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AbStRACt

 For 5G and WiMAX applications, a coplanar waveguide (CPW)-fed monopole antenna sandwiched between 
an artificial magnetic conductor (AMC) and a superstrate is investigated. Because traditional planar antennas have 
low gains, they are unsuitable for a wide range of applications. This paper explores scientific strategies for increasing 
radiation gain in low-gain antennas such as planar monopoles. We use AMC in conjunction with superstrate to 
achieve a high gain antenna, with the monopole antenna serving as the primary radiator. However, a superstate like 
this demands the use of materials with high permittivity, and most of such materials are not readily available on the 
market. Even if such materials are available, they are mostly expensive and unsuitable for commercial systems. We 
investigate various superstrates and elaborate on which way these superstrates can be used interchangeably without 
compromising antenna performance. In the end, we fabricate one of these three superstrates. The antenna, which 
also employs AMC in tandem with the superstrate, has an impedance bandwidth ranging from 3.2 GHz to 3.75 
GHz with 7 dBi gain, so it can be a viable candidate for 5G and WiMAX applications.
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1. IntRoduCtIon
Because of their simple structure, short length, economical 

design, and omnidirectional radiation pattern, monopole antennas 
are employed in wireless communication.1 Fifth-generation 
(5G) technology requires antennas that have high-speed data 
transmission rates, are compact, and have a high gain for a wide 
coverage of the network. The 5G technology is the next advanced 
wireless technology with a high-speed data rate, low latency, and 
more coverage as compared to all previous existing technologies 
like 1G to 4G.2-3 The monopole antenna’s omnidirectional design 
is advantageous for 5G communication.4-5 If the size of the antenna 
reduces, its directivity also decreases.6 As a result, there is a need 
to improve the monopole antenna’s radiation qualities. 

The research work7 suggested a dual-band, dual-sleeve 
monopole antenna with frequency band coverage of 900 MHz and  
1800 MHz. The research work8 described a crinkle fractal monopole 
antenna for multiband applications. As described in the research 
work,9 a sleeve addition to the monopole antenna enhances its gain 
to 3.9 dBi. The research work10 describes a tiny, flexible anisotropic 
metamaterial coating with an increased radiation gain of up to 
5.46 dBi and broader bandwidth (2.15–4.6 GHz). The research 
work11 presented a polarization-reconfigurable monopole antenna 
with a maximum radiation gain of 1.2 dBi that achieves LHCP/
RHCP utilising two PIN diodes. Furthermore, an AMC addition 
can improve the antenna’s radiation gain and performance. The 

research works12-13 showed a vertically polarised, omnidirectional, 
and low-profile antenna with a 5.5% bandwidth and 3.7 dBi gain. 
The research work14 describes a low-profile vertical monopole 
device with a conventional metallic reflector plane. The research 
work15 reports a double-printed crossing dipole pair employing 
vacant quarter-rings, where the back radiation reduces after using 
square AMC. 

The antenna16 consists of a low-profile vertically polarised 
monopole antenna and a horizontally polarised circular loop antenna. 
For a 45% impedance bandwidth and a steady radiation pattern within 
the band, this design used an AMC that functions as a reflector instead 
of a Perfect Electric Conductor (PEC). Another antenna design17 uses 
a square shape AMC and shows a maximum gain of 6 dBi. There are 
also several gain improvement strategies using dielectric superstrate. 
The use of a dielectric superstrate to improve radiation gain was 
reported in18-20 addressed the gain increase in a microstrip patch 
antenna utilizing a dielectric superstrate.

This paper discusses the design of a low-profile CPW-fed 
monopole antenna sandwiched between an AMC and a superstrate. To 
comprehend the design, we must first discuss the AMC design and 
its performance. After the AMC design is finalized, the superstrate 
design is created. We employ three alternative superstrate 
configurations for the superstrate design. Next, we examine all 
three superstrates and investigate how these superstrates can 
be utilized interchangeably without compromising antenna 
performance. Finally, one of the superstrates is used to fabricate 
the proposed antenna, which is then characterized by measuring 
S-parameters and far-field radiation patterns. Electromagnetic 
simulations were carried out using ANSYS HFSS.
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2. PRoPoSed AntennA deSIGn
Figure 1(a) shows a standard antenna with an AMC on 

one side and the superstrate on the other. Radiations from the 
antenna are reflected from the AMC and then reradiated via the 
superstrate as a result of the Fabry-Perot phenomenon21-22. The 
combined impact of AMC and superstrate results in a high-
gain antenna if the design characteristics are well-chosen.

