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Non-coherent Transport
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Just one element is non-zero in 2. For 2,, the top left and for 2, button right.
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Wire without Scattering

For a one dimensional lead:
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The important point to notice is that
unlike H, Sigma is complex. The
imaginary part indicates a finite
lifetime and tells us how easily an
electron into the

can escape

contact.

We’'ve been discussing coherent transport where electrons go through the channel without losing
energy or dissipating heat. Using the general form, current can be calculated as follows:

GE)=(BI-H-X,-%,)", A=i(G-G")

r=i(z,-x) and T,=i(Z,-3})
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Wire with One Impurity
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For a uniform 1-D wire we have:
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Based on the discrete lattice above Schrodinger equation becomes a matrix equation:

The Hamiltonian is tri diagonal:
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We can solve it just by assuming the device
with only one lattice point:

/ We assume other points as a \

part of contacts
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Wire with Two Impurities
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At some energy the distance between two particles is exactly A/4 and it is due to wave property of
electron. In practice, due to noise people may not be able to see this behavior in room temperature.
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The below picture is not as easy if we think of electrons as waves and our relationship will not
compensate for all the physics that is inherent in the problem.
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Looking at the problem Quantum mechanically, it is interference between the waves that changes
the picture. For example if the distance between the two scatterers is quarter of a wavelength, the
two reflections cancel each other and this way we can even get more transmission (Constructive
interference). In this case, transmission will be 100% and there would be no reflection. This

technique has been used to eliminate reflection from lenses:
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Resonant Tunnelling Devices
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Why does negative differential resistance happen?

A voltage is applied to the two barrier device, the barrier and the Fermi level on the right start going
down. Initially, current increases for higher voltages. But there comes a point where the allowed
energy levels in between the two barriers falls under the bottom edge of the allowed energy levels
in the left contact. In this case since there is no energy level available for the electron coming from

the left contact, current will drop to 0.
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