10

15

20

25

30

APPARATUS AND METHODS FOR CONTI NUOUSLY DEPCSI TI NG A

PATTERN OF MATERI AL ONTO A SUBSTRATE TECHNI CAL FI ELD
wab@7possent i nvention is related to depositi NBCEHUS2006/027063

pattern of material onto a substrate. Mre

particularly, the present invention is related to

depositing a pattern of material by continuously

nAPPARATHES ANB METHOGDS FORCONTENUQURLY DERASIHNG A

t hr ough [ b r r of

mat eri al aﬁgi%m MW@W&@@& i ng

material froma deposition source in a direction

toward the substrate. The material is deposited in a
particul ar pattern ofESCHNWEALBERAt e by having a mask

| ocat ed between..the d i tion.source and.the.

subatF Brernan e FRRRID PR R PG e e
sutid@hict Morepaglicalirly, the prédemasvdntion idmlaedd @l depasishd @ pattern of

t hrough the apertures reaches the substrate so that
magesial b eetingpusly mevigsthe sepsirpteand ampask defising thepatiear theough
a AR5, feposited on a substrate for various purposes.

one exanple, circuitry may be forned on the
substrate by depositing material in various patterns.

For exanpl e, conductive e i ke metallization
patterns, can be for ne%lAék%f%r(iW le dielectrics for
var poiSmysateiliGhPbO HrRPRE lglﬁ'gggbétﬁ{eoﬁ}f@ﬁftﬁ?k llﬁﬁerijalef;rom a

flgxlble tab circuits insta on a t’herma
depsiitbn sCoree ém b idpectiongawardrthestibdepte s iThe omtafal sadeposited in a

pantigBE Bt R e BERRUDE “retsB LRl gy he Berdion
souRt@ariitht BEhtafd Uie nRd3f iSdIQRS apériiied MGt dSEK tRSpA@r, Andonly
fixed and known position relative to the substrate.

therdeppsitiommatpsigbpissing threvgh e aperivres rehehesshetubsirate ke thatjthe
.0 . f. pattern. The substrate then noves
nﬁ%%gﬂg9%§0%%89§53%¢$ﬁéd anount and stops and the
depSath patermoasy be dgabited i subsBate €peal@ds pepbsMAs one
mul tiple instances of a given pattern of material onto
exainplgy queygitryspps e Ermedan dhs sibstrate by, depasttigmaeripdh ypuieps

pat?reggi r%ﬁ%%%éofe?&ﬁldqggveb@ac@g( RiRe %?eé%ll%z%%&%ﬁémgl%‘é@ Bk 165204 on

hoSit1on source to i‘t1on ayers
flepiblepditleetring fhr ivatiews wks, including encoding information on flexible tab

circuits installed on a thermal ink jet head.

Conventional patterned deposition of material through a mask onto a substrate
is done in a step and repeat fashion. The substrate moves forward by a pre-defined
amount and stops with the mask being in a fixed and known position relative to the
substrate. Then, the deposition source emits the material through the mask to form the
pattern. The substrate then moves again by a pre-defined amount and stops and the
deposition occurs again. This is repeated to form multiple instances of a given pattern
of material onto a roll of substrate fnaterial. Each pattern of material on the substrate
may be exposed té another downstream mask and deposition source to form additional
layers of patterned material.

The step and repeat procedure, while effective at accurately producing multiple

instances of the pattern with a relatively fine feature size, has the drawback of being
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The step and repeat procedure, while effective at
accurately producing nmultiple instances of the pattern
wowaoh/oesoel atively fine feature size, has the PCHURZ0&K027063
of beingrelatively inefficient. The tinme spent noving
the substrate and precisely aligning the mask and
substrate, which is a significant anount of tine
relert'szlekyt ineffictent.t ”ﬁhae timt apertt nmwirtgahe epnsate ant @rdcisgbr aligngg the

ne ent n dep05|t materl I.. Therefore, the,.

mag‘f@f&‘ Shote obiel BroRenlivd ARyt timareRiee b fieuabime t

dep¥sR @%Clhyé}nlsttﬁ?é splefit ﬁiﬁﬁb}ﬁcﬁlﬁin% m§w&ﬁe§%}@ dihEBeRp %n@?epeat

the present invention address these issues and others
proggdyse ol diohechagysarrateled paastiictien thetlis desizablesont i nuousl y

deposit material onto the substrate, rather than

followng a step and repeat routine. Because materi al

i s being deposited cont SUNMMSRIRY Whi |l e the substrate is

in notion, the time spent noving the substrate is not
was Eetodigrratseofiibeipiessnt inventien adslsess shase issugs and others by

oS R ESRORLLTR oS5 B TSR Gyt
ratlen lthesr foflowingwhsteharidnepay hatinat Betaselmlateriat Bd)eﬁfg(ileposned
first sugstrate recejving roller upon which the
congiAHRRSIRPEIP Sher Wbl T8 MOORHEP tePEHRP VIR ecbugRis not
waltb@m the substrate delivery roller to the substrate
receiving roller, and the substrate continuously
pas@as embodnntehnelssamkwpmatue fotedontiswoushyoddpesititg a phiern of

ubst r at ecel ing roller, The at us fur
maf Al B s e Aoty s ettt A s BRI vl o wpich
thefsubstatdiaideBidted WP Bish stRBatered®ify Rillek hﬁorﬁﬂﬁfch lﬂlﬁ@éilbstrate
have a | east di nension of 100 mi crons or | ess.

is rapahendaugl thay thersabstiateedensls feong the§ubm§q<dqi@prmilyr to the
s ST IR, B 3t Bl BRSO RbEM et

delivéry edlet wetle smbstratehedentlhg r01RS. kTEe( tpactsud fuetret ineludesdfirst
delivery roller to the mask receiving roller, and the
magl peniaipiglaPeisHes AefBung § lipd patlan s wharripree oF Fgre piplhig apertures

ha\%ei l'eé(ssc’ gﬁnéﬂ% clnle 1'0@ nhj Elg)ng bf s, nﬂ%p{;)ﬁféﬁi Vfgﬁﬂer LRULELS: C? st

rumis inclu upon whi ch substrate an
ma‘sk dsltvergamlﬂecfmm wmb]mt}mdh‘stanaskos' éeh\arqz:bartdl aofirsofnagkdveceiving

i recunf ce.o e first dr ween, dej i from
rolfeh oA B R A i A mdlis e orbier Tt hRChE Brak ARnd g thask
del%bordll@?tostﬁb slakRiReRNh [FRSK aﬁ@ﬁl%'ﬁfktriﬁas‘k%hﬁﬁ&us@%skg €rom

first drum contlnuouslt%!/I rotates. A first deposi tion

thedusirroaski ®llp@§ irpilesrte thet farstmagki mcgivigk YOI&ﬁI‘ r écﬁrsgdlmm istincluded
up%‘gfﬁ bh}éﬁ subgt?%e 1}(? t’ ﬁ'im\é@? ??’%%e (%r{tac? r(1)Vgrfa 1.t)oh 101]:1 bE §1te

circumference of the first drum between delivery from the substrate and mask delivery

rollers and reception onto the substrate and mask receiving rollers, and the first drum
continuously rotates. A first deposition source is positioned to continuously direct a
first deposition material toward the portion of the first mask that is over the portion of
the circumference of the first drum such that at least a portion of the first deposition
material passes through the apertures of the first mask to continuously deposit the first

pattern of the first material on the substrate.
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the circunference of the first drum such that at | east
a portion of the first deposition nmaterial passes

W boosaog¥9t he apertures of the first mask to  PCT/US2006/027063
conti nuously deposit the first pattern of the first
mat eri al on the substrate. Anot her enbodi nent is an
apparatus for continuously depositing a pattern of
mat Anbthler embediswebisis aatpparitas far cohtirdeasly dspdmﬂmgaa pattern of

eJ ver i ch .the ubstr te.is deljyvere
maffial 8% Syt et ip TS s Bs A AETHER B P iestrate
is cﬁ:ﬁb@ﬂé& ah&a ifdst %ﬁﬁs@ﬂa&%@cé%ﬁ@ r&lt@hpbﬂi‘ thﬁiﬁkiﬁé §1§Hs&at%>i§ Rudsed

fromthe substrate deliver er to the substrate

suchghbaithe n@svraile lestendsifiemdhe sw@s@@tb delivere rQik@n ta ﬁh@@ulsstlytte

assSes b trate.deliver
recBTREP U Seteifc Pt oSy B Papt e plhf activery
rolleR€d e 88bstratd re&divifB 8616z O ThahppapgudRethbrineRidees Fifkt Atisia
first pattern, a first mask delivery roller fromwhich
contpigIng;apgusen dRfiniag adirst patiw, 2 Brstimask delivershipdiRr from which the

R

received encht thattthe magls kxtelsdionm tig rnaxlkldehvervdﬂelﬂ@ td ke thaskateeiving
ol s s RRSR s Wy e G e Y6t o
theafﬁ stécélwgg ?&fer.‘ hé atfis ﬁﬁ*ﬁhé{(m@fuﬁ@@ HBAR anh ﬁgocr% Which

rate and-first polynmeric mask cone into cont
thecsubstra@ﬁ pot fiistpolphetihmask canerngr emtast overtdygorfion of thdr um

L e e i S

rolle@ 6fd i«eca;ﬁldnqidt@ﬂﬁ,sumﬁteeaﬂdnﬁa&l rE&dividf WTles) e RiBE Firdt drum
rotates. Additionall éﬁ the apparatus incl udes a first

confinyously rgpies obrdiopdli theamparatus indvdes afsislopositipwsqurce
po%iiliélie:d tﬁ&@@ﬁ{uﬁ%@? d@%\%?tﬂegéﬁy\@t{ %a{oeﬁgl @Waﬁd A8 pgﬁtlotnl'b% the first

mask thavisfeeethe @ottont dfehd ¢1f@ﬁnfellremfe sl fitdd aturﬂtsudhetasttat deast a
portion of the first deposition material pass
PO’FWF’@@&W figledepgaition materist Pasaes thiqugh theapertings of the first mask to

coﬁtﬁfﬂﬁ)hﬂy QE‘&JS}{ tﬂ@ﬁ&? Ltk 06 fhb Xﬁ:‘%t nRALA S0P v s&o@l‘f'atfe | ASfhrst

mat eri al e su strate. I rst substrat
sulstraweg:dnnganom onttrob kyssons trmmtmras ape- dﬂerm1mcbeldmga$uomorﬁ e
0 i 0 ubst |n the difrecti
surYRths refiot AESESt i Eremiobe Gy il & o st drum
as ﬂiersﬁﬁstﬁfé%n?e% 1ﬁtBQ:on€ath§JeE @‘io@rtfoﬁ'&%hé &ie@nﬁ&%ﬁ&%f tRY ﬁfst a
portion of the circunference of the first drum and

drunp,ragiel arﬁarsﬂ«n@akcﬂhgaatlom candrel systens peaigainsra pre-aétesniaed elonga‘ﬂon

or B ST DERL BB 9058 A 4 g g o

firdt dhdr2 bs tHe ﬂrbtanéskro%meg intfcastadtaef 4 pStion s &e@ﬂéﬁﬁaf&rﬂﬁ& of
contact over a portion of the circunference of the

therfirplsdrupy: (Anfirsh spbstigte tangarsepasitiongenyel systepuigriudena web guide
that Qcmlgtg lthestyeﬁlg%ﬁé E&Et%%eosf Re WRBRULSig pre-determined transverse

location on the first drum, and a first mask transverse position control system includes a

web guide that adjusts the transverse position of the first mask to a pre-determined
transverse location on the first drum.
Yet another embodiment is a method of continuously depositing material that

involves continuously delivering a substrate from a substrate delivery roller. while
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that adjusts the transverse position of the substrate

to a pre-determ ned transverse | ocation on the first
waleeomoosanzl a first mask transverse position coPCT/052006/027063

system i ncl udes a web guide that adjusts the

transverse position of the first mask to a

pre-determ ned transverse | ocation on the first drum
conYiatiowshpteoeivingnthe sibsitrate ont asubstrito decsfvinpruller) wdhesdiy the

depositing materjal that involves. conti nuousl
SubgERtE PaTsen G ARSEAT of L Bt SncE Al st Ao Reptepween the
subs@hte %enw?¥ k8162 Rhd HeQUB Mt REEVIMIgNEIN ThS WRIk IR heNhPolves
a substrate receiving roller, erein the substrate
whide sedinuousdy deliveoing jape reseivingcthe suhstreteeeingpuddy felivering a

ru en between.the substrate delive roller,and
firsf R MR AL ARE0A ErOaE PRI e oY s pE P mask
ontb AMTkMASKWBEdi Eing 86ller MWigdtsin thelfilst ALK ps@nslef 8§6itiondd a
. the substrate, continuously delivering a_ first nmask
cirqunefreace of the Ting skura sthiey detyveen Mechirstmpsieddioaty rllerandyhe first
. | . 1,r :
malE R ol L T AR 58 A o il oD BERY KMhing o
firsd pattere end atrttast e porionfoftieeapkeitims havaaricattelimbetioveeil Mhe
first mask delivery roller .and the first, mask . . |
miGraRePR/FiTg i Tinae m?&oéilﬁvcgﬁeé WI?II%%Ollﬂﬁ%%SWa%eI‘é(erlng and
recBivitfg@tht bubsBhiteBRE MR mA, BbRthududly 'aﬁEctﬁfléta{ ﬁ{sﬂd@%@iti@h

