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ABSTRACT

The high rate of semiconductor technology development has greatly complicated the modern
integrated circuits and efficient Physical Design methodologies can never be of less
importance. As technology nodes scale to a larger scale, issues of interconnect delay,
congestion, power integrity and timing violations have emerged to dominate the overall
performance of the chips. Conventional ASIC design processes (individually synthesize and
physically implement) tend to exhibit poor stage-correlation, resulting in multiple design

cycles and longer design cycles.

Physical Design synthesis and implementation flow with Synopsys Fusion Compiler, which
is a single platform of logical and physical design synthesis in the same optimization engine.
It includes the entire ASIC design chain, such as starting with the generated gate-level netlist
to the ultimate layout that is to be fabricated. Floorplanning, power planning, placement,
clock tree synthesis (CTS), routing, and timing closure are examined in detail to learn how

they affect the quality of designs.

Considerable focus is on physical-aware synthesis and early synthesis optimization, which
are useful to minimize timing difference between pre-layout and post-layout phases. Several
optimization schemes, such as cell sizing, buffering and the congestion based placement, are
investigated to balance timing closure and performance improvements. The integrated
solution also quite reduces the repetition of Engineering Change Orders (ECOs), the design
cycles and enhances the general productivity as well.The outcomes show that with Fusion
Compiler, Quality of Results (QoR) in terms of timing, power and area is improved and

convergence.
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CHAPTER
1

INTRODUCTION

The continuous advancement of semiconductor technology has made integrated circuit (IC)
design much more complex than before. Modern System-on-Chip (SoC) designs are
expected to deliver high performance while consuming less power and occupying minimum
chip area. At the same time, the design must also meet strict manufacturing and reliability
requirements. Because of these constraints, Physical Design (PD) has become one of the
most important stages in the VLSI design flow, where a synthesized netlist is converted into

a real layout that can be fabricated on silicon.

In a traditional ASIC design flow, logic synthesis and physical implementation are handled
using separate tools. This separation often leads to mismatches between estimated and actual
timing results, especially after placement and routing. As a result, designers usually need
multiple iterations and Engineering Change Orders (ECOs) to fix timing and design

violations, which increases both effort and turnaround time.

To address these challenges, modern tools like Synopsys Fusion Compiler provide a more
integrated approach. Instead of treating synthesis and physical design as separate steps,
Fusion Compiler combines them into a single unified flow. This allows better correlation
between different stages of the design and helps in achieving more accurate timing and

optimization results early in the process.



In this report, the Physical Design Synthesis and Implementation flow using Fusion
Compiler is studied in detail. The work covers important stages such as synthesis,
floorplanning, placement, clock tree synthesis, routing, and timing closure. Different
optimization techniques and strategies used to improve design quality are also discussed.
The study mainly focuses on understanding how a unified flow can reduce design iterations,
improve overall Quality of Results (QoR), and make the implementation process more

efficient at the block level.

1.1 Background and Motivation

As the VLSI technology has continued to grow, the amount of transistors to be incorporated
per chip has been growing at a tremendous rate. This scaling has seen the design of systems
with highly complex and powerful systems however it has resulted in new challenges,
particularly in smaller technology nodes. Whereas in older technologies, the prevailing
factor in the determination of performance was gate delay, in modern designs, interconnect
delay and other physical considerations such as congestion, signal integrity and power

distribution are much more important considerations in setting the relative performance.

Due to this move, Physical Design is now being an important phase in the ASIC design flow.
It is a major undertaking that no longer remains merely as a step that takes place at the
backend but one of the determinants at a face value that has a direct bearing on timing,
power, and area. Timing violation, routing congestion, and high power consumption are
some of the significant problems that can arise due to any inefficiency in physical design

and would be hard to overcome at later design phases.

Physical Design process is a stage that translates the synthesized gate-level netlist to a layout
that can be fabricated as silicon. This involves several stages, including floorplanning, during
which the general layout of design is determined; power planning, during which suitable
distribution of power occurs; placement of standard cells; clock tree synthesis (CTS) during
which balanced clock distribution occurs; routing of interconnections, and lastly, timing

analysis and physical verification can verify that the design is suitable within all constraints.

This work is inspired by the necessity to comprehend the interaction between these different

stages and how the optimization of each one of these stages can enhance the overall quality



of design. As the SoC designs get more and more intricate, tools and approaches that are
efficient become relevant and useful in dealing with the challenges. In this regard,
investigation with the high-end tool such as Fusion Compiler is rich with lessons on how to
reach higher performance, rate of convergence and higher reliability in the development of

chips in the real world.

Conventional ASIC design process employments tend to use distinct applications to
accomplish various phases of the implementation, including Design Compiler (DC), logic
synthesis, and IC Compiler II (ICC2) physical design. Although the method has been very
popular in the industry, it has come with its limitations. The fact that these tools use varying
optimization engines and internal models results in these tools plots often having a mismatch
between the timing estimated during synthesis and the timing observed once that tool has

been placed and routed.

Due to this disconnect, in later phases of the design process, designers are often faced with
unforeseen timing violations. These problems will have to be fixed through several cycles
in the shape of Engineering Change Orders (ECOs), with the design being re-optimized and
modified. This does not only streamline the overall turnaround time but also introduces
complexity to the design process particularly when dealing with large-scope SoC designs

any small adjustment will be felt to have a huge effect.

There is also a lack of physical know-how with synthesis with traditional flows. As the
synthesis is conducted without a comprehensive understanding of placement, routing, and
congestion, the resulting netlist might not have a perfect physical implementation. This
frequently results in inefficient resource utilisation, a longer wirelength and problems

creating timing closure in the backend stages.

To address such constraints, the contemporary tools like Synopsys Fusion Compiler have
chosen to be single platform based by integrating synthesis and physical design. Physical-
aware synthesis is carried out in this flow where the placement and routing information are
taken into account earlier in the design. This assists in creating a more realistic/optimized

netlist thereby minimizing the gap between pre-layout and post-layout analysis.

The rationale of implementing Fusion Compiler is that it can enhance the correlation
between the various phases of the design process and decrease reliance on numerous ECO

cycles. It allows convergence to be faster, timing closure provided with larger Quality of



Results (QoR) because logical and physical optimization aren't separately calculated in

separate engines

Thus, the examination of a common implementation flow does not only streamlines the
design process, but also offers the means of a more efficient and reliable solution to the

issues of modern VLSI design.

1.2 Overview of ASIC Design Flow

The ASIC (Application-Specific Integrated Circuit) design flow is the whole system of
transforming a design concept into a manufactured chip. As depicted in the figure, there are
two major components in the flow; front-end design and back-end (physical design). These
steps are essential in making sure that the end chip is going to deliver required performance,

power, area and manufacturability.

System specification ]

A

Architectural design

[

[ ]
v

[ Functional and logical design }
[ J

v

Circuit design

v

Physical design

T

-
Physical verification and sign off

~

& J

v

Fabrication ]

v

[ Packaging and testing ]

Chip finishing J

Fig. 1 Overview of ASIC Design Flow
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. Front End-Design Flow

The design process starts with the system specification in which the overall
functionality, performance goals and design restrictions are developed. This step
involves choices on velocity, energy usage, and space consideration of the chip.
Then, there is the architectural design, in which the system is sub-divided into smaller
functional blocks. Designers will make decisions at this stage in regards to how
various modules will communicate with one another and the functionality will be
reached in a holistic manner.

