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Abstract—The creation and application of a novel clock tree
balancing method that dynamically optimizes the clock distri-
bution network in ASIC designs is the main focus of this
project's effort. Improving the timing constraints, lowering
clock skew, cutting down on power usage, and raising the
ASIC's overall performance are the main goals. As technology
has developed, ASIC designs have gotten more intricate, incor-
porating billions of transistors onto a single chip. It gets harder
to create an efficient and well-balanced clock distribution net-
work as the number of gates and design size increase. On the
other hand, problems like clock skew, clock jitter, and exces-
sive power consumption can arise when this clock signal is ap-
plied to every sequential part of a big and intricate ASIC de-
sign. For ASIC designs, it entails creating and constructing a
dynamic clock tree balancing algorithm. Using real-time data,
the program will improve clock distribution, improving timing
constraints and lowering power usage. It will be evaluated
against conventional techniques, verified on actual ASIC de-
signs, and recorded for a dissertation. The project's goal is to
improve ASIC design techniques to produce chips with high
performance and low power consumption.

Index Terms—Application-Specific Integrated Circuit, Dy-
namic Clock Tree Balancing, Skew-aware-source-pulling

1. INTRODUCTION

N INNOVATIVE and adaptive algorithm tailored for

Application-Specific Integrated Circuit (ASIC) de-
signs is implemented. The dynamic clock tree balancing al-
gorithm will possess the capability to continuously optimize
the clock distribution network in real-time.By leveraging
up-to-the- moment data, the algorithm will actively work to
reduce clock skew within the ASIC, consequently leading to
a significant improvement in timing precision. The dynamic
nature of the algorithm ensures that it can adapt to the evolv-
ing needs and demands of the system, making it a cutting-
edge solution for enhancing the overall performance of
ASIC designs. The clock signal is disseminated throughout
the design in the form of a tree, with the clock source repre-
senting the root and the leaves representing the sequential
devices that the clock signal triggers. A balanced clock tree
is one in which all elements of the design get the clock sig-
nal nearly simultaneously. An essential phase in the imple-
mentation process is clock tree synthesis, which involves or-
ganizing and routing clock tree components. The implemen-
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tation of specific cells and routing strategies guarantees a
strong clock tree.

The clock remains in the optimal mode even when the
standard cells and the macros are positioned in a fixed, opti-
mized location. The clock enters the propagated mode be-
cause the clock signals carry out the data transfer between
the various functional units on the chip. Every sequential el-
ement's clock input needs to be in sync for a design to meet
setup and hold criteria. Due to the large number of sequen-
tial elements in the design, a single clock net cannot drive
them all. The clock signals are distributed from a common
point to each element's clock pin via the clock distribution
network. The goal is to minimize arrival time uncertainty
while balancing clock skew using dynamic clock tree bal-
ancing algorithm. Dynamic Clock Tree Balancing (DCTB)
is a crucial aspect of Very-Large-Scale

Integration (VLSI) design, aimed at optimizing the distri-
bution of clock signals across the chip to minimize clock
skew and improve overall chip performance like power con-
sumption and timing. The performance of the chip is di-
rectly impacted by the design of the clock networks, which
is a crucial component of the design process. Clock signals
synchronize operations fundamentally in contemporary inte-
grated circuits. Timing errors and poor chip performance
can result from clock skew, which is the fluctuation in clock
signal arrival times at various locations on the semiconduc-
tor. To make sure that the updated clock tree satisfies timing
requirements and decreases skew without introducing new
problems, clock tree balancing with dynamic buffer delay
adjustment necessitates meticulous verification and testing.
A hierarchical network of buffers, wires, and clock distribu-
tion components known as the clock tree is used in VLSI de-
sign to distribute clock signals to various sequential units
(such as flip-flops) throughout the chip.This enhances per-
formance,cuts down on power usage, and decreases setup
and hold time violations. A runtime or post-fabrication tech-
nique DCTB continuously examines and modifies the clock
tree based on real time data.

On the basis of chip-level needs and critical paths, define
skew thresholds and limitations which measure clock skew
continuously from the main clock source to the leaf nodes,
covering different locations in the clock tree hierarchy. The
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DCTB algorithm is activated when skew reaches predeter-
mined levels or violates setup/hold time restrictions. DCTB
provides real-time adjustments to the clock tree in response
to altering operating circumstances. Clock distribution and
timing are susceptible to external influences, including tem-
perature changes and voltage swings. DCTB supports sus-
taining peak performance in dynamic environments.One of
the main objectives revolves around enhancing the timing
constraints within ASIC designs.

