Lecture 5: Quantum Theory of Solids 3 (conduction and DOS)

« E-k dispersion relation
 Thus far, this was developed for 1D (Kronig-Penney model); how does it look in 3D crystal?
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» What properties does an e have?
« Effective mass (m*) 2
* Consider parabolic E-k relation from free electron: E=z 2~
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» For a free e, mass is constant; but when bound in a crystal with periodic potential, the e mass
depends on inverse of E-k curvature.
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Lecture 5: Quantum Theory of Solids 3 (conduction and DOS)

« Where are the es?

« Fermi-Dirac probability function = see textbook for derivation, which is based on statistical dist.
@ Gives the statistical probability of an energy state at energy E being filled by an e
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» Zoomed-in look at E-k near Fermi level (Ey):
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* Zoom in further to see what happens if e have sufficient energy to “jump” into conduction band
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Lecture 5: Quantum Theory of Solids 3 (conduction and DOS)

e Where are the e=? (cont)
 Density of States (DOS)
+ How many states are there at a certain energy E?

* NOTE: There are several different ways to derive the DOS; I will give one different from textbook
so you have options:

3D-DOS derivation for parabolic E-k (E:%T ) and crystal that is L in length x, y, and z
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2. Find total # states up to a value k
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3. Convert toftotal # states up to certain energy E

use Ahis conversion Froer BE-k 2 k= i%
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4. Differentiate w.r.t. energy and divide by volume for DOS per unit volume:
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* Applying to conduction & valence bands (approx. parabolic) you get:
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