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Abstract 

The topology optimization (TO) technique originated from structural engineering seeks the material 

distribution within a specified domain so that the resulting structure has the best performance. 

Structural materials and metamaterials have artificial periodical structures, and their properties mainly 

derive from the geometry of their unit cells. This presentation will demonstrate that topology 

optimization can be extended to find innovative designs of structural materials and metamaterials 

driven by the desired extreme or unusual properties. Through the reformulation of the objective and 

constraint functions, a series of structural materials and metamaterials can be found through topology 

optimization, including cellular materials with maximum bulk or shear modulus [1], chiral 

metamaterials [2], negative refraction of metalens for acoustic focusing and imaging [3], photonic and 
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 phononic band gap materials [4], and topological insulators for robust transport of acoustic and 

electromagnetic waves [5].    
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