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Broadband Dual-Polarized Antenna Array for
5G Millimeter-Wave Handsets

Maryam Faizi Khajeim, Gholamreza Moradi, Senior Member, IEEE, Reza Sarraf Shirazi, Shuai
Zhang, Senior Member, IEEE

Abstract—This letter presents a wideband compact dual-
polarized antenna with end-fire radiation pattern for the fifth
generation (5G) millimeter-wave (mm-wave) applications. The
antenna achieves a —10 dB Si1 bandwidth of 16.5 % (25-29.5 GHz).
The antenna has a thickness of 1.6 mm and a clearance of 3.4 mm.
The presented four-element array achieves a maximum realized
gain of 9.9 dBi and 9.1 dBi for horizontal mode (H-mode) and
vertical mode (V-mode), respectively. The antenna has a wide
beamwidth in both elevation and azimuth planes with good
scanning performance for both H-mode and V-mode.

Index Terms—5G, dual-polarized, millimeter-wave, mobile
antenna, phased array, substrate integrated waveguide (SIW).

I. INTRODUCTION

In the last ten years, the millimeter-wave (mm-wave)
technology has drawn considerable research interest for the
fifth generation (5G) communication systems due to its
capability of providing a high data rate, wide bandwidth, and
low latency[1]. Several single polarized antennas have been
reported in the literature [2]-[4]. Adopting dual-polarized
antennas would increase channel capacity and reliability
considerably. Several dual-polarized antennas for base stations
of mm-wave band communication systems have been reported
[5]-[7]. The large size of those antennas makes it difficult to
be integrated into mobile devices. Dual polarized antennas for
metal frame mobile phone applications have been reported
[8]-[10]. Several dual-polarized antennas with a broadside
radiation pattern have been reported [11], [12]. Antennas with
end-fire radiation can provide a good tradeoff in terms of ease
of integration, the performance of the antenna integrated
inside the handset (with hand blockage), and user exposure
[13]-[17]. To minimize the effect of the handset on the
antenna’s performance, a gap of 2 mm or more is required
between the antenna and adjacent metallic components such as
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the screen [18]. The compact size, low complexity, easy
integration, and low cost make the SIW-based end-fire
antennas proper for millimeter-wave applications [19].

Several dual-polarized end-fire antennas have been reported
in [13] and [20]-[24]. Designing an end-fire dual-polarized
antenna with a wideband operating frequency band, compact
size, and a good radiation pattern is still very challenging.

II. ANTENNA DESIGN AND ANALYSIS

A. Antenna Structure

The configuration of the presented antenna array is shown
in Fig. 1. The antenna is formed by a two-layer stack-up PCB
(Sub. 1 and Sub. 2). The material of Sub.l and Sub. 2 is
Rogers RO4350B (g = 3.66, tand = 0.0037) with a thickness
of 0.762 mm and the prepreg is Rogers RO4450F (g = 3.7,
tand = 0.004) with a thickness of 0.1 mm. The thickness of all
copper layers (M1, M2, and M3) is 18 um.

A pair of U-shaped slots is etched in the top and bottom
faces of the SIW and five matching pins (Via. 4) are inserted
inside it to achieve wide operating bandwidth in the vertical
mode (V-mode).

SIW antenna with U-shaped slots suffers from a narrow
operating band. Inserting matching vias improves the
operating bandwidth considerably [4]. Employing blind vias to
increase the bandwidth would result in a multi-layer structure,
which is not proper for integration with a horizontally
polarized antenna. To decrease the cost and complexity of the
structure through vias have been employed to increase the
operating bandwidth using a thin single-layer structure.

A printed monopole antenna with a stripline feed is placed
in front of the SIW aperture to perform a horizontally
polarized antenna. Employing a dipole antenna in front of the
SIW results in high cross-polarization, asymmetric radiation
pattern, and a small scan range of V-mode [22]. The monopole
antenna with parasitic elements employed in this work has a
clearance of 1.7 mm. Therefore, there is enough space to etch
slots on broad faces of SIW to achieve wide bandwidth.
Moreover, there is no connection between the radiating part
and the ground plane, which would result in low cross-
polarization in the V-mode.

