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WD 2008/ 157592PCT/ US2008/ 067318 ULTRASONI C | NJECTI ON

MOLDI NG ON A VWEB Cross- Reference to Rel ated

Applications This application clains priority to U S.
Provi si onal Patent Applications Serial Nos.

B W12 and 60/ 945224 both filed June 20, 2BFGH/USIPR6T318
entire contents of which are 5incorporated herein by
reference Technical Field The present disclosure
relates to ultrasoni c assisted nol di ng nethods and

rel ated devi ces. Background 10Mdl ded articles are well

known and cdhinbRASONKe FNIBHTIEMOTR INGONA WHE,

delicate structures thereon can be challenging to nold
and subsequently_process and ndle. lnjection nolding
snal | delicate SFF%%&E&@CFEO$‘%HF%§PP]§P3 &% npl i shed by

i nj ect THgappttdtion clalms%iﬁbﬂiy th UltSﬁ Pﬁwﬁ}éhﬂ PR Applidatibns STrial Nos.
ap ing additi at _to e molten materi \hi | e

i ﬁg}t9¥r%ﬂﬁﬂ<gﬁd°é%agg‘ﬁr%%ﬁlﬁ@% 3. 0B0h e spimsgorgs gﬁ@%w en
MedcBfpoAtedhlrefn tPefeth@ t he 15smal | cavities in the nold.

A nmethod of nolding mcroneedles is disclosed in

I nt ernati onal Publicati ofe¢hnicabl§eldogo506, and a met hod

whi ch rbsB didRsilrb 1 880 RAifraddhic LAKPAINI EREMINBodsSind related
di sclosed in International Publication W 2006/ 062974.

Adgeetiod of nol ding parts onto a continuous web of
flexible material is taught in U S. Patent 4,921,671,
and a nethod of making 20ggalphfi@r caps on a thin sheet
of plastic between upper and 1 ower die g@its whi ch are
br oughMoidsdtiples argell ncgrn and remmenypsed) biglded aytigles having

| Rk RGLSu@ResBlidorSRE 8L claficinGh ARRGIE BubskqRent}al&dks and
2,965,932. The use of electromagnetic Inducti'on to
pheniies tinjeefios snoldngephricligtasenersigs & tafcally gesamplshed bieinjecting
PR ha@is GO S Hofs ALVRYAIGSp! M@ﬁ; A nehtth B terial
rmnﬁjati ng ELpar f's onto a {g%/\ﬁr i g?@%we - Some erﬁrbo | neﬁltagn%f
t hvdhilelingtb¢ melddndretidvang ddditional dime ey thqupblicn anatasial tofflow into the
u lsﬁxﬁ@&%leg in the mold.

A method of molding microneedles is disclosed in International Publication WO
2005/082596, and a method which may include the use of ultrasonic energy is disclosed in
International Publication WO 2006/062974. A method of molding parts onto a continuous
web of flexible material is taught in U.S. Patent 4,921,671, and a method of making
container caps on a thin sheet of plastic between upper and lower die parts which are
brought together while an annulus of plastic is injected on said sheet is disclosed in U.S.

Patent 2,965,932. The use of electromagnetic induction to preheat molds is known.

Disclosure of Invention
The present disclosure provides methods of injection molding parts onto a carrier
web. Some embodiments of the disclosed method include the application of ultrasonic
vibrations to a carrier web, which is indexed between the mold halves. The disclosure also
provides a method of processing and subsequently handling molded parts. Moreover, the
disclosure provides a molded array of devices on a web and the machine for creating the
molded devices.

The inventive method comprises:
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vibrations to a carrier web, which is i ndexed between
the nol d hal ves. The disclosure al so provides a nethod
of processing and subsequently handling nol ded parts.
Mor eover, the disclosure provides a nolded array of
QR84S a web and t he machi ne for creati ng PCAAIS2008/067318
nol ded devi ces. 30The inventive nethod conprises:
provi ding an injection nolding apparatus having a first
nol d menber and a novabl e nold nmenber that can nove
toward and away fromthe first nold nmenber to close the
moprdviding amfnjestion meldiag pppamtuybidngafiist mold member and agnovehiemold
of m&ﬁ erftﬂaf @aﬁd lve W@@Aﬂﬁ a{{rg} fil £t ol grhﬁg tdclose th rgold in
plurality m crostructural features characterize
anwhisipthere iy anpld cavityain a leass onef the fBitio) movabiegmeld pmmjme,rhavmg
|ty ng

ar ¢ Pl e b Fp R e ENY o McleRod oy o i AR o B T]

uI tofeaisia o lsmoar melt amcdthamoldyuamg( whileliciasibscdne set of

t t It
P fenate QESOTE: Bilp % R roit G fhmeans @ bhipfocRY >
C aardi a@plying bt lest (hiétsweﬁprobdpriramﬂérs mbéccbdrfmnber and the
i | d th
o8 TP TRy vy ot e e SrolfES gl e LB o hegen
B. thB €itst mbll rhdheben@ddhCamiig/mély nRMmber fet dTesgbehdes the mold
i nduction he tln (ggéigfgd/or C. heating the nold

cafAviy 2\ PaE o Ef% R tdat i ng.

EI Bchéagﬂme ol dCcal e Cani cQRtrérEMndticEdicis10hcaE & 9ot O
E X rapid, |ocalized heati ng %&ia mi crostruct ur ed
t ool

Gt ths meld Gawinglsn lesoTRItPRERls e EM can be used
to 15mléttr9@ﬁgx§tlwnaﬁzzt1§m@ Héa@iﬁ?ﬁ@tb%ﬁxsécd@é@ﬁ}&ﬂl)e {)fahla&ahzed

excellently repllcate a tern in arelatively

shbsetingfladgiigpeusturdrinl jyithig an an@Célen Rk eavity. FAElan B usgd tp

WI hBld%bﬂs”\knftﬂ g{l@rstmﬂ'm%%fe% fe%lre's that &capshfﬂy ﬁbﬁ&&%@ﬁo@a&tm ina
bi ref rlnqence in article produced, as
S

cofeéir ey tmpl(épﬁciedirn@es{e ga&gs_s thin H)@g@on@hand with significant reduction
LSRG B RO SR SR comprt i
| errtitles mmed\tlﬂm@rEMiel ght) between 1 pmand 1 nm on a

| arger ffilhahenreSie n%é‘l_fowo?é FRYesh sﬂaﬂﬁes%ﬁv‘[@‘ east one.
cavities, grooves or proj ections ? e.g., mcron

a dimensimeeg), Engthaiyithen height) twesh 1pod ynddrmpther felarmf mwle.

ca S Jo r .
cobl ol o LoRRREIh Rl B B9, s s
ar Mdeedleargy ona ddksf:pai:ym&rl(llemnhaﬁar hlska ]ﬁﬂd)}i m croneedl e
array) cronee re 2be t t apere

£t om bAGEEeS BRRRE S SR AR B e Rl s RS F o oren

coméclo(e.g. Jaakie or clrcular base of a microneedle array). The microneedles are

elongated and tapered from base to tip and may have a shape like a pyramid, cone or those
shapes disclosed in U.S. Patent Publication 2003/0045837 and PCT Publication WO
2007/075614, among others. Microneedles can pierce the stratum corneum of the skin to
facilitate the transdermal delivery of therapeutic agents or the sampling of fluids through
the skin, Height of a microneedle is normally less than 1000 pm, typically in the range of
20 - 500 pm, or 25 — 250 pm from the base to the tip, and the aspect ratio may be in the
range of 2:1 to 6:1.
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e st g g e

shapes disclosed in U S. Patent Publication
2003/ 0045837 and PCT Publication WO 2007/ 075614, anong
ot hers. M croneedl es can pierce the stratum comeum of

oy o facilitate the transdermal deliv
‘?ﬁ??@%‘eu %c agents or the sanpling of flui dse%(%rr/g%zg%mmns
the skin. Height of a mcroneedle is normally | ess than
1000 gm typically in the range of 3020- 500 pm or 25
-250 pmfromthe base to the tip, and the aspect ratio

200/ 14705508, FRS ARl AL it orer Bt ey gn o

t mécrosgrciarabieatine] lgjhftmmomeéhg)tth wardth er cﬁanﬂtﬁnratethe mdelst pas ofisuch

L.Cr OS, ct ra tur m.Gr.o o wdth or
diane da““ﬂ FH’t hes"'v‘d?% gﬂﬁg@ g‘f“%?d’%%rs?%qu‘ Ure ‘2‘%“&‘8 Sy 8 base
t bfkn Ihmmeemﬂe arag). dn dme:eséloé a phvemilal icroneeliesweidt aSpdlngndtlam d
that s . of .a mcronegedl e array). ln the
g 153, R AR hecy R aSel 6 g sl S i g 18
Stiagénaligidlcainebifp@ppd o cariart Mri¥s thadesedi mensi on used to
find apect ratio would be the di a I%onal kﬁne connectin
oppos et GOPR TS i YLaoggpat pifwa or more articles ot foptures on paurface

am ﬁéﬁﬁlﬁﬁﬁi@ﬁﬁ ot@ér /MiBh Rky SORE ndt bd i6 Iagsmemalfg%alh&he grden a
surface in imty to each aother, which may

not be PR¥eR ﬁél PSttP‘?:‘EﬂP%l‘rOfgé@ﬂjﬁt@Ffes%’Pw feamﬁ'et?@@ﬁ{mr i\{lph is
I §t|>1$ Reid qm Ekaﬁ'fplealf%hﬂ%ﬁeeme‘éﬁ@@tl{ 2HOL K @de faﬁcﬁﬁd}‘ﬁﬁertﬁﬂé‘{t toa

ynmer IS 10able to fill. For exanple it

nﬁ%i’ﬁb@fe]@éilﬂél’E%IWW?IIW@“@@@%«% deep and pol yner fi I Is it
to a dﬂ&ﬁaﬂ&sl& HA 1r9}@ﬁtﬁf%%etlfoﬂlc$m]ﬂ% .d be _50% An
apparatus used in the inventive net conprises: An

i Apemcqt@mmﬁllnﬂangarapbmgconpru sing: a first nmold
menber, r}gq%gg% g.mol d menber that can nove toward and
avvayfromt irsf nol d menber; a nold cavity wthin

t he fiamovimgnoldmeniber thatrvan favd mgartil‘cmd wwoayi frogn. #heo fiost mold
npr{gplgg a web handling nmeans for noving a web
betweeh the first mold nmenber and the novi ng nol d face
S0 t hat mypdrcgvityfwithirethebist feld esntbleandddcthgaba/moyingmold pauntber;

of th G \\rl\gobhalnéling means for moving a web between the first mold member and the

moving mold face so that part of the web faces the mold cavity and part of the web is
outside of the area enclosed by the first and movable mold members when they are in the
closed position;

a means to inject melt into the mold cavity; and

an ultrasonic system for providing ultrasonic vibrations to the melt in the mold
cavity;
said apparatus further comprising at least one component selected from:
A. aweb indexing means to index the carrier web to a different position along its length
each time the moving mold member moves toward the first mold member to close the
mold;
B. an electromagnetic induction heater capable of heating a mold insert within the mold
cavity and/or metal surrounding the mold cavity; and

C. an electrical resistance heating means.
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20out side of the area enclosed by the first and novabl e
nmol d menbers when they are in the closed position; a
nmeans to inject nelt into the nold cavity; and an

ul trasonic systemfor providing ultrasonic vibrations
to the nelt in the nold cavity; 25said apparatus

MR EMEISTEENpri si ng at | east one conponent sel BET/H§2008/067318
from A a web indexing neans to index the carrier web
to a different position along its Iength each tine the
nmovi ng nol d menber noves tomard the first nold nenber
to close the nold; B. an el ectromagneti

i nduct Adiesiesingmeangsapble of posiioning e EMhseg ?lﬁ%e@rl?ugh to the

Wi 1}1{3}5 Baslith & m&lnﬂpléﬂ GEtY 'h%éﬁn? {9 ﬁot%&aﬁ&’ irshth Qﬂ&ﬂioﬁgcah B8 used.

cavity; an ectrical resistance heati ng
merlsng as the EMI Iﬁ;a‘pggﬁqntbp (gpﬁnp@ed@gqq:@nough tradsfestivefy heat the mold