'east a portion of the apertures have a leas

- mattiriabftemaenfinst deposition sownstosvard &pertioAddithe insbinhsgk thathe over the

net h i nvol ves whi.l.e conti nuousl ellverin .
porfigh 8f fhelsiFe bt eaneir 5 LI TR il B GGRAeRth st materil
is depodifed @aUBd dubdirstect i ng a first deposition materi al

froma first deposition source toward a portion of the

first mask that is over the portion of the

circunference S‘Ckiﬁ F RSt %f@é the first
pattern of fi rgE na Eﬁ%ﬁ%(?@@p@g?&e on the
SubBI1G.at showdREECRIDBdintMt OF arT ifipa b IDIAD i {Firsd stagosda an

enpodi nent of an_ apparatus prquviding a first stage of
deposyiop FEpecsOWIth Ap dpe@al drim derosiHeR v, OuHP‘i?rﬁaé‘éB’@g%{diuﬁlﬁl,

ele}rﬁgHg?%Hd‘pﬁlﬁl;rp(ﬁf_{(%dﬂgﬁéﬁduci al elements, and with a

o-ro mas 2 shows an enbodi nent of an
appafGatushoprsauiedibodingertt iof st apytasades b valingephsi stagmof a

rocess with.an i.nternal drum.deposi.ti on, w thoyt .
defsRR AR e Wi P o By O SRt g ettt fiduca
clefeRts] AHdOKEh h @ORIIMEK 0dplask3 shows an enbodi nent of an

apparatus providing a first stage of a .deposition

pr oEKs.Ss3 shiows aare nevdlof e epnagawopoviding a {iist Fege of a
de:ﬂjorsﬁi'o’rjl‘r’f)tmt)ceerssn v%ﬂh fa{l %}lét%irn%ll drum deposition, without pre-patterned fiducial
elements, and with a roll-to-roll mask.

FIG. 4 shows an embodiment of an apparatus providing a first stage of a
deposition process with an internal drum deposition, with pre-patterned fiducial
elements, and with a roll-to-roll mask.

FIG. 5 shows an embodiment of an apparatus providing a first stage of a
deposition process with an external drum deposition, without pre-patterned fiducial
elements but with the fiducial patterning occurring in advance of the external drum

deposition, and with a roll-to-roll mask.
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el ements, and with a roll-to-roll mask. FIG 4 shows

an enbodi nent of an apparatus providing a first stage
W@DR00a/0a89pnsi ti on process with an internal drunPCT/US2006/027063

deposition, with pre-patterned fiducial elenents, and

with aroll-to-roll mask. FIG 5 shows an enbodi nent

of an apparatus providing a first stage of a

de pBKEG.t6 showp ro eebedimdnh ofum sppaetusgirodding akeparsi stagernf a

Wi thout pre-patterne i duci al el egents but with the
eSS ige PR R PTG T AP g A AD o sP ! Pk

ext eI al shidtvd ah GpReativd Rfary atorMnti e cltPlpbsition EQittol system

mask. FI G 6 shows an enbodi nent of an apparat us

schemeti¢ Hirggnigolting tredosgitnginabiveh pasipos fariveriowy exsleasiments.h
an j nal. depositi.on, .and with a.,oll-to-rol,l sk.
o 18 s SR PR e o sy sTpiSadpiatic £2F

cort@I 1 thy (4381 Wepposiiioi follarfis tegibodaiamat i ¢ f or

controlling the longitudinal web position for various
enb B -Feshowrs apyal fidicigh segisteption confeal syuttem schamatie fapt or

Lol N.SC i [ ] teral
mafBhER or T ARBRNT TPl vl Mo R vefiotd gt
we bFIG.d0chatvs ae flivstratitd antrobsystea] ingyfice forshd8dmtialc f or
mai ntai nin roper registration of the two webs for
reg{A R PO SIS G R ERPRLITIRES! PBRaHS DIV e deerond see of
depoRftioh PhoRystem interface for the fiducial registration
sensors of an enbodi nent of an apparatus providing a
secBbid 1dtshges efcontraldpersiutilized by thecdlestrative Gontidl syktomsntrface
ol loop utilized by the illustrative control
of@ggﬁg

minterface of FIG 10. FIG 12 shows an

i '] pRY.ratshy®s BRILRHRI RS patieAed fRlucRI SIRRRLE walizéd &€the@hask
t he mask and/or substrate for sensing both the

and/en suibstinte fasensing kot thegnlgtive iteral and dengituding! pesitéensief each.
PSS MBNS 33 P 8P AN PRSI
latgpaisaintlilenpitubingl wéd peditios a view of an illustrative
o e T B s i b
latdeRRd 1 oEMRiR] wkBEodii&sent invention provide for the
cont i nuous éleposn FI on of
DETAILED DESCRIPTION
Embodiments of the present invention provide for the continuous deposition of
material onto a substrate in a pattern defined by a mask. The continuous deposition is
provided by continuously moving a substrate and a mask through a deposition area
provided by a deposition source and drum.
FIG. 1 shows one illustrative embodiment of an apparatus and resulting method
that establish one stage for depositing a pattern of material continuously onto a
substrate. In this particular embodiment, this first stage is being used to deposit pattern
elements known as fiducials onto the substrate 100, where these fiducials may then be
used in subsequent stages to properly register the substrate with a mask of the
subsequent stage, where the precision of such registration is on the order of microns as

discussed below with reference to FIG. 4. These fiducials are applied by depositing
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material onto a substrate in a pattern defined by a

mask. The conti nuous deposition is provided by
waeoonwiosseeusl y nmovi ng a substrate and a nmask t hPOUgR2086/027063

deposition area provided by a deposition source and

drum FIG 1 shows one illustrative enbodi mrent of an

apparatus and resulting nmethod that establish one
magtriabihrdugh angBkstOtl itheg 1eclydes apertured thatggrevidalfor the pattern of

fi i of o R et g eyes ey BB 49 edlsaeried
Wh&%ttﬁeﬁ mst%mé séﬁﬁ@mate@ﬁl id tﬁ%eﬁ{gsciegesl&dtt’eﬁth% YRBERAL e

0, where these fiducials ma e used

s u b@bﬁq sibgtrats tl Q@ égglns)mp poglbef a,/sube@atts uawindheelsi@Bsvirigh serves

os h0ivef BB s BB R G of U ol f s e
depdkition Btiga s THE sibdgaied 00 antinidlily AfiRE gheetHeqedt 162, through a
These fiducials are agfl i ed by depositingmaterial

dancpry HlfgRver arfansion pad eelad 06 bicr nirsisiangbiveupley 10§atThe substrate |
I
1 0(p1{1 ?(1 lgc?tl%l&gf dfa B?‘ftfrogtrd% lag:srg;lﬁlg#%c? roz alr{)fatlﬁgrgll&ﬂ F)ﬂloérgl onto
anatieg osdef vénlg whiler £10 frathd dubstaté a&@rTheSSﬂbthatS A0 exiwd the ra@kiving
t, .bej d sited for the figducials.. The
rolp bl g S sylIEA Fréo B ubreR I JgrosHion gk, diseusSehbplAY in

reldtRBlto 03, WhiGhrSRIMBDnRSa SibdRhik Y&INA &l er for the
substrate 100 to the remai nder of the apparatus of

t hi $he danser Hipandlitensaon lovdigall 1 0fhare stibzadrtatachiz 0da prs-

detglgrﬁtelcf ali{%l('lfs %86924 elgggafgh&m(gtr??rg tldtg %fggtg[}ﬁggrlpthae direction of
delﬁz’é@ﬁﬂo&h@ﬂmﬂ{ 1 vefor Qlghih shaRi ofTﬁ@sxﬁid@z&% 1180 e TS Shded of the
pul | ed “(ghtl over a portion of a circunference of a

Subﬁ@@tatl PR és dietgted byshasneed af Begresitien dyieiollor HP, mbiighep
synzl,flﬂ%n 24 cfolgagﬁ({s‘ Hl%t Eﬁ%ﬁe gg dré,l};g ?%lﬁ %%I{ H?ﬁte?fdljagg ?@&mtl(’?n 31J"]\‘73'e

receivin er pu

meshinisag LIElliEt spdecbd&isém B mhddref dedige dssed bhrd ow thbther the pre-
relatjon to FIG 6, or.is rewound onto a subpstrate
detergpipsrelpegation TAY PEPRAE Wickies oA HaPAsi G begabicved | 106

ar epltd }.\‘lo%\ﬁqulttﬁ’e AEhEYS B RICndSEES mtﬁ?%e%gg r0V1de feed

contro ongat’ion, or str etch he su
back@Q comirdl ltlee speed of the nnwinddet] M2y 35 4 tenmhmng tfazme is2atppfled toathe

sutSlE SBT3 auplor i BF APt 11 R Gpug IR ERQDS provides

for® REdifk &t 6 MeLude@hd BIm URBorcthipphed gy ﬁﬂé%ﬁﬁ@!ﬂ bifﬁfé dancer
closely to the speed of the drum1l whi ch itself has

1045 Appasgtiol pystenal pppliss hagit based on tl’irerr@a@gseﬂomﬁb%@nsms lcald cell

OB LSS ST RS e v

rollde pessiot dodiito L8 clag @it @\Resubigate 06 AOWeited. the art,

t he_dancer 104 ut| lizes a rotary sensor to ﬁrow de
f eedhe mask 101 begins on a roll of a mask unwind reel 112 which serves as a

-D_

delivery roller for the mask 101 to the remainder of the apparatus of this first deposition
stage. The mask 101 is continuously pulled from the reel 112, through a dancer 114,
over a tension load cell 116 by a precision drive roller 118. The mask 101 is pulied
tightly over the portion of a circumference of a rotating drum 124 where the substrate is

also pulled to thereby bring the mask 101 into contact with the substrate 100 and is
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back to control the speed of the unwind reel 102, as a
tensioning force is applied to the substrate 100 by an
wa@edaaavsyp2 of t he dancer 104. The tension | oad el/USH06027063
provides a force reading that can be used to trimthe
force applied by the actuator of the dancer 104. A
control system applies |ogic based on the readings
furfheopuliddeont@a sicoivinguatiec K10 foi 0 raaskt 10he Thpemdk 001 exies the

drum 124 ke a slight alteration h eed of
reop R DAy roptsang BntognbSre FOnat Sttt on of the

subakrattethd bhsAated®d! e UanctR g 14/MBskteAldn RRLICEE 198 af utilized
roll of a mask unwind reel 112 which serves as a

to apbiave emye-defeingined end ¢dmtrotiad klongrtionpor dtistahe afithe deask 301 in

e POP Sh it SR AR P8B e g

of the &haRR @01 islfhrthéVdEtaRd boNBed §eed Ofthe Gedchsidnl@rivyrofler 118, which
preC|S|on drive roller 118. The mask 101 is pull ed

is alyogtynelroniged cloprly frothe speedat the dmcl 24 drsedisausesd ajove in
rel%tg)tntacﬁ g%ggtgﬂ% ]’86]' tlg]@ﬁfegd &1?0%813 %xé@ér%f 'd§s1€11) Vz?\}lﬁ)c%lgé;' ltbh%(a on

contac

whsthbrsthe @t@dét&&nﬁﬁtielbﬁgaﬂroh faad pmplef ickosdsofaepeitinviande
rol l.er 120 for the mask 101. The nmask 101 exits the
achieyedi ving rol ler 120 and is rewound onto a substrate

rliWIA@ YifteBl ddeclr 168 tl‘% Jlahxc&hﬂ 43)iIetd é?fo%ar% ggnsol' ]fbeplgélﬂg §led

and tension | oad cel 116 are uti| to achi eve
back tpitles weskeunviné dech htl2 @amtenmbhmg feomgmpliedio the mask 101 by an

ft sk 101 t t f del,l
ootpjoF pab et b+ e ‘e lsd SHELED BFEVIdRe e P Tt can
be 164 6 REAGhOforédppiiBS Ky Hdlactumtdr Wi iftedantdrcitiat 8Eohitol $Y8tem

speed of the precision drive roller 118, which is also

applipA depiobised an theosedipss lomike wpsiedlastl celhd 16/pudmpeed of e
dru% PIARS &eaep&gglt hitbrly ‘fqnagf4 tl%? spggc% IEP icl# %&?et ég' go d(’:Oé’l ro?the

peed chosen | er o

elon@eeidneifthdmaskr Hastdesirgdied el ongat i on and pr oper
thicgness o deposition can be achij
dand 8IS PRuisular geibgdimecat nphules;p F‘FH%E@%OP@? 329 ﬂsaé iﬁsle?at%

1nté}f1£’l @ﬁhlfnetﬁ?dﬁﬂ‘f 9 ol’ﬁet? o 5iKs H&‘%ﬁ% %&8%%2[1‘195% @1 be in

on|ng orce is ap ed to the
dlrart t:matactr\mdf thehleurd d 24 ewhllmlék: subkteatt @0&isdn direacbonmbi witH €he

royides a force readjn t can he us t trj
oo i EisPatr e s it aar B mero! syl 20 a8 foree
ap&ﬁl%srlgb d%k’l%h@d"in@cpi% &% td &ﬂbﬁn%ﬁt%%eﬁ&latl %X&@@Q‘d@% mask

fromthe tension load cell 116 and speed of the drum

withdittle t@stmken anclsthagem: spdced ﬁmumd fits @frcmm@r@me ¢alalfw dempsition
ma%é]fy fod é) gﬁ(ﬁam the%eggsqtti()rnosourceel 2%' Bgs oug ; cﬂ‘um%ﬁ and
reach the mask 101. The apertures in the mask then allow the deposition material 128
to reach the substrate 100 to thereby form the pattern on the substrate 100.

