WD 2005/ 044364 PCT/ SG2003/ 000260 1 M CRONEEDLES AND M CRONEEDLE

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

m cr oneedives2003/ou4p@r ti cul ar it relates to the fabricatirar/sio0d/momoeedl es,
for instance in arrays, and to fabricated m croneedl es. BACKGROUND TO THE
| NVENTI ON 10 M croneedl es are small needles, typically in the range of from
1 m(mcron) to 3 mmlong and from10 nmto 1 mmin dianmeter at their
bases, although the ranges can be wdet, for instance up to 10 mm | ong and
2 mmat their bases. Mcroneedles typically have applications in

biromedi cal devi ces, \IPRANEEBAES QD WTERONEHMIE dAURIERMRI Y. Exi sting

m croneedl e fabricatron proauc es that are
too soft (nade of 15 polymeric materials), too brittle (nade of silicon) or
too costl r unreliable. For transdernmal drug delivery
appli catﬁm%ﬁﬁg%&ﬁﬁpﬁlﬁon of the outer skin (stratum corneun) is
necessary,, there are mninmumrequirenents for the strength and ductility
of a mcroneedle. Prices should be |ow, as mcroneedl es are usually

si ngl 8- use pr dheptesentigveationpelaies Ramamencagisk.i bapartenl@uibielatet iodie No.

EP- Al1- 1, 088, 642 ubl i shed 4 ril 2001 i,n e nape .of Becton Di cki nson
2 Co. dediPIBUS o HEFHEATER TP eBis indefoxh tap P frbep AR B tn i onead o5 by
nmoul ding. A silicon master nmould nenber with a recessed surface is placed
into a nmuld cavity. A %I astic material is punped into the nould cavity.

M cronee@%ﬁR@U%DM tH IWENEE@Nses in the master noul d nenber. 25

Eur opean Patent Application Publication No. EP-Al-1,287,847, published on 5
March 2003 in the nane of Lifescan, Inc. describes a nethod of fabricating
hol | ev i cr ongietbineedleyarp smallineed1sy, Giically ivehd hfdof fIdie 1Mok (@idrsn)r@de of
two parts. The top part has a conical recess within its noul ding surface.

One of t e addiased ) om a ma kediametgoatiheit basss. oithevahahaianges eantbee
moul 01 19 6T B8 sk 16 108 0 RHetanh ¥ e WiPbas B8 MEFThRalel Weanl) Rave

| applications in biomedical devices, for instance for transdermal drug delivery. Existing

microneedle fabrication techniques tend to produce microneedles that are too soft (made of
15  polymeric materials), too brittle (made of silicon) or too costly, or tend to be too unreliable.

For transdermal drug delivery applicatidns, 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.



2 US Patent No. US-BI-6,334,856, issued on 1 January 2002 to Allen et al.
descri bes various ways of making arrays of hollow m croneedles. In one
exanpl e magkmomed3dsornmed on the tips of solid m croneedd@ESG03008260i con

m croneedl e array, a layer of silicon dioxide or 5 netal is coated onto the
m croneedl e array, and the silicon is etched away to | eave a holl ow

m croneedl e array of netal or silicon dioxide. In another exanple a |ayer
of epoxy is cast onto an array of solid silicon mcroneedles. The |evel of
the epoxy is reduced to below the tips of the mcroneedles. The silicon
array is renoved, |eaving an epoxy secondary nould. A Ti-Cu-Ti seed | ayer
is splutter-deposited onto the epoxy secondary nmould and N -Fe 10

el ectropl at ed MmPalemth‘éo mBu@s@rssa issuabaxy Janapsr2002 tb AdiRnrceaiDdedribbeavi ng
an array of, holl o rogge dles. US Patent No. US-B1-6, 379, 324,
i ssued oﬂa%usAwrﬂo &%‘f?@ﬁ plée ' mirongedlege dp ppgeam amaéla%arﬁéweéfon

maki ng akkay son@hll%ée %%%ﬁL%ﬁmlg}sﬁea“ ngW%'lXﬁ? of ltom&fbh%g a 15

pol ymer filmover mcro- p| ars throug second approach 1s to
pl aceSa puitslie coa‘ted ontovermivkarcodlpiatlaprsd thesiticdrhis etahbdrawayi tpleessa hollabown

over the mcro illars. usi reces | at e. is tqQ heat a
oV aeti o riaesde e SraRld Sicm ESRaE PRl sumang TorRLt eps Bt o
t he moul dnePsarfiytdr st"@sﬂl@(W?ﬁn&@ﬁéedleIhQ‘hé' Ran%f ofRBE Epdaly ik RRIEBIHOHRR the

m cro-recesses, With mcro-pillars protrud |ni fromthelr centres. As the

upper pafips of thermeicrpeedies. dlemilicondoimy is temeveddes viggan SPQXB’ Sbmdmscmoulﬁl I lars
d | f .th | ast fil to th
Sty A TEEE TRt SR phfied' ool i Bolell Beb G bl F0SEFEn ¢ here

i s p1ovi drdtraplariloath b sedmayéraqwlép@gr lRyéras tten rémoved, featin g%ﬁ awayrmkl ng
m croneege}@g froma block of a first material. The netho conpri ses

cutting dnetplanisrenerdleh at | east two different directions to provide a
master nould conprising a base surface with a plurality of master nould
needl es protruding therefrom The master noul d needl es correspond to the
m croneedl es S Paentiéo. 81 -6/87 23045 i 9deli36vi3 (PAD i SIER08 /(BB RaDet 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  be made.



3 According to a second aspect of the invention, there is provided a naster
moul d manufactured according to the first aspect. 5 According to a third
aspect of wamos/omedit i on, there is provided a nethod of paadzacyaonieng a
secondary nould for use in nmaking mcroneedl es. The net hod conpri ses:
providing a master nould, form ng a secondary noul d and renoving the
secondary nould fromthe master nould. The master nould is as manufactured
according to the second aspect. The se8ondary nould is fornmed on the
master nould, with through-holes 10 therethrough, the through-holes
corresponding to the master nould needl es. The through- holes extend froma
first surface of the secondary nould, in contact wwth the master noul d
base surface dwchriing orasengndofspedief edovadion, theelisl pravidedrs mpgershoujd second
surface of the secondar ul.d. 15 According to a fourth aspect of the

i nvent i ommﬁﬁﬁmeﬁ??cﬁ?ﬁ@@g@eéf%ﬁmeﬁa or a secondary mould. The nould for
a secondary nould conprises a master nould as manufactured according to

the second aspect. The master noul d base surface forns a first surface of
the clvity of Adgerdingiiod thisd aspeseefchel irvgniie itliere iipovided e methmdiaf needl es

