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Abstract—This paper presents a dual-band shared-aperture
patch antenna array with self-decoupling capability. A patch unit
is first proposed, comprising four square patches and a Jerusalem
cross-shaped stripe (JS), all located on the same PCB layer. The
unit operates in the high-band (HB) mode by individually exciting
any of the four patches, and in the low-band (LB) mode by
exciting the central JS, which in turn excites the entire unit. The
two operating bands exhibit a small frequency ratio of 1.2:1,
enabling coverage of adjacent 6G mid-bands. Both in-band and
cross-band isolations exceed 20 dB across all ports, without
requiring additional decoupling structures. To demonstrate
scalability, four units are cascaded to form a larger array. Small
T-shaped stripes, also printed on the same layer, are introduced to
enhance isolation between HB patches nested in different units,
while the units maintain self-decoupling in the LB. Both the patch
unit and the array are fabricated and tested. The measured results
agree well with simulations, validating the proposed design. The
array operates in two bands: the LB centered at 12 GHz with an
14.2% bandwidth, and the HB centered at 14.5 GHz with a 11%
bandwidth. Beam-scanning ranges of £50° in the HB mode and
+20° in the LB mode are achieved. With its structural simplicity,
low profile, self-decoupling capability within both bands, and
robust beamforming performance, the proposed array serves as a
promising phased array candidate for future 6G applications.

Index Terms—Beamforming, differentially-fed
dual-band, self-decoupling, shared-aperture
sixth-generation (6G) wireless communication.

antenna,
antenna,

I. INTRODUCTION

WITH the evolution from 3G to 6G, communication
equipment, including base stations and vehicle-mounted
devices, must support multiple communication standards and
diverse user scenarios [1]-[5]. Driven by the continuous pursuit
of antenna miniaturization, the "aperture sharing" concept has
been adopted, enabling multiple antennas to operate at different
frequency bands within a shared aperture [6]-[10]. This
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Fig. 1 Tllustration of the interference mechanisms within a typical side-by-side
dual-band antenna array.

approach enhances space utilization efficiency and enables
multifunctional antenna systems. However, it also presents a
significant challenge: mitigating multiple types of interference
between antenna elements.

As shown in Fig. 1, a typical side-by-side shared-aperture
dual-band array suffers from severe scattering and coupling
[11]-25]. On one hand, the taller low-band (LB) antennas
scatter the electromagnetic fields radiated by the lower
high-band (HB) antennas, significantly distorting their
radiation patterns—often the most critical issue in such
configurations. Conversely, the HB antennas can also reduce
the gain of the LB antennas under certain conditions [11].
These distortions are collectively referred to as cross-band
scattering. On the other hand, strong coupling effects further
degrade performance, reducing port-to-port isolation. These
include in-band coupling between the HB antennas, in-band
coupling between the LB antennas, and cross-band coupling
between antennas operating at different frequency bands. They
should be addressed differently and simultaneously.

Cross-band scattering occurs when one antenna obstructs
another’s radiation, and various mitigation strategies have been
explored. One approach modifies the LB antenna to be
electromagnetically transparent to HB radiation [12]-[15].
Another lifts the HB antennas to the same height or above the
LB antennas to prevent obstruction [16]-[22]. But all these
designs have a profile comparable to or exceeding the standard
dipole height at the LB. In [23], the LB antenna’s profile is
reduced without elevating the HB antenna, achieving a lower
array profile, but this approach is limited to a single LB-HB
pair and lacks array applicability.

If both LB and HB antennas are patch antennas placed on the
same layer, blocking and cross-scattering effects are minimum,
and the profile is much lower than existing designs. However,
no effective shared-aperture patch configuration currently



>REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 2

exists, as such an arrangement leads to severe coupling issues.
Although existing shared-aperture antenna designs also address
coupling issues, different types of coupling are typically
managed separately, and not all three types shown in Fig. 1 are
mitigated simultaneously. This can significantly impact
beamforming performance when integrated into a larger array.
Moreover, one of the key objectives of shared-aperture
antennas is miniaturization. Ideally, the decoupling network
should occupy minimal space to preserve the compactness of
the antenna structure. This presents an inherent contradiction,
making the design challenge even more demanding.

