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This paper describes the production of a new version of high-performance microelectrode arrays
(MEAs) that can be custom produced and used to explore in vitro neural networks. The MEAs were
manufactured using direct write technology and comprised graphene microelectrodes and SU-8
insulation on a glass substrate, where graphene was grown by chemical vapor deposition on copper
foil and then transferred to the substrate. The graphene MEAs experimentally exhibited adequate
electrical specifications, with the electrode characterized using noise testing, cyclic voltammetry,
and impedance spectroscopy. The MEAs herein exhibited improved properties over those previ-
ously reported in the literature. The average impedance at 1 kHz for the electrodes herein was 5.2
kΩ, which is compatible with commercial MEAs which present values between 30 and 400 kΩ.
Further, the MEA device herein did not show biotoxicity and is thus adequate for cellular potential
measurements. Published by the AVS. https://doi.org/10.1116/1.5048216

I. INTRODUCTION

Neurons are the essential elements for the transmission of
information in the body. Neurons can connect to thousands
of different cells, and these connections are responsible for
producing the signals that enable a person to walk and
breathe and recall a fact, for example. Based on this, several
researchers have focused their studies on the normal func-
tioning of neural networks and why they stop working prop-
erly in a patient suffering from a disease. Furthermore, it is
essential to study the electrophysiology of single neurons
and the structural and functional relationship of neural net-
works, which both modulate cognitive functions and are
vital for generating treatments for neurological and psychiat-
ric disorders.1,2

In this scenario, an interesting option for neural study is
microelectrode arrays (MEAs), as represented in Fig. 1,
which is an instrument specially designed to study electri-
cally excitable cells. The MEA consists of a set of microelec-
trodes employed to measure the action potentials of neurons
and/or muscle cells.3

The advantages of the MEA are threefold and include
(1) the ability to record the electrophysiological activity of
cells for long periods of time (up to weeks) without damag-
ing them, as well as to stimulate and image the cells during
the experiment; (2) the ability to noninvasively investigate
the interactions between cells at different positions in the
same tissue; and (3) the fact that the MEA can be used as a
neuroimplant, which is a long-term prosthetic device capable
of controlling and/or replacing the function of a tissue in an

injured nervous system.4–6 Some MEA applications include
the ability to highlight the spontaneous activity of a neural
network and its response to applied electrical or chemical
stimuli, its plasticity, and for drug monitoring.4,7 In neurosci-
ence applications, previous works have reported electrical
measurement of brain tissue slices,8 dissociated neuronal cul-
tures,9 retinas,10 and cardiomyocytes.11 These applications
are possible because neuronal cell cultures deposited on the
MEA quickly adhere to its surface and connect directly with
the microelectrodes. When excited, the neurons and muscle
cells generate an extracellular ionic current through their
membranes and generate a change in voltage at this region.
This event triggers an extracellular voltage at the electrode
that is detected. During stimulation, the MEA microelectrodes
convert an electronic current into an ionic current through the
medium, which affects the voltage-dependent ion channels
(such as sodium and potassium channels). This promotes cell
depolarization and, consequently, triggers neuronal action
potentials or muscle cell contractions.6 Further, MEAs have
the ability to record the propagation of signals from neural
networks without causing damage to them because the main
receptor and synaptic and cellular mechanisms that produce
the activity patterns are preserved. This is not true of tradi-
tional invasive methods, such as the patch clamp, which can
cause damage to the neural networks.3

