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Abstract — Recent research in micro-manufacturing together
with new technologies in bioelectronics can lead to neuroscience
applications to explore the properties of neural networks. Micro
Electrode Arrays correspond to a well suited tool to either
stimulate or record large populations of cultured cells and
tissues. Based on the state of the art on MEAs, the paper
describes original developments to improve recording or
stimulation of neural networks, focusing on Action Potential
discrimination.

This paper will be divided in two main parts: i) the
description of the operation principle of a MEA and its
corresponding standard micro-manufacturing, ii) the
description of several solutions to improve the action
potential (AP) discrimination, which remains an important
challenge in neuroscience applications.
II.

I.

INTRODUCTION

Emerging technologies in Bioelectronics can provide several
fundamental and applied developments in medicine and
biology. For instance extra cellular electrical recording of the
central nervous system (CNS) has been used for decades by
electro-physiologists to explore fundamental properties of
neural networks.
Recent advances in micro and nano technology have opened
the way to probe neuronal activity over large populations of
neurons thanks to the fabrication of Micro Electrode Arrays
(MEAs). Indeed, Micro Electrode Arrays (MEAs) are well
suited for the stimulation and recording of neural cells as they
correspond to a non-invasive technique allowing long-term
stimulation and recording of bio-electrical signals of cultured
cells and tissues [1]. In clinical an therapeutic research, such
electrical stimulation of the CNS can be used in the field of
neuro-prostheses to try to restore sensory or motor functions
like in retinal [2, 3], cochlear [4] implants or in functional
rehabilitation of upper and lower limb [5], in deep brain
stimulation used in case of Parkinson disease [6]. In
fundamental research, MEAs are now widely used as a tool to
investigate neuronal networks to highlight their organization,
connectivity, distribution and interactions between cells.

MEA OPERATION PRINCIPLE AND STANDARD MICROMANUFACTURING

Multi-electrode arrays have been commonly used as a noninvasive in-vitro recording tool to study excitable cells and
tissues, such as neurons. A typical MEA system includes four
parts which are the following. First the MEA chip itself with
its petri dish is used as a substrate to culture neuron cells and
detect their electrical activity (spontaneous or stimulationinduced signals). Second, an amplifier circuit is required to
filter and amplify the measured signals. Third, a specific
stimulating circuit must be defined to apply either voltage or
current impulses on specific electrodes to stimulate the cells
located on top of them. Fourth, dedicated software is usually
used to collect, store and analyze the acquired neural signals.
MEAs can be manufactured using micro-technology. The
standard or classical manufacturing process consists in
patterning metallic micro-electrodes with their leads using a
lift-off method, on either a glass or an oxidized silicon wafer.
For this purpose, the wafer is spin-coated with 2 µm of NLOF
2020 (Clariant) photoresist, which is further removed at
specific locations by photolithography to define the geometry
of the metal layer (electrodes and tracks). In case of platinum
MEAs, a first layer of 50 nm of titanium and a second layer
of 150 nm of platinum are sputter-deposited over the whole

wafer. The wafer is then placed in an ultrasonic bath with a
dedicated remover AZ400, leaving only the metal layer
deposited directly at the proper location. Then an insulation
layer of silicon nitride (Si3N4) is deposited by PECVD
(Plasma Enhanced Chemical Vapor Deposition) and further
etched at the location of the electrodes, defining the electrode
effective sizes. Si3N4 is etched using a SF6 plasma at
locations not protected by the photoresist (i.e., electrodes).
Finally, the wafer is cleaned and cut to separate the MEA
chips and an annular glass ring is glued with poly-dimethoxy
siloxane (PDMS) to constitute a recording chamber around
the electrodes called the Petri dish.
The generic structure of the MEA chip is presented on Figure
1, and the corresponding standard fabrication process is
shown on Figure 2. The case of 3D electrodes will be
described in the next section.

To reach this goal, one elegant solution is to define
microelectrodes shaped as 3D needles instead of planar
electrodes, at the tip of which is the recording site. The 3D
shape will allow getting a very close contact to the cells [7].
In term of manufacturing constraints, the isotropic etching is
classically used to etch silicon or glass substrates to process
3D electrodes, either with wet (KOH) or dry (plasma)
etching. But isotropic etching limits the electrode pitch
regarding its height, preventing the fabrication of dense 3D
electrode arrays with high aspect ratios. For example, a 3D
electrode of 80 µm height requires a minimum of 160 µm
pitch. Therefore, we developed MEAs with 64 (4x16), 256
(8x32) up to 1024 (22x47) recording sites using the Deep
Reactive Ion etching (DRIE) technique with no limitations in
height and diameter, as shown on Figure 3. Fabricated 3D
electrodes of the MEA256 are micro-needles of 80µm in
height, 250µm of pitch and lead tracks of 10 µm in width.
Biological tests have been done to record activity from a
whole embryonic mouse hindbrain-spinal cord, as illustrated
on Figure 4.

Figure1. Generic structure of the MEA chip
I) Oxydation of the silicon wafer

II) Metal deposition

III) Si3N4 passivation layer

Figure2. Standard fabrication process of the MEA chip
III.

Figure 3. An example of a 256 Electrode array (MEA256)
with 3D electrodes.
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ACTION POTENTIAL DISCRIMINATION

A) High density MEAs and Multi-level recording
One main interest of MEAs is to probe neuronal extracellular
electrical activity at several sites simultaneously. In order to
improve the localization of the potential fields recorded, it is
necessary to increase the number of electrodes, leading to
high density MEAs.

Figure 4. left) recorded activity; right) stimulated activity, on
MEA256 – preparation on embryonic mouse spinal cord.

As expected, increasing the number of recording sites allows
new imagery of cellular information, with better
discrimination of the involved neural cells, as on Figure 5.
Indeed, we observe a loss of information in the case of 64
electrodes considered out of 256, missing a local response of
the neural network (white arrow on the figure). Such images
are obtained with specific signal processing for
spatiotemporal mapping.

Oxide. New developments are currently tested in this project
with black platinum grown on the top of the electrodes.
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Figure 7. Noise level degradation with small electrode
diameter.
Figure 5. High density MEA for better discrimination.
Another solution to improve action potential discrimination is
to increase the number of recording sites vertically in the
depth of the tissues. Therefore we developed a new MEA
chip as 32 shafts with 8 recording sites on each shaft, with a
pitch of 50 µm. The technological process required to defined
the shafts is then more complex due to a double side
photolithography step followed by 2 DRIE steps (top and
bottom), Figure 6.

B) Dedicated signal processing
An alternative strategy to improve action potential (AP)
discrimination is to work on signal processing. Indeed, a
solution for real-time AP detection is to implement a waveletbased pre-processor which emphasizes AP shapes and
attenuates out-of-band noise [8]. The output of this preprocessor is used to compute an adaptive threshold and detect
APs. The preprocessing algorithm is the Stationary Wavelet
Transform (SWT), as wavelet filtering is performing in terms
of compression and time-frequency localization for feature
extraction. SWT algorithm has to be configured to ensure
performing AP detection on the considered signal: the mother
wavelet is closely related to the AP shape, the wavelet detail
level is in accordance with the AP time frequency domain.

Figure 6. Principle of multi-level MEA ; fabricated chips
In both cases, either horizontal or vertical high density
MEAs, the noise level depends on the electrode surface, as
measured on Figure 7. The best available solution consists in
increasing the effective electrode area while maintaining the
diameter of electrode constant, which is possible with new
materials like black platinum, titanium nitride or Iridium

Figure 8. Example of wavelet based AP detection : A)
original signal recorded from excitable cells cultured on
commercial MEAs after filtering and digital conversion, B)
SWT Sixth level detail output (grey) with threshold computed

on the SWT first level detail output (black) C) Detected APs
as digital output of the system.
C) Focal stimulation
In case of high density MEAs, one major problem is to avoid
cross-talk between two or more electrodes in the stimulation
mode.
One way to improve the focality is to force the stimulation
current to flow back through a position close to the
stimulating electrode. In the literature multipolar electrode
configurations are generally considered [9, 10].
Hence we proposed and patented an alternative solution being
to use a ground surface laying on the substrate of the MEA
and surrounding all electrodes [11]. In that case, no additional
external ground electrode is needed, since the whole current
delivered by the stimulation electrode returns back through
the ground surface. We observe on Figure 9 that, compared
with the classical monopolar configuration, a better focality
can be achieved with this configuration. Using a bipolar
stimulation signal of -/+ 2µA during 1 ms shows that the
presence of the ground grid has divided the potential field by
a factor of 2.
Moreover, the potential field focality is more important when
the surface conductance of the ground surface is high.
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Figure 9. Ground grid focality improvement.

