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(54) Title: INSERTABLE NEURAL PROBE WITH FLEXIBLE STRUCTURE

(57) Abstract: A neural probe (10) is provided for in vivo communication with biological tissue, including stimulating neurons
and/or recording neural electrical activity. The probe (10) may be constructed so that the immune response by the biological tissue in
which the device is implanted is reduced over known implantable probes. The probe (10) can be constructed with a tip (16) that has
a branched configuration, with electrodes (24) located along each of the branches (20). A biodegradable coating (18) is disposed
over at least the tip (16) of the probe (10) to provide the probe (10) with sufficient integrity for insertion into the biological tissue
and to degrade after insertion. The biodegradable coating (18) can have an anti-inflammatory drug or other bioagent distributed
therein for localized release of the bioagent to further reduce the immune response.
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INSERTABLE NEURAL PROBE WITH FLEXIBLE STRUCTURE

TECHNICAL FIELD

This disclosure relates generally to biocompatible devices for implantation or

insertion into biological tissue and, more specifically, to neural probes.

BACKGROUND OF THE INVENTION

Chronic neural recording has long been challenged by the inevitable immune
response that can degrade the quality of the recorded signals over time. Implanted probes
can damage the surrounding neurons, and glial scar formation due to the immune
response may sometimes completely extinguish the functionality of implanted neural
probes by encapsulating the recording electrodes. Certain implant characteristics may
help reduce the immune response, such as high flexibility, small size, and large
separation gaps between structures. However, some of these characteristics can also
decrease the mechanical stiffness of the device and render the surgical process of
implantation impractical — i.e., the device is too flexible to penetrate the desired tissue.
Some methods require cutting an insertion path with a surgical tool prior to the insertion
of flexible implants. This can severely damage the target tissue and risk deforming the
flexible implant during implantation so that relative positioning of the recording sites

may be distorted.
SUMMARY

According to one embodiment, there is provided a neural probe, including a body,
a tip, and a shank extending from the body to the tip. The neural probe includes one or
more electrodes supported by the tip for stimulating neurons, recording neural electrical
activity, or both. A biodegradable coating is disposed over the tip, and the coating has a
stiffness that is higher than a stiffness of the shank.

According to another embodiment, there is provided a neural probe, including a
body, a tip, and a shank extending from the body to the tip. The tip includes a plurality of

branches. The neural probe includes one or more electrodes supported by the tip for
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stimulating neurons, recording neural electrical activity, or both. At least one of the

electrodes is located along one of the branches.

According to another embodiment, there is provided an implantable device for in
vivo communication with biological tissue. At least a portion of the device is coated with
a biodegradable material, and the device is non-operable until the biodegradable material

substantially degrades.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will hereinafter be described in conjunction with the

appended drawings, wherein like designations denote like elements, and wherein:

FIG. 1 is a perspective view of a neural probe including a branched tip, according

to onc embodiment;

FIG. 2 is the neural probe of FIG. 1, shown with a coating over portions of the
probe;

FIG. 3 is an enlarged view of FIG. 2, showing the branched tip of the probe;

FIG. 4 is a photographic image of an illustrative probe, where the coating is

applied via a dip-coating process;

FIG. 5 is a photographic image of another illustrative probe, where the coating is

applied via a micro-molding process;

FIG. 6 is an enlarged view of the tip of another embodiment of a neural probe

with a portion of the coating configured for bioagent delivery;

FIG. 7A is a schematic view of a non-branched silicon probe just after

implantation;

FIG. 7B is a schematic view of the probe of FIG. 7A about 6 weeks after

implantation, showing the predicted immune response;
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FIG. 7C is a schematic view of the probe of FIG. 6 just after implantation;

FIG. 7D is a schematic view of the probe of FIG. 6 about 6 weeks after

implantation, showing the predicted immune response;

FIG. 8 illustrates an exemplary method of making a probe, according to one

embodiment;

FIG. 9 includes photomicrographs of an exemplary probe fabricated by the
method shown in FIG. 8, including: (a) the tip of the probe before application of the
biodegradable coating, (b) a tip branch with an electrode, and (c) the full probe positioned

over a U.S. quarter to demonstrate dimensional scale;

FIG. 10 includes SEM images of another exemplary probe fabricated by the
method shown in FIG. §, including: (a) the shank and tip of the probe before application
of the biodegradable coating, (b) two tip branches with electrodes, and (c) an enlarged

view of one of the electrodes;

