WO 2005/ 044364 PCT/ S&003/ 000260 1 M CRONEEDLES AND M CRONEEDLE

FABRI CATION FIELD OF THE INVENTION 5 - The present invention relates to

m croneedles. In particular it relates to the fabrication of m croneedles,
for instance in arrays, and to fabricated m croneedl es. BACKGROUND TO THE

| NVENTI ON 1@oNbasiasseéedl es are small needl es, typically Per/s6ao03/epze of from
1 pm(mcron) to 3 mmlong and from10 nmto 1 mmin dianeter at their
bases, although the ranges can be w der, for instance 0 mm | ong and
2 mmat their bases. M croneedles typi cal | y have appli Cg”’ww@ ”muﬂm

bi omedi cal devices, for instance for trdnsder mal drug del I ng

m croneedl e fabrication techni ques tend to produce m croneedl*B8¥sehat are
too soft (nmade of 15 MISIRONIE ND MIERONE] ABRICATION: of silicon) or
too costly, or tend to be too unrel i abl e. For transder mal drug delivery
applications, where penetration of the outer skin (stratum corneum is
necessary, FIBID OFAHE INVENTION equi renents for the strength and ductility of
a mcroneedle. Prices should be | ow, as m croneedl es are usually

si ngl e-use products. 20 European Patent Application Publication No.

EP- Al- 15088, 642Thdptehtifitshtion relatéioimicrodé¥ales) Th pdtcculta ielafes BAGE ON Di cki nson

& Co. describes, a nethod of fabricating an array qQf solid m croneedles by
moul di ng. fab slmoe@ﬁ%g%&eﬁ&nmmwm d o fabrieatedapicraneediose i s. pl aced
into a nould cavity. A plastic material is punped into the nould cavity.

M croneedl es are forned in the recesses in the master nould nenber. 25

Eur opean PBASKRGRQUNDCER THE IMINESON on No. EP- Al - 1, 287, 847, published on 5
March 2003 in the nane of Lifescan, Inc. describes a nethod of fabricating
hol  ow m croneedles by plastic injection noulding. The nould is nmade of
two pal®s. The Migronpadles arh amalh nexdivistgpicallyde the rangetufifiront kpmmiicton)go Sur f ace.

One of the t OB and (())1}158 o rltxgmqgﬁxameter at their bases, although the ranges can be

wider, for instance up to 10 mm long and 2 mm at their bases. Microneedles typically have
' applications in biomedical devices, for instance for transdermal drug delivery. Existing
microneedle fabrication techniques tend to produce microneedles that are too soft (made of
16  polymeric materials), too brittle (made of silicon) or too costly, or tend to be too unreliable.
For transdermal drug delivery applicatiens, where penetration of the outer skin (stratum
corneum) is necessary, there are minimum requirements for the strength and ductility of a

microneedle. Prices should be low, as microneedles are usually single-use products.

- 20 European Patent Application Publication No. EP-A1-1,088,642, published on 4 April
2001 in the name of Becton Dickinson & Co. describes a method of fabricating an array of
solid microneedles by moulding. A silicon master mould member with a recessed surface is
placed into a mould cavity. A plastic material is pumped into the mould cavity.
Microneedles are formed in the recesses in the master mould member.

25
European Patent Application Publication No. EP-A1-1,287,847, published on 5
March 2003 in the name of Lifescan, Inc. describes a method of fabricating hollow
microneedles by plastic injection moulding. The mould is made of two parts. The top part
has a conical recess within its moulding surface. One of the top and bottom parts has a
30 protrusion extending to the moulding surface of the other part for forming the needle lumen.
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30 protrusion extending to the noul ding surface of the other part for
formng the needle umen. WD 2005/044364 PCT/ SG2003/ 000260 2 US Pat ent No.
US-B 1-6, 334,856, issued on 1 January 2002 to Allen et al. describes
various ways of making arrays of hollow m croneedles. In one exanpl e masks

are forned @32065%43},‘? ps of solid mcroneedl es of a silipensGicoseosadl e
array, a layer o{ silicon dioxide or 5 netal is coated onto the m croneedl e

array, and the silicon is etched away to | eave a hollow m croneedle array
of nmetal or silicon dioxide. In another exanple a |ayer of epoxy is cast
onto an array of solid silicon mcroneed es. The | evel of the epoxy is
reduced to below the tips of the mcroneedles. The silicon array is
renoved, | eaving an epoxy secondary nmould. A Ti-Cu-Ti seed layer is
splutter-deposited onto the epoxy secondary nould and Ni-Fe 10 .

el ectropl ated okiSPatentNe d&%+BI1¢6,334,856Hesued on ¥ Janwper2002 ta Allen st@lndewcaibes eavi ng

an array of __.hol ] . -
i ssued on %ﬁn Q‘%r".bﬁg'%ﬂ@%%@&i’?? g?‘gﬁ’%‘?e cm%%%téggp?%%samlﬂ\ﬁalrﬁlgsgggé&gys 0

maki ng ar r alystipafof balid misraneaileso e dilieen midneneedly airay; o llayes ofssilidondioxiidiorg a 15
pol ymer filmqver m.cro-pillars through ati.ng.. econ [ halsS to

pl ace a5pol"§ﬁ“jr‘s °qagfir‘?f"8\7€ermfﬁr?f’re -5W75g%$&ﬁ3%?gqﬁg c?‘#%ylvag'ﬁglf%rggs%lll?‘édovm
o?/er t hef U}nﬁéxféné&d}]el eailfa§ oﬂﬁabﬁﬂoﬁsilic#’oﬁ@ﬁﬁt&%ﬁ 5@&:&&1&: e:éhgiﬂ_lé a thya'ﬁqfeb&:}tis chstat af
Phe moul d BRSPS of MUGSBiRer mPresdieh ol isdBe ol ebosy Tt mswA Y Benude

M Cr 0- r ece$e 8f th¥lidtorBealed - Phd silfdof altbPlsiretdbved, [eaving ddgoky S@BhdP mohRl. t he
upper part of the 20 nould cones down, the |ower parfs of the mcro-pillars
di spl ace t HeThCudi seed ayer i splutterdepesited pafp the£PORY sfcwf’t@nhine\ﬂ(éﬁ%@é%ees . .
SUMVARY 5 OF o Jeifro MF@EE Ot PR tRnReEbvedf lehifg hweddidfon, there
S prO\\’liodegla r‘gelt ho g@gsgn%nlﬁfgcgﬂ#%%gygnﬁaster m)u‘lld fo‘bﬁ%se I n maki ng

m cr oneed| dellow mstal miespugefllessf a first material. The nethod conprises
cutting across the block in at least two different directions to provide a

master nould conprising a base surface with a plurality of master nould
US Patent No. US-B1-6,379,324, issued on 30 April 2002 to Gartstein et al. describes

various ways of making arrays of hollow microneedles. One way involves self-moulding a
15  polymer film over micro-pillars through heating. A second approach is to place a polymer
film over micro-pillars, heat the film and press it down over the micro-pillars using a
recessed plate. A third way is to heat a plastic film in the lower part of a mould and to bﬁng
the upper part of the mould down onto the lower part. The upper part of the mould has
micro-recesses, with micro-pillars protruding from their centres. As the upper part of the
20 mould comes down, the lower parts of the micro-pillars displace the plastic of the plastic film

up into the micro-recesses.
SUMMARY OF THE INVENTION

25 According to one aspect of the invention, there is provided a method of
manufacturing a master mould for use in making microneedles, from a block of a first
material. The method comprises cutting across the block in at least two different directions
to provide a master mould comprising a base surface with a plurality of master mould
needles protruding therefrom. The master mould needles correspond to the microneedles to

30 bemade.



needl es protruding therefrom The nmaster noul d needl es correspond to the

m croneedl es to 30 be made. WO 2005/ 044364 PCT/ SG2003/ 000260 3 Accordi ng
to a second aspect of the invention, there is provided a master noul d

manuf actured according to the first aspect. 5 According to a third aspect
of the invention, there is provided a nethod of manuf | condary
moul d for u¥@2043M4 ng i croneedl es. The met hod corrpr?g%iﬁéia%r@%%gi ng a
master nould, formng a secondary nould and renoving the secondary noul d
fromthe master nmould. The master nmould is as manufactured according to the
second aspect. The secondary nould is gorned on the nmaster nould, with

t hrough- hol es 10 theret hrough, the through-holes corresponding to the
master noul d needl es. The through- holes extend froma first surface of the
secondary mould, in contact with the master nmould base surface during
form ng of the AgsRMatda Bstlddspdctofitic RPEARN WYeresepronided s nfasteremadldt he
secondary nmoul d. 15 Accordin ﬁé@ a fourth aspect of the invention, there is
provi ded aDpufeturedaccor %Eﬁg LASReH d.- The noul d for a secondary moul d
conprises a master nould as manufactured according to the second aspect.

The master nould base surface forns a first surface.of th ity of the
nmould f8r a secéﬁ@ﬂi@gfﬁﬁﬂhﬂdasﬂ%‘%‘““ﬁ%l”&“ﬁ@é’d?‘@m@ﬁﬁdcgﬁ/nto t he

cavity towgaﬂ&@&uﬁﬁ Qg&on&gméagg%ﬁﬂé {r68kisY michéheEdlud. t’l?}he meéhoiCRRipHRg to a

fifth aspe of t eé:I nventi‘on, re 1s provided a nethod of _ manufacturing
a secondar pravidingia festensenld, fonming mepcondarsomewd and rempying the segendaphmevldes

moul d; ng. 1 e e BERERPOu, SR @GRS A0 mplluplich LR BES scstpd 1 P O
fourth aspasgfect. he Aewnday nguldds formed bintha spestet mohldf with throughthiodss, there i s
PrOvL058 2 uResitiag, Yo Ridugh nllB ULAGIHARY 8 Blahel Hhobil nblifid: b hefiigtl ' ¢ 1
holes extend from a first surface of the secondary mould, in contact with the master mould
base surface during forming of the secondary mould, to an opposing, second surface of the

secondary mould.

15 According to a fourth aspect of the invention, there is provided a mould for a
secondary mould. The mould for a secondary mould comprises a master mould as
manufactured according to the second aspect. The master mould base surface forms a first
surface of the cavity of the mould for a secondary mould. The master mould needles extend

into the cavity towards a second, opposing surface of the cavity.

20
According to a fifth aspect of the invention, there is provided a method of
manufacturing a secondary mould for use in making microneedles. The method comprises
manufacturing a secondary mould according to the third aspect by injection moulding the
secondary mould into the mould for a secondary mould of the fourth aspect.
25

According to a sixth aspect of the invention, there is provided a secondary mould

manufactured according to the third or fifth aspects.

