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ABSTRACT A dual linearly polarized antenna array with end-fire radiation of the 60-GHz band is proposed
by combining two types of magneto-electric dipoles (ME-dipole), which operate in vertical polarization
(V-pol) and horizontal polarization (H-pol), respectively. Based on the substrate integrated waveguide
structure, two kinds of ME-dipole are placed closely by sharing the same metallic post wall between them,
achieving an element space of 0.77λ0. Besides, mutual coupling between the close elements is numerically
analyzed and then suppressed bymakingmodifications to the antenna structure. The proposed dual-polarized
element achieves bandwidths of 26% and 32% (|S11| < −14 dB) for the V-pol and H-pol, respectively.
A 1×8 element array is designed, fabricated, and measured. Good agreement is achieved between the
measurement and simulation. For the V-pol excitation, a bandwidth of 21% is obtained and gain is up to
16.1 dB. For the H-pol excitation, the bandwidth is 18% and peak gain is 15.1 dB. Radiation patterns are
stable over the operating frequencies with cross polarizations below−30 dB for both polarizations. The port
isolation is very high above 45 dB. With all these advantages of dual polarization, end-fire radiation, stable
gain, and high port isolation, the proposed array is a potential candidate for the future 5G applications.

INDEX TERMS Dual linear polarization, end-fire radiation, high isolation, magneto-electric dipole
(ME-dipole), substrate integrated waveguide (SIW).

I. INTRODUCTION
Over the past decade, increasing attention has been drawn
to the 5th generation (5G) mobile communication, which
aims to realize higher data rate, reduced latency, larger sys-
tem capacity and massive device connectivity. Recently, dif-
ferent countries have identified the lower frequency bands
(below 6 GHz) for the 5G communications, including 600/
3100-3550/ 3700-4200 MHz of the United States, 700/ 3400-
3800MHz of Europe, 3300-3600/ 4800-5000 MHz of China
and 3500 MHz of South Korea. However, to the best of
the authors’ knowledge, the higher frequency bands are
still under trial. Several millimeter wave (mm-wave) bands
including 28-GHz, 38-GHz and 60-GHz are believed to be
potential candidates for the upper frequency band of 5G
thereby being investigated widely. The 60-GHz band owns
great advantages because of the free license and wide band-
width available for multi-gigabit data rate [1]. However,
higher frequency means higher transmission loss, so from
the perspective of antenna [2], [3], high performance antenna
arrays are required for the upper frequency band of 5G.

Various antenna arrays working at the 60-GHz band or
other mm-wave bands have been reported [4]–[10]. These
arrays share the same characteristic of the broadside radi-
ation, while the end-fire array can provide some flexibility
in some practical applications therefore also being needed.
Besides, most reported works are on designing with the single
polarization, which is not so attractive comparing with the
dual polarization because the dual polarization can provide
more reliability and enhance the capacity for the 5G commu-
nications [4]. Unfortunately, antenna arrays with features of
both end-fire radiation and dual polarization are still very rare
in mm-wave bands.

Typical antennas with end-fire radiation, including horn
antenna, Yagi-Uda antenna, tapered slot antenna, log-periodic
antenna, etc. have wideband properties but meantime behave
unstable radiation performances with the frequency vary-
ing [11]. These antennas also have a relatively large size in
the longitudinal direction. A few end-fire arrays have been
reported at mm-wave bands by using tapered slot anten-
nas [12]–[14]. References [15] and [16] reported end-fire
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antenna arrays in the form of dielectric rod and dielectric
resonator respectively, which however are not easy for inte-
gration.

Both dual linearly polarized [17]–[19] and dual circularly
polarized [20], [21] arrays have been reported in mm-wave
bands recently, but still with a broadside radiation. Generally,
two feed networks are required for two polarizations and
good isolation between the two input ports is crucial for
dual-polarized arrays. In [20], the feed network is shared by
two polarizations and two 3-dB hybrid couplers are used for
the polarization switching. However, principally this method
can only be used for the dual circular polarization case and
the array will suffer from a poor port isolation.

