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Abstract

This paper presents a low-profile multi-slotted patch antenna for long term evolution (LTE)
and fifth-generation (5G) communication applications. The studied antenna comprised of a
stepped patch and a ground plane. To attain the required operating band, three slots have
been inserted within the patch. The insertion of the slots enhances the capacitive effect and
helps the prototype antenna to achieve an operating band ranging from 3.15 to 5.55 GHz
(S11 ≤−10 dB), covering the N77/N78/N79 for sub-6 GHz 5G wireless communications
and LTE bands of 22/42/43/46. The wideband antenna presented in this paper offers omni-
directional stable radiation patterns, good gains, and efficiency with a compact size which
make this design an ideal contender for wireless fidelity (WiFi), wireless local area network
(WLAN), LTE, and sub-6 GHz 5G communication applications.

Introduction

Due to the increasing growth in mobile users, smartphones and internet of things connections
as well as network speed improvements and cellular video consumption are projected to
increase the data traffic by seven times over the next 5 years. It is expected that by the year
2021, the number of mobile phones (5.5 billion) will be higher than bank accounts (5.4 billion)
or landlines (2.9 billion). The bandwidth-hungry video will farther increase the demands on
mobile networks, accounting for 78% of mobile traffic [1]. To overcome these challenges and
to achieve an ultra-fast transmission rate (peak data rate ≥10 Gbps), small latency (≤1 ms),
extremely high traffic volume density (≥106/km2), super-dense connections and higher mobil-
ity (≥500 km/h), the 5G mobile communication system is deployed in the third quarter of
2019 [2]. It is estimated that 5G mobile connections will increase from just 5 million in
2019 to 577 million by 2023 [3]. It is expected that while operating over a wide range of fre-
quencies, the new 5G radio access networks will simultaneously support numbers of connec-
tions. To enable the 5G, FCC divided the key spectrum into low-band (up to 1 GHz),
mid-band (sub-6 GHz), and high-band (mmWave) [4,5]. The mmWave offer lightning-fast
data rates above 2 Gbps and huge capacity, while low-band offers good 5G coverage and mid-
band offer a blend of both. It is clear that to attain the target of ultra-fast data rates, the use of
5G mmWave spectrum is desirable. However, some crucial challenges must be fulfilled before
the implementation of mmWave mobile communications. Before the finalization of mmWave
technology for 5G communications, sub-6 GHz is the go-to 5G technology in the near term.
As the sub-6 GHz 5G communication can send high data rates over long distances, it is suit-
able to be used in both urban and rural areas. In sub-6 GHz band, UK has already auctioned
3.4–3.6 GHz band for commercial uses and in the first quarter of 2020 they have a plan to
adopt 3.6–3.8 GHz band. In the mid-band, Italy, Spain, Romania and Hungary have already
deployed the 3.6–3.8 GHz band, France has started using 3.46–3.8 GHz band, Switzerland,
Greece, Sweden, Finland and Ireland have started using 3.4–3.8 GHz band, and Germany
has started using 3.4–3.7 GHz band. In China, MIIT has allocated 3.3–3.6 GHz and 4.8–5.0
GHz as official 5G bands. In sub-6 GHz band, South Korea started the use of 3.42–3.7 GHz
band and achieved 3 million users as of September 2019. Japan issued the license to 3.6–
4.2 GHz and 4.4–4.9 GHz bands for commercial use of sub-6 GHz 5G bands. Australia has
started the use of 3.4–3.7 GHz as lower 5G band while New Zealand is using 3.4–3.59 GHz
as initial 5G band. The USA has already deployed 3.5 GHz band as 5G band [6].