According to a seventh aspect of the invention, there is provided a secondary mould
30  for use in making microneedles. The secondary mould comprises: a plurality of through



According to a seventh aspect of the invention, there is provided a
secondary nmould 30 for use in making m croneedl es. The secondary nould
conprises: a plurality of through WD 2005/ 044364 PCT/ SG003/ 000260 4 hol es
and a plurality of grooves. The plurality of through hol es extend through

t he secondawg 2005udsgs from a first surface to a second, PEPSGI0054008260f ace. -
The plurality of grooves extend in the second surface of the secondary
nmoul d. The grooves intercept the through holes near the second surface. 5
According.to a eighth aspect of the invention, there is provided a nethod
of manufacturing mcroneedl es. The.netdod conprises: providing a secondary
nmould, formng a mcroneedle |ayer and renoving the m croneedl e |ayer from

t he secondables aidd plurafiticof %&ﬁ/@.ﬂdﬂfe IiFBlity Of thfough A¥lcs BfteRCtBRSH 1 sbCOHAS

third or fift spect or the secondary pould i's 10 as defined in the Sixth
or seventh o a-fi5gt spfecedma areprd, PEREsing;surtacs,-Fhe plality of grooves extendince  of
t he second | serfadadr el Jai = AR d-
Accordi ng ?(E)é/sgﬁaﬂrﬁlisnt h ;Bg\él&eezzgtaéd(gl? &I?E%Ju%\?g%{élr %r?la@?ltﬁegéreg{ {Iﬁg t%glg%r}g’ge&)ﬁa 6

m cr oneed| &eqopdpEfaceconpri sing a secondary moul d according to the sixth or
sevent hgaspect, with the first surface 15 of the secondary nmould formng a
first surface of a mcroneedle nould cavity and the secondary noul d

t hr ough- hol es eAremdingtp a eighthiabpect dftist invantibm dherofs provddedi amethedafl € noul d

cavity. Ac ENG. n th -aspe f the invention, there i ovi ded a
ot ot o SoiBiRhemRRol ALY BRREdYompties B R ned ererda porio Jomine |

usi ng.t he ainticroneedit leyerand novingitieemivionbdilclapadiom Mecedoriarg monldaThel event h
aspect of the inventjan, there is.provided, one.or nore. mcrqneed| es,

manuf acturgﬁoﬁmpﬁﬁﬁl SP"(S’V{%”@PM 0 °q§’éq1?'h§%‘%?fé’8‘ft.°rg’§s aarﬁ'l’l‘@“ﬁ’\?ention
i n one 1enbasdefined in the sitthroriseveRthidpedt TRShiBFonEdME Kydhis Rirked oty bifirtQuidac! at e

in two or re directions, t rovide a base with an array of master noul d
r<;Pthe seoongary mouIsd an(()l weth?n the ?hrou -holes of the secondary n%/ould.

According to an ninth aspect of the invention, there is provided a microneedle mould,
comprising a secondary mould according to the sixth or seventh aspect, with the first surface
15 of the secondary mould forming a first surface of a microneedle mould cavity and the
secondary mould through-holes extending into the first surface of the microneedle mould
cavity.

According to an tenth aspect of the invention, there is provided a method of
20 manufacturing microneedles according to the eighth aspect, using the microneedle mould of
the ninth aspect.

According to an eleventh aspect of the invention, there is provided one or more
microneedles manufactured according to the eighth or tenth aspect.
25
Thus the invention in one embodiment is able to provide master mould by wire
cutting a plate in two or more directions to provide a base with an array of master mould
needles protruding therefrom. The size and shape of the master mould needles can readily be
varied by varying the angles of upward and downward cuts in the two or more directions.

30  The master mould is used to make a secondary mould by hot embossing a secondary mould



needl es protruding therefrom The size and shape of the nmaster nould

needl es can readily be varied by varying the angles of upward and downward
cuts in the two or nore directions. 30 The master mould is used to nake a
secondary noul d by hot enbossing a secondary nould WO 2005/ 044364

PCT/ SG2003/ 9002@&B4B6p| ate onto the master noul d. This fBEWEG2003/e02pa hol es
in the secondary nould. The secondary nmould is plated with a | ayer of
nmetal, which fornms a mcroneedl e array. | NTRODUCTI ON TO THE DRAW NGS 5 The
i nvention is now further described by way of non-limtative exanples with
reference to the acconpanyi ng drawi ngs, 5in which: Figure 1 is a view of a
master nmoul d according to an enbodi nent of the invention; 10 Figure 2 is a

sih de vi ﬁw plateontd &Emabﬁdt 16uld! ThisFonsttougtbisdl@in m&b&bnﬁirylﬁiuﬁﬂ% €The, dsgovvi ng
the path a wire takes .duri .one wire 'cuttipg pass; Figures 3A an B are
views of t &P E‘°Hﬁ 1?—'&5’@3%’“@‘ adpyeg of metals Wibichiforms agnicrangedloraye ut t i ng
process; Figure 4 is an isonetric view of a master nould wth 64 (8x8)

noul d needl e arrays; 15 Fiqure 5 is a flowhart relating. to the

manuf act ur yWOQ‘@g@QrTQrEH%CP% Sng to an exenplary enbodi ment;

Fi guresg6A and 6B are views of an enbossing process for nmeking a secondary
moul d according to an enbodi ment of the invention; Figure 7Ais a cross
secti on t hr oughThe jpwention is now furtberciosntihed byrway of nopdlinftagive exabplésswitn  enl ar ged

e TSR e TR B0 8 s e
further exenplary enbodi ment; Figures 9A and 9B show the use of the
Faure 1oA s el g i Sty Bon s RBEH & Spvdiint o BE GVERHS] ny ¢ he
10 Figure 2 is a side view of a plate to be cut into the master mould of Figure 1, showing
the path a wire takes during one wire cutting pass; '
Figures 3A and 3B are views of the plate of Figure 2 at different times during the
cutting process;
Figure 4 is an isometric view of a master mould with 64 (8x8) mould needle arrays;
15 Figure 5 is a flowchart relating to the manufacture of a master mould according to an
 exemplary embodiment;
Figures 6A and 6B are views of an embossing process for making a secondary mould
according to an embodiment of the invention; .
Figure 7A is a cross section through a portion of a secondary mould;
20 Figure 7B is an enlarged view of an opening in the secondary mould of Figure 7A;
Figure 8 is a flowchart relating to the manufacture of a secondary mould according to
a further exemplary embodiment; '
Figures 9A and 9B show the use of the secondary mould of Figure 7A in the
manufacture of a microneedle array;
25 Figure 10A is an isometric view of e microneedle array fabricated using the
secondary mould of Figure 7A;
Figure 10B is an enlarged view of a microneedle of the array of Figure 10A;
Figure 11 is a flowchart relating to the manufacture of microneedles;
Figure 12 is a side view of a plate to be cut into a master mould, showing an

30 alternative path a wire takes during one wire cutting pass;



secondary-nould of Figure 7A; Figure | OB is an enlarged view of a

m croneedl e of the array of Figure | OA; Figure 11 is a flowhart relating
to the manufacture of mcroneedles; Figure 12 is a side view of a plate to
be cut into a master nould, showng an 30 alternative path a wire takes
duri ng one WPr2805044364 ng pass; WO 2005/ 044364 PCT/ SG003PCUSCHO/@IFP gur es
13A to 13D are enlarged views of alternative shapes of four-sided naster
nmoul d needl es; Figures 14A to 141 depict various aspects of a wire cutting
process to fabricate a master nould with triangular pyram d master nould
needles. 5 Figure 15A to 15D depicts ge@rret ric variations (cross sections)
of a nmould needle through three wire cut passes; Figures 16A to 16H depi ct
vari ous aspect sFigpres A3 ¢ 13D are culargsd yisess ofigltainative sheapes offowr-sidedmaasteer noul d
wi t h hexag dﬂ%‘é@l@%}id master noul d needles; Figure 17A to 17J depi ct

vari ous aspects O our wire cut passes used to fabricate a 10 naster

moul d wi th oct aBigneb 144 teaMldepivistagivusaspéots ofmctirecariting pgovess tbdabrivate af | owchar t

relating tq. the uf.acture, of an.alternative condary mould according to
a further %@%P%%%ﬁ%?%@ﬂ?@“f@ﬂﬁ?@gﬁr oss section through a
portion5of a noRighteddAxedSDdapiyts gosthéliic virlagionscioSEsectodNofhaiild @ekdté ew of

an opening,n modi fi ed secondary nmould of 15 Figure 17A; and Figure
18C i s an SHP VB RPRSESst 1 | angul ar mi croneedl e made fromthe nodified

secondary noul dFigireki GAl ¢l 6EBdepiddodridys abpebls SERdd Wittt Bassék tsB@ totabridatds ,
e o B ol B A msl b i €21 11 e el et
t hr oughout ! gonal pyrami ’
Figure 17A to 17J depict various aspects of four wire cut passes used to fabricate a
10 master mould with octagonal pyramid master mould needles;
Figure 18 is a flowchart relating to the manufacture of an alternative secondary mould
according to a further exemplary embodiment;
Figure 19A is a cross section through a portion of a modified secondary mould;
Figure 19B is an enlarged view of an opening in the modified secondary mould of
15  Figure 17A; and
Figure 18C is an enlarged view of a triangular microneedle made from the modified
secondary mould of Figure 18A.

DETAILED DESCRIPTION
20

In the drawings, like numerals on different Figures are used to indicate like elements
throughout.

A method of fabricating microneedles as described herein typically involves three
25  main steps:

@) making a master mould;

(i) making a secondary mould; and

(iii) forming the microneedles.

30 (i) Making A Master Mould



A nmet hod of fabricating m croneedl es as described herein typically invol ves
three 25 main steps: (i) nmaking a master nmould; (ii) making a secondary
mould; and (iii) formng the mcroneedles. 30 (i) Making A Master Muld WO
2005/ 044364 PCT/ S&003/ 000260 7 A master nould 10 according to a first

enbodi ment @b dbssizgyention is shown in Figure 1. The peste€ioosdvted 10 has
a generally parall el epi ped base 12 fromwhich extend an array of master

noul d needles 14 fromone face. For sinplicity only a single master nould 5
needle array is shown in the Figures al'though fabrication would normally
involve an array of nmany such arrays f@&rned on the master nould and
secondary nould and on the product on which the m croneedl es are forned.
Maki ng the nmaster nould 10 according to this embodi ment involves precision
10 machi ning. A bl ock of terigl, in_this exerrpl ry.enbodinent in the form
of a parallel epﬁd%%?ef%}‘ldgﬁ@ﬁ?“ &foea@isb‘?m@@&ﬁ?ﬂ ? the inveptiongs shaym iRer st eel

al I oy desi ygﬁ&é P nmel ,ﬁasteh AlodRN®Gtat b g@&emul}*}ﬁmﬂebmwsasé 5 h@ﬁl%maﬁ ExtSid 4nO'

finished. After the finishing, one sid plate 1s cut by precision
wire cuttl nrgas(@frm@temou@rr@edlgﬁ ldrﬁqmemﬁpmgForfsmplr@;tanplv@smkmmmwdwg) as

shown Fg%r% [ ew of
a paral eI ep| pe g !é hrogflgﬂeﬁyﬁ at aﬁ%&\@?ﬁ)ﬂ%ﬁcﬁ%\?oﬁ %@lﬁﬂv@h\@ agggyxto be
cut into tmnnﬂvh@nayﬂfumd@htﬁgant@ miquld iwsleoandatyenguid indonshe prodadten dur i ng
one wire c%ﬂc?lqgem; eecﬁé %{ﬁgmg’d“ and 3B are views of the pI ate of Figure 2

at differe I mes cutting process. Figure 3Ais an isonetric
vi ew of the sane tool steel plate 16 20 after one pass, in an X direction.

