WO 2007/ 078694 PCT/ US2006/ 047292 RECI PROCATI NG APERTURE MASK SYSTEM AND
METHOD 5 TECHNI CAL FI ELD The present invention is related to the use of
aperture nasks to deposit a pattern of nmaterial on a substrate. 10
BACKGROUND Patterns of material nay be formed on a substrate through the
use of an apermem@ssed5 nmask or stencil. The aperture nmeRK/V85841283 oned

bet ween the substrate and a deposition source. Material fromthe deposition
source is directed toward the substrate and passes through apertures of the
mask, form ng a pattern on the substrate that corresponds to the pattern of
the apertures. Such patterns may be deposited, on a substrate for various
pur poses. As one 20 exanple, circuitry may be forned on the substrate by
sequentially depositing materials through mask patterns to formcircuit

| ayers. Aperture masks may be used to forma ~. wide variety of circuits,

i ncluding discrete and integrated circuits, liquid crystal displays,
organic light emtting di ode displays, anong others. Formation of snal
geonetry circuit elenments involves accurate alignnment and position control
of the 25 subst rarepROLATNGG APHRMIRE MKk STREEM 83aPlEmyeption ful fills

t hese and ot her needs, and offers other aé&antages over the prior art.
SUMVARY 30 Enbodlnents of the present invention are directed to systens and
nmet hods for deposition of material on a substrate using a reciprocating
aperture mask. One WD 2007/078694 PCT/ US2006/ 047292 enbodi nent invol ves an
apparatus for depositing a pat {TEHICAHaFELRAI on a substrate. The

apparat us 'nC|’H§E91§re&n@ﬁ|véﬁﬁ%BYs rrei%ltéd% (RGP bsiMufd QR Gdpotifg patdat rate is
delivered and a receww;gb mechani sm upon whi ch the substrate is
{ecelved.ﬁﬁpmﬂéﬂ@§ﬁﬁwbﬁr urce |s positioned to direct. deposition materia
owargy the substrate. A 5 feed magazi ne houses a plurality of jigs, each of
the jigs configured to support a mask having apertures defining a pattern.
A shuttl e nechanismreceives a selected jig

BACKGROUND

Patterns of material may be formed on a substrate through the use of an aperture
15 mask or stencil. The aperture mask is positioned between the substrate and a
deposition source. Material from the deposition source is directed toward the substrate
and passes through apertures of the mask, forming a pattern on the substrate that
corresponds to the pattern of the apertures.
Such patterns may be deposited on a substrate for various purposes. As one
20 example, circuifry may be formed on the substrate by sequentially depositing materials
through mask patterns to form circuit layers. Aperture masks may be used to form a
( wide variety of circuits, including discrete and integrated circuits, liquid crystal
displays, organic light emitting diode displays, among others. Formation of small
geometry circuit elements involves accurate alignment and position control of the
25  substrate and the aperture mask, The present invention fulfills these and other needs,

and offers other advantages over the prior art.

SUMMARY
30
Embodiments of the present invention are directed to systems and methods for

deposition of material on a substrate using a reciprocating aperture mask. One



presented by the feed nmagazi ne and establishes contact between the mask of
the selected jig and the substrate. The shuttl e nmechani sm noves the
selected jiginline wth the substrate and relative to the deposition
source so that deposition material 10 passes through the apertures of the
mask of th&’oszﬂ"ﬁ’%ﬁ%ﬂ jig to develop the pattern of thecraenegistisen materi al
on the subStrate. e apparatus may further include one or nore alignnent
arrangenents. An alignnent arrangenent may be used to ;align the substrate
relative to the nmask, to align the mask relative to the substrate, and/or
to adjust a position of the mask relative to the 15 selected jig. In one
exanpl e, the mask includes fiducials and the jig includes datuns. The nask
al i gnnent arrangenment is configured to ali gn the mask fiducials with the jig
dat ume Wbl £ ERlN® of Ahaliud B SerBXiBfe  PRErTBEka@HLGATRIbsIRENAN! SM MY

i nclude one or nore cont | abl e é)l’l ve%s coup to the mask. The drivers
cont r ol I'Qtﬂappﬁdiu@mcmdzaaﬂﬁ@emwgﬂmemmérmwhwbﬂhq41@5?%# Bct ed jig. In
anot her t t yarrangement
confi gur‘g?'?}@?;gJl g%ld %J%t%elgg’%grs)?‘{r:ﬁgeﬁh%gé&ge su ]?tjlggtsgg%ﬁg% h='%Jig%pa‘i\l gnnent

arr angeniﬁn@slfl@ibmlr@uis e@m@eééﬁ dizect deppeitipn iveterief towhesl thesibsiote t he sel ected

jig. ¢Th al FREY al ustable to
facili t:fteéﬁz’ﬁg&%dﬁe\hﬁ%l SE%et ween Eoﬁgég %g&?ﬁg}?% 882%8&{ {?%Lkﬂp{(é/m%ﬂie substrate
ali gnrrenlnavmmgmrsmdérfmyng apdtigthe Avefrikilavgechanismitecatysp siselatted Had a web gui de
that adj yslcsted b%l?c“é&’@ﬁa%&az?r&%%&'e&%l%faest&%taé Lalife Q@R e- def i ned

position. The Shuttle nechanismis configured to adjust a position of the
mask of ¥iheted dissad dy subgrate olheshuttlg meghanisohavesdhe sedastedfiigiRdingubst rat e comes
into al I\gﬂﬁrﬁ)@tsuwa& etnheaml& mpé&u&rh&uﬁéa%kﬂa@déﬂ%&h@ﬂhﬁa@nqpves the

selected jigin line with the substrate. According t one i npl enmentation,

t he %bsﬁ%‘%ﬁsé‘ﬂawlgthﬁémﬂ%aﬁm rg@ﬂt@ﬁéhcwa’égfeéJlaé%dqu@atthf‘owﬁzﬂwﬁt%o7/ 078694

PCT/ US20086 842 Rdterinl 3t hokipsRste angenent configured to adjust a location of
the substrate relative to the nmask as the shuttle mechani sm noves the

sel ected jig Ths PPHERITH ft"ﬁ?‘%ﬁ%‘?ﬁ&? B0 MPIF AHHBMEHATRRAFFREIS0MT t he web

| ocat i ONainAfehOdith 3EhaN ARFBR LisdiBY ali eI dEbsRate SHRRAY h 1 AR ANMiga gas
delivery arrangenent. The %as del i ver arrangemant may be 5 used to supply a
)}

vol ume ote Jrek Eiatige i the spkstraigpandfos feadipy) 2pre %BT{)‘(‘}Ffmﬂf seative fythg ot her
15 selected jig.

In one example, the mask includes fiducials and the jig includes datums, The
mask alignment arrangement is configured to align the mask fiducials with the jig
datums with respect to one or more axes. The mask alipnment mechanism may include
one or more controllable drivers coupled to the mask. The drivers controllably adjust

20  the tension of the mask of the selected jig.

In another example, the apﬁaratus inciudes a substrate alignment arrangement
configured to adjust a position of the substrate and a mask alignment arrangement
configured to adjust a position of the mask of the selected jig. The respective

alignment arrangements are controllably adjustable to facilitate alignment between the

N
(W]

substrate and the mask,

The substrate alignment mechanism may include markings on the substrate and
a web guide that adjusts a transverse pogsition of the substrate to a pre-defined position,
The shuttie mechanism is configured to adjust a position of the mask of the selected jig
so that a patterned portion of the substrate comes into alignment with the mask when
30  the shuttle mechanism moves the selected jig in line with the substrate, According to

one implementation, the substrate alipnment mechanism includes a web location



configuration, the web |ocation platform arrangenent includes at |east one
roller disposed adjacent each respective end of the support plate. One or
both of the rollers my be configured to cool the substrate as the
substrate noves past the rollers. The gas delivery arrangenent may supply a
vol ume of gag hehwesh the substrate and the rollers 10 torcsods/oktre:
substrate. In addition, an oscillator may be coupled to the support plate
and configured produce oscillating notion of the support plate. The
substrate has a surface which is substantially planar. The shuttl e nechani sm
is configured to nove the selected jig relative to the substrate in a
direction of plane wth respect to the plane of the substrate to engage and
di sengage the substrate fromthe 15 nask of the selected jig. The shuttle
mechani snpliagoco akdrgement doofigneé td :hﬁjssellceeﬂicﬁﬂbi]th@subistmatareﬂht’rvstto dfef - pl ane

direction_s ken es the substrate prjar osition, and
to nove tﬂ‘gq%%ﬂg%f@gﬁj T aﬂlsglg‘g GSH&S&leS‘ie?J‘ﬁIl‘éhge %ﬂ‘g& gﬁr g% that the mask
di sengages Wi Inl’bnfehenfsgibﬂtd’r@.tke vadtiletation platfein anaerichemdepokide on. The
shuttl e nechani gf%ﬁ%edto move. t he eI'Jected in a,reciprocating
manner f OFTPRR GRS AP T S SRt 130 51 GG RERERB TS The
appar at usugeyo ﬁupplymvolume Ioﬂg& tmmw&uttﬁceﬂﬂsmsmmas Bupoet pame olitdneedr nagazi ne
configured t ra i f use h t f chani sm noves
The used TrErRgR AR Rt adm i tatnd Rl e Hes SIS ne. 1 Sone
conf i gur atlispsssd adjbl&nf eet rmg:amelmdséﬂm‘espmﬁ dldte Ou¢ bewdh nﬂgxazmmnes A feed
mechani sm_25 e ed azi.n onfigured to receiv
pr esent edmt?g;b?ﬁonfh det comﬁ e{’ﬁﬁastﬁ]asﬁl“\'bsg {er?%oveﬁﬁ?g(f\h f)affrl 'ons, ézf he masks
f at Ieaédzlix&qnmmgemm nﬁywnmbllytayvohfmq ofggss blefvmerethpau}bsman&ndltﬁa‘reﬂcmg fromthe
sks f ot u f cont i nuous
ihe ROELDs Tk, B Mo o ney OECRRE W BSpoIRE o8 PP
Anot her en@é‘@rﬁdmtomebmlatmgemmmmfﬂs Sdp}vcet:mletd. to a nethod of depositing a

roved froma SprsBe ProbRRhtbnd SBurbi 00 abint Jbs TnlanRutdal ) (7 1
j i gs conf isgunBguredtogupyrahe sdearetiie dativatp thpevlisuatesn détrbmongnff—lalawat tern. A
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transport 0 engagenent e su ocatron which is
t he nbdi ngask of the selected jig. The shuttle mechanism is configured to move the selected jig

in a first off-plane direction so that the mask engages the substrate prior to deposition,
and to move the selected jig in a second off-plane direction so that the masic disengages
with the substrate after conipletion of the deposition. The shuttle mechanism is
configured to move the selected jig in a reciprocating manner for repeated use of the
20 selected jig during deposition.
The apparatus may further include an outfeed mechanism and an outfeed
(-. magazine configured to house a plurality of used jigs. The outfeed mechanism moves
the used jigs from the shuttle mechanisin to the outfeed magazine. In some
configurations, the feed magazine serves as the outfeed magazine. A feed mechanism
25  of the feed magazine is configured to receive used jigs presented by the shuttle
mechanism.

In some implementations, the masks of at least some of the plurality of jigs
define patterns differing from the masks of others of the plurality of jigs. The substrate
may be a continuous web. The masks and/or the substrate may comprise a polymeric

30 flm.
Another embodiment of the invention is directed to a method of depositing a

pattern of material on a substrate. A selected jig of a plurality of jigs is moved from a



position. The jig and substrate nmove in synchrony, while deposition materi al
is passed 5 through the apertures of the mask of the selected jig to develop
the pattern of the deposition material on the substrate. The mask is

di sengaged relative to the substrate and the selected jig may be returned
to the first location after the synchronous novenent of the selected jig
and the nmad¥0 M8 BE&deat ed use of the jig. Al ternativel 3TV %8 ected jig
may be transported to the feed nagazine or other facility after use of the
10 selected jig. The substrate and nask ofthe selected jig nay be cool ed
during devel opnment of the pattern of the deposition material on the
substrate. In sone configurations, the nasks of at |east sone of the
plurality of jigs define patterns differing fron1the masks of others of the

pluralit foji t hod olve [ of the strate

relati ve)%? gi If’%ﬁ?%ﬂﬁseﬁqhﬁ%?gs m?éﬁeg “%Q% Vr“éﬁ %ewreesgﬁ " substrate.
For examalpatterd. posibftradiis afoved eclatiMeabd aal&;ﬁasm@ndmac@dshetselmtedfpgtlhe mask of the
sel ected na e adj ust n the substrate
reIativet%%g¥ﬂ%xﬁg%?@a#ﬂ%'%8@%8?%%’ ?W@' Rmﬁﬂ9“%§’ 8?5?? & al ong one or
two ax es pofitibhe Thmiskandahbdtiakemb e ihliendedR vt ddpgsitidhtarmiakispagsede

auto |c I ensi oned .r.el ativ ne .ar re axes t he, mask. The

al i gn Er thé%‘f’ SV 4 MEdPR |ﬂberise%§t?fjé‘gﬁ%”§evﬁ]é’p ‘?%a&{ﬁ%%re&h%nd used to

adj ust t tdepmmcgajmaﬁal of mehabstﬁaué)sr}feaﬁakammS@@egeﬁ&s}kﬁwfm the ablseguent ,
dep05|t|on he above su ention is not intended
to descrﬁB ENBQH%BEV HF“Egggb%?3k$hﬁF@%b edﬁn%? MNE present
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Figure | oca apert ur e de ten1|nclud|ng a
feed mag §§In %ﬁgﬁco %gﬁge%§f?%p%ﬁle Fwsﬁgiﬁe |n§§%§|on
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The method may involve alignment of the substrate relative to the mask and/or
15  alignment of mask relative to the substrate. For example, a position of the substrate
and a position of the mask of the selected jig may be adjusted to provide alignment
between the substrate relative to the mask. The position of the mask may be adjusted
along one or two axes of the mask relative to the selected jig. The mask may be
automatically tensioned relative to one or more axes of the mask. The alignment offset
20  of a deposition cycle may be determined and used to adjust the alignment of the
substrate and the mask for a subsequent. deposition cycle.