Antennae are an integral part of all mobile communication systems. As the world ha
already embraced the 5G communication system, antenna design for 5G base stations and
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mobile phones is therefore in great demand. For civil, military,
satellite, and underwater application, the 5G antenna should be
operable at wide/multiple frequency bands and robust. Due to
the variation of the frequency spectrum, antenna designing for
5G communication system faces enormous challenges. The
antenna for 5G should be compact enough to be embedded in
portable devices. Moreover, as the sub-6 GHz antennae have to
work along with the existing long term evolution (LTE) and
other service band antennae, the 5G antenna should cover the
sub-6 GHz bands as well as the existing WiMAX, WLAN, and
LTE bands. Among different types of antennae, microstrip
patch antenna has become the appropriate choice due to their
attractive features of low-profile, lightweight, inexpensive, easy
of integration within microwave integrated circuit (MIC)s or
monolithic microwave integrated circuit (MMIC)s.

Good numbers of antennae have already been proposed for 5G
communication applications. For example, a planar antenna for
sub-6 GHz 5G mobile terminal was studied in [7]. The designed
antenna comprises a driven strip and three ground strips and is
able to achieve −6 dB impedance bandwidth of 0.7–0.96 GHz and
1.6–5.5 GHz. But it requires a big ground plane of 135 × 80mm2.
For LTE-R and 5G mid-band, in [8], an ellipse-shaped patch
antenna was reported. With an overall size of 180 × 60 mm2, the
designed antenna was able to operate over dual bands of 0.66–
0.79 GHz and 3.28–3.78 GHz. For 5G communication applica-
tion, in [9] a dual-polarized magneto-electric dipole antenna
was presented. The studied antenna comprises four horizontal
fishtail-shaped patches and four vertical patches and is shorted
to the ground. With an overall size of 150 × 150 × 21 mm3, the
designed antenna realized an operating band of 3.05–4.42 GHz.
But it does not cover the N79 (4.4–5.0 GHz) band. Moreover,
its 3D profile restricts its applications in handheld communica-
tion devices. In [10], a monopole antenna was introduced for
4G/5G applications. The studied single-element antenna attained
a −6 dB operating bands of 1.24–2.64 GHz and 3.34–5.0 GHz. But
it possesses a large dimension of 150 × 80 mm2 and cannot cover
the N79 band. In [11], a planar antenna comprised of branched
antennae, T-shaped element, a passive element, and matching
stub was presented for 2G/3G/4G/5G sub-6 GHz applications.
With a size of 50 × 19.75 mm2 it achieved a −6 dB operating
bandwidth of 2.5–4.8 GHz. However, it requires a large system
ground plane of 110 × 50 mm2. In [12], a UWB antenna was
presented for lower 5G communication. With an overall size of
80 × 50 mm2, the studied design was able to operate over 2.32–
5.24 GHz band. A differential fed frequency reconfigurable
antenna for mid 5G applications was reported in [13]. The
designed antenna composed of two substrates and the reconfigur-
ability was achieved by four-pin diodes. With an overall volume of
100 × 100 × 5.7 mm3, the studied antenna attained dual operating
bands of 2.37–2.67 GHz and 3.39–3.62 GHz. However, its 3D
structure limits its use in handheld devices. Moreover, it does
not cover the entire sub-6 GHz 5G band. A rectangular planar
antenna for 5G communication application was presented in
[14]. In this design, a simple rectangular patch is used to achieve
an operating band centered at 2.425 GHz. But it possesses a large
volumetric size of 114 × 77 × 1.6 mm3. A dipole antenna for 4G/
lower 5G base station applications was presented in [15]. The sin-
gle element of the designed antenna comprised of dipole elements
and modified balun and occupies an area of 76 × 42 mm2 in FR4
substrate. The studied antenna achieved an operating band from
1.341 to 3.834 GHz and fails to cover the entire mid 5G band.
In [16], a low-profile microstrip antenna was presented for 5G

