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Substrate Materials for WBAN Applications

Sara Yehia Abdel Fatah', Fatma Taher?, Taha A. Elwi?, Mohamed Fathy Abo Sree*,
Mohammad Alibakhshikenari®, Bal S. Virdee®, Patrizia Livreri’, Naser Ojaroudi Parchin?®,
Chan Hwang See?, Giovanni Pau®, Iyad Dayoub!® ', and Ernesto Limiti'?

'ECU Higher Institute of Engineering
Electronics and Communication Engineering Egyptian Chinese University, HIU Cairo, Egypt
2College of Technological Innovation, Zayed University, Dubai UAE
3International Applied and Theoretical Research Center (IATRC), Baghdad Quarter, Iraq
4Electronics and Communication Engineering Arab Academy for Science
Technology and Maritime Transport, Cairo, Egypt
SDepartment of Signal Theory and Communications
Universidad Carlos III de Madrid, Leganés, Madrid 28911, Spain
6Center for Communications Technology, London Metropolitan University, London N7 8DB, UK
"Department of Engineering, University of Palermo
viale delle Scienze BLDG 9, Palermo, IT 90128, Sicily, Italy
8School of Engineering and the Built Environment
Edinburgh Napier University, 10 Colinton Rd., Edinburgh, EH10 5DT, UK
9Faculty of Engineering and Architecture, Kore University of Enna, Enna 94100, Italy
10Université Polytechnique Hauts-de-France
Institut d’Electronique de Microélectronique et de Nanotechnologie (IEMN) CNRS UMR 8520
ISEN, Centrale Lille, University of Lille, Valenciennes 59313, France
IINSA Hauts-de-France, F-59313 Valenciennes, France
12E]ectronic Engineering Department
University of Rome “Tor Vergata”, Via del Politecnico 1, Rome 00133, Italy

Abstract— In this paper, the design process of compact flexible ultra-wideband (UWB) an-
tenna using various substrate materials such as FR4, Kapton, and Rogers RT5880 is discussed
and experimentally investigated. The proposed antenna is structured as a flexible model that can
conform to suite the human body surface to be suitable for wireless body area network (WBAN)
applications. The performance parameters of the antenna have been evaluated by using CST
Microwave Studio software and very similar results have been achieved by applying FR4, Kap-
ton, and Rogers RT5880 substrates, but latest layer provides the optimized results. Therefore,
the Rogers RT5880 substrate was chosen to be experimentally tested for antenna realization and
validating the simulated results. It was exhibited that very good agreement between the sim-
ulated and measured results have been obtained. It is shown that, the proposed antenna with
advantages of miniaturized dimensions of 22 x 28 x 1.6 mm?, dual band capability to operate over
4.8-5.3 GHz, and 7.0-8.6 GHz spectrums, high gain above 5.5 dBi for both bands, omnidirectional
radiation patterns, simple layout, ease of manufacture, and cost effective can be good nominate
for wireless applications such as wireless body area network (WBAN).

1. INTRODUCTION

WBANSs are a type of wireless network that are used to monitor and collect physiological and
environmental data from the human body [1]. It has received considerable attention in recent years
as a result of its potential applications in the healthcare industry [2]. Antennas are essential in
WBAN applications for transmitting and receiving signals [3]. The physical dimensions, substrate
material, and surrounding environment all have an impact on the antenna’s performance [4]. As
a result, designing a compact and efficient antenna for WBAN applications is a difficult task [5].
Because of their high bandwidth and low power consumption, ultra-wideband (UWB) antennas
are well suited for WBAN applications [6]. However, the performance of the UWB antenna is
determined by the substrate material used [7].

With the use of a fabric that has a lower dielectric constant and decreases losses associated
with the antenna’s surface wave, impedance and bandwidth of the antenna can be significantly



improved [8]. Through simulations, various antenna structural parameters were found to be effective
in achieving the directionality required for various wireless applications [9]. A new design of a
smaller, highly directional antenna with an added reflector is presented [10].

Wideband (WB) patch antennas, WB monopole antennas, slotted antennas, mutilated patch
UWRB antennas, tapered slotted geometry, meta-material-based UWB antennas, elliptical printed
monopole UWB antennas, and adjustable, on-body UWB antennas used for wireless communication
are among the antenna geometries that are being taken into consideration [11]. The realization of
the antenna is contrasted in terms of size and uses for portable communication devices [12].

Designing a compact flexible UWB antenna for WBAN applications requires careful consider-
ation of various factors such as size, bandwidth, flexibility, and performance. Here is a general
guideline for designing such an antenna:

1- Determine the desired frequency bandwidth, gain, and flexibility [13].
2- Select the antenna to suit the proposed application.

3- Select the type of the flexible substrate with low dielectric loss.

4- Determine the antenna dimensions.
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Optimize the geometry by adjusting the parameters to the required specifications.
Consider the applicable feeding techniques to the desired impedance matching.
Incorporate a ground plane geometry.

Perform the simulations and optimizations process.

Fabricate and test the antenna prototype by measuring the return loss, radiation pattern, and
gain.

