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METHCODS AND MOULDS FORUSE | N FABRI CATI NG SI DE- PORTED
M CRONEEDLES FI ELD OF THE | NVENTI ON The present

WO pws873oh rel ates to side-ported m croneedl esPCT/R@L00#/800055
m croneedl es wth an opening;in at |east one side

surface. In particular it relates to methods and
rmul ds for use in the fbrtljca
/& v‘ L 2 ) 0

so- fabr| cat ed side- pomwﬂ es. BACKGR(JJND TO
THE | NVENTI ON M crone re small needl es,
typically in the range of from1 nmm(mcron) to 3 mm
long and from 10 nmto 1mmin dianeter at their bases,
FI Y can be wider, for instance up to
10 mmlong and 2 mm at their bases. M croneedl es
typically have applications in bionedical devices, for
| NStiaegResba internioadentento sdergorted injaspycedles; thefip gpicroneedles

wifh @ GrvatA 188t FRSHOR e B oD DR Bitelsfes B0 B4R and
%sefok 3%631)11 thi %Fleéti&nt dfidelRARdehicfinkbdled) for 1ngh1&$3i1 arrays, and

00 cost and/or tend to be too unreliable.
to H&rsot-ﬂablﬂsaﬂﬁf nddt-pdm@mweme@élﬁy appl i cations, where
penetration of the outer skin (stratumcorneum is
necessary, there are mninmumrequirements for the

B&@ engdNadodtet MivEXT@ONa m croneedl e. Prices shoul d
ow, as mcroneedl es are usually single-use
pr oduct s. European Patent Application Publication No.
EP- -1, 08 642 bl i ﬁ.loﬁlf 2 (RE8Bn) to 3
o3 Q0% o DHPLLCHIE b Barfl AL LarBBE fioth 1 1 @A6Rn)

fl% GAd i08 ﬁ)’hrﬁ% @Ym@ﬁn Siahnietbr At thedbasd| aiﬁldugh the ranges can be
Ing. Asilicon master_ noul d

witer daiest ot Wiriod O SmpRE S 7 M e D %mveedfkes typically
%%ﬁ@k@gﬁﬁ%@rbg?rkﬁe@gal gﬁ&d sothQah erofRE AefifM idiye delivery.

orne N"the recesses in the master
Eﬂ@&ﬂ%ﬂ@@ﬁ&ﬂle fEbii @Kien thE’mtleeﬁ ted il produdeonicrersiedieathiabare too

sofe(radgfof ppky@riegl?ﬁﬁgﬁgwé %u I@g{t]ti?%gg ndg%ﬁl{ﬁ{,?gg of %%gs)l Mkl o
9‘?@2 z'xdm%%r t&%{!aqe tQ%ﬁ?eﬁﬁ‘tQE‘ epgh t?aﬁls@éfnﬁt'l dflg delivejyepplications,
mou

I's made of two parts. The top paft,
whes panﬁmioﬁaiftheemﬁﬁsskm (shrittrrm GosneTOL) I8 NARESSALY fRELS areREImum

S e RS R o

miltBneedles are usually single-use products.

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.

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



10

15

20

25

30

needl e | unen. The needle lunen form ng part neets the

conical surface of the top part, such that the out
W@eoos/081303 he needl e |unen in the final needl e PXI/SGZI®H/000055

fromthe tip of the needle angd part of the way down

only one side, in an eccentric manner. US Patent No.

US- Bl1- 6, 334, 85 i ssued 2002 to len

hag apr@é@@lpp Bété’n mgite the vgln&w 66 HghSP yga%é' g PHiBg e

nBadtd E(ﬁle ‘?ﬁlﬁe@gﬁg@gepa?ﬁﬁgés ﬁ{eecoﬁ%ﬂﬁﬂfa% oF ﬁ‘l‘% top part,

fips o d°m or onee of a silicon m croneed
smﬁlrthg»t,thaowa;oe'r ofthe stddlemmeniio fedfinad neeride extends fmmtﬂeﬁtlp of the

o the mcroneedl e arra d.the siljcon is etched

ool ahE Hamchoreort oAb B afienlyGanial Cor
silicon dioxide, hi another exanple a |ayer of epoxy
is cast onto an array of solid silicon m croneedl es.

The U /RaterdNa. RES- 3@65@34 8;565 sdeasean 1 darverolP2He Allepst ok

he. m croneed| es lico
ISP SRS 0T ReRPe s o NP ST §f ons.qmple masts
ate¥pfhed &n SRl tipsloFkoliERRGbARE] 9 BF @ sliten afitroyedil€ irong adiyer of
mould and Ni -Fe el ectroplated onto the seed | ayer. The

s@s@& dioxidecar mefakin epatedprbo dep micsengedly ameyasnddhe gilicon is etched

BT e —

egdmplk a 18RS OF cPRS ¥ @hstou® apyrmyalf sold sitigommi@yseedfes. The level of

ﬂggf'rrly%%v IS ToRGRG0 BFI Begop P (D8 CRAFGG  FRSR Fog, Bt i€ remmoved
t %gd?xpl I {]ﬂﬁ&% b&nd ﬁﬁﬁida 1? T?(ﬁofly&'@([ lafykd ﬂ‘sﬁlﬁ%&r-deposﬂed onto

ars, heat m and press’it down over
thd‘@ony micropeédlarrmuhtmrdg\laFw de@eczpéaiecb batodhe geetl fayed Wagepoxy
ata&lastlcfllm ﬂb(?fw ?\gﬁ art farmuld
layhsgpe FemAY et+162Yipp a7 2 oL i OPHECRL N O TS0t o t he
| ower part. The upper part of the mould has
m cro-recesses, wWith mcro-pillars grotrudl ng from

t hei UBatent¥o. US-Blna3 T lqmawd o3 Apail ABRA @ Catrain et al.
d?sr?\gBBT %agfou!gova\%rs OE %{aﬁ(fngsatnagfg ?f @lforvxpnﬁé L)héaetrdﬁeg.d 'O?i%lv@a%nvolves

sélf-edduldifg @ poBsner hﬂlﬁi oWRF iri¢rodyillars ﬂﬂdlhgshdaang Apendmigspproach is
at the tips of the needl ef whi ch ans .t hey nmust be
teplage arpplymamifinver miEp@illay heptine %ﬁa apgh gress gﬁingﬁr?é@gthe
{ t d
ol iRy R d1RcbREPRRE A iy B 18 Aol plionc Aty Wbower par
obaaloubd esbtortaing theuppdrpgrtaf theeavdd dowmamta ﬁlellolwemart Hihe upper

flui.d suc sful.l y. SUMWARYOF THE |.NVENTI Accordin
Dit S5 s THSHIALES BB AP NP SHCI LS B liog Fgihg centres.
A'E‘%@Qﬁipéi’fpart of the mould comes down, the lower parts of the micro-pillars displace

the plastic of the plastic film up into the micro-recesses.

Most prior art needles have openings at the tips of the needles, which means they
must be of a minimum width there, so limiting their sharpness. Further, as the injected
fluid passes out through the axial direction of the needle it faces larger tissue back

pressure, requiring a greater force to inject the fluid successfully.
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manuf acturing a mcroneedl e nould for use in

fabricating m croneedl es, conprising: providing a
wor@sosmedll e noul d base with recesses therein, P€T18G2004/000055

recesses corresponding to thesm croneedl es to be

fabricated and extending froma first surface of the

m.croneedl e nould base: and form ng side-port formng
SERVNARY, QETHEINVENTION 1yl d base, the side-port

form ng holes extending in side surfaces of the

recesses within the mcroneedl e noul d base at

si de-Amootdirfigioring gspees of the tinsvenﬁom, Heere ecprosided aThethod of

Sld ort formn hol e re ly fornmed.b .
RGBS SHPEHIe Fgs kb B G RO B sgmprising
p{%xh@ﬁqg atohi¢Rinkedlt HRuld BRe %ﬂ@@&&s‘lﬁeﬂéﬁe tHeR6EE5&SoeSponding to

provided with discontinuities at the si de- por't formng
ﬂmsmqrorméles fo hiabriersed sebexientling Gewad: firsywirtacs of the mlcroneedle

ited to.the . re S fte OVI
S fidBisst iod e o SEE R H b M bR aldquid pogs. the
sf@'—ﬂdr%rﬁﬁ@ﬁ%é%‘xﬁenﬂﬁfgih el saffhées of tHe’l%cé‘slséiQViﬁmhtthe m1croneedle
form ng discontinuities. According to a second aspect
naguld heseiat siderppeformpingr rositipng pbthedaesssesnet hod of
manufacturing a master nould for use in making
m croneedl es, conprising providing a master nould

havi Mtheaidegsireforming lbl&ase pfecﬁerﬁbiyé‘omadbsafommm@}iabyelmf)vithin

mast er nmoul d needl es protr there rom

thy migpRgedl cgpoulie a%s@é@“%@fwﬁ??e% fiig Faegesge are provided
vlrlﬁia?]%co%rﬁ'ﬁ Hie§ S thd S{46- @Wﬂ)ﬁﬁﬁ ?ohﬁoﬁ‘s St tﬁ@ rdREdes bR A& layer is

portion t ereon extending In pl ane substantially

depbshteg durta lthe @ceshes arfeespmwdmg te meors fnrmdlsmﬁmmemgmth the

third ect . of nventio re.is.provide
sihfRatiopit gy Beaesit SRETHAIRAR S o fedng RoSh s
fabricated using the nmethod of manufacturing a master
moul d of the second aspect. Accordlngvéo,a fourth
aspechccotdingite 4 sepend pspect afiies mveafioes Berefispravideds sethod of
moul.d_ for use in | roneed| r
TR BB P AR PO Sphiinerovian

fiadrdndige e @ iister (ihd‘mgi bdve I'Sﬁl’ffdi@mllth\‘ﬂ phﬁalrtyaf master mould
plurality of the master nould needles co rlsg at ..
neggles p@ﬁ@dmugrt%qre@waet@mhfra]é@ qfithgymaste; maulddiepdles romprgsing at

[
1B b it B0 gl SHEE B ol Ao R Bl (o LA I  plane
s}ubetmﬁfalhylwtﬂlogmtaetw&lesmdsMMébasy sorfagdeogonal to the
mast er noul d base surface. According to a fifth aspect
of the invention, there is provided a nethod of

manuf aGlpdih P @tlﬁ?dcafsﬁé@ g8l iRnkidn thereUs froviied a master mould for
fabricating m croneedl es, conpr|3|n

use in making microneedles fabricated using the metgod of manufacturing a master

Fr=

mould of the second aspect.

According to a fourth aspect of the invention, there is provided a master mould
for use in making microneedles, comprising: a master mould base surface with a
plurality of master mould needles protruding therefrom; wherein a plurality of the master
mould needles comprise at least one first side surface with a side-port forming portion;
and the side-port forming portions extend on the first side surfaces of the master mould

needles in planes that extends substantially orthogonal to the master mould base surface.
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noul ding a m croneedl e noul d base on a master noul d of
the third or fourth aspects. According to a sixth

waspsos73ed the invention, there is provided a PCT/SG2004/000055

m croneedl e nmoul d manuf actured, usi ng the nmethod of the
first or fifth aspects. According to a seventh aspect

of the invention, there is provided a m croneedl e

nmoul d conprising a mcroneedl e nould base with a

pl ur ahédoydifg td £EEE 2§ FecEIf BB Hvabtidd, erd isf]érf)\?itdeﬁ H ﬁﬁe"{‘f‘fo% of
thereof and a plurality of side-port formng holes in
marufpgteingeitrengedld Mowld Sex, use e fabridetipgpmnicrémeediengomprising

' [ ' f f .th [
PR HhER R rlald BB AR i g Rt SRR o Rorthongects
posi tions of the recesses. According to an eighth

aspect of the invention, there is provided a nethod of
f abr i 2eoTdBe 9 & visthasnecs of thednvaptiondhereds prowiskit@ mistingedle

Rb&ull ' . Eﬁﬁ . AC ding,.to a ninth
as%e?tﬁan 215%%'1?%&3‘?%%%’[%?%%&? e (géﬁlrsg Ofnﬁg %G Sone or nore
m croneedl es fabricated using the nethod of the eighth
aspect or_.using the nmethod or nmould of any one or nore

of t He*PTHRY oy pseyenibasprehebibie nventingr HomeisTrreKidrda THEroneedle
LI |SrEIH$ a nIYeRELAD oﬁld%\ééf‘ Wﬁtar}ﬁﬁraﬂgﬁoq{rle)gﬁ%geesbe&te\ﬁ%&g from

of non- at1ve exanples wth reference
adsiowplacy therpoll iadia plysality of side-phbrt-fofmigy heled in theanicroneedle mould

ergpective view of a master yould 10 used in the |
b i doriir e ol et Wﬂf!reos,mg?@ﬂféh‘?@?sﬁ%wmﬂn the
nhiSRABELE faovil s bt AAEBSH: BrnlIRehhitlbdsb ek 1{e§é<s§%s. moul d
needl e arrays; Figure 3 is a side elevation of an

enbossing plate, before it is enbossed to nmake a

mcr L | d:.FH gure 4.is.an illustrative view qof

an e%&gggf%ggaﬁoeg%‘gé g?pgft%at ?H’de%ﬁ‘?ﬁ’. eB%’éé’&?\é‘dﬁ‘i)ﬁP’cfﬁmd of
fflh_iiiﬁtingfin@tbmd&ég st bifie AfiCronasdlOmS UM Wee Sk th%or seventh aspects.
m croneedl e nmoul d base created by the process

illustrated in Figure 4; Figure 6 is a perspective

Vi ew Ak oA i f ' I d e, W1th

a seeg;fc? a;l/ A anlgftﬁ;lh%apécl? 6f {He%&ﬂﬁgﬁt tﬁerg?yf)row%%a Ohe or more
microneedles fabricated using the method of the eighth aspect or using the method or

mould of any one or more of the first to seventh aspects.

