23 MAR 2004 1 METHOD AND APPARATUS FOR MANUFACTURI NG A DEVI CE Field of the
I'nvention The present invention relates to a method of manufacturing a
device, and particularly, a mcro-device. Mre particularly, the 1 htentibn
is directed to a nethod of nolding a mcro-device for 5 nedical use.
Background of the Invention There has been an increase in interest in
processes for the manufacture of small devices in the field of biological
and bi ochem cal analysis. The manufacture of devices used for anal yti cal
testing uses 10 techniques simlar tolthose used in the el ectronics

i ndustry. Exanples of these manufacturing techniques include

phot ol i t hography and wet chem cal etching. The devices are often nade from
solid substrates such as silicon and glass. M croanal ytical devices have
been used for performng various 15 analytical reactions. For exanple,

U S Patent No. 5,498,392 to WIding et al. discloses a nesoscal e device
having mcrofabricated fluid channels and chanbers in a solid substrate

for the performance of nuc#f\ﬂ:’? i LE i Al ctions. U S. Patent

No. 5,304,487 to WIlding et a I.IB;}? mﬁﬁtﬁéc‘gﬁ devi ce having a cell
handl i ng 20 region for deteCctMANUFACTURING ADEVRIEP €. The m crochannel s
and chanbers have a cross-sectional dinension ranging fromO. 1 mcron to

500 microns. U S. Patent No. 5,885,470 to Parce et al. discloses a 2 3 MAR
2004 2

Field of the Invention

The present invention relates to a method of manufacturing a
device, and particularly, a micro-device. More particularly, the
invention is directed to a method of molding a micro-device for

5 medical use.

Background of the Invention

There has been an increase in interest in processes for the
manufacture of small devices in the field of biological and biochemical
analysis. The manufacture of devices used for analytical testing uses

10 techniques similar to those used in the electronics industry.
Examples of these manufacturing techniques include
photolithography and wet chemical etching. The devices are often
made from solid substrates such as silicon and glass.

Microanalytical devices have been used for performing various

15 analytical reactions. For example, U.S. Patent No. 5,498,392 to
Wilding et al. discloses a mesoscale device having microfabricated
fluid channels and chambers in a solid substrate for the performance
of nucleic acid amplification reactions. U.S. Patent No. 5,304,487 to
Wilding et al. discloses a mesoscale device having a cell handling

20  region for detecting an analyte in a sample. The microchannels and
chambers have a cross-sectional dimension ranging from 0.1 micron

to 500 microns. U.S. Patent No. 5,885,470 to Parce et al. discloses a



m crofluidic transport device nmade froma polyneric substrate having fluid
channel s that can be a few mcrons wide. The prior processes for

m crofabrication of polynmeric substrates typically involve stanp 3mpdijng
or enbossing. These processes often 5 require the use of a rel ease agent
or coating on the nolding surface. There has al so been an increased
interest in mcroneedle injection for the transdermal delivery of various
drugs. The mcroneedl e devices can have a plurality of mcroneedles with a
| ength of a few hundred mi crons. These devices are usually made from 10
silicon or other netals using etching nmethods. Although effective, the
resulting mcroneedl e devices are expensive to manufacture and are
difficult to produce in |large nunbers. One exanple of a mcroneedl e device
for delivering a drug to a patient is disclosed in U S. Patent No.

5, 879, 326 to @idsifhhidietraaispatd déviveomaed! feofr apalehierry yubsyagehaaigg abl e
to penetrateﬂihe stratum corneumof the skin with less irritation. The

stratum cor rfebif chapnebhihakcar bt few reicreapisited ker ati ni zed cel |

remants having a L GkE - l.crons d forns a er.pr oof
membrane to prot ec’_m%ﬁe goﬁ&%ers gfpngly‘%"v‘;@?’%"ﬁa%%\%ﬁ? poﬁfgpolgglga%gpﬁég% €&nd
the outward niygiedllpinedlvy 3theHS e e mBdMingleMneRE Yok 45498 filehr ough
the skin is enhanced by either increasing the perneability of the skin or

i ncreasi n§ t iequire thorseneryyclgsed agont o aeatinghen dhegsotdingughrfahe. skin
One metod of del b o RS MRS R R D LIRS
o e 1 S SEATe W Sty S bl s
penetrating timecsirezdiendeviaesurargbaege @l pyuratity ofeniaroneedles with a length

of a few hundred microns. These devices are usually made from

10 silicon or other metals using etching methods. Although effective, the
resulting microneedle devices are expensive to manufacture and are
difficult to produce in large numbers. One example of a microneedle
device for delivering a drug to a patient is disclosed in U.S. Patent No.
3,879,326 to Godshall et al.

15 Microneedle drug delivery devices are able to penetrate the
stratum corneum é)f the skin with less irritation. The stratum
corneum is a complex structure of compacted keratinized cell
remnants having a thickness of about 10-30 microns and forms a
waterproof membrane to protect the body from invasion by various

20  substances and the outward migration of various compounds. The
delivery of drugs through the skin is enhanced by either increasing
the permeability of the skin or increasing the force or energy used to
direct the drugs through the skin.

One method of delivering drugs through the skin is by forming

25 micropores or cuts through the stratum corneum. By penetrating the
stratum corneum and delivering the drug to the skin in or below the
stratum corneum, many drugs can be effectively administered. The
devices for penetrating the stratum corneum generally include a

plurality of micron eize needies or blades having a length to ponetrate



plurality of mcron size needles or blades having a length to penetrate 3
the stratum corneum w t hout passing conpletely through the epiderms.
Exanmpl es of these devices are disclosed in U S. Patent No. 5,8%9, 3260
Godshall et al.; U S Patent No. 5,250,023 to Lee et al.; and WO 97/48440.
5 The prior nethods and apparatus for the manufacture of mcro- devices for
nmedi cal use has exhi bited sone success but is generally tinme consum ng and
expensi ve. Accordingly, a continuing need exists in the industry for an

i nproved nethod for the manufacture of mcro- devices. 10 Summary of the

I nvention The present invention is directed to a nethod of manufacturing
devi ces, such as, micro-devices for nedical-and other uses. The method and
apparatus of the invention are suitable for nolding plastic devices having
m cron and subm cron features. The nedical 15 mcro-devices are devices
havi ng channetls; stre¢dhesorpeint sitdiowt pessingtdomebletaly tf}ﬁ-@hgheglehavi ng

di nensions ranging fromless than | mcron to several hundred mcrons in

|l ength or wi diltdeBaifplleamplesptthesedeviees aradiselosbé indl G Pdtant No.

accordance w res i.avent,. \nglud n tic m cr ochannel
devi ces, ni cr%’n%(?edc;ﬁgg , 1'%2@mr:)lls%f)‘e tegséh’a’gg‘$‘%a§qrﬁﬁo'2$éliq’5éﬁlto‘ri'r%er &cAhnnel
devices, for gxanpe97/a8a4ioncl ude m crochannel s having a dianeter rangi ng
fromabout 0.5 microns to about 500 microns. In one enbodi ment of the
i nventiony the ni cFoeduiecmetbods@md appapenet fart hegmem g e asiengl fliero-
stratum cor neym.of t.he skj.n land or the, .25 transdernal delivery of a
subst ance, suthISES L0y igal use has exhibited some success but is generally

time consuming and expensive. Accordingly, a continuing need exists

in the industry for an improved method for the manufacture of micro-

devices.

