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Abstract— This article presents a dual-band and dual-polarized
microstrip antenna array with broadside beam scanning ability
for millimeter-wave applications. Within a compact multilayer
structure, wide bandwidth and high port isolation are achieved by
using double-layer gridded patches with three groups of metallic
via-fences. For beam scanning purpose, a prototype of 2 × 2 array
is designed, fabricated, and tested. The experimental results agree
well with the simulations. For both orthogonal polarizations,
the −10 dB bandwidth covers 23.3–31.7 and 42.5–46.5 GHz with
average gains of 12 and 13.1 dBi, respectively. A 3 dB beam
scanning angle from −51◦ to 43◦ at 27 GHz and −28◦ to 30◦
at 45 GHz is obtained. The proposed array provides dual-band
and wideband properties for dual orthogonal polarizations with
competitive beam steering range and compact dimensions, as a
feasible solution for fifth-generation (5G) millimeter-wave mobile
communications.
Index Terms— Antenna diversity, antenna radiation pattern,
microstrip antennas, multiple frequency antennas.

I. I NTRODUCTION

W

ITH the rapid development of the fifth-generation
(5G) communication, stricter requirements on high
data rate, large channel capacity, and low latency transmission attract researchers’ attention to millimeter-wave (mmW)
techniques [1]–[4]. Several mmW bands, for instance, spectra around 28, 38, 45, and 60 GHz, have been assigned
for 5G development [5]–[9] and many works focused on
these bands have been proposed for mobile handsets and
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base stations [10]–[14]. Recently, according to different system requirements, mmW ultra-wideband antennas [15]–[18]
or multiband antennas [19]–[32] are widely investigated to
cover two or more frequency bands simultaneously for the
expansion of available spectrums. They also save the occupied space and fabricated cost due to their high integration.
This article mainly focuses on dual-band performances which
avoid interferences with allocated or undesired bands [33].
One general way to achieve dual-band antennas is to combine two independent elements operating at different bands
together [20]–[24]. Another method for dual-band antenna
is to achieve dual modes operating at different frequencies [25]–[32]. The dual-polarized antenna is also widely
investigated and applied for addressing the problems of heavily
increased path loss and multipath fading in mmW frequency
bands. Microstrip antennas and crossed-dipole antennas are
two typical ways for dual polarizations [34]–[38]. However,
quite a few researches on dual-band dual-polarized (DBDP)
antennas, especially for mmW frequency, are reported in
the state-of-the-art literature [39]–[45]. The stacked printed
dipoles driven by a pair of differential ports are fabricated with
a bandwidth of 11.4% and 5.1% [41]. In [42], by utilizing
a square ring and a square patch fed by microstrip feeding
lines, a DBDP antenna element is realized with a bandwidth
of 1.4% (27.88–28.28 GHz) and 1.8% (38.56–39.28 GHz).
For obtaining the scalability of a DBDP antenna array, dual
off-center-fed dipoles are adopted in [45]. Finally, a 2 ×
2 array is tested, covering bandwidths of 27.2–30.2 and
35.7–40.3 GHz with the peak gains of 13.1 and 13.2 dBi.
To achieve wider bandwidths, metasurface-based broadband microstrip antennas have become a research hotspot
recently [46]–[48]. On this basis, dual-band single-polarized
antenna element [30] and DBDP antenna array [49] with
modified metasurfaces as their primary radiators achieve the
bandwidths of wider than 13.85% (24.2–27.8 GHz) and 11.3%
(36.7–41.1 GHz), respectively. Therefore, it is a great challenge to realize mmW DBDP antenna array combining the
merits of wide bandwidths, compact sizes, stable radiation
performance, and beam scanning ability.
In this article, as illustrated in Fig. 1, a DBDP four-element
microstrip antenna array with broadside radiation is proposed
by utilizing two layers of gridded patches with triple groups of
via-fences. Symmetric radiating and feeding structures support
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two orthogonal polarizations. The upper gridded patch operates as the main radiator, fed through the cross-shaped coupling slot. The TM10 and antiphase TM20 modes are excited