applications. The main antenna structure comprised two FR4 dielec-
tric layers and achieved an operating band of 2.84−5.17 GHz.
However, its 3D structure (63 × 51.2 × 4.5 mm3) limits its applica-
tions in handheld devices. In [17], a folded slot antenna was pre-
sented for multiband applications. The reported antenna consists
of three slots that are arranged on a square column and is able to
achieve triple operating bands of 1.69–2.37 GHz, 2.47–2.72 GHz,
and 3.23–4.09 GHz. However, it possesses a 3D profile with a
volumetric size of 50 × 10 × 10 mm3. For wideband communica-
tions, in [18], a slot loop hybrid antenna was presented. The
designed antenna consists of a rectangular loop and a monopole
printed on both sides of an FR4 substrate. With an overall size of
57.5 × 45 mm2, the fabricated antenna achieved an impedance
band of 1.82–5.68 GHz. In [19], a four-port MIMO antenna
was studied for 5G applications. The unit cell of the presented
antenna is composed of an arc-shaped ground plane and is
printed on a substrate of area 50 × 50 mm2. However, it can
cover only a 3.4–3.8 GHz band. In [20], a two-band MIMO
antenna was reported for the mid 5G wireless applications. In
this MIMO system, two-antenna pairs are placed vertically on
two sides of the ground plane and achieved dual bands of 3.4–
3.6 GHz and 4.8–5.0 GHz. Although many of the reported anten-
nae successfully achieved wide/multiple operating band, they have
the demerits of 3D profile, complex structure, and exhibits poor
performances. Moreover, some of the proposed designs cover
only the fraction of the sub-6 GHz band which necessitate
the introduction of antenna that can operate over the entire
sub-6 GHz 5G as well as ongoing WiMAX, WLAN, and LTE
bands.

In this paper, a low-profile multi-slotted antenna is proposed
for LTE/sub-6 GHz applications. The antenna comprises a multi-
slotted radiating element and a partial ground plane, featuring a
simple design without any lumped elements and 3D structure.
The studied design operates over 3.15–5.55 GHz with S11 ≤−10 dB,
thus covering the whole NR77/78/79 bands for the sub-6 GHz
5G communications, WiMAX, WLAN, and LTE bands of 22, 42,
43, and 46.

Antenna design

The footprint of the studied multi-slotted antenna is displayed in
Fig. 1. The studied design comprises a rectangular steeped radiator
and a partial ground plane. The radiation element is etched in the
front side of a 1.5mm-thick FR4 dielectric substrate with permit-
tivity 4.6, loss tangent 0.02 while the ground plane with side length
LG is printed in the back side of the double-sided substrate. Three
slots of sizes W1 × L1, W2 × L2 and W3 × L3 are symmetrically
placed on the patch. To feed the designed antenna, a feedline
with 50-ohm characteristics impedance is imprinted along with
the patch. A 50-ohm SMA connector is attached at the end of
the feedline to excite the studied antenna. To achieve 50-ohm char-
acteristics impedance, the length and width of feedline are respect-
ively fixed at Lf and Wf. The design of the studied antenna is
optimized and analyzed using CST Microwave Studio simulator.
The detail dimensions of the studied antenna are listed in Table 1.

In order to fulfil the requirements of the LTE/5G operations,
the studied antenna must exhibit multiple resonances. For a con-
venient explanation of the working principles, Fig. 2 displays the
evolution process while a comparison of the simulated S11 of dif-
ferent evolution steps of the antenna is presented in Fig. 3(a).
First, antenna-1 is a monopole antenna comprising a steeped
radiating patch of size WP × (LP + L4) and a partial ground
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plane. It is clear to see from Fig. 3(a) that antenna-1 generates
dual resonant modes at 3.83 and 5.34 GHz. However, the imped-
ance matching at lower resonant mode is poor. Next, a slot of size
W1 × L1 is inserted in the antenna-1, which forms antenna-2 as
shown in Fig. 2(b). In Fig. 3(a), it is seen that insertion of
slot-1 to the antenna-1 does not improve the impedance matching
at lower resonant mode but it slightly lowered the S11 value in the
higher resonant mode at around 5.335 GHz that results in an
increment of bandwidth by 36MHz. The antenna-3 is composed
of slot-2 and antenna-2, which excites at 3.815 and 5.305 GHz. It
is seen in Fig. 3(a) that the lower resonant mode is not sensitive to
the slot-2 but at higher mode, it slightly improves the perform-
ance in terms of S11 value and operating bandwidth. To achieve
the required operating band with improved S11 value, the third
slot of dimension W3 × L3 is inserted into antenna-3, that is, pro-
posed antenna as shown in Fig. 2(d). In contrary to slot-1 and
slot-2, slot-3 is asymmetric. The three sides of slot-3 are respect-
ively, x5, y4, and x6 mm as shown in Fig. 1(c). It is so chosen to
achieve the desired antenna performance in terms of bandwidth
and S11 as shown in Fig. 3(b). From the plot, it is observed that
slot-3 with unequal sides exhibits better performance than that