In [22], an excellent dual-polarized end-fire phased array
was realized for mm-wave radar by using a compact L-shaped
horn antenna as the element. An active phase-tuning feed net-
work was also proposed and validated well. However, the port
isolation is not good enough because of the shared asym-
metrical L-shape aperture. Moreover, the complex network
causes a large insertion loss and the used stereo-lithography
fabrication technique is not so cost friendly. In [23], a dual-
polarized end-fire array was realized using quasi Yagi-Uda
antennas for MIMO terminals at Ka-band. A 1×4 array was
fabricated by the printed circuit board (PCB) technology.
However, the feature of dual polarization was demonstrated
by two separated prototypes without a combined feed solu-
tion. Recently in [24], a dual circularly polarized end-fire
antenna array was presented by inserting a polarizer in the
two-layer open-end substrate integrated waveguide (SIW).
The array also achievedmulti-beam performance by using the
butler matrix.

The coauthor’s group have already accomplished some
works of dual-polarized [25], [26] and end-fire [27], [28]
antenna arrays at the 60-GHz band. In the conference paper
of [29] Li and Luk reported some initial works of a dual lin-
early polarized end-fire antenna array. In this paper, the array
in [29] is further studied. The detail design guide line and
complete experimental demonstration of the dual linearly
polarized end-fire antenna array are presented. The proposed
array begins from two types of end-fire magneto-electric
dipole (ME-dipole) in [27] and [28], which provide a solution
for the vertical polarization (V-pol) and horizontal polariza-
tion (H-pol) respectively. In order to guarantee the potential
beam scanning property and avoid the grating lobes, these
two kinds of elements are placed closely by sharing a same
metallic post wall between them. However, the mutual cou-
pling is found among the tight elements, so crucial mod-
ifications including the separation slot and extended plane
waveguide are employed to suppress the mutual coupling.
Besides, the corrugated substrate is loaded in front of the
open-end SIW to improve the impedance matching for both
V-pol and H-pol excitation simultaneously. In addition, two
feed networks are designed to excite the V-pol and H-pol
separately for the good port isolation. To complete the feed
networks, a wideband Y-junction is proposed to guaran-
tee close distance between output ports and a back-to-back

coupling transition between the 1st and 3rd substrates is also
presented. A prototype is fabricated and good performances
are demonstrated through measurement.

This paper is organized as follows. The detailed geometry
and design procedure of the dual-polarized element antenna
are presented in section II. Simulated and measured results
of the proposed 1×8 array are illustrated and compared in
section III. And a conclusion is given in section IV.

II. DUAL-POLARIZED END-FIRE ME-DIPOLE
The general operating principle of ME-dipole is to excite
a pair of orthogonal magnetic dipole (M-dipole) and elec-
tric dipole (E-dipole) with equal amplitudes simultane-
ously. In this paper, for the V-pol ME-dipole as shown in
Figure 1 (a), the conventional open-end SIW operates as the
M-dipole and the four metallic vias in the lower and upper
substrates operate as the E-dipole. For the H-pol ME-dipole
as shown in Figure 1 (b), the vertical open-end SIW operates
as the M-dipole and the four small patches in the middle
two copper layers play the role of E-dipole. More design
details have been introduced in [27] and [28]. So this section
mainly focuses on the design considerations and modifica-
tions preparing for the dual-polarized array configuration.

FIGURE 1. Structure of end-fire ME-dipole. (a) V-pol ME-dipole and (b)
H-pol one. Reproduced from [27] and [28].

Figure 2 shows the structure evolution and 3D view of
the proposed dual-polarized ME-dipole. Both the V-pol and
H-pol ME-dipole are constructed by three stacked dielectric
substrates with a thickness of 0.787 mm each. With a width
of 2.83 mm and 1 mm for the V-pol element and H-pol
element respectively, the whole element space is 3.83 mm,
0.77 λ0 of 60 GHz, which is suitable for array design with-
out significant grating lobes. As for the SIW configuration,
the via holes are 0.35 mm in diameter and 0.6 mm in sep-
aration. To take the mutual coupling among elements in the
array into account, the ‘master’ and ‘slave’ boundaries are
assumed to the dual-polarized element in x-axis in order to
create a periodic boundary condition [6].

