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 Fiber Laser: Femtosecond Pulse Generation

- Mode-Locking with Saturable Absorber
- CNT/Graphene as Modelocker

* Plasmonics: Enhanced Raman Spectroscopy

— Introduction

- Surface Enhanced Raman Scattering (SERS)
- Tip-Enhanced Raman Scattering (TERS)

- TERS on CNTs

e Summary
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U. Keller, Nature 424, 831-838 (2003)
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Sun et al., Nano Res. 2010, 3(9): 653—660
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Fiber Laser Mode-Locking:
Saturable Absorber

* Types: Semiconductor (SESAM), CNT, Graphene .
« Nonlinear Absorption: «a=«x()

Saturable absorber
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C. Rulliere, Femtosecond Laser Pulses, Springer, 2" ed. (1947)
U. Keller, Nature 424, 831-838 (2003)
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Fiber Laser:
Graphene, CNT

a)

Graphene:

a) Light absorption |
b) Carrier-carrier collisions (~100fs)

c) Filled states, no further absorption (Pauli blocking)
CNT: Distribution of bandgaps

Q. Bao et al. Adv. Funct. Mater. 19, 3077-3083 (2010)
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Fiber Laser:
Pulse Profile

e e.g. Graphene:
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Z. Sun et al., Nano Res. 2010, 3(9): 653—-660
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Fiber Laser:
Graphene, CNT

Comparison

Graphene CNT
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Plasmonics

/. ‘ NN
) W—l
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Plasmonics:
Applications

 \Waveguides
* Nonlinear Light Generation
 Metamaterials:

* Negative Refraction Index

o Superlenses

« Surface/Tip Enhanced
Raman Scattering
(SERS/TERS)

S. A. Maier, Plasmonics: Fundamentals and Applications, Springer, 1* ed. (2007)
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Plasmonics:
Types

 VVolume Plasmon:
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S. A. Maier, Plasmonics: Fundamentals and Applications, Springer, 1 ed. (2007)

http://upload.wikimedia.org/wikipedia/commons/6/65/Electron_density wave - plasmon_excitations.jpg
M. Pelton et al., Laser & Photon. Rev. 2, No. 3, 136—-159 (2008)
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Plasmonics: .
Surface Plasmon Polariton £i&d?
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S. A. Maier, Plasmonics: Fundamentals and Applications, Springer, 1% ed. (2007)
http://upload.wikimedia.org/wikipedia/commons/6/65/Electron_density wave - plasmon_excitations.jpg
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Plasmonics:
Localized SPP

 SPP confined to small volume __ Scattering
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Plasmonics
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ACS Nano 4, 5617 (2010)
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Plasmonics:
TERS

* Localized SPP at AFM-tip
 No averaging, high spatial resolution, high sensitivity

L. G. Cancado et al., J. of Raman Spec. 40, Issue: 10, Pages: 1420-1426 (2009)
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Raman Intensity

Plasmonics:
TERS with CNT

« RBM: diameter, chirality
 D-band: defects
 GG-band: metallic/semiconductor

« (GG'-band: dopants

(e)

— With tip
—— Without tip
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L. G. Cancado et al., J. of Raman Spec. 40, Issue: 10, Pages: 1420-1426 (2009)

Nonlinear Optics and Photonics - Markus Krecik

.E EEEEE
! SEHEZ
/‘”VERsﬁPS

_—
1)

Height/nm

—
Q

Raman Intensity

\

ko run LS u—-.-,ﬂ.v’u.,ﬁ ]
0 0_2 0 4 06 08 1 0 1.2

Length/um
|
“ Near-field

18nm
Jonboll P

Far field

00 02 04 06 08 10 1.2
Length/um

17



Summary

* Fiber Laser powerful and flexible type of pulse laser

 Great advantages of CNT/Graphene in femtosecond
pulse generation (especially Graphene)

* Greatly enhanced electric field in vicinity of
nanoparticles

« Application in TERS for high spatially resolved,
iIntensity enhanced Raman spectroscopy

« Obtain properties of single CNTs
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