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WD 2008/ 0889 USZBUBT U U TOS T APPARATUS AND METHODS- FOR FABRI CATI ON OF
THIN FI LM ELECTRONI C DEVI CES AND CI RCU TS 5 TECHNI CAL FI ELD The present
invention is related to formation of el ectronic devices and/or circuits.
More particularly, the present invention is related to fabrication of

el ectroni c devi.ces bg deposition of material through an aperture mask. 10
BACKGROUND WR208{0F¥SHht naterial may be forned on a substBETES2$08HP t i ng
material froma deposition source in a direction toward the substrate. The
material is deposited in a particular pattern onto the substrate by having
a mask | ocated between the deposition source and the substrate. The mask

i ncl udes apertures that define the pattern, and only the 15 deposition

materi al pagPPARATUD AND METHPOS FORSSABRRATEON OB TSHNSHN 8t 81 BOTRORGCt he

material is deposited in a patphevfceEhegs coldGiEevi ces may be fornmed as
| ayered structures on a substrate. Patterns of material nmay be deposited in

| ayers through nultiple deposition steps to formthe |ayered electronic
devi ces.> The devices may be conneFECHINIGAD KIELDUi ts via deposition of 20

conductive trac Convent i anal ed dep rrate rough a
mask onto a roll fpresgﬁtﬁg‘f lélsﬁg@%fi?%f] Orngtioyy (ﬁ%qc ogcgf’%ﬁesffﬁ F%‘bcé‘?t

fashi on. Thaosyhsidbig, ﬂi@?ﬁeﬁt%\%ﬁ&l RYeldted fo AbScalSh bNEEtRARURicBSY St ops
with the mask being in a fixed and known position relative to the substrate.

Then, the dipesitien efmaferialderough ansaperteremasler i al t hrough the mask to form 25
the pattern. The substrate then noves again by a pre-defined anmount and
stops and the deposition occurs again. This is repeated to formnultiple
instances of a given pattern of mBACKGROUND a roll of substrate material.

Each pattern of teri on t he str y gsed taq anot her
downst r eam mask ZHEI§Q E’é‘feﬂﬁlo‘ﬁa%getﬁ%%e ‘H‘?g’%ﬁﬁraéﬁm’?m@“%mﬁ@?@r B

pa(t erned n@bEditied soud® il QRS LRI 1604 d HRPRBraR! CBRAM SHal WiepbsiRli gt i ve at
accurately producing nultiple instances of the pattern with a relatively

fine feat urreriggules patiers oploeet 'dmémmhy bavm@a mgsk Ipeatqtbatweqn thqddpositipent . The

time spent a mask
substrat e, Sr\%hﬁ%ég%gdksh%aug%%?u f1°can SE mr%o‘h % %tu%/efs?}m@t gerﬁne?tl %& f‘%d Olﬁ%ﬁlgl tinme
to depol t ddpemﬁoﬂ@a%ﬁ%a@ﬁﬁ@&&@ﬁfﬂidﬁgﬂﬁﬁéﬁﬁaﬂz@ fhe substrate so that the material

is deposited in a pattern.

Electronic devices may be formed as layered structures on a substrate. Patterns of
material may be deposited in layers through multiple deposition steps to form the layered
electronic devices. The devices may be connected into circuits via deposition of

20  conductive traces.

Conventional patterned deposition of material through a mask onto a roll of

substrate material is done in a step and repeat fashion. The substrate moves forward by a
C - pre-defined amount and stops with the mask being in a fixed and known position relative

to the substrate. Then, the deposition source emits the material through the mask to form

25  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 additiona!l layers of
patterned material.

30 The step and repeat procedure, while effective at accurately producing multiple
instances of the paitern 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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| ayer, is N0 FOsSTt g et eri al . Therefore, the step and repeat
procedure may not achieve a rate of production that is desirable. SUMVARY
5 One enbodi nent of the invention involves a nethod of form ng one or nore
el ectroni c devices having multiple overlapping |ayers on a flexible,

el ongated substrate. The nethod includes noving the flexible substrate

t hrough one WO 24$¥88¥eposition stations. At each deposi tREHURIWOSHAS an

el ongated aperture mask is noved in relation to a rotating drum the
aperture mask having apertures arranged in a pattern. The aperture 10 mask
and the substrate are aligned and are brought into proximty over a portion
of a circu f 1] s Y tronic
devi ces | 5 TugsS i Meptiof by BiGht ThneRrAE ol Ep B P

Regi st r at i onoti sshiewt ataéd efgdodvetiovethat iatledireblst two | ayers of the | ayered

el ectroni c devices. At |east one |layer of the layered electronic devices
conprises an electronically or optically active material. 15 Anot her

enbodi rent of the invention is direckedniardn apparatus for form ng one or
more el ectronic devices having nultiple overlapping |ayers on a flexible,

el ongat ed subst Pa¢ embadimentpp Hhednventiphivoldesa waodef fepmnmedapetinpieon
stations. E ! . i i e I sk

navi ng. aper CaiaiERSAc BAR] ALl bR IR R ARARLTOARRIEGRREC, o1
sour ce posi Thenethod élchidey soting tieeflsxiil@suboigaie thusngh bhe oti@pasdepogition?0 source is-

configured to.emt material toward the substrate through the apertures of
the apert uF@ioRs Mﬁcﬁlﬂ{ﬁpwf&m Sighop. %lfe‘?‘%‘l}gétefi&%Fl%méﬁfke‘é%Wﬁ‘i‘ & giorbe A

transport SYSh&f® drsm, tﬁ@%ér&kﬁﬁgsktﬁwfgg‘gge&u?& %ﬁg&g{iﬁaﬁa&aﬁwg@aﬁ%&ne or

nmore deposition stations. At each sition's 1on, the substrate cones
i nto prdfi ninagk eidthe substreip eretaligeedrnd kredfroughe intaiposwiityi wrer 8 pertivonf over a

portion of the circunference of the drum.An. alignrent .system 25 1S
ont | gur od COHEFITES ¢ PeBrPEArTEr bRt e AR i AT ar T
| ayered el edlirbgghithe apdeutes 0Sthe Aperh@mihsko Meglstiifdn i@ naidisinéby@wesh legqt roni c

devi ces conprises an_electronically qor optically active materjal. The above
summary of tWelayee ebhe lavisied slachpnie deviess. Aﬁieéﬁ@@aY%r ofdhe layered glgetrpnic

embodi Ment QkyigxehiphifMRle ERBhLRN oPbpddifly RiRS Blledafivent fon. Advantages and
30 attainnments, toggt er wmth a re conpl et e understandi ng of the

inventidA, wll Bectbereemtwdpeanenf thandestpprie diretaldo by apmians fon fprinmngt due
follow ng detaile escriptiqon and clains . taken in conjunctipn with the
hocompanyi ng" BPRASETESe s TR caleT ST s Bl o S, cinedied

substrate. The apparatus includes one or more deposition stations. Each deposition station

includes an elongated aperture mask having apertures arranged in a pattern, a rotating
drum, and a deposition source positioned relative to the rotating drum. The deposition
20 source is configured to emit material toward the substrate through the apertures of the
aperture mask to form a layer of the layered elecironic devices. A transport system is
configured to move the substrate through the one or more deposition stations. At each
deposition station, the substrate comes into proximity with the aperture mask of the
deposition station over a portion of the circumference of the drum. An alignment system
25  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
30  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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i DESCRIPTI O INGS FIG 1 is a diagramillustrating a method of
fabricating |l ayered el ectronic devices in accordance with enbodi nents of
the invention; 5 FIG 2 illustrates a deposition systemhaving a plurality
of deposition stations | to N that nay be used to inplenent the fabrication

et hods in agpoh@EarRsHs, W th enbodi nents of the invention; o are
cross sectional views of thin filmtransistors (TFT5) thalt‘ﬁr#éﬁ[‘%%sgﬁ‘

fabricated in accordance with enbodi nents of the invention; 10 FIG 4
depicts a cross sectional view of a photovoltaic cell that may be fabricated
in accordance with enbodi nents of the invention; FIG 5 illustrates a
Schottky diode that may be fabricated in accordance with enbodi nents of the

invention; FIGS. 6A-6D illu | ons of LED devices
incorporating an 15 organi igﬁﬁ?ﬁgﬁlq%w S may be formed using
the fabrication H@QQ§§G§FM}1 11RGFAhE 8 Rt of PabeiohiR IBRAS Bel&firohReelibdent i on;
FIG G6E illustrates a con uration of a pixel TFT and organic |ight

enitting di Bicscorg@cemyithgmn W%@Wﬁ@ﬂe that may be forned using the
fabri cat%on procﬁﬁ%gllh!}rsgr% e@ﬁ?lggé%%ﬁ%gé%rb gé’&’glu ﬁ%ﬁf @eﬁafﬁlﬁ?n ét%% éﬁgtl ; n

FIG 7 shows an e n appar at us
deposi ti on Nphaeegdbewistdtodmpianiet 1ha lfabdicaiondeghedstin actordantdeith emb@hmatti er ned
fiducial elepents, and c with a roll-to-roll nmask; FIG 8 shows an

embodi nent B¥t ﬁﬁwﬁlbtﬂ%‘éat us providing a first stage of a deposition process
with an internal Fl@fmﬂ-?a@ﬁb%fo%‘sec%ﬁai‘%ﬁvs Bf ﬁnpfi‘ltrﬁ AR (ﬁti%% t%lcxtf RhepEnt s,

and 25 with a continuous-loop mask; FIG 9 shows an enbodl nen
appar at us pfazbwaicd@aamﬁdm“sthaﬁgr@Odﬁn@tS(ﬁphfsmWIm:m process with an external

rolTtotfol 1 sttt iRl G R AT et o e vofe S RE BB e bt ng

fi |{st st age1r£ﬁcc@‘d§&edﬁﬂmhﬁddﬁﬂelﬁgmﬁ§ﬁwmﬂoh an internal drum deposition,
with pre-patterned fiducial elenments, d with aroll-to-roll mask; 3 WO

2008/ 088932 PCT/ ﬂ%éo@@ﬁ@%f@@hotmydmdffh%m@eaf#%ém #eprdapge YA appar at us
provi ding achhEdtest 88fe Hvetion,

FIGS. 6A—6D illustrate various configurations of LED devices incorporating an
15 organic active layer (OLEDs) that may be formed using the fabrication processes in
accordance with embodiments of the invention;

FIG. 6E illustrates a configuration of a pixel TFT and organic light emitting diode
(OLED) on a common substrate that may be formed using the fabrication processes in
accordance with embodiments of the invention;

20 FIG. 7 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 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
25  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

30  deposition process with an internal drum deposition, with pre-patterned fiducial elements,

and with a roll-to-roll mask;



deposi tiompro TSt -gRter AT dr Um deposition, w thout pre-patterned
fiducial elenments but with the fiducial patterning occurring in advance of
the- external drum deposition, and with a roll-to-roll mask; 5 FIG 12
shows an enbodi nent of an apparatus providing a second stage of a
deposition process with an internal deposition, and with a roll-to-roll
mask; FIG YWOMBHW894@n illustrative rotary notor and vel BEI/ES20RHSDI0B 0N
control system schematic for controlling the Iongitudinal web position for
various enbodi nents. FIG 14 shows an illustrative guide notor control
system schematic for controlling 10 the |lateral web position for various
enbodi nents; Fl 0 b {i | al istratio ontr system
schematic for n&%‘ﬁgisﬁ{}vﬁ%\%%?%O%énrlénrtggf%{s“%aprpg{a?‘%rﬁ%vfl(ﬁ%’%%%fsw%taé\ee%lsafor vari ous
enbodi ment sigpdsition pidcesshoiisarnextdrhdl dsini dépovieios onitlioat preypatianed ideidlace for the
fiducial registration .,sensors of an enbodi nent of an apParat us providing a

second st aGEmspis Uik derfidymiakppttsiigeacgurripg @ adyancsipd e R ARBE | 00p
utilized bﬂeé}(ﬁﬁ:ioinl Aﬂ%m}oﬂqog&nk{agl. systeminterface of FIG 16, FIG 18
shows an illUstrative pattern o% i ducial elements utilized on the mask
and/ or $ubst r at EIG .02 sbews amemipwliternt o€anr gipatatusgrivadieg akecand sthgnefiat udi nal
positions of each; 20 Fl.G .19A shows..a view.of an illustrative sensing
system for %gg%&%gr%cgﬁwlh@ m e&%aia oSG ﬁnﬁa\@ﬁmﬁﬁ%ﬂlﬁ%&‘» osition; and
FIGS. 19B -19D siew axendheiiustative sy alotdranl Selotityipdsitionoht®Ggstuhew of
sensors of varioqus types in accordance with enbodinents of the invention.

