1 Microstructure Formation Technique FIELD OF INVENTION The
present invention relates broadly to a method of fabricating a
microstructure, and to a method of fabricating a mould for microstructures.
BACKGROUND Conventional microstructures, such as microneedles, are
typically made of Si, plastic and metals. The major drawbacks of Si and
plastic microneedles are that they are too brittle or soft, respectively.
Metal micronddldizrosirue tuivec kodmati el iE atidnroig Sieor plastic
moulds followed by a releasing process in which the mould is dissolved.
Therefore, the moulds must be newly fabricated for each microneedle
FIFEMR AR PRIAESY. Silicon microneedles are typically fabricated using a
silicon wafer as the raw material and fabrication technologies for
semigonductor IC chips..Lithography is the key process step, oléowed b
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(mainly clean room micro fabrication facilities) and high production cost,
BM%%HS s silicon microneedles unsuitable as disposable products. in
addition, silicon is not deformable at temperatures below 800C, making
silicon needles brittle. Therefore, silicon needles may break and remain in
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pragsidor penetration into the skin. A need therefore exists to provide a
micromesslie-fabricaies rehpushalinraks: I0RAJLSH A SRSPNR Qhe raw
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process step, foliowed by bulk processing through either wet etching or deep reactive
ion etching (DRIE).

A problem with silicon microneedies is the high capital investment (mainly clean
room micro fabrication faciliies) and high production cost, which renders silicon
microneedies unsuitabie as disposable products. in addition, silicon is not deformable at
temperatures beiow 800°C, making silicon needles brittie. Therefore, silicon needies
may break and remain in the human body, raising a safety concerm.

For plastic microneedies, the major fabrication methed is to use cheap polymers
such as polvcarbonate or acrylate as the raw materials and injection molding or het
‘embossing as the processing means.

A probiem with injection moiding polymer microneedie technology is the high cost
due to high capital investiment of the facilities and the use of expensive photosensitive
materiais. A problem with the hot embossing technology is that microneedies are too
soft for penetration into the skin.

A need therefore exists fo provide a microneedie fabrication technique that seeks
to address at least one of the above mentioned problems.



method of fabricating a microstructure comprising the steps of: providing a
mould comprising a template struct%re for forming the microstructure;
forming a releasing layer on a surface of the template structure; forming a
microstructure layer on the releasing layer, wherein the microstructure
sulangias different material properties from the releasing layer; and
releasing the microstructure layer from the mould. The step of providing
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comprise dissolving the first releasing layer in a solvent. The releasing of
strygléiiicrostructure layer may comprise heating the releasing layer for
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beveled tip microneedles. The arra microneedles may comprise one
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conipresghuiicsensitidies aitdiferenicsiverise glass or ceramic materials.

The releasing layer may comprise a polymer or plastic material.

The releasing of the microstructure layer may comprise dissolving the first
releasing layer in a solvent.

The releasing of the microstructure layer may comprise heating the releasing
layer for softening the first material fayer and applying a mechanical force to release
the microstructure layer.

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

The intermediate layer may comprise a metal.

The microstructure iayer may comprise a metal.

The microstructure layer may comprise an array of microneedies.

The array of microneedles may comprise one or more beveled lip
microneedies.

The array of microneedies may comprise one or more side open microneedles.



shape, or both. Also disclosed is a method of fabricating a mould for
microstructures comprising the stepg of providing a photosensitive
material; exposing the photosensitive material; developing the
photosensitive material; and etching the photosensitive material to form a
template structure of the mould. The photosensitive material may be
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a method according to the first aspect. disclosed is a mould for
templRiR StHEHI%s fabricated utilising a method according to the second
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e photosensitive material may comprise glass or ceramic materials.

The method may further comprise forming a coating on the template structure;
wherein a mechanical strength of a material of the coating is greater than that of the
photosensitive material.

Said material may comprise metal.

Also disclosed is a microstructure fabricated utilising a method according to
the first aspect.

Also disclosed is a mouid 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 skili in the art from the following written description, by way of example
only, and in conjunction with the drawings, in which:



Figures 3(a) and (b) show scanning electron microscopy (SEM) images of
different hole shapes in a micro needle mould in the first embodiment.
Figure 4 is a schematic drawing illustrating different exposure traces
during the exposure of the photosensitive glass material in the first
embodiment. Figures 5(a) and (b) are schematic drawings illustrating
electroplating for different hole shapds in the first embodiment. Figure 6
shows a perspective schematic drawing of a polymer layer coating on a
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material in the second embodiment.

