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Bandwidth enhancement of circular structure
microstrip antenna based on inverted C-shaped
ground configuration

Siswo Wardoyo®, Jaka Permana, Toto Supriyanto, Muh Wildan, Febrizal,
Syah Alam, and Teguh Firmansyah

Abstract—Designing microstrip antennas with wide bandwidth
and low-frequency capabilities presents several challenges. These
difficulties mainly arise due to the relatively small size of the
microstrip in comparison to the operating frequency. Therefore,
achieving a combination of enhanced bandwidth and lower-
frequency cut-off becomes crucial to support a broad frequency
range of communication technologies. This paper presents a
method for enhancing the bandwidth of a circular microstrip
antenna based on an inverted C-shaped ground configuration. The
proposed method successfully creates an antenna with extended
bandwidth while lowering the operating frequency. The antenna
was simulated and then fabricated using an RO5880 duroid
substrate with a relative permittivity of 2.2, a thickness of 1.575
mm, and a loss tangent of 0.0009. The simulation and measurement
results demonstrate that the antenna can operate effectively within
a wide frequency range of 3.5 GHz to 18 GHz. Additionally,
utilizing this method enables the antenna to function at even lower
frequencies and wider bandwidth without the need for additional
dimensions.
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I. INTRODUCTION

NTENNA serve as crucial components in wireless

communication systems, garnering significant attention in
extensive research. In recent years, numerous wireless
communication technologies have emerged, including wireless
local area networks (WLANS), ultra-wideband communication
(UWB), and cellular-based communications like 3G, 4G, and
5G networks. UWB and 4G/5G technologies have become focal
points in the antenna field due to their status as the latest
technologies [1]-[3]. This is attributed to their exceptionally
broad bandwidth, enabling data transmission rates ranging from
hundreds of megabytes to gigabytes, making them highly
promising for diverse communication systems. In detail, UWB
and 4G/5G technologies represent appealing and prospective
solutions that bolster modern communication systems with
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various benefits, encompassing capacity, speed, and
performance across numerous wireless applications [4]—[6].

These technologies operate across multiple frequency bands,
necessitating antennas with wideband capabilities. However,
designing microstrip antennas with wide bandwidth and low-
frequency capabilities presents several challenges. These
difficulties primarily arise due to the relatively small size of the
microstrip in comparison to the operating frequency. Therefore,
achieving a combination of enhanced bandwidth and lower-
frequency cut-off becomes crucial to support a broad frequency
range of communication technologies.[1]-[3], [7], [8]

There are several interesting methods to enhance the antenna
bandwidth, such as stacked structure [9], FIFA-structure [10],
fourleaf clover [11], multiple parasitic patches [12], coplanar
waveguide fed ring slot [13], metamaterial single rectangular
split ring resonator [14], fractal-ground loaded frequency-
reconfigurable [15]. Moreover, Chao Sun et al propose
bandwidth truncation in a loaded patch antenna using the
transmission line (TL) method model [16]. The study explores
the combination of the truncated structure with proposed
bandwidth enhancement characteristics, along with the
integration of a compact circularly polarized patch antenna
featuring the proposed complementary split ring structure. Two
noteworthy conclusions are drawn from the study. Firstly, the
results derived from the TL method model offer valuable
insights and guidelines for patch antenna design. Secondly, the
proposed structure proves to be an optimal replacement for
conventional strip shorting techniques due to its inherent
compactness and wideband attributes. Consequently, the
proposed antenna design stands as an excellent alternative
choice for compact circular patch antennas with amplified
bandwidth requirements. However a bandwidth is still narrow.

Moreover, Wen-Ling Chen et at propose experimental
exploration of a pioneering wide slot antenna proposal,
synergistically integrating a microstrip line with a fractal-
shaped slot to unlock remarkable improvements in bandwidth
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performance [17]. The strategic incorporation of the fractal-
shaped slot unveils in operational bandwidth. The study delves
into the intricate relationship between bandwidth and the
iteration order (I0) and iteration factor (IF) of the fractal shape,
employing a series of designed experiments. The experimental
results affirm the proposed fractal slot antenna, as evidenced by
its impressive impedance bandwidth. With a 10 dB reflection
coefficient, this antenna achieves a 2.4 GHz operational
bandwidth, strategically poised at approximately 4 GHz.
Notably, the antenna has a minimum 2-dB gain bandwidth of
1.59 GHz.

