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Abstract – Millimeter-wave (mm-Wave) technology has
opened a new era of wireless communication systems
in various fields like automotive, mobile devices, Inter-
net of Things (IoT), military, medical, and others. The
benefit of adopting the unconventional frequency spec-
trum of large bandwidth under an mm-Wave spectrum
is the availability of large bandwidth and lesser chances
of interferences from various technologies. In the recent
5G communication systems either cellular or other wire-
less applications, many researchers have focused on mm-
Wave antennas and arrays. In this paper, a dual-array
antenna system is designed for various 5G mm-Wave
wireless applications. It has two arrays on the same sub-
strate edges with a series feed line compact technique.
The profile antenna system has two 1×16 arrays on the
same substrate edges. Each array gives 17.3 dB and
16.4 dB simulated and measured gains and impedance
bandwidth 31.30 GHz to 39 GHz at 38 GHz center fre-
quency. The feature to use both arrays at the same time
for two different applications within the operational band
for same or different center frequencies makes this pro-
posed dual-array antenna system a good candidate for 5G
mm-Wave wireless IoT and broadcast applications.

Index Terms – Internet of Things (IoT), antenna array,
millimeter-wave (mm-Wave).

I. INTRODUCTION
The technological development in cellular devices,

androids, and broadcast applications with the passage
of time has inspired a high-speed data rate demand that
leads to a 5G communication system. The high fre-
quency bands in millimeter-wave (mm-Wave) range, i.e.,
n258, n257, n261, n260, n260, and n257 have already
been allocated by the FCC for 5G communication sys-
tems.

The three main factors, i.e., arbitrary mobile device
orientation, indoor outdoor propagation environment,
and user mobility are really important for designing

antennas in cellular communication systems [1]. The
high path losses in communication systems are due to
the high operating frequencies that are compensated with
high gain directional antennas [2]. The high frequency
mm-Wave antennas provide high data rate in commu-
nication systems [3]. In high frequency communica-
tion systems, directional antenna is a good choice to
reduce delay spread, Doppler shift spread, and path loss
exponent [4]-[6]. The high frequency 5G antennas have
become a hot topic these days for wireless networks
that cover multiple bands with wide bandwidths [7]. In
[8], a proximity-coupled planar antenna array is pre-
sented that gives 21 dBi high gain with impedance band-
width 27.5–28.5 GHz for cellular 5G applications. In
[1], a multi-mode phased antenna array is proposed to
cover the frequency band 25–33 GHz. In [9], the 8-
element antenna array is designed for 5G wireless cel-
lular applications that give 12 dBi gain with 26.5–38
GHz impedance bandwidth with low side lobes. In
[10]-[21], a substrate integrated waveguide (SIW) feed
network is used to get large impedance bandwidth and
high gain. In [22], A SIW-fed 8×8 antenna array is
presented that gives 26.7 dBi gain with impedance band-
width 35.4–41.7 GHz. A series-parallel feeding tech-
nique is preferred instead of traditional parallel power
divider networks for tight planar array configurations and
compact sizes [23]. A novel method is used in [24]
to reduce mutual reduction in 8-element antenna array
that gives 11.32 dBi gain with the impedance bandwidth
24.75–28.5 GHz.

This article presents a dual-array antenna sys-
tem with a compact feeding network for various 5G
mm-wave multiple wireless applications as shown in
Figure 1. The compact feeding structure is based on a
series-parallel technique as in [23].

All patch elements are in parallel connection with
a single series feed line. So, they all are excited
with a single port. The profile antenna element has a
half-moon slot at the center and is excited at 38 GHz
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Fig. 1. 5G antennas; (a) single antenna element, (b) 1×4
antenna array, (c) 1×16 antenna array.

center frequency antenna to operate for n260 5G band
for high-speed data rate applications. Each array exhibits
equal broad bandwidth with high gain and negligible side
lobes. There is a little drop or discrimination of gain at
edge frequencies for the entire bandwidth.

