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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method of manufac-
turing a microneedle array. The invention further relates
to a microneedle array and a composition comprising the
microneedle array. The invention still further relates to a
system for transporting substances across a material
barrier. The invention still further relates to a system for
measuring of an electrical signal using an electrode.

BACKGROUND OF THE INVENTION

[0002] An embodiment of the microneedle array is
known from WO 02/064193. The known microneedle ar-
ray comprises a set of microneedles of a suitable geom-
etry projecting as an out of plane structure from a base
support. The known microneedle array may be produced
using conventional methods used to make integrated cir-
cuits, electronic packages and other microelectronic de-
vices, which may be augmented by additional methods
used in the field of micromachining and micromolding.
The known three-dimensional arrays of microneedles
can be fabricated using combinations of dry-etching proc-
esses; micromold creation in lithographically-defined pol-
ymers and selective sidewall electroplating, or direct mi-
cromolding techniques using epoxy mold transfers. The
known microneedle array is formed from a suitable pol-
ymer material and can be produced using (i) etching the
polymer microneedle directly, (ii) etching a mold and then
filling the mold to form the polymer microneedle product,
or (iii) etching a microneedle master, using the master to
make a mold and then filling the mold to form the polymer
microneedle replica of the master.
[0003] Over the recent years more and more micro-
needles have become popular to penetrate the skin bar-
rier and thus introduce means for creating a microfluidic
pathway across the skin either for drug delivery, or for
analytics of extracted fluids. Microneedles as known in
the art may be used in skin patches, in particular in skin
patches for delivering a drug across a barrier, for exam-
ple, skin. So-called intelligent patches, comprising
means for delivery of a drug having relatively big mole-
cules, are described in J.-H. Park et al "Polymer particle-
based micromolding to fabricate novel microstructures’,
Biomed Microdevices (2007) 9: 223-234. However, com-
mercialization of such intelligent skin patches having po-
rosity as an actual functional feature has been difficult
due to lack of inexpensive production method as well as
due to lack of suitable production materials for patch pro-
duction with required properties.
[0004] The known microneedle production method ac-
cording to WO 02/064193 has a disadvantage that the
method of producing microneedle arrays is relatively ex-
pensive. The method of microneedle production accord-
ing to J.-H. Park et al has a disadvantage that the resulting
porous microneedles are relatively fragile.

SUMMARY OF THE INVENTION

[0005] It is an object of the invention to provide an in-
expensive and robust microneedle array having im-
proved properties, wherein parameters of the micronee-
dle array can be optimized easily on demand. For exam-
ple, such parameters may relate to a tip shape or ar-
rangements of a variety of tip shapes within one array,
diameter of the microneedles, their length, as well as
their density in the array. Further on, such parameters
may relate to chemical or physical properties of a material
microneedles are composed of.
[0006] To this end the method according to the inven-
tion comprises the steps of:

- selecting a soft production mold comprising a set of
microscopic incisions defining geometry of the
microneedles, said soft production mold being ca-
pable of providing the microneedle array integrated
into a base plate;

- using a filler material for abundantly filling the micro-
scopic incisions of the soft production mold thereby
producing the microneedle array with pre-defined
geometry integrated into the base plate;
wherein

- for the filler material a water or alcohol based ceramic
or polymer-ceramic slurry is selected.

[0007] The technical measure of the invention is based
on the insight that by using a suitable soft production
mold fabrication of a microneedle array can be enabled,
whereby microneedles are inherently integrated with the
base plate. The resulting microneedles are porous due
to the particular material choice for the filler. It is found
that the intrinsic porosity of the microneedle array man-
ufactured according to the invention can enable a suita-
ble tuning of functionality of the microneedles, as the
pores may be used as carriers of suitable chemical ele-
ments. Thus, porous materials of sufficient strength suit-
able to overcome a material barrier, such as skin, may
advantageously add functional features to systems com-
prising microneedle arrays. In this respect the micronee-
dles according to the invention solve a further problem
of the art - a limited level of functionality of known solid
microneedles.
[0008] The soft production mold can be produced be-
forehand in accordance with specific requirements which
have to be met by the microneedle array. The soft pro-
duction mold thereby defines the sought geometry and
can be relatively easily produced by methods known in
the art. For example, the soft production mold can be
produced using per se known lithographic methods. The
soft production mold is preferably fabricated from a pre-
defined hard mold using an intermediate mold. Prefera-
bly, the intermediate mold is soft.
[0009] Additionally, the soft production mold can be
formed to enable generation of optional microsized fea-
tures, for example, channels, in microneedles by multi-
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level lithographic processes. In case of channels these
may convey for suitable high substance transport
throughout the base plate, for example, flow rates of at
least 60 ml/h may be achieved.
[0010] Such soft-replica is an exact copy of the fea-
tures produced in the hard mold with little or even no
measurable change in dimension if polydimethylsiloxane
(PDMS) is employed as the soft-lithography material. It
has been known in the art that releasing a replica from
a complex three-dimensional shape similar as delivered
by the hard mold for microneedles introduced here, soft-
lithography reproduction of the intermediated mold is
more reliable (fault-free) and easier to perform than by
releasing a hard-replica from a hard mold. This can be
explained due to relaxation of forces in the flexible body
of the replica during release. Basically, this way a soft-
replica is peeled off the hard mold using shear forces
instead of only using a one-directional pulling force as in
the case of hard-replica processing. Although such soft-
replica can be deformed during release it remains unal-
tered in its geometrical definition after recovery from the
mold, especially when the material of the soft replica is
elastic. The same reasoning applies for the copy process
from the intermediate to the production mold as well as
from the production mold to the green state of the final
replicas delivering, after a drying process has been com-
pleted, the final integrated microneedle array structure.
It will be appreciated that the replica realized by filling
ceramic slurry into the production mold will lead to release
of a replica in ceramic green-state, so called green tape.
[0011] In case when it is required to modify any of the
geometric parameters of the microneedle array, like tip
shape, diameter and/or length of individual micronee-
dles, diameter and configuration of a channel in individual
microneedle, position of a distal opening of the channel
with respect to the tip, density of the microneedles in the
array, etc., the soft production mold may be modified and
the replication process can commence. In this way it suf-
fices to change only the configuration of the soft produc-
tion mold, while keeping the replication process unal-
tered.
[0012] An example of a direct replication process for
microneedle arrays from a suitable hard mold utilizing a
sacrifical release layer instead of flexible production
molds is described in R. Luttge at al "Integrated litho-
graphic molding for microneedle-based devices", Jour-
nal of Microelectromechanical systems, Vol. 16, No.4,
2007. Although the fabrication of silicon hard molds in
combination with direct SU-8 lithography as described in
the aforementioned publication provides also micronee-
dle arrays as a replication result the invention enclosed
here reduces the process complexity of the hard mold,
yielding a higher reliability in manufacture of the hard
mold while increasing the flexibility for customized design
changes. Further the invention here allows easy release
from the production mold, i.e. no inconveniently long sac-
rifical etch step is required and no additional auxiliary
features are required to allow such sacrifical layer etch.

