Met hod And Apparatus For Formng M crostructures FlIELD
OF I NVENTI ON The present invention relates broadly to

wa 20wtosod9 and apparatus for mcroform ng an ar pay/sSaoo4/000374

10

15

20

25

30

m crostructures. BACKGROUND M crostructures such as
e.g. mcroneedles are being utilised in a nunber of
di fferent technol ogy areas. For exanple, hypodermc

i njection and oral adm ni strdtion are the nost
commonly practised nmethods to adm nister drugs to the

ot ai RERd Aid BPBErALaS R FRImAQ MictREtiaclites

nmet hods include initial spike concentration, traunma
from hypoderm c injection, damage of the drugs in the
di gestive tract or conplications arising at parts of

t FeElY OF IVENTIORAN targeted organs when the drugs are
adm nistered orally. On the other hand, transdernal

drug delivery, an alternative for hypodermc injection

or i nt R RNERt nGéritdh Pdlatel BraadRAL R RsHodBAN Sppatatus for
adm ni ster drugs to human body. This alternative drug

@‘P'?W@(V'Wradr%wq%trmeﬂrug from bei ng destroyed

in the digestive tract or inmedi ately absorbed by the
liver. The conventional products for transdermal drug
d@ﬁ%?‘%’é‘@al ly come in the formof patches that can

be adhered to the human body for prol onged drug

delivery without restricting the mobility of the

pat i enﬂ\mcr‘Pﬁféufé”rﬁ?’ SRise- aéﬂlﬁquVeWS% areeiip vilised (i pumber of

S ANy RRHnBIBYYBRAS FFbr |e%]ﬂbné| Wb‘é)dbﬁﬁi& irjéttisR dnd oral administration
menbr ane face that controls the stead ¥ state rate of

G PIRIT@dTeS, EPPmOSHAA@RFA Melng I8 i PABRISIR EuGSHo the human body,

t Uaawﬁfempmésg Sfictivepicl¥s hiE strsightrpaahads. esmtewsatjb&qtages
prevention noti on _si ckness, nicotine patches fo

aPHtWeﬁe qu%@%ﬂf'?'&ﬁ'keﬁﬂ?%ﬁﬂay% rt"aH"!achO“i! H@Oder mic

t 'irﬁé’étﬂﬁ ndan@i%e‘?&&ﬁé“émys mned Ggeﬁlﬁ)é}racﬁﬁldcdh%ll&é’t%@ aifing at parts
hor nonal repl acenent. Transdermal drug delive

o b erRoc gl B AIOP i RE0RNS AN ihe AR Eee agTinipered orally. On

the other hand, transdermal drug delivery, an alternative for hypodermic injection or
intravenous infusion, is a painless means to administer drugs to human body. This
alternative drug delivery means prevents the drug from being destroyed in the
digestive tract or immediately absorbed by the liver. The conventional products for
transdermal drug delivery usually come in the form of patches that can be adhered to
the human body for prolonged drug delivery without resfricting the mobility of the
patient. These products usually have drug reservoirs sandwiched between an
impervious backing and a membrane face that controls the steady state rate of drug
delivery. Some existing applications of transdermal drug delivery include scopolamine
for the prevention of motion sickness, nicotine patches for aid in smoking cessation,
nitroglycerin for the treatment of cofonary angina pain, and estrogen for hormonal
replacement.

Transdermal drug delivery systems can generally be classified into active
transport systems and passive diffusion systems. Active transport systems



transport systens and passive diffusion systens.
Active transport systensincorporate external nethods
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to increase drug migration across the skin barrier
i nto human body. These net hods enhance diffusion of
the nmedication by electrical neans or by the

appl i cation of highfrequency %l ectri cal pul ses or
sound waves to the skin to inprove absorption of a

drigébrpdraR\eSddrhAadthevdueh aisf iBhtoph&ebis Sél@&rdpﬁ%tlon and ultrasound
f or egoi ng nethods have not been conmerci al

& b risasog i, Biarafioh askos8 dos Sie Rerah Bilnan bedvs Tsge Sethods

anhhbh& difGasY 61the ﬁfe@u@ﬁom@svélesm&a rﬁéé?n‘é'o?' By Wé@mwlon of high-
el ectrical equi pnent. Transdernmal patches nentioned

aﬁméewee %séa?ﬁs Pel§e%9r 59484 vwe%tortha skip e imprpvsnabsaRRiion of a
f uhed.icumbntional ée\ﬁt%@& ;%bt%mg tg% fed‘r%gaﬂ.ﬁgkne{hoeb RVt been

into and through the skin an endent on
p&earRereiply sirehssid dyeiaBioh padipmert a1 %‘?ei%t'oéi‘ﬁ goplsiaad ithe

OfindHnieniBRILE HaOhig té PRviee PERABIE ldcBtabdRiHigdHt. acr oss
the stratum corneum (the outernost |ayer of human

skin), etc. In general, conventional transdernal

pat chesyrgsddefhall paifel %ndbrfé‘d%o@e aP@éﬁan‘iHleé afq)aég.va Qiffusion
fromthe patch through the I npr ove

wé(sf&msfvmqsgﬁuchp@llqt)gls p;usqg grp hl'l&@%l%lfOfph@ﬂ'l@ﬁ‘Sﬁnto and through
( hé §l¥|h' Eh@ ard@dpehdém OHF,?D%?émétBl% éi’icﬁ fa'si %b@%lt@éf diire size Hlbi polarity

maé)% done elther by scratch |nq 3{ direct
thlgdPP grulgs. ”P%%O"&ﬁmf?t'oﬂtg@q' @(jr%sé hegstEtum gpInsym (the

sf&t&nﬁgaéwﬁf A0&an SRA), Bl g&herdl] wm&ﬁ%%ﬁrﬁfsaml patches
This is an effective and i nexpensi ve et hod for

ovfeFMiPvbFiTaen 2o gtthn erttqsérq"bwedaaﬁqhdﬁmah Hreotine m
generally faced in transdermal drug delivery.

Conventi onal methods for produci ng m croneedle arr
i ncl udng Hethed seimnsove e ﬁ‘ﬁf ugiogjrptedphy dighyptien plthe ﬁk'n (Str atum

C%fdé'ﬂﬁrb it® []pé!ét e dRisin BERRASThIs %yad'éjddn'él Rkl B scratching or by
nmol di ng. Such net hods invol ve hl%ﬁ producti on costs

arsireet R?é'egﬁféPr‘aﬁféh%%%M'&?ﬂ%sqhérOf Haw shasl geqtiugigns, for example,

SidREedig a?r‘é¥59 ‘Tﬂ%% 8n Bfiédliva ahd Fr%(pé\%%etﬁf)d fdt@vercoming or
present inven here i s provided a nethod of

nrIeRting e law d&fb\sw PEblem @Pe%rﬁlhuf@m @stras@ﬁﬁmaé dfyg delivery.

advanci ng a punch

Conventional methods for producing microneedle arrays include, for example,
using a silicon substrate in conjunction with metal deposition and injection molding.
Such methods involve high production costs and time and are unsuitable for mass
production.

SUMMARY

In accordance with a first aspect of the present invention there is provided
a method of microforming an array of microstructures comprising advancing a punch
having an array of protrusions towards a sheet of material disposed between the '
punch and a die, each protrusion shaped to deform the sheet of material into a



havi ng an array of protrusions towards a sheet of
mat eri al di sposed between the punch and a die, each

wonraicrodzion shaped to deformthe sheet of mat ePCaISGROM000374
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acorrespondi ng mcrostructure; providing a holder for
hol di ng the sheet of material in place; and punching
the sheet of material with the protrusions on the
punch to formthe array of nmkrostructures on the
sheet of material. The microstructures may be

M rRBSSMirRPmiciditubBid Pﬂ)v!mig 4 HOIHEEDr RABME tiREsheet of material in

provi ding a substantially constant counteractive
s s endpunghingdhe sheediof Fgtesial with the prptausionsron the punch to form

I aROafhY ¥emidtdsiastiFdsinths Shébtof RtdHagr of or m ng.  The
substantially constant counteractive support may be

provided by the die. The die may be a defornmabl e die.
An aspege rhgtdsulirdshfaybitrdid¥édles. chosen such t hat
for a given thickness of the sheet of mat eri al, plane
stress is reduced or avoided in the sheet of materi al

duri ng frRrM&hed ﬁfaytflh\%erﬁ‘c%@ﬁéé M%{YIH#I@% sdé@féﬁtlally constant
m crostructure may formed with a solid tip. Each

i COUBSFI¥R awré)oﬁan th@ shest ofumeaterigl iR @reasAf ﬂae fespective

t heicRRiructdfRs &Hﬁ%ﬁﬁ&bﬁnﬁiﬁ gthe tip of each of the
protrusions of the punch fay be chosen such that for a

gi ven thickness of the sheet of material, a hole or

crack af stb@l@h@éily%bns"eﬁnt%ﬁhﬁéraﬁl@egﬁmbfort%éifSg BHolidBg by the die.
wherein the hole or crack subsequently expand during

m croformng and result in an opening at the tip of

each ofTHehfe Mat beH defsiidbRSdie The def ormabl e die may be
made froma material that recovers partially or

substantially after deformation. The material may

conpri g6, &pakt @ty st tﬂb lpuRéh xﬁ@ pERhbSenSER ta k- aTdi\?en thickness of
deformabl e die ma e made of a material selected from

t Hae @?Qﬁs B ®aiesipk Pféﬁg spssp grfuced 8F avpigest iy dharsheshef material

fon'ﬁ@H d?"ﬂ‘i&’b‘ﬁc?&@ru(:ﬁ%s’ Teflon
(PoI et ra | uor oet hyl ene, PTFE), and Pol yet hyl ene

ter ep_ht hal ate (PET). The nethod may further conprise
appl yi meghch nfeobfudtitBmh A8 fofred Witn BYBRdip.

