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2.6. Plasma technology: PVD methods in textile manufacturing 

Margarida M. Fernandes, Andrea Zille, University of Minho, Portugal 
 
The functionalization of the surface of materials with thin layers, typically in the 
range of few nanometers to several micrometers is typically applied to impart new 
and unique properties to a substrate, a strategy that has long been used in 
technological breakthrough areas such as electronic semiconductor devices, 
development of optical devices, UV lasers and green LEDs, creation of antireflective 
coatings, as well as for both energy generation and storage. It is also being applied 
to biomedicine, through the development of thin-film drug delivery systems. To 
obtain such films, the physical vapour deposition (PVD) technique, has been widely 
explored. This is an environmentally friendly process that consists on the 
condensation of a vaporized form of the film material onto a substrate. Typically, 
the process consists in three different processing steps: i) a solid source is vaporized 
onto the material, assisted by high temperature and vacuum or gaseous plasma; ii) 
transportation of the vapour under vacuum to the surface of the substrate and iii) 
condensation of the vapour onto the substrate to generate the thin films (Figure 
2.6.1). 
  

 
 

Figure 2.6.1. Schematic representation of a plasma-assisted physical vapour deposition 
process 

 
Textile industry has been taking advantage on the use of these technologies to add 
value to their products, so they can meet the highly competitive market needs. 
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Highly advanced textile materials are continuously being brought to industry owed 
to the increasing functional properties that nano- and micro-coatings may impart 
to the materials. In fact, the development of protective garments, that protect 
against microbes, chemicals, pesticides, UV light and pollutants in growing in the 
last years. Table 2.6.1 shows typical applications of PVD techniques on textiles.  
 
Table 2.6.1. Typical applications of PVD techniques on textiles. 

Application Type of PVD Fibres and coating obtained 

Anti-microbial textiles  

Magnetron 
sputter coating 

SiO2 fibres coated with silver, copper, 
platinum, platinum/rhodium and gold 

Plasma 
sputtering ET fabrics coated with silver nanoparticles 

RF-Plasma Polyester–polyamide Ag-loaded textiles 
Magnetron 
sputter coating Silver coated polyester fabric 

UV light protection coatings Pulsed laser 
deposition  Cotton woven fabrics coated with ZnO  

Hydrophobicity improvement- 
water repellent textiles 

Magnetron 
sputter coating 

Woven silk fabric coated with PTFE 
(polytetrafluoroethylene) 

Conductivity  Magnetron 
sputter coating 

Nonwoven material coated with metal 
aluminium (Al) 

Textile dyeing improvement  Plasma 
sputtering 

polyester/wool fabrics coated with copper 
particles 

Electromagnetic radiation 
protection coatings Arc -PVD process natural, synthetic and artificial fibres coated 

with Cu, Ti and Cr 

Electronics in textiles Thermal 
evaporation Polyimide coated on both sides with PVC 

Protective clothing Arc -PVD process Polyamide fabrics coated with titanium and 
zirconium 

Photocatalysis Pulsed laser 
deposition 

TiO2 nanoparticles were evenly applied on 
the surface of a glass fibre mat 

 
PVD techniques may be categorized in five different techniques: 
1) Sputter deposition: The most commonly used PVD process in textiles is the 
sputter deposition technique despite being also widely used in glass, ceramic and 
microelectronic devices industries. This technique is based on the application of a 
glow plasma discharge (usually localized around the “target” by a magnet) and 
bombards the material with accelerated gaseous ions (typically Argon), sputtering 
some away as a vapor for subsequent deposition. The sputtered atoms have high 
energy and when they target the surface, they form a very thin surface coating with 
superior adhesion to substrates. Moreover, it is a simple and time-saving process 
that is capable of developing very thin ceramic or metallic coatings on to a wide 
range of substrates. Sputter deposition possesses many advantages since almost 
every alloys, elements and compound can be sputtered and deposited, providing a 
stable vaporization source. Nevertheless, it also possesses some disadvantages 
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including the fact that sputtering rates are low when compared to thermal 
evaporation methods and the targets are usually very expensive. Also, most of the 
energy that hits the target gets very heated during the process which must be 
removed.   
 
