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Abstract: A frequency selective surface (FSS) integrated conformal antenna is modelled and analytical
study is presented in this article. A novel antenna design known as the “M-shaped Conformal
Antenna with FSS Backing for Gain Improvement” makes use of both the conformal structure and
FSS technology to increase gain. The geometric shape of the M-shaped antenna, which might
resemble the letter “M” or a collection of M-shaped parts, is what gives it its name. This structure
can be created to alter the antenna’s resonance frequency, increase bandwidth, or adjust the emission
pattern. The radiation pattern of the antenna may be precisely controlled by combining an M-shaped
construction with an FSS. You may customize the radiation pattern to concentrate energy in particular
directions or sectors, boosting gain and coverage, when necessary, by modifying the FSS’s geometry
and physical characteristics. The combination of features makes it extremely ideal for a variety of
applications where optimum gain is a crucial need, such as aerospace, communications, and radar
arrays. It also enables fine control of the radiation pattern, frequency-selective gain, and interference
elimination. The designed antenna consists of an M-shaped model on the visible sideways along
with a complement split ring resonator and a defective ground structure on the bottom side. Antenna
resonating at wideband cover several lower band wireless communication applications like Bluetooth,
Wireless Fidelity (Wi-Fi), Manufacturing Communication and Pharma, Long Term Evolution-LTE,
advanced 5G, and Wireless LAN with impedance bandwidth of 65%. The FSS beneath the antenna
structure acts as reflector and providing additional gain and efficiency improvement of 22% and 12%,
respectively. The prototype measurement supporting the simulation results with good matching in
reflection coefficient and gain.

Keywords: conformal; metamaterial; monopole; flexibility; M-shaped antenna

1. Introduction

The demand for multiband and wideband antennas with high gain is increasing day
by day to serve current and future communication systems. The design engineers pro-
ducing a wide variety of antenna and communication modules by enhancing their output
parameters. As per the statistics, the current need for high-gain antennas all over the world
is 250 billion in order to cater for the needs of high-speed communication. Several models
came into existence and researchers began designing novel models to fulfil the require-
ments. Slotted monopole antennas are being used to operate at multiple bands to cater
to the needs of various applications of communication systems by Chaitanya [1]. Hybrid
reconfigurable antenna has been designed by Sivaprasad [2] with trapezoidal structure
and the gain parameter has been improved with frequency selective surface (FSS) backing.
The quality factor has been improved with the integration of FSS with band pass dual
mode filter by Vineetha [3]. A MIMO antenna has been designed with the combination
of FSS for the 5G and WiMAX communication applications by Pronami [4]. A wearable
antenna has been designed by the Srilatha [5] on jean substrate material and AMC backing
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is adopted for the performance enhancement. A concentric ring loaded antenna has been
designed and analysed by Jayanth [6] for body-centric communication device applications
with the support of AMC. A low SAR based wearable antenna is moulded for the ISM band
applications on flexible substrate material by Anil Badisa [7]. Semi symmetrical circularly
polarized antenna has been designed and developed by Deepak [8] with the placement of
fractal slot structure and improved the gain of the antenna. Broadband elliptical tree shaped
antenna is designed by Anand babu [9] for wireless applications with the placement of FSS
near the structure to improve the gain. A quad band wearable circularly polarized antenna
is analysed and produced by Anil B [10] with triple-band reflector of AMC suitable for
Wireless BAN applications. An antenna for dual band, i.e., ISM and Radio FID applications
has been designed by Najumminisa [11] with the placement of metamaterial structure in the
antenna and AMC backing as reflector in the form of supporting element. AMC reflector
based flexible and compact antenna has been designed by Anil Babu [12] for vehicular
communications applications [13]. Several conformal antennas and filters are designed
by the researchers for various communication systems applications [14]. Integrating a
frequency selective surface (FSS) structure beneath an antenna can have both benefits and
challenges, especially in terms of the antenna’s flexibility and form factor [15]. Here are
some trade-offs and challenges to consider: Improved performance, miniaturization, and
frequency selectivity. Integrating an FSS beneath an antenna can reduce its flexibility [16].
The FSS structure may introduce rigidity, making it challenging to conform to curved sur-
faces or flexible substrates. This can limit its use in applications where flexibility is crucial.
The major challenges and trade-offs are flexibility, form factor, complexity, bandwidth
limitations, performance trade-offs, environmental considerations, and manufacturing chal-
lenges. In summary, integrating an FSS structure beneath an antenna can offer advantages
in terms of improved performance and miniaturization, but it also presents challenges
related to flexibility, form factor, complexity, and potential trade-offs in bandwidth and
environmental robustness. The decision to use an FSS in antenna design should be carefully
evaluated based on the specific requirements of the application and the desired trade-offs
between performance and other factors [17].

