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Nano-strand project
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EC call FP6-20046-NMP —TI-4 of December 8, 2004
Closure date : September 15, 2005 at 17:00
Evaluation results sent on December 5, 2005
Opening of contract negotiation on February 6, 2006
Start of the project : August 1 St, 2006

Duration : 18 months

Project ended on January 31st, 2008

J/f; Nanostrand was supported by the EC FP6 - Contract: NMP4-CT2006-033167
(SRD % June 1-5, 2009 EuroNanoForum 2009 - Prague 2/30
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Objectives
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To facilitate industrial development and exploitati on of nanotechnologies by
v Identifying:
e Barriers and societal needs
* Needs for measurement tools and standards
» Priorities for pre-normative research
v" Providing
e a standards foresight and roadmap for nanotechnolog les

To enhance integration and bridge the gaps between
v" Research and production fields in nanotechnologies
v Different aspects of industrial safety related to n anotechnologies

To provide information on the needs of the differen t stakeholder s involved in
nanotechnologies

f;} Nanostrand was supported by the EC FP6 - Contract: NMP4-CT2006-033167
N LNE June 1-5, 2009 EuroNanoForum 2009 - Prague 3/30



Approach

WP 1 - Coordination of SSA

WP 2
NANOSTANDARDS
State-of-the-Art
Review

C

WP3
NANOMETROLOGY
State-of-the-Art
Review

A 4

v

Nanostandardisation

Developments/Trends

list of technology

dimensional
analytical/chemical
performance
health & safety

exploitation barriers
(subjective)

A 4

A 4

Nanometrology
Developments/Trends

WP4

)7
“ LNE
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environmental protection
I

A\ 4

Investigate Future Needs
(industry/society)

nanobiotechnology
nanoelectronics
nanomaterials

v

Identified need for new & improved
standards and measurement tools

v

WP 5
Validate Future Need
(industry/society)

v

Validated need for new & improved
standards and measurement tools

Key

&

na@&ét rand.

:l Work Package

[ Key ouput

v
WP 6
Reporting and Dissemination
4 v v v
Website Road-Maps Reports Conferences | Literature

June 1-5, 2009
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Survey of Future Needs

Based on a combination of
v Face to face and telephone interviews

v" On-line and email survey
Over 150 responses to date
Some key points

v" Focus is on development and application of techniqu es rather than
standards development

v' Some issues identified in state of the art reviews reinforced, e.g.

» Particle size and shape (morphology)
— To understand performance benefits of nanoparticles
— To support H&S assessment

» Feature shape and size in sub-micron structures

» Defect analysis on surfaces and thin films
Survey has been been closed early in October 2007

f;} Nanostrand was supported by the EC FP6 - Contract: NMP4-CT2006-033167
N LNE June 1-5, 2009 EuroNanoForum 2009 - Prague 5/30



Participants
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Over 150 participants

Other

Public Sector

Independent Research
Organisation

University

Industrial Company

o
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Nanotechnology Activity

Nano scale
analysis/characterisation

Nano instrumentation

User of nano based products

Manufacturer of nano based
products

Manufacturer of nano
products

ILE June 1-5, 2009

Number of Organisations
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Nanotechnology Theme g
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ONanobiotechnology

B Nanochemical

B Nanodimensional

B Nanoelectronics and
Nanofabrication

B Nanomechanical

O Nanostructured
Materials

7
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f P .
Use of Standards i z.((‘gtrand,..

[ 1§ |
= Do you use standards?
v Yes 51 v No 74
= Standards used
oA Number
@
L‘f\tiﬁ LNF June 1-5, 2009 EuroNanoForum 2009 - Prague 9/30



Use of Physical Artefacts/RMs g

ne trand.
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Do you use? Who Certified?
v Yes 78 v NMI 30
v No 45 v Inst Supplier 5
Source v Various 2
v In-house 30 v ISO/CEN 2
v
v' Purchased 55 ASTM !
Certified v UKAS 1
v Yes 59 v' Other 6
v No 31

D LNE June 1-5, 2009 EuroNanoForum 2009 - Prague 10/30
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Need for New/Improved Measurement
Technigues

“ LNE June 1-5, 2009
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Measurement Needs (1 ¢
(1) na@c‘((s}trandm

| L 3
Measurement needs but techniques not
available at reasonable cost

Surface characteristics 24
Nanoparticulates 32
Materials structure 7/
Physical / mechanical properties 13
Optical properties 3
Chemical analysis 16
Biological analysis 1
Microscopy/spectroscopic techniques 25
Instrument calibration 3
General comments 12

7
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Measurement Needs (2)

Measurement needs but techniques not

available at any cost

Nanoparticulate sizing
Optical

Chemical

Microscopy

Physical

Optical

Surface analysis

“ LNE June 1-5, 2009
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Obtaining New Techniques

ODevelop in-house

B Source commercially

B Use national
metrology institutes

OUse (other) research
organisation experts

OFrom customer

14/30

EuroNanoForum 2009 - Prague
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Need for New Nanotechnology Standards
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New Nanotechnology Standards

Is the lack of standards affecting your business?

v Yes 58 v No 51
Problems caused

Addressing legislative
requirements

Lack of common specifications

Dispute/disagreement with
customers

Meeting required specifications

Supporting marketing activities

Demonstrating product
performance

Assessing product
characteristics

Product development

1

10 15 20 25 30 35
Number of Respondents

o
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Where Are Standards Required?

