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A convoluted meander line integrated cross dipole metallic structure with a dual-bandstop feature is presented in this manuscript.
Te investigated frequency-selective surface (FSS) exhibits the bandstopping characteristics for the Bluetooth (2.4GHz) and
WLAN (5.5GHz) applications with a miniaturized unit cell size of 9.7× 9.7mm2. Te proposed design has a polarization in-
sensitivity feature for the TE and TM polarized waves’ incidents at 0°–60° with an interval of 15° angle. Te equivalent circuit
model of the presented FSS unit cell is also discussed and their limped element values are presented.Te FSS design has a compact
size which makes it favorable for low-profle band-fltering systems and multipath EM wave’s insensitivity. Te suggested FSS
confguration has good correspondence with modelled and measured results.

1. Introduction

In the present wireless communication scenario for short-
range such as Bluetooth, WLAN and WiMAX are very
popular. Tese narrowband applications signifcantly con-
tributed to electromagnetic interference in short-range
communication systems that operate on very low power.
Nowadays, short-range RADARs are also used for proximity
detection and data transmission applications using free-
space communication mediums. However, to utilize the
advantages of UWB or short-range RADAR applications, it
is essential to make EMI-free environment by placing FSS as
shielding for the devices. Tese devices are designed in
a compact size to minimize the complexity and follow the
IEEE standard 802.11 [1]. Our daily life has become sig-
nifcantly easier and more comfortable due to wireless de-
vices. However, electromagnetic radiation from these

wireless devices harms the human body and cannot be
discounted. Te electromagnetic radiation infltrates the
human body and may be a source of cancer and many
medical sicknesses previously highlighted by authorities and
researchers [2, 3].

An FSS may be defned as an array of resonating small
unit cells that may pass the specifc frequency band, whereas
behaving like a bandstop flter for other frequency bands. An
FSS also accommodates all the scattering characteristics such
as refection, absorption, and transmission, which are
a function of frequency. Te electromagnetic wave fltering
can be accomplished by the resonator shape, periodic me-
tallic design, or stacking of dielectric faces [1].

Recently, diferent kinds of FSS structures have been
introduced for fltering applications. For example, circular
shape, rectangular resonating structure, dipoles, cross di-
poles, tripole, Jerusalem cross, and three- or four-leg FSS

Hindawi
Mobile Information Systems
Volume 2023, Article ID 4449959, 10 pages
https://doi.org/10.1155/2023/4449959

https://orcid.org/0000-0002-6232-2772
https://orcid.org/0000-0002-5558-7270
https://orcid.org/0000-0003-4299-1917
https://orcid.org/0000-0002-0469-6792
https://orcid.org/0000-0001-5026-4643
https://orcid.org/0000-0002-6779-6467
mailto:ashishbagwari@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/4449959


dipoles [1, 4, 5]. Te FSS is designed to stop or pass the
specifc frequency band according to the requirement of the
applications [1–6]. FSS is also known as a spatial flter which
is generally used to select the polarization and fltering of
desired frequency; however, FSS includes a sufcient
number of periodic resonating structures in practice. Several
FSS designs with single or multiband characteristics have
been investigated in [6–12]. To mitigate the interference
between WLAN and other adjacent wireless applications for
wireless security, a comprehensive investigation has been
explored in [6, 8–12].

Due to electromagnetic (EM) waves’ multipath propa-
gation characteristics, it is not always possible to implement
an FSS structure perpendicular to the incident EM wave.
Tis practical limitation of FSS causes the unstable and
perturbed response which is essential to avoid in bandstop
FSS applications under oblique incidents of EM waves. Te
polarization insensitivity of the FSS is highly desirable for
practical applications, such as absorbers, refectors, polari-
zation converters, AMC, and EM shielding beam shaping.
Tis highly demanded characteristic of FSS is optimized and
presented through the state of art by several researchers in
[13–22, 22].

