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ABSTRACT A Ka-band dual-polarized low profile magneto-electric (ME) dipole antenna with wide
operational bandwidth is proposed in this paper. A thin substrate with two-stage meandered vias is utilized
for realization of the proposed antenna. The meandered vias aid in compensation of phase difference caused
due to utilization of thin substrate. The thickness of proposed antenna is reduced from 0.25 λg to 0.11 λg
by using these two-stage meandered vias. The low profile antenna topology results in bandwidth reduction
which is neutralized by introducing asymmetric slots in the ground plane. Shorting pins are inserted for
elimination of higher order TM21 mode of Ka-band that results in a uniform broadside radiation pattern
due to excitation of fundamental TM10 mode. The proposed antenna covers whole Ka-band with operating
frequencies from 26 – 42 GHz. A 1 × 4 antenna array is also designed and fabricated with a reasonable
gain of 12.06 dBi and stable radiation patterns. Simulated and measurement results are presented with
detailed justification.

INDEX TERMS Low profile, wideband, dual-polarization, magneto-electric (ME) dipole
antenna, mmWave 5G.

I. INTRODUCTION

THE EMERGENCE of fifth generation (5G) cellular
networks has led widespread attention to millimeter-

wave (mmWave) broadband antennas due to demand for
high data rates. The mmWave 5G broadband antennas should
cover the candidate frequency bands for 5G communication
which include 28 and 38 GHz bands of Ka-band [1]. Besides
wider operating bandwidth, dual-polarization is another fea-
ture of antennas which improves channel capacity and
minimizes multipath fading [2].
Various techniques have been investigated for anten-

nas to possess dual-polarization with wider impedance
bandwidth like in [3]–[5], but the antennas bear large
thickness which could be inappropriate for mobile termi-
nals since the form factor for future millimeter devices is
needed to be small. A metasurface based ultra-wideband
antenna with fractional bandwidth of more than 60% has
been explored in [6], but the antenna suffers from low gain

which limits its applicability for mmWave 5G applications.
For wideband performance with stable radiation patterns,
magneto-electric (ME) dipole antenna [7] has attracted a lot
of attention due to its suitability for mmWave 5G applica-
tions. However, the ME-dipole antenna suffers from large
thickness for its realization, which is quarter wavelength
(0.25 λ0) between the radiating patches and ground plane.
Various methods have been proposed for obtaining low
profile ME-dipole antennas like folded metal wall based
magnetic dipole [8], electric dipole with etched U-shaped
slot [9] and magnetic dipole formed by obtuse triangu-
lar shaped metal [10]. Although the overall thickness of
ME-dipole antenna has been reduced but these methods tend
to sacrifice the operating bandwidth of antenna. A folded
shorted patch based ME-dipole antenna has also been
proposed in [11], however the antenna wouldn’t be suit-
able for dual-polarization due to its asymmetric nature. Also,
the level of miniaturization in antenna’s thickness isn’t that
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FIGURE 1. Schematics of the proposed dual-polarized ME-dipole antenna (a) top
view, (b) perspective view and (c) side view (All dimensions are in mm).

much significant. Furthermore, a wideband dual-polarized
ME-dipole antenna array for Ka-band wireless applications
has been investigated in [12]. Even though the fractional
bandwidth of antenna is more than 40% and height of
antenna is only 0.12 λ0, but the cost of antenna is relatively
high since the low temperature co-fired ceramic (LTCC)
material has been used for its implementation rather than
printed circuit board (PCB). Also, the high dielectric con-
stant, εr = 5.9 of LTCC helps in the reduction of overall
height of antenna. Designing a PCB based low profile
wideband ME-dipole antenna is still a challenge and there-
fore a multilayered PCB based novel miniaturized compact
wideband ME-dipole antenna is proposed. The proposed
antenna utilizes height of only 0.06 λ0 at 26 GHz with
fractional bandwidth of more than 45%. The two-stage mean-
dered vias are utilized for miniaturization. Ground slots and
shorting pins are introduced for compensation of bandwidth
reduction and low gain at high frequencies respectively.
Section II describes the design and characterization of sin-
gle element dual-polarized ME-dipole antenna, followed
by design of one-dimensional ME-dipole antenna array in
Section III.

