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Diffraction from X-rays, electrons, neutrons
Bragg’s Law, exhistence of ordered lattice 
in solids

Heisenberg’s uncertainty priciple: The position and momentum of a 

particle cannot be simultaneously measured with arbitrarily high precision
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Perche’ funziona «bene» 
il modello dell’elettrone libero?

Effetto di schermo di 
Thomas e Fermi







Massa efficace di un elettrone in un potenziale periodico



R.Lasser, N.V.Smith & R.L.Benbow, Phys.Rev.B 24,1895 (1981)

























Scanning Tunneling Microscope

A scanning tunneling microscope (STM) is an instrument for imaging surfaces 
at the atomic level. Its development in 1981 earned its inventors, 
Gerd Binnig and Heinrich Rohrer (at IBM Zürich), the Nobel Prize in Physics in 1986.

For an STM, good resolution is considered to be 0.1 nm lateral resolution and 0.01 nm 
depth resolution. With this resolution, individual atoms within materials are routinely 
imaged and manipulated. The STM can be used not only in ultra-high vacuum but also in air,
water, and various other liquid or gas ambients, and at temperatures ranging from 

near zero kelvin to a few hundred degrees Celsius.
The STM is based on the concept of quantum tunneling. 
When a conducting tip is brought very near to the surface to be examined, 
a bias (voltage difference) applied between the two can allow electrons to tunnel 
through the vacuum between them. The resulting tunneling current is a function of tip
position, applied voltage, and the local density of states (LDOS) of the sample.

Information is acquired by monitoring the current as the tip's position scans across 
the surface, and is usually displayed in image form. STM can be a challenging technique, 
as it requires extremely clean and stable surfaces, sharp tips, excellent vibration control, 
and sophisticated electronics, but nonetheless many hobbyists have built their own.
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Instrumentation

The components of an STM include scanning tip, piezoelectric controlled height 
and x,y scanner, coarse sample-to-tip control, vibration isolation system, and 
computer.

The resolution of an image is limited by the radius of curvature of the scanning 
tip of the STM. Additionally, image artifacts can occur if the tip has two tips at the 
end rather than a single atom; this leads to “double-tip imaging,” a situation in 
which both tips contribute to the tunneling. Therefore it has been essential to 
develop processes for consistently obtaining sharp, usable tips. Recently, carbon 
nanotubes have been used in this instance.

The tip is often made of tungsten or platinum-iridium, though gold is also used. 
Tungsten tips are usually made by electrochemical etching, and platinum-iridium 
tips by mechanical shearing.
Due to the extreme sensitivity of tunnel current to height, proper vibration 
isolation or an extremely rigid STM body is imperative for obtaining usable 
results. In the first STM by Binnig and Rohrer, magnetic levitation was used to 
keep the STM free from vibrations; now mechanical spring or gas spring systems 
are often used. 

http://en.wikipedia.org/wiki/Image_resolution
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http://en.wikipedia.org/wiki/Carbon_nanotube
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HOPG
Highly Oriented Pyrolitic Graphite

10 x 10 nm2







Reconstruction model of 7x7 surface of Si(111) surface



















STM

Fe atoms

on Cu at 5K







Layered structure of HOPG

Interpretation of HOPG’s three-fold-hexagon pattern of STM images



STM image of graphene/SiC(0001)
surface geometry with stick & ball
model (with a lattice a= 0.25 nm
and a distance between atoms of 0.14 nm)

1 nm

STM
1.5 mm x 1.5 mm

LEED pattern Si/Graphene/SiC(0001)

60 eV

120 eV









‘Current-Driven Spin Dynamics of Artificially Constructed

Quantum Magnets’

A. A. Khajetoorians, Roland Wiesendanger et al. Scienze 339, 55 (2013)

The power of “spin-polarized” 

scanning tunneling microscope 

(SP-STM) 

relies on an atomically sharp

magnetic needle which can be freely

positioned above single atoms, 

move it and sense their magnetic orientation. 
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