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Resonant tunneling problem
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—Direct tunneling: tunneling without interacting with the states in the barrier
—>Resonant tunneling: tunneling with the help of the states in the barrier



Quantum mechanical description
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Introduction to the Green’s function

Green’s function: G(E) = ﬁ, Go(E) = B 1H
— —Hy

Transition operator: T =V + VG ,T =V + VGV

According to the scattering theory (no approximation), transition probability from
initial |i) state to final state |f) is:
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p(Ef) is the density of state of the final state.
The electric current:
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f(E;) is the Fermi function, V is the bias voltage.



Transition operator T
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Recall T =V + VGV
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= fIVll) +{fIVGV]i)

T 1

Through-space tunneling, Resonant tunneling,
approximation in Fermi’s important when through-
golden rule. space tunneling is too small.

In this model (f|V]i) = 0



Resonant tunneling
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|i1), |i2) run through all states.
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Resonant tunneling
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Spectra density (weighted density of state):
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This can be converted to finite dimensional problem:
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h'(1|N) is the cofactor of h'.




Conclusion

* The resonant tunneling is another route of tunneling beside tunneling
through space described by the Fermi’s golden rule

* The resonant tunneling can be calculated using the Green’s function



