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Quantum wires 

Quantum wires are structures where the 
motion of electrons and holes is limited in two 
dimensions. This is one dimensional structure 
with lateral dimension in the order of units or 
tens of nanometers. 

Y axis is parallel with axis of quantum wire, 
structure is quantized in x and z direction. We 
Ŏŀƴ ǿǊƛǘŜ IŀƳƛƭǘƻƴƛŀƴ ŀƴŘ ǎƻƭǾŜ {ŎƘǊǀŘƛƴƎŜǊ 
equation: 
 [(h2   2/2m)+V(z)] y(x,y,z)=Ey(x,y,z), we can 
divide equation on the part describing motion 
in y, x and in z direction.  

 



Quantum wires 

ÅSolution for energy in x and z directions is:  
 Ex=h2/2m [(jx

2p2/Lx
2) and Ez=h2/2m [(jz

2p2/Lz
2) . 

ÅTotal energy is equal: 

ÅE= h2/2m [(jx
2p2/Lx

2) + (jz
2p2/Lz

2) + ky
2], jx, jz =1, 2, 3, .. 

ÅDensity of states: 
r1(E)= 1/p (me/2h2)1/2 (E-Ejx ς Ejz)

-1/2, 

ÅJoin density of states: 
 rJ

1(E)= 1/p (me/2h2)1/2 S jx, jz j`x, j`z (E- Eg -Ejx
e ς Ejz

e -Ejx
h 

ς Ejz
h)-1/2,  



Join density of states 



Optical properties 

Comarison of the emission and excitation spectra of QW and 
Qwi prepared  on the same sample. 



Optical properties 

Dependence of emission 
spectra on Lx, blue shift 
and increase of FWHM 

Dependence of emission spectra on 
the intensity of excitation. 



Optical properties 

Dependence of emission spectra of QWi  on spatial resolution 



Quantum dots 

 Quantum dots (nanocrystals): objects which are 
limited in all three dimensions. 

Å1. Quantum dots (QD): objects which are prepared 
by self-organized growth on a plane substrate. Their 
shape is usually pyramidal or half lens.  

Å2. Nanocrystals (NC: spherical shape, they 
homogeneously  distributed in liquid or solid. 

ÅQuantum dots and nanocrystal are equivalent, 
sometime artificial atoms are used for QDs, but this 
is wrong appellation. 



Quantum dots 

1 QD vrstva     4 QD vrstvy 
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Atomic force microscopy imagination  



Quantum dots with spherical potential 

Quasi zero dimensional QD with diameter R can be defined: 

            0 for r<R 
V(r)=                      , where r2=x2 +y2 +z2 

            V0 for r>R 


