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Abstract
Background/Objectives: Flexible electronics have paved the way for Wireless
Body Area Networks (WBAN). The main challenge in accommodating such
applications is reducing the impact of radiation on the human body. The
presence of body tissues may affect WBAN devices such as wearable
sensors and wearable antennas, so reducing back radiations becomes an
important task. Methodology: When a microstrip patch antenna is placed on
a human body, the artificially formed Electromagnetic Band Gap (EBG) surface
mimics the property of a Perfect Magnetic Conductor (PMC) rather than the
conventional Perfect Electrical Conductor (PEC). Findings: In this work, the
unique property of the EBG surface beneath the patch antenna creates a zero
phase shift at the resonance, which improves the antenna’s performance and
reduces back radiations as well. The proposed EBG surface structure is the
simplest square-shaped structure with no conductor connections Via patch
(Via-less). Novelty: The EBG structure designed and presented in this paper
has zero reflections for the dual-band of operations. The resonance frequency
of 2.45GHz and 5.5 GHz has been designed for the absorption of 80% and
65% respectively. This level of absorption has not yet been reported in the
literature. The newly formed EBG cell integrated with the patch antenna and
its performance improvements has been shown. The analysis shows that the
EBG enhances the return loss by 20.35 % and gain enhances by 16.44 %, on
textile materials with the advantage of most simplex EBG cell construction.

Keywords: EBG; PMC; PEC; Wearable Microstrip Patch Antenna; WBAN

1 Introduction
Recent advancements in the field of flexible electronics are opening the doors for
various emerging fields. The body-worn applications of wireless communication may
lead to performance degradation due to the close vicinity of the human body (1). This
makes it necessary to take a detailed study on the flexible antenna concerning Specific
AbsorptionRate (SAR), which shows the absorption of heat of radiation by human body
tissues (2). Artificial Magnetic Conductor (AMC) structure is not found naturally
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but they are designed artificially. These structures possess the unique properties of Electromagnetic (EM) waves. The property
of AMC could also be used to improve the performance of wearable devices when they are being worn on the human body.
The vast and unique property of AMC is used to mimic the property of PMC for wireless communications not only in wearable
systems. The AMC can be configured to function as a bandpass or band stop filter. The presence of the human body in the
wearable microstrip patch antenna application changes the performance parameters as well as generates back radiation, which
is then absorbed by the human body tissues (2). In this work, the property of AMC has been used to mimic the property of the
Perfect Magnetic Conductor (PMC). A fully textile-based EBG Cell structure is designed in the simplest way possible, with no
Via used for dual-band operation.

The work reported earlier was too thick to integrate with a lightweight, flexible form, so cannot withstand several
bending (3–10). Bending analysis has been done in some semi textile antennas they are providing the poor Front to Back Ratio
(FBR) (11–16). The EBG structure designs have previously been demonstrated in (2,3,5,8,9) patch antenna works. Though initially
in (17) the EBG structure was simpler it is using a Via between the EBG cell and ground. The Bandgap feature was added to the
literature with the help of Via. However, the Vias could be used to control the effective inductance, the risk of manufacturing
inaccuracy is always higher because of the textile materials. In the same work author tries to simply the EBG cell structure by
making the Via-less EBG Cell, so the effective inductance must be increased. To increase the effective inductance the author
has made a complex cut inside the EBG cell to form the 2 x 2 EBG structure. The present reported work has the simplest EBG
structure without using any Vias, this Via-Less EBG structure is also easy to fabricate in textile materials. The primary goal of
this work is to design the simplest EBG cell with dual-band operation using textile materials. Absorption, reflections, and band
stop bandwidth are all thoroughly discussed.

Themajor goal of this work is to form the simplest EBG cell with dual-band operation with textile materials, the absorption,
reflections, and the band stop bandwidth are discussed further.The proposed EBG cell providing the band gap for the 2.45 GHz
standard Industry, Scientific and Medical band (ISM) of applications and 5.5 GHz, Worldwide Interoperability for Microwave
Access (WiMAX) band of IEEE 802.16. This band is used for wireless data over long distances in a variety of ways, from point-
to-point links to full mobile cellular type access.The selection of these two bandswere based on the demand of emerging devices
of wireless devices works on ISM and WiMAX band. The wireless devices become an integral part of our daily life now a days.
Integration of technology such as WLAN, WiMAX, Bluetooth, and others into a single handheld device has shown to be an
excellent way to boost commercial progress.

