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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: nanoimprinting, nanolitography, nanomanipulation,        

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

LECTURES OUTLINE



scanning probe techniques: 
surface imaging
sharp probe tip
sub nm-resolution
3D motion of the probe

probe signals: electron tunneling current, interatomic forces, ….. 



tunnel effect

classic: wave completely reflected by the 
barrier 

quantic: exponential decaying solution for 
the electron wave function in the barrier 









coarse and fine positioning are obtained via piezoelectrics
vibration isolation is needed
sharp stable tip (atomic resolution)



STM image information is derived from measurements of the electron current that 
can flow when two electrodes, one a sharp metal tip, and the other a relatively-flat, 
conducting sample, are brought to within about one nanometer of each other. 

a bias is applied: applying a voltage (U=4V) between the tip and the sample a small
electric current (0.01nA-50nA) can flow from the sample to the tip or reverse

the kind of dependence of current from distance (exponential) allows for a 
resolution of up to 0.01 Å

the lateral resolution, due to this exponential current behaviour, is stronghly
enanched for single-atomic tips, allowing for atomic-scale lateral resolution (1 Å)

STM can be used in ultra high vacuum, air or other environments

STM: general features



scanning process



the tip is modified during the scanning, 
because of the interaction with surface











modes of operation

Constant Current Mode: contour of a constant density of state

Constant Height Mode: appropriate for atomically flat surface



Results

Si(111)7x7



Results

Au(111)22x√3





AFM

atomic force microscope: based on interatomic forces occurring between a 
probe tip and a substrate 

the sample is translated laterally relative to the probe tip, while the vertical 
position of the cantilever is monitored 

imaging forces are in the 1-50 nanonewton range 
cantilever deflections of less than 0.1 nm can be detected 



way of detecting the cantilever
deflections

- to keep the force constant, the cantilever is moved up and down
- detection device: reflected laser beam, to measure the vertical movement of the  

cantilever, which corresponds to the hills and valleys of the sample’s surface  
- computer translates this vertical movement into an image. 



tetraphenylporphyrin molecules deposited on quartz 

NaCl

AFM has several advantages over the scanning electron microscope (SEM) 
Unlike the electron microscope which provides a two-dimensional projection or a 
two-dimensional image of a sample, the AFM provides a true three-dimensional 
surface profile



SEM

scanning electron microscopy

used for large areas, resolution of 1-20 nm

it is based on the analysis of the interations of fast electrons with the sample



TEM and HR-TEM

transmission electron microscope: same principle as optical microscope, 
but using an electron beam

very thin sample of the material to be investigated

electrons are scattered as they pass through the specimen and hit a screen 
that emits light when it is excited by electrons 

image contrast occurs because the electrons are scattered differently by 
atoms with different atomic number, when the projected densities changes or 
when the crystalline arrangement of atoms causes diffraction

HR-TEM allows an atomic resolution (0.8 Å)