ARG NRNGVE o ST IRE N R ST e SR
the wi 1@ chiathiniggi A m&nwﬁia&ﬁal, th thitexemplafyadiboditnentinghié formd ofAOWS t he
parallelepiped tool steel plate (for example AISI A2 or another steel alloy designation) is
hardened first. Then all the surfaces are mirror finished. After the finishing, one side of the
plate is cut by precision wire cutting (or other precision machining, for example CNT
machining), as shown with reference to Figures 2, 3A and 3B.
15
Figure 2 is a side view of a pérallelepiped tool steel plate 16 with mirror finished
surfaces, to be cut into the master mould of Figure 1, showing the path a wire takes during
one wire cutting pass. Figures 3A and 3B are views of the plate of Figure 2 at different times
during the cutting process. Figure 3A is an isometric view of the same tool steel plate 16
20  after one pass, in an X direction. Figure 3B is an isometric view of the same tool steel plate

16 after one pass, in an X direction and half a pass in a Y direction.

The first pass of the wire cutting is conducted in the X direction. Figure 2 shows the
wire cutting line 18. The wire cutting line 18 extends horizontally through the plate 16, at a
25  base level for a base cutting portion 18a, until the position of the first master mould needle
line, at which point the wire cutting line 18 extends upwards along a first sloped cutting -
portion 18b, at a upward cut angle o, being the angle to the surface of the base 12 at which
the first sides of the master mould needles extend. At the top surface of the plate 16, the wire
cutting line 18 extends downwards again towards the base level. The wire cutting line 18

30 extends downwards along a second sloped cutting portion 18¢, at a downward cut angle f,



wire cutting line 18. The wire cutting line 18 extends horizontally through
the plate 16, at a 25 base level for a base cutting portion 18a, until the
position of the first nmaster nould needle line, at which point the wire
cutting line 18 extends upwards along a first sloped cutting portion 18b,
at a upwar dypbosangdke a, being the angle to the surfacep@i/sdloesdoose 12 at
which the first sides of the naster nould needl es extend. At the top
surface of the plate 16, the wire cutting |ine 18 extends downwards again
towards the base level. The wire cutting Iine 18 30 extends downwards al ong
a second sloped cutting portion 18c, at8a downward cut angle P, WO

2005/ 044364 8 PCT/ SG2003/ 000260 being the angle to the surface of the base

12 at whi cheihfitheinglotsihs swtfise 6f the bise TB 8 WhicH e sdeond 8REL ARgashagqt he
first sides xt end., hi s, _enmbodi ment_ .t he ugward and %mrﬁﬁtﬂd angl es

I n , . :
a, a are eBtFaes: qpRAung the fist sides, eendn dn hiyembosiment thenpymed andslowawarkalites ar e

| soscel es. anglés d, Perd dqudll thi | ' : , the
first and V\%Tefgg g‘g? sl odpgle,d c.u??l?tn%ddgb%gre'? %d%@ftﬁl%ﬁl‘ﬁ?ti%g&ﬁ@@%@%@orsﬁ%%% 20

bet ween t t pas this gaipef unwarbangigiewniad quts; thedirstiand second slepeiduttingt | nues
hor i zong al bottigkaiss, Pﬂcf’?}g%t%]sﬁ]og?ﬁ bhbE t&ooﬂﬁsg&ﬁ nirt.‘ge Oé'gci‘xffel sg.lt“[‘é&']% 8%5% nt he

18a to the position of rmaster nou
wire cuttiheg 18 eatimes herizostally agrimelonistha haserievoh for ahetherdass vutingporirm 18a t hus

cutting an ' Thi continues until there are as, mgny .ridges 20
as there afratetﬂf%wdé)qqrr)ggﬁgl?mnlgﬁeﬁmﬁ di*8 ei??‘fﬁtml?mkp(’% i “Ftlﬂréam)éd@al ly at
the top of exténds upwanislagnirt andtilien ddomwards dgainiithineaithg anbm@didet 20y Thisovwever
current w .C ' machi nes, n ter. how accurate they are, . al ways have
precision 11 r‘r‘ﬁsé{%‘ﬁ%ﬁ%& ”Fﬁﬁ?ahmgﬂgﬁhés WefeearFE’al?f’r%%“?H@“%%‘Ee@Ps infhe ?{iydge
20, i mMQr aditectien.i t nust nove 15 laterally to sonme extent (typically 1-20m

[mcrons]), before it can go downward. Thus, in practice, the forned
ridges 20 and later formed nmould needles 14 currently have small flat top

surfaces inst eddeallly ap@e topf e ipinard dubShe YGlvRrd B vehi dHERR
needl es 14 appear I n th?ccélravm ngs 52’ h%vi n? erfec%ﬁ%‘%ﬁ??gs, inJ‘s’%éad of

smal | fl at® Vi qutting machizies, np gaattgy hows a ey/are, always have precision
limitations. Thus, when the wire reaches the top of one ridge 20, in practice it must move
15 laterally to some extent (typically 1-20pm [microns]), before it can go downward. Thus, in
practice, the formed ridges 20 and later formed mould needles 14 currently have small flat
top surfaces instead of perfect sharp tips. Where the ridges 20 and mould needles 14 appéar
in the drawings as having perfect sharp tips, instead of small flat tip surfaces, this is for
simplicity.

20

Afer the first cutting pass, the top part of the plate 16 is removed, leaving parallel
ridges on one surface of the steel plate, as appear in Figure 3A. Then the plate 16 (or the
wite cutting tool) is turned 90 degrees around the Z-axis (the direction orthogonally down
through the plate 16). A second wire cutting pass in the Y direction is now conducted. This

25 follows the same path as the first pass, as shown in Figure 2, except that it is now in a
direction at 90 degrees to the direction of the first cut. The upward and downward cuts are at
third and fourth side angles. As there is already a first cut, the second wire cutting pass
produces individual master mould needles 14, instead of cutting a second row of ridges.
Figure 3B shows the plate 16 half way through the second wite cutting pass. Some master

30  mould needles 14 have been produced and the ridges 20 sill extend half way along the plate.



20 After the first cutting pass, the top part of the plate 16 is renoved,

| eaving parallel ridges on one surface of the steel plate, as appear in
Figure 3A. Then the plate 16 (or the wre cutting tool) is turned 90
degrees around the Z-axis (the direction orthogonally down through the
plate 16). wo@sosdsani re cutting pass in the Y directi arCi/862e/00020duct ed.
This 25 follows the sanme path as the first pass, as shown in Figure 2,
except that it is nowin a direction at 90 degrees to the direction of the
first out, The upward and downward cuts are at third and fourth side
angles. As there is already a first cut9 the second wire cutting pass
produces i ndividual master nmould needles 14, instead of cutting a second
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mast er mufabncﬁ@iihéWQmsumgwsm Idea&ter ﬂibndd neexlleem isshiwh endrdecaot  be
steel but can be made from another netal/alloy such as an al um nium all oy,
zinc.alloy, etc. One or nore hard coatings, for exanpl e, dianmond carbon
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rel ease | a$HEPme going,n nitfide coating, a carhide ¢asting or-n barida icoating ayibs gppliediantarni um
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coati n% or sone or _appropria
master mould, to extend the hfe of the master mould. Additionally or instead there may be

-added a release layer coating layer, for example an aluminium coating, a titanium coating, a
chromium coating, a carbon coating, a diamond like carbon coating or some or appropriate
coating to facilitate the release of a plate used in the creation of a secondary mould. Some of
the coatings can increase hardness and act as a release layer.

20 :

A flowchart describing the steps involved in making the master mould according to
this embodiment is shown in Figure 5. At step $100 a block of material is prepared. The
block is cut in a first direction at step S102, to form a plurality of ridges, and in a second
direction at step S104, to turn the ridges into master mould needles.

25

(i) ___Making A Secomdary Mould

An embossing process for making a secondary mould is shown schematically in
Figures 6A and 6B, using a master mould 10 for four microneedle arrays as an example.
30



coating to facilitate the release of a plate used in the creation of a
secondary nould. Sonme of the coatings can increase hardness and act as a
rel ease layer. 20 A flowhart describing the steps involved in nmaking the
master nould according to this enbodinment is shown in Figure 5. At step S
100 a bl ockWéx2004€364 al i s prepared. The block is cut PAT/&AGLG08/800269i r ecti on
at step S 102, to forma plurality of ridges, and in a second direction at
step S 104, to turn the ridges into naster nould needles. 25 (ii) Making A
Secondary Moul d An enbossing process for nmaking a secondary nould is shown
schematically in Figures 6A and 6B, usi'g a master nmould 10 for four
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The combined thickness of the embossing plate 22 and the top plate 24 is larger than
the height of the master mould needles 14. The height of the master mould needles 14 is
16 greater than that of the final microneedles to facilitate their full penetration through the
embossing plate 22.

The holes 26 in the top plate 24 do not need to be through-holes. They could simply
be recesses in the underside of the top plate 24 to accommodate the tips of the master mould
20  needles 14 extending above the top surface of the embossing plate 22. Likewise the holes 26
in the top plate 24 do not need to be cylindrical; they could be square, frusto-conical, frusto-
pyramidal or any other shape to accommodate the tips of the master mould needles 14
extending above the top surface of the embossing plate 22.

