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APPARATUS AND METHODS FOR FABRI CATION OF THIN FI LM

ELECTRONI C DEVI CES AND Cl RCUI TS TECHNI CAL FI ELD The
WEe@sosr93t nvention is related to formati on of PCT/US2008/050103

el ectronic devices and/or circuits. Mre particularly,

the present invention is related to fabrication of

el ectroni c devices by deposition of material through

an aperture mask. BACKGROUND Patterns of material may

AP %ﬁ@&@ﬁﬁi@ﬁ %51% F%ﬁ@@pﬂ“&gﬁmﬁﬁ%ﬁ%@w

The material is de ‘Qfg%lar pattern onto
the substrate by haV|ng a nask Iocated bet ween t he
deposi tion source an 4$ﬁ1 The mask i ncl udes
apertures that defingH% gggﬁerniﬁand only the
de rid&iptrd:s@ﬂt imadreionas reﬂm&istorfgrrhzhro(nug“l&ldchenla ralembelsr @agl/or circuits.
reache substrate so . that terlal
Morgdyge ufaé ﬁﬁ PACSS R INEFIHIoN @iat?% .fa THAPR 85 elﬁ&tyorb%devwes by
dep&@&ﬁ&f?&fﬁaehm&foﬁgh $h 5 ,g&fu% fi3si0n a substrate. Patterns
mat er 1 al sited 1 n layers through
mul tiple dep05|t|on steps to formthe | ayered

el ectroni c devices y be connected into
circuits via dep03|t|oﬁAg§&%@§E%ﬂ?lve traces.

CompuaBink 9P Alatdpt inﬁ{z Re @orﬂ{%ﬁ%l A JuBtré bﬁ%ﬁﬁh@baﬁéﬂ{apﬂgﬁ a
a mask onto a roll” of substrate nateri al done in a

dep@&l@pl sreceria @eianectﬁqsﬂ@wv@rd th¥lyebstiatss ﬂih@treatfml esdffp@slxmirld a

partlcxllar pgtt S de l%lhbg{m tl“e”?:) h%ggl f’]t (r)ei I%thd l%el%\%f:%n t%lk dgf):"osn[gon

sourgtasd t’h@tsabstfﬁl&e MThet rh@kdﬁﬂ@&d:st dpeituiR tHa€ Be f¥ ths pithen, and only the
material through the mask to formthe pattern. The

depeyifyent MacEak e gBveshdhapperBycsarepihes thersuhdtitayriat tha Atpterial

is dSHORS ﬁglchatttg% deposition occurs again. This is
ep ea ormmultiple instances of a given pattern

of Ei@cttmnlcaievmet ma& bedbimif asdapesdd atveturest e@r 4 @dbstréfac Ratterns of
attern of mat ni on the substr te my be expose 0
matefin) M de dIi\Rﬂ Yﬁféékroaﬁla & Aenasiiof sigpe o ?Oamftg? fﬁ\/ered
clecR@fictdeonal T @ébﬁe?ha?%%tcﬁﬁﬂb%%dqﬁ{oedﬂcﬁ ts Vlzla%%(ﬁ'it?cﬁl &nhd

repeat procedure fective at accurat
con@n@@a@hﬁg mul tiple instances of the pattern mnth a
ure.si he drawback, of

t l f
beiChi Broe] plpietlhr st drnadid diohg®s AR Sl my of
subdtfiee SERELIUSnAMth éi’é}f«‘zﬁidst%b%t #sh@Rl NWhe ks trARSKoARPorward by a
substrate, which is a significant anount of tine

pre-+ d@ﬂilmdl an@umbartdféonsw@hl theimask tbeingdp e ixed phékagrer positéon relative
to the Sngstlé 1| ep éa ed({seBOOSéet | & rcl%ng e;n% S tﬁe ma:[rer%% ﬁlfrgl{g% thé pn%sk to form
the pattern. The substrate then moves again by a pre-defined amount and stops and the
deposition occurs again. This is repeated to form multiple instances of a given pattern of
material onto a roll of substrate material. Each pattern of material on the substrate may be
exposed to another downstream mask and deposition source to form additional layers of
patterned material.

The step and repeat procedure, while effective at accurately producing multiple
instances of the pattern with a relatively fine feature size, has the drawback of being

relatively inefficient. The time spent moving the substrate and precisely aligning the mask

and substrate, which is a significant amount of time relative to the total time to deposit the
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not achieve a rate of production that is desirable.

SUMVARY One enbodi nent of the invention involves a
woreaoRogBosf f orm ng one or nore el ectroni ¢ devi PEBUS2008/050103

havi ng nul ti pl e overl apping | ayers on a flexible,

el ongated substrate. The nethod includes noving the

flexible substrate t hrough one or nore deposition

st.at.i ons. gach dep05|t|on st tlog éﬂOngated
layeéﬁéﬂmrsee%@k FROSHBY aRRiFHr dPEEIoBh thostep ARt BPFHGr et may

not Séh?es%%%ieti{fzor%%{‘ioxb%\é{ ﬁ%eg&%'ié ures arranged in a
pattern aperture mask and the substrate are
aligned and are brought into proximty over a portion
of a circunference of t r jng drum A |ayer of
the | ayered el ectronic ggngégé%S deposi ted through
t h@)RRSFBdIRSNt OF tH1BvARBA ity dTRSHeth&RESF B AR ok $rore

mai nt ai ned between at |east two |ayers of the |ayered
clectprictdevigechayeng meklpleﬁmverlemng bayers|amyeeflexabplet di@nga@)d@ubﬁrate

tron devi ces, C oni.ca
Thegn R f St PPV T BT SRR B EhsBEP PRI U Ov e
statioRy, ent mn depositioreitrAl, ﬁ@el@ﬂ% AgP@fcattSmAdk is hv Bl RPre®idN to a
or nore electronic devices having nultiple overl apping

rotafipg @rugn, ke perpednpikeiavEIoRgrrIEs a8 iEsd g paticrpe The aperture
masgaﬂg 'El%t sldﬁs&dt?& Lﬂé%ﬁg é%%ﬁo dYre Hnl%ghtCiﬁ{& bdinRR ReRh g&’@l%%l of a

osition s n I nc es a eIon at ed ur e
c1rcﬂfﬂﬁdfeﬂa:a‘()lfﬂ@ rapeng dres. Arlapn@e thel layaedaltétesnic dﬁaflces is deposited

r ot dru and a deposition source positjoned
thropgh %\e.a\vgﬂwss t%ﬁéle ABYEHT mjlslar %?ﬁlst#%@ndwagxtw DLW least

two '1 RO hII hg%‘éd%fécfrmnk d@?ﬁ:@s" | 2l 11 PVRE Ayl tﬁ@ﬁ?%rreétel%ctromc

rough t apertures of the aperture’ mask orm a
cmvkay@nmmﬁw$h@ekay@n@dWekephuﬂhwmndenmmesl A transport

o B BP ORGP PP RbT bRl 1 &L ATHE L TR one

or nir@tlcBtonié BE ISR nBtrul PR el Apth Pl Perk Bhta)ﬂe‘ﬁ‘lb‘lé‘ cldh@ated
aperture mask of the deposition station over a portlon

subsgfate. H'éhecapp@nams eméwte@ opf of meraidapesition stafipri rkach dspasitenmn station

oy A o B B S S P O e
drurh@ﬁﬁita @e@emhaxy %ur&f pdsﬁt@rﬂeayﬁﬁtﬁ% teltieciotAingeirglay Tae deposition
onprises an electronically or optically active

SourﬁaﬂSeqqnﬁlgureqfﬁ@ e avaicral vy s subnigatp thagiesh the ApEHEeSAf the
aper'tlﬁre DAL kRIS q%ér gl?eslgl?érgg cRAESLiE E‘%\? s n?\A{arv 5 h?rg \gégsgé(m is

'enent ation e present 1 nve
conﬁgldeditd bR tsshsttacgatdugh thid drie ca nioe depositjpinataions. At each
under st andi n

f the invention, will becone ap
depopidPnayins rhgsgﬁst@% FRRGS RO iyt @P@B%ﬂﬁs ek af thed
dep&8E&T dRidrQ AR ?oﬁ oftlofehd é&%&f&r@n&%tﬁ@&ﬁlhp nAl‘{V'al}\%ﬁ&% system
acconpanyi ng aw ngs. DESCRI PTI ON OF T

is configured to maintain registration between at least two layers of the layered electronic
devices. At least one layer of the layered electronic devices comprises an electronically or
optically active material.

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

taken in conjunction with the accompanying drawings.
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FIG 1 is a diagramillustrating a nethod of
fabricating | ayered el ectronic devices in accordance
wowaok/ogsysndi nents of the invention; FIG 2 il|PCI/DS1088050103
a deposition systemhaving a plurality of deposition
stations 1 to N that may be used to inplenent the
fabrication methods in accordance with enbodi nents of
the invention; FIGS 3A-3D are cross sectional views of
thin filmtransistors (TFTs) that nmay be fabricated in
accordance w t HeobRITTER SFafHE PRAWYSALI on; FIG 4
depicts a cross sectional view of a photovoltaic cell
t h&lGmhys bheéiagmbr illosttatingiammabobotaboenting tléy cestbdclitroant devices
. of 4he i nyen ign; FlgﬁhS.illust,rates a Schottky di ode
In 2g4QE¢aNGe IR STHORBIN L Fd"S HVERXYF dance with enmbodi ment's
of HiGie2 iinaaict QAepdstifen syombilavidg 4sitifafityo MRHOAHSN stations 1 to
configurations of LED dévices incorporating an organic
N that miay &¢ lusggele inplcBRY) theHahrioatign ethods rearcaxsiangs whle embodiments
Oftfalplri 1aoti on processes in accordance w th enbodi nents
lbef 4 'nvention; FIG 6E illustrates a confi guration
of FAGBI3rel-3DRale afvds Qcamil &idwsdTthia Filintthangis@rOAEF T AhaDhay be
on a conmmon substrate that may be formed using the
fabricatediie geGondange Wé@s%lé@dme%%%ﬁ HYEBLYW:t h enbodi nent s
of e, LRy i.on, 7 . | .
apBar o SERsP s s viBy AL R PSR TR ey B fubricated
in a@ioddxass withtehbadinentesfitht irdentiordeposi ti on, w t hout
pre-patterned fiducial elements, apd with a ,
r olfilot o 1lpusfrptera Sghotiydiods tapgRRy %Pagﬁ%eﬁ erseorgrncgvith
emRBRRAIARL SSthPiR¥hGINY a first stage of a deposition
process wth an internal drum deposition, w thout
pr édpat ¢ a-rfddilfusttate ivatiow combgarstiomnaf [Mi1d Heaces incorporating an

conti.nuous- k;: FI.G .9 shows an enbodi nent of an
org I AE 13 bl QLB NEE Y PP TEES Gnte e paghen praghses
accRBRE TN ALL @R RX bR dhvediibim deposi tion, w thout

pre-patterned fiducial elenments, and with a

r olHIGt 6E ilbistraten s konfEjumtionpofsione T adiyogime hghtemitdimg diode
arat us_provi.di a.first stage of oS tion .
(OLEPAR B Y P o e B Bl o PR MBccsscs i

accqrtii@rcpatithedniadirherdsli6f @k iglcafemt s, and with a
roll-to-roll mask; FIG 11 shows an enbodi nent of an o
apparial skovpy agrabasgmentiaf @ praraye pevidingie Hisx stagp af a deposition

proc%gso&zﬁﬁ An Mt&ﬁa%@ﬁ%ﬁg{]ﬁ&n, %H{Bh{j&%%'tt%fn%ﬁl ’ﬁd‘ﬁéi&fq&%ems, and

re-patterne
with a roll-to-roll mask;

FIG. 8 shows an embodiment of an apparatus providing a first stage of a deposition
process with an internal drum deposition, without pre-patterned fiducial elements, and
with a continuous-loop mask;

FIG. 9 shows an embodiment of an apparatus providing a first stage of a deposition
process with an external drum deposition, without pre-patterned fiducial elements, and
with a roll-to-roll mask;

FIG. 10 shows an embodiment of an apparatus providing a first stage of a
deposition process with an internal drum deposition, with pre-patterned fiducial elements,

and with a roll-to-roll mask;
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el ements but with the fiducial patterning occurring in
advance of the external drum deposition, and with a

w0 20084088932 ol | mask; FIG 12 shows an enbodi meneCDUSHENG/ 050103
apparatus providing a second stage of a deposition
process wth an internal deposition, and with a
roll-to-roll mask; FIG 13 shows an illustrative
rotary potor and vel ocity/position control system

scidifat | thoasrancpiodgnent o 2p ARPA YHYPOY I a? figiprage of a
depSRdd prBBesk %th%%x%ﬂéal%%ﬁ%ﬁ@%ﬁﬁ&, whthGht rﬁlé-g%&ﬂ@d Aflycial

I'lTustrative guide notor control system schematic tor
elenpamitdt rus Iwrithnige fildecihlgiattealingvsdsupogy ihiadvarfce of thereixtasal drum

enpodi nents; F shows a web fiducial registration
deposiiny Sﬁg’yﬁtaéﬂhg%ﬂéﬁﬂ?? for maintaining proper
eqIst ALY Bf crtfdRih¥R oNBR Spfa@ituy ol RISy £5ReRH BB 8f a

r
FIG 16 shows an illustrative control systeminterface
depgsationt precdss ahidi aal inteagil depoattioonanslewiglop solbfo-ohl easkodi nent

of ar at us,pr.ov. di a_secon ta of. a

e FPBRND 3B b9 o GRERRA TR Bl sgprot sysem
schathdtici féLebnmp1inpehé |dndBhidiadliwe so3Rtondbr St flue Bnbodietchace

of FIG 16; FIG 18 shows an illustrative pattern of )

fi diei 4 shaveraitlystiative gridg ngrion qeatrahsisteansshematic for controlling
the ﬁ%@ﬁ%{&&%sﬁf&h f§%i0ﬂ9e&8§&ln{eﬁ ,relative jateral and

ongi tudi nal positions of each! FIG 19A shows a view

of RG. i3 bhustsrad tly8dseaistgigraioatcemrdlosystsmnshagativofoh ntaieaining

| ateral and_l ongitudinal web position; and FIGS. 19B -
propeg Feedtiifior RAhsItwe VE%SE%@@P%& erﬁmﬂ[@lew hin the i mage

Vi @160{ 6 SRRRASIRraYiRE bHFol LYRER ihBrrRCSBF BRIRECM fistrati

en‘g‘\ggl nment s ofn tﬁerailnventi ony V\hill e ?(%e I nvent iClon elgg raton
sensanerfanl eenttodingent iod ais apmpdatis pavidomsa savdndibthe ofat dopesition

forms, specifics thereof have been shown by way of
ProGEanpl e in the drawings and will be described in

detr@agl 17 lovss édﬁtt@?lolﬁﬁ dalisddoBdthe NAWBYEYo cdnltd! sylshn interface of

intention is not tolimt the invention to the

FIGpd§it i cul ar enbodi nents described. On the contrary, the

i ntent | is toscover all nodifications ui yal ent s
and 161 €M DRUERIETs Ry BAib.RA s RN R Y sk

andloRVighstrhfodsensial bogdhdiclithe 1apne asedngitaling pokifidhd &flRach;
DESCRI PTION I n the foll ow ng description of the
i | RSt 1% ebpvenbuigirainndllustiafise egnsiagisstemder egsipgboth the

Lt SORANYL L6 W BW.08S %ch forma part hereof, and in

¢ e\l\}il c(ﬂgag% dg%ome \8939 vvai} of illustration, various
emidaS R s 10D shhivalratbks ofifidadialonarkmyvithen the &migeodehy of
[t i S t.o be : : . . .

sensors of various types in accordance with embodiments of the invention.

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 understood, 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

invention as defined by the appended claims.
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understood that the enbodi nents may be utilized and
structural changes nmay be nade w thout departing from
wo bessgspr of the present invention. Enbodi meneGT/0820081€50103
present invention are directed to nmethods and systens
for fabrication of |ayered el ectronic devices on a
flexi ble substrate. The use of thin |layers on a
flexible substrate allows for roll to roll fabrication
of the layered el ectronic devices. The enbodi nents
descri bed herein a@mlﬁggqy%@l{gﬁq inde for high speed
fabrication of small feature layered electronic
de\n desfollowingdiengripttion f thd ibistrasimstalimentsli roftesice s mide to

em tting diodes, an r ot her, el ectroni c .devi ces. The
the GE bt P SER EHch MR e datr B ua e Shay Ry &y of
111u§t1%}/18ﬁ eQriBh£&hbRnentd BV IVARS tlﬁ?@m@eﬁtio%&h@ e %ﬁ@tle%%lb&tlﬁ & B

in which the achi evabl e feature size rmay be on the

undersige tht tlgfeené:m@illmmt@ m@m be utlaz@i en@ sttoeimral ghatigesimag be made
e layered el ectronic

w1th(%1€?ieé)éﬁlgm§ff§é Tﬂgt} nﬁcgp?]% tlha fﬁg%ﬁ‘&e '8i stration to

Wi tHhhBbdaméRl 6f B8 Geeserht 1ﬁ{ze21t1@f1 at@rdetddl tb esdthddeahd Eﬁstems for
di mensi on. For exanple, the feature size may be | ess

fabrigatian ablgviercd glyctorie dpgcesrmn % Pexible ghiavate: ﬂﬁﬁ usp PEhithtagers on
a ﬂ%ﬂg St r%l[rlgt%lsdlljﬂs) gB Iargﬁ% ro@loga o d;{tlg)P%F t erllg%'ég cliél'laétf’ orfic dev&ces The
emb@ﬂ&@dﬂt@dﬁs@nlﬁ&%emﬁ advanaageomﬁpmidm fbhhlgh‘spméldrfehsﬁ@tlofﬁ of small
i nvention, e fabrication thod i nv S ..movi n
feaﬂirf ayerq %%t{ﬂn& %x r&ﬂl@l%ﬁl&b@ﬁ%@lwm Pé@s light emitting
dloc%§ PR lofar §fe@ttrétﬁ@ aextl?e sf qrh@dgﬂ(?slt%’n t@@dh@ Rk @l%c‘h‘B@& €an be used
evi ces that have a urality of overlapping |ayers.
to citttel leastd doarapfic cﬂeh@cee loe @tﬂeafalcwdbwlrs&ateay ewhscb tbe achicvable
f el ect roni cal I or op%| cal I1 .active rmt {ﬂ ach A
CATYESYSI TR e PO BF STl PGB TS QR 1508 Tictons. At
leasBtv@f 1aQ8S of AR l@ﬂt%d HEQrofRSkevitRY | 'af&nﬁﬁﬁé[ﬂe@rlﬁ rdpey &%lsﬁggon to
over a rotating drum The flexible substrate andt
withape taleraecaelisik? af thetsmeligtfeat@o dimensiaxifier eyarplerthe feature size
oetrltgésqt ?.I‘P afibso%te ?T(%)(i ﬁllfc(%gl?srae %C[ﬁe aegls:’%rg'lte ?1{ go:%ea}é%c%r C%Ir l?egllve\%srtg%n about
50 rhilensubstrate and i s deposit ed 140 t hrough the
apertures of the aperture mask to forma |ayer of the
el ddgyen |1%;a dgrespillusaying 4 methed of Bbpgatiedpyaed glsgironic devices
t
in agp%tra%ggt E‘R%OSI e%n 01J t glrv%%tgcfno rﬂ%{)f?iéﬁ%ﬁ%ﬁ %eghoqpﬁﬂ{l&l@és
mo@ﬂl@ ctr mﬂenbkée;ubsmm ﬁlwumd)nby)r trioee (aposkiss stanohsmlefoam one or
ctranically or o al ly acti materi al uch as
morsﬁf GHegaA deviges thaidray gﬁ.p talitio GHEIFPPBIE, Rt 3§} opg of the
elec%ﬁ@%ﬂe@i‘%gl rsQ8&n Ol ct?a{l@algrfortoﬁiﬁcﬂ%pa‘aﬁ% hARrAl. aAi Ok-
her deépositions stations, material that provides
deptasmtum eation afdhe cmrrnranmretd@pmmnedtamnsmw apatthne mogsk having

ape Qe oD 4 bR "LE s A rcaRraTE R R i b mesk
are brought 130 in proximity over a portion of a circumference of the rotating drum.
Material is emitted from a deposition source towards the substrate and is deposited 140
through the apertures of the aperture mask to form a layer of the electronic device.
Registration is maintained 150 between at least two layers of the electronic devices during

the deposition.
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el ectronic device |ayers, e.g., dielectric material,

hole or electron transport nmaterial, doped buffer
wWOori08/088B2 or connecti ons between devi ces nmay PET/US2008/050103

deposited. Electronic device |layers are in

regi stration when a layer is sufficiently aligned wth

previ ously deposited | ayers to achieve a functioning

el ectroni c devj fering |ayers y tolerate

i TS OBRET Meylascrst © Dlﬁctgome Pyegsdermee by the peprspsainclugpan

elecggﬁltcgﬂy 8%‘[{%?@} §dtfv@trﬁé?&1a@ rs%‘éh s %%rgﬁﬁﬁ% oP ﬂﬁ)lréa‘?ﬁc I conductor,
feature sizes that can be made. feature si zes
whiclchiap baldbeosited agprictoe met hbids dapabitsysdtamms.ofst bther depositions
present .inventi on may. be t he order. of several . :
stat B P R Pl b P B EieALe A B SlebiroR e Banggally active
matér S H&%p@ﬁte@%@?f@ﬂ SR deBodtibh QaSdBIrhAShal F@@iHE 8dditional
si ze. "Approaches of the present invention may be

clecirapicaiveiee &xyctsy ¢ 8., deiessiic materisly Soleror hbwtrwgtrmse% matgsrad, doped

