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ULTRASONI C | NJECTI ON MOLDI NG ON A WEB Cr oss- Ref erence
to Related Applications This application clains

w@eiosnstsy2to U.S. Provi sional Patent ApplicatiBPCEUS2008/067318

Serial Nos. 60/945217 and 60/ 945224 both filed June
20, 2007, the entire contents of which are

i ncorporated herein by reference Technical Field The
present disclosure relates to ultrasonic assisted

mol di ng nettiodsA SONIC ENFEETION WIOEHINBaONgL WEB Ml ded
articles are well known and commonly used. Ml ded
articles having delicate structures thereon can be
chal l enging to ﬁrﬂssi-RafedembqulaeanltApplpaﬁmss and

handl.e. Inj.e del | te structures i

o i PR St B U aho T B Ea g Sertat Nos,
doret4e2 &7 a1l 60/9z a4t otiafildd el 29] 7097 adlel kiitiro batlteresttwiich drbe

ol ten terial while in the nold and all owi ng

IBeRIPTHEH AT PRSP he ol ten material to flow into

the small cavities in theckmédl Fiehd et hod of nol ding

m croneedles is disclosed in International Publication

VO 2085 Pusgs daclosriarisrde HEEsAr Shisiagroldrg neaodsiad gdcd
ikl trasonic energy is disclosed in International
Publication WO 2006/ 062974. A nethod of nolding parts
onto a continuous web of flexible material is taught

in U S Patent 4,921, 671Bagkgroundret hod of maki ng

cont "Nlcﬁﬁéd a&f’i‘cﬁés é?@w@ll kfthh éﬁ%%hn%ﬁﬂyms@ét MSIdQ@EP{Y‘é‘EQ having

dﬁﬁ per and | ower die parts whi ch are roug ht toget er
fdtestenstuzgsribdrenn aah bpcladlenging o melfl end wdisamenshyi pdoaskreratl

I § T
ﬂaﬁcélgt I géc%grﬁ gltolic{:]n%%‘%ll cf Iﬁ%aﬁ@%tném?egﬁs tg/?i%all %gorlﬂgl%&f %lnj ecting
g Inpgerragingdf a mnkde:rat’utpafnd'lélpplyplgeﬁélltlbnaﬂ ihsat tohe melten material

r.ovi des Q ect.ion on
R BF TGl R TRl RR P BT e el BelBeh Relmsere
@mmnbudﬁe§Memﬁm@h1catlon of uItrasonlc V|brat|ons to a
carrier ichis |n xed t he .nol al ves
The d} %‘%ﬁe‘g 8?%01&}%6“15@8% ass %{S“i%‘\é\ﬁti‘gln@fnaﬂ?% g%@}cﬁ'gon wo
206/08289% eamnhétuommem inﬁ mmlldQ% L@éiﬁitLﬂtrasM@lE RAMEY is difdBsed in
di scl osure provi des a of devices on a web

Iaisenational Fallisrie WY 2@6@&%?7@ A méth%m“e@lld@é\p?%%nto FRRNtinuous

&Mﬁﬂkk%ﬁnﬂﬁ&ﬂ@%t&&ﬂPhH§SSPQ&QMK@h@@1%Hdbﬁkﬁ&ﬁb?ﬂmbng
nol di ng apparatus having a first nold menber and a
qebiaaIsT eapsron @ 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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menber that can nove toward and away fromthe first
nol d nmenber to close the nold, in which there is a

woriod/157mvity, in at | east one of the first or POWEHRI08/067318

nol d nenbers, having a plurality of m crostructural
features characterized by an aspect ratio of at | east
2:1; injecting a polyner nelt into the nold cavity

while it is closed; applying ultrasonic vibrations to
ﬁrhﬁdlﬂ'@ bl ingavibi momyng@amm@hamig afitst asl@th@nbvo kg a @ochble mold

BOR B Pres o0 orRASY B Orfro TR s o9 DG 86 oK e mold in

whieththtREs MRbR daSity liPs@ehst R BRIIrbtF mielblé ﬁlohahmms having
the first nold nenher and the noving nold nenbe art

otlupHy %BCYP%‘E’@@Y%l fRatuien hagagigrizsy bé(r?& appsrtrape of 4t 1qa§t Al
1ﬁjéEt§igdaepo(P§fmérl?@eltq{ltgstﬁéjmmﬁlcgvltyawhltéqafs lcR9ed he mol d cavity

an el ectromagnetic induction heating nmeans; and/or
agplyn@atlﬁr%gmp Nibrationgtodheinpld dsyitebyemeans of wediratonisdern:

%Lg %h%lg%g 2FL8¢ B{e%?gg%éegi %a(‘i:‘gﬂé"t&’s Ol ddMdm:N€ati ng can

7ed heat | ng of a
A msm'tmmgcatqarr@d webod thw Whﬁmthamqldusatqsq:d; thematrd:r wab istbgtween

F mold 1{1%111 Se? gn& t%F Plé)ﬁ%nlgy olé R eyb ;Ic’r{’l of tl? l:():fat:f?e[fle mold

Pules exce repl cat ernin
(ﬁVit}eduﬁltpabte)lfyc ishasite dsmhe:lclogedlnmldl me (e g Iess than 10

CRSRSE 3 o B R SR S Bl

(pr@éiuﬁgsdwnﬁﬁd@@ﬁpayeréctmtémsame kdaife MadE Wi t hout EM .
"M crostructure” neans _mcr 0oscopi C features

st r udtlgrfremagnetic indyctian (EMIsheaipmca beained toarply ra@ld localized
HeBmat dta Mt Hu@ired@bORiin BEIMEEBN Mol AMIBIn RNséd to

| arger article. Such featureS may be, for exanple
rpeld ippitewith gpbodmecsorterfeaist thabrrsclicatiy replipdte ¢ pridattes in a

(P TURFARARES e BAE Bl MRl (KcindD 0N Tt signifcant pduction
i apmpéidstmscs oslthgoingees i etmadddsetide potleccthas eompartdwdh
a ﬁllo ]gﬁl , a disc or circular base of a

artlcles mc e -
dl'e array) The m croneedl es are el ongated and
t ape r‘ Bﬁcrbstmmlnasmeam)nﬁdrqsscamd fawayeshaveuaursh@peng hideasaone

d, h di scl osed U S. Patent
BTt 2o S0/ HO AL B TR Bt HBLBI L gh e St
S TdaQuf &G, boa o Bgarﬁma fvities Mr66veR 6estbRsi@a (k. @i @fcectd& in a

stratumcorneum the skin to facilit t he
TPICERERAS HEAY e 413%9 fpolymet thereansdit ?a@e%gﬂga or the

sanpINiRgn&ddidslatd Gsallt ﬁF&E&ﬁl&&@l‘u&ﬁd@ thabigdi @MtonPd bae or land of an
m croneedle is normal [y less than 1000 nm typically

qriicle (- raethitgeor 6freuly basa@ migfongtdlomray). 2B misioneestsstare
e@@%@te& d ﬂﬁer&d ﬁ‘om%@& th tﬁg aﬁ‘@ﬂl§§ havelshBheTRY a Zra'nﬂd tRe or those

geo . rati o" neans t ratloo
shefiey Idtsc]gﬁedl 1ehlg$ Hi’at@ﬁt lélbﬂlg@@gﬂ@Ol/@QﬂéﬁSb@ngCT 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 um, typically in the range of
20 - 500 um, or 25 — 250 um 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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m crostructural feature, |like mcroneedles) to width
or dianmeter at the w dest part of such feature (such

W@ 2008h875base of a mcroneedl e where it i ntersePCBUS1068/067318

| and that serves as a base of a microneedle array). In
the case of a pyram dal mcroneedle with a pol ygonal
or rectangul ar base, the nmaxi num base di nensi on used

to find apect ratio would be the diagonal |ine
connéakpaagratpposad tlmm’keﬁﬂleaght osisndthef bxare (Alrth' aghr ay"
ement of re articl

neans an ran
rfllgasm%%ralgt%ataregblfefrgleg)nﬁﬁﬁ%? ‘@X\Tnm dfagleéeé él‘ht 8% t part of such

falhCsudBYs Bk bBRY AR iciBReddRk \ﬂlepfﬂﬂf tﬂt&wc@rthegl@@dr@lﬁtrgeﬁves as a base
order. "Percent fill" is the depth of a sing

fiecnigopsedloaiey). Ipdha q}?f‘eOftangfanﬁiSWWE‘ion??@F@twﬁﬂka aw@n@l&r
rbéthdgulaF 8% sc €M@ MRk Bund Has@ dAGSION ﬁ?eqlt@ ﬁﬁ@%(ﬂe%’raﬁ@ wéld bie
deep and polymer fills it to a d gqs

egoperine prricctippsipiotsd coDYES apasepp aasat us us ed in the

i nve

appa:Aaﬂt \éllgr ggllrh‘rp&(rﬁ? gtlcf %g g'er?lgact of ¥ 6%&% tafr“]qg[%s gp%leu{'Eg on 5 surface
inprakimigntoesactt ¢thdér, whinh may er m@ymcvtdaeamd pwmyarfgeomﬁﬂnh @rder.
Lgagté‘?erg%ng fi ag‘ﬁﬁ% d?pﬁle cr)ED & s\1/11gnea 1\1/110tr S C}uctuli_all_LPea{ure that I ymer n{e is
dbvdndlfilln Foneanpld dra nmmm&gll@camjmstyet) weedee hed palysér fitBlicto a

r,and the i n |d face so that part of the
‘%@{bﬁégégnﬁ B%C%ngﬁwé’g{ﬂrﬁjef%ﬁd part of the web is
out sideapphratul @scdrif theemch@eaelcthyd ¢dmprisés: st and novabl e
mol d menbers when they are in the closed position; a

e HyRStoRHMPIdNgAPPHRINE COPRIBNEhe nol d cavi ty; and an

ul t r asRRinko1$ ¥i3t®By, f or providing ultrasonic vibrations
to the nelt in thé nold cavity; said apparatus further
c onpraingviig meldngadier bakcas drgye terird g ey denf the first Kol
%@??érndem ng neans to index the carrier web to a

erent position along its length each tine the
nmovi rgnatt b@iusrmﬁhsr therfiyse srotdomembkr tahe fafcing ghe motiol mekdtmfrmber-
to Claov§e% han Ilgol %h%%r {naoglnglaev&(z:eno {THG%H%IG II‘\S,;[/I I]il(}]q Ctl

heat er capa & mold i nsert
mm}mg waMifbge sanicht part m‘sthaiNels Euceslhmdmhk;paﬁn;eandqjad of ghei vt/qb;is

| i cal t A .
Bt o P Gl SRS TRS oS Ry are in the
di&ad pssitidnose enough to the

a means to inject melt into the mold cavity; and

er and the

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
cach 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.



10

15

20

25

30

nold cavity to acconplish such heating if it is not
al ready in such a position, can be used. So |ong as

W@ b@sEss9heat er can be positioned cl ose enoughP@DUS2008/067318

effectively heat the nold cavity, other configurations
can be used. For exanple, an EM heater can be | ocated
within the first nold nmenber in a position close to
the nold cavity. In that case, a positioning neans as
descrA patlicahQ\necang ghghb ke f positaaigste FMIBEithr d@t enaigheo the

to.a nold, the term"feature" neans . a three .
TB‘?IHQ?%W&H arecopRlish §ich peatiag ﬁr 1ty POfo"ifﬁP‘B’s@i%“r? iR ogn be used.
IPIbAl aME EVIThBaér ARYe f@fitioned clBde dnBasH toleffe@dtly, helitfiBe mold
shape of an article to be nolded, such as a

G Er SHseeEsptionstan bapieds Fon oxagplss an T hesfsy camy Ipcated
Wiedh er%st%ol@m@ﬁb& iha ﬁéiﬁl@ﬂjcl@éé 161§ cm&d In that case, a
tenperature cycling whi ch controls the usé of heat
nosiéinsing meprseas slescgbertigbase wawd e verssessayure. 1n dynani c
ol d WRTRES AP BYR 11096l REATR! fedi a bk linRALET o,
a tenperature above the softening tenperature o t he
paksy wedepressibe withjnecneld cfetyghst nayale@nd 4006t fropart, the shape of an
ol rbonate). . Hi gh.mold.tenperature hel ps to keep

B RIS e b PP BORFAS ' Fare Fiiling the

nol d The ditlinges tlendrydnmlinft aercy bscmeldasiidal gkdynamivgnold
After formation of the nolde t, .the nold. s cqol ed
PSRy B RSB R oo 6T HOF RSB Fr o BT e
thapataire. IMayhads mold telpdatuRragelimt theendld BTG IhegyLloiang

are described in PCT Publication WO 2005/ 082596 and
tgnEgraipE ABAYC Be softsnmg FemprREUEOf feRelymst odifriBifFied (ot roove
146" PR BLIYESLEME | AhinSoll Itemﬂeﬁa@hr@uelfaﬂ% Ke&t Fol@herMdiviscosity
heati ng and coo |rg(%. Hi ghly thermal |y conductive