25 The top plate 24 is made from a material that can sustain a subsequent heating
temperature, for instance steel, which may be of the same type as that from which the master
mould 10 is made. Alternatively, the top plate 24 is made from other materials, for example
aluminium or an aluminium alloy (or some other metal or alloy) or another thermoplastic

material with a working temperature higher than that of the material of the embossing plate
30 22



enbossing plate 22. The holes 26 in the top plate 24 do not need to be

t hrough-hol es. They could sinply be recesses in the underside of the top
plate 24 to acconmodate the tips of the naster nould 20 needl es 14

ext endi ng above the top surface of the enbossing plate 22. Likew se the

hol es 26 | WOt20es/044864 pl at e 24 do not need to be cyl i ndr PCEBG2003@92600ul d be
square, frusto-conical, frusto- pyram dal or any other shape to accommodate
the tips of the master noul d needl es 14 extendi ng above the top surface of
t he enbossing plate 22. 25 The top plate 24 is made froma material that
can sustain a subsequent heating tenperldture, for instance steel, which
may be of the sanme type as that fromwhich the master nould 10 is nmade.
Alternatively, the top plate 24 is made fromother materials, for exanple
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The master .nould 10 is heated to a first tenperature, a little over the

sof teni ng PPBYRRR 30 apd 200 C°): Hit therfitst tomperatire the topplete@6 ipplessed dbwnby the it i s
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hot press, thiee layss: shampaster mumidit O tiee, enfbossing ydate 23 aundithi edp 1416 0K), aSsHo®h ih he
three | ayeks, master nould 10, the enbossing plate 22 and the top plate

24), as sho In Figure 6B. The tenperature is allowed to drop to a second
val ue, lower than the softening 10 tenperature of the enbossing plate 22.

At this second fenperature val ue, the enbossing plate 22 hardens. Then the
top plate 24 is' PFeRBPEENIES ?Yéedetﬂﬂf??é%ﬂS%B%%%P%@%féh@m%soﬁempéased from

the botl0 omemgeiatire GPHE BmBEssingiplafe 20 UK tRis BatoAd ethpbfattit vilud, i ssifg €S

“printed' i i.t. The enmbossed enbassing plate forns a secondary ul d.
The master pﬁh%&l hgrdgps. gﬂﬁnméw Blgied4s eenpyediand the.embosses qnahossingplaty is ur t her

secondary pelabéifrom the bottom master mould 10, with square pyramid frustum through-holes
‘printed’ into it. The embossed embossing plate forms a secondary mould. The master
mould 10 and the top plate 24 are reusable for making further secondary moulds.

(e 3

15
Figure 7A is a cross section through a portion of a secondary mould 30, showing the
square pyramid frustum through-holes 32. Figure 7B is an enlarged isometric view of one
such through-hole 32. These Figures are inverted relative to the orientation of Figures 6A
and 6B.
20

In another exemplary embodiment, the orientation of the embossing process can be
inverted. The master mould can be placed on the top, with the master mould needles facing
down, the embossing plate below the master mould and the top (now the bottom) plate at the
bottom.

25

In a further alternative process, another plate is used instead of the top plate, without
any openings on it. It is made of the same material as the embossing plate 22 or of a material
of the same or a lower softening temperature. A separation film may then be provided
between the embossing plate 22 and the new top plate to prevent the two plates bonding

30  together during the hot press (embossing) process. The separation film may be in the form of



15 Figure 7Ais a cross section through a portion of a secondary nould 30,
showi ng the square pyramd frustumthrough-holes 32. Figure 7B is an

enl arged isonetric view of one such through-hole 32. These Figures are
inverted relative to the orientation of Figures 6A and 6B. 20 In another

exenpl ary ewbaoisedks the orientation of the enbossi ng prRSEH63/ads0be
i nverted. The master nould can be placed on the top, with the master noul d

needl es facing down, the enbossing plate below the master nould and the
top (now the bottom plate at the bottom 25 In a further alternative
process, another plate is used instead 92 the top plate, wi thout any
openings on it. It is nmade of the sane material as the enbossing plate 22
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22 enbossed during the hot enbossing process, with square pyramd frustum

t hrougho hofifp 3RorimngdhSRE@OEERANs Moul d 30. M croneedl e arrays are made

The embossing plate 22 embossed during the hot embossing process, with square
pyramid frustum through-holes 32 is a secondary mould 30. Microneedle arrays are made
using a secondary mould 30, as described with reference to Figures 9A and 9B.

15 :

The secondary mould 30 is metallised by depositing a thin conductive seed film 34
(such as Ni, Ti, Cr, Al, Ag or another conductive film) onto a top surface 36 of the secondary
mould 30, as shown in Figure 9A. The top surface 36 of the secondary mould 30 for this
purpose is the surfz;ce with the larger openings to the pyramid frustum through-holes 32 (it is

20  the bottom surface during the formation of the secondary mould 30 as described earlier with
reference to Figures 6A and 6B). The method used for depositing the seed film 34 can be
PVD, CVD, thermo-evaporation, electroless plating of Ni or another metal, through the
silver-mirror reaction (for a thin Ag coat) or some other process. This deposition covers the
whole of the top surface 36 as well as lining the through-holes 32. The deposited layer 34

25  typically has a substantially constant thickness, and is typically within the range of between

10 nm and a few microns (or more). -

Electroforming of Ni or Ni/Fe alloy or another metal/alloy is then conducted to
provide the microneedle layer 38. The microneedle layer 38 is on top of the thin metal seed
30 film 34 on the secondary mould 30 and in the through-holes 32, as shown in Figure 9B. The



using a secondary nould 30, as described wth reference to Figures 9A and

9B. 15 The secondary nould 30 is netallised by depositing a thin conductive
seed film34 (such as Ni, Ti, C, A, Ag or another conductive filn) onto
a top surface 36 of the secondary nould 30, as shown in Figure 9A. The top
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15
The released secondary mould 30 can be reused or disposed after the release.

A flowchart describing the steps involved in making the microneedles according to
this embodiment is shown in Figure 11. At step S120 a secondary mould is provided. At
20  step S122 a thin electrically conductive seed film is formed on top of the secondary mould
and on the through-hole walls. A metal layer is electroformed onto the seed layer on top of
the secondary mould and in the through-holes, in step S124. The microneedles are released
from the secondary mould at step S126.

25  Alternative Geometries
The sizes and geometries of the final microneedles 42 on the microneedle array
product 40 can be adjusted by changing the wire-cutting route 18 in making the master
mould. With the cutting line 18 shown in Figure 2 (repeated in the Y direction), the four side
30  surfaces of the master mould needles 14 (and therefore the final microneedles 42) have the



10 al though fabrication would normally involve an array of many such arrays
being formed (for instance 64 (8X8) arrays, using the naster noul d of
Figure 4). Figure 10B is an enlarged view of one of the frusto-pyram dal
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ath a wire takes
P In this case the upward cut angle o = 90 degrees, whilst the downward cut angle p <90

degrees, in the X direction, whilst the upward and downward cut angles in the Y direction are

15  unchanged from the first embodiment.

Figure 13B is an enlarged view of a second alternative shape of master mould needle
52, where the upward cut angle o. = 90 degrees, and the downward cut angle B <90 degrees,
in both the X and Y directions.
20
Figure 13C is an enlarged view of a third alternative shape of master mould needle
54, where the upward cut angle o > 90 degrees, and the downward cut angle p < 180 degrees
— the upward cut angle o, in the X direction, whilst the upward and downward cut angles in
the Y direction are unchanged from the first embodiment.
25
Figure 13D is an enlarged view of a fourth alternative shape of master mould needle
56, where the upward cut angle o. > 90 degrees, and the downward cut angle f = 180 degrees
—the upward cut angle a,, in the X direction, whilst the upward and downward cut angles in
the Y direction are both at 90 degrees. This master mould needle 56 is a slanted
30 parallelepiped needle.




10 during one wire cutting pass for a first alternative shape of nmaster
nmoul d needl es 50. Figure 13A is an enlarged view of a first alternative
shape of master nould needle 50. 1In this case the upward cut angle a = 90
degrees, whilst the dowward cut angle O < 90 degrees, in the X direction,
whi | st the wovsssbsssdl downward out angles in the Y direett/scG20as/a026h5
unchanged fromthe first enbodinent. Figure 13B is an enlarged view of a
second alternative shape of master nould needle 52, where the upward cut
angle a = 90 degrees, and the downward out angle (3 < 90 degrees, in both
the X and Y directions. 20 Figure 13C i d45an enlarged view of a third
alternative shape of master nould needle 54, where the upward cut angle a
> 90 degrees, and the downward out angle 0 < 180 degrees - the upward out
angle a, in the X direction, whilst the upward and downward cut_angles in
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the pressing direction in making the secondary nould needs to be |ikew se
slanted to facilitate the penetration of the master nould through the

enmbossifog pl at eld the &bddiinbit of Bipurd BD, Baseofthe iasten6ulld Adodlels ik Bofdne
enbodi nent of. Fi glur .13D, ttng t.0 tﬁf t he master uld needle 56 .is not a
single point. means that where the cutting process reaches the top of the plate in the
upward cut, it is no angled down immediately again but moves forwards a little along the top
of the plate 16 first. This also may happen where two faces of the master mould needle meet
at the top of the plate 16 or where the upward and downward cut angles a, P are so steep that

16  the sides of the master mould needle would meet above the surface level of the plate 16.

In the above-described embodiments, the master mould needles and the ultimately
produced microneedles have quadrilateral cross-sections arising from a square base. By
changing the number of wire cutting passes and/or the angle through which the plate 16 is

20  turned between each cut, other shapes are produced.

For instance, master mould needles having quadrilateral cross-sections arising from a
parallelogram base can be derived by using only two wire cutting passes, where the angle
through which the plate is turned between the first pass and second pass is not 90 degrees, for

25  instance 60 degrees.

Master mould needles having triangular cross-sections arising from a triangular base
. can be derived by using three wire cutting passes. The triangular base can be equilateral if
the angle through which the plate is turned between the first pass and second pass and
30  between the second pass and the third pass is 120 degrees. Such a regular triangular master
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bottom line, respectively, of a first side (cut in the upward cut, the first cutting portion). The
16  points “b” and “b>” are defined as the top and bottom, respectively, of the line joining the

other two, adjacent faces. “h” is the vertical height of the master mould needle.

Various aspects of the wire cutting process for a master mould with regular triangular
cross section master mould needles 60 are shown in Figures 14B to 141.
20 |
Figure 14B is similar to Figures 2 and 12 and is a side view of a parallelepipéd tool
steel plate 16 with mirror finished surfaces, to be cut into a master mould, showing the patha
wire takes during one wire cutting pass for regular triangular cross section master mould
needles 60.
25
Figure 14C is a top plan view of the steel plate 16 after a first pass P1. Figuré 14D is
an isometric view of the same tool steel plate 16 of Figure 14C.

Figure 14E is a top plan view of the steel plate 16 after a second pass P2. Figure 14F
30 isanisometric view of the same tool steel plate 16 of Figure 14E.



regular triangles formed by three cuts, the fornmed m croneedl es are not
uniformy distributed 10 on the base surface). The distance the wire passes
t hrough between finishing an upward cut and starting a downward cut is
defined by the line "ab" of Figure 14A. The di stance between where the

W re start sygRoosiosaszsgowar d cut and where it finishes itspcioseressiodoeeat is
defined by the line "A"'. The points "a" and "a"' are defined as the
centre points of the top line and bottomline, respectively, of a first
side (cut in the upward cut, the first cutting portion). The 15 points "b"
and "b"' are defined as the top and bott4®dm respectively, of the line
joining the other two, adjacent faces. "h" is the vertical .height of the
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this case,” the upward cuts o

passes which define two surfaces of each master mould needle, whilst the upward cuts of the
first and third passes define the planes containing the lines joining the other two faces.

