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Piezoelectrically modulated touch pressure sensor using graphene barristor
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for a wide range of applications because of its exceptional S

properties such as high carrier mobility, excellent thermal
conductivity and mechanical strength [1-3]. Furthermore, the
linear relationship between an external bias and carrier con-
centration near the Dirac point can be utilized in various in-
teresting electronic applications because the conductivity of
graphene can be modulated in a predictable way even with a
small change in the Fermi level [4-6]. In this work, we demon-
strate a touch sensor device using a piezoelectric copolymer,
PVDF-TrFE, as a gate for graphene-Si barristor to improve
the sensitivity of touch sensor. The piezoelectric potential cre-
ated by and externally applied force to the PVDF-TrFE layer
acts as a gate modulation voltage controlling the carrier
transport in a graphene-silicon interface.

2. Experiment

To fabricate the graphene-Si barristor, monolayer CVD gra-
phene was transferred to a 90nm SiO/n-type silicon substrate
using a wet transfer method. Graphene channel was patterned
using Au hard mask and O, plasma etching. And then, active
window regions (W/L=14/16 um) were defined using photo-
lithography and exposed buffered oxide etchant. As SiO; un-
derneath the graphene channel is removed, graphene and ex-
posed silicon substrate were brought into contact and the
Schottky junction with a minimal interfacial could be fabri-
cated. Au source and drain electrode were defined by e-beam
evaporator deposition, photolithography. For chemical dop-
ing, devices were immersed in different poly (acrylic acid)
(PAA) agueous solutions (0.002, 0.02, 0.2 and 2.5wt%) for
three hours. After the doping, samples were rinsed using eth-
anol for 1~2 seconds in order to eliminate eventual chemical
residues. Then, Al,O3 dielectric was deposited using atomic
layer deposition(ALD) and annealed at 300°C for 1 hour in
order to densify the Al,O3 layer and remove residual water
molecules. Following, Au gate electrode was patterned by e-
beam evaporation and lift off photolithography process. Pie-
zoelectric copolymer, PVDF-TrFE (75:25), was spin-coated
on Au bottom electrode followed by a thermal anneal at 140°C
for 1hour to improve the crystallinity and remove the residual
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Fig. 1 (a)Schematic of Fermi level of graphene by PAA doping.
(b) Raman spectra of single layer graphene samples taken before
and after the PAA doping. (c) Io/lc and l2n/lc ratio of graphene
at each PAA doping concentration. (d) Transfer curve of GFET at
each PAA doping concentration.

solvent. Finally, top electrode for metal/piezoelectric/metal
(MPM) structure was deposited using a thermal evaporator.
For the initial poling of PVDF-TrFE thin film, a strong elec-
tric field around 80~100MV/m was applied for at least 20
minutes.

3. Results

Fig. 1a schematically illustrates how the Fermi level in gra-
phene is modulated by PAA doping. This p-type doped gra-
phene was deduced from the Dirac point shift in IV curves.
Fig. 1b shows the Raman spectra of the pristine graphene and
PAA doped graphene with various concentration of PAA. The
full width at half maximum (FWHM) of the 2D peak is about
32 cmt, and the ratio of 2D/G peak intensities is about 2.74,
indicating the monolayer graphene and damage-free charac-
ters of graphene post doping process. Both G and 2D peak
were shifted from 1584 to 1599 cm?, and from 2683 to 2699
cmt in the PAA doped graphene at concentration of 2.5wt%
due to the shift in the phonon frequencies with doping. In ad-
dition, FWHM of the G peak gradually decreased from 17.82
to 8.45 cmL. It has been reported that the blue shift of G and
2D peak positions and the narrowing of the G peak can be
attributed to p-type doping in a single layer graphene [7]. Af-
ter the PAA doping, the intensity of the 2D peak remains very
high whilst that of the D peak is negligible (Fig. 1b). This
demonstrates that the doping did not affect the graphene qual-
ity. Fig.1c shows that Ip/lg changes from 2.74(pristine) to
1.23(PAA 2.5wt% doping). This slightly decrease in the
Ion/lg ratio is due to the doping effect, consistent with the
trends observed by the Raman spectra for doped graphene [7].
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Also, the small change of Ip/ls ratio from 0.049 to 0.052 un-
der the different doping concentrations indicates relatively
low defect density. All these results show successful doping
of the graphene without significant damages to its lattice
structure. To investigate the electrical properties of the doped
graphene, the electrical response of back-gate GFETs doped
with different PAA concentration (0.002~2.5wt%) was meas-
ured, Fig. 1d. Before the PAA doping, the Dirac point of
GFETSs was located at around 13.4V, which indicates that the
graphene is slightly doped with holes. As the concentration of
PAA increases, the Dirac point of 14-V4 curve gradually
moved leftwards from 13.4 to 150V at PAA 2.5wt% doped,
resulting in a downward shift in the Fermi level of graphene,

