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Electronic Transport in 

One-Atom Contacts

The Kondo effect

Kondo effect in atomic

contacts
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Ivar Giaever 1959
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Spetroscopy in atomic/molecular systems
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Kondo effect in mesoscopic systems

Magnetic adatoms

Interference
Zero bias anomaly 
Fano lineshape

Tunnel/Contact

Q-Dots  /  Molecules

D. Goldhaver-Gordon et al. Nature. (1998)

Liang et al. Nature. (2002)

Resonance at zero bias in  the differential 
conductance.
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J. Kondo. Prog. Theor. Phys. (1964)

- Unexpected increase of the resistance 
at low temperatures in metals containing 
magnetic impurities..

T >> Tk

T < Tk
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Kondo effect in mesoscopic systems

Level below Ef
No conduction

Level at Ef 
Conduction

Level above Ef
No conduction
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Kondo effect in mesoscopic systems

Level below Ef
No conduction

Level below Ef 
No conduction
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Kondo effect in mesoscopic systems

Initial state Virtual state Final state

KONDO EFFECT
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Kondo effect in mesoscopic systems

Zero-spin 
Virtual state

L. Kouwenhoven and L. Glazman. Physics world. (2001)

-Conduction electrons interact with a localized spin 
state.

- Resonance at Fermi level in the Density of States.
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Kondo effect in mesoscopic systems

Magnetic adatoms

Interference
Zero bias anomaly 
Fano lineshape

Tunnel/Contact

Q-Dots  /  Molecules

D. Goldhaver-Gordon et al. Nature. (1998)

Liang et al. Nature. (2002)

Resonance at zero bias in  the differential 
conductance.
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Vbias

Co

- spin degenerated tunneling

+
- transport through localized spin state (Kondo)

Madhavan et al. Science (1998)

Interference
Zero bias anomaly 
Fano lineshape
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Spectroscopy

80 % of curves show ZBA

Amplitude 10 %

Spectroscopy: Differential conductance vs Bias voltage

Vbias
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Spectroscopy

q : Fano parameter
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Spectroscopy
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Kondo Temperature

q : Fano parameter
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Statistics of Kondo Temperatures
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Statistics of Kondo Temperatures
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Statistics of Kondo Temperatures
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Evolution with Temperature
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Evolution with Temperature

Co
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We report the existence of Kondo effect in a  
system:

- homogeneous (chemically pure)
- ferromagnetic

Interpretation:

- Low coordination results in localized spin (d-orbitals).
- Conduction electrons (s-band) (degenerated in spin) interacts:

Kondo effect

Screening of magnetism in magnetic materials with low coordination

M.R. Calvo, et al. Nature 458, 1150 (2009) 
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An  other system: Pt chains
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An  other system: Pt chains
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An  other system: Pt chains
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An  other system: Pt chains
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Electronic transport measurements on

atomic contacts of ferromagnets show:

•Kondo screening : electronicc screening of the

magnetic moment

This is due to:

•Localization of a magnetic moment on the contacts

because of the low coordination

•Antiferromagnetic coupling with the s-band

We can learn about:

•Interband coupling in atomic-contacts

•The magnetic moment of the atoms

•Correlation effects in atomic and molecular conductors

•Presence of magnetism in other systemns (Pt)
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