Qn stat.i on For
ourEERTREH 8 PR R Eselrh R afeht Talifedis < ne one
I | IR)sdtFoRicedbvida lzft_ye@sU&r@ iRregiMtiGheRAsH b 18/ cnisBeici@tiytaiened with
devi ce Iayers mai nt ai ni ng regi strati on between_ at

previeusb densitesklayare tq aahisys a Wt@ﬁw@rﬁé@cﬁ@amdegmeaﬂlffwna Igxers
e RPN T SRR ERE Pty SEROTAL S
precagich, figg srhalien ﬂlerfegufetmm ithgun clﬁebd\medle t Tie: &gl @zdsayricvable

and on re previously deposited
usmé%%m@fa@wgwgio steprsod the pretent yyeptiongpay %Oléﬁ@ar&‘amf geveral

micfRY! R@?sﬁ?%n%tx%e@%h@yl%&t Ifl@ﬂ{(%ie RYerd %9%etrﬁﬂntl%ﬁed to % the

anot process such as p ot ol i thography or i nk
snwﬁcmmtnmgsuﬁ.dep03|t|on system havi ng one dep03|t|on

tio ntln rocesses in cord nce h .t he
® e T B O R e G BEE be A PR ity Svstem
havﬂhggﬂnébf Aot O pRSitivE SRAtibRE FodRRAAMEN dndXEHkfiAREA, ald8Fsition
one of the previously deposited Iayers Fi gure 2

system| spsh rathesong idesyesidin & igusfy’é,trem dQOsiy awm@elaofdhd dewiq hayers,

malntamllneé?[e ﬁ%s rlfltgonn I?St L % ggt??agt two '#‘[Eol% glyaréséfl} Ia%otﬁe cgnﬁguratl%lg the
depéyiteor Guhymay s6psechnly Sndddpekitiorbadomeiat depositd ¥ siagie
deposition station is used. The deposition system of

clectrpyigrdevipe layeT st nsAREISBHIONILEY e the ﬁflglgdmlj apgone or more
pre\g&}é f}’s? Osi éﬂbﬁ% &t Porze%% %i‘g 8H@§r hbR fBJsHE?&%{E bY @' electromc

Ion st |ons N and to nove e aper
devicaskgy Bd greviddigly fad2ed or depbsted by ahoththprocests atwlng; d r u ns
ation 1 to N. Thetranspor

2. .11, 221, 231 at each s
%@Fﬁpﬁﬁyr J%anrt’é‘@r eAdé?pSSIﬁ‘ﬁP AYS4FA hé"lﬁg 88%3%9%“%?8@“1011
imp Felnféﬂﬂﬁ‘%k)%es%gs iR caRERd Ul ith RS Rnade rna% %%E(o_s%sdzsu@ﬁeqtugﬁt layer
substrate 201. In one enbodinent, the flexible
maigtaglnsig mestr2idn bewdel the sulequﬁinalaanr amivit hahstdmealf tiROEFeviously

The ,substrate 201 is transported through the plurality
(mp%¥mdzﬁﬁg*tlon stations 1 to N,

Figure 2 illustrates a deposition system 200 having a plurality of deposition
stations 1 to N that may be used to implement the fabrication methods described herein.
As previously discussed, in other embodiments, only one deposition station is used. The
deposition system of Figure 2 includes a transport system configured to move the substrate
201 through the plurality of deposition stations 1 to N and to move the aperture masks
212, 222, 232 in relation to the rotating drums 211, 221, 231 at each station 1 to N. The

6
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gai ni ng successive el ectronic device layers as the

substrate 201 passes through the deposition stations 1
W@ 200808893 h deposition station includes at | eaBCT/U8908/050103

rotating drum2 11, 221, 231, at |east one aperture

mask 212, 222, 232, and at | east one deposition source

213, 223, 233. Sone deposition stations, such as

Station 2, y lude nmultiple depositio source%
trangpest system AR PC 8‘? %@dtotr%alg‘ia’rﬂﬁ R’r§§@6‘i§1§P QPngauon the aperture

masﬁﬁQ}@QQQ aiﬁﬂorQﬁ@ﬁ%kﬁaté?@ﬁr ate device |ayers through

e aperture mask 222. At each deposition station 210,
220n of8embodienent, ¢hel fidxebls ﬂlhiﬂtraatZé)lZmdelmwdtxheampwmdrvdleel

k 212, ,. 232 are, brough ro ity .over .a
205 TS A Gris 0T o Furman LR ED Tt b ERBRES frsYdh Shudhs 1 0N
gain%t%suca—&gwé |26%>é’tr91|11@ devibs tayatses a%u%ﬂgaté be1 ?ﬁ@ésttﬁfo%gﬁﬂﬁk

2 may or nmay, not nmke contac as the ar e
dep@ﬂl@ugmthnﬁl pr Dxibach gepopdioo station mqimtee it kghsti |oge eqwmrt@@um 211,

m the deposition Sourc war ds
21 8T8 PP BRI AS Y  B2 ot wlf e S R NP Ree 213,
223 233 t3dh@sdpbsitibe stafist tich aﬁmloalzzmagzl&lu&%aul&@la‘ dWpBiition
succeSS|ve el ectroni¢c device layers. In so

souricpip? BBt Hat aigdised toessimplancapdy phsaauemially d@n@sltaﬁsew@rd@wce
Y, be formed so that the pattern
layemm%%altqe %?e?m %?eny on placed on the mask during the
nam,tfeaclt teposgiopsacies €8, 2205230, kiedldxéslesubstrite01 and the

unt ensj Qned, apertur k. pattern may be adjusted_to
ape%l&ﬁﬁ&%% 205 32 2 e SEmERHatITEH TR ANGE @ BRI bie surface

tt t
ofttyl}iri—umﬁ P 29[”TH§@1€£1bféF§%B§Pa't@901 &I5hO églrénglgik 212,222,232

ng operation of the system the desi
maypnmmaafr motinsaka chitevted thdsoare broagpl i@, proximstyme

ur.ati ons, .t he 212 . 222,.232 is '
C ortlspgtiph ingd breeni RS e B sitionouists 18 ot 224 233
tow!uﬁﬁ‘ e BSratOP0 NRHd it ABSIsRBE hrSIbhaAY RberRREWTihe éﬂérthf'éemask 212,
| ateral direction. In these configurations, the

222f13é3xtptﬂ)1@n ﬁmRSSB’E’LBleCZQQIC desze dayieest ches | ongi tudinal |y
ca torti

in PI% el 1rn elﬁli:%tag%%{hez{égm%g é)a%tgrqlelﬁ tll}ena{ptell’th | erasL%rlEE?Z2 232

mayaﬁemhuécescnwt tte phtedrh cbmpagmgﬁoraensedﬂ plpsd d’m&ht ﬁgslt t®ring the
jor axis in the | ongl tudi nal direction when the mask
manzi@tu@zmrocmes desaridad hesid Thergitensionad ppgyturargask pattern may be

adju‘éﬁgﬁ?g Q&ﬁﬁ%}f%{% rf%lt tgé %%%Ea%h ﬁgﬁd%]r GiSURRD dPtnd %gscﬁ &?ﬂeﬂgurﬁfer

mas e aper u res may
opetafing talikivh 6o tled Guityg opmratlcml dfythd orstannghd dssirag eratkup&teas is

th di
ach §ech giaramm s e mEron Bgl st PERSR A erRePorad & ke tension
in tHBSKeifrital aggotloﬁ%ﬁd hdndt Q&slo‘ﬁ@@ ' Jr'ﬁg{ Rabiofld ﬁlcéq['uglnarnount in the

produces a circul ar aperture.An alignnment systemis
latemb dlfr¢cglune¢ln tlmsea¢qn@|guta|tlen8:; lthenﬂﬂxebla pE"Sk Qi3 2ask¥ @egches

2 32 he sub strate 201.a gl mai nt
ongsggingfiy Gpiie SabUBEAT Mpseer A Bpred G dutk 3k 22
2320e¥i &8l &QrciRYIRIPYEurd My alst@MTEREoY §h 8Mpi@NawiSELits major
fiducial marks on the
axis in the longitudinal direction when the mask 212, 222, 232 is tensioned longitudinally.
To compensate for this distortion caused by tensioning of the mask 212, 222, 232, the
apertures may be “pre-distorted” by initially forming the aperture as an ellipse having the
major dimension in the lateral direction. Subsequent application of tension to the mask

212, 222, 232 in the longitudinal direction produces a circular aperture.
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aperture masks 212, 222, 232 and/or the substrate 201

for determ ning the position of an aperture nmask or
wGaaipsnssase. O her types of alignnment techni queBCHDS2008/050103

al so possi ble, such as through the use of rotationa

encoders and web tensioning mechani sns of the

substrate and/or aperture mask transport systemto

deternine the speed apd/or position of the substrate
and¥biliggent ssenpeatigyed & alige qnepy mgse apegiuye masks 212, 222,

2328R8R bR hPfo rhdlfta il BB BrbRS LA fre Oiline R0
the layered el ectronic devicCes deposited ereon, “nmay
elechenmalgndeo Far ewamplewthe @ligi@8ént sVigtemauesy tsg felacief mheky @ndble
| ectronj /qr, opt oel ectroni ¢ devices and ..
ooy b, B dt Rt fin o | Dhr Erpng e e pation of an
ape@e R bl RltBtraRVO RG] $R DL affetiidd: kaehBiqRekese aBBPossible, such as
organic light emtting di odes (OLEDs) nay be
thropglbthicawe etiraisiongl ensedareambueb tondiosipgiresrbaniens pf thegubstrate

erein. Stacked | ayered,. devices, ..€.d. Ds._st.ack
andBF hiiece RLICUREROSENEP (iR R Pes e RliBg e,
subdiRcCardesraipbriie nfidks. SA Aekeatifd hbfastieholifibs sfalibm the flexible
di spl ay backpl ane that may be fabricated using the

subgtigéhi) 1g hegng thedpyasebielperosiqdeviges dppgpitpd Hheggoaemap A gvound on a
winfd&¥.ge9sf ormed in accordance with various embodi ments
escribéd herein include an active |ayer, such as an
el acirioantypab bi/laperedpleceadit yndiot dptecls@rintoditet and subsystems,

o .. Th ti typi.cal ly. de ' by th
WL e T R
orgdglscc%élft Béhﬂtgmg G{de% é@LEBs)tIﬂ%Ie RE Fa'bﬁ@atkfgﬁ{l% g{%haﬁocfsga!h%%tems

eposition o onduct | materi a make diretC
desayibed helierre c$taded t@aeteddeavives,leeg. 20E Elde staglylromBlf By may slso be

I eneral, contact to the, actjve |ayer e
forr 31 P & eI GRA0E Vo e b e SHiRes DD and 11T Torm &
disptNBAck ShMOthABh 8 béFabrissted udfg fiel t¥@iqua®iebcriBbdRArBHM
copper, indiumtin oxide, and/or other materials. The
corldhgdavoves greateonicadayiagajorawdpr rerordsngawith veuaehaeldsments
such.as. poly(,3,4- et hyl enedi oxyt hi.,oaphene PEDQOT),,. .
dos it BB R Y R L DR getive
semitd@ductBahbpdre Thduttivedapdr iadypesally depmRitedBy tie depésili@ysiseeh, but
el ectroni c devices, patterns of conductive naterjals o
needagt bige Qlunis oF festbipe petecteiortbe petivedwes stay dydomerdfedeposition

of c&){%lcﬁ(fe fﬁg{e?i?ﬁfth&tl}gak%ld%%&r oQOcﬁre@?E/dn‘ffc% y&fit%rtﬂg Qct% 1594 materials.
substrate. t I np re

e active layer may conprise one or
In goopadcataat nothp edtiselayaondulat madatat eiadlicsor conduagianinetal oxide
seni conductors, .such as anorphous or. crystal

ine . .
matPRs ARPES RERACHAT AL b YEY BB, HYBHIY P8P imiuge fip e
andloR¥@kr RhtctR. AheChh@RtGe B GRS nay YmHHRBPEBic conductors, such

non-limting exenplary materials 't hat may be used
as pply€}. ddthyderediorpthsophiend) € BRDDTHC Vexibaeothemuiitathlb eonduictive

sonpounds an eir alloys_.and m tur$%> I nZ Oland. devi
At A0S USG5t RFEal o A SR 01 B ATl ffomic devices,
patt@Rt b adddctiet t¥Bridlf efagdRideposited to make circuit connections between
two or more of the electronic devices formed on the substrate.

The active layer may comprise one or more doped or undoped semiconductor
materials. Inorganic semiconductors, such as amorphous or crystalline inorganic

semiconductors may be used to form an active layer of the electronic devices. For

example, non-limiting exemplary materials that may be used include amorphous silicon,
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sem conductors known in the art may be used to form
the nmultilayer electronic devices in accordance with
wepdpsassyent s of the invention. O ganic sem conPCIUS2ILS/050103
may be used to formthe active |ayer of the electronic
devi ces. For exanple, a variety of organic
sem conductor nmaterials may be used including fused
. aromatic ring conpounds as exenplified by snal
zinc fyidee andeths 1 Leomponp: E@ﬁg@%aﬁ ¥R u SO and
InGhEAG 2¢8A61CARLALRAIG « LOABAL REAIALEDE R Ni NG
n conpounds, ﬁﬁs(acenyf)acetylgﬁgc@onpgﬁ%ds,lan
semaoedestoh ikophe methe anpoandsuscBew &ral thp alwtteydrelarabeicidalises in

have al.so heen consjdered such as regioregul ar

wccQs e A DAL GRBABTEATGEOEY poty( 3-al Kyl t i ophene)
an (b%.%ﬂz’ REhRoARItIIY nfal B8 Gisd NoGBRE AR 4éAkE RayeF of the electronic
bi st hi ophene units. Copolyneric material s nay be used

devices. frrexampleae vinasy bhgugenic Momwosdustarfmatetidly may be used including
cene-t hi.ophene copol yner it h attached, silyleth I
fuse AU R S BEC R SRR gr ho s 8o BRIl sudh B itene-
con@BVh £ ESmSouabs, A& rREgANBaihidi tofipbihds! @tblasémrdontdinight
emtting diodes, and photovoltaic cells. The formation
comppurmishbisargnydlageizlens prrapuss.cad asencohiaphenppgospoands. t pveral

poly} é?lc%}{eﬁ?xf}zﬁ)&; Ih%ger 418 Bcfi %8£s@der?<?§%%1;a§ g%g&t%ﬁlggﬂ PoiyRRSHERR

e rec and ohm c con

exemplifi @bindpay Gralkgthivighchayaid. poQirere hadng Cused thiaphrde tiiast or bis-
.is particularly useful as the active |ayer of Schottky
thioghgga®its-s pent acene, a p-conj ugated nol ecul e. Recently

Sc %}@n&mﬁﬁéﬁm hlaly ZO'E Nge ProdBRE qlebéeﬁ@@ra%b@msm sfge&ﬁcauy,

exa , between the"ohmc contact and the activ
acericatherpheirasopolymsms deb attadhed silylathyng dgrogyiseae bt as¢doin,one or more

4, 4"  4"-tri 3-net hyl phen henyl am no),. e .
e DT MEDAT ARt b Qs bl et it B dipgps. and
pholo¥¥R4ic kbl he organi c sem conductor layer is a p-type
material . MIDATA is a stabl e anorphous glass that
f urldrciformeation od Shlotkytdiedes poval vayeelegticn offroateisly tomichicve
light-emttin i,odes. The |layer of. MIDATA is doped t
apigp B el op e Gy R Ser Y s S BakOmly SRREE b e

semitpn@@sotcting et tONd drigadic eepoUndhEs phieisulafly Uk ul as the active
fluorinated form of tetracyanoqui nodi net hane )
layer pfi Sqhoiy diqgspismgntaseice afr@ni ugatsd gnolecupg o ¢eenthoRehqttky diodes

- T ; : : : : ‘
e S e S e
layer dmmt bsen ddserilebdy ile e8¢ imapylcmonthtiale 4G HEtroy (3ahebyipbenylphenyl
A [ t t | facilitate the .
oS R Pl LSO A M A 1 0
semRAEAS: hNEHEL g%&ﬁﬁﬂeﬂﬁ‘l. 207 AANOf stABWY aA6iphBSs fass that

barrier for th ssage of electrons. In so
functions as a hole transport material for organic light-emitting diodes. The layer of

MTDATA is doped to greatly increase its conductivity. MTDATA may be doped by co-
subliming it with acceptor molecules of the fluorinated form of tetracyanoquinodimethane
(F4~-TCNQ). Doping concentrations of 3-20% F4-TCNQ in MTDATA are effective, with
doping concentrations of about 5% to about 10% F4-TCNQ in MTDATA providing best
results.

The devices may include hole or electron transport layers. Hole transport layers

facilitate the injection of holes into the device and their migration towards the
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exanpl es, the acene-thi ophene copol yner can be used in
the hole transport layer. In other exanples, the hole
w0 e@s®gs98: | ayer can include, for exanple, a dp@mUS®08/050103
derivative, such as
N, N - bi s(3-net hyl phenyl )-N, N - bi s(phenyl ) benzi di ne
(TPD), N, N -bis(2-naphthyl)-N, N - bis(phenyl)benzidine
(bet a- NPB) ,
recogrmwtnn 28P& pnd/ oY RS 123 @ RaREer (T p PR30 B etrEraRndn some
exarglﬁlpg)the Qéen@ tﬁlk#)l?ernw ﬁleldgarn l%éq}sbef fr thS HER tﬁt?lsport layer, In other
tris(N, Ndi ph n [ am no) triphenylam ne ( X
exarﬁplés thé hole it ($po8t-lapdrlwgh pieanig] folpkenplk andiamjne derlvatlve such as

N I\ﬁ hsgﬂ é}yﬁ{ﬁeﬂg) %%ﬁ@h %)a}penmﬁme (Jﬂ,f)w}gkﬁ% LI%L;I)-N N’-

bls(iéhe%yﬁbéﬂzhcﬁﬁéf(b@tamer aﬁmpﬂl@ayﬁa)phﬁ@m@\r(bTéaﬁPe%M)benz1dlne

| eCtron transport ayers acilitaté the | nj ection of
(NPBI),eIrtartanlsflarmno deteatidessucle aa et ﬂh@ll&(NsNgr ation towards

cint fREORR ORI AT PRI Y 3% R PSR el 1

pheﬁ;ﬂﬁiﬁnﬁ)tﬁ[mérﬁrfﬁamﬁls eVaiDect ARa. 4 Hans@ehhedoygihy 2&1plﬁﬁylﬁﬁune
u5|ng the org anometal | i ¢ conpound suc
R

(TPQFF .Aé(%]dhlyaﬁ %dﬂlﬂtﬂnakaayn%hemlmfﬁzma
&m0 15%]1‘?1%?61@%{ ?[ééé% &g&%ﬁbf&%&%&h‘é%ﬁ H%?icue] and

bi
O her exanples o nspor eri a
theit migrhtgat tbmardsrtbm&ponhbmlaamezo@&ﬂ thd’l@dvméemd/or may further act as a

l,3-b 5- | di et hyl et hyl h
barrier %01‘4&1%%%?(1 |ho§:sly ﬁggﬁ% %ﬁ)éﬁlplgs ?heeerl]ectron transport layer 40 can be

forn%:d(tmr%}ﬁgx{ aﬂoﬁ[lbt)dﬂé &)ﬁlp()hnd dich as tris(8- hgdroxyqulnolato) aluminum

phenyl) - - oxadi azol
(Alg3) 20d Ulp@ﬁﬁyiap Mdﬁ&-lh)'dmkhman@ab)e(lmﬁm)im BAlY. Other exarnples of

elecéro% he n%ﬁhéﬂ%}%‘f}tzfl; u O lg El}tlc{l]r %rﬂnstpgptl ?8@ 3 1s[5 -(4-(1,1-
dlmet%ylétﬂyil)?o ¢ e1,6 Madlabﬁlt%l:‘lﬁén?zeﬁ@ ?- @ﬁpﬂféﬁﬁwd?% SSJ@Z{ lgj -

mation of TFTs, PV devices
dimethy ket pbesd)-1 6éldoxadla@@lnn%O;dl(émehlthu)@lthlfaa@@{ﬁDN) 2-(4-
oipHGRED e WL P n B oS Babero iy TRy P By
utyzlﬁlﬁﬁymhl ThtaiBld (Tearnpor at ed herein by reference.

