Graphene
Carbon Nanotubes
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Two atoms per unit cell

Graphene has an unusual dispersion relation in the vicinity of the
Fermi energy.



2 carbon atoms / unit cell

The standard guess for the wave function in the tight binding model is

v, =Y, exp(i( k-G +Ik-,))(c.,8,.(F - ja ~1d,)+c,8,, (F - jd, - 1a,))
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For graphene, the valence orbitals are p, orbitals
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2 carbon atoms / unit cell

v, =Y, exp(i(jk-a+1k-a))(c.d,. (7 - ja,-1d,)+ e, (F - ja,~1a,))

7l
Hy, =Ly,

Multiply by ¢;Za (7) and integrate
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m sums over the nearest neighbors
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Tight binding graphene
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m sums over the nearest neighbors.
There will be two eigen energies for every £.

N orbitals / unit cell results in N bands
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Tight binding graphene
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There will be two eigen energies for every £.



Solve for the dispersion relation
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Graphene dispersion relation
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Tight binding, graphene

www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%200n%20CNT%20bands.pdf



Tight binding dispersion relation for graphene
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Another band is included here. |

http://onlinelibrary.wiley.com/doi/10.1002/adfm.201101241/full
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http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/dispgraphene.html



Graphene

Mobility: 200000 cm? /V s suspended, ~20000 cm? /V s otherwise



Carbon nanotubes - rolled up graphene

armchair

zig-zag

chiral

www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%200n%20CNT%20bands.pdf



(m,n) notation
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http://www.personal.rdg.ac.uk/~scsharip/tubes.htm



Carbon nanotubes

B allowed kvalues
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metallic (5,5) armchair tube

http://lamp.tu-graz.ac.at/~hadley/ss1/bands/tbtable/CNTs.html



Carbon nanotubes

metallic m - n=3Z semiconducting

www.physics.umd.edu/courses/Phys732/hdrew/spring07/
Schoenenberger%20tutorial%200n%20CNT%20bands.pdf



Other nanotubes
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Field-Effect Transistors Built from All Two-Dimensional Material
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Tight binding

wBa 4+ & O §

1-D crystal, one band

1-D crystal, two bands (trans-polyacetylene)
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