The primary focus is on minimizing clock skew and jitter,
which are notorious culprits for timing violations. Our goal
is to meticulously refine these constraintsto ensure that setup
and hold times for sequential elements are consistently met.
By achieving this objective, we anticipate a notable reduc-
tion in the likelihood of timing violations occurring in the
ASIC, thereby enhancing the reliability and predictability of
the design. The other aspect is to embed power optimization
techniques directly into the algorithm. The overarching ob-
jective is to create a clock distribution network that not only
excels in timing precision but also excels in power effi-
ciency. By doing so, we anticipate a significant reduction in
the overall power consumption of ASIC designs. This aligns
perfectly with contemporary principles of energy-efficient
design, making our project not only technologically ad-
vanced but also environmentally conscious. The implemen-
tation of region based dynamic clock tree balancing algo-
rithm is used in the proposed system which is one of the
clock tree optimization techniques. The inter region syn-
chronization technique is used to synchronize clock signals
in every region. In each region Skew-aware-source-pulling
(SASPO) is implemented to minimize the clock skew.

To provide a comprehensive perspective on the efficacy
of our dynamic clock tree balancing algorithm, we will con-
duct a thorough evaluation and comparison against tradi-
tional static clock tree synthesis methods. This comparison
will encompass various facets, including timing accuracy,
power efficiency, and scalability. By directly contrasting the
two approaches, we aim to showcase the superiority of our
dynamic algorithm, underlining its potential to improve
clock tree building in the fieldof ASIC design. The valida-
tion of our algorithm will be a pivotal part of this project.
We plan to test its performance on real-world ASIC designs,
ensuring that it thrives in practical applications. Further-
more, the insights gained from this project will not remain
confined but will be shared with the broader ASIC design
community. We intend to disseminate our findings. through
research publications and present our discoveries at promi-
nent conferences, thereby making substantial contributions
to the field's body of knowledge and practice.

II. LITERATURE SURVEY

A. Clock Tree Synthesis Techniques for Optimal Power

and Timing Convergence in SoC Partitions

The studies were conducted in a SoC partition utilizing
the physical design flow, which is implemented in 14nm
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technology. Using several optimization techniques at each
design stage, it focuses mainly on timing, power, and area
optimization. The analysis of effective CTS methods for
timing convergence and optimal power in SoC partition is
the main goal of this work. Multisource Clock Tree Synthe-
sis and Multibit FlipFlop use are the approaches used for
CTS with clock tree awareness. Through the reduction of la-
tency and skew as well as the improvement of the clock dis-
tribution, multi-source CTS enhances timing of design. The
number of sequential cells has decreased due to the use of
multi-bit flip-flops, which has creased he overall power con-
sumption of the clock network and design area.

B. An Efficient Clock Tree Synthesis Method in Physical

Design

In this study, a low clock skew solution for the clock tree
synthesis (CTS) design flow used in the mainstream indus-
try is proposed. This article presents a method that greatly
reduces the clock skew with area cost and placement time.
Regarding the notable difference in throughput time, this is
explained by the fact that this program runs on a single CPU
core, but clock tree generation (CTG) can be executed con-
currently on several smaller pseudo clock sources on multi-
ple workstations. From this method there is a large time im-
provement, when the tool runs simultaneously on numerous
workstations. Furthermore, this paper overcomes many
flaws like excessive manual analysis because it is relevant to
the mainstream industry's CTS design procedure.

C. A Clock Tree Synthesis Flow Tailored for Low Power

The purpose of this study is to provide real-world experi-
ence with poweroptimized clock tree construction, clock
tree synthesis (CTS) target optimization, and quality of re-
sults (QoR) tracking. The studies that will be described were
carried out on a mixed-mode architecture that was meant for
a 55nm CMOS technology node. It features various power
domains with more than 100K registers. Simulation findings
show that the approach described here can save up to 20%
of clock tree power. Using a standalone CTS tool in the flow
can result in a clock tree power decrease of up to 20%. The
design is put into the standalone tool that provides a dedi-
cated CTS engine with potentially improved quality. This
technique involves altering a standard P&R flow with inte-
grated CTS capability. The tool's output is meant to be eas-
ily loaded into the standard P&R tool once CTS is finished.

