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Article history This study measured and evaluated the electromagnetic shielding

effectiveness (EMSE) of hybrid pique knitted fabrics produced using 50 pm
thick copper conductor wire and cotton yarn in the X-band frequency range
(8-12 GHz). The study used a waveguide measurement system to determine
the effect of shielding performance at different fabric wale densities. The
hybrid pique fabric has immense potential for practical use in high-
frequency electromagnetic shielding applications with its lightweight,
flexible, and cost-effective structure. The fabric's ability to block
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MAKALE BILGISI OZET

Makale Tarihleri Bu caligmada, 50 pm kalinliginda bakir iletken tel ve pamuk ipligi
Génderim © 18 Ekim 2024 kullanilarak X-bant frekans a.rahgmda (8-12 GHz) iilre.tivl'en h.i’bri“t pilfe orme
Kabul * 19 Kasim 2024 ku{naslarn.l. c.ele.ktromanyetlk ekranlama etklnl_l_gl olvgulmus ve
degerlendirilmistir. Calismada, farkli kumag fitil yogunluklarinda
ekranlama performansinin etkisini belirlemek i¢in bir dalga kilavuzu dl¢iim
sistemi kullanilmistir. Hibrit pike kumas, hafif, esnek ve uygun maliyetli
yapisiyla yiiksek frekansli elektromanyetik ekranlama uygulamalarinda
pratik kullanim igin biiylik bir potansiyele sahiptir. Kumasin yansima ve
sogurma yoluyla elektromanyetik dalgalar1 engelleme yetenegi, giyilebilir
teknoloji i¢in uygunlugu ve tiretim kolayligi, onu metaller gibi geleneksel,
Hibrit, Pike Kumas, X-Bant, daha agir ekranlama malzemelerine ¢ekici bir alternatif haline
Dalgakilavuzu, Olgiim getirmektedir. Uretim kolayhigi, uygun maliyet ve uyarlanabilirlik, bu
kumasgin gelismis iletisim sistemlerinde, savunma uygulamalarinda ve yeni
nesil  giyilebilir  elektroniklerde yaygin  olarak  kullanilacagim
distiniilmektedir.
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1. INTRODUCTION

Nowadays, electromagnetic applications are rapidly increasing and becoming more and more involved in our lives
with the development of technology. While these developments offer innovative solutions, especially in
communication, energy, and health, electromagnetic waves also adversely affect human health and the
environment. Accordingly, the importance of electromagnetic shielding studies is increasing to protect against the
harmful effects of electromagnetic fields. Materials that can absorb and/or reflect electromagnetic waves have
been designed for electromagnetic shielding. These materials are divided into three main categories: metals,
carbon-based materials, and polymer composites. Metals (copper, aluminum, steel, etc.) stand out with their ability
to reflect and scatter electromagnetic waves thanks to their high conductivity. However, they have some limitations
due to their heavy and inflexible structures. Carbon-based materials (carbon nanotubes, graphene) provide
advantages with their light and flexible structures but have disadvantages such as high production costs. Polymer
composites are light and flexible materials that provide electromagnetic shielding effectiveness (EMSE) with
conductive polymers and metal additives. They offer practical solutions that can be used in wearable technologies
and flexible electronics [1-8].

Among the materials used for EMSE, textiles have become increasingly important in recent years due to their
wearability. Textile structures are formed by incorporating conductive metal cables, carbon-based materials, and
conductive polymers into textile yarns. Textile-based EMSE materials have many advantages over other materials.
While lightness and flexibility facilitate using these materials in wearable technologies and personal protective
clothing, features such as breathability and comfort provide a great advantage, especially in long-term use. In
addition to offering a price advantage over other EMSE materials, ease of production, low cost, a wide range of
applications, and the ability to provide aesthetic and functional solutions make textile-based materials stand out in
areas requiring electromagnetic protection [9-14].

The X-band is a frequency band covering the range of 8.0 to 12.0 GHz and is used in wide-band communications
ranging from radar systems to satellite communications and space research. Especially in military radar
applications, the X-band has a high-frequency structure and, therefore, low wavelength. Therefore, it can detect
small targets quickly and with high resolution. The X-band is widely preferred in military communications due to
its high security and durability [15-18].

In this study, hybrid pique fabric formed by adding 50 um thick copper conductor wire was produced, and EMSE
values were measured at X-band frequencies. In the X-band frequency region, it is aimed to be a simple production
and cost-effective solution in a wearable structure to be used in radar navigation, satellite communication,
environmental applications, stealth technology, wearable devices, new generation flexible electronic products, and
military applications. Different wale densities (12.5, 25, 50) 1/10 cm were produced in the hybrid pique fabric
structure. The effects of the produced fabrics on EMSE were measured experimentally in the waveguide
measurement setup in the 8-12 GHz frequency. The absorption and reflection results obtained were examined, and
the EMSE value was calculated. The experimental results obtained were analyzed and discussed.

