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Abstract—This paper demonstrates the construction of a
circular microstrip patch antenna featuring a slot modification
capable of operating at both 10 GHz and 20 GHz. We used
electromagnetic simulation software to look at different
antenna shapes, such as a simple circular patch, a single-port
slot-loaded patch, and modified structures with two ports. This
antenna has a better return loss, radiation efficiency, and
directivity than the standard circular patch antenna. The
electric field distribution and far-field radiation patterns show
that the radiation properties stay the same at both frequencies.
The proposed design works well for wireless communication in
the microwave and high-frequency ranges.

Keywords: Microstrip antenna, circular patch antenna, dual-
frequency operation, slot modification, electromagnetic
analysis, radiation pattern, microwave band, high-frequency
wireless communication.

L INTRODUCTION

The microstrip patch antennas are broadly used for modern
wireless communication systems due to their low profile,
compactness, light weight, and ease of fabrication. Among
the various shapes of microstrip patch antennas, the circular
microstrip antennas are preferred for their symmetrical
configuration and steady performance.

However, the conventional circular microstrip antennas are
limited by their bandwidth and multiband performance. To
improve the bandwidth and multiband performance, slot
loading is introduced to the microstrip antennas for improve
the current distribution and impedance matching.

Here a circular microstrip patch antenna with slot loading is
proposed for its performance analysis at 10 GHz and 20
GHz frequencies. The performance analysis of the antenna
is carried out by considering the return loss, electric field
distribution, and far-field radiation patterns.

II. ANTENNA DESIGN

This antenna has been designed by employing a circular
microstrip patch antenna with slot modifications, aiming at
enhancing the antenna's performance characteristics. The
proposed antenna has been realized by employing an FR-4
substrate material, with a relative permittivity value (er) of
4.4, a substrate thickness of 1 mm, and a total size of 25 mm
x 25 mm, allowing enough space for the antenna's radiating
structure, thereby maintaining a compact antenna size for
modern wireless communication systems.

The radiating element is a circular copper patch printed over
the top surface of the substrate, whereas the ground plane is
placed over the opposite surface of the substrate. The radius
of the circular patch is taken as 6.96 mm, which is
optimized to attain resonance at the desired operating
frequencies. The patch is excited by a microstrip line
feeding technique, where the feed line is directly connected
to the radiating element, i.e., the circular patch. The length
of the feed line is taken as 5.54 mm, whereas the width is
taken as 1mm.

In addition by improving performance of the antenna and its
resonant characteristics, a rectangular slot is introduced
within the circular patch. The slot has a length of 5.6 mm



and a width of 1 mm.The slot also affects the distribution of
the surface currents on the patch. The slot increases the
effective electrical path, which improves impedance
matching and introduces additional resonant modes.
The values of the geometrical parameters of this antenna
structure, including the substrate, patch radius, and slot size,
are given in the antenna design specification table. The
design is simple and compact, with good efficiency in terms
of radiation characteristics.

III. DESIGN EVOLUTION

In figure 1, the proposed antenna design has been developed
following three successive stages to optimize impedance
matching.

In the first step, a basic circular microstrip patch antenna
with a single feed line has been designed, where the circular
microstrip patch antenna’s radius (c) affects the fundamental
resonant frequency, and the feed line’s dimensions (d) and
(e) affect the impedance matching.

In the second step, a rectangular slot with dimensions (f)
and (g) has been introduced to the circular microstrip patch
antenna to optimize the surface currents to obtain additional
resonant modes.

In the third step, an additional feed line has been introduced
to the opposite side of the antenna, which results in a dual-
fed slot-loaded microstrip patch antenna. The additional
feed line improves the efficiency of the antenna at higher
frequencies.

The final design has been optimized to improve the return
loss compared to the previous designs.

H
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Figure 1: (a) Geometry of the antenna with one port and no

slot, (b) Geometry of the projected antenna with one port and
one slot, (c) Geometry of antenna with one slot and two ports

Table 1: Antenna Specifications

Antenna Design
Speciﬁcationgs Value (mm)
Substrate length (a) 25
Substrate width (b) 25
Main c1rpu1ar patch 6.96
radius (c)
Feed length (d) 5.54
Feed width (e) 1
slot length (f) 5.6
slot width (g) 1

IV. RESULT AND DISCUSSION

The performance of this circular microstrip patch antenna
with slot modification is simulated using electromagnetic
simulation techniques. The performance of the antenna is
investigated in terms of return loss, surface current
distribution, and radiation patterns. The simulated results
have shown the improvement in the performance of the
antenna after the introduction of the slot and the additional
feed configuration.
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Figure 2: Combined S11 and S22 of all the three antennas

Figure 2 indicates the combined S11 and S22 parameters of
the three different antenna configurations, which include the
basic circular patch antenna without a slot, the circular patch
antenna with a rectangular slot, and the slot-loaded circular
patch antenna with two ports. The return loss curve shows
the performance of the antenna at various stages of design.
For the first configuration, which is the simple circular patch
antenna, it is clear that the antenna has only a single
resonance feature with average impedance matching. From
the return loss curve, it is clear that the return loss values are
consistently close to -10dB.

