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Description

[0001] The present invention relates to the field of
microneedle devices.

BACKGROUND

[0002] Arrays of relatively small structures, sometimes
referred to as microneedles or micro-pins, have been dis-
closed for use in connection with the delivery and/or re-
moval of therapeutic agents and other substances
through the skin and other surfaces as disclosed e.g. in

WO-A-98/00193, WO-A-98/28037, and WO-A-
01/66065.
[0003] The vast majority of known microneedle devic-

es include structures having a capillary or passageway
formed through the needle. Because the needles are
themselves small, the passageways formed in the nee-
dles must be limited in size. As aresult, the passageways
can be difficult to manufacture because of their small size
and the need for accurate location of the passageways
within the needles. Another potential problem of pas-
sageways small enough to fit within the microneedles is
that the passageways may become easily obstructed or
clogged during use.

[0004] As aresult, a need existed for microneedle de-
vices that include fluid passageways that are easier to
manufacture and that are resistant to obstruction or clog-
ging during use. This need was answered in part by WO-
A-03/020359. The microneedles disclosed in that appli-
cation include channels formed in their outer surfaces,
with the channels extending from the base towards the
tip of each microneedle. The channels provide conven-
ient fluid paths in connection with the microneedles. The
microneedle arrays disclosed in that reference may also
include conduit structures formed on the substrate sur-
face to enhance fluid flow across the surface of the sub-
strate from which the microneedles project. Once the
microneedles have penetrated the skin, a sample of body
fluid way flow through the channels to be collected by
the conduit structure towards, for example, some type of
sensor. Although the conduit structures can facilitate fluid
transport in connection with the microneedles, improve-
ments may still be possible with regard to transporting
fluid quickly and efficiently across the devices to, e.g.,
sensors, etc.

SUMMARY OF THE INVENTION

[0005] The present invention provides a microneedle
device as definedin claim 1. The dependent claims relate
to individual embodiments of the invention. The micro-
needle devices according to the invention include at least
one microneedle protruding from a substrate, with the
microneedles piercing a cover placed over the substrate
surface from which the microneedle protrude. The cover
and the microneedle substrate together define a capillary
volume in fluid communication with the base of each
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microneedle.

[0006] The capillary volume enhances the movement
of fluid towards or away from the microneedles by wicking
fluids towards or away from the microneedles. The wick-
ing action may be accomplished by selection of suitable
spacing between the substrate and the cover and/or by
the selection of materials used for the various compo-
nents in the devices. In some instances, coatings may
be provided within the capillary volume, e.g., hydrophilic
coatings, that may enhance the capillary wicking action
within the capillary volume.

[0007] The capillary volume in the microneedle devic-
es may be provided by simply spacing the cover from the
substrate surface, or by including some standoff structure
between the cover and the surface of the microneedle
substrate that can define a minimum distance between
the cover and the substrate. The standoff structure may
be formed as a part of the substrate surface, a part of
the cover, a part of both the substrate surface and the
cover, or by a separate article or articles (e.g., loose fill-
ers) interposed between the substrate and the cover.
[0008] The capillary volume may (in some embodi-
ments) be defined, at least in part, by conduit structures
formed on the surface of the substrate on which the
microneedle array is located. The conduit structure may
be provided in the form of depressions or grooves in the
substrate surface. Alternatively, the conduit structures
may be formed by barriers, similar to dikes, that protrude
above the substrate surface.

[0009] The microneedle devices of the present inven-
tion may, in some embodiments include one or more sen-
sor elements in fluid communication with the capillary
volume, such that fluids traveling through the capillary
volume contact the sensor element. The sensor element
may be used to sense any of a number of properties
and/or compositions in the fluids passing through the
capillary volume. In one example, the sensor element
can be a glucose test element. If, for example, the glu-
cose test element includes glucose oxidaze, the fluid
sample passing through the capillary volume may be as-
sessed using electrochemical techniques. In some con-
structions, the cover, the substrate, or another element
(e.g., abacking) may be provided with an electrically con-
ductive circuit pattern to facilitate electrochemical anal-
ysis of the fluid sample. Alternatively, the sensor element
may undergo an optical change dependent on the prop-
erties and/or composition of the fluid passing through the
capillary volume. Other alternative sensing techniques
will be known to those of skill in the art.

[0010] In one embodiment the present invention pro-
vides a microneedle device including a substrate having
a first major surface; at least one microneedle projecting
from the first major surface of the substrate, the at least
one microneedle having a base proximate the first major
surface of the substrate and a tip distal from the base; a
cover with a first side facing the first major surface of the
substrate and a second side facing away from the sub-
strate, wherein the at least one microneedle penetrates
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through the first side and the second side of the cover;
and a capillary volume located between the first major
surface of the substrate and the first side of the cover,
wherein the capillary volume contacts at least a portion
of the base of the at least one microneedle.

[0011] In another embodiment, the present invention
provides a microneedle device including a substrate with
a first major surface and a second major surface; at least
one microneedle projecting from the first major surface
of the substrate, the at least one microneedle including
a base proximate the first major surface of the substrate
and a tip distal from the base; a cover with a first side
facing the first major surface of the substrate and a sec-
ond side facing away from the substrate, wherein the at
least one microneedle penetrates through the first side
and the second side of the cover; a capillary volume lo-
cated between the first major surface of the substrate
and the first side of the cover; wherein the capillary vol-
ume contacts at least a portion of the base of the at least
one microneedle; a backing proximate the second major
surface of the substrate, wherein the backing extends
past a periphery of the substrate; and a cap attached to
the backing around the periphery of the substrate, where-
in the first major surface of the substrate faces the cap,
and wherein the substrate and the at least one micro-
needle are enclosed between the backing and the cap.
[0012] In another aspect, the present invention pro-
vides a method of manufacturing a microneedle device
as defined in claim 11 with the dependent method claims
relating to individual embodiments of the method accord-
ing to the invention.

[0013] These and other features and advantages of
the invention may be described below in connection with
various illustrative embodiments of the invention.

BRIEF DESCRIPTION OF THE FIGURES
[0014]

FIG. 1 is a perspective view of one microneedle de-
vice according to the present invention.

FIG. 2 is a cross-sectional view of the microneedle
device of FIG. 1, taken along line 2-2 in FIG. 1.
FIG. 2a is an enlarged cross-sectional view of a por-
tion of the microneedle device of PIG 2 (indicated by
boundary 2A in FIG. 2).

FIG. 3 is a plan view of a portion of one side of a
cover including a standoff structure that may be used
in connection with the microneedle devices of the
present invention.

FIG. 4 is a cross-sectional view of the cover of FIG.
3, taken along line 4-4 in FIG. 3.

FIG. 5 is a plan view of a portion of microneedle
substrate surface including standoff structure that
may be used in connection with the microneedle de-
vices of the present invention.

FIG. 6 is a cross-sectional view of the substrate of
FIG. 5, taken along line 6-6 in FIG. 5 (with a cover
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added to illustrate the function of the standoff struc-
ture).

FIG.7is a cross-sectional view of a portion of another
microneedle device according to the present inven-
tion.

FIG. 8 is a plan view of another microneedle device
according to the present invention.

FIG. 9 is an exploded cross-sectional view of the
microneedle device of FIG. 8, taken along line 9-9
in FIG. 8.

FIG. 10 is an enlarged cross-sectional view of a por-
tion of the microneedle device of FIG. 8, taken along
line 10-10 in FIG. 8.

FIG. 11 is a plan view of a microneedle device in-
cluding a sensor element and electrically conductive
circuit pattern.