Further the replication process from the production mold
as described in this invention is completely independent
from a lithographic step, thus the replication step is also
significantly simplified and suitable for very high volume
production (mass production of devices). Altogether the
advantages of the present invention significantly in-
crease production yield for using the production mold in
particularly in the replication of ceramic integrated micro-
needle arrays. Since the process area per production
mold is limited by the originally used size of the silicon
process, for example utilizing a silicon wafer with a 4 inch
diameter, the production capacity can be increased by
assembling a plurality of copies of the production mold
into one replication matrices such as known in the art of
very high volume manufacture (for example roll-to-roll
processes).
[0013] In accordance with the invention replication is
carried out preferably using the soft production mold, as
it is found that ceramic or ceramic composite material in
green state is more fragile than a common non-porous
polymer material used in replication. A soft-mold further
guarantees securely (fault-free high yield) release of a
ceramic or ceramic composite green tape for the manu-
facture of a microneedle array integrated with the base
plate from the production mold.
[0014] It will be appreciated that the term ’integrated’
used in the context of the application means that the
microneedle structures are inherently integrated with the
base plate, i.e. they are formed during the same techno-
logical step. As a result, the step of assembling the indi-
vidually manufactured microneedles with a separately
manufactured base plate, as is known from US
2005/251088, is avoided. As a result the amount of rel-
evant production steps of the thus produced microneedle
array is reduced and therefore easier as well as less cost-
ly to implement in manufacture, while the intrinsic con-
nection between microneedle and base plate additionally
allows continuous transport characteristic throughout the
entire microneedle array. These transport characteristic
can be described and are of equally high tailorability as
found in tortuous (porous) membranes known in the art
of membrane technology.
[0015] Preferably, in order to further simplify removal
of the fabricated microneedle array from the soft produc-
tion mold, the method according to the invention com-
prises the step of coating a surface of the microscopic
incisions of the soft production mold with an anti-adhe-
sion layer. For example, Teflon or similar materials may
be used for this purpose.
[0016] It is found that when for the filler material a water
or alcohol based ceramic or a polymer-ceramic slurry is
selected, a porous ceramic or polymer-ceramic micro-
needle array is produced. Such microneedle array may
have superior physical properties when compared to a
known polymer or porous polymer array. In particular the
porous microneedle array as provided by the method ac-
cording to the invention is more robust leading to a great-
er range of dimensions of the individual needles which
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are feasible compared to the known microneedle array
and providing suitable strength to penetrate a material
barrier such as, for example, skin. In addition, the micro-
needle array provided by the method of the invention due
to its increased rigidity compared to porous polymer ma-
terials can be removed from the production mold without
loss of geometrical definition as it is often observed, for
example in phase separation processes utilizing poly-
meric replication materials only. The use of a ceramic
composite in replication, instead of solely polymeric ma-
terial, provides therefore a higher strength to the replica
and thus a reduced rate of production faults. It is appre-
ciate that one notes that the replica realized by filling
ceramic slurry into the production mold will lead to the
release of a replica in ceramic green-state, so called
green tape. A green tape needs to undergo a distinct
drying procedure to be converted to the full material
strength as required to penetrate a material barrier such
as, for example, skin. When the green tape is recovered
from the soft production mold microneedle arrays can be
customized in terms of sizing the extend of their base
plate, for example, cutting sections from the green tape
with the desired aerial dimensions of the patch according
to the requirements of a distinct application.
[0017] In an embodiment of the method according to
the invention, the method comprises the step of providing
one or more microsized channels in the microneedles of
the microneedle array for enabling transport of a sub-
stance through the one or more channels into the base
plate or vice versa. Such channels may have dimensions
in the order of 10-200 micrometer across at least one of
its diameters, while its geometrical shape can be defined
at will, for example, rectangular, triangular, round, elliptic
etc.
[0018] For example, one or more projections in the mi-
croscopic incisions of the soft production mold may be
provided for forming a fluid channel in one or more micro-
needles of the array for conducting a fluid there through.
[0019] In case when the microneedle array is con-
ceived to be used for a delivery of a drug or for extraction
of a body fluid or the like, it can be advantageous to pro-
vide the microneedle array with an additional fluid conduit
next to the intrinsic porosity of the material. Although the
use of porosity only may avoid certain conceived draw-
backs of backpressure flows with microneedles contain-
ing such microsized flow channel. Configurations, how-
ever, will depend up on the specific use of such integrated
microneedle arrays. Such conduit can be formed within
the microneedle array at substantially any place. How-
ever, when such channel is formed within at least one of
the microneedles a relative central positioning of the
channel is preferred. Additionally, a plurality of protru-
sions may be provided in the microscopic incisions for
forming respective channels in the microneedles. It will
be appreciated that either a single channel per micro-
needle or a plurality of channels per microneedle are con-
templated. In this way the microneedles may be used to
administer a suitable drug or for extracting a body fluid

achieving higher flow rates (for example inflicted by a
suitable pumping mechanism applying vacuum or pres-
sure) than it is possible by the resulting porosity of the
material itself. In further relation to applications such flow
channel can provide additional functionality as for exam-
ple selective elution of a surface-captured substance. For
example, elution processes may be utilized in analytical
applications transferring the captured substance to an
analytic device, for example a mass spectrometer. Chan-
nels may also be selected in areas of the base plate only.
Such openings in the base plate may add to functionality
of the system, for example when such systems need to
be fixed to the skin.
[0020] In a further embodiment of the method accord-
ing to the invention, the method comprises the step of
forming respective end portions of the microscopic inci-
sions on an oblique surface for forming the microneedle
array with oblique tips.
[0021] It is found to be advantageous to suitably shape
the soft production mold so that microneedles with ob-
lique tips may be provided. Such microneedles may pen-
etrate the material barrier, like skin, more easily. Such
shaping may be enabled using specific crystallographic
planes of a hard master mold, as will be discussed in
more detail with reference to figures.
[0022] In a further embodiment of the method accord-
ing to the invention, the method further comprises the
step of adaptively modifying properties of the filler mate-
rial by supplementing the filler material with an additive.
[0023] As a result, it is possible to tailor properties of
the microneedle array by changing characteristics of the
filler material. By using an additive for modifying proper-
ties of the ceramic or ceramic composite microneedles,
the microneedle array produced according to the method
of the invention can have application-tailorable meso-
and macroporosity, specificity of sorption characteristic
and tunable interfacial transport. In the manufacture en-
closed here the example of adding Kaolin is presented.
A broad variety of such additives may be envisaged de-
livering nanoscale-defined hybrid materials, incorporat-
ing carbon nanotubes, quantum dots, nanoshell particles
either with or without a core of either organic or inorganic
nature. For example, nanosized particles of metallic or
inorganic nature may be added to the slurry. Further such
tailoring may be carried out in a post-replication step,
modifying the green-state by dispensing according sub-
stances onto the array. These modifications may change
overall characteristics of the array material, but may also
be seen as an opportunity to introduce different modifiers
to the material by localized dispensing of such suitable
additive. Suitable precision liquid dispensing techniques
are known in the art. For example, such application-tai-
lorable properties may be adapted for performing admin-
istration of a drug or for diagnostic purposes. Therefore,
the method according to the invention provides a rela-
tively inexpensive solution for mass production of micro-
needle arrays for a great plurality of application. The thus
produced microneedle arrays can be used not only for
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drug delivery or for extraction of a portion of a body fluid,
but they can also form part of an electrode, used for ex-
ample for myo-stimulation, detection and/or monitoring
of an electrical signal reflective of a vital sign, like EEG,
myometry, cardiac activity.
[0024] In an embodiment of the method according to
the invention for the ceramic slurry alumina, zirconia or
hydroxyapatite may be selected.
[0025] It is found to be advantageous to use these slur-
ries because the mold can be filled with it quite accurately
and the shapes of the formed microneedles can be easily
recovered from the mold. It is further found that physical
properties of the ceramic microneedle array, like porosity
may be easily tuned when a suitable amount of an addi-
tive, such as Kaolin, is added to the original slurry. It is
found that trace amount of a suitable Si-comprising min-
eral, like Kaolin may be added to the original slurry. Due
to the fact that Kaolin mainly comprises silica, envisaged
slurry, for example, silica-alumina nano-composite slur-
ry, creates an interface which results in a mechanically
stronger material, because subcrystalline boundaries are
created within the bulk of the material but also favorably
modifies the properties of the green tape, which allows
to securely recover the green tape from the production
mold. It is found that when Kaolin is added the sintered
ceramic demonstrates a large transcrystalline fracture
behavior, which means that it has a stronger grain-
boundary than pure alumina resulting in a stronger ce-
ramic.
[0026] In a further embodiment of the method accord-
ing to the invention the soft production mold is manufac-
tured using a double replication of a hard master mold
via an intermediate soft mold.
[0027] Using such double replication process has an
advantage that for purposes of tailoring geometry of the
microneedle array the master mold may be changed
leading to a modified soft replication mold, wherein the
replication process from the soft replication mold to the
microneedle array stays unchanged. Thus, once the
manufacturing, i.e. replication, technology is optimized it
may be kept optimal irrespective of specific geometric
demands of the microneedle array.
[0028] Accordingly, it is possible that the hard master
mold is first replicated into a suitable plurality of soft pro-
duction molds which may be disposed of upon use. This
has an advantage that the geometry of the microneedle
array defined in the master mold is readily replicable in
a great number of end products without distorting the
initial geometry of the master mold due to repetitive use
thereof. Preferably, the material of the soft replication
mold is elastic. This is advantageous, as elastic material
induces less tension on the microneedle array when it is
removed from the mold, thereby reducing production
losses and improving quality of the thus produced ce-
ramic or ceramic composite microneedle array.
[0029] In a still further embodiment of the method ac-
cording to the invention the method further comprises
the step of manufacturing the hard master mold using

the steps of:

- disposing a first layer of a radiation sensitive material
on a working surface of a Si-wafer coated with a
masking layer;

- processing the first layer by means of lithography for
forming first openings in the masking layer cooper-
ating with pre-determined crystallographic planes in
the Si-wafer, said openings having pitch and width;

- etching the masking layer for forming second open-
ings cooperating with the first openings;

- forming a set of cavities in the Si-wafer cooperating
with the second openings;

- filling the set of cavities in the Si-wafer with a layer
of photoresist;

- generating a set of inverted microneedles in the layer
of the photoresist.

