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Abstract—A compact size arrow shaped patch in a rectangular slot
antenna is designed for 5G communications in the lower 3 to 6 GHz
band. The antenna element is fed through a coplanar waveguide with
partial ground plane for better impedance matching with 50 Ohms
across the entire band. The maximum gain of a single element is
3.8 dB at 3.7 GHz, while for linear arrays of 5 and 15 elements with
uniform excitation the maximum gains are 10.9 dB and 16 dB,
respectively. The 5 and 15 elements arrays provide scanning range
with no significant degradation of the main beam up to 30° and 45°,
respectively. The properties of this antenna element makes it suitable
for 5G wireless mobile devices and miniaturized base stations antenna
arrays.
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I. INTRODUCTION

In recent years, the establishment of the fifth-generation
communication systems (5G) are getting more and more
attentions [1], in which the antenna working as the wireless
signal receiver and transmitter are facing the challenges of
updating systematically due to the new licensed frequency band
for 5G. The 5G frequency announced by the FCC in 2018 has
the sub-6 bands like 3.55-3.7 GHz band and 3.7-4.2 GHz band,
and higher frequency bands as 24.25-24.45 GHz band, 24.75-
25.25 GHz band, 27.5-28.35 GHz, 37-38.6 GHz, etc. [2].
Initially, 5G antenna designs are mainly focus on the sub-6
bands due to the lower cost and lower manufacturing accuracy
requirements. However, the wide-ranging bands at the sub-6
range are enforcing the need for antennas covering these bands
in a configurable mechanism. Reconfigurable antennas are
usually consisting of other circuit elements that introduces
losses and complications to the design [3]. An alternative
approach is to design an antenna that support the entire sub-6
GHz band with miniaturization and low cost in mind [4].

In order to achieve a compact size antenna working at
different bands within the 3 to 6 GHz range using single feeding
port, an arrow-like patch/slot type antenna with partially
grounded coplanar waveguide (CPW) feed is considered. CPW
feeding configuration has several advantages such as low
profile, low cost, and broader bandwidth relative to traditional
microstrip line configuration [5].
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The finite difference time domain (FDTD) method is used
for the current design simulation [6] and the numerical results
for one element antenna is compared with the corresponding
measured results of a fabricated prototype and simulated results
using commercially available Ansys High Frequency Structure
Simulator (HFSS). A linear array with 30° and 45° scanned
beams are also simulated to show the future capabilities of this
element in array configurations.

Il. ANTENNA DESIGN & STRUCTURE

The top view of the proposed antenna element is shown
in Fig. 1 along with the fabricated prototype using an FR4
substrate, with thickness of 1.6 mm, relative permittivity of 4.4,
and loss tangent of 0.02. The footprint size of this antenna is 35
(W) x 30 (H) mm?, which are 0.43\ x 0.371 at 3.7 GHz. The
dash line in Fig. 1 (a) represents a partial metal ground plane at
the bottom side of the substrate with dimensions of 35 (W) x 3
(Hp) mm?2. The above dimensions are optimized using the full
wave simulation software CEMS [8] which is based on the
FDTD method [6], but running on GPU. The other dimensions
of the antenna element in millimeters are: W = 35, H=30, Wy =
23, H1 =13, H, = 10, Wp = 15.6, Hp = 7.2, W; = 3.6, Hf = 12.4,
s=0.4, H, = 3. Fig. 1 (b) presents the fabricated single element.
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Fig. 1. (@) The proposed arrow shaped patch/slot antenna element. (b)
Fabricated prototype element.

To demonstrate the potential of this element in building a
phased array base station antenna with miniaturized size and
wide-band capabilities, a 5-elements and a 15-elements linear
arrays were also simulated and sample results are presented.
This design provides a good potential of multi-input and multi-
output (MIMO) antenna designs for 5G applications.
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Il. SIMULATED AND MEASURED RESULTS

The major simulation parameters used in CEMS are:
dx=0.1, dy=dz=0.2 mm and 50,000 time steps with 10 layers of
convolutional perfectly matched layer (CPML) boundary.
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Fig. 2. (a) Antenna element reflection coefficients, and (b) far-field gain
pattern at 3.7-GHz.
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Fig. 3. A5-elements linear array with size less than 2.65A.
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Fig. 4. The 5-elements 3D far-field gain pattern at 3.7 GHz: (a) with
uniform excitation; (b) with phase distribution for 30° scanned beam.

The comparison between the simulation based on CEMS
and HFSS and measured reflection coefficient of a single
element antenna yields good agreement from 2.9 GHz to 5.9
GHz as shown in Fig. 2 (a). The measured response covers two
of the sub-6 bands for 5G: 3.55-3.7 GHz and 3.7-4.2 GHz. The
far-field gain pattern of a single element at 3.7 GHz is shown
in Fig. 2 (b) with maximum gain of 3.8 dBi at the broadside
(6=0°).

Fig. 3 shows the configuration of a 5-elements linear array
which supports the operation in the sub-6 bands while
maintaining coupling among the elements in the order or less
than -20 dB. The 3D gain patterns for this configuration is
shown in Fig. 4 for uniform and phased excitation with 0° and
30° main beam directions, respectively. Similarly, the gain
patterns for a 15 elements array are shown in Fig. 5. The gain
of 1 element, 5, and 15 elements with uniform and phased
excitation for scanning at 30° and 45° are listed in Table I.

IV. CONCLUSIONS

A miniaturized, low-cost design of patch/slot antenna
element and the corresponding linear arrays supporting the sub-
6 GHz frequency bands for 5G communications is presented.

Higher gains and larger scanning range are achieved with the
increase of number of elements in the linear array configuration
without obvious deterioration in S-parameters or far-field
characteristics. Good element to element isolation is observed,
and scanning capabilities are predicted for larger number of
elements. Future work will include the extension to two-
dimensional arrays.
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Fig. 5. Far-field gain pattern of the 15-elements linear array in xz plane
at 3.7 GHz with size less than 8.31A: (a) with uniform excitation; (b)
with phase distribution for 45° scanned beam.

TABLE |. BROADSIDE GAIN AT 3.7GHz

Element Numbers Main Beam Direction Gain
(N) (degree) (dBi)
N=1 0 38
N=5 0 10.9
N=5 30 9.4
N=15 0 16
N=15 45 12.4
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