The deposition source 126 may be one of various types depending upon the type
of deposition and type of deposition material desired. For example, the deposition
source 126 may be a sputtering cathode or magnetron sputtering cathode for purposes
of depositing metallic or conductive metal oxide materials. As another example, the
deposition source 126 may be an evaporation source for purposes of depositing metallic

or conductive metal oxide materials.
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Thi s particul ar enbodi nent includes a deposition

source 126 that is located internally within the drum
wQa2e7/0T8%e2 efore, it is necessary to have the neSRUID6/027063

be in direct contact with the drum 124 while the

substrate 100 is in direct contact wwth the mask 101

and separated fromthe drum 124 by the mask 101. The

dr uithd eenflgasatioarof ¢heapramt I2dedepbsitiod eginge &2, inmsk 10heand

] dat teri f th Kk
sulfsfp 1P raet PeCtRarhd! e ibosaedpl Bats th BE Rt of
theGrtis® WTHEME AeositindoliRY 196 RRStih: e dpbatib@naletdl 85hiwAd.

fromthe deposition source 126 to pass through the

Howvevien i 3vill e @ppresietedihas thrampski D] angtisubsingte 100may pliernaiively

then I epasici;l o rj . h

be PRSP Sl b SERERE BTl e Bl e
126 ehi$ thatdepddiidon mhRridleye®ird. This aheheiyelid Ganiylable thneasef

vari ous types dependi ng upon the type of deposition
where ey BROTEHONKONESI 1§ 185 nat eri al desired. For exanpl e,

{ herflenasisidaBo 3N HRGndRA o bR ORI SRl GNde

or magnetron sputtering cathode Tor purposes o
matteiplss iBxamglasetdidd mlypnerdomdteciisyaiches ablyesterd®oth PET and

teri.als. anot her ex | e, the. deposit.ion source,
PEReolifridss bR C BT o PO GE cRoRb TR SRk 5. Sainless
ste6lCOBSI dtédlg) aRhiAlni Soper, 6P PAIES bl WBvERSBlonROVE® fabric materials,
materials. The configuration of the drum 124, o
all gbthg eboveowitk ouwithouteateduuitaced 1 Hownerswibézinga matedl with

. be.such that the.,.mask 101 .a bstrate 100 SS 0on
higRel RS, Sk e A ol R el SoraH S haNE oh melf Fla i
pre€i¥idntdoRgol dTehélelpagdtionAd H& e disibn epidima@ba. asldaseayed beloty in

w il be gfpreciated that the mask 101 and substrate
relatisy tayCetsepthtet heifsppe sigsspn bomede seryamallo Thadepsbyer
din}ifioh 3P o ki Ehdithenl B bl HITRIAC bIBROEARRGE,
rangirgeftomtl DO enicrenpdewn cul Gunigronsh Cheadereydhe carredponding feature

evaporation source i s used. The suybstrate 100 and the
thaﬁﬁg{%pq_%tfd ﬁ)ﬁ?} tgp Sepshatedpay lgﬂeve\; fash) e(nﬂggghaéﬁs also on the order
of ARr6hd 8lss ran%ﬁ%gﬂnﬁq 0D REEAEE APRh YIRS hffcrBRL eftledlfdre, idensity
as pofyester (both PET and PEN), polyi m de,
of thelcyrcuitry sambe made venylhigh, pHewing foehigh-résolutiomasmeall &logprint

corg e L B T 5 B S B o B o
cortiiuBhd ddpdsitivh braebsst NeshRRRME: WptdtifEd bt if et aspOALRID of a
surfaces. However, utilizing a material wth hlﬁgo
ugh two or

trags igdaree jtmyay bonekesaarydo depasitehe agedtyanassing theoreh

mo?%g)eﬁ;ogl?i%ﬁ sﬁﬂg%{[@ﬁﬁ t\% lop %ref SecdiGE 'dg}gc%%ﬂio%g %E)Qéh giffsett he
el origat1 on and tor precision registration, as

shadosatisske dinbethewispett ratio of the mask apertures are limited in length of

opening before affecting the dimensional stability of the aperture in the polymeric
mask. Additional details on fabricating polymer aperture masks related to this
embodiment are further described U.S. Patent No. 6,897,164 (Baude et al.).

FIG. 2 shows an embodiment like that of FIG. 1 except that the mask is not a
roll-to-roll configuration but is instead a continuous loop. Here, the substrate 200
unwinds from reel 202, passed through dancer 204 and over load cell 206 and is pulled

by drive roller 208. The substrate 200 passes over the portion of the circumference of
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relation to FIG 4, such that the feature size can be

made very small. The | east di nension of the apertures
WO poog/opsbymeri ¢ mask may be on the order of niBEDNS2006/027063

rangi ng from 100 m crons down to 10 m crons.

Therefore, the corresponding feature that is deposited

onto the substrate nay have a | east dinension that is
theadrgim 284 anti és pull@é roverf repdivingmellerall § and thegipnepebdoim thdfext

to 10, m craons. refor t.he dens of

deffisiioBisaet ot Fye B R, B AGE pe et i Ty FRRG Rof SpeRd of
thetHuBirat €30 e, cofit¥silldd efsQﬁ?'FlG' nt Aﬁ&iﬂ@h’éﬂy‘ WR deb84i@6n source

for exanple, to be generated in high rates of

226 ewite Bretesial 22 GueyightaprEures 244 o ibe drume o and ba msterind seaches
[ eci S t
o b PHLT RS SRRLER 81 et AShe kol 0 A3RERLE Aot o
happeastn K. passi ng the web through two or nore
deposition stations.wth two or nopre successive

depé’@weven thermgskiPgh in FREINUEHBIeeR hh Bresesiroma tepsion load cell
23?%&@515 5?(511& oPh \Jela%ei%r A %@? ftﬂ.l( 1fed v rcﬁlvg L Gidr8qg a8 jt passes by

engt openi ng ng i mensi ona
a seisab23 4. t Theahadk 20 1gqmeses wver the porttien pb thendrcimigrasde. of the drum

224 PR DY el BT At LB B et epehe

recebving 108ELIMD th@t is @r&?ez ’oii@%e&%%%ﬁnﬁ%w)es tﬂélrﬁi\askéogf hows

an enbodi nent |ike that of FIG 1 except that the mask
subsgqtmt regeivislgl rotI@(&)@BD thed tiengavnta theomashizoli back e eclber 336 of

the e 085555, A8 RSt AT BT A Rt Pk o)

coﬁﬁﬁe@fdﬂ)d @niullédEbly judinio\tie foadd a@fpllg@ 8y ad BeugtaPst that@sioner
22%' ansses over the ﬁort ion of the circunference ofthe

ho speedid thesdriyg noder Dherasedercioplings freml the tepsigndepd cell
238 B g 1 B A AL Rt e ko g
whsesadh afWeb@1®ub dist‘:laitsed 20foresletl betpve ﬁfntetamllohe(d FHG. 4.n
FI G itional, e depositjon soyr e 22

Hopeyery ih |m g0l £PB ualpfg?cmfrse@% BrUsehe a?ru bfz%earﬁek
201 BRisTBL Rplagdd &&QS h?)ﬁﬁd-%g @%Kpc%ﬁ%n%&eﬂﬁ%@ Snfdthe Walk

apertures in the mas to reach the substrate 200
as Népeis. Bmhﬁwgheronﬁgmaum like thet ofeld k. 2@%caps fax the

t I f | oad [ 1.
coffioyty Biving Bt eis i b tnbls R b 35 Sbintenp fepiog
mablY 20T h/ghok@l ih F1G21 & @ally afARasls tPhedtiRe A6 Mg1EafHns TBussed

mask 201 ﬁﬁ]sses over the portion of the ci rcum‘ erence

below inkdGlrirfh 224 and is pul | ed avvay over recei vi ng

: glcgl Vi %%%Mglalla n{@%n%ﬁjﬁtkgl S 8f$o I'ef Cg‘fn[q %feen%?pgrsfg?n
sow2S3 04 1scatddasitdifeonBs Hrua®) 324, 0Here, the substrate 300 unwinds from
reel 302, passes through dancer 304 and over load cell 306 and is pulled by drive roller
308. The substrate 300 passes over the portion of the circumference of the drum 324
and is directed further over receiving roller 310 and then proceeds to the next
deposition stage or is rewound onto a rewind reel. Thus, the elongation and speed of
the substrate 300 is being controlled as in FIG. 1. Additionally, as happens in FIG. 1,
the mask 301 unwinds from reel 312, passes through dancer 314 and over load cell 316

and is pulled by drive roller 318. The mask 301 passes over the portion of the
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subsequent receiving roller(s) 230 that then route the

mask 201 back to a roller 236 of the web guide 232. In
wao bdog/oes9nt i gur ation, the el ongation and speed PET/UR®06/027063

mask 201 continues to be controlled by adjusting the

force applied by an actuator of the tensioner 223 and

the speed of the drive roller 218 based on readi ngs
cirdunafierenbeof the divom 324 antl iselitect2d fyrthen dverhrecdiving raler 320 and

trol h
thef it T 035 5 1S eelofran 15n b Hamerop ane es e i
30 MRra@sodiml donBisli@ves il i€l ation to FIG 4. However, the
mask 201 continuously | oops so as to be re-used.

Ev efﬁowawrythetdnpomtg@ksoz@ 37044 logated eperely ofithe drem 324 such

il ter
thebihe gt AERRCIS, s BEIARE B i Ot Bl 35 pito
rea&lnﬁg dephadkB01tang sabyitateBOOU STherdf@e pihe dru SR4 A6H, not fnecessanly
be appreci.ated that the continuously | oopin
mcwf aa@@%vﬁddlﬁomlk& the splstigl 200 iy inydigct e Vt’181 ‘gﬁ élrum 324
il 8RB B A B St MR AR s vt e gate 200
beihg posititreddeposintthomasodl lcand3R6diven B at ed out si de of

r 0103 sk B4 conGHTHANIRE Be4 ARG boerePl GAGvel |

dep%@ﬁloﬁ@guﬂé 3P4 H:lﬁ? I(l}h\étegrekfé?ndll‘i’/ldf %Pie &H8: 3288 Wil k?)%tabﬁiteglated

passes over the portion of the circunference of
that ﬂn@ ed'felmﬁl Bratiemalf ﬁhs depasgismesduica32hes slwowar inrldGe B s eqpally

10 .and t roceed the o)
Ay o e San e BB SR g obd PL D 2 REEFRYS, 4%
el oRyatd showand eaitReind 1ikb thab bbBIT. atekc&f hdt ShddRibEgate 400
controlled as in FIG 1. Additionally, as happens in

alrgadiy hag thetngtenpepdements dapeniiadory othesyyise demegltherepm s8inge the

ol AR Rl By P GBS ROE BBy v e

mairimnmbbétweesn e stibst@ier 400rdne Ithmmeslmou dndl fela[tures 32 theaduitiy
directed further over eiving.roller and. t
may & dlRep e fiine fhisiptiage w&@w@é@ simp{iRneoy iy %HO@H@&[}E ‘ﬂ’ﬁlafs of
ﬂw%%%c§ggagﬂof the mask 301 is also being controlled as
. However, the deposition source 326 is
I oc Ehe gattnm e}emhtsynzm bet re-foimuad B¢l theisubsttatain dnigef many

deposi t t d.t th
vart R SR T sl 1 BaSBRE n PSRt eBS SR Y e s
deseiBSd inaing o3fbse TRHAEOEEFICSH ¢-6d TR OTRR0) (1O battern

necessarily include apertures. Additionally, t
clemgntstnait e [Fedoinsed ontel thees@bstr%ﬂﬁr@cmaah mﬂudm@Wﬁung Japgor

deﬁ'ggt ?lf ?é:f a.g%gil(()n 318# tnﬁ llqﬂ d' ﬁg@lﬁ}gcghei%éal e{cﬁ%g,

embossing, scratching, and printing.