The above summary of the present invention is not intended to describe each
embodiment or every implementation of the present invention. Advantages and
attainments, together with a more complete understanding of the invention, will

25  become apparent and appreciated by referring to the following detailed description and

claims taken in conjunction with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS
30
Figure 1 A shows a reciprocating aperture mask deposition system including a

feed magazine in accordance with an embodiment of the invention;



Figures 2A and 2B illustrate an aperture mask having a pattern that defines
a 5 nunber of apertures that may be utilized in a deposition systemin
accordance with enbodi nents of the invention; Figure 3Ais a top view of a
jig/mask assenbly in accordance with enbodinents of the invention; Figure
3B i |l ustrat&s,@,fkess section view of a mechani sm usedpdpusb@nsinni ng an
10 aperture nmask 1 n accordance with enbodi nents of the invention; Figures 4A
and 4B show portions of a top and side view, respectively, of a single
stage deposition systemincluding an alignment section in accordance with
enbodi mrents of the invention; Figures 4C and 4D illustrate side and cross
section views, respectively, of an 15 alignnent transport nechani smand a
shuttl e nechanismas ajig/msk assenbly is passed between an ali gnnent

secti onb?ndkadﬁi@pﬁaig é}?mscahadmebat%n@ apetat dﬁlellcaaep&ﬁtiﬁn eyitem embmidigfmnth ; Figure
5is a o iagramof a temfor, controllipng the Sitli of the
shuttle ngﬁﬁ8ﬁ?§%¥%ﬂﬁ“¥ﬁ%ﬁ$%f??%ﬁ“?H%a?@ S anﬁ%E$§W8W“§3h?he substrate
t 0 assur ejnv@Qigar oper alignnent of the substrate and the mask in accordance
wi th enbodi nengs of .the _inyention; Figure illustrate rkings that may
be | ocated on t¥%&™S 3@5%”95{96‘}/1T‘Wtep15‘r‘1§’8 mask hayipg F‘Bi‘tﬁr‘hg‘a‘f”ﬁ@("reéger al and

| ongi t3idi Aghbf@Fapdriifesthatinls RUBGEE B @POsIAR YR ThAGcorfinep@sthr egi strati on
between the s bstra%gﬁand the mask in accordance with 25 enbodi ments of the
invention?“ﬁﬁgﬁ?%m? OWE"H%%0si ti on control systemfor a substrate in
accordance W t hignedroiiadwp rwalf aljlt@mbdkvRsintnin c@dive8vitts a di agram

illustrating i.n nore detail. the tensioning aspect of the substrate

transportm?g%%%ﬁWﬁﬁgﬂ§dB§?P%Pe: controller in accordance with enbodi nents of

30 t he i nvent i Bighres BNIuabey cf 8&FéciRm MidibSa 08 e MRS usef fguersidhiag 4d ust r at es

fhe u aocation platformfor up, orting the substrate against the
e E‘PFD‘B

of web | 4
mask Z‘ﬁr i AR BeTR P SRR 2P SRR Y8t s of the invention;
Figures 4A and 4B show portions of a top and side view, respectively, of a
single stage deposition system including an alignment section in accordance with
embodiments of the invention;
Figures 4C and 4D illustrate side and cross section views, respectively, of an
15 alignment transport mechanism and a shuttle mechanism as a jig/mask assembly is
passed between an alignment section and a deposition chamber in accordance with one
embodiment;
Figure 5 is a block diagram of a system for controlling the position of the
shuttle mechanism and controlling the tension and position of the substrate to assure
20 proper alignment of the substrate and the mask in accordance with embodiments of the
invention;

( Figure 6 illustrates markings that may be located on the substrate for purposes
of controlling the lateral and longitudinal position of the substrate and maintaining
proper registration between the substraie and the mask in accordance with

25  embodiments of the invenfion;
Figure 7 shows a position contral system for a substrate in accordance with
embodiments of the invention;
Figure 8 is a diagram illustrating in more detail the tensioning aspect of the
substrate transporf system and substrate controller in accordance with embodiments of

0 the invention;



Figure 9B illustrates a support plate having a curved surface and an
oscillating 5 nmechanismin accordance with an enbodi nent of the inventi.on;
Figure 9C illustrates a nechanismfor injecting a gas between the substrate
and a roller or drumin accordance wi th enbodi nents of the invention;
Figure 9D illustrates a gas cool ed support plate in a WLt h

enmbodi ment ¥0FPVRE*t nvention; 10 Figure 10 shows a de%@gﬁjg?"@%&s’i%tem havi ng
a web location platformnoveable in the X direction in synchrony with the
novenent of the jig and mask during deposition in accordance with

enbodi nents of the invention; and Figures 11A and 11% are flowcharts
conceptually illustrating a nethod for depositing material on a substrate
in accordance with an enbodi nent of the invention. 15 While the invention
i s amenabl e- to variQus no ifica%ion and alternative forns, specifics

t her eof have HH&WhH éHﬁWaW Vade} a@’)‘?é?ﬁﬁ?@"‘i HetqE FWHﬁ?gzlhed will be
descri beghbittudglagist the Mask Sufiy Sotincichsbagdhnch o \éaibodintuats dfftie: i ntention is
not tolimt the invention to the particular enbodi nents descri bed. On the
contrary™ /8% ntention is to cover all nodifications, equivalents, and

al ternatives Higlrk bBGIIWdtiafdsR supi@rSKap Bahg 4 Bavedsurvenid Mrosaitiatef | ned by the
appenfed cl ai.ns., DETA| LED DESCRI TA,O\I 2,?3 In the follow ng description of the
i |1 ust r aPEFeRIBJBATRERIADCe PiR B8R sRReIMEL AL e NYDUPRe acconpanyi ng dr awi ngs
that form a pagire beridodsai@Rdndchaniéth 6t iGEQiIngRQAR bbwewbthe @libstratel angt r at i on,
vari ous enhodi r‘rjents in i ch tge 'nventioF mafé, becﬁgracticed. It is to be
under st obPIPHYITERE™ BHHSHRREHITE SRESIBEN PT Of ZEE UG structural changes may
be made wi t Higitire @BQHGStHaNS of ga® B dliEsuppapplaefin tbwrqahesenth i nvention. 30
Enbodi ment s of ttheft resent invention are directed to systens and net hods for
deposi t i HEPUPE BrRC BV R %rial on a substrate. In accordance with the
apprbaches ddgaeilbebovwed d¢positiap eystdni Bavirask setnloeativnpbdtisimunaeabltensi on in
jigs that ¢ clbrectrg)v.ed GCh\r/\D 2‘99]74,078694 P @USZOOS/ 0412 92 froma feed
magazi ne"and” pOETHI GRS FEr At Vet B8 BB St 1508, S AR™ 58"%h el ongat ed web
subst r at éepodifod@rnot@datrevaihnemisdbséntsadfehcianemipanandny surface, incl udi ng
surfaces cond.i qur LN r and fed s s.to provide a | ongitudinal
surface for co 1?riesngf.jA a'l“% ?%%\%%3%“’3% Sicﬁn%ﬁgguaﬂﬁgguss ar“ilngtaolg?ée%?ée?orto such

el ongat edepssitisg matcdialben @asubettate Fhacordaice anith an embodiment of the invention.

15 While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. .It is to be understond, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the scope of the

20  invention as defined by the appended claims.

DETAILED DESCRIPTION

25 In the following description of the illusirated embodiments, reference is made to
the accompanying drawings that form 2 part hereof, and in which are shown by way of
illustration, various embodiments in which the invention may be practiced. It is to be
understood that the embodiments may be utilized and structural changes may be made
without departing from the scope of the present invention.

30 Embodiments of the present invention are directed to systems and methods for
depositing a pattern of material on a substrate. In accordance with the approaches

described herein, aperture masks are mounted under tension in jigs that may be moved



5 web substrate are aligned prior to the deposition of material, such as

t hrough the use of nmarkings, fiducials, and/or datuns di sposed on the
substrate, mask and/or jig. The deposition material enanates fromthe
deposition source, passes through apertures of the nmask, and forns a
pattern of g,%%@mt_, (8? material on the web substrate corr@spangiongsto the
aperture pattern O Material may be deposited in one or nore |ayers to
formcircuit elements and/or circuits, including conbinations of
conductors, resistors, diodes, light-emtting diodes (LEDs), capacitors,
and/or transistors |inked together by electrical connections. Thin film
integrated circuits may include a nunber of l|layers of nmetals, insulators,
dielectrics, and semconductor materials. Thin filmcircuit elenents my be
created t hﬁ&ﬂqffeehﬁn&g%mé Lhd Pgs,@éneeéémtwquglsm&%ssuﬁaﬁ al Q&'él%n%ﬁéde&é@' s using
systens enpl oyi ng reciproca aperture masks as illustrated by the
enmbodi ment Bb#Eate| s dene sheff-’i%rﬁuéﬁf@teaﬁ mgaR FRUuGCe onaledEnpFERSER | nventi on

may i ncl Ud&nﬁ;'lﬁ'e@fn Qb End 1 ahh‘?e& é%aafs% Ex%wd\'%farl&%ﬂdﬁfn%l lﬁﬁE@f?}‘i‘%oat&r
conbi nati ons thereof described in th enbodi neENt s beﬁ ow. For exa le, a

deposi ti onlt #y¥pieshinhy IeusiHie eferrie é‘tPhte%Pnigﬁféqi siehstratg 28 gavedr Thepaslpfng he

advant ageoys, {iBatit £ aﬁ@ﬂéc@ﬁn&ﬁ&%%@?ﬁx&ﬁ%@ rrabe), RESHOW. t}ulobg}‘l fhe us@bgended that
such a system need not i ncl he featurés describéd herein, but

may be | npReEesdiiucisls, aed/erratues doser gt sebstaehmpskang(or iie- 158 usef ul

st ruct ur esgepafiffbPhateBCdh LRk iffovh thE e Rioh A Am?r@é);ﬁ@ss@s FeGIgRrBa@kENGE aperture
mask dep05| tion system 100 in 25 accordance w an enbodi nent of the

i nvent i on. thyFe@skepd &ras grpatigm o dengionimaterisd prthevabrsupstiaie e | A may be a
first stagerbpdhdiigltd i pefhidganelgposition system The deposition system

00 may accommpdat e mask designs for any |layer of an electronic device,
such a¥ a t hi n Mpehplranis gqpapte@-ﬂ:weQrmga|1§yer8éoﬁg’p}p;@ugfelqme@mang{ﬁrt ting
el ements  sifcefs,fifluding tdihbibatidny SF Bdnddétsi] RYistoR] dﬁ»d&()hxgﬁt-&ﬁ&in afisdry. The
deposi tion sem 100 30 provides tg& gapa‘gl | i t eposi t aI | .| ayers for
these el ec@?é‘f CappsPEendiordragsisioryimked taeg Prgectionss Jhux 1 at e
transport fARChepaam ditcuits mgs&dud/u atﬂ'iﬂrﬂbeﬁoi‘/iaﬁd#y@fm@tﬁﬁ%@tﬁ]a&&zdiﬁaﬁcﬁﬁgl litate
vacuum deposition of a mat a,% on. a substrate 101, The 7 W) 2007/ 078694
PCT/ US20067 8 £9merondusitiarsiemals.  Gain éméw‘gha@ae%maﬂ?ﬁw% PPEY 105 t hat

delivers ta@oﬁub@bfmmkala}tea; dffigese FrRERRRASIng 8f stéheertpROML: dcdtosgtmgem 100.

The substrate 101 trav. Vv web
aperture mas ?lustratﬁcia by %c em )oéiments herein.

Deposition systems according to the present invention may include one or more
of the features, structures, methods, or ¢combinations thereof described in the
embodiments below, For example, a déposition system may be irnplemen-ted to include

20  one or more of the advantageous features and/or processes described below. It is
intended that such a system need not include all of the features described herein, but
( may be implemented to include selected features that provide for useful structures
and/or functionality.

Figure 1A shows a reciprocating aperture mask deposition system 100 in

25  accordance with an embodiment of the invention. The deposition system 100
illustrated in Figure 1A may be a first stage of a multiple stage deposition system. The
deposition system 100 may accommodate mask designs for any layer of an electronic
device, such as a thin film transistor (TFT) circuit, 2 matrix of light emitting elements
used for a liquid crystal display, or a solar cell array. The deposition system 100

30  provides the capability to deposit all layers for these electronic devices and/or other
electronic devices. A substrate transport mechanism is disposed within a vacuuvm

chamber 102 to facilitate vacuum deposition of a material on a substrate 101. The



gui de 106, around a portion of a circunference of a rotating drum 108, over
a second web guide or roller 110, and fromthere may continue to a furt-her
deposition stage. 5 The system 100 i ncludes a feed nmagazi ne 112 confi gured
to store a nunber of jigs 115 holding aperture masks 116 in tension. In the

configuration shown in Figure 1 A the jigs 115 are erdically,
al t hough aPMOAHAY®%4r r angements of jig storage are e%ﬁgﬁgﬂg}ésg#he f eed

magazine 1 12 includes a feed nmechanism 119 for selecting jigs 115 and

nmoving the jigs 115 fromthe feed nagazine 112 into the vacuum chanber 10
102. Any jig 115 may be selected by the feed nmechanism 119 for use in the
deposition process. A tenperature control unit 141, such as an infrared
heater and tenperature nonitor, nay be used to nmintain a predeterm ned

tenperature within the feed mrgazi,n . ce selacte hLg 115 exits
t he feedsukﬁté%azlwr}e‘sﬁﬁn%ﬁ RS élg]io\i}eér Oéégaéd%vcg%tu?fﬁ%égﬁ%étﬁggﬁ !élren 118. The
shut t | e nrechdn dithd ddposidon prseral@s THeaubéudierl@d thiaoels overld st weli t h t he

substrate.10 der.the..r P4 1 so.that t ert mask 116 hel d.
by the- | £ 16 FESh A PRbR bk el S SRube Bl 1B B0 W heoni i on
sour ce 1@€b giliieodepeasiiv] awl fsou theee h20cisinpo®iat fuahediepodaon stége. dr um 108 and
em t depositjon materi.al, 122 .U rd.. The, deposi tion materj.al 122 passes
throﬁsgh apert (e Ste.d%prllmthﬁdéesggeee@tl)\%%mﬁ%lg@ I g‘érﬁg 5 §Or eap%usnﬁ%égflon t he

subst r at #g<1Q5. hoAlighapettare I3 ksrhl6 hdensiad I the poefvanitiomeshewh ad Figeygosi tion in

| ocati onsg, ot her an esired regjon at. the apex of the rotating drum 108.
A shutt e?A’r}é?/Jl%se{Igsaé%&?%eaIvglgll?ali%git@é’ﬁg@éﬂﬂ% %'E TEeLEY of JEFT8Re substrat e
101 to pmewavisiopyde ffedes rdapesict! i D imchded hired mbshaniirel 10Mbr sgdptiogches t he
deposi ti i Lion. 25 The Lok [ ggPQ the type
of depos1CB %EI @%%%?S%Sisngtgwg& ltlﬁgfpﬁ})%f%?i%%p%ﬁ%?tl ?%lg’tyrrg}%g’fa Ia e5|b(rg£d. The
depobl t i 6i2- st ieel 1520ayeeyschrsted dyftheyigednhectapism MAdauwredn theoiepesitéasum

deposi | GRSOUAGEMFARAR) nfbl RO LAY ol EPRRLL: ACBRl R bitberntift | 1 QUi d OF
gaseous form In various i.rrpﬂ_errent'étl ons, the deposition terial may be
deposi t edopijorempe benigd oBiaintadn a pradetemeinedigmperabrs withingbefacér i ng, cheni cal
vapor SOgdepasiibon, including plasma enhanced chem cal vapor deposition,
spraying, printing, screen printing, or other types of deposition
processes. |n09wlea@98@ingblﬁe§y§tk@?f@qdmwm bl?eamlepo@iemeégygour ces are

used;s 8 MQEOQmAAi8A94s PERL WRRRORLAALGEAA 18 reciprocates the X direction in line
with the substrate 101 under the rotating drum 108 so that the aperture mask 116 held
by the jig 115 is positioned between the substrate 101 and a deposition source 120.
The deposition source 120 is positioned under the drum 108 and emits
deposition material 122 upward. The deposition material 122 passes through apertures

20 inthe aperture mask 116 and is deposited on the substrate 101. A shield 130 may be
used to prevent material deposition in lecations other than a desired region at the apex
of the rotating drum 108. A shutter may be used to block the source material 122 from
the substrate 101 to prevent premature deposition as the substrate 101 approaches the
deposition position.

)5 The deposition source 120 used depends on the type of deposition process and
the type of deposifion material desired. The deposition source 120 may be configured
as a vacuum or non-vacuum deposttion source capable of providing deposition material
in liquid or gaseous form. In various implementations, the deposition material may be
deposited by e-beam deposition, therma! evaporation, sputtering, chemical vapor

30 deposition, including plasma enhanced chemical vapor deposition, spraying, printing,
screen printing, or other types of deposition processes. In some deposition systems,

multiple deposition sources are used.