A standard MEA consists of an array of 8 × 8 microelec-
trodes (interelectrode distance of 100–200 μm) in the central
region, placed under a transparent insulation layer and a
sample-containment ring.4,6,7 The device itself can be
divided into five parts: substrate, interlayer, conductor, insu-
lation, and ring. The substrate supports all of the MEA
device layers. The main issue for substrate material choice isa)Electronic mail: pgomes.vanessa@gmail.com
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its transparency because inverted microscopy is used to
monitor cell culture analysis in liquid deposited on the
MEA. There is a wide range of substrate material possibili-
ties such as sapphire, silicon, parylene, and glass, where the
latter exhibits the qualities of good transparency, chemical
resistance, thermal stability, electrical insulation (minimizing
parasitic elements usually found in silicon), relatively low
cost compared to silicon, and other options, eliminates the
need for an insulation layer between itself and the conduc-
tion layer, and biocompatibility.4,12 The next step in the
MEA manufacture is the interlayer, which basically com-
prises an insulating layer between the substrate and the con-
ductor and is intended to prevent the migration of substrate
contaminants to the subsequent layers and to improve the
adhesion of the conductor to the substrate. Although includ-
ing the interlayer is not a mandatory practice for traditional
MEA platforms, its adoption is quite interesting because
certain substrates are not insulating, such as silicon. Most
common interlayer materials include silicon dioxide (SiO2),
silicon nitride (Si3N4), and amorphous silicon (α-Si), and the
interlayer thickness can be up to 100 nm.13

The next MEA layer is related to signal conduction and
comprises the electrodes, tracks, and contact pads, with typical
thickness between 60 and 445 nm.6 The conductor material
must exhibit a good long-term performance, high charge
injection capacity (CIC), low impedance (below 1MΩ at
1 kHz, which is the standard reference level for neural imped-
ance analysis), and biocompatibility.14,15 These material attri-
butes minimize thermal noise and enable the measurement of
small extracellular neural signals (10–100 μV) and the trans-
mission of a stimulation current through the microelectrodes
without exceeding the electrolysis window of water and other
components of the medium (∼1 V).16 Typically, titanium
nitride (TiN) is used as the electrode material16 owing to its
stability, biocompatibility, low impedance, high degree of
hardness (higher than black platinum), high wear and corro-
sion resistance, and high CIC.9 In addition, graphene has
been gaining prominence as an MEA conductor for several
applications because it combines the interesting features of

flexibility and low noise to its other features of excellent
electrical and thermal conductivity, mechanical and electro-
chemical stability, transferability, high mechanical strength
(greater than 0.5 TPa), good CIC, and broad-spectrum trans-
parency. There have been reports of electrodes covered with
graphene and incubated for weeks with neuronal primary
cells, which then exhibit good cell adhesion and good
biocompatibility and can detect neural signals with high res-
olution in vivo.1,2,16,17

The next MEA layer is the insulation, which covers the
entire MEA except the electrodes and contact pads. The insu-
lating layer is essential to the proper functioning of this
device because it prevents parasitic capacitances and conduc-
tivity between the electrodes and the culture medium.
In addition, the insulation material must be inert to prevent
degradation because MEAs are used for experiments that
employ solutions with large amounts of ions.4,6 The typical
insulation materials are SiO2 (Ref. 6) and Si3N4 (Ref. 7) in a
layer up to 1 μm thick. However, this thinness of an insula-
tion layer may be unable to reduce parasitic capacitances.
An alternative material is a polymer such as SU-8, which is
transparent, can be deposited in thickness on the order of
several micrometers, has high chemical stability, and does
not induce any toxic effect in cells.4,13

The final MEA component is the ring, whose main
purpose is to create a reservoir to contain the biological
materials. The rings are typically made of Teflon or glass
and are sealed with biocompatible glue to ensure that the
contents remain in the active area of the MEA platform.7

Herein, we propose a new manufacturing method for
graphene-based MEAs, including the MEA design and the
description of all the manufacturing steps, the materials, the
procedures, and the characterization of the final product.
Further, we perform experimental analysis of the fabricated
graphene-based MEAs to characterize their electrical specifi-
cations and compare them to standard commercial MEAs.