Whi | e t he iSPREBIRHE &1 coBtrellins e langitedipal rrebwesitiprfor ivarus smbodisentsl t er nat i ve

forms, 25 specigthc AR

drawi ngs and w FG'b% Skg‘ggé%ﬂ%le \ﬁ?ﬁgﬁggg}%ﬁ?\eﬁwsﬁ%o géeheﬁfégg?’lsr? %%tg),lﬁ#gv\ever,
that thé i nbelaterabmweb positian foo viriows embbdimenisvent i on to the particul ar .
enbodi nents desc¢ribed, On th ontrary, the intention,is to. cover. all L
Todi 11 cati ons, S Uabert & WeR AEUEH e Py Sl MRS LOF FETGBRE of ¢ he
| nvent | on_gsofletdnasidierienaRRARdsdashal dibodifbads, WO 2008/ 088932

PCT/ US2008/ 0501 % DETAI LED DESCRIPTION In the foll ow ng description of the
il lustrated enmb&Hinrshews peflapteative conrobasten wierface for the fiducial registration

sensors of an embodiment of an apparatus providing a second stage of a deposition

b

15  process;

FIG. 17 shows a control loop utilized by the illustrative control system interface of
FIG. 16;

FIG. 18 shows an illustrative pattern of fiducial elements utilized on the mask
and/or substrate for sensing both the relative lateral and longitudinal positions of each;

20 FIG. 19A shows a view of an illustrative sensing system for sensing both the
lateral and longitudinal web position; and

FIGS. 19B -- 19D show examples of fiducial marks within the image view of ‘ ‘j
sensors of various types in accordance with embodiments of the invention.
While the invention is amenable to various modifications and alternative forms,

25  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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t he acconpanyi ng draw ngs wWhich Torm a part hereof, and in which are shown
by way of 5 illustration, various enbodi nents in which the invention nay be
practiced. It is to be understood that the enbodi nents nmay be utilized and
structural changes may be nmade wi thout departing fromthe scope of the

et hods and oyLOBNEORBTE (20 Tcat i on of | ayer ed 6l ect on ¢ MANRRBTEHIE

flexi ble substrate. The use of thin layers on 10 a flexible substrate
allows for roll to roll fabrication of the |ayered el ectronic devices. The C
enbodi ments descri bed herein advant ageously provide for high speed

fabrication of small feature |ayered electronic devices including thin film
transi stors, diodes, light emtti ng di_ odes, and/or other electronic
devi ces. The deposition techni qud3EHeEHD BESCRENION used to create | ayered

el ectroni ¢ devi ces, qq ﬁllé\gﬁgidgéc?ipg?@oﬁﬂgﬁg:%@attgd Lt bl tr&@reﬁ%%iis%ﬁmoe 15

feature size may be on t er sever m crons, rangi ng wn to about 2
m crons. At theasbnipayihggewinesfwhidhcfoinay pare Heredfeadd iavwidchdeaw sloem tareay of
mai nt ai ned i n. proper registration to within a tolerance of .of .the
smal | est feat IHB%‘T P’ﬁ’evﬁgg%‘?mmm%wlg?h ﬁ&lVF’étH’t“JP@’a]%ﬁ E@cucﬁ‘iiﬂ% FdoPEss t han
about 100 m cyRsmtoddtha AR dha@lphdndd %élﬁh&é@mmmﬂmhdng&@mashs@m&ﬁout 50

mcrons. 20 Figure 1 is a diagramillustrating a nethod of fabricating

| ayered el ect wihdug depavtingdeom the ssepeonf deawesewi invengiohodi nent s of the invention.

he fabri [ d. i | L 0 _a.f| exibl b h
or more deposi 11 ort GBI oY BE Pt R rdree Bl BT B SR dt Rt "

have a pl ur al fabjicatibn aVRi¢rad plctigori@¥RicEs ok flegBRIsubited fTHeige ofthRQh e dic
device layers is ﬁn el ectronically or optically active material. At each 25

deposi t i off st&atiFEbe sbsimts agpws & rafblogol &hwistiianad the laysremecctiicasaiceur Bienask
havi 69 aper tih irHBM@&eg BdeRin vl o‘uEl? #?d['v‘ﬁfg for Hﬁg@%e%rﬁ'tfgrﬁaé##lg%ﬁﬁﬁe and

t he aperture nms are brought 130 in prox y over Ion o
ci r cunf er encefeature lageredbeledtionty dbvices inclviling thialfilm srapsistotsediodaspiighs eaiepaesi t i on

source towards. the substrate and is.depasited.140 through the, apertures of
The. aper ture. TALR: BT oI SepRgs A iCeE poneq-BRY Pem e alr descrigg SBgF 4b¥a:  on
i s mai nt ai nedtoldedhtdigioretfle@ionicC@sices ¥P0a FlayBle SveBlsubdh@tedh 84lidhaRé Schel&ublees

during the deposition. 5 WO 2008/ 088932 PCTI US2008/ 050103 The one or nore

| ayered el®ct feamrasieramiscleson be aulsr piseverel piconessnging fleetobort Zwicrani 4l | y
g N e
deposi tions within a tolerance of 1/2 of the smallest feature dimension. For example, the feature size
may be less than about 100 microns and the registration tolerance may be less than about
50 microns.
20 Figure 1 1s a diagram illustrating a method of fabricating layered electronic devices
in accordance with embodiments of the invention, The fabrication method involves

moving 110 a flexible substrate through one or more deposition stations to form one or

Y

more electronic devices that have a plurality of overlapping layers. At least one of the
electronic device layers is an electronically or optically active material. At each

25  deposition station of the one or more deposition stations, an aperture mask having
apertures moves 120 over a rotating drum. The flexible substrate and the aperture mask
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.

30  Registration is maintained 150 between at least two layers of the electronic devices during

the deposition.



stations, material that provides an electrical contact to the electronically
or optically active 5 material nmay be deposited. At yet other deposition
stations material form ng additional electronic device |ayers, e.g.,
dielectric material, hole or electron transport material, doped buffer
material, or connections between devices may be deposited. Electronic device
| ayers are in registration when a layer is sufficiently aligned with

previ ousl y W@&@i@%ﬁ%’a’l | ayers to achieve a functioning el P&IBAVBOHER ce.
Differing layers 10 nay tolerate different levels of ms-registration. In
general, the better the registration precision, the smaller the feature
sizes that can be nmade. The feature sizes achievable wusing the nethods and

systems of 1 he HiSEBt pbRYEN LR AR e EARE pRoSNEAn M of 0N,

Regi stration between the electronic device l'ayers may be nmaintained to'/2
the snal | dstirohealiyiowomicaly actiSe pierielasive ss e ofghwic pr mermanicisamaotdwwivryay be

i npl enented. by a deposi ti system Vi one or. nore deposition stations.
For - examp &Hich ey R CQRtocERt ot PoROTet RAsBEr B iogey S B EROS B he. one

i 'l ustrat eglatighs fth@bkia thdt poRideSIAPESIEcA coMAHR &) the blebiishiGlBlyioe BpticAUf h&ive

mai ntai ning registration between at |east two of the |layers. In another

conf i guf at meisrialimhay bedispesstied.i dhyepeee Ashesifion sajens seatesiwl foravng aldpiontlt i on
station th 08l i ngl e I [ i.ce Rl i ns
Ceqi strati BB et r By fePaf aRidh ol o S A0 B BRE R i Ro0s ¢ ca
| ayers. Fobuftsxaipral, o0 t@medtion® bewker ddvideayay Be Aépokingl. el ectroni c  devi ces may
be previously fornmed. or deposited by another process s#_ch as .. .

phot ol i t hogr aphllegFoniGflevicataysisia¢ infgeistretion paes # layer Syutlicniuoiigngd o
deposi U Onyel bl pepol R IBfERDioIGichd PRASR G dlocRiGRIMRE CDMfAg el Nventi on
may deposit a su se&uent ayer 25 maintaining registrati on between the
subsequ@nt mapjuderata difeaent leyalstof oneregistrativn. dn gericmlsthy bettbe fegtgistiationyer s.

i i 1] us d iti hayi L ur al,i. f
Gomos t + onPreiigh i Smiter BB Ews RS e e Bar ol bR Brebuats BHbce®)  carion

met hods deggiid the eheliRdehnit systbs pf & gmedtyn@hﬁmsﬁsb odl fhe @tdeebf &FBAdi nent s,
only one deposition station is used. The 30 deposition system of Figure 2

i ncl udes aMiTaHs Reeistraipsbstiyess fig dertteaicdsvigplazers may bg pyitained todgthet hr ough
the plural ityioff Qsktion stations | to N and to nove the aperture nasks
212, 222, 232 in relation to the rotating druns 211, 221, 231 at each

station51 to | NAppFbach€s Mth@pESH0B8ABRNRAGET HIS20RB10f60 bP 3 deposdtimmpystemsy st em

ray he confloued Lo TELaaLn, 8. predpter i nad, ol onaati on. of , hhe aperture

system, such as the one illustrated in Figure 2, may deposit a number of the device layers,
maintaining registration between at least two of the layers. In another configuration, the
deposition system may comprise only one deposition station that deposits a single

20  electronic device layer and maintains registration between the single layer and one or more
previously deposited layers. For example, one or more first layers of the electronic
devices may be previously formed or deposited by another process such as ‘
photolithography or ink jet printing. A deposition system having one deposition station
implementing processes in accordance with the invention may deposit a subsequent layer

25  maintaining registration between the subsequent layer and at least one of the previously
deposited layers.