The antenna with asymmetric rectangular patch featuring a
U-shaped open slot structure, resulting in the realization of
multiple resonances is proposed by [18]. Furthermore, the
integration of two precision-engineered bevels on the patch
serves to further optimize impedance matching. Through
comprehensive experimental evaluations, the antenna exhibits
an impressive 122% impedance bandwidth, spanning from 2.95
to 12.1 GHz, accompanied by a remarkable 10 dB return loss.
Notably, this design achieves a substantial enhancement in
impedance bandwidth, catapulting from a 28% to an 122%
across an array of antenna configurations. However, the antenna
structure is compex and the bandwdith is low.

As a novelty, this paper introduces a method to enhance the
bandwidth of a circular microstrip antenna using an inverted C-
shaped ground configuration, as depicted in Figure 1.
Specifically, Figure 1(a), 1(b), and 1(c) illustrate a conventional
circular microstrip antenna [Antenna 1], a circular microstrip
antenna with a rotated C-shaped ground configuration [Antenna
2], and a circular microstrip antenna with an inverted C-shaped
ground configuration [Antenna 2], respectively.The proposed
method successfully extends the antenna's bandwidth while
reducing the operating frequency. The antenna was simulated
and fabricated using an RO5880 duroid substrate with a relative
permittivity of 2.2, a thickness of 1.575 mm, and a loss tangent
of 0.0009.

Moreover, this paper is organized as follows: Section II
describes the antenna design and dimensions, Section III
explains the antenna optimization process, Section IV describes
the simulations and measurements, and finally, it concludes
with a summary in the concluding section.

II. ANTENA DESIGN

The main shape antenna patch radiator is circular. Then, the
radius (g) of circular-shaped microstip patch antenna is
formulated by [19]- [21]

€Y)
\/1+E[l ( )+ 17726]
where '
8.791 x 10°
=— (2)

e

Moreoever, this research paper utilizes the direct feeding
method with a substrate of thickness (%) in centimeters and
permittivity (g). The resonant frequency (f;) is important. The
substrate's impedance (Z0) is determined by the W/h ratio,
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Fig. 1. (a) Convetional circular structure microstrip antenna [Antenna 1], (b)
circular structure microstrip antenna based on rotated C-shaped ground
configuration [Antenna 2], (c) circular structure microstrip antenna based on
inverted C-shaped ground configuration [Antenna 2],

referenced from [19]-[21]. When Z0 (er) > 89.91, the
appropriate W/h ratio can be determined by [19]-[21];
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In general, Figure 1(a) illustrates a conventional circular
microstrip antenna [Antenna 1]. The antenna has a circular
patch with direct feeding. Meanwhile, the ground plane has a
circular slot with its center coinciding with the center of the
patch. The radius of the circular slot in the ground plane is larger
than the radius of the patch.
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Fig. 2. The variation of antenna radius (g) from 5 to 15 and its impact on the
reflection coefficient.
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Fig. 3. The variation of dimension of (W;) and its effect on reflection

coefficient values from 2 — 18 GHz.

Figure 1(b) illustrates a circular structure microstrip antenna
based on a rotated C-shaped ground configuration [Antenna 2].
On the patch or radiator side, this antenna has the same radius
as [Antenna 1]. However, it has a different feeding length.
Additionally, this antenna has a circular slot on the ground side
with an added slit on the corner, with a width of W1. The overall
dimensions are the same as [Antenna 1].

Meanwhile, Figure 1(c) shows an antenna with a circular
structure microstrip antenna based on an inverted C-shaped
ground configuration [Antenna 3]. The structure of the radiator
of this antenna is the same as Antenna 2. However, on the
ground side, it has a slit pointing sideways, forming an inverted
letter C. The total dimensions of antennas 1, 2, and 3 are
identical. Meanwhile, the respective dimensions of each side are
a=45mm,b=40 mm, c= 104 mm,d=2.6 mm, f=15mm, g
=10 mm, and h = 3 mm.