Nhterlals and structures useful in the formation
Sc AdteRsls andefaistiypeusgad dp rhséamqﬁl%cﬂ%?@{ﬂsw\s\ﬂﬁ@aeaua@ OLEDs

are ﬁlgttrhgl:’]&esgllﬂpéd' %Bhl% %9%9&11@%7§at‘ém &ﬁ}icﬁnbﬂ‘ﬁgf Fﬁﬁ%,gﬁ, filed

y re erence e devices IlTustrat
AprHi2g 2 (% aBd@J. Srbaterdeklg)haarmmo off1/3ivaeQeded hptil PR 0bBE which are

forne USLn€ e fabrlcatlo%gpethods de?ﬁ q hereln
mcoﬁ?ﬂé@é ﬁ%ﬁgp XIde Yot i}%@? srcymnstyl i thejtemagion of
Sch@tlﬂ%}:&lﬁ&’&' e HRUEEBIntRRHMIAYY oRBed BT hY Pﬁ‘tﬁf‘cﬁ@on 20050212072

hods. Extrapol ation of the nethods and systens
\WMdesanmmmﬂmwéMW@nthﬁséﬂamanples to other types of

T RIS RIS SR TN RS
fornieRit RRRStha RbriR NS EMBthE @S Edst R esifl ThBR%xamples do not provide an
exhaustive list of electronic devices that may be formed by these methods. Extrapolation
of the methods and systems described using these examples to other types of devices will
be readily apparent to those skilled in the art.

An electronic device fabricated by the methods and systems described herein has

multiple overlapping layers and at least one of the layers of the electronic device is an
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mul tiple overlapping |ayers and at |east one of the

| ayers of the electronic device is anelectronically or
W@pioBosH9BYy active |layer. Qther |ayers of the ePEDUSING/E50103

devi ce may include, for exanple, conductive |ayers,

resistive layers, dielectric |layers, adhesion

pronoting | ayers, diffusion prevention |ayers, hole

trans ort layers,.electron transport |ayers, and/or
clecgppisplly Mlcy y ptiyerayckn t%aretSfPéﬂéert e%@élac qgyice may include,
for éx%t;}f Eabgld id :y@ﬁé efe%@ﬂ@é 1% érﬁ Qﬁél@ctﬂ@‘ﬁ &S adhédibh :ibyogmotlng
sur ace processing tech nlq such pfasma o
layecn ddfisiqur peessibn dpyeesy hdle tlapﬂjorteldydmte\t@ann tdamsport layers, and/or
deposi t.j on sta Durln i.catio
othe e P s G0 Bk tHorEed [ bt et Hecimis ddses
Vardus k@@t p?d&ss@ﬁ% iebl@m@ﬂle%cﬁfcﬁ k 9la§|1%){ b€ BorbAY Proessing may be
Regi strati on between sone | ayers of the device may "not
applb@ batyedir b detﬂlsrtw@)satgpti e, sonme |layers of the

o i SERe TRe RS PR, S Hup Bt Rinklla SeRveen at

leasﬁivﬁﬁéfrtﬁ@ Electieé 685cdagets NREgibatdRNRsk E@totRi 1§ Bthe device
processes descri bed herein. For exanple, sonme |ayers

maygfot pp Eeqaiirgdt Fehgxamipis |S@1@§ laygtp aféhe QJestramiodeviges may be
unpRHRELL | e%sﬁtét%?@t&e gﬁﬁrﬁ tion. N one exanple, a first

ayer | er process such as
p h Otlbﬂtetlaliwgfr élfthy el@btrdnﬁk dgdtespiced hd)ﬂ’t@ deﬁfm&d ubidE et prodesses
the first |ayer, the subs be delivere

t
deseslba@ Bersin: i iy eégﬂsplénroaaﬁqlfdrsa Pg o 8Par0rsi§wces may be formed on
the GIREPAL B8 BHR: gfrocgﬁgs dd?l%te'x leA$ ﬁI'slt‘ l@regtf% Qi?ﬁdésﬁﬂeg By another

system "~ one nore a |t|on I ayer
proekewich @n pbotdethpgrphyppeing eepiqmntlegl aftedsmpiidred the figit gyer, the

bR OF AU BE dEPS b Oe T b HEp G ALy AP ednaTpRgments of

the ﬁWSntan MR tRis APt NFktelPBBE 8t mdRerdaltRAESIEy QS of BEMdRonic
the el ectronic devices may be substantlally conti nuous

deviges mylem&tdcii sedasciibaddipsein Pghere t&mﬁﬂpgsm@m SYSREN BRETns o,
reglsetraglop P]FWGGP eV %r%elfousaia gosrt;tgn% giés? ﬁ]aye{ (f tﬁg So%é 8% ﬁlore a(ﬁltlonal

layer1put substrate roll that progresses through a series
of dep03|t|on stations and ending with an out? r ol
t hdtheinsqesoeislormmedipelesteanic daviess ey Yeaybstaially continuous or

ﬁ# e(ﬁgcroﬁﬂh&oﬁe‘ﬁb ay en?p%) Qg hﬁggcehlﬁ% %fé'atro tdg{r}rlggseegrg %ﬁﬂeﬁ%n the

one or nore e substrate ro
substenmivedsubstemid lyeodepess hiaaners yisttamwilhe sipbistubsitae rodl that

rise a subassenbly roll good. that is ready for

pm%{@%iﬁt %’&h‘ ap%eﬁﬁ%%'g‘feﬁﬁsm% atiQfti 4f GA gb‘flmtﬂﬁ r%%&hat
inclh Q! ihAGLIFAL WidNAL 18980 SR cRbniE 'dEWdést détpééﬁ?erd%hét‘é‘ms' ted

I'n accordance with the approaches of the present

i n\PefmrrdepomOttg/f can ot here tayps, bE sdspoti rt)llmmayslgpstamnved from the
dep%%ltgq?t]teélg erg 'ﬂg‘;” gtiaté po may Xonqgrlsfe%bsrulbgsaster%gly roll ng%octl I’&la‘[ is ready
for additional processing. The additional processing may include additional device or
circuit layers deposited in accordance with the approaches of the present invention or by
another type of deposition system.

Electronic devices that may be fabricated using the processing methods

exemplified by embodiments of the invention include various types of transistors, diodes,

photovoltaic devices, light emitting devices, capacitors, stacked electronic devices, and/or
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exenplified by enbodi ments of the invention include
various types of transistors, diodes, photovoltaic
waelewsogs32 | i ght emtting devices, capacitors, BCHUER®IS8/050103
el ectroni c devices, and/orother devices. Connections
may be nade between two or nore of the devices
deposited on the substrate to forman electric
circuit. Figures 3A-3D are cross sectional views of
other Jp¥ices. | GRNDF G SHayrhs r{lar{ﬁquqaawr%w%@f the derigesedpposited
on tHSLMrhi0% ARRORI Gl SYqkem of Figure 2. The TETS
described herein i1llustrate transistor enbodi nents in
whilguren®A-er3 Dhceras sedmnhla\yelvsomm fﬂlﬁptna;nstwﬂs (EFFy) tleat may

be thfpeleditibyre b EAGeS T Rn s b R RO T o ikt TFIS R kel bsrsins

illustdfctrA8isRITR BB nS th VAR Sl &aATR WIIRAhRRY 6. de%@sﬁt%d using a
recently, organic seni conductor material's have been

fabru:@@dn processrompieyTeg apm@lref mbskisc aTts'pt@ﬁllnrH@é@s@baSQé st rlmdje«tnlc

§ n arehgaesrt C arl}i dvant(glg d; Q

Semé‘i"& e neiilite MR otieDp SO MRS eblb a %ra r%“rea ioégamc

semith&lidt@l Batéhals Ravy e @bed WHLERITFY's aMBS ﬁibheattcm BbedERY
processes or photolithography. Figure 3Aillustrates a

descrbed deigirare padicularlzwdwintagcput f%ﬁ@rgwﬂén opeleetsrnic detigasand
L R G ST

prod‘eissfeSbrﬂl&ﬁOlSﬂhbgr@physt ation. In one enbodinent, the gate

mat eri al i'f ol d havi ng EI ckness of about 60

Thd g a0 | ‘a\%@ﬁ%ﬁ accéﬂssbqéc'@é‘ﬁ Kicyed a i&?“&?%‘cgﬁﬁn ottom ContaCt TFT.
A pRYRPOF @Jddﬁ&we%ﬁé’t%ﬁﬁrfbﬂﬂmé Qloa ogvfét éaﬁ{acnﬁ 1hle %ﬁ%os%@ bf @ﬂeréuﬁstrate

material 312 is patterne er the gate
310at s&cod ddpcutetmm\ﬂtattloon Is bt ¢roboditnantothe gamhmdtlagoldmavmg a

. the djele i C teri 312 ¢ i se | um num oxi de.
thickikgs b oab B e ol R oy S BB A A PO
sput®dri@r oestRadhomedss the dielectric may conprise silicon

di oxi de, mi xtures of oxides and nitrides of silicon '
andialegticmatgrial |3é2mﬂrm-tﬂem¢é ogbratbs gatgmeptar3 ldtahe rseq@nd delsosmon
glelectrlcs

di
I %Ibeul%lpé%né%nota}téqnl ‘E_)hﬁ & ele&{lf mater1a¥§ {% con\r{'lglsgs lgl 1mgn ox1de and

is dqia)emctxaith ¥ &fekncdepshiot DIY I(ﬂ?Eﬁv&heloémmdlmbxhe thotiE1b&es may
At a third deposition station, a pattern of conductive
compgissifigen digyidp, mixtyes of 0&1@68@@6 airidespisiigon ppé aluminum,

diarffyf L ALS, WAV o] R B B BORS o SRRl By GHLARE >

stat18n

A’sem conductor nateri al
depasited by tvhcul@posipbiadion sdpatterdiy, lesmatthearsodi cloeniasid ageradaposition

acts 313, 314. The sem conductor may conprise, for
(PEé%éy S mdodyi de or pent acene | ayer deposited in

VaGUuh Ry d@lyc%ﬁfl{naskdtf?)ﬂ a @%‘ée‘rﬁ’ HPédrMuct?Je rﬁat&llilt fich as éold is
deposition station, ncapsul ant 316 1 s deposit

depapited ovérghs éwie(ctrmiajattrdrm fary®ng Sabcodnd dreinTemtacts 313,314, A

semiconductor material 315 is deposited at a fourth deposition station over the source and

drain contacts 313, 314. The semiconductor may comprise, for example, a zinc oxide or

pentacene layer deposited in vacuum by evaporation. Optionally, at a fifth deposition

station, an encapsulant 316 is deposited over the semiconductor layer 315 of the TFT.
Figure 3B illustrates a cross sectional view of a top gate, top contact TFT that may

be fabricated in a process using processes in accordance with embodiments of the

invention. A semiconductor material 321 is patterned on the substrate 320 at a first
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Figure 3B illustrates a cross sectional view of a top
gate, top contact TFT that may be fabricated in a
WEr@SMsI32Si Ng processes in accordance wi th enmpOOdUS®NE/650103
of the invention. A sem conductor material 321 is
patterned on the substrate 320 at a firstdeposition
station Drain and source contacts 322, 323 are forned

a pattern of conductive materi al pOSILed over the
dep%ﬂé%%%ﬁwc tlypin *’é‘;‘i‘éf’u@é £oRfpcts 33B33A dlrf‘dfgvaaéqi Y gpattern of
condlcivk %terﬁi d@potsﬁ d(f %O%hﬁéo%u&t)@fag&“az 1%t g's@éo%ﬁtd%h&sltlon
mat er I al eposited over the source and drai
statlonntAaattlslch&@osfﬁﬁﬁ stafiogat dicleomit actter8? 324 & doposieed dyyr the source

attern of . co ctlv mater osj ted a fourth
and §Et it 0 A0 of Soe Rt 1y 5 BHTG B pRcampb et give
matShAUbFBitedBt @%ﬁﬁ%@ Siior3didnS SRRASIY,26a AVBIdchOSti G ion,
contact 325 of the TFT. Figure 3C provides a cross

an egeapsitlonial26vib dopasttediorythagaigeantaat 835 ebtheddil- TFT t hat
may.. be bricated in accordance w.th enbod] nent
T his abias et F RS AR ottt B R o ficCTeT tha
maydepRbiidRe ataceorfiancetwileansddimeits St tleii@ention M. pattedt &
contact 331 on the substrate 330. Dielectric nateri al

congppive Sagratel denesticbatarfirstrepgsitien &témra@trmsaga@tcoatag&ﬂr@ the
sub&eaPeoﬁot DR REvial ?2?3 éﬁfte %%ngtglétgh@réoﬁ ncla a%econd
0 uct or eria erne

attern sem con IS pa
depmﬂﬁﬁn dtdréondi 2ed setbtrd idepB@ibn sfatjol! & patrerobf comdoreiuctoe rnaterlal 333 is

material is deposited over the sen conductor |ayer 3
patt?raPﬁierP t%%@l@@ém&r%é% PaPRICEbRk oafectyg matgsy 1%1@ep381f<‘<smehthe

sem%ﬁ@édt&l lgﬂer%g 3t AMn g@frb@éﬂﬁf dr)ﬁ’n hta@tsf3'3§1t g chﬁﬁtrtﬂ &position

stati1on, an encapsufant 336 1s deposited over t
statisou Qpeoaaﬂ:}' dirafifth dopusaonst3d4, aIB@ﬁapﬂ‘ulatnh 830 Hepdsited ossr the

sect naI Vi e bottom contact TFT t hat
Sourﬁﬁ)?n aflh‘EPrnl ac,cgtgé gé gthtgﬁi:%rret hods described herein

i's A blodsdccabed vicl &1 Di6h@aBDoottdR 8biit&dt THAf theONSKES fa¥eicated

material form ng drain and source contacts 341, 342 on

usinghee mathotls deseriberbhdrein deplosticatediingfigerei sk pdégrosif eprshictive
materlaqtforfaHng é%lznre a(rl:nned: s;%ﬁgc%%tpg{aﬁtn?o E{ %%lt o 3 g’riﬁbssgﬁ%t%ltﬁ rig gedposited at a

firstsRpeitoriQpas. tA esmibadicet matrid 3uBiiy shtdapasived 8 source and
station, a pattern of dielectric material 344 is

draig epsasts ddl.ce et ¢ Breosd ApRastitnictasion| A\ferthisd depoaition station, a

T e

condztive nakdrial, dapositell i & patttepasi fauah dspmmmtatm’m forms the gate
6, is.deposited over the g

encapsul ant | ayer _34 45 )
confget %41'% %nﬂﬁnalm a&aﬁgthéiﬁﬁ%ﬁ%ﬁﬁ%%on f1h en%aﬁﬁ%réé%yea ?463 is deposited

ovePhe 6882 ofascriPed herein may be used to make |ight
em tting diodes (LEDs) or photovoltaic (PV) cells. In

varheose ﬁnnbbfétn@ntsathecfaimcatlhtepmt:ssv&edermmbed laireinfmaytbe used to
ol S i SRS PR, RO o R S RS
1mpfé%&ﬂiﬂ1@ﬁ§,$he%t@1he afatéal of the LEDs or PV cells may be an organic or
inorganic semiconductor. PV cells and LEDs have common components such as an
anode, a cathode, and an active organic or inorganic material positioned between the
anode and cathode. In a PV cell, exposure of the active layer to light causes current to

flow between the anode and cathode electrodes. Current flowing between the electrodes

13



10

15

20

25

30

anode, a cathode, and an active organic or inorganic

mat eri al positioned between the anode and cathode. In
wW@200%/0889B81 , exposure of the active |ayer to |iPRgI/US2008/050103

causes current to fl ow between the anode and cat hode

el ectrodes. Current flow ng between the el ectrodesof

an LED produces |ight through reconbination of

el ectrons and holes in t optica active materia
of apl Fl} proguegs fight taroyieh rerog %%W&.ﬁs’ec Iéwnéf Oéeswtf@émﬂcaﬂy
actitd@htcfBY be fabricated using the deposition processes

descri bed herein. An anode contact 4 11 is patterned

on Higec éuleptctsat caromﬁctatnahvrbwrcsfta e pfdisthiat may bt &tbrioated using

he act ela e.g.,, or c or ani c
the dSReDBhaResEY fayaPed hee o aveibancaves 4 RE BB on the
substAR ARk at 4 fikd &boﬁﬁ&?ﬁ@t’i&l daRogtilvE Afesd B £QN. orgﬁtmct (;}Qnorgamc

third deposition station, the cathdde contact
semipgdéettordpydromnalepasited avertbapmnde @nntacta%zlé rat amcqnd deposmon

depqsi;t e ver the t hode 413 at osl.ti0Q

sat LA ot B ol PG 1 b RET Rl an

encatﬂaﬁlaﬂte]asa@mm@d@@glwmr e datt®danosie: zﬂfdﬁirtﬁ @bfs&@tﬁm station. As
may be reversed so that the cathode is

Wﬂldpé ﬁéi‘éir tOeTaO%ﬁ skillpd in jthesart, dleqodnpiosition sequansesf thmenadg@nd cathode
t
layegsrcllﬁgf?igexgl §6 el caﬁ@ﬁ%{smeg?m%ﬁ%?ﬁletﬂr&rh I)ﬁﬁétpﬁ%thon and

es may be tabric In accor nce
the mﬂemd@em@&t dwsthrr_d degbsitameitaionSchot t ky di odes are

for by a recti g al - sem conduct or juncti on.
Ty p%nggﬁﬂf igdesapt l%ﬁk{?ga% nj ageprdaras VA thsbRipEQsTeRs deeribed

here?@ngléﬂo@tﬁﬁ didagl %q@nﬁéﬁpoﬁﬁe@hﬁ?ng%gtaﬂ%ﬁkoﬁ it e é@hctlon

rectif contact to the sem conduct or her
Typmetlpk Sph«ztw‘/kydnhedeamcblkim T sanmnorElctor sattdh\eclmelrheommuﬁ/b onetals.

In c talna i cations, .an organic uct or . nay.
Onage g™ ArHRuRE BRI [ty DRRudenmiEe BRESRPe! Protides an
ohrni & B AR W QEmABHIL G AR FE€aik APHIRGHRIYRBERAFRAUMIOnductor

I ncreases the magni tude of the reakdovvn vol t age of

mayt hreusdév Actepedtpyfiierdageribetwesn itha ergaric S@h@pnwtqn apd ¢ha otamic
contac adgantg%i%ruslg?}u%%ases fe me%n?rﬁg %ﬁth% Rrea orv%jl n € g&%e device.

I nven COﬂ

patftlgrre adil@iratdRa Ssubsity @ibec hiOmay ba fibricated dﬁp@@b&ts@ fin
station. At a second deposition station, the doped

accqyggricevithagrahodimonts of dhe poention HOPM Qe E] tsmttﬁ@ted on the
BB T BB ATLE O LRGSO g e
layetr 5@2 tshdepdsittdposi the ohmsd @intaxnmasriat fiel . f Anotdantdepdsirgana
SO 1915 AP LTI YRPa et PGy (b dggsiton
statlgﬁ Pag kifedu Rl ﬁég&snﬁ)n sﬁﬁf‘ohf kR ?ﬁ%& BGitat 544 & acdiedl] g)hgonally,

deposition station. Figures 6A-6 [lTustrate vari
an cocapbillgut layérdnet sbbwhEDaylbv demsitedoon plor @tiifyggaronticgad ¢ a

active layer (OLEDs) that may be forned using the
fifthy %‘BP?@% a%ﬂorbr ocesses

Figures 6A—6D illustrate various configurations of LED devices incorporating an
organic active layer (OLEDs) that may be formed using the fabrication processes
described herein. The optically active light emitter material used in forming the OLEDs
may comprise organic materials including small molecule or polymeric materials, for

example.
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descri bed herein. The optically active light emtter

material used in formng the OLEDs may conprise
wo@e@ansso3nat eri al s i ncluding smal |l nol ecul e orPCT/US2008/050103

pol ynmeric materials, for exanple.Figure 6A illustrates

a cross sectional view of an OLED that may be

fabricated usi ng the deposition processes described

An_anode contact 6 11 is patterned on
s uﬁéwaéé 1Hygrasgs aaprPt?SrSg@thalééﬁthq fon QLEL thag maﬂb@ Tabricated

usmgcfﬁé I&okBYR 'br&%gs’es BeQribePRGER! Ad dn%laé G681 s (ﬁterned on the

eposited over the anode contact at a seco
subsdletm@lOt atarfirsttdepootion gatidgrh el ervctide Hl@'pIO@]IQI; mgr; osgaaid lmgh,t emitter,
t hode cont act Optional.ly, .
is dgsuERREAR 406 Forach 07 L gerd depostion Spha » AF s ira

dep&lorpdtatfont Berdathod€BOfhdticaB iSiRILH ODptibPal Ml hil elRBp&ll&RNlayer 614
to those skilled in the art, the dep05|t|on sequence

is depositdreoven Bupecathode 643 hbd@urth;dep@;&tnmyst@@nr vl @@ﬁr to those

sklllglél ét htglr%l?t ﬁ]gtc{eﬁ(gs?té%gsc?glel Igcse éaigg Sa[%ttogeta QIS({ éalttl%os e l?ﬁyeﬁ‘) ay 'be reversed
so tieie [BSdatt 0d8 iSdpobiedd. at RSt AEpYsitisR stABbe ad e @ho® e abfddfted at
transport layers in addition to the light emtter

the thirdglepeditionTH@idtiol e transport | ayer facilitates the
' nJ(ﬁ?ﬁlbé)HlagfulsJ‘odel ﬁnd/&og[&%tﬂ)% &9 ih REi GGy {octﬁe ?H@t

thelir m ovvar ds atl on zone
ernlitd:rghztteleﬁh The Ihole'lfhﬁslﬁlrekayénfﬁcﬂltam’ﬁb@mg edtiay ©f holes frorn the anode

facilitates the . injection of electrons fromthe
intodB foyds 4nAccit méeta @@v%drﬂ? W@Pm%%aa?%??%ntﬂ%ﬂ/\%%hd gmitter.