Table 1. Design parameters of the proposed antenna

Parameters Value (mm) Parameters Value (mm)

W 20.0 L3 2.0

L 30.0 L4 2.5

WP 14.0 X 5.0

LP 7.0 x1 3.0

W1 7.0 x2 3.0

W2 6.0 x3 4.0

W3 8.5 x4 4.0

W4 10.0 x5 1.0

Wf 2.0 x6 0.5

LG 13.0 y1 2.0

Lf 14.5 y2 1.0

L1 1.0 y3 1.0

L2 1.0 y4 0.5

Fig. 1. Antenna topology (a) front view, (b) back view, and (c) multi-slotted patch.
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with equal sides (x5 = y4 = x6). In this design, the values of x5, y4,
and x6 are respectively chosen as 1, 0.5, and 0.5 mm. The inclu-
sion of slot-3 increases the capacitive effect and enlarges the cur-
rent path and the studied antenna creates a 0.25-λ resonant mode
at around 3.85 GHz and a 0.33-λ resonant mode at 4.71 GHz as
shown in Fig. 3(a). By merging these two resonant modes, wide
operating band ranging from 3.13 to 5.529 GHz is achieved and
the studied antenna is able to cover the all sub-6 GHz bands for
5G communication applications, WiMAX, WLAN, and LTE
bands. The performances of all the evolution steps are summar-
ized in Table 2.

To clearly understand the working mechanism, the current
distributions at two resonant frequencies of 3.85 and 4.71 GHz
of the studied antenna are shown in Fig. 4. It can be clearly
seen in Fig. 4(a) that, the current is mainly concentrated around
the slot-3 and lower part of the feedline with a deep null. As the
cutting of slot-3 enlarges the current path, this current distribu-
tion indicates that a fundamental resonance mode is generated
at around 3.85 GHz. At 4.71 GHz as shown in Fig. 4(b), the

current concentration around the slot-3 and upper and lower
portions of the feedline are higher. It is also observed that the
current null in the feedline is shifted downward. The current
distribution in Fig. 4(b) and shifting of null indicates that a
higher-order resonant mode is created at around 4.71 GHz.
The overlapping of fundamental and higher-order resonant
modes helps the studied antenna to achieve the required operat-
ing band.

Parametric study

A comprehensive parametric study has been conducted to exam-
ine the effects of different dimensional parameters on impedance
matching characteristics. As the slot-3 mainly generates the dual
resonant modes to achieve the required operating band, its size
and position have a great influence on the antenna performances
and are studied. At the same time, the effect of patch and ground
plane size is also studied.

Table 2. Comparison of each step of evolution of the proposed multi-slotted antenna

Configuration

Lower resonance Higher resonance

Operating band (GHz) Bandwidth (GHz)fr (GHz) S11 (dB) fr (GHz) S11 (dB)

Antenna-1 3.83 −14.10 5.34 −22.75 3.281–6.224 2.943

Antenna-2 3.82 −14.31 5.335 −24.11 3.272–6.249 2.979

Antenna-3 3.815 −14.76 5.305 −25.97 3.255–6.219 3.035

Proposed 3.85 −25.81 4.71 −32.60 3.13–5.529 2.399

Fig. 2. Evolution of the proposed antenna. (a) antenna-1, (b) antenna-2, (c) antenna-3, and (d) proposed.