In the embodiment of FIG. 4, the substrate 400 unwinds from reel 402, passes
through dancer 404 and over load cell 406 and is pulled by drive roller 408. The
substrate 400 passes over the portion of the circumference of the drum 424 and is
directed further over receiving roller 410 and then proceeds to the next deposition stage
or is rewound onto a rewind reel. Thus, the elongation and speed of the substrate 400 is
being controlled as in FIG. 1. Additionally, as happens in FIG. 1, the mask 401

unwinds from reel 412, passes through dancer 414 and over load cell 416 and is pulled

10
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bei ng positioned between the mask 301 and the drum
324. Wile FIG 3 shows the configuration |Iike that of
WOo-k@7/048%9except for the deposition source 326 bRECTYS2006/027063
| ocated externally of the drum 324, it will be
appreci ated that the external |ocation of the
deposition source 326 as shown in FIG 3 is equally
by dripd rodlab# 8. t Thet heskotM grasses niérgbe avition of theadinguinfeyendead ¢he

f G,.2,..and. F1 &GS 4-6. FLG nhodi t
o 484 S0 PR B et desetorol el AL R aE B omo o
revithd RRHE¥2 1 aBmishte RRInkEtich &ldesyest of tHe RSt 1@disQllso being

ot herwi se fornmed thereon. Since the pattern el enents

corgrodled ps wdd{s. iln pl ace, precision registration as

di I I 0t @i .

suEE P Bt Al RS g BT B LG bpseg on
sen@ingahe fidyciatByf beh depuditiae 400 andibe bitisB 40has@aidim tiat

al so sinultaneogus|y depositing fiducials_ of the §ama
subshipleri0Band magk pBk AP TegERLIO R I fioderrraerid d/onl e
smﬁlﬁb%’f Ruhipd é(’ijiﬁ{e%sibﬂ (REEHh %6%81\1@83{- 'léQF' %M%Mn@!‘cglﬁégéﬁ less

apply to depositing such pattern el enent's onto
than@$ Imiamne)eiadhé diegttion ofidslivefy tolths druex 42¢p| Bemsarf 438 E€Bses the

1-6. a es of how.the pattern ele ts . may be
i PSR g 1O ELE AP e SRR e mask 401.
Thé R sh&G bV RRA the SRARHE1400 and a8k 46PhAY HRRdjukRASKa the

mar ki ng, chem cal mlling, chem cal etching,

drivartedlstsi49§,and dil dreshediiyelydnompensaterigr thersubimtetibeithernt
leaif Flié}l 4, thhea%g?@]ér ate 400 unwi nds fromreel 402,
g&&&& Y %ﬁ’ r 404 and over |oad cell 406 and
I S Puitheesholy betiees tHeabh®eel B4 anfiiBe SiiNasiollat 40840 the substrate
40(gasses over_the portion of the circunference of the

PURiFATian Hish epidle 3P seqeisigs theruhErate @) andesirolsibe Frandverse
f

podh A MBS Qb P e KB A 54 Bgp e
tramverss pedtlomf Mokihgsuisthaad & tehdOndyso heivegraaoreirsed) bretheasllers,

i.n FIG 1. Ad%iationally, as %%P? ns in FIG .1, the .
but g aoshinslaners hedropshicRosition ,S_ E%@’é‘ggal{‘?ﬂ Wit i IR
tolérafleedTdt RY&G1/2 8PGhe GRIalIeH Eo.0@BithdhsRIM ('le%g Band0D Yiicrons; less

roller 418. The mask 401 passes over the portion of
than 58 neicrongndresvem bpss tian 26 enidrons) & 2l dmth 424, &b theovaboguide 430

sl el R OE 9138 SRt PFeTRY Hab s S a g e
rolRE 43N& fEmek434)dnd & sédon@ r&I8irMg6 C TRE Famleeid4 agayi e giléted nto

However, there is additional control of the el ongation
anchpi of hecpgp 48 sltpvghat a pivot point at the edge of first roller 432 in order to

guide the substrate 400 and change its transverse position on driver roller 408, and
hence on drum 424. More details about a precision web guide suitable for this purpose
can be found in U.S. Patent Application Publication No. 2005/0109811 (Swanson et
al.).

Similarly for the mask 401, between the load cell 416 and the drive roller 418, a
precision web guide 440 receives the mask 401 and controls the transverse position of
the mask 401 based on the sensor 448 sensing the fiducials to determine the transverse
position. The transverse position of the mask 401 must also be within a precise

tolerance at the drum 424, so the web guide 440 adjusts the transverse position of the

11
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sensing the fiducials of both the substrate 400 and

the mask 401 to maintain the substrate 400 and nask
wWded7iomsopr oper registration to within a tol er alCEUS1006/027063

1/2 of the smallest feature dinmension (less than 100

m crons; |ess than 50 microns; or even less than 25

mcrons) in the direction of delivery to the drum 424.
maSe#8br Ti38els gride44@ heludesla Girsrallep 442 efranb 444, ane a46@nd

rollE P e 4L pedhe pblebn'd e eRpl R ees Sodoaet 2 bive
poikBetihé8doeBEYirfGoBet 443 i drdét B Silige MheinyRk 40l hid sh4438 1gnd
418 respectively to conpensate for the substrate 400

traggvetse positien P griver rpBerdi18gandeenaaigk dam1 424. Fur t her nor e,
bet ween the | oad cel 06, and the drive roll.er 408 for
¢ he AoTST 75 %Osit&tﬂ’, 5 l‘rﬁfsevg%} G RSyt %"é‘J‘ﬂ’ﬁb‘”P g% gdn be
usddnadehddntiaiof ad @DnamibrcedntroDdystehl) eSitdiRFAS VAT dengdtish tbftfol
of the substrate based .on the sensor 438, sensing the

systeng Gt} b sefl an ey wrakioR Vit cpp hp gedk idensadentiyg a thapsysaes

poé‘i‘ﬁ@fcd?ﬁﬁé? Jgndency to nove transversely on the
rollers, but i'n nost instances, the transverse

pos Alsiio BIGEnis thedeposition soured4d 24 whhin the gruecd Beerhitd depasition
eat ur.e_di ne

ma?f{riéﬁ %24 ﬁ??ﬁgilcl?%glm?%f %ﬁ@?fg e 'éélerﬁ tﬁa% tosigach the 6‘?-?§£ 3i8f2a%n

sublsB8R 400 3RerXBe BbAHRART heAlirchiiBerdhdiBrikédrufPa i EWHRO FIG. 4 has
gui de 430 adj usts the transverse position of the

beguroktadab #1G0DIn ®ies ofthisgontiguraBon being uskdsasanfinitigh deposition
roller.432, a.fr 34, and se roller 436. ,The

s i1k 5 Fnpr s B Bigcan iR Bab SERRE et ke hShiea s

sutsBQWNt Fllasés I Yidkatidas Whetthd iBHseslga00ks ddt psdcebdihg BiredB2rom
in order to guide the substrate 400 and change its

thetpregedipgrdsposiben phases b her ingtead besn|rewourgisirom ke presrdéngphase

- . iy g
en ot AT Shieh G BRAE ARPEESLRIRIERAVLEE
AiopFIC%_aEt ﬂfbmslauwfrﬂm)dirﬁm like ihai gtzEYCQ B?Q(ﬁdptlltlﬁcﬁd\]ﬁswgﬁﬂateiﬁloo is
.. SImlar or sk 401, between the | oad ce
Pro?ﬁ%dam&b E%ﬂaﬁ%ﬁm@nﬁs 8r Eé\rﬁali gsing aﬁéeﬁfgmsme pERfese>40.
Thé’ﬁ%&&l%bé‘?ﬁox%@%o@é@%‘ﬁg %gﬂ%ériﬂe ﬁ@ﬁlﬁélﬁ'tosth% Gﬁbsft{a?é@oee& $$oint

position of t mask ased on the sensor 44
whseerthe supstrite 50D dias t@hs into casaa mithrtbe theunfesamse ef the drum 524

ositign. The .transver ositiop of the mask 401 nust
ol o R gorl vyl 7 EeE S0F BrishenBe S« oSS epion miggents
arctdl@adel skt tARURABEMShciion rbFiRteIRNSS ROShintARedtetween
themask 401 . The web guide 440 includes a first
thersybsteate 4Upandethe masle SAYand Eatires of deeoritbuitey may badeposithd
f.r ape 4 e phivated in nd..out. of . t h a .
du%%a{\lf\in?s é}%s% \%%?ﬂg%tals% sn%uﬁ:aneougl}g dgposm%lé ﬁ(RlClaEs 5t RE& P Raterial.
Examples of how the pattern elements may be pre-formed onto the substrate by the
fiducial deposition process 540 include sputtering, vapor deposition, laser ablation or
laser marking, chemical milling, chemical etching, embossing, scratching, and printing.
In the embodiment of FIG. 5, the substrate 500 unwinds from reel 502, passes
through dancer 504 and over load cell 506 and is pulled by drive roller 508. The
substrate 500 passes over the portion of the circumference of the drum 524 including

the portion where the fiducial process 540 is aimed, is directed further over receiving

roller 510, and then proceeds to the next deposition stage or is rewound onto a rewind
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point at the edge of first roller 442 in order to
gui de the mask 401 and change its transverse position
w@roodioosser rol |l er 418, and hence on drum 424. PCT/US2006/027063
transverse position control systemcan be used in
conjunction with or can be used independently of an
el ongation control system Simlarly, an el ongation
reet ohtusptheslmsigatiorcan dpeedisittie substrotej A ds baing virtttolled as anFIG.

5. &eitEring® BRencin 0. &R auasB D! FoRtBameL abs e
thrbbh hneeP 5444n8 E‘V&ﬁo&?&ﬂﬂ 116 20 iSBhIRSdl b'?yl drﬁ%&oﬂ&rﬂgg IThe mask
apertures 450 of the drum 424 to reach the nmask

50 hpasesdyst thetpertigooidheeirqunafersoee @ﬁ;the dfum 5%4 and is dlrected further

nf d 4 b
o b D [ RERe ot P R onR oo Bl P BB g
eloig@ibnasd 3peddrifttheaskesiasit kiso beipB @8atrolldd a4iih FIBES.
appreci ated that the configuration of FIG 4 may al so
be Hewgversthsiais additippal ﬁﬁ’é‘é‘gé)f sy elangatian pathaPegA éas_fdtowe
sem g%ﬁé Alid 39 Of {8 xﬁh‘%k 58 H&ﬁg g%rﬁgr ﬁjz{ t%%éu tafr{ t‘BE‘rﬁa@E 501 in
pr€cedi ng deposition p ase, ead
prdpemgrsdaﬁasmm thédirqation ed deljveph asthe druin ﬁhfémth nhe Hiduoidd

hi h f d | .
porkeF g SOCH SR e TS B S Ed b 16 PSR b e be Ay SERaiabe
drl{lé‘ﬁ)tllef bes RUBSIpeAlfe fb@ bhel Radhr 09| @6 18hdiRe BATESIHP the fiducial

el ements or fiducials using a fiducial dep05|t|on
patpermiog peocEsk®40The fi duci al deposition process 540

aneF wiantsog bt Bedot sl AT B BMen e, b ver

guidk 580 BbRf e ahidfa prodscolrRd4hdiinsPérs®podifort HEhS Giablk 501
where the mask 501 reaches the drum_ Since the pattern

bassf epdl sensgred 3§|S¢@a@g/ﬁdwqi$ ale&leanasm@l de detemnine the transverse

PolGE.PAALOLSRhSSF AR5y 5 L 15,55 MR

rollzt 58611 They/framy Sbe nhe (be plivoret] i@t adagouit bf thephags s mowmcauh pivot
al so. si nul taneou}il y_deposjting fiduci algssgﬁféw% he sanme
I

Poighfidhe edge aElusHIPRY GF 1hECF HegtHdt thermpask PBRand shangs itpe
trafversk ?B%gn 8R bAvENEISUAS! 51?3 lﬁéin@é/ oh Ak sgci al

eposition process 540 i nclude sputtering, vapor
depésum FiB, 3, tlzesdapositibmtowee 516 loasted extamkily gf the lewn Ga# emits

cepeiigpger ok Roranb e Rk Copor st R EbEPpPaor e

cir@fRfetbnvt Belge ldF@mspgel 502, passes through dancer 504
and over load cell 506 and is gulled by drive roller

508 FIG HeshomssnreatbodBamt hike das obhky 4teh<@emh6tt itlegnsubptratp 600 is
bel(ﬁg dgllilxg'greed’ c%rec?ly%orﬁ h%recec%ng %ﬁase ad %pﬁ'osed % being delivered from an
unwind reel. As in FIG. 4, since the fiducial pattern elements are already in place,
precision registration may be maintained between the substrate 600 and the mask 601
and features of the circuitry may be deposited during this phase without also
simultaneously depositing fiducials of the same material.