D. Clock Tree Optimization Methodologies for Power
and Latency Reduction

This paper will provide an overview of several commonly
used clock structures, with a focus on the practical use of H-
Tree and standard clock tree structure. The implementation
was carried out on a real-time database using a 16nm tech-
nology node with 1.4 million instances and an operating fre-
quency of 537MHz. The types of cells and routing that are
utilized to create the H-Tree clock structure, the customiza-
tion of the HTree clock structure based on sink distribution,
and the numerous scenarios that need to be considered when
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selecting this approach are also covered in this paper. Clock-
gor is compared between this method and the traditional
clock tree structure, and the results indicate a positive im-
provement. The more conventional clock distribution net-
works might be replaced by these H-Tree clock networks.
Without affecting the signal's properties, the suggested clock
tree optimization techniques lower power dissipation.

There is a decrease in inductive noise due to the intercon-
nects' inductive nature. In summary, the H-Tree structure
will yield superior power, latency, and skew when the re-
quirements are tight (80—-100 ps for skew, <500 ps for la-
tency, and more than 10,000 sinks).

E. An efficent clustering algorithm for low power clock
tree synthesis

This paper provides a clustering approach for the local
clock tree's power minimization, which is demonstrated to
be equal to the tree's interconnect capacitance minimization.
Clustering is used to find the clock buffers needed to syn-
chronize a group of sequential and their positions. A cluster
indicates that every sequential in the cluster is driven by a
clock buffer. When capacity constraints are not used, the
clustering algorithm guarantees the optimality of the solu-
tion by estimating the interconnect capacitance using the
minimal spanning tree (MST) metric. Next, to reduce the
limitations related to delay, slope, and skew, clock nets are
routed, and buffers are sized. The paper compares the clock
trees derived from our clustering method against the com-
petitor alternatives across multiple blocks of a 65 nm micro-
processor design. Method reliably increases the clock tree
capacitance by up to 21%, as seen by the comparison. From
the above referenced papers, the proposed method varies
with the clustering method implemented dynamically as the
design and technology varies, this will in turn reduce the
number of iterations required to attain closure. Hence the
proposed method could be time-saving and reliable way of
dealing with the design with huge number of sequential ele-
ments being placed in appropriate location considering the
clock root location, net length, skew limitations, and latency
requirements.

III. Prorosep Work

An ASIC is a sort of integrated circuit (IC) that is de-
signed specifically for a given task or application as opposed
to general-purpose ICs like a microprocessor. ASICs are
created to carry out a specific function or group of functions
with the highest levels of speed, efficiency, and power opti-
mization. An ASIC's physical area, power usage, and perfor-
mance are all impacted by its clock frequency. Higher clock
frequencies often translate into both better performance and
more power usage. DCTB aims to optimizes clock signal
distribution across the chip to reduce clock skew and en-
hance timing and power consumption. One of the most im-
portant aspects of the design process is the clock network
design, which directly affects the chip's performance. A
clock tree with proper balance can increase semiconductor

production yield. DCTB can assist in the production of more
functioning chips and a decrease in the quantity of defective
ones by minimizing timing violations and guaranteeing that
chips fulfill their timing limitations.

To optimize power consumption, DCTB algorithms can
dynamically modify the clock tree topology. It helps reduce
power consumption, which is important for energy-efficient
designs and battery-powered devices, by cutting down on
needless power

dissipation in clock buffers and interconnects.

The proposed system implies Region-based dynamic
clock tree balancing is a clock distribution optimization
technique that divides a chip into different regions and bal-
ances the clock tree within each region independently. The
system divides the chip into regions based on various crite-
ria, such as functional blocks, IP cores, or logical groupings
which contain a collection of sequential components, such
as flip-flops in each region. Region-based balancing algo-
rithms are scalable, which makes it appropriate for

intricate semiconductor designs. Region-based balancing
assists in efficiently managing complicated clock distribu-
tion networks as chip sizes and complexity rise. Limited al-
terations and optimizations using region-based methods
without affecting the entire chip is done. As a result, there is
less chance of introducing further problems in other areasof
the chip, which helps simplify the design process. Different
regions of a chip may experience process variations differ-
ently. By individually modifying the clock tree inside each
region, In Fig 1 region-based techniques can adjust to these
differences while still meeting timing requirements.

|
g

Figure 1: Region based Clock structure

In the Fig 2, the yellow highlighted cells are flops/sinks,
and these are categorized based on the hierarchy, skew
achieved and clock roots. Each domain will be driven by
separate clock cell and the skew will be balanced within
these sink flops and also make sure the timing is met within
these interrelated flop paths.
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Figure 2: Clock structure based on Sink.