[0030] It will be appreciated that the openings in the
Si-wafer may be generated using a suitable lithographic
mask. As a result, a new sequence of technological steps
is provided which enables simple means of changing sys-
tematically the tip shape, diameter, the length of a single
needle as well as array density by modifying the planar
mask design in the photolithographic steps during fabri-
cation of the hard soft molds (i.e. the intermediate and
the production mold) and the replication process from
the production mold to the ceramic integrated micronee-
dle array remain unaltered. It will be appreciated that the
step of generating inverted microneedles may be carried
out using lithography comprising the steps of overlaying
the openings with a suitable mask corresponding to a
desired shape of the microneedles, exposing and devel-
oping the photoresist present in the cavities thereby yield-
ing the inverted microneedles having pitch and width re-
lated to the pitch and width of the openings. It will be
appreciated that when all cavities are used for forming
similar sub-sets of microneedles, the pitch of the sub-
sets of microneedles may be equal to the pitch of the
openings used to create the cavities. However, it is also
possible that not all cavities are used for forming the
microneedles, in this case the pitch of the sub-sets of the
microneedles may suitably relate to the pitch of the open-
ings. Usually, it may be preferred to select the pitch of
the sub-sets of the microneedles to follow the pitch of the
cavities, however, for example, when sub-sets of four
microneedles per cavity are generates (see Fig.7), than
the pitch between the individual microneedles in the sub-
set is different than the pitch of the openings.
[0031] Optionally, a multilevel process can be per-
formed by dispensing an additional photoresist layer on
the first exposed layer prior to development, yielding for
example additional protrusions in the hard mold after de-
velopment. Such step may be utilized, for example, to
form a microsized channel in the microneedle array.
[0032] Preferably for the masking layer used for pro-
tection of the silicon wafer during anisotropic etching a
Silicon Nitride layer is used. In the method according to
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the invention for etching of the masking layer reactive ion
etching may be used. In addition, the set of cavities in
the silicon (also refereed to as grooves, pyramidal pits)
may be formed using anisotropic wet etching of the silicon
using KOH. As in the example described here the silicon
(100)- working surface is processed, in which the fast
etching 100-plane is etched selectively against 111-
planes. As it is known in the art 111-planes will define
the shape of the anisotropically etched cavity, here, in a
pyramidal pit. In the method of the invention, a thickness
of the photoresist layer filling the said structures (here
pyramidal pits as means of example, generating a pre-
patterned working surface for the subsequent lithography
processes) is selected to determine a length of the re-
sulting microneedles. Also, the method of the invention
may comprise the step of modifying the pre-patterned
working surface in silicon using an anti-reflection layer
prior to dispensing the thick-layer photoresist. Due to this
feature ghosting effects in the subsequent lithography
steps resulting from multiple reflections from the oblique
surfaces in the pits may be eliminated. Commonly, pol-
ymeric layers are known as anti-reflection layers match-
ing SU-8 lithography. However, such polymeric layer for
example, dispensed by spraying or spinning, will lead to
modify the geometrical precision of the pits. A thin-film-
type modification of the working surface is therefore pre-
ferred, when subsequent lithography is carried out on a
pre-patterned working surface. A suitable thin-film mod-
ifier of the said reflection properties may relate to a thin-
film titanium silicide layer, which may be processed at
about 700 °C in nitrogen flow.
[0033] Use of lithographic techniques is preferable, be-
cause such method is relatively cheap and enables pro-
duction of microscopic surfaces with well defined fea-
tures, like wall slope, well dimension and the like. Pref-
erably, the first layer of radiation sensitive material form-
ing part of the hard-mold is processed by means of se-
lective irradiation thereby suitably patterning the first lay-
er. It is also possible that complementary to the first layer
a second radiosensitive layer is provided. In this case
the method may further comprise the steps of processing
the second layer of the material for forming at least one
channel in the microneedles. Such processing is prefer-
ably carried out by means of UV-lithography into SU-8
photoresist. With respect to lithographic methods a vari-
ety of suitable radiation sources is contemplated. For ex-
ample, it is possible to use an electromagnetic source,
for example a source generating visible light, (deep) ultra-
violet light or even x-ray light, whereas photoresist chem-
istry has to be chosen accordingly.
[0034] It is possible to selectively irradiate the first layer
of material, to provide a second layer of a material on the
selectively irradiated first layer of material and to process
the second layer of the material together with areas of
selective irradiation of the first layer for forming at least
one channel in the microneedle array. In this way a suit-
able feature may be formed in a nonirradiated area of
the first layer, within the selective irradiation step of the

second layer, where after the second irradiating step of
the features in the first layer will be developed together
with the features in the second layer thus forming togeth-
er parts of the hard-mold. This is advantageous, because
it takes less process steps and can easily be implement-
ed thereby saving processing time.
[0035] It will be appreciated that a method is described
with reference to a negative resist. In case when for the
radiation sensitive material a positive resist is selected,
the respective areas will be inverted so that portions
which are processed will define suitable features of the
microneedle array. By virtue of terminology the negative
resist relates to a radiosensitive material which solubility
in a suitable etchant decreases post illumination. A pos-
itive resist relates to a radiosensitive material which sol-
ubility increases post illumination.
[0036] In a particular embodiment of the method ac-
cording to the invention the light source used for lithog-
raphy may be disposed in such a way through an accord-
ing mask (for example a chromium-on-quartz photoli-
thography mask in UV lithography) as to process the first
and/or the second layer for forming the hard-mold con-
taining the inverted shape of a microneedle array either
provided flat or with oblique tips. The embodiment of the
microneedle array consisting oblique tips is particularly
suitable for improving a penetration of the microneedles
through a material barrier, for example through a skin
barrier. Due to the fact that the tips are oblique with re-
spect a surface of the barrier is being cut on a microscopic
scale. This is advantageous with respect to a tensile pen-
etration of a flat tipped microneedle array because in the
former reduced skin damage is induced.
[0037] It will be appreciated that although examples of
specific technological processes are named, such exam-
ples may not be construed as limitation, as a plurality of
equivalent or substantially equivalent material process-
ing methods may be applied. Alternatively, in the case
of using x-rays PMMA (polymethyl- metacrylate) may be
applied as a radiosensitive layer.
[0038] The microneedle array according to the inven-
tion comprises a base plate and a set of microneedles
integrated with the base plate, wherein the microneedles
comprise a porous ceramic material or a porous ceramic
composite material, for example polymer-ceramic or
metal-ceramic composite.
[0039] It will be appreciated that the term ’composite’
may relate to a composition comprising at least two ele-
ments, whereby one of the said at least two elements
may be present as a trace element. In particular, a ce-
ramic material provided with suitable additives for tailor-
ing its properties is regarded as a composite ceramic,
irrespective of the weight fraction of said additives. Sim-
ilar to the example using Kaolin other organic or inorganic
materials may be used to alter the properties of the green-
state as well as the final material of the integrated micro-
needle array. One can envisage adding silver or iron, or
iron-oxide particles to the slurry tailoring properties of
conductivity of magnetizing capabilities within the final
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device.
[0040] Preferably, the microneedle array is fabricated
by the method as is set forth in the foregoing. The micro-
needle array according to the invention comprises porous
microneedles which are yet robust improving their useful
properties. For example, the pore size may be selected
in the range of sub-nanometer to several nanometers for
a microneedle having a length of several tens of microm-
eters, preferably in the range of 100 to 550 micrometers.
In addition, the porous ceramic or ceramic composite
microneedles may have porosity in the range of 10 - 45%.
Pore diameter of 20 - 200 nm can easily be achieved -
so meso- and macroporous materials can be made
(when nanocrystalline, e.g. zirconia, powders are used
pore diameters of 10 nm are possible).
[0041] Such microneedles may be used to produce
suitable skin patches with improved quality. It is found
that use of additives in the ceramic microneedle yielding
a ceramic composite microneedle having particle size in
the nano-meter range improves surface qualities of the
microneedles, because surface properties of such micro-
needles which pores are at least partially filled with nano-
meter material are substantially improved simplifying
protrusion of the microneedle array through a skin barrier.
Such microneedles are preferable for suiting demands
of diagnostics or therapy.
[0042] In a particular embodiment of the microneedle
array according to the invention said set of microneedles
comprises microneedles of different lengths. This may
be advantageous when different microneedles have to
penetrate to a different depth, or, when the longer micro-
needles are used to pre-stretch the skin prior to penetra-
tion of shorter microneedles. The shorter microneedles
may be drug carrying, or passive for extracting a body
fluid or for providing an electrical contact with the body.
In the latter case it is preferable that the microneedles
comprise or are coated with an electrically conducting
material, for example Ag.
[0043] It is found to be advantageous when said plu-
rality of microneedles comprises at least a first and a
second microneedle being arranged substantially oppo-
site to each other on a periphery of said set, wherein said
at least the first and the second microneedles have in-
creased length with respect to overall microneedles of
said set.
[0044] Such configuration is used to pre-stretch the
skin before the shorter microneedles enter the skin bar-
rier. It is further possible that the longer microneedles
located at the periphery have a different, for example
greater, cross-section than the shorter microneedles.
This may improve pre-stretching of the skin. Preferably,
the microneedle array according to the invention com-
prises microneedles with the aspect ration in the range
of 3 - 6, whereby the length of said at least the first and
the second microneedles is at least 1-10 % larger than
the length of the overall microneedles of the set. Larger
differences, of course, can be also achieved, as for ex-
ample when flat-tips being produced onto the plane area

