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Even though the microscopic bio-
logical interface between brain
cells and microelectrodes is essen-
tially the same in all higher ani-
mals, their differing macroanatomy
requires varying solutions for dif-
ferent applications and settings.
We show two types of multisite mi-
croelectrodes intended to be used
in acute rodent and acute clinical
procedures to record from as many
neurons as possible of the minimal-
ly disturbed organ. The former set-
ting is meant to shed light on basic
information processing within the
brain, whereas the latter aims to
improve electrophysiological tar-
geting procedures of deep brain
structures in the Parkinsonian pa-
tient. Animal use probes are fabri-
cated by a Silicon batch process,
whereas the clinical use probes are
manufactured mainly by precision
mechanics showing the comple-
mentarity of both interdigitating
technologies.

Applications of multisite neu-
ronal recordings

Our brain features one of the most
complex, yet coherently working,
structures known to man in the uni-
verse. It consists of up to 10 electri-
cally active cells and an uncounted

number of support cells. However,
there is a clear consensus among
neuroscientists and neurologists that
our brain features properties which
are way superior than might be ex-
pected by just looking at the sum
and functions of its singular con-
stituents. Those are the results of the
10" connections made among these
neurons [1].

In order to shed light on some of the
most striking brain features and in-
formation processing schemes of its
widely distributed activity, it is
mandatory to synchronously tap as
many neurons as possible by extra-
cellular record-
ings in vivo. This
type of network
analysis may in
the long run
even improve
technological
network devel-
opments and the
ever-growing In-
ternet.

Clinical neurolo-
gy and neuro-
surgery are using

Figure 1: lllustrative

sketch of micro-elec-
trode arrays in close
neighbourhood with
stained neurons (not
to scale).

with increasing

frequency meth-
ods provided by
electrophysiolo-
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gy in order to precisely target deep
brain structures for the treatment of
Parkinson's disease.
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Figure 2: Sketch (top) of the electrophysiologi-
cal targeting procedure prior to Deep Brain
Stimulation in the Globus Pallidus Internus
(Gpi)) of the human brain. (bottom) Projection
of a stereotaxic trajectory on a brain atlas, de-
picting the estimated target area.
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Clearly, to improve the precision
achievable, the method of choice is
to match the planned trajectory dur-
ing a stereotaxic procedure to neu-
ronal activity characteristically spread
over a depth profile of brain tissue
[2] (Fig. 2).

Microtechnology for the cellular
brain-probe system
Commaon specifications to be main-
tained across target organisms are
e.q.
= low traumatisation of brain tissue
upon insertion,
= similar electrode-tissue
impedances due to comparable
recording site sizes and electrode
materials,
= anatomically adapted distribution
of sites on the supporting carrier
structure.
However, the medical use probes
have to comply with drastically
stricter requirements for mechanical
integrity {(Unbreakable), length of
implantable probes (250-350 mm
compared to 15 mm in rats) and
guaranteed biocompatibility of the
materials usad.
Consequently, both types of probes
are net to be produced with the
same MST procedures, leading to
two branches of multisite recording
probes,
The animal use type of probes may
be based on standard lithographic
processes, known from Silicon mi-
crotechnology, and thus leading to
delicate and small, but batch fabri-
cated Silicon devices (Fig, 3). While
the other is to be made from a ro-
bust, yet very lang fine-mechanical
structure, since no known batch pro-
cess covers the required length (Fig.
5). Both are intended to minimise
brain tissue damage by a low volume
displacement in the brain, while
maximising the number of recarding
sites implanted inte the neurapil.
Due to their differing target species,
they dao differ in the distribution of
electrodes as well: The animal-use
probes spread a number of alac-
trodes (up to 84) flat into a relatively
large area of tissue (1,6 x 2 mm),
while the clinical-use probes carry all
their 32 electrodes on the very final
15 mm of a 350 mm long probe. This
allows the pasitioning of recording
sites in different layers of the target
brain while enly producing one sin-
gle implantation track. We are thus
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Figure 3: EM picture of 64 slectrodas placed on
a fork-like micro-probe array.

able to measure an electrical activity
profile from the depth of the mid-
brain (3], which is suppased to help
the neurosurgeon to orient himself
in an area he can't look into,

Figure &4; 32 (left) and 64 (right) site Silicon
probes of different designs. Longest shafts
span 15 mm, shortest 4 mm. "

Animal use probes

Animal probes are manufactured by
a 1 pm resolution, all dry etch pro-
cess from Silicon-On-Insulator (501)
watfers utilising front and rear deep
reactive ion etching (DRIE). The pro-
cess is described in detail elsewhere
[4] and results in sixteen different
probe designs, covering many possi-
ble experimental procedures with 25
Hm thin tines (see Figures 3 and 4).

Our Silicon probes are used with
neurophysiological experimentalists
on a regular basis and have proven
their usability and superior insertion
features [5].

Clinical use probes

The manufacturing process for the
medical use probes is determined by
their required length (>300 mm) and
thickness (<800 pm) to maintain
compatibility with standard proce-
dures and the target area in the mid-
brain of a human patient. We choose
precision-mechanical processes to
overcome this hurdle: A stainless
stee| tube with an outer diameter of
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Figure 5: Micrograph of the working and of a clinical muitisite neura-probe with an 650 pm outer
diameter. For description see text.

650 pm (Fig. 5a) is fitted in its worl-
ing end with a "micro-comb* loaded
with 31 insulated micro-wires (Fig.
5b). The micro-wires are threaded in-
to the hollow inner core of the tube
together with the one wire connect-
ing the stainless steel tip (Fig, 5d).
Tip and tube are mechanically con-
nected by an insulating ring (Fig 5¢).
All components are embedded and
sealed by a thermally curable epoxy
resin in order to assure a durable and
reliable fixation of sufficient me-
chanical strength. The cross-sections
of the microwires are opened by pre-
cision turning and the epoxy coating
at the very end of the tip is removed
by excimer laser ablation. Finally, the
resulting electrode faces are covered
with a thin electroplated gald layer.
The resulting electrodes have an
impedance roughly 2-4 times smaller
than the Silicon probes, but are still
well within the useful range.,

Special care was taken to have all
materials in this probe comply with
biocompatibility guidelines and thus
avoid unnecessary tissue damage,
The materials used are furthermaore
intended to withstand clinical sterlli-
sation procedures, thus making re-
use of sophisticated probes possible.
It must be emphasised that even
though the diameter of 810 of a mil-
limetre appears quite big for a surgi-
cal procedure on the brain, it is as
small as a current standard single
electrode recording device, while
praviding 32 times more information
at a time. At the time of this writing
we are perforning Implantation ex-
periments in model substances and
cadaver studies to prepare for pre-
clinical testing of the new probes.

Conclusion and Qutlook

Even though the biological applica-
tion areas for multisite neuronal
recordings differ in their specific re-
quirements by several orders of mag-
nitude, the basic idea is the same:
Record from as many neurens as pos-
sible in the living brain without do-

ing to much damage to the organ.
Silicon probes and their infrastruc-
ture (amplifier and data acquisition
systems) have already proven to sup-
part this dogma and are commercial-
ly available [6], while clinical probes
are in the prototypical test phase.

Although the progress made on
these bio-microtechnological devices
is impressive and was not foreseen a
couple of years ago, both types of
probes share one limitation: They are
intended for short-term, acute proce-
dures only,

However, the true challenge still lies
ahead: a true chronic multisite im-
plant to provide reliable signals from
many neurcns over a human's life-
time in order te cantrol robotic
helper devices for the severely handi-
capped - the Human-Computer Inter-
face.
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