A triple-band notched polarization-independent com-
pact FSS is a flter designed to attenuate specifc frequency
bands while allowing other frequency bands to pass through.
Tis type of flter is often used in ultra-wideband (UWB)
applications as its broadband capabilities allow for more
excellent signal coverage and transmission. Te flter
combines metallic and dielectric materials carefully arranged
in a particular pattern.Tis pattern allows the flter to reduce
the amplitude of specifc frequency bands and operate in-
dependently for both linear- and circular-polarized waves.
Tis type of flter ofers advantages such as a reduced size
compared to traditional flters, improved performance for
UWB applications, and higher power handling capabilities.
Te design of such a flter must consider several consider-
ations, such as the size, the number of elements, the material
used, the periodicity, the polarization, and the temperature
stability, among other things. Additionally, the flter must be
designed to account for refections, scattering, and
radiation. [23].

Te design and analysis of a single-sidedmodifed square
loop UWB frequency-selective surface (FSS) is an important
research area in electromagnetic engineering. It involves the
design of frequency-selective surfaces (FSSs) with high se-
lectivity, low insertion loss, and good impedance matching.
FSSs are thin metallic surfaces structured to selectively re-
fect and absorb electromagnetic signals with specifc fre-
quencies while allowing other signals to pass through. Te
single-sided modifed square loop FSS is a type of FSS
comprising two square loop resonators connected with
a dielectric slab. It ofers a good impedance match, a wide
frequency band, and a good response. Te FSS is designed
using computer-aided software such as CST Microwave
Studio, and parameters such as the gap between elements,
the size of the elements, and the dielectric material can be
optimized. Te performance of FSSs is usually measured in
terms of insertion loss, return loss, and isolation. Te design

and analysis of these FSSs allow them to be used successfully
in applications such as wireless communication systems,
ultra-wideband systems, and automotive radar systems [24].

A frequency-selective surface (FSS) is an advanced
metallic structure that can refect or pass electromagnetic
energy of a specifc frequency. Tey are commonly used for
beam steering, antenna isolation, antenna gain enhance-
ment, and antenna noise reduction. Te analysis and design
of a bandstop FSS at the mobile WiMAX and X-band for
satellite communication is a challenging task due to the
specifc requirements of the application. Te primary goal of
the design is to achieve maximum suppression of the un-
desired signals while still allowing the desired signal to pass.
An FSS is usually designed by optimizing the surface’s size,
shape, andmaterials to achieve the desired performance.Te
frst step is identifying the desired frequency range that must
be rejected. Ten, the size and shape of the surface can be
determined based on the frequency range and the required
characteristics, such as minimum andmaximum rejection of
the undesired signal. A combination of mathematical
modeling, simulation, and testing will then determine the
size and shape of the surface. Te materials are selected
based on the frequency range, and an analysis is performed
of the properties of the materials to ensure that they will
meet the desired performance goals. Te material properties
must also be tested to ensure that the surface achieves the
desired performance. Te results from these tests and an-
alyses are used to refne the design and manufacturing of the
surface [25].

Tis manuscript explores the performance investigation
of an FSS design that displays the double bandstop char-
acteristics and polarization insensitivity of incident EMwave
up to 60°. Te conventional cross dipole-shaped metallic
strip is integrated with convoluted meander-shaped metallic
structure. Te novelty of this design is that the traditional
cross dipole structure is further integrated with a convoluted
meander-shaped metallic patch, which alters the efective
inductance and capacitance of the overall design to produce
the double bandstop features for Bluetooth and WLAN
applications.Te demonstrated FSS model has an acceptable
double bandstop characteristic, and it also shows the
miniaturized unit cell size for low-frequency applications
such as Bluetooth at 2.4GHz. Te proposed FSS can provide
complete shielding from the highly used Bluetooth/WLAN
devices for both the bands 2.4 and 5.5GHz.