As one exanple, the deposition source 120 may be a sputtering cathode or
magnet.ron sputtering cathode for purposes of depositing netallic or
conductive nmetal oxide materials. As another exanple, the deposition source
120 may be an evaporation source for purposes of depositing netallic or

conductive \UFE |7/0 bde materials, 5 conducting or sem GRRAMSHEAG24r gani c
mat eri al s, ric inorganic or organic materials, electron-conducting

mat eri al s, hol e- conductl ng materials, or light-emtting naterials. In
general , successive layers of a ci rcuit or other conmponent require |ayers of
different materials fromnultiple deposition sources 120. Mre efficient
machine 10 utilization is achieved by coating successive materials which
have sim | ar deposition requirenments, e.g., require simlar vacuum |l evels,

excitation | e‘/\%l oPE & ]e&?& her}zggltlg‘gtmgesl%)vz\g%{n%eug%guk exq%?ﬁﬁ&cﬁc%lg Sour ces

having simlar requir 0SSl e depositions
Wi t h t he nsgneravepkttdrie oa&h@dﬁ@rmnomsmftdhaosgamsnma‘bg@nm@hammnew t hout the

need to IRNE rﬁa‘@&aﬁé‘bﬁé &%ﬁfe 1é\’l{+é &a%%@ﬂ&%bruﬁ&slz%%}?a;l‘%ymb&a dto

deposi t il ayers o e substrate 1 strate 101
and t he mgksfoxpernmgs Qidemdmgonewlac poemdugtpesnasdl oxidetreetPrdls . Exarrpl es

i ncl ude i er] Y,

pol y(gt h?f?‘lé&rglgﬁ%’% gﬁ)%?rhg({ﬂgtg Jg%g( CI% %%I@%Eﬁyfﬁ%ngp% Oﬁ%ﬁnat e) (PEN),

pol yi mi deraterjadd, ybavmnmdectima}tsmw éln@-cowét‘aingmtttnahapehglwesmttmch as

stainl esg, a?grggg or other alloy 20 steels, alum num copper, paper, woven or
abrics,

non-woven or conbinations of the above materials with or w thout
coat ed surfacésgeﬂ#@mua@ﬁslw layers ok Fir¢uorrpthen compdnept regnirelayemypbnent s can be

roduced gt ey AGRASLAMMRIDAERRAR-ISSEH! DAY VAGL EhieriabllStrat ed by the

onfi guration ure he drum 10 deposition source 120, jig/ mask
115/ 1%6, “&h@t@ﬂb%?frha‘%"éd Y £0aHmg swewmge@algwhwhé@w similgpddpositign 25 and

substr at @l Hm@he, QQSfetquf;@aﬁllllalemmu&lh@vew BB thSh M AID hB®eAlgROSI tion source
120 emitting the deposition material 122 upward. However, it will be .

appr eci atshiadka MWS‘WW%‘%‘ SRHEPCS TAYaRE WNHArTeqUirRREnE, {tds PRESIDIEIPY be
posi ti ongghye %ﬁ@:\rﬁeh@ﬁosﬁrdﬁmv&&%ewﬂ&naskh% dRROS WithB4hS QUHhEGackeh €M ts the

deposition materi al downwar d. Thi alternative confi % ration is

parti cul &hamybeydthgut thF na'?ii ovegysIthy Wﬁm%b%eMp@mtrs@arceséﬂ YPfg 115 and

mask 1316 y8adioRpoRMaAILBRIRSs §1RateieA0a tild QBst%@Nfp1121 during a deposition
cycle and reciprocated back to a starting position for numerous subsequent

deposi ti on cydpbgsubstited§hand thsireapknt Lt Panbe mpdeofgpsirus wpesRly be used for a

number  materials. Examples include polymeric materials, such as polyester (both
poly(ethyleneterephthalate) (PET) and poly(ethylenenaphthalate) (PEN), polyimide,
polycarbonate, polystyrené, metal foil materials, such as stainless steel, or other alloy

20 steels, aluminum, copper, paper, woven or non-woven fabrics, or combinations of the
above materials with or without coated surfaces. High density, small footprint
electronic components can be preduced by the deposition processes described herein.

As illustrated by the configuratipn of Figure 1A, the drum 108, deposition

source 120, jig/mask 115/116, and subsirate 101 may be arranged so that the mask 116

25  and substrate 101 are positioned below the drum 108 with the deposition scurce 120
emitting the deposition material 122 upward. However, it will be appreciated that the
mask 116 and substrate 101 may alternstively be positioned above the drun 108 while
the deposition source 120 emits the deposition material 122 downward. This
alternative configuration is particularly useful if an evaporation source is used.

30 The jig 115 and mask 116 may be moved across the deposition zone 121 during
a deposition cycle and reciprocated back to a starting position for numerous subsequent

deposition cycles. In some implementations, the mask 116 may be used for a number



9 WD 2007/ 078694 PCT/ US2006/ 047292 of depositions and then renoved fromthe
vacuum chanber 102 for disposal or cleaning. Figure 1 B shows another ,
enbodi ment of a deposition system 150. This enbodinment is simlar to Figure

| A, except that an outfeed magazi ne 122 having an S outfeed nechani sm 129
is showmn. After a mask 116 has been used for a nunber i.td,on cycl es,
it is |ikeMPPHHEIE a significant buil dup of depositf@%ﬂﬁéﬁgg?%%
necessitating cleaning or disposal of the, mask 116. As illustrated in
Figure 1B, an outfeed nechanism 129 nay be used to receive the jig 115
supporting the mask 116 fromthe shuttle mechanism 118. The outfeed
mechani sm 129 noves the jig 115 and 10 nask 116 into the outfeed nmagazi ne
122 for storage, such as in a vertical stacked arrangenent, or in any other

conveni ent, confiquration. U reaching a .prede ined fill level, the

out f eed C&Q?‘f'wg%ffgdrﬁ%mﬁg%@lr}ﬁo% Fvg‘:e"%fré‘a?m@ﬁﬂigﬁﬁ SBSPNY pressure  vented
to the outdmegd magazine 122. The stored jigs 115 and masks 116 may be
brocessing Tt TR sy AL AP RER e Lk AR A”  Egure: 113
shows sepabatimcitéesindladtcoifiredd, exvegdldt as sutfdcd mdga2ine Whkhevitgwen f eed rmagazi ne
112 stores_.new or cle d L19s/ pasks 16, t hat e rea 0 use in the
depos%ti8ﬁﬁ%§8%%é?n%ﬁsgﬁﬁﬁk%u'fgggﬁﬁﬁﬁééﬁ%imigan§{ﬁ)%nﬂ?g%mﬁigs/nasks

115/ 116. déposiginn aydles, id$ Bkedyradelyere significait bgllénmeglagesitonmagtedd 20 used to

store the jigs/masks .115/116 before an frer, cl eani ng. shown in Figures
oA and 2Bt BRIl s R Bt DS AT bR el TR0 A | Nt
defi nes avtfagdbechofismpey tnay bs u@iido (eonilhy thapir tlGrseppainp/the inkkk Bite | abel ed) .

;he arf ?ﬁg%@é‘éhuﬁi‘edmﬁ&%%ﬁa Ak %H?E,&rk!a%ﬁ Faelthatisig %‘ﬁg;mib{}csﬁju?ﬁ% fihare
nplified for purposes of illustration, and are subjec 0 w de variation
accor@di ngwtlo! ttstobe aptitcdaarzidne Hidocitorge.tsublagone veglstacke? 12A defines at
of i 1 crampeRine e BB L Lo BHE colfiBriRk, TRGIAL e LBKRBIICE 0 S
dependi n§lldpish thehertited magerins 128wy belctvehissaled, and pionsispherigpeasswre o be cr eat ed
pat torn SEBR Lo R e D, T ek o 12 r AP bt terne
(sub 30 paraved frgnpthe autfaganagadnt biddbedipposabher oleaniag iy gnother pregessingn ted in
thisgg esp}%@m (not shown).
The embodiment illustrated in Figure 1B shows separate feed and outfeed
magazines 112, 122, where the feed magazine 112 stores new or cleaned jigs/masks
115/116 that are ready to use in the deposition process and the outfeed magazine 122
stores used jigs/masks 115/116. In an ajternate embodiment a single magazine may be
20 used 1o store the jigs/masks 115/116 before and after cleaning.
As shown in Figures 2A and 2B, an aperture mask 210A is formed with a
pattern 212A that defines a number of apertures 214 (only apertures 214A-214E are
labeled). The arrangement and shapes of apertures 214A-214E in Figure 2B are
simplified for purposes of illustration, and are subject to wide variation according to the
25  application and circuit Jayout. Pattern 212A defines at least a portion of a circuit layer
and may generally take any of a numbey of different forms. In other words, apertures
214 can form any pattern, depending upon the desired circuit elements or circuit layer
to be created in the deposition process using aperture mask 210A. For example,
although pattern 2124 is illustrated as including a number of similar sub-pattemns (sub-
30 patterns 216A-216C are labeled), the invention is not limited in this respect,
Aperture mask 210A can be used in a deposition process, such as a vapor

deposition process in which material is deposited onto a substrate through apertures 214

10



Aperture mask 210A can be used in a deposition process, such as a vapor
deposjtion process in which material is deposited onto a substrate through
apertures 214 10 WD 2007/ 078694 PCT/ US2006/ 047292 to define at least a
portion of a circuit. Advantageously, aperture mask 210A enabl es deposition
of a desiredRLefkal and, sinultaneously, formation ofpdigs20mboerval in a
desired pattern. Aperture mask 210A can be particularly useful in creating
circuits for electronic 5 displays, lowcost integrated circuits such as
radio frequency identification (RFID) circuits, or any circuit that

i npl enents thin filmconponents, including conponents conprising organic or
i norgani ¢ sem conductors. Aperture mask 210A can be used to deposit snall
circuit features allowi ng the formation of high density circuits. Aperture

mask 210AonRyinbe: IEa% BRerioh @i dirfle]. YA ®ahGeddubiy) fléchiredSadh)2 108IeRgbibASEr

ablation to 10 define.pattern 212A of depqsition, apertures.214. The

formati onéeé’ﬁﬁ‘nﬁ%@;6?3%89}@?&“%1‘2f‘F-WJt%\rﬁé’BﬁciﬁrfgWé&W BEFR IR Pon systens
are furth@gsirsl@g&femed in conmonly owmmed U.S. Patent 6,897,164, U.S. Patent
Application Publicati 0%20030151118__, Eﬂd US, & Patent, Ap‘EI [ c?ti on, S/'N

11/ 179, 418 (f i PRIWUMFS 210985 rRpice iRy resipe SFPHRA R RET &I FFrOBY

r ef er encegdisgdigysA\owREQY irReifrhiyd Bieaik sldcths ridie fdQRaAsY Idepificysh garand nmet hod
i nvol ves the use of _ aperture masks _tf}

, at are tensioned in jigs. Figure 3Ais
atop vi ewiuits qriegy AESR thaldewipmepisit N\ LOMPARINGY FSTY4IRE PPPORERTS aper t ur e

mask 350. cobhgisaReirkatieonaskzasio @etiREndurtcpat AgdriredDidsid DIONEShnas veaser | bed
above. Thg agilert €, matzég 350 ﬁa‘égbe f or med a?c a cross-_shaqpled nenbr ane
havi ng extERs! SRALETFHHIHESS slhovsins predforaaienof PighdeBS Y ATl AP ¥f%ea 351. The
%gt EnSi Onn@ﬂflﬂm&a§52ﬁrﬁﬁaﬁoﬁfa }Bdlﬁlﬁéfasﬂ'ﬂnﬁﬁﬁh@ﬁﬂy Qeng bed abirl:xtisﬁ E(ﬁt ch the

S 0 appr.oprj ate t ensi on the ttern area 351 wi thout distortion.
The rrgé}n &%F‘S§§“§rﬁgﬂg D%W}}W& aB?“‘lr?Feﬁ%aﬁeg@ﬁ“ﬁﬁ(}”&%ﬁsﬁro&gglw{}? exanpl e, a
nmetal or filmaspdriure nkskytn 3Gdsitiansyedechare RirtheAdgzotiyddih demmaaly. oviierdone
enbodi nment, . the 0.1 | vi,m,de . hayi a thi of ut I 25 ml,
and havi ntj"satpﬁ@f‘%géé?r’?%’Hg‘g{a&(‘,‘yf\%lf‘%“ a%“bz%ﬁté?”eﬂiogﬁp@kﬁgﬁg‘ﬁgporti ons
352A- 352Butenttlspptieatidnes/Nallly Eront 1aRlad 30 .12 Q06 nehivh apoiht orpoated hewsird52D and
frame 360 }‘r_e:iici | itate manual rnounting, clanping, and/or provide nore uniform

|

stress di 8 FiBE8%n. Each extension portion 352 may include a set of
di storsi on m nArpivitgsiyeizsatibes, the deposition system and method involves the use of

aperture masks that are tensioned in jigs. Figure 3A is a top view of a jig/mask
assembly 300 that includes jig 370 and aperture mask 350. The aperture mask 350 has
a pattern 351 formed as described above. The aperture mask 350 may be formed as a
cross-shaped membrane having extension portions 352A-352D external to the pattem
20  area 351. The extension portions 352A-352D of the mask 350 can be used to stretch
the mask 350 to appropriately tension the pattern area 351 without distortion. The main
( cross shaped membrane of the mask 350 may comprise, for exaﬁaple, a metal or plastic
frame 360 laminated onto a polyimide mask.
In one embodiment, the mask 350 is polyimide having a thickness of about 1
25  mil, and having a metal or a plastic frame 360 adhered to extension portions 352A-
352D outside the pattern area 351. Extension portions 352A-352D and frame 360
facilitate manual mounting, clamping, and/or provide more uniform stress distribution.
Each extension portion 352 may include a set of distortion minimizing features
354, such as slits, which may be located near the edge of pattern area 351,
30 Alternatively, or additionally, a set of stress relieving features 364 may be located on
the frame 360. The distortion minimizing features 354 can facilitate more precise

stretching of aperture mask 350 by increasing uniformity of pattern distortion of pattemn

1



354, such as slits, which may be | ocated near the edge of pattern area 351.
30 Alternatively, or additionally, a set of stress relieving features 364
may be |ocated on the frame 360. The distortion mnimzing features 354 can’
facilitate nore precise stretching of aperture mask 350 by i ncreasing
uniformty of pattern distortion of pattern 11 WO 20 %%9&5@% 417297

PCT/ US2006Y ©20p2972694351 during stretching. Various configlrations of
distortion mnimzing features 354 wused for the mask include slits, holes,
perforations, reduced thickness areas, and the |ike. O anps 356A-356D of

ji g/ mask assenbly 300 can be nounted on extension 5 portions 352 or on the
frame 360 of aperture mask 350. The jig 370 includes tensioning nechani sns
321A- 321H attached to the clanps 356A-356D. I n one enbodinent, the
tensionigg mechani sps 321A-321H can be attached to microneters nounted on
an al i gnAeheuingsiniching) Yatos ORbsHriesel dispaieanpinmnegesenant sms

321A- 321Gkaarsr meHRkEfchule IR HAR Mo?&?ﬂ:% SeduBO thRRAVA hr ¥ LEA AR t othejig
370. In 10 Figure 3A, each clanp 356 incl'udes tensioning mechani snms 321,

thus prolik®ling a total of eight degrees of freedom during stretching,

al though ot hetlﬁﬂs@@@&-@%@b%f@éf?ﬁ(dsg'a&gmbwog b bé ﬁ%ﬁﬁte@'@ﬂ@ﬁ%:&f freedomare
possi bl e. Tension in the mask can djust ed rovi de a desired anopunt

of st? et enitiegs 372 %‘G@ﬁb%@@n%@(ﬁmﬁ@a@bﬁ%ﬁhﬁm ®ipeldesr  al i gnnent  of
the ”asktd?l@l%hﬁarg%e’éﬁ%né%slﬂlAtm}PMQ%JdQBﬁle GRS s8R 1448 I1hgn370 may be used

15 as jig datunms for aligning the nmask relative to positions X1 and Yl.
Fi gure 3Bmbpdinsnt thedensipnmgguechanisms dh Arp I ein heaatiashsditp sricremBiar sm 321A and

clanp 356BuntbA®n&h aAEhndABBxiuRC HIES cbREmeNEe tOMRLing| AdRadians 381, 382 that
are arranged tQ grasp the aperture mask. Link 383 couples the |ower clanp

j aw 382 o324 alrronpled Wplensiqing peHIrhEobTopRecHeEr! tpdhs i} Endht ed by

rot agpng Fé%u!r@?ﬂ Saek éi‘éfn§856 ?i{éldd@§ﬁh§18ﬂn%ﬂffeéhaﬁfsln\é%2'11 %ufqﬁ*ﬂmdﬁ@fh\&&m ing
:rotational notion of screw 385 into_ translational notion of the

clanp 356Bciehydeerenet f??émﬁé%‘ﬁ“g $Fqithine. pibgush gtheperaesverit aTovidinsths| at i onal

nmoti on ofpdrbier teaaﬂde%eaeewfﬁesaém dré SobsRe. 4tnaibel irdiBe ShOMCcpMtddpReded a top and
si de vi ew, f ctivel a sln | e stage %f05|t|on systemin accordance
e dr@f%unbtp k é)

with anoPHed fiehing o ﬁE"é’H‘F?B‘ﬁS feBA e F?gﬂlrtfr*? BIPEy Figure 4 A,
the syst eRgimiéh ufids nﬁslf pﬁanﬂmammaleé&&ua@t Wb ahd WY BRY meY bé b@ld mask

asSeNDl T €8 ig dorams Tot afignity te sk seloting To postions X, aad w1
Figure 3B illustrates a cross section view of tensioning mechanism 321 A and
clamp 356B. The clamp 3568 includes upper and lower clamp jaws 381, 382 that are
arranged to grasp the aperture mask. Link 383 couples the lower clamp jaw 382 to a
drive nut 384. Tensioning of the mask is implemented by rotating a lead screw 385
20  inserted into drive nut 384, converting rotational motion of the lead screw 385 into
translational motion of the clamp 3568 grasping the mask, Thrust bearing 386 prevenis
translational motion of the lead screw 385.
Figures 4A and 4B show portions of a top and side view, respectively, of a
single stage deposition system in accordance with another embodiment of the
25 invention. Referring first to Figure 44, the system includes a feed magazine 410
storing a number of jig/mask assemblies 490a, an alignment section 420, a vacuum
deposition chamber 430, and an outfeed magazine 440. The outfeed magazine 440 may
be located on the same side of the vacyum chamber 430 as the feed magazine 410, or
may be optionally be located elsewhere, as indicated by the dashed lines showing an
30 optional placement for the left-most outfeed magazine 440 in Figure 4A.
Figures 4A and 4B show a jig/mask assembly 490b positioned in the alignment
section 420 where the mask 416b supported by the jig 415b is being aligned. The jig

