In situ kinetic studies of CVD graphene growth by reflection spectroscopy
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Introduction
Monitoring of large-scale synthesis of two-dimensional materials (2DMs) such as graphene is a prerequisite for industrial applications. Chemical vapor deposition (CVD) is currently the most widespread
synthesis method as it is efficient and easy to automatize. The process itself is quite complex and poorly understood, but it is generally believed to involve a number of distinct steps such as hydrocarbon
decomposition into surface-bound intermediates, diffusion on the catalytic substrate, generation of nucleation points and, finally, graphene growth. In situ monitoring and tailoring of such a complex
procedure is beneficial for understanding the growth kinetics and, eventually, for controlling the graphene growth. Herein, we report on a novel metrology system based on in situ reflectance spectroscopy
that has been developed for real-time monitoring of surface changes during graphene growth on Cu foils at high operating temperatures. The implementation of this technique for extracting kinetic
parameters of the growth process is presented. Furthermore, a microkinetic model of graphene growth based on density-functional theory (DFT) and the hindered translator/rotator model for enthalpy and
entropy corrections is constructed and used to obtain a microscopic understanding of the apparent activation energy and related rate-determining steps in graphene.
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Results

• The growth rate was calculated by measuring the time
∆𝑅
it takes to reach the plateau of
which corresponds
𝑅
to full coverage of the examined area with Graphene.

Annealing

Microkinetic modelling
• A simplified effective reaction
scheme was proposed :
1) CH4 g ⇌ CH3∗ + H ∗

• The R405/R950 was employed to exclude the variation of the reflectance caused by
morphological changes.

2) CH3∗ ⇌ CH2∗ + H ∗
3) CH2∗ ⇌ CH ∗ + H ∗

4) CH∗ ⇌ C ∗ + H ∗

Graphene growth

5) C ∗ ⇌ C(g)
6) 2H∗ ⇌ H2 (g)
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• Τhe quality of the graphene and the number of graphene layers can be investigated via
differential reflectance.

• Good agreement between the theoretical
apparent activation energy Eapp and the
experimental value.

Role of hydrogen

Quality control with Raman spectroscopy

• Graphene sheet continuous without cracks or tears.
• Low defect density.
• Presence of monolayer graphene.
• Presence of residual stresses.

• Low partial pressure of Hydrogen improves the catalytic activity of the Cu surface.
• High partial pressure of Hydrogen acts as an etching reagent.

Conclusions
•
•
•
•

The differential reflectance spectroscopy is a vital tool for in situ characterization and monitoring of the growth.
Good agreement with both the experimental apparent activation energy and the overall growth rate. This implies that the subsequent diffusion and growth steps are likely not rate-determining.
The first two dissociation steps (i.e. the steps from CH4(g) to surface-bound CH2*) are both partly rate-limiting.
The hydrogen plays a rather complex role in the CVD process, i.e. it acts as a catalyst activator at low hydrogen contents and as an etching reagent at high hydrogen contents.
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