In the second configuration, when the rectangular slot is
inserted inside the circular patch antenna, it is clear that the
return loss has been improved when compared with the
basic configuration of the antenna. The insertion of the
rectangular slot has interrupted the current, thus increasing
the length of the antenna. This results in the generation of
more resonance modes, thus a deeper return loss value.

In the final configuration, where two ports are introduced in
a slot-loaded circular patch antenna, further improvement is



seen in the impedance matching characteristics of the
antenna. The S11 and S22 curves in figure 2 shows stronger
resonances as the return loss is seen to be less than -20 dB
for the operating frequency range.

The presence of multiple resonances is an indication of a
dual-frequency operation of the antenna and its suitability
for microwave communication.
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Figure 3: 3D radiation pattern of the antenna with no
slot

Figure 3 indicates a circular patch antenna without a slot, its
radiation pattern follows a typical broadside radiation
pattern, in which maximum radiation is experienced along a
direction perpendicular to the plane. The radiation pattern is
almost symmetric due to the circular shape of the patch.
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Figure 4: 3D radiation pattern of the antenna with slot.

In figure 4, once the slot is placed within the circular patch,
the radiation pattern is seen to be stable while minor
changes in the radiation intensity are noted. This is because
the slot changes the current distribution on the patch without
affecting the radiation pattern, thereby indicating a stable
radiation characteristics.
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Figure 5: 3D radiation pattern of the antenna with slot and
two ports.

In figure 5, the last slot-loaded dual-port structure, the 3D
radiation pattern demonstrates improved radiation strength
and directivity over the previous structures. The radiation is
still broadside, and the symmetry of the structure, being a
circular patch, helps maintain the radiation in the desired
direction.

This demonstrates that the proposed antenna structure has
improved radiation performance while still being capable of
dual-band operation.

Figure 6: Surface current distribution of the antenna with no
slot.

Figure 6 indicates a basic circular patch antenna, the current
is mainly concentrated along the edges of the circular patch
and the feed line. The current is distributed in a symmetrical
pattern along the edges of the patch, and this gives the
fundamental resonant mode of this patch antenna.
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Figure 7: Surface current distribution of the antenna with one
slot.

However, as the rectangular slot is introduced in figure 7,
the structure, the distribution of the surface currents has
changed considerably. The presence of stronger currents
near the edges of the slot reveals that the slot has interrupted
the normal flow of the currents and has made the currents
take a longer path around the slot boundaries. This has
increased the length of the antenna and has produced more
resonant modes.

Figure 8: Surface current distribution of the antenna with one
slot and two ports.

In figure 8, the dual-port slot-loaded configuration, the
current distribution becomes more uniform and intense
around the feed lines and the slot region. The additional feed
line enables a more efficient distribution of current across
the radiating patch, thereby increasing the efficiency of the
antenna and its performance at higher frequency levels.

V.  CONCLUSION

The design of a circular microstrip patch antenna with slot
modification for dual-band operation has been discussed.
The performance analysis of the antenna has been discussed.
The antenna has been designed using FR-4 material. The
size of the antenna is compact, i.e., 25 mm x 25 mm. The
antenna is suitable for various microwave communications.
The antenna has been designed with a circular microstrip
patch of radius 6.96 mm. The microstrip feed is used to feed
the antenna. The rectangular slot is used to improve the
electrical length of the patch.

The proposed antenna design has been created through three
stages: a traditional circular patch antenna, a slot-loaded
circular patch antenna, and a dual port slot-loaded antenna.
Simulation results have proven the importance of the
introduction of the slot in the antenna, which improves
impedance matching and creates additional resonance
modes. The proposed final configuration with two ports has

improved the performance of the antenna, reaching deeper
levels of return loss.

The analysis of the surface current distribution has proven
the importance of the slot in changing the current path, thus
creating additional resonance modes. The 3D radiation
pattern has proven the stability of the broadside radiation
pattern with improved directivity. In general, the proposed
antenna has a simple, compact, and efficient configuration
with improved performance in terms of return loss and
radiation characteristics, thus suitable for microwave and
high-frequency wireless applications.
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