Theteib%trﬁﬁ %H%Joﬁq | @Tad MR i iHEBorPE élééu‘bﬁ% FidhPhe h&4dHto the

rlcate according to the processes
devldﬁ endjﬁsednllgmtlen nowdide ﬂ‘@.IEEOHﬂflnéﬁlqulman 6B i ncl udes an

o tE R e < D tiot PR e R SO de B ppceses

dlscﬁﬁs@a heRin. TR @CEDWE Fid §bbBeAdLAR an WRicBbh Ahn§oZ %;Ser. An anode
deposited over the anode contact 621 at a secon

confdetrﬁ?éu it p@itﬁreqdam fdm sulptrater@Otah p figist dleprsstian atiost dihicantive light

ermﬁer rﬂt Erci)a 6{2? Qﬁl e ndavtef LI 3 rzcg’%nlt%cegos IOSa steegn(? %e%posltuon station.
At thdﬂ&u@iaieb@ﬂﬁorﬁﬂﬂﬁcﬁf; tlc6t2dn trSns@dﬂ ethter@ 62D addpysiteddver the light
encapsul ant er 625 is deposited over the cathode

emiggerd2gt A thq foﬂlﬁﬁdlé%til(’tﬁ shafiogs Hicicatodppgonteqt24 is added.
Optitoﬁgl%éetﬁ R RGaft 1@;%%&2% %@%@9@9@%&% éaﬁlﬁhikfz‘?&{ Phf gl ﬂbsmon

ross sectional vie rication o
stativhe OLED i nvol ves deposition of an anode contact 631

onth bstrate 630 at a first deposition.station.
ALGRED ﬁ%@?&aﬁaﬁaé&b&ttw&ﬁpmﬁfw g i .ﬂiﬁgrﬁfaaen RS cEsss é@ctwnal
Vlev@ 3RFi tgﬁred&p oﬁdﬂfﬁgﬂ&l\/@ff tht bR FANRIE1ES d%)osﬂdﬁ o@ﬁﬁ 'al‘f(?del dotlhikt 631

emtter material 633 I's deposited over the
on the subspate 63 ﬁrat efitsade@BRioatstaion hidt d sdnwdﬂepmsmmmsstmqno hole

tmn@%g)ﬁtt I{I]lgtelfd gﬁ‘%%gﬁﬂgl ‘%3 tHc’et aﬁltolgg gg]p Sﬂﬁea?f?we ?1gﬁt e(:rr(;)ll‘?ttef;jl r%taterlal
633 1s deposited over the hole transport material 632 at a third deposition station. At the
fourth deposition station, the cathode contact 634 is added. Optionally, an encapsulant
layer 635 is deposited over the cathode 634 at a fifth deposition station.

Figure 6D illustrates an OLED incorporating both hole and electron transport
layers which may be fabricated by processes described herein. Materials useful in the

formation of hole and electron transport layers are described above. An anode contact 641
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| ayer 635 is deposited over the cathode 634 at a fifth
deposition station. Figure 6D illustrates an COLED

WO psgesat i ng both hol e and el ectron transporeCT/Hy®0&050103
whi ch may be fabricated by processes described herein.
Materials useful in the formation of hole and el ectron
transport |ayers are described above. An anode cont act

641is patterned on the substrate 640 at a first
is paftspRedian tam SRt SO 2t fisst SeRAsHIPIRERIOE ¢itdriceqngidepgpsition

statllaﬁ IR erI%QR Ilat&PRY Bld & degéﬁte'd%vgteﬂle $hé AV eIrhe alaﬁve llght
anode 641. The active emtter materi al
emltﬂﬁpnaiemaﬂdi46\msdemhleedfm/Iee tlterlra)lltst}nmspommta&mahMBM thtrd &ieposmon
de tion.sta At the fourth de iti,on .
statigi ¥ 15 OB S oD O et e Bt L b dapsilgd over

the 9 endif 6439 Il Rtk 8EpcRARN stiohNBe Emﬁ&& QRRREbAS RAdded.

ation, the cathode contact 645 is added. Optionally,

0pt@nalémlapgcﬁpamlﬁnﬂ layar1646 46ddpesitrslppst th@dcam@éﬁb 64 het aaxthode

Jen&4e at %)S|xth deposition station. Fabrication of the
p?é&é}éﬁ 8 ect roni ¢ devi ces may i nvolve the formation

of rabAcHRE oEHRChy@Bd 6lcEtedHi€ 8SvicdsAhayEiNdsIPL e farrhatgiﬂtof stacked
emtting device, such as an OLED nmay be stacked on

clectrpmic dgyices. deorpapmnle, 3 helyrranitvardeyisratirbas an ReEDpay be stacked
f t
on al\f;"f:llf)l" of Rflc%%rsg‘ﬁ%tﬁ%ecggﬁ%ﬁrm égl%'ﬁﬁ?uts\fesq Br ?r%%]gﬁﬁ 4 smo

revi ous ransi StO
comfpkidetsca dbstrat©heviey apmveoumede@osteaakmd‘ﬂeﬂ tegisiseniagd ﬁdu01als
devi ces ar

partlcularly use is in the fabrication
C&}GS%‘F‘%‘??% byrpptaplesd e eﬂtr@nwi.%ﬁw%arafpaﬁwgwla %Et%? Kduthe
fabrygggﬁl ?g?igﬁl%% Bébk?fang{: ?gl@eé)%gh%)l]—ée: ?_f f?%“ge gEE%oiQ/g tl?eocgeggﬁﬁan of the
pixedAFtand PIED en 2 cominian sa»hstyaté 66Inin dtik exarmﬂianhet L&l top

the substrate trode. 66 co ruct ed of
cmifhIE FF e CHEe SRR Gt AT SO eD, PG ecrode 664,
confAfctRIITRsht I Osich @s SRR @ﬁ&g(ﬁ@ As @%cﬁ%e&e@%ﬁﬁ) the substrate

dielectric 666, such as SiO or Al233 i's patterned on

662 tané thyataczagd @@kepmé%mwh 6s 811 qreﬁll;Oa is phtgracd prethgagate clectrode
ectr de 66 e tor ch 668.
664 ?o reﬁl‘urg sol%tg an%lg{:l %%3%]4 th rrmc 812026 (ihﬁllé]tlel 6%@ eThe
semﬂ:@h&t&ﬁdﬁ&dla@tﬁbl%b@ 1sgaala§etdjf€lrﬂﬂlﬁt i pﬁﬁ&ned“oldﬂﬁlgﬁte dielectric 666.
el ectrode 652, constructed of materials such as

Mwmﬁ CHEOGS O eomsEucipe @frimatetiale systh asEaEpR is| Dagiemed on
one?ﬁi ?tl‘% &1@ %B§ %N%ﬂﬁ a%g a%tg %{)ﬁrgg glegtiscp e' @Oqgéét?eﬁ‘ﬁ]e%donotﬂe other
e ot her ana nmay

a nne
sidead st ¢‘haﬁile€1(d368fandi hey $darensmaicexdi dlthasinteheatdiiaiag the drain electrode

el ectrode 652. T sour.ce el ectrode 0 extends onto
652¢ ﬁ © SQHSE ?15ft@d@§8§ﬁ@nﬂ%ora8§hwt% MEe 8& w@a pppigioned between
the %@tﬂté %E@ alPtheNED RGO 5D St é}fé‘{i%s@l@aﬁn 14)Rr §41€ RO hARY of

[ayer constructed of materials su as a
matgieds Sllcmg e@bbwlreggmble@pom hlewthmnaﬁmailsus‘maﬂﬂi@s iSip@terned over

I S _pat.ter ov e |ayers. of th TET | ng,t he
the 535 BE G T Toing e B s St Bl e Fa 65t Sat oot
whilkdvend £¥idRGowe hElafbaRITAEsoLRR AIcBBIO650 RBRAMY OBED stack 656
el ectrode 650 where the OLED stack 656
is patterned. It should be noted that the use of the terms source and drain are somewhat
arbitrary as it will be appreciated that the electrode contacting the OLED stack 656 may be
either the source or the drain, depending upon the circuit design that is chosen.

The OLED stack 656 is constructed of a stack of organic materials. For example,

The OLED stack may include a layer of 4,4',4"-tris(N-(3-methylphenyl)-N-
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Is patterned. It should be noted that the use of the
terns source and drain are sonewhat arbitrary as it

wawdos/oks3appr eci ated that the el ectrode cont ack@¢nyS100&050103
OLED stack 656 may be either the source or the drain,
dependi ng upon the circuit design that is chosen. The
COLED stack 656 is constructed of a stack of organic

phelﬁérgﬂeagghen'; arrmgé( ?mDATA) (?opoa %v%hsg‘ﬁ%ﬁogga%ed jnelude a
tetra%%a qﬂlnotifﬂlectﬁa{%e éopggj)h YJIBW%H #r)a 1% %@)d Ignhﬁﬁ)abﬁﬂhgf%ﬁ rDQzl)

'uori nat

N, Nt- bh%@ﬂmwdu@ﬁ%ﬂ?ﬁ)hahyer(o{ﬁ(ﬁ\@S hdrok yyeieh limg) @lutaryen (Alqs)
0 - pl.s( nap. -] - -

dopf Wt SPIERREAT ISRk Al ety etighydro- HLSH. 1 1H

benidg'y?a‘n()% h}@ditapqwﬂanzmh maé (@5451') U EAIOA LY, dARRE oMithium

benzot 'hi azol M
ﬂuotléc,raalﬁ:eqrmflaluzmgur& féltaﬂlar@yl@wecljmfsﬂ‘&ﬂ‘-l | 1 H benzopyrano

g e ek foa ol et PR Yo s i by o5s s

pattéﬂne@bbaf tide 10pYEkhcODLEDI svRk 656 OTIGO fipl éRrode BES Iy doBStructed of a
current through the OLED stack 65 a top el ectrode

trans%ent snafeital s Tediem tinexidoTeY ot athioeEp ! &yse s Bspthe light
may Ltttg(?ﬂﬁ&ggﬁ;ﬁlgg%ctgg& ds5 constructed of a transparent

rumtin oxide (ITO or a thin
mstP&tior kalyeinsog thhaifepctdmﬁaoﬂ ofghé layais dfeheestedtionit deh'[desl,g]l‘pattem of

o ega oo SR Lo LA SRSl Dt
subJeH 8 es%rﬂféﬂé‘ﬂ% WF%M tl%%u@&?ﬂé%ﬁ% rﬁékﬁc(bfttﬁbesﬁk’&%kﬁ@s'{fgg to

e fiducial's be used i n subsequent st
achipvopegrstyitied togaiartdwnsth@eltdﬁaofernwrmts a\h@sdcnocﬁf thi eubstrate having

bsequent .st age to chie i strat.ion toleranc n

ot IGHEHIGT OB Ar e A K i eghh Ml R Stk of 2
depbatidmdatddn |s8@ &) dPasit h aveq@dt B cels %@éers@d?y %o pRVide@dequate

forrred thereon with an aperturé mask of a deposition

regisfraiiondatwesedayess efehosicetrenie dpdequent | ayer is

negessar uat e I.Sstra |on bet we
| a_\?eéom%¥m§3ﬂ%l ePe%E?%%‘iq SRR ‘%ﬂtﬁd BNy S“R%“%e it ’?“t
depdditibicitaion imRaYbré@ssepasin qd:rmfb inhgk sndhstatiag @nah agillubtigttd in

. deposition station in a process using an aperture mask
Figygpd. Féguae 7 sbowy o Hystrativg spbadiaent of 41 appprtup forp depasitipn
statl%ﬂgﬁf\@ cgﬂfcmbé LA LhEEnbE4icRe dA%ﬁtdeBBsﬁﬂn ?[Qﬁ’(?[{ HiHSiafs Qe

osition station In accordance Wt
appleerd)lgddiapemlng Atatdrhail ﬁlrdtqhosmhskﬁﬂ lsthatmdndesfapelﬂaneaﬂmt progide for

epositin e t hrou sk 701 that
the P"%‘P}J%‘g@‘?%tfi? tlﬁﬁééltko%é% f%{H CHs: Pé‘\rstq%r Bga PRIy layered
electrbﬁillé(ii'e%{c@s mhy) a@g AL LERRitEOWHDR thitdHGIA S is Be bahs hlaltéi‘ﬁéﬁés that

one or nore |ayered electronic devices may al so
belnget@psthéd‘on/ﬂwﬁdud;lhlat first layer is the sanme materi aI

P b O BT R atToll 87 g1yl SHERL ook BF whighgrves os o
deliv @8 rolTd 2ok GlibsE8IV®D téthedemainder of the apparatus of this first
deposition stage. The substrate 700 is pulled from the reel 702, through a dancer 704, over
a tension load cell 706 by a precision drive roller 708. The substrate 700 is pulled over a
portion of a circumference of a rotating drum 724 and onto another receiving roller 710 for
the substrate 700. The substrate 700 exits the receiving roller 710 and is either pulled into

a subsequent deposition station, or is rewound onto a substrate rewind reel.
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delivery roller for the substrate 700 to the remai nder

of the apparatus of this first deposition stage. The
weiesnssase 700 is pulled fromthe reel 702, theonygk20as/050103

dancer 704, over a tension |load cell 706 by a

precision drive roller 708. The substrate 700 is

pul | ed over a portion of a circunference of a rotating

dru 724 and onto ano ece|V|nﬁ gller 710 for, the
peer 786 an F?@S@H rcs 106 at5 Wilized tq #rdigve adigdptgrmined
and g&llthﬁfed@tgl afish, o8 sl 1 tlfé%bﬁgaté AHPinAhS HQ@&BH%‘PHehvery to the
eposi tion statlon or is rewound onto a substrate
drum &@# ok & getn Jteed dﬁthesnbs‘ﬁ(aﬂe Hd iﬂerspe@ioﬂtb@shbsehtb 7006 dictated

j.zed to achiev e-determ ned.a
by TP U FeriRgRiuiogr 7 G MBS SBIT S bt dp dhe specd
of tHfui7 24N & h LRl h&a grfecfgﬁﬂ dfﬁf%)fnetcﬁaﬂlﬁﬁ dhlBpcbd4nbRh ida
gi ven speed of the substrate 700. The speed of the
matenbEdesanechpdo, basedpe vareddr ty pradetspeiaed elpngdion and proper

08, which h d
thicRiSEhft d ppslgpﬂsans%e%c&lweg‘t b i b Sy on Ze s

a S kabwh itthk W&, 18 Ghaadtr F0¥ utihifsAABREy SIHOGED prdvide feed back
matter of design choi ce, based on whet her the

to cojptenl dasy Weed A ENEHGE? 0203 IsPBPREIRE fHER ibrf@Blcdio the substrate
if GRj e i
700 %ﬁ%ﬁglg%lgg)? oggﬁ cﬁﬁ eﬁl 79% s\fggFeo n 1&g‘§%§gp6 tppos;lﬁ]e% aafrgfece reading
thatfce te bsedio tiomalanfored applied by eechcﬁfatdrtméthuﬂmad T0del cébiZol
as a tensioning force ii;s applied to. the strat 700
systg agpl 1%39@5@&6 {*ﬁ Eadmgs &0 &?3 tenﬂ?@% < loﬁ) 1394 dhe speed of
the &&hd 72408 n‘i’a[k%‘é' s(ﬁgﬁt eﬁtefréﬁfoﬁ%frﬂ?eas%'e&goftﬂ@HnG?fblf%? 768 &% dhfol the
trimthe force the actuator of the dancer
elon@@ﬂon (ﬁfthoﬂmbstrhtes?mtaedﬁsa@l ies |logic based on the

readi ngs, fr t.he tensio d cell he speed
of a0 Fodint oh Fapkobe whStwiving el 302 Bhi G RRES S
del@&? e8l1@ ot e nBkik YO1 footht 8fmaAifR&ro® tlfech%bﬁr‘a{ustolﬁﬁns first deposition
el ongation of the substrate 700 as desired. The mask

stagg0Thpeysing0 bis palled fivmohe seard bk thmugm 8 dprgst 7 74 2veid tshsion load
cell ?Z né? 3 é)?escml?n ?rh Ve rglipl a?lgt 0 il Or{u?s % {)qu'ela U&e%glg V%If tgeﬁ portion of

a cigtid@&encbivf areskng @dunh 324 uWheredhd ﬁubﬂﬁrzitbes aflﬁﬁlbulléli% thereby bring
t hrough a dancer 714, over a tension load cell 716

the magle dlj 1gfoglosgrnroamity| arepntratgvitirhs sasgrete7 P ang ip fmh@apulled
f
on o REp s iF P00 Rhek R AL TBhrLRLe ST B e gger 70
and tioretvoandbiytobrmasl rewamdmadk/2Z01 i nto cl ose proximty or
contact with the bstr te 700 and is fur r_pulled.
oty %ith Hieanbstrde 70 s don S5 Rgrnd ol 7 B g itlized t
achi®®S K prddet&Xid S Jnﬁ%oﬁ@&l?éd"él&%aﬁ@ﬁ |cﬁ" trgt%Q Mk dsK ROMARL

onto a mask rew nd reel h the substrate
dire@tih oftdebvetarie ére didz 7aZ|4cf01t aeglsyr:m Blpded atﬂ theghdsk7706. dhe speed of the

s G Y QP B R TSR SO TSt A MHich is also
synéiirdhﬁ%d Q8scBf totdBRé bpeel Wit drth@ 784 UMs ddufsell aBowd M @8lation to the

speed of the mask 701. The speed of the
substrate 700, the speed chosen is a matter of design choice, based on whether the pre-

determined elongation and proper thickness of deposition can be achieved.
As with the dancer 704, the dancer 714 utilizes a rotary sensor to provide feed back
to the mask unwind reel 712 as a tensioning force is applied to the mask 701 by an

actuator of the dancer 714. The tension load cell 716 provides a force reading that can be
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mask 701 is further dictated by the speed of the

precision drive roller 718, which is also synchronized
wW@b@smossp31 o the speed of the drum 724. As di scREEES008/050103

above in relation to the substrate 700, the speed

chosen is a matter of design choice, based on whet her

t he pre determ ned el ongati on and proper thickness of

ep 05| n can pe achi eved. Af\s with the dancer 704,
use wetn e Qree appligdibyit %%ct%at?roq ahg daneps b4 leC%‘FTSWYéEem applies
10gl§ 8l daGHe fe%ifn%? frof 'té'ﬂ‘é‘foﬁ %Jdec%h ﬂ%%n@§pe%dto?ﬂr°e' %4 to
orce is app to the mask by an actuator of the
makdarstight altedationlod theespsedof tho ddV@Hﬂ]er 7 16toprontrb dhs ebnfatraneof the
s{ﬁ@l 8tht can beused to trimthe force applied by
ma etUHOr of the dancer 714. A control system

apAtHieSarti Q@hrCenRRBHA I dIftR s heRPOIIESH {Jutdd 1BehiteORIcARd
| oad cell 716 and speed of the drum 724 to nmake a

inteyiajly miitha the rdal!m d a4 ofherhtorg pleis deefssariéo bipvievike mesk &1 te1i@
el BRRED ol S EASEH e Sl B B o G P

conBOUK€IEthé2Rask Tl ahs séRea¢EHomnrbedial 724 vy thbinfhsk 161 dTHEUrum
724. Therefore, it is necessary to have the mask 701

724 has |apgenedstes d3Rdadgnagiint thyolide @grormmodi materibflux towards
di t

e R0yl D SE R MLl LR E A

depddittornmatcridlOR 8. enditied ﬂbmrth3 ddpdBanlsatige 720 ar pass &ﬁroﬂg'iﬂthe drum

I gne |nt the roll to acconmodate nmterj al
724@8&/&?"8%% é)»l vibe gPefyrey @ thepsk tep ghow ke @qpaﬁltlalﬂ gaterial
728 %’?@%@H‘ tli%rs%ﬁ&té 60 t%'tﬁ&k!l‘iﬁf ﬁﬁﬁﬂﬁ@g&tﬁérﬁbﬁ W Heaesd ¥ (')(P”
terial 728 emtted fromthe deposition source 726 to
paéﬁletdhpw@dn ttdue:ed7r2t6nna752‘tzb @] rveacllns types dmslkdlﬂ@apqn thbéype of
ertures in all ow_t he de [

dep @R 41t nngf 4oy BRE Metaial ety EbeSohTe e dsdpatign source
726fn9Jy'BetJ‘§JuB@ﬂiﬁgeédﬁhdHé dr gﬁé&?&d SpatteridOOthotRFo HRRPSIct bON

source 726 may be one of various types dependi ng upon
dep@&n@lg mp@llmor@emhw owetad ndldteylyéercﬁis deghessiic meteripdst @zheik or

1nor amc seier{ucPl cﬁugctog é]%éﬁg‘l (Ts hP[]e r%r e?e%? % %ragsn Bft?nga:tgrﬁa&z %Ig(%/%l‘ c}dl)é)eg

buft%ﬂfay&ttha@ﬁﬁs a®pretiRROIy | desd’lfﬂ)eHEIA@ahbtﬁhelOéxaﬁ@M et dep@smon source
netal oxide materials, dielectric materials, organic
726 gpay; eHIPAAPY A BRI RIBITAQE PUIDOsRR 08 AEnasEingribs abaye héteééW@itﬁls or

othetr‘ir?a@ p‘ﬁrt materi al s and/ or doped buffer |ayer
terials as previously described. As another exanple,
t h d hdepoSgiirhtion sfabe demny 254, miapfoshxeommseama @ahskoT0 ls ond Qbstrate

for purposes of d |t|n t he ove |i drrat
700 spayd{eriofD fht ook 0¥ & rﬁfgﬂgtp@%ﬁ% ¢ B oG %um with
the i Gifibh 5O cS 924 ERitti¥Brhe 'ﬁ@ﬁ(‘)‘sn?cgljmat%flgl PRS RE Aok @O MR Will be

such that the nas and substrate 700 pass on
appitehietdddhatdhe whsk HH ajldu;ubwatw(i(]mayj elposiathviebnbspasttemed 8@ as to

pasg?@r{%etr h)lgggp toP t%e %%P S7551 W%nle the er]plogailtlor(ii (sjsmurg\éw}% en'IRs\At%\e/ %relbosiitgon
material upward. This alternative is particularly the case where an evaporation source is
used.

