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Abstract—The global semiconductor industry is increasingly 

transforming manufacturing to highly automated and digitized 

processes. Various novel technologies based on the Internet of 

Things (IoT) that allow competitive advantages in the European 

industry emerged thanks to the advancements of digitization 

and its possibilities supporting the development processes 

within the semiconductor industry. Digitization, virtualization, 

digital twins and simulation applications offer the opportunity 

to create a smart fabrication facility. In this paper, three use 

cases applying new digitization technologies at the 

semiconductor front-end facility of Infineon Technologies 

Dresden supporting the digital transformation in important 

business processes of the factory are presented. The wafer 

facilities are already highly automated with respect to the 

material flows using hundreds of robotics, so that digitization is 

the next consequent step to improve the performance of the 

business and speed up processes within the company, especially 

with the help of digital twins. Besides fabrication automation 

using only simple robotics for tool loading and unloading, 

digitization of repetitive, administrative processes implies very 

high potentials to enhance the competitiveness of a fabrication 

facility or even a whole fabrication network, not only technically 

but also in terms of human factors. 
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I. INTRODUCTION  

The global industry has changed dramatically in recent 
years, especially with regard to automation and digitization. 
Nowadays, the semiconductor industry faces high pressure 
concerning the costs and time to market. Therefore, the 
companies have to ensure that products can be delivered with 
the best cost of ownership, best delivery times and highest 
quality to the customer. Apart from this, fast changes and short 
product life cycles of sometimes less than two years from the 
idea to the volume production increase the pressure regarding 
fast ramp-ups and time to market.  

Digitization and innovative technologies make a major 
contribution to successfully facing these demands of the 
market by increasing the competitiveness and productivity of 
the integrated circuits (IC) suppliers. Therefore, a disruptive 
step towards speeding up the time to market initializing a 
“breakthrough change” will be achieved by developing and 

implementing a digitalization strategy for the entire European 
electronic components and systems (ECS) supply chain, 
closely interlinking development processes, logistics and 
production. 

Major semiconductor companies, including Infineon, are 
running more than one production fabrication facility in a 
worldwide fabrication network. Infineon has already gained a 
lot of experience in fabrication automation, high product mix 
manufacturing and digitization of business processes [1–8]. 

Digitization offers the opportunity to link and virtualize all 
factories as one virtual fabrication facility. A horizontal and 
vertical integration connecting all processes leads to the 
creation of a smart fabrication network. New sensors, artificial 
intelligence and machine learning, support the way towards a 
smart fabrication network and will cover the particular 
demands of technology and production [9–14]. Furthermore, 
one of the main goals of this work is the automation and 
virtualization and developing and implementing these 
concepts in different environments by defining innovative 
digitization strategies. One idea is the automation of cross-
factory decision-making and automation of administrative 
processes for production support to automate repetitive 
activities, which implicates digital workplaces and smart 
collaboration as well as smart knowledge management. 

More specifically, automation, digitization, and 
transparent data structures allow establishing digital twins in 
production. The digital twin leads to digital transformation 
and will be used to support the automation of administrative 
processes. A digital twin is a cyber-physical system where 
data, equipment, or processes are available in the real world 
and the digital world. It allows replicating a whole production 
plant, equipment, or a tool in a digital model. Therefore, every 
digital twin has its physical twin linked with a unique key [15]. 
This offers the possibility to perform different tests, 
simulations, and scenarios within the digital model before 
using it in the real world. Such scenarios could involve 
improving existing processes, changing processes, or 
introducing entirely new processes. Due to this fact, a 
continuous prediction of upcoming statuses is possible, 
allowing predictive maintenance applications, like e.g. in [15].   
Thus, the efficiency concerning time, speed, and costs will be 
increased due to the verification and test before implementing 
the physical world [16–17]. Fig. 1 gives a general example of 
a digital twin. It shows a schematic representation of 
equipment from the semiconductor industry as a digital model 
and real object. 

