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ABSTRACT: This work provides the design, analysis, and performance optimization of an artificial magnetic conductor (AMC)-based
wideband printed monopole antenna. The proposed antenna structure is constituted with CPW feeding, and an AMC layer has been
added beneath the proposed antenna configuration to decrease back lobe radiation. By employing an AMC reflector, composed of
periodic copper metallic Minkovski square fractal patches on a circular serrated antenna with an air gap separation of 8mm, the proposed
antenna has obtained a peak gain of 12.9 dBi, and wideband is also achieved by the antenna for wearable applications. The prototyped
model of cotton fabric substrate material based measurement results with antenna measurement setup match the CST-tool simulation
results, enabling the applicability in real time communication systems.

1. INTRODUCTION

Since wearables allow wireless communication between the
wearable and its surroundings, they are becoming a growing

trend for a variety of applications including consumer electron-
ics, healthcare, fitness tracking, military, and entertainment.
The use of wearable antennas is becoming increasingly popular
in many fields, including healthcare. Despite initial efforts to
design wearable antennas that could operate near human body,
these antennas ultimately failed to meet expectations in terms
of gain, front-back ratio, and radiation efficiency.
This was because depending on the antenna’s design, the re-

flection coefficient (S11) changed to one side of the resonance
frequency. Antennas that may be worn by the user are essential
in biological applications [1, 2] that includewireless connection
with nearby equipment, a phenomenon called body-centric net-
works. Compact size and small bandwidth are the limitations
for designingwearable antennas, and furthermore, wearable an-
tennas must be designed to be long-lasting, practical, safe, us-
able, and convenient [3, 4]. The dielectric mediums that are
utilized for flexible antenna design are felt, jeans, polyester,
cotton, wool, polyester, silk, Cordura, Panama, etc. Moreover,
regulatory agencies have determined that these antennas cause
an increase in specific absorption rate (SAR) values, which in
turn increases the possibility of tissue harm to the user [5]. With
these considerations, it is crucial to design wearable antennas
of the smallest possible size [6]. These issues are being actively
investigated and addressed by researchers and antenna engi-
neers. Numerous antenna topologies designed for application
as textile antennas have been designed and reported. Such an-
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tenna topologies include monopoles [7], cavity-backed anten-
nas [8], wearable antenna with substrate integrated waveguide
technology [9], inverted-F antennas [10], and microstrip patch
antennas [11]. Unfortunately, these antenna designs are not
suitable for wearable technology because they are bulky, pos-
sess a small bandwidth, poor gain, and generate an enormous
amount of back-lobe radiation, which raises the SAR value. To
overcome these issues that wearable antennas encounter, a vari-
ety of techniques have been proposed [12–14]. However, these
methods have some drawbacks.
When it comes to body centric communication, metamate-

rials (MMTs) have shown great promise to enhance the func-
tionality of a wearable antenna. The AMC and electromag-
netic bandgap (EBG) are two more alternative MMT designs
that imitate perfect magnetic conductor (PMC) characteristics
and suppress surface waves, respectively [15, 16]. To achieve
design goals including gain, bandwidth, and efficiency, wear-
able antennas based on metamaterial structures are chosen and
optimized. Several alternative metamaterial-based topologies
have been presented for the use in wearable antennas that in-
clude fractal, patch, and planar spiral ones [17]. By examin-
ing the nature of metamaterial properties, we have proposed an
AMC structure based on metamaterial nature, and the paper is
organized as follows.

2. ANTENNA DESIGN ANALOGY
As illustrated in Fig. 1, the proposed antenna is designed on an
FR4 substrate initially, and later a cotton substrate is chosen at
the end based on its better performance. The antenna dimen-
sions are presented in Table 1. From Fig. 2, it can be noted
that the proposed structure resonates from 3.2GHz to 10GHz
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(a) (b)

FIGURE 1. Circular serrated antenna representation using (a) simulation, (b) fabrication on a cotton material.

SL Sw Gw W G r S1 S2

60.0 60.0 13.70 2.0 0.50 3.40 3.60 4.60

TABLE 1. Antenna modelling dimensions in mm. FIGURE 2. S11 response of the proposed circular serrated antenna.

(a) (b)

FIGURE 3. Unit cell of the proposed AMC, (a) front and (b) back sides.

(a) (b)

FIGURE 4. Simulation setup of the proposed unit cell, (a) front and (b)
back views.

with minimum S11 magnitude of −24.23 dB using simulation
and achieves S11 magnitude of−17.92 dB using measurement.

2.1. AMC Design Analogy

The proposed AMC (artificial magnetic conductor) surface is
designed using a Minkovski fractal structure. As shown in
Fig. 3, the proposed square fractal unit cell structure consists
of three layers: copper for the bottom layer, jeans material to
act as a dielectricmedium, and aMinkovski square fractal typed
patch as a radiating element. The unit cell size is 20× 20mm2,
and the square patch size is 16×16mm2, as indicated in Fig. 1.
CSTMW studio is utilized for solving numerical calculations
for the proposed design. In the simulation setup, the application

of periodic boundary conditions in the X and Y axes, respec-
tively, causes the electromagnetic wave impingement along the
Z-axis, and as illustrated in Fig. 4, its S11 response is as shown
in Fig. 5.
Metamaterial refers to something beyond naturally available

material. From Fig. 6, it can be clearly noted that the proposed
unit cell structure exhibits metamaterial properties within the
operating frequency range and has the ability to change the EM
wave characteristics. Only unit cell analysis will not give the
complete performance of a metasurface design. So array anal-
ysis must be considered to assess the overall performance of a
metasurface. Fig. 7 depicts different array sizes (2 × 2, 3 × 3
and 4 × 4) for unit cells. From Fig. 8, it is a fact that for any
array size of the unit cell, the obtained S11 response is the same
as S11 response of the proposed unit cell.
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FIGURE 5. S11 response of the proposed unit cell design.

