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Abstract: Electromagnetic radiation in our environment means hazards for human’s health and interference
for electronic equipment. One method of protection according to electromagnetic compatibility is shielding.
Conductive textiles represent a modern solution for electromagnetic shielding, due to their specific properties
like lightweight, flexibility, mechanical resistance and 3D — shape ability. There are mainly two methods for
imparting electric conductive properties on textile materials: insertion of conductive yarns within the fabric
structure and coating of the fabric surface with conductive raw materials. This paper presents textile EM
shields achieved by combining these methods: woven fabric structures with inserted silver yarns in warp and
weft direction with various fabric densities were designed and manufactured and afterwards coated by
magnetron plasma with a copper thin film. Electromagnetic Shielding Effectiveness (EMSE) measurements
were conducted on these fabrics in the frequency range of 0.1-1000 MHz. Values of EMSE reached 40-55 dB.
The main aim of the paper is to show that fabrics with a low yarn density have a better gain of EMSE values
after plasma coating with copper. This fact may be explained by an interpenetration of the copper films from
one side to the other side within the woven fabric structure for low yarn densities and formation of electrically
conductive paths.
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1. INTRODUCTION

Flexible electromagnetic shields out of textile fabrics represents a solution well documented
within the literature. The research studies are focused towards various directions in the inter-
disciplinary field of textiles and electromagnetic compatibility [1,2]. As such, research papers tackle
first of all new manufacturing methods for achieving EM shields out of textile materials [3-7]. Main
aim is to achieve a performant shielding effectiveness (EMSE), by considering cost-effectiveness
and resource efficiency. A second priority is to describe new methods for measuring electric
properties in case of conductive textiles, such as electric resistivity / conductivity and EMSE [8].
Such scientific contributions have as purpose achieving most precise measurement methods in case
of the composite textile materials. Another valuable direction is the modelling of electric properties
for textile materials (conductivity, EMSE), followed by subsequent validation of proposed
mathematical relations by experimental measurements [9,10]. Main aim is to consider a
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mathematical model, simple enough to precisely estimate the experimental evolution of the physical
property [11]. Other research contributions tackle resource efficiency and environmental friendliness
of the manufacturing technologies, even by LCA studies [12, 13]. The present paper contributes to
new manufacturing methods of flexible EM shields, namely magnetron plasma coating and has as
main aim a correlation between woven fabric structure (yarn’s density) and achieved EMSE
properties.

2. MATERIALS

Woven fabrics with inserted conductive yarns and coated in magnetron plasma were used
for this study. The woven fabrics consist out of 100% cotton yarns Nm50/2 and conductive yarns out
of silver coated polyamide 117/17 dtex (STATEX), inserted in warp and weft direction. Sample F5
had silver yarns inserted only in weft direction. The woven fabrics had plain weave, with various
densities (number of yarns per 10 cm). The structural and physical-mechanical properties of the
achieved fabric samples are presented in table 1:

Table 1: Structural and physical-mechanical properties of samples
Fabric samples / F1 4 F3 F4 F5

Properties

Float repeat: Warp 6:2 6:2 6:2 6:2 1:0
[Basic:conductive Weft 3:2 3:2 4:2 5:2 6:1
yarn]

Density Warp 160 163 168 168 624
[No. of yarns / 10 cm] Weft 110 124 140 150 326
Fabric thickness [mm] 0.516 0.495 0506  0.495 0.490
Specific mass [g/m?] 98 106 113 118 208

The electrical conductivity of the silver yarns was of ¢ = 111kS/m. This value was
computed by measuring the linear resistance of the yarn and applying the resistivity relation. The
relative magnetic permeability and the relative electric permittivity of silver equal to 1. The weaving
of combined cotton/silver textiles was conducted to insure 1 silver yarn every 4 mm on both warp
and weft direction.

3. EXPERIMENTAL

The woven fabrics samples (F1-F5) were coated by magnetron plasma with copper layers on
both sides for improvement of EMSE. EMSE was measured by TEM cell according to standard
ASTM ES-07 for initial and coated fabric samples.

3.1. Plasma coating of fabrics

The copper coating of the textile fabrics was performed at INFLPR into a dedicated
spherical stainless steel vacuum chamber (K.J. Lesker), pumped out by an assembly of a fore pump
and turbomolecular pump (Pfeiffer), which allowed the obtaining of a base pressure down to 3x10°
mbar [14]. A constant argon flow (purity 6.0) of 50 sccm was continuously introduced into the
chamber by means of a Bronkhorst mass flow controller, which insured to establish the processing
pressure around 5 x10° mbar. The chamber is provisioned with magnetron sputtering gun from K.J.
Lesker, accommodating a high purity copper target (99.999%). The discharge was ignited by means
of an radio frequency generator (13.56 MHz) provisioned with an automatic matching box for
adapting the impedance, and the deposition time was set to insure a coating thickness of 400 nm and
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1200 nm on each sides of the textile fabrics. Enhanced deposition uniformity was achieved by
rotating the samples during the deposition process (200 rotation/min).