12



deposi tion chanber 430, and an outfeed magazi ne 440. The outfeed nagazi ne
440 may be located on the sanme side of the vacuum chanber 430 as the feed
magazi ne 410, or nmay be optionally be | ocated el sewhere, as indicated by

t he dashed lines showi ng an SO optional placenent for the | eft-nost outfeed
magazi ne 44Qyd tolh-@sue 4A. Figures 4A and 4B show a i gbomskoaseenbl y 490b
positioned in the alignnment section 420 where the mask 416b supported by
the jig 415b is being aligned. The jig 12 WD 2007/075694 PCT/ US2006/ 047292
/ mask assenbly 490b has been transported by the feed nechani sm 429 and
alignment transport mechani sm 461 into the alignment section 420 fromthe
feed nagazine 410 through load |ock 411. -The jig/ mask assenbly 490b is
noved by the alignnent transport mechanism 461 to an alignnent position
defi ned bimatk asseehb¥l4ibthhs beehhanfpoalkd gyn thefee bmetHaoimd20 andaligrmyerhe best seen

in Figure t he al i gnpent ion | def,i ned ard stops, for
posi ti oni ﬁ@lsg%&ecg l?qfhggﬂ Eptﬁﬁgﬁgrgne Vnﬂ%@%ognﬁﬁ? 5d Y g}r%?re t section
420. \Whenthirdughjlogl loels &1 laskerip/iraskaissembl NESG ik growedby esligmoent Wi th edges of
the jig 415b a aln t .the hard stops at sit'o and, Yt .the edges of the
1o ) dsn et et iel fes herhinporBER AR e gl i B ne f eed
magaziae ﬂlﬂ@mdé@nom WED. akd :gm;rmenbessmeh uzoEzg&ﬂeOfmrmch dlig@lmdeposttmﬁer ature
cont rol o,condition the mas or.e, rin ter alignnent.
As previ o‘gesftwdg"éé’g?&g%nﬁ for, BPSIPRINE© g i °§then‘é%ﬁ’5% ?Fﬁ“ﬁ%gé "the jig clanmps
422 are Eltgmln’nwdsdcﬂozdﬂiﬁléWher(meyngimM$$en$l§Oh 1raﬂledthEemrpbzﬂﬁm, with ot her
novenment cha cate n 42 out board of
jig 415b. © cau0|39?4ﬁi m%wlgﬁbqunﬁd§ﬁ“gi% %Fgéloca e §ﬁ5ﬁgg§ ﬁ& opti cal
gagneti C, 4fb e psadi ds idewns en &oilisate Magualégnd®3nt.i | | ust r at es t he use of opti cal
enso 425, ot odj.ade/.phqgt odet ect or sensgr o e a, for
fi dumﬁgl ali gn?rg'er]{eegf‘ﬁg?%m41§r?§?/§ﬁgjﬁga%5"%gg§'gcnoflhe f“aa{d%‘il% s 419 on the mask
416b ar e wdjpestad coatrd] ahits wahditiozaﬂspwké beddrer duriyg shdomfidrgligehenrs at

| ocat i ons 5 Pret%'qloqls desérﬂ)e& k{Ee: %B§1%rqgg1 s%ﬁsdf Van{fﬁs}:% Ja‘gg% Er?%ar?e al i gned

Wit h respec He axi s or igne spe
subst ant i edupjeddp dhivgrs radt slaoves, sukh asdmme motorse perthatmaovesient techaasks416b i s

tensi oneddRegt e MR 08ib -V en LRGAL 1R, BAK AR HGIA fxpect ed from
heat i nduce in th 5 " eposi g on process orce transducers
t nay be coegt4tb ae lftchedmsﬂxaﬂh}wtmldtr@gnqncgor chpahititezepsooy i deurt dBdback f or
tension capligbs mlle SEPREALMGsHICES S a PRYUoAbEGpHic¥iRtector sensor or
camera, for fiducial alignment. In the tensioning process, the fiducials 419 on the mask
416b are adjusted to fall within a specified range from jig datums at locations X, and
Y in the alignment area. The mask 416b may be aligned with respect to one axis or
20  may be aligned with respect to two substantially orthogonal axes.
In some implementations, the mask 416b is tensioned in both the X and the Y
( directions past the strain expected from heat induced in the mask 416b by the
deposition process. Force transducers may be coupled to the mask 416b and/or jig
415b to provide feedback for tension control. The tensioning process may also take
25  into account individual mask geometry effects on pattern movement under strain to
enhance deposition alignment over previously deposited pattems. The mask 416b may
be placed under tension for a strain soak period. Alignment of .thc mask fiducials 419
with the datums provides an alignment XY location for a fully strained mask 416b.
The alignment process may be facilitated by computer with closed loop
30  feedback control involving all global fiducials 419 on the mask 416b. In some

implementations, at least one of the clamps 422 may be non-rigid, and may be

configured as a segmented clamp asserably. The tensioning drivers may manage the
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25 into account individual mask geonetry effects on pattern novenent under
strain to enhance deposition alignnent over previously deposited patterns.
The mask 416b may be placed under tension for a strain soak period. ‘
Alignment of the mask fiducials 419 wth the datuns provides an alignnent
XY location for a fully strained mask 416b. The ali gnrrenh{sé)@%%e’ﬁ may be

facilitateWOAPEBMStiter with closed | oop 30 feedback '&d Aol vi ng al

gl obal fiducials 419 on the mask 416b. In sonme inplenentations, at |east
one of the clanps 422 may be non-rigid, and may be configured as a
segnented cl anp assenbly. The tensioning drivers may manage the 13 WO
2007/ 078694 PCT/ US2006/ 047292 position of each clanp segnent. The use of
segnented clanps with associated tensioning drivers provides the ability

tee strain.mask s nts to affect c | i ment ar rtions of the mask 416b.
The use. BIORAE SHAFTERP STEgiTRr sl eaue o BEment s B essPAe) of i duct al

al i gnnmentensibsibg dhudre groatieo &s abiliey waskinaheh sedmdiid wraffeernsmpiimegtarst he j i g/ mask
assenbly 490b is. noved, fromthe alignnent, .sectjon 420 through |load | ock 412
and intopW%8“ %F?§8ﬂ6%hgh%5$(§§6299V¥ﬂ%ﬂmFﬁ@hnﬁ%%BgﬁPP%: chanber 430, a
subst r at enifaraiity @i Adiciaedibanées distdtotaddemss thevesk arai nd and wind rollers 451,
459, b guide.452, .rollers.457, 458. and ather bstyate transport

conpo%vgnt s. T%gerstﬁ%sé?w’é%’?‘ed%’gm?%( IR b F’é’l‘ff‘fjﬁ%“ FEPPSP 451, travel i ng
over a 16ecviebh4bihteuphIGaddock ALand thta thealeposdtionodthamberci3c Wiktien drce of a
rotating.,drum 453. Th substrate 450 continhues from.the ratati ng drum 453,
basaes. odgPHgn PRRbolA30 SAE el o BrheePEORR ORI BT 59, 1 n ¢ he
deposi t i efindrolebdt 1,430, wethguifd 4720nEskrsals3 oy, yndl@ba snetiapriomegoes under t he
rotating drum 453.s0 that the. apertu mask.416¢ is.positioned between the
15 subst pPRORsEE” The Bkl R R B B e P e n A shi el G
464 iy beb zusiedS? endareweid paradresfi saadircdmfosick iof a rastherdrodn a3l fha desi red
region at .t X . of rum. 453, I n,one enbodi nent , shyttle

rechani aniorege 86 foting{ffom Ut lefiganirle 2 B SR RIL 0 h RERMNA 0 1 v,
and Z di ca&erieds vond milet 65%eposi tion. Angul ar placenent 20 (o) of the

463, The shut Ie AaRREeH BN 950 I ARgRIE, A ARt Yook A 0G-H by ToC o =
assenbl y thegoetingdmgsd> 3t sedhat Gxtappryt meiski4 theris postideisd HetweomtheAs t he j i g/ mask
asseqghly sibee 898 BBk Iagpositicm soufce 460 during deposition. A shield 464 may be
used to prevent material deposition other than in a desired region at the apex of the
drum 453.
In one embodiment, the shuttle mechanism 462 is capable of positioning the jig
415c and mask 416c in X, Y, and Z directions prior to deposition. Angular placement
20 (@) of the jig/mask assembly 490c may also be accomplished via the shuttle mechanism
462. The shuttie mechanism 462 may also be used to move the jig/mask assembly 490c
across the coating field during deposition. As the jig/mask assembly 490c enters the
deposition chamber 430, the shuttle mechanism 462 receives the jig/mask assembly
490¢ and moves the jig/mask assembly 490c into the mating position beneath the drum
25  453. Through the use of sensors 454-455, the mask 416c is positioned in the mating
position based on alignment of the mask fiducials with respect to jig datums at
positions X; and ¥2. In timed sequence with an incoming substrate pattern, the
jig/mask assembly 490c¢ is moved into contact with the incoming substrate 450 and
deposition begins. If a shutter is used it is opened prior to deposition, At the end of the
30  deposition, the optional shutter is closed and the jig/mask assembly 490c is displaced in

the negative Z direction departing from the substrate.
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deposi ti on chanber 430; the shuttle nechani sm 462 receives the jig/ msk
assenbly 490c and noves the jigimsk assenbly 490c into the mating position
beneath the drum 25 453. Through the use of sensors 454-455, the mask 416¢
is positioned in the mating position based on alignnment of the nmask
fiducials wwﬁg o RRReECt to Jig datuns at  positions X2 anwUSEOsA47Z%i med
sequence with an incom ng substrate pattern, the jig/mask assenbly 490c is
noved into contact with the incom ng substrate 450 and deposition begins.

If a shutter is used it is opened prior to deposition. At the end of the 30
deposition, the optional shutter is closed and the jig/ mask assenbly 490c is
displaced in the negative Z direction departing fromthe substrate 14 WO
2007/ 078694 PCT/ US2006/ 047292 Al ignment of the substrate 450 and the nmask

416¢ in the Y Glth'gﬁl@khtcﬂiﬂﬁ%ﬁb@tﬁit@@m'ﬂléﬂﬂﬁﬁc mC@Mﬂcﬁgdﬁé&ﬁo§Hﬁ§%éate 450 to
an absolute Y position using mark 4% he substrate 450, and then noving
a

the mask AMPOREEEYHYIRYNE fr}eé“hsé@ﬁ“ Os‘:WB‘ZBO{%e ¥ hesitign HeingmspengsS B usi ng

fiduci al s lRbamtd 45, BRS e Hefing tREmBI 410 9fa 188 SHitle fabelidgisal 4250 iRy be
formed by anyyprocess t hat, provides a di scernabl e reference, _such as through

deposi t i orf*8¢ ’é‘PPéEFmg%QHB@]éI‘“%Pn thgieask 41 6¢ ol herraarkines pepTGAUCEHS v o ds,

trinmBg @y k%d'@l%cd&i}din?br@%sﬁh@tﬂﬁéﬂ&sta@scﬁhﬁgleQ@feren@fptshdhaels1thr%hg}m cal,
nmagnetic or other properties of a material to produce_ a reference. Initial

al i gnment SEPPSIHOR kM RLEPHRAVAHSY mBlEalde GTR3IS WRRIGEDY Yaidh HEPHE 280 novenent
of the shufifd, endrBchiadhanfing B pHISIBall fiRicel BiSdriidd Smpaieti€ biothér J¥Bpertlg | Nt o the

mati ng position. The shuttle nechanism 462 noves the mask 416¢c into the
mat i ng p(?gf’f’fafﬁﬁ‘ab‘}‘}%? 4cg arFETSRESk nmki ng contact with the substrate 450 by

timng the i nmﬂmmggﬂahﬁteﬁmefxamc@ﬁn abaminsﬂéu E}Omhh@ theat i ng position.
cI i éomar ks on t tra e 450, ?‘ §§ g sensors 456 be used to
DGR s &

enabl t hﬂ‘%""ﬁ“ﬁ%"g T g m {152 {HoReRAER s MoVing 18R pl e to
del ay the mmgljsbﬂgmsun&ishaﬁ& A&l avitrh k62 hi’d;@easﬂhblhialsle4lﬂifﬁﬁthaﬁﬂ @andb2 traverses

pat ter ns FEPEP” BEMTE4RORIEEROST Rt s ettes B ERBR frng the |1 of mask
assenbl y 4%ﬁuhg)parhm frethianipp@’s idchiion th Shpmatngipoitiont Myulic wedkaph g t he
Ut g, e R T NSO P S8 AR TSYS BT B o s
and the m&eéhl&dkeuﬁﬁé éris podsibilato (hlayg]ﬁmiﬁMmﬂxgdubmbssqweﬁlte tikeghattiet i ons on
the subst r at rg ‘395) g:g‘hzrgcrs g?;kssﬁ 0 t?le ma u?é chglstuﬁp Ac%mona 39, it is possible to
space the patterns first coated on the substrate 450 such that returning the jig/mask
assembly 490c to the mating position is possible without delaying the substrate timing.
The shuttle mechanism 462 then moves the jig/mask assembly 490c in the + Z direction
20  for contact between the substrate 450 and the mask 416¢c. After initial alignment and
subsequent depositions on the substrate, feedback from sensor systems 456 downweb
{ of the coating area allows for correction of the alignment at the mating position.
: Sensors 454-456, such as cameras and/or photodetectors, can be used to report
alignment information from previous deposition cycles and the feedback information
25  may be used by software and circuitry 1o adjust the mating position for subsequent
cycles. This allows the system to correct the offset error using information from
previous deposition cycles and/or fiducial locations, such as by averaging or other
methods. Software and circuitry may be configured to avoid over-correcting, cause
“hunting” control behavior, or otherwise disrupt the smooth functioning of the other X
30 and Y positioning systems. .
In some embodiments, the drum 453 may be replaced by a web location

platform which may be used to align the mask 416¢ and the substrate 450. A web
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of the coating area allows for correction of the alignment at the mating
position. Sensors 454-456, such as caneras and/or photodetectors, can be
used to report alignnment information from previous deposition cycles and

t he feedback information 25 nay be used by software and circuitry to adjust
the mating position for subsequent «cycles. This allows the systemto
correct th®QXPEEe% rror using information from previtSG&SHENEYEE on cycl es
and/or fiducial |ocations, such as by averagi ng or other nethods. Software
and circuitry may be configured to avoid over-correcting, cause "hunting"
control behavior, or otherw se disrupt the snmooth functioning of the other X
30 and Y positioning systens. |In sone enbodi nents, the drum 453 nay be

repl aced by a web location platformwhich may be used to align the nask
416¢c and the substrate 450. A web 15 WD 2007/078694 PCT/ US20061047292

| ocat i on!SPERMRIFIATRERAYRS Usebef 0B GRER coBfunetionouit the chy8a MEFRRIsthE Shut t | e

mechani s Br4fgamdr@bf @t HBRORMNYC B thd\RbIRSKs bl OheaNIntiPEatsRS @bR 450. These

configurations are nore fully described below in connection with Figure 9A
The appr 4L PeT below dhrramectiongvith Figis§Aof T herereashss fardeamet aRd mask