INTRODUCTION TO THE DRAWINGS

The invention is now further described by way of non-limitative examples with

reference to the accompanying drawings, in which:-

Figure 1 is a perspective view of a master mould 10 used in the preparation of a
microneedle mould;

Figure 2 is an isometric view of a master mould with 64 (8x8) mould needle
arrays;

Figure 3 is a side elevation of an embossing plate, before it is embossed to make

a microneedle mould;
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Figure 7 is a plan view of a second side of a portion

of the m croneedl e noul d base after side-port formng
wa@ b@soglzss have been formed therein; Figures 8APEIEGBB4/000055

are various views of the recopstructed m croneedl e

noul d base, after side-port form ng channels have been

fornmed therein; Figure 9 is a flowchart relating the,

st epEigussisasdllpsiravar iviey of an erkaseiagPEosesIon Mpkig afpifgoneedle
mtogl(f"bgsi rst main enbodinent; Figure 10 is a perspective

cross-sectional view of a portion of the m croneedle

moul BigukétedtoC breavafibay viewe of e nliayasedl&Fingulddsasd brkated dy the

11 B are views of a mcroneedl e array and m croneedl es
prsees lpstetediifigwafiodi nent ; Figure 12 is a flowchart

rel at 1, 0val v s ' : ;

o1 e 16 BaBREh YR A TP O OB Beedle pould bage, witha
séedAayen cddlmgar e various views relating to the

prodﬁctio .of a mcroneedl e ormn

I |t
i or GHREGT 5t PIRR PIPLRY SiceRRhaty Obe Boidio 95 e Tigrere movld
b%&?dm?hid@JiaBPcrfSﬁﬁiﬁgkharﬂe,&q{a%bée’}ffoﬁﬁgd #hdRigre views of

urther "al ternative mcroneedl e nould with another
si deFpres $ornd g accheanions viewis i geamsaenstippigd nasrongglemguld

15B are.yie of . angt her al ternat.ive .m croneedl e noul d
b@\ﬁet ?ir%‘i/eﬁ% g)[nalg;gpch'a{mql%ﬁ eﬁ)&e% AAT Ir&%?l?langenent;

Fi guresurd 64s 4 BowBkarbrlcRitine eestefs iMedlvédiit Mslting a microneedle mould
alternative m croneedl e noulds with other side-port

ageonding do e Hasimeein embedigéRent s; Figures 17A and 17B are

Vi e . l. . .
L SRR Rl OSSN0 i b RS et
nWuldplasid witics aneendedlataydrds for produci ng ot her shaped
m croneedl es with other arrangenents, of side-nport
f or mAgFrehbihand | 1 ags e qlgnionasele gy p nggongediciof a
ﬁTgtE‘?aiﬂleﬂl%%i%nﬂg cut into the master nmould of Figure
, FI g

ure Is’a flowhart relating to the nanufacture
of a Figst 2 inoflbwchart relating the steps involved in forming the microneedles

according to another embodiment;

Figures 13A to 13C are various views relating to the production of a microneedle
mould and to forming microneedles, with an alternative side-port forming channel
arrangement;

Figures 14A and 14B are views of a further alternative microneedle mould with
another side-port forming channel arrangement;

Figures 15A and 15B are views of another alternative microneedle mould with
another side-port forming channel arrangement;

Figures 16A to 16C are views of yet further alternative microneedle moulds with
other side-port forming channel arrangements;

Figures 17A and 17B are views relating to the production of triangular side-
ported microneedles;

Figures 18A to 18D are views of other microneedle moulds for producing other
shaped microneedles with other arrangements of side-port forming channels;

Figures 19A to 19C are various views of a plate being cut into the master mould

of Figure 1;
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Figures 21A to 21D are various views of a plate being
cut into a naster nould of a different form with a

wale@sost3vhuity for a second nmai n enbodi nent; FPQLI8E€20B2000055

to 22C are various views of agm croneedl e nould base
according to a the second main enmbodi ment; Figures 23A
and 23B are views of the enl arged Eortlon of the vjews

in FPiawe20 Baeflewehaptrelating futhe s facsg of pHaster giopek

24A f

o TR S0 SISl ) AR Y bl ot o
adliffettcfbmn,Mitly . déseontriugtyriesa ghsndmdirPgibatiment; ews of a

m croneedl e array and mcr onee?ﬂes of a,sec

enbodiFHERL2A HEFAL [BETY aESERCE T OB D eelle mugf‘?*&ﬁ according to a
e RBmLR eﬁf#%rdirﬁé{t' ng hollow m croneedles with side

h

ports on t ateral surface(s) (side- wal I's) to
enhaFignrecl3As end/23B bieciiewcyf th helarget podonde e vigwd it Rigures

u t o, mak taII|c needl es with sufficient
22{3@83399 %ﬁﬁi"&%ﬁ?f% The fabrication cost is |ow
The %ﬁ@ﬁed@m el ﬁm ﬁfH\ﬁ@@'& §5thé Sl ded poticSMhEgRwalin Figures

the tip, allowin l er and sharper tips for skin
zaBmadaacl, ﬁwarnml m@ronandoplncaro&@mmgerapdthr ough the side
port thr. ou h th t

e, Hifsreysend SRR at vEvy Pt SRR B gt BRAFERY S of o

Sggogwnmﬁembbgmdﬁuneral S on dlfferent Fi gures are used
to indicate like elenents throughout. A nethod of
fabricating mcroneedles typically involves three main

D%ﬁ&ﬁpdb)«:s@&?@ﬁ)ﬁ master mould; (ii) making a

seconaary, mcroneedle nould; and (iii) formng the

m croneedl es. The enbodinents of the present invention

as described herein are par conce ned.

st ep YO JespARGRrepESdO A %WHW aﬂa ports on the
lﬁEﬁPS\%fd)cb%Ls?dé]Wﬂs&tatB @niHn€E 851%9} €ﬁ'tc1eﬁ€y e’I‘ﬁB‘Eﬂe%d@Ifs described can
step ster I's descri bed

beatsed tdvinlake gpetalid oc@ih@e\diﬂe smfﬁgiegt stre[n,gﬂegnct dyqtlhty The fabrication
cost is low. The side-ported microneedles require no openings at the tip, allowing
smaller and sharper tips for skin penetration. Further, liquid delivery through the side
port is easier than through the opening at the needle tip, where back-pressure from tissue
is higher.

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

elements throughout.

A method of fabricating microneedles typically involves three main steps:
6)) making a master mould;
(ii)  making a secondary, microneedle mould; and

(iii) forming the microneedles.

The embodiments of the present invention as described herein are particularly
concerned with step (ii) making a secondary, microneedle mould and step (iii) forming

the microneedles. An example of step (i) making a master mould is described later.
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Figures 1to.18 relate to the manufacture of
si de-ported m croneedl es and associ ated processes
wW@ews/stizng to a first nmain enbodi nent and var i BET/8GH04/000055
thereon. In non-limtative supmary, a mcroneedle
nmoul d base is made with a nunber of m croneedle nould
recesses init. One surface of the m croneedl e nould
base is coated with a seed | ayer. The m croneedl e
MRl O0r AR R, S0NE Aidaa L YGef]ig Oneed! e moul d sheet s,
rch are separated to galn access to an inter nal
surface of one of the m croneedl e noul d sheets.

Si de-port form ng chapnels are fo d on one of e
i nt eFF%‘IreSs]u‘iof]gcrég‘te e e P O PW&@%&C@%@@@ES and
albbiicR g‘é&%&%@ |a@é6€i‘&‘ihﬁ% Erﬁ?ﬁ?ﬁﬁﬁ %m%@&hlngsn? B&ebarialibgs fh‘é‘f’éon In

m cron nmoul d sheets are placed back together and
ng';mﬂinﬁtdttlwgmnﬂmery amlarouae:dlamputd imso iremadewith alngmbehef

o R B S I e SRS GRa N SBR 08 coned
wither £6& fhytaayﬂie midhéncFHIRRNBE BhR doRwsis thal ﬂlﬁ:r&féedl@ RASIIY sheets,
at side-port formng holes, which are where t

vibii chearp sertardtest ioi gain adsasselas intamet suéace of onw%fﬂn@ @p@rom@ﬂe mould

Sl?ﬁeiﬁ’ ﬁ E?l@glr%ﬁ?% ur :l %.ISI S an%gérl §SGC Of ﬁlle 1ﬁ§mgf’$ur9a%gs

iftestdingwit] We 1€bebke Writhin fkﬂa&e]léff&ﬂ amaxtomeédleﬁmald sheet. The two
secondary, mcroneedl.e mould. The master nould 10 has
meerenecomoyldishpets areglared derk tagsthsr pd iofeddeaestheras paunitary
ut fi
B R S A B et P S
nﬁae»néeﬂt@layé'ﬂ‘themfasamlromha ok fad® witty theseédulaygr. thermaigeonioygdle layer
C|S|onvv|recu ing, .a |sd scri ped | at. r. .
flsre dopaeilal i rPOFF&IEHW%-SﬁQFCWP ?@e&\?ﬁlﬁ%risﬂﬂg ATyoe
cRAnnld iRfhREt d?ﬁ‘ﬁt@ﬂ:@ﬁt thE Qéce%emhlﬁh tasuR Mdé'—']_géftﬁ & e moulded
master nmoul d needl @ array is shown in the Figures -
n(ienopegileski gure 2), al though fabrication would normally
i nvol ve an array of many such arrays forned on the
master noul d and m croneedl e nould and on the product
on Wriglie § ka pereparrioe densod Radter Iﬁﬁﬁild 16 wged & tiB.e IpSeparatmn ofa
view, for illustration_ purposes, an arra)i el g
sespndaryhmicrprsedic mewlild The master wulm hasshbasg| ar(ijé@h\ﬁ 5werally
pglfallélbéfpgg lﬁ?thﬁ%l%dl xgl!lﬂhﬁﬁlgf(ﬂe s% %ﬁl%h f%[l&s an array of
nay ot her si zes an SJ0) arr nee
@h&aﬁ@&tﬁﬂiasféﬁ hoadd ﬂ&dﬁsglstrfemﬁ ohs fares Tie n&is‘ev atouitdll(bfnaa

secqn m cr oneed| e noul.d
usefu{]y be made lcaly precision wire cutting, as 1s descrl eé Fater or other precision

machining, for example CNT machining, or by other methods.

For simplicity only a single master mould needle array is shown in the Figures
(except Figure 2), although fabrication would normally involve an array of many such
arrays formed on the master mould and microneedle mould and on the product on which

the microneedles are formed.

Figure 2 is a view, for illustration purposes, of an array of eight by eight master
mould arrays 10, with an enlarged view of a single master mould needle 14. Of course

there may be other sizes and shapes of arrays of needles 14 and master moulds 10.
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before it is enbossed to make a secondary, m croneedl e
moul d. The m croneedle nould plate 22 is fornmed of two
wo@slosizads noul d base sheets, in this enbodi meneCt/B6304/000055
and second enbossi ng sheets 24, 26, with a separation

| ayer 28 between them For the purposes of the
Fi gures, the thickness of the separation |ayer 28 is
exaggerat ed. The first and second enbossi ng sheets 24,

f .
por vl U el SN b TR AT g i 22

batMAt is@intbosBalfte nakilaaebdrdatyh eitroneedibmealidn T ieheietmeldle mould

26 together, to formthe nicrongedl e I d _t 2, -
phat¢e2251é§@nreﬁd| iwp ayeilaid g1quld basg herby n %JGIP @ eb’éféf Y

SCCHS(? Elflbgs% ngﬁ%eg@\ég A, LR %)a(’gﬁ{) g@f‘%ﬁg B&Weéﬁ‘ﬂfem For the

be’presen mbossi ng

@IEG@IS f e F1§6re§,rthe ﬂméknbmd’ttheseparatmn)lam Z&M@mggérakd
e enbossi ng sheets 24, 26 are put together. The
first enbossing sheet 24 may typically be anything

fromrp0 g9 Saﬁé Qe EHb6E ebilibgloand foo %xﬁﬁ%l@ Nelade from a

enbossi ng eet anything from 100 to
t}(ermcplasm:)pdlymcnkc mehlsstuch hepolmarbmmgsmhgmsciﬁe@@/lmetc Before

are shown here b
ofiing the Bl pastoci 420y RRe: (e e R bl IESRd plae
235R& E%fakzﬁf(‘)nl 12208 38pidRM B e The de) BinBORirgathebte 28 /156 have alignment
secon bottom surface of the first, upper enbos

nsblesain mémdnot ﬂ]new[nb,rvg‘tuch wep bs presepidbefre hﬁeergwéwgséhg %s 24,26
agel}}vl\f gﬁ) 0%;?]51%8 gged a?fgarﬁ] e%%sélﬁg fsflé)et 4 BeSIE ttogether The

rpose 0 e separation Tadyer 2
figlt @hfbokdigs KRt Nthaty @gﬁ&dm@rbemhyﬁmg from b ASHi ung(mllcm)st}uck

24, 26, | at hot

s fhescrmdatagsing shed AGBY BIOH R WOHB4P0Y bt (ayahs ghick:
I DG 1RUah

asﬁgﬁggm§%%§x§%Pﬁs(§£gﬁ'g?agﬁ%@ng§ﬁgeinjeé?é%gyhvulde

thietess ¢haygany cleditpbe epdiffatanbthickagsses.28 may typical ly

be anything from1l to 100 mm (mcrons) thick. Figure 4
is a view of an enbossing process for naking a

Secoﬁ%@ %mgﬁcﬁfl‘a &%l Iﬁa;n&u& fik apflicdRoehemebAd, boRvmcudfdce of
fixed ‘horizon ly on the top surface of a hot

ﬂmﬁss uppetenstssing slmqt p4 Dh‘élerf’éstt sfareiofibe apeeadlgwer

em%géséxgg %}ng ras; 118$ g({ l%ot}g fsﬁ)%ie ageirgfﬂ(egn?ﬁ@s% of ﬁfa éeﬁara’uon layer

2064 %V*olftﬁﬂﬁ%h@ﬁlgﬂﬁgﬂﬂfbr b0the e chibossing shpper24e ﬂﬁcmal laigr hot
sheet 24 is not as thick as the height of t hg

embossing step. The separation layer 28 could, for example, be a epos1t10n I’layer of a

metal such as Al, Ti, Cr, etc., a polymer film such as PTFE or a thin layer of a silicone

injection mould release agent. The separation layer 28 may typically be anything from 1

to 100 um (microns) thick.

