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Abstract

Currently, communication system requires multiband small antennas for 5G
mobile applications. Driven this motivation, this paper proposes a multiband
patch antenna for Wi-Fi, WiMAX and 5G applications. The proposed antenna
can effectively operate at 2.4 GHz as Wi-Fi, 7.8 GHz as WiMAX and 33.5 GHz
as 5G communication purposes. The proposed antenna arrays have given di-
rectional radiation patterns, very small voltage standing wave ratio, high gain
(VSWR) and directivity for each aforementioned systems operating frequen-
cy. This antenna is made for multiband purpose which can be effective for not
only Wi-Fi and WiMAX but also 5G applications.

Keywords

5G Communication Systems, Multiband, Patch Antenna, Wi-Fi and
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1. Introduction

Wi-Fi improves the third-generation (3G) cellular and long-term evolution
(LTE) broadband internet access. The IEEE 802.11 a/b/g/n standards have sup-
port for frequency, polarization, and spatial diversity to meet the demand for
higher throughput with greater coverage. Wi-Fi systems frequency ranges from
2.4 to 2.485 GHz as well as 5.150 - 5.350 GHz, 5.470 - 5.725 GHz, and 5.725 -
5.850 GHz. The channel bandwidth within each band varies from 5 to 20 MHz
[1] [2]. A compact Size dual band WIFI antenna simulation using existing com-

ponents in smartphone can provide efficiency of 54.8% and gain is 2.0 dBi at
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2.45 GHz [3]. A circularly polarized switched beam antenna with pattern diver-
sity for Wi-Fi applications covers an angular range of 180 degrees with 7 dB of
ripple and with the maximum gain of 2.8 dB [4]. This proposed antenna also can
be worked for Wi-Fi system which gives more bandwidth about 150 MHz, direc-
tivity gain is about 6 dBi from the above literature papers. For improving Wi-
MAX frequency and bandwidth in recent years, several printed monopole an-
tennas [5] [6] and slot antennas [7] [8] have been proposed for Wi-Fi/WiMAX
applications. However, most of them have large dimensions and do not pay at-
tention to interference suppression [9]. In this paper, WiMAX and Wi-Fi both
are proposed which works on small dimensions about 3.5 x 3.6 x 1 mm® and
special attention is paid for interference suppression which makes this antenna
more effective from the above literature works.

Conventional 4G technology uses frequency band of 2 - 8 GHz providing a
bandwidth of 5 - 20 MHz but, nowadays as IoT is becoming popular, user band-
width requirement has increased. To support this large data traffic 5G is the lat-
est possible solution. For 5G, frequencies of around 50 GHz are being consi-
dered and this will present some real challenges in terms of the circuit design.
5G antennas are expected to be smaller, high-gain systems than those that have
served 3G and 4G systems, and they will need more advanced steering and scan-
ning techniques in order to function well at millimeter wave frequencies. Using
frequencies much higher in the frequency spectrum provides the possibility of
having wider channel bandwidth possibly 1 - 2 GHz. However, this poses new
challenges for handset development where maximum frequencies of around 2
GHz and bandwidths of 10 - 20 MHz are currently in use. Recent works shows
to show that a four-element dual-band printed slot antenna array for 5G mobile
communication networks provide good impedance matching at the desired fre-
quency bands of 28/38 GHz for |S11| less than —10 dB, with a gain of 10.58 dBi
at 28 GHz and 12.15 dBi at 38 GHz [10]. An antenna with high gain and beam
steerable can be designed for 5G cellular handset devices. Some recent works on
high gain and beam steering have been published in last few years [11] [12] [13].
A compact T-shaped slotted micro strip patch antenna can provide reflection
coefficient below —10 dB from 55.80 GHz to 67 GHz. The gain of antenna is 6.34
dB [14]. This proposed 5G antenna, 5G system works at 33.5 GHz gain is about
9 dBi which is more and less return loss about —29 dB is referred from above li-
terature works. For its operating frequency is on 33.5 GHz which makes this an-
tenna more economical for the mobile operators to establish 5G system.

