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ABSTRACT:  In this work a new integrated scheme of frequency selective transmission based on electromagnetic 
band gap (EBG) technology is presented. In the proposed configuration the radiofrequency signal is received by an 
EBG horn antenna and then filtered by an EBG cavity via the resonant coupling between two closed EBG waveguides 
and an EBG hollow defect (waveguide-to-cavity-to-waveguide coupling). The paper presents the designs of novel EBG 
horn antennas with competitive characteristics and demonstrates the concept of using different types of hollow EBG 
defects, such as point defects, void-like defects and tapers, for creating compact, efficient and integrated devices for 
submillimetre wavelenghts.  
 
INTRODUCTION 
 
The scientific and technological interest towards electromagnetic band gap materials (EBGs) has been growing rapidly 
since their discovery. The essence of any EBG structure, a periodical dielectric structure with certain geometry and 
dimension, is that it is a resonance structure. Due to this fundamental property different interesting well-known effects 
are observed, such as band gaps, controllable dispersion, and defect-based waveguiding, field localization or resonant 
transmission [1,2].  
This work studies frequency selective transmission in three-dimensional (3D) EBG structures with a complete band 
gap, achieved by various defects introduction. In the proposed scheme different types of EBG defects serve as receiving 
horn antennas, waveguides and filters. The latter ones consist of two closed EBG waveguides coupled by a resonant 
cavity at a certain frequency.  
This research is aimed at better understanding of the phenomena, observed in 3D EBG cavities, designing EBG horn 
antennas with competitive performance for submillimetre wavelengths, and achieving effective EBG resonant 
transmission with output field localization, which can serve for various applications, in particular for submillimetre 
EBG heterodyne mixer design. In this research 3D woodpile cavity modes and resonance frequency behaviour were 
studied experimentally and theoretically, and an effective EBG-based frequency selective transmission scheme was 
proposed. 
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Fig.1 Top view cross-section of the proposed frequency selective EBG transmission scheme. 

 
A defect in an EBG slab can be shaped in such a way that it forms a horn antenna [3]. It can receive signals at 
frequencies within the corresponding EBG bandgap region and transmit them further on through the EBG structure via 
a matched defect waveguide. EBG horn antenna is a profitable solution for EBG integrated systems design since it can 
be introduced into the same periodic structure and easily matched to other EBG based elements. In this research an 
EBG horn antenna for the proposed configuration was designed.  
The horn antenna passes the signal onward to the waveguide-to-cavity-to-waveguide (WCW) system, which couples 
two EBG defect waveguides via a resonant cavity. The latter is a “point” defect in a woodpile, created by cutting out a 
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part of a woodpile bar. In this work it is shown experimentally and theoretically, that “inverse” frequency dependence 
on the cavity size can be observed in a woodpile defect-containing structure, i.e. the simultaneous increase of the 
resonant frequency and the defect cavity size, caused by the effective refractive index lowering [4]. In this work 
explanations of the difference between a real resonator cavity with EBG walls and a defect air cavity supporting a 
localized mode state are given.  
Experimentally woodpiles made of alumina and Rogers RC3010 and having periods of 8-11mm were studied. Such 
structures serve as models of the 90GHz final design and were used in this research due to the relative simplicity of the 
low-frequency experiments. Simulations of both low-frequency and high-frequency configurations were performed 
using finite element and FDTD and FEM methods. 
 
 
EBG HORN ANTENNAS 
 
In this work several types of EBG horn antennas were designed and characterized. Fig. 2 presents an example of an 
EBG horn antenna implemented in a woodpile slab. It consists of a layer of bent rods flaring out towards the output 
EBG surface. 

 
Fig.2 EBG horn antenna (quarter of the structure), the antenna is fed by an EBG waveguide and an input 
metallic waveguide (shown in yellow);      
 
The design of an optimal EBG horn antenna matched to a tree-layer woodpile defect waveguide is presented. The low-
frequency prototype demonstrated the maximum gain of about 15dB inside operative frequency band. More than 7% 
bandwidth was achieved (Fig.3). 

