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The semiconductor industry faces a critical challenge: the cost and complexity of designing
advanced System-on-Chips (SoCs) are increasing exponentially, creating an unsustainable
productivity gap. As chip designs become more intricate, scaling up by adding more engineers
or tools is no longer a viable solution. Generative Al (GenAl) presents a transformative
approach to this problem by decoupling design complexity from manual human effort,
dramatically increasing the productivity of individual engineers, and finding superior solutions to
computationally intensive problems in chip design. This tutorial will provide an overview of the
major research themes and latest results in the use of GenAl for digital chip design.

A primary application of GenAl is the generation of synthesizable Verilog code from natural
language descriptions using Large Language Models (LLMs). A critical challenge is achieving
high synthesis quality. This is measured not just by whether the code works correctly but by how
efficient the resulting circuit is in terms of Power, Performance, and Area (PPA). We provide a
large-scale evaluation of LLM-generated Verilog quality using a wide range of models and
designs. We show how techniques like Chain-of-Thought (CoT) prompting and fine tuning are
used to guide the model's reasoning, compelling it to break down problems logically, much like a
human designer would.

GenAl is also being deployed to address a significant bottleneck in modern chip design:
verification. This process, which can consume up to 60% of a designer's time, is being
automated as LLMs learn to generate complex verification environments, testbenches, and
formal properties (i.e., SystemVerilog Assertions) directly from design specifications. We will
describe state-of-the-art methods for verification and show how to design LLM agents that can
create testbenches in order to maximize functional coverage.

Beyond code generation, GenAl is revolutionizing how engineers interact with vast and complex
design data. We describe how Retrieval-Augmented Generation, frameworks like ChipXplore
act as intelligent assistants. They allow engineers to ask natural language questions about
massive datasets like Process Design Kits and design databases. The LLM-based agentic flow
translates these questions into database queries, retrieving critical information faster and with
fewer errors than manual methods, thereby dramatically improving productivity and accuracy.

The tutorial will also describe how GenAl is used to create predictive tools and autonomous
agents to automate the entire chip design flow. LLMs can analyze RTL code directly to estimate
a circuit's PPA metrics before synthesis, providing rapid feedback and enabling early design
space exploration. We will show how GenAl techniques can create autonomous multi-agent
systems that can manage the entire design workflow, from RTL to the final GDSII layout. In this
paradigm, an LLM acts as a high-level reasoning engine, planning tasks, generating scripts for
design automation tools, and executing the design flow. This agentic flow can continuously
evaluate the results of each step and iteratively refine the design until all objectives are met.

The tutorial will conclude with open research problems in the field, including the scarcity of
high-quality public design data, the risk of hallucinations, the risk of IP violations, and the need
to create multi-modal autonomous Al-driven agentic flows that can integrate textual
specifications, structural code, and visual layout data to holistically optimize chip designs.
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