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Development of Easier and Inexpensive Method for Flexible Multichannel
Neural Electrodes

Yasuhiro X Kato*, Katuhiro Makr®, Shigeto Furukawa®, Makio KasaiNo*

Abstract This paper provides an easier and inexpensive method for fabricating flexible multichannel neural
electrodes based on photosensitive material by using Micro Electro Mechanical System technologies. A conven-
tional micromachining with non-photosensitive materials such as Poly (para-xylylene) (Parylene) or non-photosen-
sitive polyimide includes a dry etching process. The dry etching process requires expensive machinery and
maintenance cost, and involves complex multilevel processes for controlling etching conditions to define the out-
line of the neural electrodes and to expose the microelectrodes for detecting neural signals. Our method applying
photosensitive material eliminates these costly and complex processes. This means that more options are allowed
for optimizing the configuration and size of neural electrodes depending on experimental purposes, and elec-
trodes could be fabricated at a lower cost with improved process yields. In this study, we used photosensitive
polyimide, and designed and fabricated two types of flexible neural electrodes for recording an electrocortico-
gram or intracortical action potentials. The fabricated neural electrodes had physical properties (such as size and
impedance) that were satisfactory for neural recordings. It was confirmed that the fabricated neural electrodes
permit recording neural signals successfully from the rat’s cerebral cortex.

Keywords : neural electrode, photosensitive material, flexible material, MEMS.

MEMS i CrER S 722 < offE M, BRIk
LTIV I U2 BRIV TW 5729, H&i%ﬂ%@i’
A REARE Y, FAYELMREERO TS
fE%t?éWﬁ%%#ﬁ@ﬂ@ﬂ«%ﬁﬁétkmﬁm
Bdhotz. 22T, ¥)aArDX) HEEAHEHIIADY,
AR OB BT 2 L) BRODPWHETH 2 K1) 8
FEILY O LY) RRIALIFEHVEZSF Y V%
VR OIS ED 5N TE2[3-5]. LT AN,
N L RIEBOEERY 4 3 PRI E T HIEHR T
i, F94 2y F v 7MEEDO ORI L Z DM
BHMELZLELEL, POFRIA Ly F VI ITREIEMETDH

1. & U & (&

VA, T v—<v v A4 57— (BMD Hiflr
ZRA L7k Ee B2 BV L 350508 #
FEREATRE G, i & B & B8 O & R TR AN O %
RKAEEE > TWD. FEIZ, K4 OEBRMFRICIE U TE N
#%@WﬁﬁvﬁM%T%kL AWt U C Rk 2
HEEAT HAREMIERSIN TS

yﬂﬁﬁgmﬁ&@Wﬁhv%+‘& M ReExL A L
TRHNT 2 7-D121%, W% B OB L 2 O 1EHE % 22/
MESLETHL, THET, THOOREZMHRT L7

® 12 Micro Electro Mechanical System (MEMS) 4l %
IWH L7z, IV H Y R¥EOTT—TRI[1]R2 57 KFDR]
IWM2]D X9 %% T v ¥ A NVAREBMWAHIE SN TE L.
LALARDS, SRS I VTV RERLIKRERLED

HARE TS RV 402008 383 (2008 4E 9 H, KR

2008 4 7 A 29 Hs2 A+, 2008 4F 9 A 25 HLET

Received July 29, 2008; revised September 25, 2008.
"HABEESIMRAESI NTT 2324 —3 g VR

WFFERT

NTT Communication Science Laboratories, NTT Corpora-

tion

-7z (F1A).

Z 2 CARMZETIE, FRESEYER RN D b R R 2
SRR L 32, 255 o0 BRAG 20 AR FEAS OO 1 B O e T
% MEMS Hiiic X Y ik 7z (M 1B). BB R & L O
FHERY A4 I FEEBICHEHNTH22ET, FIL Ty F >
TVESE LB 2 S R B8 L Z OMFFE R IR L, 2
OHMRE NI Ty F vV TROMFEILEZR 572 BMI
WCHWS N REWZEBILIRE LT, MR IS
WRE L CR B 2 R 2 MR [6] &, RN
18 L TG B o 8 KA & ZHl9 2 0 AR [7] o> 2 Rl
D% F v v FVEFMREER (K220 okite iz



1

7.

TEREIE AT A 2T v & v Tl e i o B 56 (523)

Conventional Method Our Method
A: Non-Photosensitive Material B: Photosensitive Material
(A-1) (B-1)

(A-3)
- | . I

(A-4)

$YI¥ ¥y

,_
|

These process could be eliminated in our method.

—

Photosensitive Polyimide

(A-7) $88 33 B Silicon/Glass Substrate
[ | Non-photosensitive material
B Gold
(A-8)
@ B Aluminum
|

