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Abstract : Electromagnetic band-Gap (EBG) structures are a well-liked and efficient technique for microwave
applications. EBG could also be combined with micro strip antenna to extend the range gain, the radiation
efficiency, and/or to suppress surface waves to scale back the side lobes of the radiation diagram and to extend
the bandwidth. During this research work, Different EBG unit cells were designed and optimized using CST
MW Studio. The structures were Mushroom, Swastika, and cross wire. The unit cells were populated into an
array to put the cells during a linear patch antenna array of two elements. The performance of all the
structures was compared and therefore the best was fabricated for a practical design. The results were well in
agreement with the measured results.

 

 

KEYWORDS: Electromagnetic band-Gap (EGB), Side lobes, Mashroom, Swastika.

 

1) Introduction : Electromagnetic band-gap (EBG) structure that makes a stop band to dam electro- magnetic
waves of certain frequency bands by forming a fine, periodic pattern of small metal patches on the dielectric
substrates. The structures having periodic arrangement of dielectric or magnetic materials that end in the
formation of stop bands within the microwave frequency region are called microwave band gap structures.
generally , these structures are called Electromagnetic band gap (EBG) structures or photonic band gap (PBG)
structures. the main characteristic of (EBG) structures is to exhibit band gap features within the suppression of
surface wave propagation. This feature helps to enhance antenna’s performance like increasing the antenna gain
and reducing back radiation. The band gap property of any EBG structure depends on the dielectric constant,
thickness of the substrate also as on the EBG structure geometry.

EBG structures are always used as a neighborhood of microwave devices so as to enhance the performance of
devices especially to enhance the radiation/gain patterns and to decrease the noise/losses in transmissions. Many
exciting phenomena appear when periodic structure interacts with electromagnetic waves, which include band
pass, band stop, and also waveband gap. The periodic structure reviewed previously revealed that sorts of
applications like guiding, reflector, photonic crystals, and photonic band gap are the standard advantages
derived. Other includes wave propagation, noise reduction for top speed electronic and mutual coupling effect
reduction. consistent with the literature survey, the EBG structures are classified supported their application
domain as within the filter designs, gratings, frequency selective surfaces (FSS), photonic crystals and photonic
band gaps (PBG). Moreover, the EBG structures are defined as artificial periodic or sometimes non-periodic
objects to stop and/or assist the incident wave propagation. Besides that, the EBG structures possess high
impedance properties like artificial magnetic conductors. for instance , mushroom-like EBG structures exhibits
high surface impedances in both TE and TM modes, in which, the EBG illuminating surface creates an in-phase
reflection coefficient. Moreover, soft and hard surfaces operate as EBG structures where are identified as
frequency frequency planes. In recent years, there has been rapid increase in utilization of electromagnetic band
gap (EBG) structures in electromagnetic and antenna community. the subsequent section summarizes the
foremost recent advancement within the field.

 

