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Movitation

Goal
Optimize the materials and material combinations to

increase application performance to reach certain goals

(e.g. reduced fuel consumption or carbon dioxide emission)

- but structures are more and more complex nowadays

- need computers and models, personal experience and rules of

thumb are no longer enough

- generic material parameters needed
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The flow chart of the Plan

http://siomec.de/en/119/OptiCycle
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Complex structures – multilayers & gradients

?

?

Is every Point accessible?
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No! 

Because of
shadow effects

Information at every point accessible?
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The eggshell shadowing.

Example: Simple 1 layer system

Eggshell shadowing

𝐸𝑙𝑎𝑦𝑒𝑟

𝐸𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒
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Eggshell shadowing
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Homogeneous material
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Eggshell effect: E=70 GPa on 4 GPa
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Example TiN on Steel 

-> 

(E=590 on 221 GPa, 

Y=25 on 3 GPa)

Shadowing by high ratio
𝑌𝑙𝑎𝑦𝑒𝑟

𝑌𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒

𝑌𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 ≪ 𝑌𝑙𝑎𝑦𝑒𝑟

Yield ratio shadowing
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TestOptimizer (www.siomec.de/testoptimizer)

 calculates optimum values for load and indenter parameter

 shows hints about shadow effects.

Shadow effects

www.siomec.de/pubs/2013/003
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Test Optimizer
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Test Optimizer
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Test Optimizer
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Test Optimizer
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Test Optimizer
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Test Optimizer
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Test Optimizer



contact@siomec.de www.siomec.de Page 20

Determination of material parameters

Determination of physical parameters by nanoindentation

Standard analysis method (Oliver & Pharr) gives you only effective values 

for Young's modulus and Hardness

For measurement analysis needed:

• physical parameters like e.g. Yield Strength 

• true material parameters for inhomogeneous materials

•Therefore SIO has extended the standard method → Oliver & Pharr for Coatings

• for inhomogeneous materials (layered, gradients, …)

• for time depending material behaviour (viscose, creep (HT))



contact@siomec.de www.siomec.de Page 21

O&P method

for Coatings, 

gradients

etc.

5nm DLC

70nm IL

SI

1/10 rule

can‘t be

applied
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Indentation depth:

ca. 160 nm

Thickness: 6 µm

Substrate: WC

E=580 GPa

Classic O&P result:

E=448,6 GPa
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O&P method for 

Coatings, gradients 

etc.:

Fitting correct coating 

Young’s modulus:

E=331,78 GPa
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New idea -> SIO Calotte Module

Standard OPfC often not applicable to complex structures

Need to stop the production process after each layer to perform the measurement

Creating a new layer could change the properties of existing layers

(e.g. introducing stresses, creating a mixed zone)
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Calotte grinding

Calotte grinding is an easy and cheap technology

Normally used to determine the thicknesses of all 
layers
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SIO Calotte Module

Now perform a series of indentation

measurements inside and outside of the crater
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Can be easily

programmed

in modern 

indentation

devices
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Why calotte grinding?

 easy and cheap, already
available in most labs

 creates a huge area which
could be used for indentation
measurements compared to
vertical cuts

SIO Calotte Module
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How it works in the software

 First define the material structure

SIO Calotte Module
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How it works in the software

 First define the material structure

 Secondly load the measurement data and define the x or z 
position of each measurement

SIO Calotte Module
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Start the evaluation and look at each result

uses Oliver & Pharr for Coatings procedure

SIO Calotte Module
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How it works in detail
 The analysis is performed from the inside to the outside
 Simple example: 2 layer system with 2 µm interlayer (layer 1) 

and 3 µm top layer (layer 2)
 4 measurements (one in substrate, one in layer 1 and two in 

layer 2)

SIO Calotte Module
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How it works in detail

 Analysis I: substrate measurement → Es

 Analysis II: 1 µm thick layer 1 → E1

SIO Calotte Module
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How it works in detail

 Analysis III: 1 µm thick layer 2 → E21

 Analysis IV: 3 µm thick layer 2 → E22

 If E21 and E22 differs significantly check homogeneity!

SIO Calotte Module
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Conclusions

Thanks for your attention.

Combination of Calotte Grinding and Indentation Testing offers a new
way to extract the material parameters of multi-layer stacks

Gives you generic material parameters of each part and hints about
the structure of each part

Both technologies are relatively cheap and easy to use

Visit booth #402 for more information