During the functional and logical design phase, Hardware Description Languages
(HDL) is used to code the architecture, sometimes based on Verilog or VHDL.
Design description is at the Register Transfer Level (RTL), and functional
verification is done to verify the correctness.

The circuit design phase is an implementation step that converts the logical design to
a representation in gates. Logic synthesis tools transform RTL code into a netlist at
the gate level with standard cell libraries and takes into account timing and design
constraints.

Reducing the size -The necessity of decreased size causes an increase in density, a
decrease in channel length and an increase in current per unit channel width is needed

to satisfy current needs with a smaller width.

. Back-End Design Flow

Partitioning: The design is divided into smaller blocks to simplify implementation.
This helps in handling large designs efficiently and allows parallel development.
Floorplanning: In this step, the overall layout structure of the chip is defined. Major
blocks, macros, and I/O pins are placed, and the chip area and aspect ratio are
decided. A good floorplan reduces congestion and improves performance..

Power Planning: A proper power distribution network is designed to ensure stable
voltage supply across the chip. This step is crucial to avoid issues such as IR drop

and electromigration.



e Placement: Standard cells are placed within the defined core area. The goal is to
minimize wirelength, reduce congestion, and improve timing performance.

e CTS: The clock network is designed to distribute the clock signal evenly across all
sequential elements. CTS ensures minimal clock skew and balanced delay.

¢ Routing: Physical connections between cells are established using metal layers.
Routing must satisfy design rules while minimizing delay and avoiding congestion.

e Timing Closure: This is one of the most critical stages where timing violations
(setup and hold) are fixed. Optimization techniques such as buffering, resizing, and
rerouting are applied to meet timing requirements.

e Sign-Off and Verfication: After physical design, the chip undergoes physical
verification and sign-off, which includes Design Rule Check (DRC), Layout vs
Schematic (LVS), and timing verification. These checks ensure that the design is
correct and manufacturable.

Once verified, the design is sent for fabrication, where the chip is physically
manufactured. After fabrication, packaging and testing are performed to ensure
proper functionality. Finally, the chip goes through chip finishing, preparing it for

deployment in real-world applications

1.3 Objective

The objectives of the thesis are as follows:

e To check the validity of the flow using Fusion compiler.
e To meet the initial convergence expectations.
e To resolve the all errors related to the front end colletrals.

e To anaylze the timing, design and congestion QoR reports.



CHAPTER

2

LITERATURE REVIEW

The high demand of the high-performance, low-power and low-area integrated circuits has
advanced the field of VLSI physical design. As semiconductor technologies scale constantly,
design and verification have become a highly complicated task, and it is therefore important

to embrace both effective design methodologies, as well as state-of-the-art EDA tools.

A VLSI education study employing commercial EDA tools highlights the need to have
hands-on experience in the entire IC design cycle, beginning with logic synthesis and
proceeding to physical design phases. The authors emphasize that a step, including synthesis,
floorplanning, placement, clock tree synthesis(CTS), routing, and physical verification, has
a direct influence on the chip overall performance, in terms of power, delay, and silicon area.
Other key points highlighted in the literature include the fact that the industry-standard
tooling is important in bridging the gap between the concepts taught at school and those at
industry and allow engineers to comprehend what issues might arise when using the tool in
the actual design. A study on the education of VLSI with the help of commercially available
[1] EDA tools highlights that a practicum exposure to tools like Synopsys and Cadence is
critical in creating engineers ready to work in the industry. The work describes the complete
design process, starting with the RTL design and continuing on to logic synthesis, floor
planning, placement, clock tree synthesis (CTS), routing, and physical verification. All these
phases add up to the ultimate delivery of the chip with regards to power, time and area. The

paper goes on to point out that physical design is not simply a method of coding logical

7



circuits into layout but rather an optimization problem which contains many trade-offs
between various design parameters that should be carefully controlled. Commercial tools are
used to guarantee compliance to rigid design rules and enhance the chances of first-pass

silicon.

Another contribution in this area is the synchronous FIFO design which shows the
entire ASIC design flow from RTL to GDSII. This book is a thorough reference of applying
theory to practical design situations. The synthesis stage transforms RTL code into a gate
level netlist, such as translation, mapping, and optimization, the authors explain [2] The
optimized netlist is then sent to the physical design stage where placement and routing are
done. The study emphasizes that placement includes assigning physical positions to the
standard cells, with the goal of minimizing wirelength and congestion, while routing is
concerned with creating the interconnections between the cells, and ensuring compliance
with design rules. The paper also highlights the significance of static timing analysis (STA),
which is used to ensure that the design adheres to timing requirements. Timing closure is
often achieved by repeating the process of optimization, including buffer insertion and gate
sizing, to minimize the timing delay and remove timing violations. The logic equivalence
checking (LEC) for verification assures the same functionality in synthesis and

implementation.

The challenges faced in the physical design process due to the scaling of technology nodes
down to the deep submicron range like 14 nm nodes have become even more important. An
analysis of block-level physical design based on Synopsys ICC2 is discussed in a research
paper. The authors point out that the physical design process directly affects certain critical
performance parameters like signal delay, power, and manufacturability. [3] The different
phases involved in the physical design process include partitioning, floorplanning, power
planning, placement, clock tree synthesis (CTS), and routing. From these, the phase of
floorplanning is considered one of the most important ones as it determines the complete
layout and has a strong influence on routing congestion. Another important phase in physical
design is the power planning phase since it makes sure of an even distribution of power

supply on the chip and prevents any problem like IR drop and electromigration.

Besides the implementation of the design, verification is an essential part of making sure

that the design implemented is correct and also can be manufactured. The research on how

8



to optimize the timing and physical Design Rule Checks (DRC) in VLSI circuits takes into
consideration the increasing complexity involved in verification in modern designs. [4] to
the paper, timing verification makes sure that the signals are propagated in a way that adheres
to the setup and hold time specifications, while the physical DRC ensures that the
manufacturing process is adhered to regarding parameters like spacing and width. Due to the
increasing complexity of the designs, the traditional techniques of doing verification have
become too complex and time consuming. To solve this problem, optimizations in

verification are presented in the study.

Additionally, there are various other insights derived from the literature that show the
process of physical design for VLSI circuits to be an iterative and interdependent procedure.
This means that all the steps involved in the design process have dependencies on one
another, and hence adopting an integrated approach would be necessary. An example of
dependency between design process steps is that poor floorplanning may cause route
congestion, and this could affect the entire timing closure and increase power dissipation.
Hence, designers have to continually evaluate the design process in order to meet the
required performance parameters[4] The third area covered in the literature review relates to
the use of modern algorithms in placement and routing. Examples of such placement
algorithms include simulated annealing, force-based placement, and clustering algorithms.
Routing algorithms are responsible for ensuring that signal integrity is maintained while

minimizing congestion.

With the availability of advanced tools like Synopsys Fusion Compiler, IC Compiler II
(ICC2), and PrimeTime, more improvements have been made in the entire design process.
Such tools support synthesis, placement, routing, and timing analysis. The MMMC analysis,
incremental optimization, and timing-driven placement are among some of the advantages
of these tools that make it possible for designers to achieve fast convergence and high-quality
designs. These advanced EDA tools are capable of handling massive designs comprising
millions of transistors.Finally, from the literature review presented above, it can be
concluded that designing of VLSI circuits and systems requires a well-thought process
involving multiple steps. Proper methodologies should be utilized during the design process.
Besides, it is important to use advanced EDA tools to enhance the quality of the design.