P oc%{ntt}l gﬁlerr&nﬁéﬁatﬁm %alﬂ %QL %ﬁgmg}ﬂg QY Q‘J@/,[Ithgatyb%n ﬁ?iogated

cavity to acc suc heati n i S not ready
i rwigie the ﬁrqusldtmmber inarpobonsdesd to ﬁgmbblrvgwas In Het @84, a
heat er . It I o effectively
hé%%%?ﬁ%£%%$§a%%%#%??aﬁgﬁgPS@g% @%ﬁ%af§ons can be used.
Fo r ex AVigh reference tEMmdhda dteaermc fieatiiped’ rhazud thrke Binndnkipmal chaty,

c ar\?fets%? or t%\ell?rets%oq Ig D1 Q:%\‘?i ttbaqrr]na,c Idgﬁs’n t?eagtl'ﬁ?p th% sh%)g 8f an

I"on ans as“descr
abﬁuﬂemﬂﬁhﬁkbésuﬂﬂﬁaﬁm&ﬁmiﬂcorkns VVth reference to a
nol d, neans. a nsi ona
Tout ty T Bk Bt ing Py L RN ey St B 01, o
meympkeétid@yclak whetASbntiols thest of ﬁdﬁﬁtre&thaﬂﬁefmﬁ toedijuar thold!l e
to be nol ded such é a mcron

edl l.eps. e
f i PRPRYSS T Hraagis g (PP gshprol SHh‘WI N %Yed
byte@ly@aticabs itk R thptrauré YEiht paymtn 16 Be Bfyatet ¢4, @ dbbee
use of heat transfer %HS to adj nﬁ?d tenper ture .
| nl4gy nERRPRlyGaogatele it Beld teonmerraN E%JS 1§ Freep wpiveRer el yireogity
h elatve&i faEﬂlta@e HI1BRPHE Ab I Bat@BOME nlififiA Qfsbwmsﬁ@sﬁ@mge @&kﬂ re
mer to be injected (e.g., abave 149C f

p oﬁowal% eﬁ%ﬁ eplded pagh thetodf is eonled belo tae dEpas pynie é?}p solidify
podhyﬂisnen%lyﬁnew ﬁ@f%dlstdf mbfl t9bdr Qb Athd LRlIRe Eﬂeldle_&,cﬁged fecT

| d features and m nim ze viscoel astic” skinning. After

fd?%@aﬁem“& 200r48%390dadUpaPatent 636,301 d i s cool ed bel ow
the SOfﬁ@@ﬁ@&y%@hﬁﬁnﬁ&n&l& SQtutelyEingli tﬁﬁnﬂ’f&iﬁ yhe rate of mold

pol yrer te eratuare thermal "cycling
arledlinesnd codigei Highlgthepmpliy evaductye mgteradr(s,20 8arsliigmepgper

U. ﬁnyﬁ AU B s 13 Zrﬁpr%@g heat transfer, but the rate of heat transfer is limited by the
properties of the heat transfer means used, such as oil.

The term “cycle time” means the time from closing of the injection molding
apparatus, with the carrier web between the first and movable mold members, until the
indexing of the carrier web, moving the molded article or articles away from the mold
cavity area and positioning part of the carrier web for the next mold cycle. During each
mold cycle, the cycle time should be sufficient to allow the mold cavity (including any
micro-cavities in the insert) to be substantially filled with molten polymer and for the
polymer to subsequently cool below the polymer softening point.

In the inventive method, filling mold features is also aided by use of ultrasonics
and/or EMI heating of mold parts as part of the molding cycle. After the polymer melt has

filled the mold cavity, the mold is cooled to a temperature below the polymer glass
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The efficacy of dynamc nold tenperature cycling is
limted by the rate of nold 20heating and cool i ng.
Hi ghly thermally conductive naterials (e.qg.,

(VAN copper alloys) can be used to inpraqy
‘?ﬁ&%’ghéﬁﬂ but the rate of heat transfer is I?ﬁ'ﬁe[[/@sg po7318
the properties of the heat transfer neans used, such as

oil. The term "cycle tine" means the time from
cl osi ng of the inj ection nol di ng apparatus, with the

C r st..and menber s,
CRis5E oo R R Cispt i R R ARG RO S
rmﬂnd:emlgm i prbcessq:raraaretdrmhﬁ& 1?@?6@%@%35@&6316@10&8@&0&& tytle
al.ea n ositiaqnin art o t he rrier we

N T R Ll A TR
sénulk (ihj agios tiofdin midfosth@tadd aiidsigavirp| féhtlﬁ‘as/\kzitlydlmenslons of less

(|nc ro caV| ies in the insert) to

% aﬁé i |g9ﬁy drﬁq v 898 F?BTOEiEﬁ“’B oF Deery s meld fﬁwes)and
pﬁhbhﬂ"é?ﬂeE1ﬁe§&f%%%ﬁﬂ§dﬂles§00| bel ow t he pol yner
softening point. 30In the inventive nethod, filling

mol d frodnurisize poldsd past s camsewelt th [VERHYS RFQsess can be
apfbphre M mble @k{wﬂu‘[@ 1@§tag§%&jp&,ﬁfoh§orﬁtﬁe %ﬁér Wb, tThe c&ﬁ:leﬂ' 09%e

cycle. After th mer nelt has filled the nol

cevplaingd bengaaties) @nuyyl ok raoléedtaéqrﬁé@raéhqﬁ@ob@l%wct yeb in
POhYATEe &3 %ntem-gqug }éigg-%%g(%gl diSaR0 %ét%gnstil@?loltdﬁde articles is

transition tenperature to al for efection o e
melbste tham thieiceniter-thicomert dTgdecaipiedge, diFlaacedsivision theinehd eafvities of the
p LS. I n the inventive process enable
ﬁgeeﬁéfmgr}g{ngq@a%% times than are practical by
practicing the prior art. The inventive process and
appar at us enabl e i nBief PeparipdonofRrawings ost r uct ur ed

a

SFRUEhSE (BRSO e i LR

tmsev'e@iy:l@mt | nold features)and nold cycle tinmes of 20

s -t :
BRI, Pl AT o v AL R EL OB Bl

camﬁllegmolddd(tma fimst mﬂecﬁwcamaswbn st agger ed posi t i ons on

1Iggre§;¥ % gcrhenvys?tt‘) cr(;I;;Q g?scag 2 Ce‘%t ga mg}d C wfy dszllax%{nlg a&qr%s molded on
adﬁfstsadb dnd atsbc&mdalﬂe oﬁcambwm 10 whi ch the cl osest

t di st
B 57 pTERE HouBEaBe P pha U RSO o8 EaTRARTON S or
edigeretsds edgene“dd»fsitpamslﬁy bedrie@antharigbhedicayi ti es of the

[ ecti.on | din aratu Cri

DPleio g €a s view P g b alsa Eon B sorccaciehel SPuseor a
gﬂl*ewgs B YhbAM AL E&h&ﬁl h@wbhme Riold¥edeR bESig@t 41 he

15present discl osure; gure is a schematic cut- away

vF@we&rﬂI&wﬁm aarea&mr?@ﬁd ua C%rﬂeq %@é&ﬂﬁ%é plradity %fﬁ%c?}‘ﬁl%‘g"m"les

afreteeh:6S nol ded on a first side of a carrier web;
Figure 3 is a schematic craoss-sectional view of a nold
cBigrtey) depistRiPRLS rearerrios & ohrbrinelyribr Posstdkt side and a

SeARd 03d £8p ewd e ibrbfedldBRay on a carrier web;

Figure 10a is a detail showing microneedles of the microneedle array;

Figure 11 is a cross-sectional view of the microneedle array of Figure 10;
Figure 12 is a cross-sectional view of an alternative embodiment of microneedle array of

Figure 11,
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20Figure 4 is a schematic perspective view of a first

nol d side and a second nold side; Figure 5is a top

view of a plurality of articles on a carrier medium

;%?ure 6 is a side view of a part being pulled fromthe
WOYETIy of Figure 2; Figure 7 is a schemaPFEHUEHRYWT318

sectional view of the nold sides of Figure 4;

Figure 8 illustrates partially rolled up carrier web

having a plurality of nol ded articles 25thereon; Figure

9 depicts parts on a carrier web being further

privoeuss Big a sehepaticeviev)of & injeqtigp mpding appargiui oyl gEagement to

arghan B0afanE@hdnt S mAELY articl S8 & cdiar thlidn fAGti@ird 5,5how ng
m croneedl es of the mcroneedle array; Figure 11 is a

cridegse b e ifopaievyolamel caviig shavirmnmaiigiiacsycpyndeverionm e
; lqstigéf?QFﬂ ig4 @%ﬁéi?seé@nﬁ ViR AT SIcTRAL LRRALE MpGW1 9T an

nati1ve enbodi nent of mcroneedle array of Figure
11; Figure 13 is a schematic view of an injection
nol di ng appar at us nozz|RetaledMg@IAtieh to obtain the

ar r angeERAne % Fighkdefscbhdic VRS n ik bd &&Hing‘?x%itét'ﬁ‘ld n
Figure 5, Figure 14'is a front view of a nold cavity
s Hewirdias ieancmhedimen e§thy present disclossieas fovns In the dapicied15 i s

- _. eS B e
146?&% %eh?lgi, ﬁ‘g g;is‘;[%e‘i}{‘ﬂi inMh&Wa Rbppeh %g‘%g?‘?ﬁ%ﬂh& Ynafbialfth G¥fnlted

; scription _ g to Figure 1,
a (sehelasicioc meiaknellolf crpaseidny plastich a metsir dft Fg peyeringrilielgstem, a

c sk Ebfoh 3 SRR TRkt ifecll FHRE ol EBP Y Snd &
i reetond e®ldaménalpp @@ indwhidhoritrasemie harh A istikmeallndht lortheadepictsdbe
I L (e. ' I '
gFeggasg&(e?t tge %{’%{?ﬁ %}42&?%:1 Sgﬁl\btﬁlrolnﬁ-g (*{“ﬁé‘?%@tg%%gﬁ]%g g{o%ble) and the
10heat adldrhantize2( hovds orwanisl ahd agayafieh fhe dekt mgld thenber 18.

o S S RS P ST TR g

t heenbdeiprie i tely enthdestingBidtenh inelufiésrattediroll o4, a nfrelte 18 26,% pull roll

sial e Al ot e rpeabel 09 o

f i THetindeRih gl sysRmmaris ddhfigihb@®tomdve ia @b S¥ Bét@vankhe findfrhéle half (first

| nn(’:ul,m%%r SISaan segorldnn(;(ﬁzi( ngg orsd\{dc’vtal?lg]m%%d mtl,nrilbe}' 9(? 'ﬂlee%e%tﬁ (iis referred
to interchangeably herein as a film or carrier web. In describing location or movement
with respect to the carnier web, location or movement in the direction in which the web is
being moved along its length is called “down-web”, and a location or movement in the
oppostte direction (toward the direction from which the web is being unwound) is called
“up-web”.

Though typical injection molding systems do not include a web indexing system, it
should be noted that a system wherein a web is passed through a mold is described in PCT
Publication No. WO 2007/075806 titled Manufacturing Microneedle Arrays, which is
herein incorporated by reference in its entirety. It is within the skill of the art to design a
web indexing system to index carrier web 34 between mold members 18 and 20. Web
mndexing systems are known in the art as exemplified by U.S. Patents 4,848,630 and
5,470,300.