The substrate 700 and the mask 701 may also be one of various types of materials.
Examples include polymeric materials, such as polyester (both PET and PEN), polyimide,
polycarbonate, or polystyrene, metal foil materials, such as, stainless steel, other steels,

aluminum, copper, or paper or woven or nonwoven fabric materials, all of the above with
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appreci ated that the mask 701 and substrate 700 may

alternatively be positioned so as to pass over the top
w@booslgsosy um 724 whil e the deposition source 7PGI/E8I00$050103

the deposition material upward. This alternative is

particularly the case where an evaporation source is

used. The substrate 700 and the mask 701 may al so be

one of various types of terlals aml.es i ncl ude

or Withoyieaated shepess; Hogvevery eﬂ igjag oty ath(igh plagsierty atiigh as a
pol;Pnlr:é}Qc’ mBehiMi @r A& suBgﬂra)f@ aPanal ﬁvol@és ]@%1:1)41%5366&@8’& Wit @bngation
materials, such as, stainless I, other
and Sﬁblqi&'bcaslomkagmtmtmm, ascclmcesspd berepaparh tbat thofeaturosize can be made
nonwoven fabric materials, all .of the above wthor
ver by e G i RER arepsy éffapagmerlfi%kmﬁ{em thp order
of séckd) n'ilbﬂ)'ﬁs efasdxafipld/ theSIHER dASerBioR A YRR PeftuftBh®f bdess than
for the substrate and mask i nvol ves precision contro
aboff 1 00eicesing ngaatngmg dmdl th@bOWrzemIC@ItSn Thegpeesrandiog feaere that is
us he f.ea
denii $380e St e ad P iRERSPEIHR T fRRedE agscveral
mictois 2.0 OleydMBhh EbdRS B0 FdtoREo0ANEIRE dOWHES alfut SeNieFoak, with a
m crons. For exanple the | east di nmension of the
regigippdion iplerapgg obhé thfé%ﬁwtf%aﬁe &fouesstm FHout dhBiGeny Hrignging
2
do ﬁﬁ?b&ﬁ lgﬁf&ggsnl 4 "(l; r%f ?@ %Q%J&ﬁlt%% {rhgt%[)e%ﬁgﬁlrd %GLI%@SI &r o%er 01rcu1try
can Ut meds waty H@tﬁtallo@u@ faphigh-retdodutivmd ﬁﬁalbfooﬁﬁm ﬂa@)lered deV1ce
m cro | ess than about OO n1cronf or rang

featarawtﬁl&cgl%'@tre@stfﬁt@mﬁtgfveewd@ﬁlcg e dt therlddhe %p@reéiaé?@@at if
the ﬁs;peé{ hitof LALUFRSHESec &- c@‘cult k&aiic tNarcaR Al b'é%ecesga}rg to

crons or ranging down to about 1 m cron.. Theref
depesiigthd énsd byypasbing e wttetiroughiteodewiae depmsnmnrsatlons with two or

circuitry, can, . be de, v [ a||OMAn for
morg s GRT A CRsh Ottt mhsksaiis Thipegs ratio of the
mask QPSS arMlfnk1tcAGE Wnatofl cﬁﬁhﬁ% hatdr® fo&%ﬁl%@l‘fé digRMbi6Sal stability
| ayers. It should be appreciated that he aspect

of theggpictfursfin éh%p@ﬁmﬁr@mm@sl@ edvddiornl detiarlg o fabrlé@ungrmlyrser aperture
rnasks re(i’aﬁed J[o tHlé bbo%% SR u{t){er cgerscr% ?Slb ge geenttﬁoaﬁe@gyl 64 (Baude

ssing t "NYGdgh positio

ct a1$)1; aico@pasatdd hdteinWy referdi@ee successi ve depositions
t hrough of fset shadow masks since the aspect ratio of

t h&igg R Shﬁb‘éf’ pypraBodiment liky thelpfibagyrad @Wpéf hap fheripsy is not a
roll k?(ﬂrcﬁf @on% LFa‘ﬁ'bh Bt fshr?st&drﬁedaﬁhs‘%ﬁ} A dcg)atﬁé:r%t }4 g&bs{r 800 unwinds

ture olymeric na i ona s on
fr0nf1 &kzzt BeRpassgd riﬁbygiﬁatanamm4wnd ovaslosd cell gdcedhdtio pﬁlﬂHCBby drive
rther des ri bed U Pat e

nt. are f
I‘Oll%‘r@87l'r%€ k(sga@a@ldé)lassgp oyer t ?IEQ}ITIBB pg{%@&lrﬁ@p r?]nos)pf the drum 824
and Eselgtﬁfeﬁ REEr reEdiGE ?ol@er%ﬁ@‘ﬁﬁd %n%mgdis'%%e ﬁéxlf ﬁeﬁd@?t{on%ftage or is

Figure 7 except "that the mask'is not a roll-to-ro
rewowif ongeir a¢wiod réalit Thes, ihest emdtian ewhsricad oﬂ&lelsobﬂ@atd-@()es being

ol HieS7 g a0t dPRu ST e oG SR arerial 828
throRh hRGtubds S0 ehd Elihel24808 thlMetesilbShdrat @ nfRR 8DR8SEPasses

over the portion of the circunference of the drum 824
through apertures in the mask 801 to reach the substrate 800 as happens in Figure 7.

However, the mask 801 is a continuous loop that passes from a tension load cell
834 which is a roller of a web guide 832 and is pulled by drive roller 818 as it passes by a
sensor 838. The mask 801 passes over the portion of the circumference of the drum 824

and is pulled away over receiving roller 820. The mask 801 then reaches another
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and is pulled over receiving roller 810 and then
proceeds to the next deposition stage or is rewound
wo@nios/088982W nd reel . Thus, the el ongati on and BQEEES200$/050103
the substrate 800 is being controlled as in Figure 7.
Addi tionally, the deposition source 826 emts material
828 through apertures 840 of the drum 824 and the
materi al reaches a mask 801 and es throug
receaﬁ%g fQllee 827 that e rRBIOTEFENYQYICF é%g pnG Togtes lﬁlif‘sliﬂﬁsg‘t ¥ldeo
subs%guaﬁ‘ 9&%%4 fa)u'éf(g)tm tat HOVBURS the hAgk @@ﬁﬁa&% a réllé'i‘ 836 of the
cont i nuous 1oop t’hat passes froma tension
web%ikﬂda/ﬁﬁ% Hnitlgs aonfaduraronpthe alomgbmguatmﬂesm&ﬂohhd mask ﬁOll bc&rlhnues
drive roller 818 as |t ses sor 838. e
to b aitalsq b Beudling 1 O abpyBRR G tufon & B oty SAL8nd the
spe@f ofthed i i) 1824 8aded &n RUHINES ridWANe RY¥STon BIMI 3D, and the
roller 820. The mask 801 then reaches anotherrece|V|ng

lateyabplignmegp of thhzmaSk §01alSr a3 eontrotlediby thesy drand 833, adgre such a
s .t he bsequen ei vi

werg QIR gho OBl iR PR RS o G R Tl 1, BRI mask
801 @bnfitiRuylRodpdisd@s 836 reluded hESert@ifyl, i¢rmadsk ®01 nid3€be replaced or

el ongati on and speed of the mask 01 contlnues to be
cleapeshdycotolbagdiywp of depesitiangnatedaliig8 catahsimask. by an

act

ar 1B EEigfle § ABysREL A ERr ol \R0h BPERREDF e Rl B e
conﬂlmﬁﬂislgébdyplﬁgﬁlaslamﬂ itheilll letappadciaadd thartea torminubinty kg mask

801 is also controlled b he web qui de 832, where
801 g3 shpw RdHeygiSde cawlly ageﬁ@ai)&dw'th Precoalégaliarw%?eq%éwsm below
in Figk&lg o to Figure 10. However, the mask 801

continuously | oops so as to be re-used. Eventually,

t hé'igmas R sBOWsS smbbtheeplllleactb@t diFiglre drscepd thet the dep051ti0n

sough P& Py, OHOR LA  RT oit gty St B a5y HE gy from ree

902 F}b@&brs%r%ug% gaRkr @ add cf RAH BN 00S hivd 1sQRRENBY Hﬁ%ro@l@ﬂ%S
appreci ated that the continuously | oo

ng
Them@&raﬁﬁo%@sww the pmi‘t@uroé tlg mguérﬁ@rameyofalm)dﬂuaa 4ea11das
dlregt&i Eu&lhe? rome?rg Qggell ﬁ% ?otl 65 %%O us D e%dceik:) S tgw% F g%)olgl%on stage or

is refvoRxé opfo dﬂéﬁfﬁnd heel. depeSth | bmﬁgamra@la spaal df&hé abatrad 900 is
outside of the drum 924. Here, the substrate 900

beingpantieldeds asdmbiges 79additignalbe &5 hppnsuy i Kawee:s theonad il
unv@%ﬁ'ffrd 2 6§ 'psgsgmﬂ{)‘lgge h EinPY'd199nBY%vEr 1bé{c?cefl$é1't6ﬁa[éld99§uued by

straté over the portion o
driveirsltu 9fl 8r €he magit 90 hmsslerswvleﬂf&é partd)nl of thid ciemihefdreher dfithe drum

over r.eceiv roIIer.910 he roceeds to the
924 3ad s %@ﬁ@é. fiw*t@ﬁ oYPLigECIynGT lerre%?e Ghd ftﬁqtl%reav% Rtg a rewind
reel @Q@l Thﬂ1 W cld nSh Qﬁ@ ?e‘e@ Bf ARIR B4 1505155 B‘é:ing E’&lﬁfoﬁl%& 8s in

IS belng contro d as in Figure 7. Additionally,
Iﬁg&s7happens in Figure 7, the mask 901 unwi nds fromree

and o BT PRI B nOBET B0 BIeRE B B atien ha
the @REitibA SnaR@Hal DENI&Ss nob Becdl tb GHIY tBFRBR ehelirufn 24P riéito reaching
the mask 901 and substrate 900. Therefore, the drum 924 need not necessarily include
apertures. Additionally, the substrate 900 is in direct contact with the drum 924 while the
mask 901 is in close proximity or in direct contact with the substrate 900 with the

substrate 900 being positioned between the mask 901 and the drum 924.
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924 and is directed further over receiving roller 920

and then is rewound onto a rewind reel 922. Thus, the
web@sgstoson and speed of the mask 901 is al so PEI/NHR008/050103

controlled as in Figure 7. However, the deposition

source 926 is located externally of the drum 924 such

that the deposition material 928 does not need to pass

t hrough the drum 924 prjor to reaching. the nask 90

andV B Eiepie %S@G‘G.“%W’rfj@fl&t@}l Ik nadp e st %6%“6
SoplSRSERRFLI e anat oo A0 ol i Mt
the epierinel [bériomad kheQEposiSon sourta$d grsbhawniid Figore 9 s adjualéct

CO ct. with the substrate 900 with_the substrate 0

ol R e peuR P Atk B B & PRE g 012
924\t 11 6 sk adiLerBbGliRwet [HReh AV ANE Akt tHak@esiBtrate 1000
of Figure 7 except for the deposition source 926 being

alrepdycles etilcexttone halet 9f b cldeoric daviogdeppsitegidrjothsewise formed

appreci ated th the external | ocation of the .
therf3BE B Pl out Mo S e Bh RS pre R A Y 619tEss, ctingq gy least
onc &Rt isGdlh®, inplideercpishefio Mk t@Uhahiagid befveded dhd et idasie

of Figure 8, and Figures 10-12. Figure 10 shows an

fornegeair g the laxes beingrdepesited g dsaleseribrd apmorqdatait rlow, alignment
oft@‘*fg%{tﬁx%trﬁas%gt%l %Ji{hetgg Yudig teg'bob ﬁﬁlﬁ%gévh%gﬂgﬁg{ §? Frlfe%&u{)&%[uently

roni c evi ces eposited or o
fornidddag@nis uskdits aghiend theisdgystifadombetwleay iyesan be prepared

usi_ng any process. Since at |east one |ayer .is already
i nIpi fbcdagediol Kigsn  fnibe Slwétrﬁtailﬁ&)%%wd&&p%@ﬁl_ e passes
throf @ga&eﬁi A QHRE: 13Y 8811 206 4rld8s gleiyegllfb;b@rm%ﬁ@mt@%é §fle

escribed in nore detail belo I"gnnment of
subsiper t0eanws kvdrdbd pevtivh of He aghsfaretce of @G0drdor 1024 and is

. depasition of the sybs nt formed, | ayer is, used to
direGER Rt B Ty iSe Feler S patdben Broggiats S e heposion Sage
or i&RRBEhIBRD aGbwridassie Thils, thd8lofsthvh faal 8pckd P (b iteEe 1000 is

fromreel 1002, passes through dancer 1004 and over

beinggautrelddd asiobeuand Addpignkléd abhaphchy i Fighicer theoossk Ré
su rate assgs over th rtion of th .
QAR LPLFRL oPRRR R HontsdoBR B Rt opgroigoutied

by @MelolldOil ¥i MBe Mtk 80011 s aner thhortidh@E BRASrcumférbice of the
next deposition stage or is rewound onto a rew nd
drurp d 824 anhigglireeted fgthern gugrirereivng rallss 482G and then Hupwpynd ento a

‘ : o ‘ . ! . g
ol Rane T ARGo 8% pRE LR BRBR LR Tl Ry dimonea
as if BglrelD12, passes through dancer 1014 and over | oad

cel| 1016 and.is pulled by drjve roller 1018. The, mask .

1001085 é%erwe%ddﬁ}? a‘pc_&nfr%bwr thy Slopgitiary tPeidehice! g sensing
the fifhRiAE UMD Atk FBGdtS 1600 SREBI M T HAM oW EhtalBRE L WsRTte 1000

roller 1020 and then Is rewound onto a rew nd ree
and p82R 100 husyropdrelighnagan iferdieations peddivory tolkc draskl 0281 Sensor
1038 “g’en%less et Iugiglsco%n[fler glllblstergte 4306 thlFlle S&sSr YO48 senses the fiducials on
the mask 1001. The relative speed between the substrate 1000 and mask 1001 may be
adjusted via the drive rollers 1008 and 1018 respectively to compensate for the substrate
1000 cither leading or lagging the mask 1001.

Furthermore, between the load cell 1006 and the drive roller 1008 for the substrate

1000, a precision web guide 1030 receives the substrate 1000 and controls the transverse

(lateral) position of the substrate based on the sensor 1038, sensing the fiducials to
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However, there is additional control of the elongation

and speed based on sensing the fiducials of both the
wasnssse 1000 and the mask 1001 to nmi ntai n BEEUS2008/050103

substrate 1000 and rmask 1001 in proper alignment in

the direction of delivery to the drum 1024. Sensor

1038 senses the fiducials on the substrate 1000 whil e

sensoF 1048 senses the fjducials on tge mask 1001. The
detegrangtths, Bansyeise PREH M cHoY g Zibp SV EnYensy tQmPVRHgRsversely on

the 1%@19133 Bitdin %s@ﬂkﬂdﬁée%dth\é 't1%n§d%?se?§ok1¥1§n HQLJ[ 6 a8 A0fhin a

18 respectively to conpensate e substrate 1000
preoesettbbranlce aflatrigpsot /2| oefglga srgallehiefeatasekdlﬂﬁﬁﬂlon Fuht demmb024, so the
1006 he drive

bet t he d cel roller 1008.
wetrigidt Ao st s Rupoc patibes bF Sukas 1P udhs 538 elide 1030
incli®G QI HESrol1Be1 (3ubs Frhmb 8 039 QR d AREcd@NbN&! 1936 Nehe frame 1034 may

transverse (lateral) position of the substrate based

be povptedatosangdsort o_ﬁ_@@@ag@s w@on@l at hivat @gmit afl the f:dgbeftfeﬁ‘rﬁﬁ mber 1032

the trans vin have..a ten
in ol i BT ENEGAPREI Godho ¢ KPR Qi S BB
1008 s dds&Son dlb.ﬁl Iazan MG Fletafl® Sbduit @rprémﬁdsn Q@b g&ﬂde ts@ﬂtarwsifor this
within a preci se tol erance of at | east

purpgse Farelg fopad inYeS. Hrieehappliraten PH@IC@HQWPOQQDS/ %1&98 hk(Swanson

he transverse position of the
etagpglgﬁggﬁ(%%%%nqgﬂgéﬁe Egwde 1030 includes a first
r olslmﬂarljaﬂﬁ theambsian®® 11884 ccrathd [eadsetioddo and therdrii@36ller 1018,
The 1034 may be pivoted into, and of the page
a pr%\%m% gytded OdY W“’ﬁ%ﬁﬁ‘{ %§%e< Pﬂé apdy @@t@? tﬁ*? Fréflsvv%ﬁqp@ﬁlﬂon of
the ﬂigﬁizl d01 1A5AEEn the stbA ?048|"s%n§ﬁg ﬁ{ert?&&lawtgche%?ﬁufénﬂgg%sverse

ts transverse position on ver roller 1008, and
p051hem c #hotrahvarse poddon dbthe ntek 400 kmaktaso = \prtlamasnrcmswvebrance

ot i O Pt B e CARES g st g8 P mask 1001,

The( @RI iR ludos o MSOoRSr A4eda REm8I 1040 Yank &f BESAGBHer 1046.
SimTarly for the mask 1001, between the | oad cel