2. Design and Equivalent Circuit Model of the
Dual-Band FSS

Te unit cell geometry of the proposed FSS is presented in
Figure 1, which comprises of convoluted metallic meander
shape on one side of the substrate. Te meander shape is
connected with the central cross-metallic pattern, and each
end of the cross is connected with a nonperiodic meander
design. Te nonperiodic nature of the meander design
provided the degree of freedom to vary the efective in-
ductance and coupling capacitance. Te proposed non-
periodic shape of the meander makes it favorable to achieve
the low-frequency bandstop features. Te design variables of
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the proposed FSS unit cell are mentioned in Figure 1. Te
presented FSS is etched on a 1.6mm thick FR4 substrate with
a dielectric constant of 4.4 and a loss factor of 0.02. Te
proposed FSS unit cell has a compact size of
0.0776λ× 0.0776λ calculated at the lower resonant frequency
of 2.4GHz.

Te equivalent lumped circuit model of the proposed
FSS unit cell is exhibited in Figure 2. Te efective total
inductance and capacitance due to the meander-shaped
metallic structure and cross pattern are presented as L
and C, respectively. Te efective capacitance included the
capacitance due to gap between the convoluted meander
lines. Under the infuence of vertical polarization, the
electric feld is aligned in Y-direction, and it produces two
parallel combinations of series LC resonators.

Te equivalent circuit model produces the dual-band
resonance at 2.4GHz and 5.5GHz, and the resonance fre-
quency (f 0) can be calculated for each series LC resonator
with the following equation:

f0 �
1

(2π
���
LC

√
)

. (1)

Te resonance frequency of the stop band can be con-
trolled by increasing/decreasing either the inductance or
capacitance or both of the FSS structures. Te increase in
metallic meander-shaped length increases the inductance,
and small gap size between successive unit cells may increase
the capacitance. Likewise, the FSS structure should be
polarization-insensitive as well as produce angular stability
for practical applications.

Te calculated value for inductance and capacitance at
2.4GHz resonance from the equivalent circuit model as
L2 = 4.3 nH and C2 = 1.05 pF, and similarly at 5.5GHz, the
values are L1 = 2.36 nH and C1 = 0.35 pF. Te corresponding
fltering nature of the lumped model and simulated FSS is
compared and shown in Figure 3; the simulated FSS result is
in agreement with the lumped model simulated result. Te
characteristic or impulse transient function is determined by
the response of the circuit to the function. Like the transient
response, it has several types, which are determined by the
type of impulse and response-voltage or current. Generally,
impulse response is represented as follows. It does not have
independent power sources; it is the ratio of the response of
this circuit to the impact of a nonunit current or voltage
jump to the height of this jump under zero initial conditions:
the transient response of the circuit is numerically equal.Te
dimension of the transient response is equal to the ratio of
the dimension of the response to the dimension of the
external action, so the transient response can be resistive,
conductance, or a dimensionless quantity.

Te dielectric substrate acts as a transmission line with
a Zd characteristic impedance and length of 1.6mm
(thickness “t”). Te characteristic impedance of the assumed
transmission line can be calculated as Zd � (Z 0/√(ε r)),
where Z0 is free-space impedance and around 377Ω, and εr
is the relative permittivity of the substrate.Te dielectric loss
during the transmission from FSS is represented by “Rd,”
and it varies from 2 to 8Ω for FR4 substrate. Te input
impedance of the transmission line model is presented as Zin
and can be calculated by the following equation:

Zin �
1

(1/(jωL +(1/jωC))) + Zd + jZ0 tan βt( / Zd Z0 + jZd tan βt( ( ( 
. (2)

Te refection and transmission coefcients can be de-
scribed as

Γ �
(Z in − Z 0)

(Z in + Z 0)
,

T � 1 − Γ,

(3)

where ω is the angular frequency, β represents the propa-
gation constant in themedium, and “t” is the thickness of the
dielectric medium.

