Abstract

Metamaterials have raised a considerable interest in the scientific community because of
their highly unusual electromagnetic properties and because of their potential for
applications that will be beneficial to society. The essential property of this material is the
possibility of exploiting negative refraction behaviour which requires both a negative

permittivity and a negative permeability.

Metamaterials are periodic or quasi-periodic, sub-wavelength conductive structures. The
electro-magnetic material properties are derived from its structure rather than inheriting
them directly from its material composition. This term is particularly used when the
resulting material has properties that are not found in naturally formed substances as

indicated by the prefix “meta”.

The aim of the research is to fabricate metamaterials active in the microwave frequency
3-9 GHz. The smallest conductive structures comprising this metamaterial have a size in
the millimetre range (3-9 mm). Laser processing techniques are an ideal candidate for the

fabrication of this size of metallic structures.

A new method is proven for directly micromachining standard rigid PCB without the
need for any chemical or masks to be constructed to create the required patterns. The
number of processing steps and hence time is reduced compared to conventional PCB
processing with 35um copper tracks achieved. The process is proven with an Infra-Red

fibre laser with nanosecond pulse width.

A novel technique used in processing a flexible PCB without the need of photo-sensitive
resin and eliminating the use of masks. A Q-switched DPSS UV laser was employed to

write the designed pattern on to the flexible PCB followed by chemical etching.



At the time of writhing up this thesis, there was no evidence that these technique

explored in industry or research.

The possibility to machine part of a 3D left-handed (LHM) metamaterial had been
demonstrated for the first time with the electromagnetic properties are similar to the

original bulk.

Left-handed properties for both bulk metamaterial and machined wedges had been
validated by measuring the refraction angle and employing Snell’s law to prove the
negativity of index of refraction. The index of refraction found to be -1.1 for slab shaped

metamaterial, -1.36 for constructed wedge shape and -1.24 for the engineered wedge.

There are just handful of papers that claim to demonstrate metamaterials behaviour at
microwave frequency. It was intended that the research conducted during this PhD
project would lead to the availability of more examples by understanding how laser

technology can be used to manufacture them.

Researchers have developed theoretical techniques to achieve metamaterials active at
higher frequencies ultimately aiming to reach the domain of optical metamaterials.
However, only limited research has been conducted into fabrication techniques, and few
attempts to employ this new material for real applications. This project aims to redress
this by examining laser processing as a fabrication technique for microwave

metamaterials.

A replica to the Pendry / Shurig microwave cloak has been constructed and tested with a
vector network analyser. Transmission with and without the cloak is compared that

proves feasibility and repeatability of laser manufacture for this type of cloak.
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