2. MATERIALS AND METHOD
2.1 Shielding Effectiveness

The EMSE consists of three components: reflection, absorption, and transmission. When the EMSE of hybrid
pique fabric wants to measure hybrid pique textile material and the free space impedance is different, part of the
incident electromagnetic wave is reflected. EM waves penetrating the hybrid pique fabric cause surface currents
to on the conductive copper in the material. These currents create ohmic losses and are converted into heat, which
is defined as absorption. Electromagnetic shielding effectiveness (EMSE) expresses the ability of a material to
block or attenuate electromagnetic waves. A represents the absorption capacity of the material, and R represents
the reflection capacity of the material. EMSE calculation [10, 19, 20] is given in equation 1.

S=A+R (dB) @)

Accurate assessment of electromagnetic shielding is difficult with direct measurement, especially at high
frequencies. Therefore, it is common to use S-parameters in these frequency ranges. These parameters vary with
frequency and provide important information to evaluate the shielding properties of the material. They are
calculated using the S1; and Sz, parameters obtained from the vector network analyzer (VNA) using the absorption
and reflection of the material. The absorption (A) of the materials is calculated by equation 2.
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Here, parameter Sy represents the transmission coefficient measured by the network analyzer, and Si11 represents
the reflection on the material. The reflectance (R) of materials is calculated by equation 3.
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2.2 Fabrication of Pique Hybrid Yarns

Pique fabric is a type of fabric that is usually woven from cotton yarns and has checkered or diamond-shaped relief
patterns in its texture. Pique fabric has a unique structure due to its weaving technique and fabric structure. Cotton
yarn is usually used in knitting and is produced by knitting the warp and weft yarns in a certain order and density.
During the production phase, the thickness and pattern density of the fabric change according to the type of yarn
to be used and the knitting density. Pique fabric has a wide range of uses and is preferred, especially in summer
months, with its light and breathable structure, and is frequently used in home textiles such as duvet covers,
pillowcases, and bedspreads [21-25]. In the production of pique knitted fabric, 50 um thick copper conductive
wire and cotton yarn were fed into the machine together using Faycon CKM-01-S and Passap Duomatic 80
machines. Copper material was preferred because it has a high conductivity value and is more cost-effective than
other conductors. When a 50 um thick copper conductor is used, the copper conductor can be easily shaped, and
there is no breakage during production. In this way, it provides flexibility and light structure. Information on the
hybrid fabric produced is given in Table 1.

Table 1. Hybrid pique fabric features

Fabric Metal Content Yarn Number Wale Density (1/10 Course Cotton Tex Thickness
(%) (Nm) cm) Density (9/km) (mm)
(loops/cm)
Pique 11714 7.06 50 3 140 1.43
11714 7.06 25 3 140 1.43
11714 7.06 12.5 3 140 1.43

The photograph of the produced hybrid pique fabric structure is given in Figure 1. Copper wires are visible in the
structure.

2.3 Experimental Measurement Setup

The waveguide measurement system is a high-frequency measurement method used to evaluate the performance
of structures that guide the transmission of electromagnetic waves. This method is performed using network
analyzers to understand the effects of factors such as dimensions, shape, and material properties. The measurement
system usually helps determine losses, reflection coefficients, and transmission efficiency by analyzing wave
modes within the waveguide. The waveguide measurement setup consists of a WR90 waveguide, coaxial cable,
and a VNA, a 2-port measurement system. The experimental waveguide measurement setup is given in Figure 2.
To make accurate measurements, TRL (Through-Reflect-Line) calibration was performed [26]. The calibration
method consists of through, reflect, and line stages. In the through stage, two waveguides are directly connected,
and measurement is made. In the reflection stage, reflection measurement is made using metal plates in two port
arrays. In the line stage, an n(A/4) line is added between two waveguides, and measurement is taken. The schematic
representation of TRL calibration is given in Figure 3. This calibration method is performed to eliminate
measurement errors, make precise measurements and to increase measurement reliability. After the calibration is
completed, the system's accuracy is verified with known materials. After the verification, the reflection and
absorption coefficients are taken from the VNA using the S-parameters obtained from the experimental
measurement. The received S-parameters show how much of the transmitted power is reflected and how much is
transmitted. These S-parameters are very important for characterizing microwave and RF devices. Analyzing these
parameters allows us to determine how they respond to electromagnetic waves and their material properties.
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Figure 2. Experimental measurement setup. Figure 3. TRL calibration.

After the calibration stages are completed, hybrid pique fabric is placed between two waveguides, and
measurements are taken in the 8-12 GHz frequency range. The S-parameters obtained from the VNA are calculated
using EMSE calculation formulas. In this way, the EMSE values of the hybrid pique fabric are found depending
on the frequency.

3. RESULTS AND DISCUSSION

The EMSE values of the hybrid pique fabric structure in the 8-12 GHz frequency range were calculated by the
S-parameters expressing the reflection and transmission coefficients from the waveguide measurement system.
The reflection measurement results of hybrid pique fabric, which vary depending on the wale density, are given in
Figure 4.