FIG. 12 is a cross-sectional view of the microneedle
device of FIG. 11, taken along line 12-12 in FIG. 11.
FIG. 13 is a cross-sectional view of another micro-
needle device according to the present invention.
FIG. 14 is a cross-sectional view of another micro-
needle device according to the present invention.
FIG. 15is a plan view of another microneedle device
according to the present invention.

FIG. 16 depicts one portion of one method of man-
ufacturing a microneedle device according to the
present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS OF THE INVENTION

[0015] The present invention provides microneedle
devices that may be useful for a variety of purposes. For
example, the microneedle devices may be used to deliver
or remove fluids from the point at which they are inserted.
To accomplish that goal, the microneedle devices include
a capillary volume in contact with the base of each of the
microneedles.

[0016] The microneedle devices of the present inven-
tion may be used for a variety of purposes. For example,
the microneedle devices may be used to deliver drugs
or other pharmacological agents through the skin in a
variation on transdermal delivery. Where the micronee-
dle devices are to be used for transdermal drug delivery,
the height of the microneedles is preferably sufficient to
pass through the stratum corneum and into the epider-
mis. It is also, however, preferable that the height of the
microneedles is not sufficiently large to cause significant
pain when inserted at a delivery site,

[0017] As used in connection with the present inven-
tion, the term "microneedle" (and variations thereof) re-
fers to structures having a height above the surface from
which they protrude of about 500 micrometers or less. In
some instances, microneedles of the present invention
may have a height of about 250 micrometers or less.
[0018] Although the illustrative microneedle devices
described herein all include multiple microneedles, it will
be understood that microneedle devices of the present
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invention may include only one microneedle on each sub-
strate. Further, although the microneedle devices are all
depicted with only one substrate, each device could in-
clude multiple substrates, with each substrate including
one or more microneedles protruding therefrom.

[0019] Referring now to FIGS. 1, 2 and 2a, a portion
of one microneedle device 10 is illustrated with micro-
needles 30 protruding from a surface 22 of a microneedle
substrate 20. The microneedles 30 may be arranged in
any desired pattern or distributed over the surface 22
randomly. The microneedles 30 may each include a
channel 32 formed in the outer surface of the tapered
microneedle.

[0020] The microneedles 30 each include a base 34
proximate the substrate surface 22 and a tip 36 distal
from the base 34. The general shape of the microneedles
30 is tapered. For example, the microneedles 30 have a
larger base 34 at the substrate surface 22 and extend
away from the substrate surface 22, tapering towards a
tip 36. It may be preferred, e.g., that the shape of the
microneedles used in connection with the present inven-
tion be generally conical.

[0021] Each ofthe microneedles in the depicted device
10 may also preferably include a channel 32 that extends
from the base 34 (or near the base) of the microneedle
towards the tip 36 of the microneedle. The channels may
typically be formed as a void running along the side of
the exterior surface of the microneedle 30. In some em-
bodiments, the channel 32 may extend to the tip 36 of
the microneedle 30 and, in other embodiments, the chan-
nel 32 may terminate before reaching the tip 36.

[0022] The channels 32 formed in microneedles 30 of
the present invention can be distinguished from bores or
vias formed in other microncedles because they are open
along substantially their entire length, e.g., from the base
34 of the microneedle 30 to the terminus of the channel
32. In contrast, bores or vias formed in other micronee-
dles are typically closed fluid pathways that have an
opening at the tip of the microneedle structure.

[0023] In some embodiments, the bases of the micro-
needles may be elongated to improve the rigidity and
structural integrity of the microneedles. In the micronee-
dles with bases that are elongated along an elongation
axis, it may be preferred that the channels extend from
one of the opposing ends located along the elongation
axis.
[0024]
needles are described
03/020359.

[0025] Itmay, for example, be preferred that the micro-
needles 30 include elongated bases as described in the
identified application.

[0026] Referring to FIGS. 2 and 2a, the microneedle
device 10 includes substrate 20 with major surface 22
from which the microneedles 30 protrude. The substrate
20 may also include a substantially flat opposing major
surface 24 on the opposite side of the substrate 20.
[0027] The microneedle device 10 also includes a cov-

These and other variations in channeled micro-
in more detail in WO-A-
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er 40 located over the major surface 22 of substrate 20.
The cover 40 includes two major sides 42 and 44, with
major side 42 being oriented to face the major surface
22 of the substrate 20. Each of the microneedles 30 pref-
erably pierces through the cover 40, such that the base
34 of each microneedle 30 is located within a volume
defined between the major surface 22 of the substrate
20 and the side 42 of the cover 40.

[0028] It may be preferred, but not required, that the
cover 40 be provided in the form of a liquid impermeable
film, more preferably a polymeric film. One example of a
suitable polymeric film may be, e.g., a simultaneously
biaxially oriented polypropylene film (with a thickness of,
e.g., about 10 to about 20 micrometers). Regardless of
the material or materials used for the cover, it should be
understood that although the cover is depicted as a sin-
gle-layer homogenous structure, it may be a non-homo-
geneous structure, e.g., a multi-layer construction, a
binder containing one or morefillers, or any other suitable
design.

[0029] The thickness of the cover may vary based on
the height of the microneedles and their intended use,
although covers with a thickness less than the height of
the microneedles may be preferred. If the cover is too
thick, however, it may interfere with penetration of the
delivery site by the microneedles. Thicker covers may,
however, be used if, for example, they are compressible
to allow for penetration of the delivery site by the micro-
needles when the cover is compressed. In such a situa-
tion, a compressible cover with an uncompressed thick-
ness equal to or greater than the height of the micronee-
dles may be acceptable.

[0030] The volume thus defined between the substrate
surface 22 and the cover 40 is the capillary volume. The
spacing or distance s (see FIG. 2A) between the sub-
strate surface 22 and the side 42 of the cover 40 facing
the substrate 20 may be controlled by a variety of tech-
niques. In some instances, the distance or spacing that
defines the capillary volume will only be loosely control-
led, without the assistance of any structures. In other
instances, some of which are discussed below, the spac-
ing s may be controlled by standoff structure located with-
in the capillary volume.

[0031] The spacing sis selected to provide the desired
capillary or wicking action required to transport fluid
through the capillary volume, either towards the micro-
needles 30 or away from the microneedles 30. It is pre-
ferred that the distance sbe greater than zero at the lower
end, in some instances about 10 micrometers or more.
At the upper end, it may be preferred that the capillary
volume have a distance s that is about 100 micrometers
or less, more preferably about 40 micrometers or less.
[0032] In addition to control over the spacing s to fa-
cilitate fluid transport through the capillary volume, the
materials used to form the substrate 20 and/or the cover
40 may also be selected for their hydrophilic properties
to facilitate fluid transport through the capillary volume.
Alternatively, or in addition to materials, the surfaces
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within the capillary volume may be structured to enhance
fluid transport through the capillary volume.

[0033] In another alternative, one or more surfaces
within the capillary volume may be provided with a hy-
drophilic coating to enhance fluid transport. Examples of
suitable hydrophilic coatings are provided by coating the
desired surface or surfaces using a surfactant solution
thatincludes from about 0.05% to about 0.5%, by weight,
branched chain sodium dodecylbenzene sulfonate and
from about 0.10% to about 0.6%, by weight, ethoxylated
acetylenic diol, in a solvent including a 70/30 mix of iso-
propyl alcohol and water.

[0034] Referring again to FIG. 2a if the microneedles
30 include channels 32 formed along their exterior sur-
faces, it may be preferred that the channels 32 be in fluid
communication with the capillary volume formed be-
tween the substrate 20 and the cover 40. Putting the
channels 32 in fluid communication with the capillary vol-
ume will typically enhance the transport of fluids through
the microneedle device 10.