To achieve decoupling between antennas without occupying
additional space, the self-decoupling method [24]-[31] offers a
promising solution. In [24]-[26], self-decoupling of single-band
antenna arrays is implemented by designing weak-field
structures. Recently, several self-decoupled dual-band
shared-aperture antenna designs have been published [13], [15],
[27]-[31]. However, these approaches typically achieve
decoupling in only one frequency band, usually by
incorporating supplementary structures within the antennas
operating in the other band. There is currently no
self-decoupling method that manages couplings in both the
bands for shared-aperture antennas.

In this paper, a compact and low-profile self-decoupled
dual-band shared-aperture patch array is developed, as
illustrated in Fig. 2. The HB antennas are standard square
patches, highlighted in yellow, operating in the 13.7-15.3 GHz
band (11%). Four HB patches, along with a Jerusalem
cross-shaped stripe (JS) highlighted in green, form an LB
element, which operates in the 11-12.7 GHz band (14.2%). The
in-band isolation between HB elements, the in-band isolation
between LB elements, and the cross-band isolation between LB
and HB antennas all exceed 20 dB across both frequency bands,
without requiring additional decoupling structures. Since the
LB and HB antennas are located on the same layer, the antennas
maintain a stable radiation pattern without cross-band
scattering. These characteristics guarantee a superior
beamforming capability of the array. To validate the proposed
design, an array consisting of a 1x4 LB array and a 2x8 HB
array is fabricated and tested. The results demonstrate favorable
beam-scanning performance in both bands, achieving scanning
ranges of £20° for the LB and +50° for the HB.

The novelty and contribution of this work are summarized as
follows:

(1) New shared-aperture antenna design method with
small frequency ratio: This method enables aperture sharing
on the same PCB layer for both LB and HB designs with a
small frequency ratio, effectively avoiding cross-band
scattering. Although such co-layered aperture sharing typically
increases coupling, all coupling levels in the proposed array are
maintained below —20 dB.

(2) New dual-band self-decoupling method: This work
develops a self-decoupling approach that effectively operates in
two frequency bands. The in-band coupling at both LB and HB,
as well as the cross-band coupling between them, are
self-managed.

(3) Ultra-compact structure and low profile: This work
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Fig. 2. Configuration of the developed self-decoupled shared-aperture patch

antenna array. The yellow square patches represent the HB antennas, while four

HB antennas, together with the green Jerusalem cross-shaped stripes (JS), form

the LB antenna.

has an ultra-low profile of only 0.089 A;. The combination of
space-saving strategies—aperture-sharing and self-decoupling,
advances antenna miniaturization to the next level.

(4) Application in 6G: The antenna is designed to operate at
two adjacent 6G mid-bands with a small frequency ratio. The
well-maintained isolation and stable radiation patterns enable
robust beamforming performance. Combined with its
scalability, compactness, and structural simplicity, the array
serves as a promising phased array candidate for 6G systems.

The rest of the paper is organized as follows: Section II
discusses the operating and decoupling mechanisms of a
shared-aperture unit comprising one LB antenna and four HB
antennas. Section III extends this unit to a larger array, focusing
on inter-unit coupling. Section IV presents the experimental
results, and Section V concludes the paper.

II. SHARED-APERTURE PATCH UNIT

According to [32], the 6G spectrum is expected to
encompass mid-range frequencies from 7 to 15 GHz, including
specific bands such as 10.7-13.25 GHz and 14-15.35 GHz.
Consequently, the HB and LB antennas in this paper are
designed to operate at center frequencies of 14.5 GHz and 12
GHz, respectively, for 6G applications. Fig. 3 illustrates the
configuration evolvement of the developed dual-band
shared-aperture patch unit. All patches are printed on the top of
a Rogers 5880 substrate with a thickness of 2 mm, dielectric
constant of 2.2, and a loss tangent of 0.0009. Each unit is
differentially excited using a pair of probes, which are
combined into a single port via a differential power divider.

As shown in Fig. 3(a), the initial configuration (Config.) is
a conventional 2x2 patch array operating at targeted HB
centered at 14.5 GHz. To enable operation in the LB centered at
12 GHz, Config. 2 introduces a cross-shaped stripe. By
exciting this stripe, the HB array can also operate in a low-band
mode, allowing the unit to support both LB and HB operation.
However, this configuration suffers from strong coupling
among the ports. In Config. 3, the cross-shaped stripe is
extended into a JS structure, which significantly enhances both
in-band and cross-band isolations. Finally, in Config. 4, a slot
is etched into the JS, further improving the cross-band isolation
and improving the LB operating bandwidth. The design
insights and rationale behind each evolutionary step are
discussed in detail below.
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Fig. 3. Configuration evolution and simulated S-parameters of the
shared-aperture antenna unit. (a) Config. 1. (b) Config. 2. (c¢) Config. 3. (d)
Config. 4. (Reflection coefficients, in-band coupling coefficients, and
cross-band coupling are plotted in solid, dash, and dot lines, respectively.)