2 Material and Methods
The wearable antenna must be entirely textile-based and provide continuous information about the wearer’s
health/communication signals. As a result, the need for two distinct textiles arises. One is non-conducting for the sub-
strate and the other is conducting for EM wave radiation. The conducting textile materials, also known as electro textile, make
the wearer comfortable while communicating information. Because textile antennas must be placed on the human body, the
efficiency of the antenna is drastically reduced due to the lossy nature of human tissue. When a textile antenna is placed close
to the human body, the dielectric constant of the substrate textile is affected, which may reduce the radiation characteristics
and, as a result, changes other parameters such as S11 (return loss), VSWR (Voltage Standing Wave Ratio), Gain, Radiation
Patterns etc.

Various textile fabrics, such as fleece, silk, flannel, wool, polyester, denim, Cardura, and felt, are used as substrates in the
literature (18). Conducting patch fabrics include ShieldiT, copper sheet, Zelt, flexion, and pure copper taffeta.

This AMC structure could also be used to improve radiation properties while minimizing backward radiation to the human
body. The whole combination makes this structure more popular among antenna designers. The resonance frequencies and
bandwidth of this AMC reflector structure are significantly affected by the unit cell geometry, dielectric property, and substrate
thickness (4).

In this paper dielectric fabric, Felt is used as the substrate of antenna which is the non-conductive substrate. Shieldit Super
conductive textile is used to form the unit cell and conductive ground.

Shieldit Super conducting textile is a soft but strong polyester substrate that has been copper and nickel plated. This fabric
has one side coated with a non-conductive hot melt adhesive, which aids in the attachment process in this work by ironing the
conducting fabric on top of the felt substrate textile. With a thickness of 2.5 mm, felt has a dielectric constant of 1.36, a loss
tangent of 0.023, and a dielectric constant of 1.36. Shieldit Super is 0.15 mm thick and has a conductivity of 6.67 x 105 S/m.

There have been reports of various shapes and designs that could be used as the Unit cell geometry to create the band stop
or bandpass surface structure. The Square shaped structure is used in this proposed work to form the High Impedance Surface
(HIS) for the application of 2.45 GHz and 5.5 GHz resonance frequency bands.
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The dimensions of the square shape are taken from their parametric analysis report, which is included in this study.The unit
cell response has a good bandwidth for both above-mentioned frequency bands. The selection of conductive textile is critical
because it must be worn on the human body while also radiating signals. Because the electrical properties of elastic materials
changewhen bent, this fabric should be inelastic. Tominimize losses, thematerialmust also be homogeneous across the antenna
area, with a minimal difference in resistance through the material.

2.1 Properties of EBG Unit Cell

TheHIS property is important in the design of the EBG surface because surface waves occur whenever two dissimilar media are
used for propagation. Surface waves are electromagnetic waves that propagate in an exponential fashion into the surrounding
space. The EBG structure is used to prevent the surface waves from being produced by dissimilar media, leading to minimal
antenna backward radiations. Consequently, the amount of energy wasted in the undesired (here backward formicrostrip patch
antenna) direction is reduced. Surface wave propagation is normally parallel to the interface and decreases exponentially away
from it.The inductive surface support TransverseMagnetic (TM) surface waves, while the capacitive surface support Transverse
Electric (TE) surface waves as represented in (1) and (2) respectively.

Zs(TM) = jα / ωε (1)
Zs (TE) = -jωµ/α (2)
Where ω is the angular frequency (rad/sec), ε is the dielectric permittivity (F/m), µ is the permeability (Wb/Amp) and α

is the propagation constant.
The impedance vs. frequency relationship of HIS at low frequency the impedance is inductive and at high frequency the

characteristic is capacitive. So below the reference it supports the TM surface waves and above the resonance it supports the TE
waves. At the resonance it exhibits high/ infinite as could be calculated by the equation.