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

30  deposition system of Figure 2 mcludes 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



|
T

| n one enbodi Ment, thne T ex pre substrate 201 is delivered via an unw nd
wheel 205. The substrate 201 is transported through the plurality of
deposition stations 1 to N, 5 gaining successive electronic device |ayers
as the substrate 201 passes through the deposition stations 1 to N Each
deposition station includes at |east one rotating drum 211 221, 231, at
| east one ap¥PRiPORELK 212, 222, 232, and at Iegst one dETEUSIIANLur ce
213, 223, 233. Sone deposition stations, such as Station 2, may include
mul tiple deposition sources 223, 224 that are used to sinultaneously or
sequentially deposit separate device 10 |layers through the aperture mask
222. At eacham bstdrPha i 2Pai ; ol 201
and the —ape g T B S et

ci r cunf er enmesks 212226237 erdke subdtrathg0ldr um 211, 221, 231. The flexible

substrate 201 ang t 18 2 22,: :232. Ay .or may. Qo ke
contact as they nlg‘roé1 Q%@%ﬁgﬂ{eﬁf’ %83%2(%1#1&%%&%@165é%léYef?% a ﬁ%?%‘%‘f’glwt}l?gaem tted
fromthe dep@ssiThcaubsaw 2aSs Bidpodet3hrodgh thd phiralitg vl depsikibe statibistirtatg 201 and
is deposjted through the ager_tures of the aperture mask 212, 222, 232 to

f or m suct es§HYEE SICESHEHCIaRGdERcs by & the mbstae 20 hprsadhioagh Bs, the
aperture pa&féngiﬁoh afillR 1 3P tﬂ&ﬁd‘gﬁ§g?§%t§%0rgiﬁglu%&%?ﬁ@lea eP&aﬁ@{ﬁ.ﬂ 238 t hat

the pattern conpensates for tensi on the nmask during
manuf act ur i A2, 38 et bssondepanirdmdskiz2e?d?, 23 endiaitleass omndegositdar dource 2R s k

pattern may justed to. .conpensate fog t.he,contraction and/or .distortion
b the. ok 2 pacier FOTCRISG BPA o an SPE 3G DA ARG 58T Ton of ¢ ne
system thesdiReds 228, 278 9kat Bettised B disbultzASRIsBVE dequeffial B} RINi Esepirite HOWE:
configurations, the mask 212, 222, 232 is held in tension 1n the

Igggi t ud@ nalayers trevghothe apatursmadk 22ensi oned, or not tensioned an equal
ampunt, in the 2 direct| [ i i e flexible
ek 212, 225 73otEh B’ Eh 2Fo. 220, Za0T0E BRI IR A A G, P
apertures | mpdriued dyskf2aaeneaP, P30 i drovghkin plakim@Pdver a282umfetincexsbthp k@faca

e roular_aneciuie, TRy, dhotant fogbeorm an, o | 1pag having L, mer s i

| ongi t udi naHayorm Qnmﬂﬂf‘é”b%ﬁ{a@tdfs%eyta!?é &o@élﬁti&%ﬁok%tﬁau_sed by tensioning of
the mask 212,222,232, the 30 apertures nay be "pre-distorted” by initially

f ormi nglf he aper Pepasition reateréd] ks queigehfioiniee depesitioragourcesl2 bl 283,3234i1283 t he

I | di i Sub i i i h k , 222,
2321 n the. RSt e Aran D Lend BAelsR Fiulh et pt B Mo gl
2008/ 088932 22X DAV RPR/s0ER G cldrodicidgibBRyersystem i s configured to align

one or nore aperture masks 212, 222, .
In some implementations, the aperture pattern in the aperture mask 212, 222, 232

may be formed so that the pattern compensates for tension placed on the mask during the

20 manufacturing processes described herein. The untensioned aperture mask pattern may be
adjusted to compensate for the contraction and/or distortion of the mask pattern under

( ' operating tension so that during operation of the system, the desired mask pattern is

achieved. For example, in some configurations, the mask 212, 222, 232 is held in tension
in the longitudinal direction and is not tensioned, or not tensioned an equal amount, in the

25  lateral direction. In these configurations, the flexible mask 212, 222, 232 stretches
longitudinally causing distortion of the apertures initially formed in the mask 212, 222,
232. For example, a circular aperture may distort to become an ellipse having its major
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

30  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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2323 TIE=SINETTare 2oL arma T~ i ntai n regi stration between | ayers of the
| ayered electronic devices. For exanple, the alignnent system nay use
fiducial marks on the aperture nmasks 212, 222, 232 and/or the substrate 201
for determning the position of an 5 aperture mask or substrate. Qther types
of alignnent techniques are al so possible, such as through the use of

rot ati onal ¥aEH8&32And web tensioni ng nmechani sms of t h@®CTAS3A0B/AF0803 and/ or
aperture mask transport systemto determ ne the speed and/or position of the
substrate and/ or aperture masks. After exiting the |ast deposition station,
the flexible substrate 201, having the |ayered el ectronic devices deposited

t hereon, may be 1.0 wind eel 295. Various type ered
el ectronic and/%@%&&f@gﬁe@dgf%nw gh g egﬁgigfles%pgﬁ%feyrg?sg%?{?d:z% thin
film transi¥tadshesibsitle 201hat vy ohintiitregBiitichene®a laybeuftthkiysdeddes, and

organic light emiting diodes (OLEDs) may be fabricated using the nethods
and syst en%ectr@éwem% Hog pxanpple, dhogligamentiyspa aayaips aducialanagks ondheps st acked

on TFTs nm i i il bel ow,
o ackod G ik, 30, 397 758 and B BIENAAPYA) MEBAEDAL D TR BEhE e

usi ng the ethrinpsker sibstate.b@thehtypes of alifiveerit togbniqueseiredso prssibledschees f or ned
in accordapce Wt h various enbodi nents escri bed herein include an active
|y oy OO0 oopE gt ey BE R FRRSe BN Sep SRRl Hec DT AR Poyer
The acti veadday@pertuse sl t@@lsj?of_t sleRasi dedmive Hﬁ%gék@l%ﬁ&!o} pesigysttgm  but 20

need not be. Chmic or rectifyi ng@%ont.acts to the active |layer may be forned
by deposi t fubsTatemdessaerture wasksn dicr axigng halashdapesitipy dationgheiflsgiblect cont act

with the agfi y -H@ﬁ]r' i . I £h§ gﬂi | ayer
may be rrad%}b %Eﬁ?r%@éﬁﬁlc o?l@(ﬁﬁ:gféetcﬁ%grﬁrgﬁé dg%csgéﬁ ﬁ%{) %31'1 l's corrg%’:ﬁéf‘i ng
mat eri & s wirdhwimsl 2951 ver, gol d, al um num copper, indiumtin oxide, and/or.

other materials.. The conductive ,materi al may .conpri se., organi ¢ conductors,
such 25 as pol y{%ioHS SPRy PR ColsARRisAARE PP HERORC devier] BUSUEDREmSs Ui ¢ abi e
conduct i VeinchBng thid im MRNsiR6rs BRLL), fRslodbaic V) RGicey, Seildily diddeshd on of the

| ayered el ectroni c devices, atterns of conductive materials may be
deposit ed ¢gaHakghtemitiog diog Dsd mey be fabeieried vsirg e meghods and sysleme| ect roni ¢

devi ces T of etk i e Qhlsk [L8a gTEACL! YEEhRURLM HATRIRoGRE O Tor e

doped or undoped sem con nat é norgani ¢ senm’conduct ors, such
as anoiphofismed. erayskahple desctibal iganire detsiebdlewdivkedOEEDMB und TFUsEmta0 f or m an

ot cr | al o EREIEY PREPPIBE e ol BB BB L SR BT 008/ 088032
PCT/ US2008/ 05013 layered electronic devices formed in accordance with various embodiments
described herein include an active layer, such as an electronically or optically active
semiconductor layer. The active layer is typically deposited by the deposition system, but
20  need not be. Ohmic or rectifying contacts to the active layer may be formed by deposition
of conductive materials that make direct or indirect contact with the active layer materials.
In general, contact to the active layer may be made by metallic or conductive metal oxide t
materials comprising materials such as silver, gold, aluminum, copper, indium tin oxide,
and/or other materials. The conductive materials may comprise organic conductors, such
25  as poly(3,4-ethylenedioxythiophene) (PEDOT). Various other suitable conductive
materials may be used. Before, during or after formation of the layered electronic devices,
patterns of conductive materials may be deposited 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
30  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,

8



zinc oxide, and other 11-VI conpounds and their alloys and m xtures, |1nzZnO
and [ nGZnQO Various other suitable electronically or optically active

i norgani ¢ sem conductors known in the art may be used to formthe
multilayer electronic devices in accordance with enbodi nents of the
invention. 5 | i conductors may be used to formth ' er of
t he electronisﬁgg§§&%§§g]For exanpl e, g vari ety of organicﬁggﬁﬁ%%§@é§¥%r
materials may be used including fused aromatic ring conpounds as
exenplified by small nol ecul es such as pentacene- contai ni ng conpounds,
tetracene-cont ai ni ng conpounds, anthracene-containing conpounds,

bi s(acenyl ) acguydsds andatheuliidd compourls ankthkitialphane ndoipe indsO abéveral f 10

pol yneric materj gl ve al so been consi dered such as .regioregul ar
pol yt hi ophene@daz&én&%?‘??seﬁﬁﬁﬁu‘&gﬂlﬁ%‘iWﬁX?i‘i‘B’&ﬁa}'}’eﬁmﬁ‘hgmfﬂﬁﬂfrre_r s havi ng
fused thi ophepgidtalihctoRkndks tn HhBLARDGHE b tB?clmrgﬁl?%ﬂtﬂEﬂ?ér%lc@@&ﬁE hdh&s Ry be

used to formthe active layer. Mre Specifically, acene-thiophene
copol ynmer s wi adeordancgotidoerghddyhenthefithe ingerdiops can be used in one or nore 15

e 11 ng df odes. - ANEERBTSORT B P Rebt SR ok dek SRS URERYou Odes
invol ves sel eddvicesl Bir exminple] &l fichoofagiin@yRmi@RREAG hatitalemey By uitdittiuding

rel ati onshi ps_between the recti f‘}é;lr ng and ohm ¢ cgntacts and the
seni conduct or fuggd aroueaticiieg compeunes ag Srerap gy wrall mpdgcules sydrasiperipesnty usef ul

as the active s _dipdes. | I t-eon ugat ed

nol ecul e. Recceognlt ‘;}ﬁ%‘g‘f}‘%‘?‘{“&‘%%&% &hﬁ?m?gﬁo?]ndﬁ gﬂ%%%ggﬁgﬁgfégbwmg%r , for
exanpl e, bet weerpotihds, bis(icenytpedipiete @ntbotuds, at doeme-thiopiiene congeendse Saveral
described,.ln gne Lnplenentation, 4,4  4"-tri 3- et hyl ph | phenyl am no)
11 pheny| i TRoRTREATAE TR S5 g et torsHied St aaperpERrHoPROR. or gani o
sem Gonduct or edepipified By golfcstmthﬁ@ﬂ@ﬁd) ahd pdYRArEAatifig fused B eATRIRBPYS- 0l ass
that 25 functionS as a hole transport material for organic light-emtting

di odes. The | #jmphensfunitfTDATA i s doped to greatly increase its conductivity.
MIDATA may be dop - e m ' ' epL e
fluorinated form ?o%ﬁ%@y@%%%&&%a P%’r{é eﬁﬂéélgon%(qiﬁ—%g#wll Fﬁ%x%eﬁsgec%cah?,
concent r at i onsceaé-thlophefe EopoliN whh MiddAddsiBicthyelf gotpsuan benukdd in dapbmgore
concentrations of ,ahout 5% to about 10%F 1TgNQ i n MIDATA prpvidhqg best 30
resul ts. ¥he HgP iuacshepic dryioaumich s @eapic di Sim BAYTRRIES! Pmitiesiedcs e
transport | ay@x[o‘iovoit%iykflé. ate the injection of holes into the device and

their mgration towards the 9
The formation of Schottky diodes involves selection of materials to achieve

appropriate energy band relationships between the rectifying and ohmic contacts and the
semiconductor active layer. One organic compound that is particularly useful as the active
20  layer of Schottky diodes is pentacene, a n-conjugated molecule. Recently Schottky diodes
utilizing a doped buffer layer, for example, between the ohmic contact and the active
( | layer, have been described. In one implementation, 4,4',4"-tris (3-methylphenylpheny!
amino) triphenylamine (MTDATA) may be used to make the buffer layer if the organic
semiconductor layer is a p-type material. MTDATA is a stable amorphous glass that
25  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
30 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

