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» We've learned in this course that we can
describe the properties of any device a
Hamiltonian H. For current flow however we
also need to take into broadening which
comes from the self energy functions 2 .

* For a one dimensional lead:

__ toelka

* Remember for closed systems we had:

[El-Hw}={0]

 But for open systems we got:
[El-H-x}¥j=1{S]

* 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 can
escape into the contact. The real part
gives us broadening of the levels in the
channel.




* Reminder: The electron density is the magnitude
of psi*2 (see above). The expression for electron
density shows the significance of the imaginary Contact
part of 2 . If there is not a coupling between the
contact and channel the electron density remains
constant. But if there is an imaginary part, the
electron density has finite Iqetime and it decays with time:

= o - T=y/h
y(t)=w(0)e" e’ . ) v/
g'=¢+ReX >W(t) = W(O)e € = |W(t)| =

% =—Im2X ) /

* There is also a broadening aspect to 2 which 4
is related to the lifetime via uncertainty principle:
The broadening is inversely proportional to the
lifetime. We can calculate density of states as:

[El -H -z]w}={s} =li=[cls}

[G]=[E1-H -=]" \___ Source Channel
A=i(G-G") DOS =Trace(A)

Channel




» The general definition of DOS is:
D(E)=>Y S(E-¢,)

* What the above equation tells us is the average number of
states over the entire solid. However for nanostructures we are
interested in local density of states. Notice that even for large
solids the density of states changes on atomic scale. This is

important because current depends on density of states. In the
figure below when the tip is on top of atoms, density of
states is higher and there is more current flow.

\ 1
\ 1
vl
L
(N
v
v




» The next question is how to define a
density of states with the property of
being local?

A

D(E)

_[(E+in)-5 0O
G_{ 0 (E+i77)—g2

AE)=i(G-G" )=
o(E—-¢g) 0
0 o(E—-¢,)

* In general we are interested in the
coupling between the levels. Before going
about it, let’s introduce a new definition A(E) =2r

for delta function.




» What happens to H if we have some coupling between levels? [H ]_

* G and A can be written as: G = [(E +i77)| _H ]_1;A= i(G —G+)

Coupling of Two Levels
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* One important nontrivial point is that after coupling, the height of Local Density Of States
(LDOS) at each site (left and right) add up to 1.
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