10  Summary of the Invention

The present invention is directed to a method of manufacturing
devices, such as, micro-devices for medical and other uses. The
method and apparatus of the invention are suitable for molding
plastic devices hay_'ing micron and submicron features. The medical

15  micro-devices are devices having channels, needles, points or other
structural features having dimensions ranging from less than 1
micron to several hundred microns in length or width. Examples of
micro-devices that can be molded in accordance with the present
invention include analytical microchannel devices, microneedles,

20  pipettes and the like. Analytical microchannel devices, for example,
can include microchannels having a diameter ranging from about 0.5
microns to about 500 microns.

In one embodiment of the invention, the micro-device is used for
penetrating or abrading the stratum corneum of the skin and for the

25  rwransdermal delivery of a substance, such as a drug or
pharmaceutical agent, through the abraded area. The device includes
a plurality of microncedles for abrading and preparing a delivery site

on the skin to enhance the delivery of a substance through the



phar maceuti cal agent, through the abraded area. The device includes a
plurality of mcroneedl es for abrading and preparing a delivery site on
the skin to enhance the delivery of a substance through the 2 -8 jtMuk4mbL~A
4 stratum corneumof the skin to a sufficient depth where the substance

can be absorbed and utilized by the body. Accordingly, a primary object of
the invention is to provide a nethod for efficiently manufacturing a

m cro-device fromplastic or 5 other materials. Another object of the
invention is to provide a nmethod of nolding a mcro-device froma
polyneric material using a nold capable of nolding subm cron-size features

whi ch can be readily renoved fromthe rrf)l'd'd'surface. 10 A further object of

the invention is to provide a nethod of nolding a mcro-device froma
polynmeric material in a cost-efficient manner. A further object of the
invention is strapuovicdeneurost thef $kiri ema sufftlod dipthewhtactheisuhsaadeyi ce

havi ng m croneedl es of several 5 merons .in |length. Another object of the
invention is F%nﬁ?eo@ga%rh%{lﬂdﬂ&jﬁég E?ﬁltgﬁrﬁo%ﬁ"devi ce having a plurality of
m croncedl es havin 18 irRRRH i o ALT - obj ect

of the invention igcte% p?gb{]’dﬁgbg met h%gég%%fﬁg&gﬁﬁg@ﬁ?ﬁﬁg&%w%fecti on
nol di ng a devireghbaviongfaciehtlyaimiatyfaéturing roneed-dsvisktibom peedieodensity
of about 4 to about 100 needles per m2. A still further object of the

i nventionds PH ¢ BAEEEAL net hod of

Another object of the invention is to provide a method of
molding a micro-device from a polymeric material using a mold
capable of molding submicron-size features which can be readily
removed from the mold surface.

10 A further object of the invention is to provide a method of
molding a micro-device from a polymeric material in a cost-efficient
manner.

A further object of the invention is to provide a cost efficient
method of manufacturing a device having microneedles of several

15  microns in length.

‘¥

Another object of the invention is to provide a method of
molding a device having a plurality of microneedles having a length of
about 5 to 250 microns.

A further object of the invention is to provide a method of

20 manufacturing by injection molding a device having a plurality of
microneedles with a needle density of about 4 to about 100 needles
per mm?2.

A still further object of the invention is to provide a method of

molding a micro-device having micron or submicron molded details
25 without the use of a release agent on the mold surface.

Another object of the invention is to provide a mold assembly

having a silicon molding surface for injection molding, cornpression

molding or embossing to form a device having a plurality of molded



nmol ding a m cro-device having mcron or subm cron nol ded details 25

w thout the use of a release agent on the nold surface. Another pbject,.of
the invention is to provide a nold assenbly having a silicon nolding
surface for injection nolding, conpression nolding or enbossing to forma
device having a plurality of nolded -5 micron or subm cron features that
can be easily renoved fromthe nold without a release agent. Still another
object of the invention is to provide a nmethod of nolding a m cro-device
using a nold assenbly having a nold cavity 5 and silicon nol di ng nenber
attached to the nold assenbly within the nold cavity. The objects of the
invention are further achieved by providi®g a nethod of nolding a device
having m cron or subm cron size features in a nold without the use of a
rel ease agent. The nold includes a 10 nold nenber made of silicon or other

material Wit hrstidrabl eubehRess feRRRRA! tHedcadBe %%%Qgﬁq&%@frﬁ%‘?@hé“r face
| ding t

defining an inpression of the desired device for e mcron or

submi cron si Z&@oi@arighewt prrsheasepagsmeri ¢ material. The silicon nold nember
surface can

has a reverse i for | di.ng the . features where the noldin

have 15 recessesngggﬂéék%tggﬁr?@]%&? e HYsHEaR 5 16 Brorde & msiBpdiofhundr ed
11 mcrons i I%qg%h. foloV [ i re.: stanti all

achi eved by nr[l)’lroovi |%§Ba@?reqﬁ1‘§§é oﬁﬁ%n%%t}ﬁlgwa\égg%#%l %gﬁ%fr?%% Iﬁ?&%FWi%i ng a
ol d  sechi onan tshlieon ecalsléng ehérmibeg satashetl tavhé Ynaldes S8y R thig ankt ¥
has 20 a bottomwall and a silicon nold nenber disposed theréin. The
silicon nol d MOYBEAVHEs a contoured surface facing the nold cavity.

The objects of the invention are further achieved by providing a
method of molding a device having micron or submicron size features
in a mold without the use of a release agent. The mold includes a

10 mold member made of silicon or other material with suitable release
properties and having a contoured surface defining an impression of
the desired device for molding the micron or submicron size features
from a polymeric material. The silicon mold member has a reverse
image for molding the features where the molding surface can have

15 recessesor peaks ranging from about 0.5 micron to several hundred
microns in 1ength.’

The objects of the invention are substantially achieved by
providing a method of making a device comprising providing a mold
section with a recess defining a mold cavity where the mold cavity has

20  a bottom wall and a silicon mold member disposed therein. The
silicon mold member has a contoured surface facing the mold cavity.
A hot polymeric material is introduced into the mold cavity to fill the
mold cavity and the recesses in the silicon mold member to form a
molded device. The mold assembly is then cooled and the molded

25  device is removed from the mold cavity.

The objects, advantages and other salient features of the
invention will become apparent from the following detailed description
which, taken in conjunction with the annexed drawings, discloses

preferred embodiments of the invention.



