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A quadruple band with L-slotted multiple-input-multiple-output (MIMO)
square dielectric resonator antenna (SDRA) for fifth generation (5G)
applications at the sub-6 GHz band is presented, which can cover 5G new
radio band N77 (3.3-4.2) GHz and N79 (4.4-5) GHz. The proposed
structure consists of a single SDRA mounted on a substrate excited by an
aperture slot underneath dielectric resonators (DR)s. The performance of
SDRA is improved by introducing L-shaped slot on the central part of DRA.
Results show that the MIMO SDRA antenna achieves S11<-10 dB and
S21<=-15 dB for all resonant frequencies at 3.5 GHz, 4 GHz, 4.6 GHz, and 5
GHz, indicating good performance of the antenna at the desired frequencies.
The maximum realized gain is 5.61 dB and 5.01 dB at port 1, 4 GHz and
port 2, 4.6 GHz, respectively. The radiation efficiencies are acceptable for
all resonant frequencies. Moreover, the proposed antenna design achieved
good envelop correlation coefficient (ECC) and diversity gain (DG) at the
desired frequencies. Thus, the antenna can be used for 5G sub-6 GHz

applications.
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1. INTRODUCTION

Wireless communication has taken an enormous improvement and development to acquire data and
share information in the life of humankind. Due to the tremendous increase in demand by the users and also
to suit the current trends, a significant development needs to be implemented to fulfill the Fifth Generation
(5G) wireless communication requirement. However, the requirement of 5G wireless communication
technologies poses many challenges for antennas [1]-[9] regarding particular antennas’ configuration,
fabrication, and integration criteria. 5G will expand wireless broadband services through the high-speed
optical fiber communication as the backbone, surpassing mobile internet access towards the internet of things
(10T) and device-to-device communications [10], [11] for many applications such as global positioning
system (GPS) [12], radiofrequency (RF) energy harvesting [13] and embedded system [14]. Dielectric
resonator antenna (DRA) [15]-[25] has gained extensive attention due to its attractive characteristics and has
become the preferred choice for a good radiator since it offers a high radiation efficiency and wider
bandwidth. As wireless communication technology evolves, the need to implement the multi-band operation
antenna for MIMO applications has increased where many research studies are based on the DRA-MIMO
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where many techniques were introduced to obtain the multi-band operation in MIMO [19]-[24]. Most of the
research studies present the use of more than one element of DRA to form a MIMO antenna which will cause
the antenna size to be large [25]. Since the spacing between the elements needs to be considered to obtain
good isolation, using fewer elements is needed. To our best knowledge, this is the first quadruple band, L-
slotted using the DR material. The antenna can provide quadruple band coverage for 5G new radio band N77
(3.3-4.2) GHz and N79 (4.4-5) GHz.

2. METHOD

A simple geometric structure of a single element MIMO SDRA in Figure 1 is illustrated in Figure
1(a). Meanwhile, Figure 1(b) shows the perspective view of SDRA and Figure 1(c) shows the top and rear
views of SDRA. The antenna topology is made up of Alumina (&, a;umina= =10, tand=0.002) in a square with
a thickness, Hdra=17 mm. The DRA is placed on top of the substrate composed of FR4 (&, rra==4.7,
tan6=0.02) with a thickness, t=1.6 mm. The dimension of the MIMO SDRA is 44x44 mm?. The important
parameters of the proposed antenna dimensions are tabulated in Table 1. A slot is notched on the ground, and
at the bottom of the FR4 substrate, an L-shaped monopole microstrip feeding is etched.

Table 1. Parameters and dimensions of the proposed MIMO SDRA
Parameter  Value (mm)  Parameter  Value (mm)

Wg 100 Hdra 17

Lg 100 gt 0.035
Wsub 100 h 1.6
Lsub 100 Wfeed 3
Wdra 44 Lfeed 46
Ldra 44 Hslot 30
Wslot 2.44 b 24
Lslot 22 c 6

} Weed
Hslot Lskpt

<
5> Wslot

Lfeed

(©)

Figure 1. Topology of MIMO SDRA in different views (a) perspective view without L-slot, (b) perspective
view with L-slot, and (c) top view (left) and rear view (right)

3. RESULTS AND DISCUSSION

This section presents the results of the proposed MIMO SDRA in terms of critical parameter
assessments and the optimized results of crucial parameters. Such investigations were performed for three
selected parameters. The discussion of the obtained results is included in this section.