9



0081050103  reconbi nati on zone and/or may act as a
barrier for the passage of electrons. In sone exanples, the acene-thiophene
copol ymer can be used in the hole transport layer. In other exanples, the
hol e transport | ayer can include, for exanple, a diamne derivative, such as
N, N - bi s(3-net hyl phenyl )-N, N - bi s(phenyl ) benzi di ne (TPD),

N, N - bi s(2- %#W&SS?’?-N, N 5 bis(phenyl)benzidi ne (beta- NPE/USHp{50103

N, N - bi s(1-napht hyl)-N, N - bi s(phenyl ) benzidine (NPB); or a triarylam ne
derivative, such as, 4,4 ,4"-tris(N, N di phenyl am no)tri phenyl am ne ( TDATA),
4,4' 4" -tris(N 3-net hyl phenyl -N- phenyl am no) tri phenyl am ne ( MIDATA),

4,4", 4" - 11 ik dnDRRNeX sl libr kb BRABY baT e Hr tkfey:)aggée of d&tons. In some

1, 3,5-tris(4-di phenyl am nophenyl ) benzene (TDAPB). 10 El ectron transport

| ayers f acickimples thelpeenerthiophensrropdlyebeenbensediinthe holetranspart yerndn otheei r

m gration towar,ds,t reconbi nation.zone of the,deyice and/or nmay,further
Ter ae o SRURRIES eI RESHIH 85 At RE B o Bich R Mo BB Ribn ab L P 0
transport INNebis@tnahyiphay) O NTBHE(phshnheiAidin® (TPDIONRU ik qapl@h@pyd-such as

tris(8-hyd i nol at o) al unj Al g3) and bi phenyl at 2
b1 (B hypdr REITHIRaR R G- MERD (B it ep BN S afensBbeEidin on

transport N ; 1 C ans | ayer 260 include
1, 3- bi s[ 5- E@t’?g’&llﬁ%ﬁnlg{nﬁifldeeﬁﬁﬂv)%’p gﬁ?ﬁ’%"-“?%@%@%di azol - 2-yl ] benzene;

2- ( bi pheny|dipheyylimBoltdplictylbminh (FRIARA o4 A" Ytpb@R ety ihenyledadi azol e; 9, 1

06 (2 neo SO ACSIE D AT 4.4 i o) wpbentan
3- (4- bi phenyb®irA),4n®nSrByrisBrdifhdngTabrindpbsi S QTIZSAQ]?:)_“F triazote (TAZ). 20
-Ts

Materials and structures useful in the formation of T , . PV devi ces, and
OLEDs ¥re furt Rsclraetenspeiddpyers feclitis i nsepragpfiglestropssipiorthe dgypteiasdt i on No.

111379, 6421, hiihesoARS a2 20081 Ach WS o BRLERLe ARPL 58 AR osbl] 379, 662

filed April are 1 ncorporated herein by reference. Mterials
and struct beegr efapassage phsolésoMnmadrmockanfplesSbb elettkon tinspletlaperellOdasbe i bed i n

| d U S _Patent Publication 20050212072 25 which js.i ted
her 1 by HEFEASEE heNrEaB T ORI USt Fiah BTN o AUt ) shBUREE exanpl os
of devi ces (@Y ame: lﬂﬁiylafd?rﬁi!i(@%yﬂﬁix?%ﬁﬁ&l@tofaﬁﬁxﬁih@lﬁf@mm.@ﬂx@p@ﬁn@% efi bed

e

herein. These exanples do not provi an exhaustive list of electronic

devi ces!3t haleckay trispers matcaialy psefbis elegsemistnsportleyerago8 inaladsn -5l éelnet hods
o0, 2151 THERIEA ISP DO B bk a0 i (BgR Bl 0 o2 i
fabri cat ed diyethylethgbplivapl-1dntosadsdzeies ), e di2-nbedhipntiaccha@ DNy Ri#Hpl e _
over | appi NG Y53 G2 Buflphesyiit 3 X SkallazdiEor 534 HigheRytyh Moptn§ics (1S dev! ce

butylphenyi)-1,2,4-triazole (TAZ).

20 Materials and structures useful in the formation of TFTs, PV devices, and OLEDs

are further described in commonly owned U.S. Patent Application No. 11/379,642, filed

April 21, 2006 and U.S. Patent Application No. 11/379,662 filed Aprii 21, 2006 which are

incorporated herein by reference. Materials and structures useful in the formation of

Schottky diodes are described n commonly owned U.S. Patent Publication 20050212072

25  which is incorporated herein by reference.

The devices illustrated in Figures 3—©6 provide examples of devices that may be
formed using the fabrication methods described herein. These examples 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

30 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

10



, - TR
10 WO 2008/ 088932 PCT/ US2008/ 050103 electronically or optically active

| ayer. Other layers of the electronic device may include, for exanple,
conductive |layers, resistive layers, dielectric |ayers, adhesion pronoting
| ayers, diffusion prevention |ayers, hole transport |ayers, electron

transport Ia\y,grﬁ(,smg@géor other types of layers known in gheuahisdie@s to
m

fabricate tilayered el ectronic devices. 5 Various surface processi ng

t echni ques, such as plasma or corona processing nay be applied between the
deposition stages. During fabrication of the el ectronic devices,
registration is maintained between at |east two of the el ectronic device

| ayers. Regélstiramidaby obepticelbnacivedaykeny@ther lofers dftheleyitomic deaicempdy ibadudepqui r ed.
For exanpl €p SONE 1I 'acée‘iﬂs .0f . t he eI.etctroni Cdd vti .Cﬁs may .be. F 10 uynpatterned
| ayers t hat CHEXHIRICBRAHCHEC By rsistfvedayersy digfertic iy ers, gdhesiop PIOmRing | ect r oni ¢
devi ces neeﬁyé&@}diff@si@iﬁ?k@ﬁétﬁi@ﬂ 1dy8s/Eblé HEnsP61@ g &6 SfiectidB HahipaRdatey, @hdler FOr
exanpl e, sone |ayers t he el ectronic devices may be fornmed on the
substrat e b§thet s of layewdaayn in fhegraseddty rfﬁqr@ﬁteanwlﬁasqreql glpeifonicdeyiogdsi t ed by
anot her < pr it r i j i ter

format i osn o?ﬁlﬁﬁ% S? #f%s%t °ae§%‘?é, % %I{éa%g’ Sgu As(st]ér?%stnd & rHfrnatc%)/ E}%B %Ig%sglg?%a o a

deposi ti on spdicéreteead thgdepsitiostipei.ng t o enbodi nents of the invention. At

this deposition stem .one or. nore additional |ayers of, the electronic

devi ces. ar e depobl T HECHIGR Bf 106 ELPoRRTE ieyiCoREBEHRa IBRIBAS G EsE fom

nai ntains  [@&itwb bathe QRcREIVESNcd 1BFerP ! RIJIPMELY bAGBASIohRdaferd Sfthé dgde and the
one or nore additional |ayers. 20 The process of formng the electronic

devi ces mayI8E neipseaHclalFoycxemple, perpulyes of ihaglepieonis doviees mudas. For

exanpl eE)Oi ”“I?ﬂﬁF%‘?%gﬁ%%ﬂ%ﬁ&% ecreé{g%(gn% s are formed on the C substrate

mg subst anti a i nuous manner, arting with an input substrate roll
that progresses Alriigyeraofhe ciesir@iic daims héddant B4 @dposited wing teystotigsesi t h an

output roll .th i ncludes the substrate with the |l ayered electroni c devices
deposited t A& “r‘il.h%“-A??reﬁxa’Eﬁ‘Blﬁo%qnﬁ I&Fr%?%%gemo%f} OP%%YE? YHEd Bhipst r at e
roll may bein.qumast dy RerihtesdEPAIInk 'eﬁ’dhp‘—lé/,%tfﬁﬁ‘ﬂlaﬁ?% cﬁﬁ@ﬂﬁﬂ%%nétﬁér' may
conpri se a subassenbl’'y roll good that is ready for additional processing.

The addi t i onwicesssudeasphaiglifhagraphy Ptk jei gdntitigo refter derwiation of the &irgt tayes, theayer s
depoe 85 | RgREgNERA DL 15, AOBESESNED s DBLBLSABsPYRRYIARF
fabricated ygiifgntibe pf mmgbsﬂ@oﬂ?&thmdsm @rphddilied] hyere obtdielRnbmc of the
'nvention | ggvl‘ige%%rev&rplosoit%a ag %gs%rsibé)d hetrerir?, rlx?ﬂe?é t(})urz %lépogilti%g %}?S’tem maintains
registration between the previously deposited first layer and the one or more additional
layers.
20 The process of forming the electronic devices may be substantially continuous or
may be discontinuous. For example, in one scenario, electronic devices are formed on the
C substrate in a substantially continuous manner, starting with an input substrate roll that
progresses through a series of deposition stations and ending with an output roll that
includes the substrate with the layered electronic devices deposited thereon.
25 After deposition of one or more layers, the substrate roll may be removed from the
deposition system. The substrate roll may comprise a subassembly roll good that 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.
30 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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photovoltarc devices, Trgnt emtting devices, capacitors, stacked el ectronic
devices, and/or 11 WO 2008/088932 PCT/ US2008/ 050103 ot her devi ces. ‘
Connections may be nmade between two or nore of the devices deposited on the’
substrate to forman electric circuit. Figures 3A-3D are cross secti onal
views of thi ansistors (TFTs) that may be fabri ing _the
deposi tion s‘@%%@%ﬁﬁ%% Figure 2. The TFTs described herei ngg%/i%g?oﬁ@ﬁ”g{:’e
transi stor enbodi nents in which one or nore of the |l ayers are deposited
using a fabrication process enploying aperture masks. Typically, TFTs are
based on inorganic sem conductors such as anorphous silicon or cadm um

sel eni de. Miulie@ deicNTonectbiiChe GATH 12BN &6 br MBicRITitR devitay gepbsiend used to
form TFTs. The fabrication processes described herein are particularly
advant ageouf® thoyubstartein fopm ableelie Sk ¢Whi ¢ devi ces and 10 circuits