i.e. much stronger p-type doping.
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Fig. 2 (a) 1a—V4a curves of graphene barristors with PAA 0.02
wt% doped graphene. (b) 1¢—Vg curves of graphene barristors at
different drain voltages. (c) The variation of Schottky barrier
height as a function of the V4. (d) The on-off ratio of graphene
barristor at each doping process.
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Fig. 2a shows the output characteristics of the graphene
barristor with PAA 0.02 wt% doping. Typical rectifying diode
behavior was observed in a wide gate bias range. As the gate
voltage was modulated, the current level changed by 77.9
times. The transfer characteristics of GFETs fabricated with
the graphene barristor showed hysteretic behavior and on-off
ratio was only 1.83 due to high residual charges. On the other
hand, very high on-off ratio, over 110, was obtained in gra-
phene barristor shown in Fig.2b. The variations of barrier
height and the on-off current ratio as a function of V4 for the
graphene barristor with different doping concentrations were
summarized in Fig. 2c and Fig. 2d.

The operation principle of the piezoelectric gated gra-
phene barristor in response to external force is shown in Fig.
3a. Initially, the graphene Fermi level is located below the Di-
rac point due to p-type doping occurred during the device fab-
rication process. When the vertical force is applied to pre-
poled PVDF-TrFE layer, the polarization of PVDF-TrFE is
expected to generate dipoles with modulate the Schottky bar-
rier height. If electrons are induced in graphene, then the
Fermi level shifts to upper state, resulting in the decrease in
Schottky barrier height. Therefore, the change of the current
flow in the 14-Vq curves under various forces is due to the
modification of Schottky barrier height by piezoelectric po-
tential of PVDF-TrFE layer. Fig. 3b shows the representative

I¢—Vq curves of graphene barristor having a PVDF-TrFE
layer with various pressure loading from 100g to 1kg. Ata 1
kg load condition, the amount of current modulation by the
pressure load increased by 6.96 times, which is about 7 times
higher than the value obtained from GFETs with PVDF-TrFE
case. Since the actual charge coupling ratio between the di-
pole charge and gate electrode is not accounted, the actual po-
tential change would be higher than the estimated value. Fig.
3c shows the drain current change of PVDF-TrFE/graphene
barristor under a repetitive press test. The current was meas-
ured with 1 kg press weight for 10 s dwell time at V4 =0V
and Vg = 2 V. When 1 kg load applied, the drain current
change in graphene barristor was 25.4 %.
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Fig. 3 (a) Schematic operation principle of piezoelectric gat-
ing graphene barristor. (b) 1s—V4 curves of graphene barristor in
response to various press weights, the drain current at reverse
bias increased as increasing press weight. (c) Time—dependent
drain current change of graphene barristor based touch sensor
with repetitive press/release test, Vg =0 V, V4 = 2 V, 1 kg of
press weight and 10s of press duration time.

3. Conclusions

By implementing the control of the Schottky barrier height
of graphene barristor via PAA doping, the PVDF-TrFE/gra-
phene barristor hybrid staked device can be more easily mod-
ulated by the external force. Since graphene can be integrated
in large scale touch panels or flexible electronic skin devices,
we believe that PVDF-TrFE/graphene barristor stack is a very
promising hybrid candidate for sensitive force/pressure touch
sensor, force/pressure monitor and touch screen technologies.
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