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Graphene Bandstructure

Professor Supriyo Datta

Class notes taken by: Mehdi Salmani
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d, = Xa+ b and d, = Xa — Jb

E{y,} = Z[Hnm]{l/)n} where {{,,} = {ll)o}eiw” and Hy, is 2 X 2 and we have 2N {i,,}

= Ee*n{,} = Z[Hnm]ei”m{wo} = E{io} = Z[Hnm]e"ﬁ(fm‘m {tho}
" = h(k)

h(k) = Son[Hpmle®@m=dn) = E{po} = [h(l)] o}

Based on periodic structure we can write eignevalues analytically.

Graphene h(k)

[h(IZ)] = [:0 Zﬂ where h, (k) =t, (e"z'al + el +1)
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Then eigenvalue will be
E=g+ ‘ho (K)

There are several approaches to plot this E-k diagram.

E- k Relationship

4 B )

p=e is the line separate occupied
states from empty states.

M=¢€ >

N states =>
2N electrons

/
o

4 _ S.Px, Py ™\
Empt e —> Levels around — 152
Pz Fermi Level
n _L;:/V 25°2p,” 2p,> 2p;
=HTPRUED L SO —— !
\_ _S.Px, Py )

States around p is important due to we may apply a small voltage.

Then for E=¢+

hO(R)‘ = 0is important for us then we want to find E-k diagram

hO(E)‘ where
around €.

h,(K) =t, (e”z’al +ek% 4+ 1) =t, (1+ glag!s? 4 glhag™P ) =t,(1+ 2" cos(k,B)) =0
K¢ and k, =??

We assume ky a=0 and k,b=+2 1t /3 then:
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. dh oh
(ke k) = to(1+ 2050 cos(i, b)) ~ 0+ [or] e + [—] kO
Okyl, ok, b
R k=2 kyb).iae*x®)p, = —i i
m , x = (2t cos(kyb).iae'™*%)p = —iat, (1n
[a—h] k, = (Ztoeikxa.bsin(kyb))p = —/3bt, (111 V3
6ky p b= 70—0
Then ho(kx, ky) ~ —iatgk, — \/§bt0ky = —iaty(ky — iky) 3
a = an

Then E = ¢ * at /kxz + ky2



