electronic properties?
Carbon has Z=6, (He) 2s%22p? = (He) sp?TT

| T = p? electron per C atom not tied up
in covalent sp? bonds

Can treat this via tight-binding model



Graphene

Bipartite: A sites hop to B
sites, and vice versa

3
H¢R=€Q¢R—WZ¢R+67;:€¢R Re A
1=1

3
Hyp = €r —7 ) VR e, = €PR ReB
1=1



Graphene

Bloch form:

w B wAeik'R Re A
B= ypet* R Re B

3
H¢R=€Q¢R—WZ¢R+6¢:€¢R Re A
1=1

3
Hyp = €r —7 ) VR e, = €PR ReB
1=1



Graphene

Bloch form:

g = wAeik-R Re A
R wBeik-R Re B



Graphene

Bloch form:

w _ wAeik‘R Re A
R=) ype* B ReB

energy bands
e (k) = eo £ |f()] ) = 30




Graphene

Bloch form:

g = wAeik-R Re A
B= ype*R ReB

energy bands
e+ (k) = o £ [f(k)

3 o
Fk) = —v Z ke conduction and valence
1=1

band touch if and only if =0
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sin (%kya/o) =0
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Graphene

( 3\/_0,0 3a0 _________________

|<-< e (2-0=K

® Result: zero gap semiconductor with Fermi
points

® |Low energy excitations!
f(K +q) = 57va0(qs +igy)  f(K' +q) = —57a0(g: — igy)

ex(K(K') +q) ~ +olgl v = 5va
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Graphene

“Dirac’”’ cones

® Result: zero gap semiconductor with Fermi
points

® | ow energy excitations!

f(K +q) = 3vao(qw +iqy)  f(K' 4+ q) = —5vao(gs — iqy)

ex(K(K') +q) = +ovlgl v = 5va



Dirac equation

<f*€€k) fe(f) )(52):%2)

Expand near K point: /(K +q) = 5va0(q. + iqy)
€0 + v (0" — qy0?)] ¢ = €y

o +v (g7 +qy7”)| ¥ =€y 2d Dirac equation

,ya::O_a: ,Yy:O-y ,yac:_o_m fyy:O_y

for K point for K’ point

Many interesting properties follow from the Dirac form



