1 Mcrostructure Formation Technique FlIELD OF

| NVENTI ON The present invention relates broadly to a

nmet hod of fabricating a mcrostructure, and to a

nmet hod of fabricating a nould for mcrostructures.

BACKGROUND Convent i onal n1crostructures such as
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may break and remain in the human body, raising a safety concern.

For plastic microneedles, the major fabrication method is to use cheap polymers
such as polycarbonate or acrylate as the raw materials and injection molding or hot
embossing as the processing means.

A problem with injection molding polymer microneedle technology is the high cost
due to high capital investment of the facilities and the use of expensive photosensitive
materials. A problem with the hot embossing technology is that microneedles are too
soft for penetration into the skin.

A need therefore exists to provide a microneedle fabrication technique that seeks

fo address at |least one of the above mentioned problems.



* onytye SpeqhiisBateringh

In accordance with a first aspect of the present
invention there is provided a nethod of fabricating a
m crostructure conprising the steps of providing a
nmould conprising a tenplate structure; formng a
first material layer on a surface of the tenplate
structure; formng a nmicros€ructure layer on the first
material layer; and releasing the mcrostructure
sbagrY rom t he noul d. The step of providing the nould
may conprise exposing, developing and etching a
phot osensitive m t he | at . :
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The releasing of the microstructure layer may comprise heating the first

material layer for softening the first material layer and applying a mechanical force to
release the micostructure layer.

The second material layer may have a mechanical strength greater than that
of the photosensitive glass.

The second material layer may comprise a metal.

The microstructure layer may comprise a metal.

The microstructure layer may comprise an array of microneedles.

The array of microneedles may comprise one or more beveled tip
microneedles. |

The array of microneedles may comprise one or more side open

microneedles.



3 The array of mcroneedl es may conpri se m croneedl es
of different size, shape, or both. In accordance with
a second aspect of the present invention there is
provided a nethod of fabricating a nould for
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phot osensitive material; exposing the photosensitive
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Said material may comprise metal.

_ In accordance with a third aspect of the present invention there is provided a
microstructure fabricated utilising a method according to the first aspect.

In accordance with a fourth aspect of the present invention there is provided
a mould for microstructures fabricated utilising a method according to the second

aspect.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:



4 Figure 1 shows a flowchart illustrating a

m croneedl e fabrication process flow according to a
first enmbodinment. Figure 2 is a schematic draw ng
illustrating an exposure step of the first

enbodi nent. Figures 3(a) and (b) show scanni ng

el ectron mcroscopy (SEM iflages of different hole
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fabrication process flow according to a third embodiment.
Figure 13 shows a schematic diagram of a system for fabrication of a mould

for microstructures.
DETAILED DESCRIPTION

Figure 1 shows a flowchart 100 illustrating a microneedle fabrication process flow
in a first embodiment. Step 102, formation of photosensitive glass mould, step 104
coating a polymer layer on the mould, step 106 metallization and step 108 releasing of
microneedles from the mould. [n the following, details of the respective process steps

will be described.




will be described. 5 Formati on of the photosensitive
glass nould a) Laser exposure An ESI Mcrovia Drill
Mb200 is used, in which a Qswitched third harnmonic of
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the microneedle fabrication.

d) Hole shapes after etching

Different hole’s taper angles can be obtained by using lenses 400, 402 with
different convergent angles as shown in Figure 4. When a laser beam 404 is focused at
a position below a bottom surface 406 of a photosensitive glass 408, different laser
exposure traces 410, 412 are obtained using lenses 400, 402 with different convergent
angles. These exposed traces 410, 412, which are etched away subsequently, form
holes with different taper angles. The taper angle can also be slightly adjusted by
choosing various etching rate differences between exposed and un-exposed areas. For -

example, a larger etching rate difference results in a steep taper hole.



choosi ng various etching rate differences between
exposed and un-exposed areas. For exanple, a |arger
etching rate difference results in a steep taper hole.
6 An alternative way to control taper angle in the
etched holes, especially in the circunstance when a

| arge taper angle is requirfd, will now be descri bed.
Figure 13 shows a schematic diagramof a nould
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In a conventional technique, the metal microneedle is directly formed on the
microneedle mould. The mould is etched away to obtain metal microneedles. In order to
make a permanent mould, a polymer layer 600 is formed on the surface of the mould
602 (including the surfaces 604 inside the holes 606) prior to metal deposition, as shown
in Figure 6. The polymer layer 600 acts as a release agent. Different from a
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In a conventional technique, the netal mcroneedle is
directly formed on the mcroneedle nould. The nould
is etched away to obtain netal mcroneedles. In order
to nmake a permanent nould, a polyner |ayer 600 is
formed on the surface of the nould 602 (including the
surfaces 604 inside the hol és 606) prior to netal
deposition, as shown in Figure 6. The polyner |ayer
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acet-ahfe 8 shows a flowchart 800 illustrating a microneedle fabrication process flow