Verification tools should also be applied to ensure the correctness of the design. This



literature review has shown that the success of any design depends on several considerations

such as correctness, performance parameter optimization, and manufacturability.
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CHAPTER

3

METHODOLOGY

3.1 Introduction to Physical Design Inputs

Physical implementation needs a number of well-defined input files which help in translating

the synthesized design to a manufacturing-ready layout. The input data includes information

about the functionality, timings, and physical attributes of the design. According to their

significance, inputs may be divided into two main categories — mandatory and optional

inputs.

Inputs for
Physical design

MANDATORY INPUTS

OPTIONAL INPUTS

7. MMMC view file (.view)

Gate level netlist (.v file)
8. Block partition (.fp)
9. 1/0 pin location (.def | .fp)
10. Power plan script | rule
11. Power intent (.upf | .cpf)

12. Switching activity (.vcd | .saif)

@ Mandioary inputs
@ Optional inputs

Fig. 3.1 Physical Design Inputs

[
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3.1.1 Gate-Level Netlist (.v file):

The Netlist at the gate level is perhaps the most important input data for physical design.
This file is obtained as a result of logic synthesis and contains information about the
connection between standard cells. This file is usually saved in the Verilog file format and

describes logic gates in terms of interconnectivity.

It includes data about instances, ports, and nets, which are crucial for placement and routing
tasks. As all physical design tasks depend on interconnectivity, any problem in this file
directly influences the quality of the resulting design. Hence, it should be correct in terms of

functionality.

3.1.2 Constraint File (.sdc):

The Synopsys Design Constraints (SDC) file defines the timing and design requirements of
the circuit. It includes clock definitions, input/output delays, false paths, multi-cycle paths,

and timing exceptions.

The SDC file plays a crucial role in guiding the optimization process throughout synthesis
and physical design. Accurate constraints ensure that the design meets setup and hold timing
requirements. Incorrect or incomplete constraints can lead to timing violations or over-

optimization, impacting both performance and area.

These are some example related to the clock definitions max input delay and ouput delay

and some more timing aspects:

e create clock -name clk -period 10 [get ports clk]
e where period means the total time period 10ns which means 1GHz frequency.
e set clock uncertainty 0.2 [get clocks clk]
e set _input delay 2 -clock clk [get ports data in]
e set output delay 2 -clock clk [get ports data_out]
e sect input transition 0.1 [get ports data in]
e sct load 0.05 [get ports data out]
e set driving cell -lib_cell INVX1 [get ports data_in]
12



e set false path -from [get ports reset]
e set multicycle path 2 -setup -from [get _ports A] -to [get ports B]

e set max transition 0.5 [current_design]
These are some example related to how to write the constraints file.

Table 3.1.1 Design Constraints

Constraint Value
Frequency 1 GHz
Max_transition 0.2 ns
Input_delay 0.3 ns
Output_delay 0.2 ns
Clock_uncertainity 0.15 ns

Table 3.1.1 describes the some of the constraints given to the block partition in the design.

3.1.3 Logical Library (.lib):

One of the most significant inputs during physical design flow is logical libraries. These
libraries contain information about the way each standard cell behaves in terms of its timing,
power, and functionality. They are provided by semiconductor foundries or standard cell

vendors and are unique to a particular technology node.

Each standard cell in a logical library has associated characteristics such as propagation
delay, setup and hold times, output transition, leakage and dynamic power, which are
characterized under different voltage, temperature, and process conditions. This information
is specified in the .lib (Liberty format) file, while the .db file serves as the compiled binary
file of the .lib file.

Logical libraries are utilized extensively during physical design flow, particularly in timing
and power optimizations. The tool uses logical libraries to determine how each gate would

behave once placed and routed. If, for instance, a timing violation exists within a path, the
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tool will select a more drive-strong cell that exists within the logical library. In the case of

power optimization, low power versions of cells are selected.

It is because of the significance of cell characterization in timing closure that accuracy in a

logical library is highly crucial.

3.1.4 Physical Libraries (.lef)

Physical libraries in the format of LEF (Library Exchange Format) provide all necessary
physical information used for placement and routing. In contrast to logical libraries
describing functionality of the cell, the LEF describes how the cell looks like and how it

should be placed on silicon.

The LEF file contains data about the cell height and width, its pins, routing layers, blockage
regions, and metal layers usage. Moreover, the LEF provides information about routing
tracks and routing directions for each metal layer. All mentioned information is crucial for

placing cells without overlapping and routing with efficiency.

The LEF file is important in both stages of place and route process. In particular, the
placement process utilizes the LEF information in order to place standard cells within the
core area according to design rules. The LEF file provides the information about possible
wire routing and via creation. Without accurate LEF data, some placement and routing

problems may appear.

3.1.5 Technology Files (.tf):

The technology file is where you find the information needed for fabricating the chip
according to the chosen technology node. This information is vital since it serves as a

connection between design and manufacturing.

The technology file has information about metal layers, rules for placing vias, space
requirements, minimum widths, layer stacking, and resistance and capacitance for each

layer. When performing routing and verification, the software uses the data in the technology
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file to ensure that the layout meets all the rules for manufacturing. If the rules are not

followed, manufacturing issues will arise, making this file very crucial.

3.1.6 RC Coefficient Files:

The RC Coefficient File gives an understanding of resistance (R) and capacitance (C) values
of the interconnects. In advanced VLSI circuits, delay through interconnects often exceeds
the delay through the gate, hence making the process of modeling interconnect resistance

and capacitance very crucial.

RC coefficient files help the tool determine any parasitic delays added into the circuit due to
the metal routing wire. With accurate values, delays in signals can be predicted. This

information is critical in determining any critical paths that need optimization.

There is likely to be a huge disparity between estimated timing and actual silicon
performance without adequate RC coefficients. For this reason, RC coefficient files become

critical to the post-layout analysis phase of the design cycle.

3.1.7 MMC View Files:

The Multi-Mode Multi-Corner (MMMC) view file helps us to create different conditions for
the proper functioning of the chip. Modern integrated circuits should perform well at various
conditions of operation, like at different voltage levels, temperatures, and process conditions.
The Multi-Mode Multi-Corner view file considers all possible combinations of different
modes (normal, test mode, low power mode) and different corners (slow corner, fast corner,

typical corner).

In fact, the slow corner at high temperature could give us the idea about the maximum delay
of the design, while a fast corner at low temperature would demonstrate us potential hold

problems of the circuit.
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3.1.8 Block Partition:

Block partitioning is employed to break down an extensive design into smaller sub-blocks.
Block partitioning is particularly helpful when dealing with complicated System-on-a-Chip

(SoC) designs because working on the entire design at once poses several challenges.

It makes it possible to implement hierarchical design, meaning that different groups can
work on the blocks simultaneously. Moreover, it eases floor planning and enhances design

management. In addition, partitioning can optimize the important blocks separately.

3.1.9 Design Exchange Format (.def):

The I/O pin position file is responsible for assigning the positions of input/output ports on
the perimeter of the chip. The importance of pin placement lies in its impact on the routability

of the design and delay.

