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Abstract

Although obtained with a cost effective approach, CVD graphene on Cu was up to recently not preferred
for electronic and photonic applications due to its polycrystalline nature and consequently impoverished
electronic performances. In the last couple of years significant steps forwards have been made and a
number of groups have reported on the synthesis of mm-sized single-crystal graphene on Cu. However,
long growth processes are typically needed for the synthesis of grains with lateral size of 1 mm.
Recently, we showed that single crystals of graphene with dimensions up to 3.5 mm can be obtained in
just 3 hours using a commercially available cold-wall CVD reactor [1]. The key-steps of the process are:
i) using (ex-situ) passivated Cu foils, ii) pre-annealing in an inert argon atmosphere, and iii) enclosing
the sample during growth to reduce the impingement flux. The process is also appealing with respect to
safety: high crystal growth rates can be achieved without hydrogen and with extremely low methane
concentrations. This is key for potential industrial implementation. For the synthesized graphene single-
crystals, we have measured remarkable transport properties, even on non-ideal Si/SiO, substrates, such
as mobilities of 12000 cm?/Vs and up to 12 well-defined Landau levels [2]. By presenting transport
properties entirely comparable to those of exfoliated flakes, such CVD graphene single-crystals are
extremely appealing for optoelectronic applications. CVD can be also successfully used as a scalable
technique to synthetize highly-crystalline van der Waals heterostructures. Concerning CVD graphene on
hBN, it has been shown that high growth rates (i.e., > 100 nm/min) require complex steps, such as the
introduction of gaseous catalysts (e.g., germane and silane) during growth [3]. Our work demonstrates
that graphene growth rates higher than 100 nm/min can be achieved on well-prepared bare hBN
substrates [4], thus greatly simplifying the process. Finally, we will discuss a cost-effective vapor-phase
reaction of solid powders which allows to obtain continuous atomic-thick layers of the
optoelectronically appealing WS, on two-dimensional substrates such as graphene and hBN. The
synthesized films display a robust polarization conservation at room temperature, as high as 74%. We
show that by adopting epitaxial graphene on SiC as growth substrate, one can define in a bottom-up
fashion photoemitting and photoconducting ribbons. The scalable synthesis and design on 2D substrates
of WS, films with outstanding optical properties is instrumental in the development of novel all-2D
quantum optoelectronic and valleytronic devices.
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