Z(ω) = jωL/1- 2ωLC (3)
It demonstrates that it does not support any surface wave at resonance. This is the most important property of HIS, and

it is used as a conducting surface for the patch ground where back radiations have a negative effect on the human body for
wearable applications. When radiations are placed close together, the human body behaves like a lossy dielectric medium,
affecting performance parameters significantly. Another important property of HIS is its dual to PEC capability (Perfect electric
conductor). The perfect electric conductor (PEC) has abounded electrons, and when an electric field is applied to the PEC
surface, these electrons become excited and generate the surface current surface impedance is ideally zero, and it does not
support any electric field inside the conductor; any radiation that strikes on its surface is, reflected by 1800 phase. When the
impedance is exceptionally low (practically) in comparison to the free space impedance, as in

Φ =± π (4)
When it matches the free space impedance it is equivalent to
Φ =± π/2 (5)
When the impedance becomes high, the phase becomes zero, which is at resonance where the reflection phase is zero.
It also has the property to block the electric field and no electric field can penetrate the surface. The counterpart of PEC

is the Perfect Magnetic Conductor (PMC) this is not naturally formed this is a designed and conceptualized surface that can
block magnetic fields instead of electric. As compared to the PEC the PMC surface impedance Zs is extremely high, and it is
not present in any natural material, but the property of PMC can be mimicked in the form of artificially formed sheets where
different techniques are used to show the above-mentioned property of PMC.

AMC is a type of PMC, by using the periodic arrangement of identical or similar structures the property of magnetic
conductor could be introduced in this PMC sheet. Broadly the AMC, FSS (Frequency Selective Surface), and SRR (Slip Ring
Resonator) all come under the Metasurface/ Metamaterial. So, AMC is the subpart of Metamaterial. It is most important to
know the property of this PMC surface. Figure1(a) shows the basic property of PEC and AMC surface that when any incident
wave strikes on the PEC surface after reflection the phase of reflected wave shifts by 1800 but when the wave reflects the AMC
surface the reflected wave does not shift the phase of the incident wave. It shows that AMC does not invert the phase of the
incident input signal. So, to enhance the performance of the patch antenna and to reduce the back radiation this AMC surface
has vast applications.

Figure 1(a) depicts the basic property of the PEC and AMC surfaces: when an incident wave strikes the PEC surface after
reflection, the phase of the reflected wave shifts by 1800, whereas when the wave reflects the AMC surface, the reflected wave
does not shift the phase of the incidentwave. It shows that AMCdoes not invert the phase of the incident input signal. As a result,
this AMC surface has a wide range of applications for improving patch antenna performance and reducing back radiation.

Figure 1 shows the concept of surface current before and after the AMC surface (a). In the microstrip patch antenna, the
current in the patch and current in the metal ground part are out of phase, but if the AMC sheet is replaced instead of the metal
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Fig 1. (a) PEC and AMC surface basic property (b) Bandwidth of the AMC surface structure resonating at f0

PEC ground, the phase shift is reduced to zero. After reflecting from the AMC surface, both the incident and reflected waves
will be in the same phase.

To calculate the absorption of surface waves, the bandwidth of the AMC surface must first be calculated. The bandwidth of
this AMC is defined as the difference between two frequencies when they pass the reflection phase/degree by+900 to−900 (5).

Numerous studies are being conducted on such artificially formed conductors and used as bandwidth enhancers for
microstrip patch antenna (6,7). Electromagnetic waves and their backscattering are controlled by such AMC surfaces which
are demonstrates as the reflective Metasurface (8,11).

Figure 1(b) displays the AMC surface’s bandwidth, where the frequency at which the reflection phase is zero is known as the
resonance frequency. The surface will exhibit the property of a two-dimensional electric filter for a specific frequency range at
this resonance frequency. The two frequencies f1 and f2 show the bandwidth of AMC or the stop band frequency range before
and after the resonance in this band, the equivalent LC network acts as a band stop filter to restrict the flow of surface waves.
The AMC will not invert the phase of the reflected wave within this frequency range.

2.2 Design and Parametric Analysis of Unit EBG Cell

Apply the concept of reflection, the geometry for this reflecting surface must be developed. The TM wave can only travel
through an inductive surface, whereas TE wave can only pass through a capacitive surface. Special artificially formed surface
structures with inductive and capacitive surface impedance must be developed to prevent the propagation of both TM and TE
surface waves. This is an example of an LC resonance structure. Surface waves can be avoided by texturing the surface with
periodic lumped element resonance structures over a finite frequency range. Radiation interference prevents surface waves
from propagating as they scatter from the discontinuity, resulting in a large impedance bandgap over the frequency range. A
periodic structure could be generated by cascading the two-port network into unit cells.

Its features are described using effective surface models. These devices are usually made up of a lumped inductance and
a capacitance, and they have high impedance in a specific frequency band. To absorb the back radiations generated by the
microstrip patch antenna, a variety of periodic similar structures have been investigated and simulated.