extend | t he. cavj i [ second, . opposi ng.surface of .the cavity.
20 Accor cl#% gf cgﬁlé&faal sfe%«#dg&é@@?ﬁ&? Tt F%@’r@gﬁ ?neg ﬂ%?'e%ﬁ% mﬁﬁ]t?\(}icalé’éfnéesrret hod
of  manupasiidinj Agnatcd aeld] &yhiiP U sebon@irytscull AndBdthd\Enghile seaRdelyafiouldhe

met hod caonprises manufacturing a secondary npuld according to the third
aspect bytorhihe apgst mawld. dTlegm@i’%@ mawld oharamgnuypeiiigdiageqsdingdo thsuseeoridor a
secondar I |.1%g L] spect of the
i nventi oﬁ?&? Jﬁeﬁéeoglceggj%%g{/@gg@%@%@%&éﬁ%@%ﬂw&%@hﬁtﬁ e‘iﬂ&oﬁéﬁe((i}glggcor ding to

t he @i r theoethfouhthe dpewghsholdcaaredpmglingtoahs mastei moakipretlenf Thdhréuphent i on,

there is ovi ded _.a secondar |d 30 for use, in maki ng m croneedl es. The
secondar 98{‘?6 81‘@“& o2 §@§ Suriics gg |SeeQndary mﬁ\ﬂéu’gﬁ‘tf%cﬁ’)@g/tmﬂ%@ mould
PCT/ SGZO@%e%Qf%@@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



4 holes and a plurality of grooves. The plurality of through hol es extend

t hrough the secondary nould froma first surface to a second, opposing
surface. -whmopoasal i ty of grooves extend in the secondcasd2aex00i60t he
secondary noul 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 mcroneedles. The nethod conprises: providing a
secondary nould, formng a mcroneedl e4l ayer and renoving the m croneedl e
| ayer fromthe secondary nould. The secondary nould is provided according

to the th f r uld i as .defined . in the
sixth or rHs0 £é\§ea%¥1ﬁﬁg§s%gt t. (%ave% g@%ﬁﬁé@ﬁ@ﬂ%@ﬂ%‘?&?ﬁ@é%ﬂ?@ Tilefquqbnfiary
surface méuld fiense fiesngatycendulseboadbppotifiy Budfite. ik pUahfIresodves ERBnd in
secondary, noul d Aggégrctji ng to an ninth _aspect of the invention, there is

provi ded e SRcepdsiutace of thsireerndaggnpiiis The 2eooyes biteeny theobrarghdolss diearghe o
the sixtRe@ndsgMeed h aspect, with the first surface 15 of the secondary
mould formng a first surface of a mcroneedle nmould cavity and the
seconflary noul d t hrough-hol es extending into the first surface of the

m croneedl e moul d ,.cavity.. Accordi to an tenth aspect of the invention,
there is pr ovi‘%céardéngr@t%%aht@@%t ﬂgtgﬁfl}ifé{lﬁ?fb reereisoraridedip aeetbod@dr ding to

t he ei ghtpwnasRafing Hitkded1BE m&&%@@%ﬁgﬂ%l ogfdin%zb?ecml ofRE G5 ing
| e one or

According to an el eventh aspect of the vention, there I's provideé
nore m @mpisEEgeds layenaidemovir the mierdigeglet loydrHeone ilghsebormiart mould. adeect . 25

Thus t he i kR one. odiment is. _able rovi de, master noul d_py
wire cuts%(%b\r{%g% %M?és ﬁrr(fv%‘@gg% rc%g ﬁO%FPEJ&‘i?foﬁ@i 5%9%?956%%@0811 %8‘%?41’? an
arr ayoof asdefiesd inwhd dxthreeienth Rpedt! THe MiclohedddS 98 is Thiedichfo 2Rkt ﬁm&% of
the master, nmoul d needl es can readi % vari ed by varying the angles of

ly be
upwar d affthssrerpsasy mauld and veithin ¢ pelrbeles 6f these¢andary Boulghe mast.er noul d

is used to nmake a secondary noul d by hot enbossing a secondary noul d

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



WO 2005/ 044364 PCT/ S&G2003/ 000260 5 plate onto the master nmould. This forns
t hrough holes in the secondary nould. The secondary nould is plated with a
| ayer of wetabs/oabdésch forms a mcroneedl e array. | NTRODNGTIG2RD3TE00Z60IE

DRAW NGS 5 The invention is now further described by way of non-limtative
exanples with reference to the acconpanying drawi ngs, in which: Figure 1
is a view of a master nould according to an enbodi nent of the invention; 10
Figure 2 is a side view of a plate to bg cut into the master noul d of
Figure 1, showing the path a wire takes during one wire cutting pass;

Fi gur es n B are vie .the ate.qf .Fi.gure 2 at differept times
du?i ng t%gétggﬁf) t%l? enla‘a%?ro%‘i@; q%fsgﬁpﬁgﬁ’y?@hj}?lqségﬁﬁqﬁf%m{ﬁ%woﬂ ' ster
moul d Wi tsbedbdary8x&ild ioslhedd Raed] Ryé dfayetal, whizh Fb@ny @n&rbﬁeeﬁlefdrﬁ%ha”
relating, to the manufacture of a master nould according to an” exenplary

enbodi nent; Figures 6A and 6B are views of an enbossing process for mnaking

a second R ]EII%QD iérbodi ment of the invention; Figure 7A

is a croggxﬂgectlgrgl@ﬁmg a %‘g‘r\ﬂ%{) of a secondary nould; 20 Figure /Bis

an enbarged view of an opening in the secondary nould of Figure 7A; Figure

8is a flomhalfélt .relatinng to_the manyfacture of a secondary noul d according
X

to a further ERERHEPY IS Birhendesciibeg iyeyan el nondlimgatveoswamplesygth of t he
secondar yefgubehothe BlddMigindife ibulillgs, iRAghact ure of a microneedie array; 25
Figure 1 OAIs an Isonetric Vi ew of '@ mcroneedl e array fabricated using
the secondary-nmould of Figure 7A; Figure | OB is an enlarged view of a

i . i 10A; Figure 11 js_.a flowhart ‘relatin
{n OC[ ﬁgeﬁglnﬁf g fgt}]?%l gsFa{ %gﬁ%ﬁglggql{érgmu d accor(!hgg to an embodiment of the mvention; d

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;



Figure 12 is a side view of a plate to be cut into a master nould, show ng
an 30 alternative path a wire takes during one wire cutting pass; WO
2005/ 044 3¢4 18CYH43682003/ 000260 6 Figures 13A to 13D ar e FN/SGWEH00266Ws Of
alternative shapes of four-sided master nould needles; Figures 14A to 141
depict various aspects of a wire cutting process to fabricate a naster
mould with triangular pyramd naster nould needles. 5 Figure 15A to 15D
depicts geonetric variations (cross sec6ions) of a nould needle through
three wire cut passes; Figures 16A to 16H depict various aspects of three

wre cut passaiahSeA R AVLICAI R vl PRI sHhdd P RIARRE ! AYAM

mast er nmoul d needl es; Figure epi ct vari ous aspects o our wire
cut passesould ecedias; f abricate a 10 naster nould with octagonal pyramd

mast er noul d edles; Figyre 18 is a flowhart. relating to t manuf act ure
of an alterna |l%ess€%ﬁ)dg¢i>ﬂeeﬁﬁgf’ﬂm“§@€?ﬁcﬁi § e %Ptgﬁgl’ EFSSAQ LAREIcaey?

