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We do research for the people.
Application-orientated, innovative
and professional.

With over 500 employees, Fraunhofer IPMS develops
innovative, customer-specific solutions in the fields

of intelligent industrial solutions, medical & health
technologies and mobility at four sites in Dresden, Cottbus
and Erfurt.

Our research focuses on miniaturized sensors and
actuators, integrated circuits, wireless and wired data
communication, customer- and application-specific micro-
electro-mechanical systems (MEMS) as well as leading-
edge 300 mm technologies for future applications in
digital, neuromorphic and quantum computing.

As a reliable and competent research partner, we provide
our customers with complete solutions from the initial
concept and technology development to the model

and pilot production on 200 mm wafers in our own
cleanroom using qualified, industry-orientated processes.
The development of processes and materials on 300 mm
wafers completes our range of services.

® Video ,,Our insitute in Dresden from above”


https://www.youtube.com/watch?v=9u4qSoV5-zc
https://www.youtube.com/watch?v=9u4qSoV5-zc
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Foreword

Dear friends and partners of the Fraunhofer Institute
for Photonic Microsystems,

the past year was characterized by positive developments,
challenging tasks and important milestones that we have
mastered together.

One of the most positive aspects in 2023 was undoubted-
ly the unbroken upward trend in the semiconductor and
microelectronics sector, which was further strengthened
by industry expansions and new companies relocating to
Dresden.

The European Chips Act is also continuing to take

shape. As a contribution to this, the Research Fab
Microelectronics Germany (FMD) is planning the most
comprehensive and advanced pilot line for "Advanced
Heterogeneous System Integration” in the coming years.
We are eagerly awaiting the decision on this in mid-
2024. All these dynamic developments not only represent
important steps for Fraunhofer IPMS, but also make a
significant contribution to strengthening technological
sovereignty in Germany and Europe. In this context, we
would like to draw particular attention to the strategic
importance of these advances, which further consolidate
our position as an innovation leader.

However, we also want to actively shape the future in
other areas with our cutting-edge research. We pay
particular attention to the topic of climate neutrality,
including energy and resource efficiency. Fraunhofer IPMS
is also working intensively on future technologies in the
digital world. These include & Green Microelectronics,
@ Neuromorphic Computing and @& Quantum
computing.

The challenges of the past year, in which we had to face a
difficult financial environment due to the critical federal
budget situation and planning uncertainties, should not
go unmentioned. Rising material costs and high energy
prices have further restricted our financial scope. Despite
these conditions, we would like to emphasize that we at
Fraunhofer IPMS remain well positioned. Following our
extensive strategy process, our strategic plan was
positively evaluated by an external group of independent
auditors in May 2023. @ Their statements confirm our
excellent work and give us the certainty that we are on
the right track.

In this context, we would also like to highlight the
progress made in construction over the past year. The
renovation of parts of our main building is an important
step towards creating a modern and efficient working
environment. At the Center Nanoelectronic Technologies,
we celebrated the topping-out ceremony for our new
office building in February 2024. We plan to move in at

the end of 2024, Prof. Dr. Harald Schenk

Executive Director

We thank you for your loyalty as a customer, sponsor or
partner of our institute and our research. We are proud
to present another successful year for Fraunhofer IPMS on
the following pages. Find out more about our innovative
ideas and developments, which we successfully translate
into customized solutions for industry and society. Thank
you for your trust and continued support. Together, we
look to the future with optimism and are ready for the

challenges ahead.

Hubert Lakner

Harald Schenk

Prof. Dr. Hubert Lakner
Director


https://www.ipms.fraunhofer.de/de/cleanrooms/300mm-semiconductor-processes.html
http://www.icampus-cottbus.de
https://www.ipms.fraunhofer.de/de/cleanrooms/300mm-semiconductor-processes.html
http://innohub13.de/showrooms/sciencegallery
https://www.ipms.fraunhofer.de/de/cleanrooms/300mm-semiconductor-processes.html
https://www.showroom.leistungszentrum-mikronano.de
https://www.showroom.leistungszentrum-mikronano.de
https://www.ipms.fraunhofer.de/de/cleanrooms/300mm-semiconductor-processes.html
http://s.fhg.de/IPMS-Patents
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Pioneering semiconductor technology

Our cleanrooms for your developments

200 mm

= MEMS Technologies Dresden: 1500 m? clean room
(class 4 according to ISO 14644-1)

= Technology development through to pilot production
of innovative microsystems on 200 mm

= Micro-electro-mechanical systems (MEMS) and
micro-opto-electro-mechanical systems (MOEMS)

@ MEMS Technologies Dresden
@ Virtual clean room tour
@& CNBC interview with Prof. Dr. Hubert Lakner

300 mm

= 2700 m2 class 6 and 3 clean room
(according to ISO 14644-1)

= Development services on 300 mm wafers
in the field of FEoL and BEoL

= Services at Ultra Large Scale Integration Level (ULSI)
= Analytics, Metrology & Characterization

@ 300 mm semiconductor processes
@ Analytics and metrology
@ RF characterization

® Video: ,From Wafer Level Test to MEMS
Modules”

& Webinar ,,Managing a High-Mix and Low-
Volume MEMS R&D Fab by Applying KPIs”

@ Webinar ,,Customized BSOI using CMOS
compatible Wafergrinder”

® video ,,KLA CIP Tech M300 Metrology”
® Video , TEL Test System*”

® video ,,ASM Eagle XP4 for ALD"

® Video ,Lesker PVD200 load deposition system”
® video ,,Quantum Design OptiCool Cryostat”
® Video ,Wafer Prober Characterization System”



https://www.ipms.fraunhofer.de/de/cleanrooms/mems-technologies-dresden.html
https://www.ipms.fraunhofer.de/en/cleanrooms/mems-technologies-dresden.html
https://stadtkind360.de/vr/fraunhofer_ipms/
https://stadtkind360.de/vr/fraunhofer_ipms/
https://www.cnbc.com/video/2021/08/25/dresden-is-now-the-number-one-place-for-production-chips-in-europe-expert-says.html
https://www.cnbc.com/video/2021/08/25/dresden-is-now-the-number-one-place-for-production-chips-in-europe-expert-says.html
https://www.ipms.fraunhofer.de/de/cleanrooms/300mm-semiconductor-processes.html
https://www.ipms.fraunhofer.de/en/cleanrooms/300mm-semiconductor-processes.html
https://www.ipms.fraunhofer.de/de/cleanrooms/analytics-and-characterization/300mm-Analytics-and-Metrology.html
https://www.ipms.fraunhofer.de/en/cleanrooms/analytics-and-characterization/300mm-Analytics-and-Metrology.html
https://www.ipms.fraunhofer.de/de/Components-and-Systems/Components-and-Systems-Computing/RF-Characterization.html
https://www.ipms.fraunhofer.de/en/cleanrooms/analytics-and-characterization/rf-characterization.html
https://www.youtube.com/watch?v=I5hoGwulod0
https://www.youtube.com/watch?v=I5hoGwulod0
https://www.youtube.com/watch?v=IMUe3ue6ytI&t=1s
https://www.cnbc.com/video/2021/08/25/dresden-is-now-the-number-one-place-for-production-chips-in-europe-expert-says.html
https://www.ipms.fraunhofer.de/en/press-media/webinar.html#19
https://www.ipms.fraunhofer.de/en/press-media/webinar.html#19
https://www.cnbc.com/video/2021/08/25/dresden-is-now-the-number-one-place-for-production-chips-in-europe-expert-says.html
https://www.ipms.fraunhofer.de/en/press-media/webinar.html#23
https://www.ipms.fraunhofer.de/en/press-media/webinar.html#23
https://www.youtube.com/watch?v=Vlag9L98t-E
https://www.youtube.com/watch?v=e7R74gDIY6o
https://www.youtube.com/watch?v=_suCL83hKsY&t=19s
https://www.youtube.com/watch?v=uz_sHIOVPl0
https://www.youtube.com/watch?v=0CzQyV_UHg4
https://www.youtube.com/watch?v=XQ4zb1BfC-0
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Pioneering semiconductor technology

Green ICT — Sustainable Microelectronics

Sustainability is playing an increasingly important role in
microelectronics — right from the manufacturing stage. In
order to contribute to reducing the carbon footprint of
digital technologies through research and development,
we are part of the "Green ICT @ FMD" competence
center. As coordinator of Hub 3 — resource-optimized
electronics production — we use our two cleanrooms

as references for evaluating improvement measures in
electronics production.

