Journal of Research in VLSI Design Tools and Technology

MANIECH

Publications Volume 6 Issue 1, January-April, 2021

Physical Design Optimization Techniques in Advanced VLSI CAD

Tools

Dr. S. Balaji
Department of Electronics and Communication Engineering
Adhiyamaan College of Engineering, Hosur, Tamil Nadu, India
Designation: Professor

Email: balaji.vlsi.ece@gmail78@gmail.com

Ms. Rituparna Ghosh
Department of Electronics and Communication Engineering
Mallabhum Institute of Technology, Bishnupur, West Bengal, India
Designation: Assistant Professor

Email: rituparna.ghosh_ece@mitbishnupur.ac.in

Abstract

Physical design is a critical phase in the VLSI design flow, directly influencing
the power, performance, and area (PPA) characteristics of an integrated
circuit. With continuous technology scaling and increasing design complexity,
conventional physical design techniques face challenges in achieving optimal
results within reasonable turnaround times. Advanced VLSI CAD tools have
introduced sophisticated optimization techniques to address issues related to
placement congestion, routing complexity, timing closure, power dissipation,
and manufacturability. This paper presents a comprehensive study of physical
design optimization techniques implemented in modern VLSI CAD tools. The
paper discusses key stages of physical design including floorplanning,
placement, clock tree synthesis, routing, and post-route optimization. Various
algorithmic approaches such as heuristic optimization, analytical methods,
and data-driven techniques are examined. Comparative analysis through
tables and conceptual figures highlights the effectiveness of these techniques
in improving design quality and productivity. The paper concludes by
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identifying current challenges and future research directions in physical
design automation.

Keywords: Physical Design, VLSI CAD Tools, Placement Optimization,
Routing Techniques, Timing Closure, Power Optimization

1. Introduction

As semiconductor technology advances toward nanometer and sub-nanometer nodes, the
physical realization of VLSI circuits has become increasingly complex. Physical design
bridges the gap between logical functionality and silicon implementation by transforming a
synthesized netlist into a manufacturable layout. Decisions made during physical design
significantly impact circuit performance, power consumption, chip area, yield, and reliability.

Modern VLSI designs, particularly system-on-chip architectures, contain billions of
transistors and thousands of IP blocks. This complexity introduces challenges such as routing
congestion, excessive power density, signal integrity issues, and timing violations.
Traditional CAD techniques based on fixed heuristics are often insufficient to handle such
large-scale optimization problems efficiently.

Advanced VLSI CAD tools integrate multiple optimization strategies to address these
challenges. This paper provides an in-depth analysis of physical design optimization
techniques employed in contemporary CAD tools and evaluates their impact on design
metrics.

2. Overview of Physical Design Flow

Physical design is typically divided into several sequential and iterative stages, as illustrated
in Figure 1.

Figure 1: Physical Design Flow in VLSI CAD Tools
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Each stage employs specific optimization algorithms to achieve desired PPA targets while
adhering to design rules and constraints.
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3. Floorplanning Optimization Techniques

Floorplanning determines the placement of major functional blocks on the chip. Effective
floorplanning reduces interconnect length, minimizes congestion, and improves timing.

3.1 Partitioning-Based Techniques

Designs are partitioned into hierarchical blocks to manage complexity. Balanced partitioning
minimizes inter-block communication and improves routability.

3.2 Simulated Annealing Approaches
Simulated annealing explores multiple floorplan configurations by probabilistically accepting

sub-optimal solutions to escape local minima. This technique is widely used due to its
flexibility in handling complex constraints.

3.3 Constraint-Driven Floorplanning

Advanced CAD tools incorporate constraints related to power domains, clock regions, and
thermal considerations during floorplanning to improve downstream optimization.

4. Placement Optimization Technigques

Placement assigns exact locations to standard cells while optimizing wirelength, congestion,
and timing.

4.1 Global Placement
Global placement focuses on distributing cells across the chip area. Analytical placement

methods model placement as a continuous optimization problem, minimizing wirelength
using quadratic or non-linear cost functions.

4.2 Detailed Placement

Detailed placement refines cell positions to eliminate overlaps and satisfy design rules. Local
swapping and shifting techniques are used to improve timing and routability.

4.3 Timing-Driven Placement

Timing-driven placement incorporates critical path information to prioritize timing-sensitive
cells. This approach improves setup and hold timing margins early in the design flow.

5. Clock Tree Synthesis Optimization

Clock tree synthesis (CTS) ensures balanced clock distribution with minimal skew and
latency.
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5.1 Clock Skew Minimization

Buffer insertion and clock gating strategies are optimized to reduce skew across clock
domains.

5.2 Power-Aware CTS

Power-aware CTS techniques minimize clock power consumption by reducing unnecessary
switching activity and employing multi-bit flip-flops.

Table 1: CTS Optimization Objectives

Parameter Conventional CTS Advanced CTS

Clock Skew Moderate Low
Power Consumption High Reduced
Clock Latency Unoptimized Controlled

6. Routing Optimization Techniques
Routing establishes physical connections between placed cells.

6.1 Global Routing

Global routing determines approximate paths for nets while identifying congestion hotspots.
Congestion-aware routing algorithms distribute routing demand evenly across layers.

6.2 Detailed Routing

Detailed routing assigns exact metal tracks while satisfying spacing and width rules.
Advanced CAD tools use rip-up and reroute techniques to resolve violations.

6.3 Signal Integrity Optimization

Shielding, spacing, and layer assignment techniques are used to mitigate crosstalk and
electromagnetic interference.

7. Post-Route Optimization
Post-route optimization addresses residual timing, power, and signal integrity issues.

7.1 Timing Closure Techniques

Buffer insertion, cell resizing, and path restructuring are applied to fix setup and hold
violations.
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7.2 Power Optimization

Leakage power reduction techniques such as threshold voltage assignment and power gating
are refined post-routing.

Table 2: Impact of Post-Route Optimization

Metric Before Optimization After Optimization
Setup Violations 120 8
Leakage Power (mW) 95 68
Total Wirelength 1.00x 0.92x

8. Manufacturability and Reliability Considerations

Advanced CAD tools incorporate design-for-manufacturability (DFM) checks to improve
yield. Lithography-aware routing, redundant vias, and density balancing techniques are
commonly employed.

Reliability optimization includes electromigration analysis, IR drop mitigation, and thermal-
aware placement.

9. Challenges in Physical Design Optimization

Despite significant advancements, several challenges persist:

o Scalability issues with ultra-large designs
e Increased design rule complexity at advanced nodes
o Trade-offs between optimization objectives

« Long tool runtimes for iterative optimization

10. Future Trends in Physical Design CAD Tools

Emerging trends include:

Al-driven placement and routing optimization
3D IC physical design techniques

Cloud-based distributed optimization

Unified multi-objective optimization frameworks

These innovations aim to further enhance automation and design efficiency.
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11. Conclusion

Physical design optimization is a cornerstone of successful VLSI implementation. Advanced
CAD tools employ a wide range of optimization techniques across floorplanning, placement,
CTS, routing, and post-route stages to meet stringent design requirements. This paper has
presented a comprehensive overview of these techniques and demonstrated their impact on
design quality and productivity. Continued research and integration of intelligent
optimization methods are essential to address the challenges posed by future semiconductor
technologies.
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