411, 6¢C afminy SPhORBsthes 0@ mBK AR A YroviRBRERACRRSemflai}er techni ques for

provi ding for_al 'ﬁg{lment and pnovenent of the mask 416c in synchrony with
substT at BPRS2ACPET ({&hegiee

haishes (e Peryiding fos alignmymhandfaoegyspbofohe mRfs i nventi on.
Buring depashbkyRRsont RethSubsiatabLierhs QreaddsiABekAbEOFitah elOedTlihik Nt 0 cont act

and may be npved together or independently by the shuttle nmechanism 462 in
the X ~18V81%¥ction past the coating field. At the end of each X direction

traverse, thepaisKdepddtomikk HUNSE 2ParliHRsRY ESSLPBFALRGNtoTUAMcAS |, by the
shuttl e nechanj sm 462 dro‘{@5 [ thegaly't?/mSk ssenbly 490¢ in the -Z
c

prn .
di rect i of"4 BARHREYRY 1aeeth 8&%‘%?%’?’%4 Shf S ‘?’?@ﬁ%“SPh"’égé‘Elﬁ‘g ate 450. The

shut1¢ e akedian pasmnitGathizgefieldlDNEthe h® of dagh KRBiccRGrS@RATRIsY, HORRsk PERK to the
U110 D%l Sh R NS Lhg e K A0 IR SR LG, SPRASNFNO 10 18
mask 416§ig/neasldasserhisly H80eindbd-Bidirbetida e adhits e Hiphgickiuhied aleerapatfi@nn. In this
the reci BFoBaRRG Ot PetReBRSRrGR HAsr Spent B se R o mmsk
assenbl yb#&Qe tlieandting poEitiomyhere shd ek 46t atatee adth thpaibieate 48eposi t i1 on.
APPT DI T Bt & SRR 4 10 B9L Y8R LR HPRNERE SRS SR RLLOYS oF hil8ndsR 164
and substrate 450 with each incoming substrate pattern. In this way, it is possible for
near continuous substrate motion to proceed while the reciprocating shuttle mechanism
462 repeatedly moves the jig/mask assembly 490c 1o the mating position after each
pattern deposition. Appropriate spacing between substrate patterns allows time for the
20  reciprocating action of the shuttle mechanism 462 and adequate alignment time.
Figures 4C and 4D illustrate side and cross section views of the alignment
transport mechanism 461 and the shuttle mechanism 462 as the jig/mask assembly 490
is passed through the load lock 412 in accordance with one embodiment. Figure 4C
Hlustrates the side view of the opened load lock 412 with the jig/mask assembly 490
25  being passed from the alignment transpcort mechanism 461 to the shuttle mechanism
462, Figure 4D is a cross section view of the jig/mask assembly 490, shuitle
mechanism 462, and alignment transport mechanism 461. A portion of the alignment
transport mechanism 462 supporting the jig/mask assembly 490 fiis between dual rails
of the shuttle mechanism 461. The shutrle mechanism 461 is moveable in the +/-2
30 directions to lift the jig/mask assembly 490 from the alighment transport mechanism
461.
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20 reciprocating action of the shuttle nechanism 462 and adequate alignnment
time. Figures 4C and 4D illustrate side: and cross section views of the
alignment transport nmechani sm 461 and the shuttle: nechani sm 462 as the
jig/mask assenbly 490 is passed through the | oad | ock 412 in accordance

wi th one enbod% GM_Figure 4C illustrates the side virewusicodhe29opened | oad
|l ock 412 wi¥fA%e jlg/nask assenmbly 490 25 being passed fromthe alignment
transport nechani sm 461 to the shuttle nechanism 462. Figure 4D is a cross
section view of the jig/mask assenbly 490, shuttle nechanism 462, and

al i gnnment transport mechanism 461. A portion of the alignnment transport
mechani sm 462 supporting the, jig/ msk assenbly 490 fits between dual rails
of the shuttle mechanism 461. The shuttle nmechanism 461 is noveable in the
+/-Z 30 direct I i, gnment
transport mec hgfr%a%n% R3 Hﬁctk 3 5%%%294 PC#%U@Q%O %%%%g‘)ﬂiﬁ% gure 5is a
bl ock di agrutis @PCWMWWIIWJKHEI%W%PWFW@ of the ayb@raﬁq Gresgfe pr@eshutt | e
mechani s ”E@é?ﬁ'n&u@ BE e khtshthe LR HeQRaRNE 1P Q§ﬁtI-dl %téﬁﬁ 5(?] Ry HRAIERLE of O assure
proper alignnment of the substrate and the mask e control system 500 may
i ncl ude oMETRYENSTTHPRS,S&HyeAdJo SefsTmin the positiop oF teigimsk @ssemblpeithe on of t he
19/ mask aaseatl WeRRliddan dscatiRal dithfendst R S r!‘legbl%@r'a!feﬁﬁ%c @l i gnment of
the mask wth the substrate in glrectlon ma enment ed usi ng

mar ki ngs 8heqtien mayPstimptemested uping uedrisings emthe ﬁ@bstrﬁmkd ﬁgemle PBUB05 such as
caneras, phok 086651505 SuciRdaBierAt ﬂ%o&ey&m GRHO S Py s@ﬁsory%?lmte' duci al
posi tion information to an, | mage data acqui'sition unit

timng, |8esiewianesgen IMeTrEpD [CPOERAEREN SpBETEIORIThEO%f the 10 subst rate

may be acconpl D%%Olnébszhﬂﬂﬁniﬁéa{ﬂoﬂ%dfék &P&@Q&o%éﬂ)%ﬁﬁ@ﬁhé af:@le The substrate
rklngs may conprise cyclic marks, lines, voids, trimed web edges, or any

ot her 19 ef &ftisHeE RAYRE qcaﬂmltsé?qﬂ% PRECNES SiPPEsA opfthg fbsEinsTheat e.

Longi t udi BastrBRMErkigSs mayDdrERise APcIREMENS) linfes, FBId Strind?Bda W& defpedl ot iy
determnlngIF %& down- meb X dj rection) | ocatjon of the substrate. They can
be used ifi FERerEedie &P‘“&Fheslaﬂa"’&t"nﬂé’t dhesbeten Langitdnal wrkinghy with t he

mask. Lat emalh dmrbklcyaﬁ,maanias Glhy R YsEBfoR dbteARining tﬁ%vﬁﬁfv%(ﬁ(@fr&éﬂ&ﬁ) substrate
or a trimred su@gérate edg arse useful  for contgﬁ tlng the | ateral
position &fcatieh B KalPe They 38 theaed e imiPR YredEhed PEob TR AR R Pude

separ gt € SARKAILY Wil the dﬁ&lecutagl ﬂhamﬂgat Whigh AR 6K b HES in BB ehat 418 of @egi t udi nal
mar ki ngs. subsg-g‘glo? a ergfngg'gglgstrg% edge ate useful for controlling the lateral position of
the substrate. Substrate marking sensors 515 may include separate sensors for
detecting the lateral markings and the longitudinal markings. Signals generated by the
- substrate marking sensors 515 are received by the data acquisition/image processing
20 unit 520 which may digitize and/or process the sensor signals.
The data acquisition/image processing unit 520 is coupled to a substrate
f position/tension controller 530 and a shuttle position controller 540. The shuttle
position controller 540 receives information produced by the data acquisition/image
processing unit 520 and outputs signals 1o the shuttle drive mechanism 545 to position
!5 the jig/mask assembly during the deposition process.

The substrate position/tension controller 530 receives information produced by
the data acquisition/image processing unit S20. The substrate position/tension
controller 530 uses the position information from the data acquisition/image processing
unit to control the substrate tension, X direction position, and lateral position of the

0  substrate via the substrate drive mechanism 535.
In some implementations, the control system 500 controls the placement of the

mask pattemn relative to a previously deposited pattern on a moving substrate. Each
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substrate marki ng sensors 515 are received by the data acquisition/inmage
processing 20 unit 520 which may digitize and/or process the sensor signals.
The data acquisition/imge processing unit 520 is coupled to a substrate-
position/tension controller 530 and a shuttle position controller 540. The
shuttle posrtron controller 540 receives information produced by the data
acqursrtroﬁyqﬁﬁa% 6rocess|ng unit 520 and outputs srgﬁ&l§”95 fﬂé‘shuttle
drive mechanism 545 to position |5 the jig/mask assenbly during the
deposition process. The substrate position/tension controller 530 receives

i nformation produced by the data acquisition/inmge processing unit 520. The
substrate position/tension controller 530 uses the position information
fromthe data acquisition/imge processing unit to control the substrate
tension, X direction ion, and | ateral osr i,on of the strate via
the subsfesFeeat ‘i’l%" #afh? Wik Imjofvegrlzng ePrHF%H%‘?ﬂodﬁt’?eS’nas’d 5{1 E)5’cont rol

syst em 5Q¥fecaid preodepotifed paliat eifonh rofltiplb @yerdgisifadst ern relative to a

previously deposited pattern on a no in supstrate. Each .17 2007/ 078694
PCT/ US20086/ 04%@‘2"“%&5&&1@%“’ bR ERIRIER O barplapliek leamPE S8 I a3 acement

rel ativeehéria pﬂ@%tn@ﬂdel&hvgbttﬂeyﬁdlﬂi‘ﬂ taegsmb e astRRea ) bRAe PRiMRkFort 0 form
mul ti Ie Ia er depositions. gg contF system 500 y he configured to be
adapt Pve 1G5} ORGSR JRRIsHion; Al contiol Systeny 50 learashy, 'BRiEGED t he

fiducial ﬁteaar;gettasmteemmmesmm:ehy nrdreglevtohecm kedeBied fond fhe a@ach
successi ve de P ?J tion. The contr§ system 500 | earns by taking into account
.f

the al i gAfFESYYIMARE PHCGISREMME 201 8% Bt Misite N (M estfes recei ved from
the data poaﬁawdseltmwrwmestmmsaﬁsmghgmtetmmln@natm graﬁes—hte@ycl e, the
j i g/ mask asserrbl);q.FrI Wgosrtr relative to ‘HQ ? bstrategs t he
al i gnment ™8 ¥ B PIREPDRS én SPEFeS P GREDT S 8" 5resthes 5’cycl es. The
procdss rsiureh eyt eduting the etrhe tierprotess Becontkd fudly addpiad 4hd depekinded. By reduci ng
the error, the. L}?roces illy adapted and deposition occurs wthin

e

accept ablP& Yo EVRECEP rﬁtf)f%ranﬁe F'm}l% 6 shows an exanpl e of the markings that
may be | ocat eﬂ:gune6ktmvsmbstmapleofthermqnhnmiaetsn@fbedocﬁterd)dd thaguttshrate| at eral and

Iongrtudrnal Sit LNt aj ni IS ratron betvveenthe
substrate TN STﬁS Oflcoml{glﬂ%{égeaqnar Ldq‘(’:,nsgp mgpm‘{)%osﬁlro g p%.{nt ErREge PRl may be
added t o régieragionp b¢tmatrethd sulbistrgte and fherrsetsks Thepe Jm’rkmgsemahe@@metpanmpd ocess. As

S hOp_IS m iop mta)b Ibg 2531 h)%’sugsj?r%tel d%tngg g‘lﬁrsq tag 8f éV\%eponRiron pn LBy be a line 602
As shown in this example, the lateral or crossweb marking may be a line 602
that is a fixed distance from the location of deposition patterns to be formed on the
substrate 600. An edge 601 of the substrate 600 may not be located in a precise
relationship to the line 602 or any deposition patterns on the substrate 600. However, a
20" web edge trimmed or marked for this purpose may be used for substrate alignment.
From sensing the location of the line 602 in the lateral direction, it can be determined
whether the substrate 600 is in the proper location or whether a web guide adjustment is
necessary to realign the substrate in the lateral direction,
As is also shown in this example, the longitudinal or machine direction
25  substrate markings may be 2 series of cyclic marks 604 spaced a fixed distance from
one another in the machine direction. From sensing the position of a ¢cyclic mark 604
in the series, it can be determined whether the substrate 600 is at the proper longitudinal
position relative to deposition patterns on the substrate 600 at a given point in time.
Figure 7 shows an illustrative embodiment of a position control system for a
30  substrate. In this embodiment, one sensor is being used for the lateral position control
while another sensor is being used for the longitudinal position control. The substrate

702 has a linear marking 706 for longitiadinal position control and cyclic markings 704
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that is a fixed distance fromthe | ocation of deposition patterns to be
formed on the substrate 600. An edge 601 of the substrate 600 may not be

| ocated in a precise relationship to the |ine 602 or any deposition
patterns on the substrate 600. However, a 20 web edge trimed or marked for
this purpos sed for substrate alignment. Fro | ocation
of thg IPne%ggg%Fgggﬁe | ateral direction, ?t can be de?géﬁpﬁggﬁuaﬁgther t he
substrate 600 is in the proper |ocation or whether a web guide adjustnent is
necessary to realign the substrate in the lateral direction. As is also
shown in this exanple, the |ongitudinal or machine direction 25 substrate
mar ki ngs nay be a series of cyclic marks 604 spaced a fixed distance from
one another in the machine direction. Fromsensing the position of a cyclic

mark 604 f&rQatEI{EF%gﬁfdn bl S8 UbARL IHTLOSE, YL déﬂ%ué:%s%l@?&ifeﬁte 600 is

at the proper itu position re |veto eposition patterns on the
substrate 76@®h@1t0nauginwé ﬁeq@@l lt2 sepses thedine FTD@ ovbde Thedlhteved sengor 114ssnyeat i ve

embodt ety Ao AEA:OBa ML Kb B [kt ncBR AUDSHS Abpve [0 LT S

enbodi nen ne sens is berng Blise ateral” position control while
anot her sénpglemented behpg hghTefdmttmg didvls (L ERYandphotardetaotss cirfigh ocofCLDl . The
substrate near marking 706 for |ongitudinal position control
and cygl i gmzn%rgkﬁaﬁgx&#&% 18 WO 2007/ 078694 PCT/ US2006/ 047292 for |ateral
posi tion cont r dhe owtputt fem shehongitndmal @2squdd 8 essprbeideetorthe déther 705 and rol | er

710, the'ﬁx :ﬁ&iﬁh&?ﬁg&y‘%@& fe mrﬁ?‘%&ﬁ&%}e&%&dﬁ]%ﬁg niH merhﬁ‘ﬂl teral

sensor enses cyc i ngs I tudi na | at er al
sensors 73gbsuqeposiign B2l.iigphevepr thelagedl fupation eighe I@Bitvdlmig'l ¢iade (LED) and

phot odet eclatinLis fh the e%e&eoquatmﬁ f‘{‘ﬂg’p’&%o&‘ Bor 5P gmﬂiﬁal QuEQn from the

(ongi tudinal sénsor 712 I's provided to the data acquisSition/inmage
proced8i ndzhh"lqumm\hﬁﬁ%@ﬁ%@tt@ﬁﬁpﬂé@l@ﬁ@05%@#"1:%6@1 error in the

substrate posi tl“h@@utzgtlfroﬂl o 1atcha@\9enfs@r71t4h§p1%9fd%ko Jhgaattala c?uﬁtfloryﬂ@a ge
| ongi tudinal fiducial nmarking is fromthe expected |oca The position

error for Prasessingrgitiafi d&e %?geel@?%ﬂna@nv@ detergpines the arpr ihde digat r at e

posi tion ¢enli&PhtRE s&b@t?ererfe ﬁio&ufa?ﬂé)acmaihﬁca%ﬁ BPthe 14:03) fidlRidh ﬁia?l&ﬁ% sensor
714 is provided to the data acqw: sition/ Imigé tﬁrocesm ng unit 72 The
Pr

i mage prodeEyn Hy empetedpoatinm crheingation rreorei o lageral argrasevd position of

the sybst yat&ionlis &Jtputh@‘fﬁcf Rbsttdie &ﬁidﬁ%hm!r&féﬂtﬂz.@rbf@ﬁg&@?) lateral fiducial
marking is fromthe ex ectedlocatlon The position error 722 for the
| ateral or cr opgﬂ@btlon of small geometry regions on the substrate requires precise control

of the substrate position as well as the lension in the substrate. If the substrate is
improperly tensioned, it may sag causing inaccuracies in deposition location. The
substrate controller (530 of Figure 5} controls position and tension in the substrate