A. Config. 1: Standard 2 %2 square patch array

As shown in Fig. 3(a), Config. 1 is a standard patch antenna
array, where each element has a size of 0.3 Ay x 0.3 Ay mm? (An
is the wavelength at the HB center frequency of 14.5 GHz) and
is horizontally polarized. The center-to-center spacing between
elements is 0.5 Ax, and edge-to-edge distance is 0.19 Ax. The
patches are impedance-matched across a bandwidth from 14.3
to 15.3 GHz, corresponding to a fractional bandwidth of 6.9%.
The in-band couplings among the four patches are strong,
remaining above —20 dB, and includes both E-plane coupling
(e.g., between Ants. 1 and 2) and H-plane coupling (e.g.,
between Ants. 1 and 3).

B. Config. 2: Excite the HB array in the LB mode

In Config. 2, as shown in Fig. 3(b), a cross-shaped stripe is
integrated with the patches. Similar structures are commonly
used in magneto-electric (ME) dipole designs [33]-[36], where
the cross-shaped stripe forms part of the feed network to excite
four dipoles operating in the half-wavelength mode. However,
in this work, the structure is repurposed to excite the four patch
elements, and the operating principle is different. When the unit
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Fig. 4. Surface current distribution of Config. 2 when the unit is excited in the
LB mode at 12 GHz.

is excited via the cross-shaped stripe, it does not resonate in the
half-wavelength mode typical of ME dipoles, nor in the
fundamental TM o mode of the entire unit behaving as a single
patch. If either of those modes were excited, the resulting
operating frequency would be much lower, yielding a
frequency ratio between the HB and LB modes exceeding 2:1.
Our target is to excite the entire unit in a LB mode around 12
GHz, corresponding to a small frequency ratio of
approximately 1.2:1 relative to the HB center frequency of 14.5
GHz. This requires a different strategy from those typically
used to achieve dual-band operation with a 2:1 frequency ratio.

Fig. 4 illustrates the surface current distribution when the
unit is excited through the ports (P5+ and P5—) on the
cross-shaped stripe. As shown, all four patches are
simultaneously excited and resonate in the TMio mode.
However, since the excitation occurs through the cross-shaped
stripe, the current path is longer than that of individual patch
excitation via the HB ports (P/+ and PI-), shifting the
resonant frequency down to approximately 12 GHz. If the
entire unit was to behave as a single large patch, the expected
operating frequency would drop further to around 6 GHz. The
resonance frequency of the LB mode can be simply adjusted by
changing the length of the stripe (L;).

Although Config. 2 demonstrates the potential for dual-mode
operation within a single unit, it suffers from strong in-band and
cross-band coupling, as shown in Fig. 3(b), which must be
mitigated.

C. Config. 3: Improving isolations using JS

As illustrated in Fig. 3(c), Config. 3 replaces the original
cross-shaped stripe with the JS, which significantly enhanced
both the in-band and cross-band isolations. The JS was
optimized to meet the following three goals simultaneously.

In-band isolation between the HB antennas: The in-band
isolations between any two HB antennas exceed 20 dB,
including both E-plane coupled pairs and H-plane coupled pairs.
The decoupling mechanism is widely used in many decoupling
designs [37], where an additional coupling path is introduced
such that the coupled energy from the new path destructively
interferes with that from the original path, effectively
cancelling out the mutual coupling. This decoupling
mechanism, commonly adopted in many decoupling designs
[37], introduces an additional coupling path—typically via a
parasitic element (JS)—so that the energy coupled through this
new path destructively interferes with that of the original
coupling path, thereby effectively suppressing the overall
mutual coupling.




>REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 4

Electric field
Null Region

Electric field

Null Line

(@ (W]
Fig. 5. Electric field distributions on the unit when (a) the HB Ant. 1 is excited
and (b) all the HB antennas are excited.