FIG. 11 is a chart showing the rate of degradation of a biodegradable coating

material subjected to different annealing times;

FIG. 12 is a schematic representation of experiments demonstrating the

comparative stiffness of probes with and without the biodegradable coating; and

FIG. 13 is a schematic representation of another embodiment of a probe having a
branched tip with a reverse-herringbone configuration, shown inserted and removed from

tissue.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Disclosed below are structures and methods that may be useful to allow neural
probes or other medical implants to be designed with a nearly limitless number of
materials and/or geometries. According to one embodiment, one or more portions of a
neural probe may be coated with a biodegradable polymer that temporarily provides

certain probe components with a mechanical stiffness that is sufficiently high for
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insertion into the desired biological tissue. The biodegradable material may begin
degrade after insertion and completely degrade thereafter. According to the exemplary
methods and structures disclosed herein, the available options for useful neural probe
geometry and materials may be significantly broadened to include geometries and
materials that can help optimize in vivo recording quality and probe lifetime. Material
choice and miniaturization of any biomedical implantable device is no longer limited by
the mechanical stiffness required to penetrate the desired tissue. The structures and
methods disclosed below are not limited to neural probes, as they are also applicable to
any chronic implantable device that will benefit from having significantly increased

design freedom regarding material selection and geometry.

Referring to FIGS. 1 and 2, there is shown an exemplary neural probe 10 that
includes a shank 12 that extends from a probe body 14 to a tip 16. The probe 10 may
include a biodegradable coating 18 disposed over at least a portion the shank 12 and/or
the tip 16. FIG. 1 shows the probe 10 without the coating 18, and FIG. 2 shows the probe
10 with the coating 18 disposed over the entire tip 16 and generally the entire shank 12.
In one embodiment, the portion of the probe 10 intended for implantation into biological
tissue is fully encapsulated by the biodegradable coating 18. The stiffness of the coating
18 may be higher than the stiffness of the shank 12, meaning that more force is required
to deform or deflect the coating 18 a given amount than is required for the shank 12. As
shown in FIG. 2, the probe 10 may also include an optional light source 30. The light
source 30 may provide neuron-affecting light at the probe tip to stimulate or silence
neurons. In this example, the light source 30 is an optical fiber attached at the probe
body 14. The light source may be located at or near the probe body or shank for optical
stimulation of neurons coupled with optogenetics techniques. The positioning of the
optical fiber can be controlled by patterning grooves on the probe surface(s) such as the

body 14 or shank 12.

FIG. 3 is an enlarged view of the tip 16 of FIG. 2 with the coating 18 shown in
phantom. The tip 16 may include a plurality of branches 20 with ends 22 that are spaced
apart from one another as shown. One or more electrodes 24 for recording neural

electrical activity or stimulating neurons may be located anywhere along the shank 12
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and/or tip 16, including along the length of any branch 20 or at the end 22 of any branch.
A recording site may be defined by the location of each recording electrode 24. Each
electrode 24 can be constructed from iridium or any other suitable electrode material.
The number of recording sites can be as high as desired to simultaneously monitor
individual neural activities from a complex neural network. The branches or side-arms
20 of the illustrated tip 16 are arranged in a herringbone configuration, with each branch
20 extending toward its respective end 22 at a non-perpendicular angle with respect to the
shank 12. A branched tip configuration may help minimize chronic immune response
near the electrodes 24. The branches 20 need not be in a herringbone configuration to
achieve this or other advantages. In one embodiment, each branch 20 has a width in a
range from about 10-20 um. In one specific embodiment, each branch is about 14 pm

wide, and there is an electrode 24 at or near the end 22 of each branch.

