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Abstract 

 Meta-materials are usually metal-dielectric composites capable of 

achieving unique electromagnetic properties. These unique 

electromagnetic properties of meta-materials have attracted much interest. 

Although meta-material fabrication is developing, fabrication of large 

volumes of three-dimensional meta-materials for THz through to visible 

frequencies remains problematic. As methods such as lithography 

produce small-scale features required (100 nm - 100 μm), become 

impractical and/or uneconomical. To address this limitation, we have 

investigated fiber drawing as a means of producing large quantities of 

meta-materials.  

The method is based on drawing micro-structured polymer optical 

fibers. But in which the holes that would form the micro-structure are 

filled with metal, making metal-polymer composites that form the meta-

materials. Structures possible use this method including arrays of wires, 

which allow the permittivity to be tuned through the details of the wire 

diameter and spacing. 

This thesis considers the extensions of this method in terms of 

structures that may be fabricated and frequencies for which interesting 

electromagnetic properties may be achieved. Fabrication involves the 

construction of a cm-scale preform which is heated and drawn to fiber, 

such that the structure is reduced in size. Fiber drawing may be 

accompanied by deformations to the structure, thus it becomes difficult to 

(i) make structures increasingly smaller, as would be required to create 

meta-materials for higher frequencies, and (ii) to make increasingly 

complex structures. The present work reports on progress in these 

respects. We investigate wire arrays with plasma frequencies towards the 



mid infra-red (smaller sizes). To initially consider the dimensions of wire 

arrays required for a plasma frequency in the mid infrared, we began with 

the approximation for an array of thin wires where the spacing a is much 

larger than the wire diameter d. This yields the relationship between all a 

and d. Requiring that a be smaller than half the wavelength at the plasma 

frequency gives the limit of wire thickness for a given spacing of d < 

0.29a. 

The fabrication was performed using indium wires in PMMA 

background. The wires and fibers were drawn in several steps to reach 

minimum dimension spacing, with expected plasma frequencies in the 

mid-IR, around 12 THz. Arrays of fibres were used to create cm-scale 

samples for characterization using FTIR spectroscopy. 

It is noted that the upper d/a limit may not be consistent with the 

thin-wire approximation, but is considered for practical reason as it 

allows higher plasma frequencies to be reached with larger structures. 

This approach predicts that wires with approximately 1 μm diameter and 

6 μm spacing would produce a plasma frequency in the mid-IR, at 12 

THz. Such a wire array was simulated using COMSOL, and the inferred 

plasma frequency agreed well with the approximation.  
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