The operation of dual-array antenna structure with
compact feed network for two different applications at
the same or different frequencies within the operational
band makes this proposed array a good candidate for
multi-wireless mm-Wave applications. The profile 1×16
dual-array antenna can be used for Internet of Things
(IoT) and cellular applications in smartphones with two
1×4 antenna arrays for end-fire coverage. Furthermore,
the proposed 1×16 dual-array antenna is also a good can-
didate for indoor and outdoor mm-Wave broadcast and
IoT applications. The simulation results from ANSYS
18.2 HFSS are compared with the measured results for
validity check.

The paper is organized as follows: section II dis-
cusses the antenna design and principle of operation.
Results and discussions lie in section III. Final summary
is in section IV.

II. ANTENNA DESIGN AND PRINCIPLE
A. Antenna design

It is really important to design a broadband mm-
Wave antenna element with high gain for array config-
uration as shown in Figure 1. In the first step, an antenna
element is simulated without any slot on the patch at 38
GHz center frequency on a Rogers-5880 dielectric sub-
strate with basic micro strip antenna design formulae as
follows in [25, 26]. The antenna element gives 7.15 dBi
gain with impedance bandwidth 36.16–39.27 GHz with
32.78 dB return loss as shown in Figure 2 (a) and (b).
In the 2nd step, a half-moon slot is added on the patch

array elements are 
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  spaced and are connected with a 

series feed line mechanism. 
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Figure 2. Single element antenna results; (a) realized 

gain, (b) simulated reflection coefficient without slot, 

(c) simulated reflection coefficient with half-moon slot. 

 

 

III. RESULTS AND DISCUSSIONS  
The proposed dual-array antenna system is a 

prototype as shown in Figure 3(a) and (b). In dual-array 

antenna system, each array is connected to a 2.92k mm-

Wave connector separately. Each 1×16 antenna array 

exhibits high gain with a large impedance bandwidth in 

mm-Wave frequency range. Firstly, a single patch 

element is simulated without any slot. It gives a wide 

radiation pattern with narrow bandwidth. In the next step, 

a half-moon slot is added on the patch to improve the 

band width as shown in Figure 2(a), (b), and (c).  

Secondly, a 1×4 antenna array is simulated for 

array description, design confirmation, and end-fire 

coverage demonstration for smartphone application. 

The 1×4 antenna array exhibits 12.91 dB simulated gain 

as shown in Figure (4). With these parameters, a dual-

array antenna with two 1×16 antenna arrays is 

simulated and then fabricated for mm-Wave 5G multi-

wireless applications. It exhibits high gain with large 

impedance bandwidth. In dual-array antenna system, 

both arrays give almost the same radiation pattern and 

impedance bandwidth. Figure 5 shows the simulated 

and measured radiation patterns for one of the 1×16 

antenna arrays at 38 GHz center frequency. The plot in 

Figure 6 gives the measured and simulated reflection 

coefficient of 1×16 antenna array with the impedance 

bandwidth 31.30–39 GHz. It shows that the profile 

dual-array antenna system with a compact feed 

mechanism is a good candidate to achieve broad 

bandwidth. There is no evident influence looks on 

antenna performance from simulated and measured 

results.  
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Fig. 2. Single element antenna results; (a) realized gain,
(b) simulated reflection coefficient without slot, (c) sim-
ulated reflection coefficient with half-moon slot.
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Table 1: Specifications of antenna element
No. Description Units/quantity
1 Patch length 2.34 mm
2 Patch width 3.12 mm
3 Substrate length 5.43 mm
4 Substrate width 4.21 mm
5 Substrate height 0.5 mm
6 Feed line length 2.413 mm
7 Feed line width 0.543 mm
8 Inset gap 0.1003 mm
9 Moon slot radius 0.4 mm
10 Series line width 0.543 mm
11 Frequency 38 GHz

to improve the bandwidth. The antenna parameters are
mentioned in Table 1. The antenna element with half-
moon slot gives an improved bandwidth 31.30–39 GHz
at 38 GHz center frequency as shown in Figure 2 (c).

Firstly, a 1×4 array is simulated at 38 GHz center
frequency as shown in Figure 1 (b) for demonstration
and then two 1×16 antenna arrays on the same substrate
edges are designed. Each array has a separate feed port.
The antenna elements are connected in a compact series
feed line mechanism. Each series feed line has an mm-
Wave port connector at the center.