Each microstructure may formed with a hole at a tip thereof.

The curvature of the tip of each of the protrusions of the punch may be chosen
such that for a given thickness of the sheet of material, a holé or crack are created at
an early stage of microforming, wherein the hole or crack subsequently expand
during microforming and result in an opening at the tip of each of the microstructures.

The deformable die may be made from a material that recovers partially or
substantially after deformation.

The material may comprise semi-crystalline polymeric materials.



The solid | ubricant nmay conprise a
t er ahedr al - anor phous carbon (Ta-C) coating. The nethod

waoayosfoardimer conpri se coating on an inner surf BCE®S62004/000374
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each of the mcrostructures for hardening the

m crostructures. The step of coating may conprise an
el ectropl ating process. The el ectropl ati ng process may
conpri se nickel plating. The4sheet of material may be
a netallic material chosen fromthe group consisting

OffheHefithabR!didTinal, B@’rﬂé&%f%gﬁatt%ﬁ%f@,ﬁ{eﬁ{e%%@n th'e{broup consisting of

accordance Wi th a second aspec e presen

i mlighPpositytHebethylened HORE) eBolypropyena @R)sT4aflon
M(B5IREMdISEtRAlerd, PAYFEY ardl BdlystlyidHe! tdFpht PEHNY a
plgncg{ehavi ng %e arrayEZfa pr otﬁs)ir ons, eg orlll‘égd?%)( ana a

hol der for holding a sheet of material in place during
m cr of giEinkdhod¥i8Y Rirthef AP

deformthe sh%et %ﬁj mselt g‘?‘ﬁ%’ﬁgei rf{pg’mgo%soélrﬁég%%%ﬁﬁﬁgpe punch.
mcrostructure, and wherein the sheet of material is
punchedniishiy fubfcahf &%p@ﬁ&éﬁé@h&?él-érﬁor&ﬂéd@ éa'?@orb(Ta-C)
array of mcrostructures. e mcrostructlUres nmay be
niced edl es. A substantially constant counteractive
support may be provided to the sheet of material in

areas of the respective mcrostructures durin

m cr of dhaimeihodrnay Biibet eeraprisiel gpatitthen aminneb £ 9 eqgheof the

S WHEBLuduFreR fdP KarRHinBYné Rficrbitfictiigs. di @ may be a
defornabl e die. An aSpect ratio of the punch may be

chosen such that for a given thickness of the sheet of

mat eri ghe s@p@ff%oﬁn‘g‘?ﬁéy &oﬁnws@%eéiecg{b{)ﬁa\em@ PRfledd the

sheet of material duri'ng formng o
m crostructures. Each m crostructure may be forned

Wi th atsgleldirbpiRingF16 Qﬁéf&nﬁ;ﬁ%@%&efﬁéﬁh@? formed

with a hole at a ti'p thereof. e curvature of the tip
of each of the protrusions of the punch is chosen such

that fape %h@ét%?ﬁaﬁé?ia?ﬁﬁggé aa?%gt%lﬂ@ n*RGRE citfseARoRT thalgrodd

hol e or crack are creat
consisting of: steel, aluminium 1100 and copper (99%).

In accordance with a second aspect of the present invention there is provided
an apparatus for microforming an array of microstructures comprising a punch having
an array of protrusions; a die;; and a holder for holding a sheet of material in place
during microforming, wherein each protrusion is shaped to deform the sheet of
material into a corresponding microstructure, and wherein the sheet of material is
punched with the array of protrusions to form the array of microstructures.

The microstructures may be microneedles.

A substantially constant counteractive support may be provided to the sheet of
material in areas of the respective microstructures during microforming.

The substantially constant counteractive support is provided by the die.



early stage of mcroform ng, wherein the hole or crack
subsequently expand during mcroformng and result in

wanowpaniing at the tip of each of the m crostrBCTSGR@4/000374
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The deformabl e die nmay be made froma material that
recovers partially or substantially after deformation.
The material may conprise sem -crystalline polyneric
materials. The deformable di & may nade of a naterial
selected fromthe group consisting of: H gh Density

Pol yet hyl ene (HOPE), Pol ypropyl ene (PP), Teflon

(Pol ytetrafl uoroethyl ene, PTFE), and Pol yet hyl ene

t er ephiThadig may pep)defosmableidie.| ubri cant nay be applied
to the punch. The solid |ubricant may conprise a Ta-C
coating. The apparatus may further conprise neans for
coat | ng\ncﬁ'q‘:paﬁ ragm@frth% guRciceaybe gaesensuch that for a given thickness of
it SGrlet HiGhHieRs), pRhe Q%QQ%‘ Fhcldy ﬁr MoideRdSh Eﬁécéﬁéé?@- mdErial
coating may conprise an electroplating process. The
eHédW]%ﬂn ioh §hephniseasyyctomspri ses ni ckel plating. The
sheet of material may be a netallic material chosen
fromthe group consisting of: steel, alum nium 1100

and cojrgeh MigoshucteREy tbHsomPTEHTrSOR tiP-HE DRAW NGS
Enbodi nents of the invention will be better understood -
and readily apparent to one of ordinary skill in the
art fr &ach Rucrpgiryctie mpyvie faread witb erhigig siantip tgreghy of
exanple only, and in conjunction with the drawings, in

whi ch: Figure 1(a%) shows an expl oded perspective view

of an dppaHemivse poihefipohPadh ofites BisdeeiPesof the puneli inghessn such
akhfe ?@F%i&@%ickﬁé&%%e%@at SHHRYRA %ﬁg»@%‘?@dc}é %ré’ér@&‘%a@fat an
the apparatus in Figure 1; Figure 2(a) shows a punc

t gatly stege gbmicsefowaingywherein theghole ar eraelosuhsageenily expand during

?Eﬁ%rﬂﬂ*mﬁ@?ﬁl B8 Min ah 'og%lgllﬁg 2( 8L 1P P RS cHPoMhd hitrbdticRires.

e punc n Figure

The deformable die may be made from a material that recovers partiaily or

substantially after deformation.

The material may comprise semi-crystalline polymeric materials.

The deformable die may made of a material selected from the group
consisting of: High Density Polyethylene (HOPE), Polypropylene (PP), Teflon
(Polytetrafluoroethylene, PTFE), and Polyethylene terephthalate (PET).

A solid lubricant may be applied to the punch.

The solid lubricant may comprise a Ta-C coating.

The apparatus may further comprise means for coating on an inner surface of
each of the microstructures for hardening the microstructures.