Firstly, V-pol ME-dipole and H-pol ME-dipole are tightly
integrated together by sharing a same post wall between them
as shown in Figure 2 (b), but it is found that the small patches
of the H-pol element connect with the V-pol element. So the
V-pol one is shorten slightly, leaving a slot for separation as
shown in Figure 2 (c). However, these patches are still located
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FIGURE 2. Design procedure of dual-polarized ME-dipole element. The
element is assigned with periodic boundaries for the simulation.

in front of the aperture of the V-pol ME-dipole so that they
will distort the electric/magnetic-field distribution because of
the blocking and mutual coupling effects. Simulation proves
that the radiation pattern of the V-pol ME-dipole gets very
unstable and asymmetrical after integrated with the H-pol
ME-dipole. Thus, the open-end SIW for V-pol is extended
by a length of parallel plane waveguide and the E-dipole vias
are also moved a distance forward as shown in Figure 2 (d).
To illustrate this changing, the surface current distributions of
the middle metal layer at 60 GHz before/after the modifica-
tion are given in Figure 3. Before the modification, the small
patches attract a large amount of current so that the ampli-
tude balance between M-dipole and E-dipole of the V-pol
element are broken. After the modification, the current in the
small patches decreases remarkably. By carefully adjusting
other geometric parameters, the V-pol ME-dipole can rebuild
the amplitude balance thereby keeping stable radiation per-
formance and pure polarization. Fortunately, the radiation
performance of the H-pol ME-dipole is not affected by the
blocking or mutual coupling effects. So after modifying the
V-polME-dipole, the H-polME-dipolemaintains unchanged.
Then, the substrate is extended in a corrugate form to improve
the impedance matching as shown in Figure 2 (e).

A uniform extension is investigated in the beginning.
As shown in Figure 5, with the extension length ‘el’ chang-
ing from 1 mm to 1.4 mm, the reflection coefficient of the
V-pol excitation decreases while that of the H-pol excitation
increases, which means the two types of ME-dipole prefer
different extension lengths for good impedance matching.
So there must be a tradeoff between the two polarizations
if using a uniform extension. Instead, as shown in Figure 4,
a corrugated extension is employed in front of the proposed
dual-polarized element. Simulated results in Figure 5 illus-
trate that a significant improvement is obtained by the corru-
gated substrate extension. The bandwidths of the V-pol and
H-pol are 26% (from 50.6 to 65.4 GHz) and 32% (from
50.9 to 70 GHZ) respectively for |S11| < −14 dB. The

FIGURE 3. Current distribution of middle layer at 60 GHz when V-pol
element is excited. (a) before and (b) after extending radiation aperture
of V-pol element.

FIGURE 4. Detailed geometry of modified dual-polarized ME-dipole in top
view, corrugated dielectric extension is employed to improve impedance
matching of both polarizations. Dimensions are a = 1, b = 2.83, c=0.6,
hl=0.5, hw=0.5, vw=1.3, vl=0.7, s1 =0.32, s2 = 0.2, s3 = 0.08, s4 = 0.2,
s5 = 1, ew1 = 1, el1 = 0.96, ew2 = 1.43, el2 = 1.66, all in mm.

FIGURE 5. Comparison of reflection coefficient among elements with
different dielectric substrate extensions, uniform extension of 1mm,
1.4 mm, and the corrugated extension.

final geometry of the corrugated extension can be easily
determined by tuning the related parameters especially ‘el1’
and ‘el2’. The final dimensions are given in the caption of
Figure 4.
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FIGURE 6. Radiation patterns of the proposed dual-polarized element at
the center frequency of 60 GHz. (a) V-pol and (b) H-pol.

Figure 6 illustrates the radiation patterns at the center
frequency of 60 GHz. Symmetrical radiation patterns are
attained except a slightly narrower beam in the E-plane (xoy
plane) of the H-pol operation. The cross polarization is almost
less than −40 dB and front-to-back ratio is over 20 dB for
both polarizations. The simulated gain and front-to-back ratio
versus frequency are given in Figure 7. Within the band from
55 to 65GHz, theH-pol radiation exhibits a stable gain, which
ranges from 6.6 to 7.1 dB. While the V-pol radiation meets
a larger gain variation of 2 dB and a higher average gain.
The V-pol radiation also has a larger fluctuation of front-
to-back ratio which is slightly smaller at lower frequencies
but still over 18 dB at 55 GHz. In fact, the small patches
of the H-pol element still have some negative influences on
the performance of the V-pol element so a tradeoff exists in
parameter tuning. Table 1 summarizes the performance of the
proposed dual-polarized ME-dipole.

FIGURE 7. Simulated gain and front-to-back ratio versus frequency.

TABLE 1. Performance of proposed dual-polarized ME-Dipole.

III. DUAL LINEARLY POLARIZED ANTENNA ARRAY
This section presents a 1×8 dual-polarized antenna array.
Two equal 8-way SIW feed networks are built to feed the
element antennas. The whole configuration of the proposed

array and two components are introduced. Commercial elec-
tromagnetic simulator HFSS was used for the simulation.

