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ABSTRACT In this manuscript, gain improvement is observed for an ultra-wideband (UWB) antenna. The
proposed arrangement is optimally designed for high gain wideband communications. This arrangement
comprises a low profile and easily circuit integrated antenna covering spectrum ranges from 3.1 GHz to
10.6 GHz for low power UWB communications. Extended impedance improvement is also achieved by
employing a co-planar waveguide (CPW) feedingmechanism incorporating a castle shaped profile and wider
radiation element. Moreover, a periodic structure based single layered frequency selective surface (FSS)
for gain improvement is also suggested. This split center resonator (SCR) FSS is designed and employed
owing to a smaller footprint and stable performance. The performance of this antenna-FSS arrangement
is analyzed by varying the inter-element spacing of SCR, distance between SCR layer and the proposed
CPW fed antenna. The simulations and measurements validate at least 5 dBi of gain improvement while
offering wideband impedance matching and stable radiation performance. This improved performance and
low-profile design makes the proposed arrangement suitable for modern high gain UWB communication
services.

INDEX TERMS Ultra-wideband (UWB), frequency selective surface (FSS), periodic structure, split center
resonator (SCR), co-planar waveguide (CPW) feed, gain.

I. INTRODUCTION
UWB is a wireless communication technology that allows for
high bandwidth connections with limited energy usage. UWB
is a short range communication that provides rapid data trans-
mission with stability. The first UWB designed for military
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purposes. After the FCC (Federal Communication Commis-
sion) approved the commercial use of UWB bandwidth in
2002, it was made available to the public. The organization
also approved the usage of the Ultra wide band spectrum
bands of 3.06 GHz and 10.9 GHz [1]. Mostly, UWB antenna
with very high demand in applications includes GPR (Ground
Penetrating Radar), (Microwave Imaging Detection System)
and space environments [2]. To improve the detection depth
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and accuracy, UWB antennas with high gain and directivity
are necessary. CPW-fed antennas may readily achieve wide-
band impedance matching in comparison to probe-fed and
micro strip-fed antennas [3], [4]. It is one of the major tech-
niques in developing UWB antennas for sensing system and
radar sensors [5], [6]. These systems are currently profitable
for the construction and mineral exploration industries [7].

Since the 1960s, Frequency selective surfaces (FSS) have
been the subject of general research. An FSS is used to
selectively absorb, redirect, and transmit electromagnetic
(EM) waves [8]. These surfaces can be viewed of as spa-
tial filters although they can allow to a specific frequency
band across the whole electromagnetic spectrum. Addition-
ally, it serves as EM wave band pass/band stop filters and
promotes effective frequency spectrum use [9]. FSS are
two-dimensional periodic structures that include frequency
and polarization selection characteristics for electromagnetic
waves and are made up of metal patches or apertures on metal
screens [10]. Meta-materials (MTMs) and meta-surfaces
(MSs) based constructions have lately been investigated in
this context [11], [12]. The two most identified configura-
tions for FSSs are single-layer and multi-layer. An optimally
constructed periodic structure particularly an FSS structure
may be able to enhance a UWB antenna’s characteristics
[13], [14].

A number of such feature enhancement antenna-FSS con-
figurations are reported in recent literature. In [15], A twin
FSS layer with a 10.35 GHz band in the 3.05 GHz–13.4 GHz
range and a gain boost of 2 dB–4 dB is detailed. The design is
bulky, the gain fluctuation in the UWB band is observed, and
the complexity of the FSS reflector has increased. In earlier
study, three-, four-, and five-layer FSSs designs were demon-
strated respectively. Due to their construction, complexity,
and high cost, multi-layer FSSs offer UWB response but
have partial real-world application in modern communication
devices. In [16], A UWB response is obtained covering the
band 4.05 – 14.12 GHz, for vertical polarization and 5.05 –
15.00 GHz band, for horizontal polarization. This design also
used three-layered FSS configurations to achieve bandwidth
enhancement feature. However, stacking architecture notably
increases antenna-FSS dimension and computational over-
head. Hence multi-layered FSS raises economic concerns to
provide wide frequency spectrum and maintaining a consis-
tent gain across the band [17].
Single-layer Frequency Selective Surface can easily