of the silicon working surface are combined with the ob-
lique tips resulting from the overlay with the pits in the
silicon working surface. Additionally or alternatively, the
microneedles are formed with oblique end surfaces con-
ceived to interact with a material barrier. With this geom-
etry penetration through a material barrier, for example
the skin, is further improved. It will be appreciated that
the oblique surfaces of such elongated microneedles
may be facing each other, or may be opposed to each
other.
[0045] A system for transporting substances across a
material barrier according to the invention comprises a
microneedle array according to the foregoing.
[0046] A system for extracting or for injecting a fluid
according to the invention comprises a microneedle array
according to the foregoing.
[0047] A system for measuring an electric signal using
an electrode according to the invention comprises an
electrode formed at least partially from a microneedle
array as discussed in the foregoing. Such system may
be used for recording of an electrical signal representa-
tive of a physiological parameter. For example, such sys-
tem may be used for recording or long-term monitoring
of EEG signal, signal related to cardiac activity, myo-
graphic signal, or the like. Recording to the EEG using
methods known in the art is time consuming, in particular
regarding mounting of the electrodes and skin prepara-
tion. An electrode comprising a microneedle array, as is
discussed with reference to the foregoing, substantially
reduces the mounting time and circumvents the need for
skin preparation, in particular removal of part of the epi-
dermis by scrubbing.
[0048] It has been demonstrated that the signal-to-
noise ratio of the microneedle-based electrodes used for
receiving an electric signal related to a vital sign is sub-
stantially the same as the signal-to-noise ration of the
conventionally used macroscopic electrodes. Therefore,
there is substantially no trade-off between the reduction
of the mounting and preparation time and resulting quality
of the collected signal, making such system advanta-
geous for investigating and/or monitoring of a vital sign
of adults and neonates. The system may provide in a
further embodiment the use of such microneedle array
comprising electrodes for in-home environment patient
monitoring.
[0049] These and other aspects of the invention will be
further discussed with reference to drawings. It will be
appreciated that the drawings are hereby presented for
illustrative purposes only and may not be used for limiting
the scope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050]

Fig. 1 is a schematic isometric view of a nano-ma-
terial embedded skin patch in accordance with a pre-
ferred embodiment of the present invention;
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Fig 1a presents a scanning electron micrograph of
a microneedle array configuration;
Fig. 1b presents a scanning electron micrograph de-
pict porosity of a ceramic microneedle array provided
with the method of the invention;
Fig. 1c presents an embodiment of a resulting cut
into a skin model system obtainable with the micro-
needle array of Fig. 1a.
Fig. 2 is a schematic cross-section view of a wafer
coated with a thin layer of Silicon Nitride that may be
used in the construction of the skin patch of Fig. 1;
Fig. 3 is a schematic cross-sectional view of the wa-
fer of Fig. 2 with a layer of radiation sensitive material
coating the layer of Silicon Nitride;
Fig. 4 is a schematic cross-sectional view of the wa-
fer of Fig. 3 with a patterned radiation sensitive ma-
terial;
Fig. 5 is a schematic cross-sectional view of the wa-
fer of Fig. 4 post etching, wherein an array of open-
ings in the Silicon Nitride layer is created;
Fig. 6 is a schematic cross-sectional view of the wa-
fer of Fig. 5 after wet etching for creating grooves or
pits therein according to the arrayed openings in the
Silicon Nitride layer.
Fig. 7 is a schematic isometric view of the wafer of
Fig. 6 depicting a detail A-A.
Fig. 8 is a further schematic cross-section view of
the wafer of Fig. 7.
Fig. 9 is a schematic cross-section view of the wafer
of Fig. 8 having a thick layer of photoresist spin-coat-
ed thereon;
Fig. 10 is a schematic isometric view of the wafer of
Fig. 9 showing an embodiment of a layout of the
microneedle array by referring to the detail A-A;
Fig. 11 is a schematic cross-sectional view of the
wafer of Fig. 10 after selectively irradiation and de-
veloping of the thick layer of photoresist, defining a
form of inverted microneedle structures;
Fig. 11a is a schematic cross-section view of the
wafer of Fig. 10 after dispensing, overlay, exposing
a second layer of photoresist;
Fig. 11b is a schematic cross section view of the
wafer of Fig. 10 processed according to Fig. 11a,
yielding a hard-mold with additional protrusions, for
forming flow channel across a microneedle extend-
ing into the base plate.
Fig. 11c is a schematic cross section view of the
wafer of Fig. 10 filled with PDMS.
Fig. 12 is a schematic cross-sectional view of a wafer
having an inverted microneedle structure disposed
thereon.
Fig. 13 is a schematic cross-sectional view of the
replicated soft-mold defining the shape of the micro-
needles.
Fig. 14 is a schematic cross-section view of a further
embodiment of a wafer;
Fig. 15 is a schematic cross-section view of a still
further embodiment of a wafer;

Fig. 16 is a schematic cross-section of a released
production mold.
Fig. 17 is a schematic cross-section of a production
mold covered with an anti-adhesive layer.
Fig. 18 is a schematic cross-section of a production
mold filled with a filler material.
Fig. 19 is a schematic cross-section of a micro-nee-
dle array.
Fig. 20 is a schematic view of a functionalization step.

