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*is paper investigates a feasible configuration of slotted bowtie antenna based on MTM and SIW properties for 5G millimeter-
wave applications. To realize the proposed slotted bowtie antenna in a compact dimension with high performances, the MTM and
SIW concepts are implemented by applying the trapezoidal slots on the top surface of the antenna and metallic via holes through
the substrate layer connecting the top surface to the ground plane. *e antenna has been fed with a simple microstip-line which is
connected to a waveguide-port. It is shown that the slotted bowtie antenna with a small dimension of 30 × 16 × 0.8mm3 operates
over a measured wideband of 32–34.6 GHz with the fractional bandwidth, average gain, and radiation efficiency of 7.8%, 3.2 dBi,
and 50%, respectively. To improve the antenna’s performance, the artificial magnetic conductor (AMC) properties have been
employed on the ground plane by loading vertical and linear slots with various lengths. *e AMC slots are aligned under the
trapezoidal slots on the top surface to transfer the maximum electromagnetic signals to them for optimum radiation. *e
proposed method enlarges the antenna’s effective aperture area, keeping constant its physical dimensions. *e proposed AMC-
loaded antenna covers wider frequency range of 30–37GHz inmeasurement, which corresponds to 21% fractional bandwidth.*e
average experimental gain and radiation efficiency have been increased to 5.5 dBi and 66.5%, respectively, which illustrate the
effectiveness of the proposed AMC-loaded antenna.*e results confirm that the proposed slotted bowtie antenna with advantages
of compact dimension, wide bandwidth, high gain and efficiency, low profile, being cost-effective, simple design, and easy
fabrication process, which makes it applicable for mass production, can be a good candidate for 5G millimeter-wave applications.

1. Introduction

*e demand of high data rate wireless communication has
become essential, and several approaches have been pre-
sented [1–3]. Broadband antenna methods have been paid
the most attention for numerous benefits, such as immunity
to multipath cancellation, low interference to legacy systems,
increased communication operational security, and higher
data rates [4–7]. *e broadband antenna methods play a
significant role in the short-range wireless communication
systems. One of the difficulties to realize the broadband
antennas is how to model them in a compact area with
required electrical specifications in the desirable band
[8–10]. Additionally, planar broadband antennas have
gained attention for practical applications and mass pro-
ductions because of their simple layout and easier-to-

integrate as well as good impedance characteristics [11–13].
To implement a planar broadband antenna, the configura-
tion of the antenna’s patch, its ground plane, and feeding
mechanism are important [14]. Various techniques such as
the truncated slot on the surface of the antennas or their
ground plane have been demonstrated to expand their
frequency band [15–17]. Several planar broadband antennas
introduced in [18–20] possess small dimension. However,
they suffer from low gain and radiation efficiency, which are
other very important properties in antenna systems that
should be considered.

Composite right/left-handed transmission lines known
as metamaterial transmission lines have been studied in
recent years for many applications in microwave, milli-
meter-wave, terahertz, and optical domains [21–23]. *ese
kinds of transmission lines are very helpful to design
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antenna systems in a compact area with wide bandwidth and
high radiation properties [24, 25]. Applications of meta-
material transmission lines in the design of antenna
structures have been demonstrated in [26]. *ese trans-
mission lines have implemented by four left-handed (LH)
and right-handed (RH) parameters. It is worth to mention
that, the LH components are manually realizable and
controllable; however, the RH parameters are parasitic el-
ements which are unwantedly available in the structure.
*ese parameters are known as series LH capacitor (CL),
shunt LH inductor (LL), shunt RH capacitance (CR), and
series RH inductance (LR) [27–29].

Besides the metamaterial technique, the substrate inte-
grated waveguide (SIW) and artificial magnetic conductor
(AMC) approaches are other interesting ideas to suppress
the substrate losses and surface waves to design antenna
systems with favorable properties in a simple design
structure [30–37].

*e frequency bandwidth from 3 GHz to 300 GHz
known as centimeter-wave (cm-wave) and millimeter-wave
(mm-wave) spectra have attracted by fifth generation (5G)
technology because it can provide the data rate up to nu-
merous gigabit-per-second (Gbps). Other reason to select
this area is that the lower band’s availability has formerly
been utilized by many wireless systems, while most of the
spectrum’s upper portion is not used and can be accessible
for 5G technology [38, 39].

*erefore, in this paper, three effective approaches in-
spired MTM, SIW, and AMC have been presented and
developed to design a slotted bowtie antenna with compact
dimension, wide bandwidth, and high radiation properties
for application to 5G wireless communication systems over
millimeter-wave band. First, the metamaterial approach and
substrate integrated waveguide techniques are applied to the
structure of a bowtie antenna to increase its effective ap-
erture area by employing the trapezoidal slots and metallic
via holes through the substrate layer connecting the top
surface to the ground plane, which diminish the surface
waves and substrate losses. After applying the proposed
methods, it is shown that the proposed antenna can cover a
wide frequency band with high radiation properties. To
achieve more improvements on the antenna’s performance
parameters, the AMC technique has been applied to an-
tenna’s ground plane by etching the linear and vertical slots
with various lengths exactly aligned underneath the trape-
zoidal slots to coupling maximum electromagnetic energy to
the top surface to have optimum radiation. *e achieve-
ments in this paper confirm the effectiveness of the proposed
approaches. In the next step, the antenna’s design process is
discussed in detail.