be incorporated into communications and electronics
devices [18]. Recently, certain single-layer reflectors with
UWB-FSS technology are made to provide consistent gain in
ultra- wideband frequencies. For UWB applications, a single
FSS layer is intended to offer an ultra-wide stopband filter
response [19]. In a recent work, Mellita [19] printed on
both sides of a single FR-4 dielectric sheet and designed a
miniature FSS. The reported FSS, which had an FSS unit size
of 12× 12× 1.6 mm, was successful in producing a stopband
response over the frequency range of 1.01 to 9.84 GHz.
The designed FSS is a good option for band stop filtering

FIGURE 1. CPW fed UWB antenna.

applications because of its low cost, ease of manufacture and
integration. As a result, it can be used to demonstrate effective
performance and anti-interference capabilities in future 6G
communication [20]. The reported antenna in [18] attained
an peak gain of 9.6 dB with a gain increase of 6.2 dB after
loading the FSS reflector. The FSS is developed similarly
to the square loop construction. A single-layer FSS with a
operating frequency of 8.5 GHz for bandwidth ranging from
2.5 to 11 GHz and a gain measurement of 1 dB is presented
in [21]. The Rogers RO4350B, relatively a costly material,
is used to create the proposed antenna. In [22], the antenna
with a novel design of a curved single layer of FSS showed
gain enhancement of 8.8–14.9 dB. The reported antenna can
be used in 5G and 6G communication applications with a
surface-mountable nature, achieving improvement of 12-22%
[23]. Consequently, the primary advantage of the reported
antenna with reflector is that, it is a cost-effective solution to
enhance the gain [24].

This research emphasis on a new single-layer FSS loaded
Coplanar waveguide (CPW) UWB antenna with increased
gain. Due to their appealing qualities such compact dimen-
sion, ease of manufacturing, light weight, and ease of
integration with wireless systems, CPW-fed antennas are fre-
quently utilized and are now growing in popularity in wireless
application. A single layered FSS for gain improvement hav-
ing split center resonator (SCR) FSS is also designed. The
proposed antenna-FSS offers least 5 dBi of gain improvement
on average while offering wideband impedance matching and
stable radiation performance.

The rest of the manuscript is organized as follows. Design
arrangement for both antenna and FSS are discussed in
section II. Section III details simulations and optimizations
of the proposed arrangement, surface current distributions
and circuit model analysis of pro-posed FSS. Measured per-
formance of the proposed design is presented in section IV.
Section V comprehensively compares the performance of this
design with existing literature and finally section 6 concludes
this research.
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II. DESIGN ARRANGEMENT
A. DESIGNING OF UWB ANTENNA
Fig. 1 illustrates the geometry of the proposed CPW-fed
UWB antenna which has an overall physical size of 21mm ×

21 mm × 1.6 mm. The employed FR-4 substrate for the
modeling has a loss tangent (tan) of 0.035 and a dielectric
constant of 4.5. The design patterns, as shown in Fig. 2,
demonstrate how the UWB patch developed in relation to the
geometry in Fig. 1.

In step no 1, a conventional patch antenna is designed
by using basic patch antenna design equations having res-
onant frequency 6.5 GHz. The radiation element is then
beveled with a notch over the top. It is developed to achieve
impedance matching over the lower frequencies. The antenna
is fed by a coplanar waveguide (CPW) of 50 Ohm by placing
two copper plates beside the feed. The S11 response is above
−10dB for higher frequencies and resonance is observed.

The notch length over the radiation element is decreased
and added castle shaped profile on the ground plane. In step
no 2, These modifications lead to impedance matching over
middle to higher frequency band. However, S11 is still above
the −10 dB over the majority of the required band.

