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Abstract— Field emission is an electron emission produced by a strong electric field. When the electric field applied to sharp 
edges on materials, electrons are extracted to vacuum by quantum mechanical tunneling over potential barrier. The efficiency 
of field emission is mainly determined by electron emitter and many efforts have been dedicated for more stable and smaller 
field emitters. It has been shown that nanomaterials such as carbon nanotubes and nanowires have advantages compared to 
bulk materials due to their excellent chemical and physical properties and small size. 

Graphene is a nanomaterial getting great research attentions due to its superior electrical and mechanical properties such as 
good electrical conductivity and flexibility. Graphene is a two-dimensional (2D) structure and its thickness is atomically thin 
which is suitable for field emission effect. In this study, we characterize field emission properties of graphene nanosheets such 
as graphene and graphene oxide. The result is beneficial for field emission display using graphene nanosheets. 
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I. INTRODUCTION 
 

 The 1-dimensional nanomaterials such as 
nanowires and nanotubes and 2-dimensional 
nanomaterials such as graphene are outstanding 
materials for novel devices due to its small dimensions 
and high aspect ratios.  The previous studies showed 
that the nanomaterials have excellent physical and 
chemical properties and have been explored for the 
future applications in electrical, bionic and photonic 
areas. Moreover, those nanomaterials are promising 
for electron emitters due to its better efficiency and 
better electron emission properties such as the better 
stability and longer lifetime than micro scale materials. 
Graphene which is a two dimensional carbon structure 
has been significantly explored due to its excellent 
mechanical and physical properties. The graphene has 
high electrical conductivity, high strength, and high 
thermal conductivity. Based on its prominent 
properties, graphene can be utilized for a wide range of 
useful applications such as transistors, bio-devices and 
transparent electrodes. The thickness of graphene is 
atomically thin which is suitable for field emission 
effect. Field emission is an electron emission produced 
by a strong electric field. When the electric field 
applied to sharp edges on materials, electrons are 
extracted to vacuum by quantum mechanical tunneling 
over potential barrier. In this study, we characterize 
field emission properties of graphene nanosheets such 
as graphene and graphene oxide. We present a method 
to synthesis the nanosheets and a simple theoretical 
strategy for characterization of field emission 
properties.  

The graphene and graphene oxide nanosheets were 
prepared by chemical method and field emission 
properties were characterized with a cold field 
emission theory. 

 
II. EXPERIMENTS 
 

A. Synthesis of Nanosheets 
Graphene was prepared by the chemical method 

known as the modified Hummer’s method. Firstly, 
graphene oxide was synthesized from graphite powder. 
A graphite and sodium nitrate were mixed and 
sulphuric acid was added under stirring. And then 
KMnO4 was added to the solution keeping the 
temperature low to prevent overheating. The mixture 
was stirred for 24 hours and the solution was diluted 
with pure water. Next, the suspension on the solution 
was mixed with KMnO4 again and reacted with H2O2 
solution. Finally, the mixture was washed with HCl 
and H2O respectively, filtered and dried. 

For graphene nanosheets, the graphene oxide was 
reduced by chlorogenic acid. Chlorogenic acid is one 
of the most abundant dietary polyphenols having good 
anti-oxidant capacity. Fig. 1 shows the SEM image of 
prepared graphene. 
 

 
Fig. 1. SEM image of graphene nanosheets 
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B. Measurement 
The field emission properties were measured in 

SEM vacuum chamber. Firstly, the prepared graphene 
and graphene oxide nanosheets were transferred on 
aluminum foil. Graphene were randomly distributed 
on the aluminum foil. Then, the aluminum foil was 
attached on SEM sample holder with a conductive 
carbon tape as shown in fig. 2. 

An anode electrode was fixed inside SEM chamber 
and the anode electrode was connected with electrical 
feedthrough to apply voltage from outside SEM. To 
get micrometers distance between the nanosheets and 
anode electrode, the SEM sample stage (substrate) was 
moved under SEM imaging. 

 

 
Fig. 2. Schematic diagram of field emission 

measurement. (a) and (b) graphene and graphene 
oxide nanosheets were transferred on aluminum foil (c) 
aluminum foil was attached on SEM sample holder 
with a conductive carbon film (d) anode electrode was 
fixed inside SEM chamber which was connected with 
electrical feedthrough. 
DISCUSSION  

The field emission property was characterized using 
the cold field emission theory found by Fowler and 
Nordheim.[13]  In specifically, we used the equation 
which considers the imaging charge on the electron 
emission barrier with reliable mathematical 
approximations.[13]  According to the theory and the 
approximations, the relation of emission current 
density and applied voltage can be written as 
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Where J is a current density [A/m2],   is a work 

function [eV], d is a distance [m], is a field 
enhancement factor, V is a applied voltage, and a, b, 
and c are constants with values of 1.541434 x 10-10 [A 
eV V-2], 6.83089 x 109 [V eV V-3/2 m-1], and 1.199985 
[eV V-1/2 nm1/2], respectively. The vF and tF are the 

field emission elliptic functions which are depending 
on a variable,   
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For example, we adopt a certain value of the work 
function for the nanosheets to solve the calculations.  
We characterize the field emission properties of 
several devices and find the field enhancement factors, 

. The field enhancement factor is strongly dependent 
on device structures such as geometry of electron 
emission site. For example, the low values of for the 
nanomaterials are mostly like due to the short distance 
between the emission site of nanomaterials and anode 
electrode.  It is well known that the is linearly 
proportional with the distance. Finally, we get field 
emission current using the (1).   
 
CONCLUSION 
 

Graphene and graphene nanosheets were 
successfully prepared by chemical method and 
chlorogenic acid reduction. The field emission 
properties of the nanosheets were measured in SEM 
chamber in a controlled way. The distance between the 
nanosheets and the anode were efficiently adjusted 
during the measurement under SEM imaging. 
Furthermore, we showed a relatively simpler 
analytical method to characterize the field emission 
properties which is the cold field emission theory, 
Fowler-Nordheim equation.   
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