Quadruple band MIMO dielectric resonator antenna for 5G SUB-6 GHz applications (Nur Atika Bazadry)



1556 O ISSN: 2502-4752

3.1. Critical parameters assessments

In this section, three critical parameters of the proposed SDRA, such as the size of the substrate, L-
shaped slotted dimensions (height and length), and length of the aperture slot, are studied and investigated.
Other parameters are kept constant at a time. This analysis is done to observe the changes in S;; and
S,1 parameters. The first investigation is conducted on the effect of the dimensions of the substrate on the
result of reflection coefficient (S;4). As for transmission coefficient (S,,), the reference will be at -15 dB.
Figure 2 shows the results of S;; and S,; for substrate of difference dimensions; which the first design, the
substrate is 200x200 mm? and the other design is 100x100 mm?. As the substrate size increases, the
frequency shifts towards higher frequencies, as shown in Figure 2(a). In contrast, the frequency shifts down
towards the lower frequencies when the substrate size reduces. At 3.5 GHz, S;; value for substrate size at
100x100 mm? is -10.10 dB. However, when the size of the substrate is made larger at 200200 mm?, the S;;
is improved, S;;=-15.35 dB. This variation demonstrates that substrate size critically affects the return loss
value for lower band frequency, 3.5 GHz. However, return loss is affected severely by the increased substrate
size for the upper band 4.6 GHz. At this resonant frequency, the S;; value for 200x200 mm? is -9.80 dB in
which it does not surpass the reference level (S,;<-10 dB). The value of S;, for substrate size of 100x100
mm? improves to -22.89 dB by up to 2.3 times compared to substrate size of 200x200 mm?. The acceptable
S, and S, values are achieved when the substrate size is 100x100 mm?, as shown in Figure 2(a) and Figure
2(b), respectively.

Second, several variations have been made to the L-shaped slotted in order to get acceptable results
for all key parameters, as illustrated in Figure 3 and Figure 4. In this critical parameter assessment, the
position of the slotted is fixed. The varied values of height are Hslot={26.5, 27.7, 28.9, 30} mm. Figure 4
shows the results of S;; and S,; when varying the L-shaped slotted length, b={18, 20, 22, 24} mm.

Figure 3(a) shows that Hslot gives significant effect on the upper band, 5 GHz, when the Hslot
decreases in terms of S;,. The lower bands are not affected by the variation of Hslot. On the contrary, when
Hslot decreases, S,; values reduce slightly for two upper bands, 4.6 GHz and 5 GHz, as shown in Figure
3(b). Thus, it is shown that the upper bands can be controlled by tuning the dimensions of Hslot without
affecting the lower bands.
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Figure 2. Performance of MIMO SDRA by varying substrate size (a) S;; and (b) S,
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Figure 3. Performance of MIMO SDRA by varying height of L-shaped slotted, Hslot (a) S;; and (b) S,
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Figure 4(a) shows that when the b increases, S;, is almost unchanged. However, shifts downwards
with increasing b for the upper bands, 4.6 GHz and 5 GHz. The S,; also remain consistent with a slight
decrease when the length of b is extended, as illustrated in Figure 4(b). This indicates that the upper band can
be fine-tuned by varying the values of b without changing the performance of the lower band. Thus, b = 24
mm is chosen.
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Figure 4. Performance of MIMO SDRA by varying values of L-shaped slotted length (a) S;; and (b) S,

