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The characterization of low-dimensional materials such as graphene or transition metal dichalogenides
(TMDCs) often requires more than one technique to obtain a thorough understanding of their attributes
for specific applications. Graphene and TMDCs both have layered structures and properties that vary
significantly with thickness as compared to single layer conformations, making them very interesting for
electronics design [1]. Their photonic and optoelectronic qualities have been shown to enable ultrafast
carrier dynamics and ultra-sensitivity in UV-VIS, IR and THz frequency ranges [2]. Electronic device
performance optimization can benefit greatly from knowledge of their crystalline structure and exciton
dynamics. The aim of the following analysis is to show how several spectroscopy
(Raman/Photoluminescence) and microscopy techniques (AFM/SEM) can, in correlation, provide a
more richly detailed depiction of low-dimensional materials than the constituent measurements could
offer in isolation.

Raman spectroscopy, and Raman imaging in particular, has proved to be of great value in differentiating
spectra obtained from single, double and multi-layered low-dimensional materials. Raman imaging was
also used to evaluate strain, doping, chirality and disorder in graphene [3]. The information acquired
with Raman spectroscopy and imaging can be complemented by data from other techniques such as
Atomic Force Microscopy (AFM), Scanning Nearfield Optical Microscopy (SNOM), current sensing,
Scanning Electron Microscopy (SEM) and measurements performed at low temperatures (<10K) and
under strong magnetic fields (up to 9T).

The two-dimensional forms of TMDCs are also often characterized using the same experimental
methods. Fig. 1 shows an example of a correlative AFM-PL-Raman-FLIM measurement of CVD-grown
WS2 crystal on a Si/SiO2 substrate. For this group of low-dimensional materials the information
obtained through correlation was revelatory as some show photoluminescence (PL) only in single layers,
which can be measured with exceptionally high resolution using SNOM-PL. Furthermore, using RISE
microscopy (a combination of Raman imaging and SEM) allows the characterization of these sensitive
materials inside the vacuum chamber without exposure to air. Modifications performed using the
electron beam will also be described.
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Figure 1. (a) AFM topography image of a 2D-WS2 crystal CVD-grown on a SiO2/Si substrate. (b) Correlated
PL image showing the position of the emission peak, clearly showing the layer-dependent band-gap.
(c) Correlated Raman image showing the peak intensity at 27 cm-1, revealing the weak phonon interaction
between layers. (d) Correlated FLIM image based on the PL in (b), showing different exciton lifetimes at different
layers and structural edges.
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