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Abstract: In this work, a new flexible antenna integrated with OLED light sources is presented for
WiMAX wireless communication systems. The proposed antenna was placed on a 100% polyester
base with a thickness of 1.5 mm and achieved a high gain. We evaluated and tested its performance,
including reflection coefficient, radiation pattern and gain. The flexible and simple patch antenna
has been designed to operate at 3.5 GHz for WiMAX wireless communication systems with a gain
value of 5.38 dB. This article proves the applicability of the proposed material for the integration of
flexible antennas in OLEDs while maintaining gain performance similar to conventional flat
antennas.
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1. Introduction

In recent years, significant research efforts have been made to develop the integration of
antennas in existing products because of the growing need for data throughput which will require
the multiplication and diversification of communication channels. On the other hand, OLED
technologies are capable of being the next generation of light sources with wide, diffuse and glare-
free lighting [1], due to their efficiency, their long lifespan and their high quality of light and their
easy-to- manufacture products. Although they are useful for lighting as well as for screens, extremely
thin, potentially curved, flexible and even rollable. With the development of smart windows, we can
for example mention windows will integrate OLED, as well as other versatile functions [2], [3]. In the
same framework of integration, we present here the integration of a textile and flexible antenna in
OLED light sources.

Future wireless communication systems employ several applications before dealing with
applications which require high gain and system capacity. Textile antennas respond to the need to
improve both system capacity and to have higher gain. Their property of flexibility made them
initially favorable to communicate freely via a wireless network or by integrating them into clothing
[4], [5].

Flexible antennas are made from different materials and vary in cost and performance which
frequently must have additional features such as sturdiness and flexibility. Previous work has shown
that a flexible antenna must be made of unconventional materials to meet current requirements which
offer new trends in wireless communications such as conductive ink [6], silver paste [7], conductive
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fabrics [8] and conductive wires [9] used to design the antenna radiating element and polyester [10],
the polymer, using cotton and felt [8], polydimethylsiloxane (PDMS) film and graphene film (FGF)
[11] as substrate.

In this paper we present a simulation study of a flexible antenna in transparent conductive fabric
VeilShield integrated in an OLED light source (Organic Light Emitting Diodes). The simple patch
antenna has been proposed for high gain operation of 5.38 dB at 3.5 GHz to be used for WiMAX
Wireless communication systems. The present work is based on the process of adding flexibles
antennas in OLED without affecting their performance. This work is organized as follows: in first
part of Section II a simulation study of the flexible antenna is presented, In the second part, we
integrated this antenna into the OLED light source structure.

2. Materials and Methods

In this section, we describe the flexible antenna design for WiMAX Wireless communication
systems. One fully fabric antenna was designed to operate at 3.5 GHz measured at (15111 <-10dB)
to demonstrate the concept of using this type of fabric to design flexible antennas. The antenna had
asize of 55 x 46mm? (Lg X Wy). The dimensions microstrip feed line are calculated to ensure a 50 Q
input impedance with length and width value (L; = 14 mm, W; = 4.12mm) respectively. In the
antenna geometry, the ground plane covers the full rear part of the substrate to reduce back radiation.
For simulation, design and optimization CST (Computer Simulation Technology) Microwave Studio
was used. The structure of proposed antenna and its parameters are shown in Figure 1, and Table 1,

respectively.
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Figure 1. The geometry of the flexible antenna: (a) radiating patch; (b) ground plane.

Table 1. Parameters of the proposed antenna.

Design Value(mm) Design Value(mm)
parameters parameters
Wp 40 Wg 40
Lp 30 Lg 55
a 2 b 1

For the conducting parts of the antenna (the radiating element and the ground plane) we have
used the parameters of the transparent conducting fabric VeilShield. This fabric is made of woven
mesh polyester fibers, coated with blackened nickel / zinc copper for greater corrosion resistance. it
has a very low sheet resistance of 0.089 (/sq with a thickness value of 0.057mm and an electrical
conductivity of 2.10°S/m.

The calculated theoretical transparency of the fabric using [12] is 73%.

T% = (p — 5)*/p?, M
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Where s was the strip width had a size of 90um and p is the pitch of the mesh with a size of
620um, as shown in Figure 2.

Figure 2. Transparent fabric tissue [13].

For the insulating element of the antenna we have used 100% Polyester. This fabric is made of
polyester threads or fibers. Its dielectric constant is &€ = 2.85, with a loss tangent of 0.02. In addition,

polyester is flexible, very stable to moisture, having even greater resistance and elasticity to
deformation of 40% [14].

3. Results and discussions

In this section we present the simulation results of the proposed antenna including reflection
coefficient, gain, distribution of surface current and radiation pattern. In addition, we evaluated the
functioning of the proposed structure by a parametric study.

3.1. Parametric study
3.1.1. The variation of parameter b:

We also studied the variation of the length b, to see its effect on the parameter S11. Figure 3,
shows the results of the reflection coefficient S11 with the variation of this parameter (b = 1 mm,
b =3 mm, b =5 mm). From this figure, we observe that the resonant frequency of the antenna does
not affect much on the variation of the parameter b, therefore we notice that when we increase the
value of the parameter b the resonance frequency increases a little bit as well as parameter S11
decreases by a small step.

