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Abstract

This research aims to design and develop an L-shaped rectangular microstrip patch antenna
with a ground slot optimized for Wi-Fi 6E applications. The primary focus is to ensure
that this antenna can deliver optimal radiation efficiency, sufficient bandwidth, and signal
reliability across the 2.4 GHz, 5 GHz, and 6 GHz frequency bands. Based on the 802.11a,
802.11b, and 802.11ax standards, each offers speeds up to 11 Mbps, 54 Mbps, and 9.6
Gbps in the 2.4 GHz and 5 GHz bands, respectively. Wi-Fi 6E offers more channels with
broader bandwidth and minimal interference, enhancing performance for applications
such as 4K/8K streaming, online gaming, and the Internet of Things (IoT). To fully
exploit Wi-Fi 6E’s potential, an antenna that can operate across these three frequency
bands (2.4 GHz, 5 GHz, and 6 GHz) must be designed. The design and Development
of a rectangular microstrip patch antenna with a ground slot provide a solution that
delivers optimal radiation efficiency, bandwidth, and signal reception capability thanks
to its compact and efficient design. The measurement results show that the antenna’s
bandwidth in the first band ranges from 1.150 to 3.091 GHz, reaching 1.941 GHz, and in
the second band ranges from 3.688 to 7.243 GHz, reaching 3.555 GHz. The radiation
pattern remains omnidirectional, and total efficiency for frequency 2.436 GHz at 82.27%,
5.3 GHz at 90.42%, and 6.56 GHz at 91.95%, respectively. Gain of 2.4 GHz is 4.19 dB,
5 GHz is 4.87 dB, and 6 GHz is 5.23 dB. These measurement results agree with the
simulation results. Therefore, the proposed antenna can be used as a candidate for Wi-Fi
applications.
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1. Introduction

Wi-Fi 6, or 802.11ax, was developed to address the limitations of previous Wi-Fi
standards such as 802.11ac. The IEEE introduced this standard to meet the increasing
demand for connectivity [1]. It supports gigabit throughput, essential for applications
such as 4K/8K streaming, uninterrupted gaming, and fast data transfer [2]. Significant
improvements brought by Wi-Fi 6 include uplink Multi-User MIMO (MU-MIMO),
Orthogonal Frequency Division Multiple Access (OFDMA), and 1024-QAM modu-
lation [1].

The 6 GHz spectrum (Wi-Fi 6E) extends the frequency range up to 6 GHz,
providing an additional 1200 MHz bandwidth for greater capacity and lower latency
[3]. The technological advantages of Wi-Fi 6 include up to four times the throughput
and network capacity compared to Wi-Fi 5, accommodating numerous connected
devices, particularly for [oT and smart home applications [4]. Wi-Fi 6E operates in
the 2.4 GHz, 5 GHz, and 6 GHz frequency bands, offering wider bandwidth and high
performance. These frequency bands are regulated by the Federal Communications
Commission (FCC), which recommends Wi-Fi 6E in the 5.925-7.125 GHz range[5].

In many wireless communication systems, microstrip patch antennas are preferred
due to their small size. Wi-Fi antennas mainly focus on handling high data rates with
short-range coverage within short periods. Currently, there are three bands used for
Wi-Fi applications: 2.4 GHz (2.400 - 2.4835GHz), 5 GHz (5.150 - 5.875GHz), and
6 GHz (5.925-7.125 GHz) [6]. A critical aspect of implementing Wi-Fi 6E is the
Development of efficient antenna designs [7]. A rectangular microstrip patch antenna
with an L-shaped slot on the ground has been recognized as a potential solution. This
design enhances bandwidth and gain and reduces antenna size without compromising
performance [8]. It can provide stable gain, bandwidth, and radiation pattern perfor-
mance across various operating frequency bands. Microstrip antennas are an effective
solution to keep pace with technological advancements [9]. Implementing Defected
Ground Structures (DGS) in antenna design has also proven effective in enhancing
bandwidth and radiation performance [10]. DGS helps to reduce antenna size and
improve impedance matching, which is crucial for ensuring stable connectivity and
high-speed applications in Wi-Fi 6E [11].