[0035] Although only one type of channel 32 is depict-
ed in FIGS. 1 and 2, it should be understood that any
suitable channel structure may be provided in connection
with the microneedles of the present invention. Further,
the microneedles may be provided without channels if
fluid transport along the exterior surface of the micronee-
dles can be provided in the absence of channels. For
example, the exterior surfaces of the microneedles may
be textured or otherwise treated to improve the ability of
fluids to move along the surface of the microneedles.
Those treatments may, in some instances, include the
hydrophilic coatings described above.

[0036] Turning to FIGS. 3 and 4, the spacing between
the substrate and a cover 140 may be controlled by, e.g.,
standoff structure 146 provided on the cover 140. FIG. 3
depicts one example of a standoff structure that may be
useful in connection with the present invention. The
standoff structure 146 includes pillars formed such that
they protrude from the surface 142 of the cover 140. The
pillars may be of substantially the same height as depict-
ed in FIG. 4, or they may be of different heights if so
desired. The spacing between the pillars may also vary
depending on the specific application of the microneedle
device.

[0037] Although the depicted standoff structure 146 is
in the form of circular cylindrical pillars, it should be un-
derstood that the standoff structure may be provided in
any suitable shape or combination of shapes, e.g., pyr-
amids, hemispherical protrusions, walls, etc.

[0038] It may be preferred that the standoff structure
146 be formed integrally with the cover, e.g., as a struc-
tured surface molded or otherwise formed in the cover
material. Alternatively, the standoff structure may be pro-
vided in the form of separate articles attached to the cover
(e.g., loosely bonded fillers, microbeads, cube corner el-
ements, etc.).

[0039] FIGS. 5 and 6 depict another variation in stand-
off structures that may be used in connection with the
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present invention with a cover 240 present in FIG. 6 to
illustrate the function of the standoff structure 226 in spac-
ing the cover 240 from the surface 222. The standoff
structure 226 is formed such that it protrudes from the
surface 222 of the microneedle substrate 220. The de-
picted standoff structure 226 is in the form of elongated
prisms that may preferably define channels or conduits
in which the microneedles 230 are located. In some in-
stances, these elongated standoff structures 226 may
provide some directionality to fluid flow through the cap-
illary volume formed between the cover 240 and the sub-
strate 220, with fluid flow being generally controlled along
the direction of the elongated standoff structures 226.
[0040] It may be preferred that the standoff structure
226 be formed integrally with the substrate 220, e.g., as
a structured surface molded or otherwise formed in the
substrate 220. Alternatively, the standoff structure may
be provided in the form of separate articles attached to
the substrate (e.g., loosely-bonded fillers, prisms, mi-
crobeads, cube corner elements, etc.).

[0041] It should be understood that in some instances
the standoff structure may not be attached to any surface
within the capillary volume and may, instead, take the
form of particulates dispersed within the capillary volume.
[0042] FIG. 7 depicts yet another variation in a micro-
needle device 310 according to the present invention.
The device 310 includes a substrate 320 from which
microneedles 330 protrude. The microneedles 330
pierce a cover 340 as described above, with a capillary
volume being defined between the substrate 320 and the
cover 340. Inthe embodiments described above, the cap-
illary volume is largely open and unobstructed (with the
exception of the microneedle bases and any standoff
structure located within the capillary volume). In the em-
bodiment depicted in FIG. 7, however, a standoff struc-
ture in the form of a porous layer 350 is shown.

[0043] The porous layer 350 may preferably be largely
coextensive with the capillary volume, such that the open
volume of the capillary volume is provided by the pores
or interstices within the porous layer 350. Alternatively,
the porous layer 350 may be provided in separated, dis-
crete locations across the surface of the substrate 320.
The porous layer 350 may take a variety of constructions,
provided that the movement or passage of fluid there-
through is provided for. Examples of some suitable ma-
terials for the porous layer 350 may include papers, treat-
ed papers, polymers, woven fibers, such as fabrics, or
non-woven materials. For example, wet laid products
such as paper, spun-laced non-woven, spun-bonded
non-woven, polyurethane open and closed-celled foams,
carded web non-woven, blown microfiber non-woven,
woven fabrics selected from the group consisting of cot-
ton, cellulose, rayon, acetate, polyester, nylon, polypro-
pylene, polyethylene, urethane, glass, metal, and blends
thereof may, in some instances be used.

[0044] In some constructions, the porous layer 350
alone may function as the cover, with no cover layer 340
present. In such a construction, the thickness of the po-
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rous layer 350 above the substrate 320 will define the
boundaries of the capillary volume. Such a porous cover
may, for example, be compressible to allow for additional
penetration of the microneedles 330 at a delivery site if
so desired.

[0045] Inthose constructions, however, in which a sep-
arate cover layer 340 is present in addition to a porous
layer 350, it may be preferred that the cover layer 340
be provided in the form of a liquid impermeable film, more
preferably a polymeric film as discussed above.

[0046] Turningto FIGS. 8 & 9, another construction for
a microneedle device is depicted. The microneedle de-
vice 410 includes a substrate 420 from which micronee-
dles 430 protrude. The device 410 also includes a cover
440 through which the microneedles 430 protrude when
the device 410 is manufactured. The cover 440 and the
substrate 420 define a capillary volume as discussed
above.

[0047] Thedevice410alsoincludes abacking460 that
may be located proximate the opposing surface of the
substrate 420 such that the cover 440 faces one major
surface of the substrate 420 and the backing 460 faces
the opposing major surface of the substrate 420. The
backing may preferably include an adhesive 462 such
that the backing can be adhered to the substrate 420.
The adhesive 462 may preferably be a pressure sensitive
adhesive.

[0048] If a backing is used in connection with the de-
vices of the present invention, it may be of any suitable
construction, including single layer films/foils, multilayer
constructions (e.g., poly/foil/poly laminates or multi-layer
polymeric film constructions), etc. Examples of some
suitable backings may be described in connection with
the packaging materials, e.g., U.S.-A-5,620,095 and US-
A-6,099,682.

[0049] The cover 440 and the backing 460 may both
preferably extend beyond the periphery of the substrate
420 to form an area 466 in which the cover 440 and the
backing 460 are directly opposing each other without the
substrate 420 located therebetween. The cover 440 and
the backing 460 may preferably be attached to each other
about the periphery of the substrate 420 such that the
substrate 420 is enclosed within the cover 440 and the
backing 460.

[0050] The attachment between the cover 440 and the
backing 460 may be accomplished by any suitable tech-
nique or techniques. For example, the attachment may
be accomplished in the depicted embodiment by the ad-
hesive 462 on the backing 460. In other devices, the
backing may be attached by, e.g., thermal bonds (e.g.,
heat seal bonds, welding, etc.), clamps, etc. It may be
preferred that the attachment between the cover 440 and
the backing 460 be a hermetic seal.

[0051] Also depicted in connection with FIGS. 8 &9 is
the inclusion of a sensor element 470 as a part of the
microneedle device 410. The sensor element470 is pref-
erably in fluid communication with the capillary volume
defined by the cover 440 and the substrate 420, such
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that fluids traveling through the capillary volume contact
the sensor element 470. Although only one sensor ele-
ment 470 is depicted in connection with the device 410,
it will be understood that devices according to the present
invention may include more than one sensor element.
Further, the sensor elements may be the same or differ-
ent.