III. ANTENNA OPTIMIZATION

Figure 2 illustrates the variation of antenna radius (g) from 5
to 15 and its impact on the reflection coefficient. It is evident
that the radius plays a crucial role in determining the antenna's
operating frequency. At g = 3 mm, the antenna resonates at a
frequency of 11.2 GHz with a reflection coefficient of -27.3 dB.
Meanwhile, at g = 6 mm, the antenna exhibits reduced
resonance with the lowest reflection value occurring at 14.2
GHz with -18 dB. On the other hand, for g =12 mm, the antenna
tends to resonate at 4.5 GHz with multiband characteristics.
Ultimately, in order to achieve a wide bandwidth, a broad
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Fig. 4. The variation of dimension of (W;) and its effect on reflection
coefficient values from 2 — 18 GHz.
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Fig. 5. Comparison results of antenna 1, antenna 2, and antenna 3.

response is required, which involves seeking non-dominant
values. For this study, a radius of 10 mm was selected.

Figure 3 illustrates the variation of dimension (W) and its
impact on reflection coefficient values from 2 to 18 GHz.
Reducing the length of the feedline and adding a slot, W1, on the
ground side can result in a wideband response. At Wi =5 mm,
the lower cutoff frequency is 5 GHz with a slight increase in the
reflection coefficient value at 8 GHz, exceeding -10 dB.
Meanwhile, the best performance is achieved when W1 is equal
to 15 mm. However, for all W; values, the lower cutoff
frequency remains at 5 GHz. Therefore, further steps are needed
to decrease the lower cutoff frequency.

Figure 4 shows the variation of dimension (W>) and its impact
on reflection coefficient values from 2 to 18 GHz. The figure
demonstrates that reducing the length of the feeding and adding
a slot, W, can significantly enhance the bandwidth. At W, =15
mm, the lower cutoff frequency is 6.3 GHz with a reflection
coefficient value of -23.3 dB. Conversely, at W, = 5 mm, the
lower cutoff frequency is 3.8 GHz with a reflection coefficient
value of -18.4 dB. However, there is a suboptimal reflection
coefficient value around 8.1 GHz, exceeding -10 dB. The best
performance is achieved at W, = 10 mm, where the lower cutoff
frequency is 3.3 GHz, and the reflection coefficient value is <-
10 dB at all locations.

Figure 5 shows a comparison results of antenna 1, antenna 2,
and antenna 3. This comparison demonstrates that antenna 1
exhibits a multiband frequency response bandwidth. On the
other hand, antenna 2 provides a wide bandwidth, but it has a
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Fig. 6. Photograph of fabrication antenna 3. (a) patch plane with circular
shaped, (b) ground-plane with inverted C-shaped structure.
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Fig. 7. Measurement result of reflection coefficient of antenna 1.

lower cutoff frequency at 5 GHz. The optimal result is obtained
by antenna 3, which offers a wide bandwidth with a low cutoff
frequency. This is advantageous as it supports the handling of
wideband technologies.

IV. RESULT AND DISCUSSION

Figure 6(a) and 6(b) show photograph of fabrication antenna
3 patch of plane with circular shaped and ground-plane with
inverted C-shaped structure, respectively. The antenna was
fabricated using an RO5880 duroid substrate with a relative
permittivity of 2.2, a thickness of 1.575 mm, and a loss tangent
0f 0.0009.

Figure 7 shows the measurement results of the reflection
coefficient for antenna 1. The measurements indicate that the
antenna operates at a lower frequency of approximately 3.7 GHz
with a reflection coefficient value of -31.2 dB. Meanwhile, the
bandwidth achieved is around 3.30 GHz. Additionally, the
measurements also reveal that the antenna operates at a
frequency of 10.1 GHz. However, it is observed that the antenna
has values of the reflection coefficient greater than -10 dB at
other frequencies. This limits the antenna's ability to operate in
the ultra-wideband range.
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Fig. 8. Measurement result of reflection coefficient of (a) antenna 2, and (b)
antenna 3.

