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Abstract. In this article, a tiny design of antenna array with ultra-wideband (UWB)
function is projected for fifth-generation mobile wireless communications. The array is
composed of eight compact modified dipole antenna radiators with directors that have been
positioned in a linear form on the top frame of the smartphone mainboard. The functional
frequency band of the design expands from 23 to 37.5 GHz, providing more than 14 GHz
impedance bandwidth. A Rogers RT5880 dielectric with 0.8 mm thickness, 2.2 dielectric
constant, and 0.0009 loss tangent is applied as the design substrate. Important
characteristics of the proposed phased array antenna are studied and good results have been
acquired. In addition, the array performance in the existence of user-hand is discussed.
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1 Introduction

5G technology can manage more than thousand times more mobile data than earlier mobile
wireless transmission networks [1]. The evolution from 4G to 5G is predominantly motivated
by the mounting need for advanced data rate communications in various appliances such as high-
quality video streaming [2-3]. In order to provide point to point wireless communication among
the user and base station, phased array antenna with compact size and wide bandwidth could be
a solution for the future mobile terminals [4-8]. For 5G mobile-phones, compact antennas can
be arranged in a linear array form to be working at unique top/bottom segments of a mobilephone
PCB. One of the challenges of the antenna design for 5G mobile-phones is to improve the
impedance bandwidth of the employed phased arrays. To address this need, we suggest here a
fresh phased array with improved bandwidth. This feature can be achieved by modifying the
configurations of the dipole elements to excite the higher modes to increase the operation band
of the antenna providing ultra-wideband function [9-11].
Ultra-wideband (UWB) wireless communication technology has gained much attention and
became one of the most rapidly developing technologies in wireless applications due to its
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inherently attractive advantages including low power, high transmission rate, and so on [12-15].
Related with other printed microstrip antennas such as monopole, patch, Vivaldi, horn and etc.,
the dipole is a good option to be used in the ultra-wide-band and point to point communication
for wireless systems such as cellular networks [16-17]. Essential features of the designed phased
array antenna concerning S-parameters, radiation beams, efficiencies, beam-steering, and gain
levels are examined and respectable consequences have been achieved. In addition, the proposed
5G antenna exhibit adequate performance in the surrounding area of the operator-hand at
different scanning angles [18]. The antenna element has a compacted size of
WxLxh=6.75x4.75x0.8 mm? and delivers adequate characteristics in terms of radiation patterns,
impedance-bandwidth, maximum gain, and efficiencies which have been discussed in Section
2. Section 3 presents the configuration, S-parameters, and radiation beams details of the
proposed dipole array. Its effecting in the occurrence of user-hand (data-mode) is described in
Section 4. The last Section will conclude this study.

2 Single-Element UWB Antenna

Figures 1 (a) and (b) demonstrate the arrangement and simulated S1; result of the solo element,
respectively. As demonstrated in Fig. 2 (a), the structure of the projected model is arranged of a
modified dipole radiator with a couple of directors. It has a compressed size of WxL. The
antenna can deliver a UWB operation band. It is seen from Fig. 1 (b) that the antenna element
provides more than 14 GHz impedance-bandwidth for S1; <-10 dB covering different 5G bands
in the mm-wave spectrum [19].
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Fig. 1. (a) Configuration and (b) S11 result of the single-element antenna.

Table 1. Final dimensions of the antenna parameters.

Parameter w L Wi Lt Lg W1 W2 W3 W4 Ws Wa | Wx

Value (mm) | 6.75 | 4.75 1 2.3 1.3 2.3 29 0.4 0.8 14 40 140

Parameter L1 L2 L3 La Ls Le L7 Ls Lo Lio La Lx




|Value(mm) ‘ 3.45| 1.15 ‘ 1.9 ‘ 1.3 ‘ 0.7 ‘ 1 ‘ 0.4 ‘2.15‘ 0.4 ‘ 0.3 ‘6.75‘ 70 ‘

The antenna radiation pattern in a 3D form at the middle frequency (30 GHz) is depicted in
Fig. 3 (a). As can be observed, more than 6 dB IEEE gain with well-defined end-fire mode has
been achieved for the antenna radiation pattern [20-21]. The efficiency characteristics of the
antenna including radiation and overall efficiencies are plotted in Fig. 5 (b). As shown, the
antenna has terrific radiation execution in the frequency scale of 23 to 37.5 GHz.