enbodi memkstdrintl EwkBAridiub 55 A8%d 306k Abuld¥QuAE @ portion of a nodified
secondary nould; Figure 19B is an enlarged view of an opening in the

modi fPed secodigiry 1adud dSBidepics geiogetres viaTiations(grdss gentiondsit airsowld nesdlar ged
vi ew of tri ular mcroneedl e made fromthe nodified secondary nould of
Figure 1 1R°“§E&'%‘?ﬁ_ﬁ5¢ﬂ§§é§ﬁ%| ON 20 In the drawi ngs, |like nunerals on

di fferent Fi gWiggeal@A tsEH Hepitiirioad Sspeétl Of ir&I Witk Sut $aRSRWAADPI fabrica@s hod
of fabricating mcroneedl es as described herein typically involves three

25 mai n $Mass mqulq Witk pragonalysamid mesieranould needles;

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 (1) Making A Master Mould




(i1i1) making a secondary mould; and (iii) formng the mcroneedles. 30 (i)
Maki ng A Master Muld WO 2005/ 044364 PCT/ SG2003/000260 7 A nmaster nould 10
accor di ngwomoas/é44s@t enmbodi nent of the invention is showCT/SG2063/@ozee 1. The
master nould 10 has a generally parallel epi ped base 12 from which extend an
array of master nould needles 14 fromone face. For sinplicity only a
single master nould 5 needle array is shown in the Figures although
fabrication would nornmally involve an afray of many such arrays formed on
the master nmould and secondary nould and on the product on which the

m croneedl es are forned. Making the master nould 10 according to this
enbodi nent involves precision 10 machining. A block of material, in this
exenpl ary enbddinaset mowldtllacéadimgdd adirstpartadinedre pf fiedntation $d gewndhat e (f or

I | S t her, steel alloy. designatio i ard d first
Thon at1 Fiaiee U TRE nBSRLAENATONGS arbenpLHE per A ERS] heser i ran WHC: SHERie of
the pl ab@ay 6f ﬁl'd!%telbfﬂoﬂﬂ%ﬁécﬁbsom ﬁbheon‘é%ée' Fbr (sﬁ’ﬂplféit?%hlype[ ﬁﬁ it h%te%@' ng,

for exanple CNT nachinin as shown with referente to ures 2, 3A and
3B. 1% Fhegsileanay is showi i vif“mreﬂ althopgh Eabrieatigsi \p@\ddtnonhalbfc laed)lvp Iaaaﬂfajlﬁfvm th

mrror f ur f.ace be cut to.the ster ure

showi ng bﬂm §p§?q}1ar§ y\ﬁaf?lin ?é)l? tg Hﬁ?mﬁﬁlw@n@ djerop 8{%??‘%}50 angg?heF]?rag ‘gé’n3A and
3B are vintich thé nlibengdddsardoforine@ure 2 at different times during the
cutting process. Figure 3Ais an isonetric view of the sane tool steel

plate 16 20 after one pass, in an X direction. Figure 3B is an isonetric

vi ew of the sgmlﬁé)@ I ection and
half a pass in a FP@% ?lglr?ﬁ l%(?a%cgjﬁhl?é{ :tguss %ﬁﬁo eesrgmnl%@hgegtp%(elcﬁ%ﬂ;l S

condlt echachinirpe AXblbick of miateiial, Emgmeceﬂnﬂémwbbﬂmemiﬂﬂie%ﬁﬁ ofig |line 18. The

wire cutting line 18 extends horizo hr ou the plate 16, .at .a 25
base IevBT’IaﬁBIFPJQe‘E)H)é’éStE?}tPH tp §lo bB’Fatni‘Igﬁ%iggA QR EnRqthensiechaloy designationie fir st

mast er MasdendeGdt. eTieh 28 th@g,urmb%e RSk} filfiBedV AfeGHE HihiBids! B 8 EXhENS

upwards along a first sloped cutting -
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 a, 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 B,



portion 18b, at a upward cut angle a, being the angle to the surface of the
base 12 at which the first sides of the master nould needles extend. At
the top swofmesowabedt he plate 16, the wire cutting |ine PAA/Scoenids260
downwar ds again towards the base |evel. The wire cutting line ,18 30
extends downwards al ong a second sloped cutting portion 18c, at a downward
cut angle P, WD 2005/ 044364 PCT/ SG003/ 000260 8 being the angle to the
surface of the base 12 at which the secdnd sides of the master nould

needl es, opposing the first sides, extend. In this enbodlnent t he upmard
and downweing tRé!ingl@ROhe Surface Qﬁﬂféﬁﬁsf‘ A whichiR e?&?cf eco”ﬁgﬁ'ag}l

the master noul d needl es are |sosce the TiTst

upwar d amgedeswaneasingthe st Bildes fextead ﬁnmsmbdﬂﬁnsﬁﬂhedpw&ﬁtahﬂ@o@nﬁ@f& éLﬁnS

t t 18a. The
wre cut gt s iR iy ?V’\F%g’irll‘%%}\aosa?flatgeEégftﬁhllng%@ﬁgedﬂ@ggnsﬁawwl@s‘e| for
anot her lﬁaﬂﬁ fﬁ*siﬁﬂalsﬁl Ghib pAit bﬂﬁpvléé and Go%v?lﬁzﬁﬂﬁﬁk 3, the élg{ hs%c p(\%? 511%1%”2%(1

needl e 14, at which point the wire cu
and tRenPAGRARASRIS Sacupaies a idge lﬁhettWﬁfgl mndndse cuiting gertﬁﬁs IEahl Bhe whBCitliueS

20, a re to b ster poul d needl es
" he 06 48 o ARl BNl 3ot 1 b Bisk 17T gk bere st ineinEiaiobiaar
cut begi tsthe positibabéthy neklonet@mould ﬁéécﬂé‘M Vet Rx@n GYdihtHe %%Q!iﬂﬁlghn@q gmatter

h accur te t he al vva s have precision limtations t he
V\nO\rNe real 8§dst‘li’é‘yatr%pag6 ‘?11 dryerpgds ﬁgﬂllpﬁhléﬁtQU@talg anothes ridpo2@ Thisl ateral | y

Thus, 1 N s act f“%‘%ﬁh&ﬁ?%asﬂ%g% 20 803 e B P RN el iBeres 14
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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

After 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
wire 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 pa§h 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 wire cutting pass. Some master