B =

10 | | : —— b=1mm
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Figure 3. Reflection coefficient (511) with the variation of the parameter b.
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3.2. Reflection coefficient (S11) of the proposed antenna

The performance of the proposed antenna in terms of reflection coefficient is demonstrated in
Figure 4.

From the result of reflection coefficient of the proposed antenna can be note that the antenna is

exhibiting resonance frequency (S11 <-10 dB) at 3.5 GHz is obtained to operate for WiMAX Wireless
communication systems.
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Figure 4. Performance of the proposed flexible antenna in terms of reflection coefficient.
3.3. Gain of proposed antenna

To know the amount of energy emitted by our antenna we focused the study on the gain of this
proposed antenna. figure 5, shows the variation of the simulated gain of the flexible antenna with a
frequency band from 3 GHz to 3.8 GHz.

We can be can notice that the flexible antenna has a high gain of 5.38 dB at 3.5 GHz. The gain
increases as the frequency increases.on the other hand in a certain moment the gain tends to decrease
when the frequency exceeds the value 3.4 Ghz. It can be noted that the overall performance of the
proposed design in terms of gain at the frequency 3.5 GHz is better than in other bandwidths.
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Figure 5. Performance of the proposed flexible antenna in terms of gain.

3.4. 3D radiation pattern of the proposed antenna

We also studied the far field radiation pattern of the proposed antenna to evaluate its
performance. The 3D radiation pattern of the flexible antenna at 3.5 GHz is illustrated in Figure 6.
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In general, Figure 6 shows a stable power distribution at the resonant frequency of 3.5 GHz. As
well as the results obtained have demonstrated that the flexible proposed antenna has forward-
oriented radiation with a gain of 5.38 dB at 3.5 GHz.
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Figure 6. The 3D radiation pattern of the flexible antenna at 3.5 GHz.
3.5. Integration of the flexible antenna into the structure of OLED

This paper is the first to report the integration of a flexible antenna in OLED light sources. Our
goal was to operate the proposed antenna in the OLED structure. The proposed principle allows
OLEDs to function both as a light source and as a wireless data transmitter for WiMAX wireless
communication systems.

3.5.1. Geometry of the proposed antenna integration in OLED structure

The proposed flexible antenna is integrated into an OLED of simple structure which contains 4
layers. Figure 8, shows the structure of the OLED light source with the integrated antenna. The
proposed antenna is placed in front face of the OLED.

In this work we have used the parameters of the OLED presented in [15], where the dimensions
are 130.2 x 47.8 mm?. The OLED layers are shown as follows: Layer 1 describes the aluminum
cathode with a thickness of 120 nm. Layer 2 describes the polymer with a thickness of 270 nm. Layer
3 represents the anode of indium tin oxide (ITO) with a thickness of 150 nm. Layer 4 has the glass
substrate with a thickness of 215 nm.

Substrate (OLED)

Figure 7. The OLED light source structure with the flexible antenna.
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3.5.2. Reflection coefficient (S11) of the proposed antenna integration in OLED structure

The performance of the proposed antenna in terms of the reflection coefficient (511) with and
without OLED is shown in figure 8. This figure presents a comparison between the reflection
coefficients of the flexible antenna before and after its integration into OLED.

This result shows that the reflection coefficient S11 of the proposed antenna is affected after their
integration into the OLED. This results in a small variation in the resonant frequency, notably
increasing the resonant frequency by a small step. This makes the input impedance of the proposed
antenna less suitable for 50 Q.

e Without OLED
p= \\Vfith OLED
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Figure 8. The reflection coefficient (511) of the flexible antenna with and without OLED.
3.5.3. Radiation pattern of the proposed antenna integration in OLED structure

The operation of the proposed antenna integrated in the OLED with and without OLED in terms
of radiation simulated at the resonant frequency 3.5 GHz is illustrated in figure 9. This figure presents
the comparison between the radiation patterns in polar coordinates of the proposed antenna with
and without OLED. The results of the two planes E and H shows that the two radiation patterns have
the same radiation direction and they are oriented upwards along the Oz axis.
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Figure 9. Radiation pattern of the proposed antenna with and without OLED at 3.5 GHz (a); E-Plane (b); H-

Plane.
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5. Conclusions

In this article, a new purely textile and flexible patch antenna has been designed and integrated
into the structure of an OLED light source to work in WiMAX wireless communication systems at
the resonant frequency 3.5 GHz. We have proposed to embedded in the same device both lighting
and WiMAX wireless communication systems. The proposed antenna consists of different parts, the
radiating element and the non-radiating element. The radiating element contains a rectangular patch
with two slits on its ends. The non-radiating element contains a layer of the 100% polyester substrate
which is placed between the radiating element and the ground plane. Our designed antenna is
flexible and has simple structure and low weight.

We have shown that antenna design techniques work well even for flexible antennas using
unconventional materials. The overall performance was analyzed in terms of the reflection
coefficient, the gain and the radiation pattern.

Our proposed antenna works at 3.5 GHz frequency with high gain of 5.38 dB even after
integrating the antenna into the OLED device, these parameters are less affected by this device.
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