The usable life of the electrodes 24 may be significantly prolonged compared to
electrodes of other types of probes. For example, the only foreign objects in the vicinity
of the electrodes 24 in the configuration of FIG. 3 are the narrow branch structures that
support electrical interconnections 26, along which the electrodes electrically
communicate with other components at the probe body 14 or elsewhere. Though visible
here, the interconnections 26 may be at least partly encapsulated in shank and/or tip
material. The electrodes 24 can be sized so that they may be nearly invisible to the
immune system, as minimal tissue reactions may occur near structures with sub-cellular
dimensions. For example, each electrode 24 may have a width in a range from about 5
pum to about 15 um, and preferably less than 10 um, depending partly on the width of the
respective branch 20. In one embodiment, the width of the electrode 24 of a given branch
20 has a width that is about 50% to about 100% of the width of the branch 20. The
relatively large shank 14, which may range in width from 50-100 um, or be at least wide
enough to accommodate the multiple electrical interconnections 26 between the
electrodes 24 and the probe body 12, is spaced from the electrodes 24 by a relatively
large distance due to the electrode locations being at the ends 22 of the branches 20. In
one non-limiting example, each electrode 24 is spaced from the shank 14 by about 100
pm. As a result, even if glial scarring occurs at the probe shank region, the remotely

located electrodes 24 may not be affected. Further, the spacing between adjacent

-5-
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branches in the illustrated embodiment may enhance the through-probe diffusion of
biochemicals which, if adsorbed onto the probe surface, could initiate a cascade of
reactions toward a fully mobilized immune response. In one non-limiting example, the

spacing between adjacent branches, illustrated as L in FIG. 3, is about 180 pm.

The probe 10, particularly the shank 12 and the tip 16, may be constructed using
flexible and biocompatible materials, such as polyimide, parylene, liquid crystal polymer
(LCP) or other suitable materials. These types of materials can allow the implanted
probe 10 to sway or move in sync with the micromotion of the brain or other tissue in
which it is inserted and may reduce the amount of tissue damage caused by shear stresses.
Material selection may be based partially on other factors as well, such as fabrication
process compatibility, Young’s modulus, moisture absorption and/or biocompatibility
and may further depend on the requirements of a specific application. In some
embodiments, the biodegradable coating 18 may electrically or otherwise isolate the
recording or stimulus electrodes 24 from surrounding tissue or from other portions of the
probe 10, whereby the probe will be non-operable until the coating at least partially
degrades.

While the flexible branched-tip configuration shown in the previous figures may
be useful to reduce chronic tissue reaction near the electrodes 24 for at least the above-
described reasons, the high flexibility of such a configuration may prevent insertion into
biological tissue. As used herein, “high flexibility” when referring to the probe 10, its
components, or component materials is used to indicate level of flexibility that is
sufficiently high that it prevents or significantly hinders probe insertion into the desired
tissue — i.e., the probe 10 will bend, buckle, or collapse rather than penetrate the tissue
when made using highly flexible materials. The biodegradable coating 18 may provide
the necessary mechanical stiffness or integrity for insertion. The coating 18 may be
polymeric or may be another type of biodegradable material and may be selected to
degrade relatively quickly once probe insertion is complete, thereby exposing the
underlying probe components to the surrounding tissue. The material(s) for coating 18
may be selected based on a number of criteria including stiffness, degradation rate,

process compatibility and/or biocompatibility, to name a few. In one embodiment, the
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biodegradable coating 18 is Silk-I protein polymer derived from the Bombyx mori
cocoon. The feasibility of this material has been demonstrated experimentally. Other
possible coating materials include poly-lactic-co-glycolic acid (PLGA), Chitosan,
collagen, or any other biodegradable material. The coating 18 can be applied over the
desired portions of the shank 12 and/or tip 16 by dip-coating, soft-lithography, laser
machining, or other suitable methods. In one embodiment, the coating 18 is applied via a
PDMS micro-molding process. The coating 18 fills the regions between the narrow
branches 20, making the tip 16 structure more rigid overall. FIG. 4 is a photographic
image of an illustrative probe 10 with the coating 18 applied via a dip-coating process,
and FIG. 5 is a photographic image of an illustrative probe 10 with the coating 18 applied

via a micro-molding process.

In some embodiments, drugs or other bioagents, such as anti-inflammatory drugs
or neuronal growth factors, may be incorporated into the biodegradable coating 18 to
further reduce immune system response. Such bioagents can be distributed throughout
the coating 18 for release upon coating degradation, or bioagents may be included with
only a portion of the coating 18. For example, multiple types of biodegradable coating
materials can be patterned during probe construction to control the drug release type,
timing and rate. FIG. 6 illustrates a probe 10 with a biodegradable coating 18 that
includes a slow-degrading portion 18’ located along a centerline 28 of the probe. The
electrical interconnections are omitted from FIG. 6 for clarity. The slow-degrading
portion 18’ includes a relatively slow-degrading polymer coated along the probe shank 12
and/or the center of the tip 16 for chronic drug delivery, while the remainder of the
coating 18 is made from a relatively fast-degrading polymer. The coating portion 18’
may be encapsulated within the remainder of the coating 18 — i.e., the faster-degrading
material may be applied over the top of portion 18’ — or the slow-degrading portion 18’
may form a portion of the exterior surface of the probe. It is also possible to use multiple
biodegradable polymers on the probe to release different drugs at different rates. The
biodegradable material used for drug delivery may be the same or different from the
biodegradable coating used to increase the stiffness of the probe, and it may cover a

