LIGHT-HARVESTING USING METALLIC INTERDIGITATED
STRUCTURES MODIFIED WITH Au SPUTTERED GRAPHENE
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Abstract-Light-harvesting structures were developed
using a coplanar waveguide microfabricated on high-
resistivity n-Si, the central electrode consisting of an
interdigitated configuration formed by two different
metals. Each structure was drop casted using an
aqueous dispersion of gold sputtered graphene and
was thereafter subjected to I-V investigations under
light excitation from UV up to IR domains. Also, the
herein described device can act as a wideband
photodetector with relatively good responsivity if
biased.
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1. INTRODUCTION

Carbonaceous based materials are extensively
used in many research fields, applications
ranging from electric double-layer capacitors
(EDLCs) [1], energy production [2], field
emission [3] and fundamental electrochemistry
[4]. Carbon is a versatile element, and it has been
known to be present as various allotropes
including graphite, diamond and fullerene-like
structures. As members of the carbon family,
carbon nanotubes [5] consist of seamlessly rolled
up graphene layers, while graphene is a single
atom monolayer of sp® hybridized carbon atoms
organized in a honeycomb lattice [6].

Graphene can be also defined as a gapless
semiconductor, with unique electronic properties,
capable of reaching 200000 cm?/Vs in suspended
graphene devices [7], while the experimentally
measured conductance indicates nearly the same
mobility value for holes and electrons [8].
Graphene is capable of absorbing light over a
broad range of wavelengths, and its many unique
properties make graphene suitable for detecting
light over very large bandwidth ranges [9].
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2. MATERIALS AND METHODS

Graphene was supplied by Nanolntegris, USA
(PureSheets™ QUATTRO) as a water-based
dispersion (0.05 mg/mL) containing 2% (W/v)
ionic surfactant. In order to remove the surfactant,
a certain volume of as received graphene
dispersion was mixed with isopropanol and
diethyl ether (1:1:2 v/v/v); in a few minutes,
suspended graphene platelets gathered at the
interface, between the organic and the aqueous
phase (Fig. 1). The separation of graphene
platelets is ascribed to the different density and
solubility of each individual components
described above. Taking into account that the
density of diethyl ether is 0.7133 g/cm’, while the
density of isopropanol and water is 0.7854 and
0.9982 g/cm’ [10], respectively, the ether layer
(organic phase) will be above the aqueous phase
(mixture of isopropanol and water). It is also
important to observe that diethyl ether has limited
solubility in water, while isopropanol is miscible
with water.

Fig. 1. Partition of graphene between
organic and aqueous phase.
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Little information is available about the
supplied dispersion of graphene [11], but it is
known to be ionic. Therefore, the graphene
platelets gather at the interface of the two phases,
simply by a selective affinity and float at the
interface due to the large specific surface area
available (2630 m%g) [12]. For comparison
single walled carbon nanotubes possess a
specific surface area in the range of 450-550
m’/g [13]. The graphene suspension was
removed and 50 mL of distilled water were
added and subjected to a short sonication; again
the above mentioned process was repeated five
times, and in the end, the purified graphene
platelets were re-suspended in distilled water
(2 mL). This final dispersion was evenly spread
on microscope glass slides (75x25 mm), the
water was removed, and the glass slides with the
deposited graphene were introduced in the
sputtering chamber. Gold deposition (2 nm) was
achieved using the AUTO 500 BOC Edwards,
UK, while the sputter target (p > 99.99%) was
supplied by MaTecK GmbH, Germany. The
working conditions were: dc Ar plasma, 20 W
power, 0.05 nm/s deposition rate, 99.995% gas
purity, Ar flow of 3.2 cm’/s, operating
temperature 22°C, operating pressure 2x107
mbar. No post-deposition annealing treatments
were performed after the gold sputtering process
was terminated. SEM investigations revealed that
gold islands are evenly distributed having
diameters up to 20 nm in size, with a relative
good coverage of the graphene platelets (Fig. 2).

Fig. 2. SEM micrograph illustrating gold
deposition on graphene.

The fractal-type pattern observed in Fig. 2 is
typical for metallic sputtering depositions,
depicting the collision cascade processes, which

generate series of primary and higher order
recoiling atoms [14].

Gold decorated graphene platelets were
removed from the slides by inserting them in a
Falcon™ conical tube containing 50 mL of
distilled water and allowing 1 hour ultrasonic
bath treatment. From this dispersion, 0.2 pL. were
dropped on the interdigitated electrodes, covering
the entire coplanar structure, except the
terminations of the electrodes where the probe
tips are placed.