2. Slotted Bowtie Antenna Design Procedure

Figure 1 displays the proposed bowtie antenna which has
tooled, designed and fabricated on the Rogers RT5880
substrate with thickness of 0.8mm, dielectric constant of
εr � 2.2, and tanδ � 0.0009. It is clear from Figure 1 that to
realize the slotted bowtie configuration, the trapezoidal
slots have been etched on the top surface of the antenna to

enlarge the antenna’s effective aperture area without
expanding its physical dimensions. *ese two trapezoidal
slots have been implemented in a series configuration
using the properties of metamaterial transmission lines
[29]. In other words, these two trapezoidal slots in a series
configuration play the role of the series LH capacitances
(CL). Besides CL implemented by the trapezoidal slots,
another main component of the metamaterial structures is
shunt LH inductance (LL) which is implemented here via
employing the substrate integrated waveguide (SIW)
concept by realizing the metallic via holes at the edge of the
structure. *ese metallic via holes have been modeled
across the Rogers RT5880 dielectric substrate layer, and
they connect the top surface of the antenna to its ground
plane located on the back side. *e main advantage of the
SIW approach is that it reduces the substrate losses and
suppresses the surface waves without increasing the
physical dimensions, which has led to improve the an-
tenna’s performances such as impedance matching, im-
pedance bandwidth, and radiation specifications.

It is worth to comment that the RH parasitic effects such
as shunt RH capacitances (CR) and series RH inductances
(LR) are usually unavoidable and excised in the structure.
*ey have been established with existence of the gap distance
between the top surface and the ground plane and flowing
currents on the surface, respectively [40]. Hence, the purely
LH materials are not available in the nature. *erefore, the
proposed metamaterial-inspired bowtie antenna is named as
composite right/left-handed- (CRLH-) based bowtie an-
tenna structure. *e equivalent circuit model of the pro-
posed metamaterial-based bowtie antenna is shown in
Figure 1 to better understand its LC behavior.

*e simulated layouts and fabricated prototypes of the
proposed slotted bowtie antenna-inspired MTM and SIW
concepts with dimensions of 30 × 16 × 0.8mm3 are
exhibited in Figure 1. Figure 2 shows that the proposed
antenna operates over a wide frequency range between
32 GHz and 34.6 GHz, which corresponds to 9% fractional
bandwidth. Besides the frequency bandwidth, it is
exhibited in Figure 3 that the minimum, maximum, and
average amounts of the radiation gain and efficiency of the
proposed slotted bowtie antenna are 3 dBi, 3.5 dBi, and
3.2 dBi and 48%, 53%, and 50%, respectively. *e proposed
antenna has excited by a simple microstrip-line which is
connected to a waveguide port. *e proposed antenna was
designed by 3D full-wave electromagnetic CST Microwave
Studio.

To improve the antenna’s performance, a simple and
feasible approach based on the artificial magnetic conductor
(AMC) concept [28, 33] has been applied to the antenna’s
ground plane by realizing the vertical and linear slots in
various lengths, as shown in Figures 1(c) and 1(g). Besides
the trapezoidal slots implemented on the top side, the AMC
slots play the role of the series LH capacitance (CL) as
complementary parameter to improve the left-handed (LH)
properties of the antenna structure (see Figure 1(h)). It is
obvious that by loading the AMC slots, the antenna’s
physical size is not changed; however, its effective aperture
area is expanded, which improves the performance
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parameters such as bandwidth and radiation properties,
which are shown in next steps. Furthermore, to transfer
maximum electromagnetic energy from the bottom side to
the top side, these AMC slots have been aligned exactly
underneath the trapezoidal slots to accomplish the optimum
radiation. In the following parts, the effectiveness of the
AMC load is exhibited and elaborated in detail. *e
structural parameters of the antenna were optimized by the
3D full-wave electromagnetic CST Microwave Studio and
are listed in Table 1.

*e simulated and measured reflection coefficient re-
sponses (S11<−10 dB) for both metamaterial- and SIW-
based bowtie antennas without and with AMC load are
plotted in Figure 2. It is obvious that the simulated and
measured results for both antennas have good agreement
with each other. *is figure depicts that after loading the
AMC slots to the ground plane, the antenna’s bandwidth is
expanded by 4.4GHz, and so the AMC-loaded antenna
supports the broader frequency band between 30GHz and
37GHz across the millimeter-wave area. Consequently, the
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Figure 1: Configuration of the proposed bowtie antenna structure: (a) top view of the simulated layout based on themetamaterial properties
and SIW concepts; (b) ground plane without AMC; (c) ground plane loaded with AMC; (d) schematic view to show all structural
components designed on the top and bottom sides; (e) fabricated prototype (top view); (f ) fabricated prototype without AMC load (back
view); (g) fabricated prototype loaded with AMC (back view); (h) equivalent circuit model.
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fractional bandwidth is enhanced to 21% which illustrates
13.2% improvement compared to the antenna without AMC
load. Besides the frequency band, it is clear from Figure 2
that the antenna’s bandwidth after AMC loading is more
stable in comparison with the case without AMC load. To
better understand the effectiveness of the AMC load on the
antenna’s bandwidth, the measured S-parameter results are
summarized in Table 2.