Thefons HHd mayebaipiveted indd bed oqtmf ghe Iaagprae@lilcsfvmat agdbotgwindat the
edget‘ Pf4 p rs{ r%?l%r Y&& 1£1ho(1?der oo gugi ¢ rna% @gg I?an c 1t|% traﬁsverse position

ansver se position

on RO el OB, slecmsermohlamrﬁlldMI als to det er mne the
transverse p03|t|on The transverse position of the
magk TADYEsARetitian SNt SYHALH BE Wicd dn SenivRstion AYiheoragen be

e B e 30,406 G P60 1949000, 45\l o
systdfi4@n baabadde soajuhcticat witlobt en HbG42] inaleperalont]yl Odtramarelsa

second roIIer 1046. The frane 1044 may be pivoted into
PosifAR coRffols¥SteHe page as shown at a pivot point at the

e d gﬁ?s A dédré 1 the ‘a%(?s'itloli%arde N 096 U8thid B AriH &0 DEMMBEKp0sition

change its transverse position on driver
matemﬂllléiZS thodg:h a@)ﬁduﬂepe ne&0 ofthd domm 1024to réacthrthﬂsmdf $@01 and

s 20 g R B e R SRy S0 BT AV Fisure 10
has BE&M eRtedSY Fi @R 7 S tHrindbf his @lﬁﬁghﬁ%ﬁbbﬁg uS@sr @l initial
deposition phase, it will be appreciated that the configuration of Figure 10 may also be
used as subsequent phases for situations where the substrate 1000 is not proceeding
directly from the preceding deposition phase, but has instead been rewound from the

preceding phase and then introduced to this subsequent phase from the unwind reel 1002.
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system can be used in conjunction with or can be used

i ndependently of a transverse position control system
WaAS00808PBYUre 7, the deposition source 1026 w P¢i/NS100&050103

drum 1024 emts deposition material 1028 through

apertures 1050 of the drum 1024 to reach the mask 1001

and substrate 1000 over the portion of the

Do dSREAERS: e BT Fror SRRt B e 110

is pl%gﬂifeh Q\H{haftidlﬁfhlsbﬁlﬁ’gga H&@éjal%ggﬁt %rgéttob%s 19800Fhd fi@Rial

hase, it wl appr eci at configuration
dep«mﬁtld?l mocess 1040vepypliab $r flmciabad thassubsivate dl@hst ayrasteshdrothe

tiqns where the sub ate 1000 is r
subl T lOTER e i Chfted i e GEppe rse b RbBuIES hrior o
the pdlat RRGe BRENadkeMDY RehchEOME UGN PEREE tetuRRASS e anchdyhg Place

I ntroduced to this subsequent phase fromthe unw nd

at thealstm1002.. prf:cgup@ reglstlghom@aaﬂ@eénﬁo@tdmé hetweiek éhet substrasé 1100

ur t t strate
and ST, SRR ARRonls o BBt P phaRPp ko B HL B e
withbl#8lso JikilthhebuglyalcpoleResTith@ils Bf M6 8sHe hbdRiaappl i es the
fiducials to the substrate 1100 at a point where the

sulB spme eonfigAtioas, the Absirated 10@ Aelavarcdyrer reqld 102 may have at
1eas%xgef o E§ gﬁﬁgacﬁ}x%g fg)é%ﬁpgl;c %bl%é«faﬁ,epé(ﬂj&%&fea eréo‘ﬁ. tﬁl% RAEAL

depcﬁsméd b ahespracas all 4@ady be nsemil tacaagmthetdpertdrremiaskllzal and the
recision registration be maj ntai ned between the

sub %@H‘s{ 109:te 29hpYs Tea iRt bﬁé‘gﬁenltile 3t Ispd oppareyi e armed
elec%ﬂw%‘éwc@l’aggr Hﬁiythp 8l.HEHAs 'dE@E‘e g&' g &E#J%Sl%lq%ﬁhe d?posnlon

si mul t aneously depositing duc
stativhef §@wee hiaterial . I n sone confl gurations, the

e dSETBS Ui BLCT T oy BB (e aubEs Pageriducial
de &dlﬁ&ﬂﬁ%gesﬁ h ?4(?91@ludy§§utfdrﬂ? Céla@bﬁ d&}RRAD ! BSkr A¥1atiBE or laser

Erocess 1140 may be used to align the aperture nask
marfingcherdeal mllmb@mﬁace& ctcho, t:mbaismgewatp@ggsfmdatrm@ng
between_the. at t o re S or Ne Iectr
oo BB A RO Y SO A  PUBEHSEICE. pss

throd@lp@ﬁicbﬁ‘ﬁl (ayandheetipd®sélt 1 0% Hidds peleddy cﬁi\@&bﬂerllﬂOS The
s of how the fiducials rr]?l}g be fornmed onto

|
Subsg%snf etr@ssﬁy oveehe pertien af thespsamiqrensepf drcedyymihizg mcludmg
the %&ﬁ}ﬁ AR el b Eﬁﬁélél%r &309( 163'1%‘ Bﬁﬁé& 'lsod]reﬁleasfﬁﬁ é?%lvglfwfe%lvmg
r aser nmnmar ki ng, em Ca em ca etc
roll@ntioe gdndghemprbadedh tonthe naxxdiepoditidn stgge drris tdvevadivath mmmd

t he subst 100 i.nds fromreel = .
reelltﬂa %gfaég%@ﬂpﬂ B ar?ea ahtherutme bW b&nt coer Bdiep in Figure
9. A@&@orﬁﬂg dssh éﬂs‘?ﬁi F@ﬁr@@ I Menfa@ | 801 dibPRds AHE rSYRg15 6Ha@ses

1100 ses er t he” portion of the circunference of
thropigle dfmcurri Hi#2hdiovet loddl ngll 1 hied qudris poltedithyedrevctrhierf i ld8ciTak mask
1 10?%%3%%@?\{% 4eopor‘[S 10on ofnﬁe mrcumf%rern%g toF glefd%&lq?% NETs directed further
over receiving roller 1120 and then is rewound onto a rewind reel 1122. Thus, the
clongation and speed of the mask 1101 is also being controlled as in Figure 9.
However, there is additional control of the elongation and speed based on sensing
the fiducials of the mask 1101 using sensor 1138 to maintain the mask 1101 in proper

alignment in the direction of delivery to the drum 1124 with the fiducial patterning process

1140. The relative speed of the mask 1101 may be adjusted via the drive roller 1118 to
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roller 1110, and then proceeds to the next deposition

stage or is rewound onto a rewind reel. Thus, the
web@sgstoson and speed of the substrate 1100 i SPOEUSIP08/050103

controlled as in Figure 9. Additionally, as happens in

Figure 9, the mask 1101 unwi nds fromreel 1112, passes

t hr ough dancer 1114 and over | oad ceII 1116 and is

pulled b e rol| 1118. The na 101 passes over

Compﬁ%saffo@f %/h& kRé e@ﬂ@fé%ﬁﬁl& alpaing the @uaaahmtﬁtzag Bingess
114hs directed further over receiving roller 1120 and

then is rewound onto a rew nd reel 1122. Thus, the

el dhgthtinooredretvapeabaloat ctlhé | asid thd Afive solial $bl &Heipngpision web

g8 Raniifls St profee M%a%fre&ﬁegﬁl?saﬁfssﬁamtg%g%ths sl 1101

basé?lrbnstﬁg $4M6r 1138 sehdme tiah§al9bn ttemiRsK 01 10 dctdghind tiRaRAH W erse
1138 to maintain the mask 1101 in proper alignnent in

positipe. dhe web igotdedfl 3@ lciudes ¢ firss roltas 1d 8% fTama 1 W4 And deccond

rolei 186 Phe Ry 161 iy BE SRR A 8 vt YEpRRRLs ivor

point i tcteasosmRis@tier f 2 it bedoids kuidd it eiskhan1 hedehdhge &k
| aggi ng. t he fiduci al Fatternlng process 1140.

tranfygrscosivienen dswenodlar 1 his. prrblencepp dumdlidhd the dri ve
f °' seih ijg'ki'r§9 e Faéﬁ&s;l éau%’&%ql%‘ é%ﬁtegije§%n‘fa(flgtorfi(ﬂltxels%rﬁmo]f124

pr éci se ce the transverse
emﬂshi@pmsdh ﬂl&t@ﬂlalbbléze do m?nch ke rasyksld0 1 had Sutsanti INQ0 over the portion
fiducials on t&% nask 1101 to determ ne the transverse

of thegrdicppderence i heedrugul #é- 1130 includes a first roller
%}g@n%ur@ 15 KRE®s dnldfboBREnEiIQR]ERDE Fi Gé?xlré €0 e;gc]c 5thatTt|H§ substrate

1134 may be pivoted into and out of page as
1208 Iiﬂdwm@dlelwemd\dmtectyb}ofmm agprevibes égyesition sfaiips s opzpdsai to being

dl113 i n order. U|de he sk 11&6@lf Fhan e its I

CUYFE @9’&%‘&%& f SeEndH P’(? ' PIOFT qigls “H‘Qﬁ dppiace,

alighfeki) Jelddintabifed RRtWEQURE sibstrhlia 206 Mth%'n%k%ggf &Fthat the
1126 | ocated externally of the drum 1124 enits

clecttepigsicvice hyawstase fleflostab® regstratmnhwitthet leass kRnel @ vioasly deposited
ekma_nccfgge éloo over the portion of the circunference
HPTEKEVIS (o1 124, Figure 12 shows an enbodi ment |i ke

t hah tief enfbc@likhent b Fepee p2, thhatbsirite 1800 &treadivedlf284 theSpreceding
bei ng delivered dlregaéé#fron1a previ ous deposition

phasgritecdy abasteppp dead e Al i@onllekbredrive whcah0fnvlihsgubstrate
1206 ﬁ%st Oer 'ﬂﬂ\] ﬂ:drﬁ’(lﬂ{ gf hQ Clragﬂf‘e?en"cg 6f {he%%te}b% Qﬂc?ls%wegt@gﬁrther

al’i gnment mal nt al ned betwee
ovelsltﬂ:b&fvmgtrellékza(l)o andithich @rdmsd@ th 20 neso déﬂmttlohh;&lge or is rewound

o) SEPTUE SRV LBy s, e depost {5 An, g st on
o g B gl P ol o ?Jng%g?“’ééea%ﬁlgn 2R bt
120@taneionlay loat cell § 205 amsisligbtiy akeling theGocdnd diise pller €208nnd drum
1225j rﬂurt%er rmnu%e aci,]‘ l?Is rsrlenty‘goe su%sgate 1%8 clongation can be made by adjusting
the relative speed between drive roller 1208 and drum 1224. Additionally, as happens in
Figure 10, the mask 1201 unwinds from reel 1212, passes through dancer 1214 and over
load cell 1216 and is pulled by drive roller 1218. The mask 1201 passes over the portion
of the circumference of the drum 1224 and is directed further over receiving roller 1220

and then is rewound onto a rewind reel 1222. Thus, the elongation and speed of the mask

1201 is also being controlled as in Figure 10.
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1200 passes over the portion of the circunference of
the drum 1224 and is directed further over receiving
WO 200808893210 and then proceeds to the next depPSI/USIN8/050103
stage or is rewound onto a rewind reel. There is no
dancer for the substrate 1200 for this phase, so the
el ongation and speed of the substrate 1200 is being
controlled by sensing the substrat g t ensi on  at
| oddiersdp pddisignal &Hlatrélm f gt 3longefipp pnchpeeh Sassd oagepting the
fiduBfal sVt bof the5utkad8 @0E a8d H{@n]tgs%‘]l 20T 4S8 ftﬁﬁﬁalﬂ"tﬂbustugstrate 1200 and
adjustnents to substrate 1200 el ongation can be nade
maskyl 2t jrugbpeargegibeationl iathodresper df bdivageto thie dmen 294, éensor

208 and .drum 1224. Additi I ly, as h ens in FLgur
123 SR SRR o0 TS 1R f e LR it du htkials on
the MBSKOHTN . AR Q@lﬁtld@%e@ﬂgw@é’@ﬂle'sﬁ@ﬁra@eeUOO]a%a@na%ﬁqmIsrnay be
pul led by drive roller 1218. The nask 1201 passes over

adjusted vipoihe idome ofllerh B208iand UgH & raspectively to lsemgensatci@pthegnbstrate

ted further ove eiving roller 1220 and
120p Rigfer G oy e s Sk BB F G Vool 1900 thoas the
el qughtintic Brdvedpansioali ctine20mstd theQdivé foll SO EHE substrate
controlled as in Flaure 10. There is additional contro

120Qfa praeision gelLpidsnl 2aA docspies thopabeepte k2 et gogtrely she transverse
p051ftlbﬁl Hﬂh%lsﬁbsq{atflg sgcliJ glli] ?nesslét? & é%%@gl T %%%Hﬁiﬁq_y]a? s IR Rerilhe

nta ate I'n proper
trant;\e:gﬂeqioﬁﬁlbno Th Mveblp@iddi 1260 incdudeot el roMar 232.m: frivde d234nand a

1224. Sensor. 1238 senses the . fiducials on e
Sec%étﬁgltl?rafzég 1369 rmeﬂ?@m&ﬁ pivoigl wigdoutg H‘FiP&&% ppthown at a
pivd? Eofn@g‘[ tﬁ@%é{éoo ast L& st rollBel 2'39|1§deé?t03%g§éjthg ghy&RR 1209 and change

substrate nd mask usted via
ﬁsn@nbmewthkanHIﬁﬁeraerEZEBambkpecbndehyIQZAconpensate

g or s P b e SR odh e e a0ng s

a plréé'iﬁoﬁj kicl @uide!1ha0 rdkeRBs fiRrmdsha 28 VRS EdHt® 1RO Gandverse position of
preci sion web guide 1230 receives the substrate 8

the magk b?&ithamdson sensgh é%‘bgrwempeﬁtetﬁdmwdﬁtOtdq@neméhfr mamsverse
pomgtg{l (ilhe wg 1dseq528 fnc u2 s a 1rs ﬁ]eq lﬁﬂﬁ,hft‘ra He 5?4148 8nc? iﬁ%QSnd

transverse

rolldrﬂQHQdﬂFﬁe &alfnle nsi4 raklbe ﬁ)l\ﬁ&ﬂlntoaaﬁdrcaﬁﬁf hPhgc @éﬂﬂloaln at a pivot
second roller 1236. The frame 1234 may be Elvoted into
poing atithg geeef ﬁrﬁemﬂﬁrg@%m SO atldeﬂt@m@k 1381 Aed ghangp éts
r 2 r e the
tran g e 5™ G P L i B b T2 1P 1 o
dr iAsein Higlrk @0, th2 Q&osaivd shere & 2Dmwithinnthd 2ddn 1 Bt4erhias dgposition

1201 he | I ] 216 h
mataf.lql\}égtet—hr? apgHgres gf@“@@ﬁﬂet i tgﬁf f@ft?%tél é%m&ﬂ? 22 v
substtlt&?e RRovEiLAL BRGNS Ql@intB@nld GNRYERIE 1RSI tion Of

the mask 1201 based on the sensor 1248 sensing the
fi dugiralls shovdst dustrateetrbigryt matos pesisen pubkvdlowoty. coltrel system

150453 e atrs P aPoriiga ool B PobisRnnief B and
torqRe ¥PPIRM tb BAch BRE rollr 208 dhiie. PAEEoRR]1 SR 1300 RcBiv¥OA position
command 1301 as input, and this command originates from a trajectory generator as can
be appreciated from one skilled in the art of motion control. This command is provided to
a position feed forward operation 1302 which then outputs the position feed forward signal

to a feed forward gain control operation 1312.
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point at the edge of first roller 1242 in order to

gui de the mask 1201 and change its transverse position
wo@roodisssar roller 1218, and hence on drum 1224pCHES1008/050103

Figure 10, the deposition source 1226 within the drum

1224 emts deposition material 1228 through apertures

1250 of the drum 1224 to reach the mask 1201 and

substrate 1200 over _the portion of. the circu rence
of TK@oigRcampund #ﬁ%hwéﬁ) UERRRASY S ARt hGre{ERAL hols Dased on a

loac%b%ﬁfo_‘ﬁ 0 @Jck?%%hf 198 t%g%sﬁf%igéd {oYa LRSS hgér%’cgﬁ'eﬁamoﬁ%@ |@4.

erein one o he syst 0 may be use contro
Thetldwal ogionifeet] backIsmnat 1308nsrdcoivadien dpdassaf b highgohceision rotary

drive rqller and dr.um The contrql system 1300 .
sensopmotisd SR 1 BHVE BHTRAT ¥ B0 11 o At 1Sk qgerfip 1304
proG QTR AR kAbBRERSs {I08Mha uké BIHEIral SRMGIS3b gén@a,e @AButput

be appreciated fromone skilled in the art of notion

that goanpliedl to T fricdbashrftienidg bpetprioy | HEdotpsovdpihsisignehthpicied

el By RRrATh Hhartiod el P8R JPh SR AGalREH 4 Bbiion

con@FI®Sr a8l @Whichbdtplhea PighaltthAns S@MABNGith 30 atlGitidhsA Qignals.
sumed with another signal that is based on a | oad

poslibeifed oewydpaisigiagauiputizothe headfgrvpre epigegntrel eperasign
' ' 3 -1 0 J fq

131888 rithoshEfin SR Shadiithhe JORiGARLBAS FAIPUIERG 2 motor
posipibe €écgli forwdrd fedpackesigni thapisrueait 8 pegtibly feed farwdrd de&ivative

roller. or drum e low pass filter aqperation 1304
OPerFHENy i?%ﬂéga%d_rfs aa%%&f Fowehonlogr vt 13t Seha g éﬁebaé?fﬂvémn a
recdiVIGhdBE %is'itgd?laf*eé?ﬂagk GERAr3bS. @ﬁis%;%ﬁmsdsh@}ecb&ee BRh| £High

to a teedback filtering operation 1308 to provide the

precsdigmualtary Bertsoi monegd ohvied armmtureretithaindtor thet ipdsivingandrive roller
co d 1301 This signal, is then fed to a Si tj.an
or 4Gt TBF PUPITOLAEE BRI B e aninat opries R {iafagose
outpi {shthé\proadidl td #Rabcisy &stlosier e, feed forward gain
S|3%gl out put by the Teed forward gain contro
op

tfeashfongard Zainssignahpeiguibyt the fered forwasd aiwi qpaedtionfl312 is
the position controller 1310 al with a nmtor
e B8RRI Bda RO s b PR M A B PR g o

feedfprp@dighinaspct giod 1808 veprddaerd scabid/Redpahatd giin g4, amd
isépassed t hrough a |l ow pass filter 1315 and that is
sccqpddeqd fopwadapedgnal saprppded toyogirtanbfred daasat RPasatyg) 324 that
sup%ﬁ‘)ég An olfpuPtoS] RO kor&z%gpga{it? 0%&‘&‘[?6&1\/%6]: rﬁpc{@it?otﬁllg,hthe se];con% feed
recision rotary sensor nounted on the armature of the
forwand gaintshpbl is Sutiiediwith the duipueofi thé Melbcioy caitipbier T3P and from a

out put of the s tion ist provided to a | ow. pass
webrqoprgndgd 360w SE9 SRHHA w807 Whthsogsg tog the trajectory
genM&loPCiThyY U%@%Bfﬁéén%faftd‘r%ﬁergfgg & pb&i8n tAEWMRESIRLD 181187 @Lontrol

out put by the feed forward gain operation 13 12 is
systememcjudmg meition and velekite int yropereutith.o ke resubtpd saminomg the

B LT N R T
thro8b9RGkch add6ther filters 1328 and is summed with the feed forward gain signal as
output by the feed forward gain operation 1326 and with the actual motor current
measurement 1309 to provide an input to a current controller 1330. The current controller
1330 then outputs a current to the motor that is driving a drive roller or drum.