L
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Surface characterisation 26
Particle size / size distribution 16
Gas adsorption 3
Dispersion/agglomeration 2
Physical/mechanical properties 21
Electronic properties 1
Chemical properties 10
Environmental/health monitoring 3
Microscopy 21
Vocabulary 1
Other 18
Need to agree/develop methods first 3
A
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Deliverables

Two key reports

v' Roadmap on priorities for standardisation
v' Roadmap on research priorities for nanometrology

v' Delivered in January 2008 to :
« EC DG Research and CEN TC 352 mandate group
v" Disseminated later on to :
DG Enterprise and FP7 projects, such as Co-nanomet

These gave an important contribution
to future policy and funding decisions

J/,ﬁj Nanostrand was supported by the EC FP6 - Contract: NMP4-CT2006-033167
D m June 1-5, 2009 EuroNanoForum 2009 - Prague 18/30
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n‘(‘&trandm ROADMAP FOR NANOSTANDARDIZATION: GENERIC STAN
| . ‘( |
Triggers DEVELOP NANOTECHNOLOGY PRODUCTION AND MARKET
Targets Create reliable basis for production
Avoid expensive misunderstandings
Generic
Standards

&
m

-
o
-
-
o

v

2008 2010 2015
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ROADMAP FOR NANOSTANDARDIZATION: MATERIALS
n

EEN
Triggers DEVELOP NANOTECHNOLOGY PRODUCTION AND MARKET
Targets Create reliable basis for production

Ensure confidence in products from users

Standards for
nanoparticles

Other
Nanostructures

Nanocoatings

Provide fundament for health, security, and environmental management

Characterization of other nanomaterials:
Fullerenes, nanorods, ...

CNT: basic characterization by TEM, SEM, EDXA,
NIR, UV, ...

Le progrés, une passiol

Nanocoatings: measurements of compositions,
geometrical, morphological and physical properties
—

2010 2015
EuroNanoForum 2009 - Prague
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Triggers

Targets

Standards for
nanocomposites

ROADMAP FOR NANOSTANDARDIZATION: NANOCOMPOSITES

.gtrand }

DEVELOP NANOTECHNOLOGY PRODUCTION AND MARKET

Create reliable basis for production

Ensure confidence in products from consumers and users

Provide fundament for health, security, and environmental management

—
2008 2010 2015

June 1-5, 2009 EuroNanoForum 2009 - Prague 21/30



EEN

Triggers DEVELOP NANOTECHNOLOGY SAFELY
Targets Ensure confidence in products from consumers and users

Secure safety and health of NT working places, users and consumers

Protect environment
Workplaces Additional guidelines

for workplace safety
General guidelines for
workplace safety

Consumers,

trade, transport

Disposal,
environment

“ LNE
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ROADMAP FOR NANOSTANDARDIZATION: HEALTH + SAFETY

.gtrand

Environmental risk assessment

Guidelines for safe disposal

Exposure determination - ambient air, water, soil

Risk assessment

—
2008 2010 2015

June 1-5, 2009 EuroNanoForum 2009 - Prague 22/30



Triggers

Targets

Product
performance

7
% LNE
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ROADMAP FOR NANOSTANDARDIZATION: PERFORMANCE

C
nan strand.

DEVELOP NANOTECHNOLOGY PRODUCTION AND MARKET

Promote innovation

Ensure confidence in products from consumers and users

Promote competition

Test standards for
products improved by
nanotechnological
components or treatment

Test standards for
products improved by
nanotechnological
components or treatment

Test standards for
products improved by
nanotechnological
components or treatment

Test standards for
products improved by
nanotechnological
components or treatment

—
2008 2010 2015

June 1-5, 2009 EuroNanoForum 2009 - Prague 23/30
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Nano Metrology Roadmaps

Corresponding to disciplinary areas identified in Nanometrology - the state of
the art

Work Package 3 - Deliverable No 7

Dimensional Nanometrology
Nano Mechanical metrology
Nano Chemical metrology
Nano Structured Materials
Nano Biometrology

U N W N =

Metrology for Nano-electronics is covered in the International Technology
Roadmap for Semiconductors (ITRS)