2 ) Literature Review : In a compact integrated system like antenna array, the scope of mutual coupling, surface
wave loss, noise increases and in progression it adversely affects the entire functional efficiency of the system.
Recently, electromagnetic band-gap (EBG) structures were introduced as an efficient alternative solution against
these shortcomings. The EBG structures are periodic arrangement of metallic or dielectric elements that gives
high impedance surface, shows the power to suppress the surface waves, control and guide the electromagnetic
radiation efficiently. Integration of EBG structure can improve the efficiency of printed circuits and antennas.
within the early phases, three dimensional periodic structures in several formations were studied extensively. But
the planning and fabrication complexities associated with those configurations inspired researchers in designing
planar EBG like mushroom-like, fork-like and uni-planar EBG (UCEBG) etc. The UCEBG structures are
simpler than the opposite forms within the way of exemption of grounding via. Some planar designs of EBG are
reported within the literature showed a stop band (or surface wave band gap) at or above 6 GHz. However,
considering the necessity to deal with a good range of applications within the lower bands compact uni-planar
type EBG structures are far more desirable. Authors in proposed a planar configuration with 920 mils (23.37
mm) square-shape unit designed on a high permittivity substrate materials for lower bands. The band gap
obtained is 1 GHz (2.5 to 3.5 GHz) but still there are scopes to think about the dimensions issues. The multilayer
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design proposed certain mobile applications, consists of 16.7 x 3 mm2 unit , exhibits a band gap of 0.24 GHz.
Conversely, wide band gap at lower frequencies are often achieved with larger unit cells but it'll not be cost
effective and regarding the dimensions , might not suit to several applications. Hence, to enhance different
system performances the demand for wideband compact planar EBG operating at lower bands is very noticeable.
A planar via less EBG configuration with smaller unit is proposed here that exhibits a good band gap at lower
frequency bands below 6 GHz. The band gap is analyzed with different parameter variation and eventually
enhanced by incorporating meander-line bridges. The proposed design is extremely simple and compact and may
easily be integrated with the low frequency applications like GSM, PCS, Bluetooth, Wi-Max, Wi-Fi etc. two
compact designs of planar EBG with wide band gap are studied and their performances are compared. Varying
just one design parameter while other parameters and overall size are kept unchanged, significant improvement
is observed. Insertion of meander line bridges rather than line enhanced the EBG performances in terms of band
gap and transmission coefficient value. The band gap achieved with initial design is 2.35 GHz (66.67%), and
with the ultimate design is 3.1 GHz (93.94%). Within the targeted frequency ranges (<6 GHz), rock bottom
transmission level is around -100 dB and thus can increase system's functionality by suppressing unwanted wave
propagation. The proposed EBG showed selectivity and tunability for the specified lower band. For an
interesting number application operates within these bands, this design are often an ideal option to integrate with
the systems [1].

In a Sierpinski carpet fractal antenna is aimed toward developing with electromagnetic band gap (EBG) within
the ground plane. this is often designed using Rogers Duroid 5880 substrate, and validation of model is
completed using extensive simulations in CST MWS. Several iterations are done and optimized to offer the
simplest result. The simulation results displayed return loss of −22.25 dB at 8.592 GHz for third iteration. there's
an enhancement of bandwidth by 209% from 75 MHz (conventional patch antenna) to 234.4 MHz using SCFA
with EBG and directivity of 4.4 dB at resonant frequency. It shows reduction in size of antenna, and therefore
the proposed antenna size is 17.2 20.5 mm2. This antenna works for ultra-wideband imaging for medical
application and monitoring radars in satellite communication in X-band communication (8–12 GHz) . The
proposed antenna shows better leads to terms of return loss, bandwidth, radiation efficiency, and directivity. The
analysis of the antenna with reference to number of iterations and changing ground plane is completed
extensively, and therefore the results are verified by CST Microwave Studio. The geometry lowers the frequency
of operation and increases the bandwidth with good axial ratio which is compatible for X-band applications
including high-imaging radars and ultra-wideband (UWB) biomedical application [5].

Technology has become the foremost vital a part of the lifestyle . With the event of antenna technology, the
wireless devices became more capable of providing the services like Wi-BAN, Point-to-point Bridge, hotspot,
public wireless, Wi-MAX, WLAN, Wi- Fi and wireless video systems. The demonstrating design composition
of patch antenna backed by the electromagnetic band gap (EBG) structure to be operated at 4.8 GHz of resonant
frequency. The dispersion diagram provides the help to work out the band gap characteristics of EBG structure.
to hide the specified band gap of 4.8 GHz, the size of EBG structure are tuned and adjusted. The EBG was
analyzed and implemented on coaxial feed microstrip patch antenna so as to work out the S11 parameter
performances. Better results are attained at a distance of -10 mm between the patch antenna and EBG as
compared to other varied distances. during this research paper, a patch antenna is meant along side EBG during
which results are analysed in terms of gain, S11 parameter and directivity. Hence it's concluded that the results
of a patch antenna are often enhanced by using EBG structures at the operating frequency of

4.8 GHz. Specifically, antenna gain and directivity are increased. The introduction reveals the decreased Side
lobe level and return loss of EBG with patch antenna. So, from the obtained results it's justified that by the
reduction of back lobes, surface losses are decreased and hence gain of the antenna is increased. This structure
finds its applications within the areas of wireless communications for antenna design [6].