2. Antenna Modelling

A compact model has been implemented in this work using a polyimide sub-channel
width 0.2 mm with a dimension of 36 x 32 mm. The radiating structure is looking like an M-
shape and the micro-design model was designed to stimulate the antenna. Complementary
split rings are placed beside the feedline to attain metamaterial characteristics in the
design [18]. The proposed structure has been presented in Figure 1a,b as well as the
dimensional view of metamaterial is also shown in Figure 1c. The insertion of metamaterial
structure provides additional good bandwidth characteristics. Figure 2 shows the unit cell
of metamaterial structure and port assignment for analysis [19]. The designed structure is
combination with a SRR and a circular slot. One type of metamaterial structure is examined
as radiating surface on the antenna to improve bandwidth and placed another structure
as a frequency selective surface beneath the model for the improvement of gain in this
work. The FSS placement and the antenna analysis are presented in the next section with
respect to radiation pattern and surface current distribution [20]. The M-Shaped conformal
antenna must be constructed to fit the surface on which it will be mounted. This might be a
curved or uneven surface, such as the fuselage of an aeroplane or the body of a vehicle. The
antenna should be constructed in such a way that it matches the curvature of the surface
flawlessly without generating any mechanical or aerodynamic complications. Check that
the operational frequency range of the M-Shaped conformal antenna is compatible with
the FSS. The FSS may be configured to block or broadcast particular frequency bands,
and the antenna’s frequency should not interfere with these bands. Examine the antenna
and FSS polarisation. They should be coordinated to maximise performance. Misaligned
polarisation may degrade signal strength and efficiency. The existence of the FSS may
impact the antenna’s emission pattern and impedance. Depending on the design and
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material qualities of the FSS, it may induce electromagnetic wave reflection, scattering, or
diffraction. During the antenna design process, these impacts should be examined and
minimized [21].
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Figure 1. Antenna Design, (a) Top, (b) Bottom, (c) Split Ring.
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Figure 2. Unit Cell Study, (a) Unit Cell Model, (b) Port Excitation.

W1 is the width of the FSS structure with dimension of 2 mm and L1 is the length of
FSS with dimension of 2.5 mm. The gap between split ring in FSS is ‘k” and its dimension
is 0.2 mm. The gap between metamaterial structure in the antenna model is ‘g’ with the
dimension of 0.2 mm and the distance between FSS and antenna is ‘D’ with optimized
dimension of 1 mm.

Investigating alternate forms or materials for an M-Shaped conformal antenna’s struc-
ture, as well as extra capabilities, may lead to increased antenna performance and broader
application options. The radiation pattern, impedance, and bandwidth of an antenna may
all be affected by its form. You may use simulation tools to experiment with different
forms and optimise the geometry to fulfil particular needs like directional radiation or
impedance matching. Experimenting with various forms may result in antennas that are
efficient across numerous frequency bands. Multi-band abilities, for example, may be pro-
vided via fractal-based or meander-line architectures. The dielectric materials used in the
antenna’s construction may have an effect on its performance. High-permittivity elements
may be utilized to lower the size of the antenna, but low-loss materials can boost efficiency.
Add beam-steering capability by employing phased array components or reconfigurable
materials. This enables you to control the antenna’s beam direction electrically. When
researching new forms, materials, and extra features for M-shaped conformal antennas,
rigorous simulations, prototyping, and testing are required to confirm their performance.
Consider the individual application needs and limits as well in order to adjust the antenna
design properly. Working with professionals in antenna design, materials science, and
electromagnetic modelling may help you explore these options more efficiently.

Figure 3 shows the scattering parameter S11 and impulse response curve for the
proposed structure with response to the i/p signal applied and it has been found in
appreciable way. Antenna resonating at two bands, i.e., 3.6 GHz with considerable BW
of 100 MHz & at 5 GHz with bandwidth of 1600 MHz between 4.2-5.8 GHz. A frequent
and creative design feature utilized in conformal antenna design is an M-shaped structure,
also known as an M-slot or M-shaped slot, especially for obtaining desired performance
gains in terms of radiation characteristics, bandwidth, and compactness. In situations
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where conformal antennas are required, such as on airplanes, missiles, or other curved or
unevenly shaped surfaces, this design is very advantageous. In conformal antenna design,
the use of an M-shaped structure is significant due to its capacity to improve antenna
performance while addressing a number of issues.

T 5.5 GHz

—25 3.6 GHz
. -— Second Band

First Band =
1 2 3 a 5 6 7 8
Frequency GHz

Figure 3. Antenna 511 and Response, S11 in dB, and Time domain response.