® Video "Hub 3: Ressource-optimized electronics
production” Talk by Marco Kircher (German with
English subtitles)

& Overview of our Green ICT research projects

@ Green ICT Space of the Research Fab
Microelectronics Germany (FMD)

® Video ,,Green ICT Space: Accelerator for
sustainable start-ups and SMEs"” (German with
English subtitles)

Contact person

Jorg Amelung

Division Director Engineering,
Manufacturing & Test

+49 351 8823-4691
joerg.amelung@ipms.fraunhofer.de

® Video "Sustainability - An Obligation or an
Opportunity?" Discussion round with Jorg
Amelung (German with English subtitles)


https://www.ipms.fraunhofer.de/de/Strategic-Research-Areas/Green-ICT.html
https://greenict.de/startups/
mailto:joerg.amelung%40ipms.fraunhofer.de?subject=
https://www.youtube.com/watch?v=xhwDTB317Tk
https://www.youtube.com/watch?v=y7AsUUCZPZU
https://www.youtube.com/watch?v=VJPuHC8rtEQ
https://www.youtube.com/watch?v=VJPuHC8rtEQ
https://www.youtube.com/watch?v=VJPuHC8rtEQ
https://www.youtube.com/watch?v=xhwDTB317Tk
https://www.youtube.com/watch?v=VJPuHC8rtEQ
https://www.youtube.com/watch?v=UdODWJYeVaA&list=PLhtKKTXQD94h3luEHjv-wFUKyVDbFEUv1&index=60
https://www.youtube.com/watch?v=UdODWJYeVaA&list=PLhtKKTXQD94h3luEHjv-wFUKyVDbFEUv1&index=60
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Pioneering semiconductor technology | Green ICT - Sustainable Microelectronics

Research Projects

Reduction of PFAS in
microelectronics

The group of PFAS, short for "perfluorinated and
polyfluorinated alkyl substances”, is large. These

are organic compounds in which the hydrogen
atoms are completely (“perfluorinated") or partially
("polyfluorinated") replaced by fluorine atoms. PFAS
have water and grease repellent properties and are
very stable and durable. They are therefore widely used
in many industrial sectors and also in the household.
PFAS are also used in microelectronics production,
for example as an anti-static surface on chips or to
hydrophobize the chip surface.

The disadvantage: many PFAS are classified as toxic.
Once they have been released into the environment,
they are very difficult, if not impossible, to remove.

Solutions must therefore be found.

Regulation of PFAS by the EU can be countered, for
example, by retrofitting existing systems. Another way
is to replace them with chloroalkanes without fluorine
at chip and wafer level.

At Fraunhofer IPMS we are conducting research on:

= Development of processes with harmless substances
as substitutes for e.g. PFAS

= Evaluation of processes and systems to prevent
PFAS leakage

= Use of new, less environmentally harmful materials
without compromising product quality

= Verification through analysis, e.g. determination of
hydrophilicity

= Assessment of the long-term effects of alternative
materials

& Project website

Contact person

Marco Kircher

Surface MEMS Acoustic

+49 351 8823-361
marco.kircher@ipms.fraunhofer.de

Hyperspectral imaging inspection
tool for efficient semiconductor
production

Together with DIVE imaging systems GmbH, we are
working on a joint project as part of the GreenlICT
Space — the accelerator program of the "GreenlICT @
FMD" competence center.

The overarching aim of this project idea is to establish
hyperspectral imaging technology as a production-
accompanying screening tool for semiconductor
production. The aim is to make the semiconductor
production chain more efficient and therefore more
environmentally friendly.

Based on the information collected, it will be possible,
for example, to significantly reduce the number of
system control wafers required to date, detect and
subsequently avoid production errors at an earlier
stage, create new (wafer) designs more efficiently and
optimize production capacities overall and make more
efficient use of resources.

This significantly reduces the consumption of materials,
energy and consumables per wafer in semiconductor
production.

@ Project website



mailto:marco.kircher%40%0Aipms.fraunhofer.de?subject=
https://www.ipms.fraunhofer.de/de/Strategic-Research-Areas/Green-ICT/PFAS-reduzierte-Mikroelektronik.html
https://www.ipms.fraunhofer.de/en/Strategic-Research-Areas/Green-ICT/PFAS-reduced-microelectronics.html
http://ipms.fraunhofer.de/de/Strategic-Research-Areas/Green-ICT/PFAS-reduzierte-Mikroelektronik.html
https://www.ipms.fraunhofer.de/en/Strategic-Research-Areas/Green-ICT/NEST-green-ict-space.html
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Pioneering semiconductor technology | Green ICT - Sustainable Microelectronics | Research Projects

Ressource- and energy-efficient
ISFET-based sensing

The aim of the project Resource- and energy-efficient
ISFET-based sensing (REISen) is to research material-
related methods for chemical sensors based on ISFETs
(ion-sensitive field-effect transistors). These sensors are
used to measure the pH value in the food sector, for
example.

The focus is on three main areas of work:

= Research into processes to replace tantalum as
a sensor material for ISFETs using pH sensors as
an example. As a critical and expensive material,
tantalum is of great importance for high-performance
pH measurement technology. Although alternative
materials often do not offer the same performance,
they are sufficient for many applications and are also
cheaper. In addition, there are energy savings during
processing.

- Research into resource-saving characterization and
integration of ISFETs. According to the state of the

Contact person

Dr. Olaf R. Hild

Head of Business Unit Chemical Sensors
+49 351 88 23-450
olaf.hild@ipms.fraunhofer.de

art, bonding processes, circuit boards and conductor
tracks made of palladium/platinum and silver alloys
are used. The aim is to avoid these processes and
materials.

= Development of resource-efficient sensor functionali-

zation methods: The state of the art is flat coatings
with subsequent structuring. More than 99% of the
materials used are lost in this process, as the sensor-

active areas are only a few square micrometers in size.

The aim is therefore to save material by structuring
directly at wafer level using microfine dispensers. This
not only saves on reactive and therefore often toxic
materials, but also reduces the health burden on
workers and protects the environment.

The REISen project addresses several UN sustainability
goals: e.g. health and well-being, clean water, and
climate protection.

& Project website

Substitution of NMP

N-methyl-2-pyrrolidone (NMP) has proven to be an
essential material for lift-off processes and resist
removal. This chemical enables precise structuring
of thin films and cleaning of surfaces, which is
particularly important to ensure the quality and
performance of semiconductor devices.

As of 2018, NMP has been included in Annex XVII of
the REACh Regulation due to its reproductive toxicity
and irritant effect on the eyes, skin and respiratory
tract. Since May 2020, consumer products with an
NMP content of = 0.3% have been banned in the EU.

We focus on the development of processes using
safer products. Our research aims to identify and
explore substitutes for NMP.

@ Project website



https://www.ipms.fraunhofer.de/en/Strategic-Research-Areas/Green-ICT/Substitution-of-NMP.html
https://www.ipms.fraunhofer.de/en/Components-and-Systems/Components-and-Systems-Sensors/Chemical-Sensors/Ion-sensitive-field-effect-transistors-ISFET/Project-REISen.html
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Environmentally friendly
silicon oxide-based slurries for
microelectronics production

In today's conventional transistor production, the
individual components are electrically separated from
each other by deep trenches of insulating silicon
oxide. A chemical mechanical planarization process
(CMP) is required to adjust the dimensions of the
insulation trenches to nanometer precision. Today, a
polishing suspension (slurry) based on cerium oxide
abrasive particles is used for this step. As cerium is
a rare earth element whose oxide is suspected of
being carcinogenic, Fraunhofer IPMS is conducting
tests with more environmentally friendly alternative
slurries based on silicon oxide.

As silicon oxide is removed during the manufacturing
process and the topography is adjusted with the

aid of a polishing stop layer made of silicon nitride,
(at least) two parameters are of central importance
for evaluating a slurry: The oxide removal should

be sufficiently high to enable a high process

throughput. A high selectivity of the removal is
required to end the process when the polishing stop
layer is reached. The removal rate of the silica slurry is
parameter-dependent and similar to one of the ceria
slurries. The target parameter of the removal rate,

to which normalization was performed, is achieved.
Ceria slurries can generally deliver significantly higher
removal rates, which means that production processes
can potentially run faster.

The comparison of the selectivity between oxide and
nitride removal shows sufficiently high values for the
silica slurry.

Based on these data from wafers with a homo-
geneous material layer, a cerium oxide-free slurry has
recently been applied to production-like structured
300 mm wafers at Fraunhofer IPMS. The comparison
of the selectivity between oxide and nitride removal
shows sufficiently high values for the silica slurry.

@ Project website

Contact person

Dr. Wenke Weinreich

Division Director Center Nanoelectronic
Technologies

+49 351 2607-3053
wenke.weinreich@ipms.fraunhofer.de

Environmentally friendly cleaning
technologies in microchip
manufacturing

Many individual process steps are necessary before a
chip is created in microelectronics. It is always necessary
to clean wafers or remove some or all of the layers.

This is usually done using aggressive chemical cleaning
processes. Together with partners, Fraunhofer IPMS

is developing an alternative technology that is more
efficient, more cost-effective and, above all, more
environmentally friendly.

The phase fluid-based technology sets new standards
in terms of environmental friendliness, occupational
safety and tool compatibility and represents a major
step towards the Green Fab in semiconductor
manufacturing. In addition, process sequences can be
simplified, resulting in savings in production time and
consumables and enabling new application scenarios in
process integration.

In contrast to conventional processes, in which, for
example, photoresists are dissolved using aggressive
solvents and sometimes toxic chemicals and then
disposed of at great expense, phase fluids infiltrate the
corresponding layers, fragment them and "lift" them
off the wafer surface without leaving any defects.

The phase fluid and the dissolved photoresist are then
rinsed off with DI water and removed without leaving
any residue.

& Project website

More informationen on the

@ Climate strategy of the
Fraunhofer-Gesellschaft



mailto:monika.beck%40ipms.fraunhofer.de?subject=
https://www.ipms.fraunhofer.de/en/Strategic-Research-Areas/Green-ICT/green-slurries.html
https://www.ipms.fraunhofer.de/de/Strategic-Research-Areas/Green-ICT/Eco-friendly-cleaning-technologies-in-microchip-production.html
https://www.ipms.fraunhofer.de/en/Strategic-Research-Areas/Green-ICT/Eco-friendly-cleaning-technologies-in-microchip-production.html
mailto:https://fraunhofer.sharepoint.com/sites/ueber-fraunhofer/SitePages/Taskforce-Klimaneutralit%25C3%25A4t.aspx%3FOR%3DTeams-HL%26CT%3D1701938015312%26clickparams%3DeyJBcHBOYW1lIjoiVGVhbXMtRGVza3RvcCIsIkFwcFZlcnNpb24iOiIyNy8yMzExMDIyNDcwNSIsIkhhc0ZlZGVyYXRlZFVzZXIiOmZhbHNlfQ%253D%253D?subject=
https://www.fraunhofer.de/en/about-fraunhofer/sustainability/responsible-corporate-governance/fraunhofer-climate-strategy.html
https://www.fraunhofer.de/en/about-fraunhofer/sustainability/responsible-corporate-governance/fraunhofer-climate-strategy.html
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Pioneering semiconductor technology

Increased cooperation at European level —
CEA-Leti, Fraunhofer, imec and VTT jointly
develop Edge Al technologies

The EU's four leading research and technology organi-
zations (RTOs) — France's CEA-Leti, Germany's Fraunhofer-
Gesellschaft, Belgium's imec and Finland's VTT — are
working together on the PREVAIL project. Launched at
the end of 2022, the project uses the RTOs' advanced
300 mm manufacturing, design and testing facilities

to develop high-performance and low-power edge Al
hardware.

In order for the industry to transfer these technologies

into commercial products and innovations as quickly

as possible, they must be further developed from

basic research towards commercial applicability and

the necessary development and pilot manufacturing
infrastructure must be established. The aim of the PREVAIL
project — "Partnership for Realization and Validation of

Al hardware Leadership" — is to offer a technological
platform that is capable of designing, manufacturing and
testing prototypes for advanced neuromorphic chips for
edge Al applications.

Contact person

Dr. Benjamin Lilienthal-Uhlig
Head of Business Unit Next Generation

Computing
+49 351 2607-3064
benjamin.lilienthal-uhlig@ipms.fraunhofer.de

The ultimate goal of the PREVAIL project is to provide
Europe with an easily accessible, advanced manufacturing
infrastructure that enables users to produce early research
prototypes of innovative and trustworthy products and
accelerate their commercialization.

In addition to providing high-performance, low-power
edge components and technologies to support the
massive data processing requirements of Al, the project
will help drive the EU's digital transformation. It is a
precursor to the objectives of the European Chips Act.

@ Press release "EU consortium to develop next-
generation edge Al technologies adopts design
proposals"

10


mailto:benjamin.lilienthal-uhlig%40ipms.fraunhofer.de?subject=
https://www.ipms.fraunhofer.de/de/press-media/press/2024/Next-Gen-Edge-AI-Technologies.html
https://www.ipms.fraunhofer.de/en/press-media/press/2024/Next-Gen-Edge-AI-Technologies.html
https://www.ipms.fraunhofer.de/en/press-media/press/2024/Next-Gen-Edge-AI-Technologies.html
https://www.ipms.fraunhofer.de/en/press-media/press/2024/Next-Gen-Edge-AI-Technologies.html
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Pioneering semiconductor technology

Bridges of Innovation: Fraunhofer IPMS and
NY CREATES strengthen cooperation

The New York Center for Research, Economic Advance-
ment, Technology, Engineering, and Science (NY CREATES)
is one of the world's leading research and development
institutions for digital technologies, energy technologies
and microelectronics. In May 2023, Dr. Wenke Weinreich,
Deputy Director of Fraunhofer IPMS, traveled to Albany,
New York, with a Saxon delegation led by Prime Minister
Michael Kretschmer for a meeting with NY CREATES.

She signed a memorandum of understanding and said:
"With our expertise and technologies in advanced
microelectronics, we ideally complement the capabilities of
NY CREATES. Together we can make significant progress
in the development of future semiconductor systems".

The return visit took place at the end of November in
Munich and Dresden. First there was an exchange at the
semiconductor industry's leading trade fair, SEMICON
Europa. Representatives from NY CREATES then visited the
Fraunhofer IPMS in Dresden and the Silicon Saxony office.

@ Press release "Bridges of Innovation: Fraunhofer
IPMS and NY CREATES strengthen cooperation”

Contact person

Dr. Wenke Weinreich
Division Director Center Nanoelectronic

Technologies
+49 351 2607-3053
wenke.weinreich@ipms.fraunhofer.de

® Video "Fraunhofer IPMS' Wenke Weinreich:
Why Partnerships are Critical for Semiconductor
Organizations"

Saxonian delegation visiting NY CREATES in May 2023.

"


https://www.ipms.fraunhofer.de/de/press-media/press/2024/Fraunhofer-IPMS-NY-CREATES-Kooperation.html
https://www.ipms.fraunhofer.de/en/press-media/press/2024/Fraunhofer-IPMS-NY-CREATES-Kooperation.html
https://www.ipms.fraunhofer.de/en/press-media/press/2024/Fraunhofer-IPMS-NY-CREATES-Kooperation.html
mailto:monika.beck%40ipms.fraunhofer.de?subject=
https://www.youtube.com/watch?v=y7AsUUCZPZU
https://www.youtube.com/watch?v=t22nZuVdd_Q&list=PLhtKKTXQD94hC-GGL3WWI1vu6yV8aJvKN
https://www.youtube.com/watch?v=t22nZuVdd_Q&list=PLhtKKTXQD94hC-GGL3WWI1vu6yV8aJvKN
https://www.youtube.com/watch?v=t22nZuVdd_Q&list=PLhtKKTXQD94hC-GGL3WWI1vu6yV8aJvKN
https://www.youtube.com/watch?v=t22nZuVdd_Q&list=PLhtKKTXQD94hC-GGL3WWI1vu6yV8aJvKN
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Pioneering semiconductor technology

Strengthening scientific cooperation

with Talwan

The establishment of TSMC in Dresden, in the heart of
Silicon Saxony, is a clear sign of increased cooperation
between Taiwan and Germany. Fraunhofer IPMS set the
course here at an early stage: In early 2023, the institute
and TU Dresden signed concrete agreements on scientific
cooperation with several universities in Taipei and Hsinchu
in Taiwan in the presence of Science Minister Sebastian
Gemkow.

Among other things, the following agreements were
reached:

- Joint research activities in the field of
microelectronics and semiconductor technologies

= Joint research activities in the field of
microelectronics and semiconductor technologies

- Exchange of teaching staff and joint lectures

= Mutual facilitation of the admission of qualified students
- Exchange of researchers

= Student exchange program

- Implementation of joint projects

= Conducting lectures and organizing symposia and
conferences

- Exchange of academic information and materials

Contact person

Dr. Thomas Kampfe
CMOS Integrated RF

+49 351 2607-3215

thomas.kaempfe@ipms.fraunhofer.de

The conclusion of the cooperation agreement with the
National Yang Ming Chiao Tung University (NYCU) is

an important step for Fraunhofer IPMS. It gives us a
strong research partner in the country that produces the
world's most advanced semiconductors. In particular,
joint research projects, publications and the exchange of
scientific personnel are planned with the International
College of Semiconductor Technology at NYCU. We are
aiming for close cooperation in microelectronics research,
particularly in the area of memory development and
reliability testing.

In November 2023, we welcomed a Taiwanese delegation
from the National Taiwan University of Science and
Technology, led by the university's president, Prof. Jia-Yush
Yen (p. 46).

@ Press release "Scientific cooperation with
universities in Taiwan significantly expanded"

Signing of the MoU (from left to right: Prof. Edward Yi Chang - Dean NYCU, Prof. Chen-Yi Lee - Senior Vice

President NYCU, Sebastian Gemkow - Minister of Science Saxony, Dr. Thomas Kampfe - Fraunhofer IPMS).

12


mailto:monika.beck%40ipms.fraunhofer.de?subject=
https://www.ipms.fraunhofer.de/de/press-media/press/2023/Zusammenarbeit-mit-Taiwan.html
https://www.ipms.fraunhofer.de/en/press-media/press/2023/Cooperation-with-Taiwan.html
https://www.ipms.fraunhofer.de/en/press-media/press/2023/Cooperation-with-Taiwan.html

\

~ Fraunhofer

IPMS

Annual Report
2023/2024

About Fraunhofer IPMS
Foreword
Pioneering semiconductor technology

Next Generation Technologies
Quantum Computing
Quantum Computing & Quantum Cryptography
Neuropmorphic Computing

Bio & Health

Sensors & Al

Digitalization & Data Communication

Highlights

Fraunhofer IPMS at a glance

Pioneering semiconductor technology

Technology center for semiconductor
metrology on 300 mm wafers

with Applied Materials

Together with Applied Materials, Inc., we founded one
of the largest technology centers for semiconductor
metrology and process analysis in Europe in mid-2023.

The technology center, which is based at our Center
Nanoelectronic Technologies, is located in the heart

of Silicon Saxony, the largest semiconductor cluster in
Europe. The technology center will be equipped with
state-of-the-art eBeam metrology equipment from
Applied Materials, including the VeritySEM® CD-SEM
system (a critical dimension scanning electron microscope),
and will be staffed by Applied Materials engineers and
R&D experts.

The new technology hub will enable advanced wafer-
level metrology in an industrial CMOS environment with
Fraunhofer IPMS' unique ability to exchange wafers

Contact person

Dr. Benjamin Lilienthal-Uhlig

Head of Business Unit Next Generation
Computing

+49 351 2607-3064
benjamin.lilienthal-uhlig@ipms.fraunhofer.de

directly with semiconductor manufacturers. This will
allow processes to be tested and qualified on a variety of
substrate materials and wafer thicknesses that are critical
for applications in the diverse European semiconductor
landscape. These primarily include the areas of Internet of
Things, Communications, Automotive, Power and Sensors
(ICAPS).

@ Press release "Applied Materials and Fraunhofer
IPMS establish technology center for semiconductor
metrology"

@ Analytics and metrology website

& Webinar ,,300 mm Semiconductor Analytics: XPS/
HAXPES Scanning Microprobe”
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Pioneering semiconductor technology

Our role in the Silicon Saxony ecosystem

We have a long-standing partnership with Fraunhofer IPMS BEEE = = HE
in the development of MEMS sensor technology. T ri1i1t111i111
EEEEEEEEEEREER
: EENNEENEEEEEE W .
o 1o vory valuable ang | ESESRSERSRSSRammdms, eSES
team Is very Va_ ua i ean i AEEEEEEEEEEEEEEEEEEEEENE LLLL11l BN
helps us to design innovative lllllllllllllllllllllEii:EEllk
. . . EEEEEEEEEEEEEEEEEEEENE- = 1101
solutions and realize continuous I EEEEEEEEEEEEEEEEEEEE- " EEENE
. . EEEEEEEEEEEEEEEEEENE TTTTTTT HER B
iImprovements in our products. EEEEEEEEEEEEEEEE EEE
AEEEEEEEEEEEEEEEE HEEEN
| o | EEEEEEEEEEEEEERN 111 1
One concrete example of this successful collaboration is the micro loudspeaker 1 10 1100111111011 1 BE
for consumer electronics, which Fraunhofer IPMS developed into initial functional TR 111111
samples as part of a research project and which Bosch Sensortec GmbH is A EEEEEEEEEER
now developing to market maturity. The Fraunhofer IPMS acts as a | HIEEEEEEEEEEEN
reliable partner that provides us with decisive support in realizing our ) !‘ = = = = = = - ==
goals and further strengthening our technological leadership position.« EEEEEE B
HEEN
Robert Bosch GmbH + Bosch Sensortec GmbH ‘ .
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Next Generation Technologies | Quantum Computing

European pilot infrastructure
for a faster market introduction
of quantum technologies

The success of European start-ups and small and medium-
sized enterprises (SMEs) depends to a large extent on

the efficient transfer of prototypes and pilot projects into
production. However, the pilot phase takes time and
requires significant investment in infrastructure. These
high costs are a major obstacle for start-ups and SMEs to
enter the highly competitive quantum technology market
early enough with their product.

The Qu-Pilot project wants to change this. The aim is to
improve the existing pilot line infrastructures in Europe,
which are mainly distributed among the research and
technology organizations, and to enable product develop-
ment loops together with the hardware industry in the
field of qguantum technology in Europe. The ultimate

goal is to accelerate the market introduction of European
industrial innovations in the field of quantum technology
and to support the establishment of a trustworthy supply
chain.

Fraunhofer IPMS contributes its expertise in modern,
industry-compatible CMOS semiconductor manufacturing
in the 300 mm wafer standard to advance semiconductor
and superconductor platforms. This concerns, for
example, manufacturing processes such as deposition and

Contact person

Dr. Benjamin Lilienthal-Uhlig
Head of Business Unit Next Generation
Computing

+49 351 2607-3064
benjamin.lilienthal-uhlig@ipms.fraunhofer.de

nanostructuring or electrical characterization on a wafer
scale. A particular focus is on improving metallization
and Beol modules. Several technological modules are
being optimized for superconducting local and global
connections, which are essential for the integrated
excitation, control and readout of semiconductor qubits.
The ultimate goal is the demonstration of an improved
process and materials for low-loss superconducting
electrodes and the demonstration of a superconducting
Beol module comprising at least a via and trench level.

The Qu-Pilot project consists of 21 partners from 9 count-
ries and is funded by the European Union with 19 million
euros under the project code 101079926. The project
started in April 2023 and will run for 3.5 years.

@ Project website Qu-Pilot

@ Press release "European pilot infrastructure
for a faster market introduction of quantum
technologies”

& Webinar "Advanced Technology and Hardware
for Next Generation Computing"
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Next Generation Technologies | Quantum Computing

Research projects

New materials for
quantum computing

In the MATQu project, Fraunhofer IPMS and its
partners are aiming to expand existing European
expertise in the field of materials and production
processes. The goal is to pave the way for solid-state
guantum computers in European industry.

Fraunhofer IPMS's focus in the project is on
bringing existing concepts and technologies from
the laboratory to industrial production. In doing

so, we are drawing on our expertise in 300 mm
manufacturing, which already serves as the industry
standard for CMOS computing platforms.

@ Project website MATQu

Contact person

Dr. Benjamin Lilienthal-Uhlig

Head of Business Unit Next Generation
Computing

+49 351 2607-3064
benjamin.lilienthal-uhlig@ipms.fraunhofer.de

Scalable silicon qubits
for quantum computers

In the QLSI project, Fraunhofer IPMS is working with
18 European partners on a silicon-based 16-qubit
chip. This lays the foundation for the industrial imple-
mentation of semiconductor quantum processors in
Europe.

With the Center Nanelectronic Technologies, we are
contributing a 4000 m?2 clean room and expertise in
state-of-the-art, industry-compatible CMOS semi-
conductor production on 300 mm wafer standard.
This concerns, for example, manufacturing processes
for nanostructuring, but also material development
and electrical control in the CMOS area.

@ Project website QLSI

On the way to the quantum
processor "Made in Germany"”

In the QUASAR joint project, Fraunhofer IPMS is
working with Forschungszentrum Julich, Infineon
in Dresden and the Leibniz Institute for Innovative
Microelectronics IHP to develop scalable concepts
for qguantum computing at wafer level. This creates
the basis for the industrial production of quantum
processors "Made in Germany".

We are using adapted processes from CMOS manu-
facturing. Based on its many years of experience in
the field of electron beam lithography and in close
cooperation with Infineon, we are involved in the
production of complex "Gate 1" quantum gates.

@ Project website QUASAR

Test chip with supraconducting qubits
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Quantum Computer in the
Solid State

Together with 24 German research institutions
and companies and under the coordination of
Forschungszentrum Jalich (FZ Jilich), Fraunhofer
IPMS is working on a quantum computer with
improved error rates.

About Fraunhofer IPMS

Foreword

The aim is to make Germany a world leader

in the field of quantum technology and open
up numerous new applications for science and
Next Generation Technologies industry. The first demonstrator will go into
— operation in mid-2024.

Quantum Computing
Quantum Computing & Quantum Cryptography
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@& Project website Q-Solid
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Fraunhofer IPMS at a glance

Contact person

Dr. Benjamin Lilienthal-Uhlig

Head of Business Unit Next Generation
Computing

+49 351 2607-3064
benjamin.lilienthal-uhlig@ipms.fraunhofer.de

Next Generation Technologies | Quantum Computing | Research Projects

FMD for neuromorphic and
quantum computing

In order to bundle and expand the existing micro-
electronic R&D in Germany with regard to quantum
and neuromorphic computing, the FMD launched

a joint project with four other Fraunhofer Institutes,
Forschungszentrum Julich and AMO GmbH: The
"Research Fab Microelectronics Germany — Quantum
and Neuromorphic Computing Module". The
equipment and structural set-up required for this is
being funded by the Federal Ministry of Education
and Research. The "QNC Space", the Deep Tech
Accelerator for research groups, start-ups and SMEs,
will also ensure that this infrastructure is widely
available for innovations from Germany.

@ Project website FMID-QNC
@ QNC Space

Photonisc quantum computer

The photonic approach, which uses light particles
(photons) as qubits, offers enormous advantages
when it comes to the necessary scaling of qubits.
This is because the functions required for the com-
puting operations can be produced on a single chip
using sophisticated semiconductor manufacturing
processes. Fraunhofer IPMS is therefore working with
partners on a photonic quantum computer with up
to 100 qubits.

Fraunhofer IPMS is developing the integrated,
monolithic control of the optoelectronic components
of the photonic quantum computer as well as the
assembly and connection technology. In two and

a half years, the project partners want to present

an initial prototype, and in five years at the latest,

a quantum computer chip capable of performing
large-scale calculations is to be created.

@ Project website PhoQuant

Graphic representation of a photonic quantum
computer

® Video "Introducing Project QSolid -
Quantum computer in the solid state

You can find more information on our pro
technologies in the field of quantum comp

For a quick and easy overview, watch our
“Advanced Technology and Hardware
Generation Computing”.
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Next Generation Technologies | Quantum Communication & Quantum Cryptography

Chip-based quantum random device

Random numbers are of enormous importance in IT
security, as they are used for cryptographic processes such
as key generation and thus ensure the security of data in
terms of confidentiality, integrity and authenticity.

In the "CBQD" project funded by the BMBF, a chip is
being developed that generates random numbers at high
speed on the basis of quantum photonic effects. The aim
is to combine a high speed of random number genera-
tion with a compact design. At the same time, the chip
should meet the requirements of Common Criteria AlS
20/31 PTG.3, a standard for security requirements for IT
products from the German Federal Office for Information
Security (BSI).

Contact person

Dr. Alexander Noack

Optical Sensors & Data Communication
+49 351 8823-287
alexander.noack@ipms.fraunhofer.de

The chip is to become the basis for numerous communi-
cation systems for authorities, banks, critical infrastructure
and the Internet of Things.

The interdisciplinary team brings extensive expertise
ranging from quantum theory to security proofs, security-
by-design experience for random number generators,
silicon photonics and QKD systems and their integration
into applications. Fraunhofer IPMS is responsible for
project coordination and QNRG chip integration.

@ Press release "Photonic quantum chip
for fast and reliable random number generation”

@ Project website CBQD - Chip-based quantum
random device
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Next Generation Technologies | Quantum Communication & Quantum Cryptography | Research projects

Secure optical data
communication by means of
quantum cryptography and LiFi

Modern quantum technology opens up many

new areas of application. But it also harbors

risks. For example, thanks to their enormous
computing power, guantum computers could be
able to undermine state-of-the-art data encryption
methods. To prevent this scenario, several partners
led by KEEQuant GmbH are developing a new
approach to secure optical data transmission in
wireless networks using light and quantum keys. The
"QuINSIDa" project is funded by the German Federal
Ministry of Education and Research.

@ Press release "Secure optical data
communication by means of quantum
cryptography and LiFi"

@& Project website QuINSiDa

Contact person

Dr. Alexander Noack

Optical Sensors & Data Communication
+49 351 8823-287
alexander.noack@ipms.fraunhofer.de

Quantum-secure identities for
a digital future

Access to online services and network databases is
regulated by means of digital identities. Asymmetric
encryption methods are used to transmit these
securely over the network. In the future, however,
guantum computers will be able to crack these
classic encryption methods. The BMBF-funded
"Quant-ID" project aims to research end-to-end
solutions for reliable digital identities using post-
guantum cryptography.

@ Projec website Quant-ID

@ Press release "Quantum-secure identities for
a digital future"

Quantum-secure information
exchange between authorities

Communication between national authorities

must be particularly secure. To this end, the
"QUNET&FUNK" project is developing optical
communication systems that use quantum
cryptography as well as data transmission via free-
space optical links and satellite radio. The aim of
the development is to create compact and robust
communication nodes that are easy to use at a low
price. The project is funded by BMBF.

@ Project website QUNET+FuNK

Compact modules for
quantum communication

The "MIQUE" project is developing compact
modules for quantum key distribution (QKD) that
are suitable for mobile applications and secure
communication over short distances. The project
includes the development of modules for generating
QKD keys, detecting the signals and integrating
them into VPN environments. The project offers
great potential for innovation and is intended to
strengthen Germany's technological sovereignty in
the field of quantum communication.

@ Project website MiQuE

All our projects and
technologies in the field o
quantum communication
can be found @ here.
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Next Generation Technologies | Neuropmorphic Computing

Technology platform for

neuromorphic chips

Neuromorphic computers are based on the structure

of a biological nervous system. Neuromorphic systems

for edge Al applications show enormous potential in
pattern recognition, analysis and prediction and have
great potential in areas such as medical diagnostics or

the recognition of speech patterns and promise to enable
these extraordinary performances with the lowest possible
energy requirements compared to today's architectures.

In order for industry to transfer these technologies into
commercial products and innovations as quickly as
possible, they must be developed from basic research
towards commercial applicability, and the necessary
development and pilot production infrastructure must be
established. The aim of the PREVAIL project ("Partnership
for Realization and Validation of Al hardware Leadership")
is to offer a technological platform that is capable of
designing, manufacturing and testing prototypes for
advanced neuromorphic chips for edge Al applications.

Contact person

Dr. Benjamin Lilienthal-Uhlig

Head of Business Unit Next Generation
Computing

+49 351 2607-3064
benjamin.lilienthal-uhlig@ipms.fraunhofer.de

In the project, four Fraunhofer institutes — in addition to
the coordinator Fraunhofer IPMS, these are the institu-
tes IZM, 1IS and EMFT — are contributing their advanced
300 mm manufacturing, design and testing capabilities.
The aim is to create a "Hardware for Edge Al" platform
for 300 mm technology. This is to be expanded in the
long term in collaboration with CEA-Leti, imec and VTT,
the leading European research organizations (RTOs).

The PREVAIL project is co-financed by the European
Union and the German Federal Ministry of Education and
Research (BMBF) under the funding code 16ME0834.

@ Project website PREVAIL
@ Webinar "Neuromorphic Computing for Edge Al"

Not only computing power, but

also energy efficiency is a

major issue with chips for next
generation computing.«

Dr. Wenke Weinreich
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Next Generation Technologies | Neuropmorphic Computing | Research Projects

Sensors learn to think

Autonomous robots are equipped with sensors

and electronics in order to perceive their
surroundings and to cope with unforeseen situations
independently. This is accompanied by a significant
increase in energy consumption. That is why in the
NeurOSmart project, Fraunhofer IPMS is working
with four other institutes to develop a neuromorphic
in-memory accelerator that is tailored to the
respective sensor. The human brain serves as a
model here.

& Project website NeurOSmart

Contact person

Dr. Thomas Kampfe
CMOS Integrated RF

+49 351 2607-3215
thomas.kaempfe@ipms.fraunhofer.de

Novel materials for
Neuromorphic Computing

Various hardware approaches are being discussed

for the implementation of neuromorphic computing.

In the ANDANTE project, we are using ferroelectric
field-effect transistors (FeFETs) as the ideal synapse.
These are characterized by a very high dynamic
range as well as very low propagation delay. This
means that the signals from the pre-neuron can

be transmitted quickly and with very low loss and
collected in the post-neuron. In addition, these

can be installed in a chip alongside standard logic
transistors, which enables a scalable edge Al
accelerator.

@ Project website Andante

funded by

* Federal Ministry
1 of Education
and Research

Sensor Edge Cloud for
Federated Learning

In the SEC-Learn project, Fraunhofer IPMS and

ten other Fraunhofer Institutes are researching

the development of a neuromorphic computing
architecture for federated learning. Federated
learning refers to an approach in which Al
algorithms are trained in such a way that data is
stored in a distributed manner on multiple devices or
servers. In contrast to classic cloud-based machine
learning, the advantage is that sensitive data

remains in local systems. The platform developed

in the SEC-Learn project will also use neuromorphic
hardware accelerators that consume several orders of
magnitude less power.

& Project website SEC-Learn

Memristive transistors
for neuromorphic computer
architectures

The most important basic elements of a
neuromorphic computing system are electronic
synapses. Neuromorphic architectures based

on resistive memories (RRAM) are considered

to be particularly promising. Significantly higher
information densities can be achieved here thanks
to the multi-level switching properties. In the
MEMION project, Fraunhofer IPMS is producing and
characterizing a lithium-based synaptic transistor
using semiconductor technology processes.

@ Project website MEMION

funded by

All our projects and technologies in the fi
Computing can be found & here.

For a quick and easy overview, watch our
romorphic Computing for Edge Al".
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Deep vein thrombosis (DVT) and its fatal complication,
pulmonary embolism, affect millions of people worldwide
and account for a large percentage of acute hospitaliza-
tions. In DVT, a blood clot forms in the deep veins, usually
in the lower limbs, which obstructs blood flow. In 50%
of people with deep vein thrombosis, the clot eventual-

ly detaches from the vein wall and travels to the lungs,
where it causes a pulmonary embolism. Around 25% of
people who suffer a pulmonary embolism die as a result.
This makes pulmonary embolism the third most common
cause of cardiovascular death worldwide after stroke and
heart attack. The clinical diagnosis of DVT has so far been
very unreliable, as up to two thirds of DVT episodes are
clinically inconspicuous and those affected are symptom-
free even if a pulmonary embolism has developed.

Early diagnosis of DVT is crucial and has been shown to
prevent life-threatening complications, minimize the risk
of long-term complications (post-thrombotic syndrome,
recurrent DVT), improve treatment outcomes and reduce
healthcare costs. The ThrombUS+ project brings together
an interdisciplinary team of experts from industry, techno-
logy, social sciences and clinical trials to develop a novel
wearable device for continuous, user-independent monito-
ring of people at high risk of thrombosis.

Together with VERMON, Fraunhofer IPMS is developing
the ultrasonic transducer array for portable, continuous
monitoring of deep vein thrombosis directly on site. We
are focusing on our CMUTs (Capacitive Micromachined
Ultrasonic Transducers), MEMS-based ultrasonic trans-
ducers, which are considered the next generation of
medical ultrasound sensors. CMUTs can be manufactured
at low cost due to high volume production. In addition,
the advantages such as miniaturization with a high
number of channels, high bandwidth in combination with
high sensitivity enable the development of a completely
new system.