Cross-band isolation at the HB: Fig. 5(a) shows the electric
field distribution on the unit when the HB Ant. 1 is excited. As
seen in the figure, a null region of the electric field appears on
the JS. This null region can be tuned by optimizing the size of
the JS and the distance between the JS and the HB patches.
Similar null regions are observed when the other HB antennas
are excited. These null regions overlap, as illustrated in Fig.
5(b). By placing the feed ports of the LB antenna within this
overlapped region, high cross-band isolation at the HB can be
achieved [38].

Cross-band isolation _at the LB: When the shared-aperture
unit is excited in the LB mode via P35, all HB patches are
simultaneously excited, as demonstrated by the current
distributions in Fig. 6 for either Configs. 2, 3, or 4. This
inevitably leads to energy coupling into the HB ports, resulting
in strong cross-band coupling. However, since the HB patches
are fed differentially, a potential solution is to balance the
coupling currents entering the two differential ports.
Specifically, if the currents entering P/+ and P/— are equal in
both amplitude and phase, they will cancel each other out at the
combined port P/ after passing through the differential power
divider (PD).

Fig. 6 plots the magnitudes and phases of Ss;+ and Ss;-,
representing the energy coupled from the LB port P5 into the
differential HB ports P/+ and P/—. It also includes the
magnitude of Ss5;, which characterizes the net energy reaching
port Pl after ideal combination through a differential PD.

In Config. 2, as shown in Fig. 6(a), the magnitudes of Ss;+
and Ss;- are relatively low (-20 to —25 dB); however, they
exhibit a 180-degree phase difference. This causes the coupled
energy entering the two differential ports to add constructively
at the combined port, resulting in a high Ss; value of around —10
dB. In contrast, Config. 3, illustrated in Fig. 6(b), achieves a
much smaller phase difference between Ss;+ and Ss;-, allowing
partial cancellation at the combined port and thereby
suppressing Ss; to approximately —20 dB.

It is worth noting that the magnitude and phase balance
between Ss;+ and Ss5;- can be fine-tuned by adjusting the lengths
of the JS arms—L; for amplitude and L3 for phase. In theory,
one could achieve perfect cancellation (Ss5; = S57+ + S5—= 0) by
carefully optimizing these parameters, thereby maximizing
cross-band isolation. However, such tuning would impact other
critical performance metrics, such as in-band coupling. For this
reason, further suppression of Ss; is not pursued in Config. 3,
but is instead realized in Config. 4.

%_ LT T T g0
i A
Jol .~ T 180
P50 == ==d=-= T T
o sof T TV TTT S
-40 S.—1 8
-50 51 ~
1.0 115 120 125 130
Config. 2 Frequency (GHz)
(a)
Pl - . .
as} Ss S5, — =
PDI KA I J__’____ Db 180
> o0 -] 0
& = -180
1+ P.

)

_ S E]
W

-3

(=]

>

© Phase (deg)

1.5 120 125
Frequency (GHz)

S.

51— =857

s — e A —

-180

B

=2

2

<

Ss1 =

1.5 120 125 130
Frequency (GHz)

Config. 4

()
Fig. 6. Illustration of the cross-band self-decoupling mechanism in the LB mode
when port P35 is excited, along with the simulated transmission coefficients from
the LB combined port P5 to the HB differential ports P/+ and P/—, and to the
summed port P1, for (a) Config. 2, (b) Config. 3, and (c) Config. 4.

D. Config. 4: Further decoupling and LB bandwidth
enhancement by etching slot on the JS

As shown in Fig. 3(d), Config. 4 introduces a narrow slot on
the JS to further enhance performance, including the cross-band
isolations and the LB mode bandwidth of the unit. Comparing
Fig. 6(c) with Fig. 6(b), it is observed that the phase difference
between Ss;+ and Ss;.. remains largely unchanged after
introducing the narrow slot. However, the magnitude balance
improves significantly. Prior to adding the slot, the coupling to
P11+ is weaker than to PI-, as PI+ is located farther from the
vertical arm of the JS. The narrow slot facilitates strong
horizontal current flow, which redirects more energy toward
PI+. This redistribution enhances the amplitude balance
between Ss;+ and Ss.., a critical requirement for effective
decoupling.