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



through the plate 16). A second wire cutting pass in the Y direction is now
conducted. This 25 follows the sane path as the first pass, as shown in
Figure 2, wexmept44Bdaat it is nowin a direction at 90 deymesE003000ive
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 nmaster nould needles 14, instead of
cutting a second row of ridges. Figureg3B shows the plate 16 half way

t hrough the second wire cutting pass. Sonme nmaster 30 noul d needl es 14 have
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15 master mould, to extend the life 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 S100 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

(i1) Making A Secondary 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



this enbodinment is shown in Figure 5. At step S 100 a block of material is
prepared. The block is cut in a first direction at step S 102, to forma
pl uralitywaf2ooi/agast, and in a second direction at step PETISBR00X@026ar n t he
ridges into master nould needles. 25 (ii) Making A Secondary Muld An
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24 do not need to be through-holes. They could sinply be recesses in the
under si d@eestie {hpenehpting it e 24 to accormodate the tips of the master moul d
20 needl es 14 extendi ng above the top surface of the enbossing plate 22.
Li kewi se the hol es 26

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
15 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



in the top plate 24 do not need to be cylindrical; they could be square,
frusto-conical, frusto- pyram dal or any other shape to accomodate the
ti ps of tWwe® wasoasednoul d needl es 14 extendi ng above thedmgsewdoase of the
enbossing plate 22. 25 The top plate 24 is made froma material that can
sustain a subsequent heating tenperature, for instance steel, which may be
of the sane type as that fromwhich the master nould 10 is made.
Alternatively, the top plate 24 is madetfromother nmaterials, for exanple
aluminiumor an alum niumalloy (or sone other netal or alloy) or another
thernoplastic material with a working tenperature higher than that of the
material of the enbossing plate 30 22. WO 2005/ 044364 PCT/ SG003/ 000260

11 The nast er Thouwhabtet hdudd b@asttedicdao a fifit tabpdr SRS b A Sver thd sio%hﬁgover the

softenin teqﬁgnﬁéﬁre f the enbossing plate 22 (for polycarbonate, it is
above 150°TRPCIRtre 9dhe ghpessingdilyieed (fos pokyaerboume.dy is ahpva h 1G, ris the range

' d b . | at f th
ot pr asoertsen IR0 88200 L Sk BB Rl R Ol el P esd B By e

t hr ee5| ayppar:plithof teioepres®ut the k8me tdineRATHRS Rirfth %n%g?@h plate
24), as shogﬁwin Figurg 6B. The tg &ggature is allowe tdﬁgg%%yﬁgﬁgysecond

val ue, | &Wes layrsnthe meastes masid Hey tha embessinamiateiR2 and theliep plabrd®®)] mxghpivatie 22.
At this ogpt enperature val ue, the enbossing plate 22 hardens. Then the
top plate 24 1s renoved and the enbossed enbossing plate is released from
the bottom master nould 10, with square pyram d frustumthrough-hol es
“printed' intq.it. The enbossed enbossing plate fornms a secondary noul d.
The master n&&? %enilt?r%m’e? 1 Hﬁo‘f’?fbtorﬂraﬁ to psecapdvlag dewercthamthersaftening f ur t her

seconglar et of Hee &hBssBig pik 522 | portion of a
secondary_ noul d éb, shomﬁngg?ﬁgé§%qé£?g§%§§§ﬁ% %Fﬁ%%ﬁﬁggﬁ@-ﬁgﬁpﬁ%W%s 32.
Fi gure 7Blais2hbardensailien thesoprplaté 24 isiremovdd andehe smibbsstd embodidpolae3d2. These

Figures ?élgaséé]i{rgﬁttﬁg bcr)t%l)nfél1 %a\é‘%r gm%utl(P FO,(\);\Ei{hesrc]ﬁlg:}elp?f?an%]:i ﬁ":ds m ?hsrogébﬁ-hc?lgsd °B.

‘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.
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 F igures 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



20 I'n anot her exenplary enbodi nent, the orientation of the enbossing
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made using a secondary nould 30, as described with reference to Figures 9A
and 9B. 15 The secondary nould 30 is netallised by depositing . a thin _
condugt i yiéi) Se®drhinhaS¥icrosdediesas Ni, Ti, C, A, Ag or another c_o,ndu_ctlve
film onto a top surface 36 of the secondary nmould 30, as shown in Figure
9A. The top surface 36 of the secondary nould 30 for this

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 surféce 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



purpose is the surface with the larger openings to the pyramd frustum
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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



The rel eased secondary nmould 30 can be reused or disposed after the
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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 p < 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 B < 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 p = 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.
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i medi ately again but noves forwards a little along the top of the plate
16 first. This also may happen where two faces of the master nould needle
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enbodi Meghwardtdie iR ebehe IR lﬂ'o@n'lﬁﬁﬁe'df‘a%el? anntx Bt MbbdBRGAYs 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, B are so steep that

15 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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and ;b"' are defined as the top and bottom respectively,
j 0i n % g Pjats % 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 F igures 14B to 14I.

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 path a
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  is an isometric view of the same tool steel plate 16 of Figure 14E.
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side view of "a parallelepiped tool steel plate 16 with mrror finished
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sanme tool, steel plate 16 of Fj gure 14E. WO 2005/ 044364 PCT/ SG2003/ 000260
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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

Jjoining 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
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15  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 2 and 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 171.



Figure 16A is an enlarged view of a regular hexagonal master nould needle
62. 15 Figure 16B is a top plan view of a steel plate 16 after a first
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m croneedl es 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 (rhonboidal) naster nould needl ¢@9within Figure 16D, with surfaces

t hat beconme faces 1, 1', 20 2 and 2' of the final m croneedl es exposed.
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. 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 o, f. 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



master nmould needle 64 within Figure 17H, with final faces 1, 1', 2, 2', 3,
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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 electroformed microneedle atrays. One advantage this metal

secondary mould has over the polymer one made through embossing is that it is longer

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
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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, titanium 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



equal to or slightly larger than the difference between the master nould
needl e height and the 10 cavity wdth. The cross section of each hole (or
recess) iwqgausiomasaugh (in size and shape) to contain tAE/SG206800880t | on of
the master nmould needle at the height of the final needle height (i.e. at
t he second wall surface). The secondary mould is fabricated by injection
nmoul ding a polyner material, such as 15 (but not limted to)

pol ycar bonate, PMMA, nylon or silicon rgbber. Wen silicon rubber is used,
the "injection' process is conducted at roomtenperature and the

solidifi i i i B C i nt pre. s n ber
liquid (c%gc#ecf(af:%gét%i%ngf‘g%fgggfhﬁfn%éﬁgrgﬁ%%e@}e AFi t@%n%}lep cﬁﬁ%% tﬁﬂberg Yndary
moul d i s niyulé besetsuefber) ahd gottorpho heke wall, Mhb dlecGufimas picbelis 1ﬁ=Ql§le|abm ted to)
Ni, Ni-Fe alloy onto the master npuld (fabricated as described earlier).