Figure 8(a) presents the measurement results of the reflection
coefficient for antenna 2. This antenna has a lower cutoff
frequency of 3.70 GHz and a bandwidth of approximately 12.30
GHz. The minimum reflection coefficient value is below -30
dB. There are some ripples observed in the reflection coefficient
values at the frequency of 6 GHz. However, the coefficient
value at that frequency remains below -10 dB, which still falls
within the antenna's bandwidth.

Continuing, Figure 8(b) illustrates the measurement results of
the reflection coefficient for antenna 3. The measurements show
that the antenna operates at a frequency of 3.30 GHz with a
bandwidth of approximately 14.70 GHz. The best reflection
coefficient value achieved is -33.1 dB. Some ripples are
observed at 11.2 GHz, but they remain within the limit of <-10
dB, which still falls within the antenna's bandwidth. However,
the reflection coefficient value goes above -10 dB at a frequency
of 18 GHz. Consequently, the antenna operates, in general, in
the frequency range from 3.3 GHz to 18 GHz.

Figure 9 (a)-(e) presents the surface current distribution at
frequencies of 3.3 GHz, 3.5 GHz, 5.8 GHz, 10 GHz, and 18
GHz, respectively. It is evident that the highest current at 3.3
GHz occurs at Ial and Ta2. A clearer visualization of the
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0 Fig. 10. Radiation pattern at frequency of (a) 3.3 GHz, (b) 3.5 GHz, (c) 5.8
(e) ® GHz, (d) 10 GHz, and (e) 18 GHz.
Fig. 9. Surface current distribution at frequency of (a) 3.3 GHz, (b) 3.5 GHz,
(¢) 5.8 GHz, (d) 10 GHz, and (e) 18 GHz.

TABLEI
maximum current and its direction can be observed in Figure 9. COMPARISON RESULT WITH PREVIOUS RESEARCH
Notably, each frequency exhibits a different location and —
direction for its maximum current. The maximun current scale Size o 12 | Bandwidth
o Ref. Method cut-off GH
of 10 A/m was utilized. (mm) (GHz) (GH2)
Furthermore, Figure 10 illustrates the radiation pattern at Metamaterial
frequencies of 3.3 GHz, 3.5 GHz, 5.8 GHz, 10 GHz, and 18 (14] Sj;ﬁ%ﬁ;;?:;i‘;‘gr 200x18.0 346 1.24
GHz. Opverall, the proposed antenna demonstrates an DGS based
omnidirectional pattern. Table 1 provides a comparison between [21] | monopole circular- | 40.0 x 20.0 2.50 8.10
the proposed antenna and previous designs. Overall, this shaped patch
: Metamaterial
research has successfully designed an antenna capable of [15] fractal ground 51.9x51.9 1.40 312
operating in the ultra-wideband range, starting from a frequency loaded
of 3.3 GHz with a bandwidth of up to 14.7 GHz. These results (16 | Coupled Shorting | 55 35 125 0.20
demonstrate that the antenna's bandwidth can be increased from __Strip
. . Microstrip-line-fed
both the lower and upper cut-off frequency perspectives without [17] with a fractal- 70.0 x 70.0 330 210
the need to add antenna dimensions. shaped slot
Asymmetrical
V. CONCLUSION [18] patch with U- 24.5x24.5 2.95 9.15
: shaped open-slot
This paper presents a method for enhancing the bandwidth of O-shaped
. . . : ground plane 45 x 40 3.70 3.30
a circular microstrip antenna based on an inverted C-shaped [Antenna 1]
ground conﬁguratipn. The proposed rpethod §uccessfqlly cre This | Rotated C-shaped
ates an antenna with extended bandwidth while lowering the woils{ ground plane 45 x 40 3.70 12.30
frequency. The antenna was simulated and then fabricated using [Antenna 2]
- an RO5880 duroid substrate with a relative permittivity of 2.2, Inve“eddc‘?haped 45 x40 130 1470
a thickness of 1.575 mm, and a loss tangent of 0.0009. The total g[r :;l;ng aagl]e * : :

dimension of antenna is 40 mm x 45 mm. Then, the simulation
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and measurement results demonstrate that the antenna can
operate effectively within a wide frequency range of 3.3 GHz to
18 GHz with bandwidth 14.7 GHz. Additionally, utilizing this
method enables the antenna to function at even lower
frequencies without the need for additional dimensions.
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