The present a comparative study of two different dual-band high impedance surfaces (HIS) to be used as ground
planes. These structures are designed in order to behave as a magnetic conductor surface for global positioning
system (GPS) standard frequencies L1 (1575 MHz) and L2 (1227 MHz). Each of the 2 surfaces is characterized
by performing parametric studies of its unit . The studies were administered using CST Microwave Studio
Simulation software. The results show that the two-layer cell gives the simplest bandwidth for top and low
frequency bands. during this work, we've comparatively investigated the performances of two different dual-
band HIS structures. The geometry of the designed structures was introduced and a parametric study was
conducted for every one. The reflection phase of the 2 structures was compared. The analysis results allow us to
ascertain that the two-layer cell give the simplest performances. For further study, it'll be necessary to work out
the characteristics (return losses and radiation diagram) of a dual-band antenna with the presence of every
structure [9].

Surface wave distribution over electromagnetic band-gap (EBG) plate is measured and suppression of surface
wave propagation over the EBG is investigated. By using micro current probe that detects H-field strength of the
propagating transverse magnetic (TM) microwave up to six GHz. By scanning with the probe over the EBG, the
visualized surface wave distribution at various frequencies. This visualized map shows that the EBG plate
suppresses the surface wave propagation within the hand gap frequency. This effect is utilized for the antenna
reflective shield. By combining the EBG with a microstrip patch antenna, this EBG works as a reflective shield
and therefore the front-to-backward radiation ratio of antenna is increased. during this experiment, we fabricated
three sorts of shield board; mushroom sort of EBG that has hexagonal textured patches connected with via-
holes, textured surface without via-holes, and plane metal. By comparing the beam patterns of antenna and
surface wave distributions with various shields, we found that the visualized map of TM surface wave gives us
direct and intuitive information and helpful tips in designing the EBG reflective shield for patch antenna [10].

To the simplest of our knowledge, this is often no comprehensive comparative study of EBG structures for
application in planar antennas to effectively summarize interference and surface waves.

 

The majority of current personal communication systems are based around wireless technologies. Typically an
antenna is employed in such systems to transmute from or into guided energy within the circuitry of the radio or
from an electromagnetic radiation for the transmission and reception of the energy onto which information is
carried. Antennas have the property that they work best at resonance and their efficiencies are strongly linked to
physical size such they're often made to be a minimum of half a wavelength in a minimum of one among their
dimensions. this suggests that they're perhaps somewhat more immune to miniaturization than other components
of private communication systems.
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3. RESEARCH OVERVIEW :
3.1. Design of Different EBG Unit Cells and Optimization at 4 GHz :

Different EBG unit cells were designed and optimized using CST MW Studio. The structures were Mushroom,
Swastika, and cross wire . The unit cells were populated into an array to put the cells during a linear patch
antenna array of two elements. The performance of all the structures was compared and therefore the best was
fabricated for a practical design. The results were well in agreement with the measured results.

 

Design of Unit Cells :

In this section, three differing types of single band EBGs are proposed. The new EBGs are Mushroom type,
cross wire type, Swastika type. Finally, the bandwidths of the three new EBGs and resonance frequencies are
compared with standard mushroom type EBG. The analyses of all the EBGs are done by using microstrip line
method. First, the bottom plane is printed on one side of the substrate and therefore the EBG array (with via) on
the opposite side. Next, on another substrate, a 50 ohms line is printed without ground and therefore the two
structures are stacked. Then the 2 ends of the 50 ohms line are connected to 2 ports and therefore the S21 is
measured using proper excitation.