The subtype magnetron sputtering technology overcomes some of these 
disadvantages since it uses powerful magnets that restrict the “glow discharge” 
plasma to the region of the target plate, thus improving the deposition rate. This is 
attained because it maintains a higher density of ions, which makes the 
electron/gas molecule collision process much more efficient. 
 
This technique may impart conductivity to textile products which is a growing 
technological area since conductive yarns may be applied in electronic textiles, data 
transfer, imaging, protection against corrosion and electromagnetic shielding since 
it is commonly reported to deposit common conductive metals including gold, 
platinum and gold-palladium. In fact, nearly all-metallic elements can be deposited 
on textile substrates via sputtering. Silver is an example of a commonly used metal 
for textile functionalization. Silver-based coatings is one of the most widely used in 
textile industry to provide bacteria killing effect apart from imparting conductivity, 
UV protection and hydrophobic properties to textiles. Antimicrobial materials are 
critical to control pathogenic microorganisms and thus very important in clinical 
settings to avoid nosocomial infections in patients.   
 
2) Evaporative deposition: Thermal evaporation process allows for vapour particles 
of the material to be deposited directly from target the substrate, forming a 
functional coating when these condense back to a solid state. Thus, the process 
involves mainly 2 steps in industrial environment, this technique creates coatings 
at 0.5µm/min, by using a vapour pressure of 10 mtorr. The high purity films that it 
form and cost-effectiveness are the main advantages of this method. Evaporative 
deposition is based on two simple steps: the evaporation of the material and the 
condensation on the substrate. To prevent the collision of the evaporated particles 
with the background gas, vacuum is used. This technique is mainly used develop 
flexible substrates for thin conductive film deposition, namely a non-elastic woven 
coated on both side with PVC, for integrating electronics in textiles.  
 
3) Cathodic arc plasma deposition: This technique is one of the oldest PVD coating 
technologies which uses a high-power electric arc discharge onto the material to be 
deposited producing a highly ionized vapour that is further deposited onto the 
substrate. Cathodic arc deposition, or Arc-PVD, has been widely used to deposit 
metallic, ceramic and composite films on various substrates and since the material 
are fully ionized with very energetic ions it promotes better adhesion to the 
substrate and the formation of dense films. Nitrides and some oxides are commonly 
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used with this technique for the development of wear- and corrosion- resistant 
coatings and protection against electromagnetic radiation. Cu, Ti and Cr coatings 
were used to coat textile materials using Arc-PVD and it was observed that unlike 
other methods of metallization this method is able to adjust the thickness of the 
coating and thus resistance and EMI shielding effect. With Arc-PVD technique it is 
possible to use multiple cathodes and thus control the composition of coatings. 
Depending on the evaporation conditions, a chemical and textural changes at the 
substrate surface has been observed inducing a better layer adhesion between the 
coating and the fibres.  
 
4) Electron beam physical vapour deposition: In this technique, a target anode is 
bombarded with an electron beam given off by a charged tungsten filament under 
high vacuum. The electron beam causes atoms from the target to transform into 
the gaseous phase. These atoms then precipitate into a solid form, coating 
everything in the vacuum chamber with a thin layer of the anode material. 
 
Electron-beam evaporation can be used to develop a sufficiently large flux of 
evaporate from refractory materials. The effect of this technique on cellulose has 
been studied and its depolymerisation, with an increase of oxidized groups also, 
has been suggested due to the irradiation application. While this technique seems 
to cause harm to textiles the electron beam radiation has been applied to enhance 
the biodegradability of wastewaters from textile industry, activating the sludge 
process. 
 
