© December 2024 | UIRT | Volume 11 Issue 7 | ISSN: 2349-6002

Review on Advancements in Domino Logic Circuits in
VLSI

Amol S. Baile!, Shankar J. Gambhire?, Virendra V. Shete®, Manoj R. Hans*, Sachin B. Takle®
IMIT ADT, Student (M.Tech in Microelectronics and VLSI)
245 MIT ADT, Associate Professor (Electronics and Telecommunication)
SMIT ADT, Director MIT ADT SOES

Abstract— Domino logic circuits play a critical role in the
design of high-performance VLSI systems. Characterized
by their dynamic nature, these circuits provide benefits in
terms of speed and area efficiency but come with
challenges such as noise sensitivity and power
consumption. This paper reviews the advancements in
domino logic circuits, focusing on multiple papers that
address various optimization techniques, low-power design
strategies, and performance comparisons. The progression
in this area not only enhances circuit characteristics but
also adapts to the demands of modern electronic
applications.
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l. INTRODUCTION

As demand for high-performance, low-power
electronic devices continues to grow, the exploration
of advanced circuit techniques in very-large-scale
integration (\VVLSI) has become essential. Among these
techniques, domino logic circuits are noteworthy for
their improved speed and area efficiency compared to
static logic counterparts. This review synthesizes
findings from pivotal research papers focusing on
multi-objective optimization, low-power design, and
comparative analysis of domino logic circuits in VLSI.
This review synthesizes findings from pivotal research
papers focusing on multi-objective optimization, low-
power design, and comparative analysis of domino
logic circuits in VLSI. Furthermore, in addressing the
challenges associated with scaling down transistor
sizes, the development of robust clocking strategies
for domino circuits is critical. As technology nodes
shrink, issues such as leakage power and noise
margins become increasingly prominent. Recent
advancements in asynchronous domino logic and
adaptive voltage scaling have shown promise in
mitigating  these  concerns  while  enhancing
performance.

Furthermore, in addressing the challenges associated

with scaling down transistor sizes, the development of
robust clocking strategies for domino circuits is
critical. As technology nodes shrink, issues such as
leakage power and noise margins become increasingly
prominent. Recent advancements in asynchronous
domino logic and adaptive voltage scaling have shown
promise in mitigating these concerns while enhancing
performance. Additionally, incorporating machine
learning  algorithms  for  predictive  design
methodologies could facilitate more efficient circuit
layouts and reduced energy consumption. By
exploring these innovative approaches and integrating
them into the broader VLSI design landscape, we can
achieve a balance between performance, power
efficiency, and manufacturability in next-generation
electronic devices. Domino logic circuits play a
critical role in the design of high-performance VLSI
systems.

1. THEORETICAL BACKGROUND OF
DOMINO LOGIC

Domino logic is a dynamic logic family used in digital
design, primarily for implementing high-speed
circuits. Its foundational principle is based on the use
of a precharge-and-evaluate mechanism, allowing it to
process inputs in a time-efficient manner. In a typical
domino logic gate, a pull-up network (consisting of
PMOS transistors) is activated during the precharge
phase to pull the output high, while a pull-down
network (of NMOS transistors) determines the output
during the evaluation phase based on the input
conditions. This dual-phase operation minimizes the
delay experienced in static logic gates, making domino
logic particularly well-suited for high-frequency
applications such as microprocessors and pipelined
architectures. Additionally, the design intricacies and
trade-offs associated with noise margins, dynamic
power consumption, and circuit robustness make the
understanding of domino logic essential for engineers
aiming to optimize performance in modern integrated
circuits. Furthermore, advancements in fabrication
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technology have enabled the tighter integration of
domino logic with complementary metal-oxide-
semiconductor (CMOS) processes, allowing for
smaller and more efficient designs that maintain
compatibility with existing manufacturing techniques.