2.1 Monopole design
Figure 1(b) depicts the utilization of a monopole antenna 

fed by CPW as the radiating element with FR4 substrate 

(єr=4.4, tanδ=0.02). At a frequency of 3.5 GHz, the monopole 
antenna length is roughly λg/4. The antenna’s other dimensions 
are as follows: hm=17 mm; w=3.2 mm; c=9.1 mm; n=0.3 mm; 
l3=10 mm; and t2=1.6 mm. 

2.2 AMC design
The AMC central frequency is chosen first, followed by 

the AMC design. Our design’s AMC central frequency is 3.5 
GHz. A 10 mm by 10 mm unit cell is employed as an artificial 
magnetic conductor. Following that, a square-shaped pixel of 
side, a,  is placed in the middle of the grounded substrate (FR4) 

Figure 1. (a) Conventional antenna with AMC and superstrate, (b) Monopole antenna; unit cell views: (c) top, (d) Isometric and 
(e) Reflection behavior.

           (a)                                                              (b)

           (c)                                                              (d)

(e)
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of the thickness (t1) 3.2 mm, as shown in Fig. 1(c). Figure 1(d) 
shows a unit cell with boundary conditions, which in this case 
are periodic. The reflection phase and magnitude are then 
determined using the Floquet port for simulation purposes.

The pixel side, a, is then changed such that we get a 
reflection phase of zero degrees at the target frequency of 3.5 
GHz. Figure 1(e) demonstrates that when the pixel’s side, a, is 
9.58 mm, the reflection phase approaches zero degrees.

In terms of reflection, AMC has a benefit over PEC in 
that AMC may be placed extremely close to a transmitting 
antenna to improve forward radiation. As shown in Fig. 2, we 

situate AMC in our design so that AMC touches the dielectric 
of the CPW-fed monopole antenna. 5×5 AMC cells are used to 
restrict antenna real estate to a minimum.

For better impedance matching for the radiator, AMC 
is frequently situated away from it. However, if AMC is not 
placed away from the antenna, it has the potential to damage 
the entire antenna system. In normal circumstances, the foam 
maintains the separation space between the AMC and the 
radiating element, which must be kept in good condition. We 
avoid this problem in our design by moving the AMC closer 
such that there is no space between it and the radiating antenna. 

           (a)                                                              (b)

           (c)                                                              (d)

(e)

Figure 2. Monopole antenna with AMC: (a) exploded view, (b) Side view; Geometry of the proposed low permittivity dielectric 
superstrate antenna, (c) exploded view, (d) Side view, and (e) top view.
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As a result, the composite antenna structure is stronger and 
more long-lasting.

Figure 2(c) depicts the low permittivity superstrate 
designed antenna. The monopole antenna in this arrangement 
is printed on an FR4 substrate with the following dimensions: 
l2(30mm), w2(22mm), and t2 (1.6mm). The antenna has a 
rectangular form with dimensions of hm×w and is fed by a 
CPW with dimensions of c(9.1mm)×l3(10mm). As previously 
mentioned, the proposed antenna is mounted on the AMC.

Figure 3 shows the S-parameters and gain (at θ=0, Φ =0) 
for monopole antennas in the presence or absence of AMC to 
demonstrate the AMC significance. Such results ascertain that 
AMC usage reduces bandwidth while increasing composite 
structure gain. As a result of AMC loading the antenna, the 
impedance bandwidth decreases. Figure 3(b) shows that using 
AMC increases the antenna gain by more than 5 dBi. It is also 
worth noting that after applying AMC and or superstrate, the 
resonance frequency shifts from 3.3 GHz to 3.5 GHz.

one superstrate design technique. It also allows designers to 
choose the most cost-effective superstrate.

As we will show later, due to their design, two such 
substrates can also be fabricated by 3D-printing techniques 
directly without using time-consuming PCB etching.23-25

The superstrate’s transmission and reflection behaviors 
determine the antenna’s overall gain and aid in producing a 
cavity effect similar to the Fabry-Perot phenomenon.21–22 AMC 
and superstrate are used to build the cavity on opposite sides.