at 27 and 45 GHz, respectively. By appropriately arranging
the lower parasitic gridded patch, the input impedances of
these two modes are matched simultaneously for dual-band
coverage with wide bandwidth and high port isolation. Three
groups of via-fences are properly designed for multiple goals,
including bandwidth enhancement, surface wave suppression,
and sidelobe level reduction. A prototype of the proposed
2 × 2 array has been fabricated with dimensions of 16.5 ×
16.5 × 2.078 mm3 . Measured results show the wide bandwidths of 30.5% for the lower band and 9% for the higher
band with average gains of 12 and 13.1 dBi. Meanwhile,
a scanning range of −51◦ ∼ 43◦ at 27 GHz and −28◦ ∼ 30◦
at 45 GHz is obtained. The proposed DBDP antenna array
has advantages of broadband, compact size, and competitive
radiation performances.
II. A NTENNA C ONFIGURATION AND
W ORKING M ECHANISM
A. General Configuration of Antenna Array
As illustrated in Fig. 1(a), the proposed antenna array is
designed by the multilayer printed circuit board (PCB) process.
It consists of four dielectric layers (Dielectrics 1–4), three
prepreg layers (Prepreg 1–3), and six metal layers (upper
gridded patches, lower gridded patches, ground, feeding for
y-direction polarization (Pol-y), feeding for x-direction polarization (Pol-x), and reflector). Dielectrics are constructed by
Taconic TLY-5 with εr = 2.2 and tanδ = 0.0009 (measured at
10 GHz). Dielectrics 1–3 have identical heights of 0.508 mm,
and Dielectric 4 has a height of 0.254 mm. Prepreg materials
are with the same thicknesses of 0.1 mm and are constructed
by Taconic FR-28 with εr = 2.8 and tanδ = 0.004 (measured
at 10 GHz). Fig. 1(b) plots the side view. In Fig. 2, the
detailed configurations are shown. Both the upper and lower
gridded patch arrays are formed by four antenna elements
that are arranged as 2 × 2 placement. For the upper patch
array, each antenna element contains 4 × 4 subpatches, while
for the lower patch array, it contains 2 × 2 subpatches. The
double-layer gridded patches in Fig. 2(a) are with symmetrical
structures. The dual-polarized characteristic is achieved by
exciting the orthogonal coupling slots etched on the ground
layer, as illustrated in the partially enlarged view of Fig. 2(b).
As shown in Figs. 1(a) and 2(c), beneath these slots, two
groups of Y-shaped feeding lines are placed in different layers
to avoid intersections. Feeding lines for Pol-x are printed on
the top layer of Dielectric 4, while those for Pol-y are printed
on the bottom layer of Dielectric 3. Their distance along z-axis
is h p = 0.1 mm. The asymmetry on feeding lines may lead to
slight inconsistency on bandwidths of two polarizations. Several groups of via-fences are designed for multiple objectives
and the layout is depicted in Figs. 1(b) and 2(d) in detail. The
brown via-fence (Fence 3) is metalized through vias, which run
through the whole structure from the reflector layer to the top
layer. The blue (Fence 1), red (Fence 2), and green via-fences
are metalized blind vias drilled from the reflector layer to

Fig. 1. Geometry of the proposed antenna array. (a) 3-D exploded view.
(b) Side view.

the ground layer. The green blind-vias and red metal strips
are assembled to design the substrate integrated coaxial line
(SICL) [50]–[53], performing as the transmission line between
50  Mini-SMP connectors and Y-shaped metal strips. Eight
green blind vias placed at the end of red metal strips provide
the energy transferring paths from the connectors to the array.
Some of this array’s dimensions are listed in Table I, and the
others are marked in Fig. 2.
B. Working Mechanism of Antenna Element
For expounding the working mechanism of the proposed
array, a single antenna element is studied in this part. As illustrated in Fig. 3(a), the overall structure is the same as the array
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Fig. 3. Structure and simulated results of the antenna element. (a) 3-D
exploded view, (b) feeding structure, and (c) simulated S-parameters, which
indicates that two different resonant modes are excited around 27 and 45 GHz
to achieve dual-band performance.