As illustrated in Fig. 6(c), Ss; is suppressed to as low as —45
dB when both the amplitudes and phases of Ss;+ and Ss;- are
nearly identical. As frequency increases, amplitude and phase
imbalances, particularly the phase difference, gradually grow,
leading to increased cross-band coupling. Ss; peaks around 12.7
GHz, where the phase difference between Ss;+ and Ss;- is the
largest, further validating the proposed cross-band
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Fig. 7. (a) Current distributions and (b) radiation patterns of the shared-aperture
unit in Config. 4 when the LB mode is excited at 11.6 GHz and 12.4 GHz; and
the (c) variation of Ss55 and Ss; with the different values of Ws.

self-decoupling analysis.

On the other hand, the LB operational bandwidth is
significantly widened from 10% (11.6-12.8 GHz) in Config. 3
to 14.3% (11-12.7 GHz) in Config. 4. This improvement is
primarily attributed to better impedance matching at the first
resonance around 11.6 GHz. As shown in Fig. 3(d), Config. 4
clearly exhibits two well-defined resonances, whereas Config.
3 also has two, but the first one is poorly matched. Figs. 7(a)
and 7(b) compare the current distribution and radiation patterns
of the unit at these two resonances. Despite some reversed
surface currents observed at the second resonance, the unit
maintains consistent radiation patterns and realized gain, i.c.,
11 dBiat 11.6 GHz and 11.3 dBi at 12.4 GHz. The matching at
the first resonance can be effectively tuned by adjusting the slot
width, as demonstrated by the parameter sweep results shown
in Fig. 7(c).

E. Final configuration

The final configuration of the developed small frequency
ration, dual-band shared-aperture unit is presented in Fig. 8.
The entire structure consists of three substrate layers and three
metal layers. All radiators are printed on the top side of Sub 1.
The bottom side of Sub 3 accommodates the differential power
dividers required for differentially-fed antennas (DFAs). The
top side of Sub 2 serves as the ground plane. Feed probes
extend through all layers, facilitating the connection between
the feed network at the bottom and the radiating patches at the
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Fig. 8. (a) Top view, (b) bottom view, and (c) side view of the developed
dual-band shared-aperture patch antenna unit consisting of one LB antenna and
four HB antennas. (Unit: millimeter)
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Fig. 9. Simulated results of the final configuration of the developed
shared-aperture unit. (a) S-parameter results; (b) radiation pattern of LB Ant. 5 at
two sample LB frequencies; (c) radiation pattern of HB Ant. 1 at the HB center
frequency; (d) radiation pattern of the HB array (Ants. 1+2+3+4) at the HB
center frequency, and (e) realized gain and radiation efficiency.

top. Sub 1 and Sub 3 are made of Rogers 5580. Sub 2 acts as a
prepreg layer, utilizing Rogers 4450F prepreg, which has a
dielectric constant of 3.2 and a loss tangent of 0.004. The
dimension of the final unit is 20x20x2.227 mm?, corresponding
to 0.84:%0.84:x0.089/; (/1 is the wavelength at the LB center
frequency of 12 GHz).
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The simulated S-parameter results of the developed unit,
including the differential PDs, are shown in Fig. 9(a). The unit
operates in both the LB mode from 11 to 12.7 GHz (14.3%) and
the HB mode from 14 to 15.1 GHz (7.6%). The isolation
between any two ports across both LB and HB bands exceeds
20 dB. Fig. 9(b) plots the E- and H-plane radiation patterns of
the unit in the LB mode at 11.6 GHz and 12.4 GHz, showing

realized gains ranging from 10.5 to 11.3 dBi across the LB band.

Fig. 9(c) presents the radiation patterns of HB Ant. 1 at the HB
center frequency of 14.5 GHz. As depicted in Fig. 9(e), the
realized gain ranges from 5.8 to 6.3 dBi across the HB band,
while the radiation efficiency remains high, ranging from
99.3% to 99.7%. Other HB patches demonstrate similar
performance due to the structural symmetry. Although the HB
antenna exhibits lower gain compared to the LB antenna, this is
because only one of the four HB patches is excited. When all
four HB patches are excited simultaneously, the realized gain
increases to 12 dBi, with the corresponding radiation patterns
shown in Fig. 9(d).

