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averaged over 10g of tissue. The proposed 1 x 4 element antenna gives lower values of SAR (<2 W/kg) on all parts of human body. The
proposed array antenna can be used in 5G mobile handheld devices. All the simulations are carried out using CST MWS. The proposed
antenna is suitable contender for 5G mobile communication systems.
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1. INTRODUCTION

From the early stage of wireless communication,
higher bandwidth and data rate are the very basic
requirements (Rappaport et. al. 2013). Until now 1G,
2G, 3G, and 4G wireless technologies for mobile
communication has been completely evolved and
deployed in almost all parts of the world (Vigj et. al.
2016). Bandwidth of 30KHz, 200KHz, 20MHz and
100MHz are offered byFirst-Generation (1G), 2G, 3G
and 4G wireless technologies respectively (Neto et. al.
2017). According to prominent literature, as the data
traffic increase beyond the limit of wvoice data, it
increases the need of speed of internet and in turns the
cost and performance are related to it (Famorijiet. al.
2016; Khan et. al. 2015;).With the extensive use of
wireless equipment, devices and mobile resources and
services, there are still some issues that must be
resolved, such as spectrum crises, low bandwidth and
high energy consumption (Haraz. 2016). All these
deficiencies forced to move towards Fifth Generation
(5G) technology that has resolved this problem by
providing very wide bandwidth up to 1GHz for wireless
communication, very highdata rate up to 1Gbps and low
energy consumption (Giordani et. al.2016, Khan et. al.
2015). Most probably, 5G technology will be
implemented in 2020 (Dave et. al. 2015).

The millimeter waves spectrum ranges from (30-
300 GHz), but having such a wide range, it’s a lotof
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proportion is unused and can be utilized for 5G
(Thomas et. al. 2015). Some of the candidate bands for
5G communications in the frequency of 20-50 GHz
(Ojaroudiparchin et. al. 2015) are specified in (Fig. 1).
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Fig. 1. The frequency bands for the future 5G systems in
20-50 GHz.

With the rapid development of wireless fields,
micro strip patch antennas have become more important
in antenna community, because of its features like low
profile, low cost and lightweight (Jegan et. al. 2010).
Thus, due to their properties, they are also used for 5G
antenna designing.

Being the most vigorous and promising device in
this time of remote communication, antennas need to
guarantee some security of human body from its
electromagnetic radiation (Khan et. al. 2016). The
maximum exposure of human tissues to electromagnetic
radiations has been defined in terms of SARwhich is the
energy absorbed by the human body when exposed to a
radio frequency (RF) electromagnetic field. The federal
communications commission (FCC) and European
International Electro Technical Commission(IEC) has
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set the limit of 1.6 W/Kg absorbed per 1g of tissue
and 2 W/Kg absorbed per 10g of tissue respectively
(Ali et. al. 2016).

This remaining of the work demonstrates the design
and analysis of a single element and 1x 4-element array
antennas in the 23 GHz band for 5G mobile devices.
The rest of the paper is organized as follows:

The design methodology of the proposed antennas
is explained in Section 2. The results and discussion has
been presented in Section 3. The SAR analysis has been
portrayed in Section 4, while Section 5. conclude the
paper and gives recommendation for future.

2. DESIGN APPROACH
a) Conventional Patch Antenna
In this section, the geometry of proposed micro
strip patch antenna is presented in Fig. 2. The geometry
of the nominated antenna consists of a 0.254 mm thicker
low loss dielectric substrate material (RT 5880) having
relative permittivity and loss tangent of 22x10* and 9x10*
respectively. A finite ground plane having length L and
width W backs the substrate i.e. 24mm x 20mm
respectively. The total volume of the antenna is
24x20x0.254 mm®. The dimensions of the antenna
(Fig. 2) listed in Table 1 have been calculated from the
well-known transmission line theory (Balanis. 2005).
The design formulae to calculate the width (W) and
length (L) of the patch antenna are given below.
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Where, e is the effective relative permittivity of
the substrate, c is velocity of light, h is thickness of the
substrate and fy is the resonant frequency of an antenna.
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Fig. 2. Geometry of the proposed 5G antenna

The summary of the designed parameters of the
proposed antenna is presented in (Table 1).

Table 1.Summary of the dimensions of 5G antenna

- = . = . =
7] £ [} £ 7] £
i £ % £ 3 £
e S e S e S
L 24 c 0.4 g 25
W 20 d 35 h 15
a 9.9 e 11.8 i 6
b 5.9 f 0.78 - -

b) Multiple-elements antenna array

As 5G mobile phone antenna requires a minimum
gain of 12dB. One of the simplest way to increase the
gain is by making the multiple element array of the
antenna (Rani and Mehta. 2016). (Fig.3) illustrates the
geometry of the proposed 1x4 array.
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Fig. 3. Proposed multiple-element array antenna (1 x 4 array)
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Table 2 summarize the dimensions of the four elements 5
antenna array.

Table2. Design parameters of the array antenna
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In (Fig. 6), the gain patterns of the antennas are

3. RESULTS AND DISCUSSION compared in the two principal planes, i.e. E-Plane (XZ,

a) Return Loss $=90°) and H-plane (YZ, ¢=0° at 23 GHz. Thesingle

This section presents detailed study of return  €lement and 4-element array antenna gives a boresight

loss, (Voltage Standing Wave Ratio) VSWR, efficiency ~ 9ain of 7.16 dB and 12.6 dB respectively. The back and

and gain of the proposed antennas. Silde lobe radiations are very low in both principal
planes.
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Fig. 4. S-Parameters

(Fig. 4) shows the return loss of the proposed single
element and 1 x 4 antenna array. At resonant frequency
(23 GHz) the return loss of single element and 1x4
element array is -48.688 and -39.006 dB with a -10dB
bandwidth of 620 MHz and 600 MHz, respectively
which is adequate for 5G mobile communication.

b) Voltage Standing Wave Ratio (VSWR)
The VSWR of all the two designs has been
portrayed in (Fig. 5). The VSWR can be calculated
from the following equation:

Single Element

== =1 x4 Array

(b)

1+|T ) ) o ) ) )
1|1 (6) Fig. 6. Far field radiation pattern gain comparison of (single

element, 1x4 array) (a) E-Plane (b) H-plane

VSWR =

Where T is the reflection coefficient of the antennas.

. d)
The single element and 1x4 elements array antennas )
give a VSWR of 1.02 and 1.022, respectively. In (Fig. 7), the surface current plots are shown.

Surface Current Pattern




J. KHAN etal.,

166 %

141 1

116 ‘
03 ,
656 '
0.4 ;

0 ¢

13
116 A
%5 .
M

5 L
B2 !

0

Fig. 7. Surface current distribution at 23 GHz of (a) Single
Element (b) 1 x 4 Array
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4. SPECIFIC ABSORBTION RATE ANALYSIS
(SAR)

SAR analysis of the 23 GHz antenna on various
part of the human body i.e. belly and hand has been
presented in this section. The SAR analysis is carried
out in CST Studio using the IEEE C95.3 averaging
method. The European International Electro Technical
Commission (IEC) is considered, the safer limit for this
standard is 2 W/kg for any 10 g of biological tissue
volume. The shapshot of the proposed antenna at two
different types of human body parts is illustrated in
Fig.8.
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Fig. 8. Simulated SAR of the proposed antenna with the maximum
input power of 0.5 watt, on various parts of human body (a) belly,
(b) hand

It is clearly shown in (Fig. 8) that for all the two
configurations, i) belly and ii) hand small amount of
power 0.318 and 0.872 W/kg <2 WI/kg, respectively is
absorbed in human body tissue. Therefore, the SAR of
the proposed antenna lies in the safer limit of IEC
standard and thus it is applicable for use in future
mobile communication.

5. CONCLUSION

In this paper, a micro strip patch antenna array was
proposed for 5G mobile communication. The proposed
antenna was designed for the 23 GHz operating
frequency with four elements in array structure. The
single and four element arrays have been analyzed using
CST Microwave Studio. The bore sight gain of single
element is 7.16 dB, which is less than the required gain
for the 5G mobile phone and other devices. In order to
achieve the desired gain, a four-element array has been
designed and analyzed. The results show that a 12.6 dB
gain with a wider bandwidth of 600 MHz have
achieved. Additionally, the SAR analysis at different
parts of human body i.e. belly and hand has been carried
out, using the IEC SAR averaging method. It has been
observed that small amount of the electromagnetic
waves is absorbed in human body tissue resulting an
SAR of 0.318 and 0.872 W/kg respectively for any 10 g
of tissue < 2W/kg. Hence, the SAR lies in the safer limit
of the IEC standard, and the antenna can be considered
as a potential candidate for the future mobile
communication. The prototype of the proposed antenna
will be fabricated in future to confirm the simulated
results.
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