In Figure 2(a), the unit EBG cell design is shown, this is designed and simulated in Ansys HFSS simulator. The unit EBG
Cell dimensions taken for parametric analysis are S1 and S2 from 30 mm to 31 mm, P1 and P2 from 28 mm to 29 mm, C1 and
C2 from 20 to 21 mm, and I1 and I2 kept constant at 19 mm. By varying the dimensions of the outer patch (P1 and P2) along
with S1 (dimension of the unit cell), cuts (C1 and C2), and keeping the inner patch (I1 and I2) constant the required Bandgap
for 2.45 GHz and 5.5 GHz could get. The EBG Bandgap bandwidth has been taken between ±900.To analyses, the EBG unit
cell Floquet port is used in Ansys HFSS simulator (12).

Fig 2. (a) Unit EBG Cell with dimension parameters (b) EBG Unit Cell with Floquet Port
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Floquet port is shown in Figure 2(b), the distance from the top of the patch is taken as λ /4 for the case of Floquet port to
check the reflection phase/degree in the analysis of unit cell geometry. For the simulation of the unit cell, the boundaries must
be decided.There are two models popular by which the boundary condition could be defined, here in this work the Master and
Slave boundaries are defined, the direction of the respective master and slave must be assigned in the same direction.

2.3 Designing of Microstrip Patch Antenna

The demand of microstrip patch antennas is increasing day by day because it could be directly printed on the circuit board. It
is also very popular because of its simple design, easy handling, compact size, economical for mass fabrication etc. The major
disadvantage of such printed antennas are their low gain and directivity. The EBG structure presented in previous section
designed to improve the performance of the patch antenna, especially when it must be used for the Body Worn Applications.

The patch antenna comprises one dielectric substrate on which one side is covered with conducting ground and other side
having the radiator patch. The dielectric substrate is sandwiched between two conducting sheets. For the designing of textile-
based antenna the dielectric and conductive both surfaces must be textile. In the proposed work the radiating patch and ground
both formed by the conductive ShieldiT textile and for the dielectric substrate Felt textile is used which is like the EBG cell
material.Thepatch antenna’s dimensions are calculated, and the final dimensions are used for simulationwork after a parametric
study [24].

In Figure 3(a), the patch antenna final dimensions are shown the quarter wave transformer section is used to match the
impedance of the antenna. The (a) is the basic antenna without EBG Cell surface and in Figure 3(b) the EBG integrated patch
is depicted.

Fig 3. (a) Dimensions of patch antenna without EBG Surface (b) Patch antenna integrated with EBG Surface(EBG Cells sandwiched between
the two substrates.)

3 Results and Discussion
Parametric study reveals the exact dimensions at which the desired resonance bands will give the band stop performances. The
desired bands are standard 2.45 GHz and 5.5 GHz frequencies.

As shown in Figure 4(a) and Figure 4(b), the samples the dimensions of the unit cell and its parametric run. The basic
dimension of the unit cell was taken from the literature used in the ISM band.

This dimension was calculated by using the Sievenpiper’s Equations, but it must be optimized through parametric analysis.
The various dimensions of the unit cell are shown in Figure 4(a) and sample no 43 gives the optimized value of the desired band
of operation.

Table 1 shows the variables of the unit cell and the final selected values for the EBG surface. The value of I1 and I2 kept
constant. As we are increasing the gap between two squares in the EBG cell the capacitance will increase and when the length
of EBG increases then the inductance of the periodic structure increases based on the parametric analysis we have the zero
reflection at resonance frequency 2.45 GHz and 5.5 GHz.

Dual Band Operation
In (18), author designed EBGplane is providing the effect of AMC substrate only for one frequency band of 5.4GHz.The patch

antenna is designed to resonate on 2.45GHz so, for the patch resonance frequency the EBGplane behaves like a normal PEC but
when the antenna resonates on its second band (5.4 GHz) then the EBG substrate plays a role as to reduce the back radiation.
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Fig 4. (a) Various sample dimensions for parametric analysis (b) Simulation result of parametric analysis of Unit EBG Cell

Table 1. Parameters Used for Parametric Analysis
S.no Variable parameters(mm) Range of Variables Final Selection
1 S1 30 mm to 31mm 30 mm
2 S2 30 mm to 31 mm 30mm
3 P1 28 mm to 29 mm 29 mm
4 P2 28 mm to 29 mm 29 mm
5 C1 20 mm to 21 mm 21 mm
6 C2 20 mm to 21 mm 21 mm

The EBG plane works as the reflector and does not excite the parallel plate mode in between the antenna plane and ground
plane. The reflection and absorption properties of EBG are also very important to study, in the (18) author has not provided the
absorption and reflections of the EBG surface.