III. SHARED-APERTURE PATCH ARRAY

As shown in Fig. 10, four of the shared-aperture patch units
described in the previous section are cascaded to form a linear
shared-aperture patch array, comprising a 2x8 HB array and a
1x4 LB array. The edge-to-edge spacing between adjacent units
is only 0.8 mm, corresponding to approximately 0.03 A;. To

enhance isolation between HB patches located in adjacent units,

such as between Ants. 2 and 6, six additional T-shaped stripes
(TS) are introduced. The adjacent LB antennas are
self-decoupled by optimizing the JS.

A. Self-decoupling between adjacent LB antennas

To illustrate the patch unit’s self-decoupling capability at the
LB, Fig. 11 compares the current distributions and S-parameter
results of arrays employing units with Configs. 2 and 4. Note
that the results for the unit with Config. 3 are similar to those of
Config. 4 and are therefore not presented here. As can be
observed from the figure, strong coupling exists among
adjacent units when the unit is excited using the cross-shaped
strip (Config. 2). However, after replacing the cross-shaped
strip with the JS (Config. 4), the coupling is significantly
reduced, even though the edge-to-edge distance is smaller. The
isolation exceeds 25 dB across the entire LB band. This
demonstrates that the JS plays a critical role in confining the
energy within each unit.

B. Decoupling adjacent HB antennas nested in different units

As discussed in the previous section, the in-band couplings
between the HB antennas nested within the same
shared-aperture unit (e.g., HB Ants. 1-4) are effectively

mitigated by the JS. However, when multiple units are cascaded,

the couplings between adjacent HB antennas from different
units (e.g., between HB Ants. 2 and 6) remain sufficiently
strong to impact the overall performance of the array. This
problem is addressed by introducing TS pairs between adjacent
patch units. As shown in Fig. 12, the inclusion of TS
substantially suppresses the in-band coupling between any two
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Fig. 10. (a) Top view and (b) bottom view of the shared-aperture antenna array
consisting of a 2x8 HB array and a 1x4 LB array.
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Fig. 11. (a), (b) Configurations; (c), (d) current distributions; and (e), (f)
S-parameter results at the LB of Config.2 and Config.4, each employing
different shared-aperture units.
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Fig. 12. Simulated S-parameters of the shared-aperture array without and with
TS at the HB.
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Fig. 13. Simulated radiation patterns. (a) LB Ant. 5 and (b) LB Ant. 10 at 12
GHz, (c) HB Ant. 1 and (d) HB Ant. 7 at 14.5 GHz.
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Fig. 14. Simulated beam scanning performance of the shared-aperture antenna
array at (a) 12 GHz and at 14.5 GHz of the (b) 1x8 and (c) 2x8 array.
HB patches. Although a slight frequency shift of the HB
antenna is observed, the operational band remains largely
unchanged. Additionally, the TS structures have minimal
impact on the cross-band coupling and the in-band coupling at
the LB, preserving the overall isolation performance of the
array.

C. Beam scanning performances

Fig. 13 shows the E- and H-plane radiation patterns of two
HB antennas and two LB antennas located at different positions
within the array. Despite a slight asymmetry observed in the
HB patterns in the H-plane, which is primarily caused by the
asymmetric current distribution on the JS, the overall radiation
patterns remain well-formed. These antennas are subsequently
employed for beamforming by applying progressive phase
shifts at their feed ports.

The simulated beam-scanning performance of the
shared-aperture antenna array is illustrated in Fig. 14. For the

(a) (®
Fig. 15. (a) Top view and (b) bottom view of the fabricated prototype of the
shared-aperture antenna unit.
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Fig. 16. Simulated and measured S-parameters of the shared-aperture antenna
unit.
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Fig. 17. Simulated and measured radiation patterns of the shared-aperture unit
at (a) the LB and (b) the HB.

LB array, as shown in Fig. 14(a), beam steering within £20° is
achieved at 12 GHz, with the realized gain ranging from 15 dBi
to 16.8 dBi. Fig. 14(b) presents the radiation patterns of the HB
array comprising only the patches in the top row (HB Ant. 1, 2,
6,7, 11,12, 16, and 17). At 14.5 GHz, the HB beam can be
steered within £50°, achieving a peak gain of 14.3 dBi with a
gain variation of only 2.8 dB. The bottom row patches exhibit
similar performance and can operate as a separate array. When
exciting the full 2x8 array, as shown in Fig. 14(c), the scanning
performance in the horizontal plane is similar to that of the 1x8
array, while offering a higher peak gain of 17.0 dBi. On the
other hand, the vertical beamwidth is narrower for the 2x8 array.
For instance, at broadside (8 = 0°), the half-power beamwidth
(HPBW) in the vertical plane is 13.6° for the 1x8 array and
13.9° for the 2x8 array. The scanning performance of the LB
array is limited compared to the HB array due to the small
number of elements (only four).
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IV. EXPERIMENTAL RESULTS

