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Summary
 ID-VG characteristics of single-crystal epitaxial graphene are independent of buffer concentrations.

 Our simple device overcame the Debye screening length limitation and detected targets in physiological salt concentrations (1xPBS).

単結晶グラフェンを用いた遮蔽長外ターゲットが検出可能な
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 Two-dimensional carbon material

 High carrier mobility

 Thermally and chemically stable

Debye screening length

Epitaxial Graphene

D is approximately 1/10 of  antibody length in biological fluids (1xPBS).
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Targets are detectable within the Debye screening lengthD.
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Protein solution

1x Phosphate-buffered saline
(1xPBS) is used as the solvent.

Debye-Hückel equation
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𝚫𝑽𝐌𝐀𝐗 at target was 2.3–4.4 times 
higher than that of other proteins.

ID-VG characteristics
Specific target detection

This allows current to flow only in the solution area.

ID-VG characteristics were measured. The average FWHM of the 2D peak in
the graphene region is 49 cm-1.

Previous work [2]

[2] K. Murayama et al., Surf. Interfaces, 54, 105279 (2024).

Due to the low defect density, 
the effect of PBS concentration 

is small.

The effective D from the 
C-V characteristics was 
approximately 10 nm.

Target selectivity in antibody-modified epitaxial graphene was investigated.

 The target selectivity of the antibody-modified epitaxial graphene FET was confirmed.

Anti-BSA antibody 
is modified.

Single-crystal, large-area graphene is produced.

Annealed at 1600 °C for 5 min under 100 Torr Ar atmosphere.

Epitaxial graphene growth

In antibody-modified epitaxial 
graphene FETs, target detection 

beyond the D has been achieved.

There are few reports of 
investigating target selectivity 

in 1xPBS.

Used as a linker molecule
(1 mM)

Prepared concentrations 
ranging from 1 pM to 100 nM

Bovine serum albumin (BSA, target)

Protein

Streptavidin (s-Avi)

L-glutamic dehydrogenase (L-Glu)

Glutathione peroxidase (Glu)

In antibody-modified epitaxial graphene FETs, target selectivity was confirmed 
beyond the Debye screening length in physiological salt concentrations.
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s-Avi Glu

L-Glu BSA

By 𝑲𝐃, physisorption was confirmed for 
non-target introduction and antigen-
antibody reaction for target introduction [3].

Only BSA exhibited antigen-antibody reactions.

Protein V max [V] K D [M] a

s-Avi -0.053 4.8×10-12 0.43

Glu -0.027 NA NA

L-Glu 0.032 NA NA

BSA (target) -0.12 3.0×10-9 1