15

‘When cutting master mould needles having triangular cross-sections arising from a

triangular base, only one cut of each pair of upward and downward cuts in any pass defines
any of the outer surfaces of the master mould needles. The other cut of each pair is at the
angle that is required to cut the plane that contains the edge joining the two sides not being

20  cut in that pair of cuts, or it may be shallower. This is to avoid the downward cut cutting
away any material that might, otherwise be exposed during the cutting of either of the other
passes. Otherwise this results in the production of other polygons: quadrilaterals, pentagons |
or hexagons, depending on how many cuts are steeper than the angle defining the plane
joining the other two sides of the pyramid.

25 '
The cross sections of mould needles for these variations are shown in Figure 15A to 15D.
Figure 15A shows (by double arrows) three wire cut passes for a master mould with irregular
triangle cross section. In each wire cut, the projection of the direction of movement of the
wire on the base plane is parallel to the projection, on the base plane, of one height of the

30 triangle (the projection of the perpendicular line from one vertex to its opposite side of the



first and third passes define two of the faces of each master noul d needl e,
whi |l st the 10 downward cuts of the second pass define one of the surfaces
of each master nmould needle, wth the upward cuts' during the second
cutting pass defining the planes containing the lines joining the other
two faces. %E@Efﬂﬁ?‘éﬂa y, it could be the downward cut $cqfscabBobdst and
third passes Ich define two surfaces of each master noul d needl e, whil st
the upward cuts of the first and third passes define the planes containing
the lines joining the other two faces. 15 Wien cutting master noul d needl es
having triangul ar cross-sections arisinggfroma triangular base, only one
cut of each pair of upward and downward cuts in any pass defines any of
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triangle opposite si el n e béing cut |gure 158 ows a
quadri | at eG%degme@ss;appgmciaiebnregMar expgena) mastenino mmdl@is peqdyessd. Th

(1 adder-s H!g I ormed by three wre cuts, one of which
pr oduces tﬁg&g%sgé‘ygﬁrﬁ Qﬂeﬂ lI‘glﬂfgure 15C shows a pent agonal Cross
section, with two pairs of parallel sides, of a nould needle fornmed by
three wire cutsF. . .
igure 16A is an enlarged view of a regular hexagonal master mould needle 62.
156  Figure 16B is a top plan view of a steel plate 16 after a first pass P1. Figure 16C is an

isometric view of the same tool steel plate 16 of Figure 16B, where the surfaces that become
faces 1 and 1° of the final microneedles are exposed. Figure 16D is a top plan view of the
steel plate 16 after a second pass P2. Figure 16E is an enlarged view of a partially formed
(thomboidal) master mould needle within Figure 16D, with surfaces that become faces 1, 1°,
20  2and 2’ of the final microneedles exposed. Figure 16F is a top plan view of the steel plate
16 after a third pass P3. Figure 16G is an enlarged view of a fully formed master mould
needle 62 within Figure 16F, with final faces 1, 1°, 2, 2°, 3 and 3°. Figure 16H is a cross-
section through the regular hexagonal master mould needle 62 (at any point), showing the
relationship between the three passes P1, P2, P3.
25
Similarly, it is possible to use four cutting passes, at 45 degree intervals, to produce
master mould needles with a regular octagonal cross section. The cutting process is shown in
Figures 17A to 17J.



5 two of which produce the two pairs of parallel sides. Figure 15D is an

I rregul ar hexagonal cross section of a nould needle. Each side of the
cross section is parallel to the opposite side. It is forned by three wire
cuts, each of which produces one pair of the parallel sides. For a nould
needl e wi t hygBofig¥agoenal cross section, if the upward amgystesswesdo 10 cuts
are nmade at the sane angles in each of three passes, each at 120 degrees to
each other (or 60 degrees as appropriate), a regular hexagonal naster
noul d needle is produced. The process is shown in Figures 16A to 16H.
Figure 16A is an enlarged view of a regddar hexagonal master nould needl e
62. 15 Figure 16Bis a top plan view of a steel plate 16 after a first
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Figure 177 is a cross-section through the regular octagonal master mould needle 64 (at any
point), showing the relationship between the four passes P1, P2, P3, P4.

15

. Itis also possible to form mould needle arrays with regular polygonal cross-section of
some even higher numbers of sides. It is a mathematical (geometry) problem to decide what
side numbers can be formed by limited numbers of wire cuts across the whole plate.

20 The design of the master mould and in particular that of the master mould needles is

determined from the design of the desired microneedles through mathematical calculations.

As with the master mould needles with square cross sections, the inclinations of the
side surfaces of the triangular master mould needles can also be adjusted by adjusting the
25 upward and downward cut angles a, . When the upward cut angle o = 90 degrees, one side
surface of the master mould needles becomes normal to the bottom plane. When the
downward cut angle B = 90 degrees, the corresponding intersection line between two side
surfaces becomes normal to the bottom surface. Other variations are also possible by

changing the inclination angles. The same applies to master mould needles of other shapes.
30




faces 1 and 1' of the final mcroneedl es are exposed. Figure 17D is a top
plan view of the 5 steel plate 16 after a second pass P2. Figure 17E is an
enlarged view of a partially fornmed (rhonboidal) master noul d needl e
within Figure 17D, with surfaces that becone faces 1, 1', 2 and 2' of the
final m cromeedlsesslexposed. Figure 17F is a top plan viRGFF2003080269 ce|
plate 16 after a third pass P3. Figure 17Gis an enlarged view of a
partially formed (irregular hexagonal) naster nould needle within Figure
17F, with surfaces that becone faces 1, 1', 2, 10 2', 3 and 3' of the final
m croneedl es exposed. Figure 17His a tgﬁb pl an view of the steel plate 16
after a fourth pass P4. Fi gure 171 is an enlarged view of a fully formed

( oct agonal Alterngtive Methodschf Febridatingthe GedondaryMapld e 17H, with final faces 1,
1, 2, 2, 3, 3, 4 and 4 Flgure 17J is a cross-section through the
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before. The secondary mould made in this way by EDM is a permanent one that can be
15 reused again after release of the electraformed microneedie arrays. One advantage this metal
secondary mould has over the polymer one made through embossing is that it is ionger

lasting,

A flowchart describing the steps involved in making the secondary mould according
20  to this embodiment is shown in Figure 18. At step S130 a master mould forming an array of
EDM electrodes is provided. At step S132 a secondary mould plate is placed below the
master mould. EDM is conducted at step S134 to form through-holes through the secondary
mould plate. The secondary mould is removed from the master mould at step S136.

25 In another process for making the secondary mould, it is moulded onto the master
mould, for instance by injection moulding. The master mould provides a first wall of the
+  injection mould cavity, with the master mould needles extending into the cavity towards an
opposing second wall. The secondary mould is moulded into the cavity between the first,
master mould surface and the second, opposing wall. The second wall of the cavity can
30 typically be one of two structures. In the first structure, this wall is simply a flat wall. In this



PCT/ SG2003/ 000260 One alternative way of fabricating the secondary nould is
t hrough el ectro-di scharge machining (EDM. A master nould is nade as
descri bed above, the nmaster nmould needles 5 formng an array of EDM

el ectrodes. The geonetries and di mensions of the electrode array are based
on those ofWORSHESH4 ed mi croneedl es. A netal/all oy pl aRE/SG2993/000269 ance
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alloy, is placed below the EDM el ectrode array. EDMis conducted to nake
openings in the plate corresponding to the shapes and di nensions of the

el ectrode array. Subsequently, the platélwith the openings is 10 coated
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t he cavi t y(ieoatdiedscond watlpprfadieng second wal | . The secondary nould is noul ded

into the cavity between the first, master nould surface and the second,
opposi ng wall. The second wall of the cavity can 30 typically be one of two
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not limited to) polycarbonate, PMMA, nylon or silicon rubber. When silicon rubber is
used, the ‘injection’ process is conducted at room temperature and the solidification is by
adding in curing agent into the pre silicon rubber liquid (cold casting process).

Another alternative for making the secondary mould is by electroforming a proper
20 . metal such as (but not limited to) Ni, Ni-Fe alloy onto the master mould (fabricated as
- described earlier). Proper release measure may be needed before electroforming. This may
take the form of depositing a thin electrically conductive layer (preferably between about 100
to about 1000 nm), which does not have high adhesion to the master mould, on the master
mould surface. The non-high adhesion to the master mould is so that the thin electrically
25  conductive layer does not form a strong bond with the master mould. This electrically
conductive layer may, for instance be formed of aluminium, titamium or chromium. The
thickness of the plated metal/alloy may be larger than the final microneedle height. After
release, the backside surface of the electroformed piece (the side not in contact with the
master mould needles during the electroforming) is ground/milled to a thickness equal to the
30  final needle height. An electrical insulation layer is then applied to the back surface and all



21 PCT/ S&2003/ 000260 case, the master nould needl e height is equal to the
final needle height. The nould cavity wdth when it is closed in the

i njection nmoul ding operation is also equal to the final mcroneedle

hei ght. The master noul d needl es nmay extend part way or substantially all
the way towvohessesend wall. In the second structure, aPGI/SG2805/000260)f

recei ving holes (or recesses) 5 are provided on the second wall. The
receiving holes are at positions which correspond to all the master noul d
needl es on the first, master nould wall. The height of the needles is

| arger than the final needle height. TR nmould cavity width, when it
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mmster . moboHEUs Rt epenn M Ewe I8 HenRekR Bl i TatBes SRanty AOAL° o
the thin efefdthicphrpdse 25the eu€iss Wit ehd smeier cheaingsithé thicuigh-heles FRgThONd Wit h
the master onmould. Thig electrjcall cqonduct i v yer , for instance be
formed ot SRR HPOHFS T8 FELRIA G e ipes af Civeiles i ERcidbugh-Bok 3 iefioq
met al / al | oy 166y odtSutfaded eddd vIa V—Bﬁaﬁ&l Babva 4 6nd\fithdtwo ififekRétion
rel ease, the backside surface of the electrofornmed piece (the side not in
cont acl® wi lipesibgtween each V-shaped groove 74 and the bottom surface of the modified secondary

mould 72 is aligned with and meets one of the edges of each of the smaller openings to the

through-holes 72 in one line of through-holes 72. Each V-shaped groove 74 extends upwards

into the through-holes 72, the edge of which they are aligned with and meet. In the

embodiment of Figure 19A, the tip of the V-shaped groove 74 meets an inner surface of each

20 through-hole 72 in the line. The inner surface that the V meets is on the other side of the

through-holes 72 from the edge that the V-shaped groove 74 meets at the bottom surface.