Irytte Facaitaje fiding the raeld yaariresiind oppierzeayiicogiayticelinniye. ddled
fhfndt LPME nlib?@etd.ptaft?tﬂgﬁl%[ is pérgle(f &%Vg ﬂl%%ol? ni Ent to help solidify
transter 1s limted by the properties of t eat

the makéngpolymeen Matlweld of moldHeragerdinte. theFmel dyehmg dre descmbed in PCT

| "-n%ﬁg [ | osi the injection

ﬁ#%ﬂgﬁtlﬁﬁ ap%g(?g&&tss,bg%{lg%ﬁ%m{g§r3?|g’gﬁvveb bet ween t he

f i r stTharfficagyvethlysamio ntbldrenmperagire eyeting istlingted gl e rag o6 mold
the carrier Vi ng, t he | ded article or.articles
T b B G T 8 U
dllags) cark bd wed Welmpk®ie heltaraneist, bimhdratyotiheat tlugtedigligaedby the
nol d . cycle, the cycle tinme should be sufficient to
RAPREEFSoh e bt drapsedt SAng Fi5€) WaR AC'hny i cro-cavities in
the iThg i) ci@c BRcSHBSE AL tiAd frmTelosing @ f Wetik)ed1Bh ) Mding

pol ymer and tfor the polyner to subse uenthy cool bel ow
PRI Yitehe sofiereribrgtyrsn the firtrang movally eetd pembpast. vl the
ihddxid tﬂEQ:laHiefr 63b Uh&ingd the ﬁloftf%d ARDr I HS %w% from the mold
ultrasonics and/or EM™ heating of nold parts as part
afity drea anl isitignioy phreof thé tarientwid fpothy et medd ¢yckeaduring 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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filled the nold cavity, the nold is cooled to a
tenperature bel ow the pol yner glasstransition

W@ eoopasmEdure to all ow for ejection of the nol dedr/us2008/067318

article fromthe cavity. The conbi nati on of process
paranmeters in the inventive process enable shorter
nmol d cycle tines than are practical by practicing the
prior art. The inventive process and apparatus enabl e
t'ramjsmsﬁ teatperulrelionglom for @dtivn of the etblded taitlefBorh He\avigy. The
tures th di nensions of |ess than 5 wi th goo
E}afl?%/o%\ll?lm‘éess PEGBRHCT EpPo HYET TS RIsEssRebly dhajtesmgld cycle
t[mésdhafn%@é pHagSoh PR racHcthoGNEpreor bt MESe Riverde PREBNASI Bfparatus
| ess. . To maxim ze nol ded part density on a carrier, web

PRARIC IHEAR MPEding AR AR ArvEe eoteg i flgnensions of lss

tﬁ%vi Lin®&ith Bosd 9&@%” @€d, E&?i' rEIBrQH\r?CUQH of i€ VEFLIhE Fno‘f@i@atures)and
hi s concept, to expl ai ned hereinaftef, can yield

I‘Q@idawl%tyméf OfrﬁQISQ‘émld&thml es adhered to the carrier web

in

oSSRl e BB B Bt s o

Qohﬁ&eed toheold thaéticen St@ggetad poeifibsron the caedegevefoo T@@g:encept to be
fagled eerelk%g V\gcsa?l gftlel an af aylge %}é)rl(%ed ta?[bcgefs 8,%11?%(1 tojtﬁecctarr?er web in

»ngume Cﬂ)SéSSC@tSM}e‘ﬁﬁr] @ eﬂged&) adlge,vﬂmzfncabmlem ﬂhg nﬁ)}(&ﬂ @fticles is

cco to the princ resent di scl osur e;
ErGimen Bebhy €SBt st e R Gr IO T CR Dt the
ihRctdnGha1gmd apssithd. on showi ng articles nol ded on a
first side of a carrier web; Figure 3 is a schematic
cross-sectional vi W, vity showi ng features
mol ded on a first 25§ﬂﬁqgm§€@§ﬁﬁwggﬂe of a carrier
mebt 1 githemsid ssdedvi&e Bembldt g3etsh adordifg 10l tBibritcies of the
first nold side and a second nold side; Figure 5is a
RrgssniAiEpseE: a plurality of articles on a carrier
mg&b gna a A%lhgfuatfc Kt-hRay@vish G€a Hioﬁi"éa@ftlx_ﬁl PAbLed BEdifg dPivingd

fromthe nold cavity of Figure 2; Figure 7 is a
%@%@rmlii@d @ plist %féﬁ‘cqfuacmmer vew of the nold sides of

&95?8 a schgﬂnﬁw Q‘?os§ sbét & IH?I'atcthaJ o&lfﬁl l (gurgtpmolded on

rrler web having a p ura Ity o
aﬁmmﬁﬁmmdﬁwgwmém@edé@can@ﬂnérts on a carrler meb bei ng

l; u&rt o erna Tc'cspeegspec%v WIS ofa fllrst jont gl c ancF a sei(bnda mold 51de
cronee on a carrier

Ketrablis asimpmamgofm phureltitg @f hieislcobn & _baarnm meschutm;edl e arr ay,
£, el 5ef L BRI h St e neect
Bipew7 of a @hcrahticasierakséaion A s MRdiho@fsidds sfng@e dle array
Foizfgure 8 illustrates partially rolled up carrier web having a plurality of molded articles
thereon;

Figure 9 depicts parts on a carrier web being further processed;

Figure 10 is a top view of a microneedle array 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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Figure 11;Figure 13 is a schematic view of an
i njection nolding apparatus nozzl e arrangenent to

wo@Rwais7svhe arrangenment of nol ded articles on BCTHR2008067318

mediumin Figure 5; Figure 14 is a front view of a

nol d cavity show ng parting |ines vents and overfl ows;
Figure 15 is a partial sectional view of the nold
cavity of Figure 14. Detail ed Description Referring to
H:f'glglﬂ N & isla, scherfatioaimi dfan\Vhjesioafmdding ﬁlﬂ)@ﬁ&ﬂhsﬁt@zﬂ’e bld{lﬂ’ggment to

03))( %%n 10 accorO% t.o an enbodi ment of t sent

A NG ST RRBCEN'S dedjapfiqlqy@ndepiricr H’&dlélPPHB t he
EY§t eMiskOrd M ¢leWdEs nfold @M@rsh&%ng pamﬁg BRIsWemg aﬁch@verﬂows
material to. be nelted tic _or mstal pellets

Kigradad 4 nirtnl seotipra) view Qfé@edﬁolﬂ&a‘flarofﬁw g the

system a heated chanber 16 for nelting and feeding

the material, a first mhlﬁdmgepn&s and a second

nol d _nmenber 20 in which ultrasonic horn 42 is

i nst Refesdne digwe Ldeshendi visvbfdindiisetionmee!ding sxstambl Y
JTBSTRRE td & érﬁbo%lhﬁédt Qf‘t"ﬁé }Sreﬁ;é}h HROBAR: iskh&AH! | tRedFRYADL! €)

nd the second 20 noves towards and away
Mrheimang thq &ystﬁmdﬁll@plwﬁ@ﬁb é@ppl:s 12 fpr gecayyingi thgymatpgal dorpg melted

G S R R S0 IR
lfe@1edi clnarmh‘tier 2@ for am:ltingtaa& écedink lthedBatergal miﬁﬂst malH Ime3ber Hhdnda

roll 25 .and 3 bet f ee
PUTAGE R I ABHCR i Sl hedsni® a3 DELMAEN 10 I8 B8,
bt ingiut eld fir® nnm/melabemalﬁ 1§§tathﬁta1\§»€(®hthoﬁ,1@161tfcblﬂé be molvable) and the
halfnapélrstrre er‘) 8 and secon m)dS| e .or Y, Ie
g Pobererl mgyes wéfﬁr 4nf gwpprgpthgfirstmold member
| nt ermpbanuaabiyytchereufh@sndudes h MebindeRing bRtereD. Inltllib depicted
describing location or npvenment with respect to

ot W@B"eb isexing syt ngdeseised ol Zinan lént%k@é?l.l %@ ajpyll roll

Whhga ﬁd?@oe}‘v@pgdl& Ieﬁérsl !5 Q%’ﬁﬁbe%&ﬂghé fe&d foBMQtaRd biftake roll 26.
cal | ed "down-web", | ocati on or novenent in the

Bpedaxing spitere 2 ﬂsm@nflgltmhtoan@ vk br detvengn thedirstupglé Ralf (first
r}lgﬁbe\{’ffg d,nﬁ spc%'nﬂ] hotd éj&qﬁm}aﬁle Gl ﬁlgmbmoquﬂe well B9 lr@afeged

typical 1njection nolding systems do not include a we
to mﬂ@ﬂhﬂmgeaé’%shm a§ 4 fikhondadidyevehotredtseritang lacatips bemovement

v}g{@l.rr %%ueg ‘ul) (Ehaet clalg}]er egﬁfs}\%%ﬁ}é) 81[71%3%%%66 HHL&? ﬁhlr%tlcqne 1‘?1%511191 tﬂe Web 18
Hb!inguﬁmti urongl gs Mngﬂhcnmeﬂddi edoAm-ayts’, and lotntios ohmbednment in the
|ncorp ed b rence.in it ntirety. It is .
poneneioidontrd Gt SERESE spRoiidhER 4 & thing widud dgcated
‘epst®m t o i ndex carrier web 34 between nold rrerrbers 18
and 2 Web | ndexi ng tens are known in the as

exe %P%hetdplﬁ%) H&Je%lonrﬁa%@ﬂ% &S 4l ngsigelyfe weh e%%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
indexing 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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An el ectromagneti c induction heater 15 is shown
between the first nold nenber 18 and web 34. EM

wheaBassIare known, and this one has an i nduct PCHUSHINE/067318

housi ng 19cont ai ni ng an el ectromagneti c i nduction

coil. Induction heater 15 is attached to arm 17 that

is attached to an actuator (not shown) to raise and

| oner the induction heater and position it close to

dohfaitingml decrombgtetid thdudtioneost. enfbaibinmeatr o is bitehed to arm 17
nventive nol din roc the EM, heater. ced

h‘l‘td%@a heghip At f“‘gﬁueg (P‘P?éﬁ%?)&o gasriang lqveer fic m‘i‘@“g‘l aFﬁWn

Iﬁﬁiﬁob atowsen filbenblacendbr thenmat Qm@dﬁh&t%?th@ﬁﬁ%nﬂe&%lﬁmg

and induction coil housing 19) to provide rapid,

2)
nreresy: fheddheater ivglased yrdoss @F(fxge@éwdhe lelﬁléi HBOH CEaviOpy2 mm
AR BehRS Lk fa@'o?ﬁ{efn%mgﬁﬁet?ﬁ(sée%&é Q%dh&ﬁtsh&gcohl%ouﬁﬁgw) to
I n conjunction with Xnan1c enperature cycling
Rreideianislelpcalized byating At thp @Jff%@FSe(tftthQ)IﬂOI#@Bﬂt}'i’?gld@ﬁSm

f,

%cttfo%{eagge&r %@gg&lcﬁeg‘\t}\ﬁls uE@ﬂR &g‘{lﬁ&ﬁgtﬁ‘ wrl;c% G?n%nggglgicggsee ggrature

C(Yalmﬁﬂfseussed dbevgué he ynjertion h@ldmg @f@dt1<é1¢5tw1di micra rmd naEM

ating conbi ned w ature ¢
PR O SEM AR SR REb G Bl FRR R Bl o nd B

theqqxﬁtﬁtﬂmeemﬁldéd aaclh, amIEMId;eeﬂueg, coEMlneld@atln dygamaeparidt us

ar e ai | bI e come rciall m suc ani es as I
RO SR A1 o gt iR & cem%?bﬁﬁ&a&@each
Hdl chagat er woul d have a povver of 1 - 5 KWand prow de
out put frequency in the range of 25 -

fo I
sur f &0@! ety apgaraiuy a&@ﬁéﬁl&?@%ﬁéoawﬁéﬁfﬂyOﬁmr{l ﬁwél PHRpEHES B3MSI

ARofEMon2RRANALME, KRSl 184 ANV {y@&ai a1 hQkdr QWuRthave a power of 1
characteristics: approximtely 2.54 cm dianeter,

walkY andoupeds owp deruinar icthe mﬁg@@f 35 406l s gunfiage hoating.
t 4
‘%ﬁ ao%m&ﬁ o Plhis ih AR ar?’ po%% usg‘g% Rl mﬁ%%e fagsmng

