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Design and fabrication of flexible multi-contacts deep brain
stimulation electrode based on MEMS technology
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Abstract: Deep brain stimulation (DBS) is effective for treating some diseases, such as epilepsy,
Parkinson's disease or depression. DBS electrode is a key part of a DBS system. The current DBS
electrode has four large contacts, and the stimulation resolution is low and the stimulation to unnecessary
area of brain tissue may cause side effects. To improve the resolution and precision of the deep brain
stimulation, a flexible electrode with multi-contact was designed and produced through a Micro-Electro-
Mechanical Systems (MEMS) fabrication method. The new electrode consisted of 24 small contacts. Each
electrode contact is 285 um x1 500 wm. The micro machining techniques were applied for the electrode
fabrication using biocompatible materials Parylene C as the substrate and Au as electrode material
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respectively. The characteristics of the electrode were physically tested. The electrode has a smooth

surface, distinct outline and good electrical properties with low impedance. The MEMS technology is

suitable for the deep brain stimulation electrode production. This research would provide a basis for

developing better 3-D deep brain stimulation strategy.
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Tab.1 Performance comparison of several

Parylene coatings

Performance Parylene N Parylene C Parylene D
Water
<0.1 <0.1 <0.1
absorption/% 0 0 0
Dielectric
constant
60 Hz 2.65 3.15 2.84
1 kHz 2.65 3.10 2.82
1 MHz 2.65 2.95 2.80
Young
modulus/Gp 2.4 3.2 2.8
Melting point/ 420 290 380
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Fig.1 Design of plane electrode
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Fig.2 Multi-contact DBS electrode structure diagram
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Fig.3 Flexible electrode fabrication process
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Fig.4 Impedance test diagram
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Tab.2 Relationship between Parylene C dimer and

coating thickness

Mass of Parylene C

dipolymer/g 2 8 10 12

Average thickness/
wm

1.12 3.46 5.15 6.53
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Fig.5 Electrode after release
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Fig.6 Image of electrode contacts by SEM
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Fig.7 Impedance spectrum of plane flexible electrode

80007
7000
6000
5000
4000

Average Z/Q

30004
2000
1000

0 T T T T T
60 100 140 180 220

Frequency/Hz

Pl 8 #£ 60~240 Hz i F.4™ i 18 (1 F- ¥ B4t
Fig.8 Average impedance of five channels in 60-240 Hz

M 7~8 AT, 2 F A R 51) 45 1 3 38 B BT 22 31
AR, BARIH—EE, Bl 53R A A A
FHPLA 2 MQ 2 390 Q, JEHJE M 10 kHz L HL B
YU, WoR T HA R mE R, A A
TFHPLTE 1 kHz i BHBTE 2N 6.5kQ, 7E 100~200 Hz
Bf, S BHATC7E 20~45 kQ 22 ],

2.4 BRI

XoF T T 1 Mok R SR P AR T A SR O, S T SR LA
(S Bk e o T e X R b 3600725 il & IR
LA 582 AT, Bl LA — B R B0, 8 T IR R
A AR Pt — 2L 2t A R R &l 9 R

Pl 9 25 il J5 A HeL A
Fig. 9 Electrode after bending
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