A hot polyneric material is introduced into the nold cavity to fill the
nol d cavity and the recesses in the silicon nold nenber to form Ped
device. The nold assenbly is then cooled and the nol ded 25 deV|kgM#€?
removed fromthe nold cavity. The objects, advantages and ot her salient
features of the invention will become apparent fromthe foll ow ng detail ed
description which, taken in conjunction with the annexed draw ngs,

di scl oses preferred enbodi nents of the invention. 2 3 MAR 2a61 6 Bri ef
Description of the Drawings The following is a brief description of the
drawings, in which: Figure 1 is a perspective view of a m croabrader
surface one the enbodinent of the inventi®n; 5 Figure 2 is a partial
cross-sectional view of the mcroabrader; Figure 3 is a top view of the

m croabrader in the enbodinent of Figure 1 showing the tips of the

m croneedl es; Figure 4 is a-schematic view of an injection nolding

appar at us used in_one enbodlnent of the invention; 10 Figure 5 is an

expl oded persge ief; Dy P f TARHDEB| | mol d nmember f or nDIding a

m croneedl| e dewce F 0 i, ew si.licon menber
used for nolding gh?hr}gyglﬁ’grg%?% F@gésc&?%??g tbﬁﬁﬁ“ﬁ’?gﬁn”bfv ‘ﬁ}é
Preferred Enbodi mepigd®e The app@;%?ﬁbuw%%'d?% et RAHRH SRR TER DR O
manufacturing a nicro-device, such as a nedical device, having a plurality

of nicron oremimdigront of the osngices. | n one enbodi ment the micro- devi ce

is a mcroabrader devic .for preparing the skin. for transdernall
Gy Flgur isa pgrtlﬁ Cros sectxonai view of the m1croabraa’er

Figure 3 is a top view of the microabrader in the embodiment of
Figure 1 showing the tips of the microneedles;
Figure 4 is a schematic view of an injection molding apparatus
used in one embodiment of the invention;
10 Figure 5 is an exploded perspective view of a mold and silicon
mold member for molding a microneedle device; and
Figure 6 is a top view of the silicon mold member used for

molding a microneedle device.

“r

Detailed Description of the Preferred Embodiment

15 The present invention is directed to a method of manufacturing
a micro-device, such as a medical device, having a plurality of micron
or submicron size features. In one embodiment the micro-device is a
microabrader device for preparing the skin for transdermally
administering a substance to a patient or withdrawing a substance

20  from the body of a patient. The method of the invention is able to
mold a device having a plurality of micron size features, such as a
microabrader device, from a polymeric material. The molding method,
such as injection molding, 1s able to produce a high volume of the
devices with micron or submicron size features in an inexpensive

25 manner and with a high degree of consistency.

The devices formed by the method of the invention are

preferably devices that have micron or submicron size details



adm nistering a substance to a patient or withdrawi ng a substance 20 from
the body of a patient. The method of the inventionis able to mpold a
device having a plurality of mcron size features, such as a gh igrader
device, froma polyneric material. The .nolding nethod, such as i* t on
mol ding, is able to produce a high volunme of the devices with mcron or
subm cron size features in an i nexpensive 25 manner and with a high degree
of consistency. The devices formed by the nmethod of the invention are
preferably devices that have mi cron or submcron size details 2 3 MAR 2004
7 integrally nolded therein. Exanples of mcro-devices that can be nolded
by the nethod and apparatus of the inventipn include nedical and

anal ytical devices having mcron size channels, conduits or capillaries,
surgi cal needles, prosthetic devices, inplants and the like. 5 The met hod

and nolding a PR ta for t he | ded nedi cal
devi ces havi ngﬁ%rﬁg%ﬁz l—F}(Bﬁjr ecesésrggIljl #@é&'ﬁﬁ%& ?Fé)r de‘éltCFﬁgBG?&anetP%nent s
having at | easiolerd Wmﬁ@&h@ﬂld&&ﬁdf‘@pﬁﬁé%@@the ﬁvénﬁbﬁrl% e
m crons. The illustrated enbodi nent ates to a mcroneed evice for
abrading the m%analmh@lgltrvmeatha‘nnlgerrﬁm'amdmesﬂmmmlh,atomdhmtsmtent ion is

t | ted t brad d d d be used to nold
2 Vari ety of aeoHiES) ShEichlmetlFadBioRiberEde ette IRPIERES RRCHET BRCt he

present i nyentienaiBoRaHd F:&Blé‘hlé%a?‘ﬁ' E&Hﬁseaf'é’g; ?ﬁ@uldﬂf%ﬁﬁ%rb @gorséne%f or

adm ni stering a pharnmaceutical a to a pati raw n
subst ance t r ansdeledainegidalabevdcemhinentg c#}annshad rbe¢sien, n2cahar smegitd cal

agent includes a subsf e havj ng, biological activity such as antibiotics,
antiviral ageftsictHpg é@@%%ts ANt legst one dimension ranging from about

0.5 micron to about 500 microns. The illustrated embodiment relates
to a microneedle device for abrading the skin, although it will be
10 understood that the invention is not limited to microabrader or
microneedle devices and can be used to mold a variety of devices.
The microabrader devices made by the method of the present
invention are particularly suitable for use in preparing skin for
administering a pharmaceutical agent to a patient or withdrawing a
15 substance transdermally from a patient. As used herein, a
pharmaceutical agent includes a substance having biological activity
such as antibiotics, antiviral agents, analgesics, anesthetics,
anorexics, antiarthritics, antidepressants, antihistamines, anti-
inflammatory agents, antineoplastic agents, vaccines (including DNA
20  vaccines), and the like, Other substances which can be delivered
intradermally to a patient include naturally occurring, synthesized or
recombinantly produced proteins, peptides and fragments thereof.
Substances and agents withdrawn from the body include analytes,
drugs, glucose, body electrolytes, alcohol, blood gases, and the like.
25 In one embodiment of the invention, the method is directed to
the manufacture of a microabrader for preparing the skin, and
particularly the stratum corneum, for enhancing the delivery of a
substance transdermally to a patient or for sampling various agents

from the patient. The microabrader device is moved or rubbed on the



anorexics, antiarthritics, antidepressants, antihistam nes, anti-

i nfl ammat ory agents, antineoplastic agents, vaccines (including DNA 20
vaccines), and the |ike. O her substances which can be deIivereg3me1%L
intradermally to a patient include naturally occurring, synthesized or
reconbi nantly produced proteins, peptides and fragnents thereof.

Subst ances and agents withdrawn fromthe body include anal ytes, drugs,

gl ucose, body electrol ytes, al cohol, blood gases, and the like. 25 In one
enbodi nent of the invention, the nethod is directed to the manufacture of
a mcroabrader for preparing the skin, and particularly the stratum
corneum for enhancing the delivery of a-&ubstance transdermally to a
patient or for sanpling various agents fromthe patient. The m croabrader
device is noved or rubbed on the 23MAR2004 8 skin to abrade and renove at

| east a porti skimftotdifrasler atdFeaRiveeitleastd RtioeoLihP8EaVE S50 el | very
devi ce or sanpling device as known in the art is applied over the abraded

area. As used?fefetiHe ortrassdverdrug cediapradeviceafresampting diswice e svhhawncan
abrade the skin i.ncrease. t he .perneabi]ity of the in wthout causing
unaccept abl e g&ithgia}r}ﬁ?ﬁgpﬁwd&pvgpg%%ﬁ?aﬁ%a{%e éﬁi%%ﬁﬁ??"éﬂs theitAFEct i ous
agents. In {ReckbhbEidd! RdeATROLIdBALe WG oo ShGIH e skilero ThEQRRr ader
device 10 nade by the method of the present invention "1 nhcludes a

substanti & | y th¢ gramdzdajitoof shpshin withdavéagsingphuseddptublkdskin

m croneedl es 14 extending fromithe bottom surface of the support. The
di mensi ons of WHEIHEH W%ﬁ@&r"—pe&i‘ﬂémrﬁ@féﬁ ipfestiosgagents. t he

T oneecl o5, e SISO L ERURBIRRC BB EMER £ amunt o
has a surfacenaiceaalbfaddrogévite 4 (ShitRieebe €Ré IMBIRISO! the present invention
includes a substantially planar body or support 12 having a plurality
10 of microneedles 14 extending from the bottom surface of the support.
The dimensions of the support 12 can vary depending on the length of
the microneedles, the number of microneedles in a given area and the
amount of the substance to be administered to the patient. Typically,
the support 12 has a surface area of about 1-4 square centimeters
15 (cm?). In preferred embodiments, the support surface 12 has a
surface area of abt;ut 1 cm2.