5) Pulsed layer deposition: In this technique, a high power pulsed laser beam is 
applied to vaporise the material in a plasma environment then depositing a thin 
film on a substrate, a process that may occur in an ultra-high vacuum or in the 
presence of a background gas such as oxygen. The latter is usually used to deposit 
oxides. The physical phenomena involved in this process, related with the laser-
target interaction and film growth, are rather complex. When the target absorbs 
the laser pulse, an electronic excitation occurs that later on is transformed into 
thermal, chemical and mechanical energy, which results in evaporation, ablation, 
plasma formation and even exfoliation. The expelled species expand into the 
surrounding vacuum environment in the form of a cloud that contains many active 
species including atoms, molecules, electrons, ions, clusters, particulates and 
molten globules, before depositing on the typically hot substrate. Oxide samples 
such as ZnO and TiO2 have been reported to form stable films with this technique, 
for UV protection and photocatalytic purposes. 
 
The plasma assisted-PVD techniques are of great interest among the scientific 
community since the obtained nano and micro coatings allow a much larger surface 
area with improved functionality and durability, and without any adverse effect on 
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the fabric feel. The fabrics are thin light and flexible in contrast to other 
conventional methods of finish application such as pad-dry-cure that are usually 
accompanied by excessive weight add on, loss of feel and drape, poor durability to 
washing and loss. Moreover, is a dry and eco-friendly technology, which offers an 
attractive alternative to add new functionalities such as water repellency, long-
term hydrophilicity, mechanical, electrical and antibacterial properties as well as 
biocompatibility due to the nano-scaled modification on textiles and fibre [20]. 
Thus it may be applied in a wide range of industrial applications such as aerospace, 
automotive, surgical/medical and dyes for all manner of material processing, 
cutting tools, firearms, optics, watches, thin films (window tints, food packaging, 
etc.) and in the textile industry. 
 
References  
 
1. Kenji, N., T. Akihiro, K. Toshio, O. Hiromichi, H. Masahiro, and H. Hideo, Amorphous Oxide 

Semiconductors for High-Performance Flexible Thin-Film Transistors. Japanese Journal of 
Applied Physics, 2006. 45(5S): p. 4303. 

2. Ramamoorthy, K., M. Arivanandhan, K. Sankaranarayanan, and C. Sanjeeviraja, Highly 
textured ZnO thin films: a novel economical preparation and approachment for optical 
devices, UV lasers and green LEDs. Materials Chemistry and Physics, 2004. 85(2): p. 257-
262. 

3. Xi, J.Q., M.F. Schubert, J.K. Kim, E.F. Schubert, M. Chen, S.-Y. Lin, W. Liu, and J.A. Smart, 
Optical thin-film materials with low refractive index for broadband elimination of Fresnel 
reflection. Nature Photonics, 2007. 1: p. 176. 

4. Bloss, W.H., F. Pfisterer, M. Schubert, and T. Walter, Thin-film solar cells. Progress in 
Photovoltaics: Research and Applications, 1995. 3(1): p. 3-24. 

5. Bates, J.B., N.J. Dudney, B. Neudecker, A. Ueda, and C.D. Evans, Thin-film lithium and 
lithium-ion batteries. Solid State Ionics, 2000. 135(1): p. 33-45. 

6. Karki, S., H. Kim, S.-J. Na, D. Shin, K. Jo, and J. Lee, Thin films as an emerging platform for 
drug delivery. Asian Journal of Pharmaceutical Sciences, 2016. 11(5): p. 559-574. 

7. Dudek, M., O. Zabeida, J.E. Klemberg-Sapieha, and L. Martinu, Effect of substrate bias on 
the microstructure and properties of nanocomposite titanium nitride – based films. 
Journal of Achievements in Materials and Manufacturing Engineering, 2009. 37(2): p. 5. 

8. Shahidi, S. and J. Wiener, Antibacterial Agents in Textile Industry. 2012. 
9. Shahidi, S., B. Moazzenchi, and M. Ghoranneviss, A review-application of physical vapour 

deposition (PVD) and related methods in the textile industry. Eur. Phys. J. Appl. Phys., 
2015. 71(3): p. 31302. 

10.Wang, L., X. Wang, and T. Lin, 6 - Conductive coatings for textiles, in Smart Textile 
Coatings and Laminates, W.C. Smith, Editor. 2010, Woodhead Publishing. p. 155-188. 