In the embodiment of FIG. 6, the substrate 600 is received from the preceding
phase directly at a tension load cell 602 and is pulled by drive roller 608. The substrate
600 passes over the portion of the circumference of the drum 624 and is directed further

over receiving roller 610 and then proceeds to the next deposition stage or is rewound
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the portion where the fiducial process 540 is ained,
is directed further over receiving roller 510, and
w0 b@n/opssereeds to the next deposition stage orPCEHUS2006/027063
rewound onto a rew ndreel. Thus, the elongation and
speed of the substrate 500 is being controlled as in
FIG 3. Additionally, as happens in FIG 3, the nask
ontb @rewimdi raels Thernis nedhndst fr tbasﬂae‘sate 1600 figtthid pheser sGthd
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624. & ther misate eslzuzstma'rﬁs@ subpigate 66@1 glangaiwnam bg pradd by fadiusiang

| | G
e Rlvebed Refleth MR Riter BRLIRA R BR. sPciiehol s dappegy
FI@ng tisnasedt d0asesiads Bansda g1, asdek ditchidl danoér 1endwskr load
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celhoIfrnd ip EBH%WY&\‘WWOUW ¢18e Thiemeask68h PatsesieYar g gortien of the
cirk Bl EbEE i Bt B el e bR R RO T B
theh eresioune ontolal reW1r51]18e1t622C dipenbatlengationtané spaedlof Hiklmask
t | eadi ' the fiduci al tt '
ooE B 2Rl ALY e T cuctal paterng,
andThig ididdiioraPtdiiiol aithe cforBAEEH A1dAPeER:s8Y bA SemRRHY the

controls wthin a precise tollerance the transverse
fidpaoals of bethdlie substrate 6R0 BiR th aizaskl 66h ta meintan gwrsubgeate 600 and
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maf SR Orint S aiftatioR o R ERRC O el €S i R BiEed ) Sensor
638 sdnSés thoFilledials 33 thedsubkidre 60 dhilaBéhsar 6ACRAsksTB Fidlicials on

536. The franme 534 may be pivoted into and out of the

thepaask 683. Jhevlatite speqst RaswepuhasubstrateOsag anask 6P may be
adj [1?1341 Gla tﬁés a'rlvglroﬂggedb? tagcri] %g% %‘gpéé%f%ef%?s %Plgxgglg%%qog ﬁ'lg "fstrate

ransverse posi rver
60melﬂfeelaadm@rdnrlrag§a{gthé~majsh6(¥lG 3, the deposition source

526_1 ocat ed xternIIy f the dru 24 em
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608 AL B0 s G R B0 RO T Bitthe WP o] S loth P BRyDike
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del f d
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a ppet mel@hattth@e@skf&tf{r@ttrel_lﬁtﬁ@2am drdents grdkthe@ubsirate 600 and
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558 "Wt hou
Similarly for the mask 601, between the load cell 616 and the drive roller 618, a

precision web guide 640 receives the mask 601 and controls the transverse position of
the mask 601 based on the sensor 648 sensing the fiducials to determine the transverse
position. The web guide 640 includes a first roller 642, a frame 644, and a second
roller 646. The frame 644 may be pivoted into and out of the page as shown at a pivot
point at the edge of first roller 642 in order to guide the mask 601 and change its

transverse position on driver roller 618, and hence on drum 624.
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si mul t aneously depositing fiducials of the sane
material. In the enbodi nent of FIG 6, the substrate
weo®7iossoprcei ved fromthe precedi ng phase dir eRCT/YSBD6/627063
tension load cell 602 and is pulled by drive roller
608. The substrate 600 passes over the portion of the
circunference of the drum 624 and is directed further
oveAs ireEki. i, thy depodigon @lifceei2é witten ther dromei?d engtstdegosition
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torquel applied @ dable dried Alley ndsdreed Tirtcoassl @EﬂeﬁﬂOﬂﬁeb@Ves@QS
and drum 624. Additionally, as happens in FIG, 4, the
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of thepsEsdh &Rdmhst 719 atas 'sﬁ‘&nfé@ HiflPlrloRidr Sl Goadd on
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S tra dth sk 601 o int.ai
Th a3 b alifn 50 banei kg /U8 srrersivsst Gy thug e bk sseisigp
rotirf@efibof fouhed dabcttiedn ¥ five follet Hedréiil MHRA4w paey BIgsr opSBtion
senses the fiducials on the substrate 600 while sensor

70%6mR visien 8o uiphictofabsrrwera (786 gt pircothersrtepm signatp ¢o generate an

ouf ) . GRSy TR B 9 ORI RO
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ei.ther | eading or. | aggi ng.the mask 601 Furt hey nore
poganrolifie’ 10akick RGBTl e SRS Wigh ™ A by
mghﬂ substrate 600, a precision web guide 630 receives
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of Thefesdfstwaad gaibaiped anpitihy thefrsd for6d8l gan somigpltoperation

T S PR RS b ea e motor
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precision rotary sensor mounted on the armature of the motor that is driving a drive

roller or drum. The output of the summation is then provided to a low pass filter 720
whose output is then provided to a velocity controller 722.

The feed forward gain signal output by the feed forward gain operation 712 is
then provided to a velocity feed forward operation 716 which provides an output to a
feed forward gain operation 718 to produce a second feed forward gain signal. The
second feed forward gain signal is provided to a current feed forward operation 724 that

supplies an output to a feed forward gain operation 726. Additionally, the second feed
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Simlarly for the mask 601, between the |oad cell 616
and the drive roller 618, a precision web guide 640

WO e@aiovs®s2 t he mask 601 and control s the transvPeBES2006/027063
position of the mask 601 based on the sensor 648
sensing the fiducials to determ ne the transverse
position. The web guide 640 includes a first roller

for@a4i@, gain figeates Suamedawith theswpridf tel vebacitg 46ntraltes 722 andfrom a
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based on a | oad position feed back signal 703 being
indisetve efdatera pasitienopiissvebi (Thés caspapng is orovidel to priositigadeed
|
for&?&l &%Pﬂﬁ@?g (\:)\H‘lzcﬁ‘lgtr}]lélllg g{ﬂ@lﬂs (%% dssﬁ}c{n%gd ;’ ‘?\% 13&1%1}? o;)a?%h&
forevaxdi gaecarmiol epera)mOmI&tM)m Th I ow pass filter operation
704_provi.des an o t. observer 70 t hat u

t
i nt & %mmngrgwt dfa atsgmg}?dau pothen signpld %I@F?Ssa on
a 1&9 }’?%Slftlgﬁ ghadhcit sishardon %eﬁ)% r@hﬂ&f‘to?aol%v;&@ﬁﬁé’ﬂ R38R 804.

gnal that is negatively sunmed with the position
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operation 712 is summed with the outgut sig of the

outp@fsthﬁﬁ ip APRiisAtte o fpadpackiltesingripetation 88 ﬁmpr@m%h@ $ipia) that is
|
e 8 R P ATHR 5 LORlpd . 15 LR o et o

position controller 812 which outputs a signal that is summed with two additional

signals discussed below.

The feed forward gain signal output by feed forward gain control operation 810
is summed with the position controller output signal 812 along with a motor position
feed forward feedback signal that is output by position feed forward derivative
operation 809 and passed through a low pass filter 811 and that is based upon a
received motor position feedback signal 805. This signal 805 is received on the basis

of a high precision rotary sensor mounted directly on the armature of the motor that is
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operation 714 and is passed through a | ow pass filter

715 and that is based upon a received notor position
wo emdioesob2 si gnal 705. This signal 705 is recei Rerius1006027063

a high precision rotary sensor nounted on the armature

of the notor that is driving a drive roller or drum

The output of the sunmation is then provided to a | ow
mopg3hé iveb guidé ZRamsh e ootpup uf the Sutbewion ithen pabvidedao a low
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resllf & passddabionpl ngRhanhdbiher OREE 1826 asd & spAshdd With the output of
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progfﬁyggtqg%tit hE 2 el AR chYtdIRE %F? .g '}"}Q@E%T?Qﬁst gglg&olfep §2%‘H;ea é)&{b%ts a

vel oCcity contro ssed thro
cunnait ecdthamebtor thetris hidvirgy the %28 gaid fresnesummed with the

gar FIGRLARNSof Lhoebfkiogh ERuTHSC ke sPomef Sl ai e

maﬁﬁﬁﬁ&'ﬁﬁ?@ﬂ%%ﬁggﬂ&%&\%’éﬂ 1€ fidlcihRRY thel Bask Wil {8 Mducials of the
controller 730. The current controller 730 then

substratefostages of thertepositiorhproness ovherchfidudials aheialicady prestnt 0w

| | d Fl il i [ .
boSiaR. B8R PRRLR Vo bodlt youghorr S8 R o8 Nelesian
co@ft@n®b01 BEinpiS i hi BB dinkaedfré18 aaRfdoiety geh@ator. This

| ateral position of the substrate while a second one
cogmapd i IQdedie Bpwitipnfeekionyad apgration Opd Whishethpm pelputs the

[ B Ol t cei ves
polL KPR et B TGO oS AR
or i hapbstord canmhinkEoGlei’ aisogusyisidenith atthalaigaal that ikdased on
fiducials indicative of |ateral positiagn of, the b. |
a iPQS@eﬁ%%ﬁdﬁvaF% Sllgp%ixﬂogeajhwe Residicp ifesd tagke giep Afdrigieceived
on %ec;a@fs'o?'fheslgg%im'ilﬁm web ?Bsi?Hﬁ.WBﬁ s gé?ﬁl @aﬂsrb}%ﬂe%t frR&dbstrate or
forward signal to a feed forward dain control

maglppoatiom or §Ealiff¢reitecbeposin them. dbaweehgosition ifesdahekosignal 903
that.is bas

i THHERE 0 R Ao Bt Caee M3 bR arberaencd b B senger
an®P¥8sef duthiRis ApBedtd £ReelP4tk filtering operation 905 to provide the signal
summed with the position command 901. The signal resulting from this summation is
then fed to a position controller 910 which outputs a signal that is summed with two
additional signals as will be described in the following paragraph.