As shown in Figures 1 and 2, the microneedles 14 are integrally
formed and attached to the surface of the support 12 and extend
substantially perpendicular to the plane of the support 12. The

20  microneedles 14 in the illustrated embodiment are arranged in a
plurality of rows and columns and are substantially spaced apart a
untform distance. The microneedles 14 in this embodiment have a
generally pyramidal shape with sides 16 extending to a tip 18. The
sides 16 as shown have a generally concave surface when viewed in

25  cross-section and form a curved surface extending from the support
12 to the tip 18. In the embodiment illustrated, the microneedles are
formed by four sides 16 of substantially equal shape and dimension,
As shown in Figures 2 and 3, each of the sides 16 of the microneedles

14 have opposite side edges contiguous with an adjacent side and



15 (cnR2). In preferred enbodi nents, the support surface 12 has a surface
area of about 1 cnR. As shown in Figures 1 and 2, the mcroneedles 14 are
integrally formed and attached to the surface of the support 32 jampdiigixtend
substantially perpendicular to the plane of the support 12. The 20

m croneedles 14 in the illustrated enbodiment are arranged in a plurality
of rows and colums and are substantially spaced apart a uniformdistance.
The m croneedles 14 in this enbodi nent have a generally , pyram dal shape
with sides 16 extending to a tip 18. The sides 16 as shown have a
general Iy concave surface when viewed in 25 cross-section and forma curved
surface extending fromthe support 12 to%he tip 18. In the enbodi ment
illustrated, the mcroneedles are forned by four sides 16 of substantially
equal shape and dinension. As shown in Figures 2 and 3, each of the sides

16 of the m cipheedd@spidd cAgek2DEREHiIBgh ISV AURENE BNE SOHRESt Wot hrRp
adj acent side and 2 3 R 25704 -9 forma scraping edge 22" extendi ng

outward from s¢repsuggoiges 2 defise asgenprally tugegulzd defrapezaidgdseraping

triangul ar or trapezoi dal scr.apin surface rre di ng.to. the shape of
the side 16 TWIPGFCREFE ARt the FHRPGOLIBRSU 48~ 17 GHAPEE for med wit h
fewer or Moreembodifittuts ARSHIRH N dles 0PI, YORFAU LSRR DE GPHGA! OF
cylindrical, wth conical or pointed tips. The m croneedl es 14 shown
term nat e Sat sdest Altpsndtively Glnernsiktoneddiestdapsbd 8oatenlsithstiantriedll y fl at
and parallel to the support . 14, Each tip 18 preferably fornms a well
defined, sharpliéugensal Wharinier tiPsaeet s the sides 16. The edge 20 extends

substantial | y par a’&‘h@'m%c?‘on%@ﬁle%”?@%ﬁ'{[ovﬁ? tgt[}girgaet]:zianteglu%tst%g i8r.]g edge. In

further enbodi nments,
Generally, the tips 18 are substantially flat and parallel to the support

14. Each tip 18 preferably forms a well defined, sharp edge 20 where
10 it meets the sides 16. The edge 20 extends substantially parailel to
the support 12 and defines a scraping edge. In further embodiments,
the edge 20 can be slightly rounded to form a smooth transition from
the sides 16 to the tip 18.
The micro-devices, such as the microabrader device 10 and the
15 microneedles 14 are made from a plastic material that is non-reactive
with the substance being administered and that can be used in
various molding processes, and particularly injection molding.
Suitable plastic materials include, for example, polyethylene,
polypropylene, polyamides, polystyrenes, polyesters and
20 polycarbonates as known in the art. A preferred polymer is a high-
flow polycarbonate available from GE Plastics under the trade name
HF 1110.
The lengths and thicknesses of the microneedles are selected
based on the particular substance being administered and the
25 thickness of the stratum corneum in the location where the device is
to be applied. The microneedles can have a length of about 5 microns
up to about 250 microns. The microneedles in the ilustrated

embodiment have a generally pyramidal shape and are perpendicular



the edge 20 can be slightly rounded to forma snmooth transition from the
sides 16 to the tip 18. The m cro-devices, such as the m croabrader device
10 and the 15 microneedles 14 are made froma plastic materia} 3t s
non-reactive wth the substance being adm nistered and that can be used in
vari ous nol ding processes, and particularly injection nolding. Suitable
plastic materials include, for exanple, polyethylene, polypropylene,

pol yam des, pol ystyrenes, polyesters and 20 pol ycarbonates as known in the
art. A preferred polyner is a high- flow pol ycarbonate avail able from GE

Pl astics under the trade name .HF 11.10. The | engths and thicknesses of the
m croneedl es are selected based on the'b&?ticular subst ance bei ng
adm ni stered and the 25 thickness of the stratumcorneumin the |ocation
where the device is to be applied. The m croneedl es can have a | ength of

about 5 m cromstheipldree abetd debltem Thomrsicrdheedies caneledkeEdidt hbBow
Illustrated enbodi nent have a generally pyram dal shape and are

per pendi cul armeE3NPgEE.-10 to the plane of the device. The microneedl es can

be solid or holl ow | | gur n 1A he mcroneedl es
14 for m croabraapé? @g&gﬂ{ ?/%lpgéfféﬁ;%éigd%gg?ﬁréﬂ%@F%1;7} % rows and 5
colums to fonematraaay ardtppiallyyspdded 4945 OhifeREORELS 8RRl € spaced
in rows to provide a density of about 2 to about 10 per mllineter (mm

and provi & aclesane tddasntgn erraibodypically, abeuowsog migredicesqrearam®,

al though the 1ol TELI%Y Slowtdieal SRR 8FabSIPY' S 183540 Lo be

millimeter {mm) and provide a needle density of about 4 to about 100
needles per mm?2, although the molding method of the invention
enables the spacing to be varied as needed.

10 In a preferred embodiment, the micro-devices of the invention
are manufactured by injection molding. Basically, the injection
molding machine includes an extruder 30 and a mold assembly 32 as
shown in Fig. 4. The extruder 30 is a commercially available extruder
as Kknown in the art for injection molding small parts. The extruder

15 includes an inlet 34 for receiving the feed material which is generally
in the form of peliets or flakes of the polymeric material. The pellets
or flakes are conveyed through a barrel 36 where the pellets or flakes
are heated to an extrudable temperature. The barrel 36 can be heated
by electrical resistance heating or other methods as known in the

20  extrusion art. A suitable injection molding machine can be, for
cxample, an Arburg All Rounder 2708 Universal.