Fig. 3. Simulated S11 for (a) different antenna steps in designing process and (b) different values of x5, y4, and x6.
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Figure 5(a) depicts the simulated S-parameters with different
values of width of the patch, WP. As the patch serves as the res-
onating circuit for upper frequencies, the width, WP can change
the input impedance results in a variation of impedance band-
width. It can be seen that a width of 14 mm can demonstrate
better S11 value with the wider operating band. Figure 5(b)
demonstrates the variation of S11 with LP. It can be observed
from the plot that decreasing of LP results in a narrow operating
band while increasing of LP exhibits slightly greater operating
bandwidth with poor S-parameter value especially in higher res-
onance frequency. In the proposed antenna, a length of 7 mm is
used to get the best performance. The effect of W3, the width of
the slot-3 and L3, length of slot-3 are respectively illustrated in
Figs 5(c) and 5(d). It can be observed that both the resonances
are strongly dependent on W3 and L3. If the value of W3 and
L3 decreases from the optimized values, the lower resonance
exhibits poor performance and higher resonance exhibits good
performance in-terms of S11 value. On the other hand, incre-
ments of W3 and L3 from the optimized values, exhibits good
performance in lower resonance and worst performances in
higher resonance. The values of W3 and L3 are respectively
taken as 8 and 2 mm to demonstrate the best performances in
terms of operating bandwidth and S11 value. Figure 5(e) demon-
strates the simulated S11 with different values of W4 (9, 10, and
11 mm). It can be seen that the two resonance frequencies are
dependent on the value of W4. Decreasing and increasing of
W4 from its optimized value of 10 mm demonstrates poor per-
formances in terms of bandwidth and S11 value. Figure 5(f) dis-
played the simulated S11 for different values of L4. It can be
revealed that the higher resonance frequency is strongly depend-
ent on the value of L4. As the value of L4 increases, the higher
resonance frequency moves towards the upper operating band
and a value of 2.5 mm exhibits the best performance in terms

of S11. The ground plane size is very sensitive in the designing
of the wideband antenna. The strong dependence of operating
band on ground plane size has been reported in the open litera-
ture [21, 22]. Figure 5(g) displays the S11 response for different
values of LG. It can be seen in the plot that the operating band-
width depend strongly on LG. Decreasing and increasing the
value of LG from a certain value reduces the impedance match-
ing results in a decrement of operating bandwidth. It can be
commented from Fig. 5(g) that LG = 13 mm can exhibit good
operating bandwidth with best S11 value. Figure 5 (h) shows
the simulated S11 for different values of WG, the width of the
ground plane. It can be revealed from the plot that, an increment
of WG from its optimized value of 24 mm slightly decreases the
operating band despite improved S11 value. Moreover, a value of
WG larger than the optimized one results in an increment of
overall antenna size. Figures 5 (i) and 5( j), respectively, depicted
the simulated S11 for different values of x5 and x6, the width of
two opposite edges of slot-3. In the plots, it is clear to see that a
value of 1 mm for x5 and a value of 0.5 mm for x6 can demon-
strate the better antenna performance in terms of bandwidth
and overall S11 value.

