
YOUR FIELD · ELECTRONIC, IT AND TELECOM

Circuit Design and 
Optimization
Highlights how Generative AI transforms circuit design 

and optimization through automated schematics, 

component layouts, and PCB design assistance.

Christophe Pennetier, André-Benoît De Jaegere

Generative Engineering · Volume I · written November 2024 to February 2025, two years after 

ChatGPT; its text is kept as published · https://generative-engineering.aquia.studio/fields/

eitt/circuit-design/

CONTENTS

Circuit Design and Optimization 1

Automated Circuit Design 1

Component Layout Optimization 2

PCB Design Assistance 2

Industry Adoption 3

Challenges and Opportunities 3

Conclusion 3

Can AI Fully Automate the Design of Electronic Circuits? 3

How Accurate Are AI-designed Circuits Compared to Those Designed by Humans? 5

In the Spotlight: Azalia Mirhoseini 6

Citations for Section on Circuit Design and Optimization 7

General References for Section on Circuit Design and Optimization 7

Circuit Design and Optimization

These advancements enable engineers to create more efficient circuits 

with less manual intervention, pushing the boundaries of what's possible 

in electronic design.

The integration of Generative AI in circuit design and optimization is 

transforming the electronic engineering landscape. This transformation is 

evident across three key areas: Automated Circuit Design, Component 

Layout Optimization, and PCB Design Assistance.

Automated Circuit Design

Generative AI is being leveraged to automate the generation of circuit 

schematics, significantly enhancing the design process. Tools like 
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CircuitVAE, developed by NVIDIA, utilize variational autoencoders (VAEs) to 

optimize circuit designs by embedding them into a continuous latent 

space. This approach allows for efficient exploration and optimization of 

design parameters such as area and delay, reducing computational costs 

compared to traditional methods[3].

Generative AI models are proving effective in addressing the complex 

optimization problems inherent in circuit design by balancing multiple 

objectives like power consumption and area constraints[3].

Component Layout Optimization

AI-driven tools are revolutionizing the optimization of physical layouts on 

printed circuit boards (PCBs). These tools automate the routing process 

and optimize component placement to enhance efficiency and 

performance. For instance, AI algorithms can analyze vast datasets to 

improve signal integrity and thermal management during the layout 

phase[1][4].

This automation not only reduces manual effort but also shortens design 

cycles and enhances the reliability of electronic products by identifying 

potential issues early in the design process[1].

PCB Design Assistance

AI-powered PCB design tools are facilitating more efficient and innovative 

design processes. Companies like Quilter are developing AI "compilers" for 

circuit boards that automate entire design workflows, from schematic 

generation to production-ready solutions[5].

These tools integrate seamlessly with existing design software, allowing 

engineers to iterate designs faster while maintaining high quality control 

standards through advanced simulation technologies[2][5].

Furthermore, AI's predictive capabilities enable the proactive 

identification of manufacturing challenges, leading to more robust designs 

and reduced production costs[1][4].
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Industry Adoption

Several startups and established companies are actively exploring and 

implementing generative AI in circuit design and optimization. For 

example, SnapEDA's SnapMagic Copilot is an industry tool that uses 

generative AI to streamline circuit design processes[2].

In terms of large corporations, companies like NVIDIA are at the forefront 

of integrating AI into their hardware design processes, leveraging their 

expertise in AI hardware to drive innovation in electronic design 

automation[3][6].

Challenges and Opportunities

While generative AI offers significant benefits in terms of efficiency and 

innovation, challenges remain. These include ensuring model 

interpretability, managing ethical concerns around automation, and 

addressing real-time constraints in complex systems. However, as AI 

technologies continue to evolve, they present unprecedented 

opportunities for enhancing productivity and creativity in electronic 

engineering.

Conclusion

In conclusion, Generative AI is reshaping circuit design and optimization by 

automating complex tasks, optimizing layouts, and assisting in PCB 

design. As these technologies mature, they promise to further 

revolutionize the field by enabling faster iterations, reducing errors, and 

fostering innovative solutions that were previously unattainable through 

traditional methods.

Can AI Fully Automate the Design of 
Electronic Circuits?

But the question remains: can AI truly eliminate the need for human 

intervention in circuit design? In a Gladwellian sense, we stand at a 
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fascinating tipping point: AI is more capable than ever, yet human intuition 

often remains the secret sauce behind final design decisions.

The question of whether AI can fully automate the design of electronic 

circuits is intriguing given the rapid advancements in AI technologies. 

Current AI tools have made significant strides in automating various 

aspects of circuit design, but full automation remains a complex 

challenge.

Current Capabilities

AI technologies, particularly those involving machine learning and 

generative models, have been integrated into electronic design 

automation (EDA) tools to enhance circuit design processes. For instance, 

tools like SnapMagic Copilot and platforms developed by companies like 

Celus and Quilter are leveraging AI to automate tasks such as schematic 

generation, component selection, and PCB layout optimization[7][8][2].

These tools can significantly reduce the time and effort required for circuit 

design by automating repetitive tasks and optimizing designs based on 

predefined criteria.