In this work, three superstrates are made, and their 
properties are compared to see if they offer similar performance. 
Similar to how AMC is examined, the metasurface superstrate 
is also explored. However, in superstrate design, transmission 
behavior is also investigated.21–22

For comparison, we make use of the following 
superstrates:

3.1 Metasurface Superstrate 
In this case, a 1.6mm thick metasurface superstrate (FR4) 

is used. In the metasurface superstrate, metallic square patches 
with 7.26 mm sides are placed in a  5×5 grid. The distance 
between the antenna and the metasurface superstrate layer is 
21.4 mm, which is equal to λ/4.

3.2 Low dielectric Superstrate
In this instance, an 8mm thick low dielectric superstrate 

with a 21.4 mm gap, or λ/4, and a permittivity of 4.4 (FR4) 
is situated above the antenna.

3.3 High dielectric Superstrate
A high dielectric substance with a permittivity of 16.1 

is required for this superstrate. The 1.6 mm thick high 
dielectric superstrate is positioned over a 21.4 mm distant 
antenna. In this case, to increase the antenna’s gain, this 
superstrate needs material with a high dielectric constant 
of 16.1.

Figures 4(a), (b) and (c) depict all three types of 
superstrates with a composite of antenna and AMC.

The equivalent dielectric approach, as described in,23–25 
has been used when simulating and analyzing the three 
superstrate designs. Then, we compare the properties of 
the superstrates after each one is placed on the antenna. 
Figure 4(d) compares the S11 of the three superstrate antenna 
designs. The reflection coefficients of all antennas are virtually 
identical and resonant at 3.5 GHz, as can be seen in Fig. 4(d). 
Figure 4(e) shows that the three superstrate antennas’ gain is 
very close to one another too.

The three superstrate design simulations demonstrate 
that any of the superstrates can be used to enhance the gain 
of the suggested antenna. The high dielectric superstrate has 
an expensive and difficult-to-find permittivity value of 16.1, 
which is a high value. The metasurface superstrate needs 5×5 
unit cells to increase the antenna’s gain. With a permittivity 
of 4.4 and an 8 mm thickness, the low dielectric superstrate 
antenna attains the same gain as the metasurface and high 
dielectric superstrate antennas. We demonstrate the following 
alternative methodologies for study to get insights into how the 
three superstrates share comparable features.21–22

Figure 3. (a) Simulated realized gain, and (b) S-parameters.

(b) 

(a) 

3. deSIGn And AnALySIS oF SuPeRStRAteS
We start with the AMC before going on to the superstrate 

design. In the current work, we provide three superstrate 
architectures with interchangeable parts and comparable 
functionalities. Three designs were established to give designers 
more options and avoid them being compelled to rely just on 
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(c) 

(d) 

(e) 

(a)                                              (b)

Figure 4.  different antennas: (a) Metasurface superstrate, 
(b) Low dielectric superstrate, (c) High dielectric 
superstrate, (d) S11 of the three superstrate antennas, 
and (e) Simulated gain of the three superstrate 
antennas.

4. tRAnSMISSIon/ReFLeCtIon AnALySIS oF 
SuPeRStRAteS
For each of the three superstrates, we produce periodic 

unit cells and examine them independently.24 A unit cell with the 
dimensions 10 mm × 10 mm is used for this analysis. The reflection 
and transmission behavior of unit cells in three superstrates 
is depicted in Fig. 5. This study reveals that the reflection and 
transmission properties of all the superstrates are comparable. To 
obtain equivalent radiation characteristics from the antenna, they 
can be swapped out for one another if their reflection/transmission 
response is the same.

We also examine the near-field characteristics of the different 
antennas to verify the effectiveness of the superstrate.