Domino logic circuits utilize a clocked dynamic logic
design where a precharge phase and an evaluation
phase dictate the circuit's function. The advantages of
domino logic include reduced transistor count and
faster switching speeds. However, challenges such as
susceptibility to noise and static power consumption
often necessitate innovative modifications to
traditional designs. For the sake of brevity detailed
working of each domino technique is not described in

this paper, and major emphasis is given on
experimental results.
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Fig 1: Basic Domino logic circuit

[1l. MULTI-OBJECTIVE OPTIMIZATION
TECHNIQUES

Research on multi-objective optimization techniques
brings significant insights into the design and
performance of domino logic circuits, which are
widely utilized in high-speed digital systems. These
circuits need to meet stringent requirements across
multiple  parameters, notably  speed, power
consumption, and physical area. This work delves into
the intricacies of these trade-offs, illustrating that
optimizing one parameter often has ripple effects on
the others, necessitating a careful evaluation of design
priorities. By analyzing various design configurations,
the study provides a framework that enables circuit
designers to make informed choices, thereby
facilitating an optimal balance that aligns with specific
application goals. This nuanced approach not only
enhances the operational efficiency of domino logic
circuits but also fosters innovations that cater to the
evolving demands of modern electronics.

Moreover, the emphasis on a holistic view of
performance resonates deeply with the challenges

faced in contemporary circuit design. As technology
continues to advance, the pressure to deliver high-
performance systems that are also energy-efficient and
compact becomes ever more prominent. This
advocacy for a tailored balance among circuit
characteristics encourages designers to identify critical
parameters relative to their application domains.
Consequently, this approach empowers practitioners
to prioritize features such as speed in applications
requiring fast data processing, while maintaining
reasonable power consumption and area constraints.
By doing so, Their work not only promotes enhanced
operational efficacy but also inspires a strategic
mindset among circuit designers, motivating them to
innovate while keeping in mind the complex
interaction of various performance metrics. This
research ultimately contributes to the broader
understanding of how to optimize circuit design in an
era that increasingly demands efficiency without
compromising performance.

IV. COMPARATIVE ANALYSIS OF DOMINO
LOGIC CIRCUITS

Several studies have undertaken extensive
comparative analyses of various domino logic designs,
focusing on the numerous design variants that
influence performance under specific conditions.
These investigations delve into intricate aspects such
as fan-in capabilities, which describe the number of
inputs a gate can handle, and their implications on
circuit complexity and testing. References (2) and (7)
offer a comprehensive overview of how changes in
supply voltage can markedly impact performance
metrics, including operational speed and overall power
consumption. By systematically comparing distinct
designs across different benchmarks, researchers aim
to identify optimal configurations that can maintain
high performance even under challenging operational
conditions. These studies not only enhance our
understanding of domino logic design intricacies but
also inform future innovations in the field of digital
circuit design.

Furthermore, the findings from these analyses are
instrumental in setting performance benchmarks that
guide the development of next-generation domino
logic circuits. Performance metrics derived from this
research, such as delay, energy efficiency, and noise
margins, are
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Fig 2: Domino logic circuit with Keeper

critical for engineers aiming to create faster and more
efficient digital systems. The detailed insights gleaned
from these comparisons can lead to an evolution in
design methodologies, where emerging technologies
can leverage the strengths of previously established
domino logic configurations. By addressing the
nuances of various design approaches, these studies
not only contribute to the academic literature but also
serve as practical guidelines for engineers looking to
optimize performance in real-world applications. As
the demand for higher efficiency and lower power
consumption in electronic devices continues to grow,
the importance of such comparative studies cannot be
overstated.

V. LOW-POWER AND AREA-EFFICIENT
DESIGNS

Research has been directed toward low-power and
area-efficient designs in domino logic circuits. The
paper discussing a low-power design technique for
wide fan-in comparators (3) presents novel approaches
to mitigate power consumption without sacrificing
performance. The authors implement a strategy that
utilizes dynamic voltage scaling and adaptive biasing
to achieve lower energy consumption during
operation. Additionally, the integration of multi-
threshold CMOS (MTCMOS) technology allows for
the selective use of high and low threshold voltages,
optimizing performance during critical operations
while reducing leakage during idle states.

Similarly, another study (4) discusses advanced clock-
keeper techniques that allow for improved
performance in low-power applications by minimizing
leakage currents. These techniques include the
implementation of non-overlapping clock signals and
adaptive clock gating, which reduce unnecessary
switching activity in the circuit. Furthermore, the

study emphasizes the significance of selecting
appropriate clock tree topologies that can balance the
trade-off between skew and power, ultimately leading
to significant power savings.