This paper introduces an advanced multiband patch antenna to explore the
possibility of covering frequency bands of Wi-Fi, WiMAX and 5G. At the first
time a triple band 5G antenna has been proposed in this paper. This antenna is
more compact, highly directive which is essential for mobile application. It also
has a very small return loss compared with other existing antennas. Its enorm-
ous bandwidth makes this antenna more appropriate for wireless communica-

tion systems.
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2. Antenna Design

The geometric and detailed information of the proposed advanced patch anten-
na is shown in Figure 1 whose ground has been made with copper (lossy) and
substrate with FR-4 (lossy) with relative permittivity constant of 4.4 and the
thickness of 0.8 mm. The overall dimensions of 62 X 50 x 1 mm?® are suitable for
the smartphone or mobile applications and no over height is necessary in utiliz-
ing the proposed antenna for the mobile handset [15]. The antenna is designed
and simulated using CST Microwave Studio 2015 software.

The large patch element comparing between the twos is made for the keeping
in mind of the measurement of 2.4 GHz which is for Wi-Fi application. The
smaller patch element comparing between the twos is made for the keeping in
mind of the measurement of 33.5 GHz which is for 5G application. Both the
patch elements are connected through co-axial feed cable which has been passed
through the ground for the input or output connection. Actually 31.6 x 30 mm®
is covered by the larger patch for the Wi-Fi application and 3.5 x 3.6 mm’ is
covered by the smaller patch for 5G application. The WiMAX is possible because
of the extended feeding line of the both of the patches for this reason it works in
between of the applications at 7.8 GHz. The designed antenna is shown in Fig-

ure 2, which represents the simulated design configuration.
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Figure 1. Geometric and detailed information of the proposed antenna (a) front view; (b)
side view.

DOI: 10.4236/0japr.2018.61001

3 Open Journal of Antennas and Propagation


https://doi.org/10.4236/ojapr.2018.61001

A. Mahabub et al.

L

\

(a) (®) (©)

Figure 2. Simulated view of the antenna from CST (a) full view 3D; (b) top view; (c) back
view.

3. Results and Analysis

3.1. S-Parameter

From the simulation of the antenna, it has been observed that the S-parameter at
the range of 1 GHz to 38 GHz. The entire result of S-parameter has been shown
in Figure 3.

Figure 3 shows the simulated results of |511| response of the proposed an-
tenna. It can be observed from the simulated result is that this antenna is a mul-
tiband antenna and operated at 2.4 GHz, 7.8 GHz and 33.5 GHz. Though there
are five other operated bands at the range of 9 - 15 GHz which is below —10 dB,
they cannot fulfil the requirement of any communication systems.

In Figure 4, it can be seen that the operating frequency is 2.4 GHz which is
the frequency band allocated for Wi-Fi application for IEEE standard 802.11.
From this figure, it can be observed that the return loss is about —22.37 dB which
is much below from the —10 dB and the bandwidth is about 150 MHz which can
be used for wideband Wi-Fi applications. Usually, the bandwidth is needed of 20 -
40 MHz for the Wi-Fi application which is discussed in Table 1. For this reason,
multiple channels can be used by this antenna.

In Figure 5, it can be seen from that the operating frequency is 7.8 GHz which
is the frequency band allocated for WiMAX application for IEEE standard
802.16a. From the Figure 5, it can be observed that the return loss is about —26
dB which is —14 dB less than the —10 dB and the bandwidth is about 235 MHz at
—10 dB range which can be used for wideband WiMAX application and dis-
cussed in Table 1. This antenna offers efficient bandwidth for WiMAX purpose
and the low return loss represents antenna will work effectively at 7.8 GHz oper-
ating frequency for WiMAX.

In Figure 6, it can be seen from that the operating frequency is 33.5 GHz
which is the frequency band allocated for 5G application. Basically, 5G mobile
application works above 20 GHz frequency and having a bandwidth above 1
GHz [16]. But in this case, the bandwidth is above the 1 GHz and it is approxi-
mately 4.5 GHz which can cover more channels having larger bandwidths.
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Figure 3. S-Parameter of the future advanced multiband patch antenna.
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Figure 4. Return loss & bandwidth measurement from the S-Parameter for Wi-Fi application.
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Figure 5. Return loss & bandwidth measurement from the S-Parameter for WiMAX applications.
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Figure 6. Return loss & bandwidth measurement from the S-Parameter for 5G application.

Table 1. Data from the S-parameter for Wi-Fi, WiMAX and 5G applications.

Applications Operating frequency (GHz) Bandwidth (MHz) Return Loss (dB)
Wi-Fi 2.4 152 —22.372
WiMAX 7.8 235 -26.023
5G 33.5 4503 -29.013

From the simulated result, it has been shown that the least return loss of the
proposed antenna occurred at 33.5 GHz and it is about —29 dB and the band-
width of this application is about 4.5 GHz which is discussed in Table 1 and
meets the requirements.

From the Table 1, it can be observed that this proposed future multi-band
antenna fulfils the requirements of Wi-Fi, WiMAX and 5G applications which

has been shown from the S-parameter.

3.2. Voltage Standing Wave Ratio (VSWR)

The value of VSWR should be between 1 and 2 for efficient performance of an
antenna [17]. Figure 7 shows the simulated result of VSWR plot on the basis of
frequency. From Figure 7, it can be observed that the value of VSWR is less than
1.3 at the operating frequency of Wi-Fi, WiMAX and 5G applications. Figure
7(a) shows that VSWR at 2.4 GHz is about 1.27 which for Wi-Fi, Figure 7(b)
shows that VSWR at 7.8 GHz is about 1.11 which is for WiMAX and Figure 7(c)
shows that least for the 5G about 1.07 at 33.5 GHz. All of them are discussed in
Table 2.

3.3. Efficiency

The total efficiency of an antenna is the radiated efficiency multiplied by im-
pedance mismatch loss of the antenna, when connected to a transmission line or

receiver. If & 1is the total efficiency, I, is the impedance mismatch loss or
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Figure 7. VSWR for (a) Wi-Fi; (b) WiMAX; and (c) 5G communication systems.

antenna’s loss and ¢, is the radiated efficiency then,

g =1_*¢
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Table 2. Simulated results of VSWR for Wi-Fi, WiMAX and 5G communication systems
for proposed antenna.

Systems Operating frequency (GHz) VSWR
Wi-Fi 2.4 1.27
WiMAX 7.8 1.11
5G 33.5 1.07

This equation [18] referred the relationship total efficiency with radiated effi-
ciency. |, isfrom 1 to 0 in value.

In this proposed antenna, for Wi-Fi, WiMAX and 5G operating frequency, the
lower antenna loss or impedance mismatch has been occurred from Figure 8. At
2.4 GHz, for Wi-Fi application, the radiated efficiency is —9.15 and total effi-
ciency is —9.20 and the difference is about 0.05 and antenna efficiency is about
99.5%. At 7.8 GHz, for WiMAX application, the radiated efficiency is —5.56 and
total efficiency is —5.57 and the difference is about 0.01 and antenna efficiency is
99.8%. At 33.5 GHz, for 5G application, the radiated efficiency is —3.33 and total
efficiency is —3.34 and the difference is about 0.01 and antenna efficiency is
99.7%. All the values of Radiated and total efficiency are measured in dB and
discussed in Table 3.

3.4. Radiation Efficiency with Respect to Radiated and Accepted
Power

The radiation efficiency is the ratio of radiated power to the accepted power or
input power of an antenna. If radiation efficiency is 1, accepted power is P,

and radiated poweris P, . then,
n= Pin/Prad (1)

Figure 9 shows the accepted and radiated power for the proposed antenna.
From the analysis of Figure 9, at 2.4 GHz, 7.8 GHz and 33.5 GHz the accepted
power and the radiated power is high. For that reason, radiation efficiency is also
high on that frequency range. At 2.4 GHz, for Wi-Fi, the accepted power is
about —3 dB and received power is about —12.2 dB. From the Equation (1), the
radiated efficiency is about 24.6% at 2.4 GHz for Wi-Fi. At 7.8 GHz, for Wi-
MAX, the accepted power is about —3 dB and received power is about —8.3 dB.
From the Equation (1), the radiated efficiency is about 35.8% at 7.8 GHz for
WiMAX. At 33.5 GHz, for 5G application, the accepted power is about —3 dB
and received power is about —7.2 dB. From the Equation (1), the radiated effi-
ciency is about 41.67% at 33.5 GHz for 5G. These data are discussed in Table 4.

3.5. Radiation Pattern

3.5.1.5G

At 33 GHz, for 5G application, from the analysis of far-field in Figure 10, it is
highly directive antenna and directivity is 8.4 dBi. Main lobe direction is 5.0 de-
gree, angular bandwidth at 3 dB point is 62 degree and side lobe level is —3.4 dB.
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Figure 8. Comparison between radiated efficiency and total efficiency for proposed antenna with respect to frequency.
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Figure 9. Radiated and accepted power of the proposed antenna for different communication systems with respect to frequency.

The e-field for main lobe magnitude is 19.8 dBV/m, h-field for main lobe mag-
nitude is —31.7 dBA/m and power of the pattern is —5.93 dBW/m?. The gain of
the radiation pattern is 5.06 for main lobe magnitude. All of them are discussed
in Table 5.