(a)

(b)

(c)

FIGURE 6. Metamaterial characteristics of the proposed unit cell, (a) ϵ, (b) µ and (c) n.

(a) (b) (c) (d)

FIGURE 7. Different array sizes of the proposed unit cell design, (a) unit cell, (b) 2× 2, (c) 3× 3, (d) 4× 4.
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FIGURE 8. S11 response of the proposed unit cell with different array sizes.

(a) (b) (c)

FIGURE 9. E-field distribution at (a) 6, (b) 7 and (c) 9.25GHz frequencies.

(a) (b) (c)

FIGURE 10. H-field distribution at (a) 6, (b) 7 and (c) 9.25GHz frequencies.

From Fig. 9, it can be noted that at 6GHz frequency a max-
imum amount of E-field is formed on serrated and circular
shape. Similarly E-field is bifurcated into two parts on radi-
ating patch of the proposed antenna, and a small amount of E-
field can be observed on AMC radiating patch, and finally at
9.25GHz frequency, the field is split into 4 parts.
From Fig. 10, it can be noted that at 6GHz frequency a maxi-

mum amount ofH-field is formed on serrated shape; maximum
amount ofH-field can be observed on semi-circle shape of the
radiating patch; and a small amount ofH-field can be observed
on AMC. From Fig. 11, it is a fact that a maximum amount of

current can be observed on feed line and semi-circle shape of
the radiating patch.
3D radiation patterns at 6, 7, and 9.25GHz frequencies are il-

lustrated in Fig. 12, and from Fig. 12, it is a fact that a maximum
peak gain (dBi) can be obtained at 7GHz frequency, and a min-
imum peak gain (dBi) can be observed at 9.25GHz frequency.
The proposed AMC which is fabricated on a teflon material is
shown in Fig. 13, and its measurement setup and placement of
antenna with AMC is shown in Fig. 14. A foam material of
10mm is placed between antenna and AMC. The obtained S11
response for the proposed antenna with an AMC is shown in
Fig. 15. From Fig. 15, it can be noted that except from 7.5GHz
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(a) (b) (c)

FIGURE 11. Surface current distributions at (a) 6, (b) 7 and (c) 9.25GHz frequencies.

(a) (b) (c)

FIGURE 12. 3D-radiation patterns at (a) 6, (b) 7 and (c) 9.25GHz frequencies.

FIGURE 13. Fabricated model of the proposed AMC on Teflon material. FIGURE 14. Measurement setup for the proposed antenna with proposed
AMC.

TABLE 2. Comparision table of the proposed research work.

Ref.no Antenna size (mm2) Shape of AMC Dielectric substrate Peak Gain (dBi)
[18] 60 ∗ 58 Square type patches Lossy paper 5
[19] 45 ∗ 30 Joint cross Kapton polyimide -
[20] 30 ∗ 38.3 Square type patches ROGERS4003 8.7
[21] 39 ∗ 32 Square type patches with square typed rings Jeans 9.95

This work 60 ∗ 60 Square typed fractal patches cotton 12.93
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FIGURE 15. Simulated and measured S11 response for antenna with
AMC.

FIGURE 16. Gain and radiation efficiency response of the proposed an-
tenna with an AMC.

(a) (b)

FIGURE 17. Antenna placed on human hand phantom model, (a) simu-
lated phantom model, (b) human hand placement.

(a) (b)

FIGURE 18. Simulated gain of antenna on human hand, (a) 6GHz, (b)
7GHz.

frequency to 8.23GHz frequency S11 parameter resonates from
5.5 to 10GHz frequency. The obtained gain and radiation ef-
ficiencies are shown in Fig. 16. From Fig. 14, it is a fact that
the obtained gains at 6, 7, and 9.25GHz frequencies are 12.62,
12.93, and 6.03 dBi, respectively. The radiation efficiencies for
the proposed antenna with AMC are close to 90 percent. From
Table 2, it can be clearly concluded that the proposed antenna
produces a higher gain 12.93 dBi than existing literature.
The antenna is placed on human hand phantom model as

shown in Fig. 17. The simulated model and the antenna placed
on human hand in real environment are presented in Fig. 17(a)
and Fig. 17(b), respectively. The antenna gain plots after plac-
ing antenna on human hand are presented in Figs. 18(a) and (b)
for 6GHz and 7GHz, respectively. The gains of 8.2 dB and
8.5 dB are attained due to the presence of hand. The gain value
is reduced by almost 4 dB due to the no presence of AMC.

3. CONCLUSION
This study analyses, discusses, and evaluates the design princi-
ples, fabrication, and measurement of a 6.7GHz wideband an-
tenna for microwave applications. The metamaterial properties
of the proposed AMC structure have been clearly verified. The
E and H-field distributions for the proposed antenna with an
AMC layer have been verified. In addition to broadband band-

width, the proposed circular serrated antenna attained a peak
gain of 12.9 dBi by placing an AMC layer below the circular
serrated antenna. The proposed fabric substrate-based design
can be used for conformal and wearable communication appli-
cations.
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