Figure 14 shows an illustrative guide motor position and velocity control system

1400 wherein one of the systems 1400 may be used to control the lateral position of the
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second feed forward gain signal is provided to a

current feed forward operation 1324 that supplies an
woeiopssdsn a feed forward gain operati on 1326.PCT/US2008/050103

Additionally, the second feed forward gain signal is

summed with the output of the velocity controller 1322

and froma web commanded velocity feed forward signa

1307 which cones fromthe trajectory generator.

subgtiath whH G jecgah 8Rapidhe gutipat 4 Mapbiited it contrad F@%&@ral
p051ft18ﬁ oFﬁl%Qna{sﬁl HEE c§nt?(9@§r§t9[h liﬁéiir&@lveb Q?Bﬁ?btg?orﬁﬁ’ﬁhd &Y as

velocity in propef units. The re summ ng
mpltthaeld\/thﬂs eomimanfl eedinfates iandthsi sglmlhg $3€h thiat det¢dtetho ditdpcitls

. ,.of .vel.ocit contr er 13 assed t hrough notch
indigitiy ¢ G Y oo A ety s SOmBTARR i Ry S Fe Powpn focd
forv 424 WA Bt GR1 402SV R thef DudtHE pONtid R el 8Qeh af PLipR1 ¢ 98

operation 1326 and with the actual notor current
ibﬂﬂ@é@@ﬁ@ﬁ@@@hnﬁﬁgond4H?OV|de an |nput to a current

roller 1330. rent co | er, 1330
oo Gon ggind P90 £ R SObaRR A i il M s prspg on o
load 0sltiih fe¢d SHckRignkl DBl (HHAMSd M okl st figtd r@i@&hd604
not or position and velocity control system 1400

Theppsk pasHiogrfeedpack igngly kA0 s reraiyed pajhedwsisoé g high riesisipp lincar
P BOFL U LSO ek LR hpefpdos
proshaftseamaiutmm %0 dbbserveaf 1406eharask othEhmteI@MB[gmhlsSg gtwmtd 400utput

recelv pQ n command 1401 as |n and this
that é%ﬁﬁ?élﬁ fegﬁ%éﬁtermg RPETREOR & tﬁgﬂ%\g} %Staﬁla{t atis
neg%}f&leﬁp%ﬁlvt\g%ﬁwfth %&%0% ton! cBHin%H' 1481 oﬁ"his%{g%raﬁﬂ tl%sf'e& 'tcPonsulon

This command is provid a position
contrelgat 1#162 whrath coyertad bignal 10 2s sumiroed Witb mwo adgiuosal sigmals
di g |& on feed forward signal to a feed forward gain

iscifit P5IO%oper ati on 1410. The position command 1401 is

al sy eI el W thi it 8hitp el BNRbd tdidtard galp@&ﬁﬂ)l%e@mn 1410 is
| oad position feed back S|gnal 1403 being provided to

sumaleldowﬂpféag Positipn é@ntr_qél@r amtp@trﬁlg.nﬁd)ﬂt4l2r¢ieng Watb apmypt pagition feed
for\%arc? eeg agclcﬁ S Sgn%ﬂ%ﬁt 140%3ut g}l]r e?{‘a’ 6 eﬁg ?%rwg %er%vl iVe %peir%tlon 1409

and \pﬁﬂe@ threigshf 4 I@»ﬁﬁpasﬂ'ﬁﬁetf ead aha i i dbRpe i aOﬂacér@*&ﬂmotor position
. J% rovides an output to observers 1406 that use other,
cCdbg

elevignal lé% nlilln§ siggalgleféincacized outhshesis Rae high nippsipeeptary
senstopnf%u REY &h, §il k@b g eocﬁetfl@hlo tﬂa#?]ssrtn glng RV G %ﬁlﬁg frame.

t hat negatlve sume oSl t1I
Themtpmnﬂth& 4®ﬂlmat1$h] issthen gmided$o b hen phsdilteo 141 o@kodeiomrput is
contro %ﬂ) 412 mhlcE éBUtS a signal that is sumred

thenprpyide PHGIeRITO ? s discussed below. The feed

formrfge@@waﬁ'gaﬁpél .geght Wthé e84l ffoﬁwa eggm%h&ol operation

control operation 19 mred wi t h positio
141¢ ortheopiogrded o put:losmg ftati farbpd apavatgpvi 41I4 vehighoprowides an output

o o T R e oo ks B TBRT 4 OBy B FpBtha. The
second feed forward gain signal is provided to a current feed forward operation 1422 that
supplies an output to a feed forward gain operation 1424. Additionally, the second feed
forward gain signal is summed with the output of the velocity controller 1420. The result
is passed through notch and other filters 1426 and is summed with the output of the feed

forward gain operation 1424 and the actual motor current measurement 1407 to provide an
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and passed through a |low pass filter 141 1 and that is
based upon a received notor position feedback signa
wa2@8/088pbi s si gnal 1405 is received on the basP&T/U§2088/050103
hi gh precision rotary sensor nounted directly on the
armature of the notor that is nmoving the web guide
frame. The output of the summation is then provided to
a | ow pass f||& r 1418 whose output is tFen provi ded
inpyt g %C%‘i’l’é eppyplics At 9| The cupmpppeontioder KZg thes iepys g iyent to
the SR alat AULBYhe B L HPefi8edafer var d gain control
oper ati on 141% 'S th%n provided to a velocity feed
f orfagurd 16 pkovat amrhluﬂidalﬂJeMﬁbdldlmtadmdgMgtiam candtgd gystero 1800 that

maip GG Prheir PR DS GHalne eI iR Pt S B g ihe

subs‘il‘agani%k sta SesRITaNd &’e%@sfh@n %rcfc%sr&l'ﬂére fiagdark QrNaFrdd P pR &t bAoth
22 that supplies an output to a feed forward gain

web@p@rclatasﬁ showgndigyddet iTbaapntyol sysﬁ@méé%melfve%@lwre PgIFiON
d wth the ut of .the v y
confiind] 13pP B inplyd aB T ottt SPEnFEL By Hhoitsi GhREH This
i d a8 ek ided td & posifid fecafghwiasd MIOR RvHidtethen bRtplits th
< of theﬁ?egg foraa?dfgafn opgfa?$g§R?224 ané t he ag?ugl ¢

posifigp dreddorrase sigrelde arfesdeiorvard @ain eongpbecddioanisAPut to a
C hHahy RO 1 30PR alsb R S i By Phac i lsed on
Webvmislt@wféifﬁi HackBignalFi 3§@r @hd Sved hpovision ficad| Hauls tipaili 1663 \iﬁbcelved

regi stration control systen11500 t hat
on tﬁf‘ab%ﬂsaﬁafjﬁee [ongisudingl gysibarostiion o et ghse fan Iﬁ@reﬁ?raa%q Hipgtragg or
of
e e DGR B TSR T A signal 1503 i
proafledctadpsprves dnd4 dnat brdiahcabb posigar kigaal gehoatediby the spns@ and

12. The. co troI 00 receijve b itian
whel ApBHGH FR01C e o THSTRRCR ARG ST R Ko gioR A, Sehat
sumbhfc@Wigh the ?bﬁﬁbﬁ’ EYmBRReN 86 10 rTheTé"grﬁl %amg Groin® thN QihESEhn is

to a position feed forward operation 1502 which then

thenoligel pm positien gumiotlﬁblﬁ 0eeltich ovtpaisd ssgnghtiat issuaniedexith two
ai.n ntro pel ti 1508, The, position
sl 3 e SRR B AR Rl P e T
i s Theges orwvadwah Pasil bitpot byeed fealctsrwdrd gain b8l opthgion
position feed back signal 1503 is received on the

150%?95&11@%@(1 WHe thegggial %rphtd?y e poyitien eqriipllerhi 1) adongywith a web
A e e

genaa@naThelSﬁﬁun of th endadbrt 10 a@ikerposition I:Sﬁmlahh aliat enthampwvided
position si generated by the sensor and whose.

to tft?o?m%itgonafﬁaﬁ?@ Soan sBakk "Fiamepr RS GYAUE YelfFILY s

obtal-r%sﬁrctrﬁ tfférrﬁéfﬂog @5 fdvhsd &Hﬁ:'s? Aeiakl s %’ﬂ% BAgiid p@dVided to the
command . The signal resulting fro hi s
motemms&tqnmmdlvslqche aoritedler &5 k. phisi momn peomnenr ald edoctyontroller

151 T ieB e R B TR ETT BRtATRd pRgrol

f olHi QW N8 SRAV LY p&BBn of one illustrative embodiment where the fiducial
registration is maintained between the mask and the substrate to allow for the desired
feature size of several microns and a registration tolerance of ' the features size. The
substrate 1600 passes by delivery roller 1602 and then passes through web guide 1640
having rollers 1642 and 1646 mounted to frame 1644. Then, the substrate passes by the

sensor 1648 that detects the longitudinal and/or lateral web position. The drive roller 1618
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The feed forward gain signal output by the feed

forward gain control operation 1508 is summed with the
WG e@nassoeut put by the position controller 1510Pl/082908/050103

with a web feed forward open | oop position

conpensation signal 1512 that cones fromthe

trajectory generator. The output of the summtion is a

gui_de position command that is the rovided to the
makis G sOTiertinns ¢ Heredmeation Wﬁ@wym%ﬁﬂ? wibgiate 1HQ0 it gvels

ontdP@8 pbHRR AL YRLBELEYcd &ftﬁé’ﬁﬁh{‘ fsb 4T QM i (BN 1650 ﬁi‘i"rects
and a correspondi ng feedback signal 1518 1s provide
the gubstréte 1690 on toqxosdxt idestinatich.vel ocity control l er 1514.

The_. not o ition and velocjty controll 1514

! naiganek 1PRE iR bR i Pk SR 52 i gaamounted o
a frairﬁ@ %ﬁpeﬁf_é RARUEO1 padﬁbgéﬂ&e%séﬁl @BQM‘Q,d@teQ@ thd Bﬁgi@ﬁdiﬁaﬂ @nd/or

illustrative enbodi nent where the fiducia

laterabyicl pesitipwand shendrivstrallereld OB emakes finalverraetsins smthetchamgation

b to al for t i red.f . sj f
and ORGP e iR abgh St ofP I SltipEPLIGRuE BRrep qEne
drurh Q824 vdsle Shezeit rdher D SHiread ehel AR 1583 908y Movntitleidv@nl 624.
roller 1602 and then passes through web gui de 1640
haRUWHraperasios, the asbsgatg seews | abtisdddc mask peaer h@Sputput web

T t.rat yi dche
posi{f Beopb U SRR, 63! PRSI 27 TREPERR RO M seneracs
an oltpait sighaleo b efidherd tchSib8 wbkeserflioidl Acdrthgatnistonsotserveh® a control
el ongation and velocity of the substrate 1600 as . it
systemAgniIug athsTeh repaius Gwng atidde i ssiated basfedaipep kppwn values

of oHeHRdR2%. BRI croﬁitrl)lgsgst%i@ﬁ%r hﬁ%%gttjegucin a

substrate 1600 on t0 a nex stination. Thé mask 1601

varielplt @ mscaaurmigniglag.decre &3 teadcngey.arlpeeading 3R wahat dfeBGiriable

no ed to a fr 1634. The k 160 asses a se r
thae oSt B tE T RESY Ut T Vi B r e by then
calcRR&sthOfRnsidRNEf the veds b¥Rd Rl th&posh@IBfeBBIE8R pfdvil®ld to the strain

corrections to the elongation and velocity of the mask

contr@lfer 1482 pnd the anedtrenl patamctdieiop dhra Jubpirase andhiae mask, and generates
the Cri b utn%cls?orne NG5 iotf tot ns tI%r iy %t?ozlf'ergm i IWeellt hse acgﬁtiignaim | Shive
HER0 ‘oY €t sPYhe “naRX 80P ahay > o t Az dr um*1624°
posiBgh cofnRAe bakdtothat A @ bs WBEIdrtatedh&aitBe rolldr4§haRttntaheension
mask sensor 1638 out put web position feedback signals
obsqryerds ble 49 pstiersie ehanpme premIstery Herest fimpn Additiona 46%6418 of the
Viftﬁﬁ[l; ?éﬁs%ﬁ%%%%&%sofiﬁs AR ment &ﬂlatle fof c?invéo'iﬁﬂf&{ly H&RR4 RIS, Patent
observer : virtual tension observer 1s’a contro
ApptigstiemPtielodarion 0@0 M0 EY768 & Atlhehivaisuiecaporated headin bl kefeicace.
esti mat ed based up known val ues of other variables. .
The pydual {easion;opperysre! 6336%@&0@9%% %ﬁﬁ‘ﬁe% Hhihe Ygr 0 the driver
rolldr@@4ugi Ng a vari abl e' s neasurenent |lag, increasing its
accuracy, or providing the value of a variable that is
di fHigweall? soews tp cestirdllleont wsedbashe ragh cattollgr 16/2en conjunction

virtual tension obseryer 1654 .then. cal cul ates th
with 1Bt bR B AOVEES B L e MO RO HoGF HHIBHEF oy G sensor
outpiit VPSRNt ctitn I70BHAIIE Bt ToRItbE of #RIBZaskN S rdaB¥rom sensor output

materi al paranmeters for the substrate and the mask

at pegtidorgenveatwnels’ 12. The unstrained length to target for the substrate is calculated at
calculation operation 1704 while the unstrained length to target for the mask is calculated
at calculation operation 1714. The time to target for the substrate is calculated for the
substrate at calculation operation 1706 while the time to target for the mask is calculated at

calculation operation 1716. Based on the time to target, a new ¢; value is calculated at
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the proper tension setpoints to upstreamcontrollers,

as wells as additional corrective position command
w@bdosmes8931 hat nmay be added to either drive rol PE€r/USZh&050103

virtual tension observer is able to estimate changi ng

paranmeters in real tinme. Additional details of the

virtual tension observer of this enbodi nent can be

found in ¢conmmopnly owned U S. Patent icatjo
calop{gpT SBETFEAN POBSABE RS IE TRNFEA @Svﬁﬁ;c%ﬁaﬁbmég%web Based
on tﬁ‘ﬁﬁ&)‘z g, abqu ﬁ&?ﬁ"en{?@alcu-[g{@d ¥ aidﬁ@itloh%éﬂaﬁan q’}‘?ﬁf“ Wl%fe th&3%1ue

en provides a drive signa he not or of
reprelseintsgthe tenkioa requi©d to Estq;]:ﬂushe thle?lesdi @\ﬁ/stretlhe contr oI I oop

strain c 1652 in ti,on th
bt b o T L BT RetRG SaigChardrbs TR oGl drutne
substRSdah& niaSk fof @qrﬁo@&refsc@%@mmg ltﬁeﬂh!ﬁereﬁtan@ Rlth@Ral positions

operation 1702 while the positron of the mask is read
and ma@nalgémppwcg;ﬁttat@n bptymenuthmtvaw@t ifordigergsed abpee, these

ned_| e ! bst r.at e
rangr S s P e P A bpu Bae G S IB3vaRn FitSygess of tre
depokitsdn @ob@d. | ength to target for the rrask i s cal cul ated
at cal cul ati on operation 1714. The time to target for

t heAsS%hl@szrl&ﬂés pxangde.dhe latesd of srospieb Heiprdal rfﬁﬁtYebea% line 1806 that
s FRLE LRy AREL AL pIRHCIE D] TR0t RBEAn o
1801 61 the vRASKRYO0 oyt o bt ildvatekdan h@r@ﬁte relatiorehipeto tatrosswied fiducial

. calculated atcal cul ati on operation 1708 where t
hne\}gpégr Mypicaussdspepits pefpracd an thg wek h%ﬂ%eﬁsom@a%%%gﬁ location

of thd1Ene"&06 1n {;hefl%fé'l Eiﬁgctl-gﬁﬁlt k&n Gf‘h&éi‘nﬁh&ﬂwﬁéth&%ﬁ WeBUROMs in
operation 1710, where I's value represents
the propsi locatiogau iwhethet ® vwebtgabilei agfustoent hmﬁebssenfy tetreadign the web in
iqure 18 shows an exanple of the fiducial markings
the @Hegild dﬁrﬁ{}l% | ocated on the substrate and the mask for
PUrOs 8Ro howR M thi! dxaBld B 1badiRidMal 8NFhabiARIdkdtdibR Fducial
ositions and mai ntaining proper registrati on between
mar: h@omme\mbgr mise elindigusselerugiid warkss hushars thaiied miark 1804 and
cosme glar r?nﬁg/stra? (P 1n%1 1%% tlg g lglstant%a:ﬂgﬁontlnuog o gerlgé)lc Tﬂgmal

age o h p05| praoc

markd) stidh & tBX giAp bﬁ‘cosﬁﬂ’&ﬂninﬁt 8@, 1805 1hessee h Figdtecl Sadontiy
be aline 1806 that is a flxed di stance fromthe

infograpfing thptgRasphe v e determyac corssg &yl fgne nqﬁélomﬁ theggeh. Ty coarse
posﬁgg?n ﬁz)ggdg%g?i%ﬁsfﬁﬁpp%i&?%aWXG&%&%% {;u?%sat% e b%}lo%hc fiducial

preci e’ cross
rnar]lfS OI(ﬁ the canpf ﬂfea;untrc&s:osiee idudieldnaiks fl 80418 d0Dthetpheiowedlly

From sensing the locatian of the.line 1806 in .
roCUTRE oAU S oI R CqufSedane B aL RN T hR@D R include

theé\%ﬁs%&r&%ﬁ)@mh s, &t dxB gfér.Oper | ocation or whether a

gui de adj ust nent necessary to realign the web
i nInkac blabedlaiend mrecmsnsimgs Ay thssiat eDccsh@\markm 1804, $805 are

COH]?‘[F@ gg egf:h cyc‘:fe O(Peg Ir}nlijrgel c%%{rse %rosmo 5 hjl"ﬂe fifie posmonot%r each cycle may
be determined, for example, by calculating the arctan2 function of sensor signals
corresponding to the sine and cosine marks 1804, 1805. Calculation of the arctan2
function yields angle and quadrant information that is directly related to the fine position
along the web 1800 within the cycle.

Figure 19A is a block diagram of a web position detector configured to determine

the longitudinal and lateral position of a web in accordance with embodiments of the
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mar ks conpri se one or nore continuous fiducial marks,
such as the sine mark 1804 and cosi ne mark 1805

WO Rdosmss9at ed in Figure 18. Substantially contiPCDus2008/050103
periodic fiducial marks, such as the sine or cosine
mar ks 1804, 1805 illustrated in Figure 18 contain
information that may be used to determ ne coarse and

fi.ne positiaon of the web. The coarse position may
invegpp ﬁ\ fi\é@cﬁm‘w&rﬁl%ﬂ Yagle aenspr | &l up tOfS%%e&PélgloagmfdA%al and

lateR3® fihl?ﬁélcmefrkg yga(?@i 9(ﬂ§arﬂ§ %thclr @oﬁf%lréiﬁﬁﬁ Ofirsf NG & rﬂé?y R used to

cosi ne fiduci mar ks t he peri odi call
senseedateral higufielayiln e scaond chtsor detleo simse thedangtidinal ﬁduc1al marks.

or%ggelilﬂqia? 1§| ﬁ%llgt Il?érﬁlfg Lhe 38 g&g@gl&l@hﬁ(ﬁ{c&? rnarks

compBikiRg &R %AH BESiné MarksN©08) 1985 0The PRILEE! ABYKK fedBiift be 1BUSvidal
are counted for each cycle to determ ne coarse

mar}sb 9hd imap.be Bhp sibstantipldy cortomonsoer m@s@mwln@nw niyeks that

provin gt ahs uZhishl BRYRer B BRIy £ FE Elaic
(mvﬁsd“@ﬁﬁlne mar ks 1804, 1805. Cal cul ation of the

arctan2 function yields angle and quadrant information
t hakthejvechg 308 @fsoyhap éllaé@rébﬁ@w&l teark cor@ppEse £ iherzentymaark 1906.

As t&g @vc‘f)\q 905‘ ?ngcs%e%\;}céh 110?8 scl)é k e1 91 6 | gu 5&15%19 g9u lLZngﬁlicg Ib8ﬁ1kthc

etector con
longi‘ﬁtiﬁfahﬁdll&MI hearko P4t m@t‘»Snaid taa thtdral feduelal poask 196N THe sensor
web i.n accordance W t enbodlnenti of theinventiag.,ln
191% M3y beFBBETRINCT 4YRS HPPECE SRRGF: CIToMPgngkeanios deaise
senB3PtddntaONGh {4 dr Qﬁ% oﬁ@fjtgh?b?géﬁkog daﬁéﬂﬂé gf §é_?1§11i1 Siducial marks. In the

1904-1906. In other c i gurations, I rst sensor may
emblodinuge diustatsd ms Eigard Hiferthd schatuoingirises ¢ thaages@aphed device
nsor used to sense the |ongitudinal fiducial marks.
(Ccigcmeﬁ%trated in Figure 19A, the web 1902 i ncl udes

| ongictoehun 8t thb icaimetaalo 108y &%ec@é?i"f@ﬁm%@&a@h&ﬁus@ﬁt% GR%ItRE1914
mar ks 1904, 1905. The fiducial narks need not be

that grquizes janid Higitigek he immage nﬁgheﬁéiumaymgd@é@%ﬂ%fﬁ frpm the carnera
191?.;)?%1' ﬁé?[ulsl u§¥ fieH %Hlpla 53f g AU HR 1};1'”1221% kaat'a gg(i}nf {10n 01rcu1try

hieve

1914 egdifdctodtth Qrliiel e RdRSIinBystertleyia erﬁeacugﬂta 1m1§kepmeéssmg
1902 al so has a lateral fiducial mark conprising
systprgrlio 6 abaly zavdadmago 60 gonsrate sigitlh carypopding ksthy éi‘?%é@: fiducial

4 p Y PP 1% tput
G TRl P G o R854 505 St el BFCpape
to afloriratlmbl paittonlddGGtor THES SMSplroniH?ﬂ.% mmyerhi@osm [dateotors 1920.

ot her tical sensor, ensor,
Infogapdqn {;Xlg P&%r Houshtrestosarissior s 933 d By IQpgitudinal
chzlﬁﬁﬁfch CRRRP Il@l ©fo c%ﬁ%cqgtcédoqjéfﬁ)h@f tﬁ@lﬁh%tudhﬂhl LRe position. The
nbodi ment illustrated in Figure sensor
longstudpral seklagra Ipasigen detaphiedd bie thedengi@dDial wabposition detector 1918
and the lateral web position detector 1920, respectively, may by output to a movement
control system configured to control the longitudinal and lateral position of the web.

