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Antenna, Propagation and Mm-Wave Systems Section (APMS), Department of Electronic Systems,

Aalborg University, Aalborg, Denmark
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Abstract—In this paper, a millimeter-wave (mm-wave) bow-tie
antenna array is proposed to be integrated with a low-frequency
Planar Inverted F-Antenna (PIFA) at the top edge of a handset.
A layer of grating strips with pin diodes is added between the low
and high-frequency antennas to provide reconfigurable radiation
patterns. The proposed 5G array is matched from 24-30 GHz
and can steer the beam in both configurations with a realized
gain higher than 8 dBi in the broadside case, and more than 6
dBi when the radiation pattern is endfire.

Index Terms—5G mobile communication, antenna array, ra-
diation pattern, reconfigurable

I. INTRODUCTION

The fifth generation of mobile communications (5G) in-
cludes some frequency ranges in the millimeter-wave (mm-
wave) band to alleviate the saturated spectrum under 3 GHz
[1]. High-gain antenna systems are required to compensate
higher propagation losses [2], [3]. Due to the limited space
available in mobile terminals, the placement of the mm-wave
arrays can be challenging.

One solution to save space consist of integrating the 5G
array with the antennas from the former generations. However,
having metallic structures in the same direction as the main
beam of a planar endfire mm-wave antenna can partially or
totally block the beam of the 5G antenna. Several solutions
have been proposed in literature to reduce the blockage. In
[4], a Vivaldi array has been integrated with the metal case of
the phone, that acts as the low-frequency antenna. Two layers
of metal strips are placed at both sides of the frame and are
illuminated by the coupling from the reflections on the frame.
The radiation from the two layers, adds in phase in the far-
field. In [5], a window has been etched from the frame to
include the mm-wave module. The sub-6 GHz frame antenna
and the mm-wave array are co-designed. In [6], a folded-dipole
array is combined with a dual-band Planar Inverted F-Antenna
(PIFA). In order to overcome the blockage of the PIFA, anti-
reflecting coating is introduced at a quarter wavelength to
make the reflections from the PIFA and the coating cancel out.
Several pattern reconfigurable antennas have been proposed
in literature for 5G. In [7], a radiation pattern reconfigurable
antenna is proposed with three switchable modes. However
the structure is composed of three stacked layers, which
complicated the fabrication process. In [8], a 3-dimensional
reconfigurable array for base station that allows to cover
sectors of 90◦ is presented.

In this paper, a mm-wave bow-tie array is integrated with a
low-frequency PIFA antenna. The diodes introduced between
the layer of grating strips allow the reconfigurability of the
radiation pattern.

II. ANTENNA DESIGN

The mm-wave array is composed of 4 antipodal bow-tie
antenna elements, as represented in Fig. 1 (a). A layer of anti-
reflective grating strips is placed between the array and the
metallic branch of the PIFA. The PIFA serves as sub-3 GHz
antenna and occupies all the width of the handset. Diodes are
placed between the grating strips to provide the reconfigurabil-
ity functionality of the radiation pattern, as shown in Fig. 1 (b).
The number of grating strips and diodes needs to be larger than
the array aperture to cover the maximum beam-steering angle.
Otherwise the radiation pattern would be degraded. When the
pin diodes are on, the equivalent circuit corresponds to a series
resistance and inductance, which blocks the radiation from
the antenna resulting in broadside radiation pattern. If the pin
diodes are off, the model corresponds to a capacitance in series
with an inductance, allowing the radiation pass between the
strips and endfire radiation pattern is obtained. It is required
that all the diodes are on or off, respectively, to not degrade
the radiation pattern. As explained in [6], the reflections from
the grating strips and the low-frequency antenna are out of
phase, therefore they cancel out. For convenience, we refer to
endfire direction to +x axis and broadside direction to z axis.

III. RESULTS

The simulations are carried out by CST Microwave Studio
2018. The pin diode employed is MA4AGP907 from MA-
COM, which has a series resistance of 5.2 Ω and a capacitance
of 0.025 pF. The reflection coefficient is represented in Fig. 2
for the two different states. The simulated -10 dB impedance
bandwidth is 6 GHz (from 24 GHz to 30 GHz). For the
frequency bands below 3 GHz, the matching criterion is more
relaxed and set to -6 dB. The operating bandwidth of the PIFA
antenna is 2680-2840 MHz. The total efficiency of the mm-
wave array is 80 % and 86 % for the low-frequency antenna.

The radiation patterns of both configurations of the diodes
are represented in Fig. 3. The ϕ = 0◦ cut is plotted in Fig.
3 (a), it can be seen how the radiation pattern points to the
endfire direction when the diodes are off, while the radiation
is broadside when they are on. The maximum gain at 26 GHz
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Fig. 1. (a) Simulated model of the structure. The substrate is hidden in this
figure. (b) Functionality diagram.

for the endfire configuration is 8 dBi, while for the broadside
radiation pattern it has a value of 9.2 dBi.

The beam-steering envelope is represented for several fre-
quencies in Fig. 4. The envelope is obtained from the max-
imum gain of 12 beams pointing at different directions. The
phase step between the antenna elements is 30◦. In the case
of endfire radiation pattern (Fig. 4 (a)), the beam is scanned
in azimuth. While for broadside radiation pattern (Fig. 4 (b)),
the scanned beam is represented in the YZ plane to plot the
direction of maximum gain. The array is able to scan the beam
ϕ = ±70◦ with an endfire radiation pattern. For the broadside
radiation pattern, the scan angles are θ = ±42◦ and θ = 138◦-
223◦.

IV. CONCLUSION

A radiation pattern reconfigurable bow-tie array, that covers
the mm-wave frequency bands n257 and n258 [1], is presented
in this paper. The array is integrated with a low-frequency
antenna to reduce the space occupied of the mobile terminal.
Several diodes control the shape of the radiation pattern. When
all the diodes are on, the power is radiated in the broadside
direction; when they are off, in endfire. Both configurations
of the radiation pattern are able to steer the beam, 140◦ for
endfire and 84◦, for broadside.
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Fig. 2. (a) Reflection coefficient comparison of the two states of the mm-wave
antenna. (b) Reflection coefficient of the PIFA antenna.
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Fig. 3. Realized gain radiation pattern cuts at 26 GHz. (a) ϕ = 0◦ cut. (b)
θ = 90◦ cut. (See coordinate system in Fig. 1 (a)).

-80 -60 -40 -20 0 20 40 60 80

 [deg]

0

2

4

6

8

10

R
ea

liz
ed

 g
ai

n 
[d

B
i]

f= 26 GHz
f= 27 GHz
f= 28 GHz

(a)

-150 -100 -50 0 50 100 150

 [deg]

0

2

4

6

8

10

R
ea

liz
ed

 g
ai

n 
[d

B
i]

f= 26 GHz
f= 27 GHz
f= 28 GHz

(b)

Fig. 4. Beam steering envelope comparison. (a) Diodes off (θ = 90◦ plane).
(b) Diodes on (ϕ = 90◦ plane).
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