DETAILED DESCRIPTION OF THE DRAWINGS

[0051] Fig. 1 is a schematic isometric view of a skin
patch using a microneedle array in accordance with a
preferred embodiment of the present invention. The skin
patch 1 comprises a platform for placing and, preferably,
fixating the skin patch 1 to the skin. The platform 18 is
preferably manufactured from a biocompatible material,
which may be arranged breathable for ensuring durable
application of the skin patch on the skin. This may be
advantageous in case when the skin patch 1 is conceived
to be used as electrodes for conducting EEG, myography
or any other suitable electric interaction with the skin.
[0052] The skin patch 1 further comprises a set of pref-
erably arrayed out-of-plane microneedles 16 inherently
integrated with the base plate. In accordance with the
invention the microneedles 16 comprise porous ceramic
or porous ceramic composite material, for example pol-
ymer-ceramic material. The microneedles 16 may be pro-
vided with a substance conceived to be transported
through a skin barrier or with a substance having a spe-
cific binding with a further substance conceived to be
extracted through the skin barrier. Such substance may
be a protein or other molecule, or molecular complex,
including architectures based on liposome or polyelec-
trolyte chemistry suitable for therapeutic treatment and
targeting. On the other hand such compound can interact
with compounds in the body fluid, for example for the
selective binding of a specific protein which has been
identified as a biomarker.
[0053] It is possible that the array of microneedles 16
comprises subregions having different functionality. For
example, the sub-region 10 may be eventually arranged
with increased or decreased porosity in relation to the
overall microneedles of the array 16. Such porosity mod-
ulation may be performed during a later processing step,
for example during functionalization, as described with
reference to Figure 20. Preferably, the microneedle array
16 comprises a suitable plurality of elongated micronee-
dles 12 for simplifying skin penetration, as it has been
found that by providing such elongated microneedles the
skin is pre-stretched prior to it being at least partially pro-
truded by the overall microneedles.
[0054] It will be appreciated that according to the in-
vention the microneedles array may be limited to a set
12, formed in a cavity of a Si-wafer. In addition, in ac-
cordance with the invention, a wide range of specific ar-
rangements of the microneedle tips is feasible. For ex-
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ample, the microneedles, forming a set 12 may have tips
oriented upwardly. Secondly, the tips may be formed ob-
liquely either facing each other or being oriented outward-
ly from adjacent microneedle tips forming the set 12. Usu-
ally the set 12 comprises 4 microneedles. Such grouping
is referred to as a sub-set. As has been explained earlier,
a pitch between the sub-groups 12 of the microneedle
array may correspond to the pitch of the openings in a
mask used for forming respective cavities in the Si-wafer.
The pitch between the microneedles of the sub-set is a
fraction of the pitch between the sub-sets. Preferably,
the microneedles forming the sub-set are arranged to be
substantially symmetrically distributed over the cavity in
the Si-wafer. More details on the possible arrangements
of the microneedles will be discussed with reference to
Figs. 1a - 1c.
[0055] Preferably, a sub-set of elongated micronee-
dles is arranged at periphery of the array 16, notably di-
ametrically dislocated from each other. In addition, the
array 16 may comprise one or more microneedles 14 of
distinguished geometry, that is of a geometry which may
be substantially different from the geometry of the overall
microneedles of the array 16. This may be advantageous
in cases when such one or more microneedles 14 have
a different purpose than the overall microneedles. For
example, delivery of different vaccines or sampling at
different time intervals.
[0056] Fig 1a presents a scanning electron micrograph
of a microneedle array configuration. In this particular
embodiment, one of the possible microneedle array con-
figurations is shown depicting groups of microneedles 12
having oblique end surfaces pointing inwardly. It will be
appreciated that the hard mold design may be suitably
altered for providing microneedles with oblique tips point-
ing outwardly. However, it is also possible to design a
mask for providing microneedles array wherein individual
microneedles comprise tip shapes of different configura-
tion. Generally, such arrangement is advantageous for
microneedle arrays wherein individual microneedles
have different purpose. For example, when some micro-
needles are used for cutting the skin and the other micro-
needles are used for transporting of a substance across
the skin, both injecting and extracting being contemplat-
ed.
[0057] It will be appreciated that although the scale of
Fig. 1a is 500 micrometer in 1.4 cm of the picture, no
particular limitation on the microneedle sizing may be
inferred. Fig. 1b further shows a detail of the intrinsic
porosity of the alumina filler after drying, recovery from
the soft production mold and sintering at high tempera-
ture. In this particular embodiment, which is presented
with a considerably higher magnification than that of Fig.
1a, trace amounts of Kaolin have been added to the ce-
ramic slurry. Fig. 1c presents an embodiment of a result-
ing cut into a skin model system obtainable with the
microneedle array of Fig. 1a. Fig. 1c depicts with a con-
siderably higher magnification as shown in Fig. 1a the
penetration marks P1, P2 post microneedle insertion into

a skin model system, wherein the microneedle array con-
figuration relates to a set of 4 microneedles, depicted by
12 in Fig. 1a. In this example an elastomer (PDMS) has
been used to mimic the skin reaction. The marks P1, P2
are at microscale and refer to the penetration marks sim-
ilar to the small insertion wounds that would be generated
when the microneedle array is used to penetrate human
skin. It is seen that these marks are smaller and smoother
that the cutting marks obtainable with conventional flat
tips. Such tip configuration wherein tips of the micronee-
dles are oblique and several microneedles work together
in a small group 12 during insertion is preferable for skin
penetration in medical applications. In this respect inward
or outward orientation is preferable than arbitrary or one-
sided orientation.
[0058] Fig. 2 is a schematic cross-section view of a Si
wafer 20 coated with a Silicon Nitride layer 22 which may
be used in the fabrication of a hard mold for providing a
soft production mold for producing the skin patch of Fig. 1.
[0059] In accordance with the method of the invention
a silicon wafer 20 is selected for providing a working sur-
face for forming a hard master mold. The silicon wafer
20 is coated with silicon nitride thin-film coating, which
may be used as a masking layer. Fig. 3 is a schematic
cross-sectional view of the wafer of Fig. 2 with a layer of
radiation sensitive material 24 coating the layer of Silicon
Nitride. The radiation sensitive layer 24 is preferably suit-
able for performing ultra-violet lithography.
[0060] Fig. 4 is a schematic cross-sectional view of the
Si wafer 20 of Fig. 3 with a patterned radiation sensitive
material 24 after a suitable lithographic step has been
performed. It is seen that openings 26 are formed in the
radiation sensitive layer 24 for selectively removing sili-
con nitride layer 22. Fig. 5 is a schematic cross-sectional
view of the Si wafer 20 of Fig. 4 post etching, wherein an
array of openings in the silicon nitride layer 26 is created.
Preferably, for this purpose reactive ion etching is used.
It will be appreciated that the openings are provided at
places spatially matching (aligned) with specific orienta-
tion of crystalplanes of the Si-wafer, like (100). From the
crystallography it follows that such openings will yield
specific structures (for example, pyramidal pits deter-
mined by the selective etching of the 100 and the 111
planes in the silicon) have a pre-defined pitch and width,
which may define the resulting geometry of the micro-
needle array. It will be appreciated that the technology
of alignment of the mask with the internal structures is
known per se, for example such alignment may be carried
out using microscope-augmented mask alignment be-
tween a standardized silicon wafer and a chromium mask
layout).
[0061] Fig. 6 is a schematic cross-sectional view of the
wafer 20 of Fig. 5 after wet etching for creating grooves
30 or pits therein according to the arrayed openings 26
in the silicon nitride layer 28, shown in Figure 5. Prefer-
ably an anisotropic wet etching using potassium hydrox-
ide KOH is used.
[0062] Fig. 7 is a schematic isometric view of the wafer
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of Fig. 6 depicting a detail A-A running through a two-
dimensional image of the wafer 32. It is seen that grooves
30 having dimension (x, y) are spaced in the wafer having
respective pitches in x-direction Px and y-direction Py,
which may correspond to the pitch of the internal struc-
tures of the Si wafer. The properties of thus formed
grooved surface (pre-patterned silicon working surface)
may be modified by using an anti-reflection layer 34 (see
Fig. 8). The anti-reflection layer 34 serves to mitigate
ghost features occurring during lithography, which ad-
vantageously improved geometric properties of the
microneedle array. Preferably, for the anti-reflection layer
titanium silicide is used.
[0063] Fig. 9 is a schematic cross-section view of the
wafer of Fig. 8 having a layer of photoresist 36 spin-coat-
ed thereon. Preferably, the layer of photoresist has a
thickness in the range of 50 - 360 micrometers measured
from a planner plane of the working surface, whereby for
the resist conventional SU-8 100 material is used. The
thickness of the photoresist material 36 determines the
length of the resulting microneedle array.
[0064] Fig. 10 is a schematic isometric view of the wa-
fer of Fig. 9 showing an embodiment of a layout of the
microneedle array by referring to the detail A-A. Exposed
resist 38 shows a latent image of the inverted micronee-
dles arranged in a pre-determined geometry having pitch
parameters Rx, Ry and width parameters Wx, Wy, which
corresponds to the pitch and width of internal structures
of the Si wafer used for manufacturing of the hard master
mold.
[0065] Fig. 11 is a schematic cross-sectional view of
the wafer of Fig. 10 after selectively irradiation and de-
veloping of the layer of photoresist 36 yielding exposed
resist 38, defining a form of inverted microneedle struc-
tures as openings 40 in the exposed resist 38. In the
context of the present application this structure is referred
to as a hard master mold.
[0066] In accordance with a further embodiment of the
method according to the invention, the hard master mold
depicted in Fig.11 is replicated twice for yielding a soft
production mold which is used for manufacturing ceramic
or ceramic composite microneedles inherently integrated
into a base plate.
[0067] Fig. 11a is a schematic cross-section view of
the wafer of Fig. 10 after dispensing, overlay, exposing
a second layer of photoresist 70 through a mask 69. The
photoresist 70 may be subsequently developed together
with the first layer 38 that had been previously selectively
exposed. Fig. 11b is a schematic cross section view of
the wafer of Fig. 10 processed according to Fig. 11a post
development, delivering a hard-mold with additional pro-
trusions 71, which form respective microsized flow chan-
nels across a microneedle extending into the base plate.
Fig. 11c is a schematic cross section view of the wafer
of Fig. 10 processed according to Fig. 11a and Fig. 11b
subsequently filled with PDMS for generating the soft in-
termediate mold 72. For clarity only a portion of the filling
is drawn. Detail Y further depicts the copy from interme-