The feed forward gain signal output by the feed forward gain control operation
908 is summed with the signal output by the position controller 910 along with a web

feed forward open loop position compensation signal 912 that comes from the

trajectory generator. The output of the summation is a guide position command that is
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The | oad position feed back signal 803 is received on
the basis of a high precision |linear sensor nounted
wa@l2oogobd9y2 on t he web gui de frame. The feed former/us2006/027063
operation 804 provides an output to observers 806 that
use other internal signals to generate an output that
is applied to a feedback filtering operation 808 to
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thegﬂwtmlooﬁlmﬁplaeﬁxbdﬁsmtmt to a feed forward gain
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other filters 826 and i s sumed w g out put of the
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rent contro e current cont
cirdunefarenckt pilths deune 1024while thetelvs rofbdrd010 daects ﬁlerrmsikri@ot heay

we ui d ane. FIG 9 shows an illustrative web
ﬁ”ﬁﬂﬁ%ﬂT ?Q%Qistration control system 900 that
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observer is a control system technique wherein the Value of one variable is estimated
based upon known values of other variables. Observers improve control system
performance by reducing a variable’s measurement lag, increasing its accuracy, or
providing the value of a variable that is difficult or impossible to measure directly. The
virtual tension observer 1054 then calculates the tension of the webs based on the
position feedback provided to the strain controller 1052 and the material parameters for

the substrate and the mask, and generates the proper tension setpoints to upstream

controllers, as wells as additional corrective position command offsets that may be
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conmand 901 as input, and this command origi nates from

a trajectory generator. This conmand is provided to a
w@oa7nosm f eed forward operati on 902 whi ch t hePCDUS0$/627063

the position feed forward signal to a feed forward

gain control operation 908. The position command 901

is also summed with another signal that is based on a
addediso pilsdrtdrion réléed Brokirteil ganalonIb3ervd@ihie ablelio pggnate omnging

feed back .si gna 3 s received. on the basis of .the
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bet ween them The web position feedback signal 903 is
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signal . gener at e he sensor and whose output is
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mabP{RIALRER cbf%ﬁf&ti@ﬁ%bérht%h LOAPENSHAOR B8R 1R 1bstrate is

that conmes fromthe trajectory generator. The out put

calolatefl dorsthersuitsirate at saleulgtivroepepivnt 160 vdvlertantime fatarget for the

iSst he rovi.de t he b i tion,controller shown
mash saleubied efiontsfion Oferdfeh D%, Hese g terog € aibhr ey o
valhe Ma‘ldﬁ@até@&t%lcﬁﬂaﬁoﬁ RferatiGPl 1083 Wh@ﬂﬂ thig viaRRd !&_n&i dpRéd
918 is provided to the notor position and velocity

straip it thelwadx Brsad ot net . rpasted lonisgatpulatado celpulation

. | ' NOSi 1 i
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strgiprtion of one illustrative enbodi nent where the

. fiducial registration is i nt ai ned between the mas
' andFfel 5198 aaceample gt F@Uﬁ%ra?mékla&wr@&efﬂe%%w@ that may
be FdcARd%h tﬂ@&b@l&&t@ ans ﬂ'&rmé&%ll‘ @,ggot&ﬁ b SbritdifRld @B lateral and

tol erance to di nensions of an 100 mtcrons, |ess
longftadindl0pasitone asd memtavieg preaes ragisimatias betiveen He. twoheebs. As

. Sub t 000 hy del i | I 1002 t

cisgiREL AR Dt DT GurileTBan bR B irPB oL PO 1R 905 R e

web@dEingaunitaehot Of HealBosiidfproddten, the substrate passes
by the sensor 1048 that detects the | ongitudinal

andAsrshpwn é Biis eahples dhe lpisral oTprossweb/dycial negy becalgne 1202
el R0 (8L GHERTELRAR L 0t NS PONARkH O FRhOGH bk
1200. An edge 1201 of the web 1200 may not be located in a precise relationship to the
crossweb fiducial line 1202 or any deposition patterns on the web 1200. From sensing
the location of the line 1202 in the lateral direction, it can be determined whether the
web 1200 is in the proper location or whether a web guide adjustment is necessary to
realign the web in the lateral direction.

As is also shown in this example, the longitudinal or machine direction fiducial

may be a series of marks 1204 spaced a fixed distance from one another in the machine

direction. From sensing the position of a mark 1204 in the series, it can be determined
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onto the portion of the circunference of the drum 1024
and then exit roller 1020 directs the substrate 1000
worowoosInext destination. The nmask 1001 ent er BCHUSENG6/027063
gui de 1030 having rollers 1032 and 1036 nounted to a
frame 1034. The mask 1001 passes a sensor 1038 that
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ﬁdwﬁ%%ﬁg%% ofr OLELr 153b! él@s%ﬁﬁ%%%a cﬁﬂé Fées

contro stem performance by reducing a varia
meahe sameort 131a@utpunsrdiesied o b tenl daeumagy date acquigtiomprogess

the value of a variable that is difficult or
13 ]i4n‘§8§§?‘16‘P’é i @Cﬂlﬁglgl}ﬁ%swvr&m tlﬁrﬁ@fl {imetifpage fadpgpepisition

prof83aRY£ bf Hodnb MR G HULALRS A RRitToRSiRMcO 3 1 NBoMBRS
based on the position feedback provided to the strain

longitwdina|costrolisySi2maiorithe vesbrireiner sensedghatsyachapsizésahe chpure of

substra t he k, a enerat.es th r oper.
theEREPR AT Bl Do ises 1 hs AR e Ghee 18a RRTion mogess
dir@sidhink |0Q13)@t ofDdigRElinBe ROS Bt PRIddssaidf Sotetn 118t The
~may beadded to either drive roller.. The virtual
digitaligiagn petsstsingetysiem kibanglyzesshe ¢ iragas te Waisegning how far the
r ,
AT BT Rl RS abd fm P HERR 106bA, heloshilf error
13 ¥80fen chel 1 ongitidiran btymaamwdlkboﬁon Redvepit téil loagitidinal direction
Publ i cati on, 2005/ 0137, 738 Al.. The virtual tenfs on
corgiod gysian forghe weh oping sersed adils ﬂéPrIPQF@(’éH ek 1 32 Taor tlee lateral or
r 1 shows the
oro T iRt RN E 6 Mo d ol e o 082
co nFL(hdI‘h sbnws\nandrthtmﬂustraltlw ambodinenoof thb sersugy sysi®sufor a web.

he Ltion of the.substrate i ad om se
In fysathotipeouti sebip Syt Pt TaBe 1AF] SRR SOgRenee
sen@br ik B@lnmé‘d fop tHeei@Qgﬁddﬁml AREGH, TUE KD 1302 ﬂi@§th*e'1&[g1tudmal
operation 1112, The unstrained length to target for

fidedia rs@rbmgs ated angl tbaﬂ&t@ahﬁ@wlaémaé@mgm%&fi o fdsp@veétlﬁe?a passes
betwegn a %1 fer ?46??51& 1 Isotllelaimd one se%tsct)]r 1928 88 he 18ng1{ur2ﬁenal

fiducial markings 1404 while another sensor 1414 senses the lateral fiducial marking

1406. The sensor 1412 used for the longitudinal sensing may be a standard light
emitting diode (LED)/photodiode with a photo detector circuit with a fast response
time. The sensor 1414 used for the lateral sensing may be a camera such as a Keyence
LS-7500 series CCD camera with built-in high speed processing.

The output from the sensor 1412 is provided to the photodetector circuit 1416
where the fiducial may be observed and where it may be determined how far the actual

location of the longitudinal fiducial marking is from the expected location. The
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mask is cal cul ated at cal cul ati on operation 1114. The
time to target for the substrate is calculated for the
waemsosabe at cal cul ati on operation 1106 whi | eP¢hesS1006re27063
to target for the mask is calculated at cal cul ation
operation 1116. Based on the tinme to target, a new e
value is calculated at cal cul ati on operation 1108,
positiver erdr ik $8 faltheelongitedisad or saadeise diectmmnrisputpitntotthe web.

sed .on the ne a requi.red . Tsp is calcul ated at
long g i e P EPaL PO e WREPEnS TS al ue
I ePTRSSRpS: fdIR tHARAIRN 41 L BYrb@ded & 188 Akl Fbcdshifg 18Y@bf
of strain FIG 12 shows an exanple of the fiduci al

the wampiarigleeroit npast heedeterminadehomsiar thetactray logationoefahe thtesal

t he supstrate d the sk..for—pur es_of i
fialgif AR BEmaRY il 8 PRIE Rl 1327 b, gt
or R6BPRD diredidt ik atipantolthé webguide@ohtnél sygbs., As di scussed

above, these fiducial markings may be pre-patterned._ or

naynpsotes atpesly a eshadedf cantinupysly deppsitingmgipaiabis preyaded
usifiERPbphfifls REQFBAT b, TE b SR AR fisty Myering o
subistsata fifoix® subdirste alebiecrf ralbar cdeble cohfimmuplgtreaiviag the dobstrate

I og.at ed, on the .substlrate or, mask .1200. An edgre 1201 o
ontp g 1r§\1}éﬂbﬁt@®reﬁgqugdp lereWhereiny 8 sy%jcratemaé%zp Qyer a portion of a
cir%ﬁhefehe@ém farst @rub'Rh &l 9&%&%& Is%sgﬂg@é dlglli'v&'%r réﬁé}?anerthéﬁﬁbst

eposi tion patterns on the we . From’sensing the
subswatatr¢ooiving rollee Themethod furiher itvelves wdilalconimmusly alalivéring

.be deternined wheth b 1200 is.in t

and e i S ottt del Peal s B mesk

delVeBe®IaF Whil®cdtmubesly tdaeiviMalahé firdt Rtisk hlrAfirstinb@Ciet&ing
As is also shown in this exanple, the |ongitudinal_ or

rollgn ¢tierrin dherferst mavk paswg oven a wgmb ef acisamisiense ohhe st drum

wh&¥94tw%&?§1%qir& rﬁési%ed‘ég%r%&&ﬂs?%nﬁ El%’%r@ﬂ%aﬁﬂ%w@i'h L BdrGd
miC?‘II ne direction. Fom sensing the position gfr a mark

whd2fidthe ffirdt heask Gas £ plurdlity obupehraddbemning adgnvipattaerandaeleast a

web 00 is at, the proper |ongitudinal posjtion. .. .
porfign ot ﬁwp%ur_a%b@gei % leasth disagnsiontd 167 Wlﬁr@n&ébieﬁ o‘gd%ﬁm%ﬁllya
e Lo A SRy il RS ARG Ll e bRt nd the
firse masld icoptimyouslysiiregling & Hrsé depoisBiobenaigrial S & dirst ldepdsitidne

L R e R R
thelfatiirah shildhat il HRPsHOAD HBH Pnatéal H&T&&‘G@i*ﬁbdlcﬁpt%e BasHak.
between a roller 1308 and a roller 1310, a sensor 1312

sen$bemgtiod cap durthen givoligi ceatingqualyclelivening thie sestra@gom the
first Qlﬂ)s{rgt% rlec%g\grrlg Iroller while continuously receiving the substrate onto a second
substrate receiving roller, wherein the substrate passes over a portion of a
circumference of a second drum when between the first substrate receiving roller and
the second substrate receiving roller. The method still further involves continuously
delivering a second mask from a second mask delivery roller while continuously
receiving the second mask onto a second mask receiving roller, wherein the second
mask passes over a portion of a circumference of the second drum when between the

second mask delivery roller and the second mask receiving roller and wherein the

second mask has a plurality of apertures forming a second pattern. Additionally, the
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fiducial marking 1306. The sensor 1312 nmay be a line
scan or area canera. The sensor 1312 output is

walkoogoosdz t o a real tine inmage data acqui siti OPCPUSINE&E827063
1314. In addition to receiving the sensor output, the
real tinme inmage data acquisition process 1314 of this
enbodi nent al so receives a position reference 131 1

meihlod rinnxtoﬂw:s Iwhikgi couthuvaklyclehiverolg %lylsre@iwiﬁg thet snbstratharsetheg

Sﬁq EH Lzes the apt t % OSi t|o

56081? ’E“ﬁ Y PR MEARTEO THE OF! 8P “ﬁ aese&B’t‘

depRSifidh §bﬁrb@fbvﬂﬁ&) & 9@1&10@1' of @i SecdiemBK tRaktis Gf/er&h@i?@l&*tlbﬁ bf the
image to a digital inage processing system 1316. The

mr@urrgfblteme ¢ﬁfhgeeq9n@d@mm@t gt dhespcamd patterm p/seeend ¢eposition

far the lateral and
1naeg§ ﬂgégﬂngnggﬁlfron1their expected | ocati ons.

