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The effect of the parameters for few-layered graphene growth by thermal CVD on nickel substrate was investigated. Graphene
can be synthesized by using different strategies. Chemical vapor deposition (CVD) has known as one of the most attractive
methods to produce graphene due to its good film uniformity, compatibility and large scale production. The control of
parameters such as temperature, growth time and pressure in CVD process has been widely recognized as the most important
process in graphene growth. Different carbon precursors, methane and acetylene, were introduced in the quartz tube with a
variety of growth conditions. Raman spectroscopy was used to confirm the presence of a few- or multi-layered graphene.
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Introduction

Graphene is one-atom-thick film of carbon arranged in a

two-dimensional hexagonal lattice. Due to its outstanding

electrical, mechanical, and chemical properties [1-4], it

has recently become a promising candidate for various

high-tech applications such as transparent and flexible

displays, high speed transistors, electric devices and

biological sensors [5-10]. Lots of methods such as

mechanical and chemical exfoliation from graphite, and

epitaxial growth on SiC substrate were used for

graphene synthesis [11-13]. One of the most common

methods for thin film graphene growth is chemical vapor

deposition (CVD) [14-16]. In comparison to other

methods, graphene growth on metal catalyst by CVD

has the distinct advantages in terms of large area

graphene and transferring onto other targeted substrates.

Ni and Cu have received the most attention as a metal

catalyst for graphene synthesis. Because its surface

chemistry with hydrocarbons has been well investigated

[17-19], the discussion of this paper will be limited to

graphene synthesis. The nickel substrate, where the

carbon solubility is higher than Cu, is used as a metal

catalyst for decomposition of a carbon source gas. In

general graphene synthesis mechanism, the carbon atoms

segregated on the nickel or diffused into the bulk substrate

by increasing temperature, and then they are precipitated

to the surface during the cool-down process [20-21]. With

this general growth mechanism, the graphene synthesis is

affected by various parameters such as the growth

temperature, insert gas ratio, growing time, and so on.

For obtaining the desired graphene with high quality

and controlled few-layer, the mentioned parameters

should be controlled to find the optimal conditions. In

this paper, we demonstrate that a single or a few layers

of graphene can be grown by the thermal decomposition

of methane and acetylene by controlling the process

parameters and compare the effect of hydrocarbon

source gases. The synthesized graphene was investigated

with Raman spectroscopy and high resolution trans-

mission electron microscopy (HR-TEM).

Experiments

Chemical vapor deposition (CVD) is a synthesis

technique that offers a number of advantages such as

good film uniformity, high deposition rates and scalability

from laboratory to production systems. In this work, the

hybrid vacuum machine combined with plasma enhanced

chemical vapor deposition (PE-CVD) and thermal CVD

to synthesize few-layered graphene (Black Magic II,

Aixtron Co.). This experiment was implemented under

various temperatures, pressures, gases mixing ratio

*Corresponding author: 
Tel : +82-55-350-5287 ; +82-51-510-3160
Fax: +82-55-350-5653 ; +82-51-518-3360
E-mail: sookim@pusan.ac.kr ; LHW2010@pusan.ac.kr



The effect of various parameters for few-layered graphene synthesis using methane and acetylene s43

(H2:C2H2, H2:CH4), and growth time. For a metal

catalyst, a 300 nm thick Ni film sputtered onto 100 nm

thick SiO2 coated Si wafer was prepared. Fig. 1 shows

the schematic diagram of the hybrid CVD machine.

The substrate was placed on the reactor cathode in a

vacuum chamber which connected to a vacuum pump

and pressure control systems. The quartz tube had a

diameter of 12 inches and the gases were introduced

into the reactor from top to bottom to get a uniform flow.

A Raman spectroscopy (Horiba Co.) operating at a

wavelength of 532 nm was used to analyze the graphene

synthesis. Raman spectroscopy is known as a very useful

technique, providing information about the quality and

number of layers of graphene [22-25]. The G-band at

~1582 cm-1 is common to all sp2 carbon forms. The

stretching of the C-C bond in graphitic materials gives

rise to the G-band Raman feature. The 2D-band which

appears in the range around 2600-2800 cm-1 is shown in

all sp2 carbon materials. The ratio of G-band to 2-D band

indicates the number of layer of graphene, thus it is an

important factor to determine a mono layer graphene.

The D-band which appears at ~1340 cm-1 shows the

presence of defect in sp2 -hybridized carbon systems

and the quality of graphene.

Results and Discussion

The characteristics of graphene synthesis according

to the various growing parameters such as active

temperature, growing time, reacting gas ratio, and

pressure were investigated and analyzed. Fig. 2(a)

shows the Raman spectra of the graphene grown at

various active temperatures by methane and Fig. 2(b)

shows the Raman spectra by acetylene on Ni substrate.

A few-layered graphene could be obtained at a ratio of

15:1 (H2:CxHy) which can be explained by over one of

the intensity ratio of G peak to 2D (IG/I2D). As shown

in Fig. 2, the D peak was reduced gradually by

increasing growing temperature. The high temperature

caused a stable structured and high quality graphene

synthesis. Fig. 2(a) shows that it is not easy to

synthesize the graphene at 750 οC by methane, while few-

layered graphene was obtained at 750 οC by acetylene due

Fig. 1. A schematic diagram of the hybrid vacuum system for
synthesizing carbon nanotubes and graphene.

Fig. 2. Raman spectra of the graphene synthesized at various
active temperatures with (a) 15:1 (H2:CH4) and (b) 15:1 (H2:C2H2)
of gas mixing ratio.

Fig. 3. Raman spectra of the graphene grown at different growing
time with (a) 15:1 (H2:CH4) and (b) 15:1 (H2:C2H2) of gas mixing
ratio at 950 οC.
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to their different dissociation temperature. This result can

be explained that methane and acetylene have a

different dissociation temperature, because the barrier

energy for breaking the C-C bond is lower than for C-H

bonds [26-28]. Therefore, graphene can be synthesized at

lower growing temperature with acetylene than methane

as experimental results. Most of the results show that

multilayer graphene was synthesized. This is because

nickel substrate has a high solubility and carbon

diffuses into the metal first before segregating and

precipitates to the surface. Fig. 3 shows the Raman

spectra of the graphene formed at various growth times

using methane and acetylene. The synthesis temperature

was 950 οC and 900 οC, respectively, providing 15:1

(H2:CxHy) of gas mixing ratio. In both cases, D peak

was gradually reduced by increasing growing time. In a

short growing time, bi- or few-layered graphene with

defects such as grain boundary and crack can be

synthesized and D peak will be appeared in Raman

spectra as shown in Fig. 3. By increasing growing time,

upper layer might be covered on a defected part of a

bottom layer and D peak will be reduced. However, the

number of layer was increased from 2~3 to over 15.

Fig. 4 shows the Raman spectra of the graphene

formed at various gases mixing ratio of H2:CH4 and

H2:C2H2. The D peak was increased by increasing the

proportion of H2 to CxHy. Because hydrogen not only

controls the graphene shape and size, but etches the

graphene [29], the high proportion of hydrogen to CxHy

might cause more defects of graphene. Since graphene

synthesis and etching processes occur simultaneously

in graphene growth mechanism, the high quality of

graphene can be synthesized by optimizing the conditions

of gas mixing ratio. In Fig. 4 (a), the bottom Raman

spectrum (black color) shows 2~3 layered graphene

grown at 950 οC growing temperature and 10 second

growing time without hydrogen, just with methane. The

synthesis of high quality graphene is more controllable

by the gas mixing ratio in methane than in acetylene.

Since the dissociation temperature of acetylene is lower

than methane, acetylene is more sufficiently dissociated

into C atoms than methane at 950 οC. Because the

graphene synthesis in inadequate carbon condition

under methane is more reactive to hydrogen etching,

D peak-free graphene might be obtained under

methane more easily than under acetylene through the

optimazation. Fig. 5 shows the Raman spectra of the

graphene formed at different pressures by methane

and acetylene, respectively. In case of methane, there is

no remarkable change in a range from 80 mbar to

Fig. 4. Raman spectra for the graphene films synthesized at
various gas mixing ratio (H2:CH4) by (a) methane (growing time:
10 sec, temperature: 950 οC) and (b) acetylene (H2:C2H2) (growing
time: 10 sec, temperature: 950 οC).

Fig. 5. Raman spectra for the graphene film grown at different
pressures by (a) methane (growing time: 1 min, temperature:
950 οC), (b) acetylene (H2:C2H2) (growing time: 1 min, temperature:
950 οC).
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1 mbar. On the other hand, D peak of graphene grown

by acetylene was gradually reduced by reducing

pressure. We verified the number of graphene layer by

high resolution transmission electron microscopy. Fig. 6

shows HR-TEM images of graphene grown at 950 οC by

methane. Through optimizing growing conditions, as

shown in Fig. 6(a), we obtained 2~3 layered graphene with

10 sec growing time, 950 οC growing temperature and 15:1

(H2:CH4) gas mixing ratio. It was well synthesized having

0.34 nm of interlayer spacing. Fig. 6(b) shows over 15

layers of graphene with 1 minute growing time.

Conclusions

It was investigated the effect of various parameters

such as growing temperature, growing time, gas mixing

ratio, and pressure for growing few-layered graphene

by methane and acetylene. Graphene was synthesized

by thermal CVD for good film uniformity and large

scale production. For synthesizing a graphene, a 300 nm

thick Ni film on 100 nm thick SiO2/Si wafer was used

as a metal catalyst. The D peak of Raman spectra was

gradually reduced by increasing growing temperature.

In contrast to methane, few-layered graphene was

obtained with acetylene at 750 οC. It might be caused that

the dissociation temperature of acetylene is lower than

methane. Increasing growing time can reduce the D peak

gradually. However, the number of layer was increased

from 2~3 to over 15. By decreasing the proportion of

hydrogen to CxHy, intensity of D peak was reduced.

Especially, D peak-free graphene was grown without

hydrogen by methane. In contrast to methane, D peak

of graphene grown by acetylene was gradually reduced

by reducing growing pressure.

Lots of growing parameters were coupled each other.

Temperature, growth time, gas ratio and pressure are

the important factors to produce high quality graphene.

The optimization of these parameters to control the

number of layer and quality of graphene is needed to

implement the graphene into bio-, nano-device fabrication.
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