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Abstract - In investigating the characteristics of a
neural network, the use of planar microelectrode array
shows several advantages over normal intracellular
recording(1]. A transparent indium tin oxide(ITQO)
multi-electrode array (MEA) was fabricated and its top
surface was insulated with photodefinable
polyimide(HD-8001) except the exposed area for
interfacing between the ITO electrodes and the neuronal
cells. The exposed ITO electrodes were platinized in
order to reduce the impedance between the electrodes
and electrolyte. The one-minute platinization with
O.99nA//1m2 current density reduced the average
impedance of the electrodes from 2.5MQ to 90k®? at 1kHz
in normal ringer solution. Cardiac cells were cultured
on this MEA as a pilot study before neuron culture.
The signals - detected by the platinized electrodes had

larger amplitudes and improved signal to noise
ratio(SNR) compared to non-platinized electrodes. It is
clear that microelectrodes need to have lower

impedance to make reliable extracellular recordings, and
thus platinization is essential part of MEA fabrication.
Burst spike of cultured olfactory bulb was also detected
with the MEA having platinized electrodes.

.M B

Ho g At &),
Zdsr ae)m FeHEok kgt Fopola Aas
I gtk HE FASE 7€ 2990 AAMAREE Al
7te]l A7) gy FEadE B3 A, £33 AE 59
Ay @ oF A= dE wgg sich F3 oF A
d AF(MEA)E o83 AF Yol A7 AXZ wgFs
Fol FAZ BA AAAEE EGANANA G JAHANE
B9 8% HY Az 54 € N5 AL FAE VE
1 FAY o8 MEES AE HAFo] 7HEsith. MEAY
AFo2RE AAAE &F Yol ot AzvkE &
Ast7) Y AR AXSde Y HExL 98
A wEAFEH, B2E AZFE 749 A AT 74
(cross-talk) S ZFdo} 3mZ w23 RIS Aslix
Hqautoz ¥HE HISE o] Fasd 533 MEA
Yol MEE AFAIA AXe} HEP AW 53 AEH
T AlEe &4& &l ANz A Fug BEZS
A&s AME A AsA Alole YHPLAE
A7k o2l A3y AdAdxE 237 9%
A AEe A7 FARE 4 m AES
o MEee] HE: ARE W) A
(roughness)& ®olw Wio] Q) A7 =&
43 Ug 2538 AFAE AP {3
B A 499y EolHt WA AYE ITO A=34
Adgut A4 o9 A¥ z2ZAH] BEL ©S 4

e
fo
b g
n:A X
o R
>
B 1 o ay o
2o 02 MirH ke

2 4 9cH34). Indium tin oxide(ITO) AZ3} photo
-definable3 polyimide(HD -8001) Hdgtg AL&35o A
gl oF AQd AFd wF =3 AYPsta Av) g
A AC JHP2E FA39 d¥dL ®IE st
ARAZE Y3l ANE 4SS B8 F4d A3 o
ZHEul(SNR)E &3 =8 473 AEQ olfactory
bulb® wi%¥sln 473 A5E HEFAC

2.2 £

2.1 ITO% polyimide& 0188 MEA X%

A7 AE5E FAsE AF L AxEAo] Folok g
3, AFAM AFse AEES 4G AE AAE &
A7l HalMe EFET AuRt FHEEAM ARAS
e ITOE A&3ke o o B Agdis
sputtering2 2 F24H [TO ol AZAETE 109 5
AP eEA AA ARYE FdsUn(ad la) F
g ITO%H S &4 &%t o3 Ade 713 ITO A4
< TEATHIE 1)

(a) (b)
a3 1 () ITO o $ld Wgs 4AAEe A
(b) e ITO A2 AR

HEQ ITO A 45 S o7 H8) Fads
gkol AurAQl SO e, =39) 9 SizNy(e,=7.4)°] w3} =&
340lHA B - 3Egy i FAel g HAol e
polyimide(HD-8001, HD Systems)Z A}&-3te] A=t}
Polyimide® photo-definable3t <] photolithography 33 &
T8 ad g4 Azier HdAdHe IPANE F UE
ol ok 2 Fo ME widg A% culture ringS ¥
FA71n AEx g F AS5E B3 HEHE ARNEV}
polyimide dgdgtel] ¥ AF AdE T3 &45E AL
£9°}7) 98 Ad FE8L Sylgard silicon curing agent$}
Sylgard silicon elastomer 184(Dow Coming Corp.)E 1th
109} H]€2 4& PDMSE Ay Adute 544 gt
(28 2.