Figure 2(c) shows a punch that is fabricated by EDM
i n accordance with another enbodi nent; Figure 2(d)

wehesnstdie st ereoscopi c view of a 6X6 punch ar pay/SGhat/000374
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is fabricated by precision wirecutting, in accordance
wi th anot her enbodi nent Figure 2(e) shows the side
view of the punch array in Figure 2(d);Figures 3(a) to
3(e) show a schenatic represéntation of a process flow
for fabricating m croneedl es by m croform ng,

accor dimmg doatird1db{ e6mperdeosh éleétko'gldﬁhg pFsteds.shows a
Scanning El ectron M croscope (SEM m crograph of a

m croneedl e with an aspect ratio of about 1.2, in
accor dapeeisttroplatind pldeessLothitiisE® Aickel pldAikge 5 is a SEM
m crograph of the mcroneedle, in accordance with

anot her enbodi nent; Figures 6(a) - 6(e) is a schematic

r epr esahbahbtiof Blatéme nidlydeasmelalie\haéridl 3R6derAtdr the group
m cr oneed| es m crof or m ng, according to another

by m cr
eFBBFHAS A Stes! Rlvminium 4100 ang egppgr ©9%)schemat i ¢
representation of a process flow for fabricating
m |l es by mcroformn accordi ng to anot her
erﬁ%gPﬁ%dﬁqR'Ei QFBTQE DRA! "‘ﬁ/l m crograph of an of
the m croneedle in accordance with another enbodi nent;
Figure._ 8(b) is a magnified photograph of the )
mcr on@&%lm?ﬂt#{;ﬁ'}? vgpgen, WIﬁibﬁlﬂege@(rgiﬁrqtgodaand readily apparent
Phe bAgbRRBINSHIMING tR arefr6rdthfolloling Wil Hescribabmay wdy of
accordancglvvlth anot her epbodi pent; Figure 9(b) is a

pIFSRBREDSN: ERDIN RPN Wik therdrawipgs FeWAICES f or med i n
accordance with anot her enbodi nent; Figures 10(a) and

10(b re photographs showi ng the perspective view and
cr (()szc,- % L $ 6&3&%’1@9\9} e¥@%‘i§éid?qr %R?W‘,Pe Yﬁ?"epﬁén apparatus for forming

MnGiEronesiess actdrding t®aslameedieht) anot her enbodi ment;
Figures 11(a) and 11(b) show the perspective view and

cross-sectional view,
Figure 1(b) shows a perspective view of the apparatus in Figure 1;

Figure 2(a) shows a punch that is fabricated by milling, in accordance with
another embodiment;

Figure 2(b) shows a plurality of the punches in Figure 2(a);

Figure 2(c) shows a punch that is fabricated by EDM, in accordance with
another embodiment;

Figure 2(d) shows the stereoscopic view of a 6X6 punch array that is
fabricated by precision wirecutting, in accordance with another embodiment

Figure 2(e) shows the side view of the punch array in Figure 2(d);



respectively, of the mcroneedl e, in accordance with
anot her enbodi nent; Figures 12(a) and 12(b) show the

woenrspantip ve vi ew and cross-sectional view, PCT/SG2004/000374
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respectively, of the mcroneedle, in accordance with
anot her enbodi nent; Figures 13(a) and 13(b) are
phot ogr aphs of a plan view and an isonetric view,
respectively, of the microneddle array, in accordance
wi th anot her enbodi nent; Figure 14(a) and 14(b) show
exanpl eidy |

Pl §idlréd %(%8%(@) SHowPy §ci{e‘?ﬁé’fﬁqe&)és%ﬂt§t§)®m% fq#g&%sgl;ow for

arrays that e aspect ratios rangin

FifeRitcating micsgneedies by migfptorsing, aterding tormothremhbaginére;
cross sections of the whole mcroneedle, the base
portion of the mcroneedle, and the tip (apex) of the
m croneedl e, respectively, in accordance w th another

embodi 2 4] ' '
cross Sty 4o & skhilg oSBT RR o pbn ora
amyenaaeedieyii preapect Fitiguaf @bad (163, in sceordsiFive withrangtiegsh
OfenLtJB@inﬁ‘é ss section of a mcroneedle, in accordance
wi t h anot her enbodi ment; Figure 17(a) - 17(c) are SEM

m crographs of exanple holl ow m croneedl es fabricated

usi ng df&E SEM%{@?&W&‘ 1R H‘ﬁ@r{éﬁ# cC e\‘f; %egéco?d%%ﬁg WAR Bnother

geonetry,; Figure S an 1sone I ew o
hembedimanér oneedl e in Figure 19(c); Figures 18(a) to
18(d) show a schematic representation of the process
of fabricating m croneedles, in accordance wth

anot heFigersR{Rhefite) ism sghemalig (epresandationtofi thenprocessdlen af

et ; 1 . Ny .
e e et S G D R
three nodes of failure, nanely a cap node, a crown
node a e HeTRR: '

m cr.on_gg’al r%es(s:ﬂ?é\bﬁergg%zads y m g?%ﬁégéﬁérfnﬂagfgk %E%A?ieéﬁfbw for
Dfsbdiratg| rasroseedesby icrefreming sancoksiing terapothienembediment;
relate to the fabrication of

Figure 8(a) is a SEM micrograph of an of the microneedle in accordance with
another embodiment; '

Figure. 8(b) is a magnified photograph of the microneedle in Figure 8(a);

Figure 9(a) is a photograph showing an array of microneedies formed in
accordance with another embodiment;

Figure 9(b) is a photograph showing an array of microneedles formed in
accordance with another embodiment;

Figures 10(a) and 10(b) are photographs showing the perspective view and
cross-sectional view, respectively, of the microneedle, in accordance with another
embodiment;



m crostructures, for exanple, mcroneedles, using
m crof orm ng. The m croneedl es may be in the form of

wanro@mys7and nay be used in transdermal drug dePCYSGR004/000374
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systens to administer drugs into a |living organi smor

to extract body fluids froma |iving organi sm

M crof orm ng may be defined as the production of parts

or structures by netal formidy, with at |east two

di mensions in the sub-mllinetre range. Cenerally,

m cr of @idiir8g1 f'@%’ar}i@1 MbLYRl @8 FerdoMitve QEW %H& Vﬁésé—é&tional view,
conventional netal form ng process, both o Ich may
baesegH iy, of theduicrpeedias in gerordemepuiteanahereamhsdjment;

mat eri al involved, tools enpl oyed, process

i ncorporated and nmachi ne used. The material involved

i s a sifdgHres t@l ancht2(b} shoveiher perpredivaview andatspesneectional view,
A$SYAIR ofHe miRme8a¥ A %E@érb&&i?%iﬁ%ﬁé}.ténmlimém,t al
formng are strongly coupled wth mniaturisation

itself: (a) the mcrostructure, for exanple, is

i ndepe i i : ; i
the. Fopan i h™) ORI pRBoflonsF apIarfisn gpdd idotetrio view,
f desnscivals #fithegnicipaeede erRY.da ag¢ardandefvdtit anatherwiibodiment;

the ratio of the dinensions of a part to paraneters of

the mcrostructure, such as grain size, or surface
changedigure A4 andHb) skaw example miemeerdle aaaysyfermed by wirecut
PIRHENArr&Ys (AR Ghpdd PatRBRANGAY o 10 fdle know: how of
conventional netal formng processes in the field of

m crof orm ng. The technical inplications of

m cr of @dlir8g15EF-Y 5@:2 ﬁrteer%El\fAltnﬂ(lWiogilé'pﬁ§ 2h t¥eEErhiS&ctions of the

O\Mh§
mean anlsotroPy and uct i are decreased,
&

prEgleiTansegie; e hesn gorting of therraibianeediel and the fip (apex) of the
| DNEBhbaHE | rBstSechiE i@é%ﬁ&ﬁ%@@vi& IE?&)}HSE bflbb@ihehficr eases

withmniaturisation in the case o rication with
oil, while friction is size-independent in the case of

dry forsg ; I [ i ; ;
used { oORE10GYISH ORI RRERAN TR 1B e SEDRES icfoncdlic, i
Fiageerdangepyith gmatharembedimestiows an expl oded perspective

vi ew of the apparatus 10. The apparatus 10 conprises a
punch 20, a holder 30 and a die 40. In this

enbodi frigire 16 ispuBeM mriorograpd o halerpseediind of A aierpeeatite, in

alcrdbh it &Hothdr @B bBiment;

Figure 17(a) — 17(c) are SEM micrographs of example hollow microneedles
fabricated using different thickness of aluminium sheet and punch geometry;

Figure 17(d) is an isometric view of the hollow microneedle in Figure 19(c);

Figures 18(a) to 18(d) show a schematic representation of the process of
fabricating 'microneedles, in accordance with another embodiment;

Figure 19(a) shows the microneedle array formed in accordance with the
embodiment in Figures 18(a) to 18(d);



it should be appreciated that they nmay be of any other
shape. Figure 1(b) shows a cross-section of a

woenrspsndip ve vi ew of the apparatus 10 when t hePpuUISGR004/000374
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20, hol der 30 and die 40 are assenbl ed together. The
apparatus 10 may be operated by various neans, for .
exanpl e, a stanping machi ne or even by hands.