Proper r ®FER¥ENHIeseRdaEy Fgpldifer pakmednistnsedles| ectrof orming. This may t ake
the form of depositing a thin electrically conductive |ayer (preferably
bet ween about 100 to about 1000 nnm), which does not have hi gh adhesion to
t he nmAster noW d),odifrcatibmtorths Swondarpmﬁdﬂ@dfoﬁx&(zﬁ 1t iEhﬁad&Qﬂ-shb@h imOp@sdsarvA o

the master l'd.is that t he thi ctr conductive | ayer_ does
not for maﬁdg?ﬁ'o% \}\Hﬁmfs%%”cﬁ%ﬂ“é? gﬁ’(ﬁﬂ"ﬁtm ﬂg@BﬁFﬁ% meyld Pt i ve
| ayer maghowR m&ﬁfé’d‘ﬁﬁn f SR APl The
t hi ckness (())f tghe plat ed grrtgilall%-a ﬁiﬁﬁsﬁt@%@%@gﬂ%lﬁ%lg% V% hgi Pé]? gb{rﬂ%&&d

m cr oneedyomdidé yiew, ofang ench thetughdwle The backsi de surface of the

el ectrof ormed piece (the side not in contact wwth the naster nould needl es
during the electroformng) is ground/mlled to a thickness equal- to the 30

finakoneedl e heklgped cAfdvEd BEAkIfGRhed iINTY BdtiodsurBit6 bf e thoReRRRbLh&dyt 0 the
back surface_and all W) 2005/044364 PCT/ SG2003/ 000260 22 side surfaces

but not &R 73, agit amﬁéarﬁ albﬁlgumﬁ%c?éhe(bqt@r@mfarcgpﬁﬁ@ m¢dlﬁ@hs¢§ondwmmﬂd1e

t
g? chr is ngg e ‘as eJr %ggérgféégg@gﬁlg %Hlahgle?ﬁég‘ln%o makl Igﬁhgfe%zéegpg
nodi fi catshapedtgmod\#&em eqopaaial tonthellthes bbﬂmgh—holesln rmdﬁﬂubﬁglshﬁwzlmeets

Figures 19 and 1 B. Fi ure A is a cross section thrqugh a portion of a
modi fi ed aggéﬁr?&ﬁrsw e 8 lgﬁéﬁi"?ﬁbgr%\fﬁ 14 lormally emg I°§Fheﬁwodﬁﬁeﬂseﬁfrl%t um

t hr oygh- NabeBetween Edcll ‘V—@ha%@@ ghodv@4 SR MeA%tom 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



i sonetric view of one such through-hole 72. 10 V-shaped grooves 74 are
formed in the bottom surface of the nodified secondary nould 72, as it
appears i woRoghioa3dl9A. The bottom surface of the nodifi etTesomdanyconoul d
70 for this purpose is the surface with the snmaller openings to the

t hrough-hol es 72. The V- shaped grooves 74 run parallel to the |ines of

t hrough-hol es 72. Each through-hole 72 neets at |east one surface or edge
of a V-shaped groove 74. Normally one of3the two intersection 15 |ines

bet ween each V-shaped groove 74 and the bottom surface of the nodified

secondar i } i nd ts.one of the edges of each of

t he snal %%ﬁlggglé%’%%esé@é&% %%&?(ﬂﬁ’\r%%%?ﬁ Oqtggfnflzv@ha?gﬁong A %‘?‘1‘%&8‘&31@ f8l es
72. Each fivst ghapedugfhcosstendfngefiém ttssedpidbsiiiface bhthe stédhinavgithe H@?,aezt% the
edge of whjch they are aligned with and neet. In the enbodinent of Figure

19A, t he PPinhobthergieove withip B sgeeisiary mauide dihs fiast arensrsusfaes meresendach 20
th h- [ I Re. J - th
ot her U1 danBlelefy atboby e bior Bt RO R ARGk Bl NBGF Efilele M ove
74 megt s aabst ﬂhﬁ tibaiftthﬂmk}nmﬁ@adhs (Figine 1|9(E:).pb1$)fﬁngllly the ?rcgﬁf@@ﬂﬁaﬂfﬁﬁ over Kaﬂ!t;j the

' t, r SS t i ne s fabricated fromthe secondar
= A LR e SR TAGASSE A ST RGN o
72 that @haRiall$ 86kobOtht QFithl JTehd e RRaRMsqRe %Wi)gg' ir{tés}@eéﬁél %}H)ei sdeBfd surface fof a

m croneedl es “taking the cut shapes. Figur C enlarged view o

t ri angul #re groevesintesetipting the restiaf each sichhplet topfoBA tworablep ftipe on tiféerentdides of
secondary moul d of. Figure 19A. Such grooves can be used for other shaped

m cronee eégl’crcggee%gf.l as the triangular 30 ones. The groove cross section
needqimot be V-shaped but may take other shapes, for instance WD 2005/ 044364
PCT/ SG2003/ 000260 23 semicircular, the chord of a circle, parabolic, etc.

| ndi vi dual gr 369 &xeovencay ssmoulded ingmtherpdates that g feymedinfothe speptidare

extendi gy dui By EnAEE 3P Busidl kR %@%@3@5@@&@@% ThsbLafadgepest

poi nt of groove Wt e secon groove surface
may ext endllingompagtiel fpriaed nshe platesin ditshothér dutable Wayu ghihédre ilgssethiglagy oove

i ntercepts . forma single slope 5 across the tip of the mcroneedl es
(Figure M;&‘SMWP%@%% mastes il ag pesntinagd aboye ridgeginthes each

t hr oygh- BEpRidueaee oA BP nfREl dSUR be PRFIdd Bim HORYEveS WirbaBPadI Xt end only
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



partially across the width of the through-holes the groove intercepts, with
a second surface of the groove intercepting the rest of each such hole, to
formtwo woeaops/od4pet on di fferent sides of the m croneediassG2@/Dhaogr ooves
can be nmoulded into the plates that are fornmed into the secondary noul ds
or machined or burned into the plates, for instance by cutting, |aser
ablation or mlling or may be fornmed in the plates in any other suitable
way. \Were the secondary nould is fornmgg by noul ding onto the naster
noul d, as nentioned above, ridges in the 15 opposing surface of the nould
coul d be qr Qvi or he grooves, directly during the_  noul ding process.
Wher e theg%sé}:do%g@o%nﬁ’%air e?SSPFPé]ﬂ)‘CWﬁE TgReedleRttaye f diymathod e be gsedov es
are pref ao alehte sOHAQedd16S For iRQAREDF ' | r | Al hen
the electrjcal insulation lﬁgyer i gﬁbglyg%?g%jﬁét%a@?%%a%ga é’z’pa%%"%ﬁ%u?@%w
surface &MPnaplc. dlf dhe foor eprsing the secpntirnmotivchag posimesias cbaepbnding it he
gr ooves . fore the insulation.layer has. 20 heen applied, a
second e?@@%@?@a ?ﬁrg ﬁ %ﬁ?%ﬁ 1 38?0036% Oé{‘ﬁli’&ﬁgﬁé?enawg tQthssamedendl aze s
neededl. toistedtimathroughtlaesdh tiReeoniRfymid! ButtRidd Bhrowtt GhORREH.8 arrays are
descri bed .as bej ng forned through el ectrof or i ng on the€ 25 secondary
noul d. A@Bﬁ?@eidé%ssqaﬁﬁ’éhﬁﬂf’é’r native, the secondary noul d whether produced as
described with reference to Figures 5A and 5B, whether produced as
descri bed el sewhere (for instance by EDM or el ectroform ng) or produced in
anot her nmanneiThe eaboienanseaf ths investionvloly @ easymrodsbtiowiof Brédl fladhchRl es