Incorrect pin placement causes lengthy routes, congestion around the borders, and poor
timing performance. Thus, pin placement needs to be carefully planned at the floorplanning

stage. Typically, the DEF file contains pin position data.

3.1.10 Power Intent (.upf):

Power intent descriptions contain information about the power management scheme of the
design. Different power domains, voltages, and power reduction schemes like power gating

and clock gating are defined in them.

Some of the most common formats that are used for representing the power intent description

include UPF (Unified Power Format) and CPF (Common Power Format).

These power intent descriptions are very significant, especially in designs using multiple

voltages.

3.1.11 Switching Activity Files (.SAIF):

Switching activity files contain details related to how often the signal is toggling during the

course of their functionality. This information is then used in determining the power. The
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file formats such as Value Change Dump (VCD) and Switching Activity Interchange Format
(SAIF) are created from simulations and used in physical design tools.The use of realistic

switching activity gives a more precise result than arbitrary values.

3.2 Physical Aware Synthesis

Unlike traditional methods, synthesis does not take into account any physical factors like
cell placement or wire delays when performing synthesis. The result is that the time
calculated at the time of synthesis may differ greatly from the time after placement and

routing have been done. This problem has been solved in Fusion Compiler through:

e Reducing timing mismatch

e Reduced runtimr and better QoR.

3.2.1 Import Design:

The import design Import Design is the first and critical step of the Fusion Compiler process.
During the import design phase, the synthesized design, along with the required files, is
placed into the tool environment. Importing a design sets the groundwork for performing all

the subsequent physical design processes.

In the current phase, the design is presented in gate-level netlist format that consists of data
related to the standard cells and their connectivity. But the netlist is not enough for the
implementation; in addition to it, the tool requires libraries, timing constraints, and

technology file.

The purpose of importing the design is to establish an internal database of the tool in order

for it to recognize the following things:
o Connectivity between different cells
e Timing relationships defined through constraints

e Availability of standard cells from libraries
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After the design is imported, the step known as linking takes place. The linking step consists
of resolving the references in the netlist by mapping the references with corresponding cells
from the library. When there are any missing modules or cells, the tool issues messages for

those references that are not resolved.

The importance of this step lies in the fact that any problem within the input files such as
libraries, constraints, etc. will reflect throughout the rest of the flow. Thus, it is imperative

to keep the import phase clean from errors.

3.2.2 Reading power Intent Files:

In light of today’s emphasis on the efficiency of power utilization, power intent management
has also become a key component of the design flow. The UPF (Unified Power Format) file

is employed to define the power distribution and control in the design.

The reading of the UPF file is necessary since it provides the tool with the information

regarding the power architecture of the design.
This includes:
e Definition of multiple power domains
o Voltage levels for different blocks
o Power gating strategies
o Isolation requirements between domains
o Level shifter insertion

For SoCs with more sophisticated design techniques, different regions of the chip can have
different voltages. This will help in reducing power dissipation. For instance, a block
requiring performance would require higher voltages, whereas a low-power block needs
lower voltages. The UPF document provides for the insertion of correct interface cells
automatically where necessary.UPF also provides for the ability to gate the power to specific

blocks. That is, power is cut off to some blocks when they are not in use.
The tool takes care of UPF information during the physical design stage by:

o Insert required power management cells
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e Ensure correct connectivity between power domains
e Maintain functional correctness across different power states

Without proper UPF handling, the design may face issues such as signal corruption, leakage

power increase, or even functional failure.

3.2.3 Initializing the floorplan:

The initialization of floor planning marks the beginning of the physical design phase, where
the physical architecture of the integrated circuit is laid out before placement can occur. In
this process, both the total chip area (die area) and the core area where the cells are placed
are established, along with significant parameters such as core utilization and aspect ratio.
Core utilization represents the density of the cells inside the core, which is usually set at
about 60-75%, and aspect ratio represents the dimensions of the entire chip, whether square
or rectangular, affecting the placement and routing efficiency. This phase involves the
creation of placement rows depending on the height of the standard cells and the allocation

of spaces for power distribution and routing purposes.

In tools like Fusion Compiler, this is done using commands such as initialize floorplan,
where either utilization-based or explicit die and core dimensions can be provided. A well-
initialized floorplan helps reduce routing congestion, minimizes wirelength, and improves
timing performance, whereas a poor floorplan can lead to severe congestion, longer
interconnect delays, and difficulty in achieving timing closure. Therefore, floorplan
initialization plays a crucial role in guiding all subsequent stages such as placement, clock
tree synthesis, and routing, making it a key factor in the overall success of the physical design

process.

e Defines die area and core area of the chip

e Sets core utilization (typically 60—-75%)

e Determines aspect ratio (shape of the design)

e Creates standard cell placement rows

e Reserves space for power network and I/0 pins
e Impacts placement, routing, and timing closure

e Acts as the foundation for all further physical design steps
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3.2.4 Fusion compiler command:

The compile fusion command in Synopsys Fusion Compiler is one of the most
important commands in the unified RTL-to-GDSII flow. It performs physical-aware
synthesis and initial optimization by combining logic synthesis with early physical design
considerations. Unlike traditional synthesis commands, compile fusion does not work in
isolation—it considers placement estimation, interconnect delay, and congestion while

generating the optimized netlist.
compile_fusion = synthesis + early placement + optimization together
The main objectives of this command are:
e Convert RTL into a mapped gate-level netlist
e Optimize the design for timing, power, and area

o Consider physical effects like wire delay and congestion

Prepare the design for placement stage.
Below are the different commands or steps used under the compile fusion command:

e [Initial Mapping: The initial mapping stage involves the translation of the RTL

design into a gate-level implementation based on the standard cell library available.
During this stage, the tool substitutes the high-level logic like AND gates, OR gates,
adders, and multiplexers with real gates available in the library.
The objective of this stage is to verify the correctness of the implementation in terms
of functionality, since the implementation still remains somewhat generic and is
devoid of any timing or physical considerations. The only important point to note at
this stage is the instantiation of the Generic Technology gates.

e Logic Optimization: Once the mapping is done, the design is still inefficient. Hence,
the synthesis tool implements logic optimization to optimize the design performance
and remove unnecessary logic. During this stage, the following activities take place:
Long logic chains are optimized. Unused or redundant logic is stripped off Gates are
resized or reconstructed The purpose of this stage is to optimize timing and area
without altering functionality. If there are paths with delays, the tool may decrease

the logic level count or increase cell strength.
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Initial DRC: Following optimization of the logic, the tool conducts a preliminary
Design Rule Check (DRC) to confirm that the design does not infringe upon the basic
electrical rules. The DRC tests the maximum number of signal transitions,
capacitances, and fanouts allowed in the circuit design. Resolving these problems at
an early stage avoids the buildup of design violations that would be difficult to
correct in subsequent stages.

Initial Placement: There is also the aspect of placing the circuit initially, which
forms an important part of the Fusion Compiler program. The typical synthesis
process is not physical in nature. However, in the present case, the program considers
the physical aspects by taking into consideration the position of the cells within the
design. It is a temporary placement and does not provide a real estimate of the delay
that occurs due to wiring. However, in present-day designs, the delay that occurs due
to interconnection is very important in terms of timing.