Th e\hﬂﬁ)léltlﬁd dRer@lohdas baékﬁpafrtﬁid’uldrlyesﬂowa@inﬂlﬂéisd’iﬂied G)sflth reference to
machi ne direction is output to the Iongltudln

vargus epppéimeatsiherset, sty@%lémméﬁrsmé bydhosg skitlgd dnthesgt that
var%% ofhel E&€%Q§ Nl th@Forf! dnddefaRie gnag/oc{e hie tbé’eﬁf\@ﬁh&ﬁ departing

oSswe ifrectron 1s output to the web guide contro
fromythd: gpirit ﬁictécoﬁeﬂ,oﬁmemeanmt her illustrative enbodi nent
of the sensing systemfor a web. In this enbodi nent,
one sensor is being used for the lateral direction
whi | e anot her sensor is being used for the
| ongi tudi nal direction. The web 1402 has the
| ongi tudi nal fiducial markings 1404 and the |atera
fiducial markings 1406. As the web 1402 passes between
a roller 1408 and a roller 1410, one sensor 1412
senses the | ongitudinal fiducial markings 1404 while
anot her sensor 1414 senses the lateral fiducia
mar ki ng 1406. The sensor 1412 used for the
| ongi tudi nal sensing may be a standard |ight emtting
di ode (LED)/ photodi ode with a photo detector circuit
with a fast response tinme. The sensor 1414 used for
the lateral sensing may be a canmera such as a Keyence
LS- 7500 series CCD canmera with built-in high speed
processi ng. The output fromthe sensor 1412 is
provided to the photodetector circuit 1416 where the
fiducial may be observed and where it nay be
determ ned how far the actual |ocation of the
| ongi tudi nal fiducial marking is fromthe expected
| ocation. Theposition error 1418 for the |ongitudina
or machine direction is output to the |ongitudina
direction control systemfor the web being sensed. The
output fromthe sensor 1414 is provided to the imge
processing 1420 of the canera where it may be
determ ned how far the actual |ocation of the latera
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fiducial marking is fromthe expected |ocation. The
position error 1422 for the lateral or crossweb
wal2oogobssen i s output to the web gui de control BEBEUSIMG/027063
I n anot her aspect, a nethod of continuously depositing
material is provided using the apparatus described
above. The nethod invol ves continuously delivering a
substrate froma substrate delivery roller while
cont jnuously receiving the substrate onto a first
VH§DE§FW8? St eceiving roller, wherein the substrate
1. Pasgf aﬂ%ﬁhs forRBAfNRsIGdefosHilCa P RILOCRaR ialPorf d §ubtrate,
drum when between the Substrate delivery roller and
comrisirfgi:r st substrate receiving roller. The net hod
further, invol.ves i l.e coptinuously deliyering and
recdf ﬁﬁ@tetdﬁ VUL grtogl, ngghgi?ensﬁl ﬁtg"}tefllsodéayliw\a/rgai ng a
fi rstirshBstrite@Bdedvihg foller BFskwhieh thessuPsitae {saecedd sich that
continuously receiving the first mask onto a first

the sefestrateeasiangs frgny e sehsiratgristivers rolias to thesubsispixresaiyinggroller,
e BB SR SERTAE SR gl
recéivingtrolt@sk receiving roller and wherein the first mask

has plurality of apertures fornging a first pattern
and® Hist resls ponfaipgineperurss dﬁtfﬁgn% Brst Hpen pslhrels qng g ore of

' ' f s I . itionally, the
the ALTRAE e e inienioR SR 100 ntGS% /81 ver s ng and
r ecefiwt nysk Helivwobsilenfremantch the firstrrsgsknmdélivered;

conti.nyously ditecting a first.d sition materia

Fr GhiiE Ak feegiiiarl PooagUt gb e SRa ek ThBRe neo (P dhe
madl &:3EndI8Kn tHRFhask HeBVEY réIRE tPRethRR r&eivif€roller, the first mask

circunference of the first drumsuch that the first,
conpianeustnpassingifrom theeireimask delivers polidr te thedhstmask receiving
opgubstrate. The method can further involve continuously

del i ver i ng the substrate fromthe first substrate

r ecgfivst dini apdrewhishithesubeite BBk yhaklecarhy Indg cdriact over a
substrate onto a second substrate receiving rol

| er,,
porjipe peths citremigce oA the igasdem kepusengepyeryitenn die Sél%_gtrate and
ma u%&mﬁ%ﬁ%&d%ceﬁtiﬁﬁ gﬁ%dthg E%r%(\% @Hd Qﬁtsﬁ"?&@i\@ ! ollbfsSthe

strate receiving er a e second su rate
first dxmed vormmuowdly sotatinphendret hod still further invol ves

conti.nuqusl y. delivering a second mask from a secand
sk ER APRRSTtom S11Cg poRAP RS 10 GARRMOUTR IUrer et JPRE UPRe
maRBGPRNFPEK pBRid %tﬁ@;ﬁ%ﬂﬁam& ik 8¢ & t4é PrtioAlof @t

_Wherein the secon passes over a gortl on of a
cirginrerenteelthe drsidrurh sudeibairad lastmpatiom obde dieglepeition

RS b R B (P05 S e o

patfkt!bdht FiYstPhatéid oh WheSubb@4te] ng a second pattern.
Addi tionally, thenethod involves while continuously

delivering and receiving the substrate and the

2. The apparatus of claim 1, wherein the first mask is a polymeric mask.

3. The apparatus of claim 1, wherein the one or more of the apertures of the first

mask have a least dimension of 10 microns or less.
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second mask, continuously directing a second
deposition material froma second deposition source
WO ovan08992 porti on of the second mask that is ORET/UBID06/027063
portion of the circunference of the second drum such
that the second pattern of second deposition nmateri al
is deposited on the substrate. Wile the invention has
4, beeﬁhqoappairatmd ofrcllqims]hcﬁmheandnplﬁs'ngi bed vvi th reference
to varioys i ments there ._be under st ood
by ¥ 5% SHSRFIRGERROR FRstiar £oiah b mhingeies b pieTe e Tiges
elohdhtioR®f ﬁ{érs’&b?eﬂﬁ'e ﬁ'ﬁh@ﬂir@ctféﬁ)bf Q@h\?@ﬁ ﬁ‘ohﬂﬁé @hﬁktl’é’tetdéﬁ%ry roller
eparting fromthe spirit and scope of
to the ﬁ@m timm asNha tsubstratel eointes dntp sontact cmqr a pp@noapﬁ ¢hefadpecumterence
Q“@ g tauous%g depositing a pattern of material on a
BoLY Fat onprising: a substrate delivery roller

f r oafivdd bk tldgg&loadonRblesybemaBhl Mahedhs apréidefimined .
substrate rece|V|n%broIIer Fon whi ch the substrate is

elongagien pé thedfirstmagdn Taedirestipn pf daliveniiramdhe fispmagipdelivery
roll%yﬁsthé ﬁ¥5? e A u%ﬁ{eﬁr%t%ésﬁ cob@s 16 F&HQ&%Q@J a%érﬁ&? by tlllgg

e continuously passing fromt
cummhhmnaiakﬂeﬁnwdnynxolIer to the substrate receiving
roller; a first mask containing apertures defining a
first pattern, wherein one or nore of the apertures

5. havepdalaasts sH st eiiek «dABrighgr ons or less; a first
mask del'ivery roller fromwhich tThe first mask is

d eI a ﬁmt edbstrateftiansversegmsitiopcontyomystenl indudingarvethgude that

L K h that th k ds.
i e B YR LR SE Ty YOTTEF P e R RS e e ion
on fiRlflr&rdruthgnd i r st mask conti nuously paSS|ng fromthe

first mask delivery roller to the first mask receiving
r ol & 8pst mgpsk frangverse @mlth@ pomtfell eystern énclding ¢ aitek ity that

adjaétg ik ¢ nrgﬁg%rs%gﬂgg%tfo P qﬁ}éﬁ%%skqg th%frB gﬁ' Ir%svteﬁ locatlon

circunterenc Ween I'Very

on thedirstuldair at e and nask del i very roIIer and receptlon
onto the substrate and mask receiving rollers, the
first drumcontinuously rotating; and a first

6 SoPaR BSOS iEeTt nuoieL) G oxt
f | r sﬁrstralsﬂstmtwatans'sermmlttoh@opmlt systemahchublimg a web guide that

adjusts the transverse position of the substrate to a pre-determined transverse location
on the first drum; and

a first mask transverse position control system including a web guide that
adjusts the transverse position of the first mask to a pre-determined transverse location
on the first drum,

wherein the first mask further comprises pattern elements, the apparatus further
comprising at least one mask sensor, the at least one mask sensor generating a signal
based on sensing the pattern elements of the first mask, the at least one mask sensor

being utilized by the first mask elongation control system and the first mask transverse

position control system.
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circunference of the first drumsuch that at |east a
portion of the first deposition material passes
WO boodoog9t he apertures of the first mask to  PCT/US2006/027063
conti nuously deposit the first pattern of the first
material on the substrate. 2. The apparatus of claim
1, wherein the first mask is a polyneric mask. 3. The
7. appBliesdpparatfs oflckim 61 whetesr thie subditeorommisenpatieroélembats, the
apertures of the first mask have a | east, dinensian
copaln BB OpprRBeat g e s Al Rrorofe o fpafons sebvirde
senfdHdeNEELSOABEh A HASd ¢h Jehsing IRUREEMAISn&ItO BPRE s@ktrate, the at
control systemthat nmintalns a pre-determ ned

leastlone gedstraie sofisor heing utiizaddyethe pubstratedlongetipmeonsrol system and
del ivery fromthe. substrat elivery roller to the
the SRR S £ BRI EelErme 1 ht o contact. over a

portion of the circunference of the first drum and a
first mask el ongation control systemthat maintains

8. pr eThpeanparatuscd ckatwng atbcesin Bie subiirafq is 41 diseed gontact Wigh the first
! . ! . § _
arofl e S P A bR St SR B e
in direot @stacowith the pstrate ovafthé pertion bE thefoincembeent dftie first
rat us ,of ¢l ai

firs rum 5.  The appa 1,  further
g PBFARGS g TSP BRI S POSRGTARLE 95akps Pifror to the
firsE @it Qlch S MR MidsPmbidis Mebated MR By it s itRBhte AAH Ut fBrst he

transverse position of the substrate to a
depositiodedwrer ned transverse | ocation on the first drum
and a first mask transverse position control system
i ncluding a web gui de that adjusts the transverse

9. POSThd S¥pafitud d¥eeldi B bwH¥BeH tHeGfirst &ﬁﬁ'iﬂ@h@ésrﬁ_Feﬁdres spaced
transverse location on the first drum 6. The

abogip hercincwafesencs| wherein, the Grst mask ésgmgireet qegtackwith th first drum
t ! o
an SR 8 EB LA RV LR BREH b B0 FORRRinc EUPIE ML hRGrein

ransverse p
thetshibstaitdois tin air&ct tontactpridr e fiest Mask dventhe pygioaef tlecat i on

.on the first drum an first sk transverse, ..
cirgaferepemoliaf firg |dn§958@gﬁﬂwﬁe_en R g dePREiHoR §PweS ispgpitioned on
thegl?ﬂgf:lgx[ Gt th Brst ﬁﬁ?yﬁz‘hscﬁat@ﬂ@{hts{ RRsiofs 16L& d betHled @S guﬁs%at%

etermned transverse |location on the first drum
and the first deposition source.

10.  The apparatus of claim 1, further comprising:

a second mask containing apertures defining a second pattern, wherein one or
more of the apertures have a least dimension of 100 microns or less;

a second mask delivery roller from which the second mask is delivered;

a second mask receiving roller upon which the second mask is received such
that the second polymeric mask extends from the mask delivery roller to the mask
receiving roller, the second mask continuously passing from the second mask delivery
roller to the second mask receiving roller;

a second substrate receiving roller upon which the substrate is received, the
substrate continuously passing from the first substrate receiving roller to the second

substrate receiving roller;
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wherein the first mask further conprises pattern

el ements, the apparatus further conprising at | east
won@7ne®k2 sensor, the at | east one nmask sensorPCT/US2006/027063

generating a signal based on sensing the pattern

el ements of the first mask, the at | east one nmask

sensor being utilized by the first nmask el ongation

c on4 seebnd ysmenparshich éief subsitaterarskibe seqvad erask cpusiintp gantact

cont r.ol tem7.. The ar at us ,of ai m 6, ,wherei.n.
ovey ﬂé’%‘lﬂ?ﬁ@? ‘ér%}ﬁﬁﬁﬁfl%“e%%ﬁ%ﬁ‘@}@ dgmy agicgond fym Teceiving the
subdPRabadiésn Y suBSiFat€ RIFBIVIY roferdind tBASdco AN QULSHAS hréRivng
sensor, the at |east one substrate sensor generating a

rOlbr,%hﬁaieC@at@@ﬁmvnﬁeh@SbgmMﬁ@gpm ern el enents of the
t L t he. | . i -
ot 1 P BhE e ichieal B BhofiOSaiH et AseseBld position

mafig] fohardapstibabe tHelsaftgansk thnss bved fheoutiowbf thyst em
8. The aptpar atus of claiml, wherein the_ substrate is,
cirquinfgnepescel theptcand diym puchibatrat feast apastionokine serong depesgipn

. : : .
e RS U LR of B8 L A MepREDS bt
of thy e¢cohth emaperial boto thé sublseeatei r cunf erence of the first

drum and wherein the first deposition source is

positioned at a |location exterior to the first drum

11.SUCHhd BAsHardthCofl didil 10TRGkhet Sohp§@hed between the

substrate and the first deposition source. 9. The
appaseond sdfstrelealongatiombentsil fysteme that meintainsiaprenddtersuned

apertur.es spaced. about the ci,fcunferenge, wherein.th
clof§ifioh ¥ i SPRRTR ufiRP lretlh, gkl BioRT o8 sy PEIgPeiiie
rollRPEH thE 3Ol AR RS THe BB Fra/@mdshiftoRentaticdvePh pbhRdn of the

circunference of the first drum wherein the substrate

cirqusnfeyenel pletbe secontd dedmygndh t he first mask over the
pory | ' it e
o Sn g BB GBSl LSl S
elohfeionif éid setomaf mhdkeinfthe diiection of deiblerst frain théisecbhd atask
mask is | ogat ed between _ t he S;ibSt ate and the first

delyeporstlier wrihe sqseae druppas threse ARask Gomet 19 §qTct over a portion

of thEELBGH RFAEBLE Hleldcord GAONT MBSk containing apertur es
efining a second pattern, wherein one or nore of the

apertures have a | east dinension of 100 m crons or
| es

: a second sk livery raoller fromwhich the
12'secihﬁam§arzu§%f_°g§m Ug ?erﬁx@g’f:‘%‘ﬁ%‘_ mask recei ving
r ol b 8écotB 9fbstatcCihnk @ sSHsiatth JBBRE] dyStehLipBlundRg Skeguide that
that the second polyneric nmask extends from the mask :

adjgeth thedrapsyassd rasitton afitlee sibsikate to a pre-determined transverse location

on the second drum; and
a second mask transverse position control system including a web guide that
adjusts the transverse position of the second mask to a pre-determined transverse

location on the second drum.