[0052] The sensor element 470 may be used to sense
any of a number of properties and/or compositions in the
fluids passing through the capillary volume. In one ex-
ample, the sensor element 470 can be a glucose test
element. If, for example, the glucose test element in-
cludes glucose oxidaze, the fluid sample passing through
the capillary volume may be assessed using electro-
chemical techniques. In some constructions, the cover,
the substrate, or another element (e.g., the backing) may
be provided with an electrically conductive circuit pattern
to facilitate electrochemical analysis of the fluid sample.
Alternatively, the sensor element 470 may be a colori-
metric sensor that undergoes an optical change depend-
enton the properties and/or composition of the fluid pass-
ing through the capillary volume. Other alternative sens-
ing techniques will be known to those of skill in the art.
[0053] FIG. 10 depicts another feature of the micro-
needle device 410 in an enlarged cross-sectional view.
The additional optional feature is a conduit structure 427
formed into the substrate 420. The conduit structure 427
may be formed as a depression or trench into the sub-
strate 420 as depicted. Alternatively, the conduit struc-
ture may be provided as a harrier or barriers provided on
the surface of the substrate 420 as discussed in connec-
tion with WO-A-03/020359.

[0054] If the microneedle 430 includes a channel
formed therein (as discussed above) it may be preferred
that any conduit structure 427 be in fluid communication
with the channel. At a minimum, however, it may be pre-
ferred that the conduit structure 427 extend to a point
proximate the base 434 of the microneedle 430. The con-
duit structure 427 may be used to deliver fluids to the
channels in the microneedles or they may be used to
remove fluids from the channels of the microneedles. In
some situations, the conduit structure 427 may both de-
liver and remove fluids from microneedle insertion sites.
In some embodiments, the conduit structure may define
all or a portion of the capillary volume formed by the sub-
strate 420 and the cover 440. It may be preferred that
the conduit structures 427 lead to the void 428 in which
the sensor element 470 is located.

[0055] Another feature illustrated in FIG. 10 is that the
microneedle may have a different shape. Although many
microneedles may have a uniform slope or wall angle
(with respect to, e.g., a z axis normal to the substrate
surface 12), microneedles of the present invention may
have different wall angles. For example, FIG. 10 shows
microneedle 430 that includes a lower section having
steeper wall angles with respect to the substrate 420,
and an upper section 438 proximate the tip 436 having
shallower wall angles.
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[0056] In further microneedle shape variations, the
microneedles used in connection with the present inven-
tion may have generally vertical wall angles, i.e., the
microneedles may be in the form of pins, with sidewalls
that are largely orthogonal to the surface of the substrate
from which they protrude.

[0057] Further, although the microneedles and the
substrate surfaces of the depicted embodiments are
shown with relatively smooth surfaces, the various fea-
tures of the microneedle devices may have surfaces that
are not smooth, e.g., the surfaces may be roughened,
structured, etc. to enhance fluid flow over the surface.
[0058] FIGS. 11 & 12 depict another embodiment of a
microneedle device 510 according to the present inven-
tion. The device 510 includes a sensor element 570 and
a plurality of microneedles 530. The device 510 also in-
cludes an electrically conductive pattern in the form of
an anode and cathode 572 and 574 respectively. The
conductive pattern may be provided in any suitable form,
e.g., printed or patterned metallization, conductive poly-
mers, etc. In the depicted embodiment, the conductive
pattern is provided on the cover 540, although it will be
understood that the conductive pattern may be located
at any suitable location or combinations of locations with-
in the device 510 (e.g., on the backing or substrate).
[0059] Another microneedle device 610 according to
the present invention is depicted in FIG. 13. The device
610 includes a substrate 620 with microneedles 630 and
a cover 640 that form a capillary volume as described
above. In addition, the device 610 includes a reservoir
volume 681 located on the opposite side of the substrate
620. The reservoir volume 681 may be filled with a fluid
including, e.g., a medicament or other pharmacological
agent to deliver. The volume 681 is defined by a housing
680 that includes an inner surface 682 facing the sub-
strate 620. The housing 680 (in the depicted embodi-
ment) is attached to the substrate 620 itself on the side
opposite the microneedles 630. Alternatively, the hous-
ing 680 may be attached to the cover 640 outside of the
periphery of the substrate 620. The volume 681 may also
include a porous compressible material (e.g., a foam) to
assist in holding any fluids or drawing of a vacuum using
the device 610 (by compressing the porous material and
relying on its tendency to expand, thereby drawing fluids
into the volume 681 through void 628).

[0060] The substrate 620 preferably includes one or
more voids 628 formed therethrough, such that any fluids
contained within the reservoir volume 681 can be com-
municated to the capillary volume formed between the
substrate 620 and the cover 640. When the reservoir
volume is pressured or compressed (by, e.g., manual
pressure), the fluids located within the reservoir volume
681 will preferably tend to flow towards the microneedles
630. If the microneedles 630 are, for example, located
within the skin of a patient, the fluids can be delivered to
those insertion sites. It may be preferred that the housing
680 be resilient, such that it can substantially recover its
shape after compression.
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[0061] Stillanother optional feature that may be includ-
ed in the device 610 is an optional membrane 686 cov-
ering the void 628 in the substrate 620. The membrane
686 may prevent fluid communication between the res-
ervoir volume 681 and the capillary volume formed be-
tween the substrate 620 and the cover 640. In the ab-
sence of the membrane 686 or after the membrane 686
is ruptured or otherwise opened, the reservoir volume
681 is in fluid communication with the capillary volume.
Although the membrane 686 is shown as being of a lim-
ited size, it may extend to the periphery of the substrate
620 such that it is attached to the housing 680 proximate
the periphery of the substrate 620. In such a configura-
tion, the membrane 686 may itself be attached to the
substrate 620 by adhesives, thermal bonding, etc. and
the reservoir volume 681 may be defined between the
membrane 686 and the housing 680.

[0062] Opening ofthe membrane 686 may convenient-
ly be attained by compressing the housing 680 such that
the pressure within the reservoir volume causes the
membrane 686 to rupture. Other techniques of opening
the membrane 686 may also be used. Furthermore, other
techniques and structures for sealing the void 628 may
be used in place of a membrane 686.

[0063] Another optional feature depicted in FIG. 13 is
the inclusion of a layer of sealing adhesive 648 on the
outer surface of the cover 640. The sealing adhesive 648
may preferably be a pressure sensitive adhesive, that
adheres to skin or another delivery site, such that the
device 610 is anchored or attached after the micronee-
dles have penetrated at the delivery site. In addition, the
sealing adhesive 648 may preferably form a seal about
each of the microneedles 630, as well as retain the device
610 in contact with the delivery site. The seal may resist
fluid flow and/or allow a vacuum to be drawn at the de-
livery site. It may be preferred that the sealing adhesive
648 be a skin-compatible adhesive, examples of which
are well known. In the depicted device 610, the sealing
adhesive 648 may preferably be substantially coexten-
sive with the area occupied by the microneedles 630 such
that each of the microneedles 630 is surrounded by the
adhesive 648 on the surface of the cover 640.

[0064] Another alternative microneedle device is de-
picted in connection with FIG. 14, and includes a sub-
strate 720, microneedles 730, cover 740 and backing
760. The backing 760 may preferably be attached to the
cover 740 about the periphery of the substrate 720 by an
adhesive 762. Further, the cover 740 and the substrate
720 form a capillary volume as discussed above.
[0065] In the depicted embodiment, the backing 760
extends outside of the substrate 720 and the cover 740
to a peripheral area 792 to which a cap 790 is attached.
It may be preferred that the cap 790 and the backing 760
are formed of materials and sealed together by adhe-
sives, thermal bonds, etc. such that the substrate 720
and microneedles 730 are enclosed within a hermetic,
moisture-impermeable package used to transport and
store the device 710 before use. In such an embodiment,
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the cap 790 would be removed to expose the micronee-
dles 730 before use. Although the cap 790 is depicted
as having a formed shape, it will be understood that it
could be formed of flexible, unshaped materials, (e.g.,
laminates, etc.).

