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Spectroscopic Techniques
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Quantum tunnelling

https://en.wikipedia.org/wiki/Quantum_tunnelling



Quantum tunnelling

https://en.wikipedia.org/wiki/Quantum_tunnelling

• Nuclear fusion
• Tunnel diode
• Scanning tunneling microscopy (STM)
• Quantum computing
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Tunnel diode

Marco Malinverni, PhD Thesis (2015)



Tunnel magnetoresistance

https://en.wikipedia.org/wiki/Tunnel_magnetoresistance



Superconducting tunnel junction

Applications

• Radio astronomy: photon-assisted tunneling -> the most sensitive heterodyne
• Single-photon detection: photon breaks Cooper pairs creating quasiparticles
• SQUIDs
• Superconducting quantum computing
• RSFQ
• Josephson voltage standard 



Superconducting tunnel junction

Ambegaokar-Baratoff relation:

V. Ambegaokar, A. Baratoff, Phys. Rev. Lett. 10, 486 (1963)

R. Gross © Walther-Meißner-Institut (2001 - 2015) 
https://www.wmi.badw.de/teaching/Lecturenotes/SLTTP%20I/SL_Chapter%205_2014.pdf



Z determines probability of electron 
transmission D = 1/(1 + Z2)
and reflection R = 1 – D = Z2/(1 + Z2)

Differential 
conductance vs voltage 
for zero-temperature 
coherent quantum
transport across a one-
dimensional N/B/S-
trilayer with various 
barrier transparencies
[S. Volkov et al., Appl. 
Nanosci. (2021)]

Superconducting tunnel junction



Scanning tunneling microscope (STM)

1981
Gerd Binnig and Heinrich Rohrer 
(IBM Zürich), 
Nobel Prize in Physics in 1986



Si(111) 7x7 superstructure

Takayanagi K. et al. Surf. Sci. 164, 367 (1985)



Scanning tunneling spectroscopy (STS)



Scanning tunneling spectroscopy (STS)



Fourier Transform STS
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Bi2Sr2CaCu2O8+d

BSCCO

Bi-2212
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Sr2RuO4 Quasiparticle Interference

https://physics.illinois.edu/news/article/21952

https://physics.illinois.edu/news/article/21952


Au(111)

https://arxiv.org/pdf/1107.3648.pdf
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Impurity scattering hypothesis:

Definition of autocorrelation:

Another definition through 

the Fourier transform

(Wiener-Khinchin theorem):

Phase retrival algorithm: )(          )( rk SA   FF PRA

Way to ARPES



Phase retrival algorithm

J. Phys.: Condens. Matter 13 (2001) 10689



Phase retrival algorithm

)(           )( kk AA  F PRA



Representations of quasiparticles in different spaces of high-Tc cuprates:

Kordyuk JES 2007



Phase retrival algorithm

Kordyuk JES 2007


