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            Abstract
Chemical vapour deposition (CVD) is a powerful technology for producing high-quality solid thin films and coatings. Although widely used in modern industries, it is continuously being developed as it is adapted to new materials. Today, CVD synthesis is being pushed to new heights with the precise manufacturing of both inorganic thin films of 2D materials and high-purity polymeric thin films that can be conformally deposited on various substrates. In this Primer, an overview of the CVD technique, including instrument construction, process control, material characterization and reproducibility issues, is provided. By taking graphene, 2D transition metal dichalcogenides (TMDs) and polymeric thin films as typical examples, the best practices for experimentation involving substrate pretreatment, high-temperature growth and post-growth processes are presented. Recent advances and scaling-up challenges are also highlighted. By analysing current limitations and optimizations, we also provide insight into possible future directions for the method, including reactor design for high-throughput and low-temperature growth of thin films.
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                    Fig. 1: Schematic of general elementary steps of a typical CVD process.[image: ]


Fig. 2: Typical CVD equipment.[image: ]


Fig. 3: Schematic of experimental processes for growing graphene.[image: ]


Fig. 4: Characterization of CVD-grown graphene.[image: ]


Fig. 5: Schematic of the typical components of a tube furnace used to grow MoS2 and similar TMDs.[image: ]


Fig. 6: Selected examples of CVD polymer processing and applications.[image: ]


Fig. 7: Advances in CVD technology for scaling-up graphene synthesis.[image: ]


Fig. 8: Full R2R production of graphene films.[image: ]


Fig. 9: Important factors that determine the reliability of graphene synthesis, and the corresponding electrical performance data.[image: ]


Fig. 10: Concept of in situ monitoring of the as-grown CVD graphene on copper using CLSM.[image: ]
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Glossary
	Domain
	
                  A region of a single crystal that is delineated by grain boundaries or the edges of an isolated island.

                
	Raman scattering
	
                  An inelastic scattering of photons by matter, by which the energy of the incident photon is changed.

                
	Delamination
	
                  A phenomenon in which layered composites, thin films or coatings separate from the adjacent layers or the substrate due to the weakening of the bonds holding the layers together.

                
	Half-integer quantum Hall effect
	
                  A novel Hall effect quantized into a half-integer, owing to the peculiar nature of the Landau levels spectrum with energy spacing in graphene, where the Hall conductivity can be described as \({{\rm{\sigma }}}_{xy}=4{{\rm{e}}}^{2}/h(N+\frac{1}{2})\) (where h is Planck constant and Nâ€‰=â€‰0, 1, 2, â€¦).
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