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Overview 

1. Introduction to aim4np project 

2. Simulations of plastic injection at nano level 

3. Experiments of plastic injection at nano level 

4. Next steps 
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1.- Introduction to aim4np project 
 

Aim4np is a FP7 funded project to build an Automated In-line 
Metrology for (4) Nanoscale Production. 

 

 

 

 

 

http://aim4np.eu/   
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Production enters nanometer domain 

Measurement of nanomechanical properties for: 
ïQuality control 

ïTool-lifetime monitoring 

ïMaintaining precision 

ïProcessing control 

Crucial for an 

efficient production! 
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1.- Introduction to aim4np project 
 



Nanomechanical properties - nmp 

Å typical or relevant length scale below 0.1µm 

Åmacroscopic objects or nanoscale objects 

Å texture (roughness, ... ) 

Åhardness, elasticity, ... 
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Competences needed 

Åpositioning/placement on free body form 

Å imaging, local probing or loading 

Å traceability of results 

Å linking properties to functionality 

1.- Introduction to aim4np project 
 



 
Challenge 

Environmental vibrations hinder the stable proximity 
needed for conducting nanomechanical measurements! 
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White Light Interferometer  [WLI] 

Possible implementation of probes: 
Atomic Force Microscope     [AFM] 

Vibrations 

Sample vibration 
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1.- Introduction to aim4np project 
 



Proposed solution 

  

Vibrations 

AFM 

Sample 

WLI 

 
MP 

robot 
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²[LΧ²ƘƛǘŜ [ƛƎƘǘ LƴǘŜǊŦŜǊƻƳŜǘŜǊ 
MP ... Metrology Platform 

!CaΧ!ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇŜ 

fast, flexible placement 

on free-form work pieces 

1.- Introduction to aim4np project 
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Proposed solution 

ÅΨŀǊǘƛŦƛŎƛŀƭ ǎǘƛŦŦƴŜǎǎΨ 

ÅTracking of sample motion 
within < 1µm (= 5% of AFM 
actuation range) 

  
²[LΧ²ƘƛǘŜ [ƛƎƘǘ LƴǘŜǊŦŜǊƻƳŜǘŜǊ 
MP ... Metrology Platform 

!CaΧ!ǘƻƳƛŎ CƻǊŎŜ aƛŎǊƻǎŎƻǇŜ 

  

Vibrations 
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fast, flexible placement 

on free-form work pieces 

1.- Introduction to aim4np project 
 



1.- Introduction to aim4np project 
 Plastic injection application of aim4np 

Plastic injection is selected as a possible application for 
aim4np to control moulds and plastic parts in-line to assure 
surface quality. 

Simulations are required to decide where to do AFM 
measurements on mould and plastic part. 

 

Flubetech provides DLC coatings ranging  Sq=6 to 35nm. 

CSIC-CNM measure coating on mould Sq=6nm, and plastic 
parts from 4nm to 0.6nm. 

IQS carries out simulations of plastic injection.  

External partner plastic injection. 
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1.- Introduction to aim4np project 
 Plastic injection application of aim4np 
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Contents of Simulation: 

2.1. Model to validate 

2.2. Problem to do fine mesh. 

2.3. Submodelling approach. 

2.4. Initial results. 
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2.- Simulations of plastic injection at nano level 
 



t1 
Mould 

Plastic 

Flow 

nano  

pool t2 t3 

t4 t6 
t5 

Trapped air 

Velocity and FIB mark height are important to copy mark on plastic. 
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2.- Simulations of plastic injection at nano level 
2.1 Model to validate 



   

2.- Simulations of plastic injection at nano level 
2.2 Fine mesh problematic 
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2.- Simulations of plastic injection at nano level 
2.2 Fine mesh problematic 
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2.- Simulations of plastic injection at nano level 
2.2 Fine mesh problematic 

Shear stress and Volume shrinkage around control nano pool  
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2.- Simulations of plastic injection at nano level 
2.2 Fine mesh problematic 

Air trap is detected on nano pools but also on fine mesh with flat surface 
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