Fig. 2. Configuration of the proposed antenna array. (a) Upper and lower
gridded patches. (b) Ground and reflector. (c) Feeding lines for Pol-y and
Pol-x. (d) Via-fences and connector.
TABLE I
D IMENSIONS OF THE P ROPOSED A RRAY (U NIT: M ILLIMETERS )

in Fig. 1(a). Dielectrics are with a size of 10 × 10 mm2 . For
simplicity, only part of Y-shaped metal strips is reserved and
their structures are presented in Fig. 3(b). Two metal strips

are fed with ideal 50  lumped port 1 and port 2. Fig. 3(c)
reports the simulated S-parameters. Dual wide bandwidths are
observed for two orthogonal polarizations. Simulated −10 dB
impedance bandwidths are 23.8–30.2 and 43.3–49.2 GHz.
High isolations are realized with S21 lower than −17.1 dB
over the lower band and −18.3 dB over the higher band.
The operating principle and performance of Pol-x and
Pol-y are almost the same. Therefore, only Pol-x is taken
as an example in the following analyses. For demonstrating
the resonant modes in two operating bands, sectional vector
E-field distributions on the plane of y = −0.1 mm are
shown in Fig. 4. It is found that for 25 and 27 GHz, their
E-field distributions between the upper 4 × 4 gridded patch
and ground are similar, and both exhibit the half-wavelength
resonance along x-axis, which is consistent with conventional
TM10 mode. Accordingly, E-field distributions at 45 and
47 GHz are both with the one-wavelength resonance along
x-axis. Conventional TM20 mode is with in-phase E z components in the central area and produces the undesired split
radiation pattern. However, benefitting from the slot-excitation
and gridded patches, the TM20 mode at 45 and 47 GHz
in Fig. 4 is with out-of-phase E z components in the central area
and realizes the desired broadside radiation. Thus, the resonant
mode in the higher band is named antiphase TM20 mode.
Although researches about antiphase TM20 mode have been
reported in [46]–[48], limited by their single-layer patch,
these works can only make TM10 and antiphase TM20 modes
operate in a single band with bandwidths less than 41%. It is
hard to cover 24.25 and 47 GHz at the same time (relative
bandwidth is about 63.8% from 24.25 to 47 GHz). To solve
this difficulty, for the first time, the proposed work applies
the double-layer gridded radiating patches and succeeds in
making TM10 and antiphase TM20 modes cover two separated
wide bands, respectively. In addition, frequencies of two
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Fig. 4. Vector E-field distributions of the element in plane y = −0.1 mm at
25, 27, 45, and 47 GHz. (Pol-x as example). TM10 mode is excited at 25 and
27 GHz; antiphase TM20 mode is excited at 45 and 47 GHz.

operating bands can be easily adjusted to meet different system
requirements, indicating the proposed antenna has the potential
to be applied in a wider scope of work. Therefore, structures,
operating mechanism, and application scenarios of the proposed antenna have obvious novelties and huge differences
over previous works. Detailed discussions are presented in
Sections II-C and II-D.
C. Analysis of the Double-Layer Gridded Patches
To investigate the functions of the double-layer gridded patches, Ant. 1 without the lower parasitic patch and
Ant. 1–1 using a whole square patch as the lower parasitic
patch are presented in Fig. 5(a) to compare with the proposed
element. Simulated reflection coefficients and impedance properties are shown in Fig. 5(b) and (c), respectively. For Ant. 1,
two resonant modes also appear at around 27 and 45 GHz,
indicating that the upper patch is crucial in realizing dual-band
performance. However, its impedance curves in Smith Chart
are unmatched and bandwidths are very narrow. It is mainly
because the distance between the single upper patch and the
coupling slot is too far to effectively excite the two operating
modes. The simulated sectional vector E-field distributions
of Ant. 1 in xz plane at 27 and 45 GHz are depicted in
Fig. 6(a). Comparing with that in Fig. 4, the E-fields in
the central region of Ant. 1 are strongly destroyed by the
coupling slot’s radiation fields. The lower parasitic patch in
the proposed antenna performs as a “bridge” between the
slot and the upper gridded patch. The energy radiating from