Figure 4 is a view of an embossing process for making a secondary, microneedle
mould base. The master mould 10 is fixed horizontally on the top surface of a hot press
(not shown) with the master mould needles 14 facing downwards. The microneedie
mould plate 22 is placed on a lower plate of hot press (not shown), below the master
mould 10. The first, upper embossing sheet 24 is not as thick as the height of the master

mould needles 14. The overall thickness of the microneedle mould plate 22 is greater
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nmoul d needl es 14. The overal |l thickness of the

m croneedl e nould plate 22 is greaterthan the height
w@booslog73nmst er noul d needl es 14 to prevent thePd€TB62004/000055

penetration of the master no$jd needl es 14 through the

m croneedl e nmoul d plate 22. The master nould 10 is

heated to a first tenperature, a little qver the

thew fltecheighg of theprastarmmanldheadies 1dite pervenidhe fyfhpenetration ef the
2 f or, ;pal yca nate, . it .i.s V. hn the range

mﬁéf’é%@wdfgﬁaﬁ% %’6 u%t.he KPle)ﬁeZe%?el rg%iﬁ%é%%%?'at ure, the
master nould 10 is pressed down into the m croneedle

mould plate 22, with the |ower plate of the hot &lrﬁes§ .
at t Fee master mewdekOds heatedty 3 Hist g fitile pyer thg gottening

te rature is allowed t l; o ;
e e e
tﬁéirﬁl{g%%ﬁﬁé& 150Uhd 2pb@iog RRtheAlrstitbihfersRed) it inastpemadldri® is

val ue, the mcroneedl e nould plate 22 hardens. The

pestedsisen infodthemeadhesdbombuldplate 82.27ith thedewerplalg of ihgphot press
ttge nmast er uld 10, w,th S\ﬂ‘ 3pe pyram d recesses 30

at the FFRepmne eiaF%lteﬁfl@ﬁ?rém% ;f The enmbossed

m croneedl e nmoul d plate 22 fornms an unfi ni shed,

m croneedl e noul d base 32. The naster nDuId~ég i%_ .
r eus Ab¢ tenipsratiueks Aower toreep 1A 2vesprcbrales, doierthan the softening

Fi gur.es to.5C ar ' j e f i
R o 2L 31 G B piRe ). SAPUR LD NRIEPARRE Bluc, the
niitehesaeesbeldpatt A2 hasken® 2Thd¢mbuseedaBidreneadle mould plate 22 is
cross-section thr ouigh the mcr oneedl,g noul d Base 32, . to it
released) fromrfhe magtep mopfy|Q, avitsquiseyFamid geqessey eHF%‘Fé ggrot
(RELRRIOL HHE MILRU R mitrddBEd1b Bt plite@Brrfan SR, 2
récess’30. Figure 6 Is a simlar viewto that of
nFtiguecl &Hpulditases2.h The sastar nayldrl 034 rewsallp forralving Bwther
noul d base 32. -A netal lization process is used to add
DUEENERGCTPPCa! | y conductive seed |ayer 34 to the
first, upper surface 36 of the m croneedl e noul d base
32 and to the walls of the recesses 30 (but not to the
secofiguremfeto 5Caferasions views ofthamiceansrdlemanld baseske- Figure

2). . The seed | ayer .34 [ by :
sEbe OhEHSTL U R EP BB E DBl B ton
{1RBeEeE nietoabédib hivwild base aRghlomsg linveA-Arof Figure B4 Figune 5C is an
for a thin silver |ayer or some ofther nethod. Tﬂf
cglargpd perspectiveypaew O A PREIof ATgUse PBySIgILEBTeaTS 2
mat eri al such as carbon, dianond |ike carbon,
anor phous car bon, dianond, netal silicide, conductive
car bifdgure 6tica siitar vizsitd thyteof Figure 6Cebwt wiktea sded|layes B4 on the

microneedle mould base 32. A metallization process is used to add the electrically

conductive seed layer 34 to the first, upper surface 36 of the microneedle mould base 32
and to the walls of the recesses 30 (but not to the second, under surface of the
microneedle mould base 32). The seed layer 34 can be applied by any of PVD, CVD,
thermo-evaporation, electroless plating of Ni or another metal/alloy, through silver
mirror reaction for a thin silver layer or some other method. The conductive layer can be
metal/alloy or another material such as carbon, diamond like carbon, amorphous carbon,
diamond, metal silicide, conductive carbide, etc. The seed layer 34 covers the whole of

the top surface 36 as well as lining the recesses 30. The seed layer 34 has a substantially
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the top surface 36 as well as lining the recesses 30.
The seed | ayer 34 has a substantial |l yconst ant
wo boosksmss, and is typically within the range BET/SG2004/000055
between 10 nmand a few mcrofts (or nore). Foll ow ng
netal lization, the two enbossed enbossing sheets 24,

26 are r ease from each ot her, his relativ
cea%fentdhvgws mxga% zéwamﬁsrea&afi?ﬁ%ﬁ?n@ ang fow microns
éiﬂﬁr ort form ng channels 38 are fornmed in and across
cond | oner surface of the first enbossing sheet
in thls enbodi nent in the formof grooves within
the rface anne

) t
D o HoR S iR R RO D e EHARRE Beetf 3, 26 are released
&8 %&aﬁahéowhﬁhtlmla%g%s @Rf‘éﬁ'ﬁhegpk@ei@@opﬁletsgﬁﬁarﬁﬁdlﬂbyer 28.

enbossi ng sheet 24 éthe recesses are actual

Sifle-pory ferhingehanhels 3§ laret foemed insandeaetnss dhargeente éQW@fzs)lrface of the

s diot B 2a,TR g ool iy BF PRt Sl Sy e surtace
THY sid r@ﬂﬁﬂﬁ@ chafBel 3¢ entbreept ahe breetntrdd en dod dRdingh BEthe
in Fi %9998?3 are the openings of the recesses 34 in the

TPGasEas seeoHda lw g gugpce ¢fdhe fipst pbpgsingsihegl 2dhe recesses 30
a%e aotﬁ]ﬁf i e%hﬂlg) ets tﬂx%{lgl]x i fﬁgtaéﬁ% Sin glf‘%?%é)b ef’l%&rrenﬁg alﬂ'an view

ationy precrsion na
dfltheh@@bﬁcp hmdﬁrs1dﬂnf&h®ﬁm embesitg, sheéitdd atﬂeeﬂm'sedfepdirt formmg

I I h
cffa s paveder gqamﬁg ﬂ' ‘égﬁ{@q@agﬁ ?ﬁlﬂ? has %5 '35 lz%ﬁ of the
08 &I A8 1@194ﬁrs{135 e&&f&'&%@%@'ﬂ% 28t SRYoLRAYEhEet 24.

rectangu ar triangular, circular, elliptica
or other cross-section, normally a regular

f
cr oosTEetdt B farbine MRBRLE h Bl TR AR ey oftosc; bjaton.
ﬁr@m%ﬁ! h{hcﬂﬁ‘un%ohﬂiﬂ“gfa!ﬁh? bPRshe bﬂhelhﬁleﬂﬁt With eheir88A6 @B&diment,

of the sid ort formng channels 38 var depend| ng on

lages abletion @/ﬂh@s%émm Wﬁ‘éelglaib YAy G daser igpsed %’8 agplycpebonate thin plate
t

A BEAREBPRR OB S, RO TR Rl Bl Bl

difvalae reilstiahgr dhaeicss3dctiotd namhllyhaeguhr avkwsstion for instance a
sheets 24, 26 are realigned using the aljgnnent marks
rRelAREBHHOB Hertcy With ditprnsions, @@ﬂlﬁg PO g (micropgyin Ysith by 60 pm
GYBSRRRRAE S e dBn it RUPG0n (BRRAE SakBCle By

d@eﬁdin@bﬁtﬂeqwedleﬁbagn.t he hot enbossing tenperature and
pressure, used when enbossing the recesses 30 into the
m croneedl e moul d plate 22. This reduction in the

t enPefl JUh & A5 1DECES U the {nferfile BEGIERA the two embossing sheets 24, 26

is removed from either or both the opposing surfaces of the embossing sheets 24, 26 and

the two embossing sheets 24, 26 are realigned using the alignment marks mentioned
earlier and put together again. The two embossing sheets 24, 26 are joined (bonded)
together by a hot press at a temperature and under a pressure which are lower than the
hot embossing temperature and pressure, used when embossing the recesses 30 into the
microneedle mould plate 22. This reduction in the temperature and pressure is to prevent
distortion to the formed structures (recesses 30 and side-port forming channels 38) in the
reconstructed microneedle mould base 32, which is now the secondary, microneedle

mould 40, which is now a unitary body.
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di stortion to the forned structures (recesses 30 and
side-port form ng channels 38) in the reconstructed

wor@sosmedll e moul d base 32, which is now the SBCDRGZIY/)00055

m croneedl e nmoul d 40, which ig;now a unitary

body. Fi gures 8A and 8B are various views of the
reconstructed m croneedl e noul d base, the m croneedl e

nmoul d 40. Figure 8A is a cross-section through the

m cr drigedh 8ARY ISB 40 Vaﬁ&%ﬁﬁe\ﬁs bf e ré‘c%h&ﬁﬁ)?é?ﬂﬂicfﬂ]&e%@le mould
line B-B of Figure 7. Figure 8B is an enlarge

h3gs, dsmiqroneediegnpuld 48. Etgum 84 i cmsgamoa/chroagmmenmcmneedle

T R R T -

peEspectlyehhiew B 6 ponpadfFigme B, aasanslh debetP30, Mtercepted by a side-
enbodi nrent i s _shown in Flgure9 At step S SI'I O a nast er

PRBUPHNING hannst 384 ded. At step S112 a micr oneedl e moul d
plate 22 is provided. At step S114 a m croneedl e noul d
base 32 is fornmed fromthe mcroneedl e nould plate 22,
usi ngA flhechatdescribingltie steps iAvolstdin Bhkidd tHehﬁcﬁcﬁﬁgdle mould

Iagr 4|sf d on fhe mcroneedl e noul d base 32
‘f‘?% 89 featis spewp i Figgre 3. eAE%tﬁaSbl%n@ﬁtesmpld 10is

pRbviddt ANGe pSSﬁlQ‘é)ﬁiéroﬁé%gIQ rgsulagmsi fsﬁ%ﬂ&ﬁ APLERd 114,

the first enbossing she
nslélmp@dli: orouldiyase 328s fosmed ﬁomeﬂie aucmneqfdléSﬂaZﬂld mteglzgeﬁsmg the

h%ogl&g}(%mgt gtnb gJ'I:’ ié ﬁ’gcfe? Hiéfls f%ﬁ?qeﬁrqnﬁgg gnlgrlorrlge% e mould
bme:&'za NERAW® dmbYssind asets334, N6 %@é‘%ﬁfﬁ%deﬁ sfef Sfili QV'I‘HF sil1b g)ort

m croneedl e noul d 40. Forni ng the M croneedl es -
forming p %nﬁiSélgd*ﬁ%f%méd ibthedirgiemtfossing sleaetA¢ et siep S120. The

8 .and produce

SO FARAE 25 T Hoty8 1E SR STEE, Mt SYEE 0t O it Shocss 24,
2friacy put eldrdbity backaygetherhad foiasdreedies witithe nd€ohsedle mould base
generqag¥(ﬁ%;hln pﬁgalleleplped with recesses 30 in

HREOLP Preyide thegpiceanesdlgmauid49.ccesses and one
side of the nmould in which the recesses are forned are
covered MAth a seed | ayer 34. Moreover, there are

32 hiag onegdiey -hdtepgiidP i n t he sides of the

recesses 30, |nclud|ng through the seed layer 34 in
the recesses. In this enbodi nent the side-port formng
hol eg\ dhicrédeRdfeqhsRd 40Yfod fBmPO kL hl&%ﬁé@dwm%ﬁﬁl%ssshg\%n in

passi ng_through the m croneedl e noul 0 from one edge
Figyre § angprodpced as described in the above sectlon is used to form microneedle

arrays. The microneedle mould 40 is generally a thin parallelepiped, with recesses 30 in
one side. The side surfaces of the recesses and one side of the mould in which the
recesses are formed are covered with a seed layer 34. Moreover, there are side-port
forming holes 42 in the sides of the recesses 30, including through the seed layer 34 in
the recesses. In this embodiment the side-port forming holes 42 are formed by side-port
forming channels 38 passing through the microneedle mould 40 from one edge to the

other.

Although one way of making a microneedle mould is described above, other
ways can be used, for instance by making a unitary microneedle mould base (for instance

by injection moulding). Side-port forming discontinuities, such as smaller recesses or
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Al t hough one way of making a mcroneedle nould is

descri bed above, other ways can be used, for instance
whyoos@kisng a unitary mcroneedl e noul d base (fBCT/SG2004/000055

i nstance by injection nouldifgg). Side-port form ng

di scontinuities, such as smaller recesses orside-port

sidepart Bumingon e@&gﬁﬁggiegm@ 1 e e RO SHESFoIC cCamPle
the gﬁgl@ g)gﬁq”ﬁﬁﬂm bles e ?fx‘dd@d el e MREloH QRS B1oLMM Ba4Oin two,

e port formng channels as before, then
maleug ﬂtel sm@-pdrefdmmg)drahﬂels as bdzfyrec thenlrﬁgntllh@th@ltﬂ'e -ppﬁﬁ,tor by

cuﬁtgr&gg‘r},l16 glél%gﬁl)n olflgmtgh qTISe %1?1?%&1?&'& “lg baseffom one
sifd ©'RO6GE} %H&&t' c@ttﬁ@&ﬁe hﬂcrbﬁ&dleﬁnamam@@ﬁpﬂ“@ | ayer 44

I's provided by electroformng Ni or Ni/Fe alloy or
anot her rretal/alloy onto the top surface of the

dl Th ' | '
For raasspreafie it fLismvionb oL HRER Rl A o b Syloy or
arfOkiek %h@eﬁﬂl’llﬁ% OBt e ) sapfcd &f thb enitivaesiemodlll 4@sTishaivmoneedle
in Figure 1 showi ng a recess_ 30, intercepted

Loyrctia Farnsed o g o R APEImE8. oo (P4 om f1 hicroneadie ould 40
ect -

oRTAEELEE S0 IATIONFL Y 0y B0 vy s

poréftemirdchadnel 380 HigRP A0 dsa paspdotive cmas-senhoﬁalg&ucw of 6 portion of

mg%ﬁ%ga ngpt hi ckn ss of t he qll'ﬁ?}{eg& E{et al / a?rgo‘%lwmds to the
Vlb%g of Fiﬁp&%ﬁarﬁl ?th?é?{ﬁéésbif@ﬁe pltiShethIRAINY HsRAbBARNges

e used i nstead of ectroformng, for instance
fremext a0 pagmitrahd)(glttangh ayderraniss ast dlsoposside)t iQherde¢hpiques

for depositin t al
o berseg ms%qq'@g»%e%&o%@n@sgp@%%%wefﬁe@ﬂg&a%p%bw OF ¥R9P g
S4RSAER R R RI A G808 ferainough e

mag be sspsisBe. In part| cular, no mcroneedl e | ayer netal
can be deposited over the holes 42 where the side-port
form ng channel s 38 pass through the recesses 30, as

thergpng &d@%oﬁt%fimh@)éﬁénn%fk Fastihg thretgl the@e@s ey 30mreate
Thus the side-port formng holes 42, where the

argingrdiep dn thefroicranegdle haynéd withan the secopyes 3 g An paricular, no
I’I{I?e{gl? SOl g 3% epg«]e ot Jfaﬂl’b% ﬁ%ﬁeg %Vglﬁ%lg ﬁﬁ)%rs ) %IFe?e 48 iR ming

ayer

chials 38lPagythsdupGhelfe@essed 30, an detld B3 ﬂo&Bﬁed la@ér 84 for the metal to
rel eased fromthe m cronee

| d 40.. Exa . of
gipst o dEhgstth @&dﬁ@m@mmﬁépfﬁd # E%%lﬂ?@ggﬁjg}ggmg channels 38

pass through the recesses 30 continue as side-ports or holes 46 through the microneedle

layer 44 as well.

