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The synthesis of coatings on textiles fibers enables functionalization of their properties e.g.: changing the reaction on IR
radiation. In our experiment, a magnetron with a grounded cathode and positively biased anode was used as a source of plasma.
A ring anode was positioned at 8 cm distance from the cathode. Samples of glass and cotton textile were placed at the plane
of the anode. Ti and TiN coatings were deposited by sputtering of titanium target in Ar or Ar+ N2 atmosphere. SEM studies
showed that, using the magnetron system described above, the textile fibers were covered by the 2 µm to 3 µm thick coatings.
Unexpectedly, the coatings were deposited at both sides of the samples: the front side was exposed to glow discharge plasma
and the backside was completely shaded from the plasma. IR optical investigation exhibited significant change in reflectance
and transmittance of the coated textiles. The using of standard magnetron system (grounded anode and cathode at negative
potential) resulted in a coating deposition at the textile side exposed to the plasma action only. We believe that the multi-sided
deposition of coatings observed during the process run with magnetron with grounded cathode is a result of an ambipolar
diffusion mechanism in the anodic potential drop region.
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1. Introduction

It is obvious that textile materials are impor-
tant and widely used for a variety of casual ap-
plications. The functionality of modern textiles
could be adjusted to particular demands by chang-
ing their properties, especially surface properties
such as: wear resistance, heat and electrical con-
duction, biocompatibility, antibacterial properties,
antistatic properties and so on [1]. Conventional
methods enhancing textiles surface properties are
currently used for such purposes as: [2] printing,
lamination [3], chemical plating [4], sonochemi-
cal reaction [2–5]. Recently, growing interest in
Plasma Assisted Physical Vapor Deposition (PA-
PVD) for surface modification of textiles has been
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observed. The magnetron sputtering method (MS)
as the most widely used PAPVD method seemed
to be a good choice [6–8]. Unfortunately, the most
common problems for coatings deposition on tex-
tiles by MS are poor adhesion, cracking and limited
thickness [9, 10]. Also, it should be taken into ac-
count that, during MS process, coatings deposited
on the surface of the textile side are exposed to
plasma of glow discharge only and the shading phe-
nomenon does not allow the plasma particles to
penetrate deeply into the textile to cover fibers un-
derneath the surface. This seems to be a significant
disadvantage because deeper fibers could not be
fully coated which could strongly affect the mate-
rial properties. Lately, we have developed a specific
plasma source – a magnetron in which the cath-
ode is electrically grounded and a positively biased
anode is separated from the magnetron body. Our
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latest study showed that despite the fact that the
grounded magnetron cathode has the same poten-
tial as the grounded chamber body, the glow dis-
charge plasma localizes on the surface of the mag-
netron cathode and a target sputtering occurs as in
case of standard magnetron sputtering [11]. This
modification leads to a stronger electric potential
drop in the anode area in comparison to the stan-
dard magnetron because of the reversed relation of
the magnetron electrode areas. We believe that the
change of the electric potential at the anode as well
as the electrode separation of the discharge elec-
trodes could affect the plasma particles paths, espe-
cially in the anode zone. In our opinion, this could
be used for more effective deposition of coatings
on textiles by using the sputtering technique. In
the presented experiment, the deposition effective-
ness was studied for non-reactive as well reactive
processes. As control parameters, the transmittance
and reflectance of the uncoated and coated textiles
surfaces were chosen.

