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INTRODUCTION

The principle goal of the European
Commission sponsored VSAMUEL project is to
develop the means toenable neuroscientists and
engineers toacquire simultaneousrecordings of the
activity of hundreds ofcells in the central nervous
system in the animal model.
VSAMUEL consortium is developing a multi-sited
microelectrode array based dratch fabricated Silicon-
on-Insulator wafersconnected tothe outsideworld via
flexible interconnects.

As a measure tocontrol the quality of
VSAMUEL probes,several characterizatiorare under
evaluation. They must first be simple enough to be
able to beperformed atthe manufacturingsite, and
perhaps by the end user, yet, they must be
comprehensive enough to detect flaws of eleetrode or
predict the performance dlfie electrodeduring use. We
have focused on three methods of probaracterization:
visual, electrical and mechanical. The presempaper
focuses on the lattetwo characterizations. “Visual"
characterizations involve the use aéctron-andoptical
microscopes and aggimarily used toidentify structural
faults from the manufacturing processmd will be
reported elsewhere. Electrical characterisation wa
performed using a novel rapid 3-point electrode
impedance characterisatiogystem with the probes
immersed in normal (0.9%) saline. Mechanical
characterisation is madesing arecentlydeveloped force
measurement device to determineertion mechanics of
the probes implantation into nervous tissue. As a fir
step towards designing theseests, weare running
comprehensive characterizations eléctrode impedance
spectraand destructive mechanicaésting to determine
the signaturecharacteristics of anormal, functioning
probeandits possiblefailure modes. Once identified,
simpler evaluation testscould be designed and
implemented for quality control

METHODS AND RESULTS
Electrical Characterisation - Impedance

The active sites of VSAMUEIlelectrode arrays
were placed in ameasurement cell filledvith 0.9%

To attain these goals,
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saline. The activesites of theelectrode arraywere
immersed inthe saline solution 5cm from &arge
Ag/AgCl counter electrode.  Astandard Ag/AgCl
reference electrode (Cole Palmer, Vernon Hills, IL USA)
was placed in the solution between the tdsttrode and
the counterelectrode0.9% saline solution abetween
21-23°C. Each ofthe 18-20wired sites oneach probe
was tested sequentiallyusing 5-second rapid3-point
electrode impedanceneasurements. No attempt was
made to clean the electrode array or contratsputtered
Ir on the active sites of thelectrode to IrQthesetests,
as theywere meant to characterizethe impedance of
newly manufacturegprobes. These measuremenire
made with respect to the reference electrodaising
bandwidth limited noise excitationcurrent of ~2uA,
between the test electrode and the counter electrode.
The rapid 3-point electrode impedance
measurement technique is a modified version ofrabil
2-point electrode impedancemeasurementtechnique
described in [3].
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Figure 1: Set of typicaimpedance data isaline for Ir
SOl-microelectrode$l]. A shows a set oimpedance
spectrawhereas Bllustrates siteimpedances aikHz.
The thick dashed line indicatéise maximumimpedance
measurable by the device.

Use of a 3-point measurement scheme
eliminates theeffect of the counter-electrode impedance
on the overalimpedanceneasurement. Theechnique
yields theelectrode impedancgpectrum between ~1 Hz
and 10kHz with short 1-10second measurements.



Shortly, a bandwidth limited noise current is passed
through the teselectrode andarge Ag/AgCl counter
electrode immersed in 0.9% saline. Therent through
the testelectrode andhe voltagedrop across thetest
electrode and @eparateAg/AgCI reference electrode is
measured. Fast FourierTransformsare taken of the
appropriately samplednd windowedroltageand current
waveforms and the empirical transfanction estimated.
This estimatedirectly yieldsthe impedancespectrum of
the test electrode. A typical set inipedance spectra is
shown above in figure 1.

Mechanical Characterisation — insertion force

The sciatic nerve 1 cm distal to the sciatic notch to 1cm

distal to thebranch point of the tibial and peroneal
branchesvas excisedfrom a New ZealandWhite rabbit
immediately post-mortem and stored in a vialhofmal
saline at 4°C until the insertion experiments took place.
During the insertion experiments tperipheral
nervetissue wasmaintained inthe saline solution at
room temperature. Sutur@geretied to the nerve ends
to anchorthe nerveand to adjust the tension on the
nerve. Insertiorforce was measuredusing a custom
build force/dimple transducer device described2h The
force sensor consisted of RC-DC lateraldisplacement
transducer (LVDT 0200-000, Trans Tek. Inc.,
Connecticut, USA), a stedalore attached to apiral
spring and a coupling junction attached to the pr@gbe

insert figure 2) . To test the principle of the method, we

characterizedhe insertionforce using a 50umelectro-
sharpenedungstenneedlesimilar in dimension to the
VSAMUEL probe.
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Figure 2: Theforce applied to aungstenneedle at
contact and insertion plotted as a function dime.
Insert: The experimental set-up. Periphersrvous
tissue isplaced in @.9% saline solution. The custom
build force measurementlevice consisted of a linear
displacement transducer and a ferrite core.

The test structure isadvancedinto the nerve
normal to the surface of the nerve. Thece applied to
the structure was measured angical result isplotted
in Figure 2. Dimplingstarted to occur athe point of
contact betweethe nerveandthe tungstemeedle. As
shown, theforce andthe dimpling increased as the
tungstenneedlewas advanced. Atthe pointwhere the
needle penetratethe epineurium théorce hadexceed 2
mN. Furthermore, at this point the dimplimgsolved
and the force decreased. Similar experimentswere
performedwith 25-40umwide andthick silicon probes
andfoundthat theycan withstand severahNs of axial
loading during penetration.

DISCUSSION

Ongoing work on the VSAMUEL
microelectrode probes make use of these
characterisations to determinand optimise the

parameters necessary to ensthie proper functioning
and integrety of thelectrodeand, infuture, todesign a
battery of tests teensure quality of probes meant for

dissemenation. These preliminary results show that the

active site impedance of the first run VSAMUIpkobes
are consistent with those of single siteedle electrodes
that are capable of making electrophysiological
recordings. They, moreover, show that the sites are
extremely consistentand the yield of good sites
relatively high. Preliminary results from timeechanical
characterisation indicatethat the electrodes are
structurally strong enough tpenetrate central nervous
tissue, but are not strong enoughpenetrate peripheral
nerve without pre-scribing of the perineurium.They
may also indicate that the tip geometry and overalbe
size need to bemodified to allow implantation into
peripheral nerve.
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