The plated metal/alloy structure, microneedle layer 44 is released from the
microneedle mould 40. Examples of methods of doing this include: a) mechanically
peeling the needle layer off; or b) chemically dissolving the mould. Where the
microneedle layer 44 is peeled off, the plated structure may first be heated up, for
instance to a certain temperature. Where this method is to be used, the seed layer that is
used is selected to be one with low adhesion to the electroformed needle layer and/or to

the mould.
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peeling the needl e |layer off; or b) chemcally
di ssolving the noul d. Where the m croneedl e | ayer 44
wo soopegizetl of f, the plated structure may firstP@ESG2004/000055
heated up, for instance to agertain tenperature.
Where this nethod is to be used, the seed |ayer that
is used is selected to be one wwth | ow adhesion to the
el ectrof ornmed needl e | ayer and/or to the noul d. The
rel e?‘ﬁ?gqg%a%&}'& cliSthbly ﬂje%sthirc e@&l@ %ﬁﬁf”g dBctdd, %é/ shown in
produc , as shown 1n gure 1A w't narray o
Fignee tes, widdanmacayonithe H&ﬁreﬂ&ncﬁme(ﬂd:sﬁﬂ i Kxirtsymplidity cmly a single

niérggéﬁ%&nm?%ﬁ? SRS 5 g1 1 A SHReHER Rt §robli gragy fnvolve
a(é’%sr(%@ﬁ’mﬁﬁﬁp&cﬁ rah%%ssbaﬁ% R nde@ r(fé? ans(d‘n@é 644 ’Oﬁ%ﬁay@,;‘usmg the

arrays, usi mast er of Figure 2
nfgsgumeutd & Rigurai2). eﬁigregka isi aawntafrgetdmee\@fofph@ opine giytagzidal

m croneedl.e T es. 46 need | a
broperaRe oy Srhpgroles 5 in fhe Bict et 13y h i FREREL b Bhffot the
Tt ehS8NBR B fAhd A¥crOhdedeCdrra ﬁ%rocﬁiét W@xf&didgrtmw@h fitoatne side-
one sidewall to another. ese holes 46 are

wellde anathers These holes 46 atsridexicsts, i fiad corenioagyish themerdle lumen
ext endi n rd e m croneedl e 52.
e’f‘ﬁ‘é PeB %grglg\fﬁrpbﬁlgr?gg% %tﬁgnﬁg’gﬁ%@caﬁﬁ be reused or

di sposed of after the rel ease, where the rel ease
nmet hod does not danage the nould. A flowghart
descrlihpielgpsed @ngtpéﬁfsﬂ@ moBldAdranbesesed gr @mﬁﬁgosed of after the release,

ef:ertﬂg?%%s@%eﬁ?o@&&%%g%&%n%'tﬁe1?1 di ment is shown in

gure step croneedl e nould 40 is
provi ded. At step S132 a microneedle layer 44 is

el ectrqQforned,ontq t eed | 34 .0n

i or O eHPET TP B L Y o gl i Sppgiles according
t3HHEd ANESHEntAs %ﬁd«;vlp{ g&fe 120 Atsstdped 198%adickdreuicigould 40 is

m cr oneedl e noul at s S134. ternati ve Geonetries

peovided: Hrsteyed i38ta mmsomﬂed Heyerd ds elevtrnfanimpasmnta the seed layer 34
omt S Q gg}lgro%%ﬁl%mgaﬁf AFOSanSd’hin lt‘l%eer%cé ? snﬁ(efl{er}ﬁl n%negdle artay

By FCRFRe above e

fd’&ub’ﬂSG Rirglegyed Frdnd tifel ioldf @edle toul) atasep®izag t hi cker
than t he height of the master nould needl es 14.
Alternatively, the thickness of the m croneedl e nould

Al e%llaﬁwg Gl ddGnl %‘tﬂalv%:;atﬁ)lﬁof‘ @é FE5t EﬁH&ﬂn{é‘E? dles 14

T pe tne sane. 1he nel master nould

needles 14 may even be greater than the thickness of

L P gc Eg]grn(l)lz]‘,e?glg Lfgl’lﬁ t2g Iflseglﬁg make IEhe nqgc}ro&eglsesﬁ&gd 40, is
shown in the above embodiment (with reference to Figures 1 to 5) as being thicker than
the height of the master mould needles 14. Alternatively, the thickness of the
microneedle mould plate 22 and the height of the master mould needles 14 may be the

same. The height of the master mould needles 14 may even be greater than the thickness
of the microneedle mould plate 22. In the hot-pressing process, the extra height of the
master mould needles 14 would then be accommodated into recesses of the lower plate
of the hot press or into recesses into an extra plate on top of the lower plate of the hot
press. In this manner, the recesses 30 (as shown in Figures. 5 to 10) in the microneedle
mould 40 become through-holes. This can improve the throwing power in the later

electroforming step.
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mast er noul d needl es 14 woul d then be acconmodat ed
into recesses of the lower plate of the hot press or

WO Ra06/08BeEsses into an extra plate on top of tPET/BG2BH/000055
plate of the hot press. In this manner, the recesses
30 (as shown in Figures. 5 to 10) in the mcroneedle
moul d 40 becone through-holes. This can inprove the
throwi ng power in the later electroform ng step.In the

abovﬁ%ﬁﬁgsg%vebfe%cﬁp% e%{b%%%entt fe 6@6 q)%rtpt‘afrh H?n?a@s 38 are in the

chan are in the secont ottom sur

sdcbhd thottb@Psuefabosihe grss ep tamBéssnigEIﬂet Hl. tIﬁranaltematwe
enbodi ment, the side- port faqrm ng channe

einhedizat, thesideeor forming hgpnaly ¥ ke Tofeafi T Rish oD surface of
tht% teéo%@ HORRS §llnp ﬁm{%ﬁsﬁgetzz% Th ﬁ Brihdt ehiMRUiREHR AL BRIBIport forming

Ide-port channel's are I n both surfaces.
che@hells raset iarboeh surfacéd GEpr anstanak ) i thegt ammgmeé adichotach othen in the

e e
ﬁb@i@g &{11 f)(?k‘i f R E}%ﬁah%m sE&ﬁdeB&tHiﬂ su@wetome first,

ace op enbossi ng sheet 24 may be at
t@%rﬂng;bmgisbedt R swyibe af an gugle tafhosannf firgle tapf surfpee ofhe second,

bott om enbos heet 26. Figure 13A is a top plan
b%t‘él%el%ﬂboém%é’&ﬁ'gm?mul d 200 with a second set of

sideport form ng channels 202 normal to the first set

of side-port form ng channels 38 in the opposing

sur f &igre Ay etopan ey g@rsprdipodd ep B0 S Btasrshst of side-
w aof a r | I

p&{tg opng ggegm {s 299 al%m%lqg 0 5008 8{5%1?6 BPlg fMH% Ha{rmels 38 in the

ate m cronee yer

oppEdiBsaRfds. thufehB Bris a\/[&rspfactﬁregm)sassseStloxﬁBvawcbf]a(pom@n of the
addition to the first hole e are

h
e wpeREIg A0 ERd S Bt auth smcrnedbyRT 03,
c5ﬁ'gs§>z)§%§tg» thé‘gfg{jv@ of F%u}e% 4. k8 ﬁ@s’l@n% 28ditis® ﬁﬁthb FQhol 46, there

ort FTorm’'ng hol es where the second
asd alepbvd sefcomchhoigs 206ainriled mp@enesdledeyéri204 dn eachureessp o, again due

am dal needl e, 208 | s .sho Ln Figur
G e Moo b scedimer 44 abions SgfaoHaoiipk IS S s Mcblld side-
p%ﬁ( foﬁgﬁg cHaRPA AfiniifCA REwtiag pyrasida i cloavalle 20thisishown in
s 46, 206 in adjacent sides are at dlffer%(ké
ngxre I1§C with onehele s, 36 isiedeh phibe f‘i"@rsiﬁeﬁg hahgh b

ogpo§1ﬂ% s@%ﬁ% lr%%lg § ag Pev égvt%s 'tl{%ﬁ*l@s 563‘ é&]é{;@g % AL at
BEtaMetals.f ace of t he first, top enb033| ng sheet 24 or
inthe first, top surface of t he second, bottom

If two sets of side-port forming channels were formed normal to each other in the
same surface of one of the two embossing sheets, that is in the second, bottom surface of
the first, top embossing sheet 24 or in the first, top surface of the second, bottom
embossing sheet 26, the result would be similar to that shown in Figures 13A to 13C, but
with the side-ports (holes) all at the same level (although possibly of different sizes if the
side-port forming channels were of different sizes). However, where there is more than
one side-port forming channel passing through a recess, it is preferred to have the side-
port forming channels on opposing surfaces of the embossing sheets (that is one in the

second, bottom surface of the first, top embossing sheet 24 and a second in the first, top
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enbossi ng sheet 26, the result would be simlar to

that shown in Figures 13A to 13C, but with the
war@s/opmnis (holes) all at the sane | evel (altPOga2004/000055

possi bly of different sizes ifsthe side-port formng

channel s were of different sizes). However, where

there is nore_than one side-port form ng channel

spraacsi ofghe secangibofiomemhossing shael 20) dptherase toyr apgréngsipé the same
. > | . f
SR o BT RS 50NN P AR Lt
surface of the first, top enbossing sheet 24 and a

second .in the first, topsurface of the_ secqgnd, botfom
enbod8 thrbore élinbg%}nen@s &'@r%_{eé@r? ‘E%ler&féﬁﬂﬁfg% e ﬂ{e’f%e way
a%@?tﬂe%ll%{/armeﬂﬁ‘bssr %?Hﬁ@tsaﬁgﬁn QRERJL fhe Fh&' ever, they do not

Sectronal area and Tts strength too nmuch. in the &bove
needbdixtet ]l the kay sicobes poetenftobetcoagioan Nektsaditesndanbé short

s B b Bl B 1 B ke B Shine
ifblor bPEr MY 2 BEERSBcRE (GVRBsibY dVRr SR WD WO Hidre bitShiGRRt

there may be short separate side-poit formng channels
ektendinigite ell recgsdes &1 aingorSuch en afrArgesteahisshown o Eigveps 14A and

i.at q.or r. only .a single recess. [ S| v

1 s TR e i YOG SEREG Beog R B 21 £ B s 30
ak Befdrd, (beYvith Sher afiledforefdSa R thahsels DM didd=p @Y F@ting

14A and a14B. Figure 14A is a to %I an view of an

ioenedlirection thiough fwe epROSHIE sides in each recess.

h . . . - t i
P58 1R P gl bR AL B Fiat POL TROR N0 BOANAS B,
generalte nd diféatitdrom thoseafjFigtimol 1dpposi ng sides in each
recess. Figure 14B is a cross section through Figure
14A. The resulting needl es appear generally no
di f T ei&iHo the Qi'a_b?tlﬁsf@rrﬁ’ifng ChaHeR nb&sati9med@td d&end through both
side-port form ng channéls necessarily need to exten
sides ofignedssy, hus¢adextenf] insteaddntomnlhone Hdnokxresers, asistfégute 15A.

.nto.onl. ne side of.a recess, as_in Fi A,
el 1A A IR P A AGRETTS pORR PR T Resssngo o
bERI#E,bud a@thvshbherrmﬁ@e fordfh@chanaélone?, theltidwipbh fofehg ehannels
side-port form ng channels 222, the side-port formng _,
cxteading oanlein enedlitegtion eyd pxienpdiag intp ealy ang sidgr each recess. Figure
Cendi j . ' .

135S AL skl ol B8 gl hid SRR AR i those of
Rigwull1 Bnin thetstiéekavaiof ddo-pdrt (olé)linsealyafnekidgure 11 B, in

that they have a side-port (hole) in only one side.

Figures 16A to 16C show three further variations.

Fi gur i | Al te IVAE; :
ol 481G 1 E AT LG Rl Ay REUeR R | IR IOhEi 3380 Bhtn view
of laatltenoh@veisecond mould 230 with short side-port forming channels 232 that extend

across both sides of the recesses 30 in two, normal directions, for example to provide
microneedles such as that shown in Figure 13C. Figure 16B is a top plan view of an
alternative second mould 240 with short side-port forming channels 242, 244 that extend
in two, normal directions. However, the side-port forming channels 242 of only one set
of side-port forming channels extend through both sides of the recesses 30. The side-
port forming channels 244 of the other set of side-port forming channels extend into only

one side of each recess 30. Figure 16C is a top plan view of another alternative second
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across both sides of the recesses 30 in two, nornal

directions, for exanple to provide m croneedl es such
wa@sgoosist3oshown in Figure 13C. Figure 16B i s a pOpPSEL@N000055

view of an alternative seconggnould 240 with short

side-port form ng channels 242, 244 that extend in

two, nornmal directions. B However, i de-port formn
meHgRAR Mg thoshertstdegpary fosmingschanpals %%@?ﬁ%’&?ﬂff ’6‘5%’% ofic Side of

. t ough  both sides of the recesses 30.

a@ﬂ@&%ﬁ!éé@?t oﬁ%?%g channel s 244 of the other set of

side-port form ng channels extend into only one side

of each recess 3Q. Figure 16Cis 0 I vi ew of

anot He sidg-Peit FIPYn@c g dnaat Heefgtﬁtb\?ﬁ?rfg‘ gﬁ-_bely ton% need to create
a SibRSCRR dischRiiRGn thAHB& oF (ROrectREd, ferihaRtkd ATidle BN just a
ofe side of each recess in two, normal directions. The
res¢esde- port form ng channels do not need to be |ong.