The simulated peak gain for different values of WP, LP, W3, L3,
W4, L4, LG, and WG is presented in Fig. 6. From Figs. 6(a)–(f) it is
seen that there are very little effects of WP, LP, W3, L3, W4, and L4
on antenna gain. As during the simulation, only one parameter is
varied at a time, the variations of these parameters almost remain
unaltered the antenna’s overall effective radiating area. Therefore,
a small change in one parameter did not affect much on antenna
gain and the gain remains the same. Figure 6(g) shows the simu-
lated peak gain for different values of ground plane length, LG. It
can be revealed from the plot that, the peak gain increases with LG
especially at the upper edge frequencies of the band. A larger
ground plane (LG = 15 mm) may provide higher gain but the

Fig. 4. Current distributions at (a) 3.85 GHz and (b) 4.71 GHz.
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impedance matching with a larger ground plane is very poor as
shown in Fig. 5(g). In this study, a length of 13 mm is taken as
the optimized one to exhibits good gain with required operating
bandwidth. The effect of ground plane width, WG on antenna
gain is displayed in Fig. 6(h). It is clear to see that at lower fre-
quencies WG has a little effect on antenna gain. However, at the
upper edge frequency, the gain is decreased with increasing WG.

Here WG = 24 mm is taken as the final value to demonstrates a
good gain within the operating band.

Results and discussion

The overall performance of the designed antenna is analyzed and
optimized by finite integration in technique-based CST

Fig. 5. Variation of S11 with (a) WP, (b) LP, (c) W3, (d) L3,
(e)W4, (f) L4, (g) LG, (h) WG, (i) x5, and ( j) x6.
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microwave studio. The dimensional parameters of the studied
antenna such as the size of the patch, slots, ground plane, feed-
line are optimized to achieve the required sub-6 GHz 5G band.
To experimentally verify the performance of the studied antenna,
a pair of the antenna are fabricated, as displayed in Fig. 7 and its
input impedance characteristics is measured with the help of
N5227A network analyzer. The simulated and measured
S-parameter responses of the designed antenna are displayed in
Fig. 8. It can be evident from the plot that for S11 ≤−10 dB, the
proposed antenna is able to exhibit a wide operating bandwidth
ranging from 3.15 to 5.55 GHz with the relative bandwidth of
55.2%. This wide impedance bandwidth can cover the existing
WiMAX, WLAN, LTE 22/42/43/46 bands as well as all sub-6 GHz
5G bands. Slight discrepancy between two results is mainly due to
the fabrication errors, imperfect soldering, and the effect of RF
feeding cable.

The radiation characteristics of the studied antenna are mea-
sured in MVG’s StarLab near field antenna measurement system.
The measurement set-up in the StarLab spherical near field
chamber is shown in Fig. 9. The StarLab is capable to measure
the frequencies from 650MHz to 18 GHz. The baseline configur-
ation is obtained by connecting StarLab to a vector network ana-
lyzer for passive antenna measurements. The dimension of the
anechoic chamber is 4 m × 4m × 8m. The StarLab has the meas-
urement capabilities of gain, efficiency, directivity, beamwidth,
cross-polar discrimination, sidelobe level, 3D radiation pattern,
and polarization pattern [23].

The measured and simulated peak gain of the studied
antenna is presented in Fig. 10(a) while the simulated and mea-
sured efficiency is shown in Fig. 10(b). From the plot, it can be
revealed that in the operating band, the designed antenna
achieves an average measured gain of 2.35 dBi with a maximum

Fig. 6. Simulated gain for different values of (a) WP, (b)
LP, (c) W3, (d) L3, (e)W4, (f) L4, (g) LG, and (h) WG.
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of 2.69 dBi. The average measured efficiency in the operating band
(3.15–5.55 GHz) is about 74.7% and the maximum efficiency is
79.6%. The achieved gain and efficiency of the designed antenna
can fulfil the requisite characteristics of practical 5G applications.

The radiation patterns of the proposed antenna in the
E-plane and the H-plane are measured at two resonance fre-
quencies of 3.85 and 4.80 GHz. Figure 11 demonstrates the mea-
sured and simulated two-dimensional radiation patterns at 3.85

and 4.80 GHz. From the plot, it can be observed that the
designed antenna exhibits almost omnidirectional radiation pat-
terns with nulls in the bore-site directions. Moreover, the cross-
polarization component is remarkably smaller than the
co-polarized component. Despite some nulls, the designed
antenna exhibits stable radiation patterns over the operating
band which is a primary requisite for 5G wireless communica-
tion applications.

