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ABSTRACT: In this study, we describe a circular ring slot antenna with three circular holes, which is supplied by a CPW-fed split ring res-
onator metamaterial. This proposed antenna covers sophisticated satellite communication applications for wireless devices, including 5G,
military, and aerial radar, and resonates between 2.4GHz and 10.4GHz, with a center frequency of 3.542GHz and an S11 of −37.7 dB,
and a center frequency of 7.5GHz and an S11 of −30.4 dB, respectively. The produced antenna satisfactorily validates the specified
antenna metrics. The suggested antenna is built on an affordable FR4 substrate and has physical dimensions of 38× 38× 1.6mm3. The
proposed simulated design is validated by the measured data. The results show a good correlation between the measured data and the
simulation. The operational impedance range of the proposed antenna is less than −10 dB. The circular ring slot antenna has proven to
be remarkably capable of reaching multiband frequencies of 3.54GHz and 7.5GHz. The proposed antenna may have an effect on radia-
tion characteristics and gain, resulting in a good contender. Each component of the circle-shaped ring slot antenna design is essential to
achieving the important and encouraging results.

1. INTRODUCTION

Nowadays, 5G communication antennas are one of the vi-
tal parts in wireless communication devices, since they

act as a bridge between transmitter and receiver with the fast
growth of today’s technology. There have been huge require-
ments for the antennas that are small in size and good at per-
formance. Standard antennas often face challenges of having a
large size at lower frequencies, which makes them less accept-
able for small wireless devices. To challenge this issue, engi-
neers have explored new geometries and resonant contributing
structures that can attain small-sized devices without degrading
efficiency [1, 2].
Among these methods, split-ring resonators (SRRs) have at-

tracted more attention for their capability to develop good res-
onance within a small space. The SRR’s initiate inductive and
capacitive effects support varying the antenna frequency to spe-
cific bands. This kind of qualitymakes the SRR-outlined anten-
nas a good choice for most of the applications that need small
size and good selectivity [3–5].
In [6], dual-band split-ring resonators are adopted to design

two notched working bands. In [7], a Fibonacci ultra-wideband
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(UWB) antenna is described. The slots are incorporated in the
ground plane aswell as the feed line that yields triple-band char-
acteristics. A split-ring resonator-loaded hexagon patch is de-
signed to implement dual-notched band shown in [8]. The eas-
iest and most effective way of improving antenna performance
is to introduce slots in the radiating patch or ground plane as
given in [9–12]. Ref. [13] employs a parasitic slit to create the
dual-notch effect. In [14], a dumbbell-shaped slot, in both the
patch and ground plane, is helpful to obtain a dual-notch struc-
ture. Similarly, a dual-band notch is notched on a pi-shaped
slot-structured radiator in [15]. In [16], a T-shaped slotted an-
tenna with an inverted ‘U’-shaped slot in the feed line is pre-
sented. Ref. [17] uses an open quarter-wave stub for creating
band-notch response characteristics. In [18], by loading SRR
and complementary SRR (CSRR) structures, a triple notch band
feature is recorded. A U-shaped slotted antenna with metama-
terials is reported in [19–21].
A circular microstrip patch antenna incorporating semi-

circular slits is presented in this work for Industrial, Scientific,
and Medical (ISM), WiMAX, and satellite communication ap-
plications. A systematic design evolution process is carried out
to validate the optimal antenna configuration and to illustrate
the impact of geometrical modifications on antenna perfor-
mance. The proposed antenna exhibits dual-band resonance
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FIGURE 1. Evolvement of circular split ring resonator slotted patch in (a) Stage-1, (b) Stage-2, (c) Stage-3, (d) Stage-4.

and achieves a wide impedance bandwidth of 2.4–10.4GHz,
corresponding to an enhanced bandwidth of approximately
8GHz. Furthermore, the radiation characteristics in both
the E-plane and H-plane are analyzed at the two resonant
frequencies to demonstrate stable and consistent radiation
behaviour.