II. EXPERIMENT

Herein, we produce an array comprising graphene
microelectrodes that is entirely manufactured through direct
writing, without the need for photomask production. We
developed a direct laser writing process. We aligned expo-
sures with a direct write system (Heidelberg DWL66FS,
Heidelberg, Germany) using a 405 nm laser for the MEA
conductive region, as well as using modified SU-8 with a
photoinitiator active at the 405 nm exposure. Further, the
system was equipped with a high-resolution pattern genera-
tor capable of creating patterns and directing an exposure
on the wafer in the scale of micrometers and submicrome-
ters without the requirement of lithographic photomasks.

The design of the MEA layout herein consisted of a set of
60 circular microelectrodes with diameters of 20 and 40 μm
distributed in an octagonal format. In general, the electrode
diameter can range from 5 to 160 μm, depending on the appli-
cation.4,13 Considering that the diameter of the dorsal root
ganglion neuron of Wistar rats is between 15 and 40 μm,18 the
microelectrode dimensions of 20 and 40 μm chosen here are

FIG. 1. Photograph (left) and layout of the microelectrodes (right) of the fab-
ricated MEA. Circular electrodes are located in the central region. Tracks
and contact pads conduct the signal registered by the electrodes to the mea-
surement setup. The edge of the square pad frame is 4.9 mm.
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adequate to detect electrical signals from these cell cultures. In
addition, neurons in brain slices have signal sources within a
30 μm radius around the center of the microelectrode and can
be detected at a distance up to 100 μm, which is the range of
our microelectrode. Using this mask design, the manufacturing
process of the MEAs was based on the conventional microfab-
rication method used with silicon, as adapted for the glass
substrate. Sections II A–II E discuss the aspects related to the
manufacture of the MEA herein for each layer: (A) substrate,
(B) interlayer, (C) conductor, (D) insulation, and (E) ring.

A. Substrate

Because of the particular requirements required for MEA
substrates discussed in Sec. I, glass was chosen for the sub-
strate material. First, to remove any impurities from the sub-
strate, the glass was cleaned by immersing it in a detergent
solution (EXTRAN MA02 3% v/v, Merk) followed by rinsing
with a deionized (DI) water flow for 1 min. Next, the glass
substrate was dipped for 15 min in DI water, hydrogen perox-
ide (30%, Ultrapure Solutions Inc.), and ammonium hydroxide
(29%, JT Baker) solution mixed at a ratio of 5:1:1.

B. Interlayer

After substrate cleaning, a 100 nm-thick transparent insu-
lating layer of SiO2 was deposited as the interlayer on the
glass substrate using plasma-enhanced chemical vapor depo-
sition (CVD, Oxford NGP-80, Abingdon, England).

C. Conductor

Next, the microelectrodes, tracks, and contact pads were
fabricated on the interlayer by transferring the MEA pattern,
thus defining the conductive region of the MEA device.
Herein, we used TiN and graphene for the conductive materi-
als. The microelectrodes were created using graphene on TiN,
while tracks and contact pads were fabricated using only
opaque TiN (see Fig. 1). Therefore, we note that most of the
central area of our MEA is transparent, which facilitated the
observation of the culture medium during cellular experiments.

First, the TiN tracks and contact pads were defined using
the liftoff technique. First, a layer of AZ1518 (Microchem,
Westborough, USA) photoresist was spun coated at 6000 rpm
for 30 s and baked at 95 °C for 60 s on the SiO2 interlayer.
Second, the negative pattern of the tracks and contact pads
was exposed via the direct laser writing process with the
DWL66FS system, followed by standard immersion develop-
ment in AZ726MIF for 60 s (Microchem, Westborough,
USA), revealing the desired pattern. Then, a 100 nm layer of
TiN was deposited on the sample with a ULVAC MHC-9000
reactive sputtering system using a Ti target and a 60:10
sccm flow of Ar:N2 at 0.3 mTorr and 1 kW RF power at
13.56 MHz. Liftoff was subsequently performed in acetone
to remove the photoresist and TiN over the resist in the
unpatterned areas, thus forming the desired conductive
regions on the MEA.1

