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Origins of Nanotechnology

Nanotechnology results from the convergence
of the traditional fields of

physics biology engineering

concerned with the fabrication and use of
devices at the nanometer scale

1 nanometer = 1 millionth of a meter
considerable debate about boundaries




Nanotechnology Is approached from
three directions - (Bachmann 2002)
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Definition of Nanotechnology

Materials and systems whose
structures and components exhibit
novel and significantly improved
physical, chemical and biological
properties, phenomena and processes
due to thelr nanoscale size.
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A crude division of areas
contributing to nanotechnology
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Opportunities for nanotechnology ....

.....can be divided into 3 main categories.

e molecular engineering inspired by
biology

e electronic technology based on semi-
conductors

* devices and processes based on new
materials




Estimated timing of the realisation of some
Technological Opportunities in Nanotechology,
(from the APEC study)
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novel devices based on devices _
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Education and Training - critical needs

Peopl el
New teaching approaches
New academic structures

Link between academic research and
Industry research

Education for technicians and managers
IN Industry




Government Expenditures on
Nanotechnology R& D (US$ millions)

1998 1999 2000 2001 2002
Europe 151 179 200 225 285
Japan 135 157 245 550 753
USA 190 255 2/0 422 518
Other 83 9% 110 380 %
total 550 687 825 1577 G



Nanotechnology commercialisation

* Needs new approaches

* Needs venture capital
* Needs flexible strategies




Nanotechnology Measurement
and Standards

 Vitaly important for the development of
nanotechnol ogy

* Enormous challenges

* Need for particle size calibration standards

« Quantification of uncertainty of position




Soclietal and Ethical |mplications

e Nanotechnology Isamajor
transforming technology

* Need to learn from
biotechnology and GM O debate

e |Ssues of equity




Scenario-based Futures

* Develop stories about possible and
plausible futures

e |dentify key drivers

e |dentify critical uncertainties

e Use these to develop scenarios

e Examine implications for policy




Key Driversfor the Devel opment of
Nanotechnology (from the APEC study)

Economics

S0cCl et.v | « Novel / unique products to stimul ate
e ageing population industry

* enhanced quality of life « jnvestment in high technology
* moreeffectivehealth . rise of knowledge society
Care Environment
TeCh_HOI_O_QV e clean and leaner production processes
* scientific » improved air and water quality

breakthroughs
ed for new energy Sources

miniaturisation in Policies
production e National security issues
e demandsof ICT « Changing patterns of S& T expenditure

Industry « public perception of technological change




Critical Uncertaintiesfor the

Development of Nanotechnol 0935
(from APEC study

Technical Uncertainties
Nanotechnology failsto deliver
Inability to solve standards issues
Breakthroughs in current technical paradigms
Environmental / Economic Uncertainties
Major financia crisis
Kyoto protocol ratified by all economies
Major disruption of energy supplies
Public / Societal Uncertainties
Lack of public acceptance of nanotechnology
Major nanotech-facilitated advances in human health
Terrorism and national security

Global Uncertainties

World War |11
Epidemic



3 scenarios for 2015

e Nano-paradox - things
are more the same
today than they have

ever been;

» Green energy triggers
collapse of energy
markets

 Nanotech winsthe
war

All describe futures

where intensive R& D
enables significant
advances in health care
and in energy systems,
but in the first one
society regects
nanotechnology, while
the in the second and
third, society accepts
nanotechnol ogy




Range of Possible Future Developments
and Effects of Nanotechnology
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I Low-growth developments: Technology evolution

| Continuvation of exponentially smaller, faster, and chaaper
|

| semiconductors using current methods
Fresant-day

slatus Integrated optical, fluidic, mechanical, chemical, biological,
Lgﬁ"g rawih vector and electronic microsystam chips

2010