t.0 t he,.nmoul d need the master nmould and with or wthout

correspondin es of L
tip need Egﬂ%\% BrEonrete sraeve §9h‘i@‘?ﬂdgﬁsf@‘9h Ay solidralwrensediescmi plargo
moul @) Ngindeskial §AR. IAGEIAE B5Facatil thepdetal is. fornmed
onto in Figures WO 2005/ 044364 clgcltlg %ﬁgg@%ﬂ %%ﬁ%gh&gggﬂ}%glae a@é’f)&%&frfcomed by
a rel eas élagﬂf@éﬂﬁ@@e tiewldsicen bn e€livecast amdydisfdsiisle mdvdrashet @ dxempief metivd
create sqQkid.. Qr .i nst ange. of .pal ymer material such as a
pol ycar bgﬁ a%_ e%g%\ﬁ%,%m iyY 83{“‘3’_{68&1?) Ilnf’u’gﬁga?%e%r WHPISP Kere pEingareheoditiy noul d
has pr ot make dranaskreaAONThe gsd oF thdREE th@ing biethdPall WU AMHBS ih Thel S
secondar Xn ul d, .and extending to the sane | evel as the
~ 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.



5 tops of the through-holes in the secondary nould, but being narrower, the
nmoul ded m croneedl es can be holl ow. The enbodi nents of the invention allow
t he easy woomo®o44e6d of strong and ductile holl ow m crorrealiGoedoays® or
solid needl es, such as solid polynmer needles, on a large 10 industri al
scale. Mulds for fabricating mcroneedl es can be made usi ng cheap
polyneric materials so the noulds can be of | ow cost and di sposabl e.

Mor eover the exenplary nmethod of makingsthe secondary (m croneedle) nould
is cheaper using the wire cutting nethod to make the master nould. The use
of the Widl‘?Agﬁti ng nethod all ows easy variation in the size and shape of
the mecr s, whether regular or irregular, tapered or non-tapered,
straight 15 or slanted or of various nunbers of sides. The sharpness of
such m croneedl es can be further enhanced by the use of grooves in the
back of tlhe secondafymeibed af mmypfscturingenastse meukd for psoigunaliiegimidrondedies,

m cr oneedl es, i t e rating the skin and
delivering thg}’éﬁ qg}ogﬁﬁggéﬁ%{ﬁlgg@g ]@%:P%hgﬁcc%g{rﬁr%ﬁ%heedl e arrays can be used

in pabnl ess i nj ectciutimgaeniss ¢ Hockiigpt Rag twoldmbﬁtcdi@btiéﬂbjtsgsd\@dbamaster
needl es/ syringe. i 2005/ 044364 PCT/ SG&2003/,000260 25 CLAl 1. A nethod
3"?&}‘

of manuf act ur CorBRYERE ABUSET Morid hage staca it Huelineburde moyldom a

bl ock of a fi ggtq1o@d8hhd@he id&rdft hod conprising: 5 cutting across the
bl ock in at Igastégtaﬁvfo di ??erent(mé’l rections to provide a nmaster nould

conpri sing a nmast ewheraih thelrasstersuoifldoesdidstdormaspuindriakhet igicpdnesdiss ®rbenmaded
needl es protrudi ng therefrom wherein the naster nould needl es correspond
to the mcroneedles to be made. 10 2. A nethod according to claiml1,

wher ¢pn Qutting acppsstholeckd:amls t6 eRRh il SHRereid dufii c&&gggh@ﬁbaéé%xmﬁe@ ock.
e

3. A nethod according to claimI or 2, wherein cutting across t ock in

at | east two vafefqugingrcressitheblodhs conprises a cut in each direction. 15

i

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



4. A nethod according to claim 3, wherein individual cuts conprise: a
plurality of base cutting portions, cutting the master noul d base surface;
a pluraliwo mbsbd48@it sl oped cutting portions, cutting frramvsdmeodnmsmocutti ng
portions to the tips of the master nould needles; and 20 a plurality of
second sloped cutting portions, cutting fromthe tips of the master nould
needl es to the base cutting portions; and wherein individual base cutting
portions are separated by a pair of a fR8st sloped cutting portion and a
second sl oped cutting portion; and at | east one of each pair of first and
second sl oped cutti i ot | lity of master
nmoul d needl es. 5. ,&Hgn%ltaﬁg%mg%@g%gélﬁsgﬁf8@%&#@%@5’? |eﬁ’ '!tﬂ{]dg conposi tion of
each cut is the sdhemagér Bould bast huofhcaedthradilmglityoofanyst@neowddl neditespr ecedi ng
cl aims, wherein .2005/ 044364 PCT/ SG2003/ 000260, 26 the master noul d

needl es are t ATYREIRSCIRHORHTY PERAGEDY Ui e differentidestians: sur f ace
with a plurality of master nould needles protruding therefromare provided
by three cuts in three different directions. 5 7. ‘A nmethod according to
clainP4 dr 5 or acdomgthed apeprdingitonchimMen Sdepecntding to ohuimt6 Wissdepehddnm 4,

wherein only one.of each pai,r of fjrst and,second. sl oped cuttin prtions
cuts a surfacé’d Pegstp Fari lvred’f‘ Oﬁb'sotngr(’?ﬁ%(@l Rt eHFtea?% Sﬁ‘.’onﬁ qtl@eﬁ(gaﬁmg
according to gogions éutsWherfeédoftdydulifess Risi@asbul@abédief first and 10
second sloped cutting portions cuts an edge of a plurality of master nould
needles. 9. A nmethod according to any one of clainms 1 to 5, wherein the
mast er ul d needl : | d, hase rface with
a pl uralrri%t'y of nas?grrn%{r@l(}lt&géﬁg@gﬁéglﬁgg’ %?gﬁeﬁ@%%hegﬁg?aecp rpg}%ogﬁﬁ gvi ded

by théee cut s secontlBloped duttihg peniond ciite ah kdgsof a flGralify sBhhaek magidekedlag to
any one of clainms 1 to 5, wherein

