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The fifth generation (5G) of telecommunication is a promising technology that is yet to become
globalized for the effective and fastest mode of communication. This wireless communications
system has an extended entail for different Multiple Input Multiple Output (MIMO) antenna
systems, focusing on low and high, and less gain, also at millimeter frequency. The frequency ranges
have more capability varying from 28 GHz to 150 GHz with the easiest generation of 5G for higher
data rates. A mono-element antenna working over the two different 5G mm-Wave frequency bands
[n257 (28 GHz) and n260 (38 GHz) bands] is proposed to obtain. The prototype is built upon Duroid-
5880 substrate having a permittivity of 2.3 and Loss tangent value of 0.00092. The prototype
resonates at 28 GHz and 38GHz of the spectrum to yield better return loss than conventional. The
proposed antenna- Inverted Matchstick Slotted Rectangular Patch (IMSRP) is implemented to be
9.84 dBi at 28 GHz band and 1.1195 dBi at 38 GHz by dual band for 5G. The overall designed
parameters of the antenna are 16.5 x 20 x 0.508 mm, also does not have any defective in the ground
portion made to resonate for dual bands of millimeter wave frequency band of 5G communication.
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1. INTRODUCTION TO 5G

The initiative for 5G or the fifth generation of
telecommunication was kick-started in the year of 2019
and focuses mainly on flawless and high-speed mobile
communication purposes. As soon as the word arises the
frequency allocation to 5G is also made as a continuation
with 4G frequency bands. The frequency spectrum of 5G is
classified into many divisions of low, mid, and High band
micrometer frequencies. The Low band functions similarly
to 4G, and the frequency band covers from 1.7 GHz to
4.7 GHz. But the maximum operations happen at High
band Micrometer frequencies starting from 24 GHz and
extending up to 54 GHz as a Licensed spectrum and 60
GHz as an Unlicensed spectrums. Within that 24-54 GHz
licensed spectrum the grown countries already started
implementations for the 5G in their own spectrum
allocation within their country regions. USA, South Korea,
and Japan are already deploying n257 and frequencies for
their 5G communications. EU is planned to work over the
n260 band frequency. Hence it is the right time for
designing and manufacturing Microstrip antennas that
resonate for multiple frequencies.

2. LITERATURE REVIEW

The exponential growth of mobile users makes an
enormous usage of the existing bandwidth of 4G
frequency spectrum. The enormous number of users in a
particular region like a metropolitan area directly has
an impact on the installation of a large number of
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antennas making the situation even worse and high
exposure to radiation. So, the need for higher frequency
bands, which are able to deliver a wide range of
bandwidth covering a large number of people with
higher data transmission, rates [1]. The wireless mobile
technology growth always aims in achieving this
strategy, even after four generations of evolution the
data speed is not sufficient for the users, and demand
increases for much larger in modern day-to-day life [2].
Having a discussion over the pros and cons of achieving
a larger frequency band are to be discussed hereafter.
The main reason for choosing this millimeter range of
frequency is to attain higher bandwidth for the
satisfaction of many users’ fastest applications by
attaining extraordinary data rates on the scales of
Gigabit-per-second (Gbps) [3].

Another main reason for searching for new bands of
frequencies is that the former existing frequencies were
already deployed for various other wireless purposes
like Wireless Fidelity, Worldwide Interoperability for
Microwave Access, Bluetooth, and so on, but the large
frequency spectrum remains untouched [4] so can be
used for the fifth generation. Discussing the
disadvantages of large frequencies, free space
propagation, and lower coverage are the main
drawbacks of implementation. Free Space propagation
means the ability of signals to penetrate through other
solid surfaces lying on the path of transmission. As the
frequency increases the distance of coverage usually
reduces, this can be overcome by the introduction and
initialization of smaller base stations on the vicinity
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regions of the heavy signal drop [5]. The waves that are
electromagnetic in nature experience heavy losses in
signal quality and strength due to atmospheric
attenuations, which can be nullified by means of
designing antennas which are highly directive and have
high gain [6]. The literature [7] discusses quad-antenna
structures covering the frequency range of 26.5-29 GHz
with a peak gain of 8.2 dB for 5G applications. In [8] SIW
method is fed with the slot to cover frequencies of 27.5-
28.35 GHz and 24.25- 27.5 GHz, where gain alters from
8.2 to 9.6 dB. In [9], a Monopolar patch antenna with a
Y-shape structure is used to resonate for 3.3-4.2 GHz
frequency introducing a 120-degree phased directional
difference to attain high gain. In [10], dual antenna
Pairs were used with orthogonal mode for the purpose of
metal-rimmed smartphone applications.