W power, act ua . el ng ) . .
@%@envt(caewmqlmgebm 2 Hecnp alrercta evvitemgpolelli @ipperamdyetion coil
sfultrglrlrr]l cd %o a %Qr)amlc 209%}1/? Iéabo’ut é‘ g% 'cArmghame?er oy (? 448 cmqorgh_l% S(SH \'Y

equenc asonapl e range 0 i nduct
ﬂmt‘ Iantgaltpomr used beihg 70(PtoSIC60 ﬁﬂ&ief)emdlﬂgfw t]Sfylmv&lmsettmg which

5B g ol ol s BN 2 R s D Sk Blalibs A

@&%ﬁd‘u%)ﬂaﬂ@ dthinductiowiatih©@imvas 8houYtcodds fér tinsystdie d&sMibed
apparatu used was | arger in dianeter_than needed.

hegrdn) TRe digmedpraf |ﬂe¢r01rew HeldtcaritiGotd @efdeys ébmﬁ%wnﬁ’@ragls used

if ﬁE\f’e@(ﬁﬁngatﬁﬁ Heh i @&s&@b@@ﬂgrﬂﬁﬁt T\Hb 'Eﬁ/ﬂtabﬁarﬁmé tke@ %)éls Ia‘f erin
or nold cavity cross section. th the use of a

@wetﬁébétnetreed% thiﬁailnow@tailléﬁﬂﬁbh@ﬁerg\@mdu begseciboing aEﬁG%‘%?f

[Hﬁﬂ%l? Q¥ruch iRl bfe Yol cﬂ% Oy IRRELYi BbsdWe&iopneed! es
ached tenperatures between 121 and 17/0C which is

usef OVitl te updfdi POV BYIbhat! veith identop obyoactiogetbeut 50% of
Ig%qugl%% Ivll Caggcatgll Ep 910 ﬁnge%%%%ﬁéog&gecg%grg?cgé{ %glﬁergfurés%%tween

hser
121° and 177°C Wthh is useful for molding microneedles from polycarbonate. Because

EMI heating is focused on the surface of the mold cavity or insert, rapid heat dissipation
(e.g., into the mass of surrounding metal and heat transfer fluid) can occur after filling the
mold cavity. In general, gaps between the electromagnetic induction coil housing and the

mold plate face in the range of about 1.5 to 2 mm led to approximately similar temperature
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( g- into the mass of surrounding netal and heat
transfer fluid) can occur after filling the nold

wW@2081157592 n general, gaps between the el ectronBgrEs1008/067318

i nduction coil housing and the nold plate face in the
range of about 1.5 to 2 mmled to approxi mately

simlar tenperatureprofiles (i.e., curve of insert
tenperature vs. induction coil power setting);

prbfieeds., cate af insmd te@perg@ vaf indfLdion ovil pdwe setesg)l tv'heb’rgas ata

er at i ncrease i.n the nold. i nsert was her
H&ﬂ%a%aa t?? é‘? dﬂﬂktg‘? ISRvLERg CHREPLT PSS 1 e moé‘T glg 1gher
dRebiapdratilginkGctioh Atk @SR tiABE(33, 8 &k@assy. sect i onal vi evvs of
enbodi nents of a nold cavity are shown_ and descri bed

i n grehrene dusHEs 2 #idgh F@Sszsea%%akwgvv%mf Er9dEnsRETRi 2 mold
oogy gk @thﬂleanW?lle%@e@fntgré‘alte@ d8@il! ﬁ%hf%%eﬁﬁts% AolfintcBwherein

first sid a carrier web ure epl cts an

té@rﬁl@@ﬁdr@tﬁlﬂ@ﬁﬁevr bpfﬁect ¢reomipihg dstsrg vt pé@ cagoer &b W diigure 3
t
dzfﬁl%% faﬁ% %Bdl%hpwﬁé?an ftﬁe é‘i(?ld%igeﬁg%? 5@,%‘% a'f@lg dﬁi@‘cﬁ&}{]{ﬂ)éﬁihg Birst

e carrier yner use
mmw@amddwsmumdwwg4ﬁpﬁﬁessanWdak% nol ded articles may
g?ggg[lr Flpefa LAl 11¥ thg bnr]$c%f>¥ m[o{dS %ﬁ_‘\pcrocee%t teo haAS35o1de artlclefs ey

such as a UFat el'y reproduce
ddvﬁ@hl@eezdvmtﬁ (ﬁprlyﬁferi REcro Ib@hed au ptopelamdsuch aeiility to accurately

str nd t hness t he nol ded p

RORBHE a5 1 OG CghlE v M e FRE T s g the

Iﬂ&lﬂed Mm@xﬁﬁ%ﬁhpatﬂﬁﬁtymfﬂﬁtm&m%@nﬁsr F)@ﬂh}ﬂﬁ@lﬁteﬁded use. For
ymer bl end or conPound capabl e of form

er"é‘lnalﬁ QREINYEhG GPRF ARQMSE P Y BF DE P é@nl?wa canebief forming

Ieﬁﬂ\démg%@ran@ foRgk| hﬁ‘&oﬂe@dl‘és?ﬁat o0 RS S brERingTR UL Some
mat er’ a have: a nelt-flow index greater than 5 g/ 10

ysefl polymeryy mgemglnhavepp nph-figwi odey greaterdaan T g/d0 pyn. 0 min.,
t
%%8%&10%1n389£&ber egkA% 59238\’\%'396‘% ang 1 qugz %}vle%%lt a te iﬂe

ongat1 on at measur ed by ASTM
dlon/gation a)tjoregk Gateenred haASTO0%st 2030 (2 Apaioin. Bigreteg thlan 100%; and

(hea AST t l.zods, C greate
1{1‘1;]% qT (Eiyeasure%g?% D%% &&erd)éfogi n%?gp%F%?recﬁan 4 gt
lbmith)si‘l @’a)‘yﬂe wsefiuf padasers pel joobzp]hnmymuﬁ'&leé gotycarbbetarie. glPBbRRn

R et S0 Sy ISR BBl B bSO peliroytenes,

doetals edchgics, Poletheriptley, palypligace teefphatabes) @ilshylene
pol y ht hal tes and bl ends of such

et hyl e tere
teEPRRES, a“l“ﬁ@e’ﬂ@ﬁ‘gé‘fcgtpﬁ Y8 the nmetal surfaces of the

Mol d 168 Ydntperautt bNihe blekdl kitehcandt tRaGKIAREYiBS duki fIRRIo)H® backing
nelt into the cavity depends on the pol yner used.

of hpRoterasmeslt igto deastay ip Agpendiran; the YRS Wi hl e cAEr & a
dele‘!lb Autfﬁé{érﬁf?q?ﬁéht t4 k@d 4 Wlﬁé’l@v1‘é&‘§1t§ {OQWBFH‘% AR ﬂ/or&%f ﬂo’l’}rﬁbr

mcrostructuecaV|t|es of the nol t not |g
iptoauigtestrustute gavatirs of the npdd, yoremat highsineegh terdggtade the polymer.

AERBUL 55 s TRl RGP S ol o200 o
207 toniy 5&h durpadkiimpandaacking) abdin thangege off65685 00 208C 12GRC
e(jje%[ciiog gf a molded part from the mold. Temperature can be controlled by heat transfer
means such as clectric resistance heating near the mold cavity and/or heat transfer fluid
(e.g., in a tube or tubes) in close proximity to the mold cavity (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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ejection of a nolded part fromthe nold. Tenperature
can be controlled by heat transfer neans such as

W@L@st187582 r esi st ance heating near the nold cavP@HUS2008/067318

and/ or heat transfer fluid (e.g., in a tube or tubes)
in close proximty to the nold cavity (e.g., oil in a
tenperature range of 60 - 1500C or water in a
tenperature range of 27 - 60 C). One form of

redigaice iheartesmpm@m arking atecmoam;bhlseeﬁomﬁkh thg nedtd @iotd wadrt (e.g.,

.con th the netal nold insert |ns rt 38
1P§?“231% Fbguﬁ) )ﬁﬂ?ju%}%g‘i}i‘@”tsﬁ% 1t aérf’treﬁl%t%“ég’g ag“sr énsuc
d&ﬁﬁg&ﬁ@n Gaidreatelt, lolz/nv&tﬁg‘fhtrﬁl@foﬁﬁéraﬁﬂ BEBIRH so alﬂ%gehecmcny to
current, |ow voltage transfornmer can be used So su

thy Esistancs hegier. 6.2 ﬁéovrt 4913P amprarekew0.5 g4 yolts. aTBlsmolf cavity
A8 b HRRd ﬁ? gth@%ﬁ%vn@ne%ns sﬁ]chVa@] Fa?imn{r%rélplag ﬁfﬁ\éiréd)énergy
may al so be heated by other known means, suc S:

qr dasera At hat parlgy, fr@ngheatlghlfl rared energy or |aser; or hot

air f f

o R ARSI AR, > T BET 0 BRLL SRR e B o
mehlgkr e prindes mbBabdavaold rmaowabP@ Tl @rmive ek B4 20the Tepacted

6?1:'% %é n?eal& B cans%?lcted Q hﬁolgceaﬁ)é)ﬁ%te %11}11 o%v%v%e \;[\él\lloeu?d be atppremated that
tahoub 84 ba ‘t&l@pﬁﬁﬁlbtﬂﬁ efimbiadthérhieffaret nﬁi«ﬂermm’(eg)ﬁnetal foil, porous or
constructed of man)I/lBot her differ eBO(1jlr materj al s

BRI B Fep B S Mg IGH: HOTUGE ROt S g yen o carier

WD MBS0 AR s, Kﬁltéﬁlﬁ‘dtoﬁlb@ﬁﬂé” ﬁﬁﬁf@%&béb&;on@h@mé mok®Othan one raw
carrier webs in his process, ter m CO”pOSl te"

e, Sychgs %Wﬁ#esqf Rethrestd aflﬁawywﬁ%or HRnAte e mefpl and
POk r &%m Sc19v8 Qnd"’?&i?m&f o B ¥R tH8l nﬁf‘ dE)Fh‘?ApYéF‘o‘T s&ifable polymers

| am nat es of and polymer film cloth and

fpothy serricr wed peiper!yriney lgnss. mbﬁcarbes@éfrq?pmset@rle@ﬁuppm@es and
ﬂ%?}le)(ﬂgﬁr Lok wkb ﬁu Bl Bé@f?t}é I hioe RO chfﬁ@aﬁn? 3¢ Between 25 and
pol ycar bonat es, pol yet y enes, c% yi m des d
i@@lmgnférsspref@ablmlﬁs thaeB59 hmckness may be in t he range

or ef EapTTG il oAl REbD SRR By P RgpRE b fggpton
rhélding St okstsfot opremohb q»blyrnerprten be (rmnmmadl ot ashmm;lteal:t Tlarvarrier

W nﬁqlm ‘gdé%fbfg? ne\l\??t ea;czléi Iglgne?ﬁ(g‘%@gcal é’?oqg%iﬁ)ag% &ﬁ%ﬁ%té%“ from a

théle. Teechrfi@wed betVddn tHem@ablband Hansbidigentdrded ape rsEIS’e as an
after ejection fro noJ d. The carrier web betwe

YAt R FEiBTIRE laeﬁutr%%fﬂg?m%hﬁmﬂ@ﬁﬁ@fk helpine 53t h%?ée%c s the

el ITXUd 519mbShbIng AN6REr LidcBABS BF a foniPtikke ol d
ca\c/l ty, Iﬂ%()ﬂhfﬁg§r etain haeat lrV\/rlncchﬁ{msathgépeffect of

keepi lﬁéletdﬁ@c‘fﬁ@ Eyphedimgg the Gt moldaggapbey | & pgkidesanfipjectipn gate
iéo&gl%ct&d iPa hdt B {¥614908R)IC 8§ %@M&bﬁ%ﬁteﬁ Hﬁtehhlfcﬁltecﬁgpin% the

nber 18 includes an injection gate 36, connected
raolﬁ ctvityadi fAdthdughogetd ¥ 1851 thevbéntdr ofl cavety t38 whndhtie pircular, there

