable for modern digital applications. Moreover, VLSI-
based design enables scalability and flexibility, allowing
different adder architectures to be tailored for specific
performance requirements. The trade-off between accuracy
and efficiency in approximate computing provides a
promising direction for low-power designs. Future
advancements in  nanotechnology and  Al-driven
optimization are expected to further enhance adder
performance. Thus, the combination of precise and
approximate adder designs in ALUs forms a strong
foundation for next-generation high-performance and
energy-efficient processors.
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