The major achievement in this newly presented work is dual-band operation for which the EBG plane approaches as the
PMC, as well as absorption and reflection for dual bands, are also explained. Figure 5(a) shows the finding of the present
work where the two shaded areas show the two resonances over which the phase is zero. The EBG structure bandwidth is the
frequency range within which the reflection phase changes from +900 to −900, as shown in (a). The two red shaded areas
in this case indicate that the resonant frequencies of 2.45 GHz and 5.5 GHz are at zero reflection phases. The primary goal
of this work is to appropriately design the patch size so that the antenna resonant frequency drops within the EBG band gap,
thereby prohibiting surface waves.This designed antenna’s resonance frequency can be covered by the EBG band gap.The EBG
bandwidth is depicted in Figure 5(c), with the first band width ranging from 2.404 GHz to 2.55 GHz and the second band width
ranging from 5.227 GHz to 5.855 GHz. The results of (18) as shown in Figure 5(b) it has only one resonance at which phase is
zero.

The design structure of EBG cell in Figure 5(d) simulated and implemented in (19) to get the dual band of operation. There
are some dual bands EBG performance is being reported in literature, but when the based and conductive material is textile
than the design of EBG cell must play a key role. As shown in Figure 5(d) and (e) the EBG presented is not much simple to cut
into a textile design. The proposed EBG cell in this work is extremely simple to cut without any deformation in their structure.
The bandwidth is calculated by the upper frequency, lower frequency, and resonance frequencies as shown in Figure 5(c). The
bandwidth for 2.45GHz resonance is 0.146 GHz and for 5.5 GHz is 0.628 GHz.This becomes themajor finding of this work that
a single EBG plane surface will work for both the applications of ISM 2.45 GHz band as well as 5.5 GHz, WiMAX applications.

In Figure 6(a) the reflection of the wave is plotted with the absorption for the desired band of 2.45 GHz and 5.5 GHz. The
absorption is around 80% and 65% for 2.45 GHz and 5.5 GHz respectively, which is comparatively fair when the textile material
is used. The designing of textile patch antenna may become complex if the EBG cells are complicated, so simple square shaped
EBG cells are providing better results with ease in designing. (b) represents the magnitude and phase comparison for desired
bands of operation.

In Figure 7, surface current distribution is represented on both the resonance frequencies. In Figure 7(a), shows the surface
current when adaptive pass resonance frequency is being set at 2.45 GHz with 00 phase angle, (b) represents when the phase is
shifted to 300.Figure 7(c) and (d) represents the surface current distribution at 5.5 GHz frequency with 00 and 300respectively.
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Fig 5. (a) AMC Dual bandwidth between ±900 at resonance at 2.45GHz and 5.5 GHz in proposed work (b) The single EBG Bandwidth at
resonance 5.4 GHz (18) (c) Finally selected EBG Unit cell results for both resonances along with their bandwidth in proposed work (d) The
dual band EBG cell (19) (e) The dual band EBG cell integrated with Patch antenna in literature (19)

Fig 6. (a) The reflection and Absorption for the desired dual band operation (b) Magnitude levels of EBG Cell with respect to their angle
(degree)
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Fig 7. Surface current distribution in EBG Unit cell (a) For the 2.45 GHz and 00 phase, (b) 2.45 GHz 300phase, (c) 5.5 GHz with 00 phase,
(d) 5.5 GHz 300 phase

In Figure 8, the dispersion of unit EBG cell is represented. The EBG does not permits to flow the surface waves for specific
frequency.The proposed EBG cell would not permit to flow the surface wave s between the range of 2. 404 GHz to 2.55 GHz and
5.227GHz to 5.855 GHz frequencies.These two bands stop width is represented in Figure 8. For themeasurement of dispersion,
the EBG cell is simulated in Eigen-Mode solution type in the Anys HFSS simulator.The proper selection of Unit cell boundaries
the structure would behave like an infinite structure. Dispersion diagram plotting requires three sets of simulations.These three
sets of simulation consist unique phase shifts. First part is in x- boundary plane shift from 00 to 1800, which is represented in
Figure 8 from Γ to X direction, for this simulation the Y axis is fixed at 00.This is also known as Γ to X Plot.