[0066] Also seenin FIG. 14, is a ring of sealing adhe-
sive 748 on the outer surface of the cover 740. The ring
of sealing adhesive 748 preferably extends about the pe-
riphery of the area occupied by the microneedles 730
and provides sealing and/or attachment functions when
the microneedles 730 are inserted into a delivery site as
discussed above in connection with FIG. 13 and sealing
adhesive 648 depicted therein.

[0067] FIG. 15 depicts yet another microneedle device
810 according to the present invention. The device in-
cludes microneedles 830 that are preferably segregated
in one area of the device 810. A sensor element array
870 is located outside of the area occupied by the micro-
needles 830 and includes a number of sensor elements
870a, 870b and 870c, all of which may be used to detect
the same or different properties or compositions of fluids
passing through the capillary volume. In this embodi-
ment, the capillary volume extends over the device such
that fluids transmitted into the capillary volume by the
microneedles travels across the device 810 into the area
occupied by the sensor elements 870. The sensor ele-
ments 870 may, for example, be provided in the form of
coatings, rather tan separate articles as depicted above.
[0068] A ring of sealing adhesive 848 is also depicted
in connection with device 810. This ring of sealing adhe-
sive 848 may, for example, be located on a backing that
extends beyond the periphery of the substrate on which
the microneedles 830 are located (as seenin, e.g., FIG.
14). A cap or liner may then be attached to the adhesive
848 (see, e.g., cap 790 in FIG. 14) to protect it during
transport of the device. If a cap is used, it may form a
portion of a package in which the device 810 is delivered.
Upon removal of the cap or liner, the sealing adhesive
848 is exposed and can be used to attach and/or seal
the device 810 to the delivery site.

[0069] FIG. 16 depicts one method of providing a cover
pierced by microneedles in connection with the manu-
facturing of microneedle devices according to the present
invention. The piercing of the cover 940 by the micronee-
dles 930 may be accomplished by any suitable technique
ortechniques. It may, however, be preferred that piercing
of the cover 940 by the microneedles 930 be accom-
plished by simultaneous delivery of force and ultrasonic
energy.

[0070] Turning to FIG. 16, the substrate 920 with
microneedles 930 may be forced against the cover 940
by an ultrasonic horn 990. It may be preferred that the
cover and substrate 920 rest on a resilient material 992
(e.g., silicone rubber having a durometer hardness of ap-
proximately 18 on the Shore D scale). As the substrate
920 is forced towards the resilient material 992, ultrasonic
energy may assist the microneedles in piercing the cover
940inamanner thatresults in the formation of the desired
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capillary volume as described above.

[0071] It is envisioned that other methods of accom-
plishing piercing of the cover by the microneedles may
also be used. For example, it may be desirable to provide
heat during the piercing process (alone or in connection
with ultrasonic energy). In other instances, it may be suf-
ficientto provide force alone, in someinstances animpact
force of relatively short duration may be preferred. Fur-
thermore, if ultrasonic energy is used, it may be applied
through the cover 940 rather than through the substrate
920 as depicted in FIG. 16.

[0072] The microneedles, standoff structure (if any),
and conduit structure (if any) may preferably be manu-
factured integrally with the substrate. In other words, the
various features may preferably formed as a one piece,
completely integral unit. Alternatively, the microneedles,
standoff structures, and/or conduit structures may be pro-
vided separately from the substrate.

[0073] The microneedle substrates may be manufac-
tured from a variety of materials. Material selection may
be based on a variety of factors including the ability of
the material to accurately reproduce the desired pattern;
the strength and toughness of the material when formed
into the microneedles; the compatibility of the material
with, for example, human or animal skin; the compatibility
of the materials with any fluids to be delivered or removed
by the channels formed in the microneedles, etc. For ex-
ample, it may be preferred that the microneedle arrays
of the present invention be manufactured of one or more
metals.

[0074] Regardless of the materials used for the micro-
needle arrays ofthe presentinvention, itmay be preferred
that the surfaces of the microneedle array that are likely
to come into contact with fluids during use have certain
wettability characteristics. It may be preferred that these
surfaces are hydrophilic, e.g., exhibit a static contact an-
gle for water of less than 90 degrees (possibly less than
about 40 degrees), so that the fluid can be spontaneously
wicked via capillary pressure. The hydrophilic nature of
the surfaces may be provided by selection of materials
used to manufacture the entire microneedle array, sur-
face treatments of the entire array or only those portions
likely to come into contact with fluids, coatings on the
entire array or only those portions likely to come into con-
tact with fluids, etc.

[0075] Microneedles in the microneedle arrays of the
present invention can be solid or porous. As used herein,
the term "porous" (and variations thereof) means having
that the microneedles include pores or voids through at
least a portion of the structure, wherein those pores or
voids are sufficiently large and interconnected to permit
at least fluid passage.

[0076] Some suitable processes for formin micronee-
dles of the present invention are described in connection
with WO-A-03/020359.

[0077] The microneedle devices of the invention may
be used in a variety of different manners. One manner
of using microneedle devices of the present invention is
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in methods involving the penetration of skin to deliver
medicaments or other substances and/or extract blood
or tissue. As discussed above, it may be desired that the
height of the microneedles in the microneedle devices
be sufficient to penetrate the stratum corneum.

[0078] Various modifications and alterations of this in-
vention will become apparent to those skilled in the art
without departing from the scope of this invention, and it
should be understood that this invention is not to be un-
duly limited to the illustrative embodiments set forth here-
in.

Claims
1. A microneedle device comprising:

- a substrate (20,220,320,420,620,720,920)
comprising a first major surface (22,222); and
- atleast one microneedle (30,330,430,530,630,
730,830,930) projecting from the first major sur-
face (22,222) of the substrate (20,220, 320,420,
620,720,920), the at least one microneedle
(30,330,430, 530,630,730,830,930) comprising
abase (34,434) proximate the first major surface
(22,222) of the substrate (20,220,320,420,
620,720, 920) and a tip (36) distal from the base
(34,434);

- a cover (40,140,240,340,440,640,740,940)
comprising a first side (42,142) facing the first
major surface (22,222) of the substrate (20,220,
320,420,620,720,920) and a second side (44)
facing away from the substrate (20,220,320,
420,620,720,920), and

- a capillary volume located between the first
major surface (22,222) of the substrate (20,220,
320,420,620,720,920) and the first side (42,
142) of the cover (40,140,240,340,440,640,740,
940);

- wherein the capillary volume contacts at least a
portion of the base (34,434) of the at least one
microneedle  (30,330,430,530,630,730, 830,
930), characterised in that the at least one
microneedle (30,330,430,530,630,730,830, 930)
pierces through thefirstside (42,142) and the sec-
ond side (44) of the cover (40,140,240, 340,440,
640,740,940).

2. A device according to claim 1, wherein the capillary
volume comprises conduit structures formed by the
substrate (20,220,320,420,620,720, 920).

3. Adevice according to claims 1 or 2, further compris-
ing standoff structure (146,226) located within the
capillary volume, the standoff structure (146,226) at
least partially defining the capillary volume.

4. Adevice accordingto claim 1 or 2, further comprising
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10.

standoff structure located within the capillary vol-
ume, the standoff structure at least partially defining
the capillary volume, wherein the standoff structure
comprises a porous layer (350) with the capillary vol-
ume being substantially located within the porous
layer (350).