B. Dual-array antenna
With the optimized configuration of antenna ele-

ment, a dual-array mm-Wave 5G antenna is designed
with high gain and large bandwidth. The antenna
array with 4-element configuration is simulated for array
demonstration. The main dual-array antenna consists of
two 1×16 antenna arrays on a single substrate edge in
the broadside direction with two separate ports. The pro-
posed dual-array antenna can be used for mm-Wave 5G
multi-wireless applications. It is also applicable to mm-
Wave 5G base stations, broadcast, and IoT applications.
So, the proposed dual-array antenna structure looks a
good candidate for strong signal coverage for 5G appli-
cations. The antenna uses Rogers-5880 dielectric sub-
strate with 0.5 mm height, 0.002 loss tangents, and 2.2
relative permittivity. Each antenna element has dimen-
sions as mentioned in Table 1. The substrate size of 1×4
antenna array is 3.43 mm × 29.80 mm × 0.5 mm and each
1×16 antenna array has 29.80 mm × 90.49 mm × 0.5 mm
dimensions. The antenna array elements are spaced and
are connected with a series feed line mechanism.

III. RESULTS AND DISCUSSIONS
The proposed dual-array antenna system is a proto-

type as shown in Figures 3 (a) and (b). In dual-array
antenna system, each array is connected to a 2.92k mm-
Wave connector separately. Each 1×16 antenna array
exhibits high gain with a large impedance bandwidth in

Fig. 3. Fabricated dual antenna array; (a), (b), and (c).

mm-Wave frequency range. Firstly, a single patch ele-
ment is simulated without any slot. It gives a wide radi-
ation pattern with narrow bandwidth. In the next step, a
half-moon slot is added on the patch to improve the band
width as shown in Figures 2 (a), (b), and (c).

Secondly, a 1×4 antenna array is simulated for
array description, design confirmation, and end-fire cov-
erage demonstration for smartphone application. The
1×4 antenna array exhibits 12.91 dB simulated gain as
shown in Figure (4). With these parameters, a dual-
array antenna with two 1×16 antenna arrays is simulated

Fig. 4. Simulated realized gain of 1×4 antenna array.



USMAN TAHSEEN, YANG, HONGJIN: A DUAL-ARRAY ANTENNA SYSTEM FOR 5G MILLIMETER-WAVE APPLICATIONS 1322

Fig. 5. Simulated and measured realized gain of 1×16
antenna array.

and then fabricated for mm-Wave 5G multi-wireless
applications. It exhibits high gain with large impedance
bandwidth. In dual-array antenna system, both arrays
give almost the same radiation pattern and impedance
bandwidth. Figure 5 shows the simulated and measured
radiation patterns for one of the 1×16 antenna arrays at
38 GHz center frequency. The plot in Figure 6 gives the
measured and simulated reflection coefficient of 1×16
antenna array with the impedance bandwidth 31.30–39
GHz. It shows that the profile dual-array antenna system
with a compact feed mechanism is a good candidate to
achieve broad bandwidth. There is no evident influence
looks on antenna performance from simulated and mea-
sured results.

Figure 7 shows the measured and simulated antenna
gains of the proposed dual-array antenna system for
the entire bandwidth. It is clear that the gain slightly
drops for the entire bandwidth. A little discrimination
is observed between simulated and measured results due
to the high-frequency mm-Wave connector and soldering
effect.

IV. CONCLUSION
This paper presents a design of dual-array antenna

system with compact feed network. The profile antenna
array structure is based on a series feed mechanism for
a tight planar configuration, easy fabrication, and broad
bandwidth. It is applicable to where compact size is
required. Both arrays can be operated for two different
applications within the operational band for same or dif-
ferent center frequencies for cellular, IoT, and different
broadcast mm-Wave applications. This makes the pro-
posed dual-array antenna system a good candidate for 5G
mm-Wave multi-wireless applications. It may further be
enhanced for phased antenna array cellular applications.

Fig. 6. Reflection coefficient of 1×16 antenna array.

Fig. 7. Gain curve of 1×16 antenna array.

A good agreement between measured and simulated
results makes this profile dual-array antenna structure
suitable for mm-Wave 5G multi-wireless applications.
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