20  within the substrate transport system. Figure 8 is a diagram illustrating in more detail
the tensioning aspect of the substrate transport system and substrate controller. In this
particular example, a segment of a substrate transport system, which is typically
referred to as a tension zone 850, is shown containing two driven rollers 801, 804 and a
number of idler rollers 802, 803 that move the substrate 800 through the substrate

25  transport systern. The driven rollers 801, 802, which may comprise unwind and wind
rollers as illustrated in previous figures, are coupled to drive motors that rotate to move
the substrate 800 at a desired speed or {0 effect a displacement of the web substrate
longitudinally. A substrate position/tension controller 830 collects substrate position
data from sensors 811, 812 that indicate the position of t_he substrate 800. In some -

30  implementations the sensors 811, 812 may comprise the longitudinal sensors previously

described.
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15 direction is output to the substrate position controller (530 of Figure
5). Deposition of small geonetry regions on the substrate requires precise
control of the substrate position as well as the lension in the substrate.
If the substrate is inproperly tensioned, it may sag causing inaccuracies
in deposition |location. The substrate controller (530 of Figure 5) controls
posi ti on aM® Versssdh in the substrate 20 within the s&ﬁ?ﬁﬁgwgwﬁﬁﬁnsport
system Figure 8 is a diagramillustrating in nore detail the tensioning
aspect of the substrate transport system and substrate controller. In this
particul ar exanple, a segnent of a substrate transport system which is
typically referred to as a tension zone 850, is shown containing two driven
rollers 801, 804 and a nunber of idler rollers 802, 803 that nove the

substrate 800_t hrough the substrate 25 transport system The driven rollers
801, 802, whi Ehotherymplsmsriagians, Hifi saeFossfl Luf Ifdnavotonsirise gacqderserr’st ed in

previ ous yf {8 WSS rofiér§ rsﬂd& Qatﬁl MR IOIR SRS thOt el 409, STVe  the
substrate 800 at a desire or to effect a displacenent of the web

subst r at &ecrshyereiirngll, $04 mt%ta H‘s‘i“?"&f PopRItion fodhy rapEt oh VEeBmABIa er 830

col I ect s ysiiBad fagde® 1ROSIH d RMer, daadrohl @x@@e%@rﬁb%%rﬁ 1831 mBJ Be bidhed A Ccate the
p05|t|on of the substrate 800. In sone 30 i mpl enent ations the sensors 811,

812 may dushytssdle apnt ohiybetrls wab SQQpdet o B@#éwtmisqdﬁorﬂ@?éwsuéh 19 WO

2007/ 078681 0HetheR R (0hWERen rdiRr«g0 o4l Pl enent at i ons, the sensors 811,
812 may conprise encoders coupled to the driven rollers which provide data

relating to t KEIRHPRATIIER. e spbriraiesiOPapyindg into thgdensioperong 880 faw thol | ers 801,

804 rot atign fr&ndw&ettmnémnrﬂaw ?afséacia{aa pBERs enfr SWED SBRnA b thirdt hat has
passed through a rolle data fromthese sensors 811, 812 mmy be obtai ned

Phat 5 | HEFeHPaeliensZa a0t Ae idrr Blast eavedues rinstse GHRAeSEs: 1 act od

f romphe pghedqg dab aﬁﬂaﬁﬁéﬁmhﬂhm@ﬁgl&@@m&ﬁ@r@éh#ﬁﬂs&ﬁbkﬁh&b&@%mu&04 Buring
operatio wi nds into the tension zone 850 fromthe

t t.rat
left fro %Of‘ I‘Fgg?ﬁ‘%‘?%satst ﬂ%%lxﬁé’? ﬂBf)‘f”ﬂ&W?ﬂj 8a8<0dieke bas ?J'b%ﬁs?‘ilﬂﬁd BR¥M¥r 811. Second

and thir densuﬂginl a1y ofthdse FdlicBED 1 -8A3naNR dridt g alth@ighgh & tydic#. , undriven

rollers, d to obtajn a desired. 10 si cal ath cqnfi t|on t hr ough
he subschaePafRyiby «Bptemd xrgabian porirmd sbnofGenfBtiSar "t he exi

of this thersivenlzaiigicd>ehy @il dltkee falsrsamaydesdle Alled widki sillon  sensor 812,
AN NN R A AT WP T RN o
roll ers, avddhodn, any number of rollers may be used to obtain the desired web path
configuration.
The substrate controller 830 receives positions signals 821, 822 from position
sensors 811, 812, and calculates various parameters of substrate material 800 within
20  tension zone 850 in real-time based on the signals. For example parameters, such as
web tension, elastic modulus, thickness, and width, may be accurately determined in
real-time. High-resolution position sensors produce position signals 821-822 that allow
controller 830 to accurately determine the changes in position of driven or undriven
subsirate transport rollers 801 and 804. Substrate controller 830 may then accurately
25  determine the feedback data for use in real-time control of substrate transport system.
More specifically, based on position signals 821, 822 received from the position
sensors 811, 812, the substrate controller 830 determines the amount of substrate 8§00
that has been added to and subtracted from the web zone 850 during any given sample
periad. From a prior determination of the amount of substrate material 800 in the
30  tension zone 850 at the start of the sample period, the substrate controller 830
determines the amount of substrate material 800 in the tension zone at the end of the

sample pericd. Because the span of the tension zone 850 is both fixed and known,
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be driven. In addition, any or all of these rollers may be idler rollers
while.still 15 operating according to principles of the invention. Wile
only two idler rollers 802-803 are shown, any nunber of rollers nmay be used
to obtain the desired web path configuration. The substrate controller 830

recei ves poa&;%gﬂﬁﬁélgnals 821, 822 from position sensQ¥§;BdkniBd2, and
cal cul ates various paraneters of substrate material 800 wthin 20 tension

zone 850 in real-tine based on the signals. For exanple paraneters, such as
web tension, elastic nodulus, thickness, and width, may be accurately
determned in real-tine. H gh-resolution position sensors produce position
signals 821-822 that allow controller 830 to accurately determ ne the
changes in position of driven or undriven substrate transport rollers 801

and 804. ulsdit adrRroPNgI0cte@inirs theMoubNENanGH bdsBhi ndReti RO Rohe t he
f eedback "data for use in real-time control of substrate transport system

More spedPficcaia \pluasaOaee &RATHES MeptirRny Ahftwingip the gbotrate Sedelagriasdom t he
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zone 850 AofyIny tiskpegs sehwidiipl e period. Froma prior deternination of the
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In real -ti . or_e e ctuyator, . .contr n .y control a
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832 may kRedyriatorpodicd\hereibwrefdra@t. shown) of roller 802. As such, substrate

controll er 830_. na% control roller 801 a nechanisn1tgﬂéontrol t he tension
I

a
in the web nmat@eME WE GNP EHCRTBEALITLT 3 BTROSWRH SYSUR PRR I det ai | s of
tensi pn ceabidahcePifle &aABodMER DT FRYinBRtionlt Thd ZpBsititn SRRNUSCRIEER 94 t h

enbodi nenitngluggs at g(ead Baraggz?rrz]e} 915.?21’1? Q&t}'e?;cq m%l;ggzir?ee932%rziin %qiell)gsition chamber 902,
as previously described. The substrate 901 is moved through the deposition chamber
902 on & substrate transport system including an unwind roller 905, a first and second
- web guide 906, 910, and a wind roller 935. A jig/mask assembly 990 is reciprocated by
20  a shuttle mechanism 918 under a web location platform 920. The web location
platform 920 supports the substrate 901 against the mask 916 which is tensioned in the
(L jig 915.
The deposition system 900 may include the thermal protection of an integral
shield 975 mounted around all non-patterned areas of the jig/mask assembiy 990. The
25  use of a shield 975 enables minimal thermal influence from support structures heated
inadvertently by stray deposition of coating materials and minimizes subsequent
cleaning requirements.
The use of the web location platform 920 to support the substrate 901 against
the mask allows deposition over a wider area than is practical using the rotating drum
30 previously described. For example, a coating apparatus may have a substantially wide

flat field for deposition of source material at a nearly normal angle. The web location
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commonly owned U.S. Patent Application Publication US 20050137738 which is
her eby incorporated herein by reference, Figure 9A shows anot her :
configuration for a deposition system 900 in 15 accordance with an

enbodi mrent of the invention. The deposition systemof Figure 9A includes a

feed magazi ne 912, an outfeed nagazi ne 922 and a deposi t)u?@ &@ er 902, as
previ ous| yWBEMIHTH¥. The substrate 901 is noved throbgh tH& d&pbsi ti on

chanber 902 on a substrate transport systemincluding an unwind roller 905,
a first and second web guide 906, 910, and a wind roller 935. A jig/ msk
assenbly 990 is reciprocated by 20 a shuttle nechani sm 918 under a web

| ocation platform 920. The web location platform 920 supports the substrate
901 agai nst the nmask 916 which is tensioned in the jig 915. The deposition
system 900_may _include the_ thermal protection of an integral , shield 975
mount ed RREERTZ81aflo v A Widg BelddaPefioatsd vapoytiae ey ReSRLEB °8590. The 25
use of agoghield 975 enables mniml thernmal influence from support

structures heated i padvertently by stray deposition of coati mat eri al s and
m ni i zes subBBBRERPCHRER, Fﬁi‘@%r“é’aﬁ?f%%’ﬁém&‘}m@’ RoDBEERE B | ocat i on

pl at =f orfe &gbility FuRPREdent M, SO thdbS, RL1iaGAb RaflitateposifiBeKk al | ows
deposition over a. w der arig tﬁggn is practical using the rotating drum 30
pr eviPousIHPSTRDE PY hEqubskiale. dbe algnmensacogmplithgd Afiias RER LCAESP W

subst antd2aiohay bsivded &d @l alfetrmative fodr RNt @Rz Rhend BiabRiyBi@Ei al at a nearly
normal angle. The web | ocati og 21 WO 2 074}0786 4 PCT/ US2006/ 247292

pl at f or FFEPEMesRuts Rz &1y The wse obbrik thy Wak Aetien PREoBAE br ances of a

very | argye thd shhitle rhathaiiem @ edtalipithent bhfie Wellk b o€ ald @bstpltapdersn 920 may be

confi gured .%o .have %,lhe, £a abi | i t¥ (%f novenent .in {( , Z, and/or o

di rect i SRSV % IpAEgsed figyibt ‘ﬁ’gg‘l"tl‘%??rg A SOMBIEISE A& *subst rate. The

a: i gﬂmrmrﬂdxﬁﬁ!k&ﬂbitfa‘sdﬂﬁdré%ﬂga, s‘eh:&;ryyeml maeahlk.om @h&td‘oﬁﬁg&m&ﬁﬁ, ?awebe used as an

alternative to i ition to alignnment il of the .reciprocating

Shutt 1o TRh RiBh Pl S et Srtyuf ReER e SoB. Pt eaat e 8t m 950 and

t he shutrhineterieeétramits for @d@irdie positioripaEhe abstrhetovhs koVig renk uptbst r at e

patter nsbfmgrovi-des increased flexibility in alignnment for any conbination of
[

|
mask 10 %tcdlugfléf%éﬂwgt rate marki ngs, sensors, and materials. In sone
conf i gur at i ons gnd imgplevedntation, no movement of the substrate 901 or mask 916 occurs

15  during deposition. Prior to deposition, the web location mechanism 920 may be
configured to allow angular (), X and/or Y direction motion in order to align and
synchronize the mask 916 with upcoming, pre-coated substrate patterns. In another
implementation, after alignment, once contact between the substrate 901 and mask 916
is made, the substrate 901 and jig/mask assembly 390 move in synchrony during

20 deposition while the web location platfojmn 920 remains motionless. After deposition,
the substrate 901 and the mask 916 can be separated either by retraction of the web
location platform 920 upwards and/or by retraction of the mask 916 downward.

The deposition system $00 may include shuttle position controlier logic for
monitoring mask fiducials to provide a positional correction of the shuttle mechanism

!5 918 to facilitate the overall mask patteriy alignment with an incoming substrate pattern.
Optical sensors or cameras 981 monitor the location of mask fiducials relative to
predetermined locations. Data acquired from the monitoring operation is sent to a
software driven shuttle position controller. The controller makes appropriate
calculations, and outpuis a correction for g, X, and/or Y for the next successive

{0 placement of the reciprocating shuttle mechanism 918 and mask 916. The shuttle
position controller logic also receives and uses information from substrate marking

sensors 980 regarding the movement and position of the substrate pattern coming into
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| ocation platform 920 may have the ability to nove in X, Y, Z, and/or o
directions in mnute increnents for accurate positioning of the substrate
to the noving mask up to but not during coating. In one inplenentation, no
novenent of the substrate 901 or mask 916 occurs 15 during deposition.
Prior to depositi on the web | ocation nmechanism 920 nay, red to
al | ow angul aro 30(95” §34and/ or Y direction notion in order’ %US#Q%H%E
synchroni ze the nmask 916 with upcom ng, pre-coated substrate patterns. In
anot her inplenmentation, after alignnment, once contact between the substrate
901 and mask 916 is made, the substrate 901 and ji g/ mask assenbly 990 nove
in synchrony during 20 deposition while the web | ocation platform 920
remai ns notionless. After deposition, the substrate 901 and the mask 916
can be separated either tracti nof th | 0 atlon tform 920
upwar ds aﬁb"/%‘? m@;}’ols’é’t‘”flaéﬂ/“&ﬁ&ap?rﬂ%c HEERY gpﬁﬁ%\?\/ﬁ ‘gg‘z bsi tion system
900 may i pesitickeo s istlies qf@ispdis:tﬁm o@dﬁi r"ﬂ'le|rﬁi’salig}gl€£ht fray bc mmdsdn ng mask
fiducials tlo.\p OVi-qﬁ ? ) }‘I on rrecti qn [) 4@ shuttl e nechanism >5
918 to falPfirat#rHe™d ?5 3?%‘:8?%3 HPPGH enWlth an i nconing
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€oning | nt%gusﬁ?g% %8?/%%%1&95?5??‘6%6’6 Pfﬁ%"‘f SHOP RATREL i ng position. Using
t hi s dpproach, Porimas b@ﬂnedvqbaupmrmatﬁmm 936, mblapmgdollm 825 pumisuppan over a
series of i al | recte atively
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|on equi p

dep03| OSI 1 On sourc
argon, may be used for coohng the support plate 921, substrate 901, and mask during

deposition. In addition, gas injection may be alternatively or additionally used to
facilitate frictional release of substrate ¢01 from the support plate surface 922. In
addition, a mechanism 926 for oscillatinig the support plate 921, such as a piezoelectric
20  oscillator, could be incorporated into the mechanical support allowing movement of the
support plate 921 in the radial or Y directions at high frequency. Such movement
enables a large reduction in the frictional characteristics of the support plate/substrate
system and can enable smooth, sliding motion without the needed for lubricious
coatings on the face of the support plate 921. The use of oscillating mechanisms for
25  support plate applications are further described in U.S. Patent 4,451,501 which is
incorporated herein by reference. Rollers 925 may be used in web support roles or not
used depending on the path required.
Some level of roughness of the support plate surface 922 may be used for
supporting the substrate 901 against the mask and may reduce sticking between the
30  substrate 901 and the surface 922. Use of a support plate 921 having a degree of

surface roughness disposed towards the substrate 901 advantageously accommodates
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illustrated in Figure 9A may represent two or nore deposition sources. 10
Portions of the web support platform 920, including rollers 925 and support
plate 921, are shown in nore detail in Figure 913. Figure 9B illustrates a
curved support plate 921 for supporting the substrate 901, which may be
used, for exanple, in deposition systens such as those {J)reviﬂo%%y

i | ustrat exo 2@entsilsns of the internal body of the subpBF¥*PBi*%4t’e 921 may be
formed of a porous nmaterial to facilitate gas injection 15 through the
support face deposed towards the substrate 901. Injection of a gas, such as
argon, may be used for cooling the support plate 921, substrate 901, and
mask during deposition. In addition, gas injection may be alternatively or
additionally used to facilitate frictional release of substrate 901 from

t he support plate surface 922. In addition, a mechanism 926 for oscillating
t he suppokstplegrppoypand mayciisoepbangsivaifoal gastifaveinabe gasciopledplsfes coul d be
incorporqiragcqibgﬂggm;v,he mechani cal support allow ng novenent of the support
plate 921 in the radial or Y directions at high frequency. Such novenent
enabl es a | ar dae pwithse PP aispoped pevards the subsiadte Bhlmar be teixsred s Bfoughe support

| at e/ suhs: S : b, 1 gl ion without the
p %E{nﬁ%%pat%, e ANE af eﬁ&%’[ %‘gld?lggglt %?bot%%]:!n@', B8 4O

needed for lubricious coatings on'th e support plate 921. The
use of osiningtthayyrfrecheomianemotion specigymedymerpbraa kolyped dogwpsitsns are furt her
descri bed,| taid: st IGN oL Siad r erein by

refer encceil.nlﬁ%cc)l Ilgffggl}s&ag%%@'r%sy (ﬂ%‘l)ﬂ%gd %fngégb écﬁ%% r Wéglog%g%fﬁnot used

dependi ngoomwotitseopiings cprebriiged do piovide ah epmbprofe Froemi néssiagf rougknestipport pl at e

f . . ok i y i 2sde th Kk
surface 922.JndGiedsfitle QIE kxﬁ@i{%ﬁé{a&%,éu oS et & c%%oé&%é?é&f € mas

and may reduce sticking betwe strate 901 and the surface 922.

