
IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 71, NO. 7, JULY 2023 5739

Small-Volume Microstrip Patch Antennas Exactly
Covering Wi-Fi 6 Bands of 2.4–2.5 GHz and

5.15–5.85 GHz
Shan Gao , Student Member, IEEE, Le Chang , Senior Member, IEEE, Anxue Zhang ,

Yue Li , Senior Member, IEEE, and Zhijun Zhang , Fellow, IEEE

Abstract— The sixth generation of wireless fidelity (Wi-Fi 6)
spectrums possess two unbalanced bands of 2.4–2.5 GHz (4.1%)
and 5.15–5.85 GHz (12.7%). Most of the existing dual-band
Wi-Fi 6 patch antennas are with either a superfluous lower
or an insufficient higher bandwidth. It remains a challenge to
cover these two bands in an exact way. This article addresses
the issue of the exact coverage problem of the unbalanced Wi-
Fi 6 bands by engineering the TM0.5,0 and TM0.5,1 modes of
the half-mode patch while maintaining a very small volume.
The design guideline follows three steps. First, select proper
patch size to make the first two modes resonate at 2.45 and
5.5 GHz using two ports. Second, optimize feeding positions
to make both impedance trajectories in the Smith Chart with
minimum sizes. Third, use lumped components to make the
two resonances with good matching condition. Using the novel
matching method, the resultant half-mode patch with a profile
of 3 mm (0.024λL/0.052λH) and size of 22.55 × 23.95 mm2

(0.18 × 0.19λ 2
L/0.39 × 0.41λ 2

H) exactly covers the Wi-Fi 6 bands,
indicating that the antenna space is taken up fully. As far as
the authors know, the proposed antenna is with the smallest
volume compared to all the reported Wi-Fi 6 dual-band patch
antennas. Moreover, the proposed antenna is with dual-port and
aperture sharing properties, which suits the optimal Wi-Fi 6 radio
frequency (RF) front-end architecture.

Index Terms— Dual-band antenna, dual-port antenna, half-
mode patch, microstrip patch antenna, sixth generation of
wireless fidelity (Wi-Fi 6) antenna.

I. INTRODUCTION

WIRELESS fidelity is the most important standard of
the wireless local area network (WLAN) and Wi-Fi

6 is indispensable for modern mobile terminals or Internet-
of-Thing (IoT) devices [1]. Wi-Fi 6 antennas, which play a
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significant role in wireless performance, have been studied
for many years [2], [3], [4], [5], [6]. For modern 5G mobile
terminals, for one thing, the newly introduced frequency bands
and high MIMO specification brought by 5G make antenna
numbers proliferate sharply. For another thing, the metal
bezels undertake huge pressure because antennas are deployed
everywhere on the metal bezels and what is even worse, the
bulky battery, cameras, screens, and even speakers squeeze
bezel space. Both aspects promote antenna engineers and
scholars to explore new space for antennas. The terminal back
cover, a space that has been neglected for decades, can provide
a large area for patch antennas. Therefore, the contradiction
between the increasing antenna number and decreasing bezel
space intensifies the demand for small-volume patch antennas.

This work focuses on the small-volume dual-band
microstrip patch antenna for the sixth generation of wireless
fidelity (Wi-Fi 6) applications. The two Wi-Fi 6 bands are
with the property of unbalanced frequency range: the relative
bandwidth of the lower band (2.4–2.5 GHz) is 4.1%, while it is
12.7% of the higher (5.15–5.85 GHz). The relative bandwidth
of higher band is approximately three times that of the lower
band, resulting in an extremely unbalanced frequency range
and making exact coverage of the Wi-Fi 6 bands a challenging
task. “Exact” refers to that these two Wi-Fi 6 bands can
be covered without any superfluous frequency range, or in
other words, the −10 dB impedance bandwidths are just 2.4–
2.5 GHz and 5.15–5.85 GHz exactly. If superfluous frequen-
cies exist, it means that the antenna volume is not taken
up fully and it has the potential to be miniaturized. This is
undesirable for modern mobile terminals whose internal space
is so precious.