i ncor porating OGARLLC I et chi ng
processes or phot™l ‘%Stgﬁgg?gSh@éréﬁ:@gﬁﬁga%A&N%ﬁ%ﬁg‘?g%hgﬁgﬁgggﬁgﬁt?r% Vi ew
of a bot t orhedalirizatel) @sing thealopositen syFdm of Rigpet 2. €Fhe Ti‘rTsaiasmhbcd hereinmat er i aI

form ng ntact 3 i.ted on the 310 at a first
dopost ¢ ion DR Fk: SitodifipB SRt SnaE iglf o PR e s 25 5R s REdi ng & 15
t hi ckness ahbridatior pro6ess Bplbhidg flﬁér&ire mayer Typiadllyh) TFUEpe Yasednhiorg@teum
evaporation,  sputterin or met hods. Dielectric material 312 is

pat t er ned oi?@#coﬂ%“ﬁ%l@ g%@‘&?@ﬁ‘@ S&@%“’é@%’@ﬁ@“d@ﬁ’@é?tmﬁ regqndly; @Eani¢ n one

i npl enent atg, oxide and is
deposited w g&%r%&n%@?%? & @gOI%}%F Qm{ééﬁ%a%yﬁo%%ss t he
dielectric dmmbﬁ@hmammm wusxlarlymdmardagmusdbr fommatiar eflasfronix iddesesand ni tri des
of sili on and., a | ass, ,and/.or ot her oxides or

di el ect CITCWénm%?r@t@gr9%%1%9%&%#&9’%% PR S LS BPHE G A R por ati on,
sputtering r@de@@ﬁrﬁgﬁi&tﬂ hem cal vapor deposition (PECVD) or by other -
nmet hods. At a third deposi t| on station, a pattern of conductive material,
such as gol d, i igws3Ydns gﬁﬁe%am@%ﬁecmcwél drwioa bettem pagiotigmropgetdiily sour ce
and drain cg [ ted at a
fourth depos? n?cglr#ﬁg%g??%%;%{?teéﬁalt g%%q %Ctr%trlgslr%&%%ﬁ%a%gt@e %?%&%%14 The
senmi conduct3d|0 atrafirst depositier stafior. Iemaerphqulmem the gat inthéerial is goblitasimgne | ayer

d t h d
oot o o iskRSE o Rodts SRR TR BB o5l b bR B ey o 315 of

t he TFT. 305 Eﬂt@\m@eor?tﬁldrhﬂmugat es a cross sectional view of a top gate, top

contact TFT that_.may
Dielectric material 312 is patterned over the gate metal 311 at a second deposition

station. In one implementation, the dielectric material 312 comprises aluminum oxide and
is deposited with a thickness of about 150 nm. In other embodiments the dielectric may

20 comprise silicon dioxide, mixtures of oxides and nitrides of silicon and aluminum,
diamond-like glass, and/or other oxides or dielectrics. The dielectric layer may be
deposited by vacuum evaporation, sputtering, plasma enhanced chemical vapor deposition L
(PECVD) or by other methods.

At a third deposition station, a pattern of conductive material, such as gold, is

25  deposited over the dielectric layer 312 forming source and drain contacts 313, 314. A
semiconductor material 315 1s 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 sermconductor layer 315 of the TFT.

30 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

12
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s A e

be fabricated in a process usi ng pr ocesses in accor dance w th enbodi nents of
the invention. A sem conductor nmaterial 321 is patterned on the substrate
320 at' a first 12 WD 2008/ 088932 PCTNS2008/ 050103 deposition station. Drain
and source cont acts 322, 323 are fornmed by a pattern of conductive materi al
deposited o conduct or layer 321 at a second d tation.
At a third dﬁé)om tiron statl on, a dielectric materi al 324%?2ﬁj edt?g@?tl@d over
the source and drain contacts 322, 323. A gate contact 325 is fornmed by a
pattern of conductive 5 material deposited at a fourth deposition station,
Optionally, at a fifth deposition station, an encapsulant 326 is deposited
over the ga:tepoa‘rtdm:tmionSEEainhnd leirceRcbntabtis 302, e“QS@re&mnédig&paﬂermsfs sect i onal

vi ew of a bot ate t cant.act TFT t.hat b abri ca i n.accordance
Wi th onbodibieey e Raferl Fenb R S5t fodestifenrO TRy et 92h Aol dhep RS

deposi ted atatidnf Ak & thifleRPSditidPNatRnd) HRRcHRMBer] 984 B deM1BEbved &k s8kct he 10
substrate 330. Dielectric material 332 is patterned over the gate contact

331 at a scRdERin guyes 1220823 tftagatg sontagt 325 tsHpmepddepaitemed conductivn, a
pat t er n cof ) I d| eI ctrl c 332.
A patt er5n O@&%ﬁg%ﬂﬁ%@i% eria OSI%%E&L%G& t dmg\g/leyr gttahf\l,ﬁh gé oglt &‘% or |ayer
333 f or m ngnsacapselastddeds &pﬁs:tedﬂv&dh&gﬁ%ont&i&&ﬁbf the TBW/ t h dep03| tion

station. Optionall /s t a&(;lfth deposi tion st tion, an encapsulant 336 is
deposi ted over t % @ CHORE SeIaPah Visretachogompte tomsonigct IEL thatt A
cross sectignabe fébﬂ’ﬂtéafm BcdoRnB@dih cRBLAiRENE Bf‘%h%%veﬂf&h ta gﬁtté?ﬁ‘)ff be
fabricated uUsing the nethods described hereinis illustrated in Figure 3D.
A pattern otonétmtmumatemel depasitsdiahih fifsd derionigiod station fords & gair centesABhow he341, 342
on the subs first Siti
segi con uct%‘pﬁ}a eri :H &g%ﬁ@%ﬁﬁe%%f %32%1?13 GV VF%%Q%(%F I%acatﬁé?%a %Pon%

t

ont act s 34dbpos'3’dtﬁl aatuoa geaahied dgpoision st@ﬂibrﬁtt@tﬂmofs%huaanumtéﬂn@temsw tson
station, attern of dielectric material 344 is deposited over the
sem conduct eqngq gyer shegdielgctyic 83, o PattsrR oheangpstiye magBbBidepepited o%er thift t er n at

a fourth depasidhigBodhil B@S’fd‘rﬂ:h@sohﬁ@ aﬂ@Eh%m oRAERSE4, 333 a¢ %uh‘i‘l@l Rhdshionatl a

fifth deposition station, an encapsul ant |ayer 346 i's deposite over the
gat e 345 ofstative. Oplionaly, atra fefndepesiborstaiom; &) ertchwntaabﬁédaﬁemltqztme@ses

descri her ei e light emtting diodes (LEDs) or

phot ovgﬁdalsgufcﬁ@?ggé‘m‘?nyalcﬁ%égozf%{}?l&l ‘enentations, the active material of
the LEDs or PV cglioss seBiioREvieh ddadigdte, Obttorh BOHEAITIT thamhabedutatated PV cells
and LEDs have common conponents such as an, anode, a cathode, and an active

organi c or usmgrtbawn@om@m@d hesan 1silbpsiratep st Tiguts SDheA pattern of conductive

material forming drain and source contacts 341, 342 on the substrate 340 is deposited at a

first deposition station. A semiconductor material 343 is patterned over the source and

20  drain contacts 341, 342 at a second deposition station. At a third deposition station, a

pattern of dielectric material 344 is deposited over the semiconductor layer 343. A

(\ conductive material, deposited in a pattern at a fourth deposition station forms the gate
contact 345, Optionally, at a fifth deposition station, an encapsulant layer 346 is deposited
over the gate 345 of the TFT.

25 In some embodiments, the fabrication processes described herein may be used to
make light emitting diodes (LEDs) or photovoltaic (PV) cells. In various
implementations, the active material 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

30 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
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4 30 anode and cathode. 1n a pvcelT, e?ﬁbé’ur’e of the active layer to |ight
causes current to flow between the anode and cat hode el ectrodes. Current
fl owi ng between the el ectrodes 13 WD 2008/ 088932 PCTI US200S/ 050103 of an
LED produces light through reconbination of electrons and holes in the
optically active terial. Figure 4 depicts a cross sectional view of a PV
cell that nay‘%hémﬁ’ﬁ%ﬁp?zcat ed using the deposition process@gTﬁJ&@?’Pﬁ’é‘H
herein. An anode contact 411 is patterned on the 5 substrate 410 at a first
deposition station. The active |ayer 412, e.g., organic or inorganic

sem conductor |ayer, is deposited over the anode contact 411 at a second
deposi tion staatiiBMprodices Neghtithioligh AERAGInAtI0aRS Sleaddn@And hiies mahd @R iGNt act
413 is added. Optionally, an encapsulant |ayer 414 is deposited over the
cat hode 413 #tvemastirk h deposition station. As will be clear to those
skilled in the ar; L.l : . Cal 10

| ayers may be revﬁe%égﬂgggt{g%%&s% %éél,t@ga?ﬁ% eo%a?‘%%%ﬁt&ﬁ?%ﬂ%aet h%%ﬁ?‘rgfsa
deposi ti on sthatiepmsitiangdroctdses denartied ihsrethe pasarodel cattact HE isipattenet@otbiet | on

station. Schottk i ode be. fabr.i cated i.n accordance w t.h the processes
deacr i bect - HOPHTE RGBS RIPE B it Byoa 1Pete: PpHGo! Morgant

net al - sem cogeiicdn@ictoruich, 19 BeposiladRiveAihk ¥nde26Rast4NY afld Qdend MpbiHes a
sem conduct or sandw ched between two netals. 15 One netal fornms a rectifying

contact to t#etioseditdheribiue denosition stetien, dictrethodetatachd Bvis dédeda @ptiondtivearcont act

to the seni c&g%ﬁ%ﬁ# i gsre&reg;tggtte@ggéﬁit@%kh%pé 1128 FHIHUGoSAM GARfcdor - MRy

be used. A do ani ¢ sem conduc and
ohm ¢ cont awill ediantagewukliled inthe aasibe défositiongrjutndef dic anbée ddeathddan

| devi ce. Fi 5 i1l hot tky diode th b
Fabr | oat b visersimgy bt imverfi sl he calinds e T8 o B ErS gn SBhen et 1 on.

An ohmi ¢ confaghodeldddpesiRalat B MG RPodiith staitdast rate 510 at a first
deposition station. At a second deposition station, the doped buffer |ayer

512 i s deposit ed Sheitky diedes mydedenicaied imarcendinge vEthithe processesalteiaribod

i norgani c sem.co or. 513 | Sit ver d d.buffer |ayer 512 at
the third de%eg%slﬁ't ?%‘lré%§ flio %Soaﬁ%’ %ﬁ%&ﬁ%a@gﬁ% ‘8%‘%%%?“??@?“%‘?%‘1{‘%%’?‘ t he
rectifying copjiatly aStHhotily distizancluddhisenzbhdocto? Sandvichind dpsubanto heyler ( not

shown) be deposjted over .the rectifying contact 514 at a fifth
deposi (i oh sPag msﬁf%or%ﬁre@gmwaﬁ%%q eReenGuAtyTSnd ﬂt"-‘dﬁﬁ%‘&ﬁ*%ltﬁ"&’r‘&“@? LED

devi ces i ncopp@E abithd téhe sQh @8 uetoR Clnl éRaih %ﬁﬁfcaﬁ&ﬂs%&rgﬁxﬁ@éenﬁ%d‘ﬂ@tof or med
using the fabrication processes described herein. The optically active
| i ght emi tt emaybe eseilal dopedibuffer fayenbatyeantihe @g@EDds semiconductor and the ohmic
contact advantageously increases the magnitude of the breakdown voltage of the device.
Figure 5 illustrates a Schottky diode that may be fabricated via a process in
20  accordance with embodiments of the invention. An ohmic contact 511 is patterned on the
substrate 510 at a first deposition station. At a second deposition station, the doped buffer
layer 512 is deposited over the ohmic contact material 511. An organic or inorganic i H
semiconductor 513 is deposited over the doped buffer layer 512 at the third deposition
station. At the fourth deposition station, the rectifying contact 514 is added. Optionally,
25  an encapsulant layer (not shown) may be deposited over the rectifying contact 514 at a
fifth deposition station.

