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Types of tunneling
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Quantum mechanical view of hybridization between two levels 
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Hybridization
• Hybridization between two levels

Hybridization described using Hamiltonian 
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Hybridization between a level and a band of 5 states
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• This can be simulated using a 5-state band interacting with a single level, as shown above.
• The state in the band that is farthest from the single level (when V>> level separation)

• strongest hybridization. 
• pushed away from the band (E decrease significantly).

• The majority of the band (this is the most important part for the transport).
• hybridize with the level only slightly
• energy does not change much.



Hybridization between a level and a band of N states
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Hybridization between a level and a band of N states (V, )
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DOSml (DOS of molecular at the 
metal side) v.s. Nband, Δ and V.

1) Nband ↗, DOSml ↘.
2) |Δ| ↗, DOSml ↘
3) V:

Small V: V ↗, DOSml ↗
Large V: V ↗, DOSml ↘

Therefore, for small V, the formula
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should work.

Hybridization between a level and a band of N states
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Magnetoresistance Co/SrTiO3/LSMO
Weak coupling, direct tunneling



Magnetoresistance Co/Alq3/LSMO 
Strong coupling, resonant tunneling
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Conclusion 

• Depending on the interfacial hybridization, the tunneling can be 
direct or resonant coupling

• For direct tunneling, MR sign is the sign of spin polarization at the 
Fermi level P1*P2.

• For resonant tunneling, MR sign is reversed from the direct tunneling.