Initial Optimization: At this point, having gained a basic idea of how things are
physically going to work out, the tool will begin doing some optimization, where
both the logic and physical parts will be taken into account at once. At this stage,
more fine-tuning of the design is carried out through the placement of cells, buffer
insertion, gate sizing, and congestion reduction.

Final Placement: Afterward, the process continues with placing, during which time
the design gets placed physically. Cell placements are done legally according to the
placement row, while overlaps get eliminated, and space requirements get met.
Placement helps ensure that the layout is ready for routing as well as meets the
physical requirements of the design. The effectiveness of the placement will have a
direct effect on routing, timing, and power.

Final Optimization: Lastly, the process ends with the optimization phase, during
which the design will be further improved to meet all the performance constraints.
The emphasis here lies in correcting any timing-related problem that might arise,
including setup/hold constraint violation problems and improving the quality of the
entire design. This is achieved by techniques like buffer insertion, cell sizing, and
path balancing, which help ensure the highest level of optimization for the design.To
conclude, the compile fusion flow can be seen as a continuous improvement process
that allows designers to optimize their design progressively from an abstract logical

view towards a physically aware design.
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3.2.5 Optimization Techniques used in Synthesis:

e Boundary Optimization: Boundary optimization is a concept whereby logic
optimization occurs around module boundaries rather than within the
boundaries of the individual modules. Since the design hierarchy is
hierarchical, different blocks are typically synthesized separately. As such, it
becomes possible for the tool to optimize the logic by moving, restructuring,
or copying the logic across module boundaries, thus ensuring that any
inefficiency on the boundary will be optimized, enabling the reduction of

critical path lengths and the improvement of the timing of logic design.

Propogation of constant across hierarchy:

logic-0 logic-0

Without boundary optimization With boundary optimization
Fig 3.2.1 Propogation of constant across hierarchy

The Fig.3.2.1 describes the constant propogation across hierarchy which allows tool to

remove the logic which can be optimized after the boundary.

Propogation of equal and opposite across hierarchy:

E_d
.

Without boundary optimization With boundary optimization

Fig 3.2.2 Propogation of equal and opposite across hierarchy

The Fig.3.2.2. describes that if the logic is same at the before and after the boundary we can

remove the inverter inside the inverter.
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Propagation of Unconnected port:

Without boundary optimization With boundary optimization
Fig 3.2.3 Propogation of unconnected port

The Fig.3.2.3 describes that if the port is unconnected then it can be removed after the

boundary optimization.

Phase Inversion:

> I -

Without boundary optimization With boundary optimization

Fig 3.2.4 Propogation of phase inversion

The Fig.3.2.4 describes the phase inversion after and before the boundary optimization.

We can clearly understand the difference with or without boundary optimization with

different cases.
¢ Ungrouping:

Auto-ungrouping refers to the process where the software automatically removes
groupings within the design hierarchy as part of synthesis. In a hierarchical design, each
module is isolated for better organization and reusability; however, the isolation prevents
any possible optimization. Ungrouping some modules will help the software perform
optimizations in the design hierarchy rather than just the module itself, thereby improving
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the design’s performance in terms of time and space efficiency. Too much ungrouping, on

the other hand, might complicate debugging.
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Fig 3.2.5 Logic before Ungrouping

The Fig.3.2.5 describes the logic inside before ungrouping or without flattening the

hierarchy.
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Fig 3.2.6 Logic after Ungrouping

The Fig.3.2.6 describes the logic inside after the ungrouping which means that now logic

can be optimized across the hierarchies.

e  Mux Optimization:

The MUX optimization is mainly concerned with the improvement of the mux
implementation as multiplexers are widely used in digital designs. As the muxes are often
on the critical path, their poor implementation could cause substantial delays. The
optimization process involves the analysis of the structure of muxes followed by the
optimization through re-mapping the logic, decreasing number of levels of selections, and

replacing them with better library cells.
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e Datapath Optimization:

Datapath optimization aims to optimize arithmetic and data-related logic blocks, like adders,
multipliers, and shifters. Such circuits tend to be the most significant portion of the circuit
design. The software analyzes datapath patterns and performs specific optimizations on them
using approaches like reorganization of arithmetic operations, balancing of pipeline stages,

or optimized cell libraries.
e Multibit Optimization:

Multibit control consists of bundling several single-bit registers into a multibit flip-flop. The
advantage of this method is that it lowers the area and power utilization since the clock driver
will be shared between the bits. It also simplifies the clock network and increases efficiency
in terms of power. However, care should be taken to ensure that it does not have an effect

on placement and timing.
e Controlling HFNS:

The problem of controlling HFNS (High Fanout Net Synthesis) comes from the need to
control signals driving several loads. High fanout nets lead to high delays when the loads are
not controlled well. The software resolves this issue through the insertion of buffers and
creation of trees. Control of HFNS helps achieve proper timing and minimize the problems

associated with loads.
e Concurrent clock and Data Optimzation:

CCD, standing for Concurrent Clock and Data Optimization, is a highly sophisticated
method that is used by contemporary software solutions such as the Fusion Compiler. Unlike
traditional optimization methods where clock timing and data timing are considered
separately, CCD takes into account both types of optimization together. Therefore, the
software can change clock timing, along with data path optimization, in order to solve
problems of timing closure. In turn, this helps to avoid violations and over buffering or

excessive logical changes.
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3.3 Floorplanning

Floorplanning is one of the most critical stages in the physical design flow, as it defines the
overall structure of the chip before detailed placement and routing begin. At this stage, the
designer determines how different blocks of the design will be arranged on the silicon area,
along with deciding the chip dimensions, core area, and placement boundaries. A well-
planned floorplan provides a strong foundation for all subsequent stages, while a poor

floorplan can lead to congestion, timing issues, and difficulty in achieving closure.

The procedure starts with estimating the total area to be occupied by the circuit based on the
number of standard cells, macros, and memory blocks in the layout. With the help of these
calculations, the die area and the core area can be identified together with key design aspects
like aspect ratio and core utilization. It is important to consider all these aspects because
these directly affect the placement density and routing capabilities. Too much utilization
means insufficient space to route connections while too little utilization means inefficiency

in using silicon space.

After the dimensions of the chip have been determined, the macro and block placement
comes into play. In contrast to standard cells, macros are non-variable entities and cannot be
easily moved around on the chip. Therefore, macro placement should be considered carefully
during the chip design process. Macros should preferably be located close to the edge or
away from each other, so as to minimize long connections between them.The other critical
aspect of floorplanning involves I/O pin placement. The position of input/output pins needs
to be defined along the boundary of the chip layout. The incorrect placement of pins leads

to long paths for routing, increasing the delays in transmission.

Moreover, floorplanning is closely related to power planning. This is because power
planning involves defining the structure of the power network, including power rings, straps,
and rails. It ensures that the power supply within the chip is consistent and avoids problems
like IR drop and electromigration. Since power routing consumes a large amount of space,

it needs to be planned during floorplanning.
e Inputs Required:

Inputs that are required in floorplanning are numerous, and they are divided into three

categories — logical inputs, physical inputs, and constraint-based inputs. These include the
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gate level netlist, cell and macro libraries, both logical and physical; technology files, and
timing constraints (SDC). Also considered when estimating the area and placing the blocks

are macro dimensions and I/O pin details, if any.
¢ QOutput of Floorplan:

The result obtained after floor planning is the layout structure of the chip. This comprises
the die area, core area, placement rows, macros positioning, and I/O pin positions. It also
determines the initial power structure and placement boundaries. The floor planning acts as

the foundation for the placement and routing process phases.

