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Abstract: Future enhancements in radio frequency (RF) energy harvesting technology will make easy the creation of
a network with no need of dedicated transmitters, as a reliable source of wireless energy power. Recently, the
development and employment of wearable antennas has increased rapidly for application in the miniaturization of
wireless communication devices. The principal feature of wearable antennas is that they are designed as garment
elements able to transmit or receive wireless signals. In this context, we propose a design of a wearable textile
microstrip patch antenna operating for wireless body area network (WBAN)at the resonance frequency f.=2.40GHz.
The microstrip patch antenna with an edge feeding technique is designed and simulated by using the Keysight
Advanced Design System (ADS) software. Textile materials have a low dielectric constant that reduces the surface
wave losses and increases the impedance bandwidth of the antenna. The chosen dielectric substrate in this work is
the jeans fabric with relative permittivity of 1.70, thickness of 1.00 mm and dissipation factor of 0.025. The antenna
performance parameters are obtained from ADS Momentum. Simulation results show that antenna has the gain of
3.22 dBi and directivity of 8.10 dBi, showing that the wearable textile microstrip antenna has a good performance.
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1. INTRODUCTION

Over the past several years, the demand for autonomous and wireless systems has led to a large investigation. The
rapid advances in communication and electronic devices have permitted the development of intelligent devices that
can be placed in and on the human body. Since the use of conventional batteries is not always cost-effective and
their replacement necessitates human effort. Moreover, wearable electronics are powered by a battery system, which
need frequent charging. However, power provided sometimes is not easily available to charge these electronic
devices. Thus, it becomes as a serious problem for users. This problem can be overcome by requesting to energy
harvesting techniques. Energy harvesting is the process of converting the energy extracted from the ambient
environment into usable electrical energy. The main function of the harvesting circuit is capturing energy with minimum
loss and storing the energy to future use [1]. The ambient energies available comprise mechanical energy [2-4],
thermal energy[5-6], solar energy [7-8], and electromagnetic energy[9-10].Unlike the majority of energy sources,
electromagnetic energy sources are permanently available, and omnipresent in our daily lives. Recently, a substantial
completion of research has been focused on radiofrequency harvesting energy [11].

Future developments in radio frequency (RF) energy harvesting technology will facilitate the establishment of a
network without the necessity of dedicated transmitters, such as a dependable source of wireless energy [12]. This
can be achieved by permitting the capture of electromagnetic energy from many different available surrounding RF
energy sources, such as Wi-Fi signals[13], mobile base stations and mobile phones [14], FM/AM radio [15], digital
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television (DTV) [16].In addition, many scientists have been growing interests in the study of wireless body area
network (WBAN), WBAN connect several electronic devices on human body. There are several frequency bands
designated for the WBAN such as the communication system for medical implants (MICS: 400 MHz), the Industrial
Scientific Medical band (ISM: 2.40 GHz and 5.80 GHz) [17], also the ultra-wideband(UWB: 3.00-10.00 GHz).Besides,
wireless communication systems are consisting of various electronic components, which throughout the years have
been miniaturized and fabricated more flexible, in these systems, the antennas conventionally built on rigid
substrates[18,19],the utilization of rigid antennas in body-worn positions is difficult because the majority of people do
not like to carry uncomfortable antennas. Currently, there is an increasing interest in intelligent clothing with integrated
wireless electronics in the garment because of the great potential as a solution for many applications. Whereas,
fabricating antennas in textile materials [20]enable developing the interaction between the user and some electronic
devices [21] [22]. Furthermore, textile antennas are emerging in a variety of applications including medical [23],
military [24], mobile computing [25], sports and wireless monitoring. Moreover, textile materials being globally used
and readily available, are optimal materials to design wearable antenna[26], many scientists developed a textile
substrate such as polyester, cotton, nylon, etc. to design a flexible antenna that could be easily worn on all parts of
the body[27]. On the other hand,the microstrip patch antenna is one of the most commonly used antennas in wearable
applications. It has attracted a lot of interest thanks to its advantages such as simple structure, easy manufacturing
and its quick integration in microwave circuits. The most popular feeding techniques used for the design of microstrip
patch antennas are the transmission line, coaxial probe feed, aperture coupling and proximity coupling [28]. Among
these methods, microstrip line feed is one of the easiest methods to construct antennas, which is a simple conductive
strip connecting to the patch, and it gives good physical results[29].