We almost collected all the patch antennas operating at
Wi-Fi 6 bands reported in the open literature [7], [8], [9],
[10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20],
[21], [22], [23], [24]. Dual-band patch can be broadly clas-
sified into two types: the first type is to construct mul-
tiple resonant structures, such as slotted patches [7], [8],
multiple current paths [9], [10], [11], [12], [13], stacked
patches [14], [15], [16], and parasitic patches [17], [18],
[19], [20]. The second is to excite the higher order modes
of rectangular and circular patches [21], [22], [23], [24].
According to the comprehensive research, most of the existing
dual-band Wi-Fi 6 patch antennas cannot cover these two
unbalanced bandwidths exactly and they can be divided into
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Fig. 1. Three different RF front-end architectures of the Wi-Fi 6 system.

three situations: 1) the Wi-Fi 6 lower band can be covered,
whereas the higher cannot, e.g., antennas in [7], [11], [16],
[21], and [23] suffer from insufficient higher band cover-
age: their bandwidths are 5.14–5.39 GHz, 5.55–5.97 GHz,
5.72–5.88 GHz, 4.72–5.36 GHz, and 5.42–5.98 GHz; 2) the
higher band can be covered, but the lower is superfluous,
e.g., antennas in [10] and [14] suffer from superfluous lower
band coverage: their bandwidths are 2.28–2.55 GHz and 2.4–
2.65 GHz, which means that the antenna volumes are not
taken up fully; 3) both lower and higher bands cannot be
covered totally, such as antennas in [8], [12], [13], and [24]
with the bandwidths of 2.39–2.42 GHz/4.94–5.07 GHz, 2.44–
2.45 GHz/5.53–5.88 GHz, 2.4–2.48 GHz/5.73–5.88 GHz, and
2.36–2.44 GHz/5.7–5.9 GHz. Therefore, it is a great challenge
to cover the unbalanced Wi-Fi 6 bands in an exact way.
Moreover, small-volume property is the permanent pursuit for
mobile terminal antennas.

Traditionally, when an antenna needs to be matched,
for antenna with natural resonance electrical size, such as
normal/half-mode patch with length of half/quarter wave-
length, it usually selects the feeding position where the electric
divided by magnetic equals 50 �. This is called the traditional
matching method and the resultant operating frequency is
natural resonance. For small-sized electrical antennas, such
as half-mode patch with a length smaller than a quarter
wavelength, lumped components are used to make the target
frequency resonant with 50-� input impedance [25]. This is
called component matching method. In this article, we neither
use traditional nor component matching method but combine
these two to achieve improved antenna performance.

Considering antenna miniaturization, half-mode patch is
a good candidate compared with normal patch because its
operation frequency is similar to that of normal patch, but the
size is halved and quality factor (Q factor) value decreases.
In this article, the first two modes of the half-mode patch
excited by two separate ports are engineered for Wi-Fi 6 dual-
band coverage. For a half-mode patch, different patch lengths
and widths produce different natural resonances for the first
two modes. For each mode, different feeding positions lead to
impedance trajectories with different sizes in the Smith Chart
corresponding to different Q values. The impedance trajectory
with the natural resonant frequency of 2.45 GHz/5.5 GHz and
with the smallest circle to enclose itself has the potential to
produce the minimum Q value and the maximum impedance
bandwidth for Wi-Fi 6 [26]. Therefore, the design guideline
is summarized as follows: by selecting proper patch size
and feeding positions, the best impedance trajectories can be
achieved, and then, by resorting to the lumped components,
the Wi-Fi 6 bands can be covered exactly.

The proposed antenna is with a profile of 3 mm
(0.024λL/0.052λH) and a size of 22.55 × 23.95 mm2 (0.18 ×

0.19λ 2
L /0.39 × 0.41λ 2

H), where λL/λH refers to the lowest
frequencies of the lower/higher band. The simulated result
shows that the impedance bandwidths exactly cover the Wi-Fi
6 bands of 2.4–2.5 GHz and 5.15–5.85 GHz, indicating that the
antenna space is taken up fully. The measured results show that
the −10 dB impedance bandwidths are 5.8% (2.49–2.64 GHz)
and 12.9% (5.19–5.91 GHz), the isolations at both bands are
better than 32.5 dB, and the average efficiencies are −1.1 dB
(77.6%) and −0.7 dB (85.1%). To the best of the authors’
knowledge, the proposed antenna is with the smallest volume
compared to all the reported Wi-Fi 6 dual-band patches. The
properties of exact coverage and smallest volume indicate that
the antenna space usage rate is extremely high. Moreover, it is
with dual-port and aperture sharing properties, which suits the
optimal Wi-Fi 6 radio frequency (RF) front-end architecture.
The proposed antenna is suitable to be applied in modern
mobile terminals or IoT devices.