Use of a “éfipphdlity thalan eorgpgt elaptriosly andrbepmadly sfay grefsadagesghness di sposed

t owangs tARisdHasY, al r Db Ry 30t é%@ﬁn?lésm aceRTRAaREof BagtiBsafi07/ 078694
PCT/ US2006/ 047292 = substrate support and may al so enhance uni form gas fl ow

in the gd®iceismay bsustdle Preyertichiag bpareiibe syRstrageng sepPrepsudiSposed t owar ds

t he substA@fier AkodtMto BRvERh EHrar@fohREAUSNInvEIveS Q1BBkioGaurABe NMaChi ni ng
and peening, grindin or _enbossin for ex?vrggl e. 5 Formng the surface from

a cer ani dreaneahappligg ?‘ifmﬁﬁfa}erré\‘ﬁh FNEPYS SYrde MaGhddiA IE HMist ead of a netal
nmay al so ARBEVAIRYFLORK] DECRGREH, 8t dterdably PREuAS. P19 3¥R(s likeonposi te
O 0S  r arbanaie and dohes Yaitrials tsed i thd matfactirs OF oxtridled polymas © | OUghness
films may be used to enhance handling the substréte and provide the right degree of
friction on a sliding contact surface. Various materials may be applied to the substrate
surface or integrated into the components of the substrate to accommodate thermal
transfer.
20 Sticking between the substrate and the surface of a drum, plate, or other object
used to support the substrate against the mask may be reduced through the injection of
a gas between the substrate and the surface of the supporting object, as illustrated in
Figure 9C. As shown in Figure 9C, the substrate 901 travels over roller 961 and under
a circumferential portion of a rotating drum 950. A gas injection nozzle 960 injects
25  bursts or 2 contimuous flow of gas between the substrate 901 and the surface of the
rotating drum 950 to enhance thermal transfer and to prevent sticking.
Figure 9D illustrates an embodiment including a gas cooled support plate 951
positioned between rollers 954 that may be used, for example, in deposition systems
described herein. As illustrated in Figute 9D, support plate 951 is used for supporting
30 the substrate 901 against the mask (not shown). The surface 955 of the support plate
951 disposed towards the substrate can be porous. A gas manifold 952 disposed behind

the plate 951 allows bursts or a continuous flow of gas between the substrate and the
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to accommodat e reduced sticking. For exanple, a fluoro-polyner or conposite
thereof wth ability to also conduct electrically and thermally may be
advant ageous. 10 Additionally, use of a substrate, for exanple, with a
controll ed | evel of roughness on one side may be used to prevent sticking
between the substrate and support surface. Another appygaghdsR. vent the
substrate fWOHEE¥RT ng i nvol ves a | ubricious surface H{reatﬂ%ﬂ{ﬂgﬁplied to
the plate, such as NEDOX SF-2, MAGNAPLATE HVF, ARMOLOY, NYFLON, DI CRONI TE;,
or other such products. Slip agents |ike 15 cal cium carbonate and ot her
materials used in the manufacture of extruded polymer filnms nmay be used to
enhance handling the substrate and provide the right degree of friction on
a sliding contact surface. Various materials nay be applied to the substrate

surface or_ integrat into.the co ents of the substrate .to conmpdat e
t her nal tqjaiﬁ?frgzic.e 9%&%‘?@8%%%%@%@@ H@%u‘%@‘?‘f*&? lyaﬁ#‘f rss%%f ace of a
drum pl atrRgy @ coalddier object used to support the substrate against the.
mask may be redyced thrqugh the injection of a gas hetween t strate
and the surfacgﬁﬁfsyftﬁ‘@ 0208%%9:11??3#5&0%?8% plaled54 ?EFI&?W Wam{fl‘?%aﬁgg 9C. As
shown i n FRilgaedd@Fijueon uhsws @t eoRohs avieh®semep0T &) heddooR@bnand under a
circunferential portion of a rotating drum 950, A gas.injection nozzle-960
i nj ects 25T45gREteg vgHhoyt %@ﬁ?ﬁ‘%@ﬁ?‘ﬁ%\?/ G e%%ipﬂg‘éﬁ]af%%ﬁs‘ﬁﬁ‘é‘ %t e 901 and
t he surf aceppdrt fdi€he madkahotsfowhi N tROEbmhkinAdhan GRskt Ael wbbtrdtd masé er and to

il ustrates. an enbodi nent including a gas cool ed

ELS\SPE ;ftégeéﬂeggjftﬁbggc{agpgﬁﬁlﬂ dBEPRAEPSTSM ers 954 that may be used, for
exanpl e, in depigidas detivaysinetitold H8Baid wpportifg isisystéth rhdy bisdonfigeddtn Fi gure
oD, SUPDOLe Bl 3 R RS b SHRBE PR 0GB SRS LRI 20001
tovar d$ t hedsujysirt gitie 96 & dapertetstansfegdarinpdepbotich. A6 ddivapageds oehi nd  t he
o e, 953 ablgs, Riats B SenbuaBi sl SaaRs iR s s Tate
subst r at e tBe Bdat aridiunadstiy thédehosition pkdeygss ibabdortedl Depanddipdon t!lmypdaé aﬁab_ol ed. The
ST O RSk e RS PSR R e R BT 0L 7
cool ed andiSoettivanapperbtect ofithc@igmes irathe husgate 981 andst thatesk. Tiseclkc ool ed
S quorltS Pl haétat?nggéa%l é%(xs?evlgegx%gne%t strain and‘deformation. Additionally, the gas layer
provides a synergistic near frictionless support to the substrate moving past the tension
plate 251. In some embodiments a support plate including a gas delivery manifold, as
illustrated in Figure 9D, may be used in conjunction with an oscillating mechanism as
illustrated in Figure 9B.
20 Figure 10 shows a deposition system 1000 having a web location platform 1040
that is moveable in the X direction in synchrony with the movement of the jig/mask
N assembly 1090 during deposition to allow a larger area and/or longer time and/or
increased distance for deposition, such as for significantly increased thickness and/or
larger area of deposition. Figure 10 illustrates the use of a first deposition source 1050,
25  and, optionally, one or more additional scurces 1051.
The substrate transport system includes unwind roller 1005, wind roller 1006,
and web guide 1011. The substrate transport system may further include minimal
movement dancers 1012 and 1013 to enhance tension and X direction location control
of the substrate 1001, A plate 1020 supports the substrate 1001 against the mask 1016.
30 The web location platforrn 104¢ of the deposition system 1000 may be suitably
mounted so as to facilitate movement of the web location platform 1040 in synchrony

with the jig 1015 and mask 1016 during deposition. Figure 10 shows the start (dashed
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support for the mask (not shown) as the conbination of mask and substrate
nove together past the coating field during deposition. The gas delivery
mani fol d 952 and supporting gas system may be configured to supply a
sufficient volunme of gas, e.g. argon, or other inert gas between substrate
901 10 and support plate 951 to enhance heat transfer durin% deposition. It
i s advant ag«@¥87485%r ovi de such cooling to prevent neéﬁ&ﬂﬁ8ﬁ1mﬁ@¥brnation of
the mask and/or substrate as the heat produced by the deposition process is
absor bed. Depending on the speed and thickness of deposition, the
deposition process can cause heating near the glass distortion tenperature
of the polyners in the substrate 901 and/or the mask. Such 15 heating can
cause permanent strain and deformation. Additionally, the gas |ayer

provi des a syn‘grgj tsié)g_ near frictiagnless support to the substrate noving
past thel'PEnap ﬁmSEI( id liges) positions ghireaybdaratenpietiara dBHbEHInga6yElei nel uding a

gas del i vefhy depabiddt floced$ Iniohé SlE@ERE Il veHNScaBbh pBYR¢0405€d N
conjunction with an oscillating nechanismas illustrated in Figure 9B. 20

[ | [
Fi gure 16rcdiisna chilige pists Y0R8 andipdets 04 bohichams mguedwba 128t 0P 8 H3hI at f or m 1040

that is pRYSaRbeed i thd 1R, X #ll be @k RNt b SHOEIHIQ ME Wit 1Bcdude prrvarEnt of the
j 1 g/ mask assenbly 1090 during deposition to allow a_|arger area and/or

| .
| onger t itHET SRR €oWn inle o4 SBEFHgR Snterfbempgy 16 5b et (Brfingd pesitias sy

si gni fi carbliycatibs pRésesl 1040, GkRARS ROELIRM 030,208 RaBaod, aHERAREL | Oon. Figure
10 illustrates the use of a first deposition source 1050, = 25 and,
opt i onal 12! BREe By SYREHEMAYER te digat] & arf watk 18 pboverle depesitipasuves anspor t

syst em i nohoigane BRh Mtafic. | ArthelRRISh 106htfh, 1R IWeBNockB® platfansl 19pb gui de 1011.
The substrate_ transport S,yst,em may further include m ninal vgrrent dancers

1012 and MRYE3I e RRRLCR direHeR Siveagnsing the ?l&@tf?tsﬁo%ﬁ%ﬂbenme%ﬁ'@ | of the

substipat ahd Wb lodtibh plafortd PE105ERPRELSEs RR 1S HRSkbAY RithMLigAgadknst the mask
1016. 30 The web Ioc%tgi on, pl atform 1040 of the dg%osi t_i_ongalg stem 1000 may be

sui t abl y 2SBRRT HY048 thematigepgeilion arerarasion fnanoter dapesifiehoydcdPi on pl atform
1040 in syme bmbodiments] fhe blask/jig 84815 1090lisTBSYed 1Y g dutilenGecHapasi tion. Figure

10 shows .start. (dashed .25 WO 2007/ 078694 PCT/ US2006/ 0472 lines) and
finish ( s}hﬁ?ﬁ' 4’? Zéjé RN ?Efcgﬁgte EPEAEFENER gﬁc%ﬂg?%’ﬁ’eﬂf %{)"E?)fnﬁ?kl%ié during a
cycle ofand e sdbpasd. theimikr 6BESS, the A adingmeAPlaa e hplemeited bjeitwelr | ocat i on
%3; Ilgj mg%&:tg? ngF ggcugoi;gplgtﬁ%{qll 1|0|48 gm(P {h%tsgutglg ?n%cl?arﬁgsrr{ P dllfifa rﬁ)e ]W% ]guglé@al ch are
1011 may be used to guide and locate the substrate in the Y direction prior 1o 2 pattern
reaching the mating position. '
Figures 11A and 11B are flowcharts conceptually illustrating a process for
deposition using a reciprocating aperture mask that may be used for making ¢lectronic
20  devices, such as an array of thin film transistors, on a subsirate in accordance with an
embodiment of the invention. The blocks shown in the Figures 11A and 11B represent
exemplary process steps that may be used for deposition of materials on a substrate
using a reciprocating aperture mask. Iroplementation of the deposition process need
not occur in accordance with the specific order of the blocks illustrated in Figures 11A
25 and 11B and the process steps may occur in any order and/or some process steps may
occur simultaneously with other process steps.
Turning now to Figure 11A, an aperture mask 1105 is mounted in a jig
positioned within a feed magazine. The aperture mask may be formed, for example,
using laser ablation wherein a thin, polyimide sheet is patterned with a fine pattern
30  corresponding one layer of, for example, a TFT. Such a pattern on polymer film is
described as a polymer shadow mask (’SM). The PSM is designed to be placed against

any substrate as a stencil to coat the substrate only in the areas ablated open. In this
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can be noved in the X, Z, and 0. At the start of the cycle, the web | ocation
platform5 1040 drops down in the -Z direction onto the mask 1016 at start
(mating) position. The web |ocation platform 1040, including the table
1030, support plate 1020, and rollers 1021 nove in synchrony with the jig
1015 and nqﬁﬁﬂﬁqggﬁgbove the deposition source 1040 tecruepi/H¥A | ocation
At the finis ocation, the web location platform 1040 noves in the
positive Z direction, disengaging the substrate 1001 fromthe nask 1016. 10
The web | ocation platform 1040 reciprocates back in synchrony with
thejig/mask assenbly 1090 to the mating position in preparation for another
deposition cycle. In sone enbodi nents, the mask/jig assenbly 1090 is noved
by the shuttle mechanism 1018 in the Z direction to facilitate engagenent

and di s- epgaO8EERM Ahy bHguiPSdEild 0Fhe PANds HGeral BS bicAlaBvayl tBatSi dinltar  fashi on,
the a adjustnent can %e i npl enented by either or 15 both the web | ocation

pl at f or m Paes Bine Herdbls mobyimes st DS 10r gxample, e BSylmade 1011 may be

used to guintifadd b duek AhenteNEhH RSl Rt richel BEh hal th&Fhh O Ritsildaaly th @ pattern
reaching the mating position. Figures 11A and 11B are flowharts

concept uaPEpmARLSEREY | RGOR® proTetaces he raEpBsiesiEd PaErTge BSM€iBsr ocat i ng
apertuse pRated WidlextRBpRAnASR Grdieic PREsRY oRl Rek RALS arcd@ ilRNIA&Sy Such as an
array of thin filmtransistors, on a substrate in accordance with an

enbodi menPUisHe chiheidspesigenaree: THE o drlegeupgvHe Firtegiealbinifedte 11A and 11B

represent coRyaRRE FMhENRE BESing b SrebNRlaxEBN. BRicH 98hi AR maleROaitd on of
materials on a substrate usi n a recil procati ng apert ure mask.