Y 2 AE e Sj% R3tA)7)5 PDMSS
W3 A2 Hio] YL MEA AN,

2.2 ITO gajHA s 57| 9 wig NIz F
ANAAEE ITO A=Hz HEdo] 21 Aol o
e ol 23 ARESE F¥ WY NRE AFeg A
g} o] A3 E AT AW AHYH Ao o
AEEe 2 377 2AAY 438 £+ o AF
oxel AU LE EF7] dAqME HEAC] $5E
g ALAY TdEE WY dHEdsE ¥R E
of 2t} ¥ GFeME ITO A= Yudags 4@
25 MEAS] A9 HAF 28 Agsidd. 2y 32
WF =Fd A48 Hd 100A7RA QrtEE AHFYAT
AF9 64 AdE SAd dZ2AE F gdE £ cable
€ Rolm gut. WE EFL& culture ringde] EF
(100ml H0-1g PtClH-0.01g Pb(CHsOnn) & W3l 64709
Aol ~1.90A/m’e) AFE Arle) =L Agsgch

-

2
o mE B e pgt ol

P o

a9 3 EEE A% Aad FAERY MEA ).

2P 49 5F =EE XY ¥4 Eelg A
238 laser profiler®} atomic force microscopy(AFM)E
olg3te] ¥ =7 AHES ANH F4HE @gEE 29
£t 2F Aol 10mel AES 7PAE 49 11O H3d
o] WF YE 190A/m’E 18 % EFL A3 @3}
dAvtel ez RE 22m AE $5F = AI3UE
ARNI(TE 4(a) Z& AFIEAAA 28 54 =588
g A3 HATe 9o RE 4MUm AR EFE =
F AFUEE QAT

(a) (b)
L EE A £F Foll laser profile( VP-TS0)E ol 48k
ZAT AF 10m?] 98 A3 #Y profile =2 A
3L 19AUTE (a) 12, (b) 28 A 38

AEel @A AR 10~20m HEYE s dFY

B 099nA/m’E BHE1 12 B EHe Wysio
AFM imageZ =7 % Y& U™ 5). o] 4

%3 W39 Folk 0smoIed £33 93
22 107molUth 39 59 AAEYH EFd EHE
e ZEE nolv Mol A9l wWolge & 4 9

Line Prodtn Maasugrents

Tosmpechy, BIDIEHOP

o Protieiaz

o njgwé‘*sj&“ \
T TR

Hoight Proin i07
e

a9 5 EF0%nAund, 18 Ad) T AFMS ol4§
topographic image$} profile.

Jaf iofivies

£ 3T e &g

2. 630wn @ SWwn O IBE

ey &Gt 0 256000 £ ST

14

22 53 ¥ o ouHAAY

g =g A% 2F $9o A5 ddda @i ¢
Hil &8 Apoly ¢4 olFol tE JGFE detryl 9
3 potentiostat(EIS300, Garmy)& ©}&3t ITO MEAY
YA 2E EAFgPY. 19 62 AE 10me ¢y A2
He 717 MEAGS2)Y] 0.99nA/um’s] 4% UE=Z 12 F
ot ortele BEgg MY Fo TF M3} Fof duyx
24 ANg RogFEn ol e Fogdae dudars
EF Aoe 250 AEdEd EF s 0QdE 2o}
A ARE 49 949 olF FA F4 Hz ol&e F3
Fl A =3 Fo A4 olF@el 9 FHL2 29 S B
Ak E8¢ B8 AU Wy S W Ay AF
AW Alelo] AM g A¥ol Eolyomn AAHA o
22 7|7t @opd Heltt. wEtA ITO MEAS A
S AAE BE EEE YHAPAE ¥ FE7) A% uy
o2 aAAE dIdx 2L F3) FAd

i R 2 40w 22 B 0y
X7 FUURNE R My TR 0 5

a4 6. TF AP 39 impedance ¥ phase shift 3t =2
(ZCORVE->1Z | | =% %, @ =% ¥, Y2-
ZCURVE ~> Phase shift - — & 2, I =8 %)