An electromagnetic induction heater 15 is shown between the first mold member

18 and web 34. EMI heaters are known, and this one has an induction coil housing 19

6
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15 enbodi nent the web indexing systemincludes a feed
roll 24, an uptake roll 26, a pull roll 32, and a
nunber of guide rollers 25 and 30 between the feed rol
24 and uptake roll 26. The indexing system?22 is

to nove a web 34 between the firs qﬁﬂ

‘f@?@%@yﬁgﬁber) 18 and second nol d side or rmtP ég%%@Q&m
menber 20. The web 34 is referred to interchangeably
herein as a filmor carrier web. In describing |ocation
or novenment 20wt h respect to the carrier web, location

con agl\{t%%%iectrgm}i%qgu q.P (t)nl (% nd&vﬁ]o&o mﬁ%r\l;\lléﬁg“ acgcﬁe t(gJ aerlm

I trhaxas :utmnhadrto AN (not shotvh)eto mqamd fleved the emiuctmm t(ettenmd d

t he. di f b
cB gty B R O 0 Pl Srhiupie B B Gt ool e
SptSée@S’IﬂlediMH&htet 9 @lauﬁen alosraqbommdew thgmsld st (e.pt >0 - 2 mm

25shoul d e not rein a web j
Cinp e en O sR6f G alinidte BT e St mactinant RuBige to
v\%@ﬁﬂ@lﬁﬁﬁoﬁcdﬂzéd mttlt@w{ea.-ﬁtfwtas Ghdvh6ld @BEEGhE BisdN.T ay's,

ich is herejn_ incorpor refere ce inits
‘F”foé‘taﬁne“f: fndugtiqpibeping 1% ‘H‘ede@kcf’?l poctipn iR dygapig golg SRRgTRIES

v@alutg*(@iemsm DY EM thOinfeMAAARS bRkt BRyiBAnBRL ¥aRho-
| d nmenbers 18 and 20. Wb |ndeX|ng systens are known

i f‘?attiﬁ’é thy temparatuseoi ficisptases tpywhishdhe pojmey melt 2 ypmcd oo abfet
3@5 éah%, AW molded artidhd] aftd B ﬁé&ﬂﬁ@&b@ﬁtﬁﬂ‘ed'vﬁtﬂ iﬁdnﬁ@mﬂﬁtat er
I's shown between the first nol 8 and
BGmPEWWélIEﬂ%u&&ﬂ &s Kmenp to ram@llytmeéhai ﬁ@faﬁtat@nmrature for each
&é on coil housing 19 containing an

ect onagnetic induction coil. Induction heater 15 is

at t ac HBdl Ite@tlmappanmut #ratvailsblacanemireiallit foora such companiss ag M6t
Il £ h n | f

SRl e Ak B A L gLl ki SR s i bover o
enb & muhtro*oﬂe euim:t fimguendyi v éremoigd pfiZp p#BddSstor $1tnkceEtMatmg

?Izl% (Eeveléplﬁeugl SF t%tsénve%tlo.%sasm Ioa)ISP%ltu%/ wés usécpt twh the fﬁ I?P\Q’l}lé/
ptlataetedstict smrdimgmle a2p4 mnddmme;tett,‘tvatexrmolad,l coby@ mdncgtoﬂt 9011

RS PEas PR i LT BB PR b 7 S B B

hﬁﬁidr,&@tuhlﬁ‘po%ﬁtds ed BeiOTGOUH C1300M (&hpéﬂ'dhr@)bﬁalfﬂ 1owieDietting which

PR nbl 50120 S8, b A5 s 0 Rl sbu Gradhe e

t RERAIM Mhg: Hindubonsinaciat 15 ©toVi2i s6ddnlor 0o bysreed deB@ibed
i s expaosed can affect 10the allt&fof t he nol ded

atlﬁtrtlm Che dgpetergf ﬂﬁégwiﬁ@n%mt%a3 ¢ iy AkiRithe apparepus used

t RrEREANHiY BisGHehfidhGrds St €87 asn. arHé@;@«ﬂSapfu @atﬁ@t&%bdj{v)ls 1&@;@&
that surface tenperature for each nold cyc]e.

héiametaighapsaded: ddeally. e seltar EHHW@M@@W&H&U&M tsﬂvmgéﬁtr&%h

CFRARh 88ty 8Sn Wil BORbIQByity dnold M EPEb& sedf@RSas, U.S
ATA typi %:ral Mnt heat er \/\/ou‘lugJ avoe a g%wer “of 1 15 - 5

KW andV sk the iusreofeUS BN EMIdquiempih induation bpwsrgetings sheit 50% of
400k OJ oRkr &E&J@C L8 sk o nhé}oﬁe'a&e y&t@@&g&tmet bbb

i nvention an £aratus was used havin

f S1F end G € which étuseiksor melding prigroncdedias &y p@ty@rmatenﬁecause
dﬁméa%é% lé,Vchtugéd &a6l ﬁgﬁdce%@%%olﬂ Eh‘(jlg(gt)ll fﬁgbgtcﬁgtd heat dissipation

surrqun a ceram c housi
d{cavante theamﬁs f saBowdinzomedi allm@t tahgfontbid) can oesat af’po {lding the

U35 87 0 9% QB8 ol e eRERM B R DR Rbusg and the

Ampsl pdeelfa@binttioe lﬁﬁgek)lﬂzb(mf 1.6 tt pmin 184 oGuEnKiynately similar temperature
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reasonabl e range of induction heating tine is 6 to 12
seconds for the system described herein. The dianeter

of the circular nold cavities 33 (see Figure 2) in the
apparatus used in devel oping this invention was about

W0 Jogms739the EM  appar at us used was | arger i nPET/AR0%967318
than needed. ldeally, a smaller EM heater woul d be

used having a surface 25approxi mately congruent wth

the nold cavity or nold cavity cross section.

Wth the use of a 1500WEM heater, wth induction
pqmﬁleﬁee 1 dungef alserttemH ORtusfvs nipkictiomeog pawer setipgls ivhgreasaat a

f ] d . .
3810 S LR Sy GRSt SRS 7w it
m &t caneedledsducti@nacpedtips emboatisecdBd)ause EM heating is
ocus e e P S0 Rl o
s Waﬁlmdsh@@nﬁﬁd édscritad 1ﬂ1@édterﬁéta1h Stigure £ ldepmﬁ arc@nbodioant wherem

© HaC plitd wilaab e Tocken R o e tifts A HRE34: BN

pl @bﬁtsfaﬂ e@bddimédd héRIAGE: rﬁéld@h@aﬂreslsdﬁsz gre TocBidd oh Bsth the ﬁrst

ap OXI n@‘g‘g%‘i’?‘iﬁ%‘% ft@%f A 03f4rles (i.e., curve of

l nsert Ih@ﬁnﬁﬁé}tub'écﬁn‘ﬁfem bJﬁGﬂﬁﬁ)l ?%bbés tHWRS ms1Ed driidds may
wher eas, smal | er E%Jea{%ﬁof 1&% m, the resulting

t SOPBFis %ufaéww REPUgass ¢ dasqgh P%IPYPP%@StS“%ﬁ ahiligHe ﬁccafately

CoRpanRbUR dbﬁl@%&tteﬁfbf%ﬂl&@%évﬁ? ahd RS, &?ength%n@@qgﬁ@@)ofme
Cross- sect i onal vi ews of

Referrin 0 gures ,
e r@@ié@drm?}w @Pd aomnﬁlbﬁhsfdﬁmewlﬁfieowﬂhﬁa ingraded ysge or
| Ne G BRI dRE rrg@'ft @ﬁclose FhHhe o?po%ﬁ'ﬂér ®leRd 8to ocﬁ?‘dﬁe of forming

wherein the | ded article 46 1s | ocated on
fi nebtwaéy idgid 21181 toyghaniewgpeelss thajarpsig hending gy b@algnzi@msm%mﬁn

e e t e
I om% ate enl‘g%tﬁae%'a{%éﬁ\% rag%gl tglﬁjgvetl% g‘HJa ?tfﬁﬁ’ﬁg@@gﬁg 10 mi,
44or6f) gﬂﬁ@n@amqaﬁmd yeS TM D133t pRA° 9m¢ 1 &sgdvqlght,taﬁalsﬂe

| D ﬁo%%t BRRaK %u?éd%%%ss"n\{ Rt T3S gﬂ?f:ﬂ-ﬁﬁ A)a%‘[edt& Jfid 185%; and

10conpri se a ner s ase
p rmp@utshrmths{mcetsuad bahiSIl‘M 192360 Ntahed Bbel 138 € gmatadthmes fthe

B R A A L ]

oughness co npa
of HPSiR moh fexd Sploib fimwevative Pllasticin é’lttsﬁtld!,rl‘daslach%ettsF@Dlypropylenes
r. bl end or

Bl B nty RS o RS SR beffet PORIRK ¢ough

mmﬂeﬂh@ﬂése&dtwmﬂsﬁﬂa¢ksﬁolﬁ&M| ng or br eaki ng i n use.

S 1 f ul | h - [ t-f1 .
ot e G Bl T ety SRncrs of U gh vie? el pagyine
nmaf ﬂrsq;_%lg,@t[ce ghelshtd e Mv@ﬂt d8Rn@lonIRGlyand g&g 2 Tk@periBic Gt ;
aten reak (nmeasur

De‘%él f’?’ ffec AT ﬁg%l 3@5? évrmlih\awogbrd@/fmpaﬂ 'ﬁﬁ% ‘EPF polymer

St 1E1©fiﬂhbstﬁﬁﬁﬂa&id{nﬁgs Mhe%ﬁ&/' bﬁﬁﬁﬁ high Bﬁl@ﬂﬂ%dielg&@é*the gﬁﬁmer

ate an ftlb/inches. usef ul
]e E W@Pﬂﬁgj %#19%391 paigarp an o rang%@ °C1oB00°C or

2012101%&1; R75°€}‘duﬁn§ ﬁmﬁg Satyiabkihd) BQVia i\t engRloRE3°C6S 120°C durmg
Pittsfield, %\}O}Tﬁﬁet ts), polypropyl enes, acet
acHirftel 3 el @N«?@eﬁ efBeld. SemmeptNy P oRFlsh PR 5?%%r@§fer
POh¥as fikh & @eckiRY e AliRSncaPREmBlIRRHE, Af/o8 Habtransfer fluid
pol yrrers The tenperature of the metal "surfaces of the

W‘?%Pfdllheﬁ)ﬁlg clpso nrexigituigdheraelf £4vy (e.g., oil in a temperature

range of 60° — 150°C or water in a temperature range of 27° — 60° C). One form of electric
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of the polyner nelt into the cavity depends on the
pol ynmer used. Tenperature is 25desirably sufficiently
high to yield a Low nelt viscosity to inprove the flow

I into mcrostructure cavities of t
‘gélzaﬁ‘f#%ﬁ{gh enough to degrade the polyner. %ﬁgﬁlﬂsmsms
nol d tenperatures for nolding polycarbonate are in the

range of 60C to 200C or 120C to 175C during filling and
packing, and in the range of 65C to 120C during

s o BpT R maond Bii el el R akRIRE [ AhGee.

eins®t 34 i6 Figasd :stamg’cmmamgm%aga rediganme hehte aln duyh and/ or

heat transfer flu a tube,or tubes). i cl ose
PR G Y R (G b isef KD by oeefiolP
t REpafsahtd Ratcf B ge aiut £0150 ahﬁa@&@abg%m?x 4 lvﬂltsfa Thja mold cavity
tenperat rang e ormao e ctric
v@amfav% @? 7”%@2%5%’3%7%%&% &4t NI, Hqinfrared energy

C TRt D Bot MBIl VroRh £Rdat @l connection with the netal
nmol d i nsert (e.g., insert 38 in Figure 2) and using the

i nser tRefgrgeg waﬂ&éﬂaalyﬁ%@m anfe%c%%eatv@b 34 [sshave petwpen first mold

a&%ﬁﬂ&@@%ﬂd am@vgﬁ‘)'lélﬁol& o8R0, TAYGCHrtARE 84 1 @P el
can be used ;g(ﬁfy electricity to the resistance
\4

hegbasimeng i lsgonstta lyrstorstpdmakv cabioli shayldbe apprpeipteds that
THE WiBhH c£04 bstrabRY offtha 2 ofifer Jﬂﬁ@eﬁqnfﬂéﬁa%t(pf rm\gﬂ%i’[‘ porous or

means, such as: radiant énergy, g., Infrared enérg

oror-poseys polymeh aitoveri, potf-ovenfor lﬁlmffai dhféhponytmlte ete.). For Oamer
e rJ | r

