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Designed for increased speed and capacity, 5G has the potential to significantly expand the way the data
will be processed and transported, and will allow a wide range of new use cases, which go far beyond the
smartphone, already targeted by the 3G and 4G technologies. The present paper focused on the development
of new antenna technologies for millimeter waves 5G communications. In this direction, a new two-ports
Multiple Input Multiple Output (MIMO) antenna functioning in the mm-wave band is proposed in this paper
to support 5G communications at 38 GHz. The proposed MIMO configuration has a size of 43 x 25 mm? is
printed on FR4 substrate material with a 0.8 mm thickness, a dielectric loss tangent of 0.02 and a relative
permittivity of 4.4. By incorporating combinations of rectangular and triangular shaped slots into the patch
elements and a partial ground plane with a rectangular slot, the desired band operation is achieved with
enhanced gain and bandwidth. The considered antenna in this paper has a bandwidth of 3.38 GHz (36.8 GHz-
40.18 GHz) in the desired band of 5G applications with isolation less than — 24 dB and peak gains of 4.85 dBi
at 38.5 GHz. The proposed MIMO antenna covers many countries band like UK (37-40), USA (37-37.6),

Canada (37.6-40.0) and Australia (39 GHz).
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1. INTRODUCTION

The spectrum of 5G services not only covers the bands
below 6 GHz, including the bands currently used for 4G
networks, but also extends to bands of frequencies in the
millimeter wave spectrum, which was not previously
envisaged for mobile communications [1-3]. The
frequency bands in the range from 24 GHz to 300 GHz
have been targeted as having the potential to support
large bandwidths and high data rates. The Ku-band
(26-40 GHz) is well established as an attractive and cost-
effective high-capacity solution for point-to-point
applications, capable of supporting radio links up to
20 Gbit/s over short distances of 2 to 3 km. The needs to
have data rates of the order of 100 Gbit/s (ie bandwidth
needs between 10 and 15 GHz, for a spectral efficiency of
5G devices of the order of 8 to 10 bit/Hz) then results in
the exploitation of the spectrum of requirements to
W-band and D-band systems, where from large amounts
of additional bandwidth then become available [4]. The
design of antenna solutions within the framework of the
present thesis has thus focused on one of the envisaged
frequency bands, the D band. Indeed, in 2018, the
Committee European Electronic Communications (ECC)
of the CEPT has published recommendation 18(01)
identifying sub-bands, totaling 31.8 GHz of bandwidth,
on a total block of about 45 GHz (from 130 to 174.8 GHz).
Although the purpose of 5G is not only to meet the
insufficiencies linked to the increase or bandwidth, but
to reduce energy consumption with a service
omnipresent quality and obtain an ultra-short latency
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generation will have to combine several technologies in
order to have a mobile network that will be able to meet
expectations. In this direction, we can mention: the use
of Ku band by exploiting frequencies above 24 GHz which
becomes more than never essential for 5G and will
facilitate the integration of hundreds of radiant elements
at the level of the base station thanks to their low
wavelengths. Thus, the technology of the Massive MIMO
is nothing more than a densification of the traditional
MIMO (Multiple Input Multiple Output) used in
previous generations [5-7]. This technique is an
approach to increase the capacity of the channel and to
provide high multiplexing and diversity in the uplink
and downlink directions. These performances will
depend heavily on the number of antennas in the base
station compared to the numbers of users. Thus, antenna
always occupies the largest volume in the
communication chain, this explains the huge amount of
research on antenna for 5G applications. In fact, many
antenna has been reported in literature [8-15]. In [7],
authors proposed a 4 x 4 MIMO antenna for 5G
application. The projected antenna in [8] shows a
maximum gain of 13.7 dB at 37.3 GHz along with a
bandwidth ranging from 36.8 GHz to 38.8 GHz. Syah et
al. in Ref. [9] used an Array antenna for 5G
Communication. The projected antenna offers a gain of
9.24 dB. Authors of Ref. [10] suggested a fed open-ended
circular-ring 2 x 2 MIMO antenna. Authors of Ref. [11]
suggested a high isolation MIMO antenna which is
planned for smartwatch applications. In [12], authors
proposed an array antenna functioning at 28 GHz. The
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suggested antenna offers high bandwidth with
reasonable gain. Authors of Ref. [13] presented a new
feeding method for antenna for 5G application. end-
launch connector model is used to feed the suggested
antenna. The antenna has a peak gain of 18 dB at
28.5 dB. In [14], a Quad-Port MIMO Antenna working at
29/39 GHz for 5G Applications. A peak gain of 8.11 dB is
obtained at 39 GHz. To draw a big picture about antennas
used for 5G application one can refers to [15-18].

This article presents a MIMO antenna for 5G
millimeter wave bands at 38 GHz. A High frequency
structure simulator (HFSS) software is used to build and
analyze the proposed antenna design. The two-element
MIMO antenna has a size of 43 x 25 x 0.8 mm?3. MIMO
antennas consist of two identical single antenna
elements with each antenna element being a
combination of rectangular patches and rectangular and
triangular slots on the top plane and partial ground
planes with rectangular slots on the back plane. The
MIMO antenna is designed on an FR4 substrate with a
relative dielectric constant of 4.4, and a loss tangent of
0.02. The effect of inter-element distance is discussed in
this article to determine which distance will work with
the suggested antenna design. As result, the MIMO
antenna with the inter-element distance of
d = 1 + 0.25 mm has better performance regarding
bandwidth, return loss, isolation, and gain in the
operational bandwidth. With this distance, the
suggested antenna has an isolation of less than — 24 dB
with a bandwidth of 3.38 GHz (36.8 GHz-40.18 GHz) and
peak gains of 4.85 dBi at 38.5 GHz. The two-element
MIMO antenna covers many countries such as
UK (37-40), USA (37-37.6), Canada (37.6-40.0) and
Australia (39 GHz).

2. ANTENNA GEOMETRY

In this paragraph, we have focused on antenna
design steps. The planned antenna geometry is
illustrated in Fig. 1. The top plane of the MIMO antenna
made up of a combination of rectangular patches and
rectangular and triangular slots shown in Fig. 1(a). To
increase the performance of the projected antenna, the
back plane is made up of a partial ground plane with a
rectangular shaped slot shown in Fig. 1(b). The design is
realized on a rectangular substrate FR4 with a relative
dielectric constant of 4.4, and a loss tangent of 0.02 and
dimensions of 43 x 25 x 0.8 mm3. The suggested MIMO
antenna was designed and simulated using the ANSYS
High-Frequency Structure Simulator (HFSS) software.

A

W2
' —
L2 L3
Ls| ; -
W3
L4
\J

@

JJ. NANO- ELECTRON. PHYS. 15, 01025 (2023)

Ws

F Y

»
>

«— 6, » W7 —
dg
L
= <>
v “+ W »

(b)

Fig. 1 - The geometry of the proposed two ports MIMO antenna
(a) Top view (b) Bottom view

Table 1 — Dimensions of the proposed MIMO Antenna

Parameters Dimension (mm)
W1 16
W2 4.5
W3 11
W4 4.96

Wa 2
Wé 9
W7 2
Ws 43
Wg 20
dg 3
n 5.52
L1 3
L2 0.5
L3 2
L4 9.5
L5 0.5
L6 5.5
L7 5
Ls 25
Le 10

Table 1 shows the dimensions of the proposed MIMO
Antenna. These parameters are used to build the final
antenna configuration. Based on a single antenna we
have prepared a two-port MIMO antenna by using same
parameter that we have considered to design the patch
in single element antenna.

3. RESULTS AND DISCUSSION

Fig. 2 illustrates the reflection coefficient variation
curve versus frequency for the single antenna and the
proposed MIMO antenna. Conferring to the simulated
results, the two-element MIMO antenna compared to a
single element provides improvements in the reflection
coefficient. The single antenna resonates at the
frequency of 38.53 GHz with a bandwidth of 2.53 GHz
(37.37 GHz-39.9 GHz) and a return loss equal to — 18.8 dB.
The MIMO antenna functioning at 38.6 GHz with a
bandwidth of 2.66 GHz (37.2 GHz-39.86 GHz) and a
return loss equal to — 28.95 dB. So, MIMO antenna
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outperforms single element antenna regarding bandwidth
and return loss. Another critical parameter which will be
carried out in this work is the antenna gain.
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Fig. 2 - Performance of Single antenna versus MIMO
antenna regarding the S11 parameters

Fig. 3 illustrates the gain comparison between single
and a MIMO antenna with two elements, the MIMO
antenna provides a higher gain than the single antenna,
with a peak gain of 4.25 dBi at 38.5 GHz. MIMO antenna
gain is practically superior to 3 dB at the operating band.
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Fig. 3 - Performance of Single versus MIMO antenna in
reference to gain

Table 2 summarizes the antennas performance
regarding bandwidth, resonance frequency and gain. It
shows that the two-ports MIMO antenna gives the best
performance related the above mentioned parameters.

Table 2. Comparison between single and MIMO antenna
performance

Antenn Resonant| 1r0 glj Maximum Peak
CONA - preq. | OPCTAMNE | Gain (dBi) in the
Design (GHz) Bandwidth operating band
(GHz) p g
Single 38.53 | 37.37-39.9 3
element
Two-element
MIMO 38.6 37.2-39.86 4.25

The distance between the two elements of MIMO
antenna is a critical parameter to achieving good
impedance matching and better isolation.

JJ. NANO- ELECTRON. PHYS. 15, 01025 (2023)

Figure 4 illustrates how the reflection coefficient
varies with frequency for different spacing between
elements. As seen in Figure 4, d = 2 + 0.5 mm has the
greatest bandwidth in the desired band with a
bandwidth of 3.38 GHz (36.8 GHz-40.18 GHz).
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Fig. 4 - Impact of inter-element spacing on (S11) of two-element
MIMO antenna
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Fig. 5 — Impact of inter-element spacing on isolation

Fig. 5 shows the S12 parameter, which represents the
isolation between individual components of the two-
element MIMO antenna. Less isolation equals lower
coupling, which is one of the difficulties in designing an
antenna with more than one antenna element. It is
noticeable that the MIMO antenna with d = 42 + 0.5 mm
and d = 1 + 2.5 mm have isolation of less than — 24 dB
over the full desired frequency band and have a
maximum isolation of — 51 db and — 49 dB respectively.
Because the two distance give comparable results we
choose d = 4 + 0.5 mm as optimal parameter in order to
have a compact antenna. Another parameter which play
an important role in antenna conception is gain. In the
following the performance of the projected antenna will
be studied regarding gain.

As shown in Fig. 6, a two element MIMO antenna
with d = A+ 0.5 mm has a much higher gain than a two
element MIMO antenna with d = 4 + 0.25 mm and
d = A — 0.25 mm in the operational band. In fact, the
maximum peak gain of two element MIMO antenna is
4.85 dBi with d = A + 0.5 mm while for the two element
antenna with d = 1+ 0.25 mm and d = 41— 0.25 mm, the
maximum peak gain is 4.2 dBi and 3 dBi, respectively in
the desired band.
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The results presented in Table 3 show that when the
d is fixed to 4 + 0.5 mm, the antenna provides better
performance in reference to bandwidth, return loss,
isolation, and gain in the operational bandwidth.
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Fig. 6 — Impact of inter-element spacing on gain

(b)

Fig. 7 — Simulated 2D radiation pattern of the proposed MIMO
antenna at 38.6 and 39.2 GHz, (a) E-plane (b) H-plane

The radiation patterns in the E and H planes of the
proposed MIMO antenna which are simulated at 38.6
and 39.2 GHz are shown in Fig. 7. As depicted in Fig. 7,
the results for radiation patterns at 38.6 and 39.2 GHz
are closely matched in both E-plane and H-plane, and the
antenna exhibit widespread radiation in the two planes
(E-plane and H-plane), indicating high gain. A
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directional radiation pattern is observed in MIMO
antennas that is necessary for 5G application. Table 3
summarize the antenna performance in reference to the
inter-elements spacing.

Table 3 - Impact of inter-element spacing on antenna
performance
Ref. Bandwidth Gain Isolation(dB)
Year of (GHz) (dB1)
Publication
19 1.11 3.28 -35
(2020)
20 2.10 1.83 - 20
(2019)
21 1.3 4.0 —
(2020)
22 1.3 4.604 <—28
(2020)
23 1.39 5 —
(2017)
24 2.2 9 <-19
(2021)
This work 3.38 4.85 <—24

4. SUGGESTED ANTENNA COMPARED WITH
OTHER WOKS

The proposed MIMO antenna is compared to several
other antennas of the fifth generation of wireless
technology shown in Table 4.

