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In this study, the effect of weft-knitted fabric structure on electromagnetic shielding was investigated at 1-12 GHz
frequencies. The weft-knitted fabric was drawn in the Autocad program using 50 pm thick conductive yarn. The
three different designs were applied using weft and warp yarn. These are designed in such a way that first the entire
structure is conductive, then one loop conductive other loop is not conductive, and the last one, one weft yarn
conductor other weft yarn is not a conductor. The designs were measured using the waveguide measurement
system in the CST program and the results were compared between each other. The obtained simulation results
that conductive weft-knitted fabrics can be used as very effective, lightweight, wearable, flexible microwave
shielding materials for clothing, tents, curtain, and related applications at 1-12 GHz frequencies.
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1. Introduction

In recent years, with the development of science and
technology, electrical devices have started to include our lives
more and more. These devices expose to electromagnetic
waves. When these electromagnetic waves encounter a living
thing, it causes molecules to vibrate and heat, while it
interferes with and damages electronic systems[1-3].
Electromagnetic shielding is one of the basic methods of
shielding electromagnetic radiation. It acts as a barrier to
prevent the spread of electromagnetic waves from one point
to the medium.

Since it is light, wearable, and easy to shape, textile structures
are preferred in applications to electromagnetic shields and
are used in many areas. Some of these are
telecommunications,  military  application,  medical
monitoring, and treatment, electro-thermal devices[4-9].

In this study, the effect of weft knitted fabric structure on
electromagnetic shielding was investigated at frequencies of
1-12 GHz frequencies. Since it covers all communication
frequencies used in daily life, simulations were made in this
frequency range. Designs were made in the AutoCAD
program using weft and warp yarn in a weft-knitted fabric

structure. The designs were measured in the CST program
between 1-12 GHz frequencies. According to the results
obtained, it is predicted that it can be applied to many areas.

2. Material and Methods

Weft-knitted fabric is one of the basic knitted fabrics used
since ancient times. While designing, the thread thickness
was chosen as 50 pum. Since metal structures are hard and
difficult to shape, they are preferred as thin as possible. While
knitting with a thickness of 50 um without breaking, it can
also maintain its flexibility. The structures shown in yellow
in the weft-knitted fabric structure describe the copper and the
dimensions of weft-knitted fabric are given in the Fig. 1.



Journal of Materials and Electronic Devices 5 (2021) 18-20

4 Z &
4.95 mm

. x4 o

" s iy "_.‘
< _ - i -
< > v

5.08 mm t
@e==p- X

Figure 1. First (a), next (b), and last design of weft-knitted
fabric.

S-parameters are used to find the transmitted, reflected power
and absorption parameters of the electromagnetic wave that
comes to the environment at high frequency. Reflection
coefficient (R) and transmission coefficient (T) are defined
based on S-parameters as given in equation 1.

R=1S,I?, T =15,]? 1)

The absorption coefficient (A) can be obtained from the
simple relationship in equation 2.

A+R+T=1 (2)

Electromagnetic shielding efficiency (SE) is calculated as the
ratio of incident wave Pi power to transmitted Pt wave power
asgivenin [10,11].

SE = 10log (1;—;) (3)

Three different designs were applied to match the sub-
wavelength of the measurement frequency range using weft
and warp yarn. The first structure is designed such that the
entire structure is conductive. The second design has one loop
conductor and the other non-conductive loop and the third
one is that one weft yarn conductor and the other weft yarn
non-conductive. The designs are shown in Fig. 2.
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Figure 2. First (a), next (b), and last design of weft-knitted
fabric.

The waveguide measurement setup was prepared for
measuring and taking S-parameters, in the CST program.
Waveguide ports are identified in front of and behind the

19
designs and each design is measured individually. The
simulation measurement setup is given in Fig. 3.

Figure 3. Simulation setup front view (a) and back view (b)

4, Results and discussion

The broadband measurements in the 1-12 GHz frequency
range completed in the CST simulation program. SE is
calculated by using S parameters separately for each design
and is shown in Fig. 4.
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Figure 4. Simulation result of SE

When the simulation results are examined, it is seen that the
highest SE value is obtained from the full copper weft-knitted
fabric structure (1. Design). It appears to have a value of
35.95 SE at a frequency of 4.1 GHz. In general, it is seen that
while having higher SE values in the frequency band, there
are also peak values at different frequencies. In the other two
designs, the results were found to be close to each other, and
the maximum SE was found to be 27.05 SE at a frequency of
2.99 GHez. It is the point where it has a better SE value than
the first design result.
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5. Conclusion

In this study, the effect of conductive weft-knitted fabric
structure on electromagnetic shielding at 1-12 GHz
frequencies has been presented. The three different designs
were made from weft-knitted fabric and the effect of designs
on SE value was investigated. In the CST simulation,
measurements were made in the frequency range of 1-12 GHz
by a waveguide measurement setup. SE values were
calculated with the S-parameters obtained from the
simulation measurements. When the results were examined,
the maximum SE value was obtained as 35.95 SE at a
frequency of 4.1 GHz. When the weft-knitted fabric designs
were made, the maximum SE value was obtained at a
frequency of 27.05 SE and 2.99 GHz. The rate of copper in
the fabric was halved and frequency was shifted. It showed
that a high SE value at the desired frequency can be obtained
by using the fabric structure. In this way, it is predicted that
conductive weft knitted fabrics can be used as very effective,
light, wearable, flexible microwave protective materials for
clothing, telecommunication, military application, medical
monitoring and treatment, electro-thermal devices, tents,
curtains, and related applications at frequencies of 1-12 GHz.
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