In step no 3, width of radiator is extended by adding two
rectangular strips on both sides of the patch. This bandwidth
enhancement mechanism not only improved the impedance
bandwidth over the lower band but also improves design
profile. To further balance out the spectrum, an increase in
the width castle profile is also observed.

An ellipse in combination with and circular resonator is
added in the radiation patch in step 4. This resonating struc-
ture introduces a sharp resonance over 4 GHz and makes
initial band impedance matched. This achieves complete
impedance matching over higher band by increasing the size
of ground plane (K6) on both sides.
In step no 5, the careful optimization of the center ellipse

size also improves the middle frequency region. Finally,
the UWB spectrum responses shows the desired impedance
bandwidth having S11 well below the −10dB.

B. FSS DESIGN CONFIGURATION
The proposed FSS is printed using FR-4 material as well.
The design was chosen to be a loop owing to their ease of
integration with communication devices. Fig. 4 illustrates a
design process of the proposed FSS, which is summarized
over the course of five design steps. The unit cell simulations
are performed by deploying periodic boundary conditions as
depicted in Fig. 3.

The proposed FSS is set to designed at 7.5 GHz owing to
center frequency of the proposed UWB antenna. To further
achieve this resonant response, double inverted M shaped
Metallic patches are then included in the modelled unit cell,
and they are connected to square loop that achieves the
stop band at 9.3 GHz with relatively larger dimensions and
reduced transmission coefficient (S21) and reflection coeffi-
cient (S11) is observed on higher frequencies. The aperture

FIGURE 2. Step by step antenna formation from step 1-5.

of inverted M is now further enhanced to tune the resonance
over lower frequencies 8.9 GHz and reduces the overall size.
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FIGURE 3. The SCR design (a) Unit element (b) periodic simulation setup.

Due to the inverse relationship between the aperture of the
InvertedMs and loop size, the outer edges of theMs are made
flat and further increased. The resonance dropped to 8.4 GHz
with a reduction in overall size of the unit cell i.e. 3.8 mm ×

3.8 mm.
Finally, these modified Inverted Ms are transformed into

split center regions to effectively trap the surface currents
and produce dual resonant including stopband response at
7.5 GHz and pass band reflection coefficient (S11) at 8.7 GHz.
This splits center region also reduces the overall unit element
size to 3.5 mm × 3.7 mm.

III. SIMULATIONS AND ARRANGEMENT
The proposed FSS based reflecting layer consists of an array
of SCRs arranged in a rectangular grid with periodicity P and
inter-element spacing X as shown in Fig. 5 (a). The overall
array size of this layer is 6 × 6 cells. The gain enhancement
is achieved from the electromagnetic coupling or cavity effect
initiated between the SCR layer and radiating patch. The
cavity distance is selected according to the ray theory [25].

d =
c
2f

[ ϕ

2π
− 0.5

]
+ N

The return loss and gain of the proposed arrangement
are examined for a range of inter-element spacing X and
distance d .

The proposed CPW fed antenna provides improved perfor-
mance when partial grounding and an SCR-based reflector
are used together. Impedance matching is improved with par-
tial grounds, which is essential for reducing reflections and
optimizing power transfer from the feed line to the antenna.
They may also reduce surface waves, which minimizes losses
and raises the radiation efficiency of the antenna. Moreover,
by reflecting the emitted energy in a particular direction,
the SCR reflector also improves the signal and raises the
antenna’s gain. Additionally, by serving as a resonant struc-
ture that can support several frequencies, it can increase
bandwidth as well [26].

Combining these two methods produced a synergistic
effect in which the SCR reflector improves gain and band-
width while the partial grounds offer a stable base with better
impedance matching. Applications needing high efficiency

FIGURE 4. Design process of the SCR-FSS.

in small antenna designs will especially benefit from this
combination.
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FIGURE 5. (a) A simulated 3D picture of the planned antenna- FSS setup;
(b) fabricated view.

