Webology (ISSN: 1735-188X)
Volume 19, Number 2, 2022

Millimeter-Wave Rectangular Microstrip Patch Antenna
Design For 5G Applications

Owais Khan!, Muhammad Anab?, Aamir Sultan®, Syed Magsood Shah?, Ali
Raza*

!Department of Electrical Engineering, CECOS University of IT & Emerging
Sciences, Peshawar, Pakistan.

2Department of Electrical Engineering, University of Engineering & Technology,
Peshawar, Pakistan.

3College of Electrical & Mechanical Engineering, National University of Science
& Technology, Islamabad, Pakistan.

*Assistant Professor, Government Degree College, Thehri, Khairpur, Pakistan.

ABSTRACT

Until now, the fourth generation (4G) communication system is already been
standardized. But, Fifth Generation (5G) is defined as the upcoming major task for
mobile communication systems beyond the current deployed 4G. In this research article
an inverted U-Shaped slot single-band rectangular microstrip patch antenna for mm-
wave 5G (Fifth Generation) applications is proposed. The proposed antenna achieved
a high bandwidth by choosing the proper selection of slot dimensions and position in
the radiating patch. The overall size of the proposed antenna is 4 x 5 mm? (LxW) with
a 0.508 mm substrate height. The proposed inverted U-Shaped slot patch antenna
resonates over a frequency range from 63.28-90 GHz having a super-wide impedance
bandwidth of 26.76 GHz. A maximum gain of 6.11 with a maximum radiation
efficiency of 92.48% at 79 GHz is also observed. The gain of 4.04 dBi, 5.99 dBi and
5.99 dBi at frequencies 71.03, 75, and 80 GHz, respectively are also achieved. Other
radiation parameters like E and H-plane, surface current and 3D (Three-Dimensional)
gain plots are also studied and analyzed. The proposed antenna has a super-wide
bandwidth and suitable for 5G mm-wave (millimeter wave) communication. The
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proposed design can also be used for satellite and radar communication as 40-75 GHz
for V-band, 60-90 GHz for E-band and 75-110 GHz for W-band are the new proposed
satellite bands.

Keywords: Fifth Generation, Microstrip Patch Antenna, Milli-Meter wave
,Bandwidth, Directivity.

1. INTRODUCTION

In last two decades, an enormous evolution is seen in the wireless devices which are
connected to each other through wireless networks. Due to wireless technology,
people’s interest has greatly increase to share, convey and aware in social functions
together[1]. Different Mobile and wireless communication networks such as GSM
(Global system for mobile communication), 2G (2" Generation), 2.5G, 3G (3™
Generation) and 4G (4" Generation) made a marvelous change in world[2]. As a
tendency, up to now, the 4G wireless communication system is standardized already.
And next, the 5G (Fifth Generation) standard is expected to be deployed completely in
2022 and onward within few years [3].

Upcoming 5G wireless communication will provide more advantage to the world and
will make an important difference because the 5G wireless technology has all type of
advanced characteristics which make it a most powerful way of wireless
communications and will bring changes all over the world. However, the 5G standard
is yet to be confirmed as the technology is to be fledged. Some 5G bands for upcoming
wireless communication are shown in Fig. 1 [4].
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FIG .1. 5G BANDS FOR UPCOMING COMMUNICATION

In addition to this, the WRC-19 (World Broadcast Conference-2019) the key
spectrum for 5G application is 20-90 GHz[5] and prepared appropriate frequencies
bands ranges from 24.25-27.5, 31.8-33.4and 37-40.5GHz bands respectively, for mm-
wave communications as shown in Fig.2[6]. The proposed prime spectrum for 5G
application is 20-90 GHz.
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FIG. 2. MM-WAVE 5G FREQUENCY BANDS
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To meet the needs of 5G such as high capacity, high data rate, more users, high
reliability, lower response time(latency), new thoughts and antenna designs are greatly
required in the field of 5G technology, which is a key challenge for 5G wireless
communication system [7]. As we are familiar with that mm-wave has a huge band of
bandwidth. i.e. from3-300 GHz [8]. For 5G Wireless Communications FCC (Federal
Communications Commission) assigned the frequency spectrum listed as 5GHz (5.1-
5.85GHz), 28GHz (27.5-28.35 GHz), 37GHz (37-38.6GHz), 39GHz (38.6-40 GHz),
64-71 GHz band contain outdated cellular licensing and Wi-Fi for both local area
network and wide area network [9].

Printed antennas or microstrip patch antennas are the most significant antennas due to
its planar surface. There are various microstrip antennas types and the mostly used
antenna are the rectangle and square microstrip patch antenna [10]. Such antennas types
are used in a wide-ranging applications i.e. airplane, satellite broadcasting, arms,
mobile phones and in medical systems, because of some important features such as
lightweight with low profile (conformal), easy to fabricate, simple feeding (m-line
feeding, aperture coupled feed etc.), easy to use in an array configuration by a
reasonable directivity (about 6-8 dB is typical)[10]. Furthermore, it has a dis
advantages of lower bandwidth (but can be improved using various devised techniques)
[11-12] and losses due to surface wave, many workings have been done to use as
stacked patch or an air cavity opening in more than one substrates. But these techniques
may rise complexity and cost [13]. The technique of feeding is one of the most
important features which is used to improve the impedance bandwidth. However, the
feeding choice of technique depends on antenna fabrication, cost, and implementation
of hardware with extra radiation, and matching of impedance [14].

