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electronic properties
introduction
quantum confined systems
quantum wells
quantum wires QWs (nanotubes, nanowires, nanorods)
quantum dots QDs
heterostructures
screening
excitons
radiative processes and photoluminescence
non radiative processes
theoretical methods for electronic properties
growth techniques: nanolitography, soft lithography, nanomanipulation,         

self-assembly, colloidal solution
characterization techniques: STM (tunnel effect), AFM  
nanostructures and alternative energy: new approaches to solar cells
thermoelectric properties

LECTURES OUTLINE



Nanofabrication

top-down: traditional techniques, based on lithography

bottom-up: self-assembly, nanomanipulation, synthesis in colloidal solutions

- large scale fabrication
- reproducibility



Lithography

photolithography: a microfabrication technique used to create integrated 
circuits and microelectromechanical systems

< 10 µm microlithography
< 100 nm nanolithography 

selectively removes parts of a thin film (or the bulk of a substrate) 
uses light to transfer a geometric pattern from a photomask to a light 
sensitive chemical (photoresist, or simply "resist") on the substrate



Lithography

wafer + photoresist (deposited in a 
uniformly thick layer, spin coating typically 
runs at 1200 to 4800 rpm for 30 to 60 
seconds, and produces a layer between 
0.5 and 2.5 mm  thick)

photoresist is exposed to a pattern of 
intense light, which modifies it (positive pr 
becomes soluble, negative becomes 
unsoluble) and is removed in solution

etching : a liquid ("wet") or plasma ("dry") 
chemical agent removes the uppermost 
layer of the substrate in the areas that are 
not protected by photoresist

remaining photoresist is removed



Lithography

exposure to light (printing of the mask)

contact and proximity: highest resolution

projection: limited by wavelength and diffraction (minimum reacheable size 50 nm)

sub-100-nm patterns with the use of very short wavelengths (currently 193 nm) 





Nanolithography

creates patterns by mechanical deformation of imprint resist (polymer)



Soft-Lithography

based on the use, for the masks or the stamps, 
of elastomeric polymers
sub-30-nm patterns (resolution 6 nm)

nanopatterned substrate + polymer + ‘ink’ � print



Nanomanipulation
based on scanning probes, STM and AFM









we can move something more than atoms…
Zinc porphyrin - driven assembly of gold nanofingers, Small 4, 497 (2008)

small applied voltages can move
Au adatoms if thiols and porphiryn
are adsorbed



Self-Assembly



vapor phase deposition, in ultra-high-vacuum conditions

immersion in liquid (Langmuir-Blodgett)

- SA gives ordered monolayer(s) of organic molecules
- the self-assembly is driven by the interaction with the substrate and

the intermolecular interaction
- specific templates can be used to induce certain superstructures

alkanethiols on Au, Cu, Ag

Self-Assembly



Colloidal Synthesis of Nanostructures

surfactants

organometallic precursors

heating L. Manna



it is a chemistry approach to the production of nanostructures

- highly cristalline samples
- narrow distribution in size and composition
- shape control
- combination of different materials (PbSe-Au, CoPt3-Au)

temperature control
solution concentration of surfactants and precursors



due to different reactivities
of facets with surfactants, 
we have a selective growth

L. Manna


