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Fábio Hipólito1,2 V.M. Pereira2 N.M.R. Peres3

1NGS - Graduate School for Integrative Sciences and Engineering, National University of Singapore

2Graphene Research Centre, National University of Singapore

3Departamento de F́ısica, Universidade do Minho

Graphene Nanophotonics, Benasque 2013
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Fábio Hipólito (National University of Singapore) Enhanced dichroism in graphene nanoribbons Nanophot 2013, Benasque 08/02/2013 3 / 7



Graphene nanoribbons

Nanoribbons

k` = π`
N+1 Saito et al. 1992; Wakabayashi

et al. 2010; Ruseckas et al. 2011

Van Hove singularities

Kubo formula

σαα = −gs ie2

ωΩ ×∑
n 6=m

nF (εm)−nF (εn)

~ω−~ωmn+iΓ |〈m| vα |n〉|
2

Selection rules for transitions

σ i
i /

 σ
0

0

1

2

3

4

30

40

50

 

ℏω/t
0 0.1 0.2 0.3 0.4 0.5

2.18×103 4.36×103 6.53×103 8.71×103

N = 150
W ≈ 18 nm
μ = 0.1 t
T = 300 K

σxx (inter)

cm-1
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Dichroic absorption

Absorption

tα(ω) = 2
2+Z〈σαα(ω)〉

P(ω) =
|tx |2−|ty |2

|tx |2+|ty |2
Born et al. 1997; Jackson 1999

Dichroism

P in excess of 50% with 45 nm
ribbons

Predictability

Narrower ribbons → larger ωmax

→ smaller P(ωmax)
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Competing factors & State of the art

Competing effects
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He ion lithography – features ∼ 10nm Lemme et al. 2009; Bai et al. 2009; Pickard et al. 2009

Carbon nanotube unzipping Kosynkin et al. 2009; Jiao et al. 2010; Tao et al. 2011
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anisotropic
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impedance of the medium.

Strong anisotropy lies in a resonant feature
that is simultaneously very strong and
resilient to level broadening

Very high degree of polarization ∼ 85%,
enhanceable to near ∼ 100%

Future work

Study the influence of more specific disorder
models

Combining the intrinsic absorption response
of GNRs with the geometric effects

Interplay of the anisotropy induced here by
space quantization and plasmons
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Appendix: Calculation of the Optical Conductivity Tensor

Wave function∣∣Ψ`,q,λ〉 = N
∑
n,m

e−iq(m+n/2) sin (k`n)×
(
|A, n,m〉+ λe−iθ`,q |B, n,m〉

)
Phase difference between sublattices

θ`,q = arctan
2 cos k` sin (q/2)

1 + 2 cos k` cos (q/2)

Conductivity tensor derived from the Kubo formula

σαβ =
2ie2

ωS

∑
`1,`2,q

∑
λ1,λ2

f (E`1,q,λ1
)− f (E`2,q,λ2

)

~ω − (Ek2,q,λ2
+ Ek1,q,λ1

) + i0+

×
〈
Ψ`1,q,λ1

∣∣ vα ∣∣Ψ`2,q,λ2

〉 〈
Ψ`2,q,λ2

∣∣ vβ ∣∣Ψ`1,q,λ1

〉
Longitudinal conductivity along x−direction

<
σxx

σ0
= Nx

∑
`0

δfq0,`0
M2

x (q0, `0)

M2
x (q0, `0) =

[
cos θ`0,q0

−cos(θ`0,q0
−q0/2) cos k`0

]2
sin(q0/2) cos k`0

q0 = 2 arccos
(Ω/2)2 − 1− 4 cos2 k`0

4 cos k`0
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