Figures 19B —19D illustrate examples of the image field of various types of
sensors. Figure 19B shows fiducial marks 1904, 1905, 1906 within the image field 1970
of an area sensor. The area sensor outputs an X, by ¥, array of values that represent the

light intensity of each pixel location. An area sensor provides a large amount of data for

signal processing. The large data set allows comparison of the current view with the last
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The out put of the canera 1912 is directed to i mage
data acquisition circuitry 1914 that acquires and
waelr@snsswes the i mage of the fiducial marks 190Be1/88108/050103
fromthe canera 1912. The digital inmge of the
fiducial marks fromthe i mage data acquisition
circuitry 1914 is directed to a digital inmge
. processing system 1916. The digital imge processing
vievg yidi rqu}%@ R SopRistiqated filtraipg of &@%@gﬁa&ég& Bl
dvERE S8 PRI e Brab N Go %g:%.%fé‘d%&?é b¥idle a Ry iti
* Vsi eaI sﬁgener act eél1 %yotﬁ% igital 1 rraoaég?rpr oce:gssi neépoSl on
updsty sate mhe® témpargd leesam grhier typesoflsomgirs digi tndlie foos itttales to

detectqr .1918 and optionally to a |lateral position

proc&é%é&f%?%"eibg%g.erl #oftation fromthe |ateral web
POFHiir@Nodeh&&E ARuctAZRLRBYI(2E 1962 d oby whitheh the RghdGINADS0 of
web position detector 1918 to enhance interpol ati on of

a linetsear} ssmgirt Jdiiciak sowabsepensioutpots. 2 The Y. oegdt efdiixe lintamsdty. The

. lateral posi.tiaon deter.nm ned. b he | ongi t.udi nal webh
line SEa §PHH P&Oe%léeétr lgfﬁi%o% Hag%t%%wﬁ% Ceo%ag?ﬂ:etB q‘beo%ﬁe? pgior but
requih @6taQord@20T.thd ResRestt HiMtBhyis réyreBy output to a
novenent control system confiqured to control the.
| odgFigyae hAP, fadigial aagkesal 9040L300; bP0Codre shsvippthingthe ijpege ficld
- J r e
19943 AR L2 0 SRRl o ML BEBI R o st
the mEhbes of 904s tok04h .21, 906= Abi bther duneber MRGe pfogedssiva 9D sehisor
an area sensor. a;[he ar ea tBen or. outputs an Xn hy Yn |
va‘&Fqsﬁorﬁfia@ PILBSNY RERCCS R @ik ling g4y, Gt PP %%%IPW? Resition
updf@ch pixel location. An area sensor provides a |arge
anount of data for signal processing. The | arge data
setThalsirevwmnd costpamagon 96#, 1996 ncayrreesvaled it@ e vichmaxu@um

stvi ew whi ch provi des np sophisticated filtering .
resolitn d LGRS BT RO MO pUSL b B vaGaE frter plisiple t
max@a AR Markls AD0LXBIB hBthif¥Nh@amaSNeielySI o0 OMigde 1 B0 faMEensor,

position update rate when conpared to sone other types

withpforrematgistochllewt for taerak posiionteriogk ebhetlongrudinas scaling may be

relatively larger data set, Figure 19C sh L duci al
solef £ A\ G b G EbBoriinr LSy R AT of 4835
coside hiaflg 190aN WBMERher fTARichéyNghdSse@les fEkQ6 poAK dikthscod plovides

by Yn vector of pixel intensity, The |ine scan sensor,
steepRraNqngend apare r¢selition i thedengiwdinghdineclionp Ancarcessivelyghigh

. Aar : r : )

pitef PP HEGEnal RhoikEAHD BT o8 Rr SR P PRl AR ble" e
minikBi4 sarhPlig rald@Guiassehsmownoreithdn ' cytle passagbetivieal chndB&0

of a progressiye sgan sensor,. General| area scan . .
HoweyRE Opsrabiph kg ﬁ‘%?ea n@5aRg[ing fat¢ Hecah A f Igtes thganimum
samfgﬁn%{%@eni’s WBed: ThXhiaBE s f)&l?ﬁg RRSRs WTtlﬂQh@%g b SHs¥Cused,

can sensor acquires nore data for signal processing

but tatesnn eheess phekHe are, pdssiblepritly tabesa s¢rovesr  posi ti on

gg %grsf?%lggg msté\g gidﬁ&% GO ?Ileayrg%rc%%lp%l?s%ééd tlln%cl)lgh r\‘fg%{odjsesignal

processing techniques. For example, the sensor signals generated responsive to the marks

may be level shifted, filtered, and/or angle adjusted to improve the signal to noise ratio. In
some embodiments, improvements in the sensor signals may be achieved by linear or non-
linear filtering. For example, if a current web speed is known or estimated, bounds can be
placed on the next estimated position update. Any value outside these bounds may be

assumed to be noise. In particular, recursive filtering, such as through the use of a Kalman
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resol ution. For exanple, the anplitudes of the marks

may be made as |arge as possible to maxim ze the marks
wa2®4/0880905 within the image view 1970, 1980, HOP0SWH8/050103

the sensor, with sone margin to allow for |ateral

position errors. The |ongitudinal scaling may be

sel ected based on expected speed of operation. Using a

shar per pltch of the sine and, cosi.ne nmarks 19 4, 1905
filter.tpaghs usefl &y ee Y BSESERaFe &b pesikior o Agealragift {CE hres fwo or
morB 5QYLAES iRfoRRRESn SldWREDHin R ﬁ)l’ﬁlQE@{’) Hna{t&i %}éﬁﬁ’e based on

Iongltudlnal di rection. An excessi vel y pltc can
knowtadge ef gic gtmllalst stamsjlcs eThastatstan maal‘tﬁcgenmtedaus ml titme, or for

required sa rat m sa I|n te
statip Bl S oy b aimeRo QyAlicE e den.
Metﬁ@d@in@%ystmﬁ\%%eter&ﬂﬁﬁgtd ?ﬁudllﬁal%&ﬁﬂ&ﬁ%n\ﬂﬂﬁl@ s#bstantially

sanpling rate at | east times the m nimum
conigrzuops ifidgcinlanarks dispesed. lormfeldal@ﬂy evabyed asafpthendescebed in

vari es W of ..sensor..u but
comfRile8viid § 5 phrehy RS BauPERER TR FL gy LRIEE
626 | 6WSI2eRIEd 6fvEcutBn il &ith itiisie@nt pREkSpFRYLtiDE 260 iROAREM
throu%h vari ous signal processing techniques. For
lw“@kbﬁﬁi@en%he sensor signals generated responsive to
th e r ;
ac hep i B BN pe Sk B i b P PG 2RO
devﬁ:asb@ qblrcsmdﬁdsusmgmé apeEng Seﬂcﬂbéd‘l&bos'en§b£ n&'tl@dah@olmydeheering
gch|e¥ed by line r or n nllngar fJIterlng[t§ or
a su gm 3 subsirate, AeIRiery (RAIST WhER EFCPY INEHBRAURS e At Y
S“b%%*%‘l‘éée& A B RS TE S TSRS BBl
circomn fdvenca @i géirstldmurpavlten@atveaen thesbssity delivery snllengnd éla(ﬂnst

as throu e of manfilter be use )
subfiiue VAR OIS, HRE nitnGinr hoa M gt i Sivarng F1d gf Sving the
subéﬁ%?es d&mrﬁg a"ﬂ%ﬁt@n%k%&ﬁ% Rbt ik ARl 8112 Rechi R QBRINES the first
hemto formthe best estimted val ue based on

rna8k 19010 aeﬁ@ém@ﬁk teh@lvmggﬁbwrswhsltem the firs gnasifipessss mtrgximgty to a

rated . for Lion
portlorr%ocfkeglscsl’ < grn cr nce the {'ugfa % g d o?r*? twget% %16 rflg AR td%hvery roller

and €lngt mtasquéaémlﬂg frdl%i and/BthBeehs tha kst sk eias a fpﬁfrahty of apertures
determ ni ng | ongi tudi nal web gosition usin

fornaipg s flsitraPyand ghlcpsidaestion ofube aperivigsdave ?g%%@@emion of
aboﬁt%ictr% e di, r%ﬂ§athgﬁgtlﬂ)ﬁqg%&frésh%lledc?e{ﬁ%g I rﬁeg}d Ilgcel‘émg the

conmmon dwned tent I catlon
subs@utatamraletye Bext keikk mecmﬁmsaq&sﬁmematm dront e fikdt ylepms.itton

t he present pate application and.incor o ated herein
sout) vird p RSN 91N Mer REpBR ProFiTHEY Rk tes portion of the
circHERLSIck Iof th L EILA subR EHT R&yRYEERDr Y GE LILRbGC q@\\_lﬁb&q§

I's provided using the apparatus described above
depmmttethodthlermiolstv&ts delivering a substrate froma

SET W NN T MO A L M-
rece‘ﬁ?ﬁga RIIRr (MAfle SeERRANAhE sPIREER Nt a BEcOKH BiBsyrateGectivRg FIRA
wherein the substrate passes in proximity with a portion of a circumference of a second
drum when between the first substrate receiving roller and the second substrate receiving
roller. The method still further involves delivering a second mask from a second mask
delivery roller while receiving the second mask onto a second mask receiving roller,

wherein the second mask passes in proximity with a portion of a circumference of the
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circunference of a first drum when between the
substrate delivery roller and the first substrate
WO e@eisd9s) rol |l er. The nethod further invol vesPeiubmo8/050103
delivering and receiving the substrate, delivering a
first mask froma first mask delivery roller while
receiving the first mask onto a first mask receiving
roller, wherein the first k. passes in proximty to
Secogdd&miwngﬁ%eeai%wﬁ ’é‘ﬁg%gf‘élfvelfyﬂéﬁf:ﬁ arr@ttﬁ?jmﬁvmﬁk
ot . -
e e T T e o Eie PSS PSS fiRg « socond
pattginu rAalditionally, thpewxthod esvdloasninly delifénirgg anglatteving dredsubstrate
east ortion of the aﬁertures &ave a |

I east ..
and (RehAIdRAYe XESUE 2L RPEHIhTAcRal ?@&?gwﬁ deppito Eot5Ee
towhrdViPo¥Esn ¥thé SecdBl imASK tROisAR Prd@nel \Withdhé PrtioHRS Hlcat €

and the first nmask, directing a first deposition
circpmfasericglof thegwerends drumtsudle fus & s¢cond dayar ekthe enmpmare clectronic

portion of the first that is in proxim.t i.th
e R 43R P Pkt PRR fhecBhiak® o RESLDH siftffee of
aboguUChidrfrat a | ayer of one or nore el ectronic devices is
deposited on the substrate. The nethod can further
i nvidevercgeing deyaringor Rbths ssewsernebadiments REtheipgntion has been
pro R AR E iR o Dol e o K B EinleBed 15 be
exhaz@veomtotiingit gghistanabe tgpths pesciderfopn disclskédy Miuiihmadifications and
Jportion of _a circu rence of a second drum when
Vaﬂ&téqWQSﬁ@?@r mr@t g{@sﬁ Qfederdug i ﬁgn%qiqdzt]ﬂaté%swﬁ@ of the

invef?lﬁSﬁ’Bg nﬁﬂd@a%@&ﬁhgﬁei@méhr&sa b8 but ganﬁ%;sﬁyttp@élaﬁgé ddpended

urt her 1nvol ves vering secon rom
heresecond mask delivery roller while receiving the second
mask onto a second mask receiving roller, wherein the
second nmask passes in proximty with a portion of a
circunference of thesecond drum when between the
second mask delivery roller and the second mask
receiving roller and wherein the second mask has a
plurality of apertures form ng a second pattern.
Addi tionally, the method involves while delivering and
receiving the substrate and the second mask, directing
a deposition material froma second deposition source
toward a portion of the second mask that is in
proximty with the portion of the circunference of the
second drum such that a second | ayer of the one or
nore el ectronic devices is deposited in registration
with the first layer with a registration tol erance of
about 1m cron. The foregoing description of the
various enbodi nents of the invention has been
presented for the purposes of illustration and
description. It is not intended to be exhaustive or to
limt the invention to the precise formdiscl osed.
Many nodifications and variations are possible in
light of the above teaching. It is intended that the
scope of the
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invention be Iimted not by this detail ed description,
but rather by the cl ains appended hereto. What is
w@eb@snesd3i s: 1. A nethod of form ng one or norBCT/US2008/050103
el ectroni c devices having multiple overlapping |ayers
on a flexible, elongated substrate, conprising: noving
the flexible substrate through one or nore deposition
st.ations, at each deposition station: noving an
Whad|iprlgiancddSapert ure mask in relation to a rotating
drum the aperture mask having apertures arranged in a
pattern; aligning the aperture mask and the substrate,;
1. br ixgictigpdtoidorapeg dbug e maslcl@ndnichieveabkaviag eultiplooverlapping
roximity over a portion of a circunference of the
layePo bt firg Ol e ARbRLrE T RGORITSS of the | ayer ed
el egdviRiihe MRWICEDstrhte aHolio HiR ARESE RSt &4 ns, at cach
aperture mask; and mmintaining registration between at
deposatagyt statigw: | ayers of the | ayered el ectronic devices, at
| east one l.ayer of the |ayered. el ectronic deyices
conpr i sy by 2P Shne T Tak B Er i oy BEPpGETum, the
Matageit@t madk hivifg Bpdrhieek Afangbdinm fattewher ei n the
el ectronically or optically active material conprises
a phot ovwbReigR chapeepiegnaskgnditihtubsigtes i ng material, an

I nor gani: ' ri 1..0r i ¢ }
o SR AP B ARy per portin
wheifeicircanfdraas of drraotagyigrof; t he | ayered el ectronic

devi ces conprises a conductive material that provides

el ectr | CAPOTM 2o of thnlayeled cleripmic Sevigesgpr Eiﬂ&‘aqnevures of

ackhy & @ik @ sh@yer. 4. The nethod of claim 1,
wherei'n at | east one |layer of the layered electronic

demaegincrgeeisgesompetetacitlant twaalag@e of theddyerdddledrona

hol e transport erial. 5. The thod of .claim1, .
deviiie Al AE SHERGT e Bl B SR e o R e Fggegically or
opti6ARPIci$ € fiatcdlal. gNi Ng one or both of a I ongitudinal

position and a transverse position of the aperture

mask over the drum andaligning one or both of a

| ongi tudi nal. positign and a.transverse position of th
2 sundeohR PR R AR SRR Gy o
comptisds d0fhotdvolthidenarertid1 oflli gt cedidingndateridly dnhi@brgaMidBEmsdoRductor

mai nt ai ni ng. one_or both of a predeterm ned
material or an organic semiconductor material.

3. The method of claim 1, wherein at least one layer of the layered electronic devices
comprises a conductive material that provides electrical contact to the electronically or

optically active material layer.

4. The method of claim 1, wherein at least one layer of the layered electronic devices

comprises an electron transport material or a hole transport material.

5. The method of claim 1, wherein aligning the aperture mask and the substrate
comprises:
aligning one or both of a longitudinal position and a transverse position of the

aperture mask over the drum; and
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el ongation of the aperture nask and a pre-determ ned
el ongation of the substrate. 7. The nethod of claiml,
wob@ses83al i gni ng the aperture nmask and t he subPSL/D81088/050103
conprises: sensing one or both of f ducials on the
aperture mask of at |east one deposition station and f
duci al s on the substrate at the at |east one
deposition statjon; and aligning the aperture nmask and
t helgiBEePa PELHASEA IR Bt Daslitnand = tRNSveRs RRSIRBE! Jre
sub&iaft Vet th BRI 1GRE S ddDBsiftbEthtisE mask and the
substrate conprises: sensing one or nore substantially
conti nuous f ducials disposed on one or both of the

aperture sk .and. t substr.at e; and. det erm ni ng
6. OGS PEE LTSS EORECE TERTATGR T BBMa
detciRfled 3MAghitsh SURS ﬁl?e'i‘{u@e pageshdnpehR MR HedlidY of the
continuous f ducials. 9. An apparatus for form ng one
subshratarpr e el ectroni ¢ devi ces having nul tiple overl apping
| ayers on a flexible, elongated substrate, conprising:
one or nore deposition stations, each deposition
7. St Athc@RctBONSA dlSihnY withcifhRHYAt 6@} pPRlde Ui Bk ABS khavitige
apertures arranged in a pattern; a rotating drum and
cComprigédposi ti on source configured to emt material toward
th . : £ ..
o s b SOMER  BRERAIE Sl of WIGAPES Wisiion
statideh@ @ducials bhamsqubktrats ysthe at kkadtong de@dition snavive; drfde
substrate through the gne or nore deposjtion stations,
at a@g@ﬁg dsprpsripiegnaskiang it subpigate ﬁﬁ?firoattée @%&ﬁlﬂ@ into
proximty with the aperture mask of the deposition
station over a portion of the circunference of the
8. dr Uie natllethofadlaignheviteray stigmmg drfapguuredndsk andithet sabstrate
regi stration between at |east two |layers of the
COMPHYEr ed el ectronic devices, at |east one |ayer of the
| ayeh@th GlEHIRQBIsEh AR AL SoRANBIS Hiltal@Bisposed on one or both of
el ectronically or optically active material. 10. The
the asparamesk afd the sibsirge; atlder ei n the | ayered el ectronic
devj ces. co S ne or..mre of hotovol tai ¢ deyic
o CEERR IR PlorRGe a5, R 0R of ol 8L A plif i e
substhé: RRpasRtHeSubitartadly KoBtinushe Figidialthe pattern of
apertures in the aperture mask

9. An apparatus for forming one or more electronic devices having multiple
overlapping layers on a flexible, elongated substrate, comprising:
one or more deposition stations, each deposition station comprising:
an clongated aperture mask having apertures arranged in a pattern;
a rotating drum; and
a deposition source configured to emit material toward the substrate
through the apertures of the aperture mask to form a layer of the layered electronic
devices;
a transport system configured to move the substrate through the one or more
deposition stations, at each deposition station the substrate coming into proximity with the
aperture mask of the deposition station over a portion of the circumference of the drum;

and
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conpensates for distortion of the aperture mask during

operation of the apparatus. 12. The apparatus of claim
w®2008/088982 N at | east one deposition station of PETTESHNE050103

or nore deposition stations is configured to deposit

the layer conprising the electronically or optically

active material. 13. The apparatus of claim9, wherein

the active material _conprises a photovoltaic material,

a [3nGHENBRtSY MR CRRABYFG 0 MaintdR fRertRtier RFRGRY LR typ layers
oftl?e'law:&[ Rt énid ﬁé@ié‘e@[‘&{l{&ats%ne 1%€er oF ik 13PRAA él%Hé?xﬁé d&ligdsm

9, erein at [east one aperture nask’ 1s a polyneric
comppeing an elartekicallybor optiealfsppaivaimeserafl. ¢l ai m 9, wherein

the substrate is a polyneric substrate. 16. The

apparatus of claim9, wherein at | east one aperture

10. MBSciaREAES S BRBH HUKBScRf thé BSSrcliRaR BRI Wevib®Ocomprise one or
m crons. 17. The apparatus of "claim9, wherein

more @fj i phetavolinc dévite g dighhemittatgodavi®oa diode end a frgnsistor.
mai nt ai ned between the at | east two |ayers of the
el ectronic devices. 18. The apparatus of claim?9

11. whermgiappirhtis aF L@ Mwh&¥Hl tBEDAtiers ONipcgtufe dn HR HOAGR rdask
substantially continuous fiducial mark arrange

compgrigios dieli HePTtipned the ancetyea mekedusing oneapen pfithe appasRtuind
the substrate and is further configured to maintain
regi stration between the at | east two |ayers of the
12. | ayicegpahes bf oaint Ipeli¢resat ksistghetdepodificiugitédn efeth&one or more
19. The apparatus of claim 18, wherein the fiducial
depopation Htinge isenfigud e %@%thlef fayercgomprisigighe olgetropigally or

Opﬁagﬁgkﬁgyﬁwggmglain19, wherein the transport systemis
configured to maintain a pre-determ ned el ongati on of

the aperture mask of the deposition station and to
[ [ - 1 ned elongation.of the substrate..
13. rmI'lqlteaal]plro]aurgtursJ ro? Clg,lel’ltl S,r \qulerem tﬁe ac gfe rnaterlaﬁ comprises a p otovoﬁalc
material, a light emitting material, an organic semiconductor or an inorganic

semiconductor.

14. The apparatus of claim 9, wherein at least one aperture mask is a polymeric

aperture mask.
15. The apparatus of claim 9, wherein the substrate is a polymeric substrate.

16.  The apparatus of claim 9, wherein at least one aperture mask includes apertures of

less than about 100 microns.

17. The apparatus of claim 9, wherein registration of less than about 50 microns is

maintained between the at least two layers of the electronic devices.

18. The apparatus of claim 9 wherein the alignment system is configured to sense a

substantially continuous fiducial mark arranged longitudinally on at least one of the

38



10

WO 2008/088932 PCT/US2008/050103

aperture mask and the substrate and is further configured to maintain registration between

the at least two layers of the layered electronic devices using the fiducial mark.

19. The apparatus of claim 18, wherein the fiducial mark comprises a sinusoidal

fiducial mark.
20. The apparatus of claim 9, wherein the transport system is configured to maintain a

pre-determined elongation of the aperture mask of the deposition station and to maintain a

pre-determined elongation of the substrate.
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