diate mold 72 and recovery of the soft production mold
73 containing a protrusion within the inverted shape of a
microneedle. Subsequently, the ceramic filler is dis-
pensed on the production mold 73, and the ceramic green
tape 74, showing the flow-through channel in the micro-
needle and the base plate, is recovered from the produc-
tion mold 73. For clarity only portions of the microneedle
array are drawn in Figs. 11a - 11c.
[0068] Fig. 12 is a schematic cross-sectional view of
the wafer 32 and exposed resist 38, openings of which
are filled with a suitable filler material 42 for yielding an
intermediate soft mold replicating the geometry of the
hard master mold. Preferably for the filler material PDMS
is selected to provide a flexible intermediate mold.
[0069] Fig. 13 is a schematic cross-sectional view of
the intermediate soft mold 42 having the exact shape of
the microneedles corresponding to the geometry of the
master mold shown in Figure 11. It will be appreciated
that replication process is known per se in the art and
will not be explained here in detail.
[0070] Fig. 14 is a schematic cross-section view of a
further embodiment of the intermediate mold provided
with an anti-adhesion layer 44. This is found to be ad-
vantageous for simplifying release of the production mold
which is formed using the intermediate mold.
[0071] Fig. 15 is a schematic cross-section view of a
view depicting the soft production mold provided using a
filling material 46 arranged on the intermediate mold.
Preferably, also for the filling material forming the pro-
duction mold PDMS is selected for yielding a flexible,
preferably elastic production mold.
[0072] Fig. 16 is a schematic cross-section of a re-
leased soft production mold 46, which may be covered
with an anti-adhesive layer 48, as is depicted in Fig. 17.
Use of the anti-adhesive layer may facilitate an easy re-
moval of the ceramic or ceramic composite microneedle
array from the soft production mold.
[0073] Fig. 18 is a schematic cross-section of the soft
production mold 46a filled with a filler material 50. The
filler material 50 is provided in abundance thereby ena-
bling formation of the microneedle array inherently inte-
grated with a base plate in a single manufacturing step.
In accordance with the invention for the filler material 50
a water or alcohol based ceramic or polymer-ceramic
slurry is selected. It is possible to use alumina, zirconia
or hydroxyapatite for yielding nanocomposite or nanohy-
bride filler material. The slurry may contain metal parti-
cles or other additives for imparting additional function-
ality.
[0074] By way of example, a slurry to be used as the
filler material may be provided as follows. Alcohol based
polymer-precursor solution with additives is prepared.
Hereby a polymeric binder, for example polyvinylbutural,
is used in desired amounts and molecular weight apt to
tailor the porous structure of final material. Subsequently
ceramic powder with, for example, approx. 300-500 nm
grain size in case of alumina is added to the binder so-
lution. Using other material systems, for example zirco-
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nia, the grain size range can be around 50nm or even
smaller. A range of 0.5-7 % of additives can be intro-
duced, for example natural occuring oils, which enhance
green tape properties and release behavior and particles
of minerals, preferably having a diameter being 5-30%
smaller than the main used ceramic compound. The ad-
ditional mineral motivates the diffusion properties at the
ceramic grain boundaries during sintering.
[0075] Regarding mineral additives, it is found that by
adding at least of 0.1 Wt% of Si to the original slurry
improved robustness of the final microneedle array yet
preserving its porosity. With slurry having approximately
1 Wt% of Si inside of the material after sintering a still
better result is achieved. It is found that advantageously
the Si-based additive should be about 0.1-10 Wt% of the
slurry, preferably about several weight percents, more
preferably about 1 Wt%. Therefore, this tuning of the
physical properties of the ceramic material offers func-
tionalization of the microneedle array in the sense that
its properties may easily be tailored for a specific envis-
aged application. Similarly, metals may be used as ad-
ditives.
[0076] Fig. 19 is a schematic cross-section of a result-
ing micro-needle array 50 integrated in a base plate and
having porous structure, as depicted in detail X. Prefer-
ably, the filler material is supplemented with one or more
additives for suitably tailoring properties of the micronee-
dles as is explained in the foregoing. Preferably, for the
additive a silica-based mineral, by means of example,
Kaolin is selected. Hence, a such received integrated
microneedle array in its green-state subsequently under-
goes an according drying procedure, which may include
step-wise application of a temperature profile up to very
high temperatures known in the art of ceramic sintering,
giving the material its final properties.
[0077] Fig. 20 is a schematic view of a functionalization
step. Chemical or physical properties of a microneedle
array 50 comprising a ceramic or a ceramic composite
material may be advantageously tuned on demand by
means of a functionalization step using an additive. For
this purpose a surface of the microneeldles may be coat-
ed with a suitable coating 54, 56 supplied from a suitable
source 52. The suitable coating may be deposited as a
monolayer, or, alternatively it may be deposited as a thin
layer, having thickness in the range of a few nanometers.
Sections of the array, for example individual micronee-
dles of the array, may be modified selectively. Further,
for example, the coating 54, 56 may comprise specific
molecules, like pyrene for enabling specific binding char-
acteristics. Alternatively, or additionally the coating mol-
ecules may relate to surface immobilized molecules. It
will be appreciated that functionalization may be
achieved not only by coating, but also by providing a sub-
stance conceived to at least partially fill the pores in the
microneedles. Such substance may relate to a drug, or
to another matter, for example to change hydrophilic or
hydrophobic surface properties of the microneedle array
by changing the surface charge of the hydrophilic alumi-

na, e.g. applying titanium oxide formed, for example, from
a sol-gel. Other example may be the modification of sur-
face properties by liposome or polyelectrolyte chemistry
capable of incorporating selective molecules suitable for
specific targeting or increased bioavailability. Polyelec-
trolytes may incorporate molecules by click-chemistry.
[0078] It will further be appreciated that the method
according to the invention is also applicable to fabrication
of polymer microneedle arrays, wherein instead of alco-
hol based ceramic or polymer-ceramic slurry a polymer
material is selected. As a result, a new technological se-
quence is provided for mass production of polymer micro-
needle arrays wherein said production sequence is rel-
atively cheap and provides microneedles with tunable
properties. For example, at least the following properties
may be alterable on demand: tip shape or arrangements
of a variety of tip shapes within one array, diameter of
the microneedles, their length, density in the array, ori-
entation of the oblique tips with respect to each other.
[0079] While embodiments of the invention disclosed
herein are presently considered to be preferred, various
changes and modifications can be made without depart-
ing from the scope of the invention. Those skilled in the
art will appreciate that the figures show a limited number
of microneedles in an array. However, a large number of
microneedles per array arranges in different spatial con-
figurations may be used. The scope of the invention is
indicated in the appended claims, and all changes that
come within the meaning and range of equivalents are
intended to be embraced therein.

Claims

1. A method of manufacturing of a microneedle array
comprising the steps of:

- selecting a soft production mold comprising a
set of microscopic incisions defining geometry
of the microneedles, said soft production mold
being capable of providing the microneedle ar-
ray integrated into a base plate;
- using a filler material for abundantly filling the
microscopic incisions of the soft production mold
thereby producing the microneedle array with
pre-defined geometry seamlessly integrated in-
to the base plate;
wherein
- for the filler material a water or alcohol based
ceramic or polymer-ceramic slurry is selected.

2. A method according to claim 1, further comprising
the step of coating a surface of the microscopic in-
cisions with an anti-adhesion layer for facilitating re-
moval of the microneedle array from the soft produc-
tion mold.

3. A method according to claim 1 or 2, further compris-
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ing the step of providing one or more channels in the
microneedles of the microneedle array for enabling
transport of a substance through the one or more
channels.

4. A method according to any one of the preceding
claims, comprising the step of forming respective
end portions of the microscopic incisions on an ob-
lique surface for forming the microneedle array with
oblique tips.

5. A method according to any one of the preceding
claims, further comprising the step of adaptively
modifying properties of the filler material by supple-
menting the filler material with an additive.

6. A method according to claim 5, wherein for the ad-
ditive a silica-based mineral, preferably, Kaolin is se-
lected.

7. A method according to any one of the preceding
claims, wherein the soft production mold is manu-
factured using a double replication of a hard master
mold via in intermediate soft mold.