A standard top-down approach was adopted to
produce the Au/Pt interdigitated electrode (IDT)
arrays on the high-resistivity »-Si substrate
(resistivity > 8 kQcm). The scanning electron
microscopy (SEM) micrograph revealed a
coplanar configuration consisting of three
electrodes: two large outer Au electrodes
surrounding one central IDT electrode made of
Au and Pt. On this coplanar IDT array we have
deposited graphene ink decorated with gold

(Fig. 3).

Fig. 3. SEM micrograph illustrating the
configuration of the electrode.

In our experiments we used a semiconductor
characterization system Keithley 4200 SCS,
connected to a dark Faraday cage where the
device was subjected to light excitation with: (i)
a halogen lamp white light source with a tunable
power and a maximum of 150 W in the visible
spectrum, (ii) a UV-VIS source with 215 - 1500
nm spectral range terminated with an optical
fiber, consisting of a 43 uW halogen lamp for the
VIS spectral domain and a deuterium lamp with a
power of 7 uW for UV, and (iii) a tungsten
halogen lamp with a power of 0.5 mW as NIR
source with a spectral domain of 1500 - 2500 nm.
The three optical sources cover a very large
spectral domain, from 215 nm to 2500 nm.
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3. RESULTS AND DISCUSSIONS

Light detection and harvesting can be achieved
using IDT structures, due to the generation of an
electrical built-in field that contributes to the
separation of the photogenerated carriers.

In our laboratory experiments we investigated
the I-V behavior of the IDT structures covered
with Au sputtered graphenes. We observed that
under white light and IR radiation the structure
was able to detect light (Fig. 4).
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Fig. 4. I-V characteristics under white light (WL)
and IR radiation.

Moreover, we investigated also the
photodetection properties of such a device and
we observed that in the absence of an applied
potential (V' = 0 V) the device is able to sense
light from UV, up to VIS and IR domains

(Fig. 5 (a), (b))
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Fig. 5(a). Recordings at constant applied potential,
under UV and VIS radiation.

In a subsequent series of experiments, we
have connected the Pt electrode of the IDT
structure with the large outer coplanar waveguide
electrode made of Au. When the device was
illuminated in IR (Fig. 6(b)) we obtained average

values of /.= 6.6 pA and V,. = 0.22 V, resulting
from measurements on many devices on the same
wafer (Fig. 6(b)) and estimated a filling factor of
0.66. For comparison, bare structures (without
graphene) under IR radiation and dark current are
illustrated in Figure 6 (a).

Finally, when both the large outer Au
electrodes were contacted, the current at 0 V was
very low, of few pA, despite the common believe
that the harvested current must increase due to the
larger collecting area.
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Fig. 5(b). Recordings at constant applied potential,
under IR radiation.

Moreover, no harvesting effect was measured
in similar devices in which the structures were
patterned on 300 nm SiO, grown on the high
resistivity n-Si, followed by drop casting of the
graphene ink decorated with gold nanoisland on
the central IDT electrode.
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Fig. 6 (a). I-V behaviour under IR excitation of bare
structures; dark current is also depicted.

We have compared Fig. 6(a) and (b) in IR
because the devices provided the highest response
in current. We can see from 6(a) that at 2 V the
current is about 40 pA, while for the bare
structure (without graphene) the current barely
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reached 1 pA. So the presence of graphene
decorated with metallic nanoislands increased
the response about 40 times due to the additional
photocarriers in the islands. This is valid also for
UV and VIS. Although the IDT is covered with
metallic nanoislands on graphene, there is no
shortcut because: (i) graphene is a semiconductor
and not a metal, even if it has no bandgap, due to
its low carrier density, (ii) the nanoislands are
well separated and no continuous electric path
forms between electrodes.

We note that the enhancement of
photogeneration/photodetection response due to
the presence graphene was also very recently
suggested in [15].

The experimental results can be ascribed to:
(i) an electrical field perpendicular on the device
assigned to Schottky contacts between n-Si and
graphene, which prevents the recombination of
photo-generated carriers by inducing charge
separation and apparition of electrical dipoles
inside the nanoislands; (ii) the dipoles have
electrostatic ~ images in  both  metallic
interdigitated electrodes and the outer Au
electrodes, which generate the in-plane electric
fields. These opposite in-plane electric fields
create a net current flow if there is a geometrical
asymmetry between electrodes.
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Fig. 6. (b) I-V behaviour under IR excitation;
dark current is also depicted.

4. CONCLUSIONS

We demonstrated that a relatively simple
device covered with graphene ink decorated with
gold has potential applications in photodetection
and photovoltaics. The described photodetector

is a very simple device, in respect to the standard
semiconductor technologies. The experimental
results confirmed that the obtained photocurrent
is sensitive to the excitation signal (from UV, VIS
or NIR domain).
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