Plasma Etching

N

1 %5 v ¥ AVFEIRMREEROEE TR
A TERDIFEIEEMFHC X 2B TH, B: RAWIFETRET 2 BOLEMBHI X 2 /ER TR, A4 H»
5 A8 DR FEII NI A 2y F UV TREZRT. (A1) FEROBHM R 2 BN %A, (A-2) 4
DB/ L EEME Y —=v 7, (A3) SHICERME ik 5 7201 IRRSEHEM B %2 B4, (A-
) FIAZvF 27 (FTIARLYF 7)) ORHERE LTT VI =T A%754, (A5 Mikd
ORI —= 2 7, (A6) NI4Ty F v 72k ) MEBEMOINIEIRE R, (A7)
KT A4 Ty F » 72 &0 ISR S - EmE B, (A8) 7V I = AR 2 B 2s,
(A-9) HAAH SRR FHE. (B-1) EAUBSCHEM B2 %A, (B-2) BOLMA 2tk Em o
RISy — =2 7, (B3) &DHEELERMDONY —=v 7, (B4) B 5ITENH%E MRk
5 72 DITEOLEA L &2 B A, (B5) fREEMOARIEIRE BT 2B ME Ny —=> 7, (B6) %
A & e TS 2 il
Fig. 1 Schematic diagram of manufacturing process of the flexible multichannel neural electrodes.
Column A : Conventional fabrication method for non-photosensitive material (non-PSM). Column
B: Fabrication method in this study for photosensitive material (PSM). Dry etching process is
green color area from A-4 to A-8. (A-1) Non-PSM deposited on substrate, (A-2) gold deposited
and hard-wiring patterned, (A-3) non-PSM deposited again, (A-4) aluminum deposited as mask
for plasma etching, (A-5) outer geometry of neural electrodes patterned, (A-6) non-PSM pat-
terned to define outline of neural electrodes by plasma etching, (A-7) non-PSM patterned to ex-
pose electrode sites by plasma etching, (A-8) aluminum removed from substrate, and (A-9)
neural electrodes peeled off. (B-1) PSM deposited on substrate, (B-2) PSM patterned to define
outline of neural electrodes, (B-3) gold deposited and hard-wiring patterned, (B-4) PSM deposited
again, (B-5), outer geometry and exposed electrode sites of neural electrodes patterned, and (B-
6) neural electrodes peeled off.
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Fig. 2 Concepts for use of the ECoG and intracortical flexible
multichannel neural electrodes.
(a) Animal brain, (b ) Placed/Implanted flexible mul-
tichannel neural electrodes, (c) Connector, (d)
Dental resin, (e) Magnified placement site of the
ECoG flexible multichannel neural electrode, ( f ) Mag-
nified insertion site of the intracortical flexible multi-
channel neural electrode.
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Table 1 Physical properties of flexible materials and silicon.

Physical properties Photos.en‘sitive Non—Phot'os?nsitive Parylene-C Si
Polyimide Polyimide
Tensile strength [MPa] 215 343 68.9 12013
Young’s modulus[GPa] 25 854 2-5 130-190
Glass transition[C] 285 >400 87-89 none
Melting point[C] none none 280 1420
Volume resistivity [Q-cm] >1016 >1016 8.8x10'6 none
Dielectric constant [er] 3.2-3.3,1 MHz 29,1 kHz 3.1,1kHz |12, 1 kHz
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Fig. 3 Photographs of the fabricated photosensitive polyimide
based flexible multichannel neural electrodes.
(a) Placement or insertion site of the flexible multi-
channel neural electrodes, (b) Connector, (c¢) Elec-
trode for recording.
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Table 2 Dimensions of the fabricated photosensitive polyimide based flexible multichan-

nel neural electrodes.

Description

ECoG Intracortical
neural electrode neural electrode

Number of electrodes

(one channel for use in a reference electrode) 16 0
Diameter of electrode [um] 100 40
Pitch of electrode site [um] 500 30
Size of reference electrode [um?] 200 % 500 30x180
Interconnection line [um] 25 15
Minimum space between interconnection lines [um] 50 35
Implantation length[um] — 2645
Placement area[mm?] 35%295 —
Probe width[um] — 310
Widest span of probes [um] 1500 1000
Thickness[um] 15-18 15-18
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Fig. 4 Impedance spectroscopy results for the fabricated photosensitive polyimide
based flexible multichannel neural electrodes.
The electrode impedances without the Au plating and with the Au plating were
compared. The electrode impedances were measured in a 0.9% saline solution un-
der room temperature, and means and minimum and mamimum impedacne
were shown (ECoG flexible multichannel neural electrode: 100 um diameter, n=
15. Intracortical flexible multichannel neural electrode : 40 um diameter,n=5).
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Fig. 5 Photographs of the fabricated photosensitive polyimide based flexible multichan-
nel neural electrodes for use in neural recording.
Left: bent flexible multichannel neural electrode without breakage showing good
flexibility. Middle: ECoG flexible multichannel neural electrodes placed on cere-
bral cortex. Right: intracortical flexible multichannel neural electrodes inserted
into the cerebral cortex. (a ) Insertion site. ( b) Bent flexible multichannel neural
electrodes. (¢ ) ECoG flexible multichannel neural electrodes on cerebral cortex.
(d) Cerebral cortex. (e) Connector. ( f) Inserted intracortical flexible multi-
channel neural electrodes.
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Fig. 6 Neural activities from the anesthetized rat recorded by the flexible multichannel
neural electrodes.
Left: the auditory evoked potentials from the auditory cortex of the anesthetized
rat were recorded by the ECoG flexible multichannel neural electrode. The re-
corded data were averaged after taking 100 trials. The 50 ms duration of the
broadband noise with a rise and fall time of 5 ms was delivered by a speaker
placed 15 cm from the head. Right: spontaneous activities in the cerebellar cor-
tex were recorded by the intracortical flexible multichannel neural electrode.
Lower right shows the magnified view of the spike waveform from the recorded
spontaneous activities.
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