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Phonon spectrum of graphite
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Ref.: Ludger Wirtz and Angel Rubio, Solid State Communications 131, 141 (2004)

- does the phonon spectrum depend on the number of layers ?




Raman spectrum of graphite
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- does the phonon spectrum depend on the number of layers ?
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Spatial resolution: AFM
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— Raman spectroscopy:
characterize by optical means
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Raman spectra of single-
and double layer graphene

Scanning force microscope
- . ‘

-----

oooooooooooooooooooooooo

- an?®
-----
-

et

Scanning confocal

Raman spectroscopy:
- Laser excitation of 532 nm/

----------
Ny,

(2
double-layer graphene

—

single-layer graphene

"0

——— — e e

1600 2000 2400 2800
Raman shift (cm-1)

2.33 eV
- Spot size: ‘




Raman mapping:
Intensity of G-line
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two layers have higher G-line intensity, slightly different peak position



Raman mapping:
Intensity of G-line
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Raman mapping:

position of G-line
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Raman spectra of single-
and double layer graphene
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Raman mapping:
FWHM of the D line
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Raman mapping:
FWHM of the D’ line
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D’ line for single layer graphene
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D’ line for double layer graphene
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Detecting single layer graphene
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What about the D-line?
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Raman mapping:
Intensity of the D line

\ ﬁmphonon Double-resonant 1) Crystallite grain size,
: symmetry breaking
K » k close to K, M point, k>0 [Tuinstra and Koenig, 1970]

Momentum restoring: 2)

. . Defects, disorder in general
V> elastic scattering — D J

[Y. Wang et al, 1990]
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Raman mapping:
position of D- Ilne
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Raman mapping:
|nten3|ty of G-line
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Rel. intensity G/D'

Raman mapping:
relative intensity of G/D*-line
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- Height sensitivity = N S S\ Y 4 5 A S
for few-layer graphene 0 2 4 6 8 10

- Proportional to # of layers, but Lateral position (um)
saturation above ~ 6 ML
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