Recently, an important number of works have been accomplished in this domain. Baishali Gautam et al. [30]
developed two wearable microstrip antennas using Collar stay of formal shirts to achieve 2.1 and 5.2 GHz center
frequencies for ISM and Wi-Fi applications. Other investigations, such as the study performed by A. Kavitha and J.
N. Swaminathan[31] proposed the Design of a flexible wideband monopole antenna using FR4, teflon and jeans
cotton substrates and compared the properties of each material, in order to achieve the performance requirements
of modern flexible and wearable electronics and to provide an easy integration with RF circuits.In the same context,
Arshad Hassan et al. [32] suggested a printed antenna operating over 1.8 GHz band,made of silver nanoparticle-
based radiating element and polyethylene terephthalate (PET) substrate,the proposed antenna was employed for
transparent and flexible wearable electronic devices.

In this paper, a wearable microstrip patch antenna is being designed and simulated using ADS software, jeans fabricis
used as substrate having low permittivity, which’s reduces the surface wave losses and improves the impedance
bandwidth of the antenna. The operation frequency of the proposed antenna is set at 2.4 GHz. ISM radio bands are
reserved for radio frequency (RF) energy utilized for industrial, scientific and medical applications other than
telecommunications. The primary objective of this paper is to study the performance characteristics of a wearable
microstrip patch antenna

The remainder of the paper is organized as follows: Section Il presents the propriety of materials used in this work,
and describes the successive design steps for the design of microstrip antenna. Section Il discusses simulation
results of different antenna parameters. Finally, Section IV summarizes the main conclusions and perspectives.

2. DESIGN OF MICROSTRIP PATCH ANTENNA
A. Materials and method

In order to design a wearable microstrip patch antenna using textile material, the simulator Advanced Design System
(ADS)-Momentum from Agilent Technologies was used. The design of a wearable antenna is based on the microstrip.
A typical microstrip antenna made-up of three layers, the conductor patch, substrate and ground plane.

Substrate plays a vital role in antenna design, the purpose of the substrate material of the microstrip antenna is to
provide mechanical support for the radiating patch elements and to achieve the desired precision spacing between
the ground plane and the patch. In this specific study, jeans fabric is deployed as the substrate material; it is
lightweight, cheap and flexible. Substrate thickness h has low dielectric constant . = 1.70 that reduces the surface
wave losses which are connected to guided wave propagation in the substrates. Therefore, increases the impedance
bandwidth of the antenna, thus, permitting the development of antennas with satisfactory efficiency and high gain.
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On the other hand, the higher conductive layer (the patch) is the radiation source where electromagnetic energy is
released from the edges of the patch and penetrates into the substrate. However, the lower conductive layer (the
ground plane) works as a perfect reflective ground plane sending the energy through the substrate and into free
space.Both layers are basically consisting of an adhesive copper sheet, which is a good material to conduct electrical
energy. Table | shows the features of materials used in this work.

In the contacting method, the RF power is fed directly to the radiating patch using a microstrip line as a connecting
element, it is the simplest model and can gives good results. For better results feeding line should be having the
impedance equal to the characteristics impedance of patch. In this work, the patch antenna was fed with a microstrip
line connected to a point inside patch where the input impedance is 50 Q. Figure 1 shows a typical structure of a
wearable microstrip patch antenna, while the selected frequency is the ISM band 2.40 GHz.

Microstrip
transmission Patch
line antenna
| Microstrip Patch antenna Wy
transmission
Substrate —> Ep h line
Ground £ r
plane
(@) (b)

Figure 1: Geometry of the textile antenna. (a) Side view, (b) Front view.