2. DEVICE DESIGN
The split-ring resonator-based antenna with evolution steps is
discussed in Fig. 1. The stage development is featured in four
stages. In Stage 1 (Fig. 1(a)), the antenna design started with
a basic microstrip fed with no slits and slots on the patch. In
Stage 2 (Fig. 1(b)), a circular ring-like structure is proposed
having circular slots on the patch. This kind of circular hole on
the patch introduces capacitance. The ring-like structure con-
tributes more to inductance. Capacitance and inductance to-
gether develop a resonant structure later, which helps in tuning
the frequency response. In Stage 3 (Fig. 1(c)), three additional
split-ring resonators are added to the circular ring, which there-
fore increases the resonance effect. In Stage 4 (Fig. 1(d)), the
final split-ring resonator is added to the circular ring, which en-
hances the antenna’s capability to work at different operating
bands. The final structure is helpful in achieving a compact
size and better performance. Fig. 2 shows the dimensional de-
tails like lengths, widths, and radii, which are optimized to tune
the frequency and impedance characteristics.

FIGURE 2. The schematic of a circular split-ring resonator antenna with
CPW feed.

The circular slotted patch values with dimensions are dis-
cussed in Table 1. The impedance is tuned by adding an ad-
ditional tuning branch in the RLC circuit in Fig. 3, and signal

matching over a wide frequency band can be enhanced using
this antenna. Such branches of Rtune, Ltune, and Ctune, how-
ever, do not contribute to yielding a strong new resonance but
help balance the response from main frequency bands. The
resistor Rtune serves to vary the amount of energy absorbed
such that return loss is maintained, and impedance is main-
tained flat. The ripples or disorder between resonant peaks can
be decreased by selecting an appropriate value for the resistor.
That is, the antenna shows quite uniform and steady operability
between such lower and upper frequencies.

FIGURE 3. RLC circuit of circular slotted patch design.

3. RESULTS AND DISCUSSION
The optimized parameters of the design are shown in Table 1.
The finite-difference time-domain (FDTD) method was em-
ployed in the optimization process to realize ultra-wideband
performance. The fabricated, simulated, and measured results
(Fig. 5 and Fig. 6) of the circular slotted antenna with two semi-
circular rings on the ground plane are presented in this section.
The S11 results of the reflection coefficients shown in Fig. 4
show that the antenna performs well at two resonant frequen-
cies, which are 3.4GHz and 10.4GHz, with good return loss
levels of −37.7 dB and −30.4 dB, respectively.
Figure 4 presents the evolution in the reflection coefficient

throughout the design process. In Antenna 1 (2.51–4.2GHz,
6.15–8.06GHz, 8.6–9.3GHz), the structure originates as a ba-
sic circular patch with full ground and resonates at a triple-
band frequency (3.12GHz, 7.2GHz, 8.9GHz) with S11 =

107 www.jpier.org



Maddumala et al.

FIGURE 4. Comparison across different design stages of the semicir-
cular slotted patch.

TABLE 1. Circular slotted patch values with dimension.

Value Dimension (mm) Value Dimension (mm)
Ls 38 W3 16
Ws 38 W4 2
L1 4 R1 8
W1 2 R2 6
W2 0.7 R3 5.5

(−17.1 dB,−12.8 dB,−13.3 dB). The impedance bandwidth
is less than −10 dB.
In Antenna 2 (2.5–4.1GHz, 6.5–7.7GHz, 8.6–9.1GHz), one

semicircular ring slot on the patch and one hexagonal cut in
the ground are included. This change creates three resonant
points (3.1GHz, 7.2GHz, and 8.9GHz), (−15.2 dB,−11.2 dB,
and −11.9 dB), but the bandwidth enhancement is still con-
fined. In Antenna 3 (2.6–3.95GHz, 6.9–8.9GHz), three half-
wavelength ring slots are incorporated on the patch to achieve
good resonance characteristics and frequency tuning. This
change creates two resonant points (3.1GHz, 8.1GHz), and its
reflection coefficients will be shifted to (−14.4 dB,−11.5 dB).
At last, three round slots are printed on the main circular

ring of Antenna 4 (2.4GHz–10.4GHz), and four semicircular
slots are made up in the patch. This last version provides ultra-
wideband operation from 2.4GHz to 10.4GHz, center frequen-
cies at 3.4GHz and 10.4GHz, and very good return losses of
−37.7 dB and −30.4 dB, respectively.
Figure 5(a) establishes how slot width (W1) influences the

antenna reflection features. When W1 varies from 0.5mm
to 0.7mm, the resonant peaks are shifted, and the frequency
ranges of dips change with depth as well. A long narrow slot is
further used to stabilize the resonance, and a short wide slot is
for controlling coupling and frequency shift tuning. This hap-
pens due to larger slots that affect the E field around the patch.
Out of the three,W1 = 0.7mm is a good choice in terms of res-
onance and return loss. It is shown in this deposition that the
width of the slot value affects the impedance and contributes to
achieving a good frequency tuning.

