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Preface

In recent years, electromagnetic band gap (EBG) structures have attracted increasing
interests because of their desirable electromagnetic properties that cannot be observed in
natural materials. In this respect, EBG structures are a subset of metamaterials. Diverse
research activities on EBG structures are on the rise in the electromagnetics and antenna
community, and a wide range of applications have been reported, such as low profile
antennas, active phased arrays, TEM waveguides, and microwave filters. We believe that
the time is right for a focused book reviewing the state of the art on electromagnetic
band gap (EBG) structures and their important applications in antenna engineering.

The goal of this book is to provide scientists and engineers with an up-to-date knowl-
edge on the theories, analyses, and applications of EBG structures. Specifically, this book
will cover the following topics:

� a detailed overview of the EBG research history and important results;
� an advanced presentation on the unique features of EBG structures;
� an accurate and efficient numerical algorithm for EBG analysis and an evolutionary

optimization technique for EBG design;
� a wealth of examples illustrating potential applications of EBG structures in antenna

engineering.

The book is organized into seven chapters and one appendix. Chapter 1 introduces the
background and basic properties of EBG structures. The EBG analysis methods and
antenna applications are also summarized.

In Chapter 2, the finite difference time domain (FDTD) method is presented with a
focus on periodic boundary conditions (PBC), which is used as an efficient computation
engine for the analysis of periodic structures. The fundamentals of the FDTD method are
reviewed and a constant kx (spectral) method is discussed to model the PBC. A hybrid
FDTD/ARMA scheme is introduced to unify the guided wave and plane wave analysis
and improve the simulation efficiency.

Chapter 3 illustrates some interesting properties of EBG structures. The band gap
features are clearly visualized from the near field distributions. The dispersion diagram
and reflection phase for both normal and oblique incidences are presented. The soft and
hard properties of the EBG ground plane are also discussed. A classification of various
EBG structures is provided at the end of the chapter.

Chapter 4 presents how to achieve the desired characteristics by properly designing the
EBG structures. A parametric study on the mushroom-like EBG structure is performed
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x Preface

first, followed by a comparison between two popularly used planar EBG structures,
mushroom-like EBG surface and uni-planar EBG surface. Novel EBG designs such as
polarization-dependent EBG (PDEBG), compact spiral EBG, and stacked EBG struc-
tures are also studied. Furthermore, utilizations of the particle swarm optimization (PSO)
technique are demonstrated in EBG synthesis.

The applications of EBG structures in antenna engineering are presented in
Chapters 5, 6 and 7. In Chapter 5, the EBG structures are integrated into microstrip
patch antenna designs. The surface wave band gap property of EBG helps to increase the
antenna gain, minimize the back lobe, and reduce mutual coupling. Some applications
of EBG patch antenna designs in high precision GPS receivers, wearable electronics,
and phased array systems are highlighted at the end of the chapter.

Chapter 6 introduces a novel type of antennas: low profile wire antennas on an EBG
ground plane. Using the in-phase reflection feature of the EBG structure, the radiation
efficiency of wire antennas near a ground plane can be greatly improved. A series of
design examples are illustrated, including dipole, monopole, and curl. Various function-
alities have been realized, such as dual band operation, circular polarization, and pattern
diversity.

Chapter 7 presents a grounded slab loaded with periodic patches that can enhance the
surface waves along a thin ground plane. Using this property, a low profile surface wave
antenna (SWA) is designed, which achieves a monopole-like radiation pattern with a null
in the broadside direction. Different feed techniques are explored and a dual band SWA
is developed.

In the Appendix, a comprehensive literature review is presented based on nearly 300
references. This is to help both the seasoned and new comers in this research arena to
establish a clear picture of the EBG developments and identify published work related
to their own research interests. We regret if we have missed some of the publications as
it has been very hard to identify all the research and development works that have been
conducted in various international organizations.

We hope that the readers find this book useful and we welcome all their constructive
suggestions.

F. Yang and Y. Rahmat-Samii
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