They only need to create a significant discontinuity

in the sides of the recesses, for instance a hole or
evenjuft afovelmsiodiméiit, theenisaveallemoatt pierthas the overlapped

m croneedl e nould plate has two overl apped en‘%o Sin
eshessing sbeginsepaeaiedlyy asisElegeparaiapulayen: dn ofhey em Oilﬁlen s, the

ot her .enbodi,nent '
e GaRO PERE Smpits TuEE RREBE, SolT Rt bl Ras, one above the
oo WA i gepatdiet fromntle alljacenie pataatbych epanativi tayedj Bomifor three

pl ates by a separation Iaéer Thus_ for, .three enbOSﬁh%g
enshessing, sheote thers age Rosepwgtion lavers. Wik flds agjgragmeny, all thrée or

t t ; ' Yofml@hannels put

R e e S B e R Channels
ircdsasqeted. s altovastwosruiere doleT ko apreit invessidevtice of g resulting

holes to appear in a side face of the resulting
mperepesdliadl . The general shape of the nicroneedles

reflects the shape of the nmaster nould needles. In the

above enbodi ments, the master noul d needl es are square

pyr affhd géneanichapreofhe microneedias refiecthibe shanec|thamasergnould

ter ul.d needl| es ;
oS T R R U i el S nd
ek &TBt¢ Blar@thehidRinebdley. . THhBasteranould ededesmay dowease e of other
on such master noul ds are nmade as pefore, but wth.the H
Shiipeadot ioHenCq EHGEET, AREBE) peesrBab et (FEURGer Qippvise). The
o 5P, SRS 5 Ol NS P
dire¢tiongUbsgths arnbseitton? &2 temnsidespot forminpehponels flbernd ayrequired.

channel s 264, the side-port form ng channels

Figure 17A is a top plan view of an alternative second mould 260 with triangular
recesses 262 and short side-port forming channels 264, the side-port forming channels
264 extending only in one direction, and extending into only one side of each recess, at
right angles to each recess. Figure 17B is an isometric view of a microneedle 266

produced using the second mould 260 of Figure 17A.

The side-port forming channels in the embodiment of Figures 17A and 17B are
disjointed and extend into only one side of each recess. If the side-port forming channels
were continuous, such that they passed all the way across each recess, they would result

in a side-port in an edge of each microneedle, opposite the side-port in the front face.
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264 extending only in one direction, and extendi ng

into only one side of each recess, at right angles to
we@awhk/osBseess. Figure 17B is an isonmetric view BET/8G2004/000055

m croneedl e 266 produced usipg the second nmould 260 of

Figure 17A. The side-port form ng channels in the

enbodi nent of Figures 17A and 17B are disjointed and

extend into only one side of each recess. If the

Sl d =.ROr I, i . e i , t ﬁ&t. .
o L L oo
thé esdbses hitl dshole fpafihg chanaslsed de micraredle maddnOéddwse, there

opposite the side-port in the front, face. Figures 18A
mepba giany pibgst Fhgwe d3Ariprée plan visy of Al afve gpeond mould 270
Latd | id 5 ERERifd hafindle2 PO ke side-port
Witfgﬁﬁrr%h %‘1% gﬁ%&% S o?ﬂﬁlgﬂal({:eroneedlle moul d. O coeﬁsrlsee}po )
fobthiTeechamel 027 Anaxtendinighiartsro diegiions, 4t81&0idsgeees typeash aiher, and into
vi ew of ari1 al t er nat 'hée ﬁecond | d

27 it h .
4 Qe Bh 1B e AEIEN 1§ LA En s, bl J SR g top plan
Vi‘é@%'ag!aﬁel%&‘%ve &B&&h@ﬁrmtwiﬁwm%wﬁamed 28224 short side-port

extending 1n two directions, at 1 degrees to each .
footirey chanmds 284, thet side-port Earming elzronels 284 sxtendipg in Gree directions,
les to eac el evant, si de. Figur j
atBfegrecsin et eftterg o I ip i o s Tobdhy e it Bt o
edchir@legatt 8ide! BERSS BSC 2P2toparsviewlof ah diterpatite feoomd mguld 290
channel s 284, the side-port formng chapnels 284
withherationg] Teeessds298 anr deng GoptiguoyFsi EPYH@@%&CW@%E%‘L
t her..and i. t '
R e e e e e e
i @BndddR myila @90 fo tie cahdre Fiyatré Y&D sex tpchlaview f30 alferative

DSt T 0 SRR P R et 01

fe 5o i @RBnS dideetioh, 4thad into onl
O, AT 9 O PO e, i oy o

sidepf pdchnesdsg\at dfhteanghdstensislei ve second noul d 300 with
octagonal recesses 302 and short side-port formng
channel s 304, the side-port form ng channels 304

ext efgll 5 PBtoiMing RBakHelEiatal1aRe alitiveaittbotlithentomieyt thagelevant
side of each recess, at right angles tqo a sjde. T

fasiesief fherecefses pi migetyisearess and iy the Fentige Adisaiatively, the Mtersection
di nent .
oFPRES R4t RONBE SR oy Goapeospcl o

e cen ternative

ek ithle RS d S Port Btnliey eianatls efayanest tis: rebssesmt @rcottve and extend all
i nt'ersecti on need not be_central tao.an For

si de
thecumpaleng pree sifleiet Hay extepd FrpRehMRRdiAce trﬁééﬁsﬁécet t he
recesses at a corner and extend all the way al ong one
side or may extend through two adjacent sides etc. )
In the order of fabrication of the microneedle mould described above, the side-

port forming channels are made after the metallization process. In yet further
embodiments, the order of these two operations may be changed, that is the side-port
forming channels are formed in the same way as before but before metallization.
Metallization does not occur until the microneedle mould base has been reconstructed,
that is the embossing sheets put back and joined together. Metallization is conducted
using a sputtering technique of a metal/alloy or carbon or another conductive material.
Since side-port forming holes or openings are created at the interception locations

between the side-port forming channels and the recesses, sputtered atoms cannot be
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In the order of fabrication of the m croneedl e noul d
descri bed above, the sideport form ng channels are

wora@s/0sf3ver the netal lization process. La yet POT/BGHEI4/000055

enbodi ments, the order of thgge two operations may be
changed, that is the si de port form ng channels are
formed in the sane wa ef or but bef ore
dessiied piahasnlocbens (Tuad: & derasitet sqee st Are qrepted.
D5k SREEGt R b nPA £ MERSRERAS BRAPRIIEL B Bfore, ook
réviediabh mheaélemfmsnadoreddlemﬁi Lﬁsﬁangelaaﬁpmidremeedb: arrays are formed,
techni que .of. a netal/all oy or carbon or another
watbiflecrtrdn SRV RllY . Since side-port forming hol es or
openi ngs are creat ed at the interception | ocations

bet ween the side-port form ng channels and the

r ec e D fferenisypuiatiensehdad termetiva appwoadbesimpoidneddibont ean be freely

se | ocations. Thus, holes on the deposited seed

C‘PIH’@F are created. During electroformng, no netal is
deposited onto these holes, as before. The holes

rerraln on the eI ectroforrred needle wall. After

axfieend dviasierdyl owid ep 4} ays are formed, with

Si de ports in the| r walls. Different variations and
al ternative approaches nentioned above can be freely
conbiviang 148 ha3er MMBEL ®iis dHowindn Fidude ¢ involyds phv&ksmlgmacmmng

the master nould 10 as shown in Figure 1 invQ
Abledk ef materials Farfxagplen ghegorm of amaélﬁlempedft‘aﬂl S@fﬁﬂﬁﬁee(for

B RISEI DBy AR o 1SEL B s e
nfigrorgnichleda nalfta the fihshingy drecidde afithe piaterls cuff bynprediein wire cutting

??;(tg]g?rréﬁtr %‘ESI{M!‘ lg’léggﬂ’?‘%p f?g %%Q}gﬁlgm% E‘E‘ﬁ@? hg\g o hr%ference to

F@EW@@@NT machi ning), as shown with reference to
gures 19Ato | 9C. Figure 19Ais a side view of a

par al | eI ep| ped tool steel plate 16 with mrror

fini f.ace to be cut. int.o

Fi gubsite TERGER Revind G RS P ded ARLERT Rl [P Kl itor
fitfish8d SiFddesido B@%ﬁt infol tHe iRSted BRIt Firedl ﬁldwlﬁg\lﬂleqfath a wire
the plate of Fi gure 19A at different times dur]ng

takgs duwgg prewive SUtting gasse Figmes PRBiand k%ﬂer‘ﬂ%ww%f%e B*ate of Figure

RSOl ) ot e S by e oo

séfO koot Eﬁel plide aﬁelftl:ﬁoﬁff 11&335 inag Xpdlsa:tlonn Fipure1 9T isemitis@mnetric

and half a
view of the same too? steel plate 16 after one pass, in an X direction and half a passin a

Y direction.

The first pass of the wire cutting is conducted in the X direction. Figure 19A
shows the wire cutting line 18. The wire cutting line 18 extends horizontally through the
plate 16, at a 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 extends downwards along a second sloped cutting
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Y direction. The first pass of the wire cutting is

conducted in the X direction. Figure 19A shows the
WOwR00s/081303 i ng |ine 18. The wire cutting |ine 1BCEIGHNE800055

hori zontally through the platg 16, at a base level for

a base cutting portion 18a, until the position of t he

first master nould needle |ine, at which point

pertion 186t atiarflpwinved o asgledh bsing sheingle i ta gurkaceiof éltee base 12 at
v@uﬁpﬁg g tnh' R%se Bffhtetlﬁeﬁte}%? ul(?ﬁee@ éépﬁg{ gmgl{ﬁe %1@ Vﬁie)étﬁnd. In

ern e SUrtace o
thib embbdhaienrsthé epwatd atbdovasted catomigtes ne B diesquak ttlalsdirsmand

the to rface of th te 16, tt i
smméﬂf@ﬁ agth&m%w i@%ﬁd?wteaamﬂ%{]eﬁhg s lsjfi Ré%% is ;PQFE of
g\x{) pe%m dovPivard Béts 1fe ?ﬁisg and §ecgﬁ&‘@l‘6§5dj§utﬁﬁ§ﬁ&t1%n§ ?8753 ﬁgc creates

cuttingportion downward cut angl e
ahrilge@Othieewaengive biase d;dten@pnrtlaxml%}ﬁf Thieevibasutid®ling l&mmimues

t he second. si.des _of th ter | d needl es,. opposi
hopgontpiCi2aly HSaE hehaselvel AT At St T REROHIAR RO RAPY
PRS0 GVWIRH Shixt ﬁ&gil@ $4 BtoBe %Iﬁleﬁ%tavllhlcﬁ Point fervite @iting line
second sides of the master moul d needl es are

lidsutands wpwarkd agdie afd then dpmawards Wgsmptémuﬁ ceting poether dgs 20.

R B AR GRS Mg e

iBd X dgtedtfnt i ons 18a. The wire cutting line 18
conti nues horizontally again along the base |evel for
anot her base cutting portion 18a to the position at

whi ¢ rid%{@ a@mﬁir%técog §? ﬁ'lle%é)%%rd @utatg ESWB G bé?(rj\mn‘hgdlately

poi nt "I 'ne exte S upwar ds’ agai n
Hdwevieh) e:nﬂémmcﬂﬁnggﬁmmnes, lho snattiet how gcemaﬂehlmy are dxj;\eays have

20. Thts cont| tg there

iy liaiens d s ¢ RGP R o] G B0, T practice it
f

Ak ol z@%ﬁz@%@mﬁwﬁﬁ o i

dowtninard) 'mmshnr;ﬁfacndepthafa‘bm&rd rl‘dgas 20 and hter fbllqu laoeld needles 14

aIvvashave cision_linmtat Thuys
PEsR %a‘iewgmﬁ)lcfga tigp Bhfaces iy sadz‘atn Pﬂ?%%%&a ke efﬁﬁi]%ft B¢ ffges 20
|
By rdéﬁéﬁd?és ™M ag)?gﬁr?{lﬁ%egdgﬁ\ggfgs g%%f@bé@i_ect gl?a@;l) hﬁ'ﬁ% instead of
spradldiat tip, suﬁh@s,ftbtsne@orrsmgletstyzo and | ater fornmed noul d

needl es 14 currently have small flat top surfaces
i nstead of perfect sharp tips. Wiere the ridges 20 and

nmoul da fGaRd ffst Mmﬁg BAA! thiefop et 6 B¥HRGS 16 ravlal) leaving
1

perfect sharp tips, instead of small flat tip
nacelfchiidges oniing spefagenf the stpelipdgte.yas appear in Figure 19B. 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 follows the same path as the first pass, as shown in Figure 19A,
except that it isnowin 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 19C shows the plate 16 half way through the
second wire cutting pass. Some master mould needles 14 have been produced and the

ridges 20 still extend half way along the plate. At the end of the second wire cutting
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After the first cutting pass, the top part of the
plate 16 is renoved, |eaving parallel ridges on one
waewosagsodf the steel plate, as appear in Fi guper/3Q@B04/000055
Then the plate 16 (or the wirg cutting tool) is turned
90 degrees around the Z-axis (the direction
orthogonal ly down through the plate 16). A second w
paseitthe p@tmars s tthBigyredi. r lacthisembiodiment; eash iastes alouhfme?dle has

foIIo first pass, as shown in

&fﬁﬁﬁﬁé agggne$§%%1?%n?&%% now in a direction at 90

degr ees to t he dlrectlon of the first cut. The upvvard

and downward cuts are at third and fourth side an %I

As t Rigieesi 19Aqor185 oy the fabrication progess deicomastss paul having only
I

1% ltnlélét&gl%‘l gshggc{lgg#gtfs%\%gél%ﬁ ev%%fé Hﬁ&l rﬁoﬁlg%@&ﬁg arrays

ng a second row o ges igure
cahiz Hhawd by heo pliateatting fasdes ywalyert hlaogey ktethdatsecused. wi r e
cutting pass. Sone master noul d needl es 14 have been

produced and the ridges 20 still extend hal fway al ong
the }1@ hfastefobliEncel ‘ﬂoplge {tba voe Efcﬁﬂ% hd M ahbihgPasal/alloy
the plate appears as in Figure 1. t hi s enbodi nent,

smhczis amattneinivmo sl aly, meedlllleyrﬁis Qhe Osrmee hﬂﬂfé geatisfes.afor example a

GBSt 3l BB ISR A3fd PR R et

a ARSI cﬁﬁorﬁ@ dbdingeR Hi8dAEdafing, Q68 codtRigsor Aboelde Rodtiiiganay be
master moul d needl e arrays can be formed by two wire

appliediontp heseaster mowbdswface ppd mastee mrouls npedlep.s This dgjto inprgase the
ster uld. nee e

T 41 SRS O BB s or

irdtda@Yher€ hiny boRddet a oautiag Navet, ﬁ)r)aztampjs a chibon emﬁnm aa d1amond like

di anond carbon coating, a dia % E Eqlion c pql
cqrbpiTy0atiang Qi [SRIRE O PRI EPTgte e%aémgnta acy lfﬁ%?rf plateused in
0 |
AR o1 fickde Bl BRI, M Eo B ShingS Rl b %’tﬁm"‘m
ek abardaog amiatteas amelghsk lapedl es. This is to increase
the hardness of the nmaster nould, to extend the life
of the master nould. Additionally or instead there nay

be ag@ﬁ@w@h&@@ésbﬁlﬂn% fheatiepsiif¥ol Cetbiith&ide themik@ter mould according
coating, a dianond Tike carbon coating or sonme or

teabir apbactimentcis shawiyin Bighred0r iAtater $HO aldpderfenaferig] is prepared.

d t I l,
AR S g B e Prh L] o Rl SR, B BBl aburality of
ridgés] MEKsesh18¢16is drhed@ andBodt @ SiASE step Ben4. A cfetemm’faabh is made at step

descri bing the steps involved jn rrakl % the
S peftoaweheri alighe guts hpee kaen saadedat js¢ HBRFRE sgqmgled, the

n%ges lﬁ%nf'é R0 eh%% b LRk BloulPikbled). il SRR Bfle been made,

the process stops. If not all the cuts have been made, the process reverts to step S144.