II. LOW PROFILE AND WIDEBAND DUAL-POLARIZED
ME-DIPOLE ANTENNA DESIGN
The geometry of the proposed antenna is illustrated in
Fig. 1 with detailed configuration parameters. The proposed
antenna is realized by using Rogers RO4003C and RO4450F
multi-layered structure with relative permittivity (εr) of 3.38
± 0.05 and 3.52 ± 0.05 respectively. The overall topology
of ME-dipole antenna consumes height of only 0.7 mm,
which equals to 0.06 λ0 at 26 GHz. Six metallic layers are
utilized in the design process in which four square patches
are etched at the top layer which work as a pair of elec-
tric dipoles. Two-stage meandered vias are introduced for
realization of magnetic dipole with meandering performed
at second and fourth stage of metallic layers. A shorting

FIGURE 2. Current distribution in meandered vias.

pin is also incorporated between top and ground/fifth layer
for attaining broadside stable radiation patterns with optimal
gain at higher frequencies. Furthermore, two asymmetric
ground slots are also added for obtaining wider impedance
bandwidth. The proposed antenna is fed by two orthogonal
L-shaped probes placed at different heights for exciting the
radiation patches with different polarizations thereby achiev-
ing dual-polarization. The probes are connected with 50 �

microstrip transmission lines placed at the bottom layer of
multilayered structure.
Conventionally, the ME-dipole antenna has two resonant

modes in which electric dipole resonates at lower operating
frequencies and magnetic dipole at higher frequencies [13].
The resonances of both electric and magnetic dipoles are
mainly governed by the length of radiating patches and
height of the shorted patch radiator, respectively. The mag-
netic dipole therefore decides the height of ME-dipole
antennas which is a quarter wavelength (0.25 λ0) between
the radiating patches and ground plane. Reducing the thick-
ness of ME-dipole antenna will decrease phase difference
between radiating apertures that will result in the reso-
nance of magnetic dipole at higher frequencies that are
out of the targeting bands. Thus, for compensation of
phase difference between radiating apertures, the two-stage
meandered vias are introduced as depicted in Fig. 2. The
meandered vias extend current path thereby maintaining
required 180◦ phase difference between two planar radiat-
ing patches. The overall thickness of ME-dipole antenna is
reduced from 0.25 λg to 0.11 λg, which accounts for 56% to
obtain the low profile antenna topology. Since the two-stage
meandered vias are symmetrical, dual-polarization is easily
achieved.
The decrease in overall thickness of ME-dipole antenna

and the implementation of meandered vias will result in
impedance mismatch of electric dipole. The impedance
mismatch will therefore result in bandwidth reduction of
ME-dipole antenna. This mainly occurs by increase in
induced current of the electric dipole on ground plane, and
its current path that becomes smaller than path followed by
meandered vias thereby causing a frequency shift of elec-
tric dipole from 28 GHz to higher frequency 32 GHz as
illustrated in Fig. 3 (a). This phenomenon can be noticed
from Fig. 3 (b), (c) and (d), which shows the current dis-
tribution of ground plane with comparatively thick and thin
substrate heights respectively. From Fig. 3 (b), the current
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FIGURE 3. (a) S-parameters with successive modification in proposed
antenna topology (MV = Meandered vias, GS = ground slots and SP = shorting pins),
(b) Current distribution of the ground plane at 32 GHz with substrate height,
h = 1.3 mm, (c) Current distribution at 32 GHz with substrate height, h = 0.6 mm
and (d) Realization of current path.

path is mainly concentrated from via to via that signifies
minimal coupling from radiating patches to ground plane.
On the other hand, strong coupling can be observed between
radiating patches and ground plane in Fig. 3 (c), which
generates additional shorter current path than meandered
vias. Moreover, Fig. 3 (d) depicts the side-view of proposed
ME-dipole antenna in which a proper current path is gen-
erated due to induced coupling from radiating patches and
ground plane. Therefore, this shorter current path results in
frequency shift of electric dipole from 28 GHz to 32 GHz.
The equivalent circuit of the proposed ME-dipole

antenna is depicted in Fig. 4(a). The magnetic dipole can be
represented by a parallel resonant circuit and electric dipole
can be portrayed by a series resonant circuit. Meandered vias
that connect the radiating patches and ground plane can be
represented by an inductance and ground plane slot by a par-
allel capacitance. The meandered vias excite higher order
TM21 mode that causes non-boresight radiation at higher

FIGURE 4. (a) Equivalent circuit, (b) radiation patterns at 41 GHz and (c) simulated
gain of proposed antenna.

frequencies. In order to increase the path for induced current
on the ground plane, a rectangular shaped slot is etched on
the ground plane that nullifies effect of additional current
hence shifting the lower operating frequency to 28 GHz as
depicted in Fig. 3(a). The ground slots are added asymmetri-
cally opposite to L-shaped probe feeds of the dual-polarized
ME-dipole antenna for preventing any disturbance in mode
excitation between L-shaped probe and the ground plane.
The impedance matching of magnetic dipole is not affected
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FIGURE 5. Electric field distribution (a) without shorting pin and (b) with
shorting pin.

as the current path for magnetic dipole remains unaltered in
the presence of the slots. In addition to lower frequency res-
onance, the ground slots provide parallel capacitance that
resonates the ME-dipole at higher order TM21 mode as
well thereby covering higher frequencies. However, radiation
patterns are bi-lobed at higher frequencies which produces
radiation null at boresight direction thereby resulting in low
gain as presented in Fig. 4 (b) and (c) respectively. The radi-
ation null at the boresight direction is due to current reversal
on the four radiating patches.
For obtaining stable radiation patterns with optimal

gain at higher frequencies, shorting pins are introduced.
The proposed ME-dipole antenna utilizes minimum num-
ber of shorting pins for elimination of TM21 mode and
accordingly produces fundamental TM10 mode. Compared
with TM21 mode which produces bi-lobed radiation pat-
tern, the fundamental mode generates the main radiation
beam along the boresight direction with high front-to-
back ratio. Each polarization needs a separate shorting
pin at a proper position where electric field strength is
high for eliminating TM21 mode effectively. Therefore,
shorting pins are added near the L-probes for coupling max-
imum electric field to the nearby pair of radiating patches.
The shorting pin unifies electrical field distribution and
changes TM21 mode electric field distribution as shown in
Fig. 5 (a) to a uniform electric field distribution as illustrated
in Fig. 5 (b).
Shorting pins are not connected with radiating patches

for avoiding any sort of impedance mismatch. The coupled
electric field induces currents on radiating patches which
excites the fundamental TM10 mode similar to rectangular
patch antenna. The current distribution is mainly concen-
trated on a pair of radiating patches lying closer to shorting
pin as shown in Fig. 6 (c). The excitation of fundamental
mode at higher frequencies enhances the gain of antenna by
around 5 dB and stabilizes the radiation patterns to boresight
direction as depicted in Fig. 4 (c). Also, the impedance band-
width is enhanced by covering 26 GHz frequency band which
accounts for 5% increase in bandwidth therefore covering the
whole Ka-band as illustrated in Fig. 3 (a). Shorting pin imple-
mentation does not increase the antenna area or thickness
which is very advantageous for array design. Fig. 6 illustrates
the operation of proposed ME-dipole antenna on excitation

FIGURE 6. Current distribution of the proposed ME-dipole antenna when Port 1 is
excited at (a) 28 GHz, (b) 38 GHz and (c) 41 GHz.

FIGURE 7. Photographs of the fabricated dual-polarized ME-dipole antenna.

of three different modes: electric dipole, magnetic dipole and
fundamental mode.
All full-wave antenna simulations were performed

using high-frequency structural simulator (HFSS). The
proposed dual-polarized ME-dipole antenna is fabricated and
photographs are shown in Fig. 7. Area of the substrate and
length of feedline are extended for accommodating 2.92 mm
end-launch connector used for antenna performance mea-
surements. The extended area will prevent any beam tilt in
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FIGURE 8. Simulated and measured (a) S-parameters and (b) broadside gain of
proposed dual-polarized ME-dipole antenna.

broadside direction due to reflection from a bulky end-launch
connector.
The simulated and measured S-parameters of proposed

dual-polarized ME-dipole antenna are depicted in Fig. 8 (a).
Both the antenna ports cover whole Ka-band with operat-
ing frequencies ranging from 26 – 42 GHz with fractional
bandwidth of 47.1%. The proposed antenna operates at three
modes: electric dipole mode at lower operational frequencies,
magnetic dipole mode at mid-operational frequencies and
a fundamental mode at higher frequencies. It can be noticed
that there is a frequency shift in measured S-parameters
compared with simulated ones, which is mainly due to sig-
nificant difference of dielectric constants between fabricated
multilayered structure and simulated substrate topology. The
mutual coupling between two orthogonal ports is less than
17 dB in the entire operating band. The isolation can
be enhanced by increasing the vertical distance between
L-shaped probes but that will reduce the operational band-
width of Port 2. Therefore, there is a tradeoff between
isolation and impedance bandwidth.
Fig. 8(b) presents simulated and measured broadside gain

of the proposed dual-polarized ME-dipole antenna. Peak gain
of around 7 dBi is obtained for both the orthogonal ports. It

FIGURE 9. Simulated and measured radiation patterns of the proposed
antenna in (a) E-plane (XZ-plane) and (b) H-plane (YZ-plane).

is noticed that there is a slight gain drop at higher frequencies
that is due to decrease in effective radiating aperture since
the proposed antenna operates at fundamental TM10 mode.
This mode only excites a pair of radiating patches on the
top plane, therefore leading to slight gain drop at higher
frequencies.
The simulated and measured co-pol and cross-pol radia-

tion patterns of the proposed antenna in both the principal
planes when Port 1 is excited are presented in Fig. 9.
Since the antenna is symmetrical, therefore radiation pat-
terns of Port 2 are almost identical to those of Port 1.
Also, the benefit of using dual-polarization in ME-dipole
antenna is that radiation patterns are almost similar for both
the antenna ports [12], [14]. The radiation patterns are stable
in nature with similar E-plane and H-plane radiation pat-
terns. Half power beamwidth (HPBW) of proposed antenna is
around 60 degrees and front-to-back ratio (FBR) is more than
14 dB. Cross-polarization of less than −18 dB is obtained
over the entire operating frequency band indicating a strongly
linearly polarized antenna. Discrepancies between simulated
and measured data could be attributed to alignment errors
between transmitting antenna-under-test (AUT) and receiving
high gain horn antenna.
Cross-polarization is slightly high and one of the pos-

sible reasons could be attributed to unwanted radiations
caused by exposed L-shaped probes in the both polar-
izations, whose radiation level increases with frequency.
Moreover, excitation of higher-order modes in the proposed
dual-polarized ME-dipole antenna would also degrade the
polarization purity. Some approaches do exist for reduc-
ing the cross-polarization in the proposed antenna, but
there are some trade-offs. For example, utilization of dif-
ferential feeding network will suppress higher-order modes
thereby enhancing polarization purity [15]. However, real-
ization of the differential feeding will require two feedlines
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FIGURE 10. Radiation and total efficiency of the proposed single element ME-dipole
antenna.

having same signal amplitude and phase difference of 180◦
with respect to each other. The implementation of dif-
ferential feeding in the proposed antenna will result in
additional feeding network thereby increasing the overall
size of antenna. Another method is to decrease the over-
all thickness of proposed antenna, which will suppress
transverse currents of the higher-order modes. However,
the decrease in antenna thickness will result in reduction
of overall operating bandwidth of proposed antenna. In
general, it is common to have cross-polarization value of
around −16 dB in dual-polarized and wideband ME-dipole
antennas like in [12], [16]. Furthermore, simulated and mea-
sured radiation efficiency and total efficiency of more than
91% and 83% respectively is obtained across the entire
operational frequency band for both the orthogonal ports
respectively as depicted in Fig. 10. Radiation efficiency is
calculated by, ηrad = Pradiated

Pinput
and total efficiency is evaluated

by, ηtotal = ηrad × (1 − S11
2). In addition to losses con-

tributed within the antenna topology, total efficiency takes
into account losses at the input terminals in comparison with
radiation efficiency thereby causing a comparatively larger
drop in values of total efficiency.

III. LOW PROFILE AND WIDEBAND DUAL-POLARIZED
ANTENNA ARRAY
A 1 × 4 linear antenna array composed by the proposed
dual-polarized ME-dipole antennas discussed in Section II
is designed for Ka-band operation, which include 28 and
38 GHz mmWave 5G frequencies. Schematics of the
proposed antenna array topology is illustrated in Fig. 11.
The spacing between antenna elements is 5 mm which cor-
responds to 0.55 λ0 at center frequency. A via is incorporated
in-between the rectangular patches for avoiding parasitic
coupling that will lead to impedance mismatch and hence
reduces operational bandwidth.
Fig. 12 shows photographs of fabricated dual-polarized

ME-dipole antenna array. The feeding network is composed
of truncated microstrip lines optimized for wider impedance
bandwidth. A physical offset is introduced in feedline of

FIGURE 11. Schematics of the proposed dual-polarized ME-dipole
antenna array (a) top view and (b) magnified view of antenna elements (All dimensions
are in mm).

FIGURE 12. Photographs of the proposed fabricated antenna array.

Port 2 that is primarily done for reduction of physical size of
antenna array, otherwise size of multilayered structure would
have been increased for accommodating bulky 2.92 mm end-
launch connector.
The simulated and measured S-parameters of proposed

antenna array are depicted in Fig. 13 (a) which are in good
agreement with each other. The proposed antenna array
operates on whole Ka-band for both the orthogonal ports
with simulated and measured impedance bandwidth ranging
from 26 – 42 GHz. The measured isolation between orthog-
onal ports is more than 18 dB across the entire operational
frequency band. Fig. 13 (b) depicts the simulated and mea-
sured gain of proposed antenna array. Comparatively, a slight
gain drop can be noticed which can be attributed to usage of
shorting vias between antenna elements. Shorting vias will
reduce the coupling between various antenna elements and
henceforth increase the isolation, however coupling to vias
will degrade the overall gain performance of antenna array.
The peak gain is 12.06 dBi and 11 dBi for Port 1 and
Port 2 respectively. Gain variation of around 3 dB is
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TABLE 1. Comparison of the proposed dual-polarized antenna array with other recently reported antenna arrays.

FIGURE 13. (a) S-parameters and (b) gain of the proposed antenna array.

obtained for both the orthogonal ports over the entire operat-
ing wideband indicating high pattern integrity. Furthermore,
fluctuating gain performance of the presented ME-dipole
antenna array could be attributed to coupling between various
antenna elements.
The simulated and measured radiation patterns of the

proposed antenna array are depicted in Fig. 14. Stable
unidirectional broadside radiation patterns are achieved in
both the principal planes with front-to-back ratio of more
than 18 dB. Cross-polarization is less than −16 dB, a 2-dB
increase compared with the single element case. It is because
of the longer feeding network with specific bends and

FIGURE 14. Simulated and measured radiation patterns of the proposed
antenna array in E-plane (XZ-plane) for Port 1 (“a” and “c”) and H-plane (YZ-plane) for
Port 2 (“b” and “d”).

discontinuities that cause unwanted radiations. Simulated and
measured radiation efficiency and total efficiency of more
than 82% and 73% is attained for both the polarizations of
proposed antenna array respectively as presented in Fig. 15.
Radiation efficiency of Port 1 of proposed antenna array
is slightly higher in the lower frequencies than single ele-
ment dual-polarized ME-dipole antenna which is due to
comparatively low value of input reflection co-efficient of
antenna array at these frequencies. In addition to this, a rel-
ative difference of around 0.04% in radiation efficiencies of
antenna array over a whole frequency range can be noticed
between Port 1 and Port 2. This could be attributed to the
additional loss caused by increase in length of feedline of
Port 2.
Table 1 illustrates the performance characteristics of

proposed linear dual-polarized ME-dipole antenna array
compared with the other antenna arrays. It is evi-
dent that proposed dual-polarized antenna array attains
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FIGURE 15. Radiation and total efficiency of the proposed antenna array.

wide impedance bandwidth with comparatively very low
profile.

IV. CONCLUSION
This paper presents a wideband and low-profile dual-
polarized ME-dipole antenna array operating for whole
Ka-band. The meandered vias are introduced to achieve
low-profile topology of 0.11 λg. The ground plane slots and
shorting pins are properly realized for wide impedance band-
width of 47.1 % and stable radiation patterns in boresight
direction, respectively. A 1 × 4 ME-dipole antenna array
with wide impedance bandwidth and high isolation is
also investigated. The proposed dual-polarized ME-dipole
antenna array that overcomes the challenges of low thick-
ness and wide impedance bandwidth would be an attractive
candidate for millimeter-wave 5G applications.
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