{ Ig@ler Pocgt?o%% ﬁ ﬂllé’] i ecttl&lg%a[tm largd I;(");S}a\{@%)ﬁ\lﬂ?"ﬁ?éa%@% éa?%é%B‘ %hwithin the
Sﬂillk cofuhm Ihh]&rchapmmdl edlbbélrrm*hhthe ndoht@tvitjz) B3 isfvarthirt teld plate 37
\%I/\l]“ill eCt 89 9ot st dber % ajl"flenkgot trnrgl%lfglg 16221855 gl%étleosg Vlasfhe
retractlon of a pin which opens the exit of the nozzle and releases the polymer melt into
the mold cavity. The insert 38 includes a cavity-facing surface 40 that includes micro-

cavities 39 therein (e.g., cavities used to form microneedles). While it is inside the mold
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skill of the art. In the depicted enbodi nent the nold
cavity 33 is within nold plate 37 which is attached to

wo poogtisenber 18. The hot mani fol d nozzl e 35 fREDUBIINS 067318

via the retraction of a pin which opens the exit of
the nozzle and rel eases the polynmer nelt into the nold
cavity. The insert 38 includes a cavity-facing surface
40 that includes mcrocavities 39 therein (e.qg.,

ey, thedsscuse corisiaeicd pHomt BT e onewdlremdld iMbitl(@nictimies called a

i nsi | dcavity, e insert is consid d. art
Séﬂ‘mﬁe%é”%‘g‘i‘?ﬁ? ° “Ae“r’i‘BP &“ﬁl‘{?gé‘}lfm(l%ﬁ&ﬁ?ét(‘?rr?é‘?r E%Fég
rﬁfcﬂﬁ@&ﬁﬂre}&ﬁ@oh?né’é&iﬁﬁcﬁe[‘io@%lb@ﬁfdﬂb&i ﬁﬂhm&b@ Bﬁfﬁﬂ’égﬁﬁve of a
(or other articles haV|f%@n1crostructure can conpr

rgicinedds artaydpecal @OPHPIITe PR & HE “3hApemeld Can%@@%ﬂom\r@th

iRfer@ 8B LI ANEE NS @616 RYvifySB&0 WoLLA WP BRI BnbePEGE FeiBint articles
and 9 The nmold configuration with insert 38 enabl es

46Hé/ salmesweitl oeld isrt 38 far onp ef diélgrenioshapy @f vathrdiffpyent dgfails.
di ff 4 ,

Cor | BB REALENE 0, M R 8 H  ASRE st
rolerhlzer 28 inté mtttah:ew!lth vanti wep liiﬂ“ oempag thmomlm suffdiany {3
pé%‘ﬁﬁ dq}yetge %n%;ec{c;{gﬁr/ Ilgl:ggl}ntgc\:abc tﬂl? @ er EJ? 18 rlr%]F 36& 1n%onthe mold
iy, iagd pn'etsufeoﬁa;ebqorsed/ |udpm‘t lrxyﬁlﬂ tte mhaljl emtlymthrmé ﬂhblltlgPart of the

.nachln Then, is in d into the nol
RGP aepioel S B e i B e Bincf g echoipt pEping pgssure
mﬂlﬁi Heawdld yav\myt(+pauhpreg§afet ) faak pre@s‘uret da%b |llmibh@ eaﬂo%e Bf®F to 414
e. based on
rfl%%&%%ﬁCﬂ@ M%@F@éé ﬁo b%SeMé’a}lé awlteﬁ |f‘?¥ atfﬁ% Cfigiedreéedity as “hold
t(mepvgds pPJs@v?r@ W )103 AR RNRISH 8 abfed unitbn tillBg ro@ﬂﬁ(i‘nold
5to 4 megaPascals (MPa) or 34.5 to 138 MrPa)

ralp;fﬂ fagtiics. oPaCh prassire & relegped.(apé fhempaserial withia thayppld cavity is”

D G Ry TRl BB g omperaure.
ﬂaomh@mekismrebqrsarp mmm@dandahdnmwed pwickeri$ eibcted frém rbhetrh@d
&pld cavity is cooled to an ejection tenperature

VIty

nortmal ly at or bel ow the pol yner softening
t enpérsafulipgamdibsior thdravemivd proeedseres igjeaichepheay etho -a3d

RGPTIP i st S o HES PRy B 5 SEREE: SRl oros - 10

sie&jn@@ tnhcﬂm teﬁqiefamré ¥t 1ﬁ]fe]gtﬁ{h (golriﬁ)ﬁ@cc)gﬁé@eeg of Mokl SDTCQ':‘defélﬁbly less
MPa, prefera 103 -

tB?n bﬂsC malg (EES 2t it (8 hlapéwéfh%e)a?f Prr j é%% Foweferably

16ds@kanph ¥car bonate) of 49 - 15Q0C, preferably | ess

than 121 0C, nold tenperature at ejection (for

pol ydathssiaiciey cabodigient, thagrovalle g Iaﬁnyerﬁe@ﬁth@hla%twn

r!rlglghgé rafjlgarétlﬂsemglﬁ@éscdtrﬁé%hm e deétaHﬁh b3 ug torﬂq«l: Fholten

t he |nject|on no appa I ncl udes
raatereed A e Srmniadien appirg] ngnsadethd maldycadherigyhetdspicted embodiment

E%Me&{l LEL) @trawﬁlcl ht%ﬁ[{ Ji? w%?chﬁ? Conl %r%g ltoﬁ%ro{h?ce uﬂtsasc%fc
cavity. In e deplcte

vibration energy. The ultrasonic horn used in developing this invention was solid, but it

may be hollow. Materials of construction for the horn are within the skill of the art, 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

W@ kisas®smt ¢ horn used in devel opi ng this i nvene@DOS2088067318

solid, but it may be hollow Materials of construction
for the horn are within the skill of the art, but are
typically titanium alum numor steel. The horn used

in developing this invention was titaniumln the

depi at e depiofet gorfRiut008s, cargiem e 34 pressbd iagaifst édetch 42 Wthh

ai nst the horn 42 which directs ultr iC V|brat
‘? S i, raé‘&’é%ﬂgragf’%’ thgsegend Slll(ie 1?4“%%?‘3?64%%% rations
aré RERMIIAShB0E the 3B B td BE nlohEOmeRriAIRETHeMe 3bld uvithe
nolten material within the nold cavity. U trasonic

Vltrpoatq drretiopayndy e sl ging Wgye%orﬁéywﬁ%q FHLCBP & éthg injection

rﬁ%fn@ Q6L (h&iokiRhch MR Cﬂtebt% rﬁ@hl‘f’ig ﬂﬁclﬂﬁ@ﬁ%%oﬂﬁgfrbﬁ%lhng the
helnjeCtlonl’m machi ne i s SWItChlng rom

Iﬁqﬂldlca\n@ witepakgnet m@t\ﬁpﬂvyﬂ@m preporopmiEin thelcevityd bui | di ng

D BUSRt U e, S RGO BB 0BIR- BRI t00
160, @0¢Hz, n®; @@@aIHZZO 0oz + YRP@alE, pr 2@9@0@4w00 H5 oEc@@ozo 000

T?%ﬁeqélren 0 h% %g%kaﬁ?‘lp%alg%% ait181r11%11 Fglrght%fiéz %())f hg)OO f r1cea l)'i;ess Yian 127

p:ny phd@&inlbg lése gan Sham. plivodesind ﬁmmofoef Hoers ﬁlapehami cilation

iy YT g6 ErBaibl s el 7 hPREp QR Caiiiy, e g

dibighaspdaeRily ﬁ@pﬁé’d bis@fingl a pom sdﬂr&er(agqm e ﬂﬂl@é @E/SOO&O 5000
enerally i ed by usi power source
‘?’hfés) ﬁ%ﬂ@élmecgtyel ﬁtnsrgs@é@e\ﬂﬁﬁlfeg)ﬂeﬂae%pEHegztﬂéfflée?rgy b‘ade toa

RBELRY o0t anbNR A8 S tFaf Srofrk OGN Yratibils QAT EH Gftlbe BRBLISN drS
fed to a converter or transducer that transforms it

Yomsted gidyraasmisied viaheherean be anplified or boosted and
tr ans{'ﬂ‘e%ﬁé’r A éﬁrt&li‘{% tHanG(h en S GNCE QP@(& tﬁ?'t}{ep Bow
ri e to I ow

nol ten causes t materia
withtif ihe rmdié canllyd Tabarn yransfére elltﬁmgsntOtthfaN@Ym@TSn@trse rtiopy ittflpws

t he | prelt so thate it flowns readi.l.y into
1{1%1‘8 r%%11¥ %1?00 ta i 1c|:r8 SC&XS#IC%:% the rn?l msﬁs af ?CatlE%C C 1n3¥ct10tn|$ate 36 in
thegamet obthe gatiyy H36thendtdnege efiteducins tht hettam\wir btyergba&qu’ﬁel in

PRSARROR AR yToriEh AP eormrar b L BRE oL e Rl o s Fefimeter

cﬁ‘ttlibed’avﬁy’i)t &@hlsatialb thapolettid) for rdre hidkl @EftichRLBE tl&fultfreiESnlc
cavity).. This allows the potentlal for nore nol d
e@sagwtsmé%w%y BsiagleReVEl PR 6nec o Wigy supplied by a

si NgIT@c RRYRMSURRANd R tiblos t&HRQWMcr JBSisalt& AL af lltude of
nol ded articles to the carrier web is affected by t

therpltrptonieribptianse For QX@@@l@nwberwsmaloiy@h@on%ﬁlne%airﬁ@h@arbonate
RTINS RR)- ?g&@f h‘%ﬂ%@ of 2k m@&n&%d&@?%@%&d@é@een

mat eri al ;" peak-to-peak anplitude of 2.5 7.5 mm
melded adtielesandelakeabomovehew hisesormvide d percerit 6illésloantd%.he
%rgﬁ):ltlugers b\é\@x%én %ialng 1§1|“§10yigid \éi)(pcgbo%d %ﬁgn%%et\fvéelnl th?&'of&% article
and the carrier web along with improved percent fill (e.g.,>75%). Amplitudes above 15
um give excellent bond strength and enhanced percent fill (e.g., >85%). After the molded
articles 46 on the carrier web 34 are formed, that portion of web 34 carrying the molded
articles is indexed out of the mold and a new portion of the web 34 is indexed into position

facing the mold cavity.
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Ampl i tudes between 7.5 and 15 mmyield good bond
strength between the nolded article and the carrier

waewsassay wth i nproved percent fill (e.g.,>7BO/US2008/067318

Anmpl i tudes above 15 mm gi ve excell ent bond strength

and enhanced percent fill (e.g., >85%. After the

nol ded articles 46 on the carrier web 34 are forned,

that portion of web 34 carrying the nolded articles is

| ndereteronyg paﬁ)ﬁcdldii@r o] gree3) thodd cd vty od $0, 60 a&fdeplb&d\bﬁ both the
4 i.nd i nto. pgsi t.ion faci
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and the second side 44 of the carrier web
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tﬁ@c‘h‘i‘anwalt@rﬁﬁnfe (%'éétanﬁrﬁl)tﬁ Hﬁ‘i@%‘m;@a@ Bgssm?é/ qlﬁltl?e dEBlcQ:d

0, hor n I's i ncluded he novab
@ih@émzf@t thp m%mf@awueﬁ ﬂ)ehaap pemed qpéﬂdsepml &bam/and the mold feature

I o] [ :
P RO KPP EL R B Rp R D Rlor b e 38R 8L R B AR RS
eddnetder(and sself@wwlm erin sinafe denct (tlge amoptebaf eat) ukteh&2d be
apﬁ%cﬁteeg?lﬁ& es tgala %ezen%ozhnéenpsotg? eélluéeasgﬁp neelr\%grﬁ s0 Xe of’the carrier
edhofslera be welsymé or diffarctisiehilpe ded/bci@atteal gIt, shauid alpd beal
| ens. shoul d be a eci a t hat _| | terna
RO n e aaeaPRLT e H e ad R fo bFBSbfo pprosic
Gl bthetonwedcadderGah 3ae t he sane or different in shape
and/or material. |t should also be appreciated, that

in allt & Hiarnaize enbosimprtdhcscartica web st ineladsperforgiogsonse or

H&8 41k 8r RSe ARALHIthE LATNHONRR o AGW tﬁ*&ﬁl SiRslde SF tha&R b3 the
In an alternati ve enbodi nent the carrier web can

qtlre side ef fhe michr dh¢ enigergrebamy abto hepe surkice greows optsikige sufficient

h§ 03k e €oh F}'E Acfi rﬁ% } I
t%)he(l;\glvght g% %e ot%e(r) égllﬁ Aefsu\tfﬁleﬁl AYctid %grr%rt? en?& ymer
melithedugh theaeaics web adea gprvaopve $hemppo@txtsuﬂ|e of thafweb (froerntthe gae.
&clc!of‘)d\{v i rgﬁclhne%qb%fdm%err]l molddfeat AE 8% Seedsouf f FhCI f Ehﬁ web

i fpectd OR pressure ct pot yrer el throug ﬁ

widt injeetionngesibaing oa a(sarglet sydemﬁ ttteheebo pphsiltielssibd epptréclitbxbthat in

e STl B e pfiSoRom B froe i GReRHLTR A e TRety

ftcgn ﬁlﬁfclij’ Qtlihetgsﬁigeﬁolﬁeé @gto@,rbogtoﬁllhﬁlgi sedeS) Iole of the web. It
sSnou al so e a ecl at that in alternative
ermbodOME s 1H@u€%ﬁe@§res efe loy pspechiptip @B AN ¥ TRl Ly bigh

dspdcPrakibn MR dhG aWithh dafRIWEB BYWRENBE fitkt bREHbRIBR 81T
top, bottom and sides). Some | enses include features

rmmb%ﬂ@é%@ﬁpeﬁfdtatl@mé%owén%m@ebwols@ﬂatl|tl$fe%|1c§¢ Hitlgrveb
A3RE e nfRhHIO nRl ﬁl@ﬁb&tbggtrcom%{gt doRe. CBH Tl SfncVBihe Qlethél‘@@lp

the first and novab nbers, the | ow aspect
nodptoiey nwltdeingsfeted inte s rmslsi cmtyemddhss@dlecmmttgest@k@jmamf

stu{{&ltal\gg s]éwafgft’rﬁ gletsFeﬁe oWPY 3 g%oggt r%ﬂ&%\ggoefr theb%nsaan(c‘i% glilll aglgect ratio

r side
side of the lens under compression. 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 stroke allows thin lenses to be molded. Ultrasonic vibrations
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polymer nmelt is injected into the nold cavity, and the
sane coi ning stroke may sinultaneously formthe

