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Commercialize graphene-based 
electronics is a big challenge, especially the 
band gap tuning and n-/p-type doping as 
well as the work-function tuning for CVD-
grown graphene. Nowadays, there are 
several methods for tuning the electrical 
properties of graphene, such as heteroatom 
co-doping during CVD, the chemical 
doping (or surface absorption) [1]. 
Nevertheless, these methods are not stable 
and not suitable for mass-production.  To 
address this issue, we demonstrate a novel 
method to achieve the low-defect 
graphene under keV energy implantation 
follow, which can produce a stable n-type 
CVD-graphene. It was found out the 
designed gold thin film as the buffer layer 
can effectively dope phosphorous into 
graphene while lower the defect density 
when graphene was subjected to the 20 
keV ion implantation (dose of 1012/cm2). 
Moreover, the implanted graphene can 
easily transfer onto arbitrary substrates and 
followed with the post-annealing to healing 
the defect structure. The sheet resistance 
(Figure 1) of doped graphene by this 
method indicates the highly improved 
conductivity. The electrical 
characterizations on the top-gated Field-
effect transistor (FETs) provide evidence of n-
type doping properties. (Figure 2). The 
ultraviolet photoelectron spectroscopy 
shows the tunable work function from 
4.85eV to 4.15eV. This work proposed a 
novel method to achieve n-type doped 
CVD-graphene by using keV ion 
implantation, which was compatible with 

nowadays IC fabrication procedures, 
suggesting the promising technologies for 
graphene-base devices. 
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Figure 1: The sheet resistance of graphene and 
Au protect graphene after implant and healing. 
 

 
Figure 2: The electrical characterizations of a 
top-gated FET integrated with P-implanted 
graphene. (After implanted and 500 ℃ 	 Ar 
atmosphere healing.) The inset shows a 
microscopy image of the transistor.  
 
 