As the density of the wale decreases, the loop dimensions also decrease. Accordingly, the amount of reflection
increases. The reflection occurs thanks to the copper wire used in the hybrid fabric structure. The absorption
measurement results of hybrid pique fabric, which vary depending on the wale density, are given in Figure 5.
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Figure 4. The reflection measurement result of hybrid Figure 5. The absorption measurement result of
pique fabric. hybrid pique fabric.

It is observed that the amount of absorption increases as the density of the wale decreases. According to the
reflection rate, more absorption is obtained in the hybrid pique fabric structure. Absorption occurs by converting
the currents formed on the copper wire in the hybrid pique fabric structure into heat. The EMSE value of the hybrid
pique fabric, which is the sum of the absorption and reflection amounts at varying wale densities in the 8-12 GHz
frequency, is shown in Figure 6. In the measurement results, the wale density was changed to 12.5, 25, and 50,
and the change's effect on the EMSE value was investigated. The EMSE value is formed as the sum of absorption
and reflection values. In the hybrid pique fabric structure, it is seen that the EMSE value is mostly due to
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absorption. This can be attributed to the relationship between the loop size and wavelength, where smaller loops
better interact with the electromagnetic waves. In general use, the EMSE value between 10 dB and 20 dB is
considered good, while between 7 dB and 10 dB is considered the moderate value [27].
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Figure 6. EMSE measurement result of hybrid pique fabric.

It is seen that the hybrid pique fabric with a wale density of 50 has an average EMSE value in the 8-12 GHz
frequency band. When the wave density is set to 25, it is observed that it increases by 10 dB and provides a good
EMSE value in the range of 9.5-9.84 GHz. When the wave intensity is changed to 12.5, it is seen that the area
above 10 dB increases and provides a good EMSE value in the range of 8.6-10.2 GHz. It is observed that the
EMSE value increases in a certain frequency range and decreases in other frequency ranges when the wave density
changes. It is thought that this phenomenon is caused by the relationship between the wavelength and the
dimensions of the pique fabric structure and that the pique fabric formed in the layered structure increases the
reflection coefficient.

The study shows that the wale density of the hybrid pique fabric has a significant effect on its electromagnetic
shielding performance. As the wale density decreases, the fabric exhibits higher reflection and absorption values,
leading to better overall EMSE. This is because smaller loop dimensions in the fabric structure allow for more
effective interaction with electromagnetic waves, enhancing both reflection and absorption. The results also
suggest that the hybrid pique fabric performs well in the X-band frequency range (8-12 GHz), which is critical for
applications such as radar systems, satellite communications, and military devices. In particular, the fabric with a
wale density of 12.5 exhibited the highest EMSE values, making it a strong candidate for use in environments
requiring robust electromagnetic shielding. Moreover, the hybrid structure of the fabric, combining copper
conductor wire with cotton yarn, offers a lightweight and flexible solution, making it suitable for wearable
technologies and other applications where traditional metal-based shielding materials would be impractical due to
their rigidity and weight.

4. CONCLUSION

In this study, the electromagnetic shielding effectiveness of hybrid pique fabrics in the X-band frequency range
(8-12 GHz) and the effect of different wale densities on the shielding performance were investigated. Experimental
measurements were taken at various wale densities (12.5, 25, 50) of hybrid fabrics produced using copper
conductor wire, and cotton yarn and the results showed that the wale density had a significant effect on the EMSE
values. Hybrid pique fabrics with lower wale densities showed higher EMSE values and it was seen that these
values changed in frequency ranges depending on the structural properties of the fabric. As the wale density
decreased, the loop sizes of the fabric also decreased, and as a result, it was found that it had more absorption value
in the reflection of electromagnetic waves. The hybrid pique fabric with a wale density of 12.5 showed the highest
EMSE performance in the frequency range of 8.6-10.2 GHz, and the EMSE values exceeded 10 dB in this band.
The high EMSE of hybrid pique fabrics values obtained are primarily due to absorption, as the copper wires in the
hybrid fabric structure absorb electromagnetic waves and convert them into heat. This absorption, combined with
the fabric’s lightweight, flexible, and breathable properties, makes hybrid pique fabric a promising candidate for
wearable technology and personal protective clothing. Unlike traditional metal-based shielding materials, which
are often heavy and rigid, hybrid pique fabric offers a more practical and cost-effective solution with additional
advantages such as flexibility and comfort. The level of EMSE performance will allow the fabric to be used in
general applications requiring electromagnetic shielding, such as radar systems, satellite communications and
military technology, environmental monitoring systems, and wearable electronics. The ability to customize the
fabric’s EMSE performance by adjusting the wale density will further increase its versatility in different areas.
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Future studies could explore the performance of this fabric in higher frequency bands or wider frequency ranges,

further expanding its application scope.
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