WG b@BIsDr | ow aspect ratio part of the | ens BEIURI00$1067318

aspect ratio side of the | ens under conpression. 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
wlidioedduring thichold epde sandhcrese srrshiphss obduthil, dedrdasé thic 8Sess

assenbl The. c ressi r coinin troke all ows
a F‘lé’?(f’é’%“’cclf Ex‘gio HHiord ’&nerﬁf’%SF%\%’h‘i “goldq

VI br &rensiibiHihzed, tﬂ&ﬁfsﬂﬁldtﬂ?@vam%'n%l@ﬁﬁhlﬁetﬁ as, ZOﬂﬁé’ ﬂ@sv@ ina
t he sharpness of detail, decrease the stress with

nePaRiye Aty cihe depipigd ampedimeiitingates baserluRt SsRoFReolded
a?@(fl@srcrah BY st BHIE nfbldel Btofal dater 306 TRYELING MK @r even 32 or

nbers 18, 20 are shown in a perspective view. The
Ia@rp cetiees i pbokictremmold, pgsit sateantaghens tameld asandny prtpfes in a

ot I

SRS, TELORH B! 1 hEScan oSy RNl el
quofigureditpi SImléEanecruslamncpld] piebt sepetratﬁ@ttrstles ant aj darries web 34. In some
b N
dffelest. T8¢ d%ﬁctat ankminﬁd:rg thrrehdr ﬂlﬁstﬁatemlhatt dndotes lof/ultmdodlc horns

tse earlcles to a rier b 3 I n sone
B btnrreei s g ol B e T o pipas Ty euter
fa&daelntraga?ﬁ@ Hbii® i Sodafe@ ¥n C@nndabrRinhdle riefber N6t hopidticed
enbodi nent further illustrates that the faces of

PPEeFigsd et ndiernetippemipdimensiplariopis HAES SOHf b lacpted oppne or

m&tﬁ@ﬁtﬂrs%s In the depicted enbodi nent two
circularfaced ultrasonic horns are | ocated on the

mov aticéerived '@ Mgniesey andd 3. 3 wels e Ibeshopprdti anledlitipgmolded
%rtncléasl )t( ?f[ H@E 'tﬂe‘?eo‘?ln%g' %ﬁglt \§ebu§4 LRR0 Q§ £s C@g&@ R 91% glapﬁlows the

ocated on one or both of the nold si eferring to
dFiigesesng Xarelbd Bindkdweb geap miitbputdtuplsy siblongand Iﬂimi@ the
JlJ*tlclfersaslel E}rytelgff gﬁolcéjrrelgr \)Qerbt 4Calls%sser>\<fles %n%lu cti t hefr &g ¢ e Grticles Xy
&P serves as a sup Pt Struc ep%
amu I)Q\memtbdawah tdspéoe® Sdch athel. Xn tméaanwmindémﬂruaserab@wmghe

il §o S8t B FrupR BESu IRy 8Pk sl bp B3 teave e

Ifl@lﬂﬁ td @e déﬁlct&ﬁ&ﬁbddi@ﬁéﬂﬁ ﬁlﬁa;hbﬂtds{ &@atdial éh%n%é mRtweRAtRirticles X;
Wt respect 0 eacC t her In sone e odi nent s
g adt o b&%@%dlﬁg@ab ftﬁl%ﬂeé@t“ﬁ??n afgrenbmald gayjtgspnithe mold

HShEHr@i Thid 1§ 8chpBHcatby dibl@hg Eﬂﬁ@le@{i hitd BSinAR6 Sefal@Ysteps. For
| eave the nold. In the depicted odi nent the

hBPicexticley X| %(ﬂé’ﬁ aroldpdopdhoucherigs 8f in hErsamp]dingeyclyi and then
tﬁ@@el?(garh& vﬁﬁpﬁﬁclg@(f thEd6n gdn%mkeﬂh%ngﬂ B R WBLTw position

adj acent nold cavities on the nol ers. This iIs
ta cdhpliclsh8dorby theptelicagicad4. i lolFegiri$, aamod Xshaws thenrection of

L.e, |.cl ' d
csdﬁrpe? VV%B %O%El%glﬁ,roug?l{eﬁﬁlgn% él?ef alpﬁlg)%dn?%?e ]?ﬁr%&gete(g?? fhg’?irgg%oqg
Itlémlnartl BendSbs thardistaare by Whlc]a theicatres wib istildexedfromale doeld cycle

flop agr?lélgsd X} g tfl)eu ht ]tpohs1tlonqjor the rno?d crgl%ilvfg ar{iélleso}ez.
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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to nold articles X2 onto the web carrier 34. In Figure
5, arrow A shows the direction of carrier web

WOreasrE1s92 outline B shows the approxi mate perP@BEUS2008/067318

the first nold nenber 18, and S is the distance by

which the carrier web is indexed fromthe nold cycle

for articles Xi to the next position for the nold

cycle for articles X2. In Figure 13, 35a represents

13h eanl teaiatiposd inb tiee mBldipfatd chdrfozzhadd hickbemmpefngt eosequzitiening

35, but .to jnjec ner It into a Id ca

RSt RERE raled s iles PR o i th Sy decaicta b Fe

a‘EsF@ulra@dShat n@hysathangpeswwraﬂg@ﬁen@ulq:hlea@bcéamei ¥4 ¢ also possible.
fset 4 1 shown in Fig can be designed into the

THheisamp pHrapla fa e ysed 1%(1’1@111&@%@%11 stdgs piehfarrigy vpbeby designing
RA&blel il BRnBEr esiH Aokt ERLARh&Hatd 1881 i%ﬁ‘tqre%ﬁ the side of
efficient use of the web carrier. It should be
thppareviverbdacinhapvabimyoldiniratbet Ypes of ar r angemant s on

the \Pﬁl@ rsﬁg%e%cp r o%éet%gﬁltiﬁlll ?qu QQ%S 'bplhg Lst‘gg?arne tlrn?]shown

principle e us
io &rgurey allests rhym d@sthegmﬁcr:ﬂgamvmbd)@nm dime]ltbmh rg)d watitly (such

Sl Bl bR PEGRER IR T S0 LR e Bap oo
dilt fyge B pertznc @ﬁlftﬁ@devplﬁﬁmént ©ifi thixf mpeambs indidaek gt amlirdedm

at .t sarretlrresovvnln Fi e Il ows roam for the
e S B oS T S b Sedldf rre STy such

as t Irefg@aieo M@t 6ol sﬁiden@évl bﬁ‘a MOl mtletéaamlbezﬁ bemaR&moved
such as tubes hrou water or oil

Qw) .
feop it cwold Hle’tnﬁ%f I&e\}% Flk%iﬁ%‘ﬁfted grbediment; tﬁv&w #plied to the web
ih Adire a8 awhP AbmandTiRt AU AR MY RIMBERO R 8€Ele 62 out of the
articles ona carrier web could be as small as 5 nm
el epvityndt sheulitibg aprsc@atedithss wigaspniswitustioas mey deuscditededicewith
tﬁ@tehﬁoﬂmﬂl R8I AGre 5@% 16189 1h8e b B8 tﬁphlgprea :
epi cte ment tension is appliedto

Aﬂti@ugb’dne |cmmar 'dﬁb @mb]e@rﬁnawalyoffanmidetdraemflq: frsltn tlmhdldl’mmhﬁ@ns of
tl]ie ten%lorP 1nI be WF] [rarrgel getg%&rutsfnc Irnee }(?aélct%ﬁ%ﬁc eragss %ur?lh élS ] jector plns
hﬂehsr(atal soippenEyte e alﬂa‘eahvte @gﬁbdhﬁfentmnptﬂs ot hﬁert engiaBo bt osed in
facilitate the f the.nol ded rthIe 62 fr

oREn s TS gl Sy Bivob i BB s iR uhg Futib o 34 0
elsRat ndlided afiRled 60 frard the meldf sidemst e a fwthdr Exbodaass, of
the tension in the web al g V\nthout usi ng mschanlg%I
REFSEWE OF Varuam<sisiethoEss By by Biod i erajunctien wi& ogip place of the
HrdsoRBSTbrlodl 85 tehdiorAh KRS At Wb STRPEMIBOILS nflld¥d aBicles 62
lifters may al so be used in conjunction with or in
frrade fisst mpdmamppraldoni ¢ vi bration and tension in the
carr igeke o?P‘t‘ 197 r&&é@‘é@ctf‘oﬁeﬁ vidd Qg eheahdil %ﬂd@ssofﬁ@glfré R
t he nol d % In a further enbodi nent, air
poes. smh@ﬁ@tmvl_écsw@riﬁ assitgteadyfsaleogth hm;nabéold Jegps b 66, 68, 70
(ﬁl%n'JCH Focéacl? Or thh im%lcpgavitfgs H , %“3’730 ];ncf ’?‘43 "Hllets%c%glg Iarto‘l:d side 20 is

NS or tension in e¢arriéer we 0 Tenove

dohﬁgumd daeobvantwatlemsmdeRal tﬁ(om théBrst mokit sidgenll8d Imdwrldepictd.

embodiment 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
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Referring to Figure 7, cross-sectional views of the
nmol d sides of Figure 4 are shown. The first nold side

WA 0835HIBt ati onary side with hot manifol d dr opGI/682008/067318

66, 68, 70 directed to each of the nold cavities 71,
72, 73, and 74. The second nold side 20 is configured
to nove towards and away fromthe first nold side 18.
In the depicted enbodi nent the novable nold nenber 20
ihma lexd@gom el |Vﬁb’rﬂﬁ@’hilcﬁ1g81y62txﬁ?ﬁbffthﬁ’ hapii)oViihd ihigs bherraisaipads 59
|b atlon to the The. ul trasoni c system jncl udes
&8r gf‘é(‘)“ igmgtef fhan € qlgrné’l% Biise pagraisgd 6‘?96’%¥ Kmy Vef% Sifcular

SMhEtbfdliceh oM £k fabing HARIIA eAstic8 Qand Be h&hst&@mm;@mately
horns 60 and 6 1 are oriented aX|aII g%!trason

afigpidayithoand lareprin diggnetes then gxeitsle Slﬂfif?“é‘étnlg gRldicAufizhp fihe horns
a%(ﬁlbﬁﬁgd Qhinimd¥able rﬁéhﬁb&a}d E}gclﬁhﬁﬂg attﬂaﬁal%hges%fr rﬁa@s@ 5, leaving

horn). The horns have rai sed pads ., largér in
Cdiﬁraam@ betwednethe heres sl the @muthh@sp'«aﬁd)f ﬂm @@@blammm ep50

si de

f aci Eps\flgﬁlh%g ?%E(géa{\%ﬁhiaitgé Ilﬁlgt? t@{]ceohﬁg%lﬁtggﬂ;% gﬁ) Qxahﬁﬁe
capﬁglumqmatﬁétemaaw gméeuwwm cam thclude géferdnhinoﬁrlmlre@rewontem ar a
& ffe1rel%t("la(1jyou’[S (%'&r thOSHL! %Im oo or a eant u?trc’asomc Vlbra%Pn alr%glgn

hi'h™ mova
THedogemapbe sricngd i’ dradiad amda gorodx&aphn (A&thb@hvt/ﬁ@ﬁitrtaMw horns in

orns.and t.he surroyndin arts of t vabl e er .
PO EBR SR AretlRuBih bR AW REES e o S ap Ry Ser TR R or
Hooiyf dogldratlddared iof tia safs S1AP hethe Gindt nld AbiBet.or A dmdtRAlMBN; so
configurations can include difﬁerent_intennal ]
18%6&%%@ isgpeatedging pape injaipsitipn sfecting togditery Wirasonic

