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Intro.

•Transistors (From Ge to C)
• Importance of Graphene

Model

•monolayer Graphene
•Bilayer Graphene

conclusion

•Bilayer: a good condidate
for FET
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Ge
C
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Small
size

High
mobility

2 important
Properties

that a
transistors
must have
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Wallace Phys. Rev. 104, 666
Geim et. al. Nat. Mat. 6, 183
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� Carbon: smallest atom in group 4

sp2 orbitals which makes σ-bond
pz Orbital which makes π-bond
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Good
condidate to

make
transistors

Crystal
upto nm

sizes

High
mobility

~   105

cm2/Vs
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Monolayer
Graphene
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� Honeycomb lattice is not a Bravious Lattice

� Hoping of PZ Orbitals

† . .ij i j
ij

H t C C H C
< >

= +å

11



� Taking Fourier Transform:
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Two independent K-Point
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� Expanding the function f(k):

� massless Dirac Fermions

�Where       is the Pauli matrix for pseudospins
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� Absence of e-backscattering:

Castro Neto et. Al. Rev. Mod. Phys. 81,109
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� Quasi particles can not be trapped
your PC will not turn off
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Bilayer
Graphene
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� Most possible config.
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T.Chakraborty et. Al. advance in phys. April 2010
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Fourier transform:
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� Dispersion Relation:

� Independent of
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We go to
2-band
model

Low
Energy is

preferable

Smaller is
(usually)
simpler
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In low energy limit (          ):
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using degenerate 2nd order perturbation:

McCann et. al. PRL 96, 086805

Nilsson et. al. PRB 78, 045405
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T.Chakraborty et. Al. advance in phys. April 2010
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Experimental evidence of the gap:

Ohta et. al. Science 313, 951
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� Low energy band with the gap:

at momentum:
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Gate Voltage
Change the

Fermi
energy.

Using Dual
gated BLG:

2 tuning
parameter
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Bilayer
FET
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Digital Electronics

Pseudospintronics

Terahertz Technology

Infrared nanophotonics
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SLG is
Gapless

On/off
ratio ~ 5

We need
Gap
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Uniaxial Strain

Substrate Interaction

Lateral Confinement

Biased BLG
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Advantages

•Gap~Hundereds of meV
•High On/Off ratio

Disadvantages

•Low mobility
•Undesirable shape
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Gap upto .3eV

On/off ratio: (100-2000)

Nano lett. 2010,10,715
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� Thanks for your
attention