As a next step to achieve higher efficiency within a 
company, repetitive and administrative processes will be 
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automated, especially in different manufacturing departments 
and with regard to bridging gaps in communication and data 
between different manufacturing areas. Any automation 
project starts with typical automation targets like processes 
with low complexity and a high frequency, so-called repetitive 
tasks [8]. The main characteristics of repetitive processes can 
be constituted by the fact that the same sequence of activities, 
usually defined in detail, is repeatedly passed through. On the 
other hand, innovative processes are less standardized, and 
there is a chance for decision-making in defining the sequence 
of activities, procedures, and tools. 

 
Fig. 1. Schematic example of a digital twin of semiconductor equipment. 

 

Eliminating or reducing repetitive tasks formerly executed 
by human workers allows them to focus on other and/or more 
value-adding tasks like, e.g., innovative problem-solving 
tasks. Furthermore, the employees’ stress and frustration 
levels are reduced due to fewer concentration and cognitive 
workloads. Instead of this, the worker is allowed to tackle 
tasks with a higher scope of action, contributing to their well-
being at the workplace. 

II. STRUCTURE 

The paper presents the following three prominent use 
cases addressing business processes of a wafer facility by 
explaining how the processes can be made less time-
consuming and which further benefits will emerge for 
semiconductor front-end production with the help of digital 
twins: 

• Use Case 1: Digital twin for wafer start planning 

• Use Case 2: Digital twin for wafer dispositioning 
within the internal fabrication facility supply chains 

• Use Case 3: Blockchain as a digital twin of 
manufacturing steps 

The challenging and explicitly selected use cases focus on 
digitizing Industry 4.0 or industrial internet-based electronic 
components and systems (ECS) production. They will help 
take a major step towards a hands-on approach to digitizing 
the development and manufacturing processes. 

The presentation of these three use cases shows the 
possibilities and advantages of digitization, especially the 
implementation of digital twins within the semiconductor 
industry. Notably, there are technical and economic benefits 
and benefits in terms of the human factors described. 

III. USE CASES 

A. Digital Twin for Wafer Start Planning 

Due to a high automation level within production, the next 
step leads to administrative processes automation. 
Digitization captures the possibilities of interlinking databases 

to control administrative processes by implementing new 
workflows or algorithms. It allows the engineers to overcome 
media disruptions and to speed up processes. Fig. 2 shows 
how media disruptions occur in administrative processes. 
Many different computer steps with software like Excel and 
phone calls are currently used to execute manual processes. 

Through efficient workflow management, including 
intelligent databases, manual steps can be automated without 
any disruptions. Therefore, engineers can use the time savings 
to create new value for the company with their work.  Within 
the wafer start planning processes, e.g., around one day of 
engineering time could be saved. The wafer start processes, 
including processes controlling wafer starts out of internal or 
external die banks, could also be included by the automation 
of those administrative processes. 

 
Fig. 2. Media disruptions in the manual processes of the wafer start 

planning process. 

 

The new approach for the automation of administrative 
processes includes four main steps: preparation, process 
mapping, process analysis, and process optimization. Within 
the second step, Business Process Modelling and Notation 
(BPMN) was used to map all relevant processes. This model 
enables a graphical notation of business processes with an 
execution language, called Business Process Modelling 
Language (BPML). The main advantage is that the efficiency 
and transparency of detailed processes can be increased [18].  
Fig. 3 gives an exemplary excerpt of the business process 
modeling approach.  

 



 

 

Fig. 3. New approach of process mapping by using BPMN. 
 

Due to the new approach, an automation capability is 
created for repetitive as well as innovative processes. This 
new approach allows to use semi-structured and tacit 
knowledge, and it enables the automation of decision-making 
processes. Tacit knowledge (as opposed to formal, codified or 
explicit knowledge) can be defined as skills, ideas, and 
experiences that employees have in their minds. Therefore, 
this tacit knowledge is difficult to access. It is often not 
organized and may not be easily expressed [19].  Fig. 4 
illustrates a comparison between the current and modified 
workflow within the wafer start process, including every 
detailed step. The modified workflow contains many 
automated processes and time savings with an amount of over 
five hours could be achieved. Approximately 70% of manual 
process steps can be automated by implementing automated 
systems and the other 30% by intelligent databases. The time 
savings of every step within the wafer start process are shown 
in Fig. 5. The main advantage of the modified workflow is the 
saving of resources and the standardization of the processes. 