The melted polymeric material is discharged from the extruder
barrel through a discharge outlet 38 and supplied under pressure to
the mold assembly 32. The mold assembly 32 is generally a two-piece

25 mold having an upper mold section 40 and lower mold section 42,
The upper mold section 40 and the lower mold section 42 are moved
together and retracted during molding by control devices 44 and 46,
respectively, to form and remove the molded device. The control

devices dd and 46 are generally operated by hydraulic or pneumatic



10 In a preferred enbodi mrent, the mcro-devices of the invention are
manuf actured by injection nolding. Basically, the injection nolding
machi ne i ncl udes an extruder 30 and a nold assenbly 32 as shoﬁn?ﬂﬁaﬂug 4,
The extruder 30 is a commercially avail able extruder as known in the art
for injection nolding small parts. The extruder 15 includes an inlet 34 for
receiving the feed material which is generally in the formof pellets or
fl akes of the polynmeric material. The pellets or flakes are conveyed
through a barrel 36 where the pellets or flakes are heated to an
extrudabl e tenperature. The barrel 36 can be heated by electrical

resi stance heating or other nethods as knblr in the 20 extrusion art. A
suitabl e injection nolding nachi ne can be, for exanple, an Arburg All
Rounder 270S Universal. The nelted polynmeric material is discharged from
the extruder pbasnelnd bybugbr areisedineass quirﬁiwﬁ%n%@ S4YPRKL 4 under
pressure to the npld assenbly 32. " The nol d assenb 32 1s generally a

t wo- pi ece 25 Whﬂ’dhﬁ\ﬂl‘lrﬁ(f rowmpge mﬁidcsmt‘xﬁn‘%ﬂlmd dobemgrotticdbt i on
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and 46 are generally operated by I ¢’ or pneumatic

pi ston and cywithdert iatedegagenith the kodding prédessart. In the enbodi ment
shown, the nold seﬁ: lons are shown _as being vertically oriented. It wll
be apparent to onelBRiMPKLassrmRY driinchadcs Renplsi sy dd @ﬁ§h©3lmm

ori ent ed. hor 20nt:3ld Yoroknd B ANALOGGASSIGRL. ofl 031 N 2, uid hod

interfering wth the no rocess
insert 48 as stmigfrbm a suitable material, Wthh is typically a metal, such as

a nold

steel, aluminum or other base metal. The mold insert 48 has a first
10 section 50 and a second section 52 having mating surfaces 54 and 56,
respectively. In the embodiment shown, the first section 50 and the
second section 52 each have a generally cylindrical shape with an
outer side wall 58 and 60. The mold insert sections are mounted in
complementary recesses in the mold sections 40 and 42 as known in
15 the art. Each mold insert section 50 and 52 has a key 62 and 64,
respectively, on the outer side wall 58 and 60 for aligning the upper
and lower mold halves during the molding process. The keys 62 and
64 slide in complementary grooves in the mold sections 40 and 42.
The mold section 52 includes a recess 66 which receives a mold
20 member 68 and defines a mold cavity. The recess 66 is shown as
being substantially square to correspond to the outer dimension of the
resulting microneedle device. In further embodiments, the recess can
be rectangular, circular or can have other desired shapes. The recess
66 has a depth corresponding to the thickness of the mold member 68
25  and the thickness of the molded micro-device. A semicircular supply
recess 70 extends radially along the mating surface to the recess.
In preferred embodiments, the mold member 68 is made of
silicon that is shaped to form the molded device. In further

embodiments, other mold materials can be used that have suitable



Figure 5 for nolding the mcro-device. The nold insert 48 can be made from
a suitable material, which is typically a netal, such as steel, alum num
or other base netal. The nold insert 48 has a first 10 sectiquFpﬁ@ﬂgaa
second section 52 having mating surfaces 54 and 56, respectively. In the
enbodi nent shown, the first section 50 and the second section 52 each have
a generally cylindrical shape with an outer side wall 58 and 60. The nold
insert sections are nounted in conplenentary recesses in the nold sections
40 and 42 as known in 15 the art. Each nold insert section 50 and 52 has a
key 62 and 64, respectively, on the outer side wall 58 and 60 for aligning
the upper and |ower nold hal ves during tHA& ol di ng process. The keys 62
and 64 slide in conplenentary grooves in the nold sections 40 and 42. The
nmol d section 52 includes a recess 66 which receives a nold 20 nenber 68

and defines argrhde bbEYEieJh%)}féﬁgﬁe% @oﬂfér??@%n‘?zﬁeri%@% PEaSHRsLANLLALTY

square to correspond to the outer di nmension e resulting mcroneeédl e
device. In fumdediegigedmeeritsn, ghartze cesaniey) gldssasentdngataialsdigwdngar or

can have ot her desjred shapes. The recess 66 has a depth corresponding to
the thi ckness®dP% HETRR C’E%ﬁ%%lpnﬁ%o C¥Ad- t he thickness of the nol ded

M cro-devi ce. A sel heGhBbGSHBRALIERGESE R SXIEUdsiEAUGLLY 21 ong the

mating surface to e recess. In preferre ne o menber 68

is made ofS sklibstantihBy fies shdpes 7R0aidaRdhRiFRllgde deseyd Vﬁ-eﬂt@nﬂﬁ{sé her
enbodi nents, other nold materials can be used that have suitable 2 3 MAR
7ih - 12 rel eb@@adopsyarkionmtaagide wall.ofhersemicirovdeereedss TAas can be

e ey 0l BASHRIRILY Tha BT 1 & BLANNL S S01 AR8ES 707G (! §118' 9031 O
scction 52 to define a feed conduit 71 for supplying the polymeric
material into the recess 66. In further embodiments, the surface 72

10 can have a suitable recess corresponding to the desired shape of the
molded device.

The silicon mold member 68 is attached to the mold section 52
in the recess 66 by a suitable coupling device or a heat resistant
adhesive, such as an epoxy adhesive. Typically, the silicon member

15 68 i1s adhesively aEtached to the face of the bottom wall 67 of the
recess 66. In further embodiments, the silicon mold member 68 can
be attached to the side wall 69 of the recess. The silicon mold
member 68 has a generally square shape complementing the shape of
the recess 66 and generally extends between the side walls 69 of the

20  recess 66 in the embodiment illustrated. In further embodiments, the
silicon mold member 68 can have g dimencion lece than the
dimension of the bottom wall §7. An upper face of the silicon moeld
member 68 defines a mold surface 76 for forming and shaping the
micro-device. The mold surface has a contoured surface in the form