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

30 may comprise organic materials including small molecule or polymeric materials, for

example.
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30 may conprise organic materials including snmall nolecule or polyneric
materials, for exanple. 14 WO 20081088932 PCT/ US2008/ 050103 Fi gure 6A
illustrates a cross sectional view of an CLED that nay be fabricated using

t he deposition processes described herein. An anode contact 611 is patterned
on the substr a first deposition station. The agjd 12,
e.g., organi c‘?llt)g?%%%r?‘?%tter, is deposited over the anode ccl]todrr1r aé"é‘ﬁé%o{gt a
second deposition station. At the third 5 deposition station, the cathode
contact 613 is added. Optionally, an encapsul ant |ayer 614 is deposited
over the cathode 613 at a fourth deposition station. As will be clear to

t hose skill ed i n Hiee Atilluttihtes depss bdctiom] segudno ©IED thaemanbelfabeodedc at hode

| b d..so that t de is d i t .the first
debos t1on o CIFIRE SRR PIOORS SCrBH G Pl A PO0s R hieard ke
station. 10 Qubb¥atd®n0 dﬂ%@irﬁ@%?‘osﬁﬂﬂs%ioﬁ] TRe 4@Ne 1FBNGIN0E |, bx%‘éﬁfcﬁighf‘erﬁﬁ&jh“ on

tothe light emtter material. The hole transport |ayer facilitates the

i nj ection of iNEpResited eyer thgenadrorpatact filet 8 Hecond denositign atatipmi At the ghingk | on
towards t r i o1y ! i i The_ el [ r.apsport
ayer ract’ 1 (SRR REN AT UE RO LR, Chfbnals AfaBaBSl el

devi ce and t hieidepositgl @ter die chiods 613 4t dourdcdepbditiat statfonz drerilille clagtertios6 B

illustrates an. OLED t hat be fabricated accaordipg to the processes

di scussed her®ilfd i a&@e%ésmw@ee@ Fhies crags sl g PSR

| ayer. An anognatGRidatfde 8depbsiteRal ﬁ@ﬁ?ﬁﬁe@@iﬁoﬁ%taﬁb’x?ﬁd @k nfiR%s @podiclilaf St
deposition station. The active light emtter material 622 is deposited over
t he anode conthadtirdgepositiorestatmond deposition station. At the third

depositiof, statio ectron & ranspor terial 623 i.s osi ted.qyer the
e 208 ¢t er BEPTREY B AGERAY leclfBh FisBir Bode St iRREL diciBle cont act
624 ks added. erfptbi fatiAly Tha hoRAGaHHH |&Rk flcaitaes tﬁaﬁlgoﬁoﬂapmém&nmoaéﬁe
cathode 623 at a fifth deposition, station. An OLED incorporating a hole

transport | ayBto the deviee and ihgicangrationfewadyths recombingtian zongiip fhedightemiliee 6C.
Fabri cation i it L. & : 5 on
The. Subst r at ok ERpdU K ucllBRODHE 1ifthiBh o R ARAN FofMIE BfodsHho kD
station, hol edavicarasgptreir migtasion ddwBE2the secampimstidgresbnover t he anode 631. The
active light emtter erial . 633.i eposited. over, the hol e .transport
e erral B o b e hagiuderes AR LER AERRS S PR oS MR

station, the gahbedacRaNt BEIOOBY of Pigaflhlincléd Mddctiin rafspBRIARSE UAARKode! ayer
635 i s deposited over the cathode 634 at a fifth deposition station..
contact 621 is patterned on the substrate 620 at a first deposition station. The active light

emitter material 622 is deposited over the anode contact 621 at a second deposition station.
At the third deposition station, electron transport material 623 is deposited over the light
20  emitter 622. At the fourth deposition station, the cathode contact 624 is added.
Optionally, an encapsulant layer 625 is deposited over the cathode 623 at a fifth deposition
( b station.
An QLED incorporating a hole transport layer is illustrated in the cross sectional
view of Figure 6C. Fabrication of the OLED involves deposition of an anode contact 631
25  onthe substrate 630 at a first deposition station. At a second deposition station, hole
transport material 632 is deposited over the anode 631. The active light emitter material
633 is 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.
30 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

i5



30 Figure U T Trustrates an O-ED T ncor porating both hole and el ectron
transport |ayers which may be fabricated by processes descri bed herein.
Materials useful in the formation of hole and el ectron transport |ayers are’
descri bed above. An anode contact 641 15 WD 2008/ 088932 PCTI US20081050103

is patterned on the substrate 640 at a first deposition station. At a second
deposi tion VQH$P2n0l e transport material 642 is depoBfTEHBF1Bhe anode
641. The active light emtter nmaterial 643 is deposited over the hole
transport material 642 at a third deposition station. At the fourth
deposition station, electron transport material 644 is deposited over 5 the

ight e ttiehufiARd ofiind iBsald 440 HRARLIRMOR KGR A 4 BfofidagEopont act 645

i s added. tionally, an encapsul ant [ayer eposited over the
cat hode 645taipn,diodd trankportmptegalttdd s depatiicd nverflbanodat4 bnllefactinelighdy er ed

el ectroni c deyice ] nvol v he formation of sta el,egtronic devices.
For exanpl &1 erlrﬁxas%{é?éﬁ ‘tstdF%ogjﬁ?f’é?/‘feEB‘,eh? cth”‘“ﬁ%"”afﬁatﬁl%ﬁﬂﬁV 46138%‘?‘?}55’8 10 on
a TFT, or \staiBn VAt &e folrth RPEsiEEN At @édtRA rahdpOrtinfudsHal Bebisfdepositb@otd:ED
deposition conprises a substrate having a previously deposited thin film

transi stior tAmieht pafter 6% At thy Bith depasition wistien the wthedd catest fAdMiaddefevi ces are
articul arl [ I ki i -ames. The

el o of T nrh gLbEebliin fyer P8 AFNRA s (L S S SBIRATS ) D on a

comon subskepesitedntG@ionl n this exanple, the OLED is top 15 emtting (i.e.,

emts away fromyrsather than. through the substrate te el egtrode 664,
constructed of ﬁrﬁﬁécrag% gﬂgﬁ @pgergg e@ﬁ‘%ﬂﬁ PEIcER g2y EJIP)(‘I }Vei%g%i@%t&nl ‘fy S%‘ﬁ}ffi%er ned
onto the sugtbitdevibR2 FanskatpR)a Bgliahaitily abaed, khdh a@_@ﬁomﬁﬂxaﬁﬁe Shqd or
A1203 is patterned on the gate el ectrode 664 to entlreI\E/ isolate the gate

el ectrode 664 THlonr vise versamie onrroniigiraiiom theanpus 8gb forrke OLER dspesitie or channel
668 is a | . j . I L. .666. 20 A
drain el ec'iac %%Iel %g%ﬂ@g%%?{aﬁ& tagjg&%ﬁsﬁ%g‘?gﬁtg{i?ﬁ %ggﬁﬁgrglsg&%rﬁa%ﬁ nﬁg{r{ﬁ&?s patter ned
on one side of GdeexahpiomdbreGBkeddlteronicsiepacsedrepattuiaty wedigiade: 650 is

patterned on the other i de .of t chanpel . 668 may, be constructed of
P e i o ity Raf i fpos D PRI afgaeure AE Soibe paes BHE® go0
ext ends OnEﬁ’xél e TSH SRR & H&BcfsubSrAO862. OhatRabrwens OLtﬂlﬁisﬁ‘t?iP; % rate 662

and the OLED stack 656. An encapsul ant |ayer 654, constructed o

mat eri alds swhingi-< Prstdandgeaether bpothyough the whstratit érgasg cleditode 864,Si 02, i s
patterned o rs . .of. th i hel.udi i | ect rodes
650, 652 any iR ARLRERS sl kil ahdRon L B PR IR
source el edifadétizha gaselickctrivecddl filoh at 81Kk ob 36, 0:iispqn@tred bn eitk gatd elsdwodb d be

noted that % el isola the Ghte clecode 54 Hom fhe stmmicanductos chatiael 68. The

semiconductor channel 668 1s a layer of ZnO that is patterned on the gate dielectric 666.

20 A drain electrode 652, constructed of materials such as aluminum, is patterned on
one side of the channel 668 while a separate source electrode 650 is patterned on the other
side of the channel 668 and may be constructed of the same material as the drain electrode ‘ i
652. The source electrode 650 extends onto the substrate 662 and is positioned between
the substrate 662 and the OLED stack 656. An encapsulant layer 654, constructed of

25  materials such as a photoimageable epoxy or other material such as Si0;, is patterned over
the layers of the TFT including the source/drain electrodes 650, 652 and the channel 668
while leaving a void above the area of the source electrode 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

30  cither 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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A arbitrary as it wll be appreciated that the el ectrode contacting the OLED
stack 656 nmay be 30 either the source or the drain, dependi ng upon the
circuit design that is chosen. The OLED stack 656 is constructed of a stack
of organic materials. For exanple, The OLED stack may include a | ayer of

4,4', 4" -tri sgibaaoamihy! phenyl ) -N 16 WO 2008/ 088932 PCTI Lﬁ%‘)@éﬁ
phenyl am ne)tri phenyl am ne (MIDATA) doped with 3% fluorinate BARHHS

t et racyanoqui nodi net hane (TCNQ, followed by a | ayer of

N, N - Bi s(napht hal en-1-yl)- N, N -bi s(phenyl)benzidine (NPB), a |ayer of
tris-(8-hydroxyquinoline) alumnum (Al g3) doped with