ROERARERE %he_?p’olﬁleq infeft6h BRIt Ea[x@t?ron' c vibration
di rection he horn nay be oriented in a radial node,

for &ehmpneto Eaguresctiagd % hacthod phsaMiieg fskmeccsying melded articles
NGS paiCulhd FAdSLr i 24 581 1ii
SRS L B L SR SRSl b ot
th@cﬁetn@dvabthOh@ issalfe Isthd deraged ¢rebodiment sprobrd 8Prersheed torprotect
gi?clti gn clels ?r(o: dama%e ot r!nl%ﬂgrfe?uﬁt ft ql?coh e{cl? &/Iltﬁ tllleov(x;e tc%ldrler 34. In
thd: ﬁe‘paﬁﬂi’nmbo‘dldmnatheGpa&etsr?&l.?@hdrﬂ%lvp&)éayum Irnorlrdaddtontorthé tragrier web.

e to Fiqgure and_.9 t ho
R a RN S bbb P e S e R e ol Mo
Rédekd opr@lide Sph@uy €. 8t dhopidbk spaecimbhodt zﬂfenﬁﬁﬁé(dzrﬂlg)dlments may
nol ded articles by rolllng the carrier web 3

fof wglude spagerp s thedPeldtedtieriae Merontigyst gich ﬂslz C%taét m,tl% ¢he

dafidPkeb 84 1s dnhﬁel?@d dgsk &Ma‘g@ioetﬁe oRIy Q@f@ﬁg elt%ﬁtﬁﬂd Aok
result fromcontact with the web carrier 34. In the

apeyseigted dhat s sarisved 8heced packarellgbontmisekdpyraskiag anddipping.
I%ltgﬁgtng%hﬁ’)o&%n& e daﬁ{er ‘0@9 34 i l?encu@lntt(%e@ﬁ(tds\éﬁd stacked one on

configuration, the carrier web nay be thernoforned in
tohef thobtienigr presgsinpmep povésdeg syd derding purppses s outhat

aki’tgml‘a&ga e%%o% n?e%ts tﬂgéa %{é}?@#&%&é% 8% %{ITF&{H%C{@IP 8 ﬁse@%r f)]a%fqng,

spacers, es
smqmﬁggmbeﬂmngMdhhamngpmpaﬁ$ wth the carrier web 34

Isﬁ oﬂl ééugc? é éepé%s F3 3Gl wmf w1t19mobc€éd @10%@%4 ale{relo% in procels's:;mg
steps subsequent to the molding process. In the depicted embodiment the carrier medium
34 provides a structure upon which the mold features 84 on molded articles 62 are formed.

It also provides a means for handling the molded features 84 in a coating or a drying
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appreci ated that the carrier web 34 need not be rolled
onto itself for packing and shipping. In alternative

wepdsdsent s the carrier web 34 can be cut i ntPCT/US2008/067318

sections and stacked one on top of the other for

packi ng, shipping, processing, and handling purposes.

In other alternative enbodi nents the carrier web 34

can be fan folded onto itself for packing, shipping,
]ﬁﬁ@@@gﬁﬁBgmqﬂﬂ@mh&ﬂdhkﬂgcmmb@aﬁ&ﬂby@h@ﬂ@ﬁh&ndﬁﬂh@b&ﬂ86
the c ier web 34 with n articles 84 thereo

noiGen %sﬂrbﬂif %?%gg@ﬂﬁ%%’g% ?’g‘%fﬁ‘&d??rﬂfﬁﬁl??gcaﬁ ?’2588% Yl?aﬁsmg
théif oGke Rirsll@ 90 ewiewlHip® A thé figri&ardbi3aasRdiryi} d4ifRrnyiTies

a structure u&on which the mpld features 84 on nol ded

BRI CATBE B 4ise OF ghretpd ar sterliLd EHis wh descaE i FERARTT. or

hand |R6Mr11t1§1‘@) F@rgsel% 831 Ul 88148 artile & h8/h b9 QLriRd in greater
dryi ngprocess. For exanple, nolded articles can be

detralt ddic Bopigad enbrglimens tchides a sheeol having @ terogirfaroMesnd a bottom
a
e & SR Rl B, T MBAERS At e
Idithcetsptadivmbodinrcnethe mbt Bis pélsmb_@ mtwmemg Shi®V(e® @ .carbonate)
th%l ésr 1:11101;56212[% thaer trf;lcge g(@ (%an tlgegr : It glrld %rlrlg Rleci: ca[n_zlé)? glrtrrasorllnca{l% welded
tEgegltLar)esA difglandiclk11,00as siolvdgleht &rshoudd e a@r&mw’thamd)lurahty of
crlbe | reat detail. T depj ct.ed e
FRtbEc Ty GpBE SRS s o et DS HP e HEg 6 AP ot the
rb@a&cpamlaw f(mciﬁecl&& anRAriaP bRt rathiételee thtROni B Iﬁaﬂw&{hr fihsmdlded

to the upper surface 96 of the sheet 94. In th
g %iacladussaierane! miseonseestthaeen, dn therdepigie p@bodiment the

HRYLY ARk A& s b&wden ab@ﬁi YLB5000R1Sanstal@thel dstdied Weffom
to the article 100 (e.g., the sheet and the article

reaktosaki(alsopaled ritgh) iy bme@e@bwag%tp 13809 micgonsi ngl e
arti G[Ih@ lfv@:q g g oFtIHQ rclek{ﬁ«{'t sérjve%{g @ﬁ*mﬂ &Qh@ﬁl?cq(aneedles

that a plu |tyo such arti 00 can e space
resp ay ¢allothth end sdndalist@ute Llinthe ItieclﬂhewOé tledasihiiadd thecknesshe
elrrguen%g Y t Iecdllrgesnsf'oglol rela’? onsﬁ1H 1303 [he){no({d 11%5%% (hr%iln% élg:

M cros ures ere parti cul ar,
raictosgh@urd defining tha dﬂ&om’edm)ayl thaef demho:fdreaedti esvityh&he dtventive

o E SN BRI RS RS i Ghe it e GRS
dri&e). paaks dboufrdakm (haéks wh@alchlesle maddmf)thissndﬁﬁhmrenab@m array
25 to 5000 m crons. ower part  of the@ﬂq“c'eth%t

of gpigrameegles thaphas goad Fqnéwwmh&hwttﬁ*eslﬁln Jt Hhoslddieggrieriated

ek 8 ottRLarkidiRflare BRE pSlsHl@ e Ridingl aBtidifi@ndt b GhNBASIOf
the land. Land thickness is determ ned by the

rgicrpstieitgaatheicalat i onshi p between the nol d insert
(havigg orﬁlgtfrgﬁ H%ftéiﬁ@av@%ﬁﬂbﬂéhﬁ%mt&?héﬂrﬁélmﬁ&)l0 and

and the depth of tHRe nold cavity. The inventive _
Pripslesa. dmdigldepicteh emhedimfatdhameldod deviaes ¢02are whtt flised with the

%gert 0d. h nn[h% @eg)gctédee' 'okiinten?él\ﬁ%p?&gd d%? g a%rd t%eeﬁl%%}[f](M are
I CK, can e by this
amm;thxotd:d of d]lﬁfemnainhiendm aat arrayomnéctad mranneedd o smgtomnheh &or
ood c nfo ﬁ to th lt. s
e%ﬁ 1&: W 8\{106 %2 can 1ncFude a ponmerlc or rnetaldconstructlon 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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numerous other articles are al so possible, including
articles that do not include mcrostructures thereon.

wRedosnsiseyy to Figure 12, an alternative enbodi PERUS29D8/067318

the articles of Figures 10 and 11 is shown. In the
depi ct ed enbodi nent the nol ded devices 102 are not

fused with the sheet 104. In the depicted enbodi nent

t he nol ded device 102 and the sheet 104 are

oedisity. ue ttedicpictedichibedianht thatietd iatisda nddad e feanaetitdtkshould

in an interl ockin nner.. For ex t he nol
t%&’é’\PPfE@a‘fé at Qﬁ@%%?%qg‘émﬁtl%lw@ng? enfde élileet co ?de include
R6R&iont at BB Hﬂ)ﬂﬂédfclbﬂc&hegbrelﬁﬂdmodrﬁcﬁr %%uﬁ“ad%&ﬂ’ﬂfe sheet may
construction or netal construction

beeTqye ferceamnle pansle Iﬁéﬂ“ﬁ‘”eﬁ“‘&?‘ﬂ‘&e"t%]élssq%‘&blelf@whg Gewce {0210

ﬂe%@llyt s'@?éf‘atb@ Fr@ﬁlltgé:f}ﬁeet-ﬁb@ S8V S8 hBdnttsdt ik Qesirable for the
alternative enmbodi ments interlock with each ot her

dewicgs to b diffiepltioasrprestb fivmshathepgd§4i Bhegeometiictdeafiguration can be
|

884 RHAERPUL IR LIS P LSBLAELUES WBEElg dpe 10

To Olref deglsptedtembnéin@nethp et ikl i @nlpssediohehestheleside oScll embossmg

ca1r1] |%c glg gsa ‘&%ﬁo nt g c? %c(li‘es IST gtr ;aéee pre;seéj E)getgl Gi5e thlecl)%olgmg process.

Ip@mﬁu&nﬁ@hmamampkﬁmmap@nsmwhmnpﬁnﬂeemhmgmmgnrammmym&nuw

SESLENS, [ A0S, SR ATE 0. 8ceal L SRl

tﬁ&ﬁiofc&ﬁb@tlfeﬁbbnﬁﬂ%%aﬁiSflérﬁ&)‘isddo be difficult to separate
fromthe sheet 10 geonetric configuration can_ be

var i éeueperad A ﬂk}ﬁtr%tﬁ & keI thay/gre berusdfan@eldingrticles
Wit NESRAREVAERES 8D 2018/0758065 &R 13 R4 ncrbdie m&qm@ﬁlﬂio@to? Hiling

enbodi ment the sheet itself is enbossed on the bac
adli thesmatliepuenbobii thycadn Sdtuhe s ofepvarey ioltdhg ﬂ@@gty of

& heiff cREE RS mggtm 4 mg &R QiRM 1o fill the cavity.
ﬁU%m%eSS ﬁﬁ somnme eﬁb 'ne%éa osglng fs d%éé tﬂfmny
Titecwcetﬁep(zimeta@y ﬂmxyout thrarigh @azlentylgl rnl@ns |sfu§h a:slﬂwdt@m@emold

an ~alternat pent t he. . Ler
aopt e RoAhb LR E SO PE MR oS AL AT MR age
s, @ndnmiagacént Iﬁ1ggl.ll5(-‘aﬂd téntaingl whish ivedtsisitsidt ef the moldd The

an be used fo d|n artlcles th an
0idhe i Bt eate VBB b o BB s bRt Seahs Nodl be:
dveffTonage: 391qunh;i dvetfiohamant 767 hihj pignaaiz kerdthe7 gAmbdd secondary
features within the cavity. Wth the use of an
GHEHH B V602 Mhe quantity of pol ymer melt injected

I Nt 0 TR ehve AW el YodeSs iSRS b AR AMrdsMBcsnd Mjbdiddn Erﬁ)(ﬂdih% &la
to fill the cavity. The excess polyner can flow ou

Gt Bgh can Recaverairg afve alipster mgldreysls timeghgnigonperocaesey The cycle
tﬁﬂeeﬂl'yfé cRWraRt ecﬁﬂvﬁ) oliR: FY&EE Jngﬂi’n% H@@B‘fe'edl%sl&mngf i ynamic

exitin hrough primary ve secondary vent _
méld gendpeBatern dyqlmg tis Q01-680mticertdsy @ﬁtashamﬁh@vvai@ydﬁ tifnlydonrpp|igjection

ﬂq\&ng Ipf“%”% iR mlc{o%%ﬁ u%l%ml;‘u b"‘M % \ﬁl&c{éﬁg@v&leg tancPf

B8dsommviboat@n$ tO(B&BlSIhm ﬁhmlg tﬂe&ﬁoldmwmqf rmm}secmds 11?23 hamgishown
cyc]% tls % or t%éa EIXfentive 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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vent ring and vent 762 mm The inventive process which
conbi nes ultrasonics and injection nolding on a