25 of an impression of the finished molded article. The mold surface can
have at least one recess, ridge or peak having a width and/or height
ranging from about 0.5 micron to about 500 microns depending on
the device being molded. In the embodiment illustrated, the mold

surface 76 of the silicon mold member has a plurality of recesses 78



In the enbodinent illustrated, the nold section 50 has a 5 substantially
flat surface 72 and a sem circul ar recess 74 extending radiallg:jﬁm@ﬁﬁk
fromthe side wall. The sem circular recess 74 is positioned t

the semcircular recess 70 of the nold insert section 52 to define a feed
conduit 71 for supplying the polynmeric material into the recess 66. In
further enbodi ments, the surface 72 10 can have a suitable recess
corresponding to the desired shape of the nolded device. The silicon nold
menber 68 is attached to the nold section 52 in the recess 66 by a

sui tabl e coupling device or a heat re5|staT% adhesi ve, such as an epoxy
adhesi ve. Typically, the silicon nenber 8 is adhesively attached to the
face of the bottomwall 67 of the recess 66. In further enbodi nments, the
silicon nold nenber 68 can be attached to the side wall 69 of the recess.
The silicon noR8 shesmér guraé corgesmorating sotlar deshagastegphedent i ng t he
shape of the recess. 66 @ﬂﬂggenerall ext.ends betmeen the side walls 69 of
the 20 recess BEUFRSIONS ¥Wﬁ§ﬂnq ?@ Maf dBICTPADFRAEhEE viERDONRSBNt s, t he

silicon mold TRBEmOS HRTRRYEIAILHEBNIORd RS IdIAMNLDE JALER: on%golfét the

bottomwall 67- An upper face of e con nol

surface 76 forSftordbhgniandns leayd agact&tbto m‘ov@cd@‘dc@%n?ﬁd'f%m04&wf@@e has
a cont oure%esurface in the form 25 of an jnpression t he finished nol ded

article. nAESSET PEEANEN ApeRrelingin dhetmekb sur fBcests of ithgeilororpeak
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il lustrated, thevigel dn 6ne Eﬁﬂﬁacﬁﬁa@{t tthe ssli¢dss Qo RPHETBEDER RS 52
plurality of recesses 78 23M;r, HN -
}ncknessofaboutC)0201nch
In the illustrated embodiment, the mold surface 76 of the silicon
10 mold member 68 can be shaped and formed using known techniques
for shaping a silicon surface. Suitable methods include
photolithography or wet etching as known in the art. Preferably, the
recesses 78 in the silicon mold surface are formed by
photolithography to form recesses 78 corresponding to the desired
15  shape of the micrpneedles. Other shaping and forming techniques
can be used to fdr’m the mold surface depending on the material of the
mold surface.
The photolithography and wet etching methods are substantially
the same as known by those skilled in the art for producing electronic
20 components. Generally, the silicon mold member is made from a
silicon wafer as used in the electronics industry. In further
embodiments, the silicon mold member can be made using various
micromachining processes which typically use a micron-size diamond
milling machine. The micromachining processes are able to
25  consistently reproduce silicon molding elements in various shapes and
sizes that are not easily produced by photolithography.
The silicon mold member 68 functions as a mold surface for

molding the device and provides significant advantages over other

material surfaces for molding plastic devices, and particularly devices



as shown in Figure 6 corresponding to the desired shape and di nensions of
the m croneedl es for a m croabrader device. When nolding a m croneedl e
devi ce, the recesses can have a depth of about 5 to 250 mcrons gnd“&putied
to provide a density of about 4 to 100 5 recesses per mmR. Accordingly, the
nmol d surface 76 of the silicon nold nenber 68 is the reverse or inpression
of the nolded micro- device. In one enbodiment, the silicon nold nenber 68
has a thickness of about 0.020 inch. In the illustrated enbodi nent, the
nold surface 76 of the silicon 10 nold nenber 68 can be shaped and forned
usi ng known techniques for shaping a silicon surface. Suitable nethods

i ncl ude photolithography or wet etching'éﬁ'knomn inthe art. Preferably,
the recesses 78 in the silicon nold surface are forned by

phot ol i t hography to formrecesses 78 corresponding to the desired 15 shape
of the nicrondeiiieg. m@roerastapingicand derilsig 4 ecdidequasfacan The sisednt o

formthe nold sui'iacer%g)feip di n .8n t he terial of the pnold surface. The
phot ol i t hogr api$*“alyf g%cﬂf‘%@ 2 CRBYCL: Erleqpr PRHRE ApiCyo-davece fifenas
known by tho i I : | I 1 nents.
Goneral 1y, Che ST PKENUhm e mab sl i A BB B B0l SRIERIRAREG

the el ectroni g®lymduit matetialé withh&igh eedslditioensbthd hecson istanderlits gRADEr
can be made using . varjous _mcronmachining processes which typically use a
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significant advantages over ot her
Release agents applied to the mold surface can result in a loss of
detail in the mold surface and resulting molded device. In addition,
10 mold release agents which adhere to the molded device are considered
to be contaminants for medical devices, which are required to be clean
and sterile. In addition, the silicon mold member can be formed with
micron-size details that are well defined and distinct and are able to
transfer these details to the molded device.
15 The method“of the invention is carried out by attaching the
silicon mold member 68 with the surface formed in the desired shape
in the recess 66 in the lower mold section 52 and assembling the
upper and lower mold sections 50, 52 in the mold assembly 32, A
polymeric material is supplied to the extruder 30 and heated to an
20 extruding temperature. The mold halves 43, 44 are cloged and the
polymeric material injected through the feed conduit 71 of the meld
scctions into the recess 66 and againet the silicon meid surface 7e.
The polymeric material and the mold are then cooled to harden the
material. Thereaftcr, the mold sections 40, 42 are opened and the
25 molded device is removed. The polymeric material is generally heated
and processed according to the specifications recommmended by the
manufacturer. Since the silicon mold surface 76 enables injection
molding of micron and submicron size details without the need for o

rcleaze agent, which can contaminate the molded micro-devigs, ihe



material surfaces for nolding plastic devices, and particularly devices 2 3
MA P, lio4 - 14 having mcron and subm cron details in a nol ded surface.
The silicon nold menber 68 provides conplete release of the mcrd-few ge
from the nold surface. The silicon nolding surface effectively nolds nost
polynmeric materials with high resolution of the mcron-size details and 5
enabl es the nol ded device to be released fromthe nold without distorting
or conprom sing the nol ded surface, and without the need for a rel ease
agent comonly used in many nol di ng processes. Release agents applied to
the nmold surface can result in a loss of detail in the nold surface and
resul ting nol ded device. In addition, 10-d8d rel ease agents whi ch adhere
to the nol ded device are considered to be contam nants for medica
devices, which are required to be clean and sterile. In addition, the

silicon nol d meshking atoldedf duvigdigwhiBstdR G410 cRiaLa 88t Al L8 idilrods enyel |
defined and distinct and are able to transfer these detalls to the nol ded

devi ce. 15 Th&ekkhod of the invention is carried out by attaching the
silicon nold nenber,68 with,the. surface forned,in the desired shape in the
recess 66 in the | &&rm%‘?%dgggﬁeo?f“%ffsﬁgeégggﬁ&ﬁ?1 etrtfélasﬂﬁﬁé‘fa?‘ﬁﬁ& | over
nol d secti ons ppfcedes. NEENExARIHe 88 $8IFRLYd 32 ce fa QSEIM'{?:HB . i
supplied to tﬁg extruder 30 and heated to anCCZO relxtru i ng ¥reg?rﬁp§§%§hge£ The
nmol d hal ves 42hezsopiasted sebdtrand wible a gilicpmamobd vatpdaisal. Thiedliesnt hr ough
the feed conduit, 71 of the,mild  sections, into the recess 66 and agai nst