 
Fig. 4. Representation of current and modified workflow with automated 

processes. 

 

 
Fig. 5. Improvement potential of the modified process. 

 
Fig. 6 demonstrates the target state where all databases are 

connected with a continuous workflow controlled by the 
employees. This process was implemented within one of the 
first front-end fabrication facilities of Infineon and the goal is 
to transfer these processes to the other fabrication facilities 
within the whole production network. 

In terms of human factors, the elimination of manual, 
repetitive, information- and data-intense tasks using different 
media and tools adds to the responsible employee's well-
being. The employee's high focus requirements due to the 
importance of the information and data handled are reduced, 
as well as the probability of mistakes due to manual 
operations. Overall, the psychological strain of the responsible 
employee and the level of monotone work are lowered. 

 
Fig. 6. Automated workflow for real-time dispatching (RTD) based on 

the digital twin. 

B. Digital Twin for Wafer Dispositioning within the 

Internal Fabrication Facility Supply Chains 

The digital twin concept can be used to simplify 
production planning in a high-mix, high-volume environment. 
All products require customized flows through different wafer 
facilities in semiconductor manufacturing, the internal 
fabrication supply chains. The goal is to optimize the 
equipment in all facilities at different stages of the 
manufacturing process. Planning efficient production under 
these highly flexible circumstances is a complex task that 
currently requires close communication of engineers capable 
of making the best decisions possible based on their 
experience with semiconductor manufacturing and the 
peculiarities of the respective wafer fabrication facility. 

The automated planning states which wafers or lots shall 
be released into production at which day and time. Fig. 7 
shows how an automated optimizer based on the data and 
information available thanks to the digital twin will coordinate 
different flows in the fabrication facility to form the lot release 
plan. The optimizer will eliminate the need for manual 
communication and human-made decisions and arrange the 
plan to fully consider fabrication capacities, work in process 
(WIP) levels and similar indicators at a level of complexity the 
human brain cannot fully process. 

Ideally, the wafer dispositioning optimally fills the 
fabrication facility's capacity in a balanced manner so that the 
facility does not need to adapt to different volumes every day. 
However, in reality, the lot release plan usually varies every 
day (see Fig. 8). A better but rare example is the lot release 
schedule in Fig. 9. Automated planning through the optimizer 
mentioned before can optimize and balance the order release 
even further. 



 

 

 
Fig. 7. Optimized production planning of different wafer flows through 

an optimizer in the digital twin. 
 

Implementing an optimizer will free up the working hours 
of engineers and improve the wafer facility's efficiency and 
productivity by planning with more attention to detail. Lot 
release planning no longer depends on the experience and the 
current mental condition of a human person. 

 
Fig. 8. Irregular order releases into the fabrication facility. 

 

 
Fig. 9. More regular order releases into the fabrication facility. 

C. Blockchain as a Digital Twin of Manufacturing Steps 

Another time-consuming process is collecting production 
data from different data sources and correctly interpreting 

them, e.g. concerning possible future scenarios like upcoming 
WIP waves. In semiconductor manufacturing, the production 
process consists of different facilities with different functions. 
Some of these facilities are entirely independent of the rest of 
the production process, e.g. wafer test and (pre-)assembly, or 
highly specialized, like galvanic processes, and therefore are 
often outsourced. Blockchain technology could help ensure 
data security, data completeness, and data correctness in this 
decentralized environment. 

While currently, the collection of this production data is 
done by exchanging a myriad of Excel sheets, manual 
communication, and relying on the honesty and goodwill of 
the supplier, blockchain guarantees to provide a complete and 
authentic history of all transactions that were completed on a 
specific wafer or lot in the respective facility. The basic 
architecture of a blockchain is shown in Fig. 10. Several 
transactions – or changes in the dataset – form a block. The 
information in the block is encrypted through a hashing 
algorithm that turns a set of input data into an alphanumeric 
string called a hash. The hash number of the previous block 
(“parent block”) is calculated into the new block's hash. This 
way, the blocks are chained together. If the data in one of the 
previous blocks are manipulated, an error occurs in the chain 
and the manipulation cannot be completed. Thus, the history 
of transactions, also called “ledger”, is guaranteed to be 
correct [20–26]. 

 
Fig. 10. Blockchain architecture. 

Fig. 11 demonstrates how a blockchain works and is 
embedded into an existing IT infrastructure using the open-
source framework Hyperledger Fabric. Before a transaction 
can be added to the blockchain ledger, it must be validated by 
a specific group of peers (virtual nodes in the blockchain 
network that store identical copies of the ledger). All 
computations (the validation of transactions, running smart 
contracts, updating the ledger, etc.) occur within the 
Hyperledger Fabric network. 

The end-user (whether it is a machine or a person) is 
connected to this network of peers by a decentralized app, 
which writes the smart contract's input line. A smart contract 
is essentially an automated business scenario that allows a 
machine to act autonomously within the user organization's 
rules and therefore represents the automation potential of 
blockchain. Fig. 12 shows a simplified smart contract for a 
data query (lines 3–5) and a new transaction (lines 7–33). 

 



 

 

Fig. 11. Transaction flow in the Hyperledger Fabric framework [27].  

 

 
Fig. 12. Smart contract for a lot history blockchain [27]. 

 

A qualitative evaluation of the economic value of this 
blockchain concept in the semiconductor industry shows that 
blockchain enables safe interaction within supply chains and 
standardized data collection in a decentralized production 
network, and opens up new opportunities regarding the 
competitive semiconductor market. Fig. 13 stresses those 
aspects in which blockchain shows significant advantages in 
the three categories examined: technical, economical, and 
organizational. Overall, the analytic hierarchy process used for 
the evaluation showed a goal fulfillment rate of 74% for 
blockchain compared to 26% for the centralized data 
warehouse. 

In addition to the technical benefits, it is also worth 
mentioning that the application of a blockchain significantly 
improves the staff's working conditions. The employee is no 
longer required to complete the strenuous task of manually 
collecting data from different sources and no longer needs to 
communicate with too many entities in the production network 
or argue about specific pieces of data's correctness. This frees 
up engineering time for more value-adding tasks, making the 
work less stressful and more fulfilling. 

 
Fig. 13. Benefits of blockchain compared to conventional data storage 

technologies [27]. 

 

This concept can also be transferred to different types of 
data, like production costs. If cost components were tracked 
via the blockchain, automatic pay-per-use functionalities can 
significantly support finance staff. Extending the blockchain 
to a broader production network will further exploit the 
benefits. Many more use cases for blockchain have yet to be 
discovered for the semiconductor industry. 

IV. SUMMARY 

The demonstrated use cases give an overview of 
digitization's advantages, especially in terms of creating 
digital twins. The digital twins provide a virtual representation 
of the fabrication facility's current status, thus representing an 
ideal base for various automation projects. Business processes 
that require engineers to manually collect data from different 
sources and interpret the data based on their experience can 
significantly benefit from this new and holistic data 
representation. Thanks to the digital integration of all process 
steps, they are no longer required to make phone calls for 
collecting information, copy and paste data from different 
tables, and communicate decisions back to the manufacturing 



 

 

shop floor by speech. These aspects enable the company to 
remain competitive in the global market of semiconductors. 
Products can be offered with a lower total cost of ownership, 
shorter time to market, and highest quality to achieve greater 
customer satisfaction. Besides technical factors, human 
workers are essential for the success of digital twins as well, 
as they must understand and master the technologies at any 
time. Therefore, people should be at the center of digitization 
to ensure the control and use of these technologies. This 
implies, among others, new organizational structures, 
management support throughout the implementation, training, 
a culture of mutual feedback, collaboration and respective 
governance structures, and intercultural competencies to 
empower globally distributed development teams to benefit 
from the new possibilities of the digital twins optimally. 
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