11.Vihodceva, S. and S. Kukle, LOW-PRESSURE AIR PLASMA INFLUENCE ON COTTON TEXTILE 
SURFACE MORPHOLOGY AND evapourated COPPER COATING ADHESION. 2013. 

12.Lacerda Silva, N., L.M. Gonçalves, and H. Carvalho, Deposition of conductive materials 
on textile and polymeric flexible substrates. Journal of Materials Science: Materials in 
Electronics, 2013. 24(2): p. 635-643. 



98 
 

13.Tomasino, C., J.J. Cuomo, C.B. Smith, and G. Oehrlein, Plasma Treatments of Textiles. 
Journal of Coated Fabrics, 1995. 25(2): p. 115-127. 

14.Subbiah, R., B.Q. Cai, and K. Kyunghoon, Controlled vacuum arc material deposition, 
method and apparatus, U.o. Minnesota, Editor. 1993: US. 

15.Henniges, U., M. Hasani, A. Potthast, G. Westman, and T. Rosenau, Electron Beam 
Irradiation of Cellulosic Materials—Opportunities and Limitations. Materials, 2013. 6(5): 
p. 1584. 

16.Han, B., J. Kim, Y. Kim, S. Kim, M. Lee, J. Choi, S. Ahn, I. Makarov, and A. Ponomarev, 
Construction of Industrial Electron Beam Plant for Wastewater Treatment. 2018. 

17.Schou, J., Physical aspects of the pulsed laser deposition technique: The stoichiometric 
transfer of material from target to film. Applied Surface Science, 2009. 255(10): p. 5191-
5198. 

18.Vaseashta, A., Technological Innovations in Sensing and Detection of Chemical, 
Biological, Radiological, Nuclear Threats and Ecological Terrorism. 2012. 

19.Wiener, J., S. Shahidi, M.M. Goba, and J. Šašková, A novel method for preparing the 
antibacterial glass fibre mat using laser treatment. Eur. Phys. J. Appl. Phys., 2014. 65(2): 
p. 20501. 

20.Hegemann, D., M.M. Hossain, and D.J. Balazs, Nanostructured plasma coatings to obtain 
multifunctional textile surfaces. Progress in Organic Coatings, 2007. 58(2): p. 237-240. 

21.Scholz, J., G. Nocke, F. Hollstein, and A. Weissbach, Investigations on fabrics coated with 
precious metals using the magnetron sputter technique with regard to their anti-
microbial properties. Surface and Coatings Technology, 2005. 192(2): p. 252-256. 

22.Yuranova, T., A.G. Rincon, A. Bozzi, S. Parra, C. Pulgarin, P. Albers, and J. Kiwi, 
Antibacterial textiles prepared by RF-plasma and vacuum-UV mediated deposition of 
silver. Journal of Photochemistry and Photobiology A: Chemistry, 2003. 161(1): p. 27-34. 

23.Jiang, S.X., W. Qin, R. Guo, and L. Zhang, Surface functionalization of nanostructured 
silver-coated polyester fabric by magnetron sputtering. Vol. 204. 2010. 3662-3667. 

24.Huang, F., Q. Wei, Y. Liu, W. Gao, and Y. Huang, Surface functionalization of silk fabric by 
PTFE sputter coating. Journal of Materials Science, 2007. 42(19): p. 8025-8028. 

25.Deng, B., Q. Wei, W. Gao, and X. Yan, Surface functionalization of nonwovens by 
aluminum sputter coating. Vol. 15. 2007. 90-92. 

26.Motaghi, Z. and S. Shahidi, The Effect of Plasma Sputtering on Dye Ability of the 
Polyester/Wool Blends Fabrics. Journal of Textile Science & Engineering, 2012. 2(112). 

27.Prudnik, A., Y. Zamastotsky, V. Siarheyev, V. Siuborov, E. Stankevich, and I. Pobol, 
Electromagnetic interference shielding properties of the Cu, Ti and Cr coatings deposited 
by Arc-PVD on textile materials. Vol. 88. 2012. 81-82. 

  