II. OPTIMAL WI-FI 6 RF FRONT-END ARCHITECTURE
AND SMALL-VOLUME DUAL-BAND WI-FI 6 PATCH

ANTENNA

In this section, first, the Wi-Fi 6 RF front-end architectures
are discussed. Second, the challenge of the exact coverage

Authorized licensed use limited to: Tsinghua University. Downloaded on December 18,2023 at 07:49:39 UTC from IEEE Xplore.  Restrictions apply. 



GAO et al.: SMALL-VOLUME MICROSTRIP PATCH ANTENNAS EXACTLY COVERING WI-FI 6 BANDS 5741

Fig. 2. Explanation of the exact coverage problem of the Wi-Fi 6 bands using the traditional matching method. (a) When the Wi-Fi 6 lower band is covered
exactly, what will happen to the Wi-Fi 6 higher. (b) When the Wi-Fi 6 higher band is covered exactly, what will happen to the Wi-Fi 6 lower (unit: mm).

problem of the Wi-Fi 6 bands using the traditional method is
explained. Third, the proposed antenna is introduced. Finally,
the superiority of the design strategy is clarified through a
comprehensive comparison.

A. RF Front-End Architecture of the Wi-Fi 6 System

The proposed antenna is not only with exact coverage and
small-volume merits but also designed for the optimal Wi-
Fi 6 RF front-end architecture. Fig. 1 shows three different
RF front-end architectures of the Wi-Fi 6 system. The Wi-Fi
6 antenna is connected to the front-end module (FEM) after
filtering. Two separated power amplifiers (PAs) of 2.4 and
5.5 GHz are included within the FEM. For Case1, the antenna
is a single-port dual-band antenna and the antenna port is
connected with the two output ports of the FEM through a
diplexer. The drawback is that the insertion loss of the diplexer
introduced deteriorates the system performance. Generally, the
insertion losses are about 0.6 and 1.0 dB for these two Wi-
Fi 6 bands. For Case2, 2.4- and 5.5-GHz antennas are two
separate antennas and these two antenna ports are connected
with the two output ports of the FEM separately without the
need for a diplexer. Thus, the diplexer is saved, leading to
reduced insertion loss and system cost. Case3 is with the basis
of Case2. The antenna form is changed from separate aperture
to shared aperture in order to save space, which is more
suitable for modern mobile terminals or IoT devices. Thus,
Case3 is the most advanced Wi-Fi 6 RF front-end architecture.
The antenna in Case3 is a shared-aperture dual-port dual-band
antenna and the proposed antenna is designed for Case3 [24].

B. Exact Coverage Problem of the Wi-Fi 6 Bands

As defined in Section I, traditional matching method refers
to selecting the feeding position where the electric divided
by magnetic equals 50 �. The exact coverage problem using
the traditional matching method to cover the Wi-Fi 6 bands
is explained. Fig. 2(a) and (b) shows two half-mode patches
(Anta and Antb) both with the first two natural resonances
resonating at 2.45 and 5.5 GHz. Fig. 2(a) shows what will
happen to the Wi-Fi 6 higher when the Wi-Fi 6 lower band is
covered exactly. Anta is a half-mode patch with the dimensions
of 21.7 × 27 × 3.6 mm3. When putting the feeding via at the
50-� impedance position of the TM0.5,0 mode, the resultant
bandwidth of 2.4–2.5 GHz covers the Wi-Fi 6 lower band
exactly. When the feeding via is placed at the 50-� impedance
position of the TM0.5,1 mode, the resultant bandwidth is 5.32–
5.69 GHz, which is insufficient for higher. Fig. 2(b) shows
what will happen to the Wi-Fi 6 lower when the Wi-Fi 6 higher
band is covered exactly. Antb is a half-mode patch with the
dimensions of 21.1 × 29.2 × 5.8 mm3. When putting the
feeding via at the 50-� impedance position of the TM0.5,1
mode, the resultant bandwidth of 5.15–5.85 GHz covers the
Wi-Fi 6 higher band exactly. When the feeding via is placed at
the 50-� impedance position of the TM0.5,0 mode, the resultant
bandwidth is 2.4–2.65 GHz, which is 2.6 times wider than
the lower. The superfluous frequency range indicates that the
antenna space is not taken up fully.

