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Barrier Tunneling 

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/barr.html  

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/barr.html


https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University_Physics_(OpenStax)/Map%3A_University_Physics_III_-
_Optics_and_Modern_Physics_(OpenStax)/7%3A_Quantum_Mechanics/7.6%3A_Quantum_Tunneling_of_Particles_through_Potential_Barriers  

Barrier Tunneling 



By Becarlson - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=67889226 





Scanning Tunneling Microscopy 

https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University_Physics_(OpenStax)/Map%3A_University_Physics_III_-
_Optics_and_Modern_Physics_(OpenStax)/7%3A_Quantum_Mechanics/7.6%3A_Quantum_Tunneling_of_Particles_through_Potential_Barriers  
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https://nanomat.as.wm.edu/wiki/public/news/blog/2006-2009/2009-01-23_atomic-resolution-stm  

Scanning Tunneling Microscopy 

Atomic-Resolution Images of Graphite 

https://nanomat.as.wm.edu/wiki/public/news/blog/2006-2009/2009-01-23_atomic-resolution-stm


Josephson Tunneling of Cooper Pairs 
Between Two Superconductors 

𝑰𝑰 = 𝑰𝑰𝒄𝒄 𝐬𝐬𝐬𝐬𝐬𝐬𝝓𝝓 



Tunnel Junctions 
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Josephson tunnel junctions 

Josephson relations 
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Junction Hamiltonian 

Prof. Fred Wellstood (UMD) 
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Fowler-Nordheim Tunneling 



Fowler-Nordheim Tunneling 

𝑰𝑰~𝑳𝑳𝑳𝑳𝑳𝑳 𝑻𝑻 ~𝟏𝟏/ℇ 
𝑰𝑰 = current 
ℇ = electric field 



Principle of the method  
In the Field Ion Microscope (FIM) gas ions are formed by field ionisation in the high electric field applied to the  
fine needle shaped specimen tip. The gas ions are accelerated in the strong inhomogeneous field and are  
forming an enlarged direct projection of the surface on the screen. If the specimen tip is kept on very low  
temperatures the imaging gas ions are keeping almost on the field trajectories and atomic resolution can  
be obtained. 
www.if.tugraz.at/Surface/images/fimschem.jpg  

Field Ion Microscopy 

Not to 
Scale! 



Motorola's prototype flat panel display based on the Fowler-Nordheim field emission principle.  
The display is 14 cm in diagonal and 3.5 mm thick with a viewing angle of 160�. Each pixel  
(325 micron) in size uses field emission of electrons from microscopic sharp point sources  
(icebergs). Emitted electrons impinge on colored phosphors on a screen and cause light  
emission by cathodoluminescence. There are millions of these microscopic field emitters to  
constitute the image. (Photograph courtesy of Dr. Babu Chalamala, Flat Panel Display Division,  
Motorola.).  
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