Al ternatively, a servo pressgnachine may be adapted to:
operate the apparatus 10 to carry out the fabrication
procedure in a nore precise manner. Exanpl e operating

ranges th servo ress machi ne may be between 5N -
500N f & b‘?ﬁf@( ﬁ&o‘f’rﬂafﬁ?@oﬂ‘?ﬁwog ailures, Aamnelyfaggap mode, a
Paran na@@eadnd g hfat@un@ckb respdcivat, BUhe hmér%ﬁ@@'dl@@rébncated by
I ncrease. in accordance with the size of

nﬁE?Bﬁ@B@He array that is desired. The punch 20 and
the die 30 may be fabricated by various nethods, for
exanple, mlling, electro-discharge machi ning (Euw,

or by precision wire cutting. The die 30 may be

f DETIAMICER OESORIPEIONTP! €, by wWirecutting to form

t hrough-holes in the die. On the other hand, if
through-holes in the die are not required, the die my
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'B'ﬁ éﬁ@ﬂ@é\’ftﬂgﬁw'%w focitragt Radyiiiw srirls)m:ﬁhvmg

aéﬂgemsfnorm ng of the mcroneedles (or

m crostructures).. For exanple, a surface roughness

(surface finish) obtained of conventional CNC mill

fi ni shMgsebroinsieg n{aryrberw’he@amne%bdrmen bhaértsf@r\é%ubﬁlﬁ&edy metal
mensi o for nmor e than about mcro

oG, HHR 3t 166t o ABRTSIoRAM (P GLUBTBIMHE TME: Qeecaly,
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aver surface roughness required is less than a
P%tﬁ E fﬂ*’e}?be P*faf%\d%fbﬁeﬂd)wf%rm@aﬁpmpgn@memamely~
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tdrtﬁvrpsmh@ 8f ReARPAl AbR Bbrr’ﬂf?rb%rr@ SEEHYN EQBIdNGHPMMNERG R ation
ng%lft(%) %he micr%g‘?rﬂctnpel (fjoerrexgmgle is independent of the dimensions of the
process; and (b) the topography of the surface is invariant. These factors lead to the
so-called size effects in which the ratio of the dimensions of a part to parameters of

the microstructure, such as grain size, or surface changes with miniaturisation. All

. these factors prevent or obstruct the application of the know-how of conventional

metal forming processes in the field of microforming.

The technical implications of microforming are that the flow stress, the vertical
mean anisotropy and the ductility are decreased, progressively reducing the
formability limit. Investigations have also shown that friction increases with



as shown in Figure 2(b). In this enbodi nent, four
punches 220 are nounted to the punch holder 230 to

woanmwaraddx 2 array of punches 220. Figure 2(cpCsiscam4m00374
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punch 250 fabricated by EDM in accordance with

anot her enbodi ment. It was observed that the surface
finish of the punch 250 fabricated from EDM was
noderate conpared to mlling16r precision wrecutting.
Figures 2(d) and 2(e) show a stereoscopic view and

Si I . r. ectiv . of a.B x unch arr 260 .

7 afetlElionts TR 6 briRlondf o, e Lo L5 ¢ igependent n

withehcamealf derfoenihgdi nent . The punches 265 were produced

with three passes of cutting and the approxi mate

di mensi ons of the base and hei ght of each of the

punche&nz&ampke émBadimeainal ab. apperatus Esypeedtforvmicyoforiting is shown
i nherent  f

it Eiie AR TR B R LA O St iefonecpypuviow of the
bappargfu:altOE)nTbe 2pﬁrgﬂue 1@n?mtntpﬁihm Fie]mnltzem arrmkjveg ?taﬁn?g die 40. In

{ TR gMPBairénk, % pRK 1D, e ioordh <y 176 e URE LR However,
¢ éirshbeld beapprevidtedjthalthby (igy, besdfraan gtiiee shagee Figure i(b) shows a

o stioRer o e ok e PRI 1q HEe iR Ring 20, hotder 30
t apd uyOmﬁlas%n?leﬁﬂ?@tmmnﬁte ?mﬁﬁt?f 1o :na;fithei opi@:]ated by various
o o btueic A R bingiechind S By Bond, AlinBlyas agervo

t ppeEssi nmhbfe mabet()jav?d(i)émeagfo apeeatp mhrm:mzpasatue (1] itq mtr)i&ﬁjtt gsa

SR b £ 2O SO DR S Bl B o o
hasrva psessksfsmasmgriezdgby be E)etwdearSN:{ @:ﬁl?!isfgc plilxjrrn;n. loddbawed/feom Oal mm/s -

Y S i prROT S i el IP and PR3 EeS yey ingrease in

depeosrdang vith thesizamp tHecraicraneedIEiagay dsat B ddsired.3(e) are

a schematic representation of the process flow of
fabricating m croneedles by mcroformng, according to
anot hefMheyangi 20 endihei dieeB0 mak befblaicatdudnt vadidds methods, for

ple‘;’(lgr%gIe! r'?]illpn%t, %St’r‘o-%isBHQr‘éQ m%rcE%Yng:?lEBI\/BP c()jr b%/ Jréé&gn wire cutting.
The die 30 may be fabricated, for example, by wirecutting to form through-holes in the
die. On the other hand, if through-holes in the die are not required, the die may be

fabricated by EDM.

Figure 2(a) shows a punch 220 with a conical-shaped protrusion 225
fabricated by milling, in accordance with another embodiment. The surface finish of
the punch 200 was observed to be satisfactory for consistent results, which typicalty
is strongly dependent upon retracting of the punch after forming of the microneedles
(or microstructures).. For example, a surface roughness (surface finish) obtained of
conventional CNC mill finish suffices for most applications that have larger
dimensiohs, for example, more than about 500 microns. For forming structures that
are, for example, less than about 100 microns, it is observed that the average surface
roughness required is less than about 0.1 microns. Further, if a solid lubricant is used



die 330. A holder 310 is placed on top of the netal
sheet 340 to prevent novenent ofthe netal sheet 340
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wrinkling of the netal sheet 340. Additional clanping
(not shown) of the nmetal sheet 340 to the fixed die
330 may be necessary to further constrain the netal
sheet 340 so as to prevent wdrpi ng and wrinkling. The
netal sheet 340 may be made of netallic materials such

4 1N 99
ot SBiocsoupiediehldihei ey BRRRTlesS Baffepolt 5o 0
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S YRt Sl S 98 220, P e i 0.
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' : tly f '

b BB 2 RRRIO £ 255, SRS AR et ' S0, as
s trigure 2(c) Shows e p8(dh) 250 fgabtid:a’ted byrBDM, ireancprc_tahee pitlhahother
2R3 T8 Yo R b PR AR B o
t DM evais vaddesdita gechppredtto uslimner (B2&sion wirkeuttingach 320.
The geonetry of the m croneedl es 345 fornmed correspond

to the geonetry of the punch 320 and the die 330.
Af t er fraguresd(d) bad Bi{e} sbove edtarsoBdpicoievt aral side vibwstespectively, of

3 ' . . J . The .
o1 6408 a8 Ao 7 BlsE et fighiTh Aot e
34nothiet bmbhdinfent. bd pancteg 266 ware potiseed with 8v¥ée passas of cutting
. . r : 3 AL i
Rob T SRR BV b PR s 2
3_15)0.aﬁnhm aed OEbain, sése)_et:ti\/éAOThb recuting pnoness imposes am_finherent
FiE BRI atife pb R e Bl MR dE e 236 B3 Mrbffoedte
bénatshawh éuFigums 2éa)tth @r(e)) hee puthehadius afth8 Mrearsed.Héevertheless,
fi sl dj ' i, f
¢ RS0 BUFacie o B BRrafe oty wERD P B3y g e
| strgegthew thelpunoh dirndyrelby aveiingrshdrg edges. | ar ger
. : h he. i .
L R e S
ofallowiag pueedtedaciian dunieg micnofommengl Eurthiar ags doblanigngd or pierding
process takes place along with forming, some degree of tapering of the walls of the
punch is required so as to plastically deform and conform the material into the punch
shape.

In the above embodiments, the punch has a substantially circular cross-
section. However, a variety of shapes, for example, triangular, rectangular or
octagonal, etc are also possible, depending on the application.