As X increases from 0.3 mm to 1.2 mm, impedance
matching decline at inter-mediate frequencies. Additionally,
enhanced Gain is observed even at higher Xvalues. Based
on the optimized outcomes, 1.2 mm is chosen as the ideal
value for X of the designed reflecting layer. As the distance
d between the antenna and the superstrate decreases, the
impedance match in the lower and intermediate frequency
bands decreases, as shown in Fig. 6 (c). However, increasing
the distance improves both the impedance match and the
gain in addition to both. At 10 mm and 5 mm, the gain
at lower frequency is slightly better, but overall, a signifi-
cant gain drop is seen throughout the rest of the spectrum,
as shown in Fig. 6 (d). The ideal distance, d is chosen to
be 6 mm to maintain better gain while enhancing impedance
match.

A. SURFACE CURRENT DISTRIBUTION
Fig. 7(a) and 7(b) show the surface current distributions
at 5 GHz and 9 GHz for the designed UWB antenna for
both with and without an FSS Reflector. The distributions
show that the feed line and ground plane corners have more
saturated current. These designs are targeted to enable fun-
damental resonating modes and better impedance matching
for the middle and higher frequency bands. Moreover, the
antenna-FSS combination results in a uniformly distributed
surface current.

FIGURE 6. Antenna simulations for various values of (a) X while d =

6 mm and (b) d while X = 1.2 mm show the return loss and gain.

FIGURE 7. Shows the simulated surface current distribution at 5 GHz
(left) and 9 GHz (right) in the following configurations: (a) without FSS
reflector (b) with FSS reflector.

B. CIRCUIT MODEL ANALYSIS
The equivalent circuit (EC) was created and simulated using
the Advanced Design System (ADS) [27]. The FSS unit
cell arrangement served as the foundation for the EC, which
provides combinations of inductance (L) and capacitance (C)
in the comparable circuit as shown in Fig.8. Fig. 8 illustrates
the circuit model of the square loop as a series LC circuit,
where L denotes the inductance produced by the vertical
metallic conductor and C denotes the capacitors between both
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TABLE 1. Antenna specifications.

FIGURE 8. Equivalent circuit model.

the horizontal conductors. The inductive effect is formed due
to current flow on metal, while the gaps contribute to the
capacitance.

The circuit model of the proposed SCR is initially inspired
by loop-based band stop FSS then is further developed where
the splits in the ring create capacitance and the ring itself
produces inductance due to its magnetic properties [28].
LC circuit parameters can be used to approximate the reso-
nance frequency of the SCR. Overall, the equivalent circuit
model facilitated rapid prototyping and optimization of SCR
employed UWB antennas by understanding its the electrical
behavior. The design methodology is expressed as follows;

The SCR is modeled by making a series arrangement of
L1and C1 while parallel combination is employed between
L2and C3. This circuit arrangement achieves band-stop
behavior at 7.6 GHz as shown in Fig. 9. Further, the capacitor
C2 is arranged in series with and L2 to achieve band-stop

FIGURE 9. Transmission coefficient (S21) of SCR.

TABLE 2. Equivalent circuit parameters.

FIGURE 10. Fabricated prototype of the single-layer FSS reflector
ultra-wide band antenna.

sharp band stop response and are in good agreement with
simulations. Finalized EC for the FSS is illustrated in Fig. 4.
The impedance for the SCR is derived in (1) having lumped
parameters evaluated in Table 2.

ZSCR = (jω(L1 + L2) + 1) +

(
jωL2

1 + j2ω2L2C3

)
(1)

C. FABRICATIONS AND MEASUREMENTS
To determine the real-world performance of the proposed
antenna with a splits Center resonator, this work has validated
the simulations by fabricating and measuring of the proposed
antenna-FSS arrangement on FR-4 laminate as shown in
Fig. 10. The scattering and radiation performance is evaluated
by Agilent PNA N5242A network analyzer. Due to manu-
facturing tolerances and construction errors, there are slight
differences between the simulations and measurements.
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TABLE 3. Comparison with existing literutre.