3.2. Free space simulation

The results demonstrate that the S;; values for all operating frequency bands are well below -10 dB.
The results of both S;; and S,, for the optimized design of the proposed MIMO SDRA are shown in Table 2.
Table 3 presents the simulated results for realized gain and radiation efficiency. The peak gain obtained at
port 1 is 5.61 dB at 4 GHz, while at port 2, the peak gain achieved is 5.01 dB at 4.6 GHz. The overall value
of gains across the desired frequency bands are obtained higher than 4 dB, indicating the good performance
of the proposed MIMO SDRA. Good radiation efficiencies are achieved at port 1 across the resonant
frequencies as the radiation efficiencies are more than 60%. Similarly, in port 2, the radiation efficiencies are
more than 40 %. However, the radiation efficiency deteriorates slightly for the resonant frequency at 5 GHz,
given by 33.28%. The radiation pattern for the proposed MIMO SDRA is plotted in both E-plane and H-
plane for both ports. The results show that all the proposed MIMO SDRA's directions transmit or receive the
radiofrequency (RF) signals in the outwards direction, both for ports 1 and 2, as shown in Table 4. The
direction of the antenna beam is slightly tilted to 30° for port 1 and port 2 at 4.6 GHz and 5 GHz,
respectively. However, the beam of MIMO SDRA is also tilted 60°to the right at 5 GHz, port 1.

Table 2. Results of S-parameters for optimized MIMO SDRA

Frequency (GHz)
Antenna parameters 35 4 46 5
Si1 (dB) -10.10 -16.92 -22.85 -12.15
S,; (dB) -19.18 -15.00 -17.30 -24.96

Table 3. Gain and radiation efficiency of the proposed MIMO SDRA

Frequency (GHz)
Antenna Parameters 35 4 46 5
Gain (dB) Portl 4.25 5.61 3.43 4.32

Port2 431 456 501 311
Radiation efficiency (%) Portl 7173 76.24 7431 64.04
Port2 6126 65.11 63.80 33.28

The analysis of diversity performance parameters is also presented to investigate the performance of
MIMO characteristics for SDRA. Figure 5 shows the graph of simulated ECC and DG. The ECC and DG are
two significant parameters to take into account while assessing the diversity characteristics of MIMO
performances. ECC (optimally<0.5) is normally used to determine the degree of similarity and correlation
between the two identities. The ECC can be calculated by S-parameters, expressed as (1).
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ECC(pe) — |511312+SI1322| (1)

(1-181112+152112)(1=1S22|2+(5121?)

The value of DG can be calculated as (2).

DG = 10/1—[0.99p,| )

Ideally, the value of DG obtained should be closer to 10 dB. ECCs at all resonant frequencies are below 0.05
and satisfy the minimum diversity criteria (< 0.5), as shown in Figure 5(a). A low ECC contributes to high
DG, as shown in Figure 5(b). The obtained DG is almost 10 dB.
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Figure 5. MIMO diversity of the MIMO SDRA (a) ECC and (b) DG

4. CONCLUSION

This paper presents a quadruple band L-slotted MIMO SDRA that operates at four distinct resonant
frequencies, which are 3.5 GHz, 4 GHz, 4.6 GHz, and 5 GHz for 5G sub-6 GHz applications. The findings
show that the proposed MIMO SDRA exhibits good performance in terms of S;;, S,,, realized gain, radiation
efficiency, ECC, and DG.

APPENDIX
Table 4. Radiation patterns in E-Plane and H-Plane of the proposed MIMO SDRA
Frequency Radiation pattern
(GHz) E-plane H-plane
35 Port 1 Farfield Drectivky Abs (Phi=90) Farfield Directivity Abs (Phi=0)
Phi= 90 04730 ph=2ro Phi= 0 30‘ ,30 Phi=180

X
A

LNy Frequency = 3.5 GHz

;20\ ] . A0 Man bbe magntude = 5.88
3 " Man kbe drecion = 48.0 deg. Man lobe direction = 0.0 deg.
Angular width (3 dB) 68.5 deg. Angular width (3 dB) = 33.9 deg.
180 Sde lobe level = -7.7 dB Side lobe level = -1.1 dB

Frequency = 3.5 GHz
Mahn lobe magnitude = 2.3

Theta / Ds
Theta / Degree eta f Degree
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Frequency Radiation pattern
(GHz) E-plane H-plane
Port 2 Farfield Directivity Abs (Phi=90) Farfield Directivity Abs (Phi=0)
0 0
Phi= 90 30 phi=270 Phi= 30 phi=180

Frequency = 3.5 GHz

Main lobe magniude = 7.05
Main lobe direction = 1.0 deg.
Angular width (3 dB) = 45.1 deg.

Frequency = 3.5 GHz
Main lobe magnitude = 7.05
Main lobe drection = 1.0 deg.

