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Definition of Nanotechnology
• The Interagency Subcommittee on Nanoscale

Science, Engineering and Technology (NSET) of 
the US Federal Office of Science and Technology 
Policy defines nanotechnology as: “Research and 
technology development at the atomic, molecular 
or macromolecular levels, devices and systems 
that have novel properties and functions because 
of their small and/or intermediate size. The novel 
and differentiating properties and functions are 
developed at a critical length scale of matter 
typically under 100 nm”. 
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• Royal Society of UK, “Nanotechnology is 
the production and application of 
structures, devices and systems by 
controlling shape and size at nanometer 
scale”.
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Nanoscales

• Nuclear scale: 10-15 m or 10-6 nm.
• Atomic scale: 0.1 nm or 1 angstrom (A).
• De Broglie wavelength in metals: ~1 nm.
• DNA molecules: 2 – 12 nm.
• De Broglie wavelength in semiconductors, mean 

free path in polycrystalline metal fils: 10 nm.
• Viruses: 10 – 100 nm. 
• Nanostructures: less than 100 nm.
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History

• 1959, R. P. Feynman, “ There’s plenty of  
room at the bottom”.

• 1985, G. K. Binnig and H. Rohrer, 
Scanning Tunneling Microscope (STM).

• 1985, Curl, Kroto and Smalley, Buckyballs, 
fullerene, Carbon 60.

• 1991, Iijima, Carbon nanotubes.
• 1993, Eigler, Quantum confinement of 

surface electron waves.
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There's Plenty of Room at the Bottom

by Richard P. Feynman, December 29th 1959 at the annual meeting of the American Physical Society at the California 
Institute of Technology (Caltech) 
"What could we do with layered structures with just the right layers? What 
would the properties of materials be if we could really arrange the atoms the 
way we want them? They would be very interesting to investigate theoretically. 
I can't see exactly what would happen, but I can hardly doubt that when we 
have some control of the arrangement of things on a small scale we will get an 
enormously greater range of possible properties that substances can have, and 
of different things that we can do….
When we get to the very, very small world---say circuits of seven atoms---we have a lot of new things that would happen 
that represent completely new opportunities for design. Atoms on a small scale behave like nothing on a large scale, for 
they satisfy the laws of quantum mechanics. So, as we go down and fiddle around with the atoms down there, we are 
working with different laws, and we can expect to do different things. We can manufacture in different ways. We can 
use, not just circuits, but some system involving the quantized energy levels, or the interactions of quantized spins, 
etc….
Now, you might say, ``Who should do this and why should they do it?'' Well, I pointed out a few of the economic 
applications, but I know that the reason that you would do it might be just for fun. But have some fun!"



32

• Manipulating and controlling things on a 
small scale.

• There is plenty of room at the bottom, not 
just “there is room at the bottom”.

• Information on a small scale.
• Miniaturization by vaporation.
• Rearranging the atoms.
• Quantized energy levels and the interactions 

of quantized spins.
• At the atomic level, we have new kinds of 

forces, new kinds of possibilities and new 
kinds of effects.
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Feynman prize

• 1) Design and Construct a Functional 
Nano-scale Robotic Arm (Nano-scale 
machine).

• 2) Design and Construct a Functional 
Nano-scale Computing Device.
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Nobel Laureates Heinrich Rohrer and Gerd Binnig 

Scanning Tunneling Microscope



35

Au surface

Scanning tunneling microscope
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Si (7x7) surface structure



Atomic Force Microscope
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(a) A schematic diagram of the structure of C60. Black lines represent double bonds,
lighter lines single bonds. (Adapted from an image available at the Sussex Fullerene Group’s
Fullerene Gallery website: http://www.sussex.ac.uk/Users/kroto/fullgallery.html). 
(b) C60 thin films on Si (111).

C60

(a) (b)
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(e) Room temperature molecular manipulation—formation of a wire of C60 molecules 
(~25 nm long) on Si(100)(2 × 1). The inset is a 2D array of C60 molecules on Si(100) 
(Moriarty et al 1998a, b). 
(f ) A molecular abacus formed from C60 molecules aligned along a step on a Cu 
surface (Cuberes et al 1996).

Manipulations of C60 molecules



40Figure 46. TEM images of multi-walled carbon nanotubes (Iijima 1991).