¢ Sainty Checks Required for Floorplanning:
e No overlap between macros and blocks.
e Core utilization should be within limits (neither too high nor too low).
e Sufficient space between macros for routing.
e Aspect ratio should not be too extreme.
e Proper I/O pin placement with correct alignment for connections.
e Placement row generation and alignment.
¢ Routing resource availability or sufficient whitespace.
e Space allocation for power planning purposes (rings/straps).
e Congestion-prone areas (early estimate).
e Boundary validation (core vs. die area).

e Blockages that wrongly limit placement and routing.

Generally, floorplanning serves as the link between logical and physical design.
Floorplanning determines how the design will be implemented physically and is crucial in

determining whether the entire physical design flow will succeed.

A well-executed floorplan leads to better timing, reduced congestion, and smoother

progression through subsequent stages of the design process.

e Macro Placement:
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Macros

Core to IO clearance

Fig 3.3.1 Floorplan

The Fig.3.3.1 depicts the general floorplan for the block in which the Macros are placed

along with boundary cells and standard cell rails.
There are some guidelines to place the Macros few of them are below:
* Guidelines to place Macros:
* Do not place the Macro near to the 10.
* Do not place Macro in the core area.
* The Macros have same derivate should be placed near to each other.
*  Macros pins should not be blocked.
Enough channel space should be present between the Macros if they are non abutted.

* They can be abutted if they have pins on their side.

No. pf pins * Metal Pitch

Effective Routing Layers
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If there pins are not facing each other then we can abut them as shown in the figure otherwise

we need to have a proper channel spacing between them to avoid DRC issue.

Macro Macro

+«Halo

Fig 3.3.2 Macros withour channel spacing

The Fig.3.3.2 depicts that depending on the technology node we can abut the macros if their

pins are not facing each other.

Macro Macro

= Vdd Vss

Fig 3.3.3 Macros with channel spacing
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The Fig.3.3.3 depicts that if the two macros have their pins facing each other and for that

there should be some channel spacing between them.
e Blockages:

Blockages are regions in the layout where placement or routing is either restricted or
completely prohibited. They are used to control how the tool uses available space and to

avoid problematic areas during implementation.
There are mainly two types of blockages:
Placement Blockages:

This prevents standard cells from being placed in a specified region. It is commonly used
around macros or critical areas where cell placement could cause congestion or routing

difficulty.

create_placement blockage -type hard -bbox {x1 y1 x2 y2}

create_placement blockage -type partial -blocked_percentage 50 -bbox { x1 y1 x2 y2}
¢ Routing Blockages:

This confines the routes on particular metal layers or particular areas of the chip. It may be
employed either for reserving particular routes for particular signals or avoiding the routing
above particular sensitive areas. Blockages can be hard (completely confined) or partial
(restricted usage only). Partial blockages are used to reduce congestion of cell density in an

area.
create_routing_blockage -layers {M2 M3} -bbox {x1 y1 x2 y2}
e Keepout Margin

Keepout margins create a zone surrounding macros or cells that cannot be occupied. While
blockages are created by hand, keepout margins are typically applied automatically to

particular components.

The functions of keepout margins include:Prevent standard cells from being placed too close

to macros
o Ensure enough space for routing signals around large blocks

e Avoid congestion and improve signal integrity
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create_keepout _margin -type hard -outer {left right top bottom} [get cells

macro_name|

3.4 Power Planning

Power planning Power planning is an important step in the physical design process, in which
a robust power distribution network is planned to provide power to the entire IC. The main
purpose of power planning is to make sure that each standard cell and macro has a stable and
sufficient power source without any power problems such as IR drop, electromigration, or
voltage droop.The scaling of technology and increase in complexity of designs have made
power distribution a big challenge for designers. While in previous technologies power
distribution was a simple task, in current designs it is a challenging task that requires the

power network to be planned across several metal layers.

At the lowest level, rails run along the standard cell rows to supply power directly to
individual cells. This is done by specifying the pins used for connecting power and ground,
commonly referred to as Vpp/Vss, respectively. They are spread out on the chip through a
defined arrangement which consists of power rings, stripes (straps), and rails. Power rings
are generally laid out around the core or macros in order to establish the boundary supply,
whereas power stripes are laid out within the core region to ensure even distribution of power

throughout the design.

e Ensures stable power supply across the chip.

e Designs power distribution network (PDN).

e Includes power rings, stripes, and rails.

e Reduces IR drop and electromigration issues.

e Supports multi-voltage and low-power designs.

e Strongly impacts reliability and performance.
Objectives of the Power Planning:

e Ensure uniform voltage distribution.

e Minimize IR drop, Prevent Electromigration (EM).
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e Support high switching activity.
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Fig 3.4.1 Power Planning

The Fig.3.4.1 depicts the general structure of the power planning inside the block how the

power and ground pads provide the power to the metal tracks.

Components of Power Network:

e Power Rings generally surround the core region or even macros. They serve as a
powerful boundary for power distribution and form the main source from which
power is provided by pads. It helps in equal distribution of power throughout and
minimizes voltage drop at boundaries.

e Power Straps or stripes are metal strips in both vertical and horizontal directions
used for connecting the power rings to the inner core areas. They are generally made
up of high-metal layers because their resistances are lower and hence can be effective
in distributing power over long distances. Power straps serve the purpose of
distributing the supply effectively and minimizing IR drop.

e Power Rails are the lowest level in the power distribution hierarchy. These serve as

connections between the core areas through which power is distributed to the
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individual standard cells. They are normally implemented in lower metal layers in
such a way that they align to the cell rows.

e Via Arrays Vias Arrays are the interconnections used between various layers of
metal to create the power network. As power exists on more than one layer, vias help
link rings, straps, and rails on different layers together. The use of a plurality of vias
(via arrays) compared to only one via increases the current flow capability as well as
helps in reducing resistance, which is necessary for maintaining the power integrity.

e Decoupling Capacitors are added into the circuit to ensure the stability of the supply

voltage and minimize noise improve signal reliability.

3.5 Placement

Placement is one important step during the process of physical design in which all standard
cells have to be allocated a particular place in the core region. Placement involves
positioning the cells in such a manner that the timing constraints, wire length, and routing

congestion are satisfied.

¢ Objective of Placement:

The primary aim of placement is to ensure that the cells are placed effect.ively such that the
design will have high performance and ease of routing. Placement is mainly concerned with
minimizing the interconnects' length, enhancing timing (especially critical path), and
provision of sufficient routing area. Effective placement helps in achieving successful timing

closure, reduced power dissipation, and high Quality of Results (QoR)

e Inputs Required:
e Gate-level netlist
e Floorplan
e Physical libraries
e Logical libraries
e Technology file
e Timing constraints

e Power planning
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e  Output:
e Exact locations of all cells
e Congestion-aware placement
e Timing-optimized cell arrangement
e Updated timing reports

e Global Placement

In this stage, cells are placed in approximate locations within the core area.The rough
positions are estimated and the focus is on how to make length driven congestion and

how the cells are placed nearby to each other.

e Legalization

In the global placement stage the cells might get overlapped on each other and maybe

the DRC rules are violated so In this these errors are removed:

e Cells are placed on valid rows.
e No overlaps exist.

e Design rules are satisfied.

o Detailed Placement:

In this stage, the placement is donw with legalization like in this no cells are overlapping on
the standard cells rwos and to improve timing, reduce congestion, and optimize power. And

it is taken care that the no DRC rules are violated.
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Standard cells

Macros

Fig 3.5.1 Global Placement

The Fig.3.5.1 depicts the global placement in which we can see that the standard cells are

not aligned with the standard cells rows.

