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Abstract. Fraunhofer IISB offers prototyping services for electron devices.
Such prototyping builds on proven processes and designs, amending them with
customer-specific specifications and additions. The challenge is to efficiently
combine existing expertise and proven process/device modules with “on the fly”
R&D results and novel findings. In this paper, we present a first solution
approach for a smart platform for rapid prototyping in order to improve time-to-
market in low-volume device fabrication. This solution covers research of a
digital twin for optimized management of wafer containers, development of
intelligent algorithms for process and equipment control as well as a novel
approach for “smart experiments” to achieve an accelerated transfer of process
development to ISO-certified production.
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1 Motivation

The Fraunhofer IISB runs the n-Fab (see Fig. 1), which comprises a continuous silicon
CMOS process line in an industry-compatible environment, completed with specific
equipment for processing of silicon carbide. Here, prototyping services for electron
devices (i.e., power devices, CMOS devices, passives, sensors and MEMS) and pro-
cesses are offered and performed.

The main challenge for such a prototyping line is to address a multitude of cus-
tomer requirements in a flexible manner, e.g., with regard to material, device layout, or
functionality. While most custom designs build and rely on a proven and optimized set
of process steps, it is the mere nature of “prototyping” to replace or augment existing
process steps with novel or modified ones, which are tailored to the respective cus-
tomer’s needs. This requires the smart combination of a certified library of proven
process or device modules with results from “on the fly” research and development. As
any low-volume production site with high product diversity, the m-Fab faces the
challenge of an ever-changing product-specific knowledge base. Maintaining such a
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Fig. 1. Fraunhofer IISB’s n-Fab covers R&D and ISO-certified rapid prototyping of semicon-
ductor devices. Customers may transfer results from rapid prototyping to mass manufacturing at
other sites.

flexible environment requires effective learning and implementation strategies in order
to achieve highest quality and repeatability for the customers. Such a smart, effective
and flexible platform for prototype device fabrication has to consider knowledge
management, smart experiments (Davenport 2009), digital twins, smart logistics
(Sturm 2006) and smart organization.

2 New Concepts for Manufacturing Control and Fast Process
Transfer

To achieve substantial progress in these areas, Fraunhofer IISB carries out focused
research and development within the European project iDev4.0 (“integrated Devel-
opment 4.0”) to evolve its n-Fab towards a smart platform for rapid prototyping. The
research approach is to elaborate, and in the long run to implement, a digital dupli-
cation of the n-Fab (see Fig. 2).

The concept of using such a digital copy of the physical system to perform real-
time optimization is often referred to as a “digital twin” (S6derberg 2017): The digital
twin can be used to collect and store data and information from the real world, learn
from it and turn the results into knowledge and actions for the real world again.

The first step towards the “rn-Fab digital twin” will focus on smart experiments for
accelerated process transfer and flexible concepts for manufacturing control, tailored to
a rapid prototyping environment. Respective results will be used to augment existing m-
Fab elements in a smart manner to enable new perspectives for the prototype fabri-
cation of small lot-sizes with high product diversity on different substrate materials.
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Fig. 2. The digital twin of Fraunhofer IISB’s m-Fab collects data, extracts information from it
and turns the obtained information into knowledge and actions.

Thus, R&D effort of Fraunhofer IISB and collaboration with project partners in
iDev4.0 focuses on three areas:

1. Virtual Factory Cluster:

e Research of a local digital twin for an optimized management of wafer con-
tainers in a combined development and manufacturing environment. This digital
twin will later become a part of the overarching “n-Fab digital twin”.

e Development of intelligent algorithms for process and equipment control in a
rapid prototyping environment.

2. Smart Experiments: Research of a novel approach for “Smart Experiments” to
achieve an accelerated transfer from process development to ISO-certified
production.

3. Real Time Control and Planning 4.0: Elaboration of flexible concepts for manu-
facturing control, tailored to a rapid prototyping environment.

Respective results will be used to augment existing n-Fab elements in a smart
manner to enable new perspectives for the prototype fabrication of small lot-sizes with
high product diversity on different substrate materials (see Fig. 3).
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Fig. 3. First solution approach to evolve the m-Fab towards a smart platform for rapid
prototyping

3 Results

Within the first period of the iDev4.0 project, several steps have been taken to realize
the above described solution approach. Specific focus was on smart logistics and
contamination control (area 1 and 3) and smart experiments (area 2).

3.1 Smart Experiments

In the flexible prototyping environment of the n-Fab with a wide mix of products, low
product volumes as well as both R&D and production evolving in parallel in the same
manufacturing line, an efficient use of any available bit of information and data is
essential to quickly transfer latest R&D results into certified prototyping. To achieve
this objective, we started research on the novel concept of “smart experiments”. So far,
two important steps were taken:

1. A group of experts from the equipment, process and data analytics domains iden-
tified in a joint effort the most challenging processes that require accelerated process
transfer. As a result, the focus will be on an etch cluster tool, comprising three
chambers dedicated to specific etching steps.

2. In parallel, a concept for smart experiments was developed. Figure 4 summarizes
the initial concept, while the alignment of the approach with the other project
partners is ongoing.
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Fig. 4. The concept of “smart experiments”.

By applying this approach, a quick identification of a high quality and compre-
hensive set of experiments is aimed for, resulting in a decrease of design and learning
cycle time. The first concept evaluation and validation approach considering dry etch
processes will show, whether the aspired 20% reduction of integration-time for newly
developed processes becomes possible.

3.2 Smart Logistics and Flexible Manufacturing Control for Rapid
Prototyping

For high quality and reliable products, it is common in industrial high volume pro-
duction to use only precisely defined processes and to monitor the processes closely by
means of various software systems, such as a manufacturing execution system (MES).
This is a distinct difference to Fraunhofer IISB’s prototype fabrication of electron
devices, where a multitude of customer requirements with regard to material, device
layout, or functionality is being addressed in the process pool. This flexibility is a
matter of principle and leads to continuous variations of process steps and process
flows in the prototype fabrication. In order to optimize the entire value chain, from
order to customer and back again for process/device improvements, flexible manu-
facturing control techniques have to be developed and applied.

Fraunhofer IISB is working within iDev4.0 on smart logistics and flexible manu-
facturing control concepts for rapid prototyping. Functionalities and requirements for
adaptive process flow planning, process execution and process parameter adjustment
based on results of real-time and smart experiments are currently being defined. The
developed concepts will be later implemented in the new manufacturing execution
system, which will be rolled out as part of the “Research Fab Microelectronics
Germany/Forschungsfabrik Mikroelektronik Deutschland (FMD)”.

Another important challenge in manufacturing and prototyping, respectively, is the
implementation of smart logistics for wafer carriers. Based on the n-Fab’s flexibility,
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various wafer sizes and types are being handled in different contamination protocol
zones and the customer may determine the points of entry and exit in the process line.
To overcome this challenge, innovative carrier monitoring strategies are currently
developed by Fraunhofer IISB utilizing the concept of digital twins. During the project,
a prototype for the data-driven contamination monitoring of FOUPs in the production
line at Infineon will be developed. All the techniques learned reaching from the
analysis equipment to the different contamination sources in a power semiconductor
fab to data management of carrier data will be taken into account when implementing
an optimized wafer container monitoring in the Pi-Fab. This could be for example the
introduction of carrier changes or adding time coupling after certain steps.

Figure 5 shows the principle of the intended concept for a digital twin of a wafer
container. The tracking information of the wafer and the corresponding wafer container
will be combined with the analysis of data from in-line and off-line contamination
control procedures to improve carrier logistics with regard to contamination. First
investigations have been started with data sets provided by an industrial project partner.

Tracking ...the wafer container during the processes

Analyzing ...contamination in the container

Modelling . Corelationof process siepsard confamivafion.
Prediction ...of contamination for wafer container monitoring

Fig. 5. Digital twin principle for wafer container

4 Summary

A first solution approach towards a smart platform for rapid prototyping of low-volume
devices was outlined and actual implementation started. The approach comprises R&D
in smart experiments, digital twins, smart logistics and smart organization. The actual
development of solutions was preceded by a survey. This procedure is in line with the
proven approach described, e.g., by the CRISP-DM model (Shearer 2000): This step is
focused on knowledge and understanding of the objective on the one hand, and the
alignment of expectations of the stakeholders on the other. Similarly, McKinsey
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describes an “advanced analytics” approach, which they suggest to apply in semi-
conductor industry in general and R&D in particular. In contrast to traditional analytics,
they also recommend to start from the business problem that needs to be solved and to
head for information and respective data needed to derive the correct decisions in
respect thereof (Batra 2016).

Project Information: The project “integrated Development 4.0” leads the digital
transformation of singular processes towards an integrated digital value chain based on
the “digital twin” concept. Development, planning and manufacturing will benefit from
the “digital twin” concept in terms of highly digitized virtual processes along the whole
product lifecycle.

The project iDev4.0 has received funding from the ECSEL Joint Undertaking under
grant agreement No 783163. The JU receives support from the European Union’s
Horizon 2020 research and innovation program. It is co-funded by the consortium
members, grants from Austria, Germany, Belgium, Italy, Spain and Romania.
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