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Abstract

This thesis aims to investigate the use of electromagnetic metasurfaces in microwave imaging
(MWI) to provide advantages for the development of imaging systems. In particular, this
thesis is focused on two main contributions: (1) the use of absorbing metasurfaces in MWI,
and (2) the use of matching metasurfaces in MWI.

Firstly, metallic-backed absorbing metasurfaces are proposed to be used as the casing
of MW!I systems to not only shield the imaging system from external noise but also reduce
the re ections from the casing back to the imaging domain. Metasurfaces are thin and light
weight, thus making them suitable for portable MW!I systems. In addition, metasurfaces
at the microwave frequency range can be fabricated using standard printed circuit board
(PCB) technology. Using simulated data in Ansys HFSS, we demonstrate the potential of
using this type of enclosure for MWI systems. Finally, we fabricate one metallic-backed
absorbing metasurface to evaluate its re ectivity.

Secondly, matching metasurfaces are investigated for MWI as impedance transformers
to more e ciently couple microwave energy into the target. This is important as su cient
interrogation of the target is essential for successful imaging. This will also alleviate the
necessity of using coupling liquids in MWI. Similar to the absorbing metasurfaces, matching
metasurfaces are also thin, light weight, and easy to manufacture at the microwave frequency
range, thus making them suitable for MWI. Using simulated data in Ansys HFSS and
an appropriate calibration technique, we demonstrate the possibility of using matching
metasurfaces in MWI. Also, one matching metasurface is fabricated and measured to verify
its matching performance.

For both cases, the disadvantages of using metasurfaces for MW1 are discussed. For the
metasurfaces that we used in this research, the main disadvantage is their angular depen-
dency, which a ects their performance for complex scattering scenarios. The main future
work should be focused on experimental evaluation of these metasurfaces in a real imag-
ing chamber where practical issues such antenna mutual coupling and antenna impedance
matching are present.
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1. Introduction

Chapter 1

Introduction

An electromagnetic metasurface (EMS) is an arti cial structure with sub-wavelength thick-
ness which can systematically manipulate the electromagnetic behaviors [1{4]. Due to its
sub-wavelength thickness, it is considered as a surface or the two-dimensional (2D) form
of metamaterials. The behaviors that can be controlled by metasurfaces include radiation
patterns [5, 6], polarization [7, 8], re ection [9], absorption [10], etc. When an incident elec-
tromagnetic wave impinges on the metasurface, a set of electric and magnetic polarization
currents are induced. These currents will then create a secondary radiation that can change
the features of the original incident eld [11,12]. The characteristics of these polarization
currents determine the nal form of the transmitted and re ected waves. Thus, an EMS can
be considered as a transformer for electromagnetic waves. For example, in [13], electromag-
netic metasurfaces have been used to transform an incident wave into a transmitting wave
that satis es some desired performance criteria such as a desired half power beamwidth

(HPBW), a main beam direction, and null angles.

In order to systematically study the eld transformation of metasurfaces, generalized
sheet transition conditions, also known as GSTCs, have been developed to describe the elec-
tromagnetic eld transformation across the metasurface. These boundary conditions were

derived by Idemen [14] and have then been applied to the discontinuity of electromagnetic
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Fig. 1.1: An incident eld, shown with a red arrow, impinges on the metasurface. A re ected
eld and a transmitted eld shown in blue arrows arise. The metasurface consists of a set of unit
cells with subwavelength dimensions. A common implementation of a unit cell that consists of a
three-layer printed circuit board design (PCB) is shown.

elds across metasurfaces [15{18].

As shown in Figure 1.1, a metasurface consists of a lattice of homogenized sub-wavelength
unit cells. When these unit cells interact with the incident eld, re ected and transmitted
elds will arise that can be controlled by the properties of the unit cells [9]. The GSTCs
can be described by a set of e ective surface parameters. For homogenization, it is required
that each unit cell within the metasurface is small enough compared to the wavelength [19].

The GSTCs may then be represented using three di erent approaches, namely,
The polarizability model [11, 20]
The susceptibility model [16, 21]

The impedance model [1,22]




We will review all of these three models in Chapter 2, but will then focus on the
susceptibility model in later chapters. As will be seen, in all of these models, when we know
the electromagnetic elds on both sides of the metasurface, the surface parameters can
be systematically computed. In practice, the incidence eld on the metasurface is known.
Also, in several applications, we would like the re ected eld from the metasurface to be
zero (re ectionless metasurfaces). However, knowing the elds on the output side of the
metasurface may not be straightforward. This is due to the fact that we typically look for
some features such as HPBW and main beam direction; consequently, we may not know the
exact form of the eld on the output face of the metasurface. One approach to handle this
situation is to use electromagnetic inversion techniques to mathematically reconstruct the
elds on the boundary of the metasurface from the desired performance criteria [13,23]. In
cases where we can write the analytical form of the desired elds on the metasurface, the
use of electromagnetic inversion is not needed and we can simply use the GSTCs to design
our metasurfaces. In Chapter 4 of this thesis, where we focus on the use of an absorbing

metasurface for microwave imaging, we will see an example of this scenario.

Metasurfaces may be classi ed in di erent ways. One way is to classify them into mono-
anisotropic and bi-anisotropic cases. (These two will be explained in details in Chapter 2.)
As will be seen, bi-anisotropic metasurfaces have asymmetric structures and have an extra
degree of freedom known as magneto-electric coupling where the electric (magnetic) polar-
ization responses to a magnetic (electric) eld [19, 24]. As will be seen, in this thesis, we

focus on bi-anisotropic metasurfaces.

Furthermore, metasurfaces can be categorized into active or passive structures. In this
work, we will mainly focus on passive metasurfaces. Passive metasurfaces can be either
lossy or lossless. We will encounter both lossy and lossless metasurfaces in this thesis.
Alternatively, metasurfaces can be classi ed under reciprocal and non-reciprocal media.

Herein, due to the ease of implementation, we focus on reciprocal metasurfaces.

When we nd the required surface parameters of the metasurface (e.g., the required
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Fig. 1.2: A few unit cell topologies: (a) Omega particle, (b) Chiral particle, (c) stacked-layer
dogbone topology, and (d) wire-loop topology.

surface susceptibilities), we need to implement them. As noted above, this is typically
done by breaking the surface into di erent unit cells. As shown in Figure 1.2, each unit
cell will then includes designs such as Omega particles, Chiral particles [12], wire-loop
structures [1, 25], and stacked-layer dogbone structures [26,27]. For example, the wire-loop
structure consists of wire and loop copper traces printed on dielectric substrates. These wires
and loops for each unit cell control the induced electric and magnetic currents [1,25]. The
stacked-layer topology typically consists of three impedance layers printed on two cascaded
dielectric substrates [13,26]. To physically realize the impedance layers, inclusions such as

dogbone [24, 26, 28] or spider [29] are used. Geometrical features of these inclusions, e.g.,
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