Lectures 19-20

Impurities in metals — screening.
Friedel oscillations in metal.
Friedel oscillations in quantum wires;

the effect of electron-electron interaction
on the impurity scattering in a wire.



Impurity scattering
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Impurity scattering may transfer the momentum taken from the
electrons accelerated by an electric field to the lattice into which they
are incorporated.

Quantum mechanics: Born approximation for the impurity scattering:
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Models for impurity scattering

O - scatterer u(r)=u-o(r)

results in the isotropic scattering (independent of the angle )
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(excessively charged ions: ‘donors’ and ‘acceptors’)
X is the dielectric constant of the medium.

Actual scattering potentialu(r) is formed both by the charge of
the ion and by the cloud of electrons attracted to that ion.

Tomas-Fermi screening in the random phase aproximation
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Screening cloud is formed as the equilibrium re-distribution of
electron density: _ _ _ _
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Self-consistency equation for the screened impurity potential:

ViU = -4z & [5(F) - yyu(r)]
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Analysis in the bulk (3D) of a metal using the Fourier transform
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To remind: qis the momentum transfer from electron (to the entire
crystal — via impurity) in the scattering process, so that
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Potential of a Coulomb impurity (charged ion) in
€ a metal or a heavily doped semiconductor

xr can be approximated by a 9 - function

u(r) = 7 o(r)

Friedel oscillations of screening electron density
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Electrons involved into screening A = —
are standing waves with zeros at the k P
position of impurity.

Therefore, the electron density around impurity slightly oscillates
(as the function of the distance to it) with the wave number 2K¢ , so
that the screened potential oscillates, too:
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‘Fermi liquid interaction constant’




Friedel oscillations in a 1D wire
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1 Bragg scattering off
1 a periodic potential
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Renormalisation of the transmission probability
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In an infinite wire, linear conductance at zero

temperature vanishes in the presence of even one

single defect
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Non-linear |(V) characteristics
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Carbon nanotube - another type of 1D electron
system

—
T —1| /]
dV Yao et al, 1999
1071 e 7 i
X 50 K
10—2 - <> 100 K -
. O 150K ;
] o
P - %Y 2200
1073 -