Figures 10(a) and (b} show SEM images of a detailed and a perspective view
respectively of a structured glass needle mould in the second embodiment.

Figures 11(a) and (b) show SEM images of a released metal microneedie
array and a metal master mould respectively in the second embodiment.

Figures 12{(a) to (g) are schematic drawings illustrating a microneedle
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
microneedies from the mould. In the following, details of the respective process steps

will be described.



0.1-0.4 W at a repetition rate of 10 kHz. The laser pulse energy is a
Gaussian distribution with a duration of 50-60 ns. The laser beam is
focused onto the sample surface at a radius of about 25 m at 1/e2
density. The laser beam selectively spiral scans, with the pitch size about
5-12 m, over a spot, e.g. 202, shown in Figure 2, to form a patterned
array 204 after UV exposure. b) Annegling The exposed photosensitive
glass is annealed in air for developing: First target temperature of about
500 C at a heating rate of about 5 C/min, hold for about 1 hr; second
target temperature of about 605 C at a heating rate of 2 C/min, hold for
Folptiea Oﬁf‘t@?ﬂ IRte s AItERpa ure at cooling rate of about 2 C/min.
c) Etehirgpdrrex@owuenled sample is chemically etched in about 5-10% HF
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example hole shapes. The taper formation is due to the unexposed area being gradually
slightly etched from top to bottom. The holes 300, 301 provide a template structure for
the microneedle fabrication.

d) Hole shapes after efching

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.



stage control unit 1304, which is in turn coupled to a PC 1306. The PC
1306 is further coupled to a UV light source 1308 for exposing a
photosensitive mould material 1310 mounted on the translation stage
1305. An optical system 1312 is disposed between the UV source 1308
and the translation stage 1305 for focusing of a UV beam from the UV
source 1308 onto the photosensitive gaterial 1310. Before laser firing, a
center of exposure spot 1311 is aligned with the center 1313 of the
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conventional technigque, the’metal microneedle is directly formed on the

bofhy;gidrsedfdhe meuid terﬁ@@ﬁsm@réﬂfﬁ@%tawagﬁ&@stam metal
Figuierb( etilngs tharal avteentiieiafpensthachbrbotibe; aq3obyner daydd 609 for a

fu,xﬁépgw%% %l@go%“&{?&?o%% #A%@%%&@gwsﬂg the a%@&sgatﬁgg“ process.

inside the holes 606) prior to m deposition, as shiown In F
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reaching
differences of plating thickness between the needle tip and needle base. Figure 5(b)
shows that a mould with a vase shape hole 510 eliminates or significantly reduces
hooker formation without slowing down the plating rate, The vase shape hole 510 can be
obtained by first etching from one side for a period of time, then etching from both sides
of the photosensitive glass.

e) PMMA coating

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 mouid
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



recipe of a PMMA solution for coating is 18 gram of PMMA (Paraloid(r)
A-11) granular solids dissolved in 100ml mixed solvents of 1:6 1-butanol :
butyl acetate. The photosensitive glass mould 602 is dipped in the PMMA
solution for a few seconds. The sample is gently blowed with compressed
air to avoid PMMA blocking the holes 606 in the mould 602. The sample
is then placed in an about 100 C overy for about 1hr. The process is
repeated for 2-3 times to increase the thickness of the polymer layer 600
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s!lustrate the released hollow metal microneedies array 702 and the mould 704,

respectively. it is noted that the release process may be longer for fabrication of solid

microneedles due to needing more time for the butyl acetate to reach the tip.

Another way to release the microneedle includes heating up the metal plated
mould to about 150~200°C to soften the PMMA. Mechanical force can then be used to
separate the mould and microneedies. The microneedies and mould may then be
cleaned in butyl acetate.

Figure 8 shows a flowchart 800 illustrating a microneedle fabrication process fiow
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 microneedie
releasing. Details of the process flow will be described below.