10- ( 2- benz ophsnglawind)ipisny]amide (MEDAT AR idhpdd-wiilB3%, fluotivdtedahydr o- 1H, 514, 11H 5

of TrE R o kbbb dapiio IR N o whEn SRR bRt Per” To
conplete a N@’J‘%ﬁ(ﬁl’feﬂﬁl}lﬁén@iﬂinet(w?ﬁyQﬂaﬁéﬂ@fﬂs@t@ﬂ@&? BRfinefall@iugl @Q%;')Ode 655

is patterned over the top of the OLED stack his top electro 655 is

const r uct eddQﬂE éb’lthtlﬁaﬁgéﬁa?féhlﬁz%ﬂ'éﬂ 7a7 tefppopptld- 2b3fa@71§ﬁﬁab¥¢’fodﬂ HWUHTO or a

thin nmeta %@5 el ectrode
655. Pri or if eyél nn PL@E%%{F‘)Z%{;? | on of X’{ﬁglaﬁg}yer Sﬂ%%ﬁ%}%ﬁjgﬂﬁﬁ ronic

devi ces, a ﬁmﬂdermlagéroffammnumj anddinkling &yomyf siteerdeposited onto the
substrate. The f du0| ma hen be used .in bseq t stages .t roperly
align the subst r al?tﬁ apafffog ougrent fhgoug %‘zﬁ g‘gat@ag@?ﬂéggo
registrati O?atieﬁ{eﬁro@&ctﬁe RFp JfR OLEB staBEf 658, fﬂhﬁrﬁp cltti IR BB S {s Bhisthlegasebstrate

havi ng 15 at | east one | ayer of an electronic device formed thereon with an
aperture natiuspsrert m@@pﬁbmh asnndipmtinepidg{BD)ton adlsip ossital layessibetdbelight| ayer i s

nec_essai(?(ntg1a 59}4%1&(% ﬁéﬁ"‘tthgfeleat?&ie gatl on between | ayers of the electronic

devt-ce. ucialrs’ may be deposited on the substrate at

a first depositPdsr tsbegmmﬁgmadapmtmeﬁ&dlsydﬂgotane aleafdnw@vmlapaﬁanbﬁt ating
drum as |Ilga%ﬁted 20 Figure 7. Figure 7 sho |Ilﬁ1dtrat|ve
embodi nent ML RESMAY ?%Poélte&é’ﬁ&tﬁ? pubstrate.af he dli‘%‘\al%l’é‘% AREBSSdi® h one

enbodi nent . sﬁeﬁl@hﬁtg@g@% bty a%"gﬁ”ct{e%ﬁbstrfa{e%?d 358 i8he @RLdue gmé? geposi ting

mat eri al through a mas I ncl udes apertures that provi t he
pattern of fdihtkyeiredistratipm t(dctdnctelomrthtt adetd rficgos i Aligyment 6f hhs SuHsuglte lhanﬁg one or
nore |a red ect.roni v e deposi ted ere t first
Taver 451 nit GRS ARR oF af Sl es S - HETRER) HERPHER Bk OF F duc ol s
The su bst I ati€pos#itn BRAbMEse@o doposit b stfseuehtUBFdr Pl c@eddiritd ﬁm&rﬁﬁlade?@xatevml ch
serves as a delivery roller for the substrate 700 to the renmi nder of the

appar at us ofcgisipion pétween layers of the electronic device.
In some embodiments, fiducials may be deposited on the substrate at a first

deposition station in a process using an aperture mask and rotating drum as illustrated in
20  Figure 7. Figure 7 shows one illustrative embodiment of an apparatus for a deposition
station in accordance with one embodiment. At this deposition station, fiducials are
- applied by depositing material through a mask 701 that includes apertures that provide for
‘ the pattern of fiducials. In addition to the fiducials, a first layer of one or more layered
electronic devices may also be deposited where that first layer is the same material as that
25  being deposited for the fiducials.

The substrate 700 begins on a roll of a substrate unwind reel 702 which serves as a
delivery roller for the substrate 700 to the remainder 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 overa

30  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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deposition stage. The substrate 700 is pulled fromthe 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 30 portion of a circunference of a
rotating drum 724 and onto another receiving roller 710 for the substrate
700. The sufst.rat O exits the receiving roller 710 a | i.ther pulled
into a sub d@@%ﬁﬁé position station, or is rewound onﬁ%ﬂg&?@b@gpgfe rew nd
reel. 17 WD 2008/ 088932 PCT/ US2008/ 050103 The dancer 704 and tension | oad
cell 706 are utilized to achieve a pre-determ ned and control |l ed el ongati on,
or stretch, of the substrate 700 in the direction of delivery to the drum

724 for a gi venTEp&@6EerdD4 bhe®teasibs ioadtal Tlire Jillizes peatint abhedathadddat e 700
is dictated by the speed of the precision drive rol]ler 708, which is

synchr oni z&%! ¢ngeladcl ?rtsat% of peedeh, of the sybsate 700vmbe diregtior RE delyeryrtophes a
recision i oi ce,

Prsed” on whar 2ATEAERE Bood BEERARIAE 160 7fhd ok of Y Abkurfl 70FRIERNGN L

deposi t i onby #w sheedad thegrendsionddrivesroleraR, vwinch iseylmhraneki@Ia#algct@ﬂle%ﬁsbdut ilizes

a rotary sepsor, to feed back control. th f the unw nd
el 705, °BERS i 7P i T B 4 B ciiph P BisPhiaho THE Biked sRossh B00 by an
act uat or Ohahﬁaafﬁéﬂgreého?&‘lbas&b@n WBBRéraRe proAdictiRinkd Zl@ﬁgdﬁﬁ)ﬁ‘éh&j?x% pe& force

readi ng that can be used to trimthe force applied by the actuator of the

dancer 704t1¢@@@ﬁﬁﬂ@¥”¢@?§@%h@ﬁ%ﬁ*?@s | ogi ¢ based on the readlngs fromthe
tension | oad ce gﬁ%f t
alteration of the spewgqg;fhggﬁéﬁgrg%\f}gpéool*ﬂ%% J@eéﬁgé}rﬁo dﬁ'zfe 11€lg%gat i on

of the subsicomtrel thOkpead offtas unechd rdh 70 @s Aesikiodig fdn*eglsrappbafdtathaﬁubstm’te a mask

d 2 whi ch el k 701 to th
o ndbr 8P B Sy 2¥ e dpce Pt PRkt enlptdee g ravda SRAEREL 701 s

pul | ed froraﬂawﬁlweqséd tzmm&&fﬁd&ggﬁe &honfatéh, ofmanaertmmSA%h&oq)ad cel | |
716 by a precision drive roller he mask 701 is pulled tightly over the

portion of Sysene ﬁmbeﬁrﬂrogwém@ awftherendings frorg thertensiondaad et 796end thesberdradt e i s
a! so pul | eﬂ‘b G?UI}L al&:r' %h?agtel;alﬁ nmgfﬁ?egéok@lte%n% Posfﬁr %Eﬂé'cg}l&&it J cont act
ubstrate

wth the s urt onto a receiving rolTer 720
for the nashngﬂlbno]l'ﬁestmmemmaeﬁtstmdthe receiving roller 720 and is

rewound _onto a sk re d reel th.the rate 700, the dancer
714 an§5ten5| on e%%“%?é‘ﬁﬁi fi2ympas &nwaldra%ﬁfgv% S8TVES #eht er i ned and

Contr0||edd&h@%&%ﬂ&ﬂﬁrmﬁhwékW@fﬁhheﬁ&nﬁﬂ&%dFﬁ%%mﬁgénh%fHH@ﬁ%@&Qb&ﬁ&ﬁ'0” of
delivery to the drum 724 for a given speed e mask 701. The speed of the

mask 701 i stegeirThvanaski’él stpadiedfiomibe @pleﬂa thtough e dpmast iV &4, omerdr tensoryload er 718,
which is al

caP716 by a precision drive roller 718. The mask 701 is pulled tightly over the portion of

a circumference of a rotating drum 724 where the substrate is also pulled to thereby bring

20  the mask 701 into close proximity or contact with the substrate 700 and is further pulled
onto a receiving roller 720 for the mask 701. The mask 701 exits the receiving roller 720
and is rewound onto a mask rewind reel 722, ‘

As with the substrate 700, the dancer 714 and tension load cell 716 are utilized to

achieve a pre~-determined and controlled elongation, or stretch, of the mask 701 in the

25  direction of delivery to the drum 724 for a given speed of the mask 701. The speed of the
mask 701 is further dictated by the speed of the precision drive roller 718, which is also
synchronized closely to the speed of the drum 724. As discussed above in relation to 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.

30 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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S T :
synchroni zed cl osely to the speed of the drum 724. As di scussed above in
relation to the substrate 700, the speed chosen is a matter of design
choi'ce, based on whether the pre- determ ned el ongation and proper thickness
of deposition can be achieved. 30 As with the dancer 704, the dancer 714
utilizes a rotgh to provide feed back to the mask 712
as a tensioning ?o?@%ﬁl s applied to the mask 701 by an actﬂlﬂg s%bs{oﬁﬁ{g}s
dancer 714. The tension load cell 716 provides a force reading that can be
18 WO 2008/ 088932 PCT/ US2008/ 050103 wused to trimthe force applied by the
actuator of the dancer 714. A control systemapplies 1ogic based on the
readi ngs fromsth® ttiense forcd a:;@ﬂe(tbjfthemiﬁamndf thpdaden? 14t Aecodirolsydt2a appliesmake a

slight alter tlo'of t he drive 718 t nt.r ol

ol ongat on ofi ok Basiratle SRAES Gre fidetsion Sy b afd Shesf oERB SIS

|7 22 ! ugﬁs af de}ﬁﬂ@latéhgm aﬁ@ta&@@om@tsfa&%tofu@tcﬂﬁm@61&&7178Oc%tc%ﬁ@althfy%mﬁ§ah?ﬁlom§ d[ um
erefore, it is necessary to have the mas be in direct contac

with the drurmasEFOhes fesiethe substrate 700 is in close proxinmity or direct

The. drum 754" as T AYAEERRL e bl 726 al i BRI T

mat eri al f | uxintemady ddthiOtht damn Bk ’Dhe'tdfoﬂej it tslmcefs@ﬁy fd ledvic alie ramstt 70 &t imr e

spaced around_its circu enc deposition material, 728 enmitted
fromthe depd¥icet Wﬂgbw"% Berbenist ﬁfi&% %ﬂﬁp’asﬁaw 10Rds Bclpse Proxamigner dissich t he
mask 701. TheRRef 4k 8% rhddk Y0 L aftP@lbarkfdg Frofl hO Wil ARPAS klabiofo 1TBiRIGGh 728

to reach the substrate 700 to thereby formthe pattern on the substrate 700.
The deposi t i of?4dwstacgs aredureay3biesigned oto tharslbwsiceympasdaiepeisdalfyxupemds he

X220, SEPER OB hEER 0 A Bl e, =

sputtering caddpoﬁ&oﬁmateﬁurms:ﬁﬁtt@lffmrd&m&p@mmsmtcamz'ﬁcopasmﬁﬁ@u@ﬁddr@mrret al
oxide materials, dielectric materjals, organic or ingrganic sem conductor

materials, hol%d % f@q%éherrawkﬁpéﬂgbme%@%#hamsaslsﬁwauowﬂwé&poqétm@%temaéyer
matertal s as PRAYLOIAE ISGH ARdo 1fiftdIANEE pEXATBA fro ibiSrfleRpS! LT On source

20 726 may be an evaporation source pur po depositing the above
listed mat er| al s oFhe depdmationrater 736 may‘ﬁhen@oﬁnfamguﬁrfapwscﬂwpafdmgwodrthﬁtyﬁ@af

d 1 726 nd t t that th

Lo o eSS Bget depasi ety S g e R

depOSI tion S OT6GRay m@ﬁﬁéﬁﬂg’@tﬁoﬂéoﬂﬁﬁ%ﬂ gﬁhﬂ@%ﬁ%ﬁd@de sgs ofHowever, it
SuUps

will be 25 appreciated that the mask 7 rate 700 may alternatively
be positi onediepesiting metallic or conductive metal ox1de materials, dielectric materials, organic or

inorganic semiconductor materials, hole or electron transport materials and/or doped
buffer layer materials as previously described. As another example, the deposition source

20 726 may be an evaporation source for purposes of depositing the above listed materials or
other materials,

C The configuration of the drum 724, deposition source 726, mask 701, and substrate
700 may be such that the mask 701 and substrate 700 pass on the bottom of the drum with
the deposition source 726 emitting the deposition material downward. However, it will be

25  appreciated that the mask 701 and substrate 700 may alternatively be positioned so as to
pass over the top of the drum 724 while the deposition source 726 emits the deposition
material upward. This alternative is particularly the case where an evaporation source is
used.