Newly, most researcher delivered different antenna design techniques for 5G
applications. Efri and Marani [15] proposed an antenna of triple band resonating on 24,
38and 38 GHz was proposed having a bandwidth >1000 MHz is achieved. A microstrip
patch antenna of single band for 5G wireless application was presented by Jyoti
Agarwal [16] resonating on 60GHz which is appropriate for the mm-wave frequency.
The antenna was consist of H and E slot designed on the radiating patch having a
bandwidth of 4.028 GHz ranging from 57.981-62.009 GHz. The FCC allotted the 59-
64 GHz bands as an unlicensed band which suitable for the small range and wireless
communication of high speed [17]. Marwaet. al. [18] an antenna of dual band
resonating on 38 and 60 GHz was presented for 5G mobile devices. The impedance
bandwidth was 2 and 3.2 GHz achieved respectively. In order to cover a wide spectrum
for upcoming 5G communications, an inverted U-Shaped slot single antenna element
is introduced in designing in order to achieve a wideband. The proposed design is
enable a coverage above 62 GHz. The best feature of our proposed antenna is that at
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operate over a frequency range starts from 63.28 GHz up to almost 90 GHz with a wide
bandwidth of 26.72 GHz. The proposed design can be used for satellite and radar
communication as 40-75 GHz for V-band, 60-90GHz for E-band and 75-110GHz for
W-band. Numerous printed antennas are designed using different techniques for the
mm-wave 5G applications [19-25].

In this paper, we proposed an antenna of small size for a 5G mm-wave application
having a wide bandwidth of 26.72GHz with high radiation efficiency and high gain.
The rest of the paper is organized as follows: Section 2 discusses the design of the
antenna and section 3 discusses the results and discussion.

2. ANTENNA DESIGN AND STRUCTURE

The front view of the proposed antenna is presented in Fig.1. The overall size of the
proposed microstrip patch antenna is 4x5x0.508 mm? (Lx Wxh). The Rogers TMM4
substrate is used as a dielectric material having relative permittivity ([1+) of 4.5 and loss
Tangent of 0.002 with the height of the substrate is 0.508 mm. Microstrip inset feed
line is used for the designing of the proposed antenna. The feed width (ws) is 0.5 mm
and feed length Lfis 2 mm. The radiating patch dimensions (LpxXW,;) are (1.70x1.95
mm). To cover a wide spectrum for upcoming 5G communication, an inverted U-
Shaped slot is introduced at the top edges of the radiating patch. The dimensions of the
inverted U-Shaped slot vertical part 0.1x1 mm? (LxW) and the dimensions of the
horizontal part are 0.1x1.25m m2.The perspective view and back view (Ground) of the
proposed antenna as shown in Figs.2-3 respectively. The parametric values of the
proposed antenna for mm-wave 5G communication are listed below in Table 1. The
Parameter values of the proposed microstrip patch antenna are calculated using
formulas, stated below. Using mathematical equations [26], the single band microstrip
patch antenna dimensions are calculated, like equation 1 is used for calculation of width
where f,, is the resonant frequency, c is the speed of light and €, is the dielectric
constant of the substrate. Equation 2 is for the actual length of patch.

_c |2
- fo €r+1

w

1)

L = Leff-ZAL (2)

Where L is the effective length and can be determined as (3) and AL is the extension
of length can be determined from expression (4).
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C
Lefr = W (3)

rerrt0.3) (40264
(€refr+0.3)( ) )

AL = (0.412h)

(€refr—0.258)(3+0.8)

Where €, IS effective permittivity calculated from 5
ert+1 er—1

€reff = > ij (5)
w

€,1s the dielectric constant of the substrate, ‘h’ is the height of substrate and ‘W’ is the
width of ground plane.
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FIG. 1. FRONT VIEW
OF PROPOSED
ANTENNA

FIG.2. PERSPECTIVE FIG.3. BACK VIEW
VIEW OF ANTENNA (GROUND)

TABLE 1. PARAMETER VALUES OF PROPOSED RMP ANTENNA

Description Name Value (mm)
Length of Substrate and L 4.00
ground
Length of Patch lb 1.70
Thickness of 'Substrate he 0.508
Material
Width of Feed line Wi 0.5
Width of U-slot Uz 0.1
Length of Horizontal U- Vv, 145
slot
Width of Substrate and W 5.00
ground
Width of Patch Wp 1.95
Thickness of Patch my 0.035
Length of Feed line If 2.00
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| Length of U-slot | i\ 1.00

3. SIMULATION RESULTS

3.1 S-Parameter

The most significant feature in an antenna designing is the reflection coefficient (S11)
which defines impedance matching and bandwidth. The reflection coefficient is the loss
of power signal returned/reflected due to incoherence in a transmission line. Basically,
the S-Parameter describes the input to output relation between Ports. The Si1 is also
known as return/reflected loss. The 0dB Si: means that all the power of signal is
reflected and -10dB means that 3dB power is transmitted to the antenna and -7dB of
power is reflected, so the Sii1 should be less then -10dB than antenna perform
effectively. The proposed antenna has a return loss of -55.90 dB at a resonating
frequency of 71.03 GHz and below -10 dB at achieved and which starts from63.28GHz
up to almost 90 GHz with the bandwidth of 26.72 GHz as shown in Fig. 4.

