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論 文 内 容 要 旨          
  Graphene has attracted increasing attention as a strong candidate for the post-silicon channel material due to its 

exceptional physical, thermal, and electrical properties, such as ultrahigh carrier mobility, thermal and chemical stability, 2D 

structure and Si process compatible. This research has been focused on the betterment of the process and the design of 

graphene-based field-effect transistors (GFET) to optimize its performance. The following is the summary of each chapter.  

In chapter 2, based on a solution-process method, a gate dielectric Al2O3 thin film was successfully fabricated on graphene 

with a sufficiently high quality. Based on a systematic characterization of the film, a modified solution-process method, which 

consists of initial formation of ultrathin Al natural oxide, spin-coating of Al2O3 precursor liquid, oxygen plasma treatment, and 

PDA, has been proposed. It was found that the PDA at 250°C for 2 hours gives a minimum doping and strain to graphene (Fig. 

1) and a highest dielectric constant to Al2O3 (Fig. 2). A strongly temperature-dependent doping behavior was found to exist, 

which can be further utilized in controlling the threshold voltage of GFETs. 

       
Fig 1. Dielectric constant, as determined from C-V measurement.      Fig 2. G’ peak versus G peak position for Al2O3 on graphene  
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In chapter 3, top-gate FETs with the gate dielectrics deposited by the modified solution method have been fabricated. The 

gate process consists of initial formation of a natural oxide layer of Al, spin-coating of the sol-gel precursor for Al2O3, the 

oxygen plasma treatment, and PDA. PDA at 250 ºC was found ideal in achieving the high intrinsic carrier mobility (~8400 

cm2/Vs) in the PDA temperature range (200-300 ºC) tested (Table. 1). With this high potential, the modified solution-processed 

gate dielectrics are quite promising for realizing high performance GFETs. 

In chapter 4, UVO3 treatment has been demonstrated to be quite effective in reducing the contact resistance, which is 

related to removal of the interfacial contaminations. The UVO3 treatment after the photolithographic process is found quite 

effective in removing the PR residue without inducing substantial damages to graphene. As a result, the transconductance and 

the filed-effect mobility characteristics are remarkably improved by the UVO3 treatment of 3 min. Finally, a low contact 

resistance ranging from 100 to 400 Ω μm was obtained (Fig. 3), which is comparable or less than the reported values made on 

the same material system. These results provide important insights for betterment of the GFET performance. 

      

Table 1. Comparison of the intrinsic carrier mobilities and residual        Fig 3. Normalized contact resistance as a function of UVO3  

carrier concentration at various PDA temperatures.                     treatment time in b ack-gated graphene FETs. 

 

In chapter 5, TG-GFETs with overlapped S/D to gate structure and UVO3-treated contacts have been successfully 

fabricated. The UVO3 treatment effectively eliminates the residual photoresists and hence reduces the contact resistance at the 

M/G junctions. Reduction of the access region can also minimize the total resistance. As a result, a relatively low contact 

resistance of 900 Ω μm (Fig. 4) is obtained for the TG-GFET. The ON-current (Ion) is increased, and the field-effect mobility of 

210 cm2/Vs was obtained. UVO3 processed M/G contact and overlapped S/D to gate structure are quite promising for realizing 

high performance GFETs. 

In chapter 6, GFETs integrating all the technologies developed in chapters 2-5 have been fabricated: the 

solution-processed gate dielectrics, the UVO3-treated contacts, and overlapped S/D to top-gate electrode. Highest 

transconductance and field-effect mobility, not achievable by the solution gate or the UVO3–treated contacts alone, have been 

― 391 ―



obtained. These high transport values are attributed to both the increase of the intrinsic mobility (due to solution gate) and the 

reduction of the contact resistance (Table. 2). It is therefore concluded that combination of solution-processed gate dielectric 

and UVO3-treated contacts, as well as overlapped S/D to top-gate, is quite promising for realizing high performance GFETs.  

 

Fig 4. Normalized contact resistance as a function of UVO3   Table 2. Comparison of intrinsic mobility and contact resistance of  

exposure time in top-gated graphene FETs.                 fabricated device in the work 
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