Carbon Based Semi-Transparent
Microelectrode Arrays

1

1

1

2

P. Kshirsagar , M. Martina , K. Besca , M. Fleischer , C. J. Burkhardt
1

NMI Natural and Medical Sciences Institute at the
University of Tübingen, 72770 Reutlingen (Germany)

Microelectrode arrays (MEAs) [1] are widely used to record
the cellular activity. The standard electrode materials in use
are platinum, gold and titanium nitride. The entry of carbon
based materials in the field of MEAs is only a decade old.
Graphene and carbon nanotubes (CNTs) are extensively
researched carbon based materials. Application of graphene
in optogenetics [2] and calcium imaging [3] is reported in the
year 2014. The increase in impedance on reducing the size
of the electrode is a limitation of graphene as electrode
material. Here, we present a semi-transparent microelectrode
array comprising ITO interconnects terminated by CNT
electrodes where an optimal balance between transparency,
size of the electrode and impedance is achieved.
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Fig 1: Scanning Electron
Microscopy image of the
electrode field of a CNTMEA (top) and higher
magnification of electrode
edge (right) showing thin
and semi-transparent (see
Fig 6) CNT layer.
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Carbon nanotubes are
grown by chemical
vapour deposition
(CVD) using a mixture
of ammonia and
acetylene with nickel
and iron as catalyst.
Temperatures varying
from 400°C to 600°C in
steps of 50°C are
studied as seen in fig 3.

Fig 3: Scaning electron micrographs
to study the temperature dependent
growth of CNTs with Ni (left) and Fe
(right) as catalyst. The CNTs are
observed 550°C and 500°C onwards
on Ni and Fe respectively. Scale bar
corresponds to 200 nm.The presence
of carbon is further confirmed by
Raman spectra seen in Fig 4 (below).

(d)

Fig 5: Impedance spectra of typical CNT MEA electrodes grown with
Ni (top) and Fe (bottom) as catalyst. The impedance is measured
against the internal reference electrode of thr MEA susbtrate . The
curve depicts a linear correlation between of impedance-frequency
over a wide range of 51 out of 54 electrodes. The linear spectra in
both plots correspond to the reference electrodes. The impedance
seems to be lower than 100 kΩ at 1 kHz for majority of the
electrodes. The measurement is performed with PBS as electrolyte
using a Solatron SI 1260 system.
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Fig 2: (a) MEA substrate is farbicated utilizing indium tin oxide conduction
pads and silicon oxide insulator with establsihed cleanroom
processes.
(b) The resist is exposed and developed to be used as a mask for opening
conduction pads and electrodes by reactive ion etching.
(c) Thin catalyst layer of nickel or iron (5 nm) is deposited by physical
vapour deposition.
(d) The resist lift-off leaves the catalyst layer on the electrodes.
(e) Thermal CNT growth is performed in a mixed ammonia-acetylene
atmosphere.

We developed a process to fabricate semi-transparent
microelectrodes based on carbon nanotubes.
The CNTs grow on Ni from 550°C onwards and in case of
Fe 500°C onwards. Temeprature of deposition is critical for
the morphology of the CNTs which in turn governs the
imepdance and transparency.
Optimal parameters were found to be 5 mins of
pretreatment with 200 sccm ammonia at 3 mbar at 550°C
followed by CNT synthesis for 5 mins in 200 sccm
ammonia / 200 sccm acetylene at 5 mbar at 550°C.
The presence of carbon was confirmed by Raman
spectroscopy where the D- and G-peaks are clearly seen.
Raman results correlate well with the scanning electron
micrographs.
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Fig 4 : Raman spectra from the
substrates seen in Fig 3. The G- and Dpeak “confirm“ the presence of carbon.
In case of Ni (top) the carbon peaks
appear for CNT deposition at 550°C
and 600°C. In case of Fe (right), the
peaks appear from 500°C onwards.

The impedance of these MEAs with electrode diameters of
30 μm was measured to be in the range of 60 kΩ to 80 kΩ
at 1 kHz in PBS buffer as seen in Fig 5.
The total transparency of the final CNT electrodes was
measured to be around 40% for Ni and 50% for Fe as
catalyst in the visible range as seen in Fig 6.

We will further improve the transparency and electrical
properties of these MEAs and investigate other carbon
materials, e.g. graphene, for their feasibility as transparent
electrode material.
Experiments to test the applicability of the fabricated MEAs
for optogenetic measurements and for calcium imaging are
planned.

Fig 6: Substrate transparency
after different process steps is
measured using an UV-Vis
spectrometer on reference
substrates. The transparency
difference before and after
CNT deposition is about 40%
with Ni as catalyst (top). In
case of Fe (right) the
transparency difference of
CNT is aboout 50%.
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