 
    (a)                 (b) 
 
Fig.3: (a) Reflection (black curves) for different flaring angles: 10º (dash-dotted curve), 13º (dashed curve), 15º 
(solid curve) and 17º (dotted curve). The  level is marked by the red dashed line. The solid line with black 
squares and the dashed line with black circles represent the antenna’s radiation and total efficiencies 
correspondingly. The blue dashed line marks the 

dB10

dB5  efficiency margin. (b) Reflection (black solid curve) for 
the optimal flaring angle of 15º. The  level is marked by the red dashed line. The solid line with black 
triangles represent the antenna’s directivity 

dB10
Dir . The blue dashed line marks the directivity margin. 

 



Basing on the antenna showed in Fig.1 we have designed, fabricated and tested a novel EBG antenna which allows one 
to obtain a better radiation pattern with the maximum total directivity around 18dB and almost 10% bandwidth. 
Analogous antenna was designed for submillimetre wavelengths (90GHz).  
Such antennas are interesting from the practical point of view as they can be easily stacked together to form an array 
within the same EBG slab. This work shows that EBG technology allows one to create compact and efficient high 
frequency devices. 
 
 
EBG WAVEGUIDE-TO-CAVITY-TO-WAVEGUIDE COUPLING 
 
In this research it was theoretically shown and experimentally confirmed, that air cavity (hollow defect) in an EBG 
structure provides an ”inverse” dependence  of the resonance frequency on the cavity size, which is due to effective 
refraction index lowering within a resonant unit cell or group of unit cells. It was found that the resonance frequencies 
of a cut-out-bar woodpile cavity grows with the cavity size increase. 
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Fig.4 Proposed resonance transmission scheme based on EBG waveguide-cavity-EBG waveguide coupling and 
field distribution at the resonance frequency. 
 
In order to avoid some of the disadvantages of the conventional EBG resonant transmission schemes (such as 
reflections from the EBG surface, weak coupling to the outside receiver and strong field diffraction), a new scheme, 
based on WCW coupling was proposed (Fig.5).  
The scheme is based on a WCW coupling and consist of two closed EBG waveguides (one of them connected to the 
input metal waveguide, another to the output one), separated by a slab of ideal EBG structure. The cavity is introduced 
between the two EBG waveguides. Fig.5a shows the modes of the cavity observed for different defect sizes (parallel 
polarization). Fig.5b shows the transmission-reflection spectra for the proposed scheme (for the EBG structure with 

,mmp 4.1 mmmmdd 4.035.021 , 9.11 and working at GHz10085 ). 
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Fig.5: (a)  Resonance frequency of the EBG cavity increases with its size increase. (b)Transmission spectra of the 
proposed WCW configuration. The black solid line denotes the transmission of the input/output waveguide 
calculated separately. The red lines and the blue lines denote the transmission/reflection spectra for the following 
cavity sizes:  (thick line),  (medium line), pLc 63.0 pLc 75.0 pLc

 (thin line). 
 



The proposed EBG cavity transmission scheme helps one to avoid the conventional scheme’s drawbacks. Based on 
EBG WCW coupling, it is intended for improving the coupling between the cavity and the input/output waveguides, to 
reduce the reflection from the input side EBG surface, and to help localize the output field for all types of cavity modes. 
The scheme was tested for submillimetre frequencies and seems to be promising for various frequency selective 
transmission applications. 
 
CONCLUSIONS 
 
This work describes a new scheme of transmitting a signal at a certain frequency through an EBG slab using such novel 
techniques as EBG horn antennas and EBG waveguide-to-cavity-to-waveguide coupling. This scheme allows one to 
avoid typical losses-causing effects on the input and output EBG plane. It can be realized in the form of an array and is 
a convenient solution for integrated EBG devices. The presented new EBG horn antennas designs exhibit competitive 
performance and are promising for submillimetre wavelengths applications. In particular, these antennas will be used 
for creating an EBG based heterodyne mixer. 
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