smaller portion of the underlying probe components.
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FIGS. 7A-7D illustrate a comparison between the expected tissue reaction to a
silicon probe 100 with a non-branched tip (shown in FIGS. 7A-7B) and the probe 10 with
the tip configuration of FIG. 6 (shown in FIGS. 7C-7D). The dotted oval shapes
represent neurons, and the dotted triangle shapes represent astrocyte/microglia. FIG. 7A
shows the silicon probe 100 just after implantation, and FIG. 7B shows the silicon probe
almost completely encapsulated by glial scarring approximately 6 weeks after
implantation, thereby insulating the electrodes 124 from the neural potentials. FIG. 7C
shows the probe 10 from FIG. 6 just after implantation, and FIG. 7D shows the predicted
reduced immune response to probe 10 after 6 weeks, where the overall
astrocyte/microglia density is relatively reduced near the implanted branched-tip probe 10
due at least partly to the anti-inflammatory drug effect. Even if mild glial scar formation
is observed at the probe shank, the electrodes 24 may remain unaffected due to their

location at the ends of the tip branches.

A cross-sectional view of one embodiment of a probe fabrication process is
shown in FIG. 8. The cross-section is taken through the probe tip and through electrodes
on each side of the tip. In this embodiment, sacrificial Cr/Au/Cr layers 42 are evaporated
onto a glass wafer 40 in step 200 for use in a release step prior to a final coating step 250.
In step 210, photo-definable polyimide is lithographically patterned to form a bottom
substrate layer 44. The bottom substrate layer 44 becomes part of the tip 16 of the
finished probe in the views shown, as well as part of the shank. In step 220, a layer of
Ti/Au 46 is evaporated over the bottom substrate layer 44 to form the electrical
interconnections 26. In step 230, a top polyimide layer 48 is selectively patterned to
cover the interconnections 26, leaving exposed Ti/Au at the electrode and bonding pad
sites and surrounding each electrode location with a generally vertical sidewall 50. Next,
in step 240, a layer 52 of Ti/Ir is sputtered to form the recording electrodes 24. The
device is then released in Cr etchant, and the desired portion(s) of the fabricated device
are coated with the biodegradable coating 18 in step 250. Of course, additional method
steps may be included or other suitable materials may be used, as this is only one specific
example of a process that may be used to form a neural probe. Apart from recording

electrodes, stimulation electrodes can be provided using materials such as using iridium



10

15

20

25

30

WO 2012/170340 PCT/US2012/040709

oxide, and these can be provided in lieu of the recording electrodes or in addition to the

recording electrodes so that both stimulation and passive recording can be performed.

FIGS. 9 and 10 are respective microscopic and SEM images of a polyimide probe
constructed using the method of FIG. 8 prior to the final coating step 250. The probe
shank 12 and the branches 20 are straight as a result of stress-free composite layers. FIG.
10 shows the conformal coverage of one of the Ir electrodes 24 over a 5 pm step between
the top and bottom polyimide layers. The coverage over the vertical polyimide sidewall
more than doubles the electrode area in the illustrated layout, when compared with a flat
electrode of the same width or diameter. This can reduce the electrode impedance to
approximately 400 k€ at 1 kHz, which may be useful for high signal-to-noise ratio neural

recording.

A degradation rate for the biodegradable coating may be characterized in protease
solution to simulate enzyme-facilitated degradation that occurs in vivo. Samples of silk
films were treated with a water annealing process (described by Jin et al. in “Water-
Stable Silk Films with Reduced P-Sheet Content,” Adv. Funct. Mat., 15:1241-1247
(2005)), to alter the protein structures. The weight loss of the silk samples over time is
shown in FIG. 11. The degradation rate is shown to be inversely related to the water
annealing time. The degradation rate of the coating 18 may thus be tailored according to
the needs of a specific in vivo application. For example, fast degradation of the
biodegradable coating 18 can quickly expose the electrodes to surrounding neurons. In
some cases, it may be desirable to delay the coating degradation, such as in instances
where the insertion process requires a longer time to complete or when chronic drug

release is desired from or through the coating.