From the analysis above, when using the traditional match-
ing method to produce natural resonances to cover the Wi-Fi
6 bands, either the bandwidth of the lower band will overflow
or the bandwidth of higher will be too narrow, just as the first
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Fig. 3. Configuration of the proposed antenna. (a) Top view. (b) Side view
(seen from the right of the A1–A2 plane). (c) Top view of the ground plane
(unit: mm). Dimensions: L = 22.55 mm, W = 23.95 mm, L1 = 8.98 mm,
d = 2.5 mm, fx1 = 0.5 mm, fx2 = 4 mm, fy2 = 0.5 mm, C11 = 1.3 pF,
C12 = 1.1 pF, Csh = 0.5 pF, Lsh = 8.7 nH, L2 = 3.4 nH, and C2 =

0.3 pF.

and second situations described in Section I. It is a challenge
to cover the Wi-Fi 6 bands exactly while maintaining a small
volume.

C. Antenna Configuration

Fig. 3 shows the antenna configuration, which is basically
a half-mode microstrip patch antenna. The whole antenna is
with the dimensions of 22.55 × 23.95 × 3 mm3. The profile
consists of a 0.5-mm-thick FR-4 substrate (εr = 4.3 and tanδ =

0.02) and a 2.5-mm-thick air layer, which simulates the planar
back cover antenna within a realistic mobile terminal, where
the top substrate is realized using a flexible printed circuit
board and the middle air layer is the space between the back
cover and the RF shielding case or system ground [27], [28]. A
0.5-mm-thick FR-4 substrate with its top surface plated with
metal acts as the ground plane. The ground plane with the
dimensions of 100 × 100 mm2 is far larger than the patch,
indicating that the ground does not contribute to radiation.
It means that the proposed antenna is a universal strategy
suitable to be implemented on various ground planes or,
in other words, suitable for various mobile terminals or IoT
devices [22]. If the ground plane can be customized, such as
slotted ground or small ground of identical size with the patch,
the antenna performance can be improved greatly [28], [29]
or, in other words, the patch is able to be miniaturized further.

Fig. 4. Fabricated prototype.

As shown in Fig. 3(a) and (b), four shorting vias act as the
shorting wall of the half-mode patch. The feeding via of port1
(lower band port) aligns with the shorting wall and locates
in the middle line of the patch. These four shorting vias are
distributed unevenly: the middle two vias gather together to
the center of port1, which aims to make the lower bandwidth
a little wider (the result is omitted because the effect is not
significant). The feeding via of port2 (higher band port) locates
4 and 0.5 mm away from the left and upper patch edges,
respectively. The diameters of all the vias are 0.6 mm. It is
worth mentioning that the feeding positions are important
for antenna bandwidths and efficiencies. Besides, the feeding
positions both locate at the outside edges of the patch, which
are beneficial for realistic components soldering. Frequent
inductor/capacitor soldering around antenna ports is required
when tuning antennas, but if the feeding positions locate
totally beneath the patch, each time when changing matching
components, the patch has to be removed, which greatly
increases implementation complexity. The proposed antenna
decouples patch implementation and impedance tuning and
only needs to be assembled once.

Fig. 3(c) shows the matching topologies. For port1, two
lumped components of shunt 1.3-pF capacitor cascaded by
series 1.1 pF are used for impedance matching, while for port2,
two lumped components of shunt 3.4-nH inductor cascaded
by series 0.3-pF capacitor are used. A lumped filter composed
by shunt 0.5-pF capacitor and 8.7-nH inductor is added at
port2 for isolation enhancement. Each component is assigned
with a 2-� resistor to roughly evaluate its loss in simulation.
Dimensions of the solder pads can be seen in the figure.

