Twisted bilayer graphene: phonon dispersion of microscopic rainbows
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Abstract
In this work we study naturally produced bilayer graphene presenting different rotational angles. The
production of the samples is carried out by low pressure CVD of methane using copper film as catalyst.
The grown graphene layer is mostly a monolayer film with distributed bilayer and multi-layer graphene
patches formed at the nucleation centers.
The rotational angle between layers has proven to influence the electrical properties of bi-layer
graphene [1,2,3] and generates superlattice structures known as Moiré patterns [4].
We demonstrate that different colorations appear visually for certain misorientation angles of bilayer
graphene when graphene is transferred on an optimal SiO2 thickness of 100 nm stacked on top of a Si
substrate, as exemplified in Figure 1A. In particular, Raman spectroscopy constitutes a powerful tool to
probe bilayer graphene since the differences in orientation are sensed through the intensity of the G
band [5,6] and the positions of the R bands [4]. We have studied these spectra of colorations combining
Raman spectroscopy and high resolution transmission electron microscopy. Our investigations reveal
that angles in the range of 9°-11° can be attributed to blue colorations, yellow colorations appear for
rotational angles between 11° and 13° and finally pink-reddish colorations are present for angles of 13°
up to 15° [7].
Moreover, we demonstrate that these superlattices provide θ-dependent q wavevectors that activate
phonons in the interior of the Brillouin zone. We show this superlattice-induced Raman scattering can
be used to probe the phonon dispersion in twisted bi-layer graphene [8]. We have found features in the
-1

100-900 cm region (see Figure 1B) that are successfully attributed to phonon branches of graphene
(ZA, TA, LA, ZO phonons) and to layer breathing vibrations (ZO’ phonons).
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Figures

Figure 1. A) Optical micrograph of bilayer graphene transferred to Si/SiO2 substrate (100 nm silicon
dioxide thickness). Pink-, red-, yellow- and blue- colored areas can be identified. A color scale is
included as guide to the colors pictured. B) Raman spectroscopy of bilayer graphene, new families of
features (highlighted in yellow) can be identified. Curve coloring corresponds to E laser used: blue shades
correspond to spectra recorded with Elaser=2.54 eV, green shades Elaser=2.41 eV and red shades
Elaser=1.96 eV. Exception for the bottom (gray) spectrum (Elaser=2.41 eV), which corresponds to Si
substrate reference signal.

