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Scope 
•  Quantum tunneling and 
tunneling spectroscopy 

•  STM 
•  Spectroscopy of 
superconducAng devices 



Quantum tunneling and tunneling spectroscopy 

•  Local density of states ρ(r,E) 
•  Energy distribuAon funcAon f(r,E) 
•  Work funcAon W 
•  Quantum Tunneling 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Quantum tunneling 



N‐I‐S tunneling 

Nobel prize 1973 

Al‐Pb tunnel 
juncAon at 1.6K 

t 



Spectroscopies : examples 

Semiconductor 

Ge(001) 
Kubby et al., PRB (1987) 

Graphite 

Graphite 
S. MarAn et al. 
I. Néel 

Landau levels in graphene 
B=2T 
Stroscio group, NIST, 2010 



Probing the local energy distribuAon 

Independent electrons 

Strongly 
interacAng 
electrons 

Quantronics group,  
CEA Saclay, 2000. 



Quantronics group,  
CEA Saclay, 2000. 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The invenAon of STM  
and other near field microscopies 

Pan design 



A benchmark in surface science :  
the 7x7 surface reconstrucAon 
of silicon (111) 

A few years later… 

Omicron and Specs websites 



Why low temperatures for scanning tunneling 
microscopy ? 

Energy resoluAon limited by about 4kBT  Diffusion of 
adsorbed  
atoms/
molecules :  
T < 10 K. 

‐  Drie due to thermal fluctuaAons 
‐  Increased mechanical rigidity 
‐  Less piezoelectrical hysteresis 

But :  
‐ lower piezoelectric response (factor 5‐10),  
‐ thermal anchoring of mechanically mobile parts, 
‐  heat‐load and electronic filtering in wiring, 
‐ current amplifier far from sample 
‐ vibra=ons induced by pumps and helium bath 



Vibration isolation 

With a 100 nm vibraAon source at 1 
kHz, a 10‐5 transfer amplitude gives 
here a 1 pm vibraAon on the 
microscope. 10‐3 gives 100 pm = 1 Å. 

Stroscio group 

Driven 
harmonic 
oscillator. 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xS t( ) = xS0 sin ωt( )
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x t( ) = x0 sin ωt +ϕ( )
base 

Noise transfer funcAon 
Mechanical noise in tunneling current 



Scanning Probe Microscopy at 50 mK 



Ge:Ga, an inhomogeneous superconductor ? 

Herrmannsdörfer et al., 2009 



Spatially resolved spectroscopy 
in nanodevices 

Tuning fork or length extension resonators : 
‐  no opAcs 
‐  fast response 
‐  high sAffness 
‐  non‐contact mode 

Senzier et al.,  
2007 



Local spectroscopy in superconducting devices 



Local spectroscopy in superconducting devices 



Local spectroscopy in superconducting devices 



Conclusions 

•  STM sensiAve to both topography and density of states. 

•  Extremely fine and constraining measurements :  
 ∂z < 10pm, ∂I < 100pA   
 challenging to combine with low temperatures 

•  A door to the nanoworld : access to local properAes, 
local manipulaAon, study of mesoscopic devices. 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