Table I: Features of materials used

Material type Thickness(mm) Permittivitye, Conductivity(S/M) Dissipation factor (Tand)
Jeans Fabric 1.00 1.70 - 0.0025
Copper 0.035 - 5.8x 107 -

B. Patch Antenna Design

The design methodology has been chosen to minimize the return loss around the resonant frequency, The Proposed
parameters calculation formulas are taken from [33], and then optimized with the ADS software .The patch size
depends on the substrate dielectric constante,. and resonant frequencyf,

The width of the patch W is calculated using:

W, =—°¢ 1)
p T
26, £2+1

Where c is the speed of light. The actual length of the patch is written as:

c
Ly = 5o — 24L )

Based on Eq.(2), the effective dielectric constante ¢ is defined as:

= (22) (52 e (o (29) @

Where h is the height of the patch in mm.Also, the length extension AL is computed as:

(ereff+0.3)
(Ereff—0.258)

AL = 0.421h[

(F+0.24—6):| 4

(F-+0.8)

The dimensions of the patch antenna and ground plane are calculated using MATLAB software. While ADS LinCalc
tool is used to calculate the width and length of the microstrip line.The dimensions of the rectangular microstrip patch
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antenna were chosen to maximize the gain pattern and resonate at the desired 2.4GHz frequency.Figure 2 depicts
the equivalent circuit of the proposed antenna with the optimal parameters, which include;

e The component Mlin; designates a feed line.

e The component Mloc: refers the dimensions of the patch antenna.

<+ —i i i e

- P1 - MLIN- ~ = - MLOC

- Num=1 > [1EZ - TL1 :
Subst="MSub1" Subst="MSub1"
W=3.588680 mm W=53.7914 mm
L=25.427800 mm L=47.2759 mm

Figure 2: Equivalent circuit of Microstrip Patch Antenna

The physical design of the model of the wearable antenna is created using the layout window,it can be designed in
the schematic window and then converted into the layout, as in this case, or be created directly in the layout window.
Figure 3 displays the layout of the patch antenna using the fed edge technique.

Figure 3: Edge feeding technique Layout.

3. RESULTS AND DISCUSSION

In this section,the wearable microstrip patch antenna performance has been analyzed on the software platform.
Simulations are performed for a frequency range from 2.0 to 3.0 GHz in order to determine the antenna parameters.

A. S parameters and VSWR (Voltage Standing Wave Ratio) of the desired antenna.

The return loss is key feature of an antenna. S11 in an antenna is a parameter that states the total of power that is
lost to the load and doesn’t return as a reflection. Figure 4 illustrates the S11 parameter simulation in terms of
magnitude in dB and phase in degree of the designed wearable textile microstrip patch antenna. The antenna should
ideally achieve the return loss, S11 lower than -10 dB to be considered as a good performance. It is clearly shown
that the proposed antenna located on the free space has the S11 parameter of -14.310 dB at the resonance frequency
f.=2.40 GHz.The bandwidth of an antenna is related to the frequency band over which the antenna can operates
properly, the designed antenna has a bandwidth of 80 MHz.
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Figure 4: Return loss simulation.

Another essential parameter VSWR,it is determined from the voltage measured along a transmission line leading to
an antenna, it is the ratio of the peak amplitude of a standing wave to the minimum amplitude of a standing wave.
Moreover, if the VSWR has a lower value, it indicates that the antenna is ideally adapted to the transmission line, and
a high power is provided to the antenna. Figure 5 shows the simulated result of VSWR against frequency (GHz).
Based on the simulated result, it is noted that, the value of VSWR is almost 1.428 at frequency 2.40 GHz. Thus, the
proposed antenna presents the best characteristic of VSWR in the frequency range.
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Figure 5: Plot of antenna VSWR versus Frequency.
B. The impedance matching and Radiation Pattern of the desired antenna

