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ABSTRACT: In this study, the direct formation of
large-area graphene on Si/SiO; substrates composed
of amorphous SiC or carbon films, positioned above
or below a nickel (Ni) layer, using rapid thermal
processing (RTP) at temperatures up to 1100°C. The
primary objective was to investigate the effect of Ni
layer thickness and positioning on the quality and
coverage of graphene grown on SiC-based
substrates. The RTP conditions exhibit that Ni over
SiC samples give the highest quality graphene with
approximately 40% surface area coverage, as
confirmed by Raman spectroscopy. In contrast, Ni
beneath SiC substrates produced graphene with 99%
coverage, but the quality was lower. After etching
the nickel silicide formed during the process,
suspended graphene was obtained for thick Ni
layers, while thinner Ni layers resulted in graphene
retention on the Si/SiO; substrate. Raman spectra
revealed the crucial role of a rapid cooling rate in
promoting the formation of monolayer graphene.
KEYWORDS: Graphene, rapid thermal
processing, Ramn]an spectrum

I. INTRODUCTION

Graphene has attracted significant attention
for its remarkable electrical, thermal, mechanical,
and optical properties. These exceptional
characteristics make graphene an ideal material for a
wide range of applications, including electronics,
photonics, sensors, and composite materials [1-4].
However, despite its potential, the large-area and
high-quality synthesis of graphene remains a major
challenge, it must be grown on substrates that are
compatible with existing semiconductor fabrication
processes. The most widely explored methods for
large-scale graphene synthesis include chemical
vapor deposition (CVD) and epitaxial growth on
silicon carbide (SiC) [1-4]. CVD-based methods
have been successful in producing graphene on
metal substrates such as nickel and copper [5-6].
While these methods can yield high-quality

graphene, the process of transferring graphene from
the metal substrates to device-compatible materials
remains a significant barrier, limiting scalability for
industrial applications. In contrast, epitaxial growth
of graphene on SiC substrates has shown promise
for fabricating electronic devices directly on the
substrate [7-9]. However, this method often requires
high temperatures, making it less suitable for certain
applications, and it still faces challenges related to
producing large-area graphene with uniform quality.
A promising alternative is the use of rapid thermal
processing (RTP) to synthesize graphene. RTP
involves heating substrates to high temperatures in a
short period, typically ranging from 750°C to
1100°C, to enable the growth of graphene from
carbon sources such as nickel and silicon carbide.
Recent studies have demonstrated that this method
can produce high-quality graphene, often without
the need for subsequent transfer steps [10,11]. This
study aims to address these gaps by exploring the
effect of the nickel layer's position—whether above
or below the carbon or SiC layers—on the growth of
graphene using RTP. We hypothesize that the
positioning of the nickel layer, as well as its
thickness, plays a crucial role in determining both
the quality and coverage of the graphene produced.
Additionally, we investigate how the cooling rate
influences the formation of monolayer graphene. By
employing Raman spectroscopy, we seek to
correlate these factors with the structural properties
of the resulting graphene, providing insights into the
optimal conditions for large-area graphene synthesis
without the need for transfer processes. Despite
these advances, a critical gap in the literature exists
regarding how the position and thickness of metal
layers, such as nickel, affect the growth and quality
of graphene during RTP. Several studies have
focused on the effects of different growth
temperatures, carbon sources, and substrates, but the
precise role of the nickel layer configuration has not
been fully elucidated [12-15]. Furthermore, while it
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is well established that cooling rates influence the
number of graphene layers formed, there is still a
lack of comprehensive studies addressing how
varying these rates impacts the formation of

monolayer versus multilayer graphene. The aim of
this study to direct growth of graphene large area on
a Si substrate and SiO2 insulator layer. And to
deposit a nickel layer in several samples using TPR.

Il. METHODs and MATERIALSs

A carbon film (SiC) and a metal film (Ni)
sputtered onto a Si substrate. Deposition sequence:
SiC/Ni or Ni/SiC. Then, rapid thermal processing
(RTP) was conducted in the same chamber (slower
heating, similar cooling) or in a separate machine
(faster heating rates, reaching 1100°C instantly).
Graphene consistently grows on top, regardless of
deposition order. After RTP, dissolve Ni-silicide in
HCI solution, letting graphene loosely adhere to the
Si substrate. A SiO» layer is deposited on graphene,

followed by bonding to a new insulator substrate.
Remove the original substrate using a Si etcher and
acid, ensuring good adhesion. Three samples were
prepared as described previously (S1, S2, S3). The
deposition process was carried out, and Raman
spectra were tested before and after the etching
process by HCI solution. The Raman spectra were
compared and analyzed for the graphene layers.

The preparing condation were lested in Table 1.

Table 1: The deposion and RTP conadiations for three samples prepared

Samples S1
Substrate: SiO> C:5nm Ni: 42nm

S2
C:5nm Ni: 30nm

S3
C:25nm Ni: 42nm

Befor etching Intensity:(74%,1100°C);
RTP condition: Heating & Cooling Rate:
15%; @: 3mins

Intensity:(74% at 1100°C);
Heating & Cooling Rate:
15%; @: 3mins

Intensity: 74% (1100°C);
Heating & Cooling Rate:
15%; @:3mins

After etching
RTP condition

Intensity: 74% (1100°C);
Heating and Cooling Rate:
15%; @: 3mins

Intensity: 74% (1100°C);
Heating and Cooling Rate:
15%; @: 3mins

Intensity: 74% (1100°C);
Heating and Cooling Rate:
15%; @: 3mins

The graphene growth process was illustration in the
Fig. 1, the process shows that a carbon-containing
(SiC) and (Ni) on a silicon wafer, in orders: SiC
over Ni (a) or Ni over SiC (b). Next, an RPT step is
performed, leading to the silicidation of Ni and the
formation of graphene on top of the Ni silicides
upon cooling (c). Following this, an insulating

(= ] ;

layer is sputtered directly onto the graphene, which
is then bound to the silicon wafer (d). The
sacrificial growth wafer is then removed (e).
Alternatively, graphene can be transferred to the
silicon wafer by dissolving the Ni silicide (f).
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Figure 1: The sputter deposition process

I11. RESULTS AND DISCUSSION

The results present a potential route for the

=

Si/SiO2 insulating wafers. Figures below show the
growth mechanism and detailed characterisation of
graphene by Raman, optical micrograph and AFM
image of the sample.

production of large-area graphene directly on
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a- 50X- Unetched

c- AFM image

Figure 2: The optical micrograph and AFM images of the S1 sample

Figure 2, for the sample S1 before etching, It shows
the relative light area stands for more Ni islands or
Ni particles on the surface, and the surface is very
rough, we can see the grain size is about ~4nm, and
it looks like a typical Ni grain size.

Figure 3, Raman spectrum for the sample S1 before etching (Fig. 3a) and after etching (Fig.3b).
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Figure 3: The Raman spectrum for S1 sample

The S1, 50X etched optical microscope revealed
distinct color variations, indicative of varying
graphene thicknesses. Regions devoid of the Ni
film, appearing lighter, were observed. Despite the
unknown location of Raman spectroscopy
measurements, the light pink area, exhibiting a
higher 2D/G ratio and lower contrast compared to
the light area, is likely of higher graphene quality,
as indicated by the red line. Conversely, the darker
areas, characterized by similar shape, size, and

50X unetch

50X etched

density to the dark spots in the pre-etch image,
displayed no significant improvement in quality
after etching. Consequently, the location of the
graphene layer relative to the Ni film (i.e., on top or
underneath) remains inconclusive.

Figure 4, The optical microscope image for the
sample S2 before etching (Fig.4a) and after
(Fig.4b):

Figure 4: The optical micrograph images of the S2 sample
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Figure 5, The Raman spectrum for the sample S2 were shown, before etching in (Fig.5a) and after in (Fig.5b):
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Figure 5: The Raman spectrum for S2 sample

In the S2 sample, prior to etching, numerous Ni
islands were observed on the surface, readily
visible under microscopy. This suggests incomplete
evaporation of Ni or Ni carbide during the process.
Notably, a significant increase in image brightness
was observed after etching, consistent with the
hypothesis that Ni or Ni carbide particles contribute
to image contrast. Comparing S2 to S1, a higher D-
band intensity was observed in S2, potentially
attributed to a thinner Ni film. With a thinner Ni

a- v Xuneched

<

b-

a- unteched

film, incomplete dissolution of carbon atoms into
the Ni layer is likely, resulting in a higher
concentration of amorphous carbon (a-C) on the
surface and consequently, an elevated D-band
intensity.

Figure 6, The optical microscope and AFM images
for the sample S3 were shown, before etching in
(Fig.6a) and after in (Fig.6b):

50X etched FTM image
Figure 6: The optical micrograph images of the S3 sample and the AFM image

Figure 7, The Raman spectrum for the sample S3, before etching (Fig.7a) and after (Fig.7b):
=
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Figure 7: The Raman spectrum for S3 sample

The 50X optical microscope image of the sample
prior to etching exhibited a strong resemblance to
that of S1, where all data was sourced from the
original publication. The surface displayed a
uniform green colouration, characteristic of
sputtered graphene transferred onto a SiO;
substrate, suggesting a similar Ni/C ratio to S1. In
the 50X image before etching, a close resemblance
to the published image was observed, with the
notable exception of a significant residual Ni layer
on the substrate, unlike the complete Ni

evaporation reported in the literature, this is
consistent with [16-18]. A 2D/G ratio of 1,
indicative of bilayer graphene, was obtained,
representing a significant improvement compared
to the pre-etching result, strongly suggesting
graphene growth beneath the Ni film. Although a
decrease in the D-band intensity was observed, the
presence of residual Ni islands, as evident in the S3
50X post-etch image, indicates potential for further
reduction. Furthermore, a comparison with S1
revealed a superior graphene quality in S3,
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corroborating the findings from S2, where an
excess of carbon was attributed to an elevated D-
band intensity. So the RTP conditions exhibit that
Ni over SiC samples give the highest quality
graphene with approximately 40% surface area
coverage, as confirmed by Raman spectroscopy. In

contrast, Ni beneath SiC substrates produced
graphene with 99% coverage, but the quality was
lower. This implies that a further reduction in the
carbon content in subsequent samples may lead to a
further decrease in the D-band intensity.

IV. CONCLUSION

This study demonstrates the feasibility of
growing graphene on Ni silicides using a rapid
thermal processing (RPT) approach. The results
highlight the critical influence of Ni thickness and
carbon content on graphene quality, with excessive
carbon leading to increased D-band intensity, this
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