Standard cells

Macros

Fig 3.5.2 Detailed Placement

The Fig.3.5.2 depicts the detailed placement in which we can see that the standard cells are

aligned with the standard cells rows.
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3.6 Clock Tree Synthesis (CTS)

This process is an important step in the physical design flow after placement. The objective
of the CTS is to distribute the clock signal generated at clock source to all the sequential
elements like flip-flops and registers in a precise manner. As we all know that the clock
signal is very important for proper functioning and synchronization of a synchronous design;

therefore, care must be taken while distributing the clock signal across the circuit.
Objective of Placement:

e Minimizing the clock skew across all the sequential elements.
e Controlling the clock latency and insertion delay.

e Proper transition and fanout limits maintained.

¢ Fixing the hold timing violations.

e Clock signal distributed reliably and stably.
Inputs Required:

e Placed design
e Clock information in form of SDC file
e Timing constraints

e Standard cell libraries (buffers and inverters)
Output:

e Clock Tree structure with buffers/inverters.
e Balanced clock network.

e Reduced clock skew with controlled latency.

Clock Tree Synthesis is a vital process having direct impact on the timing and power

consumption. The right clock network helps in achieving proper synchronization.

Therefore, CTS plays a key role in achieving timing closure and ensuring the success of the

physical design.
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3.6.5 Clock Latency:

Clock latency means that time it takes for the clock signal to propagate from its clock source

to a flip-flop (the sink). It includes total delays along the clock route.
Latency has two components:

e Source latency — delay from clock source (PLL or an external input pin) to the clock
definition point
e Network Latency — delay from clock definition point to the flip-flops along the clock

tree.
Their sum gives us total latency.

It is impossible to have zero latency in practice, however, it has to be limited somehow. High
levels of latency may result in increasing cycle time. But latency per se doesn’t necessarily

lead to any performance problems if distributed equally among all flip-flops.

Fig 3.6.1 CTS

The Fig.3.6.1 depicts that how the clock is propogated from the clock port to the clock pins

that are sinks and in between there is some latncy.
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3.6.2 Skew:

Clock skew is the difference between the arrival time of the clock signal at different flip-

flops in the design.
There are two types of skew:
e Positive Skew — Clock arrives later at destination flip-flop.

o Negative Skew — Clock arrives earlier at destination flip-flop.

3.6.3 Types of CTS:

Clock Tree Synthesis can be implemented using different structures depending on design
requirements such as skew control, power, and routing complexity. The type of the clock

tree affects the performance and timing as well.

Firstly, we can identify the balanced clock tree. It is characterized by the presence of the
buffers, which ensure that all paths from the clock source to the flip-flops will have almost
equal delays. As the result, we are able to reduce the amount of the skew because of

symmetry of the clock paths. This option is widely applied for general clock trees.

Secondly, unbalanced clock tree is characterized by the non-equal clock paths. In this case,
the tool introduces different amounts of delays in order to improve the performance and to
correct problems with the hold and setup constraints. Moreover, this type of clock tree allows

us to optimize critical paths by using useful skew.

Thirdly, there is also the mesh based clock tree, which is frequently used for high-
performance applications. In this case, instead of the tree topology, the tool uses a grid of
the network paths connecting the clock source and sinks. This solution reduces the skew and

provides better robustness, although it requires more resources and energy.

Spine clock tree is characterized by a spine, which represents the trunk delivering the clock
signal to branches. The H-Tree clock distribution is an advanced form of clock distribution
structure that is used to achieve balanced paths. This structure uses a “H” shape approach to

recursively ensure balanced distance between the clock source and each sink.
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e Advantages of H-Tree:
e Provides very low clock skew due to equal path lengths.
o Ensures balanced clock distribution across all flip-flops.
e Offers predictable timing behavior, making analysis easier.

e Highly symmetric structure, reducing variation in delays.

Clk

Fig 3.6.2 H-Tree

The Fig.3.6.2 depicts the H-Tree type of the CTS how the clock is propogated in H-Tree

type so that there is minimal latency..
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3.7 Routing

In the Physical Design Flow, Routing is the phase where all the placed cells will be
connected using metal wires. Post Placement and Clock Tree Synthesis, Routing creates the
actual path connecting the cells as per the netlist while obeying all the rules prescribed by
the technology. This phase converts the placed cells into a physically complete chip ready
for fabrication.The efficiency of routing impacts the performance of a circuit in terms of
Timing, Power, and Signal Integrity.Therefore, routing must be performed carefully to

ensure that all connections are completed efficiently and correctly.

e Objective of Routing:
e Complete all signal connections
e Follow design rules (DRC clean)
e Minimize wirelength and delay
e Reduce congestion and routing overflow
e Maintain signal integrity
e Inputs Required:
e Placed and CTS-optimized design

Gate-level netlist

Physical libraries (.lef)

Technology file (routing rules, layers)
e Timing constraints (.sdc)

e  Output:

Routed layout with metal connections

Via insertion across layers

DRC-compliant design

Extracted parasitics (RC values)

Updated timing reports

3.7.2 Types of Routing:
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¢ Global Routing:

In this stage, the tool plans approximate paths for all nets across the chip. It divides the

design into grids and determines which regions each net will pass through.
e Provides rough routing paths
o Estimates congestion
e Guides detailed routing
e Detailed Routing:
In this stage, actual wires and vias are created based on global routing paths.
o Assigns exact metal layers and tracks
o Follows all design rules (spacing, width, etc.)

o Inserts vias to connect different layers

3.8 Physical Only Cells

In addition to standard logic cells, physical design also uses several special-purpose
cells that help improve reliability, flexibility, and manufacturability of the chip. These

include tie cells, spare cells, decap cells, and boundary cells

3.8.2 Tap cells:

Tap cells are special cells inserted during physical design to maintain proper electrical
connectivity between the substrate (or well) and the power supply. In CMOS technology,
transistors are built on wells (n-well or p-well), and these wells must be properly biased to
avoid unwanted effects such as latch-up. Tap cells provide this connection by tying the well

regions to the appropriate power or ground.
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Fig 3.8.1 Latch-up Effect

The Fig.3.8.1 depicts the Latch-up Effect occurs in the CMOS structure due to the formation

of the pnp and npn transistor.

In simple terms, tap cells act as connections between the substrate and power rails (Vpp/Vss),
ensuring that the body of transistors remains at a fixed potential. Without these the substrate
voltage might fluctuate and which can lead to incorrect transistor behavior or even

permanent damage.

3.8.3 Tie cells:

Tie cells are used to provide a stable logic ‘0’ or logic ‘1’ connection to the design. Instead

of directly connecting a signal to Vpp or Vss, tie cells are used as an intermediate source.

Directly connecting gates to power or ground can create issues such as gate oxide stress and

leakage. Tie cells solve this by safely connecting constant logic values.
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Fig 3.8.2 Tie High cells

The Fig.3.8.2 depicts the Tie-High cells in which we can use it for where the input pin is
floating.