60 65 70 75 80 85 90 95 100
Frequency (GHz)

FIG. 4. SIMULATION REFLECTION COEFFICIENT OF THE PROPOSED MM-
WAVE MICROSTRIP PATCH ANTENNA

3.2  Voltage Standing Wave Ratio

VSWR (Voltage Standing Wave Ratio) can be measured of how the power of radio-
frequency is transmitted efficiently from a power source , into a load, through a
transmission line. VSWR is the another parameter which indicates that the antenna
can only be able to work where the optimum VSWR value is < 2. Furthermore, if value
of VSWR is small, than the antenna will perform better and vice versa. VSWR also
define the matching of impedances to the transmission line. The VSWR of proposed
antenna is 1.005 at 71.08 GHz as shown in Fig. 5.

60 65 70 % 80 85 90 95 10C
Frequency (GH2)

FIG.5. VSWR OF PROPOSEDRECTANGULAR MICROSTRIP PATCH(RMP)
ANTENNA
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3.3  Radiation Patterns

The gain patterns and radiation efficiencies are obtained by exciting the antenna with
50 ohm matched load. The simulated radiation pattern (2D and 3D) of proposed a
resonating frequency are shown in Figs. 6(a-c)-7(a-c)respectively. The gain of

proposed antenna design are 4.04dBi, 5.99dBi, and 5.99dBi at 71.03GHz, 75GHzand
80 GHz respectively.

=——E Plane =——H Plane — —
E Plane H Plane ——EPlane ——H Plane

(A) 71.03 GHZ (B) 75 GHZ (C) 80 GHZ
FIG. 6. SIMULATED 2-D RADIATION PATTEREN (E AND H-PLANE)OF
PROPOSEDMM-WAVE RMP ANTENNA
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FIG. 7. SIMULATED 3D GAIN PLOTS OF THE PROPOSED MM-WAVE ANTENNA

3.4 Surface Current Distribution:
The radiation efficiency and Gain vs frequency plot of the proposed work are shown in

figure 8(a-b) respectively. The maximum radiation efficiency of 92.48% at 79 GHz is
observed.

Surface current distribution at frequencies 71.03 GHz, 75 GHz and 80 GHz are depicted

in Figs.9(a-c). Table 2 presents the performance of proposed antenna with previous
antenna designs.
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FIG. 8(B). GAINVS FREQUENCY
FIG. 8(A). RADIATION EFFICIENCY PLOTS OF THE PROPOSED MM-
WAVE RMP ANTENNA
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FIG. 9. SURFACE CURRENT DISTRIBUTION OF PROPOSED MM-WAVE
RMP ANTENNA

TABLE 2. COMPARISON OF OTHERS ANTENNA WITH PROPOSED

ANTENNA
Published Bandwidth Gain :rllisn(:lfa Efficiency
0
Antenna (GHz2) (dB) (mm) (%)
Aliet. al. [1] - 6.60 5x5 73.00
Saini et. al.
[16] 4.028 5.48 8x8 70
Jandi et. al.
[19] - 7.50 21x21 62.00
Oyesina et.
al. [20] 2.40 5.56 6x6 97.70
Khattak et.
al. [21] 1.30 7.60 6x6 85.60
Kaeib et. al.
22] 2.48 6.37 X7 86.73
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Proposed

Work 26.76 6.11 (dBi) 4x5 92.00

4. CONCLUSION

A single band of U-Shaped slot rectangular Microstrip patch antenna is designed in this
paper. The proposed antenna is designed for future mm-wave 5G communication and
used for above 60 GHz frequency band. Rogers TMM4 as a substrate are used of
thickness 0.508mm with a relative permittivity of 4.5. The centered frequency of
single-band antenna is 71.03 GHz having return loss of -55.9 dB and a bandwidth of
26.76 GHz in the range of 63.28-90GHz. The gain at 71.03GHz, 75GHzand 80 GHz
are 4.04dBi d,5.99dBiand 5.99 dBi, respectively.The VSWR value of this antenna is
1.005 which is less than 2dB. The radiation efficiency of this antenna are 92% at 79
GHz. The proposed antenna possesses wider bandwidth which is useful for mm-wave
5G communication. Radiation characteritics can further be improved by applying
different techniques reported in literature like array techniques, MIMO (Multiple-Input
and Multiple-Output) configuration and frequency selective surfaces, beam steering,
metamaterials etc.

The prototype of the antenna will be fabricated and tested in measurement facility in
order to validate the simulation results. In addition a feeding network will be designed
for the array antennas to make the design simpler to fabricate and operate.
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