
Conventional applications
of

Thin Films

Jari Koskinen



Titanium Nitride, 
Titanium Dioxide

Art & Decoration

Diamond-like carbon

Hardness, protection and wear



28/10/13

Applications of thin films

• Electronic components
– semiconducting, dielectric, insulating, 

conductors, barriers…
• Hard protective coatings

– Tribology short
– Cutting tools: metal
– Metal forming
– Componets

• Combustion engine
• Turbine blades

• Decorative films
– Metal
– Interference coatings
– Pagaging,  

• Decorative and wear-resistant 
(decorative/functional) coatings

– TiN

• Permeation barriers for moisture and gases
– Bottle
– Pacaging (Aluminium)

• Corrosion resistant films
– ALD

• Dry film solid lubricants
– DLC, MoS2
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§ Coatings tribology
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Adhesion – interfacial toughness

§

Sivu 5
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Scratch testing
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Scratch testing

Sivu 7

• Critical load Lc
• A value related to adhesion strength
• Modelling FEM: Fracture toughness Kc
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Examples
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Acoustic signal scratch testing
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FEM modeling of stresses in scratch test

Sivu 10
K. Holmberg et al. Coatings Tribology, 2009)
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Rockwell indentation adhesion test

Sivu 11 https://doi.org/10.1016/j.surfcoat.2020.125365

https://www.oerlikon.com/balzers/com



A!
Aalto-yliopisto
Teknillinen korkeakoulu

12

Parameters influencing friction and wear 
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Features of a (metal) surface in contact
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= atomaric amorphous layer
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Sizes ranges
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Processes from loading to wear
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Wear

Sivu 16

Adhesive

Abrasive
by Holm and Archard
V wear volume
w normal load
s sliding distance
H hardness
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Plastic deformation in wear – example of Au films

Sivu 17
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Wear

Sivu 18

fatique

Fretting



A!
Aalto-yliopisto
Teknillinen korkeakoulu

Some coating wear modes

Sivu 19
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Coating interface at indentation

Sivu 20
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Stress countours, normaized to von Mises stresses (≈ σy)

Sivu 21
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Multilayer with gradient

Tsinghua Science and Technology, December 2005, 10(6): 665-679
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Tribological properties

§ Friction and wear performance 
evaluated:
- pin-on-disc
- reciprocative test
- unlubricated in normal 

atmosphere
- unlubricated in dry air
- lubricated with water and 

lubricating oil
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Improved tribological properties of 
components by surface coatings

Reduced friction Increased wear resistance
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Cutting tool coatings
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TiAlN

§ Titanium aluminium nitride (TiAlN) or aluminium titanium nitride 
(AlTiN; for aluminium contents higher 50 at.%) stands for a group 
of metastable hard coatings consisting of the metallic elements 
aluminium and titanium, and nitrogen. 

§ Why TiAlN coatings outperform pure Titanium nitride (TiN):

§ Increased oxidation resistance at elevated temperatures due to the 
formation of a protective aluminium-oxide layer at the surface

§ Increased hardness in the freshly deposited films due to micro-
structure changes and solid solution hardening

§ Age hardening of the coatings at temperatures typical for cutting 
tools operation due to spinodal decomposition of TiAlN into TiN
and cubic AlN

From WIKI
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Tool coating process
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Metal turing tool
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HIPIMS TiAlN
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CrAlSiN coating
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Title

http://www.endmill.com/pages/coatings.html
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Coating selection

http://www.endmill.com/pages/coatings.html
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Coating selection Hauzer
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Coated components for wear and friction - automotive

https://www.oerlikon.com/balzers/sg/en/markets/automotive-and-
transportation/automotive/automotive-components/
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Coated components for wear and friction – automotive
Hauzer
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Motor

DLC
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Energy consumption of a car
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Solid lubricant thin films

Donnet, Erdemir, Surface and Coatings Technology
Volumes 180–181, 1 March 2004, Pages 76–84
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Title
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Decorative coatings PACVD on plastic

https://www.oerlikon.com/balzers/com
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Title

https://www.oerlikon.com/balzers/com
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Decorative DLC and other PVD from DIARC Ltd
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Title

http://www.testbourne.com/architectural-automotive-glass-web-coating
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Roll to Roll for decorative and gas barrier
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Title
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Permeation
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Title
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ALD barrier for OLED on polymer web

WVTR:
• 8.5 × 10−5 g/m2/day at 25°C, 85% RH
• half lifetime  380 h luminance 1,500 cd/m2 for 

a green organic light-emitting diode

Hao Zhang et al., Nanoscale Research Letters 2015,10:169
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ALD for encapsulation

Hao Zhang et al., Nanoscale Research Letters 2015,10:169
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Corrosion resistance
AlZ31 (Mg + Al 3wt%, Zn 1wt%) with MS Al 250nm  

Fig. 2. 

(a) Polarization curves of the coated AZ31 and bare AZ31. (b) 
Appearance of the samples after 1 h of immersion. (c) Surface 
morphology of the Al coated AZ31 observed by SEM after 1 h of 
immersion. The insert shows the morphology of the cracks. (d) Surface 
morphologies of the Al coated AZ31 observed by FESEM at a higher 
magnification after different immersion time (0 h, 1 h and 6 h).

G. Wu et al. , Materials Letters, Volume 62, Issue 28, 15 November 2008, Pages 
4325–4327
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Multilayer PVD MS CrN + ALD nanolaminate
• MS of Cr (Commercial Balinit CNI) 3 µm + ALD Al2O3/TiO2 nanolaminate 50 nm

Sealing of hard CrN and DLC coatings with atomic layer deposition
E Härkönen, I Kolev, B Díaz… - … applied materials & …, 2014 - ACS Publications

Leppäniemi, J. et al., 2017. Thin Solid Films. Thin Solid Films, 627, pp.59–68.
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Leppäniemi, J. et al., 2017. Thin Solid Films. Thin Solid Films, 627, pp.59–68.


