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Abstract 

Protein adsorption characteristics to the epitaxial gra-

phene film on a SiC substrate were investigated. The 

transfer characteristics of the epitaxial graphene film 

shifted in the negative gate-voltage direction after intro-

duction of the proteins with both of negative and positive 

charges. To confirm the protein adsorption, adsorption 

characteristics to a phosphorylcholine-modified graphene 

film were also studied. As a result, smaller shifts were ob-

served, indicating that these negative gate-voltage shifts 

were derived from positively or negatively charged pro-

teins adsorption. These electric properties are different 

from other results which has been reported.  

 

1. Introduction 

Since the discovery of graphene, various applications 

have been attempted owing to its unique mechanical and elec-

trical properties. Among them, graphene based field-effect 

transistor (GFET) is expected to be a highly sensitive biosen-

sor. However, many fundamental properties related to intrin-

sic graphene film have not been clarified yet. Toward reali-

zation of graphene-based biosensor, it is essential to under-

stand basic properties about protein adsorptions on graphene 

surface. In this study, we investigated the response of the pos-

itively and negatively charged protein adsorptions to an epi-

taxial graphene film on a SiC substrate. Since epitaxial gra-

phene film on the SiC substrate is single crystal with large 

scale, it is expected that the intrinsic characteristics of various 

sensing properties on graphene are obtained. However, there 

are few reports of biosensing applications based on epitaxial 

graphene film on the SiC substrate. Moreover, in order to 

confirm a protein adsorption, the electrical characteristics of 

the protein adsorption to phosphorylcholine (ChoP)-modified 

epitaxial graphene film were studied. The ChoP group on gra-

phene surface can suppress non-specific adsorption because 

this molecule acts to keep the protein electrostatically away 

[1]. 

 

2. Experiments 

   The monolayer graphene films were prepared by heating  

10 mm square 4H-SiC (0001) substrates at 1650 °C for 5 min 

in Ar 100 Torr atmosphere using rapid thermal annealing. 
Thereafter, in order to obtain electric characteristics only in 

the region immersed in the solution, a 6-terminal graphene 

Hall bar having a 3 mm square channel was formed by a typ-

ical stencil mask lithography with PET film and air plasma 

etching. Such fabrication processes need no photo and e-

beam resist, hence, the device were free from these residues. 

Raman spectroscopy and Hall measurement were carried out 

to evaluate the device characteristics. Figure 1(a) shows a full 

width at half maximum (FWHM) map of a 2D peak in a range 

of 9 mm square measured after the device patterned. FWHM 

of 2D peak is almost 40 cm-1, which indicates monolayer gra-

phene on a SiC substrate [2]. In addition, since the Hall mo-

bility exceeded 1,000 cm2(Vs)-1 and the carrier type was n 

type, these results show that these devices were a typical high 

quality graphene films on the SiC substrate. 

   In this work, bovine liver-derived alpha-chymotrypsin 

(CHT, SiGMA C 3142) and bovine serum albumin (BSA, 

SiGMA A 7030) were prepared as target proteins. The isoe-

lectric points of the CHT and the BSA are 8.75 and 5.3, re-

spectively. Therefore, CHT was negatively charged in 10 mM 

borate-buffered solution (BBS, pH: 9.2) and BSA was posi-

tively charged in 10 mM acetate-buffered solution (ABS, pH: 

4). An electrolyte-gated GFET was constructed as shown in 

Fig. 1 (b). Electric properties depending on the protein con-

centration were measured.  
   The ChoP-pyrene derivatives [Fig.1(c)] were modified on 

the graphene surface [3]. It has been confirmed that the syn-

thetic molecule can be modified to GFET and suppressed 

non-specific adsorption of positively charged BSA [1].  

 

3. Results and discussion 

Figures 2(a) and 2(b) show the drain current (ID) – gate 

voltage (VG) characteristics for the various concentration of 

Figure 1: (a) FWHM map of a 2D peak, (b)Electrolyte-gated GFET on SiC, (c) ChoP-pyrene derivative 
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proteins. The minimum point of the slope indicates the charge 

neutrally point (CNP), and it shifted widely in the negative 

gate voltage (~0.2 V) to the left with increasing both of pro-

tein concentrations less than 5 nM. These results were differ-

ent from previous reports about protein adsorption on gra-

phene obtained from the chemical vapor deposition and me-

chanical exfoliation from a bulk graphite. Their shifts de-

pended on the charge type of adsorbed proteins [4].  

   Figure 3(a) shows the negatively charged CHT concen-

tration dependence of transfer characteristics in ChoP-modi-

fied GFETs. The shift amount was smaller than bare GFET 

in highly CHT concentration (~0.12 V in 10 M CHT). Also, 

the net voltage changes at the CNP are plotted in Fig. 3(b), 

which estimates that the sensitivity to CHT adsorption re-

duced to about 12 %. It was confirmed that non-specific ad-

sorption of proteins can be suppressed by modifying ChoP 

group despite of the charge types of proteins. These results 

indicate the protein adsorption generated the negative shifts 

shown in Figs. 2. 

It can be considered that the strongly n-doped epitaxial 

graphene film on a SiC substrates [5, 6] causes such negative 

voltage shifts. It is expected that electrons in the epitaxial gra-

phene film attracted to the positively charged parts of the pro-

teins. Since the size of the proteins is larger than the electric-

double layer, the graphene might not detect whole charges of 

the proteins. In order to elucidate the adsorption mechanism, 

it is necessary to cut off the bond between the SiC and gra-

phene using such as a H2 intercalation method or to measure 

the transfer characteristics to DNA adsorption with fully neg-

ative charged.  

 

4. Conclusions 

In this work, we studied the intrinsic response of protein 

adsorption to graphene surface on a SiC substrate. The bare 

GFET was n-doped by protein adsorption under each any 

condition, which was different from the typical results re-

ported ever. Since ChoP-modified GFET was able to suppress 

this doping, it was found that graphene on the SiC was pref-

erentially n-doped regardless of protein charge. 
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Figure 2: ID - VG characteristics of bare GFET. (a) nega-

tively charged CHT at pH 9.2, and (b) positively charged 

BSA at pH 4.0 

Figure 3: (a)ID - VG characteristics of ChoP-modified 

GFET, (b)CNP shift vs protein concentration 
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