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CraftRTL: High-quality Synthetic Data Generation for Verilog Code Models with 
Correct-by-Construction Non-Textual Representations and Targeted Code Repair

We present CraftRTL, a state-of-the-art Hardware LLM designed for RTL coding. Our approach enhance data curation by generating correct-by-construction 

data targeting non-textual representations. Additionally, we introduce an automated framework that gathers errors from multiple model checkpoints and 

create targeted code repair data by error injection. We outperform prior results by 3.8%, 10.9%, 6.6% for pass@1 on VerilogEval and RTLLM.
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Motivation
• Challenges: Limited high-quality data, 

constrained capability of existing LLMs and 
complex verification requirements for ensuring 
the functional correctness. 

• LLMs for RTL Generation: Reducing designer 
costs and efforts for completing hardware specs, 
code synthesis, refinement and debugging.

• Prior works on Synthetic Data Generation: 

    

• Our Contributions:

• We develop correct-by-construction datasets 
targeting non-textual representations, 
improving model understanding and 
generation capabilities.

• We have developed an automated system that 
collects errors from various model checkpoints 
and injects these into code to create targeted 
code repair datasets..

• CraftRTL-15B surpasses previous state-of-the-
art results by achieving higher pass@1 rates 
on VerilogEval-Machine, VerilogEval-Human, 
and RTLLM benchmarks.

CraftRTL Experimental Results
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Ensure Correctness with Correct-by-Construction

Generate Targeted Code Repair Data

Main Experiment: Pass-rates of recent large language 

models and the proposed CraftRTL. Pass@1 = #passed 

case/#total case. We report the best pass@k score 

among temperature {0.2, 0.8}.

Ablation Study: Pass-rate (%) from the ablation 

study evaluating the effectiveness of various 

synthetic data groups and framework components.

1) Self-Instruct generate with in-context learning 

from seed examples (Wang, Yizhong, et al. 2022)

2) Docu-Instruct utilize document sources from 

Wikipedia and textbooks to enhance diversity

(Adler, Bo, et al. 2024)

3) Oss-Instruct reversely generate coding 

problems from code snippets (Wei, Yuxiang, et 

al. 2023) 

Struggle to generate functionally correct data

Improved Pass-rate variability
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