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https://ocw.tudelft.nl/courses/mesoscopic-physics/

https://ocw.tudelft.nl/courses/advanced-solid-state-physics/

Useful resource: lecture notes from Delft University (the Netherlands):

Semester-long courses in advanced solid state and in mesoscopic physics 
(mostly semiconductor nanostructures)



2D electron gas (2DEG)



The electron transport in confined geometries is of high principal interest. Using a strong 
magnetic field applied perpendicular to a 2DEG, K. von Klitzing discovered the quantum 
Hall effect (Nobel Prize 1985) in samples supplied by M. Pepper and G. Dorda. Using 
even higher fields, D.C. Tsui and H.L. Stoermer (Nobel Prize 1998) discovered the 
fractional quantum Hall effect in ultrapure MBE material made by A.C.
Gossard.

The Royal Swedish Academy of Sciences has awarded the Nobel Prize 2000 in
Physics  
“for basic work on information and communication technology”
The prize is being awarded with one half jointly to
Zhores I. Alferov, A.F. Ioffe Physico-Technical Institute, St. Petersburg, Russia, and
Herbert Kroemer, University of California at Santa Barbara, California, USA,
”for developing semiconductor heterostructures used in high-speed- and optoelectronics”
and one half to
Jack S. Kilby, Texas Instruments, Dallas, Texas, USA
”for his part in the invention of the integrated circuit”

Nobel Prizes related to 2DEG

http://nobelprize.org/



Quantum wells

http://www.nextnano.de/nextnano3/tutorial/2Dtutorial4.htm



Quantum wires



Quantum dots

Example: II-VI , IV-VI, III-V 
semicond. - CdS/ZnS, CdSe/ZnS, 
CdSe/CdS, PbS, InAs/CdSe 



Nanoscale objects



Graphene QDs

2D quantum dots



Superlattices

• Tunable mid-IR 
detectors

• Photovoltaic 
structures (e.g. Si

with direct gap)



Transport in electric fields



Scattering



Mean free path



Transport regimes



Coherent vs incoherent transport



Diffusive vs ballistic and classical vs 
quantum transport











Break junctions

377, 81 (2003)













Coulomb blockade

No current Current





Homework !
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