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ESI: HOSTED BY TNO* IN PARTNERSHIP WITH HIGH-TECH INDUSTRY AND UNIVERSITIES

Synopsis

 ~55 staff members, many with 
extensive industrial experience

 5 Part-time Professors

 Working at industry locations

 Program turnover 2017: ~10Mio €

Technology Profile

 Cyber Physical Systems

 Multi-disciplinary system overview

 System analysis and system 
synthesis

 Model driven engineering

Partners

Mission:  To advance industrial innovation and academic excellence in embedded systems engineering

* TNO = the Netherlands Organisation for applied scientific research 

http://www.thalesgroup.com/home
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DIGITAL TWIN

Executable model that takes real data as inputs
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CHALLENGE IN HIGH TECH INDUSTRY

CONSTRUCTION

• Complex systems
• Integrated systems
• System of systems

USE

• Changing machines
• Changing factories
• Changing usages

HUGE MODELS MANY CHANGES

MODEL MAINTENANCE CHALLENGE

1. Detect change
2. Localize change
3. Locally adapt

Domain Specific Language

supporting

Modular way-of-working
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DETECT CHANGE

Probability of Finding

How likely is it that we observe 
the data 

according to the model.
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BAYESIAN BELIEF NETWORK

CONSTRUCTION

• Experts provide structure
• Experts provide numbers
• Structure learned from data
• Numbers learned from data

USE

• Deal with uncertainty
• Different scenarios
• Explains outcome
• Numbers have meaning
• Handles missing data

Encodes a joint probability distribution 

Provides the Probability of Finding automatically
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• Based on Western Electric Rules for statistical process control

DETECTOR

• Adapted to take probabilities as observations

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Images by GMcGlinn, Richard Argentieri - CC BY 
SA3.0,https://commons.wikimedia.org
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Calculate Probability of Finding 
per fragment

How likely is our observation 
of the fragment data, 

according to the model, and 
given the observations in the 

rest of the model

LOCALIZE CHANGE
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EXPERIMENTAL VALIDATION

Etch depth

Low
Norm
High
Very high

14.6
70.6
14.6
0.13

0.34 ± 1.4

Etch time SOC

Low
Norm
High

 1.0
98.0
 1.0

0.149 ± 0.72

CMP STI SiO2 thickness

low
below norm
above norm
high

3.15
46.8
46.8
3.15

0.0315 ± 1.2

CMP Si3N4 thickness

low
below norm
above norm
high

3.15
46.8
46.8
3.15

0.0315 ± 0.99

CMP time plate N2

low
below norm
above norm
high

 1.0
49.0
49.0
 1.0

0.005 ± 0.91

Overlay Scaling Y

out of spec  (< -3nm)
edge of spec (-3nm to -2nm)
in spec (-2nm to 2nm)
edge of spec (2nm to 3nm)
out of spec (> 3nm)

2.43
11.2
72.7
11.2
2.43

0 ± 2.6

Wafer overlay issue

in Spec (0-3nm) 
off Norm (3-4.8nm) 
issue

72.5
18.4
9.04

2.7 ± 2.7

Alignment Scaling Variation

yes
no

9.37
90.6

Wafer Quality Y

below100
100to150
150to200
above200

11.4
33.7
36.6
18.3

1.67 ± 0.79

Wafer Quality X

below100
100to150
150to200
above200

11.4
33.7
36.6
18.3

1.67 ± 0.79

CMP time plate N1 

low
below norm
above norm
high

 1.0
49.0
49.0
 1.0

2.43e-17 ± 0.89

Issue Stack Variation

yes
no

8.55
91.5
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out of spec  (< -3nm)
edge of spec (-3nm to -2nm)
in spec (-2nm to 2nm)
edge of spec (2nm to 3nm)
out of spec (> 3nm)

2.43
11.2
72.7
11.2
2.43

0 ± 2.6

Etch time Hardmask

Very Low
Low
Norm
High
Very High

 1.0
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80.0
9.00
 1.0

-0.089 ± 0.62
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Hide ground 
truth

What happened when?

Change 1

Change 2

Change 3
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FRAGMENT RULES

These requirements allow localized change in the network structure.

Are these restrictions really limiting??
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•Modular model design method

• Fragmentation rules

• Probability of Finding tracking

SUMMARY

MAINTAINABLE 
MODELS

How to maintain?



THANK YOU
Emile.vanGerwen@tno.nl

Join our ESI Symposium, Eindhoven NLD, Tuesday April 9, 2019
Theme: Intelligence – the next challenge in system complexity?


