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1 Introduction — Ly —
Graphene has recently attracted great attention due =
to its extremely high carrier mobility. However, the con- H m ﬂ

tact resistance between graphene and metal electrode is
a limiting factor of the device performance for scaled
graphene-based fieldfect transistors. Therefore, it is

important to understand the properties of graphene con- Metal

tacting with metals. It was reported that the contact resis- A V Ru

tance showed gate bias dependence [1]. This result indi- g::ne
cates that the carrier density of graphene underneath the <—_—— ~_
metal electrode is modulated by the back gate voltage. Ren Ran' Ran' R Ran

. . Graphene
However, the electrical properties of graphene contact-

ing with the metal have not been directly extracted and Fig. 1: Schematics of the current flow pathes and sim-
researched yet. In this research, we investigated the car- ple resistor network modeldr andLw are the transfer
rier modulation in graphene underneath the metal elec- 'ength and the metal length respectively.

trode.
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2 Simple simulation of current flow path 10 Fryo = 10]
First, the current flow path should be considered in ~ Sos = ol
the device with the electrically floating metal on the gra- 50,6, E 061
phene channel, as shown in Fig.1. Previously, we de- S, ‘ ‘ § 04l
termined the transfer length, i.e. thfeetive contact Eo.z— . . § 02]
length, @ = vloca/Ren, Wherepe is the specific con- 3 L T A
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tact resistivity andRy, is sheet resistance of graphene) as 00 0204 06 08 10 00 02 04 06 08 10
~1um [1]. When the length of the metaly is very long Position in metal (m) Position in metal (/Ly)
(Lm >> 2d7), the current preferentially flows through  Fig. 2: Calculated current ratio (i)) for (a) different
the metal. However, with decreasing the metal length, contact resistivities and (b) fiérent metal lengths. The
the resistance of the path (i) becomes larger than the re- transverse axis is normalized by,

sistance of graphene by taking account of the contact re-

sistance, which results in the preferential current flow g Experimental verification

through graphene (path (ii)). In this case, it is possible to Fig.3(a) shows an optical microscope photograph of

detect the carrier modulation in graphene underneath the o fapricated graphene FET device. Monolayer graph-
metal electrode by electrical measurements. Fig.2 shows ¢e was prepared from Kish graphite using mechanical
the current ratio for paths (i) and (ii) calculated simply

by Kirchhoff * s law. It is evident that the current flows
more preferentially through graphene for larger gy
and (b) smallet . Based on these calculations, the con-
dition for detecting the carrier modulation in graphene is
roughlyLy < 2dr = 2um.

exfoliation. Ni electrodes were used in this study. For
analyzing this device, the channel resistanlég)(in-
cluding both graphene underneath the metal and not con-
tacting with metal was initially measured by the four-
probe measurement using voltage probeand \, as
shown in Fig.3(b). Then, the intrinsic graphene resis-
tances Rﬁh anngh) were also estimated by voltage probe
vy and w. Finally, the resistance in the metal region
(RY) could be obtained by subtractiR§, andRS, from
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R%. It should be noted thatR}) includes graphene,
metal and contact resistance, and that Ni electrode on
the channel was kept floating electrically during the mea-
surement. The mobility of this device was between 3500
and 5000crfV-'s! and Dirac point varied from 1.2 to
2.1V depending on the position.
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Fig. 3: (a) Optical microscope photograph of the fabri-
cated graphene FET device. (b) A schematic top view
of the device for extracting the resistivity of graphene
underneath the metal.

Fig.4 shows the resistivity of graphene wiﬁﬁf{) and
without (og) various lengths of Ni electrode as a func-
tion of back-gate voltageng, without Ni, shows a sharp
gate bias dependence, whild, with Ni, is modulated
more significantly as the length of Ni electrode becomes
shorter. This result clearly indicates the modulation of
the carrier density in graphene underneath the metal as
expected analytically.

In addition, we have noticed a small negative shift of
the peak position in Fig.4. This implies that graphene
underneath the Ni electrode is negatively doped. This
cannot be explained by the simple charge transfer model
on the basis of the work function fiérence, since the
work functions of Ni (5.2 eV) and graphene (4.5 eV)
suggests the hole doping in graphene [2]. On the other
hand, it is reported that the strong coupling betwpgn
orbitals in graphene and-orbitals in Ni results in the
n-doping in graphene from the XPS results of graphene
on Ni(111) [3]. More data are obviously needed to con-
clude the dopingféect quantitatively, but the present ex-
periment will suggest the charge-transfer direction in a
specific position in the graphene channel.
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Fig. 4: Sheet resistivity of graphene withl{) and with-
out (o) various lengths of Ni.

4 Conclusion

We have demonstrated the conductance modulation
in graphene contacting with the metal by the back-gate
voltage. The longer metal electrode results in larger ef-
fect in terms of the total resistance change. Moreover,
graphene underneath Ni was negatively doped. These
results suggest that graphene may not be degraded by
the metal deposition on it. Since the modulation of the
carrier density in graphene underneath the metal is deter-
mined by the relative magnitude between contact resis-
tivity and graphene resistivity, it is straightforwardly ex-
pected that both the metal resistivity and thickness should
affect the results quantitatively.
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