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Terminology
• Film or coating is material which is restricted in one dimension
• Substrate is solid material supporting the film
• Thickness

– Atomic level:
• 2 – 5 atom layers on the surface (≈ 0.2 – 0.5 nm)
• over 10 atomic layers (≈ 1 nm) is bulk

– Technically 
• 1nm – 10 µm
• Needed layer thickness, which is needed to:

– protect substrate
– Wanted functionality of the coating

Mikko Ritala Thin Films
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Motivations - why thin films?

• Interaction of materials (commonly) via surface
• Modification of material properties – added functionality

– Functional thin films
• Market of thin films and coatings

– volume about about 1% of GNP
– common in all areas of industry

• Electronics
• Transport
• Energy
• Building
• Bio-technology
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Titanium Nitride, 
Titanium Dioxide

Art & Decoration

Diamond-like carbon

Hardness, protection and wear
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Optical systems, optical
MEMS 

Indium Tin Oxide, ITO:
Defrosting coating

Titanium Dioxide: Photocatalytic activity

Function and utility

Microelectromechanical
systems, MEMS
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Applications of thin films
• Electronic components

– semiconducting, dielectric, insulating, conductors, barriers…

• Electronic displays
– LCrystalD, LED, ELuminescent, Echorimc, transparent conductive…

• Photo voltaic
• Optical coatings
• Magnetic Films for Data Storage

• Optical data storage
• Antistatic coatings

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

• Permeation barriers for moisture and gases
• Corrosion resistant films

• Coating of engine turbine blades
• Wear and erosion resistant (hard) coatings (tool coatings)
• Dry film lubricants

• Thin-walled freestanding structures
• etc.
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Coating technologies
Handbook of Deposition Technologies for Films and Coatings - Science, Applications and Technology (3rd Edition)
Edited by: Martin, Peter M. © 2010 William Andrew Publishing
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Coating technologies in this cource
Handbook of Deposition Technologies for Films and Coatings - Science, Applications and Technology (3rd Edition)
Edited by: Martin, Peter M. © 2010 William Andrew Publishing
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The thin film process
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SOURCE solid
liquid
vapor
gas

SUBSTRATE

component
tool
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SOURCE solid
liquid
vapor
gas

TRANSPORT
gas phase
vacuum
liquid

SUBSTRATE

component
tool
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SUBSTRATE

component
tool

SOURCE solid
liquid
vapor
gas

EXCITATION
thermal
plasma
ion bombardment
electron bombardment
laser
voltage
chemical potential

TRANSPORT
gas phase
vacuum
liquid
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SURFACE PROCESSES

•adsorption of film forming atoms
•desorption of film forming atoms
•film nucleation and coalescence
•impurity adsorption, desorption, incorporation

•ion bombardment
•energy from depositing specie
•external heating
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ANNEALING
inert atmosphere
reactive atmosphere
chemical reactions
phycical reactions
global vs. local

ANALYSIS
physical
chemical
electrical
optical
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Deposition 
process

interaction

thin film 
structure
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PVD: Physical Vapor Deposition
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CVD: Chemical Vapor Deposition
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Deposition viewpoint: PVD

PVD activation methods:
• open resistive heating è evaporation (thermal)
• electron beam heating è evaporation (e-beam)
• equilibrium source heating è molecular beam epitaxy MBE
• argon ion bombardment è sputtering
• arc discharge è evaporation+ionization
• laser beam bombardment è ablation
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Sputtering variables
Deposition of “optimal” AlN

23



Deposition viewpoint: CVD

• thermal CVD
• PECVD (a.k.a. PACVD) plasma enhanced
• MOCVD (metal organic)
• HDP-CVD (High Density Plasma)
• HW-CVD (Hot Wire)
• Photo-CVD
• LACVD (Laser Assisted)
• remote-PECVD
• low frequency (55 kHz; 400 kHz)
• µw-CVD (microwave) 
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Film viewpoint

• amorphous
• nanocrystalline
• microcrystalline
• polycrystalline
• epitaxial
• textured

Allen: MEMS
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Texture coefficient TC
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Film thickness and texture, TiN
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AlN structurefirst experiment

optimized
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Film viewpoint cont’d

• stoichiometric
• hydrogenated
• porous/dense
• reacted
• doped

metals, oxides: 1-5% dopant
polysilicon: 10-3...10-6 dopant
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Doped oxides
SiOxFy

FTES fluorotriethoxysilane
FTMS fluorotrimethoxysilane
TEOS tetraethyl orthosilicate
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Film viewpoint cont’d

• low resistivity
• low impurity concentration
• low stress
• free of moisture absorption
• small surface roughness
• low shrinkage
• good step coverage
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Resistivity

Annealing defects at elevated temperature 
lowers resistance (no reaction with 
underlying film/substrate)

ρ = ρresidual + ρtemp

Linear TCR above Debye temperature 
(typically 200-400K)

Murarka
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Thin film reaction: Co+Si

Murarka

Co
Si

⤳
temp
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Resistivity: impurity effects

Murarka
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Stress and Poisson ratio

Stress σ = F/A

longitudinal strain ε = ΔL/L

transverse strain εt = ΔD/D

Young’s modulus E = σ/ε

Poisson ratio ν = - εt / ε

For many metals ν ≈ 0.3 Kovacs
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Stress and strain

Elastic/Linear region, Hooke’s law 
valid: σ = ε E 

Plastic I: permanent deformation

Yield strength: 0.2% shifted curve 
intersects stress-strain curve

Maximum stress = tensile stress

Plastic II: necking occurs

Toughness = area below stress-strain 
curve = energy absorbed

Hardness: resistance to plastic 
deformation

0.2%

Murarka
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Terminology 1

• Ductile materials (many metals) will bend before 
breaking. Tensile stress is greater than yield stress.

• Brittle materials (like silicon) will break suddenly and 
without warning. Tensile stress is roughly the same as 
yield stress
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Sources of stress: σ= σi + σth

• intrinsic:
– film microstructure (grain size, orientation)
– defects and impurities in film
– volume changes
– lattice mismatch (important in epitaxy)

• thermal mismatch:
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Volume changes

In silicide formation, negative volume change è tensile stress

In thermal oxidation, positive volume change è compressive stress
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Sputtering pressure affects stress

At low pressures sputtered 
films are compressively 
stressed;

above critical pressure, tensile 
stressed

At low pressure there is large 
momentum transfer resulting 
in energetic argon atoms that 
will densify the film by knock-
on (peening)  or get implanted 
in the film

Murarka
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Mechanical and tribological properties
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Mechanical and tribological properties 
cont’d
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Interfaces
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