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Band Gap Evaluation for Single, Dual and Triple Band
Electromagnetic Band Gap Structures with Applied
Geometrical Modifications
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Abstract — In this paper, the bandpasses and bandstops of six
different electromagnetic bandgap (EBG) structures are
examined. Different shapes of the structures, with different
geometrical modifications, are investigated. Using full wave
analysis of the structures, one, two and three rejection band EBG
structures are examined. One known EBG structure with two
different modifications is compared to two novel EBG structures
with four modifications. The conclusions could be a useful tool
for the engineer’s work when designing EBG structures with
predictable bandgap characteristics.
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. INTRODUCTION

Electromagnetic bandgap structures (EBG) are defined as
periodic structures that prevent or assist the propagation of
electromagnetic waves in a given frequency bands. They show
frequency rejection properties in their bandstop regions, and
also in-phase reflection coefficients. These unique properties
have led to an increasing interest in the development, analysis
and applications of EBG structures in many different fields of
microwave and propagation engineering fields.

Microstrip patch antennas have found application in a wide
variety of applications, such as wireless communication
systems, GPS applications, RFID, satellite communications,
due to their low-profile, ease of fabrication, possibility for
dual frequency operation and circular polarization. The
drawbacks of the patch antennas are small bandwidth of
operation, low gain and surface wave propagation. In the
recent years, there’s been an immense growth in the interest of
the EBG structures, since these structures can significantly
reduce the drawbacks of some microwave devices. The EBG
structures are used in improving the characteristics of patch
antennas [1-3], patch antenna arrays [4], microwave filters [5].
Another perspective application of dual frequency rejection
band EBG structure is in slot patch antennas that use as a
reflection an EBG surface, instead of a metalized layer.
Introducing the EBG surface to the design improves the gain
and the propagation diagram of the slot antenna [6].

The paper gives insight of the dependencies of physical
parameters of EBG structures, and their bandgap
characteristics, which can be of important help to engineers,
when applying the properties of EBG to different microwave
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designs and circuits. Six different shapes of EBG structures
are examined, with two of them already known in the
scientific community, and four of them as a novel EBG
shapes. The structures are analyzed with applied geometrical
modifications, with graphical data summarized into
conclusions for the behavior of the EBG periodic structures.

Il. THE EBG STRUCTURES AND THEIR
APPLICATION IN MICROWAVE DEVICES

In general, the EBG structures can be divided into three
categories — three dimensional, volumetric structures, two
dimensional, planar structures, and one dimensional,
transmission line structures. Two examples for the 3D EBG
structures can be seen in Fig. 1 — Fig. 1(a) is a woodpile
configuration of dielectric rods [7], Fig. 1(b) is a multilayer
tripod configuration with via interconnections, investigated in

(8].
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Fig. 1. (a) 3-D woodpile dielectric structure (b) 3-D multilayer tripod
configuration with via interconnections

The 2-D EBG structures are shown on Fig.2. The most used
configurations are the mushroom type [9] and the uni-planar
type, without the vertical vias [10]. The 1-D EBG structures
are used as transmission line configurations, which enhance
the properties of a microstrip line - a microstrip transmission
line with an array of dielectric holes in the bottom grounded
layer [11], and a left-right composite transmission line,
exhibiting left handed behavior [12].
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Fig. 2. (a) 2-D mushroom periodic structure (b) 2-D uniplanar periodic
structure
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In this paper, the analysis is focused on 2-D mushroom type
EBG periodic structures, with different topologies. The
analysis is based on the finite difference time domain method
(FDTD). Among various numerical techniques, the FDTD
method has demonstrated desirable and unique features for
analysis of electromagnetic structures. It simply discretizes
Maxwell’s equations in the time and space domains, and
electromagnetics behavior is obtained through a time evolving
process. A significant advantage of the FDTD method is the
versatility to solve a wide range of microwave and antenna
problems. It is flexible enough to model various media, such
as conductors, dielectrics, lumped elements, active devices,
and dispersive materials. Another advantage of the FDTD
method is the capability to provide a broad band
characterization in one single simulation. Since this method is
carried out in the time domain, a wide frequency band
response can be obtained through the Fourier transformation
of the transient data [13].

11l. INVESTIGATED EBG TOPOLOGIES AND
PARAMETER VARIATIONS

The EBG schematics, investigated in this paper can be seen
in Fig. 4. The first investigated EBG structure is the Jerusalem
cross, or JC-EBG, shown in Fig. 3(a). The JC-EBG has been
analyzed in different scientific researches and utilized in
antenna applications [14]. The second structure is a diagonal
shaped slited EBG - the second structure in Fig. 3(a). The
third structure is a H-shaped doubled EBG, shown in Fig.
4(a). Inserting the slits into the design is increasing the serial
capacitance, changing the resonance behavior of the
structures. In Fig. 3(b) are the same designs, with increased
length of the lines, coupled to the neighboring unit cells.
Increasing the length of these lines, and connecting them with
the lines of opposite direction is generally changing the
behavior of the investigated structures.