D. Results

Fig. 4 shows the fabricated prototype. Two 50-� coaxial
cables wrapped with magnetic beads are used to feed the patch.
The practical lumped components are only slightly different
from the simulation, as marked in the figure. The simulation
software is the CST version 2020.

Fig. 5(a) shows the simulated and measured S-parameters
and total efficiencies. The measured results agree with the
simulated well. For S-parameters, the simulated −10 dB
impedance bandwidths are just the Wi-Fi 6 bands, while the
measured are 2.49–2.64 GHz (150 MHz, 5.8%) and 5.19–
5.91 GHz (720 MHz, 12.9%). At higher band, two resonances
exist, both of which operate with the same TM0.5,1 mode and
are caused by impedance matching. The results demonstrate
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Fig. 5. (a) Simulated and measured S-parameters and total efficiencies. (b) Simulated current distributions. (c) Simulated and measured 3-D radiation patterns.

that 3 mm is the proper profile to realize the relative band-
widths of 4.1% and 12.7% at 2.45 and 5.5 GHz, respectively.

The simulated and measured isolations are better than
33.4 and 32.5 dB across the two operation bands, respec-
tively. For average total efficiencies, the simulated results
are −1.3 dB (74.1%) and −1.0 dB (79.4%) for the lower
and higher bands, respectively, while the measured ones are
−1.1 dB (77.6%) and −0.7 dB (85.1%). The slightly higher
measured efficiencies indicate that the 2-� loss assumed is
slightly larger. The measured high levels of isolation and
efficiencies demonstrate that the proposed antenna is with
excellent performance.

Fig. 5(b) shows the simulated current distributions. Classic
TM0.5,0 and TM0.5,1 modes of the half-mode patch can be
observed. The current distributions of the two resonances at
higher band are the identical TM0.5,1 mode, proving that these
two resonances come from impedance matching. Fig. 5(c)
shows the simulated and measured radiation patterns, which
agree well. At 2.55 GHz, it is a broadside beam with the
measured gain of 4.53 dBi. At 5.40 and 5.80 GHz, similar
patterns both with broadside beam can be observed and the
measured gains are both around 9.1 dBi.

E. Performance Comparison

To demonstrate the superiority of the design strategy,
a comprehensive comparison between the proposed antenna
and other dual-band Wi-Fi 6 patch antennas is shown in
Table I. To compare the antenna volume and bandwidth more
intuitively, the parameter, bandwidth-to-volume ratio (BVR),
is introduced. BVR is defined by dividing the relative band-
width by electrical volume, which can evaluate the usage rate
of antenna volume. The references are listed in the order of
antenna profile. These data are interpreted from three aspects.

First, for one thing, the proposed antenna achieves the
maximum BVRs at both bands. For another thing, none of
the reference antennas cover the Wi-Fi 6 dual band with an
exact way, except for the proposed (the antenna in [9] almost
covers the Wi-Fi 6 bands exactly, but its volume is 8.6 times
larger). These two aspects prove that the proposed antenna is
with the highest space usage rate.

Second, only the three antennas in [10], [9], and [14] can
totally cover the Wi-Fi 6 bands, but they are all with a much
higher profile and larger size. Among these three antennas, the
antenna in [14] is with the lowest profile of 0.046λL/0.103λH,
which is far higher than the proposed one of 0.024λL/0.052λH,
while the antenna in [9] is with the smallest size of 0.30 ×

0.30λ 2
L /0.63 × 0.63λ 2

H, which is far larger than the proposed
one of 0.18 × 0.19λ 2

L /0.39 × 0.41λ 2
H.

Third, the proposed antenna is with significant advantage
in terms of antenna size. Except for antennas in [8] and [12],
others are all with a much larger electrical size at both bands.
However, the bandwidths of these two antennas are too narrow
to cover Wi-Fi 6: they are 1.0% and 0.6% at the lower band
and 2.5% and 6.4% at the higher band.