A. 1× 8 ANTENNA ARRAY
Figure 8 shows the 3D view and the energy flowwithin differ-
ent layers of the proposed antenna array. Eight dual-polarized
ME-dipole elements presented in section II are arranged
closely as the radiators. Two separated feed networks are
integrated together to excite the expected V-pol and H-pol
respectively.

FIGURE 8. Whole structure of the proposed dual-polarized antenna array.
(a) 3D view with illustration of array’s configuration, and (b) side view
with illustration of energy flows when array operates at V-pol or H-pol.

In the design procedure of feed networks, firstly an equal
8-way SIW power divider is built. Secondly, a SIW-to-
waveguide transition is connected with the 8-way power
divider because the standard waveguide adapter of WR-
15 (50-75 GHz) will be used to inject the electromagnetic
wave in the measurement. The two input ports are placed on
different sides with a little shift from the longitudinal axis
considering the installation of waveguide adapters. Finally,
a SIW coupling transition between the 1st and 3rd substrate
layers for the V-pol and a SIW polarization twist for the
H-pol are introduced to connect the power dividers with the
radiators therefore completing the energy flow routes.

For the 8-way power divider, three T-dividers and four
Y-dividers are contained. As shown in Figure 9 (a), it is a
conventional method to use three metallic posts to achieve
broadband impedancematching for the SIWT-divider. Round
edges are chosen for bends to further improve the impedance
matching. To guarantee a close distance between adjacent
outputs for arraying, a modified Y-divider is proposed as
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FIGURE 9. Geometry of SIW power divider in top view. (a) T-divider
and (b) modified Y-divider. Dimensions are R1 = 0.6, R2 = 0.5, sx1 = 0.8,
sy1 = 0.9, sd1 = 1, sx2 = 0.65, sy2 = 0.75, sd2 = 1, sx3 = 2.6, sy3 = 1.35,
all in mm.

the last stage of the 8-way power divider. Apart from the
three metallic posts like in the T-divider, two more posts
(the red ones) are employed to adjust the impedance match-
ing as shown in Figure 9 (b). Detailed dimensions of both
the T-divider and modified Y-divider are listed in the cap-
tion of Figure 9. Simulated reflection coefficients are given
in Figure 10. The T-divider shows a bandwidth of 42%
(48∼73.5 GHz) for |S11| < −15 dB while the Y-divider
performs badly in matching. By adding the two extra metallic
posts, the modified Y-divider yields significantly matching
improvement, realizing a bandwidth of 41% (48∼72.5 GHz).
The performance of the whole 8-way divider is given later in
the same subsection.

FIGURE 10. Reflection coefficient of different SIW dividers.

For the SIW coupling transition between the 1st and 3rd
substrate layers, a back-to-back coupling structure is the
proposed as shown in Figure 11. The electromagnetic energy
flows from the 1st substrate to 3rd substrate through two
coupling slots which are etched on copper layers between
adjacent substrates with a distance of offset from the longi-
tudinal axis. The dimension of the coupling slot determines
the resonant frequencies and an extra post is employed to
improve the impedance matching. The 2nd substrate layer
contains a series of posts to form a short vertical waveguide
for the energy transmission. Final dimensions of the proposed
coupling transition are listed in the caption of Figure 11.

FIGURE 11. Back-to-Back SIW coupling transition between different
substrate layers for V-pol feed network. (a) 3-D view with illustration of
power flow and (b) detailed geometry of the proposed structure.
Dimensions are dx1 = 0.72, dy1 = 1.51, dx2 = 2.22, dy2 = 0.47, cl=2.08,
cw=0.2, l1 = 2.8, w1 = 1, all in mm.

FIGURE 12. Simulated S-parameters of the Back-to-Back SIW transition
structure between different layers for the V-pol feed network.

FIGURE 13. Reflection coefficients of different feed networks.

S-parameters of the back-to-back coupling transition are
shown in Figure 12. A bandwidth of 29% (51-68.5 GHz) is
achieved for |S11| < −15 dB and the maximal insertion loss
is only 0.3 dB in the operating band.

As for another two essential components for the whole feed
networks, namely the SIW-to-waveguide transition and the
SIW polarization twist for H-pol. The authors made reference
to [10] and [28] to complete the design, and interested readers
can find detailed guidelines in these two literatures. Geome-
tries have been slightly tuned for the impedance matching of
the proposed networks in this paper.

