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I. INTRODUCTION 

Graphene, a single atomic layer of graphite, has received 
much attention as one of the best alternative materials for next 
generation semiconductor devices, due to its excellent 
mechanical (~1.0 TPa) and electrical (200,000 cm2v-1s-1) 
properties [1]�[4]. Consequently, nano-patterning techniques 
to form graphene surfaces into any desired shape possess a 
profound significance for nanodevice applications [5], [6]. In 
this case, a combined process of electron beam (EB) 
lithography and O2 plasma etching was developed to make 
graphene-based nano-devices [7], [8]. Unfortunately, when 
nanodevices are processed by a combination of EB 
lithography and O2 plasma etching, the physical properties of 
the graphene can be affected by the scattering effect. These 
were caused by the damage within the lattice and the roughly 
etched surface of the graphene, at a level higher than the 
atomic level [9]. To solve these problems, local anodic 
oxidation (LAO) lithography using atomic force microscope 
(AFM) was utilized for the fabrication of graphene 
nanodevices based on semiconductors [10], [11]. 

A local anodic oxidation (LAO) method based on AFM 
has been suggested as a new graphene patterning method 
[12]�[14]. The advantages of the LAO method include its 
abilities to pattern a surface to nanometer resolution and to 
characterize the fabricated nano-device after the 
nano-patterning process. Also, this method eliminates several 
process steps, such as photolithography and etching etc. 
Further, the method does not affect the physical properties of 
graphene material during the patterning process, because the 
process is carried out in an ambient environment, through an 
electro-chemical reaction only. Neubeck et al. [15] have 
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reported the result of scanning probe lithography on graphene. 
They also employed the LAO technique to avoid any 
contamination of graphene surface during the patterning 
process. An interesting point to notes is the fact that applying 
LAO technique to graphene resulted in either etching lines or 
creating a stable oxide. However, the process parameters have 
large influence on the created graphene oxide nano-pattern, 
which directly decide the resolution of nano-pattern [16]. 
Therefore, to study and optimize the process parameters 
during graphene oxidation is quite significant for 
nano-patterning technology. 

In this paper, we conducted local anodic lithography on 
the graphene surface by contact-mode AFM in ambient 
environment. Different scan rate and tip bias voltage was 
utilized to investigate the relationship between the process 
parameters and the growth size of graphene oxide. Based on 
the optimization of process parameters, various patterns of 
graphene oxide with nanoscale was realized on the surface of a 
CVD single layer graphene. The resolution of the graphene 
oxide line was down to 49 nm. 

II. THE SYNTHESIS OF GRAPHENE OXIDE BY LAO 

Graphene oxide (GO) is covalently functionalized 
graphene with oxygen-containing functional groups which 
consists of a cluster of sp2-hybridized carbons in a 
sp3-hybridized carbon matrix [17]. Owing to its insulating 
characteristic and pronounced mechanical properties, by 
integrating with graphene, GO has been regarded as a base 
material for next-generation thin and flexible electronic and 
optoelectronic devices [18]�[20]. Therefore, to fabricate 
nano-patterned GO on graphene surface using LAO 
technology is quite significant for various nanoscale 
applications.  

During the LAO, a relative humidity is necessary, which 
can provide a thin water layer between the AFM probe and the 
graphene surface. When a negative DC bias voltage is applied 
to the AFM tip, as Fig. 1 shows, the oxides grow on graphene 
surface which act as an anode. There is a threshold voltage at 
which the anodic oxidation starts. A high electric field (E > 
107 V/m) can decompose water molecules adsorbed on 
graphene surface into ions (e.g., H+, OH-, and O2-). Negatively 
charged oxygen-containing radicals (e.g., OH- and O2-) can be 
attracted to the anode and contribute to the formation of 
surface oxides and also to the successive growth of the oxide 
underneath [21]. In this way, we could create nanopatterned 
graphene oxide on the graphene surface, which can be used to 
fabricate nanoscale electric devices. 
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                                    (a)                                                                                 (b)                                                                                    (c) 

Fig. 4. (a) The influence on the graphene oxide with different scan rate. From left to right: 0.01, 0.02, 0.04, 0.06, 0.08, 0.10, 0.1������	��
��
����
��
����
���
(humidity: 45%, bias voltage: -10 V). Top: 2D topography image; bottom: 2D lateral force image (b) The influence on the graphene oxide with different tip 
bias voltage. From left to right:   -10, -9, -8, -7, -������
��
����
������
�������	������������
��������
��
� ��!�
����
�"�����#���$
�%���"
�#%�-6 V, clear 
graphene oxide pattern cannot achieved. Top: 2D topography image; bottom: 2D lateral force image. (c) Certain pattern drawing of the graphene oxide, 
�������
���&'()*+����
�������	,�����������
��������
��
������lied tip bias voltage: -10 V). Top: 2D & 3D topography image; bottom: 2D & 3D lateral 
force image. 
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Fig. 5. The relationship between the applied tip bias voltage and the 
height of created graphene oxide. Voltage polarity was also changed, 
when applied a positive bias voltage on the AFM probe, there was no 
graphene oxide generation. And the threshold voltage for graphene oxide 
growth in LAO was -5 V. 

on these two process parameters in the experiment: scan rate 
and tip bias voltage. 

A.  Different Scan Rate 
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B.  Different Tip Bias Voltage 
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C. Certain Nano-Pattern Drawing 
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IV. CONCLUSION 

In this paper, we presented an optimized method to 
generate nanopatterned graphene oxide on the CVD single 
layer graphene sheet. Theoretical analysis was carried out to 
achieve the distribution of electric field intensity around the 
AFM probe. Local anodic lithography was conducted on a 
CVD single layer graphene sheet in the ambient conditions 
with a relative humidity between 42% and 45%. The two 
process parameters: scan rate and tip bias voltage was 
optimized, respectively. A nanopattern with a minimum height 
of 0.8 nm and a minimum width of 49 nm was achieved. Based 
on the optimization of the process parameters, a certain 
nanopattern characters &MNTL+ was successfully obtained. 
(�����������#���	�����������	$��������	#�	�����������%���������
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