A lgsh% \A'LH?HSG%Q%\E;\&E b lﬂ%rﬂl %(m]lg_rc% o n%é %eb l?rgnglﬁgh{r?gevﬂééé‘f e By

nmlat&miewbha rs 26¢b it of beth mtal md@oB@er or lathinateleqfinodtd dnd

S B e S S

bébr dmrcsmeuwﬂeaie olfiolmwlwtmmlyairh‘oﬁﬂesmlymﬂms @blsumé@ and
t.al

s 51 B ook BT R R indie S R oo Blpenvcen 2 e

C 800 jus faniMyfefembly MdsSthpd PR0aas., the term "conposite”

nmeans web conpri S El% nore than one raw, material, such
as a SR FFABIT BER IS HSe SP’&H‘?W“H%F VHREFTS OTIgR i, thjeglon, ¢
MebRiingand makﬁan@frexﬁenkm paynﬁ&rblcamﬁ DSk by cl@fin &R €he adter
pol of suitab 15for _the

CKP%’/FIEWH%%%}%%\P Sffﬁaw QT ﬁ%@dhrgﬁm@%ﬂmﬁ aftg gicction from

Paolde triny '«:ﬁﬂ@rswebﬂ)@{\%bﬁﬂh@ %v@dﬂfﬁarﬁ%éf alEhSmbddah 'aﬁé soMdas an
t hi ckness, may be in the range of to. 1250 um

bisyielen reistinghpattrpsisr fm %dnqlfécam%fhé@awgﬁam aed “ihwa hasthe

ggi‘fect of keepikl tht Bb1PBeBm ARt b If¥er YBRsits €A H)%Eer(ffmes prues
/or_ runners” (Conmon in Injection nol

wast eflpithegiepistep embodimens dieyfinss meldmembss I&irﬁlugwe@dnj eftion gate
ehg %ﬂﬁ&%&i tod ﬁ&l n&‘aﬁ{f&h C?”szzle%% %ﬁ@h %Lréc{!‘mieﬁ shateR8l SAEGH B %he
a CO runner parts after ejectlon
f moid cgvitibi3d Altbhughcﬁteriﬁeﬁ' m\mﬂyebtet YeevitytHevidhiablraleaipre
i

Lot bd Rhe 1 STBARE tt?qu]r &Loﬁg faﬁ& foc q e ga t@l Qahéé tsivxﬁtéun the

resi sting heat transf
r etithphthierat Invhe @nlcmgmbwbmeﬁﬁl@cnol@ﬁavne épisrvgthittimold plajerdsy

n@hfch ?st agt‘fé.lceﬂﬁ_g Sg%ﬁrstvrﬁ%&%ﬁ ié yTHCe Pt rﬁar{ fgfﬁgn%%%tt: I.” fp%gétnmg bl?l éhe s

depicte e first no nclu
arttrlaa:t}oa of & pin vgmh@pmﬁq exgtafi the abzztk and reledsestthaypohyoia neblt into
ﬁlz ! l cavity V\‘ﬁ'lxeclﬂse I3E§ usdes a catvﬁy-facmtg (seur%a%nla 4&’ hat %éhli es Il:l’lrllérg-

cavities 39 therein (e.g., cavities used to form microneedles). While it is inside the mold
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SRS U Gt £ Rl - g

nol d cawty 33 Al though gate 36 is in the center of

cavity 33 which is circular, there could be other

| ocations for the injection gate, and |ocating the gate
(or gates) is within the skill of the art. In the

FeQ Ris/ass¥nbodi nent the nold cavity 33 is w t RCHUSI0§067318
plate 37 which is attached to first nenber 18. The hot
mani fol d nozzle 35 functions via the 30 retraction of

a pin which opens the exit of the nozzle and rel eases

the polymer nelt into the nold cavity. The insert 38

i rmlvm ¢ imses ddonsgiddralgianigf the evdive A4Wld fgert (soro¢timps salled a

t f
T AR SR PRt S bRt o
2 Oﬁﬁtoiﬁmﬁl%ﬁﬁrbtm[ﬁﬁ@@&bw mnﬂeutraﬁmlgd, in thesshimesé p negagve of 2
CSPRRELARLs /o A p B e RGP, RS ROV
i ingeari@edibds ti{eatame tdokl caaikyt 33ab bSudeaw ma)d minombsgtof differenedrticles

B B Pl e i B Sl Tl DB EP
2005/ 08259 tnvebg @fockss AREmOIY cavitye3 mﬂmi;e@bﬁﬁm@iﬂg i imdRable mold

SRR G B ar Ve 1 SPeRpedriay bt st o

exgbangl tyghd iBRctivalnthldiRs Rk dhind 8 Th&Y, pdlf;tﬁer‘iﬁeltﬁs i dcfee ireB1the mold
shape or_ wth dlffer t, det ai entiv

{
pr st and prevsutR 1Ry e 4ipfs i) parg g ﬁl?@ﬁa%caﬁ %Qﬁﬁgl tpBart of the

TTDM]%QtILc@i o@'%l?méﬁfﬂﬁﬁto&ﬂb 1hé1H BavitO Rlad Gk badkd JSh 1&adhirgQl ceM@R pressure
34, clanp ld with su f|C|ent force provided b}/4

: h\’éﬁhlﬁfhééltqlfgw%( ‘B GreTRER - Fack msEHEe () ks rapgs of 3i54o 4
.ggat»&‘séals i) bhsa, :mal 1@8 ti&%?ﬁé' #ﬁiwd ahd rRiesas (r@feﬂ?d’to*a? ‘hold

use art, to fil cavity with
Patime Amésuirerﬂbem 1Q§rM%af maydeyto ﬁﬂlqve uqusmtﬁibngmf |ﬂaf mold
C ooV calf s, %cxbﬁ%&dremere%%& Bhe bt it B SRMASity s
within the cavity pressure" ressure
( ecogled tg am eneh‘tmrr famg@ratute nsmgillv ét mbﬂom@mﬁm wfe(umaf)mmramre
3 t t

¢ om R By A i) GRBLAE thd B mBlabd Bl LRI K
us@dltsto achi eve uni formf| I1ing of the nold
15m cr r e
TRt eri & sgﬁY}%a%An?e‘?er% ?T%Iugjécav :Iﬂo%es's gre! %é%ﬁgfgeloc?tﬂ%f E(p 360
ej Boitseq packgenrabil. & A MEh, IpwfaabiptO%eIBQMPd;bolpahyrmﬁﬁs 10
softe £m tur The el Sywpl €
senhPbdbid BRI Y Bostt G bR PP R T e Ay Bosiremy fos
notheh L2A8C;tmyald ﬂdmpéralﬂurem gjagtioh eﬂospdlmrbbime) iof ¥Rt 138%C, preferably
proc injection velocity of 60 - 360 20 Ssec;

e QLQS: ' [ | oci f nm

pad® %lrne1 te of 3.5 -207 MPa, preferably 103- 138 MPa;
hol d t ilmihe déplﬁecﬁembomme ﬂemdﬁablmbm rie@itioe? (ediulicein@ttion

injection (for. pol car of 49 - 150C, prefera
| oSy S cn ey S RSP R abiie By PisreY s B e
pofayterédl Roiethe mobén rﬂ:&enal 3de thy @ble cakdyy I s Sepidia@iembldiGent

I n. the depicted,enbaodj men t he noyabl e nol d nmber. 20
of the FRECHERTR Y A HTaS e R ﬁ% %&%% gursd) o Pipgge wlfrasonic

medhaidnSsiedz@r TiRAirasbilg hér xqgadluaﬂeweleﬁlﬂé B ibv@entiBrewiixbli€ Mut it
mat er

c % lipahop?v:\dwq.lt ]lwgtetagﬁ qu%lg%%gmr;%me th%pﬁm Iarsé vslrltTnSIlI tgee sktﬂ?gf tH;:DJJ.rE but

are typically titanium, aluminum or steel. The horn used in developing this invention was

titanium,
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the nechanismis an ultrasonic horn 42, which is

configured to produce ultrasonic vibration energy. The

uItrasonlc horn used in devel oping this invention was
olid, but it may be hollow Materials of construction

‘F’BFO'{SH@%%rn are within the skill of the art, %‘ESWQ‘PEIS

typically titanium alum numor steel. The horn used in

devel oping this invention was titanium WO

2008/ 157592PCl 71352008/ 067318 I'n the depicted

conf i urat ons, rier web, 34 | ressed agai.n

hor n epiftef) P‘?"Z’lr&‘*’s"“%ﬂstfiaa'%?’{r"‘%ibf S BIeATF 68t Sbthﬁﬁ BSnicn

S@@&E&dﬂtﬁds&ﬁc $Bra@bn o 88dnd 3le 49 BRhéHvEY BB Ot QiGE &M A¥ibratishs
are transmtted through the web 34 to the nolten

e Spnsgittes) tuopgh thp weldt 19 thegpelic) matorial vigimihe nwdocia&w ons

MY rabshid B HSHA T Be LM MRS %élﬁo‘i’cﬁr%?e%ﬁﬁ@svﬁi@h&&hﬁl\’cﬁé injeBtion
the injection 5nmdl ding process (period when t

i ﬂp@@tgi reepesrdpeiodgyvadRimestips meldingatachige fsmﬁdm firgrp §lling gne
gilc%@l Y3} it \}?rﬁerf?ﬁk'ltxmﬂdfﬁ% rp&es&ﬁ)e DHiih teRgviRh eSSur e

n the c equency of the“énergy can
be i n Krpquencyrid, éhe@nersy o0e iBthe omge tH"z5 0080 68,08 Kz, possgt010,000

20000 B pR B bR kSR erl 20 o8 250y 1@ 20000

pHalficwnge dic Wamwamﬂonaiaﬁtaﬁmmulmde obliorn 62 is tyificaily less than 127

typical I

gﬁ% aﬁ%%n?’l%e u1§s§ %Ilaé%gﬂ A p}%lﬁigo’g aﬂﬁcn%ﬁ‘ ﬂ%‘%n Lh%ﬁesand@&ta%

emputt &Immmdempthb ranAerpfl 1. § andd Sium liaa bem&fm@d uséful7 The altidsohfs
ounggy%ef ul. The ultr sonl ener 00% 000

g%l}?é%%ﬁ E?PC%&E}B BtaP VISRV SBEeY e SUTE éa“(%%g%s A

t etis)ao g@pgf el&@@idal @e%@ ?ﬂmmstrsa ﬁé@e@ypaleymleileﬁdrgy © aéd to a

ener re requenc El ect.rical ene

© Bt e B G ASan reteRET bt GRde SR

| Bédgteulammﬂsﬂn@dmltmoﬁan be anmplified or 15boost ed and

transmtted via t The energ rted to

the mol HeSRCTRAIERT S f toe%ifg@?n%ﬂﬁ’aqaw e njagpri UP T 9\

WisktBinfihd 81d BBE, TAYhdrY trankfes A6 td PRI BESHIB HBY it ¥1Bws
the polyner nelt so that it flows nore readily into the

nPeregeRdaly ity ghe nysrorcpatishof thoimpddingert. |Lopating thy ijpdion gate 36 i
| Rle@Gihth QT tlﬂ%ﬁﬁt}%g thid a@lﬁﬁtageeﬁr&fucﬁlg tHeREHER\Gr 'éﬁ(er@ar%qﬁlﬁﬁ in

advant age of réducing the wattage or energy required
2eRpipng Rigsopictvitaalions: és campeted tovter sats lesatinya kegl, att&le@m@?ter
98t e LRGS ﬂqkﬁaﬂgﬁs fre ot@ﬁt al REBR dﬂ[@kﬁrﬁt 190 4B %c%Ya!s&Mé
ThIS al | pot e t|a or nore cavities to use
t breergy Sﬁlpldsadl’@bf@ swglergyersupnly (eax S690VE). si ngl e power supply

(e.g. Igécllgtgéﬁnent of maldeglg&fcﬁg {oqgg]%gﬁ% ﬁvg{) g%e?c?{ﬁlggﬁl% ?&felﬁgde of

tothe carrier web i1s ecte

uttenidiseonicvibiaborst i[*‘mamﬁlo,rwlex asipd glyoatbenate Sirmgnd polycarbonate
pol ycarbonat e rbonat e 2onel t i al
pg{% n{a engg g?(aﬁ téng% gtuB fszlf % g.yn';sprow es rat (\)A\r/elagg%n%all)e%/egxk
beontlied eitmkeeandtbé dmbr aneb,lvdh}ealsagmztgh@emamtrﬁllﬂmlome&ﬂ“o whi |l e