An insight of parameter variation, created by changing the
sizes of the slits, gaps and overall size of the EBG structures,
can be given by the transmission line theory.
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Fig. 3. (2) JC-EBG, Diagonal shaped slitted EBG, H-shaped doubled
EBG, with dual and triple band rejection properties (b) JC-EBG,
Diagonal shaped slitted EBG, H-shaped doubled EBG with single
band rejection properties

An analysis insight is useful through the transmission line
analysis technique, which approximates the examined EBG
structures according to their constitutional parameters. The
physical parameters of the structures can be seen in Fig. 4.
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Fig. 4. Physical parameters of periodic EBG structures

The characteristic impedance of a transmission line section
is those of a lossless parallel plate transmission line, given by

I = 22 )

= VErw

where 7, is the characteristic impedance of free space - 377Q,
er is the relative permittivity of the substrate, and w and h are
the width of the patch and the height of the dielectric
substrate. The value of the inductance, that is inserted into the
design with the via, and the value of the parallel capacitance
are:

L=5(log(Z) +q-1) @

=
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where q is the ratio of the via cross sectional area to the
EBG unit cell area

q = m(2)? €)

where a is the length of the unit cell of the periodic
structure. The resonant frequency of the structure can be
found with the equation for the resonant frequency of an L-C
network model, where the resonant frequency is given by (5)

1

fres = = 5)

~LC

The transmission line method is used when an approximate
solution to given structures is needed. For the purposes of
initial analysis of different EBG structures, the method would
be an appropriate choice. The structures, shown in Fig. 3, are
investigated with different dimensions of g. The size of w is
also changed. As can be seen from the figure, the structures,
aligned in periodic arrays, form coupled lines with the
adjacent cells. Both parameters change the value of the EBG
structure’s capacitance. The values of the inductance can be
changed with variations of the via’s radius. Previous analysis
of such variations has shown small impact on the structure’s
behavior [15]. In this paper, only the capacitance values are to
be varied.
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IV. ANALYSIS OF THE ONE, TWO AND THREE BAND
EBG STRUCTURES

Full wave analysis is applied on the structures. The
unchanged parameters are the height of the dielectric substrate
h = 0.04\, 461, the radius of the via r = 0.0123), 461, and the
unit cell size (w + g = 0.55), 461,). For the dielectric substrate,
FR-4 substrate is used, with ¢, = 4.4.

A full wave FDTD analysis is applied to all structures. The
structures are analyzed with 50Q transmission lines for 4GHz
frequency of operation. The dimensions of the coupled lines
are changing from 0.1 to 0.45, 461,- When an interconnection
of the transmission lines in the corners of the different
structures occurs, the electromagnetic behavior changes. The
structures express dual frequency band rejection for the JC
and diagonal EBG, and triple band rejection for the H-shaped
EBG. When the transmission lines connect, with the increase
of their size, the structures express a single band of frequency
rejection. The width of the rejection band is greatly increased.

The first series of simulation are summed up in Fig. 5,
applied on the structures, shown in Fig. 3a.
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Fig. 5. Gap variation for JC-EBG

The bandgaps can be clearly seen in Fig. 5. The JC-EBG
structure posses two bands of rejection at frequencies,
centered at 1.8GHz and 5.8GHz. The gap variation is shown
in Fig. 5, and the width variation is shown in Fig. 6. The
exact position of the bandgap can be tuned by variation of the
lengths. According to Eg. (5), increasing the serial
capacitance, the resonant frequency drops, which can be
confirmed by the simulated results.
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Fig. 6. Width of coupled lines variation for JC-EBG

The diagonal EBG also has two rejection bands, resonating
at frequencies around 3.6GHz and 7GHz. In this specific
shape of EBG structure, by changing the widths of the
coupled lines, the overall behavior of the structure is not
significantly altered, as can be seen in Fig. 7. This can be
based on the fact, that the diagonal lines are defining the
bandgaps of the structure, while the coupled lines are not of a
great significance to the structure’s behavior.
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Fig. 7. Gap variation for Diagonal Slitted EBG

The transmission characteristics of the H-shaped EBG are
shown in Fig. 8. The structure exhibits triple bandgap
behavior, due to the serial coupled lines, with resonances at
3.6GHz, 7GHz and 9GHz. The structure is showing narrow
bands and good rejection characteristics with S,; dropping to
over -40dB. The triple band behavior can be used in many
complicated antenna designs, since it can improve multiband
antenna applications. As can be seen in Fig. 8, the gap
variation is affecting the resonant frequency in the first
resonances most significantly.
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Fig. 8. Gap variation for H-shaped EBG

In Fig. 9 are the transmission characteristics of the
structures with increased length of w. The lines are connected
in the edges of the unit cell, which alters the behavior of the
EBG structures, changing it from dual and triple band to
single bandgap behavior. This behavior is repeating for all
investigated structures. In the figure, only the graphical
representation for the JC-EBG structures is shown, since the
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simulation results for the other structures are showing similar
behavior.

