Chemical vapor deposition (CVD) of graphene on Cu catalyst is the most promising technique to produce large-area single-layer graphene films [1]. Unfortunately, CVD
graphene is polycrystalline and structural defects arising from graphene grain boundaries (GGBs) are known to reduce drastically its excellent electrical and mechanical
properties [2]. The best strategy to reduce the density of GGBs consists in drastically reducing graphene nucleation sites as well as controlling their positions so that they
are able to expand and become large-area graphene defect-free domains eventually [3, 4]. In this research, we focus on using a reversible passivation layer made of CuO,
to localize graphene domains on the catalytic surface. Localizing graphene nucleation sites would allow us to predict the location of GGBs and align graphene devices on

defect-free single-crystal domains.

Observing Cu/CuO, surface after annealing shows how looks like the catalytic surface before graphene nucleation
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== Before annealing

3 inch-Si wafer thermally oxidized and coated with
a thin Cu film.

Convenient technique for high yield production.
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Post CVD Cu film slightly oxidized
to make graphene domain visible
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« Chemical vapor depostion of graphene on Cu is the most promising technique to obtain large-area single-layer graphene. 290 T RN AR
« Millimeter-size single-crystal domains can be obtained with optimized CVD parameters including temperature, pressure & H,-to-CH, ratio. | ke, 1)
« Therandom distribution of domains is particularly troublesome for industrial fabrication of high performance graphene applications.

« Controlling the location of graphene nucleation sites would make the alignment for device fabrication process possible and efficient.

« A Cu oxide (CuO,) passivation layer is used to prevent graphene nucleation in certain areas.
« CuO, gradually vanishes during graphene growth stage upon reducing atmosphere required for graphene growth.
« Graphene growth can expand beyond patterned Cu areas and form a continuous film with localized grain boundaries.
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Oxidation of Cu leads to an increase of volume (by up to 70%) and creates a step edge defining the patterns.

Evaporation loss of Cu and CuO, upon annealing seems to be limited

Continuous graphene film growth: optical images & Raman spectroscopy
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« Graphene seems to be able to grow on the whole catalytic surface.
Schematic illustration of Catalytic surface evolution duri ng CVD process - Raman spectra performed on the surface exibit similar features (very low I5/l; & I5/I;=2) regardless of the copper nature (Cu or reduced CuO,).
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1. Patterned Cu/CuOx film 6. Graphene domains

Partial graphene growth: Graphene domain observation

A slight oxidation of uncovered Cu surface makes graphene domains visible

Observation:

Graphene domain located in Cu areas as well as in reduced CuO, areas.

Graphene growth rate and nucleation density look similar on Cu and CuO,.

Graphene can grow accross the interface Cu/CuQ,
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. « CH, partial pressure in the furnace must reach a certain threshold to initiate
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graphene nucleation.

High temperature and H, partial pressure is required to obtain a low density of
graphene nucleation sites.

High temperature and H, partial pressure are detrimental to the lifetime of CuO,
layer.

Consequences:

. Pattemed Cu/CuOx fabrication o - Hz
« Cu films deposited on a flat, smooth and rigid substrate can be processed by conventional micro-fabrication techniques O T — .. ................................ .
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Undesired CuO, reduction occurs in the transition regime between substrate
annealing and graphene growth.

« CVD parameters (such as high temperature & high H,-to CH, ratio) favoring the growth of large graphene domains are detrimental to

« Key achievement has been made on developping the process to fabricate this patterned Cu oxide layer.

 Cu oxide layer is totally reversible as no morphology steps is induced by the oxidation/reduction of copper
 The challenge lies in conserving the CuO, layer during the early stage of graphene nucleation

« Further investigating the CVD parameters to obtain a high graphene growth selectivity between Cu and CuOx surface.

Investigate the impact of Cu/CuQO, pattern design on graphene nucleation sites density and location
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