P0Gy BTN b DL R AR LSS e

t hel thetase v&lbtal(mg evita frdproted peaentifid(e. g@bsw) oAglpMnuﬂetm above 15

e ERPRR o ah gt Rumb TR ot ca P pRE R molded

f hﬂtﬂclcé 436 h the éz&ﬁ&@webﬂma&r fofnted, thatlpeeidn Bf)aéti 34Cdaﬁ'§mé @he@ﬁblded
t he carrl r V\Bbfgt rrred t.hat tbon of

A ndRes ot el andh BB barhorrr oot BrneR e Brsion

amémgﬂ[baﬂu@@mﬂyon of the web 34 is |ndexed into
position facing the nold cavity.
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WD 2008/ 157592PCT/ US2008/ 067318 Referring

particularly to Figure 3, nolded features 50, 52 are

depi cted on both the first side 48 and the second side

44 of the carrier web 34. The depicted enbodi nent

i WeREEETSIj ecti on gates 56, 54 on each of thd@CHTUS3Q08/067318
nol d nmenber 18 and novabl e nol d nmenber 20, and a horn

58 is included on the novable side 20. It should be
appreci ated 5that many alternative gate and horn
configurations are possible. In the depicted enbodi nent

t he nolRefdng partsuBdy Pralipwe dondpddeatues edd 4o detlicterhendwth the
an ] f [ )
oAU L8PS B0 38 BRIl ntpingy
ar mclofpdgedion eaest 6ofdmrcacina tieofptenad inembyr 18 endrmavabieafielt
devi ¢ .04, 20 Qptical .l ens Lt sho ;
e o R SRR il R R el BPHL 8500 o procics

f etbtumey abéimatlv2 gata ael HobesonSinadaions ark hessibher Mo thie ddfived 34
erent in [ or

be.th di h terial,
o A R 5 L P e g P
e nhDighis Aegttadgilirecrdse-adctiobshaped. Dbrébaen)th frnarek I005Dee opposite

opposi te each other on the rrier web 34, I n .an
o B s D ConpBTat e PR AP Sngbomici 171 afigbia B8
P esipRdcted @RS inQilter@ Sy c @nboMmentSTht Fatueds 500926 dith@sile Bf thb adrrier
enabl e th%EneIt m one, si de_ of_the b to the
|

to flow fr )
1 S8E N4 ca8 Perihe sfms ¢S InpEpe E oy mptergby Tt seprdalodenave
S UgdpaeRited! RAVEe Stetatil ComtbabPnesitd ifel féit@BY 50, 92 8d h?eddQb b Biosite
of the nold. One may _use sufficient injection pressure

t ocqch pbetondbn sRsF WEBPY t hrough the carrier web into a

cavi ty 198n siRenaB PSS olifnedi HEcRfiertaRs cERCIl AR bRGoRRL Bne or
According to such enbodi nents, nold features can be

f ompisdlits ar kdesrharein eyt ypble the mgide dpw Frompne side efthepelts the
Debig s ofiyS B0 Pnc¥afifr Lb LEPaANve LlrnENANIW, B Burd Suicient

appreciated that in ternative enboc nts the gates
56to ajaw verding bede mebst 1Que masversufficisnhinisctidngrespire todaigstpglymer
fr el i ) .

o1 L RS B 4o 5 Ry 18 opp 2 P B Tt A the e
r at\c@rdmrg to wechsimbedizauts, malldfcatueh yantiedbred pe bothswtd of tierweb

t he..ot her ' ) ] . e fi n :
By M DB L LR RIS B
| edrmbye doebodimpotdtedzaten 56,144, i ted oblitrheatew) iidbtha aiohiravity

t he_movabl | d. er b col Ni. stroke. On the

ot ﬁ%rfmél %%tﬁ%rﬁrfﬁg%mg%"t?o %’}?%’Elr mrfg 1‘P‘;:g)rs injected into

t he nolStme denkdsynchaiedeatune of Bweaspet ratio gn she sideandedfatively high

si mul t aneously for he shal or |lo spect rati

MR Y S N S R e

unghefibee ieres aipact ratBysidd OF NEns Mey odgtbiossed vethe 3fle phthe wob

the lens, t | ens can be transporte 0 next

PR MV SRR ok CHRROokD THBS et et et

Thj)(ﬂ)/ﬁﬁ&ﬁbﬁid&%ﬁ:?th@ﬁfﬂ ﬂhagmmrcdviq@mnbgﬁel damhe lehi@ink @AGke TN S

scr.at ches cilitates assenbly. The conpressjon or .

coffit e%"tSS%R‘én @FF W OHOH aF@ﬁ?é%‘}/%t OBléhe Sd&‘gﬁlg aspect ratio

Ul $idasfalidl 16ns\ntiir @braffoSion. By using the carrier web as part of the lens, the lens
can be transported to a next manufacturing operation attached to the carrier web. This

reduces handling and damage to the lens such as scratches and facilitates assembly. The

compression or coining siroke allows thin lenses to be molded. Ultrasonic vibrations

12



’/m”\l

10

15

20

25

30

WO 2008/ 157592PCT/ 1JS2008/ 067318 utilized during the

nmol d cycle can increase the sharpness of detail,

decrease the stress within a nolded article, and al | ow
hi nner | enses to be nol ded. Referring t ure

‘Hozf“ﬁ@ PP st and novabl e nol d menbers 18, 20 %‘?TéU%zﬁWmS

in a perspective view. The depicted enbodi nent

illustrates that a plurality of separate nol ded

5articles can be sinultaneously nolded onto a carrier

we There can , or evn32 or e cavities in

iz G g ol Gyl et erearadh et s gEBA foaren B st

NRANin @ itdlded @fticlear 3lbWahifneiTRh s Gl iol@@l, POSSi bl e I'n

the depicted enbodi ment th& }ﬁh? sides 18,20 a

conf i e‘an&@ Fagure dihefashsad o e gismbd eé,é%erzgtﬂée shown in a

apdripeltRS vRRE OTIR degikted &hbodRinBilustlafts BRNE lﬁmi@rdif E'aﬁfa& thdl@d

articles can be identical, whereas in o]t) di ment s

t Héglecen bp émwéianepwéy walded giea SRS cvebd T@%@ﬁ@. bﬁ‘én% or even 32 or

{ Hbldavild i 43 b @lisPmbl aindﬁt}]?a(fv%ﬁ%%m%fto tofd B30RY GreBRL S,

can surfound luralit features.
t ﬁeglej eq@ldcewelg aepmsibierréhﬁle dwt@; qr@adtment theoeld sides Jr&a%me C

E 'P@‘éf@%% SRR st ?'?ndpﬁcrﬁgﬁl‘g earﬁ@?és%n%%’?&ﬁ%%@b 34, tIn some
e appreciate hal T er native enbodi men
ubmbc&lm_mntscthh atiplss @mh:!e dlehteral, @:;llatadn gtlhermnémdnmebtslﬂtty@&n heh e
B3] LR B R G gl
X0, &ih dané@rrbtvet adurality némoldrfeatees. iethe Edpistett gl dagenatwo circular-

S cturetht ovvsthe y to
b acgcf) 1}#8?58 gmgaralloc t%d {hﬁm vable |nre)r/n ﬁreﬁ)kiﬂnsélmglﬁge
phmedcintedithee irdltetmatiesentbeiateats alumsonﬂ‘renmabﬁld &¢ loossbd &done or

rve e function of keeping the articles Xi and
%}‘“EP#S@ Eiﬁ}éwetsh respect to each other. In some

enbodi Regatig foFARESS dadll BRerebldagic”pik bhdhhesthd pl@ﬁﬂltyxymolded
are used to intain the orientation of the arti

offtigles fegnd edliaeqnn b, tier e 3¢ FEVSHR SHpRert Sr5BEs calows the
t B@icRNR] 4RSE, 16 Be haHREad a %b}&t RieRt REJMR FRkihH SndBdding! tRsS

X1 and Xy is about half e di agonal di stance between
adtislsetrparalyd Tha sartisraecbf alsp seryes |th9 fsiipe pickecring e picles X,

aQ&Pﬂ}Hdeﬁt@@%tQYesg&lt £ e cﬁﬁe,tr | il Bfhe EmbAlenYrubfbrd MWBween the

separat e steps or exanple, articles X1 can be nol ded
o artiglaeXvetd P&a@rc’r wsed toenamtwnébefqnp%tﬁmwf drenefictsy enes theydepve the

gﬂi 4t %eﬂi@@%&ﬁlﬁfdﬂﬁén]t We ShbrRbt b Glef a¥hndIRHRER ﬂféanoB? X,

exed thr to a new position to nol
amd Xdie sboxyh@%hedmmah@ﬁar@abww agucent moldicgyities 0B, theaneldw

ém%ﬁx%@ pﬂ?ls%é ‘Lkl%ﬁ bg(noer | g[%‘t?gles\ﬁ%? {'%%&T%Q‘s?pa%ﬂﬁt%épﬁ‘ For

mexvipegpie, araplea}idcaﬁ blesnolldwé on:l tkstmb cmby34\m b €irst ioBlinganyele.end then
V\ﬁj% WG% grexéz dartlclg{%lrtﬁerﬁ&rp catt g%gengl ih?ngugr r I C | lg o d Xleytzp%smon

& "Nex posi
3@ molma]gnareeXl&;to ﬂﬁaveb eqnnes?én ﬂrsFlghre 51 omest Aelnnvaftheeduectmn of
ld nozzle 35 b Ut i,n t
D S?mﬁewe% ﬁ%qvtemmﬁt outhne ﬂaw% £ a{ng;oyﬁmatF H%nﬂrl]eete):(rt J%ésé g{n f(f
r membér II8pdrdesis &tetdustzinee;bmh&htbmmﬂ wieb drindexbd frainelsermaoid eycle

0\1/' Ialt'tfcﬁes X4 %0 tﬁe nex §pos%}6|ntf T tl?e mglf fc?c?e for arti‘g'lgw in Fig.

In Figure 13, 35a represents the location of a manifold nozzle like manifold nozzle

35, but to inject polymer melt into a mold cavity in the next adjacent row of molded

articles as shown in Figure 5. Clearance cavities, such as cavity or offset 41 shown in Fig,
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13, can be deS|gned into the nold plate and first nold

menber to permt close positioning or nesting of nolded
articles and nore efficient use of the web carrier. It
shoul d be appreciated that nmany other types of

VP aWgasAM s on the web carrier 34 are al so p8ETUSES/067318
The sane principle can be used in nolding on both sides
of the carrier web by designing 5novabl e nol d nmenber 20
with an offset to acconmodat e nol ded features on the
side of the carrier web facing novabl e nold nenber 20.
ThiB, sangdggesigndd into B ol plgseenidtiire modd membar &0 pepmis eloprypositioning
m&r%t@.ﬂmgtof ﬁgﬁeéﬁgﬁestahgﬁwm?m nlt {se o'f Hy rvs%b %arﬁhlj Cﬂ’\@ 188N

f or e-necessary conponents ¥o support ol

C aapiptegiates tohmarsy dtliee tyget of arragantds ch ﬁwwzlb earggn 34 lasadso possible.
! EIUShAL g e it LGS oh BERYAR WALCRAPLEL b Plesigning
I nvevabieabld mdmbalzemth hatfet wiantcomnmdst anlded fdaateseanhe side of

nol ded .arti ¢l es on lz)a]leca ierbv%s) could be as small as 5
C caTTier WeRdt tIe i Hg HPE' 6 a side view of a
nmol ded Tae bthggeﬁedﬁz?oﬂfﬁt SN oDR R I, bEMDMelded 4t arashietihe sivtvn

he depi cted enbodi nent tens
e § Slopf coopr T Seoghiy Epp S Ry st Maldepybylsuch
MD4sdh 31&[11903:1 A2z whd hebheansrel dedls aich bt Besto@ihtwigdh & or
15nDp cavi ty. It shoul d betoﬁgvrem at ed t hat tr.asonic

vi Bt 4t%o %P%v%tha&@@l% S ifyyeppion lﬁ@%t%ﬂgartaﬁuwam
f a@la&m% BiPech R1de8 |aﬁﬁ§§019£ cdri® WeP béiﬁ&ib@e[stsinﬁil 8s ﬁﬁ’m{ rom

the no Al t hough the carrier web enab

d cavit
r emovalRefyrigg tﬁé}%@& aﬁlfi? P of 3 Baldehativly peis B@O"ﬁ’e@ﬁ’fg rggpoved