W@ 2008/1875920eb can be operated at a shorter nol dPCHUE08/067318

time than known processes. The cycle tinme typical of

an injection nolding process nmaking m croneedl es using
only dynamc nold tenperature cycling is 60 - 80
seconds. Data have shown cycle time for an injection
Inodddking opthe casisr wetkénaplesihe pestesdd phcdis langr fumbte bsrelatively

bevvenrml ed artjcles. and ultrasoni ¢ vibr s to

R dfidﬁ“l“iq?slﬂehbm{ Hed ?BF%W O (hep V' 06‘1IEi O%ﬁws%gﬁ‘c%ﬁsg'%‘e (Le.,
dredté@ oAl ;ﬁh%ﬁblﬁlj)ﬁﬁltl& WEHYE Thidordake ulilMEst bfueehifi @GaSBmake
maki ng m croneed| es and using a carrier web w thout

thRIRETSS MeFe eronqmise b ke moes%feﬁsgbls (4G FRPGEA YD materials,
gugfpgsoafgl%rammﬁ@,@@f its of the inventive process and
apparatus include:1. Indexing of the carrier web
Ze ikt exsla tirae et sliscessgsl @hoee.a | ar ger nunber of
I
B\r/.ve q%@%ﬂ#]ﬂa{ﬁ t%/fvo no rjtlclggé) %1\%?1%% ﬂ{)&rbr?éegl% E‘ﬁ% l(‘ﬂWn]ieg @ﬁlﬁl?lgrglfan& &ﬁ‘tlon
thaol ahebl masriouSQelwsm@ bwrinjt:ctt@n\mbdlng i &1y $1@atrecrld cycle. Thinner
nl'llltc{ronee ! ] Oan S ma \ﬁEVG ar, a%vant §\é 1 11no tlatlo %I‘ IOCGeC 1011 4 ﬁlcatlons usin
econom cal Var ke By flea3|%’1 P 8" UEE B HEHETVE £

asethin ngiee bf @IpSratus wrcwhial gy madsentl cin éilds tarew&blredZ Mol d

le time reduction disc ed .abov 3. The. abilit
455 itpire o6y BN bR SEbRa BT i By B R e
thétt ederthiditbaR@ES (@ ih tRRarpe Ul d5 PHE YD dﬁduﬁd be haaloteetl%en the
injection nplding. in a very short nold cycle.

W%%%@ﬂ?@llﬁm &a ‘ﬁlélﬁh ng\h@malﬁ moytseh P%galllqei) to allow 1t to Vlbrate

WRAPEH héthio? Ror@l areMb@feka® ShoRRh IFEAREdsONS4, URH NYiRET th@Bvable
types of apparatus in which | ow mass_ m croneedl es are

rgeld inpeatper, ghe Cﬁﬁ@r wch petesen @e o eblerpist fiplameld agentbgrs can serve as a
kl@i %aﬁn%/\’[h &%g%daln Geb_ugﬁﬁ@h&{%t SibGteoSGd c?ﬁgﬂwéd“é’aﬁle

S a cer ear nce_: | In the range o
mmenalmlmmdmi}m@r iormnlegkieg woercardnee brprqarawd! thehoroanditnagfing
a?alfitcf)l\?tvshl ?1" Ve\'{r']eI 1(s: Q bglgl%ecerﬂ)% Il CIII gl% 1C1C n[tc e%ra%cr:e Ir(glir%ig[h lgr)asotn{)c horn for
it vodlired uaéerslitmmdﬂtlnnsl-'ofgmg t@®n Znoddlngﬂdi afoithirtghe spacteherge enough

bl d b [ b het th
RORANE BT eRT Sl e s oo paERs’ G0 e
deahind@ by Beci® 6 skaMhtiye Dutival thoitfdtthatitiehdaeii hntl ¢he dimensions

vibrate. The carrier web can prevent nolten polyner
Faeshin I a A5SAGPY R BPERRPalS e BdelneE ound the horn and

< 'P@I%Eﬂtrﬂm O Jylcféstﬁhes Tﬁﬁfp@ode& oferRkabRA Fn%th%@& ween
sufficient clearance around the ultrasonic horn for it

& Beigp atfermiiydextent e whish diornisiostresturplfpauics aiosyen antig array
eﬁlgﬁll V\gﬁgfeé 0§69@<ﬁ§wﬁ RBB4E NN Glhrt £, upgllolﬁqﬂz‘gra Hglltlﬁhcg{y of

carrl er low into the cl earance. That™ bal a
gigronbaliegan esimizi e@blcﬂ)yavatyﬁm gomorskdlskiukthest fromitke mpld cavity gate

(g/hgr%q)o yt]n hl% t%ﬁt%%tth &Vﬂg)ra% genet%ﬂg ﬁo@@dif‘ﬂcﬂﬁ ?osljngkr%‘f’i.e., for the

polymer melt to reach and fill. The inventive method enables filling these microneedles.
7. Injection molding of microneedles or other articles on a web facilitates downstream
processing. In an ordinary injection molding process, molded parts ¢jected 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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stated in this description are appropriate for that
bal ance. 5. Percent fill at short cycle tinmes is

WO sy over known nethods. 6. Percent unif oP@i/U§2008/067318

(extent to which the microstructural features across
an entire array are filled) is inproved over known

nmet hods. For exanple, in nolding a multiplicity of

m croneedles in a single nold cavity, the mcroneedl es
thankfidates bn tHeaitrichechl dnezaster yuchat @afig@ictoneedlysrerhenel t

enters the cavjt are generally st difficult to
JpgREemant af @%Jr ‘{%485 ?ibtlh% H%F‘erﬁ%?btls VaP@%?PHS HhFS Mg
&h@mﬁ@Mﬁﬁﬁhve nethod enables filling these

m croneedles. 7. Injection nolding of m croneedl es or
ot herlt %#%10¢ Ff‘é?”’otﬁaténlﬁﬁwnﬂ%‘ihpg Py é%maro‘ﬁﬁ’%‘tor“@d%ﬁ successfully

RLRGRE HitRGhe alﬁ%h@d?loﬁ thlﬂﬁgoﬁlc's R &gﬁé&rihé%[)ﬂiﬂ%%rwegsc E%ere was
nol ded parts ejected froma nolding apparatus are
samgspedrl thetg carrico ehiveald ot snyivh herracheyeopdigiose pliedtkien
t I t

g et LS lur, Sane R Rl 1B of B Bl UED: THE o1
inyratigamethed alvcbdaopanatua hmextvesbmp tlsmrlmcars coati ng

m cr %g %:“ WlIl xam Iae 1S ﬁﬁ'lgt atlve an(i3 shoma 0? 196 ca(l)liltstlni:ed as hmntmg the
the carrier v%% YV an ageous I n eS|

idarist ineamvwaleps. |t was not certain that |nJect|on
nnld&%g on a carrier web could be successfully
combitA&FPi t h t he application of ultrasonics to

i npr QUER ¢y BBIteH AQd AHNERES molWRiLuABSH ERONE nSdMRE §bfcarbonate
hat a carrier web would not survive the process

r&% 85 93 ofide BFITTUHTERAY eAYISPHRIAGE 3R dver padne PSR puFRetyites for

RANE&Es B0 Lh¥81 WiRAG s REt Hid 5ADOIN 3 a BRET @) of DTS um and tips
i nventive nethod and apparatus have overcone this

hegine @rrm Tadeust to|be shdldng omyazpirenlar lard o1 dlwfop@tt li4/gm ah@ameter
é{@@%@mp%&%@mﬁ%& d3ftnbht NI R gg;t i ﬁlgtmcan driven

y way cavity center runne
lmhrohcv\ra@r LQSId@ICGta@ edetrial EYOOMOEMé hegper| betveach dneftrs ané giomaltde
29 a. circul ar cgrocav

ers 0 jection mold. magne 1¥1n }o%lvxlf’”s ggpl g I ”%%r&
Avi ng E%Iél M Crocavities for m cronee e 6 PA |
rangifg fioma3p 8 ctcondd ustgof gaalod iiimn3 petaveqi the bnd Mjthoifhd@7ibn ool
and ti havi n 5 radi us, .to be | ded on a
HoiiFag e Bl O Pyl BitsE s A o P IRy B4 1Bed to feed
Iﬁ*ﬁﬁd’r infBEnd Showkd1€ cHMi Wit el hatirbiheAN A\ oLy dacidhatEWhricr web was
usi ng .a pneu \?‘gl cally driven |inear actuator

1P Xﬁqi B%@e%héiéﬁéﬁmw BOWEMEYESt er bet ween t he

firstveaindl ABVERInEoMBEREL:S a@latdT6r ﬂh@hl@@t%dn%n&ﬁ' 1ﬁiduct1on heater
El ect romagneti c i nducti on was applied for periods

wandgivayby ¢ BYA-gay wigokbebisepcinhyitapygapristd angesHERpeah was
ARGl [ﬁgmgthetrg‘l?ot HROURE bPRe 60 {onhl‘aé‘éfoﬁ %@ﬁg%nﬁlgﬁmﬁg afte SQ%S of

the nold plate face. A hot manifold system was used
th@@(perlrnents were:

1. The EMI heater was placed precisely in relationship to the mold cavity, and it
was activated.
2. The EMI heater was returned to a home position outside of the space between

the first and movable mold members.
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polymer nelt to the nold cavities via the hot runners.
A pol ycarbonate carrier web was i ndexed between the

wo poostis@e novabl e nol d menbers. Vertical noveP€nUSHNS/067318

the |linear actuator for the electromagnetic induction
heater was driven by a two-way sol enoi d val ve
operating with pressurized air (689 kPa) and was
actuated using the robot interface of the 100 ton

I nj et Thamowlveis Bpsetaishinoeing tho ensshigp ncaibett to@ard the first mold

eri nt s wer . The EM eat er was ce
fB?‘ﬁ 0259/5@ the mg %é”flg%th% ﬁf}fﬁert%ebtihf?bw??ﬁ the Y }D@fng fpymepbers,
avapoBatel el &ds infected TS thVhol@atigEs. Wwas returned to a
home position outside of the space between the fir

and fol/HEPQINSERYIEEEPICIDY arylingrinel avialdy %W‘i?éf‘édloﬂyat b0 kHz
movi rngﬁJlﬁomv&%la nr@fm@%o&melgfrbmhé filsSiho RS UTE HRE the

to close the nold th the carrier web between the
meldedrraclanypdmied froméhfb@pled cagitubypmraef thdnsionas the carricr web,

P\?\g(]é&%itptgﬁn%%‘i%otf gﬁ%cy eg v&ﬂéﬁ‘Yﬂ ér%&ﬁatloﬁ f?r i ﬁ&@ﬁﬁgﬁ gher gy

ndri ca orie orn
e fidelity OSIhGTtlﬂecttmvacbdi@ antodl¢b magletiethe rmw‘e'dlewad; ky EMdns ﬂhe/n in
e R T

carrier meb foll owed by indexing of the carrier meb

ndudiibe Patiddtion Mirh©r | Mlieronexdlc Peigst | CPS&@t Unifhenifyi dRércény Fill

of the iniection Ml ded articles nade in the cavity

h¥sted by EM is shoahim{hid sl 60l ow. Ten | 100%

ggpricas were nade hah RAGN) P§ RRESSo@HNAI Ti on 100%

reported. It is believed that bechuse the tenperature

&ictf er ence bet ween |2he updityepmrel  10kd t he nol d| 100%

cavity surface s reduced by conparisonmr—wth—known
techni ques) when EM is used in the inventive process,
t he reis btlidvadthap betadseahd icalperatird diiffal@hcedoepmehel{mlymer melt

rinkage to the sa tent as art | ded
DU i b trede BauROKRY fooe Sl GG Ryrs) when EMI
idlusedli@dhe iy ehieSirbRES ﬂi‘e&e@lﬂtntgeﬁdldd&fheﬂibléﬂwﬂl/\ﬁﬁ ekﬁkﬂeﬂice%hﬂﬁ(age
cross polarizer indicating anisotropy; whereas,

thrithersare SYER a8 PRryMelderbin FeN YRg el PIRSCSHeSs éfrl%ﬂn%dvgwut EMI

BNl iRcdiShdepaldf whkh {RHEMInRAL 4 STdRosy PEIBFizR M didatifed
light indicating a reduction in anisotropy. Wth the

anesetrery: ERprcas, A My Pecced leraggy madeusing BME prdeagebed §b0ve showed a
dﬂtﬁl'ctgﬁal?@rent @teﬁ%ﬁ@r Pa‘?ﬁécf h@f{lﬁﬂd%tm§ﬁ(?eﬁgétﬁ)ﬁ n %ﬁ&tﬂéﬁ} AWith