8. A method according to claim 7, wherein the hard
master mold is manufactured using the steps of:

- disposing a first layer of a radiation sensitive
material on a working surface of a Si-wafer coat-
ed with a masking layer;
- processing the first layer by means of lithogra-
phy for forming first openings in the masking lay-
er cooperating with pre-determined crystallo-
graphic planes in the Si-wafer, said openings
having pitch and width;
- etching the masking layer for forming second
openings cooperating with the first openings;
- forming a set of cavities in the Si-wafer coop-
erating with the second openings;
- filling the cavities with a layer of photoresist;
- generating a set of inverted microneedles, in
the layer of photoresist.

9. A method according to claim 8, wherein the set of
cavities is formed using anisotropic wet etching using
KOH, wherein, preferably the method further com-
prises the step of modifying surface of the cavities
using a silicide anti-reflection layer.

10. A method according to claim 8, wherein a thickness
of the photoresist layer filling the cavities is selected
to determine a length of the resulting microneedles.

11. The method according to any one of the preceding
claims 8 - 10, further comprising the steps of:

- selectively irradiating the first layer of material;

- providing a second layer of a material on the
selectively irradiated first layer of material;
- processing the second layer of the material to-
gether with areas of selective irradiation of the
first layer for forming at least one channel in the
microneedle array.

12. A method according to any one of the preceding
claims 8 - 11, wherein the inverted microneedles are
generated by means of lithography using a mask.

13. A method according to claim 12, wherein a layout of
the mask is adaptable for generating inverted micro-
needles having oblique tips.

14. A method according to claim 13, wherein said micro-
needles comprise one or more sub-sets comprising
a plurality of microneedles, wherein the mask is mod-
ified for forming at least one sub-set comprising
microneedles having oblique tips facing inwardly or
outwardly.

15. A microneedle array comprising a base plate and a
set of microneedles seamlessly integrated with the
base plate, characterized in that the microneedles
comprise a porous ceramic material or a porous ce-
ramic composite material.

16. A microneedle array according to claim 15, wherein
said set of microneedles comprises microneedles of
different lengths.

17. A microneedle array according to claim 16, wherein
said set of microneedles comprises at least a first
and a second microneedle being arranged substan-
tially opposite to each other on a periphery of said
set, wherein said at least the first and the second
microneedles have increased length with respect to
overall microneedles of said set.

18. A microneedle array according to any one of the pre-
ceding claims 15 -17, wherein at least one micro-
needle comprises a channel for conducting a fluid
there through.

19. A composition comprising a microneedle array ac-
cording to any one of the preceding claims 15 - 18
provided with a substance conceived to be transport-
ed through a material barrier or conceived to have a
specific binding to a further substance to be extract-
ed via the material barrier using said microneedles.

20. A composition according to claim 19, wherein the
microneedles comprise subsets of microneedles
having different functionality and/or different geom-
etry.

21. A system for measuring an electric signal using an
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electrode, wherein the electrode comprises of at
least one of the microneedles in the microneedle ar-
ray according to any one of the preceding claims 15
- 18.

Patentansprüche

1. Verfahren zum Herstellen einer Mikronadelanord-
nung, das die folgenden Schritte umfasst:

- Auswählen einer nachgiebigen Produktions-
form, die einen Satz von mikroskopischen Ein-
schnitten, die die Geometrie der Mikronadeln
definieren, umfasst, wobei die nachgiebige Pro-
duktionsform in der Lage ist, die Mikronadelan-
ordnung integriert in einer Grundplatte bereitzu-
stellen;
- Verwenden eines Füllmaterials, um die mikro-
skopischen Einschnitte der nachgiebigen Pro-
duktionsform reichlich zu füllen und um dadurch
die Mikronadelanordnung mit vordefinierter Ge-
ometrie, die nahtlos in der Grundplatte integriert
ist, herzustellen;
wobei
- für das Füllmaterial eine keramische oder po-
lymer-keramische Aufschlämmung auf der
Grundlage von Wasser oder von einem Alkohol
ausgewählt wird.

2. Verfahren nach Anspruch 1, das ferner den Schritt
des Beschichtens einer Oberfläche der mikroskopi-
schen Einschnitte mit einer Antihaftschicht umfasst,
um die Entfernung der Mikronadelanordnung von
der nachgiebigen Produktionsform zu erleichtern.

3. Verfahren nach Anspruch 1 oder 2, das ferner den
Schritt des Bereitstellens von einem oder mehreren
Kanälen in den Mikronadeln der Mikronadelanord-
nung umfasst, um den Transport einer Substanz
durch den einen oder durch die mehreren Kanäle zu
ermöglichen.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, das den Schritt des Bildens jeweiliger En-
dabschnitte der mikroskopischen Einschnitte auf ei-
ner schrägen Oberfläche umfasst, um die Mikrona-
delanordnung mit schrägen Spitzen zu bilden.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, das ferner den Schritt des anpassungsfähigen
Modifizierens von Eigenschaften des Füllmaterials
durch Ergänzen des Füllmaterials mit einem Zusatz-
stoff umfasst.

6. Verfahren nach Anspruch 5, wobei für den Zusatz-
stoff ein auf einem Siliciumdioxid beruhendes Mine-
ral, vorzugsweise Kaolin, ausgewählt wird.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die nachgiebige Produktionsform unter
Verwendung einer doppelten Nachbildung einer har-
ten Mutterform über eine nachgiebige Zwischenform
hergestellt wird.

8. Verfahren nach Anspruch 7, wobei die harte Mutter-
form unter Verwendung der folgenden Schritte her-
gestellt wird:

- Anordnen einer ersten Schicht eines strah-
lungsempfindlichen Materials auf einer Ar-
beitsoberfläche eines Si-Wafers, der mit einer
maskierenden Abdeckschicht beschichtet ist;
- Verarbeiten der ersten Schicht mittels Litho-
graphie, um erste Öffnungen in der maskieren-
den Abdeckschicht, die mit den vorgegebenen
kristallographischen Ebenen in dem Si-Wafer
zusammenwirken, zu bilden, wobei die Öffnun-
gen eine Neigung und eine Breite aufweisen;
- Ätzen der maskierenden Abdeckschicht, um
zweite Öffnungen zu bilden, die mit den ersten
Öffnungen zusammenwirken;
- Bilden eines Satzes von Hohlräumen in dem
Si-Wafer, die mit den zweiten Öffnungen zu-
sammenwirken;
- Füllen der Hohlräume mit einer Schicht aus
Photolack;
- Erzeugen eines Satzes von umgedrehten Mi-
kronadeln in der Schicht aus Photolack.

9. Verfahren nach Anspruch 8, wobei der Satz von
Hohlräumen unter Verwendung eines anisotropen
Nassätzens, das KOH verwendet, gebildet wird, wo-
bei das Verfahren vorzugsweise ferner den Schritt
des Modifizierens der Oberfläche der Hohlräume un-
ter Verwendung einer Antireflexionsschicht aus Si-
licid umfasst.

10. Verfahren nach Anspruch 8, wobei eine Dicke der
Photolackschicht, die die Hohlräume füllt, ausge-
wählt wird, um eine Länge der resultierenden Mikro-
nadeln auszuwählen.

11. Verfahren nach einem der vorhergehenden Ansprü-
che 8 bis 10, das ferner die folgenden Schritte um-
fasst:

- ausgewähltes Bestrahlen der ersten Material-
schicht;
- Bereitstellen einer zweiten Schicht eines Ma-
terials auf der ausgewählt bestrahlten ersten
Materialschicht;
- Verarbeiten der zweiten Schicht des Materials
zusammen mit Bereichen der ausgewählten Be-
strahlung der ersten Schicht, um mindestens ei-
nen Kanal in der Mikronadelanordnung zu bil-
den.
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12. Verfahren nach einem der vorhergehenden Ansprü-
che 8 bis 11, wobei die umgedrehten Mikronadeln
mittels Lithographie unter Verwendung einer Maske
erzeugt werden.

13. Verfahren nach Anspruch 12, wobei ein Layout der
Maske anpassbar ist, um umgedrehte Mikronadeln
mit schrägen Spitzen zu erzeugen.

14. Verfahren nach Anspruch 13, wobei die Mikronadeln
einen oder mehrere Untersätze umfassen, die meh-
rere Mikronadeln umfassen, wobei die Maske modi-
fiziert wird, um mindestens einen Untersatz zu bil-
den, der Mikronadeln mit schrägen Spitzen, die nach
innen oder außen gewandt sind, umfasst.