Research by [12] designed a compact wideband slotted hexagonal patch antenna
(CWSHPA) with a modified ground plane for Wi-Fi 5/6 communications. Using a
Rogers RT5880 substrate with a thickness of 0.79 mm, this modification reduced the
antenna size and improved performance. With a volume of 34x20x0.79 mm?, this
antenna covers the 5.1697 - 7.5388 GHz frequency range with radiation efficiency
between 79.19% and 89.37%, averaging 85%. The gain ranges from 3.1 to 4.1 dB,
and directivity is between 3.6 and 4.9 dBi. At a center frequency of 6.33 GHz, the
antenna increases by 3.995 dB with an omnidirectional radiation pattern. Simulations
were conducted using CST Microwave Studio.

In another study [13], a circularly polarized edge microstrip antenna was designed
for 5G smartphones and Wi-Fi 6 applications. This antenna features multiple mi-
crostrip paths to support dual-band operation, covering the 5.32 - 5.52 GHz and 6.15
- 6.36 GHz frequency ranges, with respective bandwidths of 200 MHz and 210 MHz.
The antenna is a single element mounted on the top edge of an FR-4 substrate and is
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fed by a coaxial SMA connector. Testing reveals that the antenna performs strongly
in reflection, gain, efficiency, radiation pattern, and impedance matching within both
resonance bands.

Based on theoretical analyses and prior research, this antenna shows significant
promise for improving the performance of wireless communication systems by offering
rapid and dependable connectivity. The design can achieve the desired performance
benchmarks with careful optimization, making it well-suited for Wi-Fi/WiMAX
applications. Developing an antenna that operates across the 2.4 GHz, 5 GHz, and 6
GHz frequency bands is essential for maximizing the capabilities of Wi-Fi 6E.

1.1 Antenna Design

The initial antenna design is based on [14] Circular Polarization Quad-Band Antenna
for GNSS, 5G, and WiFi-6E Applications are shown. The geometry of the proposed
antenna is schematically illustrated. The antenna is fed through a 50 Q microstrip
feedline. The feedline is connected to an L-shaped patch, acting as the field excitation
and radiator. The L-shaped patch is printed on an FR-4 substrate with ¢R = 4.4 and
tan & = 0.02, and the ground plane is created at the bottom of the medium, as shown
in Figure 1.

L-radiator

Ground

Figure 1. Geometry and Parameters of the Proposed Antenna

This article considers the final design of this antenna the best. The optimized
antenna design is shown below.

1.2 Evolution|

Figure 3 below illustrates the addition of a slot labeled K1 to the antenna’s back view.
The inclusion of slot K1 in the antenna design enhances antenna performance by im-
proving impedance matching, broadening bandwidth, tuning the resonant frequency,
controlling the radiation pattern, and increasing return loss. These improvements
enable the antenna to operate more efficiently at the desired frequency and reduce
signal reflection.
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Figure 2. The first slot added to the antenna
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Figure 3. S;; of Evolution |

Based on the S-Parameter graph above, it can be observed that at a frequency of
2.4 GHz, the Sq; value approaches -10 dB, indicating that the antenna has fairly good
reflection performance near this frequency. At 5.25 GHz, although not strictly at
one of the minimum points, the S1; value remains below -10 dB, indicating that the
antenna is still sufficiently efficient in transmitting signals at this frequency. However,
at 6.525 GHz, the graph shows an Sq; value above -10 dB, which means there is an
increase in reflection or a decrease in antenna efhiciency at this frequency, suggesting
that further optimization is required to achieve the desired performance.

1.3 Evolution Il

-

Figure 4. The second slot added to the antenna

The Sy parameter measures the reflection coefficient, indicating how much power
is reflected to the source due to impedance mismatch. Critical frequencies such as
2.4 GHz, 5.25 GHz, and 6.525 GHz are likely interesting because they correspond
to standard wireless communication bands (e.g., Wi-Fi). At these frequencies, the
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Figure 5. S3; result of Evolution Il

S11 values are near or below -10 dB, suggesting that the antenna or network has
good impedance matching. This means that most of the input power is being ef-
fectively radiated or transmitted rather than reflected. This is desirable in wireless
communication systems to ensure efficient performance.

Evolutions 1 and 2 show that at 2.4 GHz, both Evolutions show reflection co-
efficients slightly above -10 dB, indicating moderate impedance matching but not
optimal tuning for this frequency. Near 5.25 GHz, both figures 4 and 5 display a
resonance dip around 5.39 GHz, suggesting good impedance matching and efhcient
power transmission in this band. However, at 6.525 GHz, the Sy; values are above
-10 dB, showing less optimal performance with no significant resonance dip. This
indicates that the system needs to be tuned explicitly for efficient operation at this
frequency.
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Figure 6. Final design Proposed antenna (a) front view and (b) back view of ground

In this design, Figure 6 shows the optimal dimensions and shape of the patch (yel-
low), substrate (white), and conductor (green). The three-dimensional visualization
of the microstrip antenna shape from the simulation results can be observed. Based on
the antenna design simulations, the dimensions of the microstrip antenna for Wi-Fi
6E applications are determined, as shown in Table 1.

