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1. Introduction 

Garphene of high structural perfection has semi-metal properties which originate small 
effective mass, high optical transparency and so on [1, 2]. Because of such properties, graphene 
of high structural perfection can be applied to various devices, for example, transparent 
electrodes, terahertz devices etc [2]. While disorder; i.e, structural defects and impurities in 
graphene can induce electronic energy gap [3]. Such energy gap can also be utilized for various 
applications such as electrocatalyst for fuel cells, field effect transistors (FET) and so on [4]. 
However, these applications have not yet achieved practically, for instance, on-off current ratio 
of graphene FETs (GFET) is approximately 2 – 2000, while any successor to the silicon 
metal-oxide-semiconductor (MOS) FETs that is used in complementary MOS-like logic required 
the on-off ratio of between 104 and 107.In this study, aiming at control of energy gap of graphene, 
we introduce defects into graphene by colliding with multicharged nitrogen ions and evaluate the 
electronic properties.  
2. Experimental 

We prepared graphene samples on a silicon substrate covered with a 300nm thick silicon 
dioxide layer by the micromechanical cleavage method [4]. Next, we coat the front of substrate 
with photoresist(OFPR-800) and bake at 110℃  for 3 minutes. Then we soak substrate in 

hydrogen fluoride for approximately 5minutes and remove the silicon dioxide layer completely. 
Next, we deposit 100nm thick aluminium onto back side of substrate. After removing photoresist 
by soaking substrate in acetone for 15minutes, we anneal substrate at 450℃  for 15minutes. Next, 

we fabricate address patterns and grids by electron beam (EB) lithography. After that we 
transferred graphene onto fabricated pattern by micromechanical cleavage method. Next we 
fabricate electrodes by electron beam (EB) lithography. After that we evaluate the thickness of 
transferred graphene by optical microscopy (OM), Raman spectroscopy, and atomic force 
microscopy (AFM). Then we measure electronic properties by I-V and FET measurement. We 
irradiated multicharged nitrogen ions at 150eV with different doses (1012 and 1013/cm2) in order 
to introduce defects in graphene. At last, we investigate electronic properties of the irradiated 
graphene by I-V measurement, FET measurement, Raman spectroscopy and atomic force 
microscopy (AFM). 
 3. Results and discussion 

We investigated the thickness and lateral size of transferred graphene using OM, Raman 
spectroscopy, and AFM. We confirmed that the thickness of transferred graphene is ranged from 
1 to 3 nm and width of transferred graphene is approximately 3.5nm. Fig.1 (a) and (b) shows the 
AFM image graphene before and after ion irradiation. In Fig.1 (b), the Ra value which indicates 
roughness of graphene is 2.945nm which is higher than that for the sample before irradiation 
value. This indicates the disorder introduced by irradiation effect is occurred. Raman 
spectroscopy give us information on the number of layers of graphene though the relative peak 



intensity of 2D band [5] and also on the disorder of graphene through the relative peak intensity 
of D band[6]. I2D/IG was 0.37 for transferred garphene before irradiation, which is higher than 
that for HOPG.  

For HOPG and transferred graphene before irradiation, relative intensity of D band to G 
band (ID/IG) is almost zero, while ID/IG is 27 for the transferred graphene after irradiation. ID/IG 

increased by the irradiation and it depends on irradiated dose. 
Fig.2 shows I-V characteristics of transferred samples before and after irradiation. Before 
irradiation, the transferred graphene indicates ohmic characteristics, this is typical characteristics 
of pristine graphene [6], while the irradiated one show almost zero current in the range of from -2 
to 2 volt for between source-drain voltage. This variation is due to disorder which is introduced 
by ion irradiation. We check the FET characteristics of before and after irradiation. Fig.4 (a) 
indicates FET characteristics of graphene before irradiation. This corresponds to the typical 
characteristics of transferred graphene[4]. After irradiation, the drain current indicates the minus 
value and it increases by increasing gate voltage. We suppose that this is due to the leakage 
between source and gate electrodes due to break down the SiO2 layer.  
4. Summary 
We demonstrated ion irradiation to graphene for introducing defects in graphene. We irradiated 
triple-charged nitrogen ions in the range of 1012-1013 /cm2 dose. As a result, we confirmed the 
disorder is introduced to graphene and behaves dielectric properties after irradiation. In the 
future, we will try to less energy or dose irradiation and evaluate the electric properties.  
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Fig.1 AFM image of GFET before and 
after irradiation   

Fig.2 I-V characteristics of  GFET 
before and after irradiation   
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