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Chemical Vapor Synthesis of Ultra Flat Crack-Free Highly-
Crystalline Single-Layer Graphene on Cu substrates  

 
Due to its extraordinary physical properties, graphene is regarded as an ideal material to improve the 
performances of a wide range of technological applications. As the production of pristine graphene constitutes 
the core foundation for future fundamental discoveries or the realization of next-generation devices, scalable 
and cost-efficient manufacturing methods have been the subject of intense research worldwide.  
 
Chemical vapor deposition of graphene (CVD) on copper catalysts is presently the most industrially-viable 
approach to produce graphene. However, the maturity level is not sufficient yet to concomitantly and precisely 
control (i) the deposition uniformity over large areas, (ii) the number of layers, (iii) the structural quality, (iv) the 
physical integrity, and (v) the surface planarity, which are key requirements to fully exploit graphene's potential. 
This talk presents the recent progresses that have been made in this regard. 
 
First, we show how to produce highly crystalline graphene resulting from the coalescence of millimeter-size 
single-crystalline domains. Such result has been achieved thanks to the customization of the CVD setup and 
the use of optimal CVD conditions for both the Cu annealing and graphene growth steps [1]. Our findings point 
out that injecting minute amount of oxygen in the CVD furnace prior to the graphene growth step is a facile and 
efficient way to reduce the carbon content of the substrate, and hence drastically decrease the graphene 
seeding density [2]. Secondly, this presentation shows that various physical phenomena can be responsible for 
the formation of additional graphene layers. Single layer graphene can be achieved by controlling the chemical 
vapor reaction of methane on the Cu foil topside and by completely suppressing it on the Cu foil backside [2]. 
We also compare the most widely used Cu catalysts (foils, polycrystalline films and epitaxial films) in order to 
benchmark the roughness of the Cu surface which serves as a template for graphene growth. It is found that 
epitaxial Cu(111) films pre-deposited on C-plane sapphire wafers represent the most promising Cu-based 
catalyst for the synthesis of graphene with superior planarity and physical integrity [3].  Finally, we demonstrate 
that graphene can be produced on a batch of closely-packed vertically-standing Cu films pre-deposited on rigid 
3-inch wafers [4]. Such configuration provides a new route to increase the yield of production of graphene while 
strictly controlling its thickness, crystallinity, integrity and planarity.  
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