the silicon nﬁlﬁldsﬁr?%éd%ylth'ﬁ]éeﬁg}ﬂfﬁﬁﬁoél the Agpiraddnekiedhpliarar e t hen
opened and the 35 ol Bea o et A B RS bR o s
general | y heatedssure against the plastic substrate that has been heated to its
softening temperature. Alternatively, the silicon mold is heated and
10 pressed against the thermoplastic substrate to mold the device.
In further embodiments, the device is formed by a compression
molding method. In the compression molding method, a
thermoplastic material, such as a powdered material, is placed in a
hellow mold having a silicon molding surface. The mold is closed and
15  the powdered the{moplastic is compressed under high pressure and
heated to melt and consolidate the powder particles. The molded
device is then removed from the mold.
In the embodiment illustrated, the mold surface 76 of the silicon
mold member 68 is substantially flat. In further embodiments, the
20 mold surface 76 can be curved, convex or concave over portions of the
surface or over the enfire surface. The mold surface can be non-
planar to attain the desired shape of the molded device 10.
‘The molding processes can be carried out in a clean room as
defined by clean room standards for particulate and pathogen
25 contamination. For example, the molding can be in a work space at
levels meeting or exceeding Class 100 as defined by Federal Standard
No. 209E, “Airborne Particulate Cleanliness Classes in Clean Rooms
and Clean Zones”, approved by Genefél Services Administration
{September 11, 1802} In further embodiments, the molded medical



and processed according to the specifications recommended by the

manuf acturer. Since the silicon nold surface 76 enabl es injection zﬂWL?Zﬂ?
of m cron and subm cron size details without the need for a releasé'ag‘ ,
whi ch can contam nate the nolded m cro-device, the 2 3 MIR 2004 - 15
resulting nolded device is substantially clean as it is ejected fromthe
nol d. The nol ded device can al so be nade by other plastic nol ding
processes. For exanple, a mcro-device can be nade by enbossing a 5

t hernopl astic substrate with a silicon nold or platen. The silicon nold is
provided with the inpression of the desired nolded mcro- device. The
device is fornmed by pressing the silicon-rif d under pressure against the
pl astic substrate that has been heated to its softening tenperature.
Alternatively, the silicon nold is heated and 10 pressed agai nst the
Lhermopl asti ¢ rakbsladliee anBt CabitrdlPi B%1chR bR DEGADI DENL S, the
device is forned by a conpressio nol di ng nethod.” I'n The conpressi on

nol di ng et hoghackagetenndet abtircromhestaadardsic Theseaftpowder ehlaagerial, is
placed in a hollow nold haying a,silicon nolding surface. The nold is

cl osed and 15BHECHBVGE AN PESIABERPEd Using Stendprd stasdizingdechngiugs essur e

and heated t I ! e er.particles. The | ded .
device is the%dr;%n%%/ I(rl:lglm lgﬂ%l%.tgﬁjﬁﬁ?%goﬁ So8TIEHICT TG SBckr88 ihe
ol d surfaBe ferafeddle tsithiecstBrilizmgongnber 68 is substantially flat. In
further enbodi nents, the 20 nold surgace 76 can be curved, convex or
concave over porti dWbilsfsevhral embbdiments bvwre bdea sinvwnetcsilihfacste fHre nol d

surface can be, 0ofs: RkAHtod % DS Wifer S8R £F BD2PLRled 1S 2! Je g devi ce

various changes and modifications can be made therein without

departing from the scope of the invention as defined in the appended

10  claims.



. The nol di ng processes can be carried out in a clean roomas defined by

cl ean room standards for particul ate and pat hogen 25 contam natif@ ,,,IEZH(,
.exanpl e, the molding can be in a work space at |evels nmeeting o g?é Lhi ng
Class 100 as defined by Federal Standard!7No. 209E, "Airborne Particul ate
Cl eanliness Casses in Cean Roons and C ean Zones", approved by General
Services Adm nistration (Septenber 11, 19 1)_ In further enbodi nents, the
mol ded nedi SEHAT BS MERAPMEI®IS16 ni cro-device can be captured in a clean

roomor inmediately package der.cl ean 0 andar ' .he
mol ded  ni cr odevilee cén™isé 93&%@%&‘% ?rs‘pﬂgfes({ng%éﬁ?cf%srg Pi‘sﬁgfﬁggﬁﬂg{%?ﬁ'ques
such as gamma radi ati on or ethyl ene oxi de gas when the packaging is 5
pernmeable to the sterilizing gas. Wile several enbodinents have been shown
to illustrate theropidagn mdldenseaiblyidcomptikingaundsl s, $gic mese
skilled in the art that _various changesgnd nodi ficati onﬁ can

] be npade
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cavity;

introduecing a plastic material into said mold cavity to fill said mold
cavity and said contoured surface in said silicon mold member to form
said molded device having a body and molded surface corresponding to

said contoured surface; and
removing said molded device from said mold insert.

2. The method of ¢laim 1, wherein said molded device 1s a
microneedle device having a plurality of microneedles, about 5 to 250

mictons in length.

3. The method of claim 2, wherein said microneedles are

hollow.

4. The method of ¢laim 1, wherein said silicon mold member
releases said molded device from said mold surface and said forming of
said molded device is performed in the absence of a release agent,

whereby said molded device is substantially clean and sterile.



contoured surface defining an inpression of said device facing said nold
cavity; introducing a plastic material into said nold cavity to fill said
~mold cavity and said contoured surface ig said silicon nold nqugpﬁﬁqmzorm
sai d nol ded devi ce having a body and mol d&d surface correspondi ng"t6" “said
contoured surface; and renoving said nol ded device fromsaid nold insert.

2. The nethod of claim1, wherein said nolded device is a mcroneedle
device having a plurality of mcroneedles, about 5 to 250 mcrons in

| ength. 3. The t_hod, f %ﬂ'ﬁﬁ?ﬁ@&ﬁﬁg@f‘eﬂ’Q”ﬁ@gegﬁlggﬁ‘éﬁﬁb@?d&ﬁga%%m% ow Alf_

The nethod of clam1 [’con” nmo rel eases said
mol ded devi %ﬁ}é&ﬂ%lﬁ%@nﬂ@éﬂc&%ﬁﬁ%eme&m {osabegamtfialls diad. nol ded
r

device is perforned in the absence of a rel ease agent, whereby said nol ded
device is substantially clean and sterile -18- 25M 2W4 5_ The nethod of
claim1l1, wherein said | d surface .of i si.1 i con : 1C i ns
recesses and is $ubst g Ba5pod] tqla%psﬁhvghﬁ%etlﬂdﬁg%frgg %Siemrge]gi?s de?%?% sai d
recesses i n gl MOl dop UL ARERLAIRAAAYIOTBAR! rdid bOERn$ kRt O and
colums, each 0 sala recesses having a depth of about 5 to about 250

m crons and g GecéSaasihesinpeh dgpshatebod proabdut £kmsictgnohngberid 4 to
about 100 of said recesses per m2. 7. The net E%of Afl aim 1, i’&?r?i n said
pol yneric maceessds beingsepacadetr ProviderdgRsitp o Wi g b apeut o

pol ycar bonat es,, pol yet hyl enes pol ypr opyl ene, pol ystyrene, polyesters and
pol yani des. Sﬁld'?%ﬁe%%etsr%ﬁr Bi™M¢1 aim 1, wherein said contoured surface of

7. The method of claim 1, wherein said polymeric material 1s
selested from the group consisting of polycarbonates, polyethylenes,

polypropylene, polystyrene, polyesters and polyamides.

