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Abstract — Recent research in micro-manufacturing together
with new technologies in bioelectronics can lead toeuroscience
applications to explore the properties of neural nevorks. Micro

Electrode Arrays correspond to a well suited tool d either
stimulate or record large populations of cultured ells and
tissues. Based on the state of the art on MEASs, theaper
describes original developments to improve recordip or

stimulation of neural networks, focusing on Action Potential

discrimination.

l. INTRODUCTION

Emerging technologies in Bioelectronics can prosdeeral

fundamental and applied developments in medicind aﬁ]

biology. For instance extra cellular electricalowting of the
central nervous system (CNS) has been used foddeday
electro-physiologists to explore fundamental préapsr of
neural networks.

Recent advances in micro and nano technology hpeaeu
the way to probe neuronal activity over large papiahs of
neurons thanks to the fabrication of Micro Eleceosrays
(MEASs). Indeed, Micro Electrode Arrays (MEASs) areeliv
suited for the stimulation and recording of newells as they
correspond to a non-invasive technique allowinggtterm
stimulation and recording of bio-electrical signafscultured
cells and tissues [1]. In clinical an therapeuésearch, such
electrical stimulation of the CNS can be used i field of
neuro-prostheses to try to restore sensory or nfataitions
like in retinal [2, 3], cochlear [4] implants or iiunctional
rehabilitation of upper and lower limb [5], in dedgpain
stimulation used in case of Parkinson disease [6].
fundamental research, MEAs are now widely usedtaslao
investigate neuronal networks to highlight theigamization,
connectivity, distribution and interactions betweetfis.
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This paper will be divided in two main parts: i)eth
description of the operation principle of a MEA aitd
corresponding standard micro-manufacturing, i) the
description of several solutions to improve the icact
potential (AP) discrimination, which remains an on@ant
challenge in neuroscience applications.

II.  MEA OPERATION PRINCIPLE AND STANDARD MICR®
MANUFACTURING

Multi-electrode arrays have been commonly used asra
invasive in-vitro recording tool to study excitaldells and
ssues, such as neurons. A typical MEA systenuites four
parts which are the following. First the MEA chipalf with
its petri dish is used as a substrate to cultuceamecells and
detect their electrical activity (spontaneous dmstation-
induced signals). Second, an amplifier circuiteguired to
filter and amplify the measured signals. Third, pedfic
stimulating circuit must be defined to apply eitlveitage or
current impulses on specific electrodes to stineuthe cells
located on top of them. Fourth, dedicated softvisnesually
used to collect, store and analyze the acquiredahsignals.

MEAs can be manufactured using micro-technologye Th
standard or classical manufacturing process cansist
patterning metallic micro-electrodes with theirdesausing a
lift-off method, on either a glass or an oxidizélicen wafer.
For this purpose, the wafer is spin-coated withm2qf NLOF
2020 (Clariant) photoresist, which is further remdvat
specific locations by photolithography to define tieometry
of the metal layer (electrodes and tracks). In adggdatinum
MEAs, a first layer of 50 nm of titanium and a seddayer
of 150 nm of platinum are sputter-deposited over wHole



wafer. The wafer is then placed in an ultrasonithlveith a To reach this goal, one elegant solution is toingef
dedicated remover AZ400, leaving only the metaletaymicroelectrodes shaped as 3D needles instead ofampla
deposited directly at the proper location. Theniresulation electrodes, at the tip of which is the recording.sihe 3D
layer of silicon nitride (Si3N4) is deposited by ®¥D shape will allow getting a very close contact te tiells [7].
(Plasma Enhanced Chemical Vapor Deposition) anthdur
etched at the location of the electrodes, defitireyelectrode In term of manufacturing constraints, the isotrogiching is
effective sizes. Si3N4 is etched using ag §fHasma at classically used to etch silicon or glass substrateprocess
locations not protected by the photoresist (i.éecteodes). 3D electrodes, either with wet (KOH) or dry (plagma
Finally, the wafer is cleaned and cut to separhe MIEA etching. But isotropic etching limits the electrogéch
chips and an annular glass ring is glued with ghigethoxy regarding its height, preventing the fabricationdehse 3D
siloxane (PDMS) to constitute a recording chambeud electrode arrays with high aspect ratios. For exemp 3D
the electrodes called the Petri dish. electrode of 80 um height requires a minimum of 160
pitch. Therefore, we developed MEAs with 64 (4x1856
The generic structure of the MEA chip is presemedrigure (8x32) up to 1024 (22x47) recording sites using reep
1, and the corresponding standard fabrication p®ds Reactive lon etching (DRIE) technique with no liatibns in
shown on Figure 2. The case of 3D electrodes wdll theight and diameter, as shown on Figure 3. Faledic8D
described in the next section. electrodes of the MEA256 are micro-needles of 80jnm
Insulating height, 250um of pitch and lead tracks of 10 prwiidth.

Physiologic Class
layer liquid Ring

Biological tests have been done to record actifipm a
whole embryonic mouse hindbrain-spinal cord, assitated
on Figure 4.
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Figurel. Generic structure of the MEA chip

1) Oxydation of the silicon wafer

I1) Metal deposition

Figure 3. An example of a 256 Electrode array (MEB&R2
with 3D electrodes.

111) Si3N4 passivation layer
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Figure2. Standard fabrication process of the ME# ch
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IIl.  ACTION POTENTIAL DISCRIMINATION
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A) High density MEAs and Multi-level recording mﬂ
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One main interest of MEASs is to probe neuronalaoeHular ‘ J““”

electrical activity at several sites simultaneoustyorder to I om

improve the localization of the potential fieldsoeded, it is

necessary to increase the number of electrodedindo rigyre 4. left) recorded activity; right) stimuletectivity, on
high density MEAs. MEA256 — preparation on embryonic mouse spinal cord



As expected, increasing the number of recordiregssallows Oxide. New developments are currently tested ia gnoject
new imagery of cellular information, with betterwith black platinum grown on the top of the eledis.
discrimination of the involved neural cells, as Bigure 5.

Indeed, we observe a loss of information in theecafs 64 ) Noise (1V) versus time (s)
electrodes considered out of 256, missing a loesphanse of -

the neural network (white arrow on the figure). Bumages

are obtained with specific signal processing for
spatiotemporal mapping. - 32 pm

64 pm

256 voies

-30uV

64 voies

Figure 7. Noise level degradation with small eledt
diameter.

Figure 5. High density MEA for better discriminatio B) Dedicated signal processing

Another solution to improve action potential disgination is
to increase the number of recording sites verticall the
depth of the tissues. Therefore we developed a &
chip as 32 shafts with 8 recording sites on eadlit,stith a
pitch of 50 pm. The technological process requicedefined
the shafts is then more complex due to a double si
photolithography step followed by 2 DRIE steps (tapd
bottom), Figure 6.

An alternative strategy to improve action potent{alP)
discrimination is to work on signal processing. dad, a
solution for real-time AP detection is to implemenvavelet-
based pre-processor which emphasizes AP shapes and
%ttenuates out-of-band noise [8]. The output oF tpre-
processor is used to compute an adaptive thresimaldletect
APs. The preprocessing algorithm is the Stationdgvelet
Transform (SWT), as wavelet filtering is performiimgterms

One level of recording of compression and time-frequency localization feature
“SlandardMEA (1 cut) extraction. SWT algorithm has to be configured tsuee
©iCoiT i iohD performing AP detection on the considered sigrn:rhother
\ ] wavelet is closely related to the AP shape, theela\detail
level is in accordance with the AP time frequenoyndin.
« MEA 3D Multi levels of recording
(multi cuts)

A 20mV}

Figure 6. Principle of multi-level MEA ; fabricatethips
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In both cases, either horizontal or vertical higansity
MEAs, the noise level depends on the electrodeasarfas Figure 8. Example of wavelet based AP detectionA) :
measured on Figure 7. The best available solutimsists in original signal recorded from excitable cells crdti on
increasing the effective electrode area while naamimg the commercial MEAs after filtering and digital conviens, B)
diameter of electrode constant, which is possibia wew SWT Sixth level detail output (grey) with threshalimputed
materials like black platinum, titanium nitride dridium



on the SWT first level detail output (black) C) Beted APs
as digital output of the system.
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C) Focal stimulation
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In case of high density MEAS, one major problenoigvoid
cross-talk between two or more electrodes in theuation
mode.

One way to improve the focality is to force theratlation
current to flow back through a position close toe th{t]
stimulating electrode. In the literature multipolelectrode

configurations are generally considered [9, 10]. 2]
Hence we proposed and patented an alternativasolging
to use a ground surface laying on the substratheofMEA [3]
and surrounding all electrodes [11]. In that caseadditional
external ground electrode is needed, since the evbiotrent [4]
delivered by the stimulation electrode returns b#ulough .
the ground surface. We observe on Figure 9 thahpeoed [5]
with the classical monopolar configuration, a befteality
can be achieved with this configuration. Using @olar
stimulation signal of -/+ 2uA during 1 ms showsttliae [6]
presence of the ground grid has divided the patkfiéld by
a factor of 2. 7]
Moreover, the potential field focality is more iorpant when
the surface conductance of the ground surfacegts hi
Monopolarconfiguration (8]
/’ electrode
//Grom - / [9]
Concentric electrode [10]
/f"/(imund @ electrode
[11]

Ground plan or grid
electrodes

Gmuif
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Figure 9. Ground grid focality improveméht.
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