AI also aids in automating circuit topology generation and device sizing 

through advanced models like Circuit Graph Neural Networks (CktGNN)[9]. 

These models use graph-based representations to efficiently explore 

design spaces and optimize circuit parameters, showcasing AI's potential 

in handling complex design trade-offs.

Limitations and Challenges

Despite these advancements, fully automating the entire circuit design 

process poses several challenges. Current AI tools often require human 

oversight to ensure design accuracy and reliability. For example, while AI 

can assist in component placement and routing on PCBs, it may not fully 

comprehend nuanced trade-offs such as thermal management and signal 

integrity[1][12].

Additionally, AI systems can struggle with understanding the broader 

context of a design or anticipating real-world physical impacts, areas 

where human expertise remains crucial[5].

Moreover, issues such as component shortages and supply chain 

disruptions require adaptive solutions that AI alone may not be able to 

address without human intervention[8]. The dynamic nature of electronic 

component availability necessitates flexible design strategies that can 
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quickly adapt to changes—something that current AI systems are still 

developing capabilities for.

Future Prospects

The future of AI in circuit design looks promising as ongoing research 

continues to enhance AI's capabilities. The integration of reinforcement 

learning, neural networks, and distributed computing is expected to 

improve automation tools further, potentially leading to more 

comprehensive solutions that could handle more aspects of the design 

process autonomously [5]. However, achieving full automation will likely 

require significant advancements in AI's ability to understand complex 

engineering contexts and make decisions that align with human intuition.

In conclusion, while AI has substantially contributed to automating parts 

of the circuit design process, full automation is not yet feasible. Human 

expertise remains essential for ensuring the quality and reliability of 

electronic designs. As AI technologies continue to evolve, they will 

increasingly complement human designers by taking over routine tasks 

and allowing engineers to focus on innovation and creativity.

How Accurate Are AI-designed 
Circuits Compared to Those Designed 
by Humans?

Even if AI can generate designs more quickly, rigor and reliability remain 

the twin pillars of engineering. AI-designed circuits have demonstrated 

remarkable accuracy and efficiency compared to those designed by 

humans, though there are nuances to consider.

Accuracy and Efficiency

1. Energy Efficiency and Size: AI-designed circuits can be significantly 

more efficient, with designs reported to be 2.3 times more energy-

efficient or 25% smaller than those engineered by humans[13]. This is 

primarily due to AI's ability to process vast amounts of data and 

optimize designs beyond the capacity of manual methods.

2. Precision in Layouts: AI optimizes circuit layouts by analyzing 

complex datasets, resulting in highly optimized and space-efficient 

designs[13].
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3. Error Reduction: AI tools enhance circuit testing and inspection 

processes by identifying defects and anomalies with greater precision 

and speed than traditional methods[1][15].

Limitations

Despite these advantages, AI-designed circuits are not without challenges:

1. Data Dependency: The accuracy of AI models heavily depends on the 

quality and quantity of training data, leading to potential suboptimal 

designs if data is lacking[1].

2. Lack of Full Autonomy: While AI significantly aids the design process, 

full automation has not yet been achieved, and human oversight 

remains necessary to manage complex trade-offs[1][15].

3. Interpretability Issues: AI models, particularly deep learning 

algorithms, often act as "black boxes," making it challenging to 

understand their decision-making processes in safety-critical 

applications[1].

In summary, while AI-designed circuits offer substantial improvements in 

efficiency and accuracy over traditional human-designed circuits, they 

require careful management of data quality and human oversight to 

ensure optimal outcomes. Combining AI's computational power with 

human expertise continues to be the most effective approach for achieving 

high-quality circuit designs.

In the Spotlight: Azalia Mirhoseini

No discussion of AI's imprint on circuit design would be complete without 

highlighting one of the field's pioneering figures. Azalia Mirhoseini has 

been a critical force in leveraging AI to transform the art of chip layout.

Her contributions through work at Google Brain and beyond focus on 

using reinforcement learning for chip design, optimizing component 

placement and routing to improve efficiency.

Key Contributions

1. AI-Driven Chip Design: Mirhoseini's work involves using AI, 

specifically reinforcement learning, to design chips that are as 

efficient or more efficient than those designed by human engineers. 

Her methods have resulted in chips that are faster, more energy-

efficient, and cheaper due to reduced internal wire lengths[16].
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2. Graph Placement Methodology: She co-authored a paper on a graph 

placement methodology for fast chip design, published in Nature, 

using deep reinforcement learning to optimize chip layouts and 

significantly reduce design time[18].

3. Device Placement Optimization: Her research in optimizing device 

placement improves chip manufacturing efficiency by automating 

complex decision-making processes[18].

4. Scalability and Generalization in Circuit Training: Her work explores 

the scalability and generalization of circuit training for chip 

floorplanning, enabling efficient management of component 

layouts[17].

These efforts highlight her role in advancing AI applications in electronic 

design automation, making significant strides towards more efficient and 

automated circuit design processes.
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