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ABSTRACT

icroelectrode arrays have been developed for epi-
4inal implant system. To minimize the damage during
hthalmlc surgery and to get befter contact to retina,
ible polytmide is selected as the substrate material of
croelectrode arrays. Various shapes of microelectrode
ays are designed to reduce the tissue damage and take
bore intimate contact to the retina, The arrays are
P hricated to maintain planar shape, and have high elasticity
be tolerable to bending or twisting. With the
picroelectrode  arrays, tested the electrical and
Bicchanical characteristics and observed bio-compatibility
y chronical in-vivo experiment in rabbit’s eye.

we
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lanar shape, high elasticity.

INTRODUCTION

~ Conditions like Age-related Macular
egeneration{ AMD) or Retinitis Pigmentosa(RP) result in
eterioration of pholoreceptors in the retina, and
egeneration of vision, eventually giving rise to blindness.
d the lgss of vision can't be cured by conventional
eatments. So researches have been performed to replace
he function of impaired retina by electronic devices. These
evices have been made by various approaches, such as
-tetinal [1), sub-retinal [2], optic nerve or visual cortex
hmulanon methods. In this paper we describe flexible and
-compatible polyimide-based microelectrode atrays [3]
ot epi-retinal implant system. Planar shaped arrays are
desirable for the ease of handing during ophthalmic surgery
L the eye, And to minimize the size of incision of
frectomy, the arrays must tolerate bending or twistng.
urthermore  after insertion into eye ball in folded form,
they should restore their original planar shapes easily. For
these reasons, we choose polyimide as the substrate
Daterial and develope fabrication process to meet the
onditions above.
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METHOD

To prevent tearing of edge, microelectrode arrays are
designed to have rounded comers and circle-shaped fixation
tack holes. The rounded comners also reduce the retina tissue
damage. Fig. 1. shows one example of such design.
Controling the thickness and kinds of polyimde for
substrate and passivation layer, we make planar shape
arrays. And considering that excessive heating or high-
powered plasma process results in the degeneration and
shrink of polyimide, we fabricate the arrays to be tmproved
in elasticity and flexibility,

Tachk Nl
T SCIE
2 8mm .. 3mm
+ st » arm
LEmm 12mm

Fig. 1: Design and dimensions of rectangular npe
microelectrode array.

FABRICATION

The process begins with a clean silicon wafer with 4 inch
diameter, PECVD silicon dioxide layer(3 () is deposited as
a sacrificial layer and polyimide(P12525, HD Micro
Systems) is spin-coated to a thickness of 10:mand cured.
Then gold layer(3000A) is deposited and patterned. After
removing residual photoresist, passivation polyimide is
spin-coated to a thickness of 8.5um.

As a mask of site and microelectrode formation, aluminium
layer{3000A) is thermally evaporated. Positive photoresist
(AZ1512) is patterned over the metal to form the mask for
site opening. Aluminium is then patterned by wet etching.
Reactive ion etch{100mTorr O, ,100W) is used to etch
polyimide to open sites. Then a thick photoresist{ AZ4620)
is coated and patterned to define the whole electrode shape.
Aluminum patterning is followed by 3 hours RIE of the
same condition above. The electrode structure are then
released from wafer by removing the sacrificial oxide layer.



The entire process is done at lower temperature than 300T.

Figure 2 shows the process flow.
. . :

fc)
Fig. 2: Fabrication process of the polyimide-based
microelectrode array:  fa} sacrificial PECVD  Oxide
deposition and {(0wm substrate Polyimide coating; (b} gold
evaporation and patterning; (c} passivation polyimide
coating and aluminuim evaporation for mask of site and
microelectrode formation, (d) site opening using RIE etch,
fe} whole microelectrode shape defined; (f) release total
structire in 23% HF and 80% DI water.

RESULT AND DISCUSSION

Fig 3 shows the completed microelectrode array. There
are 25(% x 9) sites. The size of one site is 30um x 30um
with the site interval being 300upm. The width of the
interconnection line is 20um.

(b)

Fig. 3: Fabricated microelectrode arrays based on

{a)

polvimide, rectangular npe: (a) sites and (b} pads of

microelectrode arrays.

Using probe station, we measure metal line resistance to
be about 9562 . To test the restoration ability of the array, it
is rolled into a cylinder of diameter of 0.7mm. when it is
pulled out after Smin, the array is shown to have restored its
original planar shape.

To test the bio-compatiblity of the arrays, we implant
them in eyes in 4 1abbits. In Fig. 4 , we show the surgical
procedure and the array fixed on to rabbits retina using
fixation tacks. For 60 days after implantation, there is no
sign of inflammation cr swelling.
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Fig. 4: (a) Insertion procedure of the array into rabp
eye ball; (b) microphotograph of an array implanted o
the surface of rabbit’s retina fixed by three titantum tacks 3

CONCLUSION

Polyimide-based microelectrode arrays are developed:
Advanced design makes the arrays to be more resistivg
structure against external forces, Elasticity has been proveg
which is important to maintain ease of folding, and
restoration of  planar shape have been proven ty
demonstrate its effectiveness as a microelectrode array thaf
has to make intimate contacts to the retina. Irnplamecf
microelectrode arrays in rabbi’s eyes show stable
conditions for 60 days. )

ACKNOWLEDGMENTS

The authors wish to acknowledge the financial support of
the Nano Rioelectronics and System Research Center
(ERC-NBS}.

REFERENCES

AB. Majji, “Long-term Histological and
Electrophysiological Results of an Inactive Epiretinal
Electrode Armay Implantation in Dogs”, [nves
Ophthalmol Vis Sci., 40(9), 2073-2081, 1999,

E. Zremmer, “The Development of Subretinal
Microphotodiodes for Replacement of Degenerated
Photoreceptors”, Ophthalmic Res., 29, 269-280, 1997.
B.C. Wheeler, “A Flexible Perforated Microelectrode
Amay for Extended Neural Recordings”, [EEE
Transactions on Biomedical engineering, 39, 1992.

{3



