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Figure 1 (Color online) Overall architecture of the integrated circuit large model system.
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* 1 hREFRZRMHENIET.

Table 1 Quantitative metrics for the five-layer architecture.

Architecture layer Core metrics Target thresholds Engineering impact
Infrastructure Compute & data Compute: 0.1~1 PFLOPS; Supports multimodal pre-training & continuous
layer capacity multimodal data: >10 TB production iteration
Physics-informed  Consistency & Convergence speedup: >30%; Accelerates convergence; significantly cuts
layer efficiency labeled data need: —30% to —50% data & simulation costs
Foundation model Accuracy & inference Key task acc./recall: >90%; Serves as an efficient surrogate meeting strict
layer speed inference speedup: 10~100x physical simulation standards
Interface layer Latency & compatibility API response: <500 ms; Enables seamless engineer interaction &
mainstream tool coverage: 100% closed-loop production scheduling
Cost & efficiency Defect prediction acc.: >95%; Transforms model capabilities into direct

Application layer
yield R&D cycle: —30% to —50% economic value for semiconductors
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Figure 2 (Color online) Five-stage construction paradigm.
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Figure 4 (Color online) TCAD intelligent agent framework based on multimodal RAG and CoT reasoning.
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Table 2 Comparison of domain-specific large models and application frameworks in integrated circuits.

Model/tool name Core Core functions Application scenarios Key performance metrics

architecture

ChipNeMo [34] Llama2 Engineering assistant,  Full chip design flow, EDA script accuracy: 49%~77%;

(7B/13B/70B)  EDA script generation, verification, EDA  retrieval hit rate: +30%
bug analysis tools
SemiKong [3°] Llama3 Process knowledge QA, Semiconductor 13% better performance than Claude-
(8B/70B) etching optimization, manufacturing, 3.5; expert-level communication
anomaly detection process control metric improved by 8.1%

FabGPT 3] PandaGPT-7B  Wafer defect detection, IC wafer QA accuracy 14.29% higher than
root cause analysis, manufacturing GPT-4; AP improved by 8.16%
manufacturing QA inspection, process

optimization
ChatEDA [14] Llama2 Automated physical  Chip synthesis, Task excellence rate: 82%
(7B/13B) design flow from RTL to  placement and
GDSII routing, physical
design
VeriGen [53] CodeGen Automatic Verilog code Digital circuit design, Syntactic  correctness: +41%;
(355M~16B) generation FPGA development functional correctness: 18% higher
than baseline; fast inference
RTLCoder [54] Mistral- Natural language to Digital IC design, RTL  Performance metrics improved by
7B/DeepSeek- Verilog code generation automated generation 31%~56% over GPT-3.5
Coder 6.7B
ChipGPT [55] GPT- Automatic Verilog  Logic design, Average design area reduced by
3.5-based generation, PPA space front-end design  35%~47%
framework exploration optimization
Chip-Chat [56] GPT-4-based Natural language to Rapid prototyping,  Successfully taped out a 130nm 8-bit
framework Verilog, multi-round  microprocessor design microprocessor, but complex modules
refinement, collaborative required multiple iterations
design
GPT4AIGChip 57 GPT-4-based Automatic HLS FPGA AI accelerator Code  generation  success rate
framework hardware code  design, GEMM  improved by 5Xx; inference latency
generation operators reduced by 2%~16%
DocEDA [58] EDocNet +  Circuit document  Analog circuit design, Accuracy improved by 11.8% over
GAM-YOLO parsing, parameter  technical  document YOLOVS; recall improved by 40%
+ LLM extraction, netlist  automation
generation
LayoutCopilot [59] GPT- Natural language to Interactive analog IC  Accuracy improved by 13.8%;
4/Claude/GPT- layout commands, layout  layout design performance improved by 115%
3.5 optimization

Z R RER ) R SEE R EDA T HEME e 2 518 A, @ ChipGPT P91, Chip-Chat 6], GPT4AIGChip 7,
DocEDA 58! LayoutCopilot 9 25, X SEHF 50 1E 5% B IV EMAE S 4EE B 1 RIFRCR, (HEK P “sSREE
Wsmr SN, B, TR MR E O R Z 5 —

S R MR DU Y, AR A s TS OC AR R F 7T B AR AE AR 8 0 AN AR AR E AWt e, (H I
BRZ —AEEN RO G AR LA HUBI SRS TR S R O B AR SR, B I — AN A2, AR SRR
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1 Zhang Y. The 12-inch CMOS process integration platform is built to support the industrialization of research achievements from
universities and research institutes: an interview with Wu Hanming, academician of the Chinese Academy of Engineering, and
professor at the College of Microelectronics (Institute of Micro and Nano Electronics), Zhejiang University. Micro/Nano Electron
Intell Manufactur, 2022, 4: 2-4 [JK=E. 12 ) CMOS B LE AR F & &, Bl m it 7o BT s S sz Bl Mk — o [
TAREBERE £, WL RS 722 e (g 354 Ft) RO, a7 5 8 REMIE, 2022, 4: 2-4]
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Abstract With the continuous evolution of advanced process nodes, the complexity of integrated circuit (IC)
manufacturing has increased significantly, raising the demand for cross-layer, multimodal, and intelligent manufacturing
capabilities. Traditional approaches, relying primarily on expert experience, physical mechanisms, and mathematical
models, show clear limitations in handling process iterations, workflow optimization, and cross-scenario technology
transfer. This underscores the urgent need for intelligent technological systems with stronger generalization ability and
industrial adaptability. In recent years, foundation models have demonstrated exceptional knowledge abstraction, semantic
understanding, and generalization capabilities across multiple domains, offering new opportunities to advance intelligent
IC manufacturing. However, IC manufacturing is typically characterized by heterogeneous, multimodal data, small sample
availability, complex process couplings, and inherent trade-offs between efficiency and accuracy, making it difficult to apply
general-purpose foundation models directly. Therefore, it is imperative to organically integrate multimodal data, physical
mechanisms, and domain knowledge into model design to build dedicated foundation models tailored for manufacturing
processes. This paper focuses on the core difficulties and key challenges of integrated circuit manufacturing, introduces the
current development status of IC foundation models, and outlines future development pathways.

Keywords integrated circuit, design-technology co-optimization, intelligent manufacturing, artificial intelligence, large
language model