Fig. 5.
Comparisons of Ant. 1 (only with the upper patch), Ant. 1–1
(using a whole square patch as the lower patch), and the proposed element.
(a) Antenna structures, (b) simulated reflection coefficients, and (c) impedance
properties. (Pol-x as example). It indicates that introducing 2 × 2 subpatches
as the second layer greatly improves the bandwidths in the two bands
simultaneously.

the slot is coupled to the lower patch at first, and then the
upper patch is excited through the lower one. Therefore, more
uniform and stable E-field distributions at lower and higher
bands are achieved and help to support wider bandwidths.
The lower patch also provides additional reactance and the
input impedance can be optimized by tuning its dimensions.
As a result, in Fig. 5(c), the impedance curves within a
wide frequency range are moved to the center matching
point and bandwidths are enhanced obviously in two bands
simultaneously. In addition, it should be noted that choosing
2 × 2 gridded subpatches as the second layer is a novel
and well thoughtful decision. Compared with a whole square
patch in Ant. 1–1, the proposed subpatches provide more
tuning freedom degrees (such as the size of subpatches and
the size of gaps), making it easier to optimize bandwidths of
two separated bands simultaneously. Besides, gaps between
each subpatch provide additional capacitance to tuning the
antenna’s input impedances. In Fig. 5(b) and (c), it can be
observed that it is difficult to realize wide bandwidths in two
required bands simultaneously by just tuning the size W3 of
the whole square patch.
As the phases of E-fields radiated by the upper patch and
the slot are opposite at 45 GHz, field cancellation phenomenon at broadside is observed in Ant. 1 and the broadside
radiation deteriorates dramatically. For the proposed antenna,
the slot’s radiation is suppressed by the lower patch. Therefore,
the broadside directivity increases by about 5 dB at 45 GHz,
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Fig. 7. Simulated reflection coefficients of the proposed element (Pol-x
as example) with different values of (a) a for the upper patch and (b) a3
for the lower parasitic patch. Upper patch affects frequencies of two bands
simultaneously and lower patch mainly affects the frequency of higher band.

Fig. 6. (a) Vector E-field distributions of Ant. 1 in plane y = −0.1 mm at
27 and 45 GHz (Pol-x as example). Simulated directivities of Ant. 1 and the
proposed antenna element in (b) xz plane and (c) yz plane at 27 GHz, and
in (d) xz plane and (e) yz plane at 45 GHz. The 2 × 2 gridded patch in the
proposed antenna suppresses the radiation of coupling slot and improves the
antenna radiation directivity at 45 GHz.

as shown in Fig. 6(d) and (e). Meanwhile, the patterns at
27 GHz of Ant. 1 are almost the same as the ones of the
proposed element, as depicted in Fig. 6(b) and (c). The reason
is that the E-fields of the upper patch and coupling slot are
in-phase.
The double-layer gridded patches have the ability to flexibly
adjust operating frequencies of two bands. As depicted in Fig.
7(a), when the size a of the upper gridded patch becomes
larger (smaller), resonant frequencies of TM10 and antiphase
TM20 modes shift toward lower (higher) frequency simultaneously, so do two operating bands. In Fig. 7(b), the size a3 of
lower gridded patch has slight effect on the frequencies of the
lower band, but has obvious effect on the higher band. When
a3 becomes larger (smaller), resonant frequency of antiphase
TM20 mode shifts toward higher (lower) frequency. Therefore,
by properly optimizing sizes of double-layer gridded patches,
frequencies of two bands can be flexibly designed to meet different requirements. Finally, optimized values of a = 4.5 mm
and a3 = 3.2 mm are selected in this work.
D. Analysis of the Blind-Via Fences (Fence 1 and Fence 2)
As illustrated in Fig. 3, the proposed antenna element
contains two groups of blind-via fences (Fence 1 and Fence 2).