Fabrication of structured basic needle glass mouid

a) Laser exposure



the exposure area is opposite to that in the first embodiment. The UV

laser scans over an area and leaves an un-exposed array 900 of spots

902 as shown in Figure 9. This exposure method results in formation of a

tapered needle mould after the annealing and etching processes

described below. Alternatively, the Igser exposure may be performed

utilising a mask to shield the array 900 of spots 902. b) Annealing The

annealing step for developing is the same as that described above for the
Theilasee pisetmHed PTRRRIBIR G jibdSasedafthdhetfrth§procassntrhogver.
the @&bb@ﬂ%@% Ypisositdhe aaneatnd plessmeoaiaenvithée\Hesolstans over

he UV xposed area is etc W n e 0

o G e B Taloch s LS S0 B e s - Tis
exXpeivee rapirdogsule @dﬁrgﬁéaonwf:ﬁéﬁ@%@dtﬁeq%ﬁgéﬁa%ﬁﬁefé@ &npealing and
etcmE@mace@@&tmmﬁeddee@mbm@b@mmmégst expbedisneay. bagesmed

andak( fg detall ers ive view of respectively of the
um[s é%ure ?ass nee arra l%ggl%o% eferred to hereinafter as the basic

ﬁfﬁb@ﬁéjn@rowdmg a template structure for the microneedle formation. d)

ThCoanvaling g@ssdoaricdnpiig io metedmasienaodestines aglassdreed!dirst
embs yery t%rlttle and fragile, the basic mould 1000 cannot be used as a

pe &fmanent mould. Converting the glass mould 1000 to a metal mould is a
¢) B4y"® obtain a permanent mould. A thick metal layer (not shown) is

A pge@%g@ao@m@@taiaﬂgeprbm mrasph 1000 dodiosnare rastef tmetalnvsettglass
con-{ac a‘?i’? f'ﬁt I'Z'ﬂf—ono? ﬁwn 'e°' W Sed3r ds& rég gm%g ﬁefc?'rongposed

ization Step I irst embo iment. |ca ation
spomsmﬁégsa%eaﬁmrme@s@rm tapRIGH é‘@l@glﬂ%&%aﬂ? Sf the erasl Thgdaper
and® reatse thaindieat of the:alass basiesvoplstar)dRolymer egaing conditions as

descrﬁ}aohz%tlo cfl metafrgtngl%godlcrﬁ %\%Sﬁgn-@srﬁ%s M C(% tt \Bféhge{g?

maste mo lization and releas es ar e same as the
perspeRivBOfRINg' gﬁé@é@%\%yde‘s%ﬁbﬂafaﬂywéQ@Sﬁqe%?éﬁ%mﬂ%t refﬁff“ed to

her@litiieto Atk adaallonounetaksuiaieneedienmanasiustutiised inepraenicedle
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Since a glass needle is very brittle and fragile, the basic mould 1000 cannot be used as
a permanent mould. Converting the glass mould 1000 to a metal mould is a way to
obtain a permanent mould. A thick metai layer (not shown) is deposited on top of the
basic mould 1000 to form a master metal mould. The metallization process is the same
as that described above for the metallization step in the first embodiment. A typical
metallization thickness is about 100~130 um. The mechanical strength of the metal layer
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 microneedie array 1102 and the metal master
mould 1104 respectively.



Fabrication of beveled tip or side open microneedles Figures 12(a) to (g)
show the process flow of fabrication of beveled tip or side open
microneedles in a third embodiment. A basic structured glass mould 1200
with beveled tip or side open needle 1202, 1204 respectively is formed by
two UV exposure steps as shown in Figures 12(a) and (b). The first step
UV exposure in Figure 12(a) is the sgme as described above with
reference to Figure 9. The exposed photosensitive glass 1206 is turned
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layst s stiRst@Inig IR salvesf |G€HW|tW?ef@Wté”P@§% lpevigea gap between
malidtasensitiveedaks faddriekiininarnsinge ngtymieXidys da wwap capiate the

méﬂai %ﬁ&%&&i@é%&ﬂ%ﬂ%’%glﬁéstﬁéﬁ% E?&%&i@y%grp %@r?e?é%é&%ﬁf‘ﬁ\e mould

varia
without or with reduced risk of damage to both the needles and the mould. This can save

the cost of mould materials and fabrication process cost.

