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Abstract

Compared to their monolayer counterpart, bilayer, trilayer, and few-layer graphene films offer greater
application potential because of their enhanced band structure tunability, improved electrical and thermal
properties, and superior mechanical strength and barrier performance. However, the layer- and stacking
order-controlled synthesis of graphene films remains challenging: 1) The dangling-bond-free nature of two-
dimensional surfaces impedes the nucleation of additional layers and prevents true layer-by-layer growth,
inevitably leading to thickness variations via the Stranski-Krastanov mode; 2) The energetically favorable
Bernal stack configuration impedes the formation of twist-stacking order!'l. This talk will present our recent
progress in this field. We propose two distinct growth modes: 1) layer-by-layer growth for fractional-layer
graphene filmsl?l, and 2) multi-layer synchronous epitaxial growth for growing well-defined integer-layer films[sl.
A hetero-site nucleation strategy that triggered by gas-flow perturbation during graphene growth affords twist
angles ranging from 0° to 30°“. By designing novel heterogeneous catalyst substrates and precisely
regulating growth thermodynamics and kinetics, we achieved the precise synthesis of 2-7 layer graphene
films, the industrial-scale production of homogeneous A3-sized trilayer graphene films (42 X 30 cm?)&], the
roll-to-roll growth of meter-sized fractional-layer graphene films (2-5 layers)?, and 2-inch trilayer graphene
single-crystal wafersl®l. Our established methods open new paradigms for the layer-controlled synthesis of 2D
materials films and would inspire the atomic-level synthesis and manipulation of nanomaterials.
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Figure 1: Layer and stacking controlled growth of graphene