The clock gets distributed to all the flops in a region from
the approximate mean point on the region to make sure the
latency to reach each flop in a region is almost same which
in turn keeps skew in control.

These components need synchronized clock signals. For
each region, distinct clock trees are made for each zone to
effectively disperse the clock signal within that region. A re-
gion's clock tree has its own root, main clock source, and
special buffers. For continuously monitoring and analyzing
the clock skew particular to each location, the system imple-
ments skew monitoring techniques there for both intra-re-
gional and interregional skew can be monitored by these
monitors.

Figure 3: Clock Tree structure.

In Fig 3 Clock tree sinks grouped based on region and be-
ing driven by common clock buffer is depicted in the above
image. The inter region synchronization technique is utilized
to synchronize clock signals between various areas. Dy-
namic clock tree balancing (DCTB) uses the inter-region
synchronization technique to ensure that clock signals mi-
grate between various areas of a chip smoothly and with the
least amount of clock skew. The clock signals are switched
between various clock domains or regions at the edges of
these regions, if not adequately controlled, these boundaries
have the potential to be causes of clock skew. Inter-region
clock skew may affect clock signals when they move be-
tween regions, which can cause setup and hold time viola-
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tions or other timing problems. Clock Gating/Buffering at
Region Boundaries is used as an inter-region synchroniza-
tion technique to reduce inter-region clock skew. To avoid
clock skew clock gating cells or buffers are placed at the re-
gion boundaries to synchronize the phases of the clock sig-
nal as it crosses over. To make sure that the inter-region
synchronization mechanisms efficiently reduce skew and do
not introduce additional timing infractions, they must be
thoroughly verified and tested. By including suitable delays
or buffers at the area borders, cross-region skew can be
monitored and corrected appropriately. A hierarchical con-
trol system is designed that keeps an eye on how the clock
tree balancing works in each region. This control system
tracks the global skew, responds to requests from specific
regions, and regional modifications should not compromise
chip-level performance.

In the Fig 4, the inter region skew in maintained and the
timing violations are met, by pulling and pushing the sinks
from the average attainable latency.

Figure 4: Clock Tree debugger.

Considering power limitations and dynamic balancing
which affects power usage in each zone so energy-saving
technique, such as power-down modes used for unused ar-
eas.To guarantee that the region-based dynamic clock tree
balancing solution satisfies timing and performance specifi-
cations, thoroughly validate it using simulation and physical
design tools.

While region-based balancing addresses local clock skew
issues, incorporate chiplevel optimization techniques to en-
sure that global skew requirements are also met. This tech-
nique allows for customization of region boundaries and
balancing parameters to accommodate different design re-
quirements and goals.

The initial clock tree synthesis (CTS), which creates the
clock tree structure using the logical netlist and chip layout,
is the first step in the physical design process. In order to
continuously measure clock skew across various regions of
the semiconductor. Primary clock sources are often located
at the top level of the clock tree, feeding down to lower lev-
els of hierarchy. From the primary clock source to leaf



J. PRAVEENKUMAR, G. SUDHAGAR: DYNAMIC CLOCK TREE BALANCING ALGORITHM

nodes, real-time monitoring circuits continuously assess
clock skew at different points in the clock tree hierarchy.
The design's skew limits and thresholds are set. The permis-
sible skew limitations for different clock domains and path-
ways can be specified by these criteria. By comparing the
measured clock skew against the established thresholds,
Skewaware-source-pulling (SASPO) is one of the DCTB al-
gorithms which identifies clock skew breaches, and the al-
gorithm starts corrective steps when skew violations happen.
The source-pulling method is used by SASPO to correct
clock skew and this entails deliberately modifying the clock
tree's delay components (buffers).