A. Shared-aperture antenna unit

The developed shared-aperture antenna unit was fabricated
and tested, with the prototype shown in Fig. 15. Figs. 16 and 17
presents a comparison between the simulated and measured
S-parameters and radiation patterns of the unit. The measured
results show good agreement with the simulations. As shown in
Fig. 16, the measured 10-dB impedance bandwidth of HB Ant.
1 spans from 13.9 to 15.3 GHz, corresponding to a 9.7 %
fractional bandwidth, which is slightly wider than the simulated
result. Within this band, the in-band coupling between the HB
antennas is effectively suppressed to below —20 dB. On the
other hand, the measured bandwidth of LB Ant. 5 is 14.2%,
spanning from 11 to 12.7 GHz. Additionally, the measured
cross-band coupling (Ss;) is less than -25 dB within the LB
band and less than -20 dB within the HB band. The results for
the other HB antennas are similar due to the structural
symmetry and are therefore not presented.

Fig. 17 presents the simulated and measured radiation

patterns of HB Ant. 1 and LB Ant. 5 at three sample frequencies.

The measured results closely match the simulated ones,
validating the design. The measured realized gain of the HB
antenna exceeds 6 dBi, while that of the LB antenna varies
between 10 and 11.1 dBi.

B. Shared-aperture antenna array

The shared-aperture antenna array was also fabricated and
tested, with a photo of the prototype shown in Fig. 18. The
comparison between the simulated and measured S-parameter
results of shared-aperture antenna array are plotted in Fig. 19.
The measured results exhibit good agreement with the
simulations, with the observed discrepancies primarily
resulting from additional losses from the cables and SMP
connectors.

As shown in Fig. 19(a), the measured bandwidth of the LB
antennas is 14.2%, covering 11 GHz to 12.7 GHz, while the
measured HB bandwidth spans from 13.7 GHz to 15.3 GHz,
corresponding to 11%. Fig. 19(b) shows that the cross-band
coupling between any HB and LB antennas remains below —21
dB across both bands.

Fig. 19(c) presents the in-band coupling coefficients between
the LB antennas, all of which are lower than —22 dB, indicating
strong isolation. The in-band coupling coefficients between
adjacent HB antennas are lower than —26 dB at the center
frequencies. It is noted that the coupling between HB antennas
located in adjacent units, such as Ss, is relatively higher,
staying above —16 dB across the entire band, while all other
in-band couplings remain below -20 dB. This slight
degradation in isolation is still acceptable for beamforming
applications, especially considering the compactness and
simplicity of the proposed structure.

Fig. 20 presents the simulated and measured radiation
patterns of selected LB and HB antennas at representative
frequencies. The measured radiation patterns are generally
well-formed and align closely with the simulations. The
measured realized gains of LB antennas range from 10.4 to 10.9

P CPIOF ¢
T
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(®
Fig. 18. (a) Top view and (b) bottom view of the fabricated prototype of the
shared-aperture antenna array.
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Fig. 19. Simulated and measured (a) rE:ﬂ)ected coefficients at both LB and HB,
(b) cross-band coupling coefficients at both LB and HB, (c) in-band coupling
coefficients at LB and HB.
dBi, while those of the HB antennas vary from 5.6 to 6.8 dBi.

Due to the lack of affordable beamformers, the beamforming
performance of the array was evaluated in MATLAB using
ideal phase shifts and the measured radiation patterns of
individual elements, each measured separately while the other
elements were terminated with 50-Ohm loads. The results are
compared with the simulated performance in Fig. 21. The HB
array achieves a peak gain of 14.6 dBi at boresight and supports
beam scanning up to £50° with a modest gain drop of 2.8 dB. It
should be noted that these results correspond to the HB array in
the top row only; if the bottom-row HB array is also excited, the
overall gain can be further increased. Meanwhile, the LB array
attains a scanning range of £20° with a peak realized gain of
16.8 dBi and minimal gain fluctuation of only 0.7 dB.
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TABLE I
COMPARISON OF DUAL-BAND SHARED-APERTURE ANTENNA ARRAY