t NEorh BRFIrQ thol dinddier 18 b[n@lllé}féﬁwte%ﬁlm.erﬂ &h86n ﬁ%ﬁﬁ@ﬂ kPR web
ej ector neans such as ejector pins, lifters or

st Mjasieqtiop pyeefrom thedirst @w%damw@r é&@o@ll #@ﬁn@dqﬂu aﬁglfzﬁl out of the
i fb@r By s c??é’@gfé%ﬁféd it AREBRE vm&hb%w ﬂe%&no%eam with

pl ace nic vibration and tensi'on in

c afhg feagiomio lfac@ﬁatﬁ therdepsey ef thdyaolded atiedle &4 from thegndbpeavitym
t hﬁlﬂ%‘ﬁ%ﬁth@ LgRerkBin é:hébl(% LSRN n?dm gfi&?erﬁom Ak o ﬁﬁﬁé&h?af

or 'vactium assi st e rces nmay be I'n conjunc
vvi thir tepsion m thpl veebelapt, Wltlwumstngasohanmahﬁn ﬂgtoamemsu@lras eJcctor pins,

i 0
nfi’?eg (Ee} & sgﬁ)ingﬁla%ea ttr[}élt%#nﬂt\rf%tem%ét]’hém%ntg ﬁ%? Xrelf%ps é g"? ruserc]l d.n
t ocoﬁjugctroa \a?m;h o inqese £t nmsniowitewnahd teheomiltit eirdesem34 to
ure The rst, nol i d 8 i .
ot S8 s o Bed BN 2 G Rl SRS PG cmBadimey, ain
dl ]premue dr traaumedmsmﬂ fdrl:ﬁs nmg)lbd umd‘m donpctibh, withay in/Bace@fithe
The s
{ oS SRGH orighn e caier S 4 fouder trdnerBol sl 62
defims tedire idbiihéeiy 18.he novabl e mol d menber 20 i ncl udes
an ultrasonic st for providin Oul
vi br at |R8?F ? é@x %] §8- ?nﬂl"i‘q’”’ég’gﬁ? oi’:{/%(f H# f BEF ddtes
\tlwmoghaﬁn 60he ﬁ?rat mdn«ahd@ms g @tﬁﬁtﬁl@iy%diet“ﬂtggﬁﬂrgiﬂoﬁi dt6ps 64366, 68, 70
.ch re co ecte tQ.cqonverters n
kR P T e R Y T&laﬁef?%reﬂﬁ 3406
Vi hfiredto nfove Bwahil asddiy®Bontthe Hist M6HIsAB 18SIntthedep)dd
2008/ 157592PCT/ %onogl 06Z %
embo 1ment the movable mold member 20 includes an ultrasonic system for providing
ultrasonic vibrations to the melt. The ultrasonic system includes horns 60, 61 that are

connected to boosters 76, 78 which are connected to converters 80, 81. Ultrasonic horns

60 and 61 are oriented axially (ultrasonic vibration is in the same axial direction as the

14
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I nput excitation, i.e.,. vibrating along the axis of

the horn). The horns have rai sed pads 59 (e.g., larger

in dianmeter than the nold cavities and raised about 250

um above the circular surface of the horn) on the side

VORISTH8 nol d cavities, and the horns are PCT/US2008/067318

approxi mately aligned Mﬁth and | arger in dianeter than

a circle surrounding the nold cavities. The horns bare

nmounted wi thin novabl e nenber 20 by cl anpi ng at noda

flanges, or rings 75, |eaving clearance between the

hEexgiTone- =s‘abrﬁfawénnﬂ dhegais ek thg pomp eThedpms haveraisgsigiads 59

| Ge. ? Neisbdin RRNRRP IHEE HR LR dabfibs 4n'd$a1§éd| W&t 286 £ above the circular

configuration is an exanple configuration. Alternative

c éwchg of the hesasondhasideigringiie giofdrayiiips andtheharay are approximately
E%‘QH] &/ith Sndlarder ﬁ' ke BHan b B¥ Qs urfindi Sindld @lities. The homs

nents or a different ultrasonic vibration

d iaregnauintsd Wlih@ﬂfh@ah'e mrembpen200%y cimpmgtabepdahflangesad iriags Holgaying

f Qoo @ MRlwen @ 9[{21 &@Mﬁt{dﬁ% S &tﬂé’ Hx%able% %r

draw ngs are Ius rated on same si e as

rmv abl h stmmldcbermpprioeinted thhﬁhhrlinﬂra@d corgrgusitiomisiag emnifo cat ed

co tﬁ%ra‘?WAﬁ r&%vg&nif at1 ns %gn ﬂauc% Enté) hal cgmg(ﬂlt%tp & a
forh T T ocat

| rahf&rq:mo Bydut oﬁthefsrirelat cmoﬁantsdr b different mlfrmmm Iv[bratiob datdtions

into,the yner qrelt in the.nold cavjty. Ref erri .

t o el S SRR GT » kel B Pt A e B HtonisBmg n

Wmlhdiﬁﬂmﬁgstalr@illeﬂrateﬁ o8 ie\Wame $itke Palid mewbRBmolFmgtibe, e horm or

picts thaod o ackj.n ded articles.b ol
© Bt Sl e R St Bl s o s i gt ool so
endiedi RMbmSPRE[ESnd driddtal iH 8 osifich dMl-0iRed ditdieultdosied
articles fromdanmage that m ght result from contact

wivitetiopsinipehe polymsrapeltdn the mold Qityepi ct ed enbodi nent t he
spacer RefSrdink REFEREYE ISR mRB Bt lﬁﬁ&im@rah@%ntobasﬁgaﬁblded articles

web. 20In an alternative confi guration he carrier web

waﬁlshaent Wanarrsrar Figyrs §rlepiss amﬂmdﬁé P%?#@B@%defi@mﬁlreéw tpdling
S %Cc%frer 86b 34 InS QY & ﬁaed dRA1HAAiRRNT sBééersaéztamaéa fo\pRotect

enbodi nents may not inclu spacers,
arﬂnq repldasl antggles ncdﬁmaggthﬁfémtgbtu@ﬁmltﬁhmcoe@ﬁtmﬁmthwcwam34 In

cr:rglFegieegircte%ﬁb bt tﬁérkgélcjél%l tl{ae g% %Qn 9@‘1'}{@19& 4o 'EhQE rrier Vﬁbb

artic e appreciated t
c dn ag gternabive mﬁm@wnrﬂbe cdnzer mab Inepl b@ﬂtuanomeklﬁn ﬂhgmoldmg

p}?&:c ess ¥ @291d§§3a9§§ f{% It s%%%ﬂﬁb %@?&cﬁ dI ¥ &ﬁ(gp L0 E](L may

e cu sections an sta one
omotiogludrfspedess, sitthemolfied arpaesknayde cotfigomidgeh that oo ivith ;he

d h t alte
R0 L9 RS 60 kL% LT ARLYR SIS
p _apjn-emged ?hn tpq:x'tan@r wiab 8¢ esd noithe rﬁlmgi zha_ri?ﬁf fog F?ng as@ghipping.
F epl cts carri e Wi nol de
F Pl S Pl G bER LR 5 S S i smefsd e o
t Cﬁoﬁ dfehgmhal Edi@a@ﬁs 4@9 aﬁﬂntagl, ﬁrobdaﬁngj efd lﬁneﬁg%ﬁhﬁﬁésnmhéthﬁh e

rier mediuym rovi r C e
i S S S P R S A A

ak&pmagqmuﬂ@&gamﬂmam&mépm?@@ndl|ng t he nol ded features

84 d
2008/ 16888 3en dzs8urD %%BW‘HPB%'S%W‘#W%&%W%WMSM

M3t @ﬂﬂa hidn€ toRBe MARiNRroeenl ﬁﬁh@&cp&%ﬂ%bﬁd&ﬁ%@éﬁ%er@wdmm
roller 8 posi ti oned above a ta

THA PrRYIdgE Y StEICt & neg veugh thpyme]d f%vlqﬁ;% ﬁagei% aﬁlﬁ’@hﬁ%@f@ foraed
r @l d1®pr&Qdes ‘ﬁ@ﬁe@ﬁ’s i Ka%&ﬁn% thd¥RolG&H EdiBies R a?cﬂatﬁx%%t‘ a @rymg

dryi ng device 92. The nvl ded articles can al so
i nspected or sterlllzed while on the carrier ned|um
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5Referring to Figures 10 and 11, a nolded article is

shown and described in greater detail. The depicted ’
enbodi ment i ncludes a sheet 94 having a top surface 96
and a bottom surface 98. A nolded article 100 i s shown
WReWsAT92he upper surface 96 of the sheet 94FPCTHSERY067318
depi cted enbodi nent the sheet 94 is a flexible

pol ymeric sheet (e.g., polycarbonate) that is nelted to
the article 100 (e.g., the sheet and the article can be
ultrasonically wel ded 10together). A single article 100

i spragesivior eamples malderariiciprecan pproaterl Ay pepsing empvp afoleridoy
of 1oGl 4 ;
B A T S
i niberadecr amollsr P&yhish dirpds e carietveb 84 peshe deving.devige 92. The

p i - i Gl l : ay of
s chi d T B i Vit B WUE SRR QY

hei ght RifepfngtthBignee dd esl lils2 eldedaticlalschawrPddidescEBGION greater

m cr onsy.and. th i stance fram ak e I
coli 8 T Biige1olbpSpRAGT s b AL RERg | Boldifibs Ry b
| osvefiacePilr tA mfldédretiche 100ds shotvh itsed erthagppasutiine 96 af the ircor4.

' he m : I LS. | I he_l and d
i o GRS i ol v v Rindsame
| sthated elred hedie bitickle0 (H draisihenand the hiéitle oabib ydirdetivuie Rvelded
R e

I nyeRitivies ROREDELDSce Afd @Shd dheet TRNIHREddpichdRinbadinesil RS
wth a very thin |and (e. ut 250 1..

.. L of ab tm or
| egelted qrtiglesd 00 mislyde @bar&ahc*? WICE‘I@F‘“%‘IF%I%“E% Ip gartigies @emolded
t NirficlEe00NREudes alarfiy P hfcrafdedés tBifeddl 1Hihe HGH@a e dinitat the
has é}gﬁ%{g}gnformblllty to the skin. It should be

apt negdles isheied akoubEhia 500 microng andipedigipacs W from
POssk B Rak Iargs baidh Eﬁcl'ﬁ'istﬁeﬁ%%§ atioleds 8odhicions ! ude

mcrostructures theréon. 25Referring to Figure 12, an

al t er naihp (pseepasiorfithpeticlothatspraesas thedpisdTost wincly thegycroppedics
angetdcal1Sd GERWR and Bis 196 Bie ?kﬁ%es@ %’Pﬁig EAAL iﬂdﬂﬁicﬂﬁhﬁ? d
devices 102 are not fused wth the sheet 104. In the
depritemingd binthe dimeasienal retatimeshiddtvten the noldipseair(bevitgghs heet

co R AR ol P e P SEL IR vt
nobrdesss deblescthe maufatume diucidriavith apetyythie lind (og., href gout 250 um
co uGt i t 4 [ r
conarPh b RnaRd LAl SRS e Wl by b B PR amy
Thef rierenaedlss thexhapg@drehibeuhbiim © theskins hesbould Bd appeasiated hiat

they interlock, The.devices.102. could i,n. alternative

S R s R R st tifes e ARk 'S

asmermbiricagesshaeon\O 2008/ 157592PCT/ US2008/ 067318

possi ble). .1 he pi ct.ed enbodi nent e sheet . .