Table 4 — Performance assessment with other stated works

Inter- Res. Freq. —-10dB Peak Gain

element (GHz) Bandwidth (dBi) in
spacing d (GHz) bandwidth
d=/+25 386 37-40.1 42

mm
d=1+05

mm 38.5 36.8-40.18 4.85
(proposed)
d=725 385 37.2-39.86 3

mm

5. CONCLUSION

In this paper, a MIMO antenna for 5G millimeter wave
bands at 38 GHz is presented. The two-element MIMO
antenna has a size of 43 x 25 x 0.8 mm? designed on FR4
substrate with a relative dielectric constant of 4.4, and a
loss tangent of 0.02. To design and analyze this antenna a
High frequency structure simulator (HFSS) software is
used. To determine which inter-elements distance will
work with the suggested antenna design, this article
discusses the effect of inter-element distance. Accordingly,
MIMO antenna with a distance between elements of
A+ 0.25 mm has better performance regarding bandwidth,
return loss, isolation, and gain. Using this distance, the
suggested antenna has an isolation of less than — 24 dB
with a bandwidth of 3.38 GHz (36.8 GHz-40.18 GHz) and
peak gains of 4.85 dBi at 38.5 GHz. This antenna is
regarded as an appropriate mm-wave antenna for 5G NR
frequency band n260 (37-40 GHz).
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Hussromnpodinsaa mupokocmyroea anrera 3 neoma nopramu MIMO, mio npamoe Ha
gacrori 38 I'T'y n1a nomarkie 5G MM-XBUJIB
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Pospobsiennit jyist 30ibITeHHsST IMBUAKOCTI Ta emuocti, 5G Mae MOTeHINan I 3HAYHOTO
PO3IMHUPEHHS CII0CO0IB 00POOKHM Ta TPAHCIIOPTYBAHHS JTAHUX, 8 TAKOK 3a0€3[MeYNTh ITUPOKUMA CIIEKTP
HOBUX TaJly3ell BUKOPUCTAHHS, SIK1 BUXOISATH JAJIEKO 3a PAMKHM cMapTQOHIB, HA SKl BiKe HaITIJIeHL
rexuosorii 3G 1 4G. Ils crarrs nprcBsiuera po3poOIll HOBUX aHTEHHUX TEXHOJIOTIH s 383Ky 5G
MIJIIMETPOBOTO J1ama3oHy. ¥ I[bOMY HAIPSIMKY IIPOIIOHYEThCS HOBA JBOIIOPTOBA AHTEHA 3 KLIBKOMA
Bxogamu 1 6ararbma Buxomamvu (MIMO), mo mpaifioe B MM-Iialla3doHi IJIsS IiATPUMEN 3B 3Ky 5G Ha
uvacrori 38 [T, Banpononosana koudirypaiis MIMO mae poamip 43 x 25 mm? 1 HaapyKOBaHA HA
marepiani migkaagku FR4 Tosmmmono 0,8 MM, Tanrercom ienekTpuynux Brpar 0,02 1 BIIHOCHO
IieJIEKTPUYHOI0 IIPOHUKHICTIO 4,4. BukopucToByioun KOMOIHAILIL CJIOTIB IPAMOKYTHOI Ta TPHUKYTHOL
dopMu B eJleMeHTH HAKJIAOKKA TA YACTKOBY ILIOIIMHY 3a3€MJICHHS 3 IPAMOKYTHHUM CJIOTOM, OaskaHa

poboTa miamasoHy [OCATaeThCa 3

POSIINPEHUM IIOCHJIEHHAM 1

MPOIIyCKHOK 3IATHICTIO.

3amporroHoBaHa HAMU aHTeHa Mae cMyTy mpoiyckanua 3,38 I'T'm, (36,8 I'T1-40,18 I'T'm) y 6ammanomy
miamasoni momatkis 5G 3 izomdriero mennre Hisk — 24 b 1 migcuiennam 4,85 nbi ma 38,5 I'T'm.
IIpononosana anrema MIMO 3a cBoiMH mapameTpaMy MOKe OXOIUTH Jiala3oH 0araTbox KpaiH,
Hanpuriayn Beaurkoopurasniio (37-40), CIIIA (37-37,6), Kanany (37,6-40,0) Ta Ascrpadtio (39 I'T).

Kmiouori ciosa: MIMO anrena, 38’s130k 5G, 38 I'T't, XBrJIi MITIMETPOBOTO [TiaIa30Hy.
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