 

 

 

 

Figure 3.2 (Unit Cell)

 

Mushroom Type EBG : Mushroom-like EBG structure initially designed by D. Sievenpiper may be a popular structure
that exhibits compactness and straightforward implementation features compared to other EBG structures. This
conventional mushroom-like EBG are often utilized in different antenna designs to suppress surface waves. But in some
practical applications smaller cell size is required .As previously mentioned, mushroom-like EBG structure is one among
the essential and commonest EBG structures. It consists of a flat metal sheet that's covered with an array of metal
protrusions on a dielectric substrate which are connected to the lower conducting surface by metal vias. The parameters of
the EBG structure are labeled as substrate thickness h, gap width g, patch width w, dielectric constant εr, and vias radius r.
When the periodicity of structure, which is adequate to w+g, is little compared to the operating wavelength, the operation
mechanism of structure are often explained using an efficient medium model equivalent to lumped LC elements, as
explained in. The capacitor C, results from the gap effect between the patches and therefore the inductor L, thanks to the
present flowing along adjacent patches. Thus, the surface impedance and central frequency of band gap are estimated sort
of a parallel resonator .There is no doubt that, at low frequencies surface impedance of the structure is inductive, so it
supports TM surface waves. Inversely, it's capacitive at high frequencies, and supports TE surface waves. round the LC
resonance frequency, the impedance is extremely high. during this waveband the structure suppresses propagation of both
TE and TM modes of surface waves. Also, it reflects incident electromagnetic waves without phase reversal that happens
on a PEC. This waveband is named the band gap.

 

 

 

 

 

 

Figure 3.2 (Mushroom type EBG)

 

 

Mushroom type EBG may be a conventional three dimensional EBG  consisting of a solid patch with a
cylindrical via. The transmission response of mushroom type EBG depends upon the dimensions of the patch, a
diameter of via, and therefore the gap between the unit elements. The transmission characteristic also depends
upon the thickness of the substrate and therefore the substrate material used. The fluctuation in transmission
response of the mushroom type EBG with different unit element (patch) sizes. The gap between the unit
elements is taken as 1 mm, the via diameter 0.6 mm and therefore the substrate thickness is 1.6 mm. It are often
seen from figure that because the patch size increases, the stop band shifts towards the lower frequency side and
this is often thanks to a rise within the capacitance value.

 

 

Cross Hair Type EBG : A cross wire type EBG as shown in following figure. it's made by modification of the
mushroom type EBG. It consists of a patch and variety of microstrip lines. The microstrip lines have more inductance
as compared to the mushroom type EBG. The diameter is via of 0.6 mm. The transmission response of this EBG
depends upon the width of the microstrip lines and gap between the unit elements shows the variation of the
transmission response of a cross wire type EBG for various widths of the microstrip lines used. because the width
increases, the resonance frequency shifts towards the upper frequency side thanks to a decrease within the inductance
value. The effect of the variation of the gap 'g' between the unit elements on the transmission response of the cross wire
EBG. because the gap decreases the stop band shifts towards the lower end thanks to a rise within the capacitance
value.
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Figure 3.3 ( Cross hair type EBG)

 

 
Swastika Type EBG :

The swastika type EBG is formed by introducing a discontinuity within the cross wire type EBG. The
discontinuity within the cross wire type introduces capacitance; hence better resonance is obtained than cross
wire . A unit element of the swastika type EBG along side the fabricated prototype. The inductor L is thanks to
the via and capacitor C is thanks to the dielectric between the middle patch and therefore the ground. The
inductor L2 is thanks to microstrip lines connected with the middle patch and therefore the capacitance C2 is
thanks to the dielectric between the microstrip line and ground. The capacitor C1 is thanks to the gap between
the 2 outer microstrip lines. The swastika type EBG is formed on an equivalent substrate (FR-4) as used for the
quality mushroom type EBG. Again the diameter of via is taken as 0.6 mm.