The design of the square microstrip patch antenna is determined through calcula-
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tions using equations (1) and (2). The dimensions of the substrate and ground plane
are using equations (3) and (4) [15].

c [ 2
VVI‘_ZT[ € +1 M
C
L= _2Al 2
" AyEr ¥
Ly=6,+L, 3)
Ws=6,+W, 4)

Table 1. Dimensions of the proposed antenna

Symbol | Mark Observation Symbol | mark Observation
Ws 65 mm Substrate width B 42.5mm | Stub width
Ls 82 mm Substrate length | K2 7.8 mm Length slot L
L1 37mm Patch length K1 8 mm slot L width
w1 9.9 mm Patch width L3 1.5mm slot L length
L2 10 mm Patct2 length L4 11.5mm | slotllength
W2 11.5mm Patch2 width S 18 mm stub
Wf 3mm Feed width S1 35mm Length stub
Lf 14 mm Feed length
h 1,6 mm Substrate

thickness
t 0,035 mm | °round

thickness
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Figure 7. S;; parameter of the proposed antenna

From Figure 7 above, three significant bandwidth ranges indicate the antenna’s
performance across various frequency bands. The first bandwidth, from 2.19 GHz
to 2.88 GHz, is 0.69 GHz, demonstrating good performance for lower-frequency
applications such as mobile communications. The second bandwidth, from 3.91 GHz
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to 5.61 GHz, is 1.700 GHz, covering medium to high-frequency bands, ideal for Wi-
Fi applications and data communications requiring higher capacity and speed. The
third bandwidth, from 6.13 GHz to 7.03 GHz, is 0.9 GHz, covering higher frequency
bands that can support advanced Wi-Fi technologies, offering enhanced data rates
and reduced latency. The high efficiency of the antenna within these frequency
ranges indicates its ability to maintain good performance across different frequency
conditions, with low reflection (S1; < -10 dB), meaning more power is radiated than
reflected to the source. This reflects an optimal antenna design suitable for modern
Wi-Fi applications, ensuring reliable and efficient wireless communication.

The simulation quantitatively analyses the antenna’s performance across Wi-Fi-
relevant frequency bands. Figure 8 shows that as frequency increases, gain improves
from 2.87 dB at 2.4 GHz, 3.87 dB at 5.25 GHz, and 5.76 dB at 6.525 GHz, enhancing
signal strength and coverage. However, total efficiency decreases from 78.5% at 2.4
GHz to 60% at 6.525 GHz. Radiation patterns shift from omnidirectional at 2.4 GHz,
ideal for broad coverage, to more complex and focused at higher frequencies, suitable
for targeted communication. These results highlight the antenna’s ability to balance
gain and efhiciency for optimal performance in various Wi-Fi applications.

farfield (f=2.4) [1]
Type Farfield
ed

Figure 8. 3D model of Fairfield parameter at (a) 2.4 GHz, (b) 5.25 GHz, and (c) 6.525 GHz

Figure 8 illustrates the antenna gain at frequencies of 2.4 GHz, 5.25 GHz, and
6.525 GHz. At 2.4 GHz, the main gain is 2.87 dBi with an omnidirectional radiation
pattern and total efficiency of 78.5%. This calculated from the simulation results in
a total efficiency of -0.8, then converted to percentage using the decibel formula to
linear conversion, indicating good efhiciency. At 5.25 GHz, the principal gain increases
to 4.21 dBi with a more complex radiation pattern and multiple lobes and a total
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efficiency of 61.9%, showing a slight decrease in efficiency but an increase in gain. At
6.525 GHz, the main gain reaches 5.76 dBi, the highest among the three frequencies,
with a more directive higher radiation pattern and total efficiency of 60%, indicating
a drop in efficiency but with a significant gain. Increasing the frequency results in a
higher main gain, though radiation and total efficiency decrease, and the radiation
pattern becomes more complex, reflecting a more focused energy distribution.

