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• Key Challenges in Conventional Power Electronics Design

• Background Introduction & Overview
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• Multi-Objective Optimization for Circuits
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• Time Consuming Multi-Physics & Software Tools 
• Tools are not well interaction

Conventional  PE Design Challenges

Power Electronics Multi-Physics[1] Power Electronics Design Tools

Topology & Control System

Power Semiconductor Design

Magnetics Design

Circuit 
Optimization

Topology 
Simulation

Critical Loop 
Simulation

Package & 
Machanical

Magnetics & 
Thermal PCB Layout
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A SPEC PE Design  Example

System 
Objective

Circuit 
Topology

Design 
Parameter

Modulation 
& Control

Power Semiconductors, 
Modules & SensorsMagnetics

Capacitors & 
EMI Filters

PCB & 
Busbars

Thermal 
Management

Prototype 
Assembly & Test

System 
Level

Converter 
Level

Component 
Level

Demonstration 
Level

*Based on findings from a small-scale survey of students within SPEC research center. 

• How long does an experienced engineer successfully build one BESS converter?
100h 500h 400h

400h

200h200h

100h

300h 150h 800h

AI can accelerate the 18+ month 
development cycle for innovative 
power electronics hardware at 
advanced level.
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Annual Number of Publications of AI in Power Electronics from 2015 to 2024[2]

*Searched on IEEE Xplore w/ metadata “Artificial Intelligence” or “AI” or “Machine 
Learning” or “Deep Learning”.

AI for PE Opportunity

AI Agents went mainstream 
starting in late 2022

>105% Increase



6

AI for PE Outlook

AI Duties[3]
• Autonomous Design: AI generating full schematics 

from system requirements.
• Multi-Objective Optimization: Interactively 

balancing cost, efficiency, and reliability.
• Proactive Reliability: Integrating safety and aging 

models into the initial design.
• Holistic Co-Optimization: Designing the battery, 

BMS, and converter as one unified system.
• Application-Centric Design: Tailoring the entire 

system for its specific end-use and grid needs.
• Digital Twin Lifecycle: Using a real-time model for 

predictive maintenance and future design feedback.

Energy Loss (%)

BOM Costs 
($/kW)

Power Density 
(W/inch3)

Manufacturing Efforts
(kWs/W)

Floorspace
(m2)

R&D Time 
(day)

State-of-the-Art

Future
Efficiency

(%)

Failure rate & 
Reliability (h-1)

Battery Pack Volume 
(m3)
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AI Enhanced PE Review

Traditional NN Models

Neural Network Structure[4]

Modeling and Fault Detection

Dialog Based AI Agent

Dialog Box with ChatGPT

Comparison between Human and 
LLM models[6]
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AI aided BESS Converter Design Opportunity

• Opportunity 1: LLM enhanced Multi-Objective Optimization for SR-DAB Modulation[7][8]

Constant Φ

Sine
Modulation DPS Strategy

S1 S2
S3S4

S5 S6
S7S8

Proposed AC-DC SR-DAB Topologies

Optimization Goal:
Fmincon(Φ1, Φ2 , fsw)

W/o AI suggested solver:
• result falls into local 

optimum
• Bad THD quality

• 156 seconds Calculation 
time

W/ AI suggested solver :
• result falls into global 

optimum
• Great THD quality

• 11 seconds Calculation 
time
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AI aided BESS Converter Design Opportunity

• Opportunity 2: AI based High Frequency Magnetics design for bidirectional converter
AI based Magnetic Modeling LLM based XFMR Design Magnetic Simulation & 

Prototype

Ferrite B-H and Loss Curves Modeling[9]

Transformer Design w/ Material, Core, 
Winding Selection[10]

Input Dialog Box

Figure of Output[11]

Magnetic Simulation in Ansys Maxwell

Built Transformer Prototype[14]

Magnetic R&D Time:
From >200h to 100h

Input AI Network Input



AI aided BESS Converter Design Opportunity

• Opportunity 3: Power Stage PCB Layout Design aided by AI
AI based PCB Signal Layout PCB Power Stage Layout

Parameters Value

Rated Power 5kw each

DC Voltage 72-108Vdc

Dimension 
(L*W*H)

12.6*3.15*1.6 inch
32*8*4 cm

Switching 
frequency 100kHz

Power Density 220W/inch3 or
13.4kW/L

No Power Stage PCB Layout 
Automation Tool Available

Key Challenge for PCB Layout
• Minimize Power Loop Inductance
• Minimize Gate Loop Inductance
• Adjust Transistor Package (TO247-3, TO247-4, 

QFN, TOLL, TOLT, D3PAK, etc.)
• Gate Driver circuit design
• Thermal Management
• Assembly Difficulty
• Sensor & Aux Power Supply
• Etc.
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Automation Flowchart[12]
[13] [8] [14]



AI aided BESS Converter Design Opportunity

• Opportunity 4: AI facilitated Prototype Assembly, Debugging & Testing

Abnormal 630kHz Noise on AMC3330 Output

Abnormal current Noise on EMI Filter

DPT: 140V overshoot @ 50V , 10A DPT: 120V overshoot @ 100V , 100A

Current Noise Disappeared

CM Noise Filtered, Sensing Circuit Works
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AI Agent

• Understand waveforms and user 

questions.

• Link to previous set Power Electronics 

Design Database & knowledge.

• Implement Chain-of-thought and 

think like power electronics engineer 

with expertise.

• Analyze question and give the answer.

Waveforms

Description

Reason

Solutions
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Peak Efficiency/%

Industry

Academic

SMA 2023Tesla 2020 Tesla 2024

Delta 2023

Infineon 2024

This Design

CPES 2018ETH 2018

Dongguk 
2024 ASU 2024

ZJU 2024

UT Austin 
2022

AI aided BESS Converter Design Opportunity
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Comparison among Hardware Prototypes 
for Power Density & Peak Efficiency

Power Density 
(W/inch3)

Manufacturing 
Efforts

(kWs/W)

Floorspace
(m2)

R&D Time 
(day)

State-of-the-
Art

Future
Efficiency

(%)

Failure & 
Reliability

(h-1)

Energy Loss (%)

BOM Costs 
($/kW)



Future Project Plan 
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• Build and Validate the Foundational AI 
Enhanced PE Design Acceleration Tool

• Establish validated Physics-Informed AI 
models.

• Integrate AI models into a unified 
simulation environment.

• Enable AI-driven multi-objective 
optimization.

Step 
1

Step 
2

Step 
3

• Execute Autonomous Co-Design to 
Generate a Digital Blueprint

• Define system-level specifications 
as AI inputs.

• Autonomously generate and co-
optimize the complete converter 
design. 

• Produce a full set of manufacturing-
ready layout files.

• Fabricate, Test, and Benchmark the 
Physical Prototype

• Accelerate hardware testing and 
debugging with AI assistance.. 

• Validate performance against state-of-
the-art benchmarks.
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