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Ivar Giaver
b. 1929 

First measurements of the energy gap were done by Ivar Giaver in 1960
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Tunneling current in M-I-M (metal-insulator-metal) 
Junction can be written as:

1 2( ) ( )[ ( ) ( )]I A N E N E eV f E f E eV dE



−

= + − + ,

A – tunneling probability, N1 and N2 densities of states of 
junction metals, V applied voltage to the junction and f – 
Fermi function. 

( )/

1
( )

1FE E kT
f E

e −
=

+

In case of one metal is superconductor  (S) for T<Tc the 
density of states according BCS can be presented as:
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for E> and 0 for E<  – energy gap

As the result the differential conductivity of 
S-I-N junction will be proportional to Ns
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Experimental procedure

AlPb

Tunneling junctions: Al stripe 
oxidized in air and second 
metal under study (Pb) 
deposited over the aluminum 
oxide

Sample mounted on the dipstick
Diagram of tunneling spectrometer
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Experimental results:

Tunneling in N-I-S junction
Al-Al2O3-Pb

Courtesy of P403 students
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Experimental results:
Tunneling in S-I-S system: Al-Al2O3-Sn;

Thickness of Al film is ~ 10 nm; because 

of the size effect Tc for the film of this 

thickness rises the value close to 2K 

I. Giaver, in “Tunneling Phenomena in Solids” 
Courtesy of P403 students
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