The second and third embodiments use a method in which a glass needle mould
is converted to a metal mould. This method can overcome the weakness of glass as a
mould material, i.e. being brittle and fragile. This technique may aiso be applied to
converting moulds made from other materials than glass, such as ceramic materials, to a
metal mould, for providing a permanent mouid 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



exposure techniques, photosensitive glass structuring can be more
flexible than Si 10 techniques, Microstructures with widely different aspect
ratios and shape can be co- fabricated on a common photosensitive glass
substrate in a single etching process. For example, a simple process of
beveled tip and side port needles mould fabrication has been disclosed.
Using lenses with various convergenttangles can provide a way to
fabricate holes with different taper angles, e.g. about 10-15 degree
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etching processes. In Sitechnology, a 2 heights needle mould has to be obtained in two
etching processes, in other words, two masks are needed. The first mask covers the
higher needle portion and is removed away once the first etch process is finished. The
second mask is used for the second etching process. It is also noted that a side open
needle mould is extremely difficult or almost impossible in current Si technology.

Compared to Si technology, a mask is not necessary for laser exposure of
photosensitive glass. Most patterns can be obtained by programming a laser scanning
path.

Compared to Si technology, the etching rate for photosensitive giass 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 eltiptical, 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



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 11 medical applications, such as transdermal drug
delivery, plasma extraction, and other diagnostic uses. Microneedle
arrays may also be applied as dispensing tips for solder bumping in
electronic packaging, and may replace conventional wire bonding in which
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method of fabricating a microstructure comprising the steps of: providing
matera(sdh el Fien § S ibhiRatecs R RfddmagaRRer such that the coating

is able fo withstand the subsequent metallization process, and is dissoluble during
the release process.

Also, while the photosensitive material disclosed comprises glass, it will be
appreciated that the photosensitive material may comprise other materiais such as
ceramic materials.

Also, while UV light has been disclosed for exposure of the photosensitive
material, it will be appreciated that other light sources may be used depending on
the photosensitive material.



microstructure; forming a releasing layer on a surface of the template
structure; forming a microstructure layer on the releasing layer, wherein
the microstructure layer has different material properties from the
releasing layer; and releasing the microstructure layer from the mould. 2.
The method as claimed in claim 1, wherein the step of providing the
mould comprises exposing, developing and etching a photosensitive
material to form the template structure. 3. The method as claimed in claim
CLAIMMerein the template structure comprises holes formed in the
photiosensmmma&eoﬁlatambﬂng ectersiRg ey ekisofapme dodinecity mndthe
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interme ayer. e method as claimed in claims'3 or 4, comprising
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The method as claimedin ane; one of claims 6 to 9, wherein the
comRERfeATAE-RIgE? RESATINGCHAm G PEfaRs Pl jheRbtRsFNRit O PRsrial. and
thephot@isansititeeglasprises forming an intermediate layer on the template

structure prior to formation of the releasing layer so that the releasing layer is formed
on the intermediate layer.

5. The method as claimed in claims 3 or 4, comprising performing a
single or multi-step exposure of the photosensitive material to modify the template
structure.

8. The method as claimed in any one of claims 2 to 5, wherein the
photosensitive material comprises glass or ceramic materials.

7. The method as claimed in any one of the preceding claims, wherein
the releasing layer comprises a polymer or piastic material.

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

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

10.  The method as claimed in any one of claims 6 to 9, wherein the
intermediate iayer has a mechanical strength greater than that of the photosensitive
glass.



13 11. The method as claimed in claim 10, wherein the intermediate layer

comprises a metal. 12. The method as claimed in any one of the

preceding claims, wherein the microstructure layer comprises a metal. 13.

The method as claimed in any one of the preceding claims, wherein the

microstructure layer comprises an afrgy of microneedles. 14. The method

as claimed in claim 13, wherein the array of microneedles comprises one

or more beveled tip microneedles. 15. The method as claimed in claims

13 or 14, wherein the array of microneedles comprises one or more side

opemimicraneetiesotibad kameifiod aketaittedvincesiy tne pfelaiawals tayer
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size, shape, or both. Microstructure Formation Technique Abstract A _
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comprises one or more beveled tip microneedies.

15.  The method as claimed in claims 13 or 14, wherein the array of
microneedles comprises one or more side open microneedies.

16.  The method as claimed in any one of claims 13 to 15, wherein the

array of microneedles comprise microneedles of different size, shape, or both.