Besides the frequency bandwidth, the radiation charac-
teristics such as gain and efficiency are othermain performance
parameters that should be considered to design antenna sys-
tems. *e simulated and measured radiation gain curves for
both metamaterial- and SIW-inspired bowtie antennas before
and after applying the AMC load are plotted in Figure 3. It is
shown that the minimum, maximum, and average amounts of
the radiation gain for the antenna loadedwithAMCare 4.7 dBi,

6.0 dBi, and 5.5 dBi, respectively, which show 1.7 dBi (57%), 2.5
dBi (71.5%), and 2.3 dBi (72%) improvements in comparison
with the bowtie antenna without AMC load. From Figure 3, it
is clear that the simulated and measured results for both an-
tennas have good coherencewith each other. Additionally, after
applying the AMC load, the gain curves are more stable than
the case without AMC load. *e radiation gain performances
for both bowtie antennas without and with AMC load are
summarized in Table 3.

*e simulated and measured radiation efficiency curves
for both bowtie antennas without and with AMC load are
exhibited in Figure 4. Obviously, the simulated results have
good agreement with the measured ones. It is shown that a
significant improvement has been achieved after applying
the AMC load across the operating bandwidth. *e mini-
mum, maximum, and average values of the radiation effi-
ciency for the bowtie antenna loaded with AMC are 64%,
68%, and 66.5%, respectively, which explain the improve-
ments of 16%, 15%, and 16.5% compared to the antenna
without AMC load. To have a better understanding of the
effectiveness of the AMC load on the radiation efficiency,
Table 4 summarizes the radiation efficiency values before
and after applying AMC load.

*e results presented in Figures 2–4 and Tables 2–4
confirm the effectiveness of the AMC load on the antenna’s
performance parameters. *ese achievements show that the
proposed slotted bowtie antenna realized based on the met-
amaterial, SIW, and artificial magnetic conductor (AMC)
properties with the advantages of compact dimensions, wide
bandwidth, high radiation gain and efficiency, low profile,
being cost-effective, simple design, and easy fabrication process
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Figure 2: Simulated and measured reflection coefficient responses (S11<−10 dB) before (WO) and after (W) applying artificial magnetic
conductor (AMC) load.
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Figure 3: Simulated and measured radiation gain curves over the frequency band for both bowtie antennas without (WO) and with (W)
AMC load.

Table 1: Bowtie antenna’s structural parameters.

Bowtie antenna dimensions 30×16× 0.8mm3

Ground plane dimensions 30×13× 0.8mm3

Length of the trapezius slots 14mm
Maximum width of the trapezius slots 0mm < L ≤ 8mm
Radius of via holes 0.2mm
Distance between via holes 0.4mm
Length of AMC slots 1mm ≤ L ≤ 6mm
Width of AMC slots 0.5mm
Distance between AMC slots 1mm
Length of feed line 3mm
Width of feed line 1mm
Substrate height 0.8mm
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can be used for mass production in practice, and looking at its
operating frequency band and radiation properties, it is a
proper candidate for applications to 5G wireless communi-
cation systems over millimeter-wave band.

3. Conclusion

Feasibility of three simple but effective approaches inspired by
metamaterial (MTM), substrate integrated waveguide (SIW),
artificial magnetic conductor (AMC) contents has been studied
and investigated in this research work to design an innovative
configuration of a slotted bowtie antenna operating from
30GHz to 37GHz that is applicable to lower band of 5G
millimeter-wave area. To create a bowtie layout, two trapezius-
shaped slots have been realized in a series configuration. It is
shown that after applying theMTMand SIWprinciples, a wide
frequency bandwidth along with high radiation performances
has been achieved without affecting the physical dimensions.
*en, to achieve broader bandwidth with higher radiation
specifications, the AMC technique has been applied to the
ground plane, keeping constant the physical size. To have
optimum radiation, the AMC slots have been exactly alighted
underneath two trapezoidal slots. *e results show that after

applying AMC load, the antenna’s measured bandwidth,
fractional bandwidth, gain, and radiation efficiency have im-
proved by 4.4GHz, 13.2%, 2.3 dBi, and 16.5%, respectively, in a
compact footprint area of 30×16×0.8mm3, which shows the
effectiveness of the proposed approaches. *erefore, the pro-
posed slotted bowtie antenna can be used for applications to 5G
wireless communication systems in millimeter-wave region.

Data Availability

*e data used to support the findings of this study are in-
cluded within the article.
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