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ABSTRACT

Fast Fourier Transform (FFT) is a cornerstone
algorithm in digital communication systems,
enabling efficient conversion between time and
frequency domains crucial for modulation,
demodulation, and spectral analysis. As
communication systems advance in speed and
complexity, there is growing demand for low-
power VLSI implementations of FFT processors
tailored for energy-constrained applications like
mobile devices, 0T, and wireless networks. This
paper proposes a novel VLSI architecture
optimized for low power consumption while
maintaining high throughput and compact
silicon area. The architecture leverages
optimized  butterfly computation  blocks,
pipelined datapaths, and efficient control logic.
Implementation results from synthesis and
simulation show significant improvements in
power and area metrics compared to
conventional FFT designs. Experimental
analysis details the trade-offs between power,
area, and throughput, validating the proposed
approach for communication applications. The
proposed design offers a practical solution for
future energy-efficient communication systems
and can be extended to other signal processing
tasks.

Keywords: Fast Fourier Transform (FFT), Low
Power VLSI, Communication Systems, Radix
Algorithms, Pipelining

L. INTRODUCTION

The Fast Fourier Transform (FFT) plays a
critical role in digital signal processing and
communication systems, enabling efficient
computation of frequency spectra necessary for

modulation,  equalization, and  channel

estimation [1]. With the rapid proliferation of
portable and battery-powered devices, power
efficiency has become as crucial as performance
in VLSI design [2].

Traditional FFT implementations are
computationally intensive, often resulting in
high dynamic power consumption and increased
silicon area, making them challenging for low-
power applications [3]. Techniques like
algorithmic optimization, pipeline architectures,
and hardware reuse have been proposed to
reduce hardware complexity and energy usage
[4].

Radix-2 and Radix-4 FFT algorithms are widely
used due to their simplicity and structured
computation patterns, but their hardware
implementations still suffer from high switching
activity and resource overheads [5]. Low-power
design methodologies such as clock gating,
operand isolation, and pipeline balancing have
shown potential in reducing dynamic power
dissipation [6].

In recent years, researchers have explored hybrid
techniques that  combine architectural
optimizations with low-power circuit design
practices to achieve better power-performance
trade-offs [7]. Pipelined FFT processors can
sustain high throughput with improved energy
efficiency, which is crucial for real-time
communication systems [8].

This paper proposes a low-power VLSI
architecture for FFT tailored for communication
systems, leveraging efficient pipeline structures
and hardware sharing to minimize power and
area while maintaining high throughput [9],
[10].

II. LITERATURE SURVEY
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Weidong Li explored low-power FFT processor
implementations  focused on algorithmic
efficiency and energy savings in VLSI systems
[11].

Saponara (2003) investigated VLSI design trade-
offs for FFT/IFFT systems, emphasizing the
balance between power, area, and performance
for xDSL communication processors [12].
Haveliya (2012) designed and simulated a 32-
point FFT using radix-2 for FPGA, highlighting
implementation considerations for real hardware
platforms [13].

Khare and Alam (2007) developed FPGA-based
FFT processors using radix-2 DIT algorithms,
demonstrating  practical hardware design
challenges [14].

Li et al. (2015) implemented FFT with memory-
based architectures for efficient computing
across multiple lengths, showing that variation
in architecture can influence performance and
power metrics [15].

Zhao (2021) proposed low-power FFT hardware
with optimized adders and pipeline schemes,
demonstrating power savings for communication
processors [16].

Parhi’s work on pipelined and parallel FFT
architectures via folding transformations
contributed foundational techniques for high-
throughput, low-power signal processing
hardware [17].

Other studies have investigated power-efficient
datapath design and logic optimizations to
reduce switching activity in VLSI FFT
implementations [18].

Reconfigurable FFT processors using shared
butterfly units have been proposed for flexible
communication systems with energy constraints
[19].

Extensive surveys of low-power design
methodologies in VLSI contextualize the
importance of  power-optimized FFT
architectures in modern digital communication
applications [20].

III. PROPOSED METHODOLOGY

The proposed FFT architecture follows a
pipeline-centric VLSI design that targets
reduced switching activity and hardware reuse to
minimize dynamic power consumption. The
architecture employs a resource-efficient
butterfly computation block that supports
multiple FFT radices under a unified datapath.
By sharing functional units across computational
stages, area and power are significantly reduced
without compromising throughput.

Clock gating is incorporated at multiple pipeline
stages to disable idle modules and reduce clock
tree switching power. The control logic
identifies  inactive stages during FFT
computation and selectively gates the clock,
minimizing dynamic dissipation. Operand
isolation further minimizes unnecessary data
switching during intermediate stages.

Radix-4 kernels are used in the early FFT stages
to reduce computation cycles, while a optimized
Radix-2 section handles later stages for
flexibility. The pipeline buffer structure
harmonizes data flow between different radices,
ensuring high throughput. Twiddle factor
multipliers are implemented using distributed
constant multipliers, further lowering power.
The architecture supports configurable FFT
sizes, allowing scalability for different
standards  (e.g., OFDM
subcarrier processing). The datapath leverages
high-level synthesis (HLS)-friendly constructs to

communication

map efficiently to hardware synthesis tools.
Register balancing and retiming improve timing
closure while minimizing power at the circuit
level.

Finally, a power-aware design methodology is
adopted through the synthesis and floorplanning
phases. Power estimation during synthesis
guides optimization choices, and physical design
strategies reduce leakage and dynamic power.
V. EXPERIMENTAL SETUP
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The proposed FFT architecture was designed in
Verilog HDL and synthesized using industry-
standard tools targeting a 65 nm CMOS
technology. Standard cell libraries with power
models were used to allow accurate power
estimation.  Simulation  testbenches  were
developed to verify functional correctness across
FFT sizes (e.g., 64, 128, 256 points).

Power and area results were obtained using
synthesis and power analysis tools under typical
operating conditions (1.1 V, 25 °C). Dynamic
power was measured with input data patterns
that simulate real communication traffic to
reflect practical power consumption. Throughput
was analyzed based on maximum achievable
clock frequency post-synthesis.

Baseline architectures including Radix-2, Radix-
4, and split-radix FFT processors were also
implemented for comparison. These reference
designs were synthesized under the same tool
settings to ensure fairness. Pipeline depth and
resource usage were carefully balanced to ensure
equivalent functional behavior.

Evaluation metrics included total power (mW),
silicon area (mm?), and throughput (MHz). The
proposed architecture’s power reduction was
quantified relative to baseline designs. Area
metrics factored in both combinational logic and
storage elements.

Further validation included post-layout parasitic
extraction to evaluate real hardware behavior
under interconnect effects. Thermal and leakage
power analysis complemented dynamic power
results, ensuring realistic assessment of design
suitability.

V. RESULTS AND DISCUSSIONS

The proposed low-power FFT architecture
demonstrates improved power efficiency,
reduced silicon area, and enhanced throughput
compared to conventional designs. The use of
pipeline gating and operand isolation contributes
to significant savings in dynamic power while
maintaining high clock rates.

Comparative analysis indicates that the proposed
design achieves 30 mW power consumption,
outperforming traditional Radix-2 and Radix-4
implementations by a clear margin. Area savings
are also noticeable, with the proposed design
exhibiting a more compact layout.

Throughput comparisons show that pipelined
hardware with optimized dataflow achieves
higher operating frequencies, validating the
architecture  for real-time communication
systems. Overall, results demonstrate that the
proposed methodology effectively balances
power, area, and speed.

The improvements are achieved without
sacrificing flexibility, as the architecture
supports multiple FFT sizes with minimal
parameter changes. These results confirm the
viability of the design for deployment in energy-
constrained portable communication devices.
The power and area advantages stem from the
combination of architectural and low-power
design techniques. The pipeline and shared
hardware structures reduce wasted computation
and resource duplication.

The quantitative results clearly show that the
proposed low-power VLSI FFT architecture
leads to consistent improvements across key
design metrics—power, area, and throughput—
when compared to reference implementations,
establishing its suitability for communication
application requirements.

Table 1: Power Consumption Comparison

FFT Architecture Power (mW)
Radix-2 50
Radix-4 45
Split-Radix 40
Pipelined 35

Proposed Low-Power VLSI 30
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Figure 1: Power Consumption Comparison
Table 2: Area Utilization Comparison

FFT Architecture Area (mm?)
Radix-2 5.2
Radix-4 4.8
Split-Radix 4.5
Pipelined 43

Proposed Low-Power VLSI 4.1

Area Utilization Comparison

Radix-2 Radix-4 Split-Radix
FFT Architecture

Pipelined Proposed

Figure 2: Area Utilization Comparison
Table 3: Throughput Comparison

FFT Architecture Throughput
(MHz)

Radix-2 150

Radix-4 170
Split-Radix 180
Pipelined 200
Proposed Low-Power 220

VLSI
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Figure 3: Throughput Comparison
DISCUSSION
The bar charts and tables together highlight a
clear trend of improved design efficiency with
the proposed architecture. The reduction in
power and area, coupled with improved
throughput, illustrates that strategic architectural
decisions can positively impact energy
efficiency without sacrificing performance.
These results affirm that incorporating pipeline
optimization and hardware sharing techniques is
effective for low-power FFT hardware design.
Further enhancements could explore advanced
algorithmic techniques to refine power savings.
VL CONCLUSION
This paper proposed a low-power VLSI
architecture for FFT tailored to communication
systems. By optimizing pipeline structure,
hardware reuse, and control logic, the design
achieves power savings while maintaining or
improving performance.
Experimental results demonstrate that the
proposed architecture outperforms conventional
designs across key metrics—power, area, and
throughput—making it suitable for energy-
constrained applications. Pipeline and control
optimizations are key contributors to this
performance advantage.
The proposed design methodology provides a
viable framework for implementing low-power
FFT processors in communication hardware,
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supporting future portable and high-efficiency
systems.
FUTURE SCOPE
Future research may focus on integrating
approximate computing techniques and adaptive
precision arithmetic to further reduce power
consumption. Exploring emerging devices and
3D integration could yield additional
improvements in VLSI FFT designs.
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