JrE
ARD LNE June 1-5, 2009 EuroNanoForum 2009 - Prague 24/30



Triggers
Rapid traceable
measurement of high
aspect ratio structures
Targets
| Microfluidic structures |
| MEMS and NEMS |
Fast AFM technology
Metrological f
application High aspect ratio AFM
Of DasicC = Jeeeccccccriiinnncennennsd L rriierereeeeeeens
science &
technology f T
Metrological High aspect ratio
AFM probes
Optimised AFM Probe'/ surface
operation interaction
oooooooooooooo erence urf CeS cee AFM t]p Shape sesssssscscsse LR R RNy P R E Ry
d structyre calibration
Enabling .
measurement X-ray / Optical Nanonewton force
science & Interferometer metrology
technology
Well controlled
active materials
- /L /L
/(/}' 3 LNE 2008 2018 ’é 2008, v ord 2018 / 2008 2018
o N elative pl'lOl'l order
dra S U R June 1-5, 2009 rONanoForum 2009 - Prague 25/30
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Triggers

Targets

Metrological
application
of basic
science &
technology

Enabling
measurement
science &
technology

Le progrés, une passion & partager

ROADMAP FOR NANO MECHANICAL METROLOGY

X o

Wide-scale use of mechanically robust, improved functionality devices and components ’.,..

Determination of
mechanical properties at
nanoscale

| Cell mechanical properties |

| Heterogeneous materials |

7

Rapid determination of full Non-destructive nm
mechanical property scale mechanical
datasgt at nm scale property evaluation

4

T ]‘ 4
Scale limits for plastic
deformation / length Contact resonan
scale effects spectroscopy - afoustic AFM
A 4

Inverse modellihg -

obtain stress-stfrai 7 |

measurement PauEl

behaviour

il

Nanoindentation-stiff

AFM
Acoustic
f f T propagat.ion
|Refe/'ence ma#eri’als | in materials
/ | ]
Frame sfiffness Nanoforce
measurement metrology
[
Optical Tip sha
displacement —-ca‘ﬁlﬁ-gn/
metrology
/L /L
2008 2018 ’é 2008, ority ord 20187 / 2008 2018
elative priori order
June 1-5, 2009 P U rYNanoForum 2009 - Prague 26/30



ROADMAP FOR NANO-CHEMICAL C

EEN Healthy society with an ageing population, Innovation and competitiveness
Drivers Intelligent and connected world, Sustainability
Molecular
Surfaces
Targets Molecular Molecular Ambient /
composition Order Liquid

/| Nanoscale chemical imaging

[ —% : /
Quantitative Frictional /
Chemical Force Microscopy

G-SIMS & I 7
Metrological g{ﬂiﬁ?rlsr / _<5O nm
application of ion beam
basic science Well defined tip imaging
& technology surface contact& . —]
nanomechanics
<200 nm ion
beam 4‘
imaging AFM
Tl & TERS, KPM,
FIEIE] SECM, SICM
force cal.

"’Esterlsputtering | ........... JHe® Microprobe + RBS F-cccfeecececececacnss

Underpinning

measurement '/|BESI, S-MALDI |
science &

technology

/L

|| XPS TﬁXAFS |
2018

/(f? LNgs 2018 1/ 2008 ority ord 20187 2008
- elative prigority order
(SRD June 1-5, 2009 P U NahoForum 2009 - Prague 27/30
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ROADMAP FOR NANO-STRUCTURED MATERIALS ‘
C /a

EEN Materials by design:energy, sustainability, innovation, improved efficiency, reliability.
Quantitative, non-destructive measurement of interfacial phenomena at the atomic scale

Triggers
3D structure characterization with 1
nm resolution
Targets Nanoparticles, Nanocomposite
nanotubes, by design,
catalysts properties| |doping
Non-destructive evaluation of
3d structure /
/I | Medium range order |
| 3D physical properties |
Metrological /
application
of basic = [eeceeceeceecrnannnned Dispersion of materials in ~ |.........
matrix

science &
technology /

Phase

characterization | Nanoparticle shape | /

AR

Data merging from Stereography -
different techniques tomography /

................ // /

Rapid samples Reference
science & preparatlion i ' materials, / /
technology | lon Atomic Probe ||3D-AFM || Light tweezers | _
|Scattering, absorption techniques 1_ _

2008 2018 1 1 2008 2018/ 7 2008 2018

Relative I'IOl'lt order
P U rYNanoForum 2009 - Prague 28/30

Enabling
measurement
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I
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Medical

1]

Devices

Targets
Targeted drug delivery Longlife implants _

iy

Biocompatible surfaces

| Controlled release / Anti-fouling / anti-

Metrological bacterial surfaces
application of [

basic science

& technology :
Multilayer Characterise cell-surfa
characterisation interaction

e

Quantify active surface
immobilised biomolecules (CD,
SPR, DPI)

ROADMAP FOR NANOBIOMETROLOGY (Healthcare) C
C
e Healthy society with an ageing population
Drivers Innovation and competitiveness
/

|

.................................................................

Surface Analysis of
immobilised biomolecules
(XPS, SIMS, DESI, SPM)

Underpinning
measurement
science &

technology

organic Quantification & identification
profiling | |DNA /proteins / metabolites/
drug on planar surfaces

) //
2018 /1 2008 20181 1 2008 2018

8
Relative rort order
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Thank you for your attention!
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