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Abstract

A graphene surface acoustic wave (G-SAW) device has
been developed and applied as a chemical sensor. When
a SAW propagates on graphene, carriers in graphene
are transported by the SAW. This is termed the acousto-
electric current (). In this research, the top-gate volt-
age dependence of I, was investigated by employing a
solution gate. In addition, pH sensing using the G-SAW
device was performed. It was demonstrated that the
G-SAW sensor has a higher sensitivity than a conven-
tional graphene field-effect transistor based sensor.

1. Introduction

The interaction between a surface acoustic wave (SAW)
and low-dimensional electron systems (LDESs), such as
two-dimensional electron gases (2DEGs) in GaAs/AlGaAs
heterostructures [1], carbon nanotubes [2], and graphene [3]
has been examined in earlier research. Carriers in LDESs
can be trapped or transported by the SAW because a SAW,
which is a mechanical wave induced on a piezoelectric
crystal, is accompanied by a potential wave. Recently,
acoustoelectric current (/5) flows in graphene induced by a
SAW have attracted attention [3-4]. However, I, has not
been applied in field-effect transistors (FETs) because most
previous studies have been conducted in air where back-gate
voltage cannot be applied. In this research, we fabricated a
solution-gated G-SAW device to investigate the
gate-voltage response of /, in buffer solution and to demon-
strate the potential for pH sensing.

2. Experimental Procedure

A schematic illustration of the fabricated G-SAW sensor
is given in Fig. 1. The single-layer graphene was transferred
to the center of a 36° YX LiTaO; substrate. Because the
LiTaO; substrate generates a shear horizontal (SH) SAW,
the energy of the SAW is not diminished by the presence of
solution. Therefore, the device is suitable for uses as a
SAW-based solution sensor. Source and drain electrodes
were formed on the graphene, and interdigital transducers
(IDTs) were placed at both ends of the substrate. All elec-
trodes, composed of Ni/Au of thickness 10/30 nm, were

fabricated by electron-beam evaporation. Silicone rubber
was attached around the graphene, and buffer solution was
dropped into the cavity. An electrolyte gate voltage (Vg,)
was applied from a Ag/AgCl reference electrode.

LiTaO; substrate

Silicone rubber Graphene Ag/AgCl
reference electrode

Fig. 1 Schematic of graphene SAW sensor.
3. Results and discussion

Fig. 2(a) shows the /5-Vg, characteristics for the device in
phthalate buffer solution at pH 4.1 when the input frequency
to the IDT was increased from 110 MHz to 150 MHz in
steps of 0.1 MHz. An /I, was induced around 130 MHz,
which is the central frequency (f;) determined by the period
of the IDT and velocity of the SAW, and almost no 7, flows
outward from f;. This result indicates that the SAW, which
propagates on the LiTaOj; substrate, can transport carriers in
graphene in the solution phase. Fig. 2(b) shows the /5-Vgg
characteristics extracted at 129.9 MHz in Fig. 2(a). The flow
direction of 7, was switched when crossing Vgg = 80 mV,
which corresponds to the Dirac point of graphene, because
the major carriers in graphene under each Vg, were trans-
ported by the SAW. The /, also revealed that there were
positive and negative peak values. The position where /4
reaches a maximum value is determined by the ratio of the
conductivity of graphene to the conductivity of the SAW
[4-5]. That is, when the carrier density of graphene is larger
than the SAW conductivity, the efficiency of carrier
transport by the SAW is decreased.

Next, the pH response of /4 was investigated. The pH was
increased from 5.71 to 6.99 and the /4-Vg, characteristics
were measured. To control the pH in the buffer solution, the
buffering effect between NaH,PO, and Na,HPO, was used.
The peak shift of the hole current is shown in Fig. 3(a). The
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peak was shifted in a positive direction as the pH of the
buffer solution increased. Fig. 3(b) shows the pH depend-
ence of Vg, when the hole current was at its maximum value
(25.2 mV/pH). As the hydrogen ion content decreased, the
hole density of graphene increased, hence the /5-Vg, charac-
teristics shifted in a positive direction.
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Fig. 2 (a) Contour map of /, in phthalate buffer solution as
a function of Vg, and input frequency to the IDT.
(b) Ia-Vgg characteristics at the input frequency of

129.9 MHz.
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Fig. 3 (a) [a-Vg, characteristics in solution for pH range 5.71
to 6.99. (b) the pH dependence of Vg, for the hole
current peak of /.

Finally, a comparison of pH sensitivity between a
G-SAW sensor and a G-FET sensor was performed. Sensi-
tivity is defined as &/ / I, where 3/ is the current change re-
sulting from the change in amount of hydrogen ions and / is
the background current.

In this experiment, the same sample was used, and the
G-FET mode and G-SAW mode were switched by applying
a Vp of 20 mV to the G-FET and a V' of 0 V with an RF
signal to the G-SAW. The pH was increased from 5.71 to
6.99 and the current change from the initial state was meas-
ured. In the G-FET mode, the &/ was typically at a maxi-
mum when the transconductance of the G-FET was at a

maximum. Therefore, 8/ of the G-FET sensor was measured
at Vgg = 0 V, which is the maximum point of transconduct-
ance. In contrast, the G-SAW sensor was measured at Vgg =
113 mV which is around the Dirac point since /4 in the ini-
tial state can also be made 0 A. As shown in Fig. 4, as the
pH was changed from 5.71 to 6.99, the drain current in-
creased to 1.05 times the initial current for the G-FET mode.
In contrast, for the G-SAW mode the I, increased to 86
times the initial amount. Because the initial current of the
G-SAW is readily controlled by adjusting Vg,, the G-SAW
device exhibits higher sensitivity and lower power con-
sumption than a conventional G-FET sensor.
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Fig. 4 Sensitivity comparison of the G-SAW and the
G-FET to changes in pH of the buffer solution.

4. Conclusions

We have demonstrated the acoustoelectric effect with
graphene in solution. It was found that the /5-V%, behavior
of the G-SAW sensor has different transfer characteristics
than the ambipolar characteristics of the conventional
G-FET device. The pH response of the G-SAW sensor was
also investigated. Because /5 can be made 0 A by adjusting
VG, the G-SAW sensor exhibits higher sensitivity and lower
power consumption. Therefore, the G-SAW sensor is prom-
ising candidate for chemical and biological sensing plat-
form.
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