The sizes and geometries of the final microneedles 52 on the microneedle array
product 50 (Figure 11A) can be adjusted by changing the wire-cutting route 18 in
making the master mould 10. With the cutting line 18 shown in Figure 19A (repeated in
the Y direction), the four side surfaces of the master mould needles 14 (and therefore the
final microneedles 52) have the same shape, the same inclination angles with respect to
the bottom surface, and a square cross section. By changing the uphill and downhill cut

angles a, B of the cutting route, the master mould needle shape can be adjusted. Such
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Afirst cut is made in the block in a first direction
at step S142, to forma plurality of ridges. The bl ock
WO 3o05/08713e8l and cut again at step S144. A det er PETISG200#000055
is made at step S146 as to whether all the cuts have
been made (that is that the cutting has finished t he

ri dges havi ng been turned into nc{aster moul d edI efq)
magteranouldef differenhespmatesrcaphgaise Wefoﬁ%'é‘é@éle ppwuldspof
ve

aifglegfegomiehor H e A GuBEER o % rorloed SBORE it i EEhale
mOnlds @fl@ﬁ@f@s g&oméfied & B@L&é@m&ﬁdlteemmmmedmamlyquocﬁﬁts, again in

(Figure 11 A) can be_ adjusted by changi ng the
thwmewmrr@gm@apée@@% maki ng the master nould 10.

Wth the cutting line 18 shown in Figure 19A (repeated

in the Y direction), the four side surfaces of the

mast Rrthersbdvé-des et edsenibd dinaerds, thremester movldactdlasiind the

el BB LR G et hev e B o e PO S e 2 savare
%Q d Bgl Fl?ﬂ@ﬁ?t}férrﬂlﬁﬁ)e? Sﬁvirg @uttlﬁg pafesandisr theangleirohgta®tich the

angl es a, e cutting route, the
platesites turned tetweeéashshia péwc sppeargdiredsiced. fosinsimesther

R B PR T B BRI e g amter
ome%agdnaﬁﬁlaht%r ARSLIideds BPavite 3 Tagse 120 aegeesew eachothkrs but
of different geonetries can be used to nake

with diffmenidlosmapasitipnp r aelibe octaggaal master ppild perdlerdiypising 4 cuts

ST S IS o vians,

sq:daird etk g\l aprhombeidalypanticle gdhs &apmzmqhagmhs |olr aome sppecial non-
Cross-sections ar| sing from ua ase.
CogHAr REBEA PO TP GOMP NS SCUS ey T e AT Detional or
Woil, Elema&dlﬁ digg.ned bet ween each cut,
pg)%gﬁy%apegp%rgg%{ﬂg uced, fo?3 i nstance the
triangul ar, hexagonal and octagonal shapes nentioned

. nstance, the triangular or hexagonal
e Bt |l es by using 3 cuts at 120 degrees to
each ot her-but with different down positions - and the
oct agonal master noul d needl es by usi dg 4 cuts at 45
degr desscomsl mamrﬁrqu@nynt forneking prereapedes Witk sige openags is now
use make .t r t th
s T Stk RO Bl 90 8P Efbro HEGLAERing shects osinthe
aSPRCIeatrittdieOubhialenfbRdinggt aad its vadations. Imtbad d)lnmanomahes in the
speci al non-regul ar hexagopal , ular oct agopna
njiereneasislayerase gitrpduc @%@&ﬂ f@& ﬁmﬂﬁoﬁé%g}@@mas{er mould.
Second Mai n Enbodi nent

During the production of the master mould, a short part of one side of each
master mould needle is made normal to the base surface of the master mould. The
variant master mould may, for instance be made by way of a similar process to that
employed to make the master mould of Figures 1 and 2. Such a process is now described

with reference to Figures 21A to 21D.

Figure 21A is a side view of a tool steel plate 316 after a first cut, in a similar
manner to the first cut made to produce the part formed master mould of Figure 19B

(although producing a slightly blunter ridge in this embodiment). A first parallel set of



A second mai n enbodi ment for making m croneedl es wth
si de openings is now described. This nethod does not
WaQIs@®s0810dr nore stacked enbossi ng sheets as i PCT/R62004/000055
above-described first main eq?odinent and its
variations. Instead the anomalies in the m croneedl e
| ayer are introduced through the production process._i
ridgrs ?a%ﬁéﬁﬁ%bemp@ceéuﬂowvem gfqu@n?@t% ¢ s¢onipd e p&B, which

g TSR0 ) £ 08 fon

theesing bf #oistehtintite 3224 &ﬁtupwaﬁd dopaafidnd sideyof thoridges 320, where
i nstance be made b of a simlar

h
thewinsrhenges fioaka fif m%ql é&re%mt%laaPCOﬁfio géntiﬁ%%e%écal
diiéﬁf&nabe‘f%%ﬁtﬁtgglggwgqgf@ rtl}@%fét Wplrd Gt&tsh @@réaeh the crest of

ures I’'s"a side view of
tHeCmigeSBtZG elThisl wtta:aBﬁ@tlaﬁ pediseorftinngy 32y the slopess atnhllfaaed by

na r to the first cut made to uce th ar t
cAg g oRGUBE et PG et aF D domep oL Py
a slightly blunter ridge in this enbodinent). A first

paral l el set ofridges 320 has been produced. However,
a di Theseoé cetain the seward dnmctmngla carrizd Rut pevmeHyi withent any

C}gq?]&g rllggllf?c\{lf)atg}ﬂ’lﬂé aﬁpor : I C‘Tlt O(f‘e }%Za:rllﬁSomgﬁg %lelv&;OﬁhG tool

st@bls;ﬁaebua,lﬁah\/w%zt%mdghtth@sdd:am@bﬂ gigpe 20D ioacesinged ofew of one
the ridges 320, where the sl ope changes froma first

oﬁmﬁm@taa imaaid nesdlasd 14 pseduspdiup &ihis e Bty Wélrm?%%n mould,
eac'hrlﬁg%ld glgedlg ?{ PL& L9308 %g{t B85 kngal 'o?}tg ﬁﬁé B eidet ST,

Irrection to reac he crest e ridge 320
ThIS vertical portion or discontinuity 322 in the
sl ope is achi eved

carefully control]in e.upward. ..
o eRieraTFgfle ropulg Femamaciel e & et i Biscotinvitics
fosrqﬁﬁﬁﬁecaghes Bed B0 SFHRADAFLARGD! 'F?@nés%l%fd’ 288 Auhicroneedle

out any change in direction during the
nmmvhbad;e Gﬂmnadd:losghwtepr@sﬂsmg asmmnes@lmqulé plateeqnte thermaster mould.

15 0S5 S B A R TR v

d@é&ﬁ'b@d BARE. a30vwdivr Rh&AEE £ thaji? dﬁf@erbﬁdein&hdﬁﬁakd-ﬂp bme
final master nDuId, each noul d needl e 314 has

mieongesii¢ mpaldiplae The niereneddle meuldiplate éwqt éééaé?k O/KWO embossing

croneedl e I
R SR A T PRI U5 A8 MR sht o
aWMirhilaredtediglas eithe ofitlgines(o? ﬂn%ré)@n%b@;mg\shaetsrm mlmﬂrheer
moul d base i s made by hot pr n cr oneed|
epbatianca prl etbe saae Brcknse 4. therhe gﬁ&ﬁaftggf wagprygoul nesdles's14.
operation is carried out in a simlar nmanner to the

hot - pr essi ng net hod
The result of the hot pressing is a microneedle mould base 332 as shown in

Figure 22A, which has square pyramid frustum through-holes 330 printed into it, from
one side through to the other. Figure 22B is an enlarged perspective view of a portion of
Figure 22A, showing a recess 330. Figure 22C is an enlarged view of a portion of Figure
19B, showing a recess discontinuity 338 in one surface of the recess 330, corresponding
to the discontinuity 322 in the master mould needle 314. The recess discontinuity is
generally normal or orthogonal to the top and bottom surfaces of the microneedle mould
base 332.
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descri bed earlier. However, there is a major

difference in the nmake-up of the m croneedl e nould
w@b@s®s730he m croneedl e nould plate is not a SPERGTIN4/000055

two enbossing layers with a separation |ayer

t herebetween. Instead it is just a single enbossing

sheet of a simlar material as either of the two

mor eYhemigenredly BAdebes 12 inencklivedevit Apriurete sagfidayer 334,
£ 3 b T8 055 ch BBl 3Rt e

T%? efnteegicthetahaoms pis slewdddtoahe &ipavfithé receis@ad 0 €inBé\prientation of
whi ch _has square pyrapid frustumthrough-holes 330, .-
FIRITC20. ERBARA RIC) MY o thi gt SRS Variapine to the
j ! 330
o4 5 2P a3 1EE AREPRELLI S oyt s
a@P&h the majoepdraraf db sidewallthatzhape at imhinetfiorFingle ®© th@Bould upper
oW a recess disconti n.%i [ e surf%]g:

38 f
SyTFgey BOSEYer 3oy SOBY ARSI o151 (6 PR A ais TP PG D yhempper

nigﬂl& SRR &I YardRHodh O 88&RN 3E thovERRnt GIGRS Btoms into the recess 230.
iscontinuity is generally normal or orthogonal to the

Figmpe 204l vt edargedipdrsppeveviewrnd arortiomeldicere?ddl, dhayeisg a recess

2..The m cronged| ul d base 332 i || ized w
s30 asttietaSs BB AL 4 ARG Viry T p RN F et AR. The
sPtRes Jeeidlayet B34 Hiténds Bhecthe I of tEPidrefidedl msuldibase 332 as well
preferred technique. The sputtered netal atons 3pass
agltngm thierreesss B0, 108 5very surace eceridhgmyess discoplinuity 338. The seed

nt.ati i -

L s A ST By SRR AR O g ot
opetih @ 845isatedtdteat Sigut arall paytrodnholscled lsten 83 4 nThemecroegedii rhould
at the hottom of_the recess 330 and on the | Or parts
bate T saedarer i deesHies doam e quicrRatd S t o ¢ he
nmoul d upper surface. However, few atons are deposited
on the parts that are normal to the upper noul d
sur f doeel¢drofpariag step takes place ditp @anicomeedle mppbhH, forfinstance a

t.he atons i t he recess .230. Fi . 23A | S.

mifpoape gLt R PurdiG o7 the meb fiscnred il Pefemase to
FShRNODY 18 28BC %S efdRoforhliiy st&ldkésyladtths deb@ibet aB3 with
an enlarged view of a portion of Figure 23A. The

refpreneeiocthie Siews gmbagisrens 34 neigroagertie tayer 344is Propdesk by he
1 croneedl-e. ! '
SRERS PR AR5 AP Do R DD SRS e
m8e%nedlemvariB40ayiRie ndicthnsatle fgti 34 wrfotniel oretop iof de thin metal
wal | portion and thus a si 3e- port formn

1 sg nge 0 gl i Fi

seRsiday g 34 4n the micrengedle meuld diandan theggsessesPPias shpwg in Figures
Lay.er T WG .

g 3 e ot e TR et oo e 21

showing a recess 330, after sputtering and after electroforming. Figure 24B is an

enlarged view of a portion of Figure 24A. The electroformed microneedle layer 344
extends over the top of the microneedle mould base 332 covered by the seed layer 334,
as well as into the recess 330 covered by the seed layer 334, on every surface where the
seed layer 334 is present. The microneedle layer 344 does not extend over the
discontinuity 338 or the seed layer opening 342, as the seed layer did not settle there.
There is thus a hole 346 in the side surface of the microneedle layer 344 within the recess

330.
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An el ectroform ng step takes place onto a m croneedl e

moul d 340, for instance a mcroneedle nmould 340 as
w@e@dog®sos usi ng the process di scussed with refPCERGHOH/000055

Fi gures22A to 23B. The el ectrpform ng step takes pl ace

as descri bed above with reference to the first

enbodi nent. A microneedle |layer 344 is provided b

el ecThaolatedinmgalidlloystribthreemadrpegedlsy laygi i ds released from the

tal /all he .t ]
RN SIS R SHELRER 04 SRRt gy produ
39U al BRI T BRE25 AS 680 dnav@y 0Bk desirédwidTbsedles 062 eFigure 25B
moul d 40 and in thée recesses 330, as shown in Fiqures

is24 Ankarged2A8y ofpgeip Bthe ppramidal migimasdetd FerHpdwlgs /46 m the

Vi ew a rti.on of Figure | r 30,
migeigiedle R i et e R e 3R e
miioRdedR Hray gReduet 890,aktcadipgrifito @nhe sfdeRiall) ne sidd port e fluid

el ectrof orned ni_croneedl e | ayer 344 extends oyer the dl
canogxion vwitethgingedle bmasneexignding wpyeedsiom dhs, base g E}i’ pirgoneedle
3 ed |l ayer 334, as well as into the recess 330 covered

%§ the seed | ayer 334, on every surface where the seed

| ayer 334 is present. The mcroneedl e | ayer 344 does

not extend over the discont.inuit

338 d
oy e P pRAgS 46 prostesi teisatinnd e the WP SER goross te

ox% 1251&&02 BEbfe lide bRt nRcRAb&ISH52! THihe aSediet Fuhé podu@fon

m croneedl e layer 344 within the recess 330. The |
njettaidefdr e tnadsteamhan)d a3 it iscdeserihedrabove pitbengh hay ot nggessqrdly be

rel eagsed from t.he. m croneedl.e I 4
PSR o E A M AP el B8 U A was o
ieRicr@edBOMD. Hbbshbd@ite Cowdrds theiihter 30rfade dfthovall fes more material
desired mcroneedl es 352. Figure 25B is an enl arged
wai electodfooned on therrsedlavarsidddontneyidereed es 352. The
hol es 346 in the mcroneedl e | ayer 344 in the recesses
are part of the mcroneedl es 352 of the mcroneedle
ar r aysng gshieént 306 disexitinitiy 392 indrdy onens side ofiétiel mastes mould

side ports, in fluid . connexion with the.needl e |.unen
neadleALH i BRI 3P4 OHTEITE B DR TIEOHiRG, OHDa B oneedle
3?%%}1\%&%?%& 5@<§ﬁ919a[1 H%sgéx?témﬂwa Q46 86 irdtfd dhBicSor B R&he B3k St different

way across the outer surface of one side of
lévels, madrononediffermt B52s. Woreoves the dissoptinuigt 332hdoes not need to be

producti on et hod for, t he naster .noul d Y
DRG] GBS E e Gt heEdiptdnd olt, Nor does the
dtfkrﬁgﬁﬂarrﬁﬁl'tgfﬁ@ﬁe@& Bebe ﬂ%@@éé@td'uﬁﬁ% e fheelcut, B @ambe ttiringS the second
e ho

s 346 through the walls of
(or a further) cut.

