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Disclaimer

This course material may contain copyrighted material the use of
which has not been specifically authorized or licensed by the
copyright owner. This material is used here for teaching purposes
constituting a fair use as provided by Swiss copyright law (URG
Art. 19 Abs. 1 lit. B).

The content of this presentation is meant for use as part of the
course «Thin Films and Small Scale Mechanics» offered at Empa
Thun. It is intended solely for the use of the registered course
participants. Distribution to individuals who are not registered
course participants is prohibited. If you are not a registered
course participant, you are hereby notified that any review,
dissemination, distribution, duplication or other use is strictly
forbidden.
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Ch. 7: Outlook
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Outlook: Accelerated materials discovery 
through combinatorial thin film libaries
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Simulation - preselection of elements

0 20 40 60 80 100
0

20

40

60

80

100
0

20

40

60

80

100

∆Hmix [kJ/mol]

Ti [at. %
]Cu

 [a
t. 

%
]

Zr [at. %]

-22
-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0

Density functional theoryEmpirical rules

Thermodynamical
modelling 

(CALPHAD)



1223

Deposition – combinatorial thin film libraries

 4in wafer with 69 patches
 Si3N4 interlayer for diffusion barrier, chemical

inertness, electrical isolation
 Composition gradient: ±20at%
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ALD

PVD

ALD/CVD

PVD

 Laboratory cluster system
 combines PVD and ALD

 Up to 8 magnetrons
 Temperature gradient stage (RT to 400°C)
 HIPIMS compatible
 4 inch wafer substrates

Deposition – novel equipment
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PVD possible targets
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Composition mapping

XRF mapping on each patch:
 Chemical composition
 Coating thickness

Fischerscope X-Ray XDV-SDD
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Microstructure mapping

XRD mapping on each patch:
 Identification of phases
 Grain size analysis
 Correlation with composition
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Mechanical property mapping

Displacement 
head

Load cell and 
Berkovich tip

Sample stage

Wafer

Microscope

Connection to vacuum 
pump  sample mount

Experimental setup  High accuracy, low noise for
thin film mechanical property
measurements

 Automatic mapping of
mechanical properties on 4in 
wafers

 Constant machine compliance
 Guarantees consistent

results over whole wafer
 Nanoindentation for measuring

hardness, modulus, coating
adhesion

 Scratch testing
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Mechanical property mapping - CuZrAg

Hardness and modulus correlated to composition
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BS=Beamsplitter
LN=Lens
FB=Fiber manipulator

= Cage optics
OB=Objective
TLN=Tube lens
NS=Nanostructures
LCF=Laser cleanup filter
FW=Power filter wheel
NF=Notch filter
PM=Power meter

 Reflectivity: 300nm to 1800nm
 Raman spectroscopy (785nm laser)
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Optical property mapping
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CuZr

Cu
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h

Zr
Note: Colour of the thin film changes
significantly with the gradient of the chemical
composition

Heat treatment: 200°C / 10 min
Atmosphere: air

Optical property mapping - CuZrTi
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Combinatorial materials discovery – outline 

Upscaling

Applications

Optical 
properties

Theoretical 
approach

0 20 40 60 80 100
0

20

40

60

80

100
0

20

40

60

80

100

∆Hmix [kJ/mol]

Ti [at. %
]Cu

 [a
t. 

%
]

Zr [at. %]

-22
-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0

Composition

Microstruct
ureMechanical 

properties

Biological 
properties Deposition


	Disclaimer.pdf
	Pages from Mechanical Properties of Thin Films Schwiedrzik and Michler_2023_red-4.pdf