] g ¢ .
| npl ement &PORF sh#S: FRtangls B PF T OBEHE sbapes Bstpdingotubgatiems phibageds Rfance wit h
t he speci fatn Befkpattefn itRE bl ocks illustrated in Figures 1 | A 25 and 11B and

fhe pr.ocess steps occur in any aqrder and/or sone process steps may
occur 18i mul t anz‘oﬁ%g&y"‘ﬁk‘ s ‘ﬁéersl"i?}r/‘ﬁ%éliﬁé’“g‘te@b%t? apgh HfisiEHE 8% —bi““gur el IA
an apert ufigs BEKe 15476 foSteNBOHIAEthe infhisis Witlgn HROSds! Bagiethouhtbd inBsiécaheed
magazi ne. _Thi_aperture mask.. Ly be forned, for qéa | e,  usi n | aser
abl ati on RAETBF PAE PATiER °ﬁfo‘i‘%rﬂ“&§m§rﬁ‘ B PRepREts i B Gk fFPRIPE AR pattern 30
cor r esponticiratkae forayeiufRiuringQrpatiiaipteviced THidset SERY mAsP@émbIRs @ pol yner
filmis dfsc J t[)e as 2 {)ol iE\{‘matr shadow ma%k QSM . The PSMis designed to be
pl aced ag&Het LR feedyr ¥4 & Stggk of &Agm AR} S Re substrate only in the
ar eas 1gbl at ed @p@hnatiaskéhisly 26mi¥ed2000 i BG4 PERENUSZBOhO 46492 form the
PIM Ry b it Cint A0 Siment gosition withirs e alpsment Secian, Shaff tld b ark ! €N Pe
attached 1115 to machine drivers. Alignment and tensioning of the mask occurs 1120
through sensing mask fiducials, and automatically iterating position changes for
aligning and tensioning the mask. After successive iterations, a best average mask
20  position is found and alignment is completed after reaching a specified tolerance.
The jig/mask assembly is ready for direction inio the coaling chamber. The
(, target/coating material source is readied 1125 and brought to full deposition efficiency
with shields in place preventing deposition.
The jig/mask assembly is directed 1127 into the coating chamber using an
25  automated mechanism and is transferred to a reciprocating shuttle mechanism. The
reciprocating shuttle mechanism moves the jig/mask set toward the mating position and
movement of the substrate begins. Both the jig/mask assembly and the substrate reach
1130 mating position and the substrate and mask are mated. The substrate and jig/mask
assembly begin 1135 a traverse cycle across the deposition field. Shields are removed
30  from the deposition path allowing deposition 1140 directly through the mask openings
onto the substrate. Upon reaching 1145 the end of a deposition field traverse,

separation of the substrate and mask occurs 1150 as a result of the mask dropping
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pl aced into a flexible polynmer stiffening frame. For exanple, the PSM maybe
| am nated to such a frame, which nay be fabricated such that the franme fits
cleanly into a clanping system |n sone circunstances, the pattern design
requires the PSMto be 5 ablated with extra openings at strategic places in
t he mask patt 527§%gas inside and/or outside of the dgpashiker@rea. These
extra open?ﬁb@ ¥ Strategically placed to conpensate for thermal heating
and stress relaxation. Such openings may be in the formof slits,
rectangl es or other geonetric shapes including sub-patterns of those in the
main mask pattern itself. 10 A set of such masks is respectively nounted
into a set of alignnent jigs. The jigs include shafts for tensioning the
masks within the jigs. Each nounted mask can have the sane pattern or a

di ff er enfo DRt EGtdtibh AINpalidis ToddBSKSHD;skpFlEl 60 IERERGHAG QPjs the strategy
for manufacturing a particul ar device. is set ofjl19/mask assenblies is

pl aced i iftwnedie matiag PREGRAY Infenahrenswidh the mextdeepmng apsuate PoHFR % em 15 A

J 19/ maskyRyssdEtlon cySte Opekekl 10 in automated fashion fromthe feed nagazine
into an alignnent position wthin the alignment section. Shafts of the jig
are attachedTherfesepinedazmiphen af thy gpeous Ambgdimsats oAl inemirphish§edf the mask
occurs 1&1%%ntéd'}69&k9 ?u@%%'o@ﬂld%ﬁ&i%mfdng‘d@écﬁbﬁmn. angl rf%#:'hﬁ(gﬁted fAll y iterating

posi tion changes for “aligning and tensioning the mask. After successive
i t erati ofrdiaugiveesto lxpit figgBvantsn tolle pessise fasm ﬁ@lqsmh nffaaneodificeiment i s

conpl et egh Af L BfiodsSACHHsH81can HRACAhEol Ol ERRE SFor eXlifplk] dHU¥BRcnRSSEMbly i's
ready for direction into the coating chanber. The target/coating materi al
sour ce i 8f e nesse inventipndngy by Brptpentiest in g widejessissy of apnlietion:ileifcy with

shi el ds iferRt@aat BE QPRLE 18 iFRBASH bd BRited iR bl A¢ BaSk.daRS&GFRLY, Yup di rected
1127 into the coating chanber using an 25 automated nechanismand is

t r ans er Fadler Oy the cladps ppRsRdsd Bgc®8hut t | e mechani sm The reci procating shuttle
mechani sm noves the jig/ nmask set toward the nating position and novenent of
the substrate begins. Both the jig/ msk assenbly and the substrate reach
1.130 mating position and the substrate and mask are mated. The substrate
and jig/mask assenbly begin 1135 a traverse cycle across the deposition
field. Shields are renoved 30 fromthe deposition path allow ng deposition
1140 directly through the nask openings onto the substrate. Upon reaching
1145 the end of a deposition field traverse, separation of the substrate
and mask occurs 1150 as a result of the mask dropping 27
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WD 2007/ 078694 PCT/ US2006/ 047292 down. Correction for pattern |ocation
offset is applied 1160. The jig/mask set is returned to mating position in
synchrony with the next incom ng substrate pattern and the deposition cycle
is repeated. The foregoing description of the, various enbodi nents of the

i nvention hgag, BeRRsswed presented for the purposes of il |RSHFRIIOHH 28d
description. It is not intended to be exhaustive or to limt the invention
to the precise formdisclosed. Many nodifications and variations are
possible in light of the above teaching. For exanple, enbodinents of the
present invention may be inplenented in a wide variety of applications. It
is intended that the scope of the invention be limted not by this detailed
description, but 10 rather by the clainms appended hereto. 28 WO 2007/ 078694
PCT/ US2006/ 047292 CLAIMS What is cligiiwgd is: 1. An apparatus for
depositing a pattern of material on a substrate, conprising: a delivery
roll er mechanismfroin which the substrate is delivered and a receiving
rol | er nmeclvasi is Maup@niswhi ch, the substrate is received; a deposition source
positioned to direct deposition material toward the substrate; a feed
magazi ne configured to house a plurality of jigs, each of the jigs

configuredi.t o suppsfatana obidiMy BPaffe bf MaRHaldR 4 ibfehtd cBabtishs; and a
shuttl e nmechani sm confi gure to recei ve the selecte resented by the
iy Tor ke

feed magazine HFFRVEYTET bR dop wRichEssubRls i A& sel ected jig

and the sulasfh{r@geouerhi&ehasﬂm{ﬁﬂ@meﬂi\&ﬁlsamnmné tegeived to nmove the sel ect ed
jiginline with the substrate and regl anhve to the osi_tion rce so

that depositionf drrearipnoursepositiong ty et dsposiipnpaterial t ‘S‘thﬂFFeS ®of the
Zel ected ji g t ca ﬁe&mbg&lﬁefbenﬁ@hwtmh@fse i perdlieperSidsi @kh oRitkelfigal on the
ubstrate. tus of claiml t.her ing an alignnent

ar r angenent® ﬁ@@ﬁﬁﬁbﬁ&@ﬂ%?gm L@ﬁn%ﬁgx?ﬁﬁé?ﬁ%P%aP@$gR g to the mask. 3. The
appar at us of clashutl, méchatitie configyped i ra:g:n&rthmeil@maﬁigtpra@renaﬂm nienfeed
configured to ali t|v strate. . 4. T par at us of
a1, Crpew T8 el REal By TP i) earok Pafa s Pl

the shuttle mechanism configured to move the selected jig in line with the substrate and

relative to the deposition source so that deposition material passes through the apertures

of the mask of the selected jig to develop the pattern of the deposition material on the

substrate.

2. The apparatus of claim 1, further comprising an alignment arrangement

configured to align the substrate relative to the mask.

3. The apparatus of claim 1, further comprising an alignment arrangement
( configured to align the mask relative to the substrate.
4. The apparatus of claim 1, furthe; comprising a substrate alignment arrangement

configured to adjust a position of the substrate and a mask alignment arrangement
configured to adjust a position of the mask of the selected jig, the respective alignment
arrangements controllably adjustable to facilitate alignment between the substrate and

the mask.

5. The apparatus of claim 1, further comprising a mask alignment mechanism, the
mask alignment mechanism configured o adjust a position of the mask relative to the

selected jig.
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configured to adjust a position of the substrate and a mask alignnent
arrangenent configured to adjust a position of the mask of the selected
jig, the respective alignment arrangenents controllably adjustable to
facilitate alignment between the substrate and the nmask. 5. The apparatus
of claim1, further conprising a nmask alignnment nechanism the mask

al i gnnment nechani sm configured to adjust a position of the mask relative to
the selected jig. 29 6 The apparatus of claim1l, wherein the mask alignnent
mechani sm conpri ses one or nore controllable drivers provided on the

sel ected 6 i g di appapiue@f eloimHewhersia the sk dlignnesnd megharigi cempriges one

control | ably adj ust nsi.oni ng .qf ; t he mask qgf. t he sel.ected ji . The
appar at us® 8%6 e Féﬁlifﬂ”f?)% fOr e g‘@@%ﬁg? &er?ﬁlsegteg ﬂl‘lgsaflga?? ‘éplg(? %Og%ﬁél}ﬁ’g’k’r%% hani sm

i ncl udi n@riverskbRgured td EmuBUBSIY hdfuet RAdomnYBPtEB LR of AR seididdSigs a _
transverse position of the substrate to a pre-defined position, wherein the

shuttl e nechanismis configured to adjust a position of the nask of the
selectedjig t hat patterne ortion.of th bst.rate . comes into

1 gnment’ wh ¢ N AEREDAGK ChAEHR o i B it e SH Hib Rt iR el eq i ¢
in line yWhdidihdehaskiRsd 608 sustral @daPREE g«;i%ﬂﬁf adjLds Mtrhnsvedetpasitiog @FPr i Si ng
a web location platform arrangenent configured fo adjust a l'ocation of the

subst r at ¢he sibsirate ¢o & pret-dafined prsitien, twhersgh thet shattlerpedhamissins vovegiredie sel ect ed
jiginline with.the bst r.at 9., The..apparatus_of clai.m 1. wherein the
Subst r at @ARSEA BONRAN ofBe Ber¥ AEe SledefiiaRe (el ¢ RaSREH POLORGLHA TS

confi gur @edmkQiM® YRt SRIMGAE Bk Wieh BleBhl mhhdlSm SHRRE fiRl &léc&dgig
direction off-plane with respect to the plane of the substrate. 10.” The
appar at usn bhe wiithithe substier ei n t he shuttl e nechanismis configured to nove
the selected jig in a reciprocating manner for repeated use of the selected
jig during deposition. 11. The apparatus of claim1l, further conprising an

out f eed mechanihempARGNE BT claith | CRHhERARFANECLRED BehBsh f,ﬁtfbeyaﬁm%?meﬁf ality

of used jigs, the outfeed nechanism noving the used jigs fromthe shuttle
mechani sephfggurédtooad)ist e docatigmef the sulirateTiekatiap pathamesk @f thel shittlel, wherein the

oo oA SIS SR Ga £ 555 35dublogs Presented by the shuttle

5. The apparatus of claim 1, wherein the substrate has a surface defined by a plane,
the shuttle mechanism is configured to move the selected jig relative to the substrate in a

direction off-plane with respect to the plane of the substrate.

10.  The apparatus of claim 1, wherein the shuttle mechanism is configured to move
the selected jig in a reciprocating manner for repeated use of the selected jig during

deposition.
11.  The apparatus of claim 1, further comprising an outfeed mechanism and an
outfeed magazine configured to house a plurality of used jigs, the outfeed mechanism

moving the used jigs from the shuttle mechanism to the outfeed magazine.

12.  The apparatus of claim 1, wherein the feed mechanism is configured to receive

used jigs presented by the shuttle mechanism.
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13. The apparatus of claim1, wherein the masks of at |east some of the
plurality of jigs define patterns differing fromthe masks of others of the
plurality of jigs. 14. The apparatus of claim1l, wherein the substrate
conprises a continuous web. 15. The apparatus of claim1l1l, wherein the nmask
conprises a polyneric film 16. A nmethod of depositing a pattern of materia
on a substrate, conprising: noving a selected jig of a plurality of jigs
froma feed nagazi ne, each of the jigs configured to support a mask havi ng
apertures defining a pattern; noving a substrate relative to a deposition

sour ce; tlBanspdetapperatisef cleim dt wlieleimthe m%kmfgeé@@m@mwﬁthe PINéalé)a pEtrate at
first I th 1= th bstr at d
rovi ng. 1 e RenT By PR R bl e PR SieEt ol bP PR L e "Fhr ough the

apertures of the mask of the selected jig to develop the pattern of the
deposition material on the substrate; disengaging the selected jig relative
to the sust r dlihe apparatve of elend, woersin the subsirdte oogtpmses neprtingowevelsted jig to
the feed magazi ne or other facility after use of the selected jig. 17. The
met hod of claim 16, conprising returning the selected jig to a mating

oSt { i on 152 { el dyBarsHACRERANRYS WRBNSITRR nalk cbilfriael:gflfkrd finand t he

substrate. 18. T met hod of cfaim 16, conprising cooling at |east the
substrate and nask of the selected jig duri ng devel opnment of the pattern of
t he depoil tion mater, on.the substr The met hod of cl aim 16,

|
urt her© dlgmr v Prbiod i gepdsitta batRs o Belriplig THPSHE. OISR K- 20 The
met hod of cl a'xﬂaxf&ﬁgraEéle&téwﬁ%eparsmrawgfggg gamgfe&dlaag&% eI A NE; 1%50 the

substrate. 31 21. The net ho claim1l her conpri sing adjusting a
posi ti on cofifigired subpporenaskhdviag ppentureodefofing hpattemgk of the selected jig to
provi de al i gnnment. bet wee subst ate relative to the mask. 22. The

e
met hod of cl ai"®?¥1Bg2¢ F‘fesrglﬁﬂv%ﬁi 4, d3PORGOR BBGsi ti on of the mask al ong one
axis of the ”%%sﬁ&hﬁ% ¥QelbBiel pg lﬁt%'eﬁg%g%ﬁlant ith f subfFatf &t ebﬁﬁt Ricaﬁ+@' m 16,
conpri sing adj ust’i ng e posi t a ong two orthogonal "axes of
the mask rel atpassng, ovithhibe selb@ed By epgagingthe silistrateaint acbvarig ml sgpehrdfly furt her
conpri st qv%th the substrate, deposition material through the apertures of the mask of the selected
jig to develop the pattern of the deposition material on the substrate;
disengaging the selected jig relative to the substrate at the second location; and
returning the selected jig to the feed magazine or other facility after use of the

selected jig.

17.  The method of claim 16, comprising returning the selected jig to a mating position

after the synchronous movement of the selected jig and the substrate.

18.  The method of claim 16, comprising cooling at least the substrate and mask of the

selected jig during development of the pattern of the deposition material on the substrate.

19.  The method of claim 16, further comprising aligning the substrate relative to the

mask.

20.  The method of claim 16, further comprising aligning the mask relative to the

substrate.
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determ ning alignment offset of a deposition cycle; and adjusting alignnent
between the mask of the selected jig or other jig and the substrate prior
to a subsequent deposition cycle. 25. An apparatus for depositing a pattern
of material on a substrate, conprising: neans for noving a selected jig of
a plurality of jigs froma feed nagazine, each of the jigs configured to
support a mask having apertures defining a pattern; nmeans for noving a
substrate relative to a deposition source; neans for transporting the
selected jig into engagenent with the substrate at a _first_ |ocation; neans

for passi2dg defssnethehoheeiar 1 Gifuthar somprisng adpysing i pesitan effhe sabsfratst t he
sel ected j i,q to..devel,op e t | L] Lhal e
substr at é’d%@é)%%l%ﬁ 8rﬂh ins}gegr%goggiﬁe ngge?e{cﬂegqisgetﬁ)rebg?‘ggg?l?%&#%?g%%gﬁP% i ﬁge{rgstgbst rate
at the seglafitk td tBeataklpn; and nmeans for returning the selected jig to the
feed magazine or other facility after use of the selected jig. 32

22.  The method of claim 16, comprising adjusting the position of the mask along one

axis of the mask relative to the selected jig.

23.  The method of claim 16, comprising adjusting the position of the mask along two

orthogonal axes of the mask relative to the selected jig.

24.  The method of claim 16, further comprising:
determining alignment offset of a deposition cycle; and
adjusting alignment between the mask of the selected jig or other jig and the

substrate prior to a subsequent deposition cycle.

25.  Anapparatus for depositing a pattern of material on a substrate, comprising:

means for moving a selected jig of a plurality of jigs from a feed magazine, each
of the jigs configured to support a mask having apertures defining a pattern;

means for moving a substrate relative to a deposition source;

means for transporting the selected jig into engagement with the substrate at a
first location;

means for passing deposition material through the apertures of the mask of the
selected jig to develop the pattern of the deposition material on the substrate;

means for disengaging the selected jig relative to the substrate at the second
location; and

means for returning the selected jig to the feed magazine or other facility after use

of the selected jig.
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