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ABSTRACT Performance of a dual-band coplanar patch antenna with bending and wet condition is described in this paper.
The antenna structure is made from common clothing fabrics and operates at the 2.45 and 5 GHz wireless bands. The
antenna’s radiating element is using Nora Dell serves as a ground plane and Felt as the substrate. The final part carries out the
simulation on forward, backward bending, and also the wet condition in CST software. The comparison of two bending
conditions is discussed in this report.
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I. INTRODUCTION

In this modern application, antenna technology exists to promote and enhance the efficiency of our daily life. Over the last
few decades, the technology for wearable antennas has grown quickly. By definition, a wearable or an electronic antenna is
intended to be part of clothing worn by human or animals. This smart clothing technology will appear in various applications,
including sports, emergency workers, military, medical and space apps, or even casual clothing or fashion [1]. The textiles
antenna for this monitoring purpose are made using fleece, polyester, denim, felt for all the tracking and rescue activities
(Osman et al., 2011). In the 2.4 GHz (2.4-2.484 GHz) and 5.2/5.8 GHz (2.15-5.35 GHz/5.725-5.825 GHz) bands and WiMAX
process in the 2.5/3.5/5.5 GHz bands, the latest common designs suitable for WLAN operation have been reported in [2].
However, this concept of this smart clothes will be only being achieved when antennas and all linked components are entirely
changed into 100% textile material. This antenna covers the 2.45 GHz and 5 GHz wireless networking frequencies and can be
worn under clothing. The antenna is made up of a coplanar stripline feeding a coplanar patch antenna, which allows for a far
broader operational bandwidth and more variable band spacing than a dual-band microstrip patch antenna while keeping the
front to back ratio.

Due to the fact that these antennas will be placed against the body, it is preferable to limit the amount of backward scattered
radiation as much as feasible [3]. The antennas are conformal and made of flexible materials that can easily be concealed or
sewed into garments. The materials utilized range from felts and textiles to leather fibers, and are typically seen in apparel
products. The conducting components, coplanar feed line, patch antenna, and ground plane, are manufactured from a
conducting fabric Nora Dell. For the antenna design process, a layer of thin felt material with 1.1 mm thickness, permittivity, ¢,
= 1.38 and tangent loss, tan 6= 0.023 at 2.60-3.95 GHz [4] was chosen and CST Microwave studio software was used simulate
the desired design. The results for the antenna bent around two formers in the E-plane and H-plane, as well as antennas mounted
on the human body, are shown. Simulations in wet conditions were also carried out.



International Journal of Advanced Communication Technology
Volume 1, No. 2, December 2021 [17-25] IJACT

Il. FABRIC CHARACTERIZATION
Following the discovery that a wide range of textiles can be used as antenna substrates, an electrically conductive fabric for

the ground plane and antenna patches was required. For the purposes of a textile antenna design, a conductive fabric needs to
satisfy the following requirements:

e The material must be uniform throughout the antenna area, with a minor variation in resistance through the material.

e The fabric should be flexible enough to allow the antenna to deform while being worn.

e Elastic fabrics' electrical properties may alter when stretched or bent, hence the fabric should be inelastic.

¢ A low and stable electrical resistance (1 ohm/square) is desired to minimize losses.

The conducting material Nora Dell has a high-quality nylon-based substrate and is plated with copper and tin with a
conductivity of 1.538e+006 s/m. Its thickness is 0.13 mm with a manufacturer’s surface resistivity specification lower than 0.01
ohm/square, which is excellent for creating efficient antennas and RF circuits at wireless communication frequencies, also Nora
Dell is durable, tear resistant, and is easy to form and handle [5]. Instead of hard circuit boards, felt fabric is employed as the
substrate material in this project, while the conductive fabric Nora dell is used as a ground plane. Table 1 shows the details of
material specifications in this paper.

Table 1: Material Specifications [4],[6]

Materials Thickness (mm) Permittivity
Felt 11 1.6
Nora Dell 0.13 1.538e+6

11l. DESIGN OF DUAL BAND ANTENNA

To achieve the bandwidth and keep the antenna as thin as possible a coplanar antenna was designed using CST software.
Figure 1 shows the antenna uses a felt substrate with 1.1. mm thickness. While the radiating element and ground use Nora
Dell material that consists of an inner patch (radiating element 1 in red color) surrounded by a parasitic rectangular ring
element (radiating element 2 in green color), and surrounded by the normal ground (brown color). The antenna was 55 x 55
mm in size. A coplanar antenna was chosen over a microstrip patch antenna because it offers a much broader bandwidth [6].
Simulations show the current excitation in Figure 2 at two frequency bands of interest, 2.45 and 5.8 GHz.
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Figure 1: (a) Top view of dual band antenna geometry (b) Side view (c) Simulated reflection coefficient of dual band
antenna

IVV. Bending condition
The bending impact of proposed antenna is studied for seven distinct angles in this project: 20°, 30°, 40°, 50°, 60°, 70°, and

80° for forward and backward bending condition. In order for the antenna to be bent, a nonconductive cylinder is employed as a
reference structure. Equation in (1) is used to find the outer radius of the cylinder

S=r6 (D)

Where, S = Arc length,
R = Radius of the circle,
0 = Measure of the central angle in radians.