Figures 3(a) — 3(e) are a schematic representation of the process flow of
fabricating microneedles by microforming, according to another example
embodiment. A metal sheet 340 is placed in between a punch array 320 and a fixed
die 330. A holder 310 is placed on top of the metal sheet 340 to prevent movement of



Friction plays a major role in punch retraction in
that the fornmed m croneedl es 345 may be damaged during
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by punch retraction, a lubricant coating may be
applied to the punch (not shown).Iln another exanple
enbodi nent, a solid [ubricant,_ such as Ta-C, which is a
di anond-1i ke carbon coati ng wZ h a thickness of about
2 mcrons, is applied to the punch. Figure 4 shows a
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solid mcroneedl e to be obtained w thout an opening oOr
tdhragyagytqr thefie 3P¢ and hol e expansi on process.
Figure 5 is an SEM m crograph of a mi croneedl e 510
formed in cordance w th anot her enbodi nent, show ng

a
the reth @"bﬁﬁ% I5iS7h g ow@ihe PeRghartay it ae appropiate speed,
ms@b@étﬁ@dﬂ)efoﬁiqﬂl éh"ﬁrﬁdy ofaficrbRescRislddbYorshs Aletdl@8He&f0, as
| eavi ng ? h hed effect. The nmicroneedl e 510 was
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shaaped &%%:ﬁdﬁ@iszsam m@tdﬁéj%(ma% Phéivé paters B@N‘égpondmg to the

avi n si ons [ S [
h g i mensi ons, of 5nrm_in base di ameter and

alSB0C TIPS PGPS 325 o Fhew%aﬁﬁ9 nigredeemeiy of the miggoneedies

| r3a8 Formedf ap@spdnd tBehdhsdrastaest!tife Sdfen'\#20 afd w&e |3Bb € After
art ef act enerat(ﬁg and accunul ated during gri

prioguag; theFRigrangedlies Sty e7 Hiedaetpksheeb34thdha pEsh r339 |'Sor etracted by

PURS FRdl 350, ThefiBh 820 HR2§ e (rBPictsd UM )that W fBtal shect 340 with the
essent aII was a tagered cavity. The retro punchin

st afFRVar iTPnoe s BB RO (BB die, 28 SRV Figie 310).

nimt@mwe%i}/ &h& pAncheaEd MEYBE rdt@siddtsutl tHa@tHeh%lder 310 and the metal
ronee

m havi ng an aspect rati o about 4.

Dégﬁ?tt?»éﬂtmﬁ'sthe AL R AT R4nchr3Re, as

t Bhekh @bBigale 3(BE Fifafly, AReRHNEd Midlohdedies 345 can be detached from
either the punch array 320 or the fixed die 330, depending on the design and
variance of the apparatus (Figure 3(e)). It should be noted that a larger punch load
may be required for a larger microneedle array. It is observed that the increase in the
punch load is almost proportionate to the number of microneedles in the microneedle

array being formed.

Friction plays a major role in punch retraction in that the formed microneedles
345 may be damaged during a retraction stroke. To prevent damage of microneedles
by punch retraction, a lubricant coating may be applied to the punch (not shown).



sufficiently large to sustain nechanical |oad during
handl i ng and skin penetration. This also illustrates
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on their lateral surfaces to facilitate skin
penetration. For exanple, corrugated fine |ines or
ot her patterns that sharpens the m croneedl es nay be
formed or engraved onto an ouBer surface of each of
the mcroneedles to facilitate skin penetration.
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af erced by the punch 620 to enable the
dégéné?ﬁﬂg‘é%e 630 to be re-used. The deformable die

630 all ows continuous flow of material as the punch
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f @caemulatedidudng 68adie® prossssotie ﬁ:gmed mtﬁen¢®@51 G/wamthen retro

t fioll ' :

réb\%/ne woff rrLel“éa M MHSHORR), g\tﬁuowrbg%g,aéﬁ{%lwagg t858ed I\Rty. The
retro punching step SIgmflcantly reduces the foot radius of the microneedle 510, and
hence resulting in the microneedle 510 having an aspect ratio about 1.4. . Despite
this considerable reduction in dimensions, the thickness of the microneedle 510 is
sufficiently large to sustain mechanical load during handling and skin penetration.
This also illustrates how microformed microneedles can be further patterned on their
lateral surfaces to facilitate skin penetration. For example, corrugated fine lines or
other patterns that sharpens the microneedles may be formed or engraved onto an
outer surface of each of the microneedies to facilitate skin penetration.

Figures 6(a) — 6(e) is a schematic representation of the process flow of
fabricating microneedles by microforming, according to another example



when full length of the m croneedl es 645 is achi eved.
Simlarly, the formed m croneedl es 645 can be detached
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according to process design and vari ance. The ease of
renmoval of the forned m croneedl es 645 depends on the
form ng pressure and the properties of the polyneric
mat eri al used for the deforndll e die. 630 and the netal
sheet 640. Although the cavities 635 are forned
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paof thecprousionsi25amiae punait 620. The ivwepentdf thepuridhes20 is stopped
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microneedles 645 can be detached from either the punch 620 or the deformable die
630 according to process design and variance. The ease of removal of the formed
microneedles 645 depends on the forming pressure and the properties of the
polymeric material used for the deformable die.630 and the metal sheet 640.
Although the cavities 635 are formed permanently in the deformable die 630, the
cavities 635 shrink and recover sufficiently to enable the deformable die 630 to be re-
used. This is due to the nature of the material used for the deformable die 630.

Figures 7(a) — 7(e) are a schematic representation of a process flow of

fabricating microneedles by microforming, according to another example
embodiment. In this embodiment, the solid-lubricated punch 720 is pressed against
the metal sheet 740 that is disposed on the polymeric deformable die 730. After



m croneedles. It is also observed that a counteractive
support on the sheet of material delays prenature
woéabdetse1of t he m croneedl es during the form ngCT/SG2004/000374
process. In general, it was observed that a thin
mat eri al sheet resulted in an inproved shape
conformance to the punch geonetry at the outer surface
of the microneedl es, conpareddto a thicker sheet of
mat eri al, al t hough both thin and thick material sheets
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SEM m crograph of an exanpl e enbodi nent of the
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the material sheet during microforming. Generally, the material sheet is considered as
thin if the thickness of the material sheet is about 5-10 times smaller than the height
of the punch .

25 A constant counteractive support on the material sheet during microforming

may be provided by the deformable die 630, 730, for example, as described in the

example embodiment in Figures 6(a) - 6(e) and Figures 7(a) — 7(e). Figure 8(a)

shows a SEM micrograph of an example embodiment of the microneedle 850 formed

using an approximately 0.2mm thick aluminium sheet (1100) using a punch (not

30 shown) with an aspect ratio equal to approximately 3 (without retracting the punch).

Figure. 8(b) is a magnified photograph of the microneedle 850, with the approximate

dimensions indicated. A solid lubricant, such as a diamond-like carbon coating, for



Further, an advantage of using a deformable die is
that it can be used as a universal die for stanping
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at pressures that are about 10% 50% of the form ng
pressure.. Figures 9(a) and 9(b) show photographs of
exanpl e arrays of m croneedl es 920, 930 that were
formed and stanped out of an §pprOX| mately 0.15mm

t hi ck al um ni um sheet using a deformable polyneric die
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R dAErRRMon BifmaleribNtheBARSS SR Ao duFiRghidSforming.

m croneedl e where no deformati on was experienced.

observation of grain sizes of deformed and undef or med

areas ipphe€an %B@én@é@@f R a&Ebiniblean @lﬁa@@ééd suSdtas a

wi t hout causing significant changes in
nupeset dig ferrsiargping ﬁ@fﬂﬁ’ﬁ?se?ﬁ Sélght'W‘@*ﬁc’rﬂ§s%lf@§/ ferexpmple, at

aAWRERURsIRA e §b&ﬁ 10%-560% of B3I 16imiRg pﬁe%g@reofF igures 9(a) and 9(b)
nanoneters. The thickness of material used formn

t 1ISEOYiPEPORERPHP @&eﬁwg agrays efanicioppedies 9 080 thatyere forted and

ms%rﬁ&?ﬁﬂ]t %ﬁaﬁ"aﬁﬁfoﬁhﬁ%l@@ RS thﬂ:k'aﬂﬁmnlﬁﬁ{ sh%étaur%g?a deformable
using a ver sheet of material, e.g. ratio of

t IpelymeniE i ptﬁhow It was phrervaddbat the affﬁ!és ?fdt"éﬁoﬂa?d%f’r 920,930 -
| %&ﬁlbﬁ tﬂﬂi’s@@ﬂ&t cefpabitty!df atfform@hiB1dihd C@ﬁﬁér@@@tﬁﬁ %‘ﬂgﬁf’me which
usi n% sheet thatf is too thin conpared to th
p@%ﬁreg; ioh falricgtion gesty esfecialy whan atargeagay of %Jchh)é"t dies with
%@ﬁoﬁ;{e@gﬁé fRLgéd.al of greater than about 20,
| ead to pl ane stress phenonmenon where piercing or
bI ankl ng process takes place, formng only holes

i nst eadiff effics & ﬁ'ém ti'lé fa\éﬁﬁaf%’ﬁﬁfe\fﬁfds &l@éstr@étu?é‘@oes not
punch size Is reduced hi ckness of the materi al