b o

Realized Gain (dBi)
w
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HB Ant. 7 DECOUPLING PERFORMANCE
(b) Ref.| Method ES FR/BW _[Profile| Scanning | Isolation
Fig. 20. Simulated and measured radiation patterns of (a) LB Ant. 5 an Ant. 10 1.5:1 LB: NG
and (b) HB Ant. 1 and Ant. 7 in the shared-aperture array at several sample  [13] HB under |LB: Element| | o 19% 1022 4, LB:NG | yoss dB
frequencies. LB |HB:051in| ppotaco) | HB:NG | 55 n
Cavity- . 4:1 . LB: NG
[20]| backed |-2:Elementpp 33 300108 4, FBING |y o6 a8
Slots HB: 0.6 1 HB: 32.7% HB: NG Cx: >29 dB
However, noticeable differences are observed in the side Cavity- | 1p.034, | 41 LB:NG | [B:~18dB
k (21| backed |57 |LB:333% (017 4| g g | HB:>29 dB
lobe levels of the LB array between the simulated results and Slots S04 41 g 30 79 : Cx: >25 dB
tth measurement-baseq MAT.LAB synthesis. This discrepancy ol pss | LB034 L];:54:(1)°/ 010 | LB:NG Ili}g ig ((11];
arises because the simulations account for both mutual |30 HB: 0.42 4| o o 7 7 HBiNG | 00 e
. . . . 0 .
coupling and active  S-parameters, whereas the 311 LB NG
MATLAB-based synthesis considers only the coupling effects  |[31] Erggg ]}“{}?3%11“11?: LB:38% [0.28 A, IIEBB ﬁg HB: >30 dB
using unit-pattern synthesis and neglects impedance mismatch. HB: 28% Cx: >25 dB
To more accurately evaluate the beamforming performance of [40] Metal  [LB: Element LB~7‘#7% 0.03 4| LB:NG ;};: ECC};
the self-decoupled shared-aperture antenna array, we fabricated Groove | HB:0.24n | yp- 11 g0, HB: £25%| . >15 dB
three feed networks with different phase shift Valqes: one for 4| Metal [LB: 0057 LB~2:9 130/ 025 .| LBING Ili}g :g ((11];
scanning the LB array to 20°, and two for scanning the HB BV Sripe | HB: 0.4 4y R 2690 | | HB: +60° Cx. =16 dB
. . . . 0 .
array to 20° and 50°, respectively. The designs of the power 12:1 LB:522 dB
dividers and the corresponding simulation and measurement O“rneciﬁglin Ilig: g;’gj; LB: 14.2%0.09 4, :_“IBB'_ ﬁgo HB: >20 dB
results are presented in Fig. 22. Good agreement is observed il HB: 11% Cx:>21dB

between the simulated and measured beamforming patterns.

*Ref.: Reference; ES: Edge-to-edge Spacing; FR: Frequency Ratio; BW:
Working Bandwidth; NG: Not Given.



>REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 10

C. Comparison

TABLE 1 presents a comparison with state-of-the-art
dual-band shared-aperture antenna arrays. While the bandwidth
achieved in this work is relatively narrower, this is primarily
due to the use of microstrip patch elements, which offer
significantly lower profiles. The proposed design introduces a
novel self-decoupling method capable of operating in two
frequency bands with a small frequency ratio. This
self-decoupling method offers excellent simplicity and
compactness. Furthermore, good beamforming performance
has been validated, demonstrating its suitability for future 6G
applications.

V. CONCLUSION

This paper presented a compact, low-profile dual-band
shared-aperture patch antenna array with self-decoupling
capability. The design process began with a standard patch
array and evolved through the introduction of a Jerusalem cross
(JS) and a slotted JS to enable dual-band operation with strong
in-band and cross-band isolation. The decoupling mechanisms
were analyzed in detail and validated through full-wave
simulations. The unit was extended into a linear array, with
additional T-shaped strips introduced to manage inter-unit
coupling. Both the unit and array were fabricated and measured,
showing good agreement with simulations. The results confirm
the proposed structure’s effectiveness in achieving high
isolation, compact integration, and robust beamforming,
making it a promising solution for future 6G antenna systems.
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