A device according to any of the preceding claims 1
to 4, further comprising a hydrophilic surface within
the capillary volume.

A device according to any of the preceding claims 1
to 5, further comprising a channel (32) formed in an
outer surface of the at least one microneedle (30,
330,430,530,630,730,830,930), the channel (32)
extending from the base (34,434) towards the tip (36)
of the at least one microneedle (30,330,430,530,
630,730,830,930).

A device according to any of the preceding claims 1
to 6, wherein the substrate (20,220,320,420,620,
720,920) comprises a second major surface facing
a housing (680) that is attached to the substrate
(20,220, 320,420,620,720,920), wherein a reservoir
volume (621) is located between the housing (680)
and the substrate (20,220,320,420,620,720, 920),
and further wherein the substrate (20,220,320,420,
620,720,920) comprises at least one void formed
through the first and second major surfaces (22,222)
of the substrate (20,220,320,420,620,720,920).

A device according to any of the preceding claims 1
to 7, wherein the substrate (20,220,320,420,620,
720,920) comprises a second major surface and the
device further comprises a backing (460,760) prox-
imate the second major surface of the substrate
(20,220,320,420,620,720,920), wherein the backing
(460,760) extends past a periphery of the substrate
(20,220,320,420,620,720,920); and a cap (790) at-
tached to the backing (460,760) around the periph-
ery of the substrate (20,220,320,420,620, 720,920),
wherein the first major surface (22,222) of the sub-
strate (20,220,320,420,620,720,920) faces the cap
(790), and wherein the substrate (20,220,320,420,
620,720,920) and the at least one microneedle
(30,330,430,530,630,730,830,930) are enclosed
between the backing (460,760) and the cap (790).

A device according to any of the preceding claims 1
to 8, wherein the at least one microneedle (30,330,
430,530,630,730,830,930) comprises a plurality of
microneedles (30,330,430,530,630,730,830,930).

A device according to any of the preceding claims 1
to 9, further comprising a sensor element (470,570,
870) in fluid communication with the capillary volume
and an electrically conductive patter, wherein a por-
tion of the electrically conductive pattern is in contact



11.

12.

13.

14.

15.

17 EP 1 465 698 B1 18

with the sensor element (470,570,870).

A method of manufacturing a microneedle device
comprising:

- providing a substrate (20,220,320,420,620,
720,920) comprising a first major surface (22,
222) and at least one microneedle (30,330,430,
530,630,730,830,930) projecting from the first
major surface (22,222) of the substrate (20,220,
320,420,620,720,920), the at least one micro-
needle (30,330,430,530,630,730,830,930) com-
prising a base (34,434) proximate the first major
surface (22,222) of the substrate (20,220,
320,420,620,720,920) and a tip (36) distal from
the base (34,434);

- providing a cover (40,140,240,340,440,
640,740,940) comprising a first side (42,142)
facing the first major surface (22,222) of the sub-
strate (20,220,320,420,620,720,920) and a sec-
ond side (44) facing away from the substrate
(20,220,320,420,620,720,920);

- forcing the tip (36) of the at least one micro-
needle (30,330,430,530, 630,730,830,930)
through the cover (40,140,240,340,440,640,
740, 940) to pierce the first side (42,142) and
the second side (44) of the cover (40,140,240,
340,440,640,740,940); and

-forming a capillary volume located between the
first major surface (22,222) of the substrate
(20,220,320,420,620,720,920) and the first side
(42,142) of the cover (40,140,240,340,440,
640,740,940); wherein the capillary volume con-
tacts at least a portion of the base (34,434) of
the at least one microneedle (30,330,430,530,
630, 730,830,930).

A method according to claim 11, wherein the at least
one microneedle (30,330,430,530,630,730,830,
930) comprises a plurality of microneedles (30,330,
430,530,630,730,830,930), and wherein tips (36) on
the plurality of microneedles (30,330,430,530,630,
730,830,930) are forced through the cover (40,140,
240,340,440,640,740,940).

A method according to claims 11 or 12, further com-
prising providing a porous layer (350) within the cap-
illary volume, wherein the capillary volume is sub-
stantially located within the porous structure.

A method according to any of claims 11 to 13, further
comprising providing a hydrophilic surface within the
capillary volume.

A method according to any of claims 1 to 14, further
comprising providing a sensor element (470,
570,870) in fluid communication with the capillary
volume and providing an electrically conductive pat-
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10

tern, wherein a portion of the electrically conductive
pattern is in contact with the sensor element
(470,570,870).

Patentanspriiche

1.

Mikronadelvorrichtung, mit:

- einem Substrat (20, 220, 320, 420, 620, 720,
920), mit einer ersten Hauptflache (22, 222);

- mindestens einer Mikronadel (30, 330, 430,
530, 630, 730, 830, 930), die von der ersten
Hauptflache (22, 222) des Substrats (20, 220,
320, 420, 620, 720, 920) absteht, wobei die min-
destens eine Mikronadel (30, 330, 430, 530,
630, 730, 830, 930) eine Basis (34, 434) proxi-
mal zur ersten Hauptflache (22, 222) des Sub-
strats (20, 220, 320, 420, 620, 720, 920) und
eine Spitze (36), die distal zur Basis (34, 434)
angeordnet ist, aufweist;

- einer Abdeckung (40, 140, 240, 340, 440, 640,
740,940), aufweisend eine erste Seite (42, 142),
die der ersten Hauptflache (22, 222) des Sub-
strats (20, 220, 320, 420, 620, 720, 920) zuge-
wandt ist, und eine zweite Seite (44), die vom
Substrat (20, 220, 320, 420, 620, 720, 920) ab-
gewandt ist; und

- einem Kapillarvolumen, das zwischen der er-
sten Hauptflache (22, 222) des Substrats (20,
220, 320, 420, 620, 720, 920) und der ersten
Seite (42, 142) der Abdekkung (40, 140, 240,
340, 440, 640, 740, 940) angeordnet ist;

- wobei das Kapillarvolumen mit mindestens ei-
nem Teil der Basis (34, 434) der mindestens ei-
nen Mikronadel (30, 330, 430, 530, 630, 730,
830, 930) in Kontakt ist, dadurch gekennzeich-
net, dass die mindestens eine Mikronadel (30,
330, 430, 530, 630, 730, 830, 930) die erste Sei-
te (42, 142) und die zweite Seite (44) der Ab-
deckung (40, 140, 240, 340, 440, 640, 740, 940)
durchdringt.

Vorrichtung nach Anspruch 1, wobei das Kapillarvo-
lumen Leitungsstrukturen aufweist, die vom Substrat
(20, 220, 320, 420, 620, 720, 920) gebildet sind.

Vorrichtung nach Anspruch 1 oder 2, ferner aufwei-
send eine Abstandshalterstruktur (146, 226), die
sich innerhalb des Kapillarvolumens befindet, wobei
die Abstandshalterstruktur (146, 226) das Kapillar-
volumen mindestens teilweise festlegt.

Vorrichtung nach Anspruch 1 oder 2, ferner aufwei-
send eine Abstandshalterstruktur, die sich innerhalb
des Kapillarvolumens befindet, wobei die Abstands-
halterstruktur das Kapillarvolumen mindestens teil-
weise festlegt, wobei die Abstandshalterstruktur ei-
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ne pordse Schicht (350) aufweist, wobei sich das
Kapillarvolumen im Wesentlichen innerhalb der po-
résen Schicht (350) befindet.

Vorrichtung nach einem der vorstehenden Anspri-
che 1 bis 4, ferner aufweisend eine hydrophile Fla-
che innerhalb des Kapillarvolumens.