8. The method of claim 1, wherein said contoured surface of
said, silicon mold member has at least one recess, peak or ridge with at
least one dimension ranging from about 0.5 micron torabout 500

mMICnons.

9. The method of claim 1, wherein said mold assembly includes
an inlet in communication with said mold cavity, and said introducing
step comprises injecting said plastic material through said inlet to said

mold cavity.

10. The method of claim 1, wherein said introducing step

comiprises injecting a hot thermoplastic material into said mold cavity.

11. The method of claim 1, wherein said introducing step

comiprises introducing a thermoplastic material into said cavity and



said silicon nold nmenber has at | east one recess, peak or ridge wth at
| east one di nension ranging fromabout 0.5 mcron to about 500 m crons. 9.
The nmethod of claim1, wherein said nold gssenbly includes an }RMaR 2150
comuni cation with said nold cavity, and!dai d i ntroduci ng step conprises
injecting said plastic material through said inlet to said nold cavity.

10. The nethod .of claim1l, wherein said intyoducing St C ri.ses.. :

i nj ecting ahﬁ@ﬂnﬁﬁlﬂfﬁﬂﬂ%ﬁ%ﬂﬁﬁﬁéﬁs' eqrﬁPBfaééﬁcﬂ?g?laaﬁg%m@Hpﬁaf.a élseryécc‘
met hod of claim11, wherein said introducing step conprises introducing a
thernoplastic material into said cavity and -19 23 MJ, iii heating and

conpressi ng sai d jbher mypl gskhed MH@aiml 1, twhemig saad éhthediuctng k2ep The nmet hod

of claim1, wherein said introducing step conprises positioning a

t her nopl ast iconmists pbeitimisa a thetrdopkasticysabetrapy o8 $iaigd Baldicapity and

assenbl y agai nst, said substrate form sai d ,npl.ded. . device ice

made by t he PRREHEE %ﬁldc‘i“-”é’i? affsc‘l"j??}’ Rgﬁﬁﬂo?ﬁlgfsqw%é%&q rc?nfcﬁgl'l 3%“:’% ngblggéi ce,

sai d net hod e%?éﬁri sing the steps of: providing a nold assenbly having a

nol d secti oﬁi Wih a recess defining a nold cavity, said recess having at

| east one side wall and a bottomwall, and a silicon nold nmenber

adhesi vely coupled to said nold  section wt félf n.said recess, said silicon

mol d menber havi i@-a dbeesincamadedndthemaded elclaiishi d nol d cavity and

having at | east one recess of about 5 to about 250 microns in at |east one

di mension; closing said nold cavity and injecting a polyneric material into
14. A method of injection molding a device, said method

comiprising the steps of:

providing a mold assembly having a mold section with a recess
defining a mold cavity, said recess having at least one side wall and a
bottom wall, and a silicon mold member adhesively coupled to said mold
section within said recess, said silicon mold member having a contoured
mold surface facing said mold cavity and having at least one recess of

aboiit 5 to about 250 microns in at least one dimension,;

closing said mold cavity and injecting a polymeric material into
said mold cavity to substantially fill said mold cavity and to form a
molded device, without said polymeric material adhering to said silicon

mold member; and

coaling the mold assembly and removing said molded device from
said mold cavity, said molded device having a surface corréspanding

said mold surface.



said nold cavity to substantially fill said nold cavity and to forma
nol ded device, without said polyneric material adhering to said silicon
nol d menber; and cooling the nold assenbly and renoving said nol gedugevice
from said nold cavity, said nol ded devi.gg having a surface corresponding
to said nold surface. 2 3 MR 1,3~ -20 15. The nmethod of claim 14,
wherein said nol ded device is nolded substantially in the absence of a
rel ease agent on]1 ai \(z'hl‘ﬁiallkg%d gpkgﬁgpﬁrh’e@mrreﬁaggim(ﬂds@ﬂm isl6. The
) no

met hod of claim ereéern sail surface includes a pluraljty of

spaced apart, 8588 HRahoamyriavheaddsaoiciana rebade semt qresaisk8diagsi ng
spaced to provide a density of about 4 to about 100 of said recesses per
me. 17. Thewolétrherhtodr ¢t sdid mw!d vefase sai d pol yneric material is

sel ected fromthe group consisting of polycarbonates, polyethylenes,

pol ypropyl ene, polystyrene, polyesters and pol yam des. 18. The nethod of

claim 14, wherei T sai thg%ggqogg,yic%ﬁ 3 42 whgreinredd heoldemidace 1Achies
met hod of claim Q,’ wherein sald contoured surface of said silicon _npld

nmermber has gtpllieakty eNepaeed sparpeateseria foatgprwstﬁmi colurEs, gRe ¥ifensi on
rangi ng from'about 0.5 mcron to abouyt 500 m.crgn%> 2?{0 @; ng‘ljgtalsqﬁegpl y
conpri si ng: recatsed beingi spaasd: e BrevadessdeRtitheh gD I &8URy For
receiving a g,l dif{% mat erri al,and form ng a nol ded device; and a silicon
nmol d nenber SAMERSTSES Wi sP8ed in said nold cavity,
17. The method of claim 14, wherein said polymeric material is
selected from the group consisting of polycarbonates, polyethylencs,

polypropylene, polystyrene, polyesters and polyamides.

18. The method of claim 14, wherein said molded device isa

microneedle device.

19.  The method of claim 14, wherein said contoured surface of
said silicon mold member has at least one recess, peak or ridge with at
Jeast one dimension ranging from about 0.5 micron to about 500

MICTOnSs.
20. A mold assembly comprising:

a mold section with a recess defining a mold cavity for receiving a

molding material and forming a moalded device; and

4 silicun mold member adhesively dispoged in said mold cawty,

said silicon mold member with a mold surface facing said mold canty,



said silicon mold menber with a nold surface facing said nold cavity, -21
23ME, 11{. said nold surface having a contoured surface defining an
impression for nolding said device. 21. The assenbly of claim 3G, wherein
said nold nenber inch; ties a pluralityZf recesses, about 5 to 250

m crons deep 22, The assenbly of claim 21, wherein said nold surface of
said silicon nold nmenber is substantially flat. 23. The assenbly of claim
21, wher ei nS8H eldcedEase ivinRg @& eri@ured iFHécadeliBigutad IHgAeSSIOR fUrm y
to formrows ‘?ﬁ%g col ugnrsﬁzeV each of said recesses having a depth of about 5
to about 250MRiREREHE &i'd recesses being spaced to provide a density
of about 4 to about 100 of said recesses per m2.

21. The assembly of claim 20, wherein said mold member

inclides a plurality of recesses, about 5 to 250 microns deep.

22, The assembly of claim 21, wherein said mold surface of said

silicén mold member is substantially flat.

23. The assembly of claim 21, wherein said recesses in said mold
surface are spaced apart uniformly to form rows and columns, each of
said recesses having a depth of about 5 to about 250 microns and said
recesses being spaced to provide a density of about 4 to about 100 of

said‘recesses per mm?2,