Above all, the proposed antenna not only covers the Wi-Fi
6 bands exactly but also is with the smallest volume compared
to other Wi-Fi 6 dual-band patch antennas.

III. DISCUSSION

In this section, the proposed matching strategy is introduced
in detail first. Then, the comparison between traditional and the
proposed matching methods is conducted. Finally, the isolation
consideration is introduced.

A. Proposed Matching Strategy

As mentioned in Section I, the patch size determines the
natural resonances and the feeding positions determine the
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TABLE I
PERFORMANCE COMPARISON OF THE SMALL-VOLUME DUAL-BAND PATCH ANTENNA OPERATING AT WI-FI 6 BANDS

size of the impedance trajectories. The impedance trajectory
with the natural resonance at the target center frequency
and with the smallest size has the potential to produce the
maximum impedance bandwidth. In this section, the proposed
matching strategy aiming to achieve the maximum impedance
bandwidths and address the exact coverage problem is intro-
duced in detail. As shown in Fig. 6, the initial S11, final
S11, final total efficiency, and initial/final impedance trajec-
tories in the Smith Chart are presented to explain the design
process.

Fig. 6(a) and (b) shows the influence of the patch length and
port1’s position, respectively. When the length increases from
20.55 to 22.55 to 24.55 mm, the initial S11 exhibits a natural
characteristic center frequency of 2.30, 2.45, and 2.63 GHz.
When the lumped components are loaded to make patches with
different lengths resonate at 2.45 GHz, the final S11 and total
efficiency show that the patch with the natural frequency just

at 2.45 GHz achieves the minimum Q factor, maximum band-
width, and best efficiency. The cases of 20.55 and 24.55 mm
may obtain the maximum bandwidths at their own natural
frequencies. Thus, the patch length is selected to make the
initial natural characteristic center frequency of the TM0.5,0
mode resonate at 2.45 GHz. As shown in Fig. 6(b), when
port1’s position moves from the open to the shorting edge
(fx1 decreases from 22.5 to 11.5 to 0.5 mm), as seen from the
rightmost Smith Chart figure, the impedance trajectory gradu-
ally shrinks and Q value reduces, so the resultant bandwidth
gradually widens and total efficiency gets better. Thus, port1’s
position is selected to be aligned with the shorting edge. When
the best patch length and port1’s position are selected, not only
the impedance bandwidth of the TM0.5,0 mode reaches the
maximum, but also the Wi-Fi 6 lower band can be covered
exactly. It is worth mentioning that the performance at the
lower band is slightly affected by the feeding position, whereas
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Fig. 6. Proposed matching strategy explanation. Simulated S-parameters and total efficiencies of the proposed antenna for different (a) patch lengths,
(b) port1’s positions, (c) patch widths, and (d) port2’s positions (unit: mm).

the performance at the higher band is significant, as shown in
the following.

Fig. 6(c) and (d) shows the influence of the patch width
and port2’s position, respectively. The analysis process is
just the same as the case of the lower band. As seen from
Fig. 6(a) and (c), the influence of the patch width on higher
band is as significant as that of patch length on the lower
band. As seen from Fig. 6(b) and (d), the influence of port2’s
position on the higher band is much greater than on the lower
band. The patch width is selected to make the initial natural
characteristic center frequency of the TM0.5,1 mode resonate at
5.5 GHz. The port2’s position along the x-axis is selected to be
close to the shorting edge with minimum Q value (its y-axis
position is determined by isolation, which will be introduced in
Section III-D). When the best patch width and port2’s position
are selected, not only the impedance bandwidth of the TM0.5,1
mode reaches the maximum, but also the Wi-Fi 6 higher band
can be covered.

Thus, it has demonstrated that under the dimensions of
22.55 × 23.95 × 3 mm3, when the maximum bandwidths
of the half-mode patch are achieved, the Wi-Fi 6 bands are
covered exactly at the same time. Based on the analysis above,
the design guideline follows three steps. First, select proper
patch size to make the first two modes resonate at 2.45 and
5.5 GHz using two ports. Second, optimize feeding positions
so that both impedance trajectories in the Smith Chart have the
minimum sizes. Third, use lumped components to make the
two resonances with good matching condition. An iteration is
required for the three steps.