To do a near-field study, we draw a horizontal line in the center 
of the antenna and research as described in.23 For this investigation, a 
line above the superstrate is used to collect and analyze the dominating 
electric field (in this example, Ex). The field measurement line is 
positioned 1 mm above the superstrate. In other words, a field with 
a uniform phase will produce constructive interference, producing 
more gain with the superstrate. The superstrate should produce 
uniform fields above the superstrate. Figures 6(a) and (b) 
display the magnitude and phase values of the dominant Ex 
field on the line. The phase is straightened when a superstrate 
is present as can be seen from the phase plot. It implies that 
the near field will contribute positively, which results in a 
higher gain. When the measurement plane rather than a line 
is employed to measure the near fields, as shown in Figures 
6(c-f), similar behavior is observed. The phase lines of Fig. 
6(b), (d) and (f) are straight, indicating that the addition of 
superstrate has corrected the phase, causing the radiating field 
to converge and thus increase in gain.

We create a thick dielectric superstrate out of the three 
superstrate antenna options to see how well the simulation 
results match the measurements of the built antenna.

5. PARAMetRIC StudIeS oF tHe PRoPoSed 
AntennA
To determine the antenna’s optimal dimensions, parametric 

variation research is carried out. The suggested low dielectric 
superstrate antenna’s performance is compared by changing 
gp between the superstrate and the antenna. Figure 5 depicts 
the antenna’s S11 performance by a change in gp. The optimal 
value of gp is selected to be 21.4 mm for the specified center 
frequency and bandwidth.

6. SIMuLAtIonS And MeASuReMent ReSuLtS
The fabricated antenna as shown in Fig. 8(a) is measured 

using the R & S Vector Network Analyzer (up to 40GHz) and 
anechoic chamber. 

6.1 S-parameters
The parametric variation research is conducted to 

determine the antenna’s optimal dimensions. The suggested 
low dielectric superstrate antenna’s performance is compared 
by changing gp between the  superstrate and antenna. Figure 5 
depicts the antenna’s S11 performance by a change in gp. The 
optimal value of gp is selected to be 21.4 mm for the specified 
center frequency and bandwidth.
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Figure 5. Simulated reflection and transmission behavior: (a) S11 magnitude, (b) S11 phase, (c) S21 magnitude, and (d) S21 phase.

Figure 6(a) Proposed antenna near field performance in terms of E-field magnitude on a line, and (b) phase on a line.

           (a)                                                              (b)

           (a)                                                              (b)

           (c)                                                              (d)
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   Figure 6(c) Proposed antenna near field performance in terms of e-field magnitude on a plane in absence of superstrate,  
(d)Magnitude on a plane in presence of superstrate, (e) Phase on a plane in absence of superstrate, and (f) Phase on a 
plane in presence of superstrate

Figure 7. Simulated S11 of the proposed antenna with different 
gp.

     (c)                                                                                     (d)

           (e)                                                              (f)

6.2 Proposed Antenna Radiation Performance
The radiation properties of the antenna are investigated 

by radiation patterns (3.5 GHz) as depicted in Fig. 9(a) and (b). 
The co-polarized gain values are shown in red color while the 
cross-pol gain values by black color. The dashed lines are from 
measurements while the continuous lines are from simulations. It 
is evident that the antenna provides improved cross-polarization 
behavior.

6.3 Gain
Figure 10 demonstrates that at 3.5 GHz, the gain from 

simulations and measurements are, respectively, 7.3 dBi and 7 
dBi. We discover that the simulated gain closely resembles the 
measured gain.

6.4 Efficiency
Figure 11 displays the proposed antenna’s radiation efficiency 

in both simulated and measured forms. The figure shows that the 
antenna is moderately efficient. However, utilizing materials with 
lower losses will boost the antenna efficiency. But, in the current 
design, FR4 was chosen over more expensive dielectrics with 
low-loss tangents to keep the antenna’s cost low.
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Figure 9. Radiation patterns at 3.5 GHz: (a) φ=0° cut, and (b) φ=90° cut.

Figure 10. Realized gain of the antenna.

Figure 8. (a) Fabricated antenna, and (b) Measured and simulated S11

           (a)                                                                                       (b)

           (a)                                                                                       (b)

Figure 11: Radiation Efficiency
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Table 1 shows the comparison of various antennas from 
the literature with the proposed antenna. We can observe that 
the proposed antenna is very competitive in size and has the 
highest gain when compared to other antennas. These features 
make this antenna suitable for WiMAX use. If deployed in a 
MIMO arrangement with similar antennas, it might make a 
good contender for 5G.
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7. ConCLuSIon
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5G and WiMAX applications.
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