2. Experimental
A diagram of the coating deposition system is

shown in Fig. 1. The chamber is made of 40 cm
diameter quartz glass pipe. The chamber is located
vertically at the pump system inlet. The upper end
of the chamber is closed by a stainless-steel lid. The
lid is used as a mounting plate for the magnetron
body, the anode holder and working gas supply.
The lid can be both grounded and electrically iso-
lated. The sputtering system consists of a self-made
magnetron and the separated anode is placed 8 cm
away from the cathode. The used magnetron mag-
netic system causes that the BZ0 point is located at
a distance of about 1 cm above the target surface.
According to the Gencoa criterion [12], this means
that our magnetron works as highly magnetically
balanced. The solid state magnets are arranged in
magnetron body to obtain the characteristic zone of
sputtering in a form of a 25 mm to 30 mm diameter
ring. The anode is made of an 8 mm copper pipe in
the form of a 7 cm diameter ring. The magnetron
body as well the anode holder can be electrically
connected or isolated from the stainless steel lid.
During the experiments, two magnetron electrodes

arrangements were used: (a) the grounded cathode
connected electrically with the grounded lid and
positively biased anode and (b) the negatively bi-
ased cathode and the grounded anode connected
with the grounded lid. This second arrangement
made the magnetron system more alike to the typ-
ically used magnetron systems. As a sputtered ma-
terial, a 48 mm diameter and 3 mm thick titanium
target (Ti of grade 1) was used. The DPS [13, 14]
power supply, operating at 100 kHz frequency with
500 Hz modulation was used. Before the deposition
process the 1200 L/s turbomolecular pump evacu-
ated the vacuum chamber to the base pressure of
5 × 10−4 Pa. The parameters of the coating deposi-
tion are shown in Table 1.

Fig. 1. Diagram illustrating the setup of process appa-
ratus.

As test substrates for coatings composition and
structural study, n-type (1 0 0) silicon wafers were
used. The samples were placed perpendicularly to
Z axis of the magnetron system, directly in the
plane of the anode ring (Fig. 1). The structural
characterizations of the layers were carried out by
means of X-ray diffraction using CuKα radiation
(λ= 1.54056 Å). The morphology of structure was
examined by means of ZEISS Ultra Plus. SEM im-
ages were taken at 45°.
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Table 1. Process parameters of coating deposition.

Ti coating TiN coating

Substrate Glass textile Cotton textile Silicon Glass textile Cotton textile

Ar partial pressure [Pa] 0.45 0.45 0.45 0.45 0.45
N2 partial pressure [Pa] – – 0.05 0.05 0.05
Power [kW] 3 2 3 3 2
Time [min] 60 10 10 30 10

In further experiment we used circular samples
of textiles (glass and cotton) as substrates for coat-
ing deposition. The samples were placed at the
same location as the silicon ones. During the de-
position, only one side of the textiles sample was
exposed to the plasma emitted from the Ti target.

The Ti and TiN coatings were investigated by
means of SEM. Examined samples were taken by
cutting off 1x1 cm scratch of textile, then the sur-
face and cut edges were observed to find out if the
fibers had been fully covered. For this study, the
ZEISS Ultra Plus SEM was used.

Reflectance and transmittance spectra were
measured in the spectral range of 200 nm to
2500 nm by means of the Cary 5000 spectropho-
tometer (from Agilent) equipped with an integrat-
ing sphere (both specularly and diffuse reflected
beams were recorded). The data were corrected us-
ing the standard baseline correction procedure.

3. Results and discussion

In our previous work we suggested that local-
ization of glow discharge plasma at grounded sur-
face is possible by use of locally applied magnetic
field [11]. Plasma localization occurs because the
breakdown voltage needed to maintain the glow
discharge is lower for magnetized ambient than
for the unmagnetized one [15–17]. We believed
that the sputtering would be limited to the region
where magnetic field is applied, avoiding sputter-
ing of other elements at the ground potential. To
confirm this, we studied XRD spectra of TiN coat-
ing deposited on silicon substrate. The spectrum
presented in Fig. 2 consists of the peaks assigned
to TiN and Si planes only. No extra phases are

observed. TiN does not show any preferred orien-
tation of growth. Obtained lattice parameters have
been plotted against the Nelson-Riley function. Ex-
trapolation of the function gave true value of lattice
parameter, ao = 4.242 Å. This value is very close
to that reported in literature (JCPDS Card No. 38-
1420) and suggests that obtained TiN phase is sto-
ichiometric. In our opinion, it proves that the sput-
tering is limited to the surface of the target mate-
rial. Another evidence of localization the sputtering
zone is an image in Fig. 3 where the target sputter-
ing trace is presented.

