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Smart Sustainable and Integrated Production

1. Getting Started

By Dr. Cristina De Luca – Infineon Technologies Austria AG

2. WP1: CPPS - Cyber
Physical Production
Systems

Competitive production in Europe will be leveraged by a wellfocused approach of automation and smart production system
integration in the domains of technologies, tools and
methodologies which are complemented by innovations in the
area of secure communication, knowledge management,
automated decision-making and smart -agile production
execution. The technological challenges in order to link the
digital with the real world, new technologies and solutions,
new standards, are not fully understood and developed and it
is not possible to overcome them as single enterprise. No one
possesses the full range of skills, know-how and a so huge
budget and human resources, necessary to manage the future
I4.0 development. Industry-Research-SMEs, frameworks and
ecosystems, are indispensable pillars to fulfil the European
Industry digital needs.

3. WP2:Agile Facility
4. WP3:Machine Learning
and Automated Decision
Making
5. WP4: Virtualization/
Digitalization
6. WP5: Use Cases,
Technical, Socio –
Economic Impact
7. WP6: Dissemination &
Exploitation

Expected SemI40 economic impact:
1. Balancing of system security and production flexibility
allowing a more cost-efficient IT and production
environment.

“The main goals of SemI40
Project: risk reduction,
selective control and
make the right decisions
at the right time in a
service oriented way.”

2. Improving operational efficiency (e.g. uptime, asset
utilization, better men power management,…) trough
agile facility, advances in data analytics and learning
algorithms.
3. Enabling smart energy management and impacting
emissions through energy efficiency KPIs, in
combination with statistical control functionalities.
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Safety, Security, Reliability
By Christoph Schmittner - AIT
The foundation for connectivity and data collection in an industrial
environment is to ensure that changes and the increased flexibility
and optimization does not endanger any critical properties. Similar to
semiconductors, which are the basis for all modern and complex new
applications safety, security and reliability is the foundation for new
applications in the semiconductor production.
In WP1 solutions for safe, secure and reliable Cyber-Physical
Production Systems are designed, implemented and evaluated.
The work is divided into Objective 1.1 which identifies social,
organizational and technical dependencies and defines the scope.
Objective 1.2 has a strong focus on securing devices in plants and
especially legacy systems. Due to the costs, we are not able to replace
all devices and need to work on secure data exchange and integration
of legacy equipment in order to protect and enable new, connectivitybased, functionalities. Objective 1.3 works on a security framework
for cooperation between partners in different organizations along the
supply chain and finally Objective 1.4 aims at maintaining and
protecting security by anomaly and incident monitoring and detection
and self-adaption to ensure resilient systems.

Towards Industry 4.0: Securing the
communication of the equipment

Perception

Challenges for Development and
Application
Production systems and networks were mostly grown and adapted
based on production need and changes without even considering
security as an afterthought. The production network was isolated from
the outside and complexity was easily comprehensible.
With an ever-increasing complexity and connectivity extending and
securing production networks is a huge challenge for all development
and usage scenarios. Preparing and enabling industry4.0 scenarios
requires to understand and restructure networks in a secure way.
In addition, we might not ignore the human factor in safety and
security. Solutions need to be taken up and accepted by users.
Additional complexity and efforts for users and developed need to be
minimized and monitoring and adaption need to be automated as far
as possible.

Reality

“Existing production
networks are grown and
often more complex than
perceived”
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SUMMARY

Solutions and Methods from WP1 enable
industry to utilize new functionalities and
services, based on connectivity, data
collection and machine learning without
introducing unreasonable risks.

In WP1 Industry, Academia and Research work on
solving the current challenges for introducing
Industry4.0 in semiconductor Systems.
Solutions are based on existing needs, evaluated
and applied in industrial pilots and designed as a
transferable tool box for addressing safety,
security and reliability during the whole lifecycle
on different levels of system size, from devices
up to cooperation between organizations in the
supply chain.

WP1’s Finest Achievements
By Christoph Schmittner - AIT
Already in the first years coordinated efforts from industry
and research led to progress regarding the automated
exploration and identification of assets in existing
production networks and allowed to restructure a
production networks towards increased security.
In the second half year the specified secure supply chain
communication was applied in practice and is already used
for automated and secured machine-to-machine
communication between supplier and manufacturer.
In addition, a common CPPS evaluation environment was
built up which is used by industrial and research partner
for research and training and to test and evaluate solutions
which cannot be immediately applied in real production
environments.
Based on this cooperation and already achieved results
WP1 has an active involvement in TC65 JWG 21 Smart
Manufacturing Reference Model(s) and four cooperative
publications where project partners jointly disseminated
project results.

Dependability view on cyber phisical production systems
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Agile Facility Vision
By Alexander Grosser – Robert Bosch GmbH
Agility in operation of manufacturing in a semiconductor supply chain
is an increasing competitive advantage, especially concerning the
More than Moore domains. The vision of SemI40 WP2 is to achieve
Production Excellence which requires comprehensive improvement
and optimization of processes and systems along the supply chain.
Focusing on customer needs and root cause analysis to overcome
obstacles.
Production setup has to be arranged for it, to accomplish meeting
customer and market demands accordingly. The ability to adapt to
changes in terms of customer requirements is key, necessary
adjustments need to be carried out in a quick and simple manner.
WP2 supports the vision of enabling production of small lot sizes down
to lot size 1 without a negative impact on cost and output.

Towards Industry 4.0: Securing the
communication of the equipment

WP2 brings together people, knowledge and technology in order to
generate innovation for the optimization of production processes.
WP2 deals with focus topics like smart maintenance, visualization
systems, sensor integration, MES enhancement and smart
manufacturing systems. It integrates the changes of costumer needs
into the production process and creates equipment models for a
better understanding of the highly complex production steps.

Challenges for Development and Application
The enabling of Production Excellence is associated with great
opportunities as well as challenges.
Above all, creating innovation requires availability of relevant data.
However, generating and collecting data is only the first step. The
real challenge is to extract useful information from the dataset. A
powerful solution is required to close the gap between the
exponential growth of all kinds of manufacturing data and the
capability to analyze and transform all this data into meaningful
information – in real-time.
First of all, necessary expert knowledge is required to implement
Industry 4.0 approaches into an existing infrastructure. This is rather
challenging. Often, data mining is not a key competence. Due to the
fact that the implementation of innovations and new systems ought
to take place in an actively running production environment, detailed
planning and preparation are inevitable. Usually, there are various
existing systems and processes which need to be considered and
understood. Integrating these systems and processes is essential to
guarantee a smooth and reliable production flow.

“We are drowning in data,
but starving for
knowledge!”*
SemI40 WP2 Conference statement

* While transforming any Fab
event instantaneously into
holistic components of
information, the HIM
concept enables continuous
learning and engineering of
the production process – in
real-time
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The advantage of an agile production is its
ability to adapt to changing customer
requirements accordingly. In addition, new
product developments can be tested and
implemented in parallel to mass production
without affecting the current production
negatively. Another important aspect is that
the diversity of variants is no longer an issue
regarding quality and productivity
requirements.
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SUMMARY
Agile Facility means expanding and changing
production capabilities through new
technologies, innovations, use and processing
of information, leading to new products or
products with improved customer-specific
characteristics.

WP2’s Finest Achievements
By Alexander Großer – Robert Bosch GmbH
Results were achieved for the following focus topics:
Manufacturing Execution System (MES)
Data standardization along the whole of the production
process was implemented which enables the realization
of traceability.
Implementation of MES systems and adjustments of
existing MES for the adaption to agile requirements.
Development of a Holistic Information Model for Fab
digitalization.
Development of a forecasting method for customer
orders.
Development of a hold lot application in a Wafer Fab.
Cycle Time
Development of algorithms for cycle time prediction and
improvement of scheduling, leading to further
optimization.
Models and approaches
Digital twin models elaborated for oven heating process
and epitaxy process.
Development and evaluation of models for improved
processing of products.
Approach for a new method of Tool Health Monitoring
was confirmed by tests.
Development of a system for independent CanBus sensor
integration.

Partners:
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Vision
By Dr. Roman Kern - KNOW
WP3 is dedicated to the goal of applying the current state-of-the-art
in automated decision making and machine learning to the field of
semiconductor manufacturing. In a number of industrial use cases we
focus on the specific challenges of the highly complex production
processes. We address these challenges by employing contemporary
machine learning and advanced data mining algorithms for predictive
analytics, root cause analysis and automated decision making.
The objectives of this work package are the following: to understand
the scope of the industrial use cases, develop algorithms that aim at
supporting the manufacturing process, in particular at quality
improvements at various stages of the process, and application of the
respective algorithms to support the decision-making process, while
aiming to reach a high degree of fully automated decisions, based on
historical data and reasoning algorithms.
Our vision is to develop solutions which can be applied on real-world
data to enhance the production process, establish a best practice on
smart production, and increase the relevant know-how in the area of
semiconductor manufacturing

Challenges for Development and Application
The semiconductor industry has evolved rapidly advanced process
control and analytics, due to the fierce competition in the field.
We are committed to finding ways to ensure this industry will forge
ahead in the direction of efficiency and increased cost
competitiveness.
Semiconductor production is a knowledge intensive process. As
such, the domain knowledge is not easily acquired and hence there
is a necessity for a proper knowledge transfer mechanism to take
place. Applying our algorithms in a computationally restricted and
limited environment, typical of the semiconductor industry is also
a major challenge. In addition, there is also the concern of
protecting the intellectual property, as each partner has a specific
formula that leads to the best product quality and high production
rates, making the anonymization of the data an important topic.
The partners of this work package are working together to
overcome these challenges and progress beyond the state-of-theart in the field.

An Infineon Technologies AG employee
performs a quality control check on a
semiconductor wafer.
(Source: www.gettyimages.co.uk)

“Machine learning uses data
mining and other learning
algorithms to extract useful
information and discover
patterns and relationships from
data.
Predictive analytics uses
statistical methods and data
patterns to forecast or predict
future events.
All these are procedures that
support the automation of
decision making and root
cause analysis.” C. De Luca

Newsletter
WP3: Machine Learning
and Automated
Decision Making

Page 7

ACHIEVEMENTS

SUMMARY

New engineering approaches and methods were
developed, aiming at be used for smart production in
the semiconductor industry.

This work package addresses the specific needs
of the partners from the semiconductor industry
by developing solutions using state of the art
machine learning and deep learning approaches.
This will lead to novel paradigms in the
semiconductor industry, creating opportunities
to enhance the production, early defect
detection and automated decision making.

Improved assessments and deviation management, due
to automatic data analysis as well as automated
decision making.
Automated decision making increases the reaction time
on deviations and the process stability, finally
impacting and boosting the yield.

WP3’s Finest Achievements
By Ashwini Pandeshwar - KNOW
During the course of SemI40, we have achieved various
remarkable results, which have brought us closer to our
initial goal. Few of them are listed here:
 By
developing
deep
learning
algorithms,
complemented by more traditional approaches of
machine learning, we were able to create an
interactive visualization of learned wafer patterns.
This will help in early detection of defects in wafers
and thus improve the overall production process.
 Candidates for root cause relationships were
identified, which is a step towards identifying the
variables influencing key production parameters, like
copper thickness, and thus a step towards improving
the processes like photo etching.
 Important production variables used to set up the ion
beam implanter process have been identified with the
goal to stabilize these variables in consecutive steps.
This will help in improving the performance of the
implanter tool and represents a unique selling point
over competitors
 A dedicated algorithm was created to detect the
malfunctioning stations based on the output of
simulations. This algorithm can be applied in realworld data to reduce the lead time of the end of line
testing procedure, in order to optimize the costs.
With the results achieved so far, a solid foundation has
been laid for further improvements in the semiconductor
industry.

Implanter (Source: IBS)
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Innovative Robots, Smart Cams and Data
Management to Optimize Material & Energy
Flows
By Dr. Germar Schneider – INFINEON Technologies Dresden GmbH
Digitalization and virtualization are two of the core topics within the
project “SemI40” with the goal of continuously improving the
manufacturing processes in European semiconductor fabs using new
applications out of the Internet of Things.
Many fabs have started to automate simple process steps like loading and
discharging the semiconductor equipment by robotic systems and thereby
decreasing the costs of production. Innovative robots like autonomous
guided vehicles (AGVs) were investigated that will allow controlling entire
fleets of vehicles for the lot disposition. Several mathematical rules are
being tested to optimize the material flow. Research is also concerned
with existing transportation systems and new dispatching rules in order to
improve the cycle times of the products.
Next to the automation of material flows through robots, camera-based
applications are being developed where smart cams using novel algorithms
can substitute the human eye in production and guarantee highest product
quality at all times. Because energy costs are high in today’s
semiconductor fabs, energy data is visualized with special software
applications which will strongly contribute to the definition of energy
saving solutions in the semiconductor industry.

Example for a work place in a highly
automated, digitalized semiconductor
fab.

Challenging Fleet Management and Various
Needs of High Reliability
Five big fields are defined in the project for digitalization and
virtualization, including fleet management of free moving robots, new
transportation systems and dispatching rules, chip tracing, image
recognition and energy data management. The results of the work within
these five fields will strongly improve the competitiveness of the
semiconductor manufacturing, the next revolution.
The greatest challenge in establishing fleet management is the choice of
a suitable autonomous robotic system in production areas where the use
is profitable. Additionally the system size is important, especially in the
case of tight spaces. Safety, particularly concerning human-robot
collaboration, plays a crucial role.
Another challenge is the high demands placed on the system reliability
and the connection of the systems to the fab control system. For all topics
concerning virtualization, like the visualization of different types of data,
e.g. lot attributes, the type of data retention and a high reliability of data
is substantial to the user in production. Especially for the installation of
new smart cams the definition of new algorithms and the integration of
the data into the fab control system are challenging.

Work place in a highly automated,
digitalized semiconductor fab

“Digitalization is the next
consequent step after fab
automation towards the
revolution of semiconductor
manufacturing.”
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The results of the works contribute to a significant
improvement of all relevant production indicators like
costs, cycle time and especially the process quality.
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SUMMARY

New and innovative robotic systems and transportation
system solutions ensure a considerable improvement
concerning product cycle times.

With the end of the project five demonstrators
will be available which enable the improvement
of all fabrication indicators of an automated
semiconductor fab with the means of
digitalization.

Through the use of camera-based image recognition
simple systems can be built into the processing
equipment. This enables the introduction of production
processes that used to be very personnel consuming and
therefore could not be executed at European plants.

With the blend of the best of the real world and
the virtual world it will become possible to have
new applications within the semiconductor
industry which will improve the competitiveness
as well as all work places in semiconductor fabs.

WP4’s Finest Achievements
By Dr. Germar Schneider – INFINEON Dresden
Within the works of this project the following results were
achieved:


Development of a new platform and integration
strategy for future robotic applications based on
autonomous guided vehicles (AGV).



Definition of tailored interfaces for a fleet
management system suitable for cases in which
more than one AGV is processing fab assignments.



New databases that pave the way for the exchange
of lot data across different semiconductor fabs with
a high reliability.



Modular systems for new dispatching rules for
various applications in semiconductor fabs,
optimized with regard to computing power and
performance.



Demonstrators for the use of smart cams as well as
specially developed algorithms for quality control
of the material flow in semiconductor fabs.



Introduction of measurement systems and data
bases for the visualization of energy data and the
definition of saving potentials when implementing
measures.



During the first year a saving potential concerning
energy usage of more than 20% for one application
in the wafer facility area could be identified with
the use of a software solution within a first
demonstrator.

Partners:
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WP5 Vision
By Alexander Stocker - VIF
WP5 is responsible for supporting the successful piloting and
implementation of the smart factory technologies developed within
the technical work packages WP1-4 to maximize project impact. This
includes supporting WP1-4 in definition and refinement of their
project use cases.

Furthermore WP5 aims to provide a lean methodology for assessing
and evaluating the smart factory technologies to be implemented into
the factories of the industrial partners on three different levels, a
technical, a social, and an economic one.
Finally – through all envisaged communication and cooperation
activities - WP5 directly supports inter- and intra-project information
and knowledge sharing.
It is the vision of WP5 to closely collaborate with WP6 in facilitating
project result dissemination and knowledge sharing with the society.
Through putting use cases into the center of all activities and
supporting their implementation, WP5 also supports WP6 in managing
exploitation activities.

WP6 Vision
By Gerald Reiner – UNI-KLU
The work package manages the fundamental issues of dissemination,
exploitation, standardization and communication. In particular the
definition and execution of internal and external dissemination
activities in order to make the research activities and the progress of
technology development visible to communities outside the project.
The definition an execution of exploitation strategies in order to
ensure leveraging of the European semiconductor manufacturing
science. WP6 lead updates and maintains the dissemination
instruments and activities within the project.
A main focus of the project is to make the impact visible. Therefore,
the consortium started to work on an evaluation framework. The plan
is to set-up a framework to evaluate the overall impact of the SemI40
project and to give detailed insights on the economic, social and
technological dimension.

“Electronic components and
systems are key drivers for the
innovation capacity of
European industries,
generating economic growth
and supporting meaningful
jobs for citizens.”
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Through the activities conducted in WP5 a common
understanding among all project members on use cases
and impact is established. WP5 acts as a hub of use-case
specific knowledge.
WP6 supports the project in disseminating the
knowledge generated to the public as well as making
the most value out of the developed technologies
through defining and managing the projects’
exploitation strategy.

WP5 process: Linking industrial challenges, solution approaches
and impact.

WP5-WP6’s Finest Achievements
By Alexander Stocker & Gerald Reiner
WP5 – Use Cases, Technical and Socio-Economic Impact
The main activity within the first project year was to
develop a holistic yet practical procedure for use case
engineering, which was based on the foundations of
requirements engineering and case study research. This
procedure was then applied to document and refine about
two third of all SemI40 use cases. This was a highly
cooperative approach and included numerous interviews,
workshops and documentation activities, involving all WP
leaders and use case owners. The respective deliverable
D5.1 establishes the baseline for all further activities in
WP5 including evaluation and knowledge sharing.
WP6 - Dissemination results first year:
Within Semi40 several dissemination activties and results
were achieved:

Number of non-scientifc publications:


11 press releases, 3 newsletters



10 presentations and 7 posters

Number of scientific publications:


1 Bachelor thesis, 3 Master theses



35 conference papers, 10 abstracts



3 journal papers

Our project partner KNOW organized two workshops at the
i-KNOW conference in Graz.

Industrial use cases are the interface of WP5 to WP1-4.

Consortium

The SemI40 Project – ECSEL JU Consortium brought together large industry with small
and medium_enterprises, high-tech_research institutes and leading Universities
throughout Europe. Financially supported by national grants from Austria, Germany,
France, Italy, Portugal and funded by the programme Electronic Component Systems for
European Leadership (ECSEL) Joint Undertaking (Grant Agreement No. 692466).

http://www.semi40.eu/
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