Lecture 24-25

Interference of waves in disordered media, the
phenomenon of enhanced backscattering.

Weak and strong localisation of electrons in
disordered conductors.



Macroscopic classical systems
L>>1>> A (and 4. — 0)

electrons propagation is described using classical laws.
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Mesoscopic quantum systems
L~L,>1>> A,

Regime of multiply scattered phase-coherent waves
which interference affects transport characteristics.
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Ballistic — ‘nanoscopic’ systems

(discussed in the previous lectures)
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Enhanced back-scattering from a disordered medium
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Enhanced backscattering of light
from plastic beads suspended in water
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FIG. 1. Experimental setup for the study of backscatter-
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or from a cloud of cold atoms
(scattering cross-section from a single atom is large
due to the resonance value of the light frequency).
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[Bidel et al., PRL 88, 203902 (2002)] [Labeyrie et al., EPL 61, 327 (2003)]
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Enhanced back-scattering is limited by the de-coherence time,
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scattering involving energy transfer:
e-phonon scattering, inelastic e-e scattering



Momentum relaxation rate

The momentum relaxation rate is sensitive to the efficiency of
back-scattering (scattering to the angle of 7)
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Scattering cross-section of a single-impurity is enhanced
by the presence of surrounding scatterers.




Estimations
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Einstein's relation between conductivity

Two-dimensional electron gas in SI-MOSFET's or
GaAs/AlGaAs heterostructures (d=2)
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B.Altshuler, D.Khmelnitski, A.Larkin, P.Lee (1980-1982)



de-coherence time characterising
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— ‘phase breaking’
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Enhanced back-scattering is limited by de-coherence,

scattering involving energy transfer: e-phonon scattering,
inelastic e-e collisions
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Results in the temperature-dependent de-coherence
time, 7,,(T).



One-dimensional electrons in a disordered quantum
wire (d=1)
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From weak to strong localisation in d=1
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In a phase-coherent disordered 1D wire all
states are localised at the length scale

L. ~ | (localisation length)
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Enhanced back-scattering is limited by the de-coherence time,

T, (T) due to scattering involving energy transfer: e-phonon
scattering, inelastic e-e scattering
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or by t — —t symmetry breaking due to a magnetic field,
0, 1K) # 0,1 (k)



Quantum magneto-resistance and
the Aharonov - Bohm effect
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Weak localisation magneto-resistance
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Magnetic field suppresses weak localisation
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B.Altshuler, D.Khmelnitski, A.Larkin, P.Lee (1982)




Weak localisation magneto-resistance
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was observed in all disordered conductors at low temperatures:
Electrons in SIMOSFET'’s, heterostructures, heavily doped
semiconductors, thin metallic films and wires.
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Magnetoresistance in Si metal-oxide-semiconductor field-effect transistors:
Evidence of weak localization and correlation

D. J. Bishop, R. C. Dynes, and D. C. Tsui
Bell Laboratories, Murray Hill, New Jersey 07974
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FIG. 2. Low-field magnetoresistance of a Si(111)
MOSFET in a perpendicular field for various tempera-