The purpose of the grooves 74 is to increase the sharpness of the microneedles
fabricated from the secondary mould 70. It does this by making a slanted cut across the
25  through-holes 72 that are used to form the microneedles, with the ends of the microneedles
taking the cut shapes. Figure 19C is an enlarged view of a triangular microneedle 80, with a
sharp tip 82, made from the modified secondary mould of Figure 19A.

Such grooves can be used for other shaped microneedles, as well as the triangular

30 ones. The groove cross section need not be V-shaped but may take other shapes, for instance



master nould needles during the electroformng) is ground/mlled to a

t hi ckness equal to the 30 final needle height. An electrical insulation

| ayer is then applied to the back surface and all WD 2005/ 044364

PCT/ SG2003/ 000260 22 side surfaces, but not usually on the front surface
(the one foyoeebsiodysgsontact with the master noul d base muwsGzemjooead not on
the hole walls. The electroforned piece is usable as permanent secondary
moul d for making mcroneedles. 5 A nodification to the secondary noul d,
however it is made, is showa in Figures 19A and 19B. Figure 19A is a cross
section through a portion of a nodified2¥%econdary nmould 70; show ng

nodi fied triangular pyramd frustumthrough-holes 72. Figure 19B is an

enl arged  kpféiRiuldr Ghe/ERYd S a BRE, Patalblic vid URliviRhiGsrdedes, i crdsSitatiat] haveapVes

74 are formed in the bottom surface of the nodified secondar nould 72, as

i t appear sfifsherpyasuefacegxtending figey the sreond fustaee ofithe secondsny m9‘§€¥%%_€‘?9ﬁ§ér y
mould 70 f)&ﬁt Jf l&iesgfﬁ%%@@ f #he séRdatymba@e Tk Gkt %ﬁgff@ah@ﬁa@&&éﬁd"gs to the

t hrough- hot es 72 shape rooves 74 run pa to the |ines of
t hr ough- hotasepletely agressthe widiy gfithe Bireughshotes ghesgroeme intersepts torforns asingleslape edge

of a V-gha Vv . Nor | s ' ' '

bet wee n§ ea%%&@-ggeﬁ peég °3“r“‘8 g@g@% (gﬁg&ielh@'b@tgﬁ%%%ér ?‘ ggee% ﬁ&fﬂg Ormyla#iﬂﬁe%
secondary. widthubftkadl?threughsholpr(Eigure 19D andd 9Bk dhs ficsh groote surfacenigyexterdd ady h of
the smal |l er _gpeni ngs,.to.the..through-holes 72 i.n one |ine of [ h- hol es
7o Each WPuRaERGRET v fudh e me MAUAIR FEtove fisRBRe Vs Rmd RS0 The
edge of whihe grdokieintaacepting thg dext ofdathsith tholep®ifornt twd sharp tip3loadiffeperit sidbs 68 gur e
19A, the tip of the V-shaped groove 74 nmeets an inner surface of each 20

t hr ough- hot&monesdlede | i ne. The inner surface that the V meets is on the

ot her $gde of the through-holes 72 fromthe edge that the V-shaped groove

74 nmeets at the_bottom surface. The purqose of the grooves 74 |s to
i ncrease the shehegreayss ean heproulded intp thogilates thataes fopmedigtorthe srep econdary

moul d 70. ﬂnhmdpgﬁnaémdlaybm ﬂ&meﬁlhﬁ&tﬁm&bﬁw%?eeﬁﬁg,tl&%r Ahtatidalcpugh- hol es

72 that are used to formthe mcroneedles, with the ends of the

mi cr oneed| wmilling exihaypet faumesh in thetplgtessin apy efhexsuitahds way.aWhetelthe sgeendarew of a
Lriangul gr%%lﬁ PRARA @ulrﬁgm%mo%e AR bl of frentBHLE afdv8 Hiddes i RE T 1 ed
15  opposing surface of the mould could be provided form the grooves directly during the
moulding process. Where the secondary mould is formed by EDM or electroforming, the
grooves are preferably made first, before the insulation layer application. Then the electrical
insulation layer is applied to the secondary mould back surface and all side surfaces
(including the groove surface). If the grooves are not made before the insulation layer has

20  been applied, a second electrical insulation layer application for the groove surface is needed.

Alternative use of Secondary Mould

Earlier, microneedle arrays are described as being formed through electroforming on the
25 secondary mould. As one possible alternative, the secondary mould whether produced as
- described with reference to Figures 5A and 5B, whether produced as described elsewhere
(for instance by EDM or electroforming) or produced in another manner, can be used as one
wall of a mould, with through-holes corresponding to the mould needles of the master mould
and with or without tip needle sharpening grooves. Moulding, for instance injection
30  moulding, onto the same face of the secondary mould as the metal is formed onto in Figures



Such grooves can be used for other shaped m croneedles, as well as the
triangul ar 30 ones. The groove cross section need not be V-shaped but may

t ake ot her shapes, for instance WO 2005/ 044364 PCT/ SG003/ 000260 23
semcircular, the chord of a circle, parabolic, etc. Individual grooves, in
Cross-sect ivp@2o0080448642 first groove surface extendi ng fRGQIVAG2p3/086B6LNA
surface of the secondary nould to a deepest point of the groove within the
secondary nould. The first groove surface may extend conpletely across the
wi dth of the through-holes the groove intercepts to forma single slope 5
across the tip of the mcroneedles (Figg4ae 19C). Normally the grooves
intercept over half the wdth of each through-hole (Figure 19D and 19E).
The first Wb Pk O thY mi gl . ' of the
t hr ough holgégﬂetfg%’sm%ove I nt lee‘raggetg‘?@ Wﬁx@?@;&é@%@ﬂﬁ@%ﬁ%@@%ﬂk& oove

i nt er cept i tperedigsolid needids, fom nistanescdf atpolyener matefrigl such ana pilpeagbonatesPMMA,

different gi of L.Cr I ed into

t he pl at esﬁ*'lﬁlgt% tcé'rgﬂy(}rﬁ?m(f%?ﬁggﬁg ﬁ%zg%%gﬁgg@y}%ﬁ%ﬁg&%r%ﬂg (?Hi&ﬂégi or burned
i nto the ppesitém, to therthiongli-holesinithe secandanygnould sed extedding totheasmmedéviel asthe or may
be forngd |n I Ln.apy ot her sui e way. \Were the condary

moul @ 12 1 5Pn s Beflafhordd o2 ooy RigulE R ol oo Br eGIER above

ri dges in iiieonkedlepgmdbengllows f ace of the nould could be provided formthe

grooves directly during the noulding process. Were the secondary nould is
formed by EDM or el ectroformng, the grooves are preferably made first,

before the i nsujldnfbodinien® of WiihvenBibh Albw the aky PeiuBliG ¢ sh6Ag and d¥skileat | On
| ayer is applied,to the secondary nmoul d back surface and all side surfaces

(i ncl udi nghtlloav Ricengedle arrays oesolidineedlepesush 3o oalisl polyanes geedipgoen plaresr e t he
i nsul a§é ONiniasel sAS MBulle R f&ﬂ@&dn%ﬁnibﬁné&fe@%@éﬁﬁ&édsﬁ%‘ch&@%ﬂlﬁﬁé&” | ayer

application for the groove surface Is needed. Alternative use of Secondary

Mbul d Ear | materialyse:the mosldscambe eflowsps apddisposplle. Morasuenthe exsmplaty methedgh
secondar y. Conpafiek Biondiny BREARERY i £ e liRe PO LANEL HERRL) 12, (20
and 5B, whmekecthe magtetroould.aThetass of theadregiuttingtastliod allows easy variation in the size
- and shape of the microneedles, whether regular or irregular, tapered or non-tapered, straight
15  orslanted or of various numbers of sides. The sharpness of such microneedles can be further

enhanced by the use of grooves in the back of the secondary mould. This allows the easy

production of sharp microneedles, which makes them better at penetrating the skin and

delivering the liquid into the subject. Such microneedle arrays can be used in painless

injection devices to replace conventional injection needles/syringe.



(for instance by EDM or el ectroform ng) or produced in another manner, can
be used as one wall of a nmould, with through-holes corresponding to the
noul d needl es of the master nmould and with or without tip needle

shar peni ng grooves. Mul ding, for instance injection 30 noulding, onto the
sane face ofotb@wssepondary nmould as the netal is fornmedPCFisEROpINOFIHUr es WO
2005/ 044364 24 PCT/ SG2003/ 000260 9A and 9B, followed by a rel ease produces
the mcroneedl e array. This nethod can be used to create solid needles,
for instance of a polynmer material such as a polycarbonate, PMMA, nylon,
etc.. If the face opposing the secondar25noul d has' protrusions
corresponding in position to the through-holes in the secondary nould, and
ext endi ng tQQ AT same | evel as the 5 tops of the through-holes in the
secondary nould, but being narrower, the nmoul ded nicroneedles can be

hol | ow. The enbodi nents of the invention allow the easy production of
strong andjductile  DOLEMWH BF HRRSHHE agﬂa[st%)‘ﬁaoﬁfdﬁpﬁée‘i’nﬁ%ﬁﬂgﬁﬁ@roﬁéé&iés,as
solid polyner needles, on a large 10 rndustrial_ scale. Mulds for
fabricating m cfromadiivckof e finst matariali theunsethogl comupsisingol ymeric materials so

t he moukds can be of [ gﬁb(g,g : t hod
of maki %g t he secondﬁzillru'gi\g(El %&ci:értggggggebf&%u id@é@%@%&m&%ﬁ@é@ﬁ%&%&ﬁm
cutting net hod mouldwatnprisinga masitremoutd basd surfive wWither dtratityefwaster mauldi ng

met hod al | ows easyey rroi a&i:nggheir 0t he size and shape of the m croneedl es,
whet her regul ar™0r i rgﬁu ) aﬁ‘bred or non-tapered, straight 15 or

sl anted or of vari ousheninidermaste niiuliiaredldhmrelpong tethe niiéroseedles o sy oadeed| es
can be further enhanced by the use of grooves in the back of the secondary
nmoul d. This allows the easy production of sharp m croneedl es, which nmakes
them bapt en, at penet A adektivd abbrdiag tocldmdl , whelein@itingthctdae theiblpek dompiises t he

subj ect. Such m ¢roneedl e arra;is can be used in painless injection devices
to repl ace conv®He F¥Hag agrassdha blegk. needl es/ syringe. WD 2005/ 044364

PCT/ SG2003/ 000260 25 5 :

3. A method according to claim 1 or 2, wherein cutting across the block in at

1

least two different directions comprises a cut in each direction.
15
4. A method according to claim 3, wherein individual cuts comprise:
a plurality of base cutting portions, cutting the master mould base surface;
a plurality of first sloped cutting portions, cutting from the base cutting
portions to the tips of the master mould needles; and
20 ", aplurality of second sloped cutting portions, cutting from the tips of the
master mould needles to the base cutting portions; and wherein
individual base cutting portions are separated by a pair of a first sloped cutting
portion and a second sloped cutting portion; and
at least one of each pair of first and second sloped cutting portions cuts a
25 ' surface of a plurality of master mould needles.
5. A method according to claim 4, wherein the composition of each cut is the

same.