Beyond these techniques, other research efforts aim to
develop innovative circuit topologies that inherently
reduce power dissipation. For instance, researchers are
exploring the wuse of sub-threshold operation
techniques which exploit the operational region of
MOS transistors at voltages below the threshold
voltage, effectively lowering power consumption
while maintaining acceptable performance levels for
specific applications. Additionally, the integration of
capacitive coupling techniques has shown promise in
further reducing dynamic power in domino logic
circuits through careful design of node capacitance.

Overall, the continuous exploration of low-power
design methodologies in domino logic circuits reflects
a growing recognition of the importance of energy
efficiency in contemporary digital systems. As
technology scales down and the demand for portable,
battery-operated devices increases, these
advancements are paramount for achieving sustainable
and high-performance computing solutions. Further
research may also investigate the application of
machine learning algorithms in circuit design
optimization, potentially leading to automated
frameworks that can dynamically adjust parameters
for optimal power-performance trade-offs.

VI. ULTRA LOW POWER AND HIGH-SPEED
DESIGN

In recent years, the demand for ultra-low power
designs has skyrocketed, particularly in the realms of
mobile devices, Internet of Things (10T) applications,
and wearable technology. As the reliance on battery-
powered devices grows, engineers are compelled to
devise solutions that extend operational lifetimes
without sacrificing performance. This paper will
elaborate on various architectural strategies that
address these dual requirements, presenting a holistic
view of modern design methodologies. One of the
crucial techniques examined is dynamic voltage and
frequency scaling (DVFS), which enables circuits to
adjust their power consumption and performance
according to workload conditions. By fine-tuning the
voltage levels and operational frequencies, designers
can achieve optimal efficiency, significantly reducing
energy consumption during periods of low demand
while still maintaining responsiveness under heavy
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workloads. Furthermore, adaptive clocking methods
are assessed, which synchronize the clock frequency
with the operational speed of the circuit. This
technique allows for precise control over timing,
enhancing both efficiency and performance. By
dynamically adjusting the clock rates based on
computational needs, designers can minimize energy
waste  while ensuring high-speed processing
capabilities when necessary. Additionally, the paper
explores cutting-edge circuit topologies, such as those
that leverage sub-threshold operation and bulk-driven
MOSFETSs, which can operate effectively at extremely
low voltage levels. These architectures not only
contribute to power savings but also offer enhanced
performance characteristics by reducing the impact of
leakage currents, a significant concern in traditional
designs.
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Fig 3: Domino logic circuit with Footer

VIlI. COMPARATIVE ANALYSIS WITH STATIC
CMOS LOGIC

A Dbroader perspective is achieved by comparing
domino logic to static CMOS designs. While static
logic may offer advantages in terms of noise immunity
and stability, domino logic circuits can achieve
superior speed and area reductions due to their
dynamic nature. Insights from these comparisons help
in understanding scenarios where domino logic is
preferable and where static designs may be more
effective.

Static logic circuits allow versatile implementation of
logic functions based on static, or steady-state,
behavior of simple CMOS structures. A typical static

logic gate generates its output levels as long as the
power supply is provided. This approach, however,
may require a large number of transistors to implement
a function, and may have cause considerable time
delay. A basic function of static CMOS logic is
explained with example of 2- input NAND gate. There
is conducting path between the output node and the
ground only if input voltage VA and VB are equal to
logic high value. If one of the inputs at low logic value
then there is a path between voltage supply and output
node is created i.e. except during switching, output
connected to either VDD or GND via a low resistance
path.
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Fig 4: NAND logic using Static CMOS

VIIl.  CONCLUSION

The advancements in domino logic circuits represent a
significant evolution in VLSI design, addressing the
dual need for speed and power efficiency. The body of
research reviewed highlights key developments across
multi-objective  optimization, low-power circuit
design, and comparative performance analyses. As
VLSI technology continues to evolve, the techniques
discussed will play a crucial role in facilitating the next
generation of high-performance, energy-efficient
electronic devices. Future work should focus on
integrating these techniques within comprehensive
design frameworks to further streamline circuit
operations and enhance overall performance.
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