" in a second embodiment: Step 802 producing a structured glass microneedle basic

mould at one side of a photosensitive glass, step 804 converting the glass mould to a
metal mould, step 806 polymer coating, step 808 metallization and step 810 microneedle
releasing. Details of the process flow will be described below.

Fabrication of structured basic needle glass mouid

a) Laser exposure
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is greater than that of the glass basic mould.

e) Polymer coating, metallization and microneedle releasing

The polymer coating of the metal master mould, metallization and releasing processes
are the same as the corresponding processes described above for the first embodiment.
In order to obtain a hollow metal microneedle, a mask is utilised to prevent formation of a
metal seed layer on the needle tip during the metallization sputtering process. Figures
11(a) and (b) show a released metal microneedle array 1102 and the metal master
mould 104 respectively.
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converting moulds made from other materials than glass, such as ceramic materials, to a
. metal mould, for providing a permanent mould for metal microneedle formation. Beveled
or side open needie moulds can be fabricated by a two step laser exposure technique
described with reference to Figure 12.

The photosensitive glass fabrication arrangement is flexible on shape control. In
utilising photosensitive glass's isotropic etching characteristics and variable UV

exposure techniques, photosensitive glass structuring can be more flexible than Si
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Compared to Si technology, the etching rate for photosensitive glass is about
10~20 pm/min, which is much faster than the Si etch rate (1~2 pm/min).

Utilising a laser to directly fabricate moulds enables fabrication of microneedles
of many shapes, including circular or elliptical, or polygon, etc.

Microstructures produced utilising the embodiments described can be applied in
a number of applications. For example, a microneedle array may be fabricated for
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The méthod as claimed in any one of the preceding claims, wherein
the first material comprises a polymer or plastic material.

8. The method as claimed in any one of the preceding claims, wherein
the releasing the microstructure layer comprises dissolving the first material in a
solvent.

9. The method as claimed in any one of the preceding claims, wherein
the releasing the microstructure layer comprises heating the first material layer for
softening the first material layer and applying a mechanical force to release the
micostructure layer. '

10.  The method as claimed in any one of the preceding claims, wherein
the second material layer has a mechanical strength greater than that of the

photosensitive glass.
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_ material is masklessly exposed.

19. The method as claimed in claim 17, wherein the photosensitive
material is exposed utilising a mask.

20. The method as claimed in any one of claims 17 to 19, wherein the
exposing comprises focusing a light beam such that a desired exposure trace
pattern is created across the photosensitive material for shaping the template
structure.

21. The method as claimed in any one of claims 17 to 20, wherein the
exposing comprises a multi step exposure including turning an exposure direction by
about 90° to obtain a side open or beveled tip mould.

22. The method as claimed in any one of claims 17 to 21, wherein the
photosensitive material is etched from two sides at different time periods for
. developing to form a through-hole converging from both sides to a waist portion of

the through-hole.
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oo PG osrelife i .ae SPR e rEFERD i hBonanical
streapthodf af owateridb wé|topicogting i$ @reater thanotigh-didhe photosensitive
ln%%mﬂerging fromboth sides to a waist portion of the

rough-hole. 14 23. The nethod as clained in any one

of &5ai ndhegTmetbo@ 2s ddireediim claite 24pbersieagidtaterial comprises
mo@ferial conprises glass or ceramc materials. 24. The

nmethod as clainmed in any one of clains 17 to 23,

furt®er AcBigprsirerivee febrigatad utlidngne Meghehag daimeshpiagy ene of
clftnsUchbupe; wherein a nmechanical strength of a

material of the coating is greater than that of the .

phot?dsendi PPV forfaicEstrypturessfabrigpied iilising a@etodiasedpimed in
an§lonerdf 2thimyekepd said material conprises nmetal. 26. A

m crostructure fabricated utilising a nethod as

clained in any one of clains 1 to 12. 27. A nould for

m crostructures fabricated utilising a method as

claimed in any one of clains 17 to 26.