To highlight the advantages, the size and performance of the
studied antenna are compared with recently reported antennae
and is listed in Table 3. Obviously, the designed antenna is
more compact than those reported in [7–13, 15, 16] while main-
taining wider operating bandwidth sufficient to cover all the
sub-6 GHz 5G bands. Though some of the reported designs
achieved higher gain and efficiency, their large size, complex
structure, and 3D profile limit their uses in portable communica-
tions devices. Moreover, the antennae reported in [8, 9, 13, 15] do
not cover all the sub-6 GHz bands. As the studied antenna pos-
sesses planar profile and requires no vertical space/large system
ground plane or lumped elements, the fabrication of the pre-
sented antenna is simpler than those in [9, 11, 13, 15, and 16].
Therefore, the advantageous features of the proposed antenna
such as small size, wide bandwidth, and ease of fabrication

Fig. 8. Simulated and measured S11 of the proposed antenna.

Fig. 10. (a) Peak gain and (b) efficiency of the proposed antenna.

Fig. 7. Prototype of the proposed antenna (a) front view and (b) back view.

Fig. 9. Radiation Characteristics measurement setup in MVG’s StarLab.
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Table 3. Comparison between the proposed and referenced antennae

Refs. Year
Operating band

(GHz)
Total size
(mm3)

Gain
(dBi)

Efficiency
(%) Profile Substrate

[7]a 2020 1.6–5.5 (−6 dB) 135 × 80 × 0.8 −1.3 ∼ 4.7 41∼ 88 Planar FR4

[8]a 2020 3.28–3.78 180 × 60 × 1.6 2.4 ∼ 6.1 NA Planar FR4

[9] 2019 3.05–4.42 150 × 150 × 21 7.09 ∼ 9.36 NA 3D Not specified

[10]a 2020 3.34–5.0 (−6 dB) 150 × 80 × 0.035 4.25∼ 6.0 70∼ 90 Planar FR4

[11] 2019 2.5–4.8 (−6 dB) 129.75 × 50 × 0.8 1.8 ∼ 2.9 60∼ 90 Planar FR4

[12] 2019 2.32–5.24 80 × 50 × 0.508 3.04 ∼ 4.31 NA Planar Teflon

[13]a 2019 3.39–3.62 100 × 100 × 5.7 5∼ 6.8 64.5 ∼ 96.5 3D FR4

[15] 2020 1.341–3.834 76 × 42 × 1.6 1∼ 3.2 80∼ 86 Dipole FR4

[16] 2018 2.84–5.17 63 × 51.2 × 4.5 5.3 ± 0.9 64 3D FR4

This work 2020 3.15–5.55 20 × 30 × 1.5 1.87 ∼ 2.69 68.4 ∼ 79.6 Planar FR4

aOnly sub-6 GHz band is considered for comparison.

Fig. 11. Radiation patterns at different frequencies (a) E-plane and (b) H-plane.
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make it suitable for sub-6 GHz, 5G, and 4G LTE communication
applications.

Conclusion

A low-profile multi-slotted antenna for LTE and sub-6 GHz 5G
applications is designed, fabricated, and measured. The footprint
of the proposed antenna is made up of a steeped rectangular radi-
ating element with three slots and a partial ground plane and is
printed on both sides of an FR4 microwave substrate. It is evident
from the results that the multi-slotted patch coupled well with the
ground plane and the presented antenna is able to achieve a
wide operating band of 3.15–5.55 GHz (55.2%) to cover all the
sub-6 GHz 5G bands, WiFi, WLAN, and LTE bands of 22/42/
43/46. Moreover, it achieved good gain and efficiency and exhibits
stable omnidirectional radiation patterns which make it a suitable
candidate to be used in the newly introduced 5G applications in
addition to the existing WiMAX, WLAN, and 4G applications.
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