15. Mikronadelanordnung, die eine Grundplatte und ei-
nen Satz von Mikronadeln, die nahtlos mit der
Grundplatte integriert sind, umfasst, dadurch ge-
kennzeichnet, dass die Mikronadeln ein poröses
keramisches Material oder ein poröses keramisches
Verbundmaterial umfassen.

16. Mikronadelanordnung nach Anspruch 15, wobei der
Satz von Mikronadeln Mikronadeln unterschiedli-
cher Länge umfasst.

17. Mikronadelanordnung nach Anspruch 16, wobei der
Satz von Mikronadeln mindestens eine erste und ei-
ne zweite Mikronadel, die auf einer Umrandung des
Satzes im Wesentlichen einander gegenüber ange-
ordnet sind, umfasst, wobei mindestens die erste
und die zweite Mikronadel eine erhöhte Länge in Be-
zug auf die gesamten Mikronadeln des Satzes auf-
weisen.

18. Mikronadelanordnung nach einem der vorhergehen-
den Ansprüche 15 bis 17, wobei mindestens eine
Mikronadel einen Kanal umfasst, um durch diesen
ein Fluid hindurchzuleiten.

19. Zusammensetzung, die eine Mikronadelanordnung
nach einem der vorhergehenden Ansprüche 15 bis
18 umfasst und die mit einer Substanz versehen ist,
die dafür konzipiert ist, durch eine Materialbarriere
transportiert zu werden, oder dafür konzipiert ist, ei-
ne spezifische Bindung an eine weitere Substanz
aufzuweisen, um über die Materialbarriere unter
Verwendung der Mikronadeln extrahiert zu werden.

20. Zusammensetzung nach Anspruch 19, wobei die Mi-
kronadeln Untersätze von Mikronadeln mit unter-
schiedlichen Funktionalitäten und/oder unterschied-
licher Geometrie umfassen.

21. System zum Messen eines elektrischen Signals un-
ter Verwendung einer Elektrode, wobei die Elektrode
mindestens eine der Mikronadeln in der Mikronade-

lanordnung nach einem der vorhergehenden An-
sprüche 15 bis 18 umfasst.

Revendications

1. Procédé de fabrication d’un réseau de micro-
aiguilles comprenant les étapes suivantes:

- sélectionner un moule de production mou com-
prenant un ensemble d’incisions microscopi-
ques qui définissent une géométrie des micro-
aiguilles, ledit moule de production mou étant
capable de former le réseau de micro-aiguilles
intégré dans une plaque de base; et
- utiliser une matière de remplissage pour rem-
plir de façon abondante les incisions microsco-
piques du moule de production mou, produisant
de ce fait le réseau de micro-aiguilles présentant
une géométrie prédéfinie qui est intégré de fa-
çon continue dans la plaque de base,
- dans lequel une pâte de polymère - céramique
ou de céramique à base d’eau ou d’alcool est
sélectionnée pour la matière de remplissage.

2. Procédé selon la revendication 1, comprenant en
outre l’étape de revêtement d’une surface des inci-
sions microscopiques avec une couche d’anti-adhé-
sion afin de de faciliter l’enlèvement du réseau de
micro-aiguilles du moule de production mou.

3. Procédé selon la revendication 1 ou 2, comprenant
en outre l’étape de formation d’un canal ou de plu-
sieurs canaux dans les micro-aiguilles du réseau de
micro-aiguilles afin de permettre le transport d’une
substance à travers ledit/lesdits un canal ou plu-
sieurs canaux.

4. Procédé selon l’une quelconque des revendications
précédentes, comprenant l’étape de formations de
parties d’extrémité respectives des incisions micros-
copiques sur une surface oblique afin de doter le
réseau de micro-aiguilles de pointes obliques.

5. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre l’étape de modi-
fication adaptative des propriétés de la matière de
remplissage en ajoutant un additif à la matière de
remplissage.

6. Procédé selon la revendication 5, dans lequel un mi-
néral à base de silice, de préférence le kaolin, est
sélectionné comme additif.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le moule de production
mou est fabriqué en utilisant une double réplication
d’un maître moule dur par l’entremise d’un moule
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mou intermédiaire.

8. Procédé selon la revendication 7, dans lequel le maî-
tre moule dur est fabriqué en exécutant les étapes
suivantes:

- disposer une première couche d’un matériau
sensible au rayonnement sur une surface de tra-
vail d’une galette de Si revêtue d’une couche de
masquage;
- traiter la première couche au moyen d’une li-
thographie afin de former des premières ouver-
tures dans la couche de masquage qui coopè-
rent avec des plans cristallographiques prédé-
terminés dans la galette de Si, lesdites ouvertu-
res présentant un pas et une largeur;
- graver la couche de masquage afin de former
des deuxièmes ouvertures qui coopèrent avec
les premières ouvertures;
- former un ensemble de cavités dans la galette
de Si qui coopèrent avec les deuxième ouver-
tures;
- remplir les cavités avec une couche de résine
photosensible; et
- générer un ensemble de micro-aiguilles inver-
sées dans la couche de résine photosensible.

9. Procédé selon la revendication 8, dans lequel l’en-
semble de cavités est formé en utilisant une gravure
humide anisotrope en utilisant du KOH, dans lequel
le procédé comprend en outre de préférence l’étape
de modification de la surface des cavités en utilisant
une couche anti-réflexion de siliciure.

10. Procédé selon la revendication 8, dans lequel une
épaisseur de la couche de résine photosensible qui
remplit les cavités est sélectionnée de manière à dé-
terminer une longueur des micro-aiguilles résultan-
tes.

11. Procédé selon l’une quelconque des revendications
8 à 10, comprenant en outre les étapes suivantes:

irradier de façon sélective la première couche
de matériau;
disposer une deuxième couche d’un matériau
sur la première couche de matériau irradiée de
façon sélective; et
traiter la deuxième couche du matériau de con-
cert avec des régions d’irradiation sélective de
la première couche de manière à former au
moins un canal dans le réseau de micro-
aiguilles.

12. Procédé selon l’une quelconque des revendications
8 à 11, dans lequel les micro-aiguilles inversées sont
générées au moyen d’une lithographie réalisée en
utilisant un masque.

13. Procédé selon la revendication 12, dans lequel une
disposition du masque est adaptable pour générer
des micro-aiguilles inversées présentant des pointes
obliques.

14. Procédé selon la revendication 13, dans lequel les
micro-aiguilles comprennent un ou plusieurs sous-
ensemble(s) comprenant une pluralité de micro-
aiguilles, dans lequel le masque est modifié pour for-
mer au moins un sous-ensemble comprenant des
micro-aiguilles présentant des pointes obliques
orientées vers l’intérieur ou vers l’extérieur.

15. Réseau de micro-aiguilles comprenant une plaque
de base et un ensemble de micro-aiguilles intégrées
de façon continue à la plaque de base, caractérisé
en ce que les micro-aiguilles comprennent un ma-
tériau céramique poreux ou un matériau composite
céramique poreux.

16. Réseau de micro-aiguilles selon la revendication 15,
dans lequel ledit ensemble de micro-aiguilles com-
prend des micro-aiguilles de longueurs différentes.

17. Réseau de micro-aiguilles selon la revendication 16,
dans lequel ledit ensemble de micro-aiguilles com-
prend au moins une première micro-aiguille et une
deuxième micro-aiguille qui sont agencées sensible-
ment à l’opposé l’une de l’autre sur une périphérie
dudit ensemble, dans lequel lesdites au moins une
première micro-aiguille et une deuxième micro-
aiguille présentent une longueur accrue par rapport
aux micro-aiguilles totales dudit ensemble.

18. Réseau de micro-aiguilles selon l’une quelconque
des revendications précédentes 15 à 17, dans lequel
au moins une micro-aiguille comprend un canal pour
conduire un fluide à travers celui-ci.

19. Composition comprenant un réseau de micro-
aiguilles selon l’une quelconque des revendications
précédentes 15 à 18 pourvue d’une substance con-
çue pour être transportée à travers une barrière ma-
térielle ou conçue pour présenter une liaison spéci-
fique à une substance supplémentaire à extraire par
l’entremise de la barrière matérielle en utilisant les-
dites micro-aiguilles.

20. Composition selon la revendication 19, dans lequel
les micro-aiguilles comprennent des sous-ensem-
bles de micro-aiguilles qui présentent des fonction-
nalités différentes et/ou une géométrie différente.

21. Système pour mesurer un signal électrique en utili-
sant une électrode, dans lequel l’électrode com-
prend au moins une des micro-aiguilles dans le ré-
seau de micro-aiguilles selon l’une quelconque des
revendications précédentes 15 à 18.
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