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Further Reading

= Ashcroft & Mermin, Chapter 9
= Singleton, Chapter 3
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Real Electrons in Solids

Electrons are in periodic potentials

—»  Bloch Wave

y(r)=-exp(ik-r)-u,(r)
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Electrons in a Periodic Potential
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———Vy(r)+V(r)-y(r) = Ey(r)

w(r) =) C,exp(ik-r)

V(r)=>) V,exp(iG-r)
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If we know V() —» |C,Ci.c.C -

The Central
Equation
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The Central Equation

We only need to solve it in the first Brillouin zone
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V-, is a constant (the ground level energy)
here we assume V;_,=0
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The Central Equation

We only need to solve it in the first Brillouin zone

det| ...

If we know V(r) —»
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Nearly Free Electron Model

Consider a simple, weak periodic potential (V << E)

Hr)

V =-2V, cos (2—72 xj ,-
a
= =2V, cos(gx
- ( ) V(r)= ZVG exp(iG -r)
=V (e* +e*) G
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The Central Equation
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The Central Equation
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The Central Equation
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Energy Diagram

Free electron —» V=0
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Energy Diagram
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very strong potential —
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Energy Diagram
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Nearly Free electron —»
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Energy Diagram
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Nearly Free electron —»
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Energy Diagram
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Band Gap!




Energy Diagram
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y =C,_, expli(k — g)x]+ C, expl[ikx]

when k = 7/a
o) 2
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Homework 5.3

w(—)~cos(zx/a)

y(-)| ~cos’(zx/ a)
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Energy Diagram
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y =C,_, expli(k — g)x]+ C, expl[ikx]

when k = 77/a
o) 2
E(k=Z )= 2] 4l
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Homework 5.3

w(+)~isin(zx/a)

y(+)| ~sin’(zx/ a)
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The Origin of Band Gap
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2 ) Two wavefunctions
‘W(—)‘ ~cos™(zx/a) have different

probability
distributions in the
. lattice
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The Origin of Band Gap

" Mathematical view: The periodic potential perturbs
the wavefunction of free electrons

" Physical view: two electrons cannot occupy the
same state (Pauli exclusion principle), the
overlapped part has to be separated and repel each

other

E
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Band Structure / Diagram g&7% &
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reduced zone /
band structure
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Band Structure / Diagram

+ E(k) reduced zone
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electron bands are quasi-continuous (&%) |F=—
Q: how many states are there in each band?
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Band Structure / Diagram
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Q: how many states are there in each band?
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Thank you for your attention

24