2. Result and Discussion

After conducting simulations and obtaining optimal results for the antenna, the next
step is the fabrication and measurement of the antenna design, as shown in Figure
9. Measurements are performed to assess the antenna’s performance. The measure-
ments were carried out in two places Radar Laboratory Department of Electrical
Engineering (DoEE), Faculty of Engineering, Universitas Indonesia and the large
Telecommunication Equipment Testing Center (BBPPT: Balai Besar Pengukuran
Peralatan Telekomunikasi) of the Ministry of Communication and Information of the
Republic of Indonesia (Kominfo: Kementerian Komunikasi dan Informasi), and the
results can be seen on the display monitor in Figure 10.

(a) (b)

Figure 9. antenna fabrication result (a) front view (b) back view

2.1 Bandwidth

The bandwidth measurements are conducted in the Radar Laboratory, Department of
Electrical Engineering (DoEE), Faculty of Engineering, Universitas Indonesia. The
measurement and simulation results display monitor can be seen in Figure 10a, and
the comparison of bandwidth results can be seen in Figure 10b.

The measurement results can be seen in Figure 10a, where the blue line represents
the simulated bandwidth and the red line represents the VNA-measured bandwidth.
The analysis shows the following bandwidth results within the frequency range of 1 -
10 GHz: from 1.153 - 3.091 GHz, a bandwidth of 1.938 GHz is achieved, and from
3.688 to 7.243 GHz, a bandwidth of 3.555 GHz is achieved. In the simulation results
using the frequency range of 1 - 10 GHz, from 1.190 - 2.830 GHz, a bandwidth
of 1.640 GHz is obtained, and from 3.688 - 7.243 GHz, a bandwidth of 2.900 GHz
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is obtained. This analysis indicates that the measured bandwidth of the fabricated
antenna is broader in the higher frequency band compared to the simulation results
while slightly narrower in the lower frequency band. The simulation and measurement
results indicate that the L-shaped microstrip patch antenna with a slot is designed for
Wi-Fi 6E applications at 2.4 GHz, 5 GHz, and 6 GHz.

2.2 Dual-Port Measurement

The dual-port measurements were conducted at the Telecommunication Equipment
Testing Center laboratory (BBPPT), the Ministry of Communication and Information
(Kominfo: Kementerian Komunikasi dan Informasi), the Republic of Indonesia. Figure
11 shows the measurement results for the radiation pattern and gain, and Table 2

compares the gain results.
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.

Figure 11. Gain and Radiation Pattern Measurement Results at Frequencies: (a) 2.4 GHz, (b) 5 GHz, and (c)
6 GHz

Antenna efficiency formula
The total efficiency (P,,,,;) of an antenna is typically calculated using equations

(5):

P .
g = s g
mpu.

Table 2. Comparison result

ppien I Gain (dB) Total efficiency Radiation pattern
(GHz)

Frequency (GHz) Simulated | Measured | Simulated | Measured Omnidirectional

2.4 GHz 2.87dB 4.19dB 78.5% 82.27% Omnidirectional

5.25GHz 3.87dB 4.87dB 60% 90.42% Omnidirectional

6.525 GHz 5.76 dB 5.23dB 61.9% 91.95% Omnidirectional
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3. Conclusion

This research aims to design and develop a rectangular L-shaped microstrip patch
antenna for Wi-Fi 6E applications operating at three frequency bands: 2.4 GHz, 5
GHz, and 6 GHz.

1. The simulation results show that the antenna has a first bandwidth in the frequency
band ranging from approximately 1.190 to 2.830 GHz, reaching 1.640 GHz, and
a second frequency band ranging from 4.12 to 7.02 GHz, reaching 2.900 GHz.
The radiation pattern produced is consistently omnidirectional for both bands,
and the total efficiency is at frequency 2.4 GHz at 78.5%, frequency 5.25 GHz at
60%, and frequency at 6.525 GHz at 61.9%, respectively. The antenna achieves a
gain of 2.4 GHz is 2.87 dB, 5.25 GHz is 4.217 dB, and 6.525 GHz is 6.766 dB.

2. The measurement results show that the antenna’s bandwidth in the first band
ranges from 1.150 to 3.091 GHz, reaching 1.941 GHz, and in the second band
ranges from 3.688 to 7.243 GHz, reaching 3.555 GHz. The radiation pattern
remains omnidirectional, and total efficiency for frequency 2.436 GHz is 82.27%,
5.3 GHz is 90.42%, and 6.56 GHz is 91.95%, respectively. The gain of 2.4 GHz is
4.19 dB, 5 GHz is 4.87 dB, and 6 GHz is 5.23 dB.
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