The five woven fabric samples previously described in table 1 were coated on both sides with
copper thin films by magnetron sputtering. A number of new five samples with destination
electromagnetic shielding resulted (table 2) resulted upon plasma processing.

Table 2: Plasma coated fabric samples
Sample code F6 F7 F8 F9 F10
Coating thickness on both sides [nm] 1200 1200 1200 1200 400

3.2 EM Shielding effectiveness measurement
EMSE measurement was accomplished according to the standard ASTM ES-07, via a
Transversal Electric-Magnetic cell (TEM Cell). EMSE is defined as:

ower of incident signal
EMSE =10 Eﬂglg( P f : g. ) (1)
power of transmitied signal

A scheme of the coaxial TEM cell is presented in figure 1 and a picture of the TEM cell in figure 2.

Fig. 1: Scheme of the TEM cell and of the testing woven Fig. 2: Picture of the TEM cell ICPE-CA
fabric sample

Tested fabric samples were tailored in annular shape having an outer diameter of 100 mm
and an inner diameter of 30 mm and fixed onto the cell by means of colloidal Ag paste. The
measurement system included a signal generator E8257D, a Power amplifier model SMXS5, the
Coaxial TEM cell model 2000 and an Oscilloscope Tektronix model MDO03102. The EMSE
measurements were accomplished within the frequency range of 100 kHz to 1 GHz. EMSE was
measured for each of the resulted samples (F1 — F10).

4, RESULTS AND DISCUSSION
The five fabric samples with inserted conductive yarns and the same substrates coated by magnetron

plasma were investigated regarding EMSE. Figure 3 and figure 4 present EMSE values measured for
specific points within the frequency range 100 kHz — 1 GHz.
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EMSE:F1-F5 (uncoated samples)
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Fig. 3: EMSE values for fabric samples F1-F5 (uncoated samples)
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Fig. 4: EMSE values for fabric samples F6-F10 (coated samples)

The measured values of EMSE show that plasma coating renders an increase of 6-12 dB in
the frequency range of 100 kHz-100 MHz. Coated textiles are part of the small-aperture metal
electromagnetic shields family which can be seen as arrays of waveguides below cutoff. For this
type of shielding materials, EMSE is mainly due to reflection loss, absorption and correction factor
of multiple reflections having a less significant contribution. When the apertures become a very
small fraction of wavelength, the electromagnetic wave “sees” the material as a homogenous media.
As the aperture size increase, becoming a larger fraction of wavelength, the electromagnetic wave
starts to propagate inside the structure and EMSE drops. This phenomenon explains the decrease in
EMSE at frequencies above 100 MHz which can be observed in figures 3 and 4. Moreover, the
electrical contact between sample and the test cell becomes very important at high frequencies where
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leakages may occur if the contact resistance is low. The sample with high yarn density (F5) shows
the smallest EMSE values for the frequency range, for it presents silver yarns only in weft direction.
The other four samples have similar EMSE values on the entire frequency range due to similar fabric
structures, with single variation of the yarn density. Figure 5 shows explicitly the gain achieved by
the copper plasma coating on the five fabric samples. Once again, the fabric with the highest density
(F10/F5) shows the smallest gain of up to 2 dB upon Cu coating. Yet, it has to be noted that sample
F10 had only 400 nm coating thickness, showing also that the thickness of the coating layer is
important to improve EMSE. However, the woven fabric with the low yarn density (F6) shows the
highest gain of EMSE of up to 12 dB, followed by F7, which is closely tracked by F8 and F9 with
similar EMSE values. These experimental considerations prove the initial premise of the study:
fabrics with low yarn density subjected to magnetron plasma coating show better EMSE properties.

EMSE Gain by plasma coating
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Fig. 5: Gain of EMSE on the five woven samples by plasma coating

This fact may be explained by an interpenetration of the layers on one side to the other one
in the existing spaces between the yarns in the weft and warp directions, which is more pronounced
in the woven fabrics with low yarn density. This allows the formation of electrically conductive
paths inside the fabric that contribute to the overall electromagnetic shielding of the material.

5. CONCLUSIONS

Woven fabric samples with inserted conductive silver yarns and different densities on warp
and weft direction were designed and manufactured with destination EM shielding. All fabric
samples were subsequently coated by copper magnetron plasma for improvement of EMSE
properties. Premise of the study was better electrically conductive and EMSE properties for the
coated samples with a low yarn density. Experimental results of EMSE measurement proved this
premise. The better electric properties in case of plasma coated fabrics with lower yarn densities
may be explained by a better penetration of copper particles inside the fabric structure.
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