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Introduction: Advanced Manufacturing EURAMET ;

Advanced manufacturing (EC). one of six Key Enabling Technologies (KETS)

Applications in multiple industries
» full exploitation of KETs: creating advanced & sustainable economies

European Technology Platform MANUFuture:

» Vision 2030 strategy document (HLG, 12/2018): n'. -
Manufacturing: backb . S artificial
anufacturing: backbone of European economy m g | intelligence
2014: 2.1 million enterprises, 30 million people, 2 | .
1710 B€. quever: European manufacturing L advanced life science
has been losing ground materials < . techno-
In 2030, European manufacturing will be competitive at global o e
level due to its high-performance and technological level, electronics &

targeting photonics
zero-defect, zero-delay, zero-surprise and

zero-waste production processes prioritised KETs in the Horizon Europe

NO mentioning of Metrology or Measurement, but Quality ~ Programme 2021-2027 (EC)

=> Awareness and ,,Translation“ needed!
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http://www.manufuture.org/
https://ec.europa.eu/info/research-and-innovation/research-area/industrial-research-and-innovation/key-enabling-technologies_en
http://www.manufuture.org/wp-content/uploads/Manufuture-Vision-2030_DIGITAL.pdf

EMN for Advanced Manufacturing EURAM ET\'

= EMN for Advanced Manufacturing formally established in September 2021 (18 NMIs/Dls as members)
= EMN Partner-Organisations: ETP ManuFuture, EFFRA/Made in Europe, NanoFabNet, euspen

= Stakeholder Council (SC): Zeiss, Renishaw, Siemens, Vestas, STMicroel., DTU/CIRP, CERN, BfR, BASF, ...

= EMN organized in 3 Sections:

pe

EMN AdvanceManu

Chair and Secretary: PTB, DE

SC convenor: )
Dr. Imkamp, Zeiss

Advanced SIEL Manufactured
Design for Materials Manufacturing Components and
manufacture and Vice-chair Systems Products Recycling
recyclability B LNE, FR __Vice-chair Vice-chair

. (- NPL, UK INRIM, IT

== "9la  Stakeholder-Dialogue: Larger companies & SME, Industry org., Networks, Univ., R&D-Institutes)
= Strategic Research Agenda (SRA) for Metrology for AdvanceManu = 15! Draft by end of 2022

= In 1/2023 will be an EPM
call on Metrology for Industry

EMN for Advanced Manufacturing, Open Consultation, 8 July 2022


https://www.euramet.org/european-metrology-networks/advanced-manufacturing/
https://metpart.eu/

EMN Advance Manu: Key Industry Sectors (KIS)

Identified Key Industry Sectors: KIS (based on EU 20 industrial sectors)

Metrology equipment &
service

0
Machine tools & robotics ,b

Energy generation,
transmission & storage

Nano- & microtechnology

Aerospace

overarching KIS relevant for the other KISs

o %
EURAMET

BOP Publishing
Meas. Sci. Technol. 32 (2021) 111001 (14pp)

Measurement Science and Technology

hitps://doi.ong/10.1088/1361-6501 /ac0d25

Perspective

New European Metrology Network for
advanced manufacturing

Anita Przyklenk'*©, Alessandro Balsamo” @, Daniel O’Connor”, Alexander Evans’,
Tanfer Yandayan’©, Sibel Asli Akgéz®, Olena Flys®®, Dishi Phillips’, Vit Zeleny®,
Dariusz Czutek”, Felix Meli'’®, Carlo Stefano Ragusa''® and Harald Bosse'

{
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Digitalised & integrated

manufacturing systems

Advanced materials &
processing

Optics & photonics

Complex infrastructure &
civil engineering

‘ Nano- & microelectronics

Land & sea-based
mobility

Life science technology w

P |

EMN approach described
in this open access paper,
including a proposal for
definition of

advanced manufacturing

Defense & security



https://iopscience.iop.org/article/10.1088/1361-6501/ac0d25/pdf
https://ec.europa.eu/growth/sectors_en

ECSEL => KDT EMPIR =>EPM

H2020 => HE

Examples of Joint Research Projects related

to support Semiconductor Technologies

Project #

20INDO9

20IND12
20INDO8
20INDO6
20FUNO2

In addition:

N

EURAMET |

|||||||||||||||||||||||||||

™ 12" Seminar on Quantitative Microsco py (QM) &

Acronym Project name For details, please check websites!

ATMOC Traceable metrology of soft X-ray to IR optical constants and nanofilms for advanced manufacturing
PowerElec Metrology in manufacturing compound semiconductors for power electronics

Elena Electrical nanoscale metrology in industry

MetExSPM Traceability of localised functional properties of nanostructures with high speed SPM
PROMETH2O Metrology for trace water in ultra-pure process gases

POLight Pushing bOundaries of nano-dimensional metrology by Light

EMPRESS 2 Enhancing process efficiency through improved temperature measurements

3D Stack Metrology for manufacturing 3D stacked integrated circuits

IT2 IC Technology for the 2nm Node (Start: 06/2020, 3y)

MADEIn4 Metrology Advances for Digitized ECS Industry 4.0 (Start: 04/2019, 3y)

Tapes3 Technology Advances for Pilot line of Enhanced Semiconductors for 3nm (Start: 10/2018, 3 y)

=> Dedicated workshops/conferences:
such as the Nanometrology Workshop at PTB-Berlin in 2018 (report),

CHALLENGES Real-time nano-CHAracterization reLatEd techNoloGiEeS (Start: 04/2020, 3 y)

=> Cooperation projects between Industry and NMIs (some under NDA)

or the Nanoscale conference series:

=> Next Na
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noscale: @VTT, Flin Sep. 2023

" 8" Seminar on Nanoscale Calibration
Standards and Methods

Di ional and related
in the micro- and nanometre range

PHYSIKALISCH-TECHNISCHE
BUNDESANSTALT
BUNDESALLEE 100
BRAUNSCHWEIG, GERMANY

October 15*-16", 2019

Organized by EURAM ET

.!' - HELMHOLTZ
| FONDS e.V.



https://www.euramet.org/research-innovation/search-research-projects/details/project/traceable-metrology-of-soft-x-ray-to-ir-optical-constants-and-nanofilms-for-advanced-manufacturing/
https://www.euramet.org/research-innovation/search-research-projects/details/project/metrology-in-manufacturing-compound-semiconductors-for-power-electronics/
https://www.euramet.org/research-innovation/search-research-projects/details/project/electrical-nanoscale-metrology-in-industry/
https://www.euramet.org/research-innovation/search-research-projects/details/project/traceability-of-localised-functional-properties-of-nanostructures-with-high-speed-scanning-probe-mic/
https://www.euramet.org/research-innovation/search-research-projects/details/project/metrology-for-trace-water-in-ultra-pure-process-gases/
https://www.euramet.org/research-innovation/search-research-projects/details/project/pushing-boundaries-of-nano-dimensional-metrology-by-light/
https://www.euramet.org/research-innovation/search-research-projects/details/project/enhancing-process-efficiency-through-improved-temperature-measurement-2
https://www.euramet.org/research-innovation/search-research-projects/details/project/metrology-for-manufacturing-3d-stacked-integrated-circuits
https://www.kdt-ju.europa.eu/projects/it2
https://www.kdt-ju.europa.eu/projects/madein4
https://www.kdt-ju.europa.eu/projects/tapes3
https://www.challenges2020.eu/
https://www.ptb.de/cms/fileadmin/internet/fachabteilungen/abteilung_5/workshop/Program_NanoWorkshop2018_180410.pdf
https://oar.ptb.de/resources/show/10.7795/110.20190412
https://www.nanoscale.ptb.de/

Examples of cooperations related to support TN,
Semiconductor Technologies: => EUV lithography EURAMET

Carl Zeiss SMT AG
EUV-MET-Tool at PTB/BESSY: resist images

ZEINN

1st EUV imaging
demons’;rated at:

' and presented at:
- 2"d International
35 nm resolution ! EUVL Symposium
(70 nm overexposed)

Antwerp 2003

Peter Kiirz Carl Zeiss SMT AG: Enabling the Nano-Age World ™

P. Kirz, 2nd Int. EUV Symposium (2003), 879- 899
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https://www.ptb.de/cms/en/ptb/fachabteilungen/abt7/ptb-sr/ptbatbessy2.html
https://www.ptb.de/cms/en/ptb/fachabteilungen/abt7/ptb-sr.html

Examples of cooperations related to support N\
Semiconductor Technologies: => Optics for EUV Sources EURAEE
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https://www.ptb.de/cms/en/ptb/fachabteilungen/abt7/ptb-sr/mls.html
https://www.ptb.de/cms/en/ptb/fachabteilungen/abt7/ptb-sr/mls.html

Examples:

Wavelength / nm
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fluorescence
radiation

calibrated tools
=> reference-free XRF
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Optical material
properties

AVAVATE vmnv:mn
VAVAVAVAVAVZ/ANANY

Chemically resolved structure
by scattering & GIXRF

Extinction coefficient B

=> Structure and material characterization
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(=] [m]

Complementing optical methods

at different wavelengths:
- Scatterometry

- Mller-Matrix ellipsometry

- Innovative imaging methods

[m]


https://www.ptb.de/emrp/ind17-home.html
https://www.ptb.de/cms/en/ptb/fachabteilungen/abt4/fb-42/ag-423.html
https://www.ptb.de/empir2021/polight/home/

Length traceability by vacuum interferometry (NMC):

=

/) v/ , 1 ’ v
) /4 / £,

Examples of cooperations related to support
Semlconductor Technolooues

=> Length traceablllty

Calibration of line scales, encoder systems, masks
and interferometer over a range of up to 550 mm
Displacement interferometer in vacuum (2 Pa)
Measurement uncertainty for encoders:

U95%

[(1 nm)2 + (2-10°9 L)?]*

EMN for Advanced Manufacturing, Open Consultation, 8 July 2022

: @ ce mirro

Development of
comparator in
cooperation with
Heidenhain
Encoders used

In prec. positioning
applications
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C. Weichert et al.: CIRP Annals: 65 (2016), 1, 507 — 510



Examples of developments related to support EURAM/ET\'
Semiconductor Technologies: => Material stability & CTE

Precision imaging interferometer for absolute length Temperature induced length relaxation at
measurements under vacuum using stabilized lasers LTE glass ceramic material samples
Y retro reflection :
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R Schédel 2008 Meas. Sci. Technol. 19 084003 - Measurement range extended to cryogenic temp.

- Investigations of stability of joints, bonding, ...

=
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Examples of cooperations related to support c RAM/ET\'
Semiconductor Technologies: => 3D-AFM metrology U

METAS: Scanning near field microwave microscopy
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https://www.metas.ch/metas/en/home/fabe/hochfrequenz/projects/scanning-microwave-microscopy.html

Examples of cooperations related to support EURAM/ET\'
Semiconductor Technologies: => Temperature metrology

Applications in Semiconductor Technologies:
- Rapid thermal processing (RTP): wafers heated at a rate of 200-300 °C/s above 1000 °C

- Fibre-Bragg Grating thermometry for very high temperature measurements: tested at a plant for
silicon production at temperatures up to 1600 °C.
- Automated testing equipment (ATE): increased requirements and tight tolerances in
MEMS/NEMS thermal testing

Photonic Thermometry with Si Photonic Integrated Circuits:
- Basic Idea: - Direct CMOS-comp. meas. of chip temperature

cross section R - Monitoring of quantum & telecomm. applications

il s s resonance: 4, = et 0D LD - Part of a future integrated Lab-on-Chip
Sio, Pyrmer Am Ama
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https://www.euramet.org/research-innovation/search-research-projects/details/project/enhancing-process-efficiency-through-improved-temperature-measurement-2
https://www.ptb.de/empir2018/met4fof/home/
https://www.euramet.org/research-innovation/search-research-projects/details/project/photonic-and-optomechanical-sensors-for-nanoscaled-and-quantum-thermometry/
https://www.ptb.de/cms/en/ptb/fachabteilungen/abt7/fb-74/ag-745.html
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Thank you for your attention!

European Metrology Network
For Advanced Manufacturing

D\ -

ADVANCED
MANUFACTURING

The project INP 19NETO1 AdvManuNet has received funding from the EMPIR programme co-financed by
the Participating States and from the European Union’s Horizon 2020 research and innovation programme.

EMPIR &

EURAMET j
The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and inncvation programme and the EMPIR Participating States
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https://www.euramet.org/european-metrology-networks/advanced-manufacturing/
mailto:advancemanu@euramet.org
https://www.euramet.org/research-innovation/search-research-projects/details/project/support-for-a-european-metrology-network-on-advanced-manufacturing/