The Smith chart was applied under ADS to depict the impedance matching , as shown in Figure 6. The goal is to get
the input impedance, Z;, of the antenna practically near to the characteristic impedance, Z, of 50.000 Q.If Z;, does
not match withZ,, the signal will be reflected back to the amplifier. Therefore, will not be radiated by the antenna. In
this study, the normalized impedance simulation is Z, * (0.945 + j0.726) Qwhich is equal to 59 O .
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Figure 6: Impedance Matching Simulation

Tool ADS Momentum is a part of the ADS software that is used for designing antenna arrays. This technique is utilized
to solve the Maxwell’s electromagnetic equation for planer structure in a multilayered dielectric. One of the important
characteristic of this tool in antenna simulation analysis is to displayed 2D and 3D graphics for radiation parameter.

Considering the other parameters like the radiation pattern of antenna which is known as a graphical representation
characterizes the relative strength of the radiated field in different directions from the antenna, at a constant distance.
As illustrated in Figure 7, simulated 3D omnidirectional patterns is created by the designed patch antenna, The
proposed antenna is designed to radiate Perpendicular to its patch surface, it is clearly shows that the designed
antenna array generates an isotropic radiation pattern.

Figure 7: 3D radiation pattern.

C. Gain, directivity and radiated power of the desired antenna
Directivity, Gain and power radiated are essential parameters for evaluating the efficiency of the antenna.

The gain of the antenna is defined as “The ratio of the intensity, in a given direction, to the radiation intensity that
would be obtained if the power accepted by the antenna were radiated isotopicall.” [33]. According to the figure 8(a),
the gain has started decreasing from half wavelength and upon completing one wavelength due to the extensive line
and material losses along with the reduction in bandwidth. Furthermore, the frequency at which the reflection
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coefficient is minimal corresponds to that at which the gain is maximum. The maximum gain of 3.22015 dBi is achieved
at f,= 2.40 GHz.

Directivity is a measure that describes the ability of an antenna to concentrate the energy, it radiates in a particular
direction of space, it is controlled only by the pattern. In this case, the designed microstrip antenna has the simulated
directivity of 8.10426 dBi as indicated in figure 8 b. It is theoretically in the normal range. Moreover, the designed
antenna has a radiated power of 7.8185x 10~* Wattas shown in figure 8 ¢ for input power of 2.40732 mW at f,= 2.40
GHz. The electrical parameters of the proposed antenna have been shown in Table 2.In sum, the results achieved
from the proposed Microstrip patch antenna show that the wearable microstrip antenna has a good performances.
Hence, it improves the suitability of the utilization of wearable antennas in medical applications.
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Figure 8: (a) Gain, (b)Directivity and (c)Radiated Power Simulation versus frequency
4. CONCLUSION

RF energy harvesting technology has a significant future in low power consumer electronics and wireless sensor
networks. Actually, the utilization of textile antennas for RF energy harvesting can be a solution to power wearable
electronics devices and provides better aesthetics. Moreover, it makes the embedding of electronic devices less
obtrusive. The microstrip antenna is a perfect candidate for wearable applications, its light weight, small dimensions
and simplicity of manufacturing. In this document, the wearable microstrip patch antenna on jeans fabric has been
effectively designed and simulated using advanced design system. the suggested system minimizes the return loss
of the microstrip patch antenna, as-14.310 dB and it operates on the desired frequency range. Projected antenna
were optimized to obtain the bandwidth (= 80MHz for VSWR < 2) with a stable radiation pattern. Furthermore, the
antenna shows great in terms of gain, directivity and radiated power. This study proves that the wearable antenna
that is a part of the fabric design shows excellent performances and does not need a high power supply.lt may be
concluded that the proposed antenna can be very beneficial in various wireless implementations, including higher
frequency also, the good characteristics of the antenna confirm its suitability for wearable devices.Nevertheless,the

interaction between the wearable antenna and the human body can never be averted and hence necessitates further
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research. Moreover, future work will focus on the employment of electro-textiles rather than conductive copper
materials so as to improve the incorporation of the antenna into clothing.
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