In Fig. 8, Ant. 2 without any fence and Ant. 3 only with
Fence 1 are investigated to compare with the proposed antenna.
In Fig. 8(b)–(d), simulated reflection coefficients, radiation
efficiencies, and radiating directivities of the three antennas are
presented. It is observed that Ant. 2 is with the worst reflection
coefficient and high levels of backlobes and sidelobes. For
Ant.3, the added Fence 1 makes the whole feeding structures
surrounded in a closed cavity, avoiding energy leakage and
radiation. Clear broadside radiation patterns with low sidelobes
and backlobes are realized, as plotted in Fig. 8(d). Although
Fence 1 improves the impedance matching to some extent,
the bandwidths of Ant.3 are still very narrow. Then, Fence 2
is added around the coupling slot, performing as parasitic loads
to optimize the impedance properties. By carefully adjusting
the sizes and positions of Fence 1 and Fence 2, the coupling
slot and gridded patches are effectively excited. In Fig. 8(c),
compared with Ant. 2 and Ant. 3, the radiation efficiencies
of the proposed antenna are also improved in two bands
simultaneously with aids of Fence 2 and Fence 3. As a
result, two wide bandwidths with consistent in-band radiation
performances are achieved.
III. F OUR -E LEMENT A NTENNA A RRAY D ESIGN
Based on the antenna element, a 2 × 2 DBDP antenna
array is designed to realize high gain and beam scanning
ability. The distances between adjacent elements are 6.5 mm
(around 0.585λ0 at 27 GHz and 0.974λ0 at 45 GHz, λ0 is
the wavelength in free space). To achieve compact size and
broadside radiation performance, the positions of the Fence
1 and Fence 2 are slightly adjusted, and another group of
via fence in brown (Fence 3) is newly introduced. Besides,
in consideration of the measurement conditions, SICLs are
constructed. Configurations and dimensions of the final design
are depicted in Fig. 2 and Table I.
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Fig. 9. Comparison of Array 1 without the brown Fence 3 and Array 2 with
the brown Fence 3. Structures of (a) Array 1 and (b) Array 2. (c) Simulated
reflection coefficients of these two arrays. Their bandwidths agree very well,
indicating that Fence 3 has little effect on the input impedances.

Fig. 8. Comparison of Ant. 2 without any blind-via fence, Ant. 3 only
with the blue blind-via fence (Fence 1), and the proposed element with two
groups of blind-via fences (Pol-x as example). (a) Top perspective views,
(b) simulated reflection coefficients, (c) simulated radiation efficiencies, and
(d) simulated directivities in xz plane. It indicates that Fence 1 mainly
improves radiation patterns and Fence 2 mainly improves reflection coefficients.

A. Analysis of the Through-Via Fence (Fence 3)
Array 1 and Array 2 presented in Fig. 9(a) and (b) are used
to investigate the performance differences in situations without
or with Fence 3. Ports (P1, P4, P5, and P8) are used for the
excitation of Pol-x, and ports (P2, P3, P6, and P7) for Pol-y.
As shown in Fig. 9(c), simulated reflection coefficients of two
arrays in the lower and higher band are similar, indicating that
Fence 3 has little effect on impedance bandwidths.
Fig. 10 illustrates their simulated radiation patterns in xz
plane and yz plane at 27 and 45 GHz. For Pol-x, to achieve
broadside radiation, ports (P1, P4, P5, and P8) are excited
with the phase distributions of (0◦ , 180◦ , 180◦ , and 0◦ ). The
radiation patterns of Array 1 and Array 2 at 27 GHz are almost
identical, while those at 45 GHz have obvious differences. It is
because the electrical distance from the ground to the upper
patch at 45 GHz is around two times than that at 27 GHz;
thus, the surface wave at 45 GHz is harder to constrain.

Fig. 10. Simulated normalized radiation patterns of Array 1 and Array 2
in xz plane and yz plane. (a) xz plane and (b) yz plane patterns at 27 GHz.
(c) xz plane and (d) yz plane patterns at 45 GHz. [Pol-x as example, and with
the phase distribution of (P1, P4, P5, and P8) = (0◦ , 180◦ , 180◦ , and 0◦ )].
Sidelobes at 45 GHz are reduced, because Fence 3 suppresses the radiation
of surface wave.