Te thickness of dielectric medium is very little in com-
parison to wavelength, so tanβt is taken as zero in equation (2).
Ten, the refection coefcient Γ can be described as

Γ �
(−Z 0)

(Z 0 + 2(jωC + 1/jωL))
. (4)

Based on the equivalent circuit model, the convoluted
meander-shaped dual-band FSS can be simulated in the full-
wave simulator, and the proposed FSS is simulated in CST
Microwave Studio.
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Figure 1: Simulated snapshot of proposed FSS design for Bluetooth
and WLAN bands (x� y� 9.7mm, a� 5.7mm, b� c� 2.7mm,
d� 3.0mm, e� 1.5mm, f� 2.1mm, g � 0.3mm, and h� 0.9mm).
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Te equilibrium state of the pendulum is equal to the
state of the circuit when the capacitor is discharged. At this
time, the elastic force disappears, and there is no voltage on
the capacitor in the circuit. Te potential energy of elastic
deformation of the spring and the energy of the electric feld
of the capacitor are equal to zero. Te energy of the system
consists of the kinetic energy of the load or the energy of the
magnetic feld of the current. Te discharge of the capacitor
continues as motion to the extreme equilibrium state. Te
process of recharging the capacitor is similar to the process
of moving the load from the equilibrium state to the extreme
state. Hence, the total energy of the system is determined as

E � EP + EK �
kx2

2
+
mv2

2
,

W � WP + WK �
q
2

2C
+
LI2

2
.

(5)

A simple system in which natural electromagnetic os-
cillations are possible is called an oscillating circuit con-
sisting of a capacitor and an inductor connected to each
other. Te strength of the electric feld in a capacitor de-
termines how much energy changes accompany natural

oscillations in the circuit, much like a mechanical oscillator
like a large body on an elastic spring. Te analogue of the
kinetic energy of a moving body is energy in a magnetic feld.
In fact, the energy of the spring is proportional to the square
of the displacement from the equilibrium position, and the
energy of the capacitor is proportional to the square of the
charge. Te kinetic energy of a body is proportional to the
square of its velocity, and the energy of the magnetic feld in
the coil is proportional to the square of the current. Tere is
more to consider than just a formal similarity between the
quantities describing oscillatory processes and circuit pro-
cesses, and the extreme states are equal to the state of the
circuit when the charge of the capacitor is maximum.

3. Simulated Results of Dual-Bandstop FSS

Te proposed FSS unit cell is designed to stop the Bluetooth
and WLAN frequencies, and its simulated snapshot is
presented in Figure 1. Te FSS prototype is fabricated on the
FR4 dielectric material with 1.6mm thickness, relative
permittivity εr � 4.4, and dielectric loss factor of 0.02. A
modifed conventional cross-metallic strip integrated with
a convoluted meander-shaped metallic strip is etched to
produce a dual-bandstop feature for Bluetooth and WLAN
applications. Te overall size of the unit cell is
0.0776λ× 0.0776λ and it is a single-side printed confgura-
tion of the FSS.

Te transmission and refection characteristics of the
proposed FSS design are presented in Figure 4. It displays
that the proposed FSS creates negligible transmission at 2.4
and 5.5GHz. Te FSS has covered the WLAN frequency
spectrum ranging from 5.1 GHz to 5.8 GHz. It also presents
the negligible transmission for frequency spectrum ranging
from 2.3 to 2.5 GHz, which comprises the Bluetooth/
WLAN band for short-range wireless applications. Pro-
posed FSS exhibits angular consistency for transverse
electric and polarized magnetic waves for angle varying
from 0° to 60°.