3. Results and Analysis

The design of the projected M-structured monopole model, which is laden with a
metamaterial and integrated with a frequency selective surface (FSS), can be seen in Figure 3.
A 4 x 4 array, serving as the FSS, has been strategically placed beneath the antenna at a
distance of Imm. The reflection coefficient of the model and voltage standing wave ratio
(VSWR) following the FSS placement can be observed in Figure 4. The evidence for the
applicability of this design in real-world scenarios is clearly provided by the antenna’s
multiband features, together with the bandwidth achieved at respective application bands.
The impedance bandwidth achieved at the first and second resonant bands are 45% and
52%, respectively. A parametric analysis has been carried out on several characteristics of
the antenna, including its dimensional features, the gap between the antenna and the FSS,
as well as the dimensional parameters of the FSS itself. Figure 5 demonstrates the effects of
dimensional parameter variations on the antenna’s performance when positioned on the
FSS. Parameters such as feed line width, the height of the G-model, and the gap among
ground planes have been varied within a certain range. This allowed for the determination
of optimized dimensional values prior to the prototyping of the antenna model.

The frequency selective surface placed below the antenna at a particular point will
disturb the presentation analysis of the designed antenna in accordance with the gain and
efficiency. A distance of 0.5 mm to 1.5 mm is considered and analysed the antenna output
parameters and the optimized values are presented in Figure 5.

The three-dimensional gain for the designed model at various operating bands were
presented in Figure 6. The gain values are varying from 3.01 dB to 6.09 dB between 3.5 to
5.8 GHz. The highest gain is obtained at 5.8 GHz with value more than 6 dB and minimum
at 5.5 GHz.

SlSILSI

= =

T

=

[l [elli=l<]]

Figure 4. Antenna with FSS Structure.
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Figure 5. FSS gap and distance between antenna and FSS, (a) distance, (b) gap.
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Figure 6. 3D-Gain representation, (a) 3.50 GHz, (b) 4.50 GHz, (c) 5.50 GHz, (d) 5.80 GHz.

The radiative analysis in polar coordinates is presented in Figure 7. The E as well as
H-plane results were both Co and Cross polarizations are analysed from 3.5 to 5.8 GHz at
different operating bands. The obtained measured results from the pattern measurement
setup are in conjunction with simulation results attained from CST tool.

The electric field distribution, magnetic field distribution, and surface apparent current
distribution at two operating bands are presented in Figures 8-10. The FSS structure beneath
the antenna and the field distributions are captured in the combination of both surfaces.

It is essential to validate simulation findings for antenna designs in order to make sure
that the performance in practice matches the performance predicted. (Figures 10 and 11).

Normally, you would use a structured setup and approach when measuring an antenna
prototype to get excellent matching in the reflection coefficient (S11) and gain. Vector
Network Analyzer (VNA), Frequency Sweep, and Gain Measurement were utilized in this
antenna prototype. One distinctive element is the use of FSS as a backing framework. FSS
components are made to selectively amplify or filter out certain frequency bands. In terms
of conformal antenna design, this integration is quite uncommon. Frequency agility and
flexibility are provided by the M-shaped conformal design with FSS backing. It enables
rapid tuning and adjusting to satisfy particular operating needs. It might be difficult to
achieve large impedance bandwidth with conformal antennas. With excellent impedance
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matching (low reflection coefficient) and a wide impedance bandwidth over the necessary

frequency ranges, this design stands out from the competition.
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Figure 7. Cont.

(f) H-Plane @ 5.0 GHz
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Figure 7. Polar plots-based radiation patterns.
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Figure 11. Bending Angles. (a) 30 deg. (b) 45 deg. (c) 60 deg.

The impedance characteristics of the modelled antenna is analysed for three bending
cases of 30, 45, and 60 degrees and presented the same in Figure 12. The shift in the lower
band with respect to bending is observed in this experimentation and the upper band is
remain constant with no significant variation. In order to accomplish certain frequency
filtering or radiation pattern features, a frequency selective surface (FSS) M-shaped antenna
combines the principles of a frequency selective surface with an M-shaped construction. Un-
derstanding the specific frequency bands associated with these technologies as well as the
idea of impedance bandwidth is crucial for designing an antenna that can efficiently cover
a variety of wireless communication bands, including Bluetooth, Wi-Fi, ISM (Industrial,
Scientific, and Medical), LTE (Long-Term Evolution), 5G, and Wireless LAN.
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4. Conclusions

The modelling and investigation of a compact metamaterial loaded mono-pole struc-
ture antenna on an elastic substrate is accessible in this research paper. Proposed model
resonating at wideband covers several lower band wireless communication applications
like Bluetooth, Wireless Fidelity (Wi-Fi), Industrial Scientific and Medical (ISM), Long Term
Evolution (LTE), advanced 5G as well as Wireless LAN with impedance bandwidth of 65%.
The FSS beneath the antenna structure acts as a reflector and providing additional gain
and efficiency improvement of 22% and 12%, respectively. The proposed antenna model
can be used in sub-6 GHz band 5G communication lower band applications with surface
mountable nature.
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