In this paper, we present the design and comparative analysis of a compact flexible UWB
antenna for WBAN applications using various substrate materials. The proposed antenna has a
flexible structure that allows it to conform to the surface of the human body, making it suitable
for WBAN applications. The antenna’s performance is evaluated using various substrate materials
such as FR4, Rogers RT5880, and Kapton, but finally the antenna is fabricated and experimentally
validated by applying the Rogers RT5880 substrate.

2. SIMULATION PROCESS

The proposed antenna is simulated using the CST Microwave studio software package. A modified
planar inverted-F antenna (PIFA) with a rectangular patch and a tapered ground plane is used in
the proposed antenna design to enhance the bandwidth [14]. The proposed antenna has dimensions
of 22 x 28 x 1.6 mm? as seen in Fig. 1.
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Figure 1: The numerical model of the proposed antenna with all dimensions in mm-scale, (a) top side, and
(b) back side.

The antenna is designed to operate at frequencies ranging from 3.1 GHz to 8.3 GHz. The sim-
ulations are run on three different substrates: FR4, Rogers RT5880, and Kapton. We applied a
parametric study based on CST Microwave Studio to optimize the proposed antenna numerically to
reach the final design dimensions. We tested the proposed antenna design performance inside CST
Microwave Studio by changing the substrate with Rogers RT5880, FR4, and Kapton. According
to the obtained simulation results, the proposed antenna with the Rogers RT5880 substrate has



the optimized performance in terms of bandwidth, however for the other cases the results are very
similar which shows the flexibility of the proposed design than changing the substrate layers.

The proposed antenna implemented on the Rogers RT5880 substrate operates over two frequency
bands of 3.0 GHz—6.1 GHz, and 7.2 GHz—8.3 GHz with reflection coefficients below than —10dB and
the resonance frequencies of 5.7 GHz and 8.2 GHz, respectively, as depicted in Fig. 2(a). At the
resonating frequencies of the two operating bands, the proposed antenna shows an approximately
same peak radiation gain of 6.5dBi, as depicted in Fig. 2(b). It is also observed in Figs. 2(c) and
2(d) that at both resonating frequencies the antenna exhibits omni-directional radiation patterns.

Looking at the results presented in Figs. 2(a) and 2(b), it is clear that by changing the substrate
materials the performance parameters of the proposed antenna design are approximately similar
with the initial case but with slightly moving around upper frequencies, which highlights the flexi-
bility of the proposed design which can be realized on the various substrate materials with keeping
constant its performances.
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Figure 2: Performance parameters of the proposed antenna, (a) reflection coefficients, (b) 2D curve of the
radiation gain, (c) 3D radiation pattern at 5.7 GHz, and (d) 3D radiation pattern at 8.2 GHz.

3. FABRICATION PROCEDURE

To make the proposed antenna designed on Rogers RT5880 suitable for WBAN applications, it is
made by a flexible thin material of polyimide film with a thickness of 0.1 mm using the same tech-
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nology presented in [15]. The copper layer is deposited onto the substrate via sputtering, followed
by etching to form the desired pattern. The proposed compact antenna has overall dimensions of
22 x 28 x 1.6 mm?.

The top- and bottom-views of the fabricated prototype of the proposed flexible antenna have
been shown in Figs. 3(a) and 3(b), respectively. The experimental imprudence bandwidth presented
in Fig. 3(c) exhibits that this antenna operates through two frequency bands of 4.8 GHz—5.3 GHz
and 7.0 GHz—8.6 GHz with resonating frequencies at 5.1 GHz and 8.5 GHz, respectively, which are
approximately same in comparison with the simulated ones.

The peak radiation gains of around 5.7 dBi and 5.9 dBi are observed at the resonant frequencies
of 5.1 GHz and 8.5 GHz, respectively, which demonstrates good agreements with the simulated
results.

The measurement setup has been presented in Fig. 3(d).
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Figure 3: Experimental results, (a) top view of the fabricated layout of the antenna, (b) its bottom view,
(¢) reflection coefficient (S1; < —10dB), and (d) measurement setup.



4. CONCLUSION

The primary goal of this work was to design and realize a compact dual-band UWB antenna using
the various substrate layers to cover a wide impedance bandwidth with high radiation gain and
required radiation patterns. The results of all simulated models were approximately identical,
which shows the flexibility of implementation of the proposed design on various layers with keeping
approximately constant its performance parameters. Finally, the Rogers RT5880 substrate layer
was chosen for manufacturing test because the optimized results were achieved using this material.
It was exhibited that the experimental results have provided a good agreement with the simulate
ones. So, the proposed antenna with compact dimensions of 22 x 28 x 1.6 mm?® can operates over two
frequency bands of 4.8-5.3 GHz, and 7.0-8.6 GHz, which shows the peak radiation gains of around
5.7dBi and 5.9dBi at its resonant frequencies of 5.1 GHz and 8.5 GHz, respectively. The results
show that the proposed flexible antenna can be potential candidate for various wireless applications
such as wireless body area network (WBAN).
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