Figure 4 shows that the proposed FSS produces satis-
factory band-fltering features and its −3 dB bandwidth has
a wide spectrum that accommodated the complete Bluetooth
and WLAN bands. At 2.4GHz and 5.5GHz, it has a trans-
mission coefcient of −23.96 dB. Te refection coefcient is
very high for Bluetooth andWLAN band spectrum; it shows
that the FSS design refects these frequency bands.
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Figure 2: Equivalent circuit model of the proposed FSS unit cell.
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Te symmetrical design of FSS makes it polarization-
insensitive and produces negligible variation with incident
angles of the polarized wave. An investigation of polarization
insensitivity of proposed FSS with TE polarized incident
wave at diferent angles are exhibited in Figure 5. It shows
that the transmission coefcient of investigated FSS has an
insensitive behavior for TE polarized waves over a range of
incident angles which varies from 0° to 60° with an angular
diference of 15°.

Additionally, the suggested FSS has also tested for the
transverse magnetic polarized incident wave, and the
transmission coefcient results are exhibited in Figure 6. It is
observed that the proposed FSS has no variation in its
transmission characteristics during an incident of TM po-
larized wave from diferent directions. Te results presented
in Figures 5 and 6 verify that the proposed FSS design is
insensitive to the incident of polarized waves from diferent
directions.

Te surface current characteristics of the proposed dual-
bandstop FSS are exhibited in Figure 7. It is evidenced that
for lower resonance frequency (2.4GHz), huge surface
current concentration near the outer edges and inner part of
the meander line increases the efective inductance and
resulted in resonance at a lower frequency. Te surface
current concentration only in the inner part of the meander
line lowers the efective inductance and produces resonance
at a higher frequency (5.5GHz). A circuit’s time charac-
teristic is a function of time whose values are determined
numerically by the circuit’s response to a typical action. Te
response of a circuit to a given typical operation depends
only on the circuit diagram and the parameters of its ele-
ments and, therefore, can act as its characteristics. Time
characteristics are determined for linear circuits with no
independent power sources and under zero initial condi-
tions. Temporal characteristics depend on the type of specifc
general impact. If the action is given in the form of a single
voltage jump and the reactance is also a voltage, the transient

response is dimensionless, numerically equal to the voltage
at the output of the circuit, and called the transient function
or transfer coefcient. Te convoluted meander line is a type
of waveguide that is used to flter signals at specifc fre-
quencies. Tis waveguide type comprises a series of bends
and turns that create an inductive-capacitive (LC) flter. Te
waveguide structure is designed to form a band-pass flter
capable of fltering signals within specifc frequencies. Te
design of the meander line flter is used to control the
resonant frequency of the waveguide. Te waveguide is
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constructed with a variable number of turns to create
a variable inductance, which will determine the frequency of
the flter. Te capacitance of the flter is determined by the
size of the waveguide and the amount of dielectric material
used. Te meander line flter flters out signals in the
Bluetooth and WLAN bands. Te flter is designed to have
a loss in the Bluetooth and WLAN bands while allowing
signals in other bands to pass through. It creates a band gap,
which is the diference between the frequencies allowed to
pass through and those blocked. Te metallic surface flter is
designed by creating a pattern of alternating meander lines
on the surface of a metallic substrate. It creates an array of
capacitors and inductors, which flter out the specifc fre-
quencies in the Bluetooth and WLAN bands. Te capaci-
tance and inductance of the flter are determined by the size
and shape of the meander lines and by the amount of di-
electric material used in the flter. Te band gap is obtained
by designing the meander lines to create a flter with
a specifc resonant frequency. Te resonant frequency will
determine the frequencies allowed to pass through the flter
while blocking out other frequencies. It creates a band gap
between the frequencies that are allowed to pass through and
the frequencies that are blocked. Te meander line flter
creates a metallic surface flter for Bluetooth and WLAN
bands. Te flter is designed to have a loss in the Bluetooth
and WLAN bands while allowing signals in other bands to
pass through. It creates a band gap, which is the diference
between the frequencies allowed to pass through and those
blocked.Te band gap is obtained by designing the meander
lines to create a flter with a specifc resonant frequency.

4. Measured Results and Discussions

To authenticate the working of the suggested FSS, a model
has been fabricated on the FR4 substrate. Te FSS fabricated
model (15×10 cm2) is exhibited in Figure 8, and it comprises
an array of 20× 20 unit cells. Te fabricated prototype is
utilized to verify the simulated characteristics with measured
ones such as S11 and S21 of suggested FSS. Te free-space
measuring technique is applied to measure the transmission/
refection coefcient of the FSS; in this technique, two
identical double-ridged high gain horn antennas were used
during the normal incident of EM waves on proposed FSS.
Te free-space measurement technique (without any

structure) is implemented and background signal power is
recorded before the test FSS installation. After the imple-
mentation of test FSS again, signal power level is recorded,
and without FSS, power level is subtracted to calculate the
transmission coefcient of test FSS. Te measured and
computer model-based simulated results compared fndings
which are shown in Figure 9. A small deviation amongst the
simulated andmeasured outcomes is detected that are due to
a small error in measurement setup losses and tolerances
during fabrication. Te measured result closely trails the
simulated one. It also validates the suggested FSS to limit the
EM signal transmission in the Bluetooth and WLAN bands.

A compared S11 (dB) result of the proposed FSS is
depicted in Figure 10. Te proposed FSS model displays the
efective dual-band notch creation with sufcient wide
bandwidth. From Figure 10, it can be seen that measured and
simulated S11 outcomes are close in nature and it permits
other bands to pass excluding the Bluetooth band and
WLAN band.

Two similar horn antennas have been applied in the
practical measurement and a true measurement setup is
shown in Figure 11, which displays the actual measuring
arrangement for the suggested FSS model. Te distance
between both the horns and FSS prototype is adjusted in
such a way to maintain the far feld with respect to the
corresponding frequency of FSS.

Te fabricated model has been measured for transverse
electric and polarized magnetic waves under oblique in-
cidence. Te measured results also confrm that the sug-
gested FSS has angular consistency, and its transverse
electric and magnetic polarization results are presented in
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Figure 7: Surface current distribution at diferent frequencies. (a) 2.4GHz. (b) 5.5GHz.

Figure 8: Fabricated model of FSS array.
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Figures 12 and 13. However, the FSS has an acceptable
agreement of calculated and measured outcomes.

Te S21 execution of the double bandstop FSS is un-
afected with polarized wavefronts; however, it has ac-
ceptable range of deviations in its S21 features up to 60° of
incident angles. Te measured and simulated TE and TM
mode responses are presented in Table 1; it shows that the
TE and TM modes have approximately equal bandwidths
for Bluetooth and WLAN 0.3 GHz and 0.8 GHz, re-
spectively. If the angle of incidence for TE and TM po-
larized wave is changed, the transmission and refection
characteristics of the convoluted meander line-inspired
metallic surface flter will be afected. Te change in the
angle of incidence will afect the direction of the wave and
the way it interacts with the flter, potentially changing the
amount of energy that is transmitted and refected. Tis
could result in a shift in the frequency response of the flter,
as well as changes in the insertion loss and return loss. Te
measured transmission coefcient of the FSS at diferent
angles is presented in Table 2, which shows that the FSS has
acceptable variations and also validated its polarization
insensitivity. A comparative study of resonant frequency
stability of proposed FSS and used references is presented
in Table 3.

5. Performance Analysis of Proposed Design

Te performance analysis of a convoluted meander line-
inspired metallic surface flter (CMMSF) for Bluetooth and
WLAN bands studies the flter’s efectiveness in blocking
Bluetooth and WLAN signals. Tis flter is designed to
provide high rejection of signals in the Bluetooth and
WLAN frequency bands while allowing signals outside
these bands to pass through. Te performance analysis
looks at the flter’s response to various Bluetooth and
WLAN signals and its ability to reject them without af-
fecting signals in other frequency bands. Te performance
analysis also looks at the flter’s insertion loss (the amount
of energy lost as a signal passes), return loss (the amount of
energy refected from the flter), and other parameters. Te
overall performance of the flter is measured and compared
to other flters of the same type. It allows engineers to
determine the best flter solution for their specifc
application.

5.1. Advantages

(i) Improved performance: the convoluted meander
line-inspired metallic surface flter is designed to
reduce interference from other radio frequencies
and thus improve the performance of Bluetooth and
WLAN bands.

(ii) Compact design: the flter is designed to be com-
pact, making it easier to install and use with existing
systems.

(iii) Low cost: the flter is made from metallic surfaces
and does not require expensive components,
making it cheaper than other flters.
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(iv) Low insertion loss: the flter has a low insertion loss,
meaning it does not degrade the signal strength as it
passes through.

(v) High isolation: the flter has high isolation, efec-
tively blocking out interfering signals from other
radio frequencies.

Table 1: Comparison of simulated and measured results.

Frequency bands
TE mode TM mode

Simulated 10 dB BW Measured 10 dB BW Simulated 10 dB BW Measured 10 dB BW
Band 1 (2.4GHz) 2.3–2.6GHz (0.3GHz) 2.4–2.7 GHz (0.3GHz) 2.33–2.58GHz (0.25GHz) 2.42–2.68GHz (0.26GHz)
Band 2 (5.5GHz) 5.2–5.8GHz (0.6GHz) 5.3–6.1 GHz (0.8GHz) 5.20–5.76GHz (0.56GHz) 5.37–6.09GHz (0.72GHz)
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Figure 12: Measured transmission coefcient vs frequency for TE mode.
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Figure 13: Measured transmission coefcient vs frequency for TM mode.
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5.2. Applications

(i) Use them to reduce interference in densely popu-
lated areas by blocking out unwanted signals.

(ii) Use them to improve the signal-to-noise ratio of
Bluetooth and WLAN bands by reducing out-of-
band noise.

(iii) Use them as an antenna-level flter to reduce the
impact of multipath interference on Bluetooth and
WLAN transmissions.

(iv) Use them to protect sensitive equipment (e.g.,
medical devices) from electromagnetic interference.

(v) Use them as a building-level flter to reduce the
impact of external interference on Bluetooth and
WLAN networks.

Te size of the convoluted meander line-inspired me-
tallic surface flter can limit its applications in compact
systems.Te size of the flter afects its performance, as larger
flters can be more efective at blocking certain types of
signals. Additionally, the flter requires some physical space
to be installed, which could be a problem if space is limited in
the system.

6. Conclusion

Te investigated FSS design successfully produces dual-band
refection characteristics for Bluetooth and WLAN (2.4/
5.5GHz) bands. Te designed FSS has miniaturization in its
unit cell which also refects that the overall size of the FSS
array is a compact size (0.0776λ× 0.0776λ) and a good
candidate for shielding the low-profle systems from EMI
due to the narrowband WLAN devices. Te FSS has wide
refection bandwidth for Bluetooth andWLAN applications,
so it can efectively diminish the possibility of electromag-
netic interference due to the adjacent narrow band appli-
cations. Te measured results of the prototype model of
fabricated FSS are very close to the simulated model which

validates the reliability of the proposed design. Te efects
and examination of suggested FSS indicated that it is the
enhanced style of designing FSS for multiband performance.

6.1. Future Works. In order to improve the performance of
the proposed model, there are the following works to be
required as per the future work aspect:

(i) Te flter is limited to the specifc frequency bands
of Bluetooth andWLAN and may not be efective in
blocking other frequency bands.

(ii) Te flter is limited in size and may not be suitable
for applications requiring a large antenna.

(iii) Te flter may be unable to efectively reduce signal
refections and multipath distortion.

Data Availability

Te data used to support the fndings of this study are
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