Graphene was grown using a CVD process described
elsewhere,19 on both sides of a copper foil. The graphene

was then transferred to the MEA via a modified wet transfer
method using polymethyl methacrylate (PMMA) as the sup-
porting layer.20 For this method, after CVD growth of gra-
phene on the Cu, PMMA was deposited on the graphene on
one side of the Cu foil, followed by curing at 170 °C. Then,
the graphene/Cu/graphene/PMMA stack was suspended in a
1:3 (HNO3):(H2O) solution to remove the unprotected gra-
phene layer, followed by immersion in a Marble solution
[CuSO4 (620 mmol/l) with H2O/HCl, 1:1] to remove the Cu
foil. The resulting graphene/PMMA sample was washed in
DI water and manually transferred to the desired region of
MEA. The modifying step from Li at al.,21 which was applied
in the fabrication process of our MEAs, adds a second
PMMA deposition by spin-coating to improve the contact
with the SiO2. After curing the graphene/PMMA layer on the
MEA on a hotplate at 180 °C for 90 s, organic cleaning of the
sample removed the PMMA until only graphene remained in
the central region of the MEA.

After the transfer of graphene to the MEA, the circular
microelectrodes were defined on the graphene using the
same direct writing process with the factory recommended
alignment procedure for patterning the electrodes over the
graphene/TiN tracks previously deposited. The graphene was
then removed from all areas outside of the microelectrodes
using oxygen plasma. Therefore, we introduced a modifica-
tion in the standard oxygen plasma corrosion process applied
to silicon substrates. For our glass substrate and for the pho-
toresist thickness employed herein, the optimum plasma cor-
rosion parameters were a power of 300W, an O2 flow of
50 sccm, and a pressure of 100 mTorr, for 5 min.

D. Insulation

Next was the formation of the MEA insulation layer.
As discussed in Sec. I, the choice of the insulating material
is crucial to mitigate parasitic capacitances between the
electrodes and the culture medium. Further, the insulation
material used here must be fully capacitive and should not
reduce the transparency of the MEA achieved by the inter-
layer.4,13 Thus, to fulfill these requirements, the material
used herein was SU-8 (Microchem, Westborough, USA)
with a thickness of 600 nm. The insulation layer was
defined and fabricated using the aligned direct write proce-
dure previously described for the conducting area using
H-nu 470 photoinitiator for the SU-8 exposure, since our
system operates at 405 nm (Sec. II C).22

E. Ring

Finally, a glass ring was placed in the center of the MEA
device, thereby creating a reservoir for the biological medium
at the microelectrode region. The ring allows electrochemical
measurements and ensures that the culture medium does not
evaporate too quickly during cells experiments, because it con-
tains a sufficient volume of biological material.13 The glass
rings were produced in-house, and the internal and external
ring diameters were 2.4 and 2.6 cm, respectively. To maintain
the biocompatibility of all materials comprising the MEA, the
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ring was affixed to the device using polydimethylsiloxane
(Sylgard® 184, Dow Corning, 10:1 ratio).

III. RESULTS AND DISCUSSION

After fabricating the MEAs with 20 and 40 μm diameter
graphene microelectrodes, TiN tracks and contact pads, and
SU-8 insulation layer on the glass substrate (see Fig. 1).

A. Structural observation

Initial characterization of the MEA confirmed the number
and location of the microelectrodes and the absence of short
circuits between them. Figure 1 shows a photograph of the
entire MEA, and Fig. 2 shows a scanning electron micro-
scope image obtained via FEI Nanolab 200 instrument
(Hillsboro, USA) of two microelectrodes in the active region
where the electrodes and biological material were concen-
trated during the experiments.

From Fig. 2, it is possible to observe the arrangement and
alignment of the microelectrodes and the presence of gra-
phene at the region. In addition, no broken or short-circuited
tracks were observed, signifying that an adequate litho-
graphic process was performed.