2343 £7 Mo Fof MMz AMF dglw 9
olfactory bulb 4% A=

o}zl duidAg sHAlE ¥ T3E ITO MEA 2474
AEe] NEE FESr] Holl ALHQ AIE SIS
A AEE o8 28 A% EF F9 A3 E 9as
o AEe Mg oF Ad 3FL 29 A2HJn HE
H A3E 32-Adgez ARY A8 pre-amplifierst
filtering amplifier{PA325/FA32S, Multi channel systems,
US)E AH&-3led A&t software(Spiker version 1.06)&
ol s} ANEE uXYHIAM ANF Aol sl
0AMA/MPE 18 B AT 8L A4 ome) AES
7HAE 9% ITO A=xH2E 7)) E3€ 3A 4L ITO

—~258 —




MEAE o] &3t e AZAXLE widstn HEd 458
< Hlwstdh. S99 AFogEE Asst a3 AF
deE FRYS BoFa vk A% o xo]Z B|(SNR)E
st e WMg EF Ad 5~701 o1} £EF Folx= SNR
o] 30~5022 6MAL FFHATHIH 8).

€
il

Bl &

23 7. 9F =EE04nA/mf, 158 238) MEAS 4% AT A%

HE E=FE ol4% MEAY 54 44L& AT Fo
A MEQ olfactory bulbE vl%¥3std ANANEE HE3)
ek 9F =gd MEAY AE7 Foiste 29 poly
-D-lysine(PDL)3} laminine$ coating®le] A3 A E7} uj
%2 MEAX®o #F HIAFHZE FYck. MEA9
olfactory bulbZ W% F 4% A& w NANEZE HE
stgow I3 904 B5o] AAMENAM #F veluE
burst spike7t YEIIT gtk Ae 2 A4S B3 AS

F 9 AEukg wol Aol sbgEd UFE FA
7128 4 91 recording and analysing system% T3
B2 2359 E4o) 7ted Aot

&t o

‘ (a) } a(b)”

9 9. Olfactory bulbS widetx] 49 & =Ag NF,

3. =

HAES P2y HrAes P5FAe F3Es] 9
& A A% AEE MEAE AFA Helrae

AE A3
Tl ® o 9A Eele] 1EIEE FYsln ARAYE 1A

v ITOE A3t A3t A5 4AE &3 4
ZAE EFol7l AsA 7Hag photolithography 342
2 JEYo] 7}e3 polyimide (HD-8001)E HEEAR
ol g3ty ngixm WF Ay =EFL Fd ATy AN
8tstd AC impedance® 1k F 5o =5 Aol 25
Mol =F Fol 90kQE AE Wk aeElm AFAHE
9 ANEE HEsd =7 AP =F F2o SNRe| 6w &
AERSE Aoz YD LE WHI A H3d

e 1 s
o MF =39 Tds We NP2 spNE AT do|
N Fe B4S A AEE 428 5+ Iee B
ek
2 7
2 oAy wR A% Aeye o 97 UE AW
BK2L AH19) 229 Mdoz FaHgen oo 4 =4
.

#3g s

[1] L. J. Breckenridge, R. ]J. A. Connolly and C. D. W.
Wilkinson, "Advantages of using  microfabricated
extracellular electrodes for in vitro neuronal recording,”
Journal of Neuroscience Research, Vol. 42, pp. 266-276,
1995.

{2) Sherry J et al, “Comparison of Impedance at the
Microelectrode~Saline and Microelectrode-Culture Medium
Interface,” IEEE Transactions on Biomedical Eng., Vol.
39, No. 11, pp. 1123-1129, 1992.

{3] P. Thiebaud et al., "Microelectrode Arrays for
Electrophysiological Monitoring of Hippocampal
Organotypic Slice Cultures,” IEEE Transactions on
Biomedical Eng., Vol. 44, No. 11, pp. 1159-1163, 1997.

(4] D. A. Borkholder et al., “Microelectrode arrays for
stimulation of neural slice preparations,” Journal of
Neuroscience Methods, Vol. 77, pp. 61-66, 1997,

~259 —