Figure 5(b) demonstrates that varying the (R1) of the semi-
circular slot influences the performance of the antenna. When
the radius changes from 7.8mm to 8.0mm, the major resonant
position slightly shifts to a lower frequency. It is because a
larger radius, which allows the traveling path for the surface
current to be longer, causes a decrease in operating frequency.
The minimum at 3.5GHz is indicative of an efficient radiation
with good matching. Small modifications even cause the ef-
fective frequency range of the higher bands to be shifted a little
bit. For the curve withR1 = 7.9mm, the response is enhanced,
which reveals that the antenna has good tuning and stable band-
width.
The developed prototype structure is depicted in Fig. 6, and

Fig. 7 shows the measured and simulated S11 values, respec-
tively. The good agreements between the two results demon-
strate that the antenna design is reliable.
This plot shows how the antenna improves through design

stages. In the first stage, only one resonance appears with
a minimum bandwidth. The number of operating points in-
creases, and the return loss becomes smaller as more extra slots
or structural variations are added in the next stages. At Stage 4,
the antenna has wideband performance and good matching
with many bands. Every update improves the current path
and enhances energy coupling. This progressive development
demonstrates how the design matures to a better and broad-
band antenna through successive optimization. Fig. 7 shows a
graph (simulated and measured) for the reflection coefficients
of the last antenna. The two curves have a similar tendency
and display two well-defined peak bands around 3.5GHz, and
8.5GHz, respectively. The good agreement between simula-
tion and measurement proves that the fabricated antenna oper-
ates as it was designed. Small discrepancies between the two
antennas might arise from soldering.
The radiation plot shows how the antenna emanates energy

in both the planes at two different operating frequencies, i.e.,
3.5GHz and 10.4GHz. Here, the E-plane indicates electric
fields, and the H-plane indicates magnetic field distributions.
At 3.5GHz, radiation patterns are almost similar; they present
stable radiation. E-fields demonstrate stronger radiation in the
main orientation, while the H-plane maintains a balanced uni-
form spread. At 10.4GHz, both planes show directional pat-
terns, indicating that the design is more concentrated at high
frequencies. The close match between simulated and practical
patterns is accurately good in practical conditions, maintaining
better consistent and stable patterns in Fig. 8.
The suggested antenna’s three-dimensional radiation pat-

terns at two operating frequencies are displayed in Fig. 9.
(a) The antenna shows a wide and steady radiation pattern at
3.4GHz, with the boresight receiving the most radiation, sug-
gesting strong coverage appropriate for WLAN/IoT applica-
tions. (b) At 10.4GHz, a more directive radiation pattern is
observed with a somewhat smaller beamwidth.
These graphs of electric and magnetic fields show how

energy flows — and radiates off the surface of the antenna
(Fig. 10), whereE-field is the electric strength, and it is mainly
distributed around the circular edges, slots, and feed point.
These regions indicate where charge can build up, and voltage
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(a) (b)

FIGURE 5. S11 response for different (a) (W2) values of the semicircular slotted patch, influences the resonance position and bandwidth. Variation
of S11 with different, (b) (R1) values of the semicircular slotted patch, resonant frequency, and impedance matching.

TABLE 2. Comparison of the proposed circular slotted with previously reported designs, highlighting improvements.