It leads to stronger energy leakage at edges of ground plane at
45 GHz, resulting in higher sidelobes than 27 GHz, as shown
in Fig. 10(b) and (d). The function of Fence 3 is to suppress
radiation of surface wave. As the energy leakage at 27 GHz
in Array 1 is very weak, its sidelobes in Array 2 do not get
obvious improvement, even though Fence 3 is added. On the
contrary, as the energy leakage at 45 GHz in array is much
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Fig. 11. Structures and performance of the SICLs for the final fabricated
prototype. (a) Structures and (b) simulated S-parameters. It indicates that the
SICLs are with merits of low transmission loss and broadband performance.
Fig. 13. Simulated and measured results of the proposed array. (a) Reflection
coefficients of Pol-x (P1, P4, P5, and P8), (b) reflection coefficients of Pol-y
(P2, P3, P6, and P7), (c) mutual couplings, and (d) gains and efficiencies,
when the beam is steered at the z-direction.

Fig. 12.
view.

Fabricated antenna array prototype. (a) Top view and (b) bottom

strong, its sidelobes in Array 2 are greatly suppressed by Fence
3 and the level is reduced from −6.8 to −15.1 dB in Fig. 10(d).
As a result, Fence 3 provides an effective method to obtain
low sidelobe characteristic, which is crucial in realizing beam
scanning ability in 5G mmW arrays.
B. Substrate Integrated Coaxial Line
Taking Pol-y as an example, detailed structures of SICLs are
illustrated in Fig. 11(a). The metal strip sandwiched between
the reflectors and the ground is shown in Fig. 11. Two columns
of metallic blind vias are drilled on both sides of the strip.
Port A and Port B are connected with the SMP connector
and Y-shaped metal strip, respectively. Although the SICL for

Pol-x is not shown clearly in Fig. 11(a), its performances are
also investigated, and its two ports are marked as port C and
port D. When impedances of ports A–D are all set as 50 ,
simulated S-parameters are presented in Fig. 11(b). The slight
discrepancy between Pol-x and Pol-y is caused by that their
metal strips are with different heights. It is observed that SAA
and SCC are better than −20 dB over 22–32 GHz and better
than −14 dB over 40–50 GHz. SAB and SCD are almost equal
to 0 dB in two bands, verifying that the SICLs employed for
the measurements are with the merits of low transmission loss
and broadband performance.
IV. FABRICATION AND M EASUREMENTS
A 2 × 2 array prototype is fabricated with multi-layer
PCB process and is measured to verify its performances. The
photograph of the prototype is illustrated in Fig. 12. Ports (P1,
P4, P5, and P8) for Pol-x are with initial phase distribution
of (0◦ , 180◦ , 180◦ , and 0◦ ) and ports (P2, P3, P6, and P7)
for Pol-y with initial phase distribution of (0◦ , 0◦ , 180◦ , and
180◦ ). The S-parameters are measured with a vector analyzer
(Agilent N5247A) and the radiation properties are tested in
an anechoic chamber. Fig. 13(a) and (b) shows the reflection
coefficients. The measured overlapped frequency bandwidths
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TABLE II
P ERFORMANCE C OMPARISON OF M ILLIMETER -WAVE A NTENNAS

Fig. 15. Experimental 3 dB beam scanning performance of the proposed
array in xz plane and yz plane at 27 and 45 GHz for (a) Pol-x and (b) Pol-y.
The maximum 3 dB beam scanning ranges are −51◦ ∼ 43◦ at 27 GHz and
−28◦ ∼ 30◦ at 45 GHz.
Fig. 14. Simulated and measured normalized radiation patterns of the antenna
array for Pol-x and Pol-y at (a) 27 GHz in xz plane, (b) 27 GHz in yz plane,
(c) 45 GHz in xz plane, and (d) 45 GHz in yz plane.

