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Generative Framework Pipeline:

Natural Language Input → Design Rules Agent → SKiDL 
Code → KiCAD Schematic → KiCAD PCB Layout

Self-Aware Iteration Pipeline:

LLM Code Generation → Electrical Rules Check → 
Graph Verification → Error Localization → LLM Self 
Iteration

•  PCB market: $74B (2025) → $113.5B (2032). Traditional schematic R&D takes 
months of manual expert work
•  Mix of digital, analog circuits, and power stage, harder than IC-level design
•  Rare open-source data, no standardized language

Generative AI for Automatic PCB Design, Human for Fabrication and Test.

Sub-Isomorphism Verification

•  Multi-stage: Syntax → ERC → Bipartite Graph → KG Rule Check 
→ VF2 Isomorphism

•  Knowledge Graph(KG) compresses IC information from ~16000 to 
~300 tokens (50× reduction)

• Encoding semantic pin-role types for cross-IC-family pattern 
matching

Benchmark

• 65 tasks across 22 PCB function domains
• 44 unique ICs from 11 vendors
• Proved broad coverage of real-world hardware functionalities

Main Results & Robustness

Category Domains # Tasks Pin Range

Analog Sensing, EMI/Analog Filter 11 3–20

Power Supply Aux Power, Power Mgmt 6 4–12

Power Stage Power Stage, Gate Driver 9 4–16

Power 
Converter DC-DC, DC-AC 7 20–100+

Digital / MCU MCU, Comm, Isolation, 
Storage, Memory 13 3–106+

Data 
Acquisition

Data Conversion, Ethernet, 
High-Speed 7 3–48

BMS / Motor Battery Mgmt, Motor Control 4 24–100+

System 
Integration

Digital Power, Motor Drive, 
Sys Integration 8 3–150+

Total 22 domains 65 3–150+

Category Gemini-3-Flash DeepSeek-V3.2

Analog Sensing 80.0% 61.8%

Power Supply 81.1% 71.1%

Power Stage 91.8% 74.1%

Power Converter 73.3% 57.2%

Digital & MCU 90.3% 68.7%

Data Acquisition 80.0% 73.3%

BMS & Motor 46.7% 40.0%

System Integration 51.7% 49.2%

Overall 77.5% 63.6%

• Close source LLMs outperform open source LLMs
• Circuit library ensures retrieval correctness
• Complex circuit system remains challenging

Case Study: AI Generated Schematics & Real PCB Human Cross Evaluation & Comparison
•  Independent blind review by Research Scientist (10+ years PCB experience) on 500+ samples
•  Cohen’s κ: Overall 0.913 → near-perfect inter-rater agreement
•  Confirms verifier validity for all difficulty levels

Conclusion
•  First training-free framework for automated PCB schematic design — no fine-
tuning, works with any frontier LLM.
•  77.5% Pass@1; 37× faster, 570× cheaper than human expert. Validated end-
to-end to manufactured PCB.
•  All code, KG, benchmarks, and 44-IC component library fully open-sourced.

Future Work:
•  Automated PCB layout generation and routing.
•  Extend to energy system power converter system for full stack automation.

Ref. Easy Medium Hard

Ours[1] 86.3% 84.0% 61.0%

CircuitLM[2] 53.0% N/A N/A

GNN[3] 30% N/A N/A

Prior works only handle ≤10 pins, ours is the first to 
scale to 100+ pin designs w/ real PCB output

Category PCBSchemaGen Ph.D. Graduate

Time ~2.4 min ~2 hours

Cost $0.07 ~$40

Correctness Verified (KG + SI) Variable

Components Constraint-
compliant Not optimized

Step 1: LLM generates correct PCB Schematic

Step 2: Automated PCB Layout Export

Step 3: Verified AC/DC 5kW Power Supply for 
Battery Energy Storage System (BESS)

37× faster and 570× cheaper than human expert!
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