
Applied Data Science 
– Use Cases and Challenges 
in the Semiconductor Industry

Anja Zernig
TEWI-Kolloquium, 26.11.2021



In this presentation I will talk about …

2

Fab Test

Copyright © Infineon Technologies AG 2021. All rights reserved.



In this presentation I will talk about …

3

Fab Test

Copyright © Infineon Technologies AG 2021. All rights reserved.



… is a well-established 
industrial research 
center with a broad 
national and 
international network of 
industrial and academic 
partners

KAI GmbH

KAI Kompetenzzentrum Automobil-
und Industrieelektronik GmbH 

… is a 100% subsidiary 
of Infineon Technologies 
Austria AG … employs about 60 

researchers, where more 
than half of them are 
PhD and Master 
students (directly at KAI 
or at the university 
partners)
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Research Groups & Main Collaborations
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Data Science

Dr. Olivia Pfeiler

Electrochemistry, Coatings, 
Analytics

Dr. Silvia Larisegger

Application Stress Test 
Methodology

Dr. Michael Glavanovics

Research Groups
@

Materials Science & 
Simulation

Dr. Peter Imrich

Software Development & 
Data Management

Dr. Benjamin Steinwender

Device Physics

Dr. Gregor Pobegen



KAI Data Science (DSC) Team

Master @ KAI & AAU Institute of Statistics 

– Title: Optimal Design of Experiments 

for Semiconductor Data following a 

Mixtures-of-Experts Model

PhD @ KAI & AAU Institute of Statistics 

– Title: Device Level Maverick Screening

Today: Project Manager KAI DSC

Zernig Anja (KAI DSC)
anja.zernig@k-ai.at
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Data Science roles & competences

Data Science

Profession Data Scientist Data Engineer Domain Expert

Competence 
area

Mathematics & 
Statistics

Computer Science Business domain 
knowledge

Skills/Profile • Programming
• Communication

• Mathematics
• Communication

• Data analytics
• Communication

Main activities Model development Data pipeline
Infrastructure

Knows internal 
processes, e.g. 
business targets 
(KPIs), used tools, 
bottlenecks

Data 
Science

Data 
Engineer

Domain 
Expert

Data 
Scientist
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Data Science lifecycle

Model developmentData Model deployment

re-training

• Data Governance 
• (Research) data management
• Data pipeline (data bases, 

warehouses)
• Unified data structure / interfaces
• Data Version Control

• Deployment platforms
• Stand-alone tools (e.g. WebApp)
• Integration into existing environment 

• Maintenance 
• AI monitoring
• Efficient re-training concepts

• ML vs. DL 
• Generalization / Scalability
• Efficient model training
• Utilization of big unlabeled data
• Hyperparameter optimization
• Excursions

MLOps: Standardization and management of ML lifecycle
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iRel40 – intelligent Reliability 4.0
Project Partners: 79

Countries: 14

Project start: 1st May 2020

Project Duration: 3 years

Total costs: EUR ~ 103 millions

Total European funding: EUR ~ 25 millions

This project has received funding from the ECSEL Joint Undertaking (JU) under grant agreement No 876659. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and Germany, Austria (BMVIT-IKT der
Zukunft, FFG project no. 877540), Slovakia, Sweden, Finland, Belgium, Italy, Spain, Netherlands, Slovenia, Greece, France,
Turkey. The document reflects only the author’s view and the JU is not responsible for any use that may be made of the
information it contains.

iRel40 has the ultimate goal of 
improving reliability of ECS by 

reducing failure rates
along the entire value chain
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Semiconductor production chain - Fab

Wafer Test Dicing TestFab Assembly Distribution CenterWafer Stock

Frontend Backend
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Step 1 Step 2 Step 3 Step 4 … Step n

APC / FDC SPC DD
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Automated image classification
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Inspection

Unclassified

?

Class 1 Class 2 Class n.  .  . New Class ?

Step 1 Step 2 Step 3 Step 4 … Step n

Particle Pit Crack

Expert 
Classification

Particle Pit Crack

Automated 
Classification

Updating
ModelDD

DD Data Base



Data preparation
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Defect_class_1

Defect_class_2

Defect_class_3

Defect_class_4

Defect_class_5

Defect_class_6

Defect_class_7

…

Folder structure for model training

DD Data Base

Expert
Data Preparation

Manual 
Labels

R&D Data Lake

Technology

Technology 2

Technology 1

Product

Product 1

Product 2

Product 3

Product 4

Layer

Layer 1

Layer 2

Layer 3

Layer 4

Layer 5

Defect Code
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Folder structure as extracted from DD data base



0

500

1000

1500

2000

2500

3000

3500

4000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

# 
Im

ag
es

Class

Sampling & data augmentation
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Unbalanced dataset

Majority class

Minority classes
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CNN classification
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Tr
ue

 la
be

l

Predicted label

Accuracy: 81%

Parameter Value

Model name EfficientNetB1

Weights ImageNet

Optimizer RAdam

Loss function Categorical cross-entropy

# of epochs 30

Batch size 32

Resize Convert 
to RGB

Rescale Classify 
by CNN

Geom. 
transfor
mations

480 x 480 240 x 240 240 x 240 x 3 240 x 240 (x 3) 240 x 240 (x 3)
Particle

(Predicted class)

Data pre-processing Data augmentation Model training

Master thesis: 
Automated image 
classification of defects 
in SEM images
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Semiconductor production chain - Test

Wafer Test Dicing TestFab Assembly Distribution CenterWafer Stock

Frontend Backend
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start test 1 stress 1 test 2 stress 2 test 3 test n end…

Reliability and product testing process flow
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Scheduler

start test 1 stress 1 test 2 stress 2 test 3 test n end…
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Reliability and product testing process flow
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Anomaly detection

start test 1 stress 1 test 2 stress 2 test 3 test n end…

Reliability and product testing process flow

Missing MarkingBent LeadMissing PadMissing BallMissing Ball Missing Pad Bent Lead Missing Marking

Goal: Flexible analysis pipeline to detect small and rare package defects

AOI AOI Share

Expert Model ML Pipeline Report

~12 defect types
~50 package types

Highly unbalanced data set

Tray image Frame images Illumination modes
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Equipment Monitoring

start test 1 stress 1 test 2 stress 2 test 3 test n end…

Reliability and product testing process flow

te
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t test socket

adapter board (opt.)

DUT board (opt.)

load board

DUT
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ss
 e
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sockets

stress board

DUT
Master thesis: 
Data-driven 
equipment health 
monitoring
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Some provocative thoughts

› More data is just more data

› Machines/Computers do not know what’s interesting

› A wrong attitude of expectation spoils your day

› That algorithms decide for us - is that what we want?
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Model developmentData Model deployment

re-training



Success factors

› Intensive collaboration

› Faster deployment

› Attention on lifelong maintenance

Good news is, KAI & Infineon are aware of them!
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› Consideration of social aspects

Model developmentData Model deployment

re-training
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Women in Data Science Villach
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Thank you for your attention!

Check the KAI website

www.k-ai.at

for more information on

 project work

 available positions
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