B. Performance Comparison With Traditional Matching
Method

To explain the superiority of the proposed matching method
compared with the traditional matching method, the half-mode
patch with the identical dimensions of the proposed is matched
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Fig. 7. Comparison of the proposed and traditional matching methods at
(a) 2.45 GHz and (b) 5.5 GHz (unit: mm).

by finding the natural 50-� impedance positions without
using lumped components. For Wi-Fi 6 lower band, as shown
in Fig. 7(a), when the feeding via locates 2.9 mm away
from the shorting edge in the middle line, the natural res-
onance resonates at 2.45 GHz. The resultant bandwidth is
only 40 MHz (2.44–2.48 GHz), which is worse than the
proposed 100 MHz (2.4–2.5 GHz). For Wi-Fi 6 higher band,
as shown in Fig. 7(b), when the feeding via locates 9 and
3.9 mm away from the shorting and upper edges, respectively,
the natural resonance resonates at 5.5 GHz. The resultant
bandwidth is 170 MHz (5.42–5.59 GHz), which is far worse
than the proposed 700 MHz (5.15–5.85 GHz). In addition, the
isolation is not considered yet. Therefore, the proposed match-
ing method is superior to the traditional matching method.

C. Isolation Consideration

Isolation must be considered for antenna with multiple
ports. Several factors that can improve the isolation level are
introduced. Theoretically, the center plane of the half-mode
patch is the electric node of the TM0.5,1 mode. By placing
the excitation ports of the TM0.5,0 (port1) and TM0.5,1 (port2)
modes at and offset the center plane, respectively, port1 cannot
excite the TM0.5,1 mode, whereas port2 is able to excite the
TM0.5,0 mode. In other words, the power output from port2
cannot be absorbed by port1, whereas the power output from
port1 can be absorbed by port2. Thus, as shown in Fig. 8(a),
the isolation at a higher band is better than 33.4 dB, but at a
lower band is as poor as 4.7 dB. To improve the isolation at the
lower band, lumped filter composed by inductor and capacitor
is loaded at port2 to prevent port2 from absorbing port1’s
power. When the filter composed by shunt 8.7-nH inductor
and 0.5-pF capacitor is used, an isolation dip is produced at
2.45 GHz and the isolation is improved from 4.7 dB to better
than 33.4 dB. The decoupling effect is determined by the Q

Fig. 8. Isolation consideration. Influences of (a) lumped filter and (b) port2’s
position (unit: mm).

factor of the filter: the larger the Q value (Q2 is proportional
to Csh /Lsh for shunt LC), the narrower the frequency range of
the isolation dip. As seen, when another filter composed by
shunt 1.7 nH and 2.5 pF that is with a higher Q value is used
(keep the product of Csh × Lsh as constant), the isolation dip
range decreases sharply, resulting in worse decoupling effect.

On the other hand, the port2’s position affects isolation.
Fig. 7(b) shows the influence of port2’s y-axis position on
isolation. When port2 gradually approaches to port1 (fy2
increases from 0.5 to 5.5 to 10.5 mm), the isolation level gets
worse and worse: from 38.8 to 31.8 to 15.4 dB. Thus, port2
is placed near the upper/lower patch edge considering port
decoupling.

IV. CONCLUSION

In this article, a small-volume dual-band half-mode patch
antenna is proposed to address the exact coverage problem of
the Wi-Fi 6 bands. The first two modes of the half-mode patch
are engineered for Wi-Fi 6 dual-band coverage. The traditional
matching and component matching methods are combined to
improve the antenna performance. The proposed antenna is
with three unique merits. First, it covers the Wi-Fi 6 bands
in an exact way, indicating that the antenna space is taken
up fully. Second, to the best of the authors’ knowledge, the
proposed antenna is with the smallest volume compared to all
the reported Wi-Fi 6 dual-band patches. Third, the proposed
antenna is with dual-port and aperture sharing properties,
which suits the optimal Wi-Fi 6 RF front-end architecture.
It shows a great potential for modern mobile terminals or IoT
devices.
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