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Abstract

The thermochemical vapor deposition of single-few layer graphene on Ni and Cu metal films
(UTMF) on glass substrates was proposed. In this paper, we investigate the possibility to use thinner
metal films than previous studies, so called Ultrathin Metal Films (UTMFs), as thin as 7nm, as catalyst.
We show that one can obtain improved quality grapheme over a larger area than previously
demonstrated. The technique allows direct growth of graphene without significant increase of light
reflection and absorption, thus offering the possibility to avoid cumbersome transfer after standard
growth on much thicker (25-35 ym) metal foils.

After evaluating the effect of the different process parameters, Ni of 7 and 50 nm thickness was
found to be more effective metal catalysts for graphene growth than Cu, despite the fact that solubility in
Ni is higher and for this reason the tendency of multilayer graphene formation is increased. Ni is less
prone to dewetting effects, i.e. metal retraction due to substrate heating. Experimentally, the minimum
temperature at which graphene starts depositing has been determined to be 700°C, and two different
mechanisms of growth have been observed depending on the temperature and time: a) growth of
graphene on top of ultrathin Ni without dewetting, at 700°C, by increasing the reaction time, and b)
growth of graphene in the dewetted area of Ni by increasing the temperature to 900°C.
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Figures
Table 1. Summary of the process conditions and characterization results
Metal s | Thick T P t CHH ] il FWHM 2D
ample
Catalyst P& om)  ©c) (mbar) (min) 07 2ore ere (cm™)
ST 5/7/50 1000 7 30 15 0.297/1.331/2.334  1.394/0.865/0.047 43.3/35.9/26.4
S2 50 700 7 30 15 5.847 1.118 22.8
Ni S3 50 900 7 30 15 2.280 0.492 29.7
S4’ 7/50 1000 7 15 15 0.350/1.789 0.904/0.911 40.5/36.4
S5’ 7/50 1000 7 60 15 0.425/2.793 1.250/0.528 34.4/27.6
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Figure 2. Raman microscope pictures after graphene CVD on Ni (50 nm thick) at: a) S2’ conditions.
Starting of Ni dewetting where graphene grows suspended. Inset: SEM of the dewetted Ni, b) S3’
conditions. For increasing temperature, larger areas are dewetted and graphene progressively deposits
in those areas.
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Figure 2. Raman analysis after graphene CVD on Ni UTMF: a) Dependence on deposition
temperature, b) Dependence on deposition time and ¢) Dependence on Ni thickness.

Figure 3. SEM characterization of CVD graphene on Ni UTMF: a) S1’'Ni50nm. Surface is totally
dewetted and with high roughness, b) S2'Ni50nm at 700°C. Arrows indicate where graphene is
suspended between the dewetted UTMF of Ni, ¢) S3’Ni50nm at 900°C. Larger area has been dewetted

where graphene grows.