In FIG. 12, the mechanical stiffness of a polyimide probe 10 having a
biodegradable silk coating is compared with a bare polyimide probe 10°. FIG. 12
illustrates actual experiments conducted with coated and uncoated polyimide probes, with
the results depicted schematically here for clarity. Each probe 10 and 10” was bonded to
a PCB and lowered by a micromanipulator in an attempt to insert the probe into fish brain
tissue 60. As shown, the highly flexible, uncoated polyimide probe 10’ bends and does

not penetrate the tissue, as its shank lacks sufficient mechanical stiffness. Probe 10,

-9.-
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which includes biodegradable coating — silk in this example — is sufficiently rigid to
penetrate the tissue as shown. Thus, probes constructed as described above can facilitate

insertion of a neural probe without the aid of additional surgical tools.

FIG. 13 illustrates another embodiment of a neural probe 10” having a branched
tip 16. The branch orientation in this example is different from the branch orientation of
the previously described embodiments. In this example, each of the branches 20 extends
in a direction generally toward the front of the probe or away from the probe body,
whereas the branches of the ecarlier-described herringbone configurations extend in a
direction generally toward the rear of the probe or toward the probe body. The example
of FIG. 13 is also a herringbone configuration, but may be referred to as a reverse-
herringbone configuration for purposes of this description. The reverse-herringbone
configuration may enable the implantable probe 10” to be removed from the biological
tissue 60 as shown with minimal tissue damage, even after the coating 18 has degraded.
The left side of FIG. 13 shows the probe 10” after insertion into the tissue 60 in the
downward direction, and the right side of FIG. 13 shows the probe 10” after removal

from the tissue 60 in the upward direction.

Although not shown in the figures, the above-described probes may also include a
light source to provide neuron-affecting light at the probe tip to stimulate or silence
neurons. For example, an optical fiber can be attached at or near the probe body or shank
for optical stimulation of neurons coupled with optogenetics techniques. The positioning
of the optical fiber can be precisely controlled by patterning grooves on the probe
surface(s) such as the body or shank. Though the relatively large size of the optical fiber
may cause some damage to surrounding tissue, the neurons near the recording electrodes
may avoid any harm caused by the optical fiber due to their remote location relative to
the optical fiber, such as at the ends of the tip branches. Thus, simultaneous optical
stimulation and electrical recording by a flexible polymer neural probe for enhanced

biocompatibility in chronic in-vivo studies may be provided.

It is to be understood that the foregoing description is of one or more preferred
exemplary embodiments of the invention. The invention is not limited to the particular

embodiment(s) disclosed herein, but rather is defined solely by the claims below.

-10 -
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Furthermore, the statements contained in the foregoing description relate to particular
embodiments and are not to be construed as limitations on the scope of the invention or
on the definition of terms used in the claims, except where a term or phrase is expressly
defined above. Various other embodiments and various changes and modifications to the
disclosed embodiment(s) will become apparent to those skilled in the art. All such other
embodiments, changes, and modifications are intended to come within the scope of the

appended claims.

As used in this specification and claims, the terms "e.g.," “for example,” “for
instance,” and “such as,” and the verbs “comprising,” “having,” “including,” and their
other verb forms, when used in conjunction with a listing of one or more components or
other items, are each to be construed as open-ended, meaning that the listing is not to be
considered as excluding other, additional components or items. Other terms are to be

construed using their broadest reasonable meaning unless they are used in a context that

requires a different interpretation.

-11 -
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CLAIMS

1. A neural probe (10), comprising:

a body (14), a tip (16), and a shank (12) extending from the body (14) to the tip

(16);

one or more electrodes (24) supported by the tip (16) for stimulating neurons,
recording neural electrical activity, or both; and

a biodegradable coating (18) disposed over the tip (16), the coating (16) having a
stiffness that is higher than a stiffness of the shank (12).

2. A necural probe (10) as defined in claim 1, wherein the tip (16) comprises a
plurality of branches (20) and at least one of said electrodes (24) is located along one

of the branches (20).