provide a conplete crlptlon of the manufacture a
thsmwaﬁEbﬁemﬂnMthwﬁdsemwhnmmaddumMQnal enbodi nent s of

the i r fro e
Spiri T{lll\é gﬁ G%Eg'cﬁ?c%ﬁ?lp %ﬁ%ﬁﬁq%\/ é\flrl]c{ (i]a?a nérow?_lg gcér{l@lgte desc%{ﬁh of the
man@eturomdasn of)iﬁe oaentions Blahy akkilmtglaherﬁﬁoeiﬁkemtﬂﬁfdhe inventions
c%r? IBE Im%Her %}thgurt] dg]?)h %mg fs rom ][he splrl(t:I andfS scope of the inventions. For example,

this invention can be carried out using a stack mold configuration.
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1. A nmethod of injection nolding conprising: providing
an injection nolding apparatus having a first nold

woreowbas7sand at | east one novabl e nol d nenber tPEE/USTAS/067318

nove toward and away fromthe first nold nmenber to
close the nold, in which there is a nold cavity, in at
| east one of the first or novable nold nenbers, having
a plurality of mcrostructural features characterized
Wiiatdnclaigpedcs: ratio of at least 2:1; injecting a

po r nto the nold cavity while it is cl osed;
]ap%fy‘ﬁ?nqﬁangfnﬂeﬁg%‘bﬁio R BIRIP'BAs to the nmold cavity by
Iﬁf@ﬁﬂlﬁ% @h injettibh MbRSQNpPaBRE Ravidhafiappbi Iﬂ@n&t ah P dasie
set of process paraneters selected from

po@P el AymRcBrtcrR oy o waH! ardapvay fiRgribe ﬁ@t mgldgnsraber to

Gdse %l%qnolﬁ hg v&ﬁﬁ‘)crhrthﬁé 15V§@tﬁolﬂ%a\tiﬁlt weealiR@e b the tﬁrﬁ@ff ﬁovable mold
menber and the noving nold ménmber, part of the

ealeoss, thh‘énmpl@lraélm/@ftrylcm)ﬁfduqyaﬁltfe@ﬁr% @harragte@@@ctli)}d@ a@peot Fedio of
a‘f}le%sﬁ%d .mol d; B. heating the nold cavity by an

ect rdrmgnetl c induction heating neans; and/or C
lhlealngr@(vﬁ)tmﬁr muslltdnto avd mgld lsyvied \ehuterlt 6 ctoesi st ance

Pl i R e BB B WP g, o
and appiiyiah at et oonet nﬁqudcteagpamgmétﬁs seﬂecftedrﬁsctm portion of

he carrier web i d f nol d cayit
AntosiRolnedt o ren ohah WhHLE A1 i Tonih Db ey 1y Heveen
thé fist mpRIrhdrier bisd Aol Rgindd R@bED bt 6k (b faadthé held
met hod further caonprises indexing the carrier web to a

et andgertof g ?LHSl%‘i’féhe ¢ladmaldt “portion is down-web

©f héah e h%l&@awh% By aﬁ' Qle&tnﬁna%ﬁ@tfmd&%ﬁ h@fng SedBCAdar
t he d cavit he next” nolding cycle’ 4. The

%h%@@gwﬁﬁtﬂlwwmby ﬁleﬂmfi édvistanec Rating.i s i nj ected into
the nold cavity froma first side of the nold cavity
and the ultrasonic vibrations are applied froma

X édwnaetigiddd ceim tl e whish dothgpaiameterbA amh8 ameesedd of cl ai m
4 in which the ultrasonic vibrations are applied to

the carrier mediumfacing the nold cavity.6. The
Mrefteonktiofd oflckirml In whichhfof ot tha@ding epgie,iaserst poetivn\oif tig carrier

ded.arti Ief om t.he | d cavit \ ns of the
3 5 ey ik O PO Rt oSt harion ST A8 R up-weo
JTRIGrstSoetivnas n€ feshOthe piolBcavity;fahe fig mxthal ﬁﬂhdrmﬁﬁbnses
plate. 7. The pmethod of claim1 . in which the nol

le%ﬁmgyh? SRS BEKTPESITR 1 WRIEY BREBHPEEon 1 doyh éveb of the
& bedyhd lcabdind pbﬂloﬁhd fabing bR rhd1d 8dvigirslandhext R1dIRY Hrcle.

includes a plurality of

4. The 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.

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

medium facing the mold cavity.
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nold cavities. 9. The nmethod of claim8 in which the
step of injecting nelt into the nold cavity includes

wo posasisey nelt froma manifold into the pl uraPCT/ys2mhs/067318
nold cavities. 10. The nethod of claim1 in which the
carrier nmediumconprises a material selected from
polymer film netal foil, woven or nonwoven cl ot h,
paper and a conposite web of netal and polymer, cloth
@nd ok ymeetod @f claap € ivhishdurpiad yomprised demoling amedl baithridle from

Iaiﬁ%} jn?mhich %he carri%g ngdi m has_.features. such

S KRBT N MBS Bt Bie SETICbRED WHARU! igrust PloReehafied) ciepigr means
RER hscdj@tdrpileliftmd sledsirippér pliee method of claim1 in
which the carrier web has holes, perforations, slits,
grooves and/or surface texture effective to provide
WenFh%gnﬁﬁbh%gchﬁﬁ?%IWREhHEH&M@&uﬁ}%su%h?mﬁ@&ﬂﬁ&dOf
claiml in which the injection gaté is at the center
picrogpllesi de of the nold cavity. 14. The nethod of
claim1 in which the quantity of polymer nelt injected
is greater than the quantity required to fill the nold
Savi tThe netivdex cless 4 powlyine theffirgwslc ofitheafold meludesv ftlyrality of
I%Qroggg%a venting neans. 15. A nethod of inj ection
noFﬁlng conprising :providing an injection nolding

apparatus having a first nold nenber and a novabl e

| d nber that. can nmove toward. and away.frgmt
D iR Set ot £ RREE et ofnging et e ity
iBcl5dYs Ghj 6aaMb nelt fRonD® ianifdle irdtd thstplaldy GPvalalcevifiey. d
nmenbers; positioning a carrier web so that, when the
nold is closed, the carrier web is between the first
10! d 13 ARE{0d 30 Slafnl @ i RNicA the BRI FRERScomPASds a@hatdr€sclected
web faces the nold cavity and part of it is outside of
frve pelymseliinnyictr! faik reren grgoavpenyiash. paRdrend negnpdsic web of

ib j rier web while

I?ﬁg%ﬁg?g&ﬁgggrgggg&%gﬁ%hgg%ﬁgf%gq%P@%£Sonic vi brations
to at | east one nold cavity by nmeans of an ultrasonic
Hor e b Ried oglR BETRERaF P Aok AR RA Bt "B s o
projedionathat inesloblawitl eatattiokstodt nwldedwer aspect ratio
than the features of the other nold cavity. 17. The
nmet hod of claim 16 in which the features of the two
10 Tthe @@HoldioE Slathi € iDRRIOB tHe@atrdr @3 Rastolts) pesforatibay, slithigyooves
forma lens or |enses in the resulting nolded article.

apg/or ptiface [CX S SFFCH 1QiPHRY I4epfratnE g BHpstios mogling.

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

mold cavity.
14. The method of claim 1 in which the quantity of polymer melt injected is greater than
the quantity required to fill the mold cavity, and excess polymer flows out of the cavity

through a venting means.

15. A method of injection molding comprising:
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a first nold nmenber; a noving nold nenber that can
nmove toward and away fromthe first nold nenber; a

wWoriod/187#9i ty within the first nold nenber and PEDUSZP08/067318

t he nmoving nol d nenber; a web handling nmeans for

noving a carrier web between the first nold nenber and
the noving nold nmenber so that part of the carrier web
faces the nold cavity and part of the carrier web is
eoitiding en ofiectibe matden: Hpahos avilya fikembidrtdémign andDmbidle mold

nol d nmbers when they are.in_t clgsed positjon; a .
TR ¢ %Cﬂnrﬂl%Vc?tto‘ﬁBéFtan‘%/ my rom ﬂ]‘?&ﬁﬁ r%“j\@ PEfoeiR &105‘?{&16 mold, in
Wit ASRN £ mdSMSdae) fndotHhe ¥itsd hiOmeN dblcafsld nfemblRl at i ons
to the nelt in the nold cavit%;r further conpri_sing

Len . ) | at
nosifieping A sagighpehrhatsuhedhenrofdrip plosed, thy cifEipr Wehie RFtHgen the

AEARSd hRnibBO&N tﬁ@ﬁoﬁﬁé Floff mWRher L Rt r e & 180l tl{ég?&lh Bty

along its length each tinme the noving nold ne

avg e of b iseruebidernd tife dlased moldd nenber to close the nol d;
s SPEARARE D S DU AR LRI, By e
matlad clegdrandndi ng the nold cavity; and C. an

el ectri.cal .resistance Ee tin ans..19. The apparat us
Bl Pont FRlATER 3 &y kb by D STl sl

resonant horn, an ultrasonic converter, and a booster.

0..The apparatus_of clajm 18 further co i Si a.
{ro it MARBRT SR B R e oo O anen AR B R i and
dnBDEtHe tWé mdSPchvaiss Rey fedt@es 6ff Clalvel BHécS taAi0 GRinhRateetires 3t the
The apéJarat us of claim18 in which the first nold

ff¥Yan offset or recess that allows injection
nmol ding to occur while articles already nol ded on the
carrier web are within the perineter of the first and

I il Imethed|of clvambe mswhiple e fareyessafhd tiyothadd edvifs @re opposite to
i an, : i Th
FA0Pb A thak gif&ﬁl asféﬁﬁor%&s\%\ﬁlg% %ﬂgﬁ%gggfde%ﬁclf. €

apparatus o aim2 1 in nol d
menber al so has an offset or recess allow ng injection

rgol diAnnginteotio%CﬁUlrino% tarljée[ussioder&fn the carrier web facing
]the movapl e m)‘l)g reRper “whl e articl es al ready nol ded
on t hdtrstsnadémembethie carrier web are within the
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magsaged. 23. An article, nade in an injection
ol d iar}golc? gfv?tg/%igl?n trl]lg\f/ii‘sr‘g %o?dt mlegt?eslrtan \f%?:ing%lledmg\?llt\llé Enioledsrhember;
a web handling means for moving a carrier web between the first mold member
and the moving mold member so that part of the carrier web faces the mold cavity and part
of the carrier web is outside of the area enclosed by the first and moving 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; further comprising at least one component selected from:
A. aweb indexing means to index the carrier web to a different position along its length

cach time the moving mold member moves toward the first mold member to close the

mold;
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conprising the conbination of a carrier web and an
array of nolded articles adhered to the carrier web

waRioshs#et i cl es are characterized by m crostruR€UD81008/067318

features having an aspect ratio of at least 2 :1 and

in which array the cl osest center-to-center, or
edge-to-edge, distance between the nolded articles is

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

Bli &t aae@nhgice @niuttie helctcapamt bf Estin@dmok indeetrvoirtee thie @nold

array made of polyneric terjal conprising a
BrY S e svrarBinedin madkaNagh hei ght of 20 to

A.0A0:1 86160 B RN& [RBtheAAcaaspect ratio greater than 2:1
on a land which is no nore than 250 m croneters thick.
19. The apparatus of claim 18 in which the ultrasonic system includes a resonant horn,

an ultrasonic converter, and a booster.

20. The apparatus of claim 18 further comprising a metal insert within the mold cavity

and in which the insert is used as an electrical resistance heater.

21. The apparatus of claim 18 in which the first mold member has an offset or recess that
allows injection molding to occur while articles already molded on the carrier web are
within the perimeter of the first and movable mold members when they are in the closed

position, leaving such articles undamaged.

22. The apparatus of claim 21 in which the movable mold member also has an offset or
recess allowing injection molding to occur on the side of the carrier web facing the
movable mold member while articles already molded on that side of the carrier web are
within the perimeter of the first and movable mold members when they are in the closed

position, leaving such articles undamaged.

23. An article, made in an injection molding apparatus having at least two mold cavities,
comprising the combination of a carrier web and an array of molded articles adhered to the
carrier web which articles are characterized by microstructural features having an aspect
ratio of at least 2:1 and in which array the closest center-to-center, or edge-to-edge,
distance between the molded articles is closer than the center-to-center, or edge-to-edge,

distance between the mold cavities.
24. A microneedle array made of polymeric material comprising a plurality of

microncedles having a height of 20 to 1000 micrometers and an aspect ratio greater than

2:1 on a land which is no more than 250 micrometers thick.
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