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A novel proces, based on microestrusion of preceramic polymers, was developed for manufacturing ceramic microclec-
rodes, mainly for biomedical pplicaions. A coextrusion approach was used w obrain flaments with inner conductive ines

afice proper doping. Chemical reiculsion and high-temperaure pyrolyss were applicd 10 conver the melable precerami
polymerc rsin into SIOC ceramic materals, Diffrent cross sectional geometries were produced. The fesural screngch

Hlamens depended on the outer diameter sae; doping produced laments with an average conductivity of ~0.4 1/Qem for
501wt carbon black lad. The esuls on L929 and MG63 el line model ndicated good biologicl prformance of Si-0-C

ceramics and confirmed citocompacbily.
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Introduction

Ceramic_microclectrodes have. been developed
recendy for biomedical applications.'” The advent of
techniques uilizing microelectrodes o record and ©
stimulate, for days or even wecks, the same ensemble of
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Materials and Methods

Cerumics micokenodeswere biced by
sion of 2 commetcl poymethykionan rein (VK.
Wadker AG, Burghasen, Germny). A cocruion s
prosch was e, ing & commercal micr-cosmr
{(model TR p12720LD, Gimc, Csronno (V) ),
el o tw s micto sxrdens perpendiy
posdoncd, verielly plcd, d csch sapped i
e wmperiare oncs (8C, 85°C, 0C, 95C,
100°C) and  dic head (oo 20me ¢ 100°C). At pre
e, on posile i head seups are under el
both v el scuion, b o llows o coexrde
e Famcns, whie he scond oneca proces e of
e at th s e (< Fi, 1.1 should b od
i, by  modifcaion fthe chniqe proposd n i

Fi 1. Tyerof o it con b procd g the
cccruionsprac G or ih lame (C1..C0) o 5
presieprs a1

Fg3.
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Fi 2. Fte e saping i  psile lionor s endof e
e, i rder 0 i proper s o i e
e it

a hollow cental channel® for the delvry of drugs
concurrenly with the deecion of dectricl signals.

‘Miceoblamenes were continuously produced with 3
ypicl lengeh exceeding 3 mecr. The microflamens,
il in e polymeric tge, wee then cot int segments
ofreqired speific lengh,shapng e end wich s e
spoutin orde o obiain a properexposue when plcing
the clciode terminals (e Fi, 2. Afe shaping, the
polymeric microBlaments were subjcid to crowe k-
g ing a propricary procedure, which nvolvs i
mersion into 4 bah with an squeous soluon of
amimonia. This stp i el ncesey 10 avoid mel-
i dring the subscqent high-temperstue ceamiar-
ion_proces, shus allowing the micrflaments (0
maitain thie morphlogy.

Ceramization of the preceramic precusor was
performed by beat weament 3¢ temperstres anging
from 800°C to 1200°C for 1h in an iners sumosphere
(N25299.95%; hesting/cooling rat 2'Cri).

During e pyolic wesumen, the preceramic
polyne s convertedin 2 S-O-C amorphous ceam-
ic.posesing improved mechanical srcngth and chem:
ic Jurbility i comparison wth pure IO glass 5

Mot ofCramic Micccnder »

Onc e i mieolamans e b pro-
duced, el deprkion spoach e b sl
make the connecos ¢ the bcand o he lamen.
K deronic wedgebonde (ke &¢ Soffs Fort
Wasingon, PA) an i h e reiemens i
wedging e connecion

T e of the uter e s el s h o he
amenes cun be v vl nge of v
epprosimay from 100um 10 S fo e ot
dmere), by adoing v procsiog, st
o scorlin o e o b cnbpnnios.

Became of the poymero<eamic omerion
ocaring with e shrinoge e o the
cighe o and e o e o b
e fomaionofcc i pomaiyspcmmit Pl
s e nc il  prest For o manaicae oF
cxmudae vihsn o Games e o $ .

e poce descrbed, whic s vll nde deel
opmcn, provides te implmention of o mong
vl ol soluions for o Il
miodcarodes with b ot o g lns g
Common sl e, s shown n Figs 1 200 3.

I arde 0 becer undesnd he el and
e pyrlys proceses, and 0 e quaminly
e i on th whoe o i poysmasic
Comerion proces, Fouier o el .
roopy (IR, Pokin-Fimer Lamibds 2 Pk
e, Walam, MA), themogravimeric sy
(Newch STA 409: Hara, Germany, and Xy
iffacion (XKD, Piilips P 1710: P, End
‘hoven, The Netherlands) analysis were carried out on.
amples s varios g ofthe prcdr. Tho s
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sllomed calsion ofte decomposiion ecions, nd
‘e ot weight o occuring dtin coamiton
vl 2 sscment ofth e o the pyrlied e
i produc.

“The mecbnical sengh of e microflamencs s
el by four o beadio (nsaon 1121 UTM;
Gosehend sl 05 mimin nsaon T I
e, i, i) and el s (Endurec ELF
5200, sped 1l Be Cor., EctoForce Sy
Group, Eden Prrie, MN) The el dhracis:
o of conductiv lnes was peromed cviing the
specibc condociviy ot open i and with .

Ciocompatiiiy ws sesied by meansof i
sion 1nd s morphology e (das 1,3, nd 4 whie
el prlerion s by Al Blc™ (Unied St
Siclgil, Svampico, MA) sining (days 1, 3, nd
4, sbways i iro MG-63 and 1929 cl lne-
bt ol T cuture plasic Coring Cos
Clio Caltio, Mila, T b b wod 3 g
v, nomorc contl. For bute practicl s, te
e were conducted. o on the laments shemiches
b on fa dks (3 dismet) Gbricwd fom the
sume precramic polymer snd pyoyaed st 1200

Results and Discussion

FTIR andysis confirmed he occurrnce of the
croelinking in the preceramic mateal, demonsuted
i paricuar by the ack of $1-OH groupr indicaing the
formation of $i-O-Si croslinks (s Fig, 3. Upon
pyslysis,ch coal weight loss was ofthe onder of 11
15wt for the carbon blac-concining flamens, and
thy displyed  linear shinkage of ~15-20% (.
pending on the crbon blac Ioad). No mjor cracs
were formod i the ceumic ample becaue o the heat
resment, nd the Hlamenes genealy maincined their

averal shape and morphalogy,with o igs of meling
Thic imporcan findin indictes that the cros inking
ofthe thermosceing silcone resin was completd bcfore
pyrolysis, XKD datashowed,a expeced,an amorphous
frvcre in the_ceramic samples_obuinedafier
ceramization (se Fig. 3b—some SiC nanosied cys-
ol can be observd s pyrobyis ¢ 1200°C). Above
pyrolyss tempersute o B00°C,the material produced
wasRllyinorgaic, with o oganic mojeisrenining
in the e, and th desy ncresid from 1655
am? (ot 800°C) o 221 e’ (ax 1200°C). Al thes:
results confirm irdings from previoussudics o simibr
precramic precunor matcrials |

In Fig, 4, % sero-microcopy image is repored,
‘which shows 3 microflament (25 ~250 m) con
g, ine. inner lincs, aer cros inking but_ before
pyrolss In Fg, 5,2 sere>-micoscopy mage of a mi-
crofiment <ontining several coexruded conductive
Tines i shawn. It can be seen from thee images that
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