Four blind vias (Via. 1) are drilled from M1 to M2 to feed
horizontal mode (H-mode). Via. 2 is drilled from M1 to M3 to
excite V-mode inside the SIW. Connector. 1 and Connector. 2
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Fig. 1. Antenna configuration: (a) Exploded view, (b) Side view, (c)
Dimensions and layers.

are mounted on the M1 layer to feed vertical and horizontal
modes, respectively. The horizontally polarized antenna and
its feeding are placed in the middle plane of the SIW.
Therefore, the H-mode does not affect the impedance
matching of the V-mode. The optimized design parameters
were: h = 1.624, w; = 4.2, Wgor = 0.2, Weior1 = 0.6, w, = 1, wy =
02, wy=02,0=75lu=171s=15,1=1.8, [y =34, I
=18.1,1,=3.8, 1y =34, i =48,5=0.2,5=0.6,5,=0.2,
5:=0.6,a=5.6,x,=09,2,=19,x,=08,2,=3.8,¢g=0.2,
dy,=08,d.=03,d;=2,d,=14,d,=1.7,r;=0.3,72=0.5,7r3
=11,r=123,r;=04,rs=0.6,r,=13,rs=04,r=02
(all in millimeters).

B. Vertical Mode Analysis and Design

As illustrated in Fig. 2, Employing slots has improved
impedance matching in frequencies larger than 29.5 GHz. Five
pins (see via. 4 in Fig. 1) are inserted inside the SIW to
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Fig. 2. The reflection coefficient of the presented single element and
comparison with other configurations.
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Fig. 3. The impact of the position of (a) center pin, and (b) side pins on the V-

mode reflection coefficient.
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Fig. 4.  The electric field distributions at 25.3 GHz (a) with, and (b) without
matching pins, at 28.3 GHz (c) with, and (d) without matching pins.
improve impedance matching of the V-mode. A pin is inserted
at the center of the SIW, which shifts the operating band to the
target frequency band around 28 GHz. Inserting two pairs of
pins symmetrically inside the SIW improves impedance
matching. Employing triangular plates on the dielectric
loading in front of the SIW tunes the real part of the input
impedance and improves impedance matching.

To investigate the operation mechanism, a parametric
analysis has been performed on the positions of matching pins
(Via. 4 in Fig. 1). Fig. 3(a) and (b) demonstrate the impact of
center and side pins’ position on the impedance matching.
Adding the pin in front of the slot (negative offset) does not
have a noticeable impact on the reflection coefficient while
placing the pin in the back of the slot (positive offset)
improves the impedance matching significantly. Decreasing
the offset makes two resonances closer to each other and
improves impedance matching. The distance between side
pins mainly affects the second resonance. Increasing the
distance moves the second resonance to a lower frequency and
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Fig. 5. (a) The design procedure of the H-mode, (b) The reflection coefficient
comparison of different structures.
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Fig. 6. The impact of the z-oriented slots on the radiation patterns in the (a)
E-plane and (b) H-plane.
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Fig. 7. The surface current distributions: (a) without z-oriented slots and (b)
with z-oriented slots at 28 GHz.

improves the impedance matching in the middle of the
frequency band.

The electric field distributions with and without pins are
illustrated on the y=h plane in Fig. 4 in the resonance
frequencies. Matching pins have increased the field amplitude
around the SIW aperture and slots in both resonances, which
confirms the advantages obtained by using matching pins. It
can be realized that triangular plates mostly affect the field
distribution in the second resonance.

C. Horizontal Mode Analysis and Design

The design procedure of the horizontally polarized antenna
is shown in Fig. 5. A monopole-like antenna in front of the
SIW aperture is used to support H-mode. As illustrated in Fig.
5(b), adding some parasitic rectangular strip elements would
excite multi resonant modes, which leads to wide operating
bandwidth. Fig. 6 demonstrates the performance advantages
obtained by using the z-oriented slots in the ground plane. The
surface current distribution on the M1 layer is presented in
Fig. 7. In the H-mode without z-oriented slots, surface
currents induced on the ground planes flow on the other
elements of the array that leads to notches in the E-Plane

Scree
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Fig. 8.  (a) The fabricated antenna array. (b) Array inside the handset.
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Fig. 9. The simulated and measured (a) reflection coefficients, and (b)

mutual couplings of the presented antenna array.
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Fig. 10.  The scanning performance of the presented antenna in the (a) H-
mode, and (b) V-mode at 28 GHz.

radiation pattern. Moreover, the front-to-back radiation ratio
has been increased by using full z-oriented slots.