Fig. 4 presents the images of glass textiles sam-
ples after deposition processes carried out with the
use of a magnetron working with the grounded
cathode. Despite the fact that during the deposi-
tion, only one side of the samples was exposed
to the plasma source, both sides seem to be cov-
ered well by the Ti and TiN coatings. Nevertheless,
the color difference between both sides of the sam-
ples suggests that the coating at the sample back-
side seems to be slightly thinner than the coating
on the plasma exposed side. For comparison, we
present in the first row of Fig. 4 the result of a depo-
sition process carried out with the electrode setup
system alike to the standard magnetron sputtering
arrangement. In this case, the sample front side (the
side exposed to the plasma) was covered by the
Ti coating while the sample backside stayed white
and uncovered. Fig. 4 shows a basic difference be-
tween both versions of the MS method. In case of
sputtering carried out with the use of the grounded
cathode, particles penetrated the textiles and tex-
tiles fibers which were covered omnidirectionally.
This contrasts with the standard magnetron sput-
tering, where the coatings are deposited only on
the exposed side of the textile. It is worth noting
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Fig. 2. XRD spectrum of TiN coating deposited on sil-
icon substrate (top), extrapolation of lattice pa-
rameters calculations (bottom).

that the one-sided covering during the coatings de-
position on textiles by the standard magnetron sput-
tering is typical and commonly experimentally ob-
served. For example, deposition processes for coat-
ings on fibers by MS method were studied by
Ziaja et al. [18, 19]. They studied the effective-
ness of coatings deposition on non-woven fabrics
used for shields of electromagnetic radiation ap-
plications. The cited works clearly reported that
metallization of fabrics by MS method occurred
only at the exposed side of textile. Additionally,
the authors confirmed by resistance measurements
that the exposed surface of textile was not covered
completely.

Fig. 5 shows SEM images of glass fibers
taken from both sides of the glass textiles sample

Fig. 3. Ti target after 50 h of sputtering.

compared with uncoated ones. Additionally, SEM
images of coatings deposited on silicon substrates
in a reference process are presented. Images were
taken randomly from the surface of the textiles at
the cut edges of fibers. The textile fibers at the
exposed side are fully covered. The coatings are
∼2 µm thick both for the Ti and TiN coatings. Ev-
idences of delamination and cracking are observed
only in the zones where the fibers were mechan-
ically cut. Untouched fragments of the fibers ap-
peared as crack-free. Previous studies concerning
deposition of coatings on textile fibers by the mag-
netron sputtering method reported flaws such as
cracking and adhesion faults. Wei et al. [9] ob-
served that the tendency to delamination of coat-
ings comes from an insufficient energy available
for bonding the coating with fibers. Additionally,
the authors pointed out that cracking mechanism
appeared for copper coatings on polypropylene
fibers thicker than 50 nm. A similar conclusion was
presented by Xu et al. [10] concerning TiO2 coat-
ings on polyester fibers. Poor adhesion can be also
explained as a result of insufficient activation of
fibers surface, internal stress, and differences in the
thermal expansion coefficient. Chen et al. [20, 21]
improved the adhesion of metallic coatings to PET
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Fig. 4. Images of textiles surfaces after deposition pro-
cesses. Images present both sides of samples:
exposed to plasma source (left column) and
shaded from plasma (right column).

fibers by using the HiPIMS method instead of the
standard MS method. This high-power modifica-
tion of the magnetron sputtering method character-
ized by a higher power density and higher ioniza-
tion state of plasma enabled the production of more
energetic plasma [22].