Ref.
Dimension
(mm3)

Centre
frequency (GHz)

Bandwidth
(MHz)

Gain
(dBi)

Application

[5] 53× 38.5× 1.6
2.44
5.25

2.1 4.85 UWB

[7] 55× 54× 1.59

3.3–3.6
5.15–5.35
5.93–7.15

300
200
1220

6
WiMax,
LTE band

[15] 52× 40× 0.62
3.3–3.7
6.5–7.2

400
700

6
WiFi
WLAN

[19] 55× 54× 1.59 3.3–3.6 300 6 WiMAX, IOT

This work 38× 38× 1.6

2.4–10.4
3.4
10.4

8000
6.98
6.31

ISM WiMAX
Satellite communication

FIGURE 6. Fabricated prototype of the circular slotted antenna.

changes take place, which causes the antenna to efficiently radi-
ate signals. With increasing frequency, the E-field is widened
towards the edges of the arcs, demonstrating that they are paths
for current and depend on frequency. The H-field is the mag-
netic intensity due to surface currents. It is most intense near

FIGURE 7. Comparison between simulated and measured S11 of the
designed antenna.

the feed and along the curved slots, where most of the current
flows. This magnetic activity helps the radiation field and ac-
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(a) (b)

(c) (d)

FIGURE 8. The simulated and measured pattern characteristics of the antenna at XY plane, (a) 3.5GHz, (b) 10.4GHz XZ plane, (c) 3.5GHz, (d)
10.4GHz frequencies respectively.

(a) (b)

FIGURE 9. Three-dimensional polar graphs circular split slotted patch design.

celerates energy transfer. Take the E-field andH-field in com-
bination; theE-field-H-field patterns indicate both electric and
magnetic resonances involved in the antenna to obtain good ra-
diation properties and a wide operating bandwidth.

The simulated return loss (S11) of the suggested antenna,
as determined by ANSYS High Frequency Structure Simula-
tor (HFSS) and Advanced Design System (ADS) software, is
depicted in the image. At around 3.54GHz and 7.5GHz, two
distinct resonant modes are seen, with profound impedance
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(a) (b) (c)

(d) (e) (f)

FIGURE 10. Surface current distribution (Stage 4) at 3.54GHz and 7.57GHz, demonstrating the electric (E-field) and magnetic (H-field) across the
surface.

FIGURE 11. Return loss value of the proposed antenna with ANSYS
HFSS and ADS software.

matching reaching approximately−37 dB and−30 dB, respec-
tively. The antenna confirms wideband multiband functioning
by keeping S11 below−10 dB between 2.4GHz and 10.4GHz.
The close agreement between the two solvers’ findings con-
firms the design’s dependability. Variations in meshing meth-
ods and numerical solvers are the cause of small discrepancies
between curves in Fig. 11. All things considered, the outcomes
show outstanding impedance matching appropriate for multi-
band wireless applications.
The suggested antenna is contrasted with current designs

described in [5, 7, 15, 19] in Table 2. The antennas in [5, 7, 15]
have restricted operational ranges and application coverage,
while achieving narrow or segmented bandwidths (300–

1220MHz) with modest gain. UWB performance is provided
by the design in [19], although at the expense of greater
structural complexity and bulk. The suggested antenna, on the
other hand, has a substantially larger impedance bandwidth of
2.4–10.4GHz (8GHz) and competitive gain of up to 6.98 dBi
in a small 38 × 38 × 1.6mm3 footprint. Wider applications,
such as ISM, WiMAX, and satellite communication, are made
possible by this excellent bandwidth-size-gain trade-off.

4. CONCLUSION
In conclusion, the coplanar waveguide (CPW)-fed circular ring
slot antenna with equal gaps of this particular design exhibits
excellent performance over numerous frequency bands. The
use of both split-ring resonators and circular holes has yielded
antennas with increased bandwidth and matched impedances.
As a consequence, it can be used efficiently in the frequency
range of 2.4GHz and 10.4GHz. The designed antenna has
several applications: ISM, WiMAX, fifth-generation wireless
communication systems, and the military and satellite broad-
cast. It has been analyzed that the measured data and the sim-
ulation results agree, so the design is correct as well. The
additional RLC tuning branch to the loop helps to overcome
the impedance to variations outside of the resonance by sta-
bilizing outside frequency response. With a compact size of
38×38×1.6mm3 on an FR4 dielectric substrate at a frequency
of 2.4GHz. This antenna is an excellent balance between per-
formance and price. In summary, the design of this antenna
is very stable through a compact size and very helpful for end
devices in wireless communication equipment nowadays.
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