III. MEASUREMENT RESULTS

The fabricated 1x4 antenna array is demonstrated in Fig.
8(a). Fig. 8(b) depicts the antenna inside the handset. The
antenna is placed on the top corner of the PCB, which is
surrounded by the handset’s plastic casing. The antenna is not
covered by the screen. The measurements are performed in the
anechoic chamber at Aalborg University. The simulated and
measured reflection coefficients and mutual couplings are
illustrated in Fig. 9(a) and (b), respectively. The measured
operating band of V-mode and H-mode is 25-29.5 GHz and
24.7-29.5 GHz, respectively. The coupling between adjacent
ports is less than -15 dB. The measured isolation between V-
mode and H-mode ports is higher than 23 dB. The antenna
array’s ports are excited with equal magnitude and progressive
phase shift of . The simulated scanning performance is
illustrated in Fig. 10. The angles of -44° to 44° are covered
within the 3-dB beam scanning range for both V-mode and H-
mode. Indeed, for H-mode, the 3-dB beam scanning range is
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TABLEI
COMPARISON WITH OTHER DUAL-POLARIZED END-FIRE MM-WAVE ANTENNA ARRAYS
A Number of S trical
Ref No. Pol. ey BW (%) Array Gain (dBi) umbero Thickness | Clearance ymmetrica Scan Range
Elements Layers Pattern
[13] D-LP 2x4 28.6 H-mode: 10.5 V-mode: 11.6 1 0.12 ko 0.65 Mo Yes NA
[21] D-LP 1x4 19 H-mode: 9.27 V-mode: 9.16 4 0.19 o 0.16 Xo No -34° to 33°
-42° to 39°
[22] D-LP 1x4 7 H-mode: 8.14 V-mode: 8.05 2 0.1 ko 0.25 ho Yes ° R
(above 4 dBi)
[23] D-LP 1x4 11.1 NA 3 0.23 o 1.54 ho No NA
[24] D-CP 1x4 22.5 12.8 0.37 % 0.35 Mo Yes +38°
This work | D-LP 1x4 16.5 H-mode: 9.9 V-mode: 9.1 0.15 Mo 0.3 Mo Yes +44°
D-LP: Dual-linear polarization D-CP: Dual-circular polarization NA: Not Available BW: Bandwidth
—&— Co-pol meas = = Co-pol sim —8— Co-pol meas = = Co-pol sim
xz-plane yz-plane yz-plane
120 %5 60 120 120 =225 60
150 150
26 GHz 180 26 GHz 180
210 210
150 150
27 GHz 180 27 GHz 180
210 210
150 150
28 GHz 180 28 GHz 180
210 210
150 150
29 GHz 180 29 GHz 180
210 210
240 270 300
Fig. 11.  The radiation patterns of the array element 1 in the H-mode. Fig. 12.  The radiation patterns of the array element 5 in the V-mode.

from -52° to 52°. In the V-mode, the beamwidth is narrower
than in the H-mode. Therefore, compared with the H-mode,
the scanning capability of the V-mode is limited.

As illustrated in Fig. 11 and Fig. 12, the antenna has stable
and symmetrical radiation patterns all over the operating band
in both xz and yz-planes for both modes. The cross-
polarization of the V-mode and H-mode is 18 dB and 13 dB
lower than co-polarization, respectively, in both planes during
the operating band.

Table I compares the performance of different mm-wave
antennas. Compared with previously reported works, the
presented antenna has a larger scanning range. The antenna

has a small thickness, small clearance, and wide bandwidth
simultaneously using a simple two-layer structure. The
antenna has symmetrical radiation patterns in both planes for
both V-mode and H-mode with low cross-polarization.

IV. CONCLUSION

A broadband dual-polarized antenna array for the 5G
handset has been presented. A slotted SIW antenna is
combined with a monopole-like antenna to achieve a dual-
polarization feature. The good radiation performance, wide
frequency bandwidth, and compact configuration make the
presented antenna appropriate for 5G mobile phone devices.
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