In proposed by us MS version, we assume that
using a grounded cathode results in a significant
modification of the plasma distribution and plasma
energy in the anode zone where the textiles are
placed. One should consider that in this arrange-
ment the cathode surface area is much larger than
the anode surface area. The cathode surface area
consists of the area of grounded magnetron cathode
(“magnetized cathode”) and the area of grounded
lid (“non-magnetized cathode”). The grounded lid
acts electrically in the system as the cathode despite
the fact that plasma is located only at the magnetron

Fig. 5. SEM images of: uncoated textile fibers (top left),
test silicon substrate coated by TiN (top right)
and images of textiles surface after deposition
processes. SEM images present both sides of
samples: exposed to plasma source (left column)
and shaded from plasma source (right column).

cathode. The total surface area of the grounded
cathodes is much larger than the surface area of
the anode, which results in a high electric field at
the anode potential drop. This anode potential drop
strongly affects the electrons of plasma of glow dis-
charge, accelerating them to the anode. Because of
the ambipolar diffusion [23, 24] and the interpar-
ticle collisions in the plasma, heavier plasma par-
ticles are also accelerated in the direction of the
anode. The most energetic particles can pass the
anode ring and, if charged, undergo further accel-
eration by the positive electric field. It seems, pro-
vided the textiles sample was placed at the center
of the anode area, that the energetic plasma par-
ticles could easily penetrate the textiles structure
covering their fibers and also approach the textile
backside not exposed directly to the plasma emit-
ted from the target area. During the standard MS
process, the anode potential drop is lower than in
case of the process with cathode at grounded po-
tential because of the inferior ratio of the electrode



644 RAFAŁCHODUN et al.

Fig. 6. Reflectance and transmittance spectra taken from both sides of glass textiles.

surface areas as well as the fact that the lid has the
same electric potential as the grounded anode.

One of the most obvious properties of the mod-
ified textile seems to be its reaction to the IR ra-
diation. To find out how the covering of the tex-
tiles influences their optical properties, the opti-
cal transmission and reflectance examinations were
carried out up to 2500 nm radiation. Fig. 6 presents
the results of reflectance and transmittance mea-
surements of glass textiles. Both sides of the sam-
ples were investigated. Reflectance and transmit-
tance were reduced after deposition of the coat-
ings. Furthermore, there was no significant differ-
ence between both sides of the textiles, even if we
proved that coatings on opposite sides of the sam-
ples were characterized by different thicknesses.
The titanium coating appeared more reflective and
less transmitting than titanium nitride. The charac-
ter of the obtained spectra suggests that glass tex-
tile covered by Ti and TiN coatings not only reduce
transmission but also scatter the electromagnetic
radiation which is very promising for their poten-
tial applications.

Encouraged by the positive results obtained for
glass textiles, we decided to synthesize coatings
on cotton textiles. Taking into consideration much
lower thermal stability of cotton fibers than those
of glass, we reduced the power and length of the
deposition process (Table 1). The character of cot-
ton transmittance and reflectance spectra is more
complex which probably results from properties of
fabrics we used in this experiment. Nevertheless,
the positive reaction of coated textiles to EM ra-
diation is also observed. The spectra have been
shown in Fig. 7.

4. Conclusions

When studying the possibility to cover textiles
by the metallic coatings for increasing their useful
properties for the human protection against heat we
paid attention to the special arrangement of mag-
netron electrodes. We decided to use the grounded
cathode arrangement of balanced magnetron and a
separately located positively biased anode made in
the form of a ring. We assumed that in such unusual
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Fig. 7. Reflectance and transmittance spectra taken from both sides of cotton textiles.

magnetron setup the ambipolar diffusion effect en-
hanced by the strong anode potential drop could be
especially beneficial for the deposition of coatings
on textiles. Our experiments proved our assump-
tions showing a multi-sided covering effect for the
textiles samples located directly on the ring-shaped
anode. According to our best knowledge, such a
multi-side covering effect during the modification
of textile surface by plasma method has been ob-
served for the first time. It seems to us that the ex-
periment arrangement could be easily adapted to
the regular massive production of coatings on tex-
tiles on an industrial scale.
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