- slsBapgeukesthe warle gigee |sa<.§:alﬁg|qownb'gt@e mr%structure of the sheet material

used for microforming microneedles was examined at different locations of a
specimen, namely at the waist (middle of height) of the microneedle where extensive
stretching was experienced, and at the base area far from the microneedie where no
deformation was experienced. Observation of grain sizes of deformed and un-
deformed areas implies that such deformation can be carried out without causing
significant changes in the microstructure of the material, which has a typical average
grain size in the region of tens of nanometers. The thickness of material used for
forming the microneedles plays a vital role in obtaining microneedles with high aspect
ratios. For example, using a very thick sheet of material, e.g. ratio of the punch height
to the thickness of the material of less than about 4, will not form well-defined



downscaling is linear. It was observed that there is
an optimal range of material thickness where a punch
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m croneedl es, with the support of a deformable die.
Figures 10 (a), 10(b), 11(a), 11(b), 12(a) and 12(b)
show exanpl e enbodi nents of m croneedl es obtained from
an approximately 50 mcron tHA¥ck al um ni um sheet.
Figures 10(a) and 10(b) are photographs show ng the

BeSBEF & gy Bl SRRl heorch i, o, oo e
u:piun@p heightdo therthickinessgif vanatedieli of grententirrsabatit 20e wélklead to
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c IdQWBSQﬁd!UQ isdimedr. tiveag, obsespd Matmﬁrq is an‘ontlmal rangeah eeddral

1 .
aé@%c ek ?Bev%?&hac*ﬁ)" hp%&é;rﬂdﬁ é}gj appr H?}H&%iﬁgtow
bmeonﬁedj@ﬁr MﬁithiﬂerSlfnpnrtDiaSieﬁlrmaHe db?ottom of the cross
section was due to grinding. Figures 12(a) and 12(b)

show t he perspective view and cross-sectional view,
r es pectﬁigmﬁd%%ﬂo &0, 106k, i (@), driévdl Aa)arl Xioy sheow evariple he

dl arret er angﬂgﬂéﬁngé\ﬁl{ar%?&?m@g %m(ém%sed? J»ﬁmgt(e% Rg:i&heth ok

r alunginigfn shept. Gidunest H)(g) ad. 10(blears ghotagrapts s@bwtrlgethe perspective

TARSEISPILE ALA0A0, NRgBHRRRE IRt AR Aives e

r eisipg dlne piariof, (nqtrsélowe)qfuawrmﬁnm beke diansterrand hBmerheight (i.e.

Bt o VR LB AR FEIAR082 Pyl

aé 02 eNavaneduqeldu te lapproginuttely mord thambalf pbibélosiginabsheséthickness

bI ggﬁ Qﬁ%&&?i @2@@&111@}]%0@\{1{% é;?éect(s&@u\rl]lgﬁ at'i'\H%rc%rs'—s%'cﬁ%al view,

prespectly, pﬁmpmg@nedzdle i h20 ioeqenl wishl thei punoh éed Isbowin)zeaving an

'nggeé&g)‘at%rﬁ?'aboutez Sha. érPa&%r&En%QtﬁgPPHﬁn @a’%t%hﬂ‘q‘iﬁrq&% 125 at the

r @qtﬂ@m@dthes:rmgectlm was Jie to grindingt kigunes d 26 fang|12(H) show the

gfqg@ggg %&v g%da&{?%l}’-geéﬁgﬁél VB, 8%t Ry2 6 thh TiBRREEAE 1220
formed wnth the punch (not shown) with an approximately 0.5mm base diameter and
approximately 1mm in height (i.e. aspect ratio of approximately 2). The tip (apex) of
the microneedie 1220 and the average wall thickness are roughly in the range of 20-

30 and 15-30 microns, respectively.

The requirement of a thinner material sheet for making smaller microneedles
imposes a lower limit on the wall thickness of the formed microneedles as the wall
thickness of the formed needles may be reduced to between half and one fifth of the
original blank thickness, making the needles unsuitable for practical purposes. If the
required microneedle size is very small, e.g. less than about 150 microns in base
dimensions, the optimum material thickness required is very thin. This results in a soft



reduction in size and thickness results in weak
m croneedl es which are not reliable. This probl em may
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as nickel as a microneedle to increase the total

t hi ckness of the m croneedl e, thereby strengthening
the mcroneedle. Alternatively, a mcroneedl e may be
anodi sed to forma |layer of dBunmina that is hard and
brittle. One way to fabricate an array of m croneedl es

a ﬁ%{rﬁy n?c?ontx%dﬁés&%s%ﬁg\l\ Vg?')d deforma\tlon This

peate orme nee Ie |n t e arra separ a
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er, . [
Mep BN ek hePBEC BRI AIRCRLABE e oged o fom
atﬂ laymfrufaMmmaJﬂﬂeédlfeBi argPlyithmy be fornmed in cl ose
proximty to another another. Figure 14(a) and 14(b)
show exanpl e m croneedl e arrays 1420, 1430 fornmed by

wi r ecutOnamwiahtodebriopte maraseioninionesdies Augemag pede use a single

r %Jh&'? r{o?g%]v(;\'g rgﬁé%\%d}y focfm]m éachTﬁ@e%?e YR ?rré\# 5%)‘6%@@

passes to ensure a sa
s unatami sheeti Elburearié(ai @ad dd(bliarehplyddgraphsdfra rdam]tnewyfand an

g S e e e
arid@20 fiermediuging ap$inglé pumshcinohsheoring dt is obagyved that Bermighiicant

aisol G, RO BRE; BroPhd e iR ee TP LS Rt mfbhecdies 1025

r esqyeles fowsey in dvse praxickv ésanatifertanethal.uni ni um sheet (
1100) used for formng the m croneedl e arrays 1420,

1430 was about 50 microns in thickness. The final wall

t hi cknddgurefl4(eendil ¢(bd sleevd Pxample picroneedte arays HZOWEEID formed
gﬁf\tg%eggg& tag?agé @f&?sar}]o&ﬂﬁ ttiﬁég g?b% F%’delct HRbS KNGS BN 186 1.5.

e I These ppheit awﬁd@@mrewﬁ yithHlaree paegesda ehawe acfatisfaetory surface

ﬁ@%ﬁp?ﬁ?#}%ﬁ%ﬁv Follél}gnbg C\éb‘.t‘gﬂa?b&éf‘%l"ﬁ%ﬁ tl‘ﬂt:lt}%'és Each of the

pohigropeedesrhd 24, i1 63% hasra baseediambter bf @nnﬂ@smefeln ®&mm, and the
height of the microneedles is about 0.5mm for the 2x2 microneedle array 1420
(Figure i6(a)) and about 0.75mm for the 3x3 microneedle array 1430, respectively.
The thickness of the aluminium sheet (1100) used for forming the microneedle arrays
1420, 1430 was about 50 microns in thickness. The final wall thickness of the
microneedles 1425, 1435 were between about 8 to 20 microns. The final wall
thickness may be increased further by anodising, or electroplating/depositing the
outer surface of the microneedles 1425, 1435 with nickel or other metallic/non-

- metallic materials, including e.g. polymeric materials. Further, both sides of the

microneedle arrays 1420, 1430 may be anodised with a layer of aluminium oxide to

-harden the microneedle arrays 1420, 1430. After anodising the microneedle arrays

1420, 1430 in oxalic acid 5% for 3 minutes at a constant voltage of 45V (effective

area of roughly 10x10 mm?), the wall thickness of the microneedles 1425, 1435 was



m croneedl e arrays 1420, 1430 may be anodised with a
| ayer of al um nium oxide to harden the m croneedl e
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arrays 1420, 1430 in oxalic acid 5%for 3 mnutes at a
constant voltage of 45V (effective area of roughly

10x10 mm®2), the wall thi ckness of the m croneedl es

1425, 1435 wasi ncreased fromli@bout 20 microns to about

30 microns. Figures 15(a) - 15(c) are SEM m crographs
grgv&dgaﬁtﬁ% S 80 RFGHALBHLBI 3dRicrsHa. P.gme%rfsg@eﬂﬁ 8lc) are SEM
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d.egampltem@boﬂw%% thipxateple mlﬁowﬁ@r@@%ww as well apgthe glatform
t gffhetrh%rdﬁbgme BREH sno@m %ar&étwﬁ@%naﬁémo éaéﬁa.rahmhg and

er outer foot radius t m croneedl e 16

F|d@mr5n91®(@)s during skin peariation. Ibisaataskthatihe Ri@sasie 16 in
alﬁﬂﬂr@ﬂé‘(@? ﬁ&eﬂmﬁzh 1 }g:er]&@er%&rré’di@ thHaA fitb ftréreRleB2b e Figure

m croneedl e 163 ure b) and causes a

ré@(ﬁdtTmWchuea@scﬁatem%Wszs pethg apediniupeghest Ge. 13fkmicrons) used
.&fogrﬂmg%eemk@&% d%ofé?sosim:ngreamdbf‘éPH e?lﬁé&%rr@&?&i@h%?about

abricated using an al nost” sim
40% in the aspect ratio of the microneedle 1630.