Moreover, the side-ports produced in this manner are not restricted to being on
square-based microneedles, but can be on almost any other shape of microneedles, where
a vertical surface can be provided in the microneedle recess within the microneedle

mould.

In the above description, the microneedle mould is a secondary mould. There is,
however, no absolute requirement that the microneedle mould be produced by way of or

from a master mould.
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the m croneedl es 352 does reduce towards the inner
surface of the wall, as nore naterial was

webk@ssshdr ned on the seed | ayers 334 on the sPARSG2004/000055

is apparent, the discontinuitys322 is only on one side
of the master nould needle 310 in Figure 21D, and

therefore on only one side of the resultant
m cr oheeenkodiments gbfeviaventiqn @llowdha pasyipsedietipn of strang and
1 oliow c%'&e%gl O;ﬂ:fa;rp &r sS %ﬂ%ee@l%? kl/gﬁ aéjéohd ro?)ﬁ‘ﬁer needles, on a
eve | r

or on er en faces.’ eover,

m@aﬁmgtlﬁul istale.3RDuttizebr fabticatidgtniceordzedlps Oﬁﬂﬁ‘@ﬁadﬁkﬁsﬂ@cheap
E{ist the upward cut, jt can be during the downward
yme%maéréeis serthe wiogkds e he P Lpwgost W@k@swablé Moreover the

BLAHES i Qb ool bl SRMBE S YIS D cuting

methdd teohake tltehnaastermmﬂd Bheuseatf theewinelouttﬂxg rh@hddaligvsosasy
re based n1 nee | es, . but n be on st
BHERS in B S rsrind et don pictongrdlee el aP B iy, tapered
&q{bnbﬁpé%é@\é’crg%‘ﬁt bf‘sl&rﬂ@d & S ARBEIhENH &S 88 Sia¥d. ITH ShhtMRess of such
m croneedl’e noul In the above description, the
mmcxr@mélesl can h@ﬁlrdher enhanesasl; bolgs nse nob nbetled Bhtheenils since the

wever. 0 ab olute re enent .that the ni r oneedl
REF s BRuiLCoPsirding s SR Pstaetlbpdt Tyoiedefioueh the
i et RRNE $njedtiontasien VaIthingidrodlbdWatries @A @E@Hﬂfaﬁﬁl@:ﬁ
of strong and ductile hollow m croneedl e arrays or
iafctien devaesds replagetrogueniionpldniseliginpeedinsésyriage. on a
| arge industrial scale. Mulds for fabricating
m croneedl es can be nade using cheap pol ymeric
mat e rW&iillst wviolul embbdlhwﬁts%@ délﬁ]l.‘lbéd hewinﬁ ﬂgtm‘]?amdon is not limited
i Spos Mor eover the exenpl ary nethod o
fgﬁ@?% ‘Sﬁ?]sh‘é"é&ﬂt@nﬁﬁ’e}l@ hesreedaléfa%w@ﬁreagtﬂr%e 1@3 in the art which
ﬂf fal1Re iR Mé%@o%é’omﬁ ﬁa’eﬂt‘l??ﬂ 3SR 5t s Ge il BPiUAE a}%Lended claims.
the wire cuttin dws easy variation In
si ze and shape of the m croneedl es, whether regular or
irregular, tapered or non-tapered, straight or slanted
or of various nunbers of sides. The sharpness of such
m croneedl es can be further enhanced; holes are not
needed at the ends, since the m croneedl es have side
openi ngs, which nakes the penetration of the needle
through the skin and liquid injection easier. Such
m croneedl e arrays can be used in painless injection
devices to replace conventional injection
needl es/ syri nge.
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Whi | st vari ous enbodi nents are descri bed herein, the
invention is not limted thereto. G her vari ations

wowmsasises readi |y apparent to the man skill ed PET/BG&E04/000055

art which still fall within thg scope of the

i nvention, for instance as defined in the appended

clainms. CLAIMS 1. A nethod %ihgﬁggfacturing a

m croneedl e moul d for use i i cating m croneedl es,
conprising: providing a mcroneedl e nould base with
recesses therein, the recesses corresponding to the

hi cr oneed| Adnathodel hairfacatiegie smctorectiEndould for ey fabricating
f'rSHnﬁMﬁE g@ of the. m croneedl e noul d base; and

form'ng srde-porHSE% ng holes in the microneedl e

noul d bas eprotidengsd SieReEdedlcFhHi10 Badtal @5 r2¥lE egéhﬁ%?%cesses

surfaces of the recesses within the m cronee
base freghondingdeithe wigrpnrgdiss & b¢ Bihscattd ninbexterling from a first

2. wh h
< do-Barto P PEEALBRL Aol el e & des of the

recesses vﬁotrhmlgtsﬂhxpcﬁﬂﬂ)hﬂmgthbléshﬁ tﬁ@xﬁ&r&(ee@fétrﬁ&ﬂﬁ b9§e the side-
t he recesses. A net hod accordi ngt toclaim1

wher d1OK TOHBINg; hél’ée-sp%fi@dfl% PidP grfasss e hé)t@@ﬁsﬁs M‘lﬂmm thp noiesneedle
si de sl | 4. A met hod

accor di ngﬂtg%ég I ai FR%}? i%\%i‘ﬁ g}d%io%%l‘}@:ﬁ ﬁesﬁpgcesses are
|ntercept ed by the side- port form ng hol es at only one

2point ”?qgird acordl laim1l or 2, wherein

the side- p@ﬂ H}gotPé 1@%@@/ rqnhﬂ)@ﬁmqafgf@mm holes

sur f RgRAd oA tHe I

according to %S%@gﬁegé%%es Vﬁg%h%ggé%(ﬁ? fe Si t(fi%’%dorbf)ﬁoms of the
f or nifPRESI¥8! es extend in adj acent side surfaces of t he

i ndi vi dual recesses. 7. A nethod according to any one

of the preceding clains, further conprising providing

3a seed | ayemethddtdaeortlingsb chithfiage, %eltenﬁthm £ k£
moul d bage and in the rgecesses 8. A net hod Sagw ing holes

to cOsiend i onlpione sidepwifdeny the individal recesses.ng hol es in
the m croneedl e noul d base occurs after the seed | ayer
is provided, thereby renoving the seed |ayer fromthe
4si de- por t A methodgc@odingit®tlaim 3, wherein individual recesses are

intercepted by the side-port forming holes at only one point.

5. A method according to claim 1 or 2, wherein the side-port forming holes

extend in opposing side surfaces of the individual recesses.

6. A method according to claim 1, 2 or 5, wherein the side-port forming

holes extend in adjacent side surfaces of the individual recesses.

7. A method according to any one of the preceding claims, further

comprising providing a seed layer on the first surface of the microneedle mould

base and in the recesses.
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9. A nethod according to claim?7, wherein the seed
| ayer is deposited after the side-port form ng hol es

wae@shemnned in the m croneedl e noul d base, t heP€BR8AE2004/000055

|l ayer failing to deposit subsgtantially on the
side-port form ng positions. 10. A nmethod according to
claim7, wherein formng the side-port fornm ng

es,
8.conpr i sesA msatlad %ﬁcﬁ@hl@&}@ @ﬁ“ﬁ@ é’d}eF%IE damipg §1I4%'PP§€J8’§§1€§ holes

ot ' L indhe SRabhAI hETa Bad AuRy dIRP ficksol PG pRATIAL fftfcby

e fecesses; |ng t seed Iay tér
IOr OVi'eﬁ‘l(ﬂ'glgtthe s&lddeyep difolim fhersidengprofosmingt positions.es, with
the seed layer failing to deposit substantially on the
side-port form ng discontinuities. 11. A nethod
gaccordi ngat . (l)(?él&bljtﬁl’l WakiRl 7 PHQ%h Fhd\bell Mef isdtRposited after
surfaces o the recess S Wth ’discontinuities
Cco rrpthese&-;fomtrﬁmnglgﬂmietm ape orofkd iththegnigonsedle awuld lose; the seed
rece rally ort nal e t.he fi.
o 1 e e drmut g bty $h b AT Ao TomubE apiSts,
claim1ll, wherein the generally orthogonal portions of
the side surfaces of the recesses are fornmed with the

10.ecesses. AlBethed awordbing tecdsind? ighereindpaning flee sifepeit forming

provbg]1E> g t he side surfaces of the recesses with

di scBhf RUITRTSEE conprises forming side-port forning

channel s pRyvidigs iHewldd dapfeesioTtiey eegbeswith Hiscommitisst the side-
14. A nethod accordln to any one of clainms 1 to 9,
\Aherebnﬁerhéng;PQﬁéﬁ%rof %ﬁeﬁﬁsﬁﬁs Bed es are fornmed where

si de-port ;for ) {ng&] PG e Pt

t he recesgé sosmrﬁl éé&r%}g&&éﬁg rﬁﬁg ?nseltaﬁzjgrtacco?l i ng

t o clntontibdities, Wwith thehweedlayet fadn@ ta de]pxmttsubsiantmh]g on the side-port
channel s extend fromone edge surface of the

ni cr &rEEes EscAIEOHBSse t o anopposi ng edge surface of

the m croneedl e noul d base, generally parallel to the

first surface of the mcroneedl e noul d base. 16.

A
1tet hod ac domdihng accvrding topleine fl OcWhdreis providingthe side surfaces of

wherein the si rmng cha X
R A PR N
of clogihededsds ®hat Gre gdRratiybrthogonal to the first surface of the mould base.

12. A method according to claim 11, wherein the generally orthogonal

portions of the side surfaces of the recesses are formed with the recesses.

13. A method according to claim 10, wherein providing the side surfaces of
the recesses with discontinuities comprises forming side-port forming channels in

the mould base intercepting the recesses.

14. A method according to any one of claims 1 to 9, wherein the side-port
forming holes are formed where side-port forming channels in the mould base

intercept the recesses in the mould base.

15. A method according to claim 13 or 14, wherein the side-port forming

channels extend from one edge surface of the microneedle mould base to an



the m croneedl e noul d base conprises a plurality of
overl aid noul d base sheets; and further conprising:

wo 0005087303 he side-port formng holes in the nopdTISGEZOEP00055
conprising: separating the phurality of nould base
sheets; form ng side-port formng channels in at |east
one of the opposing surfaces of at | east one of thﬁ
noul appbsise edgrenrface ahite @vériomaﬁﬁl@@wp}ﬁebq@ﬁmpqaﬁy pagallel to the

muﬁrsga_%ﬁ gﬁg@%@%@g&gﬁg&%ﬁmﬁg&et he m croneedl e noul d

base. Ing to claim17, wherein the
side-port formng channels in at |east one of the
opposi ng surfaces are forned as poves i{]

t e at .
16.east oneAdnethorbacspisiing toqnyone Q€ Elgims &3 toy %@Eﬁﬁﬂn the side-port
accotrggtan ec%%l%éﬁé&d%e%zeé‘rﬁadj%ﬁf f&sthe mcroneedl e

moul €r conprises a separation |ayer
bet ween the or each two adjacent overlaid nould base

sheets. 20. Ang(%hod accordi ng t {:I. ai gﬁg furt her
1eonpri si nfrBeHs AL %Weanéfr(’%ﬁt??é aé‘Bﬁg% 14 ey s
prior to QYeLLAVLATe HdGIdPbdLE 8b Ial‘:iséléfa pravdliey cszibsfer}\ﬁam&ﬁd base

to reconstruct the m croneedl e noul d "base.
met hs@etacaal fithgr ¢commisingone of the precedi ng cl ai ns,

wherein the recess are.thro - hol.es e ndi . QM.

the firstiGEHE S@'ﬂ”ﬁtef"m“&gg’%ge dr s %‘?g%ﬁ%s g‘g‘%‘%‘ggﬁé
opposi Ng seconge Ak i plstilitypetmadld bAsdtebeg _
according to any one of ]%he precedi ng cl ai s, whe ﬁlﬁn )
provi ding a m Grovegsiepi fewning skansslipn akleast ﬁB?JPé' gpposiag

the m croneedl e noul S . having a
mast er moul FH4EE Ogl??]feg%é) W ? Hi%arH%ﬁ g?%?@%tg’fﬁﬁast er
moul d need{@fyRighe yHirality bhaioald tuse shdees traetomstrus thed
needl es corresponding to the recesses in the

ni cr ohereneedlamarld b9sse. 23. A nethod according to
claim 22, wherein the mcroneedl e nould base is

noul ded on the master nmould by hot pressing. 24. A

18Et hod acaomeihod aberdingiterciaiin 67, Whsreinuthe side-ped Apmiing ghpnnels
prov Inij fittqgastt gr?e of the opposing surfaces are formed as grooves in the at least one

of the opposing surfaces.

19. A method according to claim 17 or 18, wherein the microneedle mould
base further comprises a separation layer between the or each two adjacent

overlaid mould base sheets.

20. A method according to claim 19, further comprising removing the one or
more separation layers prior to overlaying the plurality of mould base sheets to

reconstruct the microneedle mould base.

