GENERAL

automatic placement and routing using cadence encounter

Published: September 19, 2026 | Index ID: #-

Automatic Placement and Routing Using Cadence Encounter

In the world of integrated circuit (IC) design, the push toward higher performance, lower power, and tighter area
constraints has made efficient design automation indispensable. Among the most powerful tools that help
engineers meet these demands is Cadence Encounter, a flagship solution from Cadence Design Systems for
physical design and implementation. This article dives deep into how Encounter’s automatic placement and routing
capabilities transform the design flow, what makes them unique, and how designers can harness them to deliver
high quality silicon.

What Is Automatic Placement and Routing?

Placement: The Foundation of a Physical Design

Placement is the process of assignhing each logical block (e.g., cells, macros, IP blocks) a specific location on the
silicon die. The goal is to satisfy constraints such as area, timing, and power while minimizing interconnect length
and congestion. Poor placement leads to longer nets, higher power consumption, and sub optimal timing.

Routing: Laying the Electrical Pathways

Routing follows placement and connects every net according to the design’s netlist. It must obey design rules, avoid
crosstalk, meet timing, and fit within the available metal layers. Routing is often the most time consuming part of the
flow, especially for large, complex designs.

Cadence Encounter: A Brief Overview

Cadence Encounter is a full stack physical design environment that integrates placement, routing, power grid

generation, clock tree synthesis, and more. It supports advanced process nodes, high density integration, and

multi project workspaces. Encounter’s automation engine is built on a combination of heuristic algorithms, machine

learning techniques, and user defined constraints, enabling designers to achieve near optimal results with minimal
manual intervention.

Why Automatic Placement and Routing Matter

¢ Speed: Automation dramatically reduces the time from RTL to silicon.

¢ Consistency: Algorithms apply the same logic across the entire design, reducing human error.

¢ Optimization: Advanced heuristics find better trade offs between area, power, and timing than manual methods.
e Scalability: Modern SoCs contain millions of gates; automation is the only feasible way to manage such scale.

Encounter’s Automatic Placement Engine
Core Algorithms
Encounter’s placement engine combines several algorithmic strategies:

1. Global Placement — Uses a quadratic or linear cost function to estimate optimal block positions, often
employing simulated annealing or force directed methods.



2. Legalization — Adjusts the global placement to satisfy design rules (e.g., no overlap, boundary constraints).
3. Detailed Placement — Fine tunes positions, swaps blocks, and performs local optimization to reduce
wirelength and improve timing.

Key Features

e Support for cell level and macro placement with hierarchical placement capabilities.
¢ Integration of power grid constraints to ensure balanced supply and reduce IR drop.
« Dynamic timing driven placement that prioritizes critical nets.

¢ Customizable blockage and hard macro handling for advanced floorplanning.

Best Practices for Placement

e Use accurate timing models (e.g., SDF or STA) before placement to guide critical path optimization.
¢ Define clear hard macro boundaries to avoid placement conflicts.

¢ Leverage floorplan constraints (e.g., I/0O pads, clock regions) early to reduce congestion.

« lteratively run timing analysis after each placement iteration to catch issues early.

Encounter’s Automatic Routing Engine

Routing Stages

1. Pre Routing — Generates a routing graph, assigns nets to layers, and performs early congestion analysis.
2. Global Routing — Uses a maze or channel routing algorithm to create a high level path for each net.
3. Detailed Routing — Converts global routes into exact metal geometries, handles vias, and satisfies DRC rules.

Advanced Routing Techniques

e Timing driven routing that adjusts path lengths based on net criticality.

« Integration of via cost models to minimize via usage and improve manufacturability.
e Use of layer by layer optimization to balance congestion across the metal stack.

e Support for clock tree synthesis and power grid routing within the same flow.

Optimizing Routing Quality
e Perform congestion analysis before routing to identify hot spots.
e Use DRC aware routing to catch violations during the detailed routing stage.

¢ Adjust layer cost parameters to guide the router toward lower cost layers.
¢ Run post routing timing analysis to ensure that routing delays do not invalidate the design.

Integrating Placement and Routing in Encounter

Encounter’s flow tightly couples placement and routing decisions. The placement engine provides a foundation that
influences routing congestion, while routing feedback can prompt placement adjustments. A typical iterative cycle
looks like this:

Initial Placement — Global placement with timing driven objectives.

Pre Routing Analysis — Generate routing graph and identify congestion.

Routing — Perform global and detailed routing.

Post Routing Analysis — DRC, timing, and power checks.

Feedback Loop — If timing or congestion issues arise, refine placement constraints and repeat.
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Case Study: A High Performance SoC

A leading semiconductor company leveraged Encounter to implement a 5 nm SoC with over 10 million transistors.



By combining automatic placement and routing, they achieved:

¢ 30% reduction in wirelength compared to manual placement.

e Improved timing margins by 15 /ps on critical paths.

¢ Decreased design cycle from 6 months to 3 months.

e Lowered power consumption by 8% through optimized routing and power grid placement.

Common Challenges and Solutions

Challenge: Congestion Hot Spots

Even with automated tools, certain nets may create congestion. Encounter offers:

e Congestion maps that visualize hotspots.
< Ability to re route critical nets manually or via targeted rerouting scripts.
e Adjusting layer costs to encourage the router to use under utilized layers.

Challenge: Timing Closure

Timing violations often surface after routing. To mitigate:

e Use timing driven placement to prioritize critical nets early.
« Incorporate post routing timing analysis after each routing iteration.
e Apply routing optimization passes that focus on critical nets.

Challenge: Power Integrity

Power distribution and IR drop can degrade performance. Encounter’s power grid engine can:

* Generate balanced power grids that match the placement topology.
e Simulate IR drop and adjust grid spacing accordingly.
« Integrate with the routing engine to avoid routing paths that cross high current regions.

Future Trends in Automatic Placement and Routing

¢ Machine Learning Integration — Predictive models that learn from previous designs to suggest optimal
placement strategies.

¢ 3 D IC Placement — Extending algorithms to handle through silicon vias (TSVs) and multi die stacking.

e Design for Manufacturability (DfM) Automation — Incorporating lithography aware constraints directly into
placement and routing.

e Enhanced EDA Cloud Integration — Leveraging distributed computing for faster placement and routing on
large designs.

Getting Started with Encounter

1. Set Up the Environment — Install Encounter, set up license servers, and configure the design workspace.

2. Prepare Design Files — Import RTL, generate netlists, and create constraint files (timing, area, 1/0).

3. Define Floorplan — Use Encounter’s floorplanning tools to place hard macros, define I/O regions, and set up
power grids.

4. Run Placement — Execute global and detailed placement, iterating with timing analysis.

5. Run Routing — Perform global and detailed routing, followed by DRC and timing checks.

6. Iterate — Refine constraints and repeat until all checks pass.

Conclusion



Automatic placement and routing are the backbone of modern IC design, turning complex RTL into manufacturable
silicon. Cadence Encounter’s sophisticated algorithms, integrated workflow, and powerful optimization features
make it a go to solution for engineers tackling high performance, high density designs. By understanding its
capabilities, adopting best practices, and staying aware of emerging trends, designers can unlock faster
time to market, improved performance, and lower power consumption.
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