The ThrombUS+ project is Funded by the
European Union under the funding code
HORIZON-HLTH-2023-TOOL-05-101137227.
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The potential of microscanners in medical technology is
immense. They impress with their low volume and weight
as well as their high energy efficiency, which enables
mobile use. In order to meet customer-specific require-
ments, more than 200 different microscanner designs
have already been developed at Fraunhofer IPMS. The
range of services extends along the entire value chain,
from design and prototype development through to pilot
production in our own clean room on 8" wafers.

Fraunhofer IPMS is continuously expanding the range of
applications for scanner mirror technology with innovative
and patented design solutions and technology modules,
as well as the integration of artificial intelligence (Al).
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The Else Kroner-Fresenius Center for Digital Health
(EKFZ) is a joint cross-faculty initiative of TU Dresden,
the University Hospital Carl Gustav Carus Dresden, five
Fraunhofer Institutes — including Fraunhofer IPMS — as
well as the Leibnitz Institute for Polymer Research and
the Helmholtz-Zentrum Dresden-Rossendorf. The aim
is to bring innovative, digital medical technologies from
the laboratory to patients. In the HybridEcho project,
Fraunhofer IPMS is researching how to drastically improve
medical imaging thanks to the use of highly sensitive
MEMS-based ultrasound transducers.

In the project, capacitive ultrasonic transducers, so-called
CMUTs — which offer high sensitivity and thus good
resolution — are to be coupled with modern transmission
and reception technologies, as known from 5G mobile
communications. Integration into an overall system has
the potential to drastically increase image quality, enabling
novel applications such as transcranial ultrasound of
cerebral hemorrhages or efficient tumor screening of the
smallest lesions.
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Standard medical procedures are time-consuming and
often do not take into account individual differences
between patients, leading to potential consequences for
treatment outcomes and quality of life. To address this
problem, Fraunhofer IPMS, in collaboration with partner
institutes Fraunhofer IZI and Fraunhofer IOF at the Fraun-
hofer Center Erfurt, is developing disposable biosensors
with extensive multiplexing capabilities that deliver rapid
results. These biosensors enable early disease detection,
personalized medicine and precision medicine, which has
the potential to significantly improve healthcare outcomes.

The photonic biosensor chips are developed at Fraunhofer
IPMS on a silicon nitride waveguide platform technology.
These biosensors consist of specially developed, scalable
on-chip multi-channel microring resonator architectures of
currently up to 16 sensors operating at a wavelength of
1550 nm. Further designs are currently being developed
towards the visible range based on microring resonators
and Mach-Zehnder interferometers. The detection method
is based on special bioassays developed by the partner
institute Fraunhofer IZI, in which antigen molecules bind
specifically to functionalized sensor surfaces. If binding is
successful, a resonance wavelength shift is read out in the
transmission spectra of the device. These biosensors are
highly sensitive in detecting biomolecules in liquids, which
makes them useful for the early detection of diseases in
body fluids.

The research team's approach is multidisciplinary. This
approach includes the development of sensor chips,
bioassays, biocomponents, surface functionalization,
microfluidics and system integration. By considering all
these aspects, the team strives for optimal performance
and reliability of the biosensor system.

The research team has successfully developed a
demonstrator based on a multi-channel silicon nitride
microring resonator biosensor system. This system enables
the multiplex detection of specific miRNA biomarkers
associated with neurodegenerative diseases in liquids. The
detection is performed via DNA-based capture molecules
immobilized on the sensor surface. The developed
sensors and the integrated system are versatile and can
be adapted for the detection of nucleic acids, various
pathogenic biomarkers, viruses or bacteria in different
liquids.

The next development phase involves collaboration with

diagnostics companies and clinics to further advance the
development of biosensors for relevant biomedical appli-
cations. The aim is to realize the practical implementation
of these biosensors in healthcare facilities.
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Distinguishing between tumors and healthy tissue during
a surgical procedure is of great importance, but can be

a challenge. As part of the Fraunhofer Center Erfurt, we
have developed a novel, MEMS-based confocal laser
scanning microscope for this purpose together with
Fraunhofer IZI.

Early detection of severe disease progression, for example
in respiratory diseases, strongly improves the chances

of recovery. By recording physical parameters such

as respiratory rate and volume, signs of illness can be
detected earlier than usual and, above all, non-invasively
and therefore particularly gently. Fraunhofer IPMS has
developed an ultrasound-based spirometer for exactly
this purpose.
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Various diseases change the metabolism in the body. This
can often be detected by volatile organic compounds
(VOCs) in the air we breathe. The Fraunhofer Center Erfurt
is developing a silicon-based chip as the basis for an ion
mobility spectrometer that can detect typical VOCs for the
early detection of diseases.

In light microscopy, permanent illumination with a
relatively high brightness causes damage to biomedical
samples due to the light radiation. In order to reduce this
phototoxic effect, the illumination must be selective and
limited to the area to be examined. The Fraunhofer Center
Erfurt is developing optical modules for high-resolution
microscopy that can selectively control the incident light.

You can find all our projects and technologies |
field of medical technology @ here.

Our @ Webinar "Smart Systems for Medicz
Health" will give you a quick overview of our re
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OASYS — Optoelectronic sensors
for application-oriented systems for life
sciences and intelligent manufacturing

As the sensory organs of digitalization, sensors form the across state borders and cooperates with regional
basis for smart solutions in the commercial and private companies. The best conditions for a strong innovation
sectors — from the optimization of agricultural and ecosystem in Lusatia: the solutions and ideas developed
industrial production, the intelligent design of mobility here should help small and medium-sized companies on
concepts and urban planning to home automation and their way into the digital future and create more highly
the personalization and decentralization of medical care. qualified jobs in Lusatia. There were already many good
reasons to settle in Lusatia before. As of today, there is
The OASYS project is researching the (further) one more.”
development of MEMS-based technologies for imaging
processes that not only offer new possibilities and In addition to Fraunhofer IPMS, the project consortium
functionalities for image acquisition compared to includes BTU Cottbus-Senftenberg and the Leibniz
previously available solutions, but are also compact, Institutes FBH and IHP. The BMBF is funding the project
mobile and extremely energy-efficient and deliver reliable over a period of five years with 12.5 million euros as part
results even under challenging environmental conditions. of the Coal Structural Strengthening Act.

At the kick-off in December 2023, Manja Schile, Minister
of Science, Research and Culture (MWFK) of the State of
Brandenburg, said: "The research consortium pools the
expertise of several scientific institutions, works together

Contact person

Prof. Dr. Harald Schenk
Institute Director

+49 351 8823-154
harald.schenk@ipms.fraunhofer.de

Dr. Andreas Berns (VDI/VDE Innovation + Technik GmbH), Prof. Dr. GUnther Trankle (Leibniz FBH),

Prof. Dr. Gerhard Kahmen (Leibniz IHP), Dr. Manja Schule (MfWK Brandenburg), Prof. Dr. Harald Schenk (Fraunhofer
IPMS), Prof. Dr. Michael HUbner (Vice President for Research at BTU Cottbus-Senftenberg), Prof. Dr. Matthias Beller
(Vice President of the Leibniz-Gemeinschaft, Director of LIKAT), Gerhard Kast (CEO of UP Umweltanalytische Produkte
GmbH; OASYS praxis partner)
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Checking items of clothing using a
smartphone, Al and infrared spectroscopy

Fraunhofer IPMS has developed an ultra-compact near-
infrared spectrometer that is suitable for analyzing and
identifying textiles. The combination of imaging, special
Al algorithms (artificial intelligence) and spectroscopy
means that even mixed fabrics can be reliably identified.
The technology could optimize the recycling of used
clothing and enable used clothing to be separated by
type. An extremely miniaturized version of the system
even fits into smartphones. This could open up numerous
new applications for consumers in everyday life — from
checking clothes when shopping to checking for
counterfeits.

The first step is to take a picture of the item of clothing
using a conventional camera module. From the image
information of the textile fabric, the Al selects a concise
point to be examined by the spectral analysis module.
The spectrometric profile of the textile fabric is compared
with a reference database to determine which fibers are
involved. The optical resolution is 10 nanometers. Thanks
to the high resolution, the NIR spectrometer can also
determine mixed fabrics such as polyester and cotton
garments with the help of Al. With a surface area of 10
x 10 and a height of 6.5 millimetres, the system is so
compact that it could easily be integrated into a standard
smartphone.

Contact person

Dr. Heinrich Gruger

Sensory Micromodules

+49 351 8823-155
heinrich.grueger@ipms.fraunhofer.de

& Press release "Checking clothes with a smart-
phone, Al and infrared spectroscopy"

@ Website: Near-infrared spectrometers

® Video: How Does NIR Spectroscopy Work?
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Chemical sensor technology

for food analysis

Damage to health could be avoided and inferior product
quality detected if sensitive, selective on-site analysis
adapted to the application was available. With the
technologies available today, this is not yet available
with the required speed, precision and user-friendliness.
Fraunhofer IPMS is therefore researching a mobile gas
chromatography (GC) system that is fast, easy to use,
robust and inexpensive.

It is used to analyze so-called VOCs — volatile organic
compounds. VOCs are chemical compounds that are
characteristic of a certain composition or health hazard.
The detection, identification and quantification of VOCs
is of great importance in many areas. These include,

for example, food quality / safety, medical markers, civil
security, agriculture, etc.

In the project, two application-specific demonstrators for
VOC detection are being developed and demonstrated
in two industry-relevant key applications. One is the
identification of counterfeit food, for example olive oil.
The second application is plastics recycling.

@& Project: Pummel - Point of Use Micro-
Multichannel-Gas-Chromatograph

Contact person

Dr. Olaf Rudiger Hild

Head of Business Unit Chemical Sensors
+49 351 8823-450
olaf.hild@ipms.fraunhofer.de
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Research projects

Al-powered microsensors and
actuators for gesture recognition

Digital helpers — such as smart apps or smart cars — are
already firmly integrated into everyday life. However, Data
is currently mostly processed on large, external servers.
Embedded artificial intelligence (edge Al) aims to change
this and enable Data and algorithms to be processed
directly on the end device. Fraunhofer IPMS is therefore
researching innovative solutions to integrate machine
learning algorithms into everyday devices.

& sensor- and actuator-based
signal pre-processing using Al

Contact person

Jorg Amelung

Division Director Engineering,
Manufacturing & Test

+49 351 8823-4691
joerg.amelung@ipms.fraunhofer.de

Predictive maintenance using Al-
powered sensors

Machine damage and breakdowns are often associated
with high costs and usually lead to considerable
economic losses. Conventional methods of machine
monitoring are limited to the detection of damage that
has already occurred and the prevention of consequential
damage based on a few measured variables and simple
characteristics.

Predictive sensor technology that detects damage before

it occurs would be desirable. Fraunhofer IPMS is therefore
researching smart, MEMS-based sensors with Al-powered
Data evaluation for predictive maintenance.

& Press release: RISC-V processor core from
Fraunhofer IPMS now Edge Al-ready

(® Video: Edge Al solutions for predictive
maintenance

Contact person

Dr. Marcel Jongmanns

Monolithically integrated actuator
and sensor systems

+49 355 69-3161

marcel jongmanns@ipms.fraunhofer.de

You can find all of our projects and technologies in the
field of sensing on our @ website.

Why not find out mor about our ultrasound sensors?
Watch our @ Webinar ,,Low frequency MEMS
ultrasound transducers”.
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Flexibility, longevity and security —
RISG-V conquers the processor market

The open-source instruction architecture called "Reduced
Instruction Set Computer V" (RISC-V) was designed with
the aim of focusing on energy efficiency as well as com-
puting power for new designs. This enables small, energy-
efficient and high-performance processors.

The accessibility of RISC-V has triggered a revolution and,
thanks to its open architecture, enables developers to
design processors that are tailored to specific require-
ments. Fraunhofer IPMS also offers a processor IP based
on the RISC-V instruction architecture.

The EMSAS is a 32-bit processor with a five-stage pipeline
that is used both in embedded systems and in functio-
nal safety applications such as in the automotive sector.
For the latter, the IP core has ASIL D ready certification in
accordance with I1SO 26262.

& Whitepaper
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New controller IP-Core

for enhanced data security

Data security is one of the most important issues in
today's digital age. Increasing system attacks and
cybercrime make it necessary to secure data in new ways.
Fraunhofer IPMS has therefore developed the MACsec
Controller IP-Core, which implements the latest Ethernet
security standards. It ensures the authentication, integrity
and encryption of data between different nodes of a Local
Area Network (LAN).

The latest controller IP-Core Media Access Control Security
(MACsec) implements the Layer 2 security standard
specified in [EEE 802.1AE. MACsec protects Ethernet
connections at the second layer of the OSI model by

using a combination of authentication, encryption and
integrity protection to ensure that only authorized nodes
communicate on the network, traffic remains confidential
and data integrity is maintained.

MACsec can be used with the Fraunhofer IPMS LLEMAC
IP core, any other Ethernet MAC IP core and in standalone
mode. Thanks to its platform independence, simple
system integration is possible so that the MACsec can be
integrated into any FGPA or ASIC.

@ Press release
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Fraunhofer IPMS is driving the revolution

In vehicle architecture

The vehicles of the future will be automated and
connected in order to move autonomously in road traffic
and relieve the burden on drivers. This requires new
vehicle architectures and high-performance components.
With its expertise in Automotive Ethernet TSN, Fraunhofer
IPMS is supporting various research projects in which

TSN components are being developed to meet future
requirements.

In the "Verano" project, the focus is on the development
of distributed and efficient data processing using Al
methods. The aim is to optimally distribute the computing
load and develop an Al-controlled radar sensor network
using sustainable communication technologies.

The "CECAS" research project is developing an
automotive supercomputing platform for automated
driving. The consortium is designing processors, interfaces
and system architectures for this purpose.

& Whitepaper
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Microtechnology conquers space
for more precise earth observation

Earth observations are becoming increasingly important
for a better understanding of our planet. However, the
collection and processing of data from space still face
obstacles. It takes a long time, sometimes even several
days, to obtain information. Additionally, the images
only provide rough details of about one kilometer in size.
Capturing the invisible part of light is very challenging
with current technologies.

A solution is provided by new optical systems with spatial
light modulators (SLM). They capture data from space with
high resolution and have been developed and tested in
the EU project SURPRISE.

In the three-and-a-half-year project, which was completed
in June 2023, an SLM of the current technology genera-
tion from Fraunhofer IPMS successfully underwent a test
under space conditions. The 256 x 256 pixel device was
evaluated for temperature (from -40 °C to 80 °C), vacuum
(< 10 mbar), and vibrations in the X, Y, and Z axes. Not a
single pixel failed.

These experimental findings, together with the simulation
results, confirm the robustness of the spatial light modula-
tors from Fraunhofer IPMS and encourage further activities
for the development of SLM technology for space.

Contact person

Sara Francés Gonzalez

Light modulator product development
+49 351 8823-472
sara.frances-gonzalez@ipms.fraunhofer.de

® Video: SURPRISE - Spatial Light Modulators
for Space Applications

(® Video: SURPRISE4Kids — Micro-mirrors

@ Webinar: Fraunhofer IPMS Micro Mirror Arrays
— Versatile Spatial Light Modulation

@ Webinar: Manufacturing Process Challenges for
MEMS Based Holography SLM Devices
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