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 nmoul d needl es are square pyram d shaped; and the master nould
base surface with a plurality of master nould needles 20 protruding

t her ef r onwar mopoaasdsded by two cuts in two different diretT/sseeo3/Ma260A

met hod according to claim 10, wherein the two cuts are at right angles to
each other. 25 12. A nethod according to any one of clainms 1 to 5, wherein
the master noul d needl es are octagonal; and the master noul d base surface
with a plurality of master nould needl es7 protruding therefromare provided
by four cuts in four different directions. WO 2005/ 044364 PCT/ SG2003/ 000260

27 13. Apgethod ac i b 12 rei.n the four cuts are at 45
degrees to each o%hqérgqhgg?(&%&ﬁlﬁgk olméégg’ly rﬁatﬁ%ﬁ’(‘:‘f%’i‘tw S gegieeoc or di ng
to any one of emdhaithe. 9 to 13, 5 when dependent on at |east claim4,
wherein both of each pair of first and second sloped cutting portions cuts
a surface of a plurality of master nould needles. 15. A nethod according to
any one o clainms @ 4o : | | ai en dependent on.claim
9, wherein the three cu?%géf?g&gg{og%}&%}h%ﬁg o%é%@ro%éejigﬁ\fooarga%}? Ogtcf?é?l.s 92?)1%6. A
met hdd accor divhgn tlepeadgnt onet Inhsttoheimpt, edeeiin Gothl dfieash pditiét fEF arkRBEAE] NY
coating the malstg ugtmul d hase surface and the nmaster nmould needles with a
hard coati ng> °RY' FHINGPOHHPRRIIST BB Fase 9§ 2 PHralityiofiester mouldniasdlere har d

coating conprises a coating of one or nore of. a dianond carbon coating, a

di anond | i ke carbon coating, an electroless Ni coating, a hard chrone

coati ng, 1 ni tri deAdvethvdescordingtoinyeneadilaims 6 anfl oratordide tcelain Mywhed 18.
recedi ng cl ai further caonprising:

A et hod accogdi a ne.of .t he
appl ying a t h?%eggeent(t:?) P FE%IPI yWQSWHh@‘Fi &° PUls 3 3 0010% d 2Qdegrees tesaskiother f ace,
as dorel ease

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.



| ayer. 19. A nethod according to claim 18, where in the rel ease | ayer
conprises a 25 coating of one or nore of an alum niumcoating, a titanium
coati ng, woclwdm4sen coating, a carbon coating and a di amaarsGAedm@omar bon
coating. 20. A master nould for use in maki ng m croneedl es, which naster
mould is manufactured according to the nethod of any one of the preceding
clainms. WO 2005/ 044364 PCT/ S&003/000260 28 21. A nethod of manufacturing
a secondary nould for use in making m28oneedles, conprising: providing a
mast er noul d, which nmaster nould is as defined in claim?20; formng, on

t he mast e, noul d, it h-.Rol es 5 t heret hrough, the
t hr ough- hol es Qorré%@ﬁg?ﬁg%@#gﬁn gtsg(?énﬁt%%lurgo @g%ﬁlésg 11?Jlﬂj&ﬁmgxtendi ng from
a first surfascycwheedies, seumimiag:y noul d, in contact with the master nould

base surface during for.nmng the secondary nould, to an opposing, second

surface of the sec%ﬁ%’é‘ﬁ?g Sg’ff g‘fﬁ"gﬁﬁg\r‘iﬂﬁﬁeﬁlﬁ_@mééﬁ:@ﬂ@éimd ioeliien 20;0m t he

master moul . 10 Zgumifly RIIOAAECRLHIT sl @ndld B i ELRBOV di ng the
mou

master nould conprises nmanufacturing a naster d'in dccordance with the
met hodl of anyﬂl?ﬁggl‘oﬁgh,dh%ﬂhm@gh-h@eslc@rrea@nﬁﬁlg tA theemhsrel raegldndedigs 4@ cl ai m 21

or 22, wherei 7] th econdar.y noul conpr.i ses hot enbossi ng,

el ect r o- di schg)ﬁ%gél%g‘%frh? ﬁ&?s‘g a@Et"fﬁ?&F?ﬁ yo?lg&ﬁj Bonisgt with thegnagien: he
secondary nouhmuagbdsesarfacbeluﬂﬁgf&miﬁg)ﬂie@ec&ﬂarﬁnaﬁa,%%%@ge{igé %&ﬁ any one
of clainms 21 to 23, further canprisin 20 applying an efectrica

i nsul ati on cof¥ifasg of thesseondaryimewd; a1id t he secondary moul d. 25. A met hod
di t | ai 4. . | | ical i | ati ti i
according to clai m24,. 9%&35%3 Olﬁg%r(r?ﬁ: g'lagﬁ@gaq?al n coating is

applied to the sides and secon rfrace y noul d.
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 secbndary 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



25 26. A nethod according to any one of clains 21 to 25, wherein the second
surface of the secondary nould conprises a plurality of grooves extending
i nto the vecmodlesye4 noul d, which grooves intercept the tHITRGPOIWDBE® near
the second surface. 27. A nethod according to claim26, wherein individual
grooves, in cross-section, 30 have a first groove surface extending from
the second surface of the secondary nould WD 2005/ 044364 PCT/ SG003/ 000260
29 to a deepest point of the groove withdn the secondary nould, which first
groove surface extends at |east part way across the width of the

i uoh: el e 4 Re RGN ISRyl 50y VAR MENAESHRIY PRk 51 1 m 20

or 27, wherein the ves i ntercept over

t hr ough- hol es suffce eAtenels holdas paio MdiyagrosOthRNYIdANe thé tHehdihtBol&Ght 8rodde
wherein the grooves intercept the second surface at or close to the edges

of the through™fSFRE at the second 10,surface. 30. A method according to
any one of clains 26 to 29, further conprising providing said plurality of
grooves. 15 31. A nould for a secondary nould, conprising a naster nould as
defin8d i28. cl ai m 20methiotictdrdingds tlaim 26 ok 87 balseeinuld goevésdhiidegt avdrihamt

surface of the cavity.apd he master noul d needl es extending into the
cavity tomrd?’eaenglé%ﬁ'h(gﬂs %%Sﬁﬂ'bg%'%?ﬁ‘ace of the cavity. 20 32. A nmould
according to claim 31, wherein the second surface of the cavity conprises a

plurality of receiving holes corresponding in position to the master mould
needl es, 2Por recei Vi mgthediageardiog éo anyheng of oleied 26 $0 28 hehateiptthe grbotdse

master mould nagsrdhe B8 aliRntorO R e XerS ot v Hiles e S

secom@ surfasafacef the cavity;

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

+ 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.



the size and shape of the holes at the second surface of the cavity are the
sane as the size and shape of the nmaster nould needles at the second
surface oWwatweseasdsty. WO 2005/ 044364 PCT/ SG2003/ 000260 PCACEGB03/080z60Ul d
according to claim 31, wherein the width of the cavity between the first
and second surfaces of the cavity is substantially the sane as the height
of the master nould needl es above the master nould base surface. 5 34. A
nmoul d according to any one of clains 31300 33, wherein the second surface
of the cavity conprises a plurality of ridges extending into the cavity.