78280 VOLUME 6, 2018



A. Li et al.: Dual Linearly Polarized End-Fire Antenna Array for the 5G Applications

FIGURE 14. Measurement for the proposed array. (a) prototype with top
and bottom view, and (b) radiation pattern measurement setup under the
far-field test system.

FIGURE 15. Simulated and measured S-parameters: (a) |S11| & |S22|, and
(b) |S21|.

Figure 13 gives the reflection coefficients of the network in
different forms. During the design of the network, the authors
aimed at achieving a goal that |S11| is less than −15 dB
over a wide frequency band. Simulated results demonstrate
that the reflection coefficient almost keeps below −15 dB

FIGURE 16. Comparison between simulated and measured gain, as well
as the simulated radiation efficiency of the proposed dual-polarized
antenna array: (a) port 1 excitation, i.e. V-pol radiation, and (b) port 2
excitation, i.e. H-pol radiation.

from 54 to 66 GHz except for the complete H-pol network
where −12 dB has been reached at some frequencies. How-
ever, the whole array also exhibits good impedance matching
for the H-pol radiation because of enough margin achieved
by the element antenna. Simulated and measured results of
the whole array are illustrated and compared in following
subsection.

B. EXPERIMENTAL RESULTS
Aprototype of the proposed dual-polarized antenna array was
fabricated by the cost-effective PCB technology as shown
in Figure 14 (a). The substrates used are commercial Rogers
5880 (with ε = 2.2, tanδ = 0.0009, and a thickness
of 0.787 mm), covered by copper layers(18 um in thick-
ness) on both sides. The prototype consists of four substrates
which were fabricated separately and then bonded together
using Rogers COOLSPAN Thermally and Electrically Con-
ductive Adhesive (TECA) films [9]. The TECA film, which
is 0.05 mm in thickness, can eliminate the possible air gaps
between adjacent substrates. The overall size of the prototype
is 66 mm×43mm×3.3mm. In the experiment, S-parameters
were measured by an Anritsu MS4647B Vector Network
Analyzer (VNA) with a 3743A mm-wave modulate. The
radiation patterns were measured by a far-field test system as
shown in Fig 14 (b) and the gain was attained by comparing
the prototype with a standard-gain horn.
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FIGURE 17. Radiation patterns of proposed dual-polarized antenna array at different frequencies: 55 GHz with (a) port 1 and (b) port 2 excitation;
60 GHz with (c) port 1 and (d) port 2 excitation; 64 GHz with (e) port 1 and (f) port 2 excitation. (a) 55 GHz, port 1. (b) 55 GHz, port 2. (c) 60 GHz, port 1.
(d) 60 GHz, port 2. (e) 64 GHz, port 1. (f) 64 GHz, port 2.

Measured and simulated S-parameters of the proposed
array are given in Figure 15 and a good agreement is achieved.
Port 1 and Port 2 are input ports for the V-pol and H-pol
excitation respectively. For the V-pol excitation, an operation
bandwidth (|S11| < −10 dB) of 21% (53.1∼65.5 GHz)
is obtained in measurement. |S11| is about −9.6 dB near
59 GHz, slightly over −10 dB but acceptable. There exists
a small frequency shift of 0.5 GHz between measured and
simulated results. For the H-pol excitation, the measured
bandwidth is 18% (53.3∼63.7 GHz), observing a similar
frequency shift of 0.8 GHz, which however is still acceptable.
The matching gets worse at upper frequency region for the
prototype, which results in a relatively narrower bandwidth.
The difference between measurement and simulation should
be mainly caused by (1) fabrication tolerances, especially
for the corrugated substrate extension, (2) parameter differ-
ences of the substrate including permittivity and copper layer
thickness, (3) tiny misalignment of substrates and bonding

films. The isolation between the two ports is evaluated by
|S21| which is given in Figure 15 (b). Note that |S21| seems
extremely small so the authors tried to reduce the convergence
criteria (setting of HFSS) in order to get an accurate result
during the simulation. But the computer resource is limit so
that ‘‘Maximum Delta-S=0.003 (−50 dB)’’ was set as the
final convergence criteria. It comes out that the simulated
|S21| could be weakly accurate since it is below the con-
vergence tolerance. However, the result can still prove that
simulated |S21| is smaller than −50 dB at least therefore
being given here as a reference. The measured value is below
−45 dB. The difference seems large but it may happen easily
since |S21| is truly extremely small. The reasons could be the
tiny errors from fabrication and alignment, even the natural
noise during the measurement.

