A FLEXIBLE 64 CHANNEL ELECTRODE ARRAY FOR CHRONIC LOCAL FIELD
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INTRODUCTION

Surfacefield potentialsfrom cortex are advantageoufr mappingelectrical
activation acrosslarge regions of tissue (Jonesand Barth, 1999). We have
recentlytestedflex-circuit boardsfrom computerharddrive electronicanserted
In a slot betweenthe boneand dura, and shownthat very little tissuedamage
results.We also obtain excellentevokedresponsesrom the cortical surface.
Similar proceduresare used during human neurosurgicalexperimentsfor
mappingthe brain surface.Unfortunately,the coppermetal of the flex-circuit
boardsis notideal for long term chronicrecordingsandthe traceconfiguration
IS not mappedn a 2-D array.Thus,we aredevelopingaflexible electrodearray
which meetstherequirementgor long termrecordingwith anelectrodespacing

RESULTS

Figure 3. Evoked responses and corresponding graphical

Image at the peak of P1 from the 25 electrode field potential

array after twitching whisker D1. We have implemented 25-
and 64-channdl electrode arraysin chronic rat preparations

dESigned for mapp|ng evoked responses across |arge regions of the cortex. For mappingeVOkedresponses for mapping the somatosensory cortex of the rat and have

MATERIALSAND METHODS

We developed a 64 channel flexible
electrodearray (Fig.1) which canbeinserted (92222299 -}
througha slot betweerthe skull anddura.An 0000 - L=
array of finely spaced electrodes was
deposited on a flexible substrate to fit
underneaththe rat's skull and carry out
spatiallyresolvedmeasurementsf electrical
activity. Using a Kapton polymer substrate,
gold thin-fllms can be sputterdepositedn a
blanketover the substrate.The gold Is then
etchedusing photolithographyto patternan

array of 50 - 100 um spotson a 150 to 500

um spacing(Fig.2). Tracesextendto a commerciallyavailable25 or 64 pin

arraycanalsobe patternecdat this time. To electricallyisolatethe tracesso that
the electrical sighalsare only sensedat the bare metal end, anotherlayer of
Kapton was usedto cover the electrodelayer. This film Is then etchedusing
laser cutting tools. Other prototypeshave been made using photosensitive
polymers as the electrical isolation layer. These early prototype versions
suffered from small cracks
during mplantation. Future
efforts may usea more ductile
polymer to create a thinner
layer than the Kapton.
However, we are encouraged
becausesignals can indeed be
acquired using these arrays.
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Figure 1. We developed miniature implantable
surface electrode arrays, which will greatly enhance
our ability to record eectrical activity from cortical
surfaces. The 5x5 mm electrode array can contain 64
or more channels for high-resolution mapping of
evoked responses from the brain surface. Prototypes
of the array have been inserted through a dot in the
bone between the skull and dura, which greatly
reduces the trauma associated with typical electrode
arrays.
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Figure 2: A cross section of flexible electrode array also seen in figure 1
shows the layered structure of the materials used in the construction of
the array. Bottom layer Kapton, interlayers of electroplated gold and iron
shown In cross section between the insulating top Kapton layer. Theiron
layer will be used after the experiment to deposit ferro-cyanide staining
particles onto the tissue for electrode localization.

successfully trained rats to tolerate restraint and whisker
twitching, which isacritical step in the behavioral
component of this proposal. The 25 electrode array
diagrammed (left) was constructed from black Delrin using a
computer controlled mill and wire drills. The total block size
IS4 x 4 mm and 3 mm high. Stainless stedl or silver wires
Inserted in the holes are glued in place with epoxy and
polished flat with diamond paste.

acrossthe cortical columnsof
the somatosensory and
auditory cortex, we have
initially relied on flat, high-
density electrodearrays made
from Delrin blocks and placed
directly on the dural surface.
We have usedboth silver and stainlesssteelwire in thesemeasurements.
Silver has the advantageof a low resistancepathway for the electrical
recordings, whereas stainless steel exhibits better longevity In chronic
preparations Additionally, stainlesssteel electrodescan be usedto deposit
Iron Iinto the tissueby passinga current,which can be subseguentlyisedto
identify the locationsof columnsthat were mappedusing evokedresponse
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Figure 4. An evoked response from the somatosensory cortex of a rat generated by
twitching a whisker shows good signal-to-noise when recorded by a prototype flexible
electrode array inserted through a dot in the skull between the bone and dura. With asfew
as 20 averages in this example, the wideband response as well as the 200-400 and 400-600
Hz components are clearly visible.
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characteristics with histological techniques.

We have collected data from a 3x3 mm 25 electrode array and have
successfullymappedthe spatial location of cortical whisker barrels during
iIndividual and multiple whisker stimulation (Fig. 3). By employingflat and
flexible substratesvhen constructingsuch electrodearrays, it Is possibleto
Insertthe array underthe skull througha slot, ratherthanremovingall of the
bone that covers the cortex of Interest, similar to those used for chronic
Implantation of electrode arrays during pre-
surgicalassessments humansubjectsinitially,
we will usegold for the electrodearray because
of Its stability In tissue and ease of
manufacturing.We obtained excellent evoked
responsesfrom the cortical surface using a
prototype device with one electrode (Fig. 4).

In orderto markthe locationof eachelectrode,
a small depositof iron can be embeddeat the
tip of eachelectrodewhich canbe releasednto
the tissue at the end of the experiment by passit
current, then identifled by staining with a
standard ferro-cyanide stain (Fig. 5).
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Figure 5: Wiresin our electrode array can be
constructed from stainless steel, thus allowing
Iron to be deposited onto the brain surface. A
subsequent ferro-cyanide stain during
perfusion can mark the location of the
electrodes.

CONCLUSIONS

In bothanimalandhumanparadigmsremovalof the skull boneis traditionally
requiredfor mappinglarge areasof the brain surface.High density electrode
arrays insertedinto the tissue for unit recordingstypically do much tissue
damage, and are short lived.

This newtechnigualleviatessuchtrauma,andallows muchhigherresolution,
limited only by lithography, and allows a wider
mappingregioncoveringup to one hemisphereavith
minimal additional effort. The special activation
maps (Fig. 6) obtained by the surface array are
comparablao thosewe obtain with optical imaging
procedures (Rector et al.,, 2001). We are also
developinga 16 to 256 channel preamplifier and
digitizer on a 3x3 mm chip usingmixed signal ASIC
(Application Specific Integrated Circuit) technology.
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Fig 6: Stimulating particular whiskers

produced early response images usi_nﬁ
optical and electrical techniques wit

discrete regions that were localized in
space to regions corresponding to
cortical columns. The five Images were
collected after stimulating the whisker
Indicated below the image. For spatial
comparison, circles that show the
ted regions were drawn on all
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