
lecture 5,6,7: ballistic motionlecture 5,6,7: ballistic motion

•• classical electron classical electron focussingfocussing
•• quantum point contactsquantum point contacts
•• shot noiseshot noise
•• integer quantum Hall effectinteger quantum Hall effect



classical electron classical electron 
focussingfocussing

top-gate structure
2DEG (GaAs-AlxGa1-xAs)

n = 3.5 1015 m-2

µ = 90 m2/Vs
L = 1.5 or 3 µm 
ℓe = 9 µm

Why  does the signal becomes larger as B 
increases?



Because of strong spin-orbit coupling, holes at 
the Fermi energy in GaAs have different 
momenta for two possible states traveling in 
the same direction; therefore in a weak 
magnetic field there are two cyclotron radii 
(i.e., two close peaks in the focussing 
experiment)

2DEG (GaAs-AlxGa1-xAs)

n = 1.4 1011 m-2

µ = 4 105 cm2/Vs
L = 0.8 µm





quantizedquantized conductance: singleconductance: single--atom metallic atom metallic 
point contactspoint contacts

Overview break junctions: N. Agrait, A.L. Yeyati, J.M. van Ruitenbeek, Physics Reports











electrons in a high magnetic field: magnetic electrons in a high magnetic field: magnetic 
quantisationquantisation and Landau levelsand Landau levels

The kinetic energy in a magnetiuc field, B, is 
quantized in Landau levels due to quantized
cyclotron motion.

A quantum mechanical calculations shows that 
the energy levels are given by:

En = (n +1/2) ħωc

ωc = eB/m

Recall classical argument to calculate ħωc



density of states in a magnetic field density of states in a magnetic field 
consists of a series of peaks consists of a series of peaks 

Peak broadening is caused by disorder



filling factor filling factor ν ν and number of states per and number of states per 
Landau levelLandau level

At B≠0, all zero-field states within a range ħωc are condensed into a single Landau level. 
The number of states per level, per unit area is therefore:

NL = D2D(E) ħωc = eB/h = Φ/Φ0S 

(This is also the number of flux quanta threading unit area. This is not a coincidence; the 
number of different electron wave functions that can fits in each LL is equal to the number 
flux quanta. S = sample area )

Thus, the larger B the more states fit into a Landau level !!!!!

When particles are put into these states, the filling factor ν is equal to the number of 
Landau levels filled. Clearly for partially filled LLs ν is a fraction. As the magnetic field is 
increased the filling factor decreases since more particles can be put in each LL; i.e., the 
number of filled Landau levels decreases and at some point even the last Landau level will 
be depopulated (what is a typical value of the magnetic field for that ??). 

filling factor =  areal density of particles/areal density of flux quanta = n/NL = nh/(eB)



edge state carry the currentedge state carry the current

U(x)

When the Fermi energy lies in a gap between LLs
electrons can not move to new states and so there is 
no scattering. Thus the transport is dissipationless
and the 4-probe longitudinal resistance falls to zero 
 ⇒ edge channels act as 1D ballistic channels.



integer Quantum Hall effect (IQHE)integer Quantum Hall effect (IQHE)

What is the difference between the two samples 
of which the measurement is shown in the two 
plots?



integer Quantum Hall effect (IQHE): integer Quantum Hall effect (IQHE): 
localized and localized and delocalized delocalized statesstates

Schematic picture of density of states (DOS) of 
a 2DEG in field and the quantum Hall effect. 
The Landau quantization results in a sequence 
of impurity broadened Landau levels with 
extended states in the center and localized 
states in the tails. Upon increasing the magnetic 
field B, successive Landau levels are 
depopulated, as they move through the Fermi
level. The lower traces show the corresponding 
Hall resistance ρxy and longitudinal resistance
ρxx. At the most right Landau level (the lowest 
Landau level) the ν=1 plateau is depicted. 



a few questions …a few questions …

How large is the 2-probe resistance between the source and drain?

In which contacts does dissipation take place?

At which temperature is the IQHE visible?

Why is quantized conductance observed whereas the sizes are much larger than the electron 
mean free path?