Both solid and holiow microneedles may be fabricated using an almost similar
experimental set-up and materials described in the above embodiments. By
controlling the sharpness of the punches at the tip, microneedles may be made solid
(without creating a hole during the punch stroke) or hollow (creating and expanding a
hole at the tip of punch during punch stroke). The only process variance in yielding
solid and hollow microneedles is the sharpness of the punch tip. The tip sharpness of
the punch is strictly dependent upon the relative thickness of the metal sheet. Thus, a
particular punch tip may be sharp enough for a relatively thick metal sheet but may be
too blunt for the same material having a smaller thickness. It is quite straightforward
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(wi thout creating a hole during the punch stroke) or
hol |l ow (creating and expanding a hole at the tip of
punch during punch stroke). The only process variance
in vyielding solid and hol | ow2@ri croneedles is the
sharpness of the punch tip. The tip sharpness of the
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pwnwrangemnmmgtnc Miegu respedtively, eflibavboltomemiesdriasgie 1770 formed with

r isng a punch (not
9? avi n&vrg%)é\é'ééectaggéﬁgmﬁ 21. 5 and a 0.2mmt hi ck

a! um ni um sheet. Figure 17(b) i s a plan view of the

m cron
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r _em@smmttm #ohpwichtamay82e.eas irver sarfacecd eaciyof the microneedles

eERER EE et byl ecttopi e BEEBG o A hiABlg, A protruding

p surtdtien$60 iecdsdechivith epoxyHiBo& taprementinickekplating ar8a0 owjier burface

th of

t RER R BHEETr 16 18 ptnoy Sl ifBfCedi ey Folwpg fen?

pekctgdated irha akkei ablogide sblatiom(industrial grade)dion @2 hours at constant
current 0.08A, forming a layer of nickel plating 1858, on the inner surface of the
microneedles 1850, as shown in Figure 18(c) and 18(d). Figure 19(a) shows the well-
defined microneedle array 1920 formed in accordance with the embodiment in
Figures 18(a) to 18(d). The microneedle array 1920 is slightly bent outward to
facilitate skin scratching. Figure 19(b) shows various example anodised microneedle

© arrays e.g. 1922, showing differences in thickness, in which the darker greyscale

indicates increased thickness.

Figures 20(a) to 20(c) show three modes of failure, namely a cap mode, a

crown mode and a crater mode, respectively, of the microneedles fabricated by



surface 1860 is coated with epoxy 1855 to prevent
ni ckel -plating on an outer surface of the m croneedl es
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el ectroplated in a nickel chloride solution
(industrial grade) for 12 hours at constant current
0.08A, formng a |layer of nickel plating 1858, on the
i nner surface of the micronedtll es 1850, as shown in
Figure 18(c) and 18(d) Figure 19(a) shows the
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ness 0
nﬂteeforra&ltlos;lhlﬁbollow mh:rorwgp@etas dﬁaCHEGCbem&w size for the
crown-type failure to occur is about 10 or nore. The
fragnmented faces of the m croneedl e often curl back as
t he cr dicthe gramplegmbodinientsymigrofdrening ie diged tafoa0 nfiFogesdies. It
2 Lch . ' .
¢ RO of 3pBiec R B oSS o B8R RS B e B8 loiuced i
whitleeerd etnbbdimrieptscr eat ed initially by the punch and
subsequent |y expanded as the punch advances. This node
yields relatively sharp and snooth circunference 2030 .
at t heUsing microforming to produce microneedles substantially reduces the

production time and cost of such microneedle arrays, thereby making the technology

feasible for commercialisation.

Further, embodiments described hereinbefore enable hollow or solid
microstructures that have a wide range of lengths and aspect ratios to be
microformed such is currently a limiting factor for certain technologies, e.g. silicon
technologies. For example, microneedles having a variety of aspect ratios may be
obtained by increasing the taper of the punch in conjunction with using an
appropriate thickness of metal sheet.



tip of the mcroneedle, as shown in Figure 20(c). The
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enbodi nents, mcroformng is used to form

m croneedl es. It should be appreciated that

m crostructures of other shapes may al so be produced
in different enmbodi nents. Usi2dg microformng to
produce microneedl es substantially reduces the
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m crostructures, including e.g. mcro-conponents used
in m cﬂtdwgpga@n@m@@@myoa RrjBenR skillgsrin thaart habpumptoals variations
eLRG/F %Hﬁ”cmgln?a? bé’“ﬂé&@td tﬂél Péi‘.%np?\vé"ntfoﬂ as!shown in the specific
carriers, mcro re fasteners rames, springs,
c 6mbadimanis withaus ﬁe@argrw:ﬁﬁoraéhq)%rst Qirsgops picthe iwentiqreas broadly
WHHlné?ie Tﬂggfe%ﬁhtaérﬁgoMerﬂs BRE $itefold ltcl? B4 chikidded # di [respects to

nunmer ous vari ations and/or nodifications may

nﬁﬁdluﬁ’tﬁa‘!\&wqﬁlrr@é@ﬂ"qt'Wentl on as shown in the specific



enbodi nents wi thout departing fromthe spirit or scope
of the invention as broadly defined. The present

wenbwdisnmant s are, therefore, to be consi dered PaT/aiGR004/000374
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respects to be illustrative and not restrictive. CLAI M5
1. A nethod of mcroformng an array of

m crostructures conprising: advancing a punch having
an array of protrusions towards a sheet of materi al

di sposed between the punch and a die, each protrusion
siapgdst o deform the sheet of material into a
correspondi ng mcrostructure; providing a holder for
hol di ng the sheet of material in place; and punching
the sheet of material with the protrusions on the
punch to formthe array of mcrostructures on the
sfeet 6fmehpd of Bicroforming @n gl SHMILEOIIUSIUFRSICAMPIISINgE m

1, whebevahcmg;ea mrfcrhqﬁv Céri’é’r?a? of BFOAULDAS mvwr@@%ﬁé&%f material
3. The neth ascalma in clains 1 or 2, fu

c gispesed briwpenifiedaungh and aisia. gaeh alotrysien ﬁa@mw deform the sheet

CQF'H\ta%rrlépnhtoV&c&kéb%ﬁ&nQ%lérﬁﬁrt&ﬂﬁ@ of material in
areas of the respective mcrostructures during

m cr of equdrwa a poldenier haldingdhergheet gf matgrialin (E’la&?nﬁ‘@

wher ei BuhdHihgthbshast dfdhatdrit Wﬂﬁ tﬂﬂi‘ﬁroﬁ'@éiéﬂs%r@ﬁk'p\ﬁﬁch to form the
support is provided by the The net hod

c PHRYREMgFrstlusiupgsson Wﬁeﬁhéﬁtrpfﬂ?éertﬂe is a defor rrabl e
die. 6. The nethod as clainmed in any one of the
preceding clai ms, wherein an aspect ratio of the punch
i & chodBA MaiRgs aselpinteskin &lain J ewherpindie Bigogfuchies sonarrise
ofnidrBh&ddied., pl ane stress is reduced or avoided in the
sheet of material during form ng of the

m crostructures. 7. The nethod as clainmed in any one

0f3. t he TRE @sRldas ShifiedBin clites %Pz qaﬁﬁbr%bﬁ{p%lh]{; %FJM@ a
is formed with a solid tip.8. as clal ned

afyosiardialy C‘aﬂséﬁwotl"t?@‘:@ve WPQP@ on tisxghpekpUTaierialie etReE of the
| PodpBEFRMMIBIsuduRRl fRiriA§ nilerbfofmihger eof .

4, The method as claimed in claim 3, wherein the substantially constant
counteractive support is provided by the die.

5. The method as claimed in claim 4, wherein the die is a deformable die.

6. The method as claimed in any one of the preceding claims, wherein an aspect
ratio of the punch is chosen such that for a given thickness of the sheet of material,
plane stress is reduced or avoided in the sheet of material during forming of the
microstructures.