35. A netjhod accor dy I o [ n ne of .cl al 24 to
30 when 3I(:;I;épendent q%ﬁggtfﬁcgg@dpc%gé}%ﬁl ,’&%%Flgﬁlﬁkﬁgéﬁ(ﬁll i “?'t?gngeé’ggh%ar y
moul d conpr | sésstianfl edond Burfiees @i 1 caliy Beubstaatally thosHntk x¥ thbheightf tRavi ty

of a secondary npuld injection nmould. 36. A method according to claim 35,
wherein the s&Ra5HHEmHy sighpwcthe grstehBquid base sutigngl d for a secondary

nmoul d as defined in any one of clains 31 to 34. 15 37. A nethod accordi ng
to claim36 when dependent on at |east claim26 and when the injection

moul d5i s 34 secondadymeold atcaslimgetbiang dné of dhimsa 13,3 3Whveeimiht Becondisdgase f or m

said grooves in.the second.surface, of the secondar) uld 20 38. A nethod
accorgi ng to gﬁglec?ﬁgﬁ%f’mﬁpﬁ?eﬁé‘ uality of 71 g%@?@}qgngéf%%ﬁﬁai’lﬁé secondary

nmoul d conprises injection noulding a polymer into the secondary noul d
injection _nmould. 39. A secondary nould manufactured according to the nethod
of any odé of 25 & mithed2agcardingdo elaiin 35 ot acc®Bling @ ank aretdfethims 24 to 30

manuf acturi ng _Ri.cr |l es, .conprising: .providing a secondary noul d, which
secondary noul“gfeﬁgglgegﬁgrgfqnnaetgeﬁs 01?5% W}%ﬁ‘? WO 2005/ 044364
PCT/ $62003/ 000260 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;



31 formng a mcroneedle |ayer onto a first surface of the secondary nould
and within the through-holes of the secondary noul d; and renoving the

m cr oneedv® loayer3dsr om t he secondary nould. 5 41. A net rad/seoar@irvg t o
claim40, further conprising splitting the mcroneedle |ayer into a
plurality of mcroneedl e portions, each having one or nore m croneedl es
thereon. 42. A nethod according to claim40 or 41, wherein providing the
secondary 10 rmould conprises manufactuging a secondary nould according to
the nethod of any one of clains 21 to 30 and 35 to 38. 43. A nethod

according to any o | ai 4 0 42 rein formng th m croneedl e
| ayer conprises Pvgi?“%@%?‘ nﬁiﬁ@ﬁ%ﬁ%ipﬁ%ﬁ?\é\%ﬁgts r}%‘?,etq eeconday mpyldand 15

i nj ecti on moubdibigtichBronpk-horeedtie sca@hiryanbedifg first surface of the
secondary nould. 44. A m.croneedl e nould, conprising a secondary noul d as

defined in clai m 3%cmovipg hetpisrareedle layigr framethesecohdarsevmndlar y noul d for m ng
a first surface of the 20 m croneedl e nould cavity and the secondary nould
t hrough- hol es extending into the first surface of the m croneedl e nould

cavity. 4%. A nethedmathodmdiardingo claii m,%nhmwrﬁiﬁfgwhﬁ% th@ﬁliéfbﬁéeﬁﬂegedl e

| ayer conprises injectjon. nmoylding the mcroneedle | ayer wwthin t
cavity of a nf%’%ﬁ‘t‘bﬂdﬂﬂ%ﬁj@%@ﬂ?@%ﬁﬁ%%b eachdgying ameton owraniapukedipst 0
claim 45, whegRidyat he injection nmould is a mnicroneedle nmould as defined in
claim44. WO 2005/ 044364 PCT/ SG2003/ 000260 32 47. A method according to
claim45 or 46, wherein formng the mcroneedl e |ayer conprises injection

ol g 942, POV A ndd oS Aing h cliin W or D1 Whokemn providing the secandaty
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.



5 48. - A nethod according to any one of clains 40 to 43, 45 and 46,
wherein the mcroneedle layer is fornmed of netal. 49. One or nore

m cr oneedies2onam4B@ct ur ed according to the method of anycamsG2o0adoooteai ms 40
to 43 and 45 to 48. 10 50. One or nore mcroneedl es according to claim49,
which are solid. 51. A nethod of manufacturing a master nould for use in
manuf acturing mcroneedl es, substantially as herei nbefore described, with
reference to and as - 15 illustrated in ghe acconpanying drawi ngs. 52. A
master nould for use in manufacturing mcroneedles, which master nmould is

construct and arr stantiall) her ei.nbefare .descri ped, with

ref er enc<=f@fij o and agﬂlg%(lﬂag? %é’%@ﬁg it%df‘ﬁ%ﬂie{‘:%@aﬁﬁwﬂOlmla&vth?ggl.crozv@e@g A
met hod of manuige cotprigsaniset@NdaninFoL i AN iRS T ha G bt
nicroneedles,,gﬁﬁstagtialﬂy as hereinbe#g$%ggg§§$?g€g, mﬁtﬁﬁég?%$%ﬁggw?o
and as il ustselian mauldne” acconpanying drawi ngs. 25 54. A nmould for a
secondary nould for use in manufacturing m croneedles, which nould for a
secondary nould is constructed and arranged substantially as hereinbefore
descrbbed8. wi th ref Armethed aaoadifg &sariy dneif CRIAS 40 B 43)€15368 ABPFA%ERALe

drawi ngs. WO 2Q05/04i%f4 PCT/ S&2003/ 000260 33 55. A secondary nould for
use in manuf adtfPrreisdayes dumedof mgieleh secondary mould is constructed
and arranged substantially as herei nbefore described, with reference to
and as illustrated in the acconpanying drawings. 5 56. A nmethod of

manuf act 4Pi ng ni cr oReedt mere withateadlcs alahyfaatirdibiceomies Lrke metpaoragHondM t h

reference to a as jllustrat in the acconpanyi ng drawi ngs. '57. A
m croneedl e r’rﬁ)gglﬁlr?so}}d {?s @ﬁ‘ﬁgtﬂé%act uring mcroneedl es, which

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 alccompanying

drawings.



m croneedl e mould is constructed and arranged substantially as hereinbefore
10 described, with reference to and as illustrated in the acconpanyi ng

dr awi ngs. wabBos/aass40r nore m croneedl es construct ed and PITVSGRYEH00260
substantially as herei nbefore described, with reference to and as
illustrated in the acconpanying draw ngs. 15

33

55. A secondary mould for use in manufacturing microneedles, which secondary
‘mould is constructed and arranged substantially as hereinbefore described, with

reference to and as illustrated in the accompanying drawings.

5 56. A method of manufacturing microneedles, substantially as hereinbefore

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 ,