FIGURE 11. Return loss performance.

FIGURE 12. Gain performance.

In Fig. 11, the measured performance of the proposed
antenna is presented with and without SCR layer. The pro-
posed arrangement offers a wide bandwidth of 3.05 to
11.9 GHz with SCR. The single-layer FSS reflector improves
antenna gain at least 5 dBi throughout the whole spec-
trum of UWB frequencies at an optimum cavity distance of
6mm while maintaining good impedance match as shown
in Fig. 12. More importantly, Fig. 13 displays the radia-
tion efficiency of the proposed antennas with and without
the single-layer FSS reflector. The graph demonstrates that

FIGURE 13. Total efficiency of antenna-FSS arrangement.

the UWB antenna alone has a higher efficiency of 80% at
7.4 GHz as compared to the FSS reflector integrating, which
had a 75% efficiency at the center frequency. This slight
variation of 70-75% inmeasured radiation efficiency is owing
to lossy nature of the FSS layer and fabrication imperfections.

The measured E and H field arrangement at 5 GHz
and 9 GHz are shown in Fig. 14. The results reveals that,
antennas approximate an Omni-directional pattern in the
E-plane and H-plane with and without FSS. However, the
use of a frequency-selective surface leads the gain be more
directive at higher frequencies.

The 3D gain patterns in Fig. 15 depict radiation perfor-
mance with and without SCR layer. It is evident from the
patterns that, at least 5 dBi average gain improvement is
observed with SCR with an omnidirectional response that
emits or receives electromagnetic waves equally in all direc-
tions over a wide range of angles. The proposed SCR proves
its significance by addressing two challenges. Initially it
optimizes the antenna radiation at desired frequency band
owing to its precise filtering response therefore gain enhance-
ment is observed over wide range of angles. Then it controls
the back radiations to suppress the wave propagation losses
even at higher frequencies i.e. 9 GHz, thereby maintaining
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FIGURE 14. Simulations vs. Measured radiation patterns with and
without SCR (a) (b) E-plane at 5&9 GHz (c) (d) H-plane at 5&9 GHz.

the efficiency of the antenna while integrating it with SCR.
The radiation response at higher frequencies is relatively
directive, however a wide-angle range is observed. In wire-

FIGURE 15. 3D radiation pattern; (a) (b) without FSS Reflector at
5 and 9 GHz(c) (d) with SCR at 5 and 9 GHz.

less communication systems, especially for IoT devices, this
wide-angle coverage with improved gain is highly desirable.
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IV. COMPARISON OF THE RELATED WORK
Table 3 compares the proposed CPW-fed UWB antenna with
FSS to existing antenna designs that have been described
in the literature. This antenna-FSS arrangement is compared
in terms of size, FSS unit element, fractional bandwidth,
antenna efficiency, improved gain and number of FSS layers.
The proposed antenna is smaller, reduces profile, and has a
compact dimension as contrasted to other designs working at
this frequency range. The proposed arrangement has a wider
fractional bandwidth of 134% andwhile offering higher gains
at the minor cost of efficiency. The proposed design is a
great option for future real-time locating and tracking sys-
tems (RTLS), medical consumers, and 5th and 6th generation
approaches for high-gain and wideband applications.

V. CONCLUSION
This paper presents a CPW fed antenna with a Split Center
Resonator FSS (SCR) beveled radiator, modified microstrip
feed line, and ground plane that has been optimized to provide

a wide impedance match. Additionally, a parametric anal-
ysis was conducted to control the periodicity of the FSS unit
elements and the distance between the antenna and FSS layer
to achieve an optimal return loss and gain. The antenna-FSS
arrangement was able to achieve an ultra-wideband fractional
bandwidth and a gain enhancement of at least 5 dBi in most
of the UWB band with only a single layered SCR screen.
Furthermore, the proposed antenna-FSS arrangement is only
7.6mm thick, making it suitable for high gain UWB portable
communication services due to its improved performance and
low-profile construction.
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