P L eriisd Eibfrer 2ot R 2R OB g o8 2B BE b Figures 10 and

apprriestioate th thb dépiadd enbodibeniahainolget ditvicen2arenopfssd iklethe

(e,q.., sheet coul d,.i ncl.ude proj ectigns.that

ook 05 53 b O e oLl Shac 02 AR b Sherh 8 o

t henshert ofdifferost nposrialsand ot cemadipl i@ ap BpRTobking MamREFor

€ n&%x%iﬂgﬁﬂé r%olldgd c!le%icg ?& ga%?rllc udfe g.rpoltyrtﬁgricd &V&le%a c&r%%'ugn%n and the
sheet 104 may include a paper construction or metal construction (e.g, metal foil). The
devices 102 are melted onto the sheet 104 such that they interlock. The devices 102 could

in alternative embodiments interlock with each other (e.g., in-mold assemblies are
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5be eaS|Iy separated fromthe sheet 104, and in other
enbodi nents it is desirable for the devices to be
difficult to separate fromthe sheet 104. The geonetrlc
configuration can be varied depending on the desi
VP308357¥nnect i on bet ween the devices and t h]éc'gﬁggqsmmsls
104. I n the depicted enbodi nent the sheet itself is
enbossed on the back side. Such enbossing can occur as
when the nold sides 18, 20 are pressed together during
the nol din rocess 10l n sone enpaodi nents the .
eRPs8bs)-nlg the eesce& epodimenyithseshest ingludss updgroyt Seaires, biyt ftghould
| gemtptdotatdatieat SR € cohB urations aep@dsiber(@ 8l in¢enhRiReRel inBMe

the Ccarrier web includés a shape that is thernoforned

t ejestansiths the arpldse deviers d Qeere molded arommdypy thessurface pi the phpet may
| b yo%sas%leexemma g PP \h %&fnet AdbditRks R &tﬁff@olé faf thenamée%z to

articles wth an overfl ow vent (see WD 2
phgeasiv jeprratel fromehesthegtd 84, land iay qth@b@ubOdfmefnta It 15 dgsuwa far the

t H&q&% l% Jlﬁ%ﬁ]y{o%%aﬁﬁté ﬁlbrﬂ tﬂe@ﬁee? ﬂ}ﬂ' t’I¥1F gwnﬁe%ct {aﬁﬁéﬁfﬁmﬁ can dbe

an overf
| mtrwdtdhmndlag ot theidssigd e@t‘ ef commnon W@u dretdevigesrapd therswt 104.

o 1‘5’16 dﬁﬂ Qdeen(i‘b%\cli n]ie\{lt th &%eﬁé&? ﬁ%mBS’st%/ch%rthé: B glldg V\éq%gtembossmg

a ventng ng over
oxz:mrcfcbmWS ghtethd ihﬁbld smctee 181\29 mfel;mmaﬂh@ﬂet dlitﬂng thefmcﬂdmg precss.

exitin hr.ough .prinmary vent 113 econdary vent .ring.
TR bRl ek enPBihe it S GER SRV St gy
2 thedlievien K20 6 arofltet tageeenit@iEntthecanidr Rieh idch@essddhhpe thdt is
e art t exa ths woul d be: overflow gate 381
&“3&@WFB§W %ﬁ@& g%@’ﬁﬁ? primry vent 127 um and
S econdeigirey PNdndrils I‘lﬂls@zﬁéi a #@MlcavifiAh P Ban be used foﬂ_hﬁldmg articles
I nyentive proce ombi nes ul trasonics an

i BERPEH %m‘ffﬁ@ BWP%OOE@PW&P%bl)&%wce@seéf&elrkak@adaf filljng

s Bmﬁe@ﬁlamwaﬁaréexﬁihel thé ety AR Hﬁ%%bfﬁh%@&ﬁ&ﬁ Sent, thE Ml 8f
25t i me tyflca an Kvgectlon nol d process maki ng

niPRly BBl Biscigd i%"héﬁ dfyANERRT @aﬁmedlue@%@ﬂefegﬁeﬁﬂ the davity.
CY bdGssipatyRidr can%wstﬁl@@l%ﬁh a Pethifle RRYR, @H@M&M@ &ret nb

for an injéction nolding process nmaking m croneedl es
usvatow axinéisinpaavarslor chringleld 1 offan Sikis sxiding thipush agwaiy yvent

v é%%&ggﬁ&'&éﬁt aﬁg/i etana Denlt 114 \mﬂsh %ﬁg oggirdgpﬁag do¥a, Ofpe 14. 0

hown cycC e I nventive
pdisesasignsed khengltmswmmelem the skill ofithe eit.igt examalerdepths wewld be:
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ultrasonic vibrations to assist in ﬁllmg the mold cavity of 14.0 seconds. Data have shown
cycle time for the inventive process making microneedles and using a carrier web without
runners of 12.0 seconds which is a significant improvement.

Benefits of the inventive process and apparatus include:
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2. Mold cycle tine reduction discussed above. 3. The

ability to nold articles, such as m croneedl e arrays,
having a thinner |and portion than could previously be
made by ection nolding in a very short nold cycle.

THP AHP8AST8P éroneedle arrays may have an advantgﬁgxﬁﬁmwm”3w
i nnocul ation or injection applications using l1lOcertain
types of apparatus in which | ow nmass nicroneedl es are
desired. 4. The ultrasonic horn nmust be free to

vi brate whil e the nolding machine is cl osed, and t here

i sl.dndeging gf the earEer e @@abéeé the process tq placeradpiger rymborpfreleyely

UM AT R0 ahtb?es Bt GRE LIRS Reb 1hEn ROEIR oABiRWETQLBR (N,
parts in which horn is nounted or_installed) to

al growerinolded pyit ld@rmtzeon i erab)t Ahisigenater wilizptismed wab arch ses make
as &H’ﬁﬁ
15m§P ne gﬁk e éﬁ??%éP”@ggké%yﬁgﬂﬁg?ﬁgﬁﬁﬁﬁﬁ Iéﬁgﬁg
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event no pol ynmer from | eaki ng

i n$ dhe hlamyammeldspzm@ sackoamldcmmdh@mysahadmgraelaMm tpndpbrtion
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c omitidnic miheSarmgfs mmy Bt amaﬂvmhginmgmmthuewm idiectpnapsijpaiiens using
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‘&’g’ﬁfr@%ﬁ%%@%ﬂ% é?ﬁ%t?% shgvpn iy F’z%‘é?ﬁé % frde/yitlyig the mova 16
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multip of mcroneedles in a sing nold cavity
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nost difficulf mak pol ynmer el

" osieN Ty Boptes 2 ks Ww.svfémﬁ@m@@n@rﬂawé @eﬂlﬂtrqsmghom for
U heasvitth e LARR 8l cBftitiond of 1hf3btﬁ)ﬁtnﬁo@&n§wdQ%19m§E space large enough
m croneedl es or other articles on a web [Ttates

dofen selyermdop patiersudbrig flow intaihe elcefinrar Jhat hplewceicebe

nmo

AP AT R bOE 35 SFASHPEE LRerth Rl Hleh, BRELRE Bcnsions
mastatkinghic feseiiptien gre apygprivterfotrbetibalhmge. | at er st eps. In

the pyaH 3\’&0{{%&&9%&9&%‘%&:@‘ er?cH&y?udﬁagmﬁ{sF ays may be
transporte e can-i 0 a next Sstep such as

C oé.tﬂengntmmformne Gakteasto whitdh tmmmwgrewsmal f@iurmﬁctd:esjan entire array
arfle¢ | e advan ageo

d e}ér lgdﬁ 81 8}0\&? (%%Ia ﬁrﬁos sl s SFof examﬁ')oef 1o mg a n%ul!]tlgthclty of

[ nmwmnﬁﬂihes o dngigmok cavigyathe nmmwdﬂeafmlhaét fixan the mold cavity gate

S u@v%%rc pofgzmey melt enters the cavity) are generally most difficult to make, i.c., for the

polymer melt to reach and fill. The inventive method enables filling these microneedles.
7. Injection molding of microneed!les or other articles on a web facilitates downstream
processing. In an ordinary injection molding process, molded parts ejected from a
molding apparatus are dropped into a container from which they may be picked (e.g., by a

robot) for later steps. In the inventive method, molded microneedle arrays may be
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5conbined with the application of ultrasonics to
i nprove the nol ding process. There was sone concern
that a carrier web would not survive the process

ndltlons of injection nolding pressures, te
‘é’ﬁ&ﬂ?j‘é‘é 3fd the inpact of ultrasonic energy. %U&to&m%mw

i nventive nethod and apparatus have overcone this
concern. The foll ow ng exanple is
illustrative and shoul d not be construed as I i mting
the 10i [ any vity

C BB AT Bt HBIEr PR orroion DS GOaaE FiFraiePibi ol { en
P edritigahidi® Bein6ldEEiflestin tRHBrrer 4Wab B aBhdntidbduk il @kigniegVvi t y
caont ai ni n% an insert having 1288 mcrocavities for

nPeFSHETUMES 250 gmtall with an aspect ratio of about

3, a pitkvadnd: Wrtaptf th@tlx%edtlblﬁ mRhgldnRScad AV &l BbeRusbRsfully
radi us, to be nolded on a circular |and or di sc about

1 copbipd Vﬁﬂuh%\wdléatwn ebcpErPReTie dnmeyethe BRliiReserets tlherangs
%&Mhoe%%ha&e@ah&e@ UeblSbind nét sﬁﬁ?\}é ﬁ&&ké bnbifibRRP Hlt]écﬁsfar

actuator to place an external 1500 heat er ween
t Feldingsessyny tampermbirechenged apdthoimpepie! niyagonic @rgrol e

EL &2 %ﬁta &aﬂgﬁ&g K€ bR %V%@tﬁﬁlcb&g for periods

rangi ng seconds using a gap of 1 nm between
the e n"Ehed‘bHMQg enopbts bnstebid and Gholkiat e emmdirdedes pinding the
of ate face. A hot nmanifold system was used
tgnvfglgg’g Iﬁ"R’lr melt to the nold cavities via the hot
runnerExamﬁlepol ycarbonate carrier web was indexed

Do R bRl e P TRUAR B O pREFRR iy pbosbonst

ekr®itat Mﬁi@’tﬁfalcﬁcukn’dmﬁd ¢aoity bomadireiig mnaﬁs;dmaﬂﬁgl 1188 nagrocavmes for
n ti r r

UL B Aabys a9 E bt BB TR et

| Rbvedd 85 BmodditsN® btAibidedbn b Rir@ddrilan ofBikeivogt NRchindandie.
\?\ég s of the ex 1. The EM heat

BISCE TR ‘@8& ik Id%&‘ﬁ%ﬁi Efftg‘l‘!‘ﬁt ENE fr3hing BSI%%I"FFBPE‘J“WHY ditven

C fiéak }{Gtua'fcﬁ(ﬂo placaMSexRflal MBURUEMI heater between the st ahl rot¥le
heat er vvas returned to a hone position outside of the

s pERes ef (e dnecton malds ﬂi}eg@owe%%ﬁu@ was|agplisd feyesiods

ranging from 3 to 8 seconds using a gap of 1 mm between the end of the induction coil
housing and the plane of the mold plate face. A hot manifold system was used to feed
polymer melt to the mold cavities via the hot runners. A polycarbonate carrier web was
indexed between the first and movable mold members.

Vertical movement of the linear actuator for the electromagnetic induction heater
was driven by a two-way solenoid valve operating with pressurized air (689 kPa) and was
actuated using the robot interface of the 100 ton injection molding machine. The steps of
the experiments were:

1. The EMI heater was placed precisely in relationship to the mold cavity, and it
was activated.

2. The EM1 heater was returned to a home position outside of the space between

the first and movable mold members,

19



R A

10

15

20

WD 2008/ 157592PCT/ US2008/ 067318 3. The nold was

cl osed by noving the novabl e nenber toward the first
nol d menber to close the nold with the carrier web

bet ween the novabl e and first nenbers, and polyner nelt
VBIE 2008{18%592d i nto the nold caviti es. 4. PCT/US2008/067318
U trasonic energy was applied by a cylindrical, axially
oriented horn at 20 KHz. 55. The novabl e nold nenber
noved back fromthe first nold nmenber, and the nol ded
articles separated fromthe nold cavity by nmeans of the
t ensi o3 She mold waaelpied by weling thsinayeidempmberereatd thy fioft mokie
c [ i.on. :
R R o R A el i bt SR S bl T mber,
t handgelyirtey mble wieidjebigd M the moklvevitesi n t he tabl e bel ow.