30 6. A method according to any one of the preceding claims, wherein



CLAI M5 A nethod of manufacturing a master nould for use in making

m croneedles, froma block of a first material, the nmethod conpri sing:
cutting across the block in at least two different directions to provide a
master nmould conprising a naster nould base surface with a plurality of
mast er noulwo 2008@ad3es protrudi ng t herefrom wherein t hePGkiSG2893/066260 d

needl es correspond to the mcroneedles to be nade. 10 2. A nethod accordi ng
to claim1, wherein cutting across the block conprises wre cutting across
the block. 3. A nmethod according to claim1 or 2, wherein cutting across
the block in at least two different di PRctions conprises a out in each
direction. 15 4. A nethod according to claim3, wherein individual cuts
conprise: a plurali tthe mbstraseuld needies grefriangulan pyramid shiaped; ak nast er noul d

base surface; a plugali f First sl oped c B ortion ing from
t he base cutting potj'l Flg‘%"g%“l{lh?ets\’%%ce%?%t%gﬁérﬁatggg&aﬁ%ﬁﬁaaﬁgéﬁés; and 20
a plurality of peaodidg thertfieth ateipiovidgd Ppthiéeanss,in thred diffgreht directidis. ti ps of the
master nould needles to the base cutting portions; and wherein individual
base cutting portions are separated by a pair of a first sloped cutting
portionsang, a seconda sde@ddcsoidihg ROcldR4 drPor adcvidiag td &aat 6 Ahén ddpesdah pai r
of first and second sl gped cutting portions cuts_ a 25 surface of ag

plurality of nagt#legstilaim 4adgreasonlyoneofcachpadr of firsh and sryond;sleped;chitin

wher ei n the COMpaghiYAR RN aGitallth of AEEHBUI ARdBs, A Mot hod accor di ng
to any one of the preceding clains, erein WD 2005/ 044364

PCT/ SG2003/ 000260 26 the master nould needles are triangular pyramd

shaped; ang A method according to claim 7, wherein the other of each pair of first and
10 second sloped cutting portions cuts an edge of a plurality of master mould needles.
9. A method according to any one of claims 1 to 5, wherein

the master mould needles are hexagonal; and
the master mould base surface with a plurality of master mould needles
15 protruding therefrom are provided by three cuts in three different directions.

10. A method-according to any one of claims 1 to 5, wherein
the master mould needles are square pyramid shaped; and
the master mould base surface with a plurality of master mould needles

20 protruding therefrom are provided by two cuts in two different directions.
11. A method according to claim 10, wherein the two cuts are at right angles to
each other.
25 12, A method according to any one of claims 1 to 5, wherein

the master mould needles are octagonal; and
the master mould base surface with a plurality of master mould needles
protruding therefrom are provided by four cuts in four different directions.



the master nould base surface with a plurality of master nould needl es
protruding therefromare provided by three cuts in three different
directions. . 5 7. A nethod according to claim4 or 5 or according to claim
6 when dependent on at |east claim4, wherein only one of each pair of
first and swoaesdosfseped cutting portions cuts a surfacRCHIG280300R6&| i t y of
master nmoul d needles. 8. A nethod according to claim?7, wherein the other
of each pair of first and 10 second sloped cutting portions cuts an edge
of a plurality of master nould needles. 9. A nethod according to any one of
claims 1 to 5, wherein the master nould needl es are hexagonal ; and the
master nmoul d base surface with a plurality of master nould needles 15

pr ot r udi ngld.her ef r oA methodacuiditgeto lelairh N2,6%hepelh thei fourtdts@ee tighidegress to
directions. 10. Athrrtgt hod according to any one of clains 1 to 5, wherein
the master moul@°h€8th es are square pyranid shaped; and the master noul d
base surface with a plurality of master nould needles 20 protruding

t herefrom ‘Le provided by two cuts in two different directions. 11. A

net hod accﬁ di ng t o A-1aihid aegordigede slaim f198 S opaccersting taapy eme oficlgims Sitgldbs t o
each otgier. 25 vifien dbpdiBEd1Of aPreaPEdind @ W&rﬁﬂﬁ?tﬁ%?e&ilp‘iﬁ%%gﬁcéﬂbﬁc&d wher ei n

the master noul d needl es are octagonal; and the master ase surface
with a plurali tslopsd cyting partionsents asuefeness a phrdity ofioagiermanléficedles.ar e provi ded
by four cuts in four different directions. W 2005/ 044364 27

PCT/ SG2003/ 000260 13. A nethod according to claim 12, wherein the four cuts
are at 45 fegrees t &\ methohacoording to iy onk afelaiirosié tct aragtording do clhimi M wher 5 or

according o aPp@Eah AL Bndoihudiier o IS SPEANERIOR i bigSt ' &1

4, wherein bot eac
10
16. A method according to any one of the preceding claims, further comprising
coating the master mould base surface and the master mould needles with a hard
coating.

15 17 A method according to claim 16, wherein the hard coating comprises a
coating of one or more of: a diamond carbon coating, a diamond like carbon coating,
an electroless Ni coating, a hard chrome coating, a nitride coating, a carbide coating
and a boride coating.

20 18. A method according to any one of the preceding claims further comprising:
applying a thin electrically conductive layer on the master mould surface, as a release
layer.

19. A method according to claim 18, where in the release layer comprises a

25 coating of one or more of: an aluminium coating, a titanium coating, a chromium
coating, a carbon coating and a diamond like carbon coating.

20. A master mould for use in making microneedles, which master mould is

manufactured according to the method of any one of the preceding claims.



sl oped cutting portions cuts a surface of a plurality of master nould

needl es. 15. A nethod according to any one of clains 6 to 9 or according to
cl aim 14 when dependent on claim9, wherein the three cuts are at 60 or
120 degrees to each other. 10 16. A method according to any one of the

pr ecedi ng %855@/044 Yf ther conprising coating the nmast escmss2bal/obese surface
and the master nould needles with a hard coating. 15 17. A net hod
according to claim 16, wherein the hard coating conprises a coating of one
or nore of a dianond carbon coating, a dianmond |ike carbon coating, an

el ectroless Ni coating, a hard chrone c2&ating, a nitride coating, a carbide
coating and a boride coating. 20 18. A nethod according to any one of the
precedi ng gj ai ms furg BRhod efRhThdiding aABR kI Indhld o Bseth Bfkinigcal | y
conductive layer on the master nould surface, as a release [ayer. 19. A
met hod accor di ngicreneedles, pammisinghere in the rel ease | ayer conprises a 25

coating of one or . Mel! . | i %l!g"? | 5y, a
chrom um coat i ng, %@l%%g@ggtk%ﬁa%?%%%%o%ﬂ%slgéﬁcar onaﬁ})da?t?’ng. 20. A
mast er noul d for usdomungmkitiegmaster nendk dlsempdarh mohldrweitlt througiphblds | s

manuf act ured acgordi ng,t he t f ne of th cedi | ai ns. WO
2005/ 04%364 28 @%?M?@‘Wg%%gg”%ﬁﬁﬁm%%ﬁ%@ °|g%8p%d§econdary
nmoul d for use iextemiagfpm afict anfheddfithe secamdary mould, in poriaot ehithghemasiat er

noul d, which master,,moul d i s as defin in claim?20;, form.ng, on.the

ot e mould, | 00 BRR s St RFpinE e shiRuESio ut SRR adh [ e

t hrough- hol es cqifaessahskebehda® thdidd;maat er noul d needl es and extending from

a first surface of the secgondary_ nould,, jn ¢contact wi th the master
removing tQhe secozdary mould tjrom €he master mould.

10
22. A method according to claim 21, wherein providing the master mould
comprises manufacturing a master mould in accordance with the method of any one

of claims 1 to 19,

15 23, A method according to claim 21 or 22, wherein forming the seobndary mould
comprises hot embossing, electro-discharge machining, electroforming or injection
moulding the secondary mould against the master mould.

24. A method according to any one of claims 21 to 23, further comprising
20 applying an electrical insulation coating to the surfaces of the secondary mould.

25, A method according to claim 24, wherein the electrical insulation coating is
applied to the sides and second surface of the secondary mould.

25 26 A method according to any one of claims 21 to 25, wherein the second surface
of the secondary mould comprises a plurality of grooves extending into the secondary
mould, which grooves intercept the through-holes near the second surface.

27. A method according to claim 26, wherein individual grooves, in cross-section,
30 have a first groove surface extending from the second surface of the secondary mould



nmoul d base surface during formng the secondary nould, to an opposi ng,
second surface of the secondary noul d; and renoving the secondary nould
fromthe master nmould. 10 22. A nethod according to claim 21, wherein

provi ding the master nmould conprises nmanufacturing a master nould in

accor dance wo tdespdagsanet hod of any one of clains 1 to IET/SGBIEH00260 net hod
according to claim?21 or 22, wherein formng the secondary nould conprises
hot enbossi ng, el ectro-di scharge nmachining, electroformng or injection
nmoul di ng the secondary noul d agai nst the master nould. 24. A method
according to any one of clains 21 to 2329 further conprising 20 applying an
el ectrical insulation coating to the surfaces of the secondary nould. 25. A
met hod accor di nig atdeepektaioint 3fthe wloevewithinhke sebagdary medld, wikeH fivsi @oowoat i ng i s

applied to the sides and second surface of t condar. uld. 25 26. A
net hod accordi %?eé‘?ﬁ?g%?fgeaé?paﬁtl‘%ﬁyﬁﬁr%ﬁg’?&“ ,"?ﬁ'ﬁél?‘&‘# IP‘H% LEVAY sur f ace
of the secondarite] d conprises a plurality of grooves extending into the

secondary noul d, i ch grooves intercépt the through-holes near the second
surface. 27. A nmethod according to claim 26, wherein individual grooves, in

cross-sgctp@n, 30 henRmdd hidoRfingth QRYR 28 OF SRGMeRN! @B Hiddded hiReh iR esRAPNd
surface of the secondary noul d 2005/ 044364 PCT/ SGZ003/ 000260 29 to a

deepest poi nt dhe e wi the thiepgh-beles. secondary moul d, which first groove
surface extends at |east part way across the width of the through-holes the
groove ' intercepts. 5 28. A nethod according to claim?26 or 27, wherein

t he groove?.int er cept methed adeatding tb lasy emetdfickaims 26 to28pwherkia thdgroonsis- hol es.

i or capt e Seiseb e dBal by Bl T R oo R it ool OB iR o e

at thet&Gecond surface.