In [11], an elliptical slotted circular microstrip patch
antenna operating at 28 and 40 GHz is proposed, while
in [2], two electromagnetically connected patches
creating resonance at 38 and 60 GHz are considered. A
parasitic patch-loaded radiator resonates between 24
and 40 GHz [12], a four-element tree-shaped MIMO
antenna resonates between 23 and 40 GHz [13], a
transparent rectangular patch with some branches
made of AgHT-8 material produces a wideband response
from 23.9 to 23.8 GHz [14], and incorporating slots at
the right locations [15-16] results in a dual-band
resonance at 28 and 38 GHz. Parasitically coupled
antenna with slot in it [17] produces dual-band
resonance at 28 and 38 GHz.

Section 2 discusses the design parameters for the
proposed design and section 3 describes the design
evolution of the proposed design, followed by section 4
discussion over reports analysis of the simulated
antenna, moved on to section 5 deals with the
comparison of features of reference antennas and the
designed antenna, at last, the section 6 sums up the
conclusion points of the proposed design.

3. ANTENNA DESIGN

The antenna proposed here is made on Rogers RT
Duroid-5880 substrate having a loss tangent value of
0.0009 and relative permittivity of 2.2. The height of the
substrate is made as 0.508 and parametric calculations
were made to resonate for the fixed frequency. The
geometrical layout of the designed antenna is shown
below in Fig. 1, having substrate dimensions as 20
mm x 16.5 mm x 0.508 mm. Other parameters of the
antenna design are provided in Table 1. To yield higher
gain with lower radiation of the ground plane, the
scheme single antenna elements are backed by the
substrate. The overall simulation and analysis are made
using HFSS Ansoft 15.0 software.

4. DEVELOPMENTS IN ANTENNA DESIGN

Initially based upon the parametric calculations a
Simple fully grounded rectangular patch antenna as per
Fig. 2a was designed and the resonance frequency is
measured to be 27, 34, and 39 GHz. Then the method of

J. NANO- ELECTRON. PHYS. 15, 03022 (2023)

Subw

>
A

1qns

Fig. 1 — 2D view of designed single element antenna

Table 1 — Parameters of designed single element antenna

Antenna Values Antenna Values
Parameters (in mm) | Parameters | (in mm)
SubL 16.5 A 0.7
SubW 20 B 0.4
PatchL 10 C 3.256
PatchW 9.9 D 1.9
InsetL 7 ArmW 4

Inset feed is used to improve the resonance frequency
for a particular operation and using that technique it
was found that the resonance happens at 35 GHz as
Fig. 2b. Later on, the slots were introduced in the
rectangular patch at particular regions as Fig. 2¢ so that
it does not affect the gain of the antenna at the same
time improvising the resonance for desired bands.

The detailed design modifications, as well as the
changes that happened during these changes, were
plotted and the comparison charts were displayed below
in Fig. 3 and Fig. 4.
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Fig. 2 — (a) Simple antenna; (b) antenna with Inset Feed
technique, (c) Proposed antenna design with slots
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Fig. 3 — Comparison chart of Reflection coefficient variation
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Fig. 4 — VSWR variation with respect to modifications

5. SIMULATED RESULTS ANALYSIS

The detailed analysis of the designed antenna is case
studied in detail in this section. The RF Connector on
the bottom middle is used to feed the element and
simulations cum analyses were done using HFSS Ansoft
Software v 15.0. While simulating the results the port is
terminated in 50 Q load to achieve impedance matching.

5.1 S-parameter

A good resonance was achieved by the antenna. It is
measured as impedance bandwidth based on the — 10 dB
criterion and the results were found to be resonate for
two important bands of 5G millimeter frequency bands
n257 (28 GHz) and n260 (38 GHz) and the bandwidth is
observed as 947.7 MHz and 1.5254 GHz at 28 and
38 GHZ frequency bands as depicted by Fig. 5.

5.2 VSWR Plot

The Voltage Standing Wave Ratio Plot or simply the
VSWR Plot plays a vital role in the stability of the
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Fig. 5 — S-parameter plot showing resonance at 28 GHz and
38 GHz
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Fig. 6 — VSWR Plot

antenna. The VSWR range at the resonating frequencies
needs to be lesser in order to get stabilized resonance. In
our designed antenna, it is well known from the plot that
the VSWR values at the resonating frequencies lie below
2, hence the stability of the antenna at the pre-
mentioned ranges is heavily stable as shown above in
Fig. 6.

5.3 Gain Plot

The Frequency vs. Gain plot helps in analyzing the
Gain achieved by the antenna over a wide set of
frequencies. An antenna of high gain helps in handling
a lot more people and efficient usage of the allocated
spectrum. From the Plot, we infer that the antenna
reaches a maximal gain of 9.84 dBi at 28 GHz the band
and 1.1195 dBi at 38 GHz the band inferred from Fig. 7.
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Fig. 7 — Frequency vs. Gain Plot
5.4 Radiation Pattern

The radiation Patterns are very helpful in referring
to the antenna usage platform to be as a directive (Uni-
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directional or Multi-directional)

or

Non-Directive
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5.5 3D Polarization Pattern

antenna. In results 8 (a), (b), (¢) and (d) the planar

polarization values are viewed.
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Fig. 8 — E and H plane polarizations at 28 and 38 GHz

