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Benchmark with experts in over 20 countries

òNanostructure  Science and Technologyó

Book Springer, 1999

Nanotechnology

is creation of materials, devices and systems                   

by control and restructuring of matterat        

dimensions of roughly 1 to 100 nanometers,                

at the transition from individual to collective 

behavior of atoms and molecules                             

where new phenomena                                                             

enable new applications

M.C. Roco, 11/13/08



NANOSCALE  IS  A  NATURAL THRESHOLD OF TRANSITION

from individual to collective behavior of atoms & molecules,

where nanoscale modules are established

dominated by quantum, selfassembling, etc. effects   

NSF Workshop at U. Michigan , April 2008,   M.C. Roco, 11/13/08



òVision for nanotechnology in        
the next decadeó (2001-2010)

Systematic control of matter on the nanoscale  
will lead to a revolution in technology and industry

Change the foundations from micro to nano

Create a general purpose technology (similar IT)

More important than miniaturization itself: 

üNovel properties/ phenomena/ processes                      

üUnity and generality of principles

üMost efficient length scale for manufacturing

üShow transition from basic phenomena and components to 
system applications in 10 areas and 10 scientific targets

Book, Springer, 2000

M.C. Roco, 11/13/08



Generations of Products and Productive Processes
Timeline for beginning of industrial prototyping and 

nanotechnology commercialization(2000-2020)

1st: Passive nanostructures (1st generation products)
Ex: coatings, nanoparticles, nanostructured metals, polymers, ceramics

2nd:  Active nanostructures Ex: 3D transistors, 
amplifiers, targeted drugs, actuators, adaptive structures

3rd: Systems of nanosystems
Ex: guided assembling; 3D networking and new 
hierarchical architectures, robotics, evolutionary

4th: Molecularnanosystems 
Ex: molecular devices óby designô, 
atomic design, emerging functions
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5th: Converging technologies             
Ex: nano-bio-info from nanoscale, 
cognitive technologies; large 
complex systems from nanoscale

Reference: AIChE Journal, Vol. 50 (5), 2004



WORLDWIDE MARKET INCORPORATING NANOTECNOLOGY (2000-2015)

(Estimation made in 2000after international study in > 20 countries; data standing in 2008)
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Deutche Bank

Lux Research

Mith. Res. Inst.

Passive nanostructures

Active nanostructures

Systems of NS

Annual rate of increase about 25%

Rudimentary                                                                    Complex

$1T products by 2015

Reference: MC Roco and WS Bainbridge, Springer, 2001

~ $120B 
products NT in the main stream

80% U.S. public ïknow little/nothing about NT

~ $40B 
products

90%U.S. public ïknow little/nothing about NT

Final products 
incorporating 
nano (2000)

Correlates to
surveys by 
Lux Res. 

(after 2003)
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