30. A method according to any one of claims 26 to 29, further comprising
providing said plurality of grooves.

15 31, A mould for a secondary mould, comprising a master mould as defined in
' claim 20, with the master mould base surface forming a first surface of the cavity and
i the master mould needles .extending into the cavity towards a second, opposing
surface of the cavity.

20 32 A mould according to claim 31, wherein

the second surface of the cavity comprises a plurality of receiving holes
. corresponding in position to the master mould needles, for receiving said master

mould needles; .

the depth of the receiving holes is at least the difference between the height of

25 the master mould needles and the width of the cavity between the first and second
surfaces of the cavity; -
the size and shape of the holes at the second surface of the cavity are the same

as the size and shape of the master mould needles at the second surface of the cavity.



10 surface. 30. A nethod according to any one of clains 26 to 29, further
conprising providing said plurality of grooves. 15 31. A nould for a
secondary noul d, conprising a master nould as defined in claim20, with
the master mould base surface formng a first surface of the cavity and

t he mast er woubwomsed! es extending into the cavity towaPCBSGRISHIMNGEE
opposing surface of the cavity. 20 32. A nould according to claim 31,
wherein the second surface of the cavity conprises a plurality of receiving
hol es corresponding in position to the master nould needl es, for receiving
said master nmould needles; the depth oBOthe receiving holes is at |east
the difference between the height of 25 the master nould needl es and the
Wlhdth of tbg CﬁVI ty ?aidﬁmmﬁcclﬁrhmgfmﬂai%lﬂndzhstegahdw%c&wﬁ?eﬁnh@fbemnmvl ty; ]
the size and s e of the hqles t he secon rface of t vity are the
sane as the si &t afddeend surtaees é‘rsuﬁﬁ%‘} ﬁgﬁéP@Ea%@e?‘ﬁ‘@g é%en

surface of the ﬁﬁ#éﬂdod&’@e&ﬁ@%&é%m@émaéo 30 33. A noul d
according to claim3 1, wherein the wdth of the cavity between the first

and second surfaces of the cavity is substantially the sane as the height

of the gmagger moul da BReH \af(?#yh%e%ahﬁﬁsmsbﬁim ﬁwsE&ﬁﬁguéac%“ A

moul d according to any one to 33, wherein the second surface
of the cavity c@ﬁfbﬂwyﬁscanma@saplumhtmfndgag@ée@mgemth@cawO the cavity. 10
is 35. A nethod according to claim23 or according to any one of clains 24
to 30 when dependent on at |east claim 23, wherein form ng the secondary
moul d conpBf.ses i nj ek triethod mceordingity ddim 23 er ecndbating to any one of claims 24 to 30

when dependent on at least claim 23, wherein
10 forming the secondary mould comprises injection moulding the secondary
mould within the cavity of a secondary mould injection mould.

36. A method according to claim 35, wherein the secondary mould injection
mould is a mould for a secondary mould as defined in any one of claims 31 to 34.
15
37. A method according to claim 36 when dependent on at least claim 26 and
when the injection mould is a secondary mould as defined in claim 34, wherein the
ridges form said grooves in the second surface of the secondary mould
20 38. A method according to any one of claims 35 to 37, wherein forming the
secondary mould comprises injection moulding a polymer into the secondary mould
injection mould.
39. A secondary mould manufactured according to the method of any one of
25 claims 21 to 30 and 35 to 38.
40. A method of manufacturing microneedles, comprising:

providing a secondary mould, which secondary mould is as defined in claim
39;



mould within the cavity of a secondary nould injection nould. 36. A nethod
according to claim35, wherein the secondary nmould injection nould is a
nmould for a secondary nould as defined in any one of clains 31 to 34. 37. A
met hod according to claim36 when dependent on at |east claim26 and when
the injectiwo20Bldded s a secondary noul d as defined i n ROTASGROBPI02her ei n°
the ridges formsaid grooves in the second surface of the secondary nould
20 38. A nethod according to any one of clains 35 to 37, wherein formng
the secondary noul d conprises injection noulding a polyner into the
secondary mould injection nould. 39. A3tecondary noul d manufactured
according to the nethod of any one of 25 clainms 21 to 30 and 35 to 38. 40.

A method, of manuf ac uraingaiiataadadues s MR babasr gt kiligd sinmgandal
moul d, ich secg ry. nou is as defined in_claim39;

PCT/ SG2003/ OOOZU%MQ%EWHM@W@@diﬂ% a first surface of the
secondary moul d and rebéif thelniGroht¥aRHger Beise Seod ndary noul d; and
renoving the mcroneedl e Tayer from tﬂ}tele secondary d%gyu‘?‘gﬁgs 41. A net hod
according to claim40, further conprising splitting the m croneedl e |ayer
into a plugplity of fj rkJ: : ke 0

m croneed| es there&%@&g%@%cﬁ%cqg’r I ng%@@é#@g?ﬁﬁ@n%éwﬁ%rgwgeei n
provi di ng t he sleyssintar pluidityofmitraeedie partensyeach hadibg pnag naore edannigdies noul d
according to thtﬁerggl{hod of any one of clains 21 to 30 and 35 to 38. 43. A
met hod according to any one of clains 40 to 42, wherein formng the

m croneedl e | ayer conprises PVD, CVD, thernp-evaporation, electroless

plating or 42, A method according to claim 40 or 41, wherein providing the secondary
10 mould comprises manufacturing a secondary mould according to the method of any
one of claims 21 to 30 and 35 to 38.

43, A method according to any one of claims 40 to 42, wherein forming the
microneedle layer comprises PVD, CVD, thermo-evaporation, electroless plating or
15 injection moulding the microneedle layer onto the first surface of the secondary
mould.

44, A microneedle mould, comprising a secondary mould as defined in claim 39,
with the first surface of the secondary mould forming a first surface of the
20 microneedle mould cavity and the secondary mould through-holes extending into the
first surface of the microneedle mould cavity.

45, A method according to claim 43, wherein
forming the microneedle layer comprises injection moulding the microneedle
25 layer within the cavity of a microneedle layer injection mould.
46. A method according to claim 45, wherein the injection mould is a

microneedle mould as defined in claim 44,



15 injection noulding the mcroneedl e | ayer onto the first surface of the
secondary nould. 44. A mcroneedle nould, conprising a secondary nould as
defined in claim39, wth the first surface of the secondary nould form ng
a first surface of the 20 m croneedl e nould cavity and the secondary noul d
t hr ough- hol we 2e0stoe43d4 ng i nto the first surface of the PECT$GR063WDP250 DUl d
cavity. 45. A nethod according to claim43, wherein form ng the m croneedl e
| ayer conprises injection noulding the mcroneedle 25 |ayer within the
cavity of a m croneedl e |layer injection nould. 46. A method according to
claim45, wherein the injection nould i82a mcroneedle nould as defined in
claim44. WD 2005/ 044364 32 PCT/ SG003/ 000260 47. A nethod according to
claim45 04746, wher eA fefhod BCOMIAGYS clHih 4838 86! vherdirP B g‘%ﬁmﬁic%‘r%e&l@j ection
noul di ng a pol yger intg the cavity of the mcroneedle ’fn yer 1njection

moul d. 5 48. - AYFACHBHsesysstionmpuldingmpolpmer igto the eavitg ofihe micramgedliedayend 46,
wherein the m giuaeesbaldl ayer is fornmed of nmetal. 49. One or nore

m croneedl es nmanufactured according to the method of any one of clainms 40
to 43 and 45 to 48. 10 50. One or nore mcroneedl es according to claim49,

whi ch age gglid. 51. [ t d.faor use in
manuf acturing mcr or@%&‘??%@%ﬁ@% gﬁdfcgg&ﬂ%@ ﬁbg gﬁgwdgggc}ngg& wth
ref erence to anthicxeneedl® layer is formed eflmetal.t he acconpanyi ng drawi ngs. 52. A

master nould for use in manufacturing mcroneedl es, which master nmould is
constructed and arranged substantially as herei nbefore described, with

reference #%& One or more microneedles manufactured according to the method of any one
of claims 40 to 43 and 45 to 48. '
10
50. One or more microneedles according to claim 49, which are solid.
51. A method of manufacturing a master mould for use in manufacturing
microneedles, substantially as hereinbefore described, with reference to and as
15 illustrated in the accompanying drawings.
52. A master mould for use in manufacturing mic:roneedles, which master mould

is constructed and arranged substantially as hereinbefore described, with reference to
and as illustrated in the accompanying drawings.

20
53. A method of manufacturing a secondary mould for use in manufacturing
microneedles, substantially as hereinbefore described, with reference to and as
illustrated in the accompanying drawings.
25 54, A mould for a secondary mould for use in manufacturing microneedles, ‘

- which mould for a secondary mould is constructed and arranged substantially as
hereinbefore described, with reference to and as illustrated in the a‘ccompanying

drawings.



and as illustrated in the acconpanyi ng drawi ngs. 20 53. A nethod of

manuf acturing a secondary nould for use in manufacturing m croneedles,
substantially as herei nbefore described, with reference to and as
illustrated in the acconpanying drawi ngs. 25 54. A nould for a secondary
moul d for uwe 2003/0m@e4if act uri ng nmicroneedl es, whi ch nOUPCI/$GR00308266 ondar y
moul d is constructed and arranged substantially as herei nbefore described,
with reference to and as illustrated in the acconpanying draw ngs. WO
2005/ 044364 33 PCT/ SG2003/ 000260 55. A sécondary nould for use in

manuf acturing m croneedl es, which secondary 'nould is constructed and
arranged substantially as herei nbefore described, with reference to and as

ilTustratedsin the agcQupau | é@“.nénﬂ‘% f“h’lm d ing
m croneedl es, subst a%%i al'ly a@%‘gfﬁﬁlﬁﬁaﬂgﬁ escri %%fggl\?\np’t ref Té@{gn eto
and as il | ust r ameuldiincanstucied aodpasnged spbatentidilyps hesinbeforedeseribedatite noul d

: | i aillygs hesinbeitredeseriiodced
construct ed and ST SReLa S ALRRE R cctfey B EAMEE" 0 foscr i bed, with

reference to and as illustrated in the acconpanyi ng drawi ngs. 58. One or

doscr i b0, it ref ercmedod S ufRnBEbEREEnaHES FihRellafbmiifng ™~

drawi ngs. 15  described, with reference to and as illustrated in the accompanying drawings.

57. A microneedle mould for use in manufacturing microneedles, which
microneedle mould is constructed and arranged substantially as hereinbefore

10 described, with reference to and as illustrated in the accompanying drawings.
58. One or more microneedles constructed and arranged substantially as

hereinbefore described, with reference to and as illustrated in the accompanying
drawings.
‘15 .



