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Ä 1  10ÅÆ;<O/?PQ�fMEA�C��W�ÇÈ fMEACXYÉ, 

Fig.1  Structural design diagram of 10-channel fMEA (a) and the fabrication process of microelectrode array (b) 

a 

b 
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�ômn¶ fMEA�¨±�#z 10 mm,·
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ÐÖí°×ØÙÚ�Ä�(SKY Technology Development,
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Ä 2  10 ÅÆ;</?ÍÎÏÐCÑÒ��ÇÈ fMEA /ÂCÓ

ÔOÕÄ 

Fig.2  Physical figure after the release of 10-channel electrode (a) 

and the local micrograph of fMEA electroplating (b) 
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	(��:"��Øz�3�?�¡R3 HCOOH�3

4�@�z¬w�>¢£�ð���mnF;<,

fMEA �W.��	"6=, Pt À�1 cm×1 cm�3

Ag/AgCl �	�Wñò�	3óõ�	F�:ù�"

de�1�ô�¾õ��	
�¢£". 0.05 mmol/L 

H

2

SO

4

�1��� 10ç !öZ÷ø�¢–0.2 V© 1.2 V 

vs. Ag/AgCl"÷øÉ�W 250 mV/s�É¨ËÌù}±ì

÷�jtÄ�

[24]
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úûGüz@�W 20 g/L �/ú002�1" 

pHW 2.4Fúû�23±2 Á�!ýG" Pt�+¢£
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�·�Ý�F

÷øÉ�W 50 mV/s"° !öZ��CV���w

�	��ÚÜÛqÝ�CSCc�"¨�?
�W–0.6 V©

0.8 V�vs. Ag/AgCl�F 
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[�ÚÞJ	#�Q
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�F¡�Ø�"°����¾�PENS 

0410, Greentek, �S�NO��	3 PtÉ�	ù��

owNè��±�W 50 Hz����W 100 s�É��

B�¦��F°����¾�PENS 0410, Greentek, �

S��Ïw��	îô¥£~ Ag/AgClóõ�	ù��

�	�?�èF�¡ CIC §á×�������IR �

���4"����ª-����¦�	"[Û�?�è

�Û�����tN «HI
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í£c$PQ�"c!"��#á²è;<$À
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$2�3¶3�.4¤«��5;F«« 3d��"AFM
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Interconnection pads 
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20 µm 

20 µm 
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Table 1  Electrodeposition experimental parameters of different electrode coatings 

Electrodeposition potential/ 

V vs. Ag/AgCl 

H

4

PtCl

6

 concentration/ 

g·L

-1

 

HCOOH concentration/ 

mmol·L

-1

 

Time/s Temperature /Ö 

–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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ä 3  /Â½ÐC/?IJ×	 SEMÀÁÄ�/Â��½Ð�� 3DÀÁF��ØÙ·CÚÛ 

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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PI-Ti/Pt 
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RMS=82.35 nm 

PI-Ti/Pt nano structure 
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Ä 4  ÜÝÞ·ß 0� 10 mmol/Lv�C 2yàáâÒC��ÀÁ�N[C�� 3DÀÁF��ØÙ·CÚÛ 

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) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ä 5  �–0.6 V�vs Ag/AgCl�Cãäåæ	ç/×èéÀÁF�–0.8 V�vs Ag/AgCl�CêÉãäåæ/×èé��ÀÁ�N[C��

3DÀÁF��ØÙ·CÚÛ 

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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Spherical structure (Pt SP) 

Petal structure (Pt PE) 

RMS=12.1 nm RMS=59.8 nm 
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2 µm 
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Columnar structure (Pt CO) 

Barrier crystal structure (Pt BA) 

c 
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RMS=87.3 nm 

RMS=116.5 nm 
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Ä 6  ëyàá����C²¿�� fMEACghF_×ì 

Fig.6  Impedance (a) and phase angle (b) of several different surface- 

modified nanostructures fMEA 
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inj

Â¯°,GV
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¢« 8b�Â,]qiØ(v"J��îôNO��

�	 ∆E j�&¨� 2 xîôNO���	F�DN

��í"���:îô$ò&u��Ú�Z[ÞJ!

ßF�° ∆E=–0.6 V? 0.8 VÎ��ÚÞJ	#"	

j��©�¦��	�3ÞJ�Ú�ª¡«ª¡FGH"
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-2
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W 0.13 mC·cm

-2 [25]

�"�D¨�Ï��ÚÞJ!ß��

Pt gray� 19.68F 

 

 

 

 

 

 

 

 

 

 

 

 

Ä 7  íîï·8 50 mV/sC��O/?CðTñDR< 

Fig.7  CV characteristics of coated microelectrodes with scanning 

speed of 50 mV/s 
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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/kΩ 15.75 8.66 4.75 2.91 0.824 

CSCc/mC·cm

-2

 2.02 5.33 7.18 10.46 13.47 

 

 

 

 

 

 

 

 

 

 

 

 

Ä 8  /òóôF_[CO/?/õ��àá²¿����CO/?�_á/òö÷�C/×ø[ 

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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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 µm 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 kΩ and breaking through the limit of 

1 kΩ. 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

-2

. The safe charge injection ability is 19.6 times higher than that of Pt-gray, reaching 2.53 mC·cm

-2

. 

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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