(reflection coefficients lower than −10 dB) for eight ports
are 30.5% (23.3–31.7 GHz) in the lower band and 9%
(42.5–46.5 GHz) in the higher band, which agree well with the
simulated ones. Measured mutual couplings between P1 and

the other ports (P2–P8), and the one between P2 and P3 are
reported in Fig. 13(c). Due to the structure symmetry, other
mutual couplings are not presented here. The mutual couplings
are lower than −26.9 dB across the lower band and −23.5 dB
across the higher band.
Due to limitations of the measurement setup, the radiation performances of the four-element array (realized gain,
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radiation patterns, and scanning ability) are obtained
by computationally combining the individually measured,
port-specific radiation performances of each antenna element
in MATLAB. The beam-scanning array patterns have been
calculated based on the measured radiation patterns of each
element with different port phases [12], [54], [55]. When the
beam points at +z-axis, ports (P1, P4, P5, and P8) or (P2, P3,
P6, and P7) are excited simultaneously and satisfy with the
initial phase distributions mentioned above. In Fig. 13(d), the
experimental gains of this array are shown and consistent with
the simulated gains. The simulated average gains are 12.5 dBi
for Pol-x, 12.6 dBi for Pol-y over the lower band, and 13.3 dBi
for Pol-x and 13.2 dBi for Pol-y over the higher band. The
experimental average gains are 12.2 dBi for Pol-x, 12 dBi
for Pol-y over the lower band, and 13.1 dBi for Pol-x and
13.1 dBi for Pol-y over the higher band. Besides, simulated
average efficiencies are 93.7% in the lower band and 91.2% in
the higher band. The simulated and experimental normalized
co- and cross-polarized radiation patterns at 27 and 45 GHz
in xz plane and yz plane are shown in Fig. 14. Owning to
the nearly symmetric configuration, the radiation patterns in
xz plane/yz plane of Pol-x are almost the same as the ones in
yz plane/xz plane of Pol-y. The measured results indicate that
the array achieves the broadside radiation with low sidelobes
of less than −20 dB at 27 GHz and −12 dB at 45 GHz. In this
work, the antenna operates at the antiphase TM20 mode, which
is equivalent to the combination two TM10 mode, with little
effect on the efficiency and radiation pattern for higher band.
Fig. 15 shows the experimental beam scanning performance.
As the four antenna elements are placed by 2 × 2, four main
types of beam scanning (scan in xz plane for Pol-x, in xz
plane for Pol-y, in yz plane for Pol-x, and in yz plane for Poly) are easily realized by applying various progressive phases.
The maximum 3 dB beam scanning ranges are −51◦ ∼ 43◦
at 27 GHz and −28◦ ∼ 30◦ at 45 GHz. Slight asymmetric
may be caused by the imperfect device installation and setup.
The difference of scanning ability in the two bands is mainly
caused by their different element spacings.
In Table II, the key characteristics of the proposed array
are listed and compared with several mmW antennas in
reported literature. Although the height or peak gains of the
antenna in [14], [31], and [32] are better, their bandwidths and
sizes are much worse than the proposed work and they can
only realize single polarization. Metasurface-based antenna
in [30] and [49] achieves broader bandwidth in higher band,
but their narrower bandwidths in the lower band are not
able to cover the 5G bands N257 and N258 simultaneously
(24.25–29.5 GHz). They are also with larger dimensions.
Besides, compared with published works, the proposed one
also exhibits competitive efficiencies and 3 dB beam scanning
ranges, which are two of significant performances in the design
of mmW antennas.
V. C ONCLUSION
In this article, a DBDP microstrip array is proposed with
a low profile of 0.16λ L and a compact size of 1.28λ L ×
1.28λ L . By exploiting the double-layer gridded patches, two
resonant modes are well excited in two desired bands,
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respectively. Triple via-fences are properly designed to
improve input impedance, radiation performances, and scanning ability. In addition, SICLs with low loss and broadband
are employed for measurement. Simulated and experimental
results show that it obtains two wide bandwidths of 30.5%
and 9.0% with peak gains of 14.8 and 14.1 dBi for lower
and higher bands, respectively. This array also provides a
3 dB beam scanning angles of −51◦ ∼43◦ at 27 GHz and
−28◦ ∼30◦ at 45 GHz. The proposed array is with competitive
properties of dual wide bandwidth, dual polarization, low
profile, compact dimensions, and competitive beam scanning
ability, exhibiting as a potential candidate for 5G mmW
systems.
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