The substrate 700 and the magk 701 may also be one of various types of materials.

30  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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pass OVer THe Top o thne arum 72Z™%hiTe the deposition source 726 enits the
deposition material upward. This alternative is particularly the case where
an evaporation source is used. The substrate 700 and the nask 701 nay dl so
be one of various types of materials. 30 Exanples include pol ymeric
materials, such assﬁolyester (both PET and PEN), polyim.d Eoléfarbonate
or polystyrgﬂéofﬁﬁ ? foil materials, such as, stalnles§

steels, alum num copper, or paper or woven or nonwoven fabric materials,
all of the above with 19 WD 2008/088932 PCT/ US2008/ 050103 or w t hout
coated surfaces. However, utilizing a material with high elasticity, such as
a  pol yner pCwifuebdaddd: suff@c‘estﬂﬁwﬁw?sdtﬂéﬁl% a@RAeriR §Kth M BiBIHP 5&G A3la0N contr ol
of the elongation and f precision registration, as di scussed herein, such
that the fBeymeEe @ﬁtzealcﬁm ﬂweubaime anderayk mlvps prEvision eemtol of theslingationf t he
apertures | [ r a rons. For
el oo Hl Be BB HeholBRE o B S B B PSR e BB S 00

m Crons or véra8@hihgTietoeast ﬂm@bmﬂbfﬂleﬁpﬁ"ﬁ@éﬁn a poBneet hesipmagbogn firakdste t hat
is deposited onto. the ubstra e a least dinensigon that is also on
the order BfSCEgRUpIETons. n?ere&ﬁep eeﬂlg?easq ‘ﬁegnﬁm%wmfemhe&% for ranging
down to abewdyt 2o0Thick @R or ranﬁlE d@wn hEHoRE 5 Afidrof, tﬁ%%liﬁ%@mﬂﬁg %tu}ﬁgﬁatf jgature
size, e. g., less than abodt m crons or ranging dowmn to a

m cron. . THepositadronfo thi euhseats may hete 4 lsast direamisioo hat lscbésm aake deMﬂ%VGTE\I rcuitry
can be nade. very, hi for h-resagl utio footprint |ayered
dovi oo 1 efafiisle dy i i ol 260 B oBrraEderhitibould Pueoragabe " ¢ Shour d

be appr eci %gﬁﬁaﬁ&h&bletafnce 6hs tiaspacte sizr] 4.0, REs BadRel 5@@id§orﬂ%¥t@1§n@r circuit
feature |s Iar it may be necessary to deposit the trace by passing the

web t hitd %putrﬂdnerqavepshﬁrﬁﬁowletda@ﬁﬂa% ihgelasirenie o @‘flceﬁer AbeECIKYHBessi ve .
dep05|t|on tihr f the mask -
apertures garneﬂ.é I?ér%g? Sﬁfﬂ‘%fagﬁ”g&%?%ﬁﬁ%’;}éﬁ?%&ﬁ%%@ ??lﬁgh%ﬂe@dl nmensi onal
stability fe@furetshatleqaemmtﬂrr%wtratmhbetpmbtquedam Wt shAdldllielapprablat&dtlmt ifs on

fabricating pol . aper.t sks r.el at to this. enbodinent are further
hooer | ped " heBSpablRlio BPREHsRice v i Btk B afte it FER R PR her o 1 by
ref erence. daﬁmlfﬂgufaee@ypatmﬁg ﬂem@magmorlm&ed&ﬂ@@am@tstaﬁbﬂuml thvorcept t hat
the mask is not a roll-to-roll configuration but is instead a conti nuous

| oop. Mér eMofhcensHe deppaitiomohipngh pidiet shadowmasley sigg she gsped eatiotadtheugh dancer
804 and ov I I substrate
800 passes E’{)vlle &ﬁg)?%)llg r@ﬁ%rdlqlg% nﬁi}e&? g*nérngrfﬁ#eorg %%‘ée{&lgg Eﬁdéﬁg?sg%]ééggﬁﬁgnd is

pul | ed oveof theagirtnraig thicopdlgnerdlfiagkn ch dithenalpictade exl Sabticatingeohyendr apkeiuesi ti on

stage or | zsnasks related to this embodiment are further described U.S. Patent No. 6,897,164 (Baude
et al.), incorporated herein by reference.
20 Figure 8 shows an embodiment like that of Figure 7 except that the mask isnot a

roll-to-roll configuration but is instead a continuous loop. Here, the substrate 800 unwinds
from reel 802, passed through dancer 804 and over load cell 806 and is pulled by drive
roller 808. The substrate 800 passes over the portion of the circumference of the drum 824
and is pulled over receiving roller 810 and then proceeds to the next deposition stage or is

25  rewound onto a rewind reel. Thus, the elongation and speed of the substrate 800 is being
controlled as in Figure 7. Additionally, the deposition source 826 emits material 828
through apertures 840 of the drum 824 and the material reaches a mask 801 and passes
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

30 834 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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25 rewound onto a rew nd reel. Thus, the elongation and speed of the
substrate 800 is being controlled as in Figure 7. Additionally, the
deposition source 826 enmits material 828 through apertures 840 of the drum
824 and the material reaches a mask 801 and passes through apertures in the

mask 801 to repghookgesuibstrate 800 as happens in Figure 7.pdian8y8hso1dae
mask 801 is a continuous |oop that passes froma tension |oad cell 30 834

which is a roller of a web guide 832 and is pulled by drive roller 818 as it
passes by a sensor 838. The nask 801 passes over the portion of the
circunference of the drum824 and is pulled away over receiving roller 820.
The mask 801 redniving edich®2? thatas hegolle? 6f WEnH 088 808 88BRuRCTHWSRARBSI 850103

receiving roller 822 that is,a,r r of a tensiaone 23 and rou he mask
801 to Subscfeatat sear UGy Rad fey BenfrulailE rincho ek B O mISHEO M back
to a roller 83 @fiddde. Metis Ehifigerafier the dlorigiien SEINbbalufakd ARsk SoheopipBgat i on
and speed of the mask 801 continues to be controlled by adjusting the force

appl i ed by arfo&eeenjtadled by adipatingdhe fossraippiadbyaanpotustor of disdengioner $23and they e
| ler 81 ' i :
| ateral al orpeafbidfe dadulids i R dGs M AP RAGEEIg BEF 3 Uatile o)

I's al'so“contro gul
wher e such a latessbalignncbat o6thd nmglu8tled also comrodled by dielwdbeduide 830, wikdratuchn t o

Fi gure 10. However,, the mask, 801 continuqusly, |loops so as to be re-used.
Eventual |y, tHe SHdads Bt e Aepl! helgw 1BF§1¥tlﬂné%ﬁ%F"d{9eSI§W%’G¥= .ok
deposi tion ”Bﬁ(ﬁrdoﬁﬂimt%aﬁy%f'ﬂpg s B0 $KysehO E\@@ﬁt{lﬁlyg Hﬂ%ﬁa@k%fﬁﬁg‘t@oefrgﬁ%ed or

configuration like that”of "Figure 7 except for the cont | nuous | oopi ng
mask 801, it ciednkd thee tappildaipat depositian matesiabBantthasiagk.l oopi ng mask 801 as

shown in F gure 8 .is.,egual |ly.appli cable to the other. confiquratipns

di sc sedfdbel ow |\kﬁll£‘? g‘ﬁf’“ées@/%l-"ff’g Fheﬁoﬁﬁglga@nslﬂ%\;\gatgﬁﬁ%gﬁ’%%?oﬁ tﬁ'f’(e that of
Fi gutz 7 exceghtifiablylbepisieRnesd 80101 wiidbe gipraeat@Bad the tatiabadlyubsihgmadd t he
drum 924. Here, the substrate 900 unwinds fromreel 902, passes thraough
dancer 904 antfleéehownindigurB ivepabnapnlisalie tq theothyr epnfigerations|discussogbelowne
substrate 900, &9 0ygr the portion of the circunference of the drum 924
and is directe urther over receiving roller 910 and then proceeds to the
next deposition stBEgeershowsan emdiders hikeothat ofthigurd 7regedpt thikhths defidsgion

el ongation and s .of the substrate 900 is, 20 bei ontrolle S in

i aure 7 Bagarergas igfocsiel niRnans from gt d1om bt R iRt { om
reel 912, pasqespishésan@higlladiesr 90dlmhd avst 1038111008 anE RIpu IS, &De rbBeraR] ed by
drive roller 918. The mask 901 passes over the portion of ‘the circunference

of the drum Brzsubstents Q00masses veer thepariien ofdhe eirquafertensorny thedrer92920d ind t hen

I's rewound o n&ipec%drf&i%e? g)ver receiving roller 910 and then proceeds to the next deposition stage or

is rewound onto a rewind reel. Thus, the elongation and speed of the substrate 900 is
20  being controlled as in Figure 7. Additionally, as happens in Figure 7, the mask 901
unwinds from reel 912, passes through dancer 914 and over load cell 916 and is pulled by
( drive roller 918. The mask 901 passes over the portion of the circumference of the drum
924 and is directed further over receiving roller 920 and then is rewound onto a rewind
reel 922. Thus, the elongation and speed of the mask 901 is also being controlled as in
25 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 through the drum 924 prior to 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

30 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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;. reetr9ZZ T THhUS,"The elongatlon and speed of the mask 901 is al so being
controlled as in 25 Figure 7. However, the deposition source 926 is | ocated
externally of the drum 924 such that the deposition material 928 does not
need to pass through the drum 924 prior to reaching the nmask 901 and

substrate 900. Therefore, the drum 924 need not necessarily include
apertures. AN 2038932y the substrate 900 is in direct cBRIHEIO§FHH3t he
drum 924 while the 30 mask 901 is in close proximty or in direct contact

with the substrate 900 with the substrate 900 bei ng positioned between the
mask 901 and the drum 924. 21 WD 2008/ 088932 PCT/ US2008/ 050103 While Figure

9 shows the, con i anoidfs hbRlalrbBE ik EYAERL7 LRt hpgeposi ¢ on

source 926 being | ocated externa rum 9247 1t e appreci ated
that the exepostimn sbacab2obeing lovdted ektgrodlytafde drom92é, © 24l beapphesiated thatFi gur e

9 is equally, applicabl.e to.the other conf..gurations..includi ng,those of
Figure g afte RS I8 400d AeRbif o LR R Bt ptitRke T hat of
Figure 7 excpplicablaas tHelvfhes ubifiguationsliafldding iios@eyFiaