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TC-L highlights:
TC-L meeting & Macroscale 2011 conference

e TC-L 2011 meeting was organized at METAS,
Wabern 3.-4. October 2011

* It was immediately followed by Macroscale 2011
conference with ~100 participants from all RMO
areas, industry and universities

EURAIMET

ion of National Institutes

TCL hlghllghts 2010 & 2011 EMRP calls

TC-L community was quite successful in 2010/2011 calls

» Funded projects have strong connections to Academia and
industry

* In 7 length projects there are 17 university groups and
9 companies as partners

* These JRPs also had ~60 supporters from industry and
academia

* In addition at least 6 JPRs with some dimensional metrology
related research

First meeting of TC-L EMRP working group at PTB 2/2012
~open meeting with 40 participants

4 6th EURAMET General Assembly TC-L (
21 - 25 May 2012, Kongens Lyngby, Denmark e

®» EURAMET Technical Committee \




2010 INDO5
IND10O
IND11

IND13
IND14

IND17
2011 HLTO02
SIBO8

NEWO1

NEWO5

NEWO06

NEWO08

NEWO09

MeProVisc
Form metrology

MADES

Themal design and
dimensional drift

Frequency

Scatterometry
MetVes
Subnano

TReND

MechProNO

TraCIM

MetNEMS

METCO

- @

unded Iengfh ‘a

EURAIMET

European Association of National Metrology Institutes

—

-l=.
nd length related JRPs

Dynamic Mechanical Properties and Long-term Deformation
Behaviour of Viscous Materials

Optical and tactile metrology for absolute form
characterization

Metrology to Assess the Durability and Function of
Engineered Surfaces

Thermal design and time-dependent dimensional drift
behaviour of sensors, materials and structures

New generation of frequency standards for industry

Metrology of small structures for the manufacturing of
electronic and optical devices

Metrological characterisation of micro-vesicles from body fluids as
non-invasive diagnostic biomarkers

Traceability of sub-nm length measurements

Traceable characterisation of nanostructured devices

Traceable measurement of mechanical properties of nano-
objects

Traceability for computationally-intensive metrology

Metrology with/for NEMS

Metrology of electro-thermal coupling for new functional materials
technology
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Form metrology

Optical and tactile metrology for absolute form cha
Project Partners:

PTB, CMI, METAS, LNE, MKEH, SMD, VSL
Fraunhofer Institute for Production Technology, TNO

of Stuttgart

XPRESS Precision Engineering, IBS Precision Enginee

Form measurements:

« on flat surfaces with uncertainties < 1 nm and
* on curved surfaces with uncertainties < 10 nm
using imaging (interferometric) and scanning

(optical and tactile) methods, developing software

for the handling of a large number of data points,
investigating error influences for interferometric
and tactile scanning methods by modelling and
simulation.
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EMRP cal2010; Metrology for industry:

racterization, Michael Schulz, PTB

Research inst. & Univ.
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EMRP caII 2010 Metrology for industry:
Thermal design and dimensional drift

Thermal design and time-dependent dimensional
drift behavior of sensors, materials and
structures, Jens Fligge (PTB)

Project Partners:

PTB, LNE, NPL, VSL, ENSMA, FhG, TU liImenau

» Development of test facilities, techniques and Collaborators
procedures for measurements of dimensional drift \

« Investigation of long term drift properties of sensors, =~ FOGALE nanoiech .HEIDENHAIN
materials and structures; .

« Measurement of thermal behaviour of materials iy = PHILIPS ‘--‘:;:'-' AmleRtTxs heolomes
and structures, modelling and optimisation M+W GROUP i8S . K14 Yencor
of thermal design. RENISHAW -.|~ pcserntng v

L) ﬁ ASML
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Metrology of Small Structures for the
Manufacturing of Electronic and Optical Devices,
Bernd Bodermann (PTB)
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Scatterometry

Project Partners:
PTB, CMI, DFM, MIKES, VSL, NPL, UEF, DUT, Nanocomp, JCMwave

Scatterometry and CD-SEM for metrology of advanced functional structures in the
sub micrometer-range: micro-structured surfaces,

IC processing, diffractive optical elements
Collaborators

Ogb ASML Z Fraunhofer N

HIL TECHNOLOCY

Validation and optimisation for applications in
industry

Development of "golden” reference standards for SI0S E @ HEl[ENHAIN

metrology in wafer processing o oo
] = funem g n'ﬂ

Wemaka #wisihle.

8 6th EURAMET General Assembly .
21 - 25 May 2012, Kongens Lyngby, Denmar [E




EMRP call 2010: \
MADES

Metrology to Assess the Durability and Function
of Engineered Surfaces, Mark Gee (NPL)

Project Partners:
NPL, BAM, CNAM, DTI, INRIM, MIKES, PTB,
FAU, VTT, Alicona

Fundamental aspects of metrology for tribology:

* measurement of very small wear volumes

long term measurement of low friction

* measurement of the temperature at wear interfaces

» measurement of changes in chemistry that occur
at the contact interface between surfaces

» development of methods for the assessment of the
durability of tribological surfaces

EURA MET
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TecVac -

Phoenix Tribology -

lonBond - Teer Coatings

Tetra - Airbus

Rolls Royce - Aero Engine Controls

Sandvik
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Traceability of sub-nm length measurements,
Birk Andreas (PTB)

Project Partners:
PTB, CMI, MIKES, NPL, UME, VSL, INRIM, TUDelft,
Universita di Torino

The purpose of this JRP is to enable traceable measurements
in the sub-nm range for optical interferometers as well as
improved capacitive sensors.

* Modeling: wave front aberration for interferometers, capacitive
sensors alignment & environment

» Measurement devices technology: wave front sensor,
interferometers development, capacitive sensor studies,
x-ray interferometer

» Cross validation
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EMRP caII 2(0)]]1 New Technologles

MechProNo

Traceable measurement of mechanical
properties of nano-objects , Ludger Koenders (PTB)

Project Partners:

PTB, BAM, CMI, MIKES, NPL, TU Dresden, Uni Helsinki

» Traceable force and displacement calibration of nanomechanical test systems
(force range 10 mN to 10 pN, displacement resolution 0.1 nm)

Provision of reference materials

» Development of validated modeling techniques : _ NAN. Quan.um .®
. . . £, Agien Technologies WeR Wise g
« Validated procedures to characterize size, shape and il oo S '
mechanical properties of nano-objects ~& 1 Y-t 2
 Intercomparison to evaluate the effectiveness of using  Evtemtatinii .'m.*zSu o’ oL et "
reference materials
EH\'S!TH(JN' L i {Temq wg Particular
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TraCIM

Traceability for computationally intensive metrolog Y,
Alistair Forbes (NPL)

Project Partners:

NPL, CMI, INRIM, PTB, UM, VSL, Uni Huddersfield, Uni Zwickau
Hexagon, Mitutoyo, Werth, Zeiss

* Developing a coherent framework for establishing traceability in
computationally-intensive metrology, like e.g. 3D coordinate metrology

» Encoding formal statements of computational aims in clear, unambiguous terms

» Reference data (or numerical artefacts, numerical standards, softgauges)
associated with computational aims, Data Generators

* Criteria to assess the performance of software
» Enabling ICT to perform the software validation or ‘numerical calibration’
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Challenges of length metrology

« TC-L WG EMRP 2/2012
» Decided to maintain the topics of EMRP
roadmaps, but to update content
» Draft versions of the updated roadmaps ready

last week
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Object / feature —
size s
Large volume & long range <1000 m
1m
Advanced manufacturing
0.001m

Long term fundamental research

Micro- and nanotechno 0.000001 m | | A
0.000000001 m W
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Large volume & long range metrology

New triggers:
* Next generation ‘super jumbo’ aircraft are now routinely manufactured:
needs to improve automation and assembly accuracy

* Increasing need of renewable energy sources (wind, future fusion, re-
consideration of nuclear fission new build) . =>large scale civil engineering

» Galileo satellites have been launched => validated improvement in accuracy

 European industry focusing to lower-volume, high-value, customised
manufacturing - the concept
of the ‘smart factory’ which uses
omnipresent metrology.

i

- R 1IN
B s

TC-L e

Length
enmark P EURAMET Technical Committee

_—— EURAIMNMET

s O™, A
Large volume & long range metrology

New targets:

« 3D refractive index covering the typical working volume of
a factory, eventually to 10-® or 107 accuracy level, to enable
omnipresent optical metrology systems.

 Techniques for thermal compensation of large structures
which cannot be assembled in controlled environments.

* Novel measuring systems based on innovative
technologies, taking accurate metrology directly to the
shop-floor , whilst lowering costs, to extend the uptake by
smaller companies (SMESs).

6th EURAMET General Assembly TC-L (>
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Large Volume and Long Range Dimensional Metrology

Triggers

Targets

— DRAFT C 2012

Aerospace, automotive, energy, civil engineering, advanced science and health demand innovative Large Volume

Metrology to improve accuracy, reduce costs and diversify. At longer ranges, geodesy and GNSS seek outdoor capabilities
in advance of whatis currently capable. Length scales are from a few metres up to several kilometres. 1D and 3D required.

| 10°3D accuracy in production/assembly/alignment | | 10°73D accuracy in production/assembly/alignment

| Traceable verification of global mapping systems at107 " 1081D accuracy overlong range in air

| 10°71D accuracy over long range in air | | ‘Smart factory metrology networks

Experimental
realisation

Metrological
application of
basic science
&technology

Ultra-precision indoor
ranging

Long range calibrated
terrestrial baselines

Precision 3D Metrological class Advanced 3D measuring
instruments up to tens laser self-traceable instruments up to 100 m
of metresrange trackers/tracers
Accurate total stations with Long range free air Advanced
upto 1 kmrange refractometer refractometer

| Novel, cheaper, faster LVM tools |

| 3D indoor refractive index Thermal environmentcompensation

Rigorous network solvers
and reference data sets

3D thermal modelling & metrology of assemblies |

Faster calibration/
verification
techniques

Multi-wavelength
interferometry & refractometry

High speed
simultaneous fringe
fractioning and
counting on multi
wavelengths

Advanced ADM

Frequency-scanned \
technologies

interferometry

Enabling
science &
technology

Existing metrology
forlong range
1D/2D:laser
trackers, ADM,
total stations,
HGPS, ..

Medium range test&
comparison facility
New lightsources:

higher power, reduced waveband fs comb technology, multi-A

Improved multi-system differential GNSS

New GNSS satellites and receivers

2010

2015 2020 2025

EURAIMET

European Association of National Metrology Institutes

Advance manufacturing

New triggers:
» European industry focusing to lower-volume, high-value,

customized manufacturing

— the concept of the ‘smart factory’

which uses omnipresent metrology.

* In process coordinate measurement

tend

» Lean calibration concept

is becoming an important
ency of high accurate and cost efficient production.

is spreading in car and aviation

industry, requires new inline concepts

Laser-optical
Coordinate Sensors

18
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Advance manufacturing

New targets:

* traceable inline metrology tools in production environment
* traceable lean calibration methods  for industry

* transfer standards, artefacts

* probe sample interaction with various sensors

* software validation

* etc.
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Dimensional metrology for advanced manufacturing technologies

. Economic and sustainable manufacturing of innovative and energy efficient products with complex structures down to 1
Triggers pum and up to 20 m, facing requirements of increased complexity, extended information content, higher measuring speed
and reduced tolerances both at measuring room and production environment
Dim. metrology < 20 m | in measuring room (U < 107) | in production environment (U < 10°%) in process (U < 10°%)
Targets
Short range dimensional
metrologg >1pm <10 mm| Y < 0.05 pm U <0.01 pm U <0.005 pum
Experimental Measuring instruments for short Measuring instruments Measuring instruments for 20 m-
Realisation range under industrial conditions and written standards in 1abs || range under industrial conditions
forcomplex geometries
| Universal uncertainty evaluation and lean traceability |
Metrological Artefacts for small objects or those 3D complex and - Advanced traceability methods
application of with non-cooperative surfaces freeform geometries forin-process metrology
basic science fa Il
& tech nology Probe-surface interaction Online software
and datafusion validation
including soft surfaces /
— Holistic detection and Kinematic measurements
measurement evaluation complex
workpiece geometry
Next generation of sensors and measuring instrumentation
(Computed Tomography, Indoor-GPS, Laser tracker, Laser
interferometer,incremental scales, rangefinders/ADMS)
Enabling Wl Pl
science& Existing procedures, sensor principles, ... | | New materials, advanced computers and IT, ...
technology >

2015 2020 2025




More than Moore: Diversification
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Baseline CMOS: CPU, Memory, Logic

New triggers:
Semiconductor Industry.:

« ITRS2011
. Every year 5-10% higher accuracy

demand
* Nanoelectronics: size is critical

Nanotechnology:

Sewaton « WTEC report
. : 2000 2005 2010 2015 2020 ¢ Nanoz phase 2010-2020

YEAR * Production doubles every 3rd years
+ Improved metrology tools needed

+ CEN-352

- Standardization for nanotechnology

+ Health, safety and environmental
concerns

~~URAMET General Assembly TC-L /\
»:‘ 25 May 2012' Kongens Lyngby’ Denmark |;enEgt:JRAMET Technical Committee \,

Nanotechnology Reséat
Directions for Societal

RETROSPECTIVE AND OUTLOOK SUMMARY

EURAIMET

Micro- amul meamutstimma way

New targets:

» Multiparametric metrology of nanostructures : size(3D), shape,
thickness, overlay and materials characteristics at the sub-nm level

» 6 DOF metrology stages with sub-nm uncertainty and thermal-
and long-term stability in ambient and vacuum conditions

» Shape and form measurements of nano-particles and nano-objects ,
like fibres, rods, wires, plates or surfaces

 Traceability for the shop floor

» Multi-parameter measurements in different media  (solid, air, liquid)
and state (individual or agglomerate): Dimensional: (size, size-
distribution, shape morphology, porosity, concentration)

29 6th EURAMET General Assembly TC-L A
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Dimensional metrology for micro-nano technology

Triggers European micro- and nano-technology is reaching increasing levels of miniaturisation and encountering new issues
99 of health, production feasibility, quality and efficiency; for control and manuf. on pm/nm-scale metrology is needed!
T ; ‘ Nanoparticles in complex matrices: size, size-distribution, shape/form and concentration on 1 nm acc. level |
argets
‘ 3D multiparametric metrology of nano- and microstructures at sub-nm accuracy over sub-mm
‘ 2D metrology at sub-nm acc. up to 450 mm range }7
Exp 3D metrology at (few)-nm acc. over several 100 mm range |
Realisation Traceable robust and Single probe 3D Single probe 2D/3D instru- s tmentation for
broadly applicable instrumentation with mentation over longer range —¥ Multiparametric
. ) characterization of
instrumentation  for range f / nanostandards and new
micro&nano-particies / / functional nanomaterials
Cross calibration of sensors
Improved & new high resolution and tool matching
microscopy methods /
Nanostandards over Nanostructured standards
. Nanoparticle standards sub-mm range over several 100 mm range
Metrological /o / A/ / 5 Modeling of
application of . : — g functional
basi . Probe surface interaction modelling in different properties
asic science surroundings dependent on
& technology / /4 material matrix
Correlation of local UHV capable 6DoF positioning and dimension
and global particle Nano force systems and sensors/probes
metrology methods metrology
for non-spherical / / /
particles
Methods for self calibration and error
. New sensors/probes separation
Enabling / / / / \
science & Existing high resolution High dynamic 6DOF positioning capabilities
microscopy, position mea- Nanoanalytics
teChn0|09y surement, probes, data /
evaluation and micronano- Stable materials/ structures & design principles
fabrication methods (topdown) T
Improved Nano fabrication (top down & bottom up)

2010 2015 2020 2025

Dimensional Nano /Micro technology: Functionalized surfaces and membranes
European nanotechnology has improved the functionalization of surfaces (superhydrophobic, self-cleaning, scratchresistance, low reflectance, low
friction) and membranes used forfiltering orin energy porductions to save resourcesdue to improved lifetime and/or energy saving properties.
Furthermore new functionalized surfaces and techniques are produced to provide improved feeling (haptic, fingerprintfree surfaces) orare under
investigation to save resources or reduce energy (bio-fouling). Allthose need an improved 3D resolution capability,a more multi-instrumental
characterization of nanostrucutred surfaces of different materials. Thisincludes the characterization of thin films, porous surfaces, thin membranes
including the filtering characterization.

Triaggers 3D surface metro 3D surface m 3D surface metroloi
99 um (flat, curved surfa structured surface:
Targets 2D surface m 2D surface 2D surface topogr:

flats on curvi with heteroge

Improved high resolution measurement of thin I Improved measurement of thin membranes (U < 1 nm)

membranes (U < 10 nm)

Exp.
Rea“sa“on Improved high resolution low Cross calibration of probes & Multi probe 2D(3D) instrumentation
noise microscopes sensors over longer range
Improved calibration techniques for microscopes Improved data fusion Instrumentation for multiparametrical
- (tactile, optical, AFM probes) (tactile, optical, AFM characterization of nfav;l functional
Metrologlcal | probes) nanomaterials
. . 2D(3D) positioning capabilities; self calibration |
application of @D)p 2t
basic Standards over sub-mm rang (u-forms (sphere, Standards over sub-mm range with Improved characterization of side
science cylinder) nano-roughness) heterogenously structured surfaces wall thin film or layers
& technolo
oy | Transferstandards for p and n-force cal. | Improved characterization of effects

due to water layers

Development of techniques for water layer and
carbon characterization

| Micro force metrology | High resolution characterization of thin films Modeling of functional
H by ellipsometry & XRR 4
Enabling on material

science & Existing high resolution Improved_measuremgr;} of optkical
technology microscopy and surface properties of materials (n & k)

surement, data fusion

| Nano force metrology |

12012 2015 2020 2025
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Dimensional metrology for fundamental research

New targets & triggers:
Re-definition of the Sl
* mass unit, kg, Avogadro route (sphere d), Watt balance route (weight v)

» temperature scale, Boltzmann constant k, Dielectric-Constant Gas
Thermometry (DCGT) route (piston A), Acoustic Gas Thermometry (AGT)
route ( resonator d)

Fundamental research

« Gravitational constant G (torsion balance |, a)
N,-h (a, nrad)
equivalent principle

* non-Newtonian forces

25 6th EURAMET General Assembly TC-L /\
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Dimensional metrology as enabling technology forlo ng-termfundamentalresearch —EMPIR, Mod1

Triggers Enabling progress in research into fundamental constants, basic physics and future space science missions is
critically dependenton dimensional metrology atlevels of accuracy far exceeding those currently available

Enabling definition of kg at2 x 10-® and providing primary length traceability forenhanced mass and density standards (spherical, ...)
Targets

Enabling determination of kat1x 10°® and providing primary length traceability for enhanced temperature realisations and cylindrical pressure standards

| Enabling progress of research into further fundamental constants and basic physics, e.g.: G, h/m, EquivalentPrinciple, Non-Newtonian forces, ... |

Supporting large scale research facilities; Enabling space metrology and positioning capabilities at 10-15 |

Experimental Specimen adapted interferometer Improved instrumentation for Instrumentation for Ultra stable Ultra stable materials and
A . Precision wavefrontmetrology dimensional measurements traceable small force machines for position metrology in
realisation Precision velocity interferometer metrology atpN level manufacturing cryogenic environments
Precision dilatometry & stability
3Dm etrology‘on/artlgfzcts: measurements at< 10-° level
-pressure piston/cylinaerarea: 5
EMPIR u <10 nm S REEES p—— — Micro/Nano thruster
SO E i Surface characterization positioning capability
-sp - - .
DRAFT diaphragm area U< 105 pN force metrology with sub-nm uncertainty
vl.2
Extended range (>100mm) Precision dilatometry & stability . .
A .’ Prismatic ultra-stable
i high accuracy uCMM measurementsat< 10 level | Nanoradian angle metrolo I
Metrological L _ atcryogenic temperatures g &y reference artefacts

application of I
basic science

& technology Surface layer characterization and monitoring Surface effects |
with uncertainties of 0,1 nm

nN force metrology

| | Dilatometry & stability at < 102° level at room temp. |

New and improved interferometry techniques (optical and x-ray)

Precision dilatometry & stability
measurements at<107° level
atroom temperatures |

E_nablmg Existing procedures,
science & instruments Improved temperature metrology —|
technology andl_lg_htsourcesfor
precision | New and improved manufacturing capabilities
interferometry & long-
range metrology. | New ultra-stable materials

2015 2020 2025




Extraordinary Length comparison
between Finland and Denmark
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Thank you for your
attention!
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Height comparison
October 30, 2010

Allure of Seas from
STX Europe's Turku
Shipyard, FI
Nominal height

H =64.85m

— Meets (v= 40 km/h)

Great Belt Bridge, DK
Nominal height
H=65m
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