13.  The apparatus of claim 11, wherein the second mask includes pattern elements,
wherein apertures of the first mask cause the material from the first deposition source to
be deposited onto the substrate to form pattern elements, and wherein the second mask

elongation control system comprises a sensor that produces a signal by sensing the
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receiving roller, the second mask conti nuously passing

fromthe second mask delivery roller to the second
woRek/008eEi ving roller; a second substrate recPCTURY06/027063

rol | er upon which the substrate is received, the

substrate continuously passing fromthe first

substrate receiving roller to the second substrate
pattescelementy of thielsebstamtesarichel signalris uiplaredbiyi thérsachrd mask

trat t X d i nt tact
clogifon S Hlgnds AOURRES BROETBF FRBedist sarsiigme Y B
maReEPPRHPEF MPnhREEHMILE Pattdis cRulais TR R6MERASK WA the pattern.
substrate receiving roller and the second substrate

elements p{/the gubsiiatesin the disectien oh delivemneicba s¢aend masly between the
N and [ {ion source positioned to
Secélg&n'?%ér%ﬁ%&lg?{} rgﬁ?é%}%q{s}%%%ﬁ’g@é}e%%si tion material toward
a portion of the second mask that is over the portion
of the circunference of the_second drum such that

2 [ at
14.1 e abhe appaetys fislam Y0n@vhsrsibihe sulsiats 16 it hTeh Captpci with the
IOl t . 0
soolFE 58y Wik RIS ANRLHL B Lolfadt SAANHe Misaleiimd |
wherbm thelbsbndtlepositibn sbhree dppmsitained aod locht@mexi@jorfto thetsecond
Co i.sing: a second substrate el ongatjion coptrol
droy S ¢ ks bt is 1001 etinen i THCS G BRI GrP
defoB€iofYbgté.ate in the direction of delivery fromthe

substrate receiving roller to the second drum as the
substrate cones into contact over a portion of the

15.6) ORGSR WSt AP Tu 6 et spaced

abopt Bredatemnfiraed, ehasiahé estodd niableisSadonet sratikst with thessecond
direction of delivery fromthe second mask delivery
druppandespansothe prerbBeoHdhel pesrnd §runh vheeein Hie syhsikate g glirect

o 045580 A oSN BLL GHT BLAOEE Sonc
on fherihtegor efathgsécond druna swhahaidhssdoshd agk is acrsaddresween the

posi ti contro|l systemincluding a web guide that
Subé@?tﬁ%@H?WECQMWQQI%S%@'ti on of the substrate to a
pre-determ ned transverse | ocation on the second drum
and a second mask transverse position control system
16.i ncThelapmgravseficlgo Uk wheedin thdjseerind mask is pelyggdese
position of the second mask to a pre-determ ned
transverse

17.  The apparatus of claim 10, wherein the least dimension of the one or more

apertures of the second mask is 10 microns or less.
18.  The apparatus of claim 4, wherein the first substrate elongation control system

and the first mask elongation control system operate to maintain a registration tolerance

between the substrate and the mask to less than 50 microns.
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| ocati on on the second drum 13. The apparatus of

claim1l, wherein the second mask includes pattern
web@mmoss2 wherein apertures of the first maskPCHUSE06/027063

the material fromthe first deposition source to be

deposited onto the substrate to formpattern el enents,

and wherein the second mask el ongation control system
19.conpniapprsatas fervsotintdusly deporitingspaitesi ghabtehipl gensibsyate,

t hepattern el ements of the substrate and the signal is
CoOmpNYi% ed by the second nask el ongation control system

t o aglivdirhteldBRvEY Sole onedhRh eNOAibk@dte &f ddliveregecond
mask to mmintaih proper alignnent of the pattern

el eréirst substratehecedeing rallenapdn which thenwibpizate ey igcadyeshiieh ghat
foth bstrate, in the. dir. [ el i .
the $hbAf GURS R p{ik RubstEieCdiTEY rBfrlh bl il
the auisktiateeconafgndlydsadsing frdm the eutapprrdelivearyeblleltaita dibstrate
wherein the substrate is in direct contact with the
receluwgAaller; um wherein the second mask is in direct
con i . 0.t he second
dep%gﬁt |1ﬁc/)é‘h1£ E%lﬁéﬁgg%%?éfg%lg% ta?%ne%aﬁlﬁg%%ghti on exterior
t o 4 hisst smslodeivdtryrolsufhmt wisith tHedirstanaskds delstereds
| ocat.ed between.t he_ _substr at, nd. t he second.
depbBIE PR Bog s ToNS! PR b didnesk 16 P Hed gich tht th
ma¥lOSHE R FoREIRGEAR AT HING 3 1IR AR SELIBS rIRBARS first mask
a_bout t he Ci rcunference, wherein the second mask is in
coniinnewsly passingdtonnihelfirstrreaskalsbnety dellante e fypmeask eciving
2 yertures of the second drum wherein the substrate is
]1 direct contact with the second mask, and wherein
t hea §at dAh dpROFhichele SOUEAE ahS iR Eblty'maﬁe thaBR cbfe into

interior of the second drum such, that the second mask
contagt pyer Regtigreelibe rireyralesqnss of Be dirgshumhstvegeasigvery from the

ki T ' o
BRSSP0 SOUCEF Ao ARRRA 2 sy LA eceiin
rollepp diedirstsdraih cohdnwoutly, rotakieg:ei n t he | east di nensi on of

the qne or ppre apertures of the second k is 10
i of GRS dgpositiusotikg Posifigned {8 cpuinpously d&egﬁaﬁﬁ%@eﬂ%@%i n

ma%e?i%l {owﬁg% t&l% iyleﬁwnaaﬁheehgﬂgﬁsﬂ flﬁﬁt SO0t @k psheMand the

Irs ongation control system operate to

cirgraifateathofithe digit shrura sudrthatolt dsasirceortion wethe firsigleposition
ubstrate. and, t.he mask to.l t han 50 m crqgns.19.
mof e S dlen e sn of e e ot R g ST Rrpy i
patteidh 6f thalfir@inAebd R tthad®str@4ONPri sing: a substrate
delivery roller fromwhich the substrate is delivered;

a first substrate elongation control system that maintains a pre-determined
elongation of the substrate in the direction of delivery from the substrate delivery roller
to the first drum as the substrate comes into contact over a portion of the circumference
of the first drum,;

a first mask elongation control system that maintains a pre-determined
elongation of the first mask in the direction of delivery from the first mask delivery

roller to the first drum as the first mask comes into contact over a portion of the

circumference of the first drum;
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a first substrate receiving roller upon which the
substrate is received such that the substrate extends

wo ec@miovde2 substrate delivery roller to the sSubBtT/EE®06/027063
receiving roller, the substrate continuously passing
fromthe substrate delivery roller to the substrate
receiving roller; a first mask contai ning apertures
def a fitsh guisstrhfertsnsyeate msitionaohirelsystamsikeldéing wevsb gudd dnt
Jromwhich the first .mask is delivered;.a first sk ..

e eI SRS o S oA s ek i eterinig HeaSyeaapintion

on HeGHisttdrdh; 4l mask extends fromthe mask delivery

roller to the mask receiving roller, the first mask
cona first oask raprysest pgsitipm portited systens inoheding @ eebguidg that

.roller to the first S ecei.ving roller: f] :
achfi i bt e R ot DR B & et Tl bR Jocagon
onﬂﬁﬁﬁg&ﬂ@g_contact over a portion of the circunference

of the first drum between delivery fromthe substrate

and mask delivery roller and reception onto the

sub VA2 reQll p LSt drum
20, b BB o TRl 1 R e iRy P mEhE e

positioned to continuously direct first deposition

material toward the portion of the first mask that. is
21.gueihe RPN Filaier 1% RéoEsn eRfeTaReis Of thirapeHures hag g least
diﬂg:g]glilgh%gqbo habnddr lk&ast a portion of the first
eposition materi al passes through the apertures of
the first mask to continuously deposit the first

pattern of the. fi.rs teri al t ubstrate; a
2277 TBE BBy AP D roh bRy Shsefigh coftuol system
and 'k fir@inlisk AlRELHSEIRIEG] fetnebngiatd AAirdin hhegisthihtalence
in the direction of delivery fromthe substrate
betgreen thesybstrgld and themapletof lessdhanypQmiciens he substrate
conmes into contact over a portion of the circunference
of the first drum a first mask el ongation contro

24.sy sThémppagdtud @l dMif 21S whepsie thdeirstr siibstede rhiongat pogitiod control
the first. mask_in the direction of delivery fromthe
systqm and thg Jiestapask\fepgverss nogitiop soptrel systp@orgralfioqaainiian

regiétfaﬁ&n kné eén”ché’?&o%&t@%hd %ﬁéerﬁ?s?{ tB R PR S michshs.

Ircunterence of the first druma first substrate
transverse position control systemincluding a web
positi on of the

25 Jundpitied pR B S e nRE S h B ocat  on

continuously delivering a substrate from a substrate delivery roller while
continuously receiving the substrate onto a substrate receiving roller, wherein the
substrate passes over a portion of a circumference of a first drum when between the
substrate delivery roller and the substrate receiving roller;

while continuously delivering and receiving the substrate, continuously
delivering a first mask from a first mask delivery roller while continuously receiving
the first mask onto a first mask receiving roller, wherein the first mask passes over a
portion of a circumference of the first drum when between the first mask delivery roller
and the first mask receiving roller and wherein the first mask has a plurality of
apertures forming a first pattern and at least a portion of the apertures have a least

dimension of 100 microns or less;
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on the first drum and a first mask transverse

position control systemincluding a web gui de that
wadyoapo®9t he transverse position of the first PEEFKS1006/627063

pre-determ ned transverse | ocation on the first drum

20. The apparatus of claim 19, wherein the first mask

is polyneric. 21. The apparatus of claim 19, wherein

onewhile pontmuofisly Idelimniegtaud e&ceiviag the Iselzs@ftaterﬁndéhs;ﬁxsn mask,

0 . 22, t f
confiap 1 T ng o e Bpn o s eRDRREY i BB s terc
por@iofl of AR firkt BhskiBstks @b&rm@isdraan 6Pk R:ﬁburﬁfb?érfémo@ BRS fdb€drum
to maintain a registration tolerance between the

suchhastthexfiest pattern pefisshmiterial is deposithd an HE swbsraies. 24,
The apparatus of claim 21, wherein the first substrate
transverse position control .systemand the first mask
transverse position control system operate to naintain
regi stration tol erance between the substrate and the
mask to |l ess than 50 microns. 25. A nethod of
conti nuously depositing material, conprising:
continuously delivering a substrate froma substrate
delivery roller while continuously receiving the
substrate onto a substrate receiving roller, wherein
the substrate passes over a portion of a circunference
of a first drum when between the substrate delivery
roll er and the substrate receiving roller; while
conti nuously delivering and receiving the substrate,
continuously delivering a first mask froma first mask
delivery roller while continuously receiving the first
mask onto a first mask receiving roller, wherein the
first mask passes over a portion of a circunference of
the first drum when between the first nmask delivery
roller and the first mask receiving roller and wherein
the first mask has a plurality of apertures formng a
first pattern and at |east a portion of the apertures
have a | east dinension of 100 mcrons or |less;while
conti nuously delivering and receiving the substrate
and the first mask, continuously directing a first
deposition material froma first deposition source
toward a portion of the first mask that is over the
portion of the circunference of the first drum such
that the first pattern of first material is deposited
on the substrate.
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