7. The method as claimed in any one of the preceding claims, wherein each
microstructure is formed with a solid tip.



9. The nethod as clained in claim8, wherein the
curvature of the tip of each of the protrusions of the

weouamhsTa chosen such that for a given thi ckneeeTsG2a00@00374
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sheet of material, a hole or crack are created at an

early stage of mcroform ng, wherein said hole or

crack subsequently expand during m croformng and

result in an opening at the t34 of each of the

m crostructures. 10. The nethod as clainmed in claimb5,

wher el R gedlEh gt MRh& iﬂ'a%y!o?u[e%?‘glgﬁsr PB d@ WA kath

that recovers at least partially arter defornmation.

1 Imicistruetgrens prened otithianfele aha tip Hienecof0, wherein the

material conprises sem crystalline polyneric

materials. 12. The method as clained in clains 10 or

119. whekhei methhé ad ekisnerbib| daimiSe whereimitie cufvaturenaf teitinlof each of
S [ : .

P BldEApiohE B} hARAPRRGR e Eh A B oNeH RS, bHne shoot o
( Podigtialt 2 holews ctask laye epatedRTBEparhasidg®of wisrdigiming: wherein

t er epht [ [ .
one.of PRUTE of GaM subtlouckth TERiilifA] B ShaFBiitn an
apwleping gt thedtipl of@alkclibf the amicrosouatirespunch. 14. The :

met hod as clained in claim13, wherein the solid

| ubricant conprise a Ta- C coating. 15. The nethod as
cl i neditiermethod e glaimied inelgimée whierein bk giefasmablardichismade from a

C HTRGH A 1) r&%le}s:]% rlé?aﬁg ?é(}tiélWerﬁé‘(oﬁrﬁ&t%nOf each of the

m crostructures eni'ng the mcrostructures. 16.
The nmethod as clainmed in claim15, wherein the step of

coatin i . d i . . : .
oo TR 8 | AR IO RSl b o
elasystallng palymeyiqonaledsls. conpri ses ni ckel plating. 18.

The nmethod as clainmed in any one of the preceding

clai ms, wherein the sheet of material is a netallic

mekZer i alheohetbes as claimachip clpiros B0 comsivdteireiy thef defemeable die is

al M%@éﬁ%aterial selected from the group consisting of: High Density Polyethylene
. (HOPE), Polypropylene (PP), Teflon (Polytetrafluoroethylene, PTFE), and

- Polyethylene terephthalate (PET).

13. The method as claimed in any one of the preceding claims, further comprising
applying a solid lubricant to the punch.

14.  The method as claimed in claim 13, wherein the solid lubricant comprise a Ta-
C coating.

15. The method as claimed in any one of the preceding claims, further comprising
coating on an inner surface of each of the microstructures for hardening the
microstructures.

16. The method as claimed in claim 15, wherein the step of coating comprises an
electroplating process. '



1100 and copper (99% . 19. An apparatus for
m croformng an array of mcrostructures conprising: a

woumhshayi ng an array of protrusions; a die; BAW/S&2004/000374

10

15

20

25

30

hol der for holding a sheet of material in place during

m crof orm ng, wherein each protrusion is shaped to
deformthe sheet of material into a correspondi ng

m crostructure; and wherein 2he sheet of material is
punched with the array of protrusions to formthe

array of mcrostructures. 20. The nethod as clained in
claim19, wherein the mcrostructures conprise

mil'ér on&be methodasiclaimed imglpian 3. (vdhesein thesglaeteppiating PEicess

1 2Q, 0 a substantially constant
cgﬂﬁ?ﬁ%§6W¥%§&§ﬂgbort is provided to the sheet of

material in areas of the respective mcrostructures

dugi ng-4ii . . . >

cifs m THe WAL Bimotifn arh Sy a2y o, Wrcifline shees
c olmeteriatis iavaetgllip pwtarial ehosenirpaeie Byouprengisiéng of 3stegthaluminium
a jymed in claim?22, wherein the die is a
dg?%? %ﬁaﬁﬁ%ﬁ%{ géga/ﬁh The apparatus as clained in any

one of clainms 19 to 23, wherein an aspect ratio of the
pygch i : ' ' ~it-he
Sder 47 RRHRRR PHAsyting 2 aRapbtL -t GRS nRlighy

i n t heaghipeh havingran afraaef pletrysianst or mi ng of t he

m crostryctupes. 25. The apparatus as claimed in any

one of cldins 19 to 23, wherein each microstructure is

f or medawiolder fordelding a sheet ofgnatgrial iaplaae duiirg micrefPrmingd

| . o N
L T S

2 zorrdipondipg amignosisucige cansh wieteinihe sheerpbmateriplds eunched avith the

Cﬁﬁéﬂgf@%gﬁ&"ﬁ% b th?%gt%?g)hmﬂ;frogtpu%ttﬁéé?t rusions of the

p osen suc or a given thickness.of the
sheet

20. The method as claimed in claim 19, wherein the microstructures comprise

microneedles.

21. The apparatus as claimed in claims 19 or 20, wherein a substantially constant
counteractive support is provided to the sheet of material in areas of the respective

microstructures during microforming.

22. The apparatus as claimed in claim 16, wherein the substantially constant

counteractive support is provided by the die.
23.  The apparatus as claimed in claim 22, wherein the die is a deformable die.

24. The apparatus as claimed in any one of claims 19 to 23, wherein an aspect
ratio of the punch is chosen such that for a given thickness of the sheet of material,
plane stress is reduced or avoided in the sheet of material during forming of the

microstructures.



of material, a hole or crack are created at an early
stage of mcroform ng, wherein said hole or crack

weubs@guant | y expand during m croform ng and r esuiSG200a/000374
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an opening at the tip of each of the m crostructures.
28. The apparatus as clained in claim23, wherein the
deformable die is made froma material that recovers
at least partially after def 8mati on. 29. The
apparatus as clainmed in claim?28, wherein the materi al
conpri ses semcrystalline polymeric materials. 30. The
ap Earatus as clainmed in clains 28 or 29, wherein the

or nabP @PEratysesAiRimed in anyRnecficlims 49 &2 avhereineasie
gmaesﬁm%% joge @it Hisalid Bgnsi ty Pol yet hyl ene (HOPE),
Pol ypropyl ene (PP), Teflon (Polytetrafl uoroethyl ene,
PTFE), and Pol yet hyl ene terephthalate (PET). 3 1. The
apgar atryg a@ﬁar%'ttﬁ' erg%#aulned HnyBHR &fcua%@mo 28 virRreélf each

erein a solid lubricant is applied to the punch 32.
Tmcraﬁtwﬂsrﬁ@foa@e@ with gl af adirdheiedf. 1, wherein the
solid lubricant conprise a Ta-C coatlng 33. The
a@garatus as clainmed in any one of clainms 19 to

t herThe GRpRIAYISRE GREiBRY iT Paimugfh MR H‘%‘é\ﬁ“ﬂ@ Oéweatw of each

| P prkdsiR AfheERnTen® crid3en ShET B fd#%tdﬁe%sthk%ess of the sheet

har deni ni_:] the mcrostructures. 34. The par at us as
c lohmatadial, @ haleprerack arw&aﬁa&d@tﬁﬁleea&luatagﬁgvf Bspiormeiag. wherein

el ectr Qpigalold\er BRACRDSequéntly &}%nﬁ%ﬁﬁ@w&oﬁﬁmﬁb ah#eskult in an
in claim34, wherein the electroplating process

c@ﬁﬁ'ﬂ‘l"@é&thﬁlt'@kcéleaﬂ aﬁth%@'CF%TUC%%S appar atus as cl ai ned
in any one of clains 19 to 35, wherein the sheet of
material is a netallic material chosen fromthe group

c@8si stihagperratusasciaimed iPRIMLER. Mt fte deippipledeimade

from a material that recovers at least partially after deformation.

29. The apparatus as claimed in claim 28, wherein the material comprises semi-
crystalline polymeric materials.

30. The apparatus as claimed in claims 28 or 29, wherein the deformable die is
made of a material selected from the group consisting of: High Density Polyethylene
(HOPE), Polypropylene (PP), Teflon (Polytetrafiuoroethylene, PTFE), and
Polyethylene terephthalate (PET).

31. - The apparatus as claimed in any one of claims 19 to 30, wherein a solid
lubricant is applied to the punch.

32. The apparatus as claimed in claim 31, wherein the solid lubricant comprise a

Ta-C coating.

33. The apparatus as claimed in any one of claims 19 to 32, further comprising
means for applying a coating on an inner surface of each of the microstructures for

hardening the microstructures.
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34. The apparatus as claimed in claim 33, wherein the coating comprises an
electroplating process.

35. The apparatus as claimed in claim 34, wherein the electroplating process
comprises nickel plating.

36. The apparatus as claimed in any one of claims 19 to 35, wherein the sheet of
material is a metallic material chosen from the group consisting of: steel, aluminium
1100 and copper (99%).