JC-EBG - Width variation with lines, connected at the corners
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Fig. 9. JC-EBG structure with coupled lines, connected at the
corners of the structure — from dual to single band behavior

The rejection of the structures is at 0.5A for the resonant
frequency 4GHz. The rejection drops to -50dB and the width
of the bandstop is from 1.8GHz to 7.8GHz, which can be
applied in antenna and antenna array applications.

V. CONCLUSIONS

In this paper, six different EBG structures are analyzed and
simulated. An analysis of the structures, with variations of the
serial capacitance and the lengths of the coupled transmission
lines is performed. The conclusions are in line with the
theoretical assumptions for the behavior of EBG materials.
The structures are expressing triple, dual and single bands of
frequency rejection, with suppression dropping to under -
35dB. A frequency tuning technique, using the length of the
coupled lines and the gap width is proposed. The frequency
properties of the structures can be used for many applications
in microwave patch antennas, antenna arrays, reflective
surfaces, filter designs and so on. In the future work of the
authors, such devices are going to be simulated and measures,
showing the level of improvement, when applying EBG
structures to real microwave designs.

ACKNOWLEDGEMENT

This paper is published due to the financial support from
Project Ne13211/10007-07 of the Science and Research Fund
of the Technical University of Sofia.

146

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

REFERENCES

R. Coccioli, F. R. Yang, K. P. Ma, and T. Itoh, “Aperture-
coupled patch antenna on UC-PBG substrate,” IEEE Trans.
Microwave Theory Tech., vol. 47, pp. 2123-2130, 1999.

R. Gonzalo, P. Maagt, and M. Sorolla, “Enhanced patch-antenna
performance by suppressing surface waves using photonic-
bandgap substrates,” IEEE Trans. Microwave Theory Tech.,
vol. 47, pp. 2131-2138, 1999.

J. S. Colburn and Y. Rahmat-Samii, “Patch antennas on
externally perforated high dielectric constant substrates,” IEEE
Trans. Antennas Propagat., vol. 47, pp. 1785-1794, 1999.

F. Yang and Y. Rahmat-Samii, “Microstrip antennas integrated
with electromagnetic band-gap (EBG) structures: a low mutual
coupling design for array applications,” IEEE Trans. Antennas
Propagat, vol. 51, no. 10, part 2, pp. 2936-2946, 2003.

Gao, C., Z. N. Chen, Y. Y. Wang, N. Yang, and X. M. Qing,
Study and suppression of ripples in passbands of series/parallel
loaded EBG filters," IEEE Transactions on Microwave Theory
and Techniques, VVol. 54, No. 4, pp. 1519-1526, 2006.

X. L. Bao, G. Ruvio, and M. J. Ammann, Directional dual-band
slot antenna with dual-bandgap high-impedance-surface
reflector, Progress In Electromagnetics Research C, Vol. 9, pp.
1-11, 20009.

E. Ozbay, A. Abeyta, G. Tuttle, M. Tringides, R. Biswas, T.
Chan, C. M. Soukoulis, and K. M. Ho, “Measurement of a
three-dimensional photonic band gap in a crystal structure made
of dielectric rods,” Phys. Rev. B, Condens. Matter, vol. 50, no.
3, pp. 1945-1948, July 1994.

A. S. Barlevy and Y. Rahmat-Samii, “Characterization of
electromagnetic band-gaps composed of multiple periodic
tripods with interconnecting vias: concept analysis, and design,”
IEEE Trans. Antennas Propagat., vol. 49, pp. 242-353, 2001.

D. Sievenpiper, L. Zhang, R. F. J. Broas, N. G. Alexopolus, and
E. Yablonovitch, “High-impedance electromagnetic surfaces
with a forbidden frequency band,” IEEE Trans. Microwave
Theory Tech., vol. 47, pp. 2059-2074, 1999.

[10] F.-R.Yang, K.-P. MaY. Qian, and T. Itoh, “A uniplanar

compact photonic-bandgap (UC-PBG) structure and its
applications for microwave circuit,” IEEE Trans. Microwave
Theory Tech., vol. 47, pp. 1509-1514, 1999.

[11] V. Radisic, Y. Qian, R. Coccioli, and T. Itoh, “Novel 2-D

[12] C. Caloz

photonic bandgap structure for microstrip lines,” IEEE Microw.
and Guided Wave Lett., vol. 8, no. 2, pp. 69-71, 1998.

and T. Itoh, Electromagnetic Metamaterials:
Transmission Line Theory and Microwave Applications, Wiley-
IEEE Press, 2005.

[13] A. Taflove and S. Hagness, Computational Electrodynamics:

The Finite Difference Time Domain Method, 2nd edn., Artech
House, 2000.

[14] F. Mohamadi Monavar, N. Komjani, Bandwidth enhancement

of microstrip patch antenna using Jerusalem cross-shaped
frequency selective surfaces by invasive weed optimization
approach , Progress In Electromagnetics Research, Vol. 121, pp.
103-120, 2011.

[15] Rahmat Sammii Y., Yang F., Electromagnetic Band Gap

Structures in Antenna Engineering, Cambridge Press, 2009.