21. A method according to any one of the preceding claims, wherein the
recesses are through-holes extending from the first surface of the microneedle

mould base to an opposing second external surface.
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master nould. 25. A nmethod according to claim 24,
wherein providing the master nould conprises wire

W@ 2i05i087303 he nmaster nould froma naster noul d BCDS&E2004/000055

26. A nmethod of manufacturingga master nould for use

in fabricating mcroneedl es, conprising providing a

master nould having a master noyl d base surface wwth a
231 ur al i t yAgnethed pegordin fagenyeang| o $heprgesding ¢laims, wherein

t her 8 ' f

comppioaftie 4 RBhie irbiatasd MRS RloBUE foRREhEale mould
si debgenh afmasirigoyld huviag atostes arubkbasedirfacd witlaa pluaaléy of
substantially orthogonal to the naster nould Cgﬁse
sur f mager mould negpdlen Brptading tstRgoPo e s seoulgAesdlssy
pr ov : t : | ' ross a
D1 ot B R e B e o B or et
directions to provide the master noul d conprising the

ster nmoyl d base surface wth.the plurality of, nmast .
e & nooteebar Seritinhl e S St drtydy TR base i
aCCOpRIIgd bR thd AaSb2houlttS 1Rt Presdifigsi de- port forming

portions are fornmed in thé cutting across the block in
at least two different directions. 29. A nethod

ccordi ng,to any one.of cl.ai 26 W
it ng aerBedoy plBes iRy pLatdufts of
di r eglaktepmoG@IPri ses an i ndi vidual cut in each of the
at least two directions.30. A nethod according to
claim?29, wherein individual cuts conprise: a
lurality,Q 41 j ; b
2Boul d basd nePY BafibhnelRl ot Wherpfib e P ARE! Rbuld
por t tenprises witd cugting themiddter hasikl frodta mastgranouldbdocko
what will becone the tips of the master noul d needl es;
and a plurality of baseward cutting portions, cutting
261 OM what N*éth%ﬁ%ﬁ%ﬁﬁg%nﬁgtef ROulERE 8fc ifTuittating
needl es to the base cutting portions; and wherein
i ndi mictua¢edbeasermpriingpropiitg omsestar movkddwygedmpgiergnould base

R PR e AP . o
fir Sblu@aﬂﬂ%' SeaRMastraRGdld aeddldsneniRisingt $eaild® farst side surface

surface of a plurality of master noul d needl es. )
with a side-port forming portion thereon extending in a plane substantially

-]

eygigf.rng I;Iotroviding the

orthogonal to the master mould base surface.

27. A method according to claim 26, wherein providing a master mould
comprises cutting across a block of a first material in at least two different
directions to provide the master mould comprising the master mould base surface

with the plurality of master mould needles protruding therefrom.

28. A method according to claim 27, wherein the side-port forming portions

are formed in the cutting across the block in at least two different directions.

29. A method according to any one of claims 26 to 28, wherein cutting across
the block in at least two different directions comprises an individual cut in each

of the at least two directions.
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31. A nethod according to claim 30, wherein the
ti pward and baseward cutting portions are continuous

w@ os/o8130Tont rol | ed directions. 32. A nethod aECDsG200g000055

to any one of clainms 26 to 33 wherein the side-port
form ng portions are discontinuous wth the rest of
the first side surfaces on which the side-port formng
portions extend. 33. A nethod according to any one of

36! ai M5 26 Al QeRdd a%b‘?& ‘90 blﬁfgxp ¥ AWiRdreihiihdibidbO&its comprise:

surfaces conpri se: rst op| ng portion fromthe
mast er noa Ipwrhiais(@f basa‘ Q@itting pidmeons, ceitipg thte thagterimeuld base surface;

AARAREITIER TR T NN —

moul Eoﬁi%ﬁ%ewhgtﬁwﬂlfbee@rh@% 1R GFIH rﬁgsté@n&h@n@bcaas and
wherein at | east one of the first and second sl opin

portions Blyhlityad bagsvardcuttingpertiaas spHingdrame v&laaqul? Bgrome

easthegits o5 e o ateit B e G TinobiSthy Sherein

cuts the fidiviHuanssasandpstion &g seirited b a@ﬂﬁ‘ otflaétlpward
side-port formng portions.36. A master nould for use

in f qwiting gettieg and erhssear suttingmprirniaad er noul d i s
manuf act ur, fga g,%g gg g&% faft otflﬁst%H QQL% gISI‘ﬁ’Eé cﬁﬁﬁg‘f)“orﬁons cuts a

clainms 26 mast er

fabrhmﬁdengamlmb@&dﬁmnmmmﬂeeﬂlasg: a master noul d
base surface with a plurality of nmaster noul d needl es
protruding therefrom wherein a plurality of the

raster mouyl QA AeadkEsdH 'IPEIaﬁﬁ 3@twh&€§1tth9[1§wfafda§fd takéifard

surface vvltlgil a side-port formng portion;” and

Si de<cpiing pbrifoms age @mtmuM$us>an@nmtrQitﬁdtdw0fl0ist SI de

surfaces of the master nould needles in planes that

extends substantially orthogonal to the naster nould

sbase surf aCRiethd@d acloriBighe dnPbnd®diaRt261to 39, Rherein the side-port
m croneedl e nould for use in fabri catlg‘%ﬁm cr oneedl es,

c onpforsiing peitiens pregliscontinays satd the rastipkiths s sigle syrfaces on
MBSt Qhich the side-port forming portions extend.

33. A method according to any one of claims 26 to 33, wherein individual
first side surfaces comprise:
a first sloping portion from the master mould base surface;
the side-port forming portion; and
a second sloping portion from the side-port forming portion to the tip of

the master mould needle.

34. A method according to claim 33, wherein at least one of the first and

second sloping portions is planar.

35. A method according to claim 33 or 34 when dependent on at least claim
30, wherein at least one of the tipward and baseward cutting portions cuts the first

and second sloping portions and the side-port forming portions.
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nmoul d, which master nould is as defined in claim36 or
37, to provide recesses within the mcroneedl e noul d

whams/08xher ei n t he recesses correspond to the PCT/SG2004/000055

m croneedl es to be fabricat eg' the recesses extend
froma first surface of the mcroneedl e nmoul d base;
and the recesses conprise side-port form

_si de g ..
36di scont i ndvimastes mopld mﬁglrbﬂqbg@aﬁl@gémﬁmée%ﬁe% Rdichgnagter mould

pl anes that, ex t 1R bi 5.

first %W%‘gguge 0 C%? ﬂdzry%%ctrﬁg%dg @&de()f(r%%g nggggel.rﬁ S?Qé éa%
nmet hod according to claim 38, further conprising

3£{ovi ding a seed | ayer on the first .surf%ﬁe of th

cr oneedAanastat epulh K uge in BRriEHEEINIGEDS ?Sae%@PB?emghaemaster
) 10 St ks i .
o FRRSR poe St Aloe MRS AR bt ller UG wEGN A btruding

m cr oneedl e noul
f abriheafioth; sdessini ng to the nethod of any one of

Compr st nbPr L e il GRBRS S i i
of r sq&ﬁl%é %h%@@g(gl@ i étibh ald surface thereof and

a plurality of sideport formng holes in the
ni cr oneedthe siverpat foaming ponkonsi atendontthe Hrskidg swdacss pf the

t endi i i d f f th at
 or BruEame Gt es AR el salolf RRRERAR Ml Prtolhe
of tREsteLmBERIVRse ddfach M croneedl e noul d according to

claim4l, wherein the side-port form ng holes conprise
the interception of side-port formng channels in the

3&%{? uld bas aerlg}‘glaﬁﬁ §f&3§§f§a€uﬂa&?gni%%éhlg%%ﬁ%fﬁﬁusﬁn fabricating

cr oneedf g™ accor clarm 41, erein the
si depp@bheditssNdorgprisdenoalding 4 mécrohesdiemouidibaseam 4 master

h [ f f _ _ :
ol G St TEul i ARG bsiAn ABor ST 18 BRoSidC ecesses
di scQnt i Lti- j ' es of the recesses

9@&%&&%& %[gglt%lngﬁlé heufd Bi8e SHidr86

exten y orthogonally to the first surface
of the m dreanemsiseconmsspondiba e mitBoneadlas wrisrfabdeatedioul d

accordi ng tﬁeoregeggesoer)}?enaffro% %Ihqsst sﬁlgfaéeooﬁﬁé m\{\é}grrleeeldﬂa mould base;

and

the recesses comprise side-port forming discontinuities extending on side
surfaces thereof in planes that extend substantially orthogonal to the first surface

of the microneedle mould base.

39. A method according to claim 38, further comprising providing a seed
layer on the first surface of the microneedle mould base and on the side surfaces

of the recesses, except substantially on the side-port forming discontinuities.

40. A microneedle mould fabricated according to the method of any one of

claims 1 to 25, 38 and 39.

41. A microneedle mould comprising a microneedle mould base with a
plurality of recesses extending from a first surface thereof and a plurality of side-

port forming holes in the microneedle mould base, the side-port forming holes
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the recesses conprise a seed |layer on their side
surfaces. 46. A mcroneedle nould according to claim

wd ooslogr30tiependent on at | east claim 43, wher ePOT/BGE04/000055
di scontinuities conprise gaps:in the seed layer. 47. A
met hod of fabricating mcroneedles, conprising:
providing a m croneedl e noul d, which m croneedl e l, d
i's ﬁt@@mm@&@%%%%&ﬁ@%@%% Wi efs gl PR bise at
M oranes ?O&Iﬁﬂggos%ﬂa oA ld fesdssqur face of the
m croneedl e nou and within the recesses of the
m croneedl e nould, with gaps in the layers on the

side-port form ng,.holes. and.re i.n h el o] d
3-ayer fr o‘ﬁﬁl?ﬁéonﬁg‘@fa Wgzddﬁ‘c@o’ﬁ%tﬁﬁ {é?e{?lﬁ‘gd’fpor eﬁ?‘l’éﬁgh eonb? &?}ﬁ(gd

m Cr RRGRH 1168 prize iHaaRANPLOE of sdé-Pert Sbieleing hdnnels in the

form ng hol es conprising mcroneedl e side-ports. 48. A

net hoduldeee didwrgcessecindhemasld bgser ei n t he mi croneedl e

| ayer within the recesses is hollow, to form holl ow

m croneedl es, the hollow of the m croneedl es and the
4% cr oneedhaniidiRedle nidildatcoglingtd dlaiind4 1, wherein the side-port

conmuni catjon. 49. A net hod ac,:cor(ai%ng to ¢laimd47 or

48, foumingholevammrise g capi i g Tads e AR adhersoager

into a plurality of mcroneedl e portions, each

m croneedl e portion having one or nore m croneedl es
44.her eon. B0mickoreetleabiad eandling td daiany3.onkereh tld diseantinuities

47 to 49, wherein fqQrm ng the m,croneedl.e | ayer
conpi the §idgspeipges ,9|f TRgpSses ngyand é@lﬁtan 1ahy orthgonally to the first

{ her ERreY AP AIAhBlIc Bl bakess plating the

nm cronee ayer onto the first surface of the
m croneedl e mould and into the recesses. 51. A nethod

ccording,to.an e of .clai 47 0 Mi r.gl .
4. amovi ng ﬁf@l%%ﬁegﬁgg%ﬂlg afcg)rlgfig i) %ﬁrf(t) eeofm 01?18 2«%2% |44é, wherein
moul ¢, GapREdsSRmRREh st 1b}@ onithsipsidedinadenyer of f from
the mcroneedl e nmould. 52. A nethod according to any

one of clains 47 to 50, wherein renoving the

45} cr oneed| e]galﬁcargféed{errﬁgﬂlg lggco?%l%% 35] EaHh 85 WRh e QIIRA! G least

ssol vi n@ € m cronee
claim 43, wherein the discontinuities comprise gaps in the seed layer.

47. A method of fabricating microneedles, comprising:

providing a microneedle mould, which microneedle mould is as defined in

any one of claims 40 to 46;

forming a microneedle layer onto a first surface of the microneedle mould

and within the recesses of the microneedle mould, with gaps in the layers on the
side-port forming holes; and

removing the microneedle layer from the microneedle mould, the portions

of the microneedle layer corresponding to the side-port forming holes comprising

microneedle side-ports.

48. A method according to claim 48, wherein the microneedle layer within
the recesses is hollow, to form hollow microneedles, the hollow of the

microneedles and the microneedle side-ports being in fluid communication.
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53. One or nore mcroneedl es manufactured according to
the nmethod of any one of clains 47 to 52. 54. One or

WOe0s/081363 oneedl es whose manuf acture conpri SesPUBERGL04/000055

the nethod of any one or norg;of clainms 1 to 35, 38
and 39, or manufactured using the nould of any one or
nore of clainms 36, 37 and 40 to 46, or manufactured
usi ng the nmethod of any one or nore of claims 1 to 35,

6, 57 anh 0pdSofPAbE Y7 B Rt Bl 3 Rine the

mast efcromicttd 1hper iniver plorafisbef miatdneegdlaiportome erikle syicroneedle
substantially as herei nbefore descri bed, with :

r ef eP@HER heing aae gsmorg maarengedles 157998 acconpanyi ng
draw ngs. 56. A master nmould for use in fabricating

m croneedl es, which master nould is constructed and

s@arranged sAbsitlant acabtdingte dngroak nbdfhimed Hestd; whertin firming the

reference to and as iJlustrated. in ogpanyin .

i avimigenecds 56T BRSSPSR 28r B LG i CPaREERpgraton or
moul diebas1baS1atthel tBDhlie@hédile 16 e BRIRS surface of the microneedle
substanti al I'y as herei nbefore described, with

r ef emenkleandantartie sgeesdeb.ust rated i n t he acconpanyi ng
drawi ngs. 58. A microneedle nmould for use in
fabricating m croneedl es, which mcroneedle nould is

sgonst r uct eg ko AidcBRlREtoSayTna B chlthy4a® 305 mdicrdie faneving the
described, with reference to and as. illustrated in the

ac comperayeadls laveniiterg she mecroneedlerpetld spmpHsssipegkng e

m cr ' LWoef ore descri bed,
¢ nRGpheBR 135 Rl @ nfp@Rcoft et 012

acconmpanyi ng drawi ngs. 60. One or nore m croneedl es

constructed and arranged substant.i al | rei nbefore.
descri bed, \Ml?tho‘il aqceF Rg e Iy %&tfﬁglm%/f}ﬁgq gtgt‘@fr‘?lﬂ repQving the
accopnanykdite AYaW:H8She microneedle mould comprises dissolving the

microneedle mould.

53. One or more microneedles manufactured according to the method of any

one of claims 47 to 52.

54. One or more microneedles whose manufacture comprises using the
method of any one or more of claims 1 to 35, 38 and 39, or manufactured using
the mould of any one or more of claims 36, 37 and 40 to 46, or manufactured
using the method of any one or more of claims 1 to 35, 38 and 39 and the mould

of any one or more of claims 36, 37 and 40 to 46.

55. A method of manufacturing a master mould for use in fabricating
microneedles, substantially as hereinbefore described, with reference to and as

illustrated in the accompanying drawings.
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56.

57.

58.

59.

60.

34

A master mould for use in fabricating microneedles, which master mould
is constructed and arranged substantially as hereinbefore described, with

reference to and as illustrated in the accompanying drawings.

A method of manufacturing a microneedle mould for use in fabricating
microneedles, substantially as hereinbefore described, with reference to and as

illustrated in the accompanying drawings.

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

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

A method of fabricating microneedles, substantially as hereinbefore

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

One or more microneedles constructed and arranged substantially as
hereinbefore described, with reference to and as illustrated in the accompanying

drawings.