100 r’m"'ﬂ-.-.--”"u-ﬂ

9, oo

©

o
()
(-]

Efficiency [%)]
3

=&~ Radiation Efficiency
*©- Total Efficiency

25 30 35
Frequency [GHZz]
(b)

Fig. 2. (a) Transparent 3D radiation pattern of the antenna at 30 GHz (a) and (b) its efficiency
characteristics over the operation band.
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3 The Characteristics of the Array

The diagram of the antenna array is shown in Fig 3. As it can be detected, eight elements of
the designed antennas with end-fire radiation beams have been formed the illustrated array with
an overall size of WaxLa. As mentioned before, the designed phased array has a tiny size which
makes it appropriate for use on the top of smartphone mobile PCB. In order to cover the needed
beam-scanning of the 5G cellphone, another set of the array is needed to use at the bottom
portion of the PCB [22-24].
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Fig. 3. The graphic of the linear phased array antenna with eight end-fire radiators.

Fig. 4 (a) demonstrates the S parameters of the array design (for 5G mobile phone). As shown,
the antenna is functional at the frequency scale of 23-37.5 GHz (more than 14.5 GHz
bandwidth). In addition, there is good isolation between the radiators of the proposed design



(less than -12 dB) which creates the antenna appropriate for phased array and scanning
applications. Figure 7 relates the extreme gains of the antenna aspect and the main design over
the operating frequency range. It is demonstrated that the antenna component can provide
4.5~6.5 dBi maximum gain at the frequency range of 23~37.5 GHz.

In addition, the designed array exhibits sufficient and high maximum gain characteristics with
values of 10.5-14.5 d|Bi over the antenna operation band [25-27]. It was also found that the high
gain levels of the designs have been developed with the increasing frequency. In order to
establish the adequate characteristics of the projected phased array across its operation bands,
the focal radiation beams (0°) of the phased array model at selected frequencies over its
operating frequency band are represented in Fig. 5. It is obvious that the projected layout delivers
terrific radiation beams with superior gain characteristics at various frequencies.
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Fig. 4. Transparent (a) side and (b) top views of the proposed monopole antenna design.
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Fig. 5. Radiation patterns of the 5G antenna array at (a) 24 GHz, (b) 30 GHz, and (c) 35 GHz.

Figure 6 illustrates the 3D radiation beam-steering purpose of the created phased array 5G
antenna with directivity values at the middle frequency (30 GHz). As can be observed, sufficient
radiation beams with high directivities are obtained in the scanning angle of 0°~60°. It can be
witnessed that the projected model structures appropriate radiation bemas with low side lobes.



More than 11 dB IEEE gain degrees are accomplished for the examining range of 0~60 degrees
at the selected frequency [28-30].

(©
Fig. 6. 3D beams of the proposed design at (a) 0°, (b) 30°, and (c) 60°.

3 User-Impact Imvestigation

The antenna characteristics in the presence of the human body including the consumer-hand
and consumer-head can be reduced [31-33]. This also depends on the distance and placement of
the antenna. The placement of the proposed array in the mainboard of the 5G smartphone with
a size of WyxLy is shown in Fig. 7 (a). In addition, Figure 7 (b) represents the data-mode when
the user-hand touche the smartphone in data-mode. Figure 8 investigated the accomplishment
of the antenna in data-mode for various examining angles. As demonstrated, the antenna has
decent radiation beams and beam-steering function at different scanning angles. This might be
due to miniaturized and compact sizes of the employed element which not covered by user-hand
[3435].
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Fig. 7. (a) 5G smartphone antenna array design and (b) its placement in Data-mode.



Fig. 8. 3D radiation beams of the smartphone antenna design in data-mode at (a) 0°, (b) 30°, and (c) 60°.

Conclusion

This document proposed a broadband phased array with compact antenna elements for 5G
cellular phone communications. The configuration of the projected design is composed of eight
modified dipole antennas with a pair of directors arranged in a 1x8 linear form on the top section
of smartphone PCB. Simulated outcomes of the antenna's fundamental characteristics have been
examined. The outcomes show that the proposed phased array exhibits sufficient characteristics
over its operation band, which can be suitable for multi-mode communications in 5G systems.
The antenna also exhibit sufficient performance in data-mode
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