 

 

 

 

 

 

 

 

Figure 3.4 (Swastika type EBG)
3.3 Patch Antennas Array of two Elements : Microstrip Patch Antenna may be a sort of radio aerial with a coffee
profile which may be mounted on a flat surface. it's a narrowband, wide-beam fed antenna fabricated by etching the
antenna element pattern in metal trace bonded to an insulating dielectric substrate like a computer circuit board with
endless metal layer boded to the other side of the substrate which forms a ground two-dimensional figure 3.5.

 

 

 

 

 

 

 

Figure 3.5 (Patch antennas array of two elements)

We have use same substrate as we use in EBGs FR-4 and for ground and patch we use copper of thickness 0.035.
Slots within the patch give us extra inductance and capacitance which improve the radiation diagram.

An antenna array (or array antenna) may be a set of multiple connected antennas which work together as one
antenna, to transmit or receive radio waves. generally , the larger the amount of individual antenna elements
used, the upper the gain and therefore the narrower the beam.The main purpose of this array is to extend the
facility radiated and to supply high directional beam by avoiding power loss in other directions. Advantages of
collinear array antennas include increasing directivity with a discount in power losses.

3.4 Mushroom on Patch Antenna Array : EBG structures are capable to reinforce the performance of micro-strip antenna
in terms of gain, side lobe, back lobe level and also mutual coupling. this is often thanks to EBG exhibits frequency band-
pass and band-stop which will block surface wave excitation within the operational frequency range of the antenna arrays.
The mushroom EBGs with patch antenna array as shown in figure (3.6).

 

Figure 3.6 (The mushroom EBGs with patch antenna array)
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3.5 Cross Hair on Patch Antenna Array : After mushroom EBG with patch antenna array we draw another sort of EBG
which is cross wire type EBG. First we make an array of cross wire then we put it on patch antenna array. The cross wire EBGs
with patch antenna array as shown in figure (3.7).

 

 

 

 

 

 

 

 

 

Figure 3.7 (The cross hair EBGs with patch antenna array)

 
3.6 Swastika on Patch Antenna Array : After the mushroom and cross wire type EBG with patch antenna we draw another
sort of EBG which is swastika type EBG. First we make an array of swastika then we put it on patch antenna array. In swastika
type EBG the gap and length give the additional inductance and capacitance. The swastika EBGs with patch antenna array as
shown in figure (3.8).

 

 

 

Figure 3.8 (The swastika EBGs with patch antenna array)

 

 

4. Simulation and Results:

After simulation we get different result and now we compare all these results.

Mushroom Type EBG : S-parameters explain the input-output relationship between ports or terminals in an electrical
system. as an example , if we've 2 ports (intelligently called Port 1 and Port 2), then S12 represents the facility transferred
from Port 2 to Port 1. S21 represents the facility transferred from Port 1 to Port 2. Mushroom type EBG S parameters as
shown in figure 4.1.

 

 

 

 

 

 

 

Figure 4.1 (Simulated and measured S1,2 mushroom EBG)

 

 

 
4.2 Cross Hair Type EBG : Cross Hair type EBG S parameter as shown in figure 4.2.

Figure 4.2 (Simulated and measured S1,2 cross hair EBG)
4.3 Swastika Type EBG : Swastika EBG S parameter as shown in figure 4.3
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Figure 4.3(Simulated and measured S1,2 swastika EBG)

4.4 Comparison of EBGs Performance without Antennas : The S parameter of various sorts of EBGs as shown within the
figure 4.4. There are three differing types of EBGs mushroom, cross wire and swastika type. The red curve show the cross
wire EBG, green show the mushroom and blue show the swastika type EBGs. Mushroom gives more bandwidth and better
performance as compare to cross wire and swastika as shown in figure 4.4.