B. Electrode characterization

1. Investigation of graphene microelectrodes

To examine the quality of the MEA microelectrodes, first
we characterized the graphene using Raman spectroscopy.
Raman is an important tool, investigating the material
quality, confirming that the transfer was done satisfactorily,
and determining the number of graphene layers on the MEA.
The equipment used herein was a Raman spectrometer
(Renishaw, Wotton-under-edge, England) with a 488 nm
excitation wavelength laser, and the response obtained from
the graphene on our MEA is shown in Fig. 3.

As can be seen, the graphene in this device exhibited the
typical Raman peaks of graphene, exhibiting a peak from the
G band at ∼1575 cm−1 and one Lorentzian profile of the 2D
band at ∼2690 cm−1. The latter peak is sharp and symmetric
with a full width at half maximum close to 100 cm−1, sig-
nifying the presence of one or two layers of graphene.
We obtained the ratio of the G and 2D peak intensities
(IG/I2D) that are related with graphene doping23,24 due to the

presence of a metal as substrate (TiN). Furthermore, the posi-
tion of 2D peak is related to the strain in graphene flake
when considering contact doping. In addition, considering
the low intensity of the D peak at ∼1350 cm−1, it is reason-
able to infer that a low density of defects and impurities
exists in the graphene transferred to the MEA.16 The 2D
band peak at ∼1620 cm−1 shows a strain at graphene,25 prob-
ably due to the transfer process. Therefore, the Raman
spectra results show that the transfer of graphene to the MEA
and the lithography and corrosion steps were satisfactory,
with an acceptable defect density on the graphene.

2. Electrochemical characterization of the
microelectrodes

Neural activity is captured as an extracellular potential,
called the action potential, when an electrode close to the
target neuron detects the firing of a single neuron. For this
purpose, the signal-to-noise ratio is expected to be approxi-
mately 5:1 or greater during a recording of a single neural
unit. Although much of the noise typically originates from
neural noise (i.e., from an infinite number of undifferentiated
action potentials), noise is also influenced by the electrode
impedance. Furthermore, the combination of a high electrode
impedance (which produces a lower signal-to-noise ratio)
and the capacitance between electrode and amplifier system
will minimize the response of the former at high frequen-
cies.14 As a result, three further tests must be performed to
characterize the microelectrodes: noise level, cyclic voltam-
metry (CV) and impedance spectroscopy (IS).

Noise level measurements were obtained by recording the
electrical potentials in the fabricated MEA, which identified
if the microelectrodes were functioning or if they were defec-
tive. For this classification, the results for our MEA were com-
pared to a standard commercially available MEA obtained
from MultiChannel Systems (Standard model, Germany).

First, the reservoir created by the ring was filled with
10 mM of phosphate buffered saline (PBS, composed of
0.01M phosphate buffer, 0.0027M potassium chloride,
0.137M sodium chloride, with pH equal to 7.4), whereupon
the MEA was coupled to the MultiChannel Systems socket
and this assembly was then connected to the amplifier, with
the MEA reference electrode (the biggest track, see Fig. 1)

FIG. 2. Scanning electron microscope image of the MEA, showing the
arrangement of two graphene covered TiN microelectrodes.

FIG. 3. Raman spectrum from the transferred graphene over TiN microelec-
trode region of the MEA.
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connected to the amplifier ground channel. The noise mea-
surement was performed with the MEAs and electrical
fixture inside a home-made Faraday cage built with carbon
steel sheets with a thickness of 0.5 mm and properly
grounded with the potentiostat. Cables from the MEA lead to
a potentiostat/ galvanostat PGSTAT12 containing FRA2
electrochemical impedance spectroscopy module (Metrohm-
Autolab, Utrecht, Netherlands) amplifier system with a gain
of 1000 between the signal at the input of the test microelec-
trodes and the final output after amplification, and with no
digital filtering. The same noise measurement procedure was
adopted for the standard commercial MEA device. In this
way, because there was no biological culture in the reservoir,
it is expected that the detected signals originate only from
the thermal noise of the amplifiers. Figure 4 shows the noise
amplitude for two sample graphene microelectrodes of two
different fabricated MEAs with our process.