Vorrichtung nach einem der vorstehenden Anspru-
che 1 bis 5, ferner aufweisend einen Kanal (32), der
in einer Auenflache der mindestens einen Mikro-
nadel (30, 330, 430, 530, 630, 730, 830, 930) aus-
gebildet ist, wobei sich der Kanal (32) von der Basis
(34, 434) zur Spitze (36) der mindestens einen Mi-
kronadel (30, 330, 430, 530, 630, 730, 830, 930)
erstreckt.

Vorrichtung nach einem der vorstehenden Anspri-
che 1 bis 6, wobei das Substrat (20, 220, 320, 420,
620, 720, 920) eine zweite Hauptflache aufweist, die
einem Gehause (680) zugewandt ist, welches an
dem Substrat (20, 220, 320, 420, 620, 720, 920) be-
festigt ist, wobei zwischen dem Gehause (680) und
dem Substrat (20, 220, 320, 420, 620, 720, 920) ein
Reservoirvolumen (621) angeordnet ist und wobei
ferner das Substrat (20, 220, 320, 420, 620, 720,
920) mindestens einen Hohlraum aufweist, der
durch die erste und zweite Hauptflache (22, 222) des
Substrats (20, 220, 320, 420, 620, 720, 920) ausge-
bildet ist.

Vorrichtung nach einem der vorstehenden Anspri-
che 1 bis 7, wobei das Substrat (20, 220, 320, 420,
620, 720, 920) eine zweite Hauptflache aufweist und
die Vorrichtung ferner eine proximal zur zweiten
Hauptflache des Substrats (20, 220, 320, 420, 620,
720, 920) angeordnete riickseitige Lage (460 auf-
weist, 760), wobei sich die riickseitige Lage (460,
760) Uber einen Umfangsbereich des Substrats (20,
220, 320, 420, 620, 720, 920) hinaus erstreckt; und
eine Kappe (790), die um den Umfangsbereich des
Substrats (20, 220, 320, 420, 620, 720, 920) herum
anderrlckseitigen Lage (460, 760) befestigtist, auf-
weist, wobei die erste Hauptflache (22, 222) des
Substrats (20, 220, 320, 420, 620, 720, 920) der Kap-
pe (790) zugewandt ist und wobei das Substrat (20,
220, 320, 420, 620, 720, 920) und die mindestens
eine Mikronadel (30, 330, 430, 530, 630, 730, 830,
930) zwischen der riickseitigen Lage (460, 760) und
der Kappe (790) eingeschlossen sind.

Vorrichtung nach einem der vorstehenden Anspru-
che 1 bis 8, wobei die mindestens eine Mikronadel
(30, 330, 430, 530, 630, 730, 830, 930) mehrere Mi-
kronadeln (30, 330, 430, 530, 630, 730, 830, 930)
aufweist.

10. Vorrichtung nach einem der vorstehenden Anspru-
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1.

20

che 1 bis 9, ferner aufweisend ein Sensorelement
(470, 570, 870), das sich in Flussigkeitsverbindung
mit dem Kapillarvolumen befindet, und ein elektrisch
leitfahiges Muster, wobei ein Teil des elektrisch leit-
fahigen Musters mit dem Sensorelement (470, 570,
870) in Kontakt ist.

Verfahren zur Herstellung einer Mikronadelvorrich-
tung, mit:

- Bereitstellen eines Substrats (20, 220, 320,
420, 620, 720, 920), mit einer ersten Hauptfla-
che (22, 222), und mindestens einer Mikronadel
(30, 330, 430, 530, 630, 730, 830, 930), die von
der ersten Hauptflache (22, 222) des Substrats
(20, 220, 320, 420, 620, 720, 920) absteht, wo-
bei die mindestens eine Mikronadel (30, 330,
430, 530, 630, 730, 830, 930) eine Basis (34,
434) proximal zur ersten Hauptflache (22, 222)
des Substrats (20, 220, 320, 420, 620, 720, 920)
und eine Spitze (36), die distal zur Basis (34,
434) angeordnet ist, aufweist;

- Bereitstellen einer Abdeckung (40, 140, 240,
340, 440, 640, 740, 940), aufweisend eine erste
Seite (42, 142), die der ersten Hauptflache (22,
222) des Substrats (20, 220, 320, 420, 620, 720,
920) zugewandt ist, und eine zweite Seite (44),
die vom Substrat (20, 220, 320, 420, 620, 720,
920) abgewandt ist;

- Driicken der Spitze (36) der mindestens einen
Mikronadel (30, 330, 430, 530, 630, 730, 830,
930) durch die Abdeckung (40, 140, 240, 340,
440,640, 740, 940), um die erste Seite (42, 142)
und die zweite Seite (44) der Abdeckung (40,
140, 240, 340, 440, 640, 740, 940) zu durchdrin-
gen; und

- Ausbilden eines Kapillarvolumens, das zwi-
schender ersten Hauptflache (22,222) des Sub-
strats (20, 220, 320, 420, 620, 720, 920) und der
ersten Seite (42, 142) der Abdeckung (40, 140,
240, 340, 440, 640, 740, 940) angeordnet ist;
wobei das Kapillarvolumen mit mindestens ei-
nem Teil der Basis (34, 434) der mindestens ei-
nen Mikronadel (30, 330, 430, 530, 630, 730,
830, 930) in Kontakt ist.

12. Verfahren nach Anspruch 11, wobei die mindestens

eine Mikronadel (30, 330, 430, 530, 630, 730, 830,
930) mehrere Mikronadeln (30, 330, 430, 530, 630,
730, 830, 930) aufweist und wobei die Spitzen (36)
der mehreren Mikronadeln (30, 330, 430, 530, 630,
730, 830, 930) durch die Abdeckung (40, 140, 240,
340, 440, 640, 740, 940) gezwungen werden.

13. Verfahren nach Anspruch 11 oder 12, ferner aufwei-

send das Bereitstellen einer porésen Schicht (350)
innerhalb des Kapillarvolumens, wobei sich das Ka-
pillarvolumen im Wesentlichen innerhalb der poré-
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sen Struktur befindet.

Verfahren nach einem der vorstehenden Anspriiche
11 bis 13, ferner aufweisend das Erzeugen einer hy-
drophilen Flache innerhalb des Kapillarvolumens.

Verfahren nach einem der vorstehenden Anspriiche
11 bis 14, ferner aufweisend das Bereitstellen eines
Sensorelements (470, 570, 870), das mit dem Ka-
pillarvolumen fiir den Flussigkeitsaustausch verbun-
den ist, und das Erzeugen eines elektrisch leitfahi-
gen Musters, wobei ein Teil des elektrisch leitfahigen
Musters mit dem Sensorelement (470, 570, 870) in
Kontakt ist.

Revendications

1.

2.