The gain of the proposed array was obtained by comparing
the prototype with a standard-gain horn as mentioned above.
Figure 16 gives measured and simulated gains of the array,
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TABLE 2. Comparison between proposed and reported dual-polarized antenna arrays.

as well as the simulated radiation efficiency. Good agreement
is achieved between the measurement and simulation. For the
V-pol radiation, the measured gain experiences a peak value
of 16.1 dB and a variation of 2.3 dB within the operation
band from 54 to 66 GHz. For the H-pol radiation, the gain
sees a slightly smaller peak value of 15.1 dB but meantime
a smaller variation of 0.9 dB within the operating band from
54 to 63 GHz. The difference between the V-pol and H-pol
radiation is mainly determined by the radiation performance
of the elements as investigated in section II.

Measured and simulated radiation patterns of both V-pol
and H-pol are given in Figure 17. Three frequencies, 55 GHz,
60 GHz, and 64 GHz, are chosen to illustrate the radiation
performance of the array prototype. All the radiation pat-
terns presented demonstrate a great agreement between the
measurement and simulation. The radiation pattern is very
stable over the frequency band for both polarizations. The
array obtains a narrowmain-beam (around 8 degrees for 3-dB
beamwidth) in xoy-plane because of the array arrangement.
The side-lobe keeps below −10 dB. The cross polarization
is below −30 dB due to the excellent performance of the
ME-dipole.

C. COMPARISON WITH SOME REPORTED WORKS
Table 2 summarizes the performances and configurations
of the proposed antenna array and reported mm-wave dual-
polarized antenna arrays for comparison. As mentioned
above, an antenna array with features of both dual polariza-
tion and end-fire radiation is still rare, so only three cases
are listed and the others are broadside ones. In term of oper-
ating bandwidth, the proposed design achieves a relatively
good performance of 21%, which is slightly less than those
of [23] and [24] mainly because of the bandwidth limit of a
larger feed network. Due to the low-loss substrate and SIW

structure, the radiation efficiency of this work is comparable
to those high efficiency antenna arrays in [18] and [19]. Note
that the conductive adhesive film used is crucial to guarantee
the high radiation efficiency performance because possible
air gaps between adjacent substrates can cause the energy
leakage. As for the isolation between the two input ports,
which is a key characteristic requirement for dual-polarized
antennas and arrays, the proposed array obtains a high value
of 45 dB, which is much larger than those of the listed works.
In addition, this array is fabricated by standard PCB technol-
ogy, which is very cost-effective for mm-wave applications.

D. BEAM SCANNING PERFORMANCE
Beam scanning is a desired property for the future 5G
applications. Although only a fixed-beam antenna array is
demonstrated in this paper, the authors have considered the
array’s potential application of beam scanning by keeping
the element space as compact as possible and suppressing the
mutual coupling among elements as described in section II.
So the presented array can also achieve beam scanning prop-
erty by replacing the feed network with a conventional beam-
forming network such as the Rotman lens [22] and Butler
matrix [25].

In this subsection, the beam scanning performance of the
presented 1×8 array is further evaluated through the full
wave simulation by HFSS. The 8-way feed networks are
removed and all the eight elements are directly stimulated
simultaneously. By setting a gradient phase distribution for
the elements, the array can steer its beam in the xoy plane.
The simulated results are shown in Figure 18. With the gain
decreasing by 3 dB, the beam scans within +/−25 degree
(i.e. phi ranges from 65 to 115 degree) for both V-pol and
H-pol excitation, which proves the beam scanning ability of
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FIGURE 18. Simulated radiation patterns of beam scanning performance
at 60 GHz: (a) V-pol excitation and (b) H-pol excitation.

the proposed antenna array although the grating lobe arises
with the scanned angle increasing.

IV. CONCLUSION
A dual linearly polarized end-fire antenna array with a high
isolation of 45 dB has been proposed and validated. The
whole structure is integrated into four substrate layers and
fabricated by cost-effective PCB technology. Bandwidths
of 21% and 18% are achieved for the V-pol and H-pol
operations respectively. Stable radiation patterns with cross
polarizations below −30 dB and stable gains (peak gain
of 16.1 dB for the V-pol and 15.1 dB for the H-pol) are
obtained. The radiation efficiency is as stable as the gain and
reaches a peak value of 82%. This design enlarges the family
of dual-polarized end-fire antenna arrays and achieves many
good performances therefore to be an attractive candidate to
the future 5G applications.
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