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3D Crystal Materials form the Foundation of Modern 
Technology

Image: Tian Xie
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Limitation in Existing Works
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● No SOTA model learns the joint distribution of atom coordinates, types, 
and lattice structure end-to-end via diffusion.

Un-Realistic !!

● Most popular studies follow unconditional generation.

● Without imposing any external constraints related to physical or chemical 
properties.



Research Question  - Text Guided Generation 

● Join distribution of atom coordinates, types, and lattice structure 
end-to-end via diffusion model.

● Leverage textual descriptions (prompts) of a given material to generate 
materials with desired target properties.

● A key benefit of using textual descriptions is they provide a diverse set of 
structural (global and local) information and encompass different 
conditions effectively and flexibly. 
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Joint Diffusion Framework

7



Textual Data

8



TGDMat: Text-Guided Diffusion for Material



Results - Crystal Structure Prediction(CSP)



Results - Random Material Generation(Gen)



Conclusion

● Text Guided Diffusion Model will bridge the gap between natural 
language understanding and material structure generation.

● Given Condition using interpretable prompts, trained diffusion models will 
generate new novel and stable materials of different classes.

● Additional textual information will guide the diffusion process to converge 
faster.
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Arxiv : https://arxiv.org/pdf/2503.00522
Github Repo for TGDMat : https://github.com/kdmsit/TGDMat
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