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***%* - Chemists' wonder weapon, ecologists’ nightmare
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Per- and polyfluorinated alkyl substances (PFAS)
Main areas of application in semiconductor manufacturing

. O,/CF, plasma
o w
g . @

Etching gases Solvents and Coatings Sealing Materials
photoresists
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Agenda
Next 15min in short

1. Who is Fraunhofer

2. Bundle the Power in semiconductor industry
= FMD Forschungsfabrik Mikroelektronik

= Existing Green ICT @ FMD Project, new Projects

3. Concrete Example how we can replace PFAS in MEMS
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Chapter 01

Who




The Fraunhofer-Gesellschaft
At a Glance

Applied research focusing on key future-relevant technologies and the commercialization of findings in business and industry. A
trailblazer and trendsetter in innovative developments.

0O
Ch% € 3.4 billion total funding %

€ 3.0 billion contract research

> 30,000 employees
Base funding from

Germany’s federal
and state governments

we RN

30%

T % Industrial contracts
76 institutes and RN and publicly-funded
research units research projects

as of 2022
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The Fraunhofer-Gesellschaft
At a Glance

Main locations ® Kielo
; B

Other locations O UM O eh00 °

Rostock

@ Libeck
® Stade

oleer Bremerhaven Hamburg

o
Oldenburg ® Bremen

Wolfsburg Berlin
Hannover o
@

® - @ o
Potsdam i
Braunschweig Y plcat
Magdeburg
Goslaro
. Miinster Paderborn cotitue
Gelsenklrcheé\ O Hamm @ o Halle
%omngen Senftenberg

OoSoest
Oberhausen @ ° .Dortmun # Schkopau o.
Duisburg ® Bochum

o @
Ménchengladbach L ®Kassel Leuna Leipzig
Willicho © Schmallenberg Dresden izt
Sankt Augustin J o @ o
Aachen ® ® Y EHfr G er‘a. Freiberg o

O Bonn 0 GieBen Hermsdorf
Euskirchen ® ® Wachtberg
o}

Lemgo
09

o
O schwarzheide

(]
Chemnitz
limenau ® OZ o
Frankfurt Hanau ‘wickau
Remagen o ®

© Alzenau

(2 A
o
Aschgffenburg Coburg Muinchberg

Mainz
[ ]
° Bamberg c‘Bayreuth
Darmstadt ® o one
Kaiserslautern ° Wiirzburg Erlangen Waischenfeld
Sulzbach ° ® Wertheim . ® o
St.Ingbert ® N?annheim Purtio’o Sulzbach-Rosenberg
o L Nirnberg
Saarbriicken .
O Heilbronn
Karlsruhe @ @Pfinztal
i Esslingen
Ettlingen ® o 9

Stuttgart

Regengburg
Ingolstadto O Straubing
o

Deggendorf
Augsburg  Freising
@ [ ]

Garching
® Freiburg Miinchen
o Kandern WeBling© )
. [ ] o Prien
Efringen- © Holzkirchen
Kirchen

Page 9 11/12/2024 Marco Kircher

oo mmmmmmmmoes

Total funding

€ 3.4 billion

Major infrastructure capital
expenditure and defense research

€ 3.0 billion

i One-third is base funding

from Germany’s federal
and state governments

industrial contracts and
publicly-funded research
projects

Contract research

Two-thirds come from

2023
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Research Fab Microelectronics Germany (FMD)
One of the largest cross-site R&D cooperations for micro and nanoelectronics in Europe

Bringing together research in microelectronics
that is spread across many institutes in Germany

y Forschungsfabrik
/ Mikroelektronik
, Deutschland

Bridging the gap between basic research and
customer-specific product development

Providing the broadest range of materials and
techniques for innovative solutions

Offering a unique range of expertise and
infrastructure

MIKROELEKTRONIK

Z Fraunhofer

Enabling digital change and future key
technologies

Supporting innovators and start-ups
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Forschungsfabrik Mikroelektronik Facts and Figures
One of the largest cross-site R&D cooperations for micro and nanoelectronics in Europe

— g\ 19.500 m? cleanroom
space with 1SO9001
— 11 institutes from e Certification; N
T Fraunhofer 1 MES over 10 institutes
CHETE 3 institutes from Leibniz % 2.200 tools/equipment
win % % S in 13 cleanrooms
(oden
® ® Approx. 4,500 employees 7 Forschungsfabrik o
&AM ith 2,635 scientists 8 oustur 7 ey EE' 2.2 bn EUR assets /
% Dresden . investment
% Wachtberg % Chemnitz
eg Design (down to 10/12 nm)
EE 560 m EUR BUdget % FErangen Wafer Processing
- GaAs/InP (4"), SiC (6")
. . Si, SiGe, GaN (8"), Si (12"
200 m EUR projects/industry Aidvla:cedaPa(ck::gir;; up)to
235 m EUR projects/public S # Monchen 12"”; 600 mm panel
funding System Integration
125 m EUR basic funding Test & Characterization
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Competence Center Green ICT @ FMD

3 Technology Hubs — Joint project goals

» Embedded green Al

= Self-sufficient loT-sensor nodes

= Multi-sensor platform

» Green edge computing and edge
cloud systems

= 5@G testbed
= X-haul wireless network
= X-haul optical network

= Processing

Cleanroom infrastructure
Energy optimization
Back-end technologies

Material reduction and replacement

Page 14 11/12/2024 Marco Kircher

Project goals

» Pooling FMD's expertise in the field of ICT within the
Competence Center Green ICT @ FMD

= Establishing a central contact point for industrial user groups,
to provide answers to their questions

= Resource-saving microelectronics/MEMS fabrication processes

» Energy-optimized sensor edge cloud systems and
communication networks

» Life cycle and environmental assessment of existing products
and processes

» Recent and upcoming regulations and the establishment of
standards for ICT products and processes

» Training and encouraging students, young professionals and
employees on issues of relevance to Green ICT

= Developing a community of relevant stakeholders in the field
of green ICT



Competence Center Green ICT @ FMD
3 Technology Hubs — 2 Possibilities for cooperation

Industrial user groups

= Embedded green Al = |dentify the most important technological topics together with our
Lo \‘\% “\»: = Self-sufficient loT-sensor nodes experts
A‘\‘- = Multi-sensor platform . : . L
' , = Participate in the latest findings, data and process optimizations
= Green edge computing and edge
cloud systems » Network with other stakeholders in your line of business

= Benefit from our expertise in energy and resource optimization of ICT

products and processes
= 5@ testbed

= X-haul wireless network Validation projects

= X-haul optical network

= Benefit from our test environments and cleanroom infrastructure

= Adapt modern “green” knowledge to your ICT product or process

= Processing
Cleanroom infrastructure

Energy optimization
Back-end technologies = Reduce costs with 100% coverage of the utilized FMD services

» Learn about the carbon footprint of your ICT product or
manufacturing process

Material reduction and replacement
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Service Portfolio Hub 3: Microelectronics Production
Ecological design of products and processes — what we can offer

Range of topics Technological offers

EKC265 Substitution for cleaning Si wafers after the Bosch Si etching
process

Introduction of more environmentally friendly alternatives than EKC265

I . for cleaning

Process optimization with slurries from less critical sources or materials, advice
on recycling tools, characterization on test structures
24 T ST e Consulting on FAN gas installation, development and optimization of the
plasma cleaning concept

Process parameters for the production of InGaAs/InAlAs/InP heterostructures
on silicon substrates

Alternative materials to NMP: testing possibilities through extensive
knowledge using different characterisations

Life cycle assessment offers
Environmental potential analysis

Use of solvents or solvent mixtures that are not
carcinogenic and not very harmful to aquatic organisms

EKC265 alternatives: Fluorides, amines, hydroxylamine
and pyrocatechol-free, low process temperature,
without rinsing with isopropanol

Replacement of Ce- by SiO,-containing slurries;
reduction of water consumption in the post-process,
recycling and re-use of slurries, determination of
consumption and carbon equivalents

Replacement of the cleaning gases C,Fg; and NF; with
FAN

Replacement of He as precursor gas by Ar

Arsenic reduction of 99.99 % in electronic high-
frequency circuits

Process evaluation without NMP

Evaluation of material and energy consumption for entire technology processes in terms of consumption vs. expenditure
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Service Portfolio Fraunhofer 1ZM
Your technological interface with us and our offers for ecological improvements

Range of topics Technological offers

Assessment of life cycle inventory data: Non-destructive by means of X-ray
and CT, destructive by means of high-resolution grinding techniques (e.g.
FIB)

Reliability tests (e.g. thermal cycling, vibration, humidity, shear tests, tumble
tests, drop tests, tensile tests and combinations of several tests; surface
density determination)
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Life cycle assessment offers
Environmental potential analysis

Consulting and preparation of life cycle inventory
models

Methodological consulting on ISO 14040/44 and
definition of specific requirements for special
applications

Third-party review for life cycle assessments

Plausibility check for life cycle assessment data sets
(especially for electronic component production and
printed circuit boards)

Consulting on and implementation of eco-design and
recycling concepts

Consulting on environmental legislation and
requirements in the field of electronics (not legally
binding) (e.g. substance bans, DPP, Ecodesign Directive,

)



European PFAS related R&D funding opportunities
Chips Joint Undertaking program

=¥ o
\Q'lh I pSJU Material research for replacement/alternatives for PFAS in

the SC manufacturing process at different TRL levels.

= Focus Topic
Sustainable and Greener Manufacturing
(HORIZON-Chips-2024-2-RIA Topic 2)

1. Increase the use of environmentally friendly
materials, chemicals and solvents. Minimization of
waste and emissions during production and
processing.

Innovative equipment or processes, as well as innovations in
the operation and maintenance of the production lines

Development of abatement systems and capture

: : " technologies.
2. Prevention of a future scarcity of some critical

materials for SC processing through a more efficient
and cost-effective products and waste recycling in
process.

Research topics

More precise detection of persistent and mobile substances
or dangerous materials in waste water.
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Fraunhofer PFAS related R&D

Research topic examples

Material research for

replacement/alternatives for PFAS in the

SC manufacturing process

Innovative equipment or processes, as well
as innovations in the operation and

maintenance of the production lines

Development of abatement systems and
capture technologies. ’

Well defined Polymers

as binders for photoresists

DRIE etching with non-PFAS
etching gases and abatement

Novel bio-based
flame retardants

0
AN /cn Biobasiertes
re \ Flammschutzmittel

/
N
R

/
LSS

R3. R4 = Zuckeralkoholrest

PFAS free anti-stiction coatings
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Example 1 - PFAS substitution
Use - in SAM ALD - SPTS MVD300

a popular non-stick coating
ydrophobic coating for MEMS
evice surfaces

e.g. testing the use of OTS, DMMA,

Parylene as a replacement for FDTS
Alternative materials can be
proposed by the industry
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Example 1 - PFAS substitution - CMUT
Use - in SAM ALD - SPTS MVD300

FDTS Is a popular non-stick coating

I and hydrophobic coating for MEMS

device surfaces

e.g. testing the use of OTS, DMMA,

Parylene as a replacement for FDTS
L A Alternative materials can be

\'"'" | 4 proposed by the industry

\\_.
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Example 1 - PFAS substitution
Analyse of results

Analysis:
= Determination of hydrophobicity (contact angle determination)

Hydrophilic Hydrophobic

@ Water contact angle @

-

Fully automated measurement/function test on wafer prober systems - fully electrical and

also mechanical
= Parameter test, mixed signal through to circuit tests
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Your Contact at the FMD Business Office

Dr. Hans Walter
Standardization and Education
+49 173 5840 124

Dr. Manuel Thesen
Project Manager
+49 171 8491 370

manuel.thesen@mikroelektronik.fraunhofer.de hans.walter@mikroelektronik.fraunhofer.de

Dr. Daniela Hiibler
Green ICT Space
+49 151 7261 9479

Lotta Adu
Environmental Assessment
+49 151 7050 7842

lotta.adu@mikroelektronik.fraunhofer.de daniela.huebler@mikroelektronik.fraunhofer.de

Nadiia Telenchuk
Eventmanagement
+49 151 5142 6908

Tugana Ceren Aslan
Environmental Assessment
+49 151 2136 0503

tugana.aslan@mikroelektronik.fraunhofer.de nadiia.telenchuk@mikroelektronik.fraunhofer.de
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Fraunhofer Institute for Photonic
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Business Area CS/ASS/SMA

Tel. +49 12 3456-361

Fax +49 12 3456-255
Marco.Kircher@ipms.fraunhofer.de




Competence Center Green ICT @ FMD
Your Contact for the Green ICT Hubs

Josef Bernhard, Hub Management

Hub 1: Sensor-Edge-Cloud Systems

josef.bernhard@iis.fraunhofer.de

Prof. Dr. Wolfgang Heinrich, Hub Management
wolfgang.heinrich@fbh-berlin.de

Jorg Amelung, Hub Management

joerg.amelung@ipms.fraunhofer.de

Dr. phil. Lutz Stobbe Dr. Nils F. Nissen

Sylvie Couronné, Deputy Hub Management

sylvie.couronne@iis.fraunhofer.de

Dr. Andreas Wentzel, Deputy Hub Management
andreas.wentzel@fbh-berlin.de

Marco Kircher, Deputy Hub Management

marco.kircher@ipms.fraunhofer.de

Dr. Marina Proske

lutz.stobbe@izm.fraunhofer.de nils.nissen@izm.fraunhofer.de marina.proske@izm.fraunhofer.de
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Clean Rooms of Fraunhofer IPMS
200 mm MEMS & 300 mm Micro- and Nanoelectronics

200 mm MOEMS/MEMS 300 mm Micro- and Nanoelectronics

= 1500 m?, class 10 (ISO 4) = 2700 m2, class 1000 (ISO 6) & 400 m2 laboratory space
= 200 mm (8") CMOS compatible wafer line = 300 mm industrial standard equipment

= 3 shift operations for R&D and pilot fabrication N = 80 systems for wafer processing, metrology & analytics
= Technological parameter supervising system ' = Certified wafer exchange with industrial fab partners,
= MES-based planning and documentation e.g., in 28 nm/ 22 FDX

= |SO 9001:2015 certification = Sub-nm characterization and verification
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https://www.youtube.com/watch?v=0CpkfyrMfvU
https://www.youtube.com/watch?v=0CpkfyrMfvU
https://stadtkind360.de/vr/fraunhofer_ipms/
https://stadtkind360.de/vr/fraunhofer_ipms/
https://stadtkind360.de/vr/fraunhofer_ipms/
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