 

 

 

 

 

 

 

 

 

Figure 4.4 (Simulated and measured S2,1)

 

 
4.5 Antenna Array Design without EBGs : The radiation pattern and S parameter of patch antenna array without EBGs
as shown in figure 4.5 a & b.

 

 

 

 

 

 

 

 

Figure 4.5 a (Simulated and measured without EBGs)

 

 

 

 

 

 

 

 

 

Figure 4.5 b (Simulated radiation pattern without EBG)

 

4.6 Mushroom EBGs with Patch Antenna Array : The radiation diagram and S parameter of Mushroom type
EBGs with patch antenna array. Red curve are without EBG and therefore the green curve are with EBG. The S
parameter clearly shown in figure 4.6a with EBGs give more bandwidth and reduce the mutual coupling as compare
to without EBGs. The radiation diagram also improve with EBG as shown in figure 4.6 (a & b.)
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Figure 4.6 a (Simulated and measured with EBGs)

 

 

 

 

 

 

 

 

 

Figure 4.6 b (Simulated radiation pattern with EBGs)

4.7 Cross Hair EBGs with Patch Antenna Array : The radiation diagram and S parameter of cross wire EBGs
with patch antenna array. Red curve are without EBG and therefore the green curve are with EBG. The S
parameter clearly shown in figure 4.7a with EBGs give more bandwidth and reduce the mutual coupling as
compare to without EBGs. The radiation diagram also improve with EBG as shown in figure 4.7 (a&b).

 

 

 

 

 

 

 

Figure 4.7 a (Simulated and measured with EBGs)

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7 b (Simulated radiation pattern with EBGs)

 
4.8 Swastika EBGs with Patch Antenna Array : The radiation diagram and S parameter of Swastika type EBGs with
patch antenna array. Red curve are without EBG and therefore the green curve are with EBG. The S parameter clearly
shown in figure 4.8a with EBGs give more bandwidth and reduce the mutual coupling as compare to without EBGs. The
radiation diagram also improve with EBG as shown in figure 4.8 (a&b).
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Figure 4.8 a (Simulated and measured with EBGs)

 

 

 

 

 

 

 

 

 

Figure 4.8 b (Simulated radiation pattern with EBGs)

 

 

4.9 Beam Scanning : The mushroom type EBGs with patch antenna array and their beam scanning as show in
figure 4.9.

 

 

 

 

 

 

 

 

Figure 4.9 (Simulated Beam Scanning in 3D)
4.10 Comparison of Different EBGs Performance on Patch Antenna Array : The Comparative table of various EBGs
performance on patch antenna array. Mushroom type EBG gives more bandwidth and radiation diagram as compare to cross
wire and swastika.

Table 4.1: Comparative analysis of EBGs performance

 

EBGs Size Frequency Bandwidth Gain Directivity S Parameters

Mushroom 5.9×5.9 mm 4 GHz .113 GHz 10.4 db 10.4 dbi -26

Cross Hair 6×6 mm 4 GHz .111 GHz 10.3 db 10.3 dbi -33

Swastika 8×8 mm 4 GHz .112 GHz 9.93 db 9.93 dbi -36

 

 

5) Conclusion : A comparative analysis of planer sorts of EBG structures has been presented during this paper.
The band gap characteristics along side physical dimensions of the structure are determined and simulated using
CST microwave studio 2014. Three sorts of electromagnetic band gap structures are investigated. The effect of
different numbers of arrays in an EBG structure is studied. because the number of element increases the band
gap increases also the band gap shifts to the lower frequency region. Among three EBG structures the
mushroom type EBG structure gives better performance in terms of simplicity, compactness and band gap. The
proposed EBG structures are often used for microstrip patch antennas in terms of bandwidth, gain, reduction of
mutual coupling and suppress the surface wave. Hence the antenna performance are often enhanced.
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