3. A necural probe (10) as defined in claim 1, wherein the biodegradable coating (18)
is disposed over at least a portion of the shank (12).

4. A neural probe (10) as defined in claim 1, further comprising;:
a bioagent distributed within at least a portion of the biodegradable coating (18).

5. A neural probe (10) as defined in claim 4, wherein the bioagent is distributed
within a slow-degrading portion (18°) of the biodegradable coating (18) that degrades
slower than another portion of the biodegradable coating (18).

6. A neural probe (10) as defined in claim 5, wherein the slow-degrading portion

(18”) of the coating is at least partly located along a centerline (28) of the probe (10).

7. A neural probe (10) as defined in claim 1, wherein the biodegradable coating (18)

comprises silk.

8. A neural probe (10), comprising:

-12-
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a body (14), a tip (16), and a shank (12) extending from the body (14) to the tip
(16), the tip (16) comprising a plurality of branches (20); and

one or more electrodes (24) supported by the tip for stimulating neurons,
recording neural electrical activity, or both, wherein at least one of the electrodes (24)

is located along one of the branches (20).

9. A neural probe (10) as defined in claim 8, wherein each branch (20) extends to a

respective branch end (22) at a non-perpendicular angle with respect to the shank

(12).

10. A neural probe (10) as defined in claim 8, wherein the plurality of branches (20)

is arranged in a herringbone configuration.

11. A neural probe (10) as defined in claim 8, wherein at least one of said electrodes

(24) is located at an end (22) of each branch (20).

12. A neural probe (10) as defined in claim 8, further comprising:
a biodegradable coating (18) disposed over each of said electrodes (24).

13. A neural probe (10) as defined in claim 8, further comprising:
a light source (30) for providing neuron-affecting light at said tip.

14. An implantable device (10) for in vivo communication with biological tissue (60),
at least a portion of the device (10) being coated with a biodegradable material (18),
wherein the device (10) is non-operable until the biodegradable material (18)

substantially degrades.

15. A neural probe (10) according to claim 14, comprising:

a branched tip (16) including a plurality of branches (20), each of said branches
(20) extending to a respective end (22) and having an electrode (24) located at said
respective end (22), wherein the biodegradable material (18) is coated over each

electrode (24) and substantially fills the space between adjacent branches (20).

- 13-



PCT/US2012/040709

WO 2012/170340

1/8







WO 2012/170340 PCT/US2012/040709
3/8




PCT/US2012/040709

WO 2012/170340

4/8

LLLLTS
s

FIG. 7B

FIG. 74

ety
;

$
A
tenpnuns®

;
+
OIS

FIG. 7D

FIG. 7C




WO 2012/170340 PCT/US2012/040709
5/8

200 ~42

- 40
v
210 L - ~H
o
v
220 o, L
o
v
30y 48
230 W === réf
o
v
52
240 T =] h’f
o
v
250 18 4
N =~ =Y
16 267




PCT/US2012/040709
6/8

WO 2012/170340

FIG. 10

FIG. 9

&/
.

\\\W\ 7




WO 2012/170340
” PCT/US2012/040709

K T .
STEESSS N \\\\\\\ L :
D . \\\\\\\\\\\\\\\\ \\\ \
SR
U W \\\\\\

Y

S
o

\\\
\\\\\\\\
\\\\\\\\\\\\\\\\\
=

R

. S
\\\\\\\
\\\\\\

L

§ 08 \\\\\\\‘\\\\\\\\
R §‘\
\\.&
&

\Q\

o
<] o
o
o
e
&
S
A
&
&
R
- .
Annealing time |
. ime
Qo4 ’

s\ 2hrs |- :
=== 4Nrs
=N 6hrs

el

A

.10 15 | 20 ! 25
Time (Hour)

FIG. 11

0 5

10° 10

60 60 L)/

FIG. 12




PCT/US2012/040709

WO 2012/170340
8/8

12
107 | L7 107
\ \

2
-,

N,

H 60

..
\:‘
\ \
L A
04
04
s

1 N, ’ \,
W% N \\'} /l/} RN
|//1 RNY AN
= ~ -1 A RAN

2N IO\ 1 (V2P Y]
1271 173N ’ N,
ne 4 ;s \1,' ,3,4 'P‘:\
1, Z D

’ AN 2p .

12,710 LNy 20 P,

PRI I

L b2

FIG. 13




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings

