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Fig.1 Structural design diagram of 10-channel fMEA (a) and the fabrication process of microelectrode array (b)
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Fig.2 Physical figure after the release of 10-channel electrode (a)

and the local micrograph of fMEA electroplating (b)
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Table 1 Electrodeposition experimental parameters of different electrode coatings

Electrodeposition potential/ H4PtCls concentration/ HCOOH concentration/ . 5
0 1 Time/s Temperature /°C
V vs. Ag/AgCl gL mmol-L
-0.3 20 0 1200 23+2
-0.3 20 10 1200 23+2
-0.6 20 5 1200 23+2
-0.8 20 5 1200 23+2

PI-Ti/Pt

25 pm

RMS=3.62 nm

32pmX32p

B3 HUBEET S A LRI AT SEM JBSRIEL: AU SEAEHRT 5 2T 3D TSR R T RLRE B 1) A2 4k
Fig.3 SEM morphologies of stimulation sites before (a) and after (b) electroplating; the changes of 3D morphology and

surface roughness before (c) and after (d) electroplating
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Fig.4 Two different types of surface morphologies with tetracarboxylic acid concentration ranging from 0 mmol/L (a) to 10 mmol/L (b);

the corresponding changes of 3D morphology and surface roughness (c, d)
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Fig.5 Morphology of the coating at the water window critical point of —0.6 V (vs. Ag/AgCl) (a) and the morphology of the coating at the critical
potential of 0.8 V (vs Ag/AgCl) beyond the water window (b); the corresponding changes of 3D morphology and surface roughness (c, d)
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Table 2 Impedance and charge storage capacity (CSCc) of different electrode coatings

Performance PI-Ti/Pt PI-Ti/Pt/Pt SP PI-Ti/Pt/Pt PE PI-Ti/Pt/Pt CO PI-Ti/Pt/Pt BA
Impedance at 1 kHz/kQ 15.75 8.66 4.75 291 0.824
CSCe/mC-ecm™ 2.02 5.33 7.18 10.46 13.47
Current pulse r
i ‘C') 10
f:50Hz Il %0 |
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Fig.8 Current signal and corresponding microelectrode voltage drop (a); potential response of microelectrodes coated with different

nanostructures under the same current pulse (b)
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High-Performance 3D Platinum Nanostructure Coating
on fMEA for Neural Stimulation/Recording

Huang Zhaoling'~, Zeng Qi*, Li Wanying *, Huang Jinjiang®, Qin Shuijie', Wu Tianzhun®
(1. Department of Mechanical Engineering, Guizhou University, Guiyang 550025, China)
(2. Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518000, China)

Abstract: Flexible microelectrode array (fMEA) is one of the key devices for neural stimulation and recording. For its specific implantation
environment, its design and manufacture should meet the requirements of biocompatibility, high resolution, flexibility and low impedance to
ensure safe and long-term effective stimulation. In this paper, an fMEA fabrication process was proposed by using flexible polyimide matrix with a
variety of 3D platinum nanostructure coatings fabricated by electrochemical plating at 200 um stimulation site. Compared with the surface of bare
platinum coating, the impedance of 3D micro-structure coating decreases by 94.77% at 1 kHz, reaching 0.824 kQ and breaking through the limit of
1 kQ. Compared with other coated electrodes, the charge storage capacity (CSCc) of the novel barrier crystal morphology coated electrodes can
increase by 6.67 times to 13.47 mC-cm™. The safe charge injection ability is 19.6 times higher than that of Pt-gray, reaching 2.53 mC-cm™.
Therefore, this electroplating coating structure and process is promising for effective nerve stimulation/recording in various applications, and have
broad application prospects in biomedical fields.

Key words: flexible microelectrode array; 3D coating; neural stimulation and recording; impedance; barrier crystal morphology
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