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* We like to be able to learn DOS in a more general
sense. The dispersion relation can be used to derive
DOS with this fact in mind that the dispersion relation
exists only for periodic structures. Note that even
without dispersion relation, DOS still exists. In that
sense DOS is a more fundamental concept than
dispersion relation.

« Remember what we’ve done last day:




* If we substitute: Lx Ly=S, then

|\|T(k)=7zk2%7Z2 k* =k +k;

2
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Periodic boundary
X conditions are
27t/ |_>< assumed

e For D(E) we have:

PEI= 47Sr2 - ddE ()
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* One point to notice is that in this case, DOS
does not depend on energy.

» The question to be asked is that how many
states we have inside the circle above? In
1D we looked at the total length. In this case
we look at the area of the circle considering
the fact that each state occupies the area of:

(2711 )2r/L,)

* We need to know how many of above can
be fit into the circle. That will be the total
number of states: pu (kXZ 4k 5 )

N (k) = 2w 271
L
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D(E) =
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» Notice that the 2pi/Lx in the above
relation is the result of Periodic Boundary
Conditions (PBC). This may not be
necessarily true for solids but the physical
argument is that what happens at the
boundaries does not affect the center and
we are interested in the center. Assuming

PBC means: kx Lx _ 27Z'VX

» Another approach would be to assume
infinite potential wall Boundary Conditions

(BC).
&
U=0

* In this case wavefunctions have to go to
zero at the two ends. If so instead of
exponentials, “sin” functions are the from of
solutions.

sink x=k L =zv= k =(7/L Jv

» This means that k states will be pi/Lx apart
instead of 2pi/Lx of periodic boundary
conditions. Does this mean that we have
twice as many states?

» The answer is no. For PBC solutions are
exponential and exp(ikx) is linearly
independent of exp(—ikx). So there are
actually two solutions for k and — k. How
ever in the case of “sin” function: sin(-kx)= —
sin(kx). You can clearly see that these are
two linearly dependent answers. In
summary again:

N(k) > N(E) = D(E)




» Given any piece of solid its energy levels can be
described by the eigenvalues of the Hamiltonian
matrix [H] for that solid. These eigenvalues can be
denoted as €« . Alpha is the subscript that
indicates which eigenvalue we are considering.

* What would DOS be if we had only one energy
level? It would be a delta function.

1E

Energy Level 1

D(E)

» So for each energy level we have a delta function
of strength 1. So we can write DOS as:

D(E)=> s5(E-¢,)
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* If the states are really closely spaced then we can write the summation as an integral:

Usetul f [oE)E=1] [[6E-2)E=] Ua(g— E)de =1}
for the
integration
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Identity. | dES(z—E)f(z) D(E)=2




» To derive DOS in 1D we used the following identity:

[dES(s—E)f(e)
» Consider the picture below to see why:
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* Let’'s derive DOS for a 2D solid:

Periodic boundary
X conditions are
272'/ |_x assumed

/

dk L dk L S
D(E)zl&zk';a(E—gkxyky): [ [ S 8(E =)= [dkdk S(E-5)

* Putting this is circular coordinates...

S S ¢ kdg
D(E) = [ 22kdks(E — &, )= < S(E—g, )=
(B)= 2 | 2AdOE ) 27zjdgk/dk( )
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D(E) = 2D
(E) S
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Dispersion
Relation

This gap is due to confinement. As one
goes form 3D to 2D the solid is confined
in 1 dimension and the energy levels
become discretized in that direction. The
ground state energy will not be the
bottom of conduction band. This has
confirmed to be the case by optical

| experiments. Whereas the gap between

the conduction band edge and valence
bad edge is 1.5eV, the photon that is
emitted by the material has higher
energy indicating that the first energy
levels occur higher than the conduction
band edge and lower than valence band
edge. For 3D the light is in infrared
range and for 2D the light shifts towards
shorter wavelengths of blue range.
Because of this, people call this type of
confinement the blue shift.
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