3.5.2. WiMAX

At 7.8 GHz, for WiMAX application, from the analysis of far-field in Figure 11,
it is highly directive antenna and directivity is 6.62 dBi. Main lobe direction is
35.0 degree, angular bandwidth at 3 dB point is 49 degree and side lobe level is
—14.1 dB. The e-field for main lobe magnitude is 15.8 dBV/m, h-field for main
lobe magnitude is —35.7 dBA/m and power of the pattern is —9.96 dBW/m”’. The
gain of the radiation pattern is 1.1 for main lobe magnitude. All of them are dis-
cussed in Table 5.
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Figure 10. Radiation pattern analysis for 5G application (a) far-field directivity 3d; (b) far-field directivity (polar form); (c) gain;
(d) e-field; (e) h-field; (f) Power pattern.

Table 3. Radiated efficiency and total efficiency for different communication systems for this proposed antenna.

Systems Radiated efficiency (dB) Total efficiency (dB) Antenna efficiency
Wi-Fi -9.15 -9.20 99.5%
WiMAX —-5.56 -5.57 99.8%
5G -3.33 -3.34 99.7%

Table 4. Radiated efficiency with respect accepted power and radiated power for different communication systems for the pro-
posed antenna.

Systems Accepted Power (dB) Radiated Power (dB) Radiated Efficiency (dB)
Wi-Fi -3 -12.2 24.6%
WiMAX -3 -8.3 35.8%
5G -3 -7.2 41.67%
3.5.3. Wi-Fi

At 2.4 GHz, for Wi-Fi application, from the analysis of far-field in Figure 12, it
is highly directive antenna and directivity is 5.9 dBi. Main lobe direction is 0.0
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Table 5. Directivity, gain, e-field, h-field, power pattern, angular bandwidth for 5G, WiMAX, Wi-Fi applications from the analysis
of radiation pattern.

Systems Directivity (dBi) Gain (dB) E-Field (dBV/m) H-Field (dBA/m) Power Pattern (dBW/m?)
5G 8.4 5.06 19.8 -31.7 -5.93
WiMAX 6.62 1.1 15.8 -35.7 -9.96
Wi-Fi 5.9 -3.3 11..5 -40.1 -14.3
Farfield Directivity Abs (Phi = 90) Farfield Gaig Abs (Phi = 90)
i 30 phi=270 Phi=00 30 30 phi=270

Phi=g0 30

60

/120

150

150

180 180
Theta/Degree vs. dBi Theta/Degree vs. dB
(a) (b) (©)
Farfield E-Field (r = 1m) Abs (Phi = 90) Farfield H-Field (r = 1m) Abs (Phi = 90) Farfield P-Field (r = 1m) Abs (Phi = 90)

Phi=270 Phi=90

180 180 180
Theta/Degree vs. dBV/m Theta/Degree vs. dBA/m Theta/Degree vs. dBW/m?
(d) (e) 6]

Figure 11. Radiation pattern analysis for WiMAX application (a) far-field directivity 3d; (b) far-field directivity (polar form); (c)
gain; (d) e-field; (e) h-field; (f) Power pattern.

degree, angular bandwidth at 3 dB point is 101.8 degree and side lobe level is
none. The e-field for main lobe magnitude is 11.5 dBV/m, h-field for main lobe
magnitude is —40.1 dBA/m and power of the pattern is —14.3 dBW/m”. The gain
of the radiation pattern is —3.3 dB for main lobe magnitude. All of them are dis-

cussed in Table 5.

4. Conclusions and Future Works

An advanced multiband simply structured patch antenna has been designed and
simulated by the help of CST Microwave Studio software. This antenna can be

potential for future mobile communication systems as it can operate not only at
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Figure 12. Radiation pattern analysis for Wi-Fi application (a) far-field directivity 3d; (b) far-field directivity (polar form); (c)
gain; (d) e-field; (e) h-field; (f) Power pattern.

Wi-Fi & WiMAX bands but also 5G frequency band. This antenna satisfies the
basic needs of Wi-Fi, WiMAX and 5G operations having the bandwidth of 152
MHz, 235 MHz and 4.5 GHz respectively. Because of its low VSWR and high
directivity this antenna can be very effective for the next generations’ communi-
cation purposes.

Though this antenna has various advantages, it can be improved. In future,
this antenna’s height and width can be deduced to make it light-weight, more
frequency bands can be added to it to make it more effective and directivity can

be improved so that it can cover more areas.
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