TenreI{'Iﬁ? were made for ch.gog ondi tkpn
report 2’ d. gonlwne(ﬁl i& i“%?} a%gl% (ll l\%gat ‘fy%,‘ﬁ | ll’er%?r‘f\l/ﬁ'corq%}rl}ttgéég?% at 20 KHz.
Hei ght SPEhemerabldmdldmaiber nfdesdiank frbinthe fBstamdd m2B0Bergand the
- 0 0 - 0 0
( +1/nol)decil' .%tiﬁé? sglg)a{g.té'(P Qo{% alesfr?o‘fd ca%%gbyunr%ag-sl-éf &13 t]'egsignr% e/c(:)a%'r%g v@eb,
followed by indexing of the carrier web in preparation for the next plastic shot.

The fidelity of the injection molded articles made in the cavity heated by EMI is shown in

the table below. Ten replicas were made for each process condition reported.

Induction Activation Time | Microneedle Height | Percent Uniformity | Percent Fill
3 sec. 230 um (+/-) W0 pm | 60% 100%
3 sec. 240 pm (+/-) 10 um | 90% 100%
8 sec. 250 um (+/-) 5 um 100% 100%

1t is believed that, because the temperature difference between the polymer melt
and the mold cavity surface is reduced (by comparison with known techniques) when EMI
is used in the inventive process, the resulting molded article will not experience shrinkage
to the same extent as parts molded in conventional processes. Articles made without EMI
display an interference pattern when viewed under a 45° cross polarizer indicating
anisotropy; whereas, a microneedle array made using EMI as described above showed a
distinctly different pattern under polarized light indicating a reduction in anisotropy. With
the use of EMI, in-mold stress due to shrinkage is mitigated.

The above specification, examples, and data provide a complete description of the
manufacture and use of the inventions. Many additional embodiments of the inventions
can be made without departing from the spirit and scope of the inventions. For example,

this invention can be carried out using a stack mold configuration,
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8 sec. 250 An1(+/ ) 5 um 100% 100% It is
bel i eved that, because the tenperature difference
bet ween t he polyner nelt and the nold cavity surface is
reduced (by conparison with known techni ques) when EM
is used in the inventive process, the resulting nol ded
article will not experience shrinkage 15to the sane
extent as parts nolded in conventional processes.

Whaxrit tlelnesl ismde wi t hout EM display an interference
gattern when, vi ewed under .a 45 cross porari zer
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‘nvent | on can be carried obt using a st
the cmif:li @chf iatioween thelfast mad clembaemhditlss m&wng\mm eabaf part of the

S v S B T Py B R R an GG Romaitions

Sd&ﬁﬁ&kmpne novabl e nol d nenber that can ane toward and
maé fromthe first nold nmenber to close the nold, in
bt hesieg 3 mold qewitphaying a Bluralify ofmicresistctusplcfeaires having an

[
' r I
sspplt o e IR0 BTk STRE Bt R e BB TR sl
meatisf ardspiiogallyihbataty thomoldeatiebineledric segistaicdlyeatipgos  of an
ul trasonijc horn whi ch nethod is. .characteri.zed
post28 onioirs H5E Bl oSS Hhah Tk B GRFpble mold
cl ogeflberk BErweas whith thHelmic? wRB iy RaRichde first nold
menber and the noving nold nenber, part of the web
faces the nold cavity and part of it is outside of the
clo S . n i el r .
2. & O IBbE Rt 580 bR AR Sk A B8P e carrier
welﬁis@jbﬁlﬁblﬁdddhadn@thefnﬂﬂd vty ahdy savandpordepelhe caticowed uBiveb of the
heating the nold cavity by

I t 2:1
ﬁrséf%@?vr mabfreing ths Aol caYityh anbihe methoddhe a? CRRrisSpindsHag thy
carH%ébqg atnB§ JoBkidn Whﬁ:ﬂ tHRYir& lp@ﬁfoﬁ'1§d rr\%?g%lg BNRE YRRVt and the

injecting polyner Into cavities in

secbnﬁ pprtubrelsffawmg the bl Fo ﬂnmedt meldbgrgcleet ween whi ch
the carrier web is positioned. 2. The nethod of claim1
in which, for one nolding cycle, a first portion of the

3. car Thé&method of claim 1 in which the melt is injected into the mold cavity from a first

side of the mold cavity and the ultrasonic vibrations are applied from a second side of the

mold cavity.

4. The method of claim 3 in which the ultrasonic vibrations are applied to the carrier web

facing the mold cavity.
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web is positioned facing the nold cavity and a second
.portion of the carrier web.up-web-of -the first portion
-is not facing the nold cavity; and t
conprises indexing the carrier web to a next position

he net hod further

2009-ar-25 WAL Byl B8 Jdiabopag Lion s down-web of the mol d 12/21
and“t h 8 portion is faci
for t he next nolding cycle. 3.The ne{ﬁgdi@%&ﬂﬁ%ﬁ%ﬁﬁy $\ 25-03-2009

which the nelt is injected into the nold cavity froma
first side of the nold cavity and the ultrasonic

vi brations are applied froma second side of the nold
cavity. 4. The nethod of claim3 in which the ultrasonic
vi brations are applied to the carrier meb facing the

ol Cg Cavll‘he ¥1etho%§‘ clalm Fvﬁ%ﬁ& G){' d

corrpr I SeSs reno

of

s BhpfseDleflhng Whddbo bultl REF

cav |tltewdixycawsazyme@fs of thecagizr witovithows e wietoli medharidabejestoe merns
"ECQ@HMQQQMF?SQBR&S&ﬁ@@ﬁm%ﬁﬁp as ejector pins, lifters

or a strrppe
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o R P ER s predT

manif ol d. |nt

ot o o BPRr e b
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interlock with the article to be nol ded. 11. The

met hod of claim1l in which the carrier web has hol es,
per fJor atThe rethodbfictain 1 grwhisk &s caauiv velr cosipridenattriakiclectad from
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| s and pohyanes; chothand pefynsne petieckmd pdlyedte nol d cavity. 13.
The method of claim1 in which the quantity of polyner
melt injected is greater than the quant|H¥PreqU|red to
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11, The method of'claim 1 in which the carrler web has holes, perforations, slits, graoves

and/or surface texture cffective to provide venting during injection molding.

12. The method of claim 1 in which the injection gate is at the center of one side of the

mold cavity.

13. The method of claim 1 in which the quantity of polymer melt injected is preater than

the quantity required to fill the mold cavity, and excess polymer {lows out of the cavity

through a venting means.
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2009- Mar- 25 02: 39 PM 3M 651733010613/ 21 PCT/ US 2008/ 067
318 - 25-03-2009 14, The nethod of claim1l in which
there are nold cavities in both the first and novabl e
mol d nenbers and nold features in both nold cavities

2009—1-1111'--%”62051‘? Pq,{ 3t,[hg5try§33 qggd cavities has features of a 13/21

ower aspect ratio than the features
cavity. 15. The nethod of claim 14 |n|jHT ﬁéﬁGﬂhg 25-03-2009

features of the two nold cavities are opposnte to each
other so that they forma lens or lenses in the
resulting nolded article. 16. An injection noldi ng
apparatus conprising: a first nold menber;

mov i g Teeohethorrefdbeim L intveltichdbere aoponadd wotimribaite Brviaamd Jﬁﬁﬂ'@hit

t he nﬁdt&nﬁ% miRla ema{.ms Iﬁ mhﬂm—:&wﬂt Qﬁd‘ﬁﬁetotﬂh@ ntmoxttmts

er an acl ng noVi ng
we b e fHnrsRye Wﬁ??épepﬁ'ﬁtmﬁw f“ﬁéﬂdﬁfﬁe aﬁ‘-‘i‘ﬁ Oglcr W@B ‘336@( ween t h e

first m)I d manber and the noving nold nenber so that

part the rier we s t he vity and part
D Lo TRSRSTOE P B 14 & 030 06 G Srehram APl winks e aubap o
t he aﬁathrcslter @nich thevbing lemslodlcmesiiae gsuiting motdidbartid e i n t he
cl osed position; a neans to inject nelt into the nold
cavity; and an ul trasonic system for providing
ul t rlés dningecridnisroddingopmrat cerbpeising2l t i n the nold cavity;

char act ef f¢@thidWenfudfi t her conprising: A a web indexing
means to index the carrier web to a different p05|t|on

( al ong it @“wéwgw TG that pas moNEtoWBY P GYROT hefarclhoves
' t owahghbhe first nold nenber to close the nmold; and B.

an electro net i cti at e bl e, of ati.n
o ol AT v S e BRI GORRRY B el o
SUr r oundi wiep hadiiingméads foamiving 2 cdrifer wihiztveppthe Stsusoldficraticai m

16 i 3 OIS o B8 HEASPONE Gar YL S B HIER Aol S3AD

horn, an u asoni C conve ooster

ap p it e gaTics ek Is aptpitielnd T aer welfmé twtw fingliapdmeyingenecdd mempsesr ¢
Wi t hian thh,ea,malt@cg,gewpt,symﬂnd in which the insert is used
as an electrical al stance, heater, 23
amcans to m}cct melt into the mold cavity; and
an ultrasonic system tor providing ultrasonic vibrations to the melt in the mold
cavity; characterized by finther comprising:
A. 8 web indexing means to index the carrier web to a different position along its length
cach time the moving mold member moves toward the {irst mold member to close the
mold; and
(' B. an electromagnetic induction heater capable of heating a mold insert within the mold

cavity and/or metal surrounding the mold cavity,

17. The apparatus of claim 16 in which the vltrasonic system ineludes a resonant horn, an

ultrasonic converter, and 2 booster.

18. The apparatus of claim 16 further comprising a metal Insert within the mold cavity

and in which the insert is vsed as an electrieal resistance heater,
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AMENDED SHEET Recei ved at the EPO on Mar 25, 2009
21:35:41. Page 13 of 21 19. The apparatus of claim 16
in which the first nold nmenber has an offset or recess
that allows injection nolding to occur while articles
al ready nol ded on the carrier web are within the
perinmeter of the first and novabl e nol d nenbers when
they are in the closed position, |eaving such articles

19. UndaRBgEHns Slait s ARRAAKY BrsPhuofd Abdbel Rad dh IeEBr £bBs that
novabl € nol d nmenber al so has an offset or recess

allowgk ingeating m‘omimtoi ageurTolils; aﬁQ:IQS@hQ@bfunoléfrd arhige srilrdier web ahevithin

N o
e o M O st B O B S R R M Rt poviip
leavixgesudh hdiiclas tinfaged. met er of t he flrst and anabIe mol d
menbers when they are in the cl osed position, |eaving
such articles undamaged. 21. An article conprising the
co [ r
et SR sl Rt S
recashaltcadbemjezaon myldmg:m@sd;m wo thersade df élat curmas “reb\facrmg the movable

i 0,.0f l,eas arra r|S| .

ol fkhre B iPlre Blcapt Robded o tREdnsl i VarBeiiot Sndfein te
peritete® 6F 1he FirARE] MOWsLIE MoldiBerkbdSShomeReyHirs ﬁpﬂhb QIbs@Ngbsitdn, leaving

whi ch array the cl osest centerto-center, or
sucl arijeles Budsggeed. di st ance bet ween the nol ded articles is

cl oser than the diagonal center-to-center, or

edge-t o- edge, di stance between a nol ded article and
21. anadteticlkebohpdsiag thecbmbinatidhel anaxier a(é]) aod i ma;wfamided articles

next adj acent co 22. A microneedl.e arra
adhﬁrﬁé )Pntgf’ PUIRRY e WJé‘F BRiglss Peichy a%rer,szfeﬂﬁa Ill?l’PS?StHfCt&/raﬂaawres La"mg
an dﬁb&:’f P8 F LG8 IshE afral) SbrEpHsiY coRBnrds®f HRAAR A QHBLRESIN the

an aspect ratio greater than 2:1 on a | and,

domhﬂq:lad;lte@tlmz amgl OHE 1t the erpss-welo) dp@tlg@ and Jgjfwluqcifearray the closest center-
to- c@nt%f W& g%ltg Sf.’e'::léaec (rh%tsé%cet pe%weenrtﬁey mofaed! %‘ti]::llels 1se(:ijdser than the diagonal
center-to-center, or edge-to-edge, distance between a molded article and another molded

article in the next adjacent row and next adjacent column.
22. A microneedle array made of polymeric material comprising a plurality of

microneedles having a height of 20 to 1000 micrometers and an aspect ratio greater than 2:1

on a land, characterized by at least 60 percent of the microneedles across the array being filled.
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