180 Angular width (3 dB) = 40.1 deg 180 Gide lobe level = 4.4 dB
Side lobe level = -9.2dB
Theta [ Degree Theta / Degree
4 Port 1 Farfield Directivity Abs (Phi=90) Farfield Directivity Abs (Phi=0)
0 0 — farfield (f=4)
phi=g0 30 30 phi=270 phi= 0 30 30 phi=180

60

Frequency = 4 GHz

Main lobe magnitude = 5.59
Main lobe direction = 12.0 deg.
Angular width (3 dB) = 50.3 deg.

Frequency = 4 GHz
Main lobe magnitude = 7.04
Main lobe direction = 19.0 deg.

180 Side lobe level = 4.0 dB 180 Angular width (3 dB) = 49.5 deg
Side lobe level = 7.8 dB
Theta / Degree Theta / Degree
Port 2 Farfield Directivity Abs (Phi=90) Farfield Directivicy Abs (Phi=0)
0 — farfield (f=4) [2] 0 farfield (f=4) [2]
phi=gp 30 30 phi=270 phi= 0 30 30 ph=180

Frequency = 4 GHz

Main lobe magnitude = 5.81
Main lobe direction = 18.0 deg.
Angular width (3 dB) = 79.9 deg.

Frequency = 4 GHz

Main lobe magntude =  6.97
Man lobe direction = 17.0 deg
Angular width (3 dB) = 59.8 deg.

160 Side lobe level = -10.3 dB 180 Side lobe level = -11.5 dB
Theta / Degree Theta / Degree
4 Port 1 Farfield Directivty Abs (Phi=90) Farfield Directivity Abs (Phi=0)
] 0 — farfield (F=4.6) [1]
270 phi= 0 30 phi=180

Frequency = 4.6 GHz

Main lobe magntude =  3.45
Man lobe direction = 34.0 deg.
Angular width (3 dB) = 37.0 deg.
180 Side lobe level = 2.7 dB 180

Frequency = 4.6 GHz

Main lobe magntude = 3.17
Main lobe direction = 56.0 deg.
Angular width (3 dB) = 56.1 deg
Side lobe level = 2.6 dB

Theta / Degree Theta / Degree
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Frequency Radiation pattern
(GHz) E-plane H-plane
Port 2 Farfield Drectivity Abs (Phi=90) Farfield Directivity Abs (Phi=0)
0 — farfield (f=4.6) [2] 0 — farfied (=4.6) [2]

Phizgo 30 Phi=270 Phi= 0 30 Phi=180
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90

Frequency = 4.6 GHz

Mai lobe magnitude = 4.82
Main lobe drection = 38.0 deg.
Angular width (3 dB) = 42.2 deg.
Side lobe level = -15.0 dB

Frequency = 4.6 GHz 120" /120
Main lobe magnitude = 4.93

Main lobe direction = 32.0 deg.
Angular width (3 dB) = 47.9 deg. 180

1208, AT

180 Side lobe level = -5.7 dB
Theta / Degree
Theta [ Degree
Port 1 Farfield Directivity Abs (Phi=90) Farfield Directivity Abs (Phi=0)
. T :

Phi= 90 30 phi=270 Phi= 0 30 phi=180

120 . y, 10 |Frequency = 5 GHz 120 9 y 120 |Frequency = 5 GHz
Main lobe magnitude = 2.3 Main lobe magnitude = 2.1
Main lobe drection = 54.0 deg. Main lobe direction = 22.0 deg.
pyes Anguiar vidth (3 dB) = 52.8 deg 50 Angular vidth (3 dB) = 130.9 deg
Side lobe level = -10.2 dB Side lobe level = -5.3 dB
Theta / Degree Theta / Degree
Port 2 Farfield Directivty Abs (Phi=90) Farfield Directivity Abs (Phi=0)
farfield (f=5) [2] —— farfield (f=5) [2]

Frequency = 5 GHz

Main lobe magnitude = 3.04
Main lobe direction = 19.0 deg.
Angular width (3 dB) = 32.5 deg.
Side lobe level = -3.7 dB

Frequency = 5 GHz

Main lobe magnitude = 4.47
Main lobe direction = 38.0 deg.
Angular width (3 dB) = 50.8 deg.
Side lobe level = -3.9 dB

Theta / Degree Theta / Degree
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