The width of the substrate antenna was used as the arc length, is 60 mm. Based on the equation (1), the cylinder radius value
of the intended angle was calculated in Table 2 and 3.
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Table 2: Dual band antenna calculations for forward bending purpose

20-degree bending

fzox“70349(d in radian)
=g ~ " egree in radian),
S . .
r=5=0349 — 157.59 mm (radius for bending reference)
30-degree bending 40-degree bending

r = 105.16 mm (reference radius) = 78.79 mm (reference radius)

50-degree bending 60-degree bending

r =63.02 mm (reference radius)
r =52.52 mm (reference radius)

70-degree bending 80-degree bending

r = 45.01 mm (reference radius) r = 39.39 mm (reference radius)
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Table 3: Dual band antenna calculations for backward bending purpose

20-degree bending

s

6 =22X™ _ 349 (degree in radian)
= 180 = U. egree 1n radlan),
S . -
Ty T 157.59 mm (radius for bending reference)
30-degree bending 40-degree bending
r =105.16 mm (reference radius) r =78.79 mm (reference radius)
50-degree bending 60-degree bending
r =63.02 mm (reference radius) r =52.52 mm (reference radius)
70-degree bending 80-degree bending

r = 45.01 mm (reference radius) r = 39.39 mm (reference radius)
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V. RESULTS AND DISCUSSIONS

All simulations are done using CST software. The simulated reflection coefficient is done between range 1 GHz to 7 GHz
under seven different bending angles of 20°, 30°, 40°, 50°, 60°, 70° and 80° degrees. Figure 2 and 3 show the simulated
comparison of reflection coefficient (dB) result for antenna in bend conditions. The antenna shows the similar pattern of
reflection coefficient at several degrees of antenna bends. In forward bending, for lower band, the antenna achieved the highest
reflection coefficient at 80° with -35.82 dB and highest upper band at 70° with -33.53 dB. In backward bending, for lower band,
the highest reflection coefficient at 30° with -25.22 dB and highest upper band at 20° with -47.31 dB.

Simulated retum loss of forward bending antenna

——— 20-degree bending

—— 30-degree bending

dB

50-degree bending
—— 60-degree bending

80-degree bending

Frequency/ GHz

Figure 2: The return loss for dual band antenna for forward bending condition

Simulated return loss of backward bending antenna
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Figure 3: The return loss for dual band antenna for backward bending condition

Table 4 shows 40° forward bending, for 2.4 GHz, for E-plane, Half Power Bandwidth (HPBW) is 81.8° and 109.4° for H-
plane. HPBW for 5.8 GHz part is 38.8° and 57.8°, both for E and H-plane. Based on the result, at low degree of bending
antenna. For 40° forward bending for 2.4 GHz, for E-plane, HPBW is 101.5° and 122.4° for H-plane. HPBW for 5.8 GHz
part is 36.3° and 47.3° for both for E and H-plane. Based on the result, at low degree of bending antenna, the radiation
pattern is omnidirectional.
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Table 4: The radiation pattern of forward and backward bending condition for 40° bending

Type of bending 2.4 GHz 5.8 GHz
E-Plane H-Plane E-Plane H-Plane
Farfield Directivity Abs (Theta=90) Farfield Drectivity Abs (Phi=0) Farfield Drectivty Abs (Theta=90) Farfield Drectivity Abs (Phi=0)
0 0
30— 330 Phi= 0 30 _—7~ 30 Phi=180
P - ‘\‘», ’/' 4D \
o S o PR
< , / ‘90
Forward 3 s oy
) / 120\ 10
150 o 150
Phi / Degree Theta / Degree Phi / Degree Theta / Degree
Farfield Directivity Abs (Theta=90) Farfield Drrectivity Abs (Phi=0) Farfield Drrectivty Abs (Theta=90) Farfield Diectiviy Abs (Phi=0)
Backward

Theta / Degree vs. dBi

Phi / Degree vs. dBi Theta / deg vs. dBi Phi / Degree vs. dBi

VI. CONCLUSION

Dual band Wi-Fi antenna have been discussed and the proposed antenna design which in antenna was simulated. The
wearable textile material, Felt and Nora Dell were chosen to design the antenna, for Wi-Fi spectrum applications, both the
impedances matching performances and the radiation properties were capable.

Even though there are shifted frequencies in bending conditions compared to the antenna in flat condition in particular
ranges, the antenna still performs properly with a good gain within the desire ranges. The proposed antenna’s performance is
slightly reduced as the antenna bending degree is increased, but the antenna still operates efficiently at lower and upper resonant
frequency.

The simulation results show that wearable textile antennas have a lot of potential to change traditional rigid antennas in
different of applications. The complete elastic body worn antenna system may be creating in our daily lives in the future.
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