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A composite comprised of small particles distributed in a host matrix (Figure 1) can be 

prescribed an effective electric permittivity 𝜖eff in the long wavelength limit. The effective 

permittivity is a function of the constituent material properties, volume fraction of the 

particles and also the shape of the particles (Figure 2). By optimizing the particle shape and 

tapping into the plasmonic resonance at the particle/matrix interface, we are able to design 

composites with near-zero permittivity and very low loss at optical frequencies.  

 

 

 
 

 

Figure 1: Composite comprised of particles 

embedded in host medium 

 

 
 

Figure 2: Effective permittivity as a function of 

particle volume fraction and particle shape

REFERENCES 

[1] Bohren, C. F., & Huffman, D. R. (2008). Absorption and scattering of light by small 

particles. John Wiley & Sons. 

[2] Mejdoubi, A., & Brosseau, C. (2006). Finite-element simulation of the depolarization 

factor of arbitrarily shaped inclusions. Physical Review E, 74(3), 031405. 

[3] Otomori, M., Andkjær, J., Sigmund, O., Yamada, T., Izui, K., & Nishiwaki, S. Topology 

Optimization for the Microstructure Design of Plasmonic Composites. 

[4] Henzie, J., Lee, M. H., & Odom, T. W. (2007). Multiscale patterning of plasmonic 

metamaterials. Nature nanotechnology, 2(9), 549-554. 

[5] Drachev, V. P., Chettiar, U. K., Kildishev, A. V., Yuan, H. K., Cai, W., & Shalaev, V. M. 

(2008). The Ag dielectric function in plasmonic metamaterials. Optics express, 16(2), 

1186-1195. 