TheThird part is between M to Γ part, both X and Y axis boundaries phase shift will be shifted from 00 to 1800 at the same
time.

Fig 8.Dispersion diagram for EBG cell structure

In Figure 9 (a), the complete EBG cell-based AMC surface is shown, where the ground and EBG Cells are formed using
Shieldit Super textile (Yellow) and the dielectric substrate is Felt textile (Red). This surface will behave like a PMC and will not
change the phase of reflected wave and absorption the radiations on the backside for both the resonance frequencies.

This artificially formed PMCwill be best for body-worn applications it will protect the human tissues to absorb the radiation
from the radiating patch.

Performance Enhancement of Microstrip Patch Antenna with the EBG Surface
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Fig 9. (a) Complete AMC 3 x4 EBG cell surface for proposed work and (b) Via-Based EBG in reference (18)

The EBG surface is now integrated with a microstrip patch antenna, where it is supposed to be absorbing the surface waves
and therefore the performance characteristics will be tested. The patch antenna’s major characteristics are Return loss also
known as Scattering parameters S11, Radiation pattern, Gain, 3-D polar plots, etc. In this work, the important parameters are
compared with and without the EBG integration.

Return Loss
Return loss is the measure of the power reflected by the source due to discontinuities and mismatches. So, it becomes the

major performance parameter that gives the measure of how well the device is matched with other devices for communication.
As the plot is shown in Figure 10(a) the value of the return loss( S11) has been improved from -24.18707 dB to -29.109 dB at
the resonance frequency of 5.5 GHz. The patch antenna will be useful when it is greater than -10 dB.

Fig 10. (a) The return loss of the patch antenna without EBG Surface and (b) Return loss with EBG

Radiation Pattern
Theradiation pattern of amicrostrip patch antenna is a graphical representation of the energy radiation in space. Figure 11(a)

and (b) show the pattern of the proposed patch with and without EBG.The pattern is commonly referred to as the Azimuth and
Elevation plane pattern. The pattern lobe represents the energy radiation; a lobe is any part of the pattern that is surrounded
by weaker radiations. As a result, it is known as the major lobe and the side lobes. The major lobe is responsible for most
radiations, and side lobes are unnecessary, even though they waste radiation energy.The radiation pattern of aMicrostrip patch
antenna without EBG is depicted in Figure 11(a), where the major radiations occur in the + Z direction but the main lobe is
not much confined in this direction, and the energy is also radiating in the backward direction represented by the back lobes.
Figure 11(c) and (d) show 3-D plots of far field radiations. Polar plots depict the distribution of radiation energy with respect
to the directional coordinator without and with the EBG.
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Fig 11. (a) Radiation Pattern without EBG and (b) Radiation pattern of the antenna with EBG surface (c) 3-D Polar Plot of antenna without
EBG AND (d) 3-D polar plot of the antenna with EBG surface

Gain
Gain is the key performance characteristic of any radiator, which combinedly represents the antenna’s directivity as well as

radiation efficiency.The larger the value of gain signifiesmore capability to radiate the energy by the radiator. For themicrostrip
patch antenna, the gain is frequency dependent parameter. The gain for the proposed antenna design is 6.09 dB as shown in
Figure 12(a) when the EBG surface is not added. The gain has been improved from 6.09 to 7.0914 dB.

Fig 12. (a) Gain Vs Frequency plot of antenna without EBG and (b) Gain Vs. Frequency plot of the antenna with EBG Surface

4 Conclusion
The Shieldit Superconductive textile and Felt-based designed AMC surface dual-band absorption will be best suited for the
2.45 GHz and 5.5 GHz range of frequencies. The simulation result shows that this surface will be best for the absorption of the
back radiation in both the resonance frequency bands. The key point of this work is the simplex Via-less design of EBG cells
so, they could be easily fabricated on any type of textile. Shieldit Super textile is coated with non-conductive hot melt adhesive
on one side. This makes the attachment process easier by ironing the conducting fabric on the top of the textile felt substrate
in this proposed work. The surface shows 80% absorption for the 2.45 GHz ISM band and 65 % absorption for the 5.5 GHz
frequency, which is not yet been reported in the simplest square EBG Cell structure. To check the performance enhancement
of the microstrip patch antenna the newly designed EBG surface is integrated with the patch antenna resonation at the 5.5 GHz
band of frequency. The analysis shows that the EBG enhances the return loss by 20.35 % and gain enhances by 16.44 %, on
textile materials with the advantage of most simplex EBG cell construction.
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