The primary goal of SASPO is to minimize clock skew
within a digital integrated circuit. The clock skew describes
the variance in clock signal arrival times at various locations
on the chip. As a result of lowering clock skew, SASPO
makes it possible for sequential components like flip-flops
and latches to all receive clock signals at the same time, pre-
venting setup and hold time infractions and enhancing chip
performance.

To reduce skew, buffers can be added or changed to slow
down or speed up the propagation of the clock signal along
particular pathways. Based on the real-time feedback from
the monitoring circuits, the algorithm dynamically adds or
removes buffers. The main objective of source-pulling is to
balance the timing of clock signals at various locations on
the chip. To ensure that clock signals reach consecutive ele-
ments (like flip-flops) simultaneously, SASPO selectively
modifies the latency of buffers. This decreases clock skew.
To achieve exact skew management, SASPO may also fine-
tune the delay parameters of individual buffers which is an
iterative procedure. To reduce skew violations, it constantly
analyzes and modifies the clock tree. While the main focus
of SASPO is local optimization within the clock tree, it may
also apply global optimization strategies to guarantee that
chip-level skew criteria are met. SASPO implementations
frequently take restrictions into account and work to reduce
the extra power that buffer modifications needs. To foresee
skew variations and make proactive adjustments, some
SASPO solutions may include sophisticated technologies
like predictive modeling and machine learning.

IV. Dara FLow

In this section, the data flow and flow of the proposed
methodology are explained. The database from the timing
driven placement is given to the next step, which is the first
step of the Dynamic Clock tree balancing. Firstly, the clock
tree building is done in cluster mode, where the Clock tran-
sition is only fixed to determine the minimum insertion de-
lay that can be achieved from the clock groups and skew
groups which determines the maximum pulling clock sink.
The next step is to analyze the clock tree structure and deter-
mine the root cause of this clock delay achieved. Hence the
clock tree balancing is run in trial mode and the changes in
the clock tree spec file are modified and provided for the
CTS run in the next iteration. Once we see the violations,

accordingly changes have to be made in the spec and again
CTS building is carried forward, until we see the desired in-
sertion delay and skew.

place_opt_design
(timing driven)

Figure 5: Clock tree building structure.

In the Fig 5 Data Flow, it is evident that the Input from
Placement and the spec file generated from the SDC and
user constraints is provided for the trial and cluster mode
CTS to debug and find the requirements of the block which
is iterated till we arrive at the desired output. In this iteration
the clusters are organized based upon the skew groups,
clock groups, hierarchies it belongs to and physical location
of the cluster, which is done dynamically in the flow.

V. Resurrs

A. Skew Comparison
In Table 1 The variation in time taken by each clock sig-
nal to reach the various sinks or clock pins on the clock tree
branches is known as clock skew. The clock skew should be
zero in ideal circumstances. The result obtained.

TaBLE 1: SKEw COMPARISON WITH CLOCK TREES

Clock Tree Type Launch Latency Capture Local skew
(®3) Latency(ps) (ps)

Conventional CTS -300 340 640

Dynamic CTS 40 254 214

B. Power Comparison

In the Table 2 power comparison with clock trees Due to
the existence of a clock mesh structure, dynamic CTS has a
little higher clock network power than conventional CTS. It
is also less when compared to a pure mesh network. When

TABLE 2: POWER COMPARISON WITH CLOCK TREES

2 Dynamic Power | Leakage Power | Total Power
Clock Tree Type |
' (mW) (mW) (mW)
Conventional CTS 34 29.12 63.94
Dynamic CTS 4489 47.05 §7.11




102

compared to the enhanced outcomes in other design fea-
tures, the added power consumption is a minimal factor.

C. Timing Comparison

Dynamic timing analysis is carried out using a tool for
timing analysis. To start the simulation runs and then per-
form the timing analysis of the design for ensuing reports of
dynamic timing and analysis, the fundamental technique is
automation, which is featured in PnR tools. In the Table 3
mentioned setup timing comparison.

TaBLE 3: SETup TiMING COMPARISON WITH CLOCK TREES

Clock Tree Tvpe WS TNS

ps) Ps)
Conventional CTS -42 -117
Dvnamic CTS -17 -85

VI. CoNcLusioN

After the successful implementation of the Dynamic
Clock Tree Balancing Algorithm-Achieving Enhanced Per-
formance Efficiency In Asics Design.

These results were in accordance with the detailed expla-
nation of contents present in chapter.
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