As can be seen in Fig. 4, the amplitude of the noise
observed from the microelectrodes of the fabricated MEA is
generally low, and this result is compatible with that obtained
for the standard commercial MEA and is within the expected
range.18 However, it is possible to notice a small difference
when comparing the recorded value of devices 1 and 2.
This is mainly due to some variation during the process of
deposition of the conductor and/or insulation, which ends up
affecting this result. An amplitude of about ±5 μV is noted
for the channel for the fabricated MEA, while for the com-
mercial MEA, this level can be up to ±10 μV and exhibit a
random form (data not shown). Consequently, the fabricated
graphene microelectrodes exhibited acceptable noise sensitiv-
ity, lower than those of commercial MEAs. To confirm this
result, we obtained the root mean square (RMS) value of the
noise signal.

For the raw signal (i.e., without filtering), the achieved
RMS level of the fabricated graphene microelectrodes was
2.46 μV. This RMS level is well within the range that is con-
sidered functional, which goes up to 5 μV.19

We carried out CV measurements to obtain the reduction
and oxidation reactions of molecular species in the micro-
electrodes.26 In the CV procedure, the potential of a working
electrode is varied cyclically and at a constant rate relative to
a reference electrode (generally Ag|AgCl) between two levels,
while simultaneously allowing current conduction between the
working electrode and a counter electrode.14 Herein, CV
testing was applied to detect if the fabricated MEA microelec-
trodes worked properly and could perform the functions of
detecting and/or stimulating cellular electrical signals. The CV
test was conducted using 10mM of PBS in the reservoir, with
platinum and Ag|AgCl electrodes as the counter and reference
electrodes, respectively, and a single MEA microelectrode as
the working electrode. The resulting voltammogram for our
graphene MEA microelectrode and for the commercial MEA
is given in Fig. 5.

The almost rectangular-shaped waveform of the curve in
Fig. 5 shows that the graphene/TiN electrodes have the
expected behavior for materials exhibiting only a double-layer
capacitance.14 Further, the CIC value can be determined from
the CV curve. The CIC governs the maximum charge that the
microelectrode is able to inject without exceeding the water
reduction potential window at −0.6 V and can be obtained via
the integral along the CV curve divided by the sweep rate.16

For our fabricated graphene MEA, the mean value of the CIC
is 0.7 mC/cm2, which is a value higher than the amplitudes
obtained from MEAs reported in the literature2,27 and is a sat-
isfactory value. To date, however, no other studies have
reported results from MEAs similar to those developed herein,

FIG. 4. Noise signal (μV) registered from four graphene microelectrodes of two different fabricated MEAs as a function of time. Curves (a) and (c) consist of
the results obtained for the first device and (b) and (d) for the second one. The active area contains PBS, and the recording was performed in all channels
simultaneously.
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i.e., composed of graphene microelectrodes with TiN tracks
and contact pads. In general, studies found in the literature
report larger graphene electrodes compared to those manufac-
tured and discussed in this paper. Comparing the response
from our devices to previous studies for graphene electrodes,
the result obtained in this work is also interesting. Koerbitzer
et al.16 have reported different types of electrodes (0.31mm2)
and found the CIC values of 0.03, 0.02, and 0.8 mC/cm2 for
pure gold, graphene on gold, and graphene on SiO2, respec-
tively. It is evident from these results that the addition of
graphene on the gold does not significantly improve the
electrochemical properties of gold, while the response of
graphene on SiO2 is quite positive and superior to the CIC
value found for commercial MEA herein (TiN electrodes)
that exhibited a value of 0.11 mC/cm2.