For example:
e Tie-high cell — provides logic ‘1’ (connected to Vpp)
e Tie-low cell — provides logic ‘0’ (connected to Vss)

They are commonly used for unused inputs or constant control signals.

4(3{ ) PMOS

Fig 3.8.3 Tie Low cells

The Fig.3.8.3 depicts the Tie-High cells in which we can use it for where the input pin is
floating.
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3.8.4 Spare cells:

Spare cells are extra logic gates placed in the design but not connected during initial
implementation. They are kept for future modification or ECO fixes.If a change is required
after routing, instead of modifying the entire design, spare cells can be connected to

implement small logic changes.
This helps:
e Reduce turnaround time
e Avoid major redesign

o Improve flexibility in late-stage fixes

3.8.5 De-cap cells:

Decap cells are used to stabilize the power supply and reduce voltage fluctuations (noise).
They act as small capacitors placed between Vpp/Vss. During switching activity, sudden
current demand can cause voltage drop. Decap cells provide instant charge to compensate

for this, improving power integrity.
They help in:

e Reducing IR drop
e Minimizing voltage noise

o Improving signal reliability

3.8.6 Boundary cells:

Boundary cells, also known as endcap cells, and they are placed at the edges of standard cell
rows. Its main purpose is to protect the design from manufacturing and electrical issues at

the boundaries of the rowa.
Also They help in:
o To maintain proper well structure.

o To Avoid the design rule violations at row edges
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e To Provideclean boundaries for placement

Without the boundary cells, the edges of the design might have improper diffusion or well

connections, leading to reliability issues.
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CHAPTER
4

RESULTS AND DISCUSSION

4.1 Results

In this work, a design block was successfully implemented using Synopsys Fusion Compiler,
covering both synthesis and place-and-route (PnR) stages within a unified flow. The
implementation started with physical-aware synthesis, followed by floorplanning,
placement, clock tree synthesis, and routing. During the initial stages, the design was

analyzed and optimized with a focus on timing, congestion, and utilization.

At the synthesis stage, the use of Fusion Compiler’s integrated optimization helped in
generating a netlist that was already aware of physical constraints. This reduced the
mismatch typically observed between synthesis and placement in traditional flows.
However, during early placement, some timing violations and localized congestion were

observed, which is common in initial iterations of physical design.

To address these issues, targeted optimizations were applied. Adjustments were made in
placement density and utilization to create sufficient whitespace for routing. Minor
modifications in floorplan parameters and cell spreading helped in reducing congestion
hotspots. Additionally, optimization techniques such as buffer insertion and cell resizing
were used to improve timing on critical paths. These changes resulted in noticeable

improvement in slack values and better distribution of cells across the core.
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Clock Tree Synthesis further helped in balancing clock distribution and reducing skew,
which contributed to improved hold timing. After CTS, routing was performed, and the
design was checked for congestion and design rule compliance. The routing stage showed
improved routability due to earlier congestion-aware optimizations.Overall, the design
showed better convergence after initial iterations. Timing violations were reduced, and the

design moved closer to closure with acceptable utilization and manageable congestion level.

4.1.1 Block_1 Iteration_1:

Fig. 4.1.1 Floorplan of the block
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The Fig. 4.1 describes the First cut floorplan with the initial port placement and the Macro
placement.

The block was run with low utilization and the given bar graph describes the results observed
for the important parameters for the initial area estimation and the convergence of the block.

4.1.2 Block 1 Iteration_2:

Fig. 4.1.2 Floorplan of the block



The Fig. 4.1.2 describes the optimized floorplan with the initial port placement and the
Macro placement.The block was run with high utilization and the better app-options
available with the Fusion compiler and all the errors related to the base DRC were cleared.

4.1.3 Observation of design data:

Table 4.1.3 Observation of data

Parameters Iteration_1 Iteration_2
No. of Ports 877 877
No of Unconstrained 1/O 0 0
No. of Macros 62 62
Area 0.47 um 0.34 um
Skew & Latency (ns) 0.640 & 0.389 0.105 & 0.074

The above Table 4.1.3 describes the design data observed during the post synthesis and post
routing for the Block 1 for both Iteration 1 and Iteration 2.P
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The above Fig 4.1.3 depicts a bar graph which compare the result of power dissipation for
both post synthesis and post route of Interation 1 And Iteration 2. We can see that there is
a slight improvement in the Iteration 2 after post route.
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Fig 4.1.4 Worst Negative Slack

The above Fig 4.1.4 depicts a bar graph which compare the result of WNS for both post
synthesis and post route of Interation 1 And Iteration 2. We can see that there is a slight
improvement in the Iteration 2 after post route.

The worst negative slack describes our timing path is violating and if it positive means it is
meeting the timing requirements.

Slack = Required time — Arrival time
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The above Fig 4.1.5 depicts a bar graph which compare the result of TNS for both post

synthesis and post route of Interation 1 And Iteration 2.
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The above Fig 4.1.6 depicts a bar graph which compare the result of for both post synthesis
and post route of Interation_1 And Iteration 2. We can see that there is a slight improvement
in the Iteration 2 after post route.
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CHAPTER

S

CONCLUSION

5.1 Conclusion

The use of the design block with Fusion Compiler illustrates gradual success through
optimization. During the floorplan stage, all base DRC violations were detected and
resolved, offering a good foundation for the next stages. During the synthesis and placement
stages, improvements in timing performance were gradually achieved, with minor
improvements in WNS and TNS as -0.007 ns and -0.231 ns respectively also the utilization

was increasd upto ~56%.

When the design block was pushed towards a higher utilization level, there was a noticeable
rise in congestion, specifically in the horizontal dimension. This is the common problem in
area efficiency versus routability. Yet, congestion did not become a problem to further

optimize the design.

Various methods, such as auto ungrouping, boundary optimization, and CCD, were used to
enhance timing correlation and general quality. The timing effort was increased, and the

placement parameters, like coarse density, were modified.

The design block is at technology readiness level, and the optimizations are still ongoing to

ensure that timing congestion and other parameters fit within the first phase of the project.

55



56



CHAPTER

6

SUMMARY AND FUTURE WORK

A design block as per Synopsys Fusion Compiler was used in this work, encompassing both
the synthesis and physical design phases of this flow in a single flow.This was done by floor
planning, placement, clock tree synthesis and routing and optimization was to be made
through iterations to better timing and congestion.Upgrade of floorplan DRC first issues
were resolved, and later optimization detected gradual improvements in timing measures
like WNS and TNS.Increased density with increased utilization highlight challenges of
congestion especially in horizontal routing, which has led to the importance of maintaining
density and routability.More optimization strategies such as auto-ungrouping, boundary
optimization, CCD, and high timing effort were applied to improve the quality of the
designs.Placement tuning via the refined density manipulations also led to the enhanced cell
distributions.In general, the implementation shows how a discrete physical-conscious flow
can be used to achieve an improved convergence and enhanced correlation between stages,

making the design ready to be further refined towards final closure.

Future work

o Further the block can be run on higher utilization with suitable flow app-options.
e Impact of timing will be studied through the running STA on the block.

e Further timing closure to achieve zero WNS and TNS across all scenarios.

e Perform detailed IR drop and electromigration (EM) analysis for power integrity.

e Perform full signoff verification (DRC, LVS, STA) for tape-out readiness.
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