Dispositif a micro-aiguilles, qui comprend :

- un substrat (20, 220, 320, 420, 620, 720, 920)
comprenant une premiere surface principale
(22, 222), et

- au moins une micro-aiguille (30, 330, 430, 530,
630, 730, 830, 930) qui déborde de la premiere
surface principale (22, 222) du substrat (20, 220,
320, 420, 620, 720, 920), la ou les micro-
aiguilles (30, 330, 430, 530, 630, 730, 830, 930)
comprenant une base (34, 434) située a proxi-
mité de la premiére surface principale (22, 222)
du substrat (20, 220, 320, 420, 620, 720, 920)
et une pointe (36) distale par rapport a la base
(34, 434);

- un recouvrement (40, 140, 240, 340, 440, 640,
740, 940) comprenant un premier cété (42, 142)
qui fait face a la premiére surface principale (22,
222) du substrat (20, 220, 320, 420, 620, 720,
920) et un deuxiéme co6té (44) qui ne fait pas
face au substrat (20, 220, 320, 420, 620, 720,
920) et

-unvolume capillaire situé entre la premiére sur-
face principale (22, 222) du substrat (20, 220,
320, 420, 620, 720, 920) et le premier coté (42,
142) du recouvrement (40, 140, 240, 340, 440,
640, 740, 940);

- le volume capillaire étant en contact avec au
moins une partie de la base (34, 434) de la ou
des micro-aiguilles (30, 330, 430, 530, 630, 730,
830, 930), caractérisé en ce que la ou les mi-
cro-aiguilles (30, 330, 430, 530, 630, 730, 830,
930) perforent le premier coté (42, 142) et le
deuxiéme cété (44) du recouvrement (40, 140,
240, 340, 440, 640, 740, 940).

Dispositif selon la revendication 1, dans lequel le vo-
lume capillaire comprend des structures en conduit
formées par le substrat (20, 220, 320, 420, 620, 720,
920).
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3.

Dispositif selon 'une quelconque des revendications
1 ou 2, comprenant de plus une structure de soutien
(146, 226) située dans le volume capillaire, la struc-
ture de soutien (146, 226) définissant au moins par-
tiellement le volume capillaire.

Dispositif selon 'une quelconque des revendications
1 ou 2, comprenant de plus une structure de soutien
située dans le volume capillaire, la structure de sou-
tien définissant au moins partiellement le volume ca-
pillaire, la structure de soutien comprenant une cou-
che poreuse (350) et le volume capillaire étant es-
sentiellement situé dans la couche poreuse (350).

Dispositif selon 'une quelconque des revendications
1 a 4, comprenant de plus une surface hydrophile
dans le volume capillaire.

Dispositif selon 'une quelconque des revendications
1 a5, comprenant de plus un canal (32) formé dans
une surface externe de la ou des micro-aiguilles (30,
330, 430, 530, 630, 730, 830, 930), le canal (32) qui
déborde de la base (34, 434) s’étendant vers la poin-
te (36) de la ou des micro-aiguilles (30, 330, 430,
530, 630, 730, 830, 930).

Dispositif selon 'une quelconque des revendications
1 a 6, dans lequel le substrat (20, 220, 320, 420,
620, 720, 920) comprend une deuxiéme surface
principale qui fait face a un logement (680) relié au
substrat (20, 220, 320, 420, 620, 720, 920), un vo-
lume de réservoir (621) étant situé entre le logement
(680) et le substrat (20, 220, 320, 420, 620, 720,
920) et le substrat (20, 220, 320, 420, 620, 720, 920)
comprenant de plus au moins un vide formé au tra-
vers de la premiére et de la deuxiéme surfaces prin-
cipales (22, 222) du substrat (20, 220, 320, 420, 620,
720, 920).

Dispositif selon 'une quelconque des revendications
1 a 7, dans lequel le substrat (20, 220, 320, 420,
620, 720, 920) comprend une deuxiéme surface
principale et le dispositif comprend de plus une cou-
che arriere (460, 760) a proximité de la deuxieme
surface principale du substrat (20, 220, 320, 420,
620, 720, 920), la couche arriére (460, 760) s’éten-
dant au-dela de la périphérie du substrat (20, 220,
320, 420, 620, 720, 920) et une capsule (790) étant
reliée a la couche arriére (460, 760) autour la péri-
phérie du substrat (20, 220, 320, 420, 620, 720, 920),
la premiére surface principale (22, 222) du substrat
(20, 220, 320, 420, 620, 720, 920) faisant face a la
capsule (790) et le substrat (20, 220, 320, 420, 620,
720, 920) et la ou les micro-aiguilles (30, 330, 430,
530, 630, 730, 830, 930) étant encastrés entre la
couche arriére (460, 760) et la capsule (790).

Dispositif selon 'une quelconque des revendications
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1 a 8, dans lequel la ou les micro-aiguilles (30, 330,
430, 530, 630, 730, 830, 930) comprennent une plu-
ralité de micro-aiguilles (30, 330, 430, 530, 630, 730,
830, 930).

Dispositif selon 'une quelconque des revendications
1 a9, comprenant de plus un élément de détection
(470, 570, 870) en communication d’écoulement
avec le volume capillaire et un motif électriquement
conducteur, une partie du motif électriquement con-
ducteur étant en contact avec I'élément de détection
(470, 570, 870).

Procédé pour fabriquer un dispositif a micro-aiguilles
qui comprend les étapes qui consistent a :

- préparer un substrat (20, 220, 320, 420, 620,
720, 920) qui comprend une premiére surface
principale (22, 222) et au moins une micro-
aiguille (30, 330, 430, 530, 630, 730, 830, 930)
qui déborde de la premiére surface principale
(22, 222) du substrat (20, 220, 320, 420, 620,
720, 920), la ou les micro-aiguilles (30, 330, 430,
530, 630, 730, 830, 930) comprenant une base
(34,434) a proximité de la premiere surface prin-
cipale (22, 222) du substrat (20, 220, 320, 420,
620, 720, 920) et une pointe (36) distale par rap-
port a la base (34, 434);

- prévoir un recouvrement (40, 140, 240, 340,
440, 640, 740, 940) qui comprend un premier
coté (42, 142) qui fait face a la premiere surface
principale (22, 222) du substrat (20, 220, 320,
420, 620, 720, 920) et un deuxieme coté (44)
qui ne fait pas face au substrat (20, 220, 320,
420, 620, 720, 920);

-forcerla pointe (36) de la ou des micro-aiguilles
(30, 330, 430, 530, 630, 730, 830, 930) a travers
le recouvrement (40, 140, 240, 340, 440, 640,
740, 940) afin de perforer le premier coté (42,
142) et le deuxiéme co6té (44) du recouvrement
(40, 140, 240, 340, 440, 640, 740, 940); et

- former un volume capillaire situé entre la pre-
miére surface principale (22, 222) du substrat
(20, 220, 320, 420, 620, 720, 920) et le premier
coOté (42, 142) du recouvrement (40, 140, 240,
340, 440, 640, 740, 940); le volume capillaire
étant en contact avec au moins une partie de la
base (34, 434) de la ou des micro-aiguilles (30,
330, 430, 530, 630, 730, 830, 930).

12. Procédé selon larevendication 11, dans lequel la ou

les micro-aiguilles (30, 330, 430, 530, 630, 730, 830,
930) comprennent une pluralité de micro-aiguilles
(30, 330, 430, 530, 630, 730, 830, 930) et 4dans
lequel les pointes (36) de la pluralité de micro-
aiguilles (30, 330, 430, 530, 630, 730, 830, 930) sont
forcées a passer a travers le recouvrement (40, 140,
240, 340, 440, 640, 740, 940).
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Procédeé selon les revendications 11 ou 12, compre-
nant de plus le placement d’'une couche poreuse
(350) dans le volume capillaire, le volume étant es-
sentiellement situé dans la structure poreuse.

Procédé selon I'une quelconque des revendications
11a13, comprenant de plus le placement d’'une sur-
face hydrophile dans le volume capillaire.

Procédé selon 'une quelconque des revendications
1 a 14, comprenant de plus le placement d'un élé-
mentde détection (470, 570, 870) en communication
d’écoulement avec le volume capillaire et le place-
ment d’un motif électriquement conducteur, une par-
tie du motif électriquement conducteur étant en con-
tact avec I'élément de détection (470, 570, 870).
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