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Abstract—This paper introduces Lighter, an automatic register
clock gating utility designed to primarily reduce dynamic power,
and reduce the area of gate-level designs as a subsidiary objective.
Lighter specifically focuses on enabling automatic clock gating
for load-enabled registers by providing a Yosys plugin and
complementary technology mapping files. The current version
of Lighter offers support for both the open-source Sky130 and
GF180mcu standard cell libraries, and future versions aim to
expand compatibility to include other libraries of other open-
source Process Design Kits (PDKs). Through extensive experi-
mentation, Lighter has demonstrated remarkable power and area
reduction. The maximum power reduction achieved is 43.00%,
while area reductions reached up to 58.21%. These results
highlight Lighter’s significant potential in enhancing efficiency
and optimizing resource utilization in digital circuit design.

Index Terms—Dynamic Power Reduction, Clock Gating, Yosys,
VLSI Design, Technology Mapping, Sky130, GF180, Open-Source
PDK, RTLIL.

I. INTRODUCTION

The semiconductor industry is witnessing a growing need
for more powerful digital devices to accommodate the ever-
increasing advances in technological applications. As technol-
ogy advances and feature sizes of modern Process Design Kits
PDKs shrink, power optimization becomes a critical aspect of
circuit design. Electrical Power reduction in digital systems
holds significant importance for several reasons, including
enhanced portability, improved reliability, and reduced costs
[1]. In portable and battery-operated devices, lower power
consumption directly translates to longer battery life, making
devices more convenient and energy-efficient. Furthermore,
reducing power dissipation improves system reliability by
minimizing heat generation, which can degrade component
performance and longevity. In large-scale systems, such as
data centers, reduced power consumption can significantly
lower operating costs by decreasing cooling requirements and
energy usage. Consequently, power dissipation has emerged as
a critical parameter in the design of low-power VLSI circuits
[2].

Digital circuits consume power through two primary com-
ponents: static and dynamic dissipation. Static power occurs
during the idle phase of parts of the circuit due to sub
threshold leakage, drain junction leakage and gate leakage
due to tunneling, where current flows through the transistor
when there is no activity. On the other hand, dynamic power is

associated with circuit-switching activities, which involve the
charging and discharging of capacitances while transitioning
between logic states [3]. Dynamic power is the dominating
component in mature open-source fabrication processes such
as Sky130, and it continues to dominate in many cutting-edge
fabrication technologies. To better illustrate the comparison
between static and dynamic power dissipation, the below table
from study [4] presents power dissipation data across various
process nodes. For example, in the 45 nm technology node,
dynamic power dissipation is approximately 4.720 nW, which
is significantly higher than the static power dissipation of
12.991 pW, making dynamic power the dominant component.
As the technology scales to smaller nodes, such as 32 nm, 22
nm, and 16 nm, dynamic power dissipation decreases, with
values of 2.103 nW, 0.910 nW, and 0.366 nW, respectively.
However, static power dissipation increases, indicating a shift
in power dynamics. Nonetheless, dynamic power remains the
dominant factor in the overall power dissipation.

Fig. 1. Comparison of Power dissipation on different technology nodes

II. CLOCK GATING

In CMOS circuits, power dissipation occurs during logic
switching as fluctuations in input signals lead to the charging
and discharging of input, internal, and output capacitors. This
phenomenon is especially significant in flip-flops, which are
closely tied to the main clock source and experience frequent
switching. Clock transitions contribute substantially to overall
power consumption, accounting for approximately 15-45% of
the total dissipation, which becomes particularly concerning
when operating at frequencies in the GHz range [5]. The
dynamic power consumption Pdynamic can be expressed by
the equation (1), highlighting the direct relationship with
capacitance C, the square of the voltage V 2, and the switching
frequency f .

Pdynamic = C · V 2 · f (1)



Clock gating is a process that involves replacing load-enable
flip-flops or flip-flops preceded by multiplexers with clock-
gated flip-flops. The purpose of clock gates is to restrict the
change of the input clock signal of the flip-flops, allowing
them to operate only when they are enabled. This prevents
the flip-flops from needlessly changing states [5]. By reducing
the frequency of state transitions, the dynamic power of the
design is automatically reduced. This approach effectively
saves a significant amount of power while uncompromising
the functionality of the design. The clock gating process is
demonstrated in Fig. 2.

Fig. 2. Flip-Flop Clock Gating

The clock gating process can be carried out at various levels
of abstraction in digital circuit design. However, inserting
clock gates at the behavioral level, which involves describing
the circuit in hardware description languages (HDL) like
Verilog or VHDL, can be an exceptionally difficult task. The
difficulty is knowing the appropriate scenarios to insert the
clock gates while dealing with syntax variations of HDL de-
signs. This process poses a great challenge for both manually
and automatically inserting the clock gates.

III. INTRODUCING LIGHTER

Lighter is an open-source tool presented as a Yosys plugin
[6], that aims to enhance dynamic power reduction optimiza-
tion for digital circuits. This tool offers support for open-
source Process Design Kits (PDKs) such as SKY130 and
GF180 [7] [8]. Lighter addresses the aforementioned chal-
lenges by providing a fully automated procedure for flip-flop
clock gating while allowing designers to selectively apply the
optimization to specific parts of their designs. For designers
using different PDKs, Lighter can be easily leveraged by
incorporating additional technology mapping files.

A. Overview

Lighter utilizes the APIs offered by Yosys to convert the
design into the Register Transfer Level Intermediate Language
(RTLIL) abstraction format, which is a logical level of abstrac-
tion implemented by Yosys. The RTLIL format represents the
design in terms of generic high-level representations of digital
blocks known as RTLIL cells [6]. These cells are intentionally
designed to be generic, independent of the specific complexi-
ties of the HDL design.

Lighter performs its optimization process on the RTLIL
level to effectively eliminate the irregularities and specificity
inherent in each design. Instead, it treats each design as an
abstract graphical representation comprising interconnected
nodes. Consequently, the task transitions from being a parsing
problem to a graph search problem.

B. Process

Fig. 3. Clock Gating Process

Lighter utilizes a set of Yosys APIs that collectively execute
design optimizations to prepare the design for clock gating.
The process, as depicted in Figure 2, primarily focuses on
technology mapping to transform load-enabled registers into
clock-gated ones. This process can be further presented in the
following four steps:

• Design Processing: In this step, the HDL design is
converted into the RTLIL format where the optimization
steps should be performed.

• Memory Cells Optimization: The Front-end synthesizer
of Yosys identifies register files and memory-like sub-
designs and replaces them with RTLIL Memory repre-
sentations. Through the use of the memory collect API,
multiple memory cells are combined into a single generic
multiport memory cell. Subsequently, the memory map
API converts the memory cells into flip-flops combined
with basic logic cell representations.

• Flip-Flops Optimization: At this stage, the design com-
prises regular RTLIL logic cells. To simplify the technol-
ogy mapping process, Lighter aims to establish a single
type of cell to be substituted with clock-gated flip-flops.
Thus, it searches for flip-flops preceded by multiplexers
and replaces them with load-enabled flip-flops, ensuring
functional equivalence.

• Technology Mapping: Lighter then maps all load-enabled
flip-flops by pre-defined clock-gated flip-flop represen-
tations specific to the target PDK given as technology
mapping files.

This completes the clock gating process.

IV. PERFORMANCE ANALYSIS

In this section, the analysis process of Lighter is thor-
oughly demonstrated with a summarised average reduction
demonstrated in the following table. Additionally, six designs
that underwent clock-gating optimization were functionally
tested, and successfully passed the functional tests, validating
the effectiveness of the Lighter tool in producing output



designs that maintain full functionality while achieving power
reduction.

TABLE I
AVERAGE REDUCTIONS

Average Power Reduction % Average cell Reduction %
27.14% 19.48%

A. Power Calculation Methodology

To evaluate the performance of Lighter, we measured the
dynamic power reduction done on 20 designs which showed
a significant improvement. We utilized OpenSta’s [9] re-
port power API for the power calculation process and intro-
duced an accurate approximation methodology for measuring
dynamic power.

1) Measuring the total power consumption before clock-
gating PBefore: The power consumption of the entire design
PAll was measured at an activity factor of αNormal = 0.1,
representing the assumption that all cells except flip-flops are
active 10% of the time. The power consumption of the flip-
flops PFF is calculated at an activity factor of αHigh = 1.0
since they are connected directly to the clock source that
has full activity. Using the obtained measurements, the total
power consumption before clock gating was calculated using
the following equation:

PBefore = PAll ∗ αNormal − PFF ∗ αNormal + PFF ∗ αHigh (2)

2) Measuring the total power consumption after clock-
gating PAfter: The power consumption of the entire design
PAll excluding the added clock gates PCG was measured at an
activity factor of αNormal = 0.1, representing the assumption
that all cells except flip-flops are active 10% of the time.
The power consumption of the clock-gated flip-flops PCGFF
is now measured at a reduced activity factor of αLow = 0.05,
reflecting the industry-standard assumption that flip-flops are
active only 5% of the time after clock-gating. The power
consumption of the not clock-gated flip-flops PNFF and the
clock gate cells PCG is measured at a high activity factor of
αHigh = 1.0 since they are directly connected to the clock. Us-
ing the obtained measurements, the total power consumption
after clock gating was calculated using the following set of
equations:

PCG = PCGαHigh − PCGαNormal (3)

PCGFF = PCGFFαLow − PCGFFαNormal (4)

PNFF = PNFFαHigh − PNFFαNormal (5)

PAfter = PAllαNormal + PCG + PCGFF + PNCG (6)

Fig. 4. Power Reduction Summary

Fig. 5. Area Reduction Summary

TABLE II
POWER REDUCTIONS

Max Power Reduction % Min Power Reduction %
43.00% 9.16%

TABLE III
AREA REDUCTIONS

Max cell Reduction % Min cell Reduction %
58.21% 3.72%

B. Power Reduction

By assessing the 20 different designs, each exhibiting dis-
tinct sizes and functionalities, lighter demonstrated a signif-
icant reduction in power consumption. On average, Lighter
showcased a 27.14% decrease and a maximum of 43%. A
visual representation of power reductions is revealed in Fig. 4.

C. Area Reduction

Through the series of optimization steps outlined in the
power calculation methodology, Lighter also displayed a re-
markable reduction of the overall design size, with an aver-
age reduction of 19.48% recorded in the tests. The design
modification behind this reduction is the substitution of mul-
tiplexers inside a register with a clock gate outside. Instead
of implementing a multiplexer for each flip-flop in a register,
Lighter utilizes a clock gate connected to each register. This



clock gate performs the same functionality as the traditional
multiplexer. Accordingly, Lighter effectively minimizes the
number of components required, leading to enhanced area
efficiency in digital circuit designs.

V. CONCLUSION

This paper introduced Lighter, an automated clock gating
tool aimed at reducing dynamic power and minimizing area
in VLSI designs. The Yosys framework integration and the
support for Sky130 and GF180 standard cell libraries demon-
strated significant power and area reductions through inten-
sive testing. The tool’s efficiency is essential for low-power
designs, contributing to the broader effort of making VLSI
designs more energy-efficient while maintaining simplicity and
ease of use.

VI. FUTURE WORK

Future work will focus on expanding Lighter’s compatibility
with other standard cell libraries. Additionally, we aim to
explore implementing clock gating techniques not only for
flip-flop registers but also for latch-based registers, broadening
the scope of optimization across diverse designs.
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