Impedance spectroscopy is another important test to deter-
mine if the microelectrodes work properly and to evaluate
the quality of the produced sensor. First, a sinusoidal excita-
tion between ∼10 and 50 mV of unit frequency (<1 to 105 Hz)
is applied to the electrode and the resulting current at each
frequency is obtained. With this information, it is possible to
find the real and imaginary parts of the electrical impedance
and the phase angle. Based on this, the experimental setup for
IS measurement herein followed the same protocol adopted
for the CV testing. Figure 6 shows the acquired impedance
and phase modulus curves as a function of frequency from
1 Hz to 10 kHz for one microelectrode chosen randomly in the
fabricated MEA. It can be seen in Fig. 6 that both impedance
and phase are frequency dependent. Unlike other materials,
however, the impedance of the graphene microelectrode is
variable, depending on the state of the material, its manufac-
turing process, its surface area, and whether or not it is
employed with doping.17

Highly relevant information regarding the MEA perfor-
mance that can be extracted from the IS curve is the imped-
ance modulus at 1 kHz,15,16 which is directly related to the
noise that appears on the electrodes. It has been suggested
that the microelectrodes must exhibit the lowest impedance
possible for optimal experimental recording.6 Thus, if the
value of the impedance modulus at 1 kHz is between 1 kΩ
and 1MΩ and decreasing with increasing frequency and if
the phase is around 80°, the MEA performance is considered
adequate.4,14 The fabricated MEA herein exhibited an
average impedance at 1 kHz of ∼5.2 kΩ, which is satisfac-
tory and lower than those reported in the literature.28,29

Du et al.17 have reported the impedance of MEAs with gra-
phene and with gold electrodes (diameter of 20 μm) tested at
frequencies between 0.1 and 100 kHz, where the impedance
levels of the graphene electrode (170 kΩ) were relatively
lower than that of the gold electrode (186 kΩ). Further,
Koerbitzer et al.16 have compared the impedance of three
types of electrodes (gold, graphene/SiO2, and graphene/gold;
0.31 mm2 area) at frequencies between 1 Hz and 1MHz,
where the impedance level value of graphene/gold electrode
was the lowest (4.4 kΩ), though those of gold (7 kΩ) and
graphene/SiO2 (10 kΩ) were relatively close. Herein, the
impedance level of the fabricated MEA device was also
compatible with that of the commercial MEA, whose imped-
ance was in the range of 30–400 kΩ.7

IV. SUMMARY AND CONCLUSIONS

We confirm that a graphene-based MEA was successfully
manufactured with the process developed herein, from the
choice of the substrate to the definition of graphene patterns,
and the fabricated MEA generated interesting responses. The
charge injection capacity of the fabricated microelectrodes
was four times greater than those found for the commercially
available MEA from MultiChannel Systems, where the latter
possessed TiN electrodes of comparable dimension to those
herein. Further, the use of graphene in the microelectrode
region rendered it completely transparent and thus facilitated
the experimental observation of the biological environment.
Thus, graphene was shown to be a good alternative to

FIG. 5. Cyclic voltammogram for one microelectrode chosen randomly from
the (a) fabricated MEA and (b) commercial MEA, both immersed in PBS
and scanned at 20 mV s−1.

FIG. 6. Impedance modulus (rectangular symbol, left axis) and phase (trian-
gular symbol, right axis) as a function of the logarithm of the frequency for
one microelectrode chosen randomly in the fabricated MEA.
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replace traditional conductors as MEA microelectrodes, since
it is known to be biocompatible and exhibit low noise and
high electrical conductivity and good long-term stability in
aqueous solutions.2,17 Therefore, we have successfully fabri-
cated a new type of MEA whose microelectrode response is
within a suitable range that is comparable with commercial
MEAs. Consequently, our device is adequate to measure cel-
lular potentials.
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