The three types of 
nanotube: (a) armchair, 
(b) zigzag and (c) chiral.

Carbon 
Nano-
tubes
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The tube density of states
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(a) An AFM tapping mode image of a carbon nanotube on top of a Si/SiO2 substrate
with two 15 nm thick Pt electrodes. (b) Conductance versus gate voltage at low bias voltage for
the tube shown in (a). The solid lines are fits corresponding to a model of a single molecular level
weakly coupled to two electrodes as depicted in the inset (Tans et al (1997);
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Cover page of Feb. 1, 2002
Science magazine.

C60 molecules encapsulated in  a 
single-wall carbon nanotube
peapod. 

In the background are the 
electron waves in this 
one-dimensional nanostructure,
mapped with a STM. 



Xe on Ni Fe on Cu

“Atom”
Chinese characters
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Figure 23. (a), (b) Electrostatic trapping of 
a Pd colloidal nanoparticle between two 
electrodes.
(c) I–V characteristics measured at 4.2 K.

Coulomb blockade & single electron transistor
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Coulomb staircase
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Importance of nanotechnology

• The quantum mechanical (wavelike) 
properties of electrons inside matter are 
influenced by variations on the nanoscale. 
By nanoscale design of materials it is 
possible to vary their micro and 
macroscopic properties, such as charge 
capacity, magnetization and melting 
temperature, without changing their 
chemical composition.
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• A key feature of biological entities is the 
systematic organization of matter on the 
nanoscale. Developments in nanoscience
and nanotechnology would allow us to 
place man-made nanoscale things inside 
living cells.  It would also make it possible 
to make new materials using the self-
assembly features of nature.

• Nanoscale components have very high 
surface to volume ratio, making them ideal 
for use in composite materials, reacting 
systems, drug delivery, and chemical 
energy storage.
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• Macroscopic systems made up of 
nanostructures can have higher density 
than those made up of microstructures.  
They can also be better conductors of 
electricity.  This can result in new 
electronic device concepts, smaller and 
faster circuits, more sophisticated 
functions, and greatly reduced power 
consumption simultaneously by controlling 
nanostructure interactions and complexity.
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Questions 

• Analytical tools?
• Fabrication methods?
• Applications?
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Important fields
• Nanoelectronics: Quantum dots, nanowires, 

single electron transistor.
• Nanoelectromechanical system (NEMS): 

From microelectromechanical system 
(MEMS) to nanoscales.

• Nanomaterials: Carbon nanotubes, 
nanostructures, quantum confinement, 
nanophotonics, spintronics, nanoprobes
(STM, AFM, TEM).

• Nanobiology, nanomedicine.
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Important topics of 
Nanotechnology 

• Fundamental theory.
• Properties of nanostructures.
• Fabrications of nanostructures.
• Measurements of nanostructures.
• New nanodevices and nanosystems.
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Recommend references

• F. J. Owens & C. P. Poole Jr., “The 
physics and chemistry of nanosolids”, 
Wiley, 2008.

• C. Kittel, “Introduction to Solid State 
Physics”, 8th edtion, Wiley, 2005.
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Wed sites
• The international Small Technology Network 

(http://www.nanotechnology.com).
• Nanotechwire (http://www.nanotechwire.com).
• U.S. National Nanotechnology Initiative 

(http://www.nano.gov).
• Institute of nanotechnology 

(http://www.nano.org.uk).
• Nanotechweb (http://nanotechweb.org).
• Nanovip (http://www.nanovip.com).
• A to z of Nanotechnology 

(http://www.azonano.com).
• Foresight Institute (http://www.foresight.org/).
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Nanotechnology journals

• Nano Letters.
• Journal of nanotechnology.
• Nature nanotechnology.
• Journal of nanoscience and 

nanotechnology.
• Journal of nanoparticle research.
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Notes
• Nanotechnology involves the creation and 

manipulation of materials at the nanometer (nm) 
scale either scaling up from single groups of 
atoms or by refining or reducing bulk materials.

• Nanotechnology is not a single technology or 
scientific discipline.

• Nanotechnology is a multidisciplinary grouping of 
physical, chemical, biological, engineering, and 
electronic, processes, materials, applications and 
concepts in which the defining characteristic is 
one of size.  
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