The above polarization charts are two-dimensional
in view, however using HFSS Ansoft 15.0, we can
visualize the three-dimensional gain plots and total
directivity plots of the antenna through which we can
able to determine the resonators of the antenna in all
360-degree directions and the suitable angle of antenna
posture to achieve higher efficiency and gain in trans-
reception purposes. Figure 9 represents the 3D Gain
view of the proposed antenna.
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Fig. 9 — 3D Polar Gain Plot

5.6 Comparison with Reference Papers

This section deals with the features available in the
proposed work to that of the features available in reference
papers taken for the analysis. Nearly most of the common
parameters as well as some special features in every
reference are also going to get discussed in this section. All
the points to be discussed are summarized in Table 2 below.

Table 2 — Comparison of discussed antenna parameters

Resonant Peak Size (mm3 ) Ground
frequency |Gain State
band (dB) (Defective
/Not)
23-40 8.3 80 x 80 x 1.57 | Defective
1
3.4-3.6 4.5 145 x 75 x 6 Defective
2
3-9 11-12 90 x 90 x 1.6 | Defective
3
3.4-3.6 4.8-5.1 |150x75x%x17 Defective
(4)
2.6-13 0.76- 66.8 x 40 x 0.8 | Not
6.02 Defective
24-28 7.4 - 30 x 30.5 x 0.| Defective
508 (5)
25.5-29.6 8.3 158 x 77.8 x| Defective
0.381 (6)
27.5-28.35 [ 8.2 to| 32.8 x 40 x 0.8 | Defective
24.25-27.5 9.6 (7)
3.3-4.2 - 30.5 x 40 x 0.| Defective
508 (8)
27.51-28.46 | 9.84 16.5 x 20 x 0.| Not
37.18-38.71 508 Defective
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6. CONCLUSION

In this paper, the design of a single element
operating over two various bands of 5G millimeter
frequency bands [n257 (28 GHz) and n260 (38 GHz)] is
demonstrated. The Resonance of the antenna at 28 GHz
and 38 GHz is attained by the proper impedance
matching by inset feedline at the source point of the
antenna and by infusing slots in patch using HFSS
software. The designed antenna is compact in size
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IIpamoxyrHa antena 3 npopisamu (IMSRP) nia neogianasonHux
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IT’saTe moromuna (5G) TeJleKOMyHIKAIIIN — IIe IIePCIIeKTUBHA TeXHOJIOTIA, AKA IIe Mae CTATH TJI00aIbHOI0
1A e(peKTUBHOI0 Ta HAWIIBUIIIOIO CIIoco0y 3B'a3Ky. Taka cucreMa 0e3IpOTOBOrO 3B’S3KY Mae POSIIHPEHi
MOYKJIMBOCTI JUJIsT PI3HMX AaHTEHHMX CcHCTeM 13 Oarathma Bxomamu Ta Oaratbma Buxogamu (MIMO),
30CepPePKYIOUNCh HA HU3bKHX 1 BUCOKMX YACTOTAX TA MEHIIOMY IIiICHJICHHI Ha MIJIIMETpPOBIM YacTOTI.
Jliamaszorn yacror MaioTh Oliabire MoskansBocreir Big 28 mo 150 I'Tix i3 maiimpocrimmM moromiaaaM 5G miis
BUIIUX IIBUJIKOCTEH mepenayi nanux. [IpomnonyeTsest oTpuMaT 0HOEJIEMEHTHY aHTEeHY, SKa IIPAIIE B JBOX
pisuumx miamazoHax dacror MM-xBuib 5G [n257 (28 I'Tm) i n260 (38 I'Tw)]. [Ipororun mobynoBanuit Ha
migxmagi Duroid-5880, mo Mae JIieleKTpUYHy IIPOHUKHICTH 2,3 1 3HavenHs TamreHnca Brpar 0,00092.
IIpororun pesonye Ha vacrorax 28 i 38 I'T'if ciexTpy, 1106 OTpUMATH Kpallll 3BOPOTHI BTPATH, HisK 3BUYANHI.
BamporonoBana anrena — IMSRP (Inverted Matchstick Slotted Rectangular Patch) cranosurs 9,84 nbn na
gactoti 28 I'T'r 11,1195 nba ma 38 I'Tr y aBox miamasonax s 5G. 3arasabHi MPOeKTHI HapaMeTpyu aHTeH!
cTaHoBIATh 16,5 x 20 x 0,508 mm. BigcyrHi mederTrn y HaseMHIN YacTHHI, CTBOPEHOI JIJIs PE30HAHCY JIJIS
TOABIMHUX J1ATa30HIB MLJIIMETPOBOTO JIaIa30Hy 4acToT 3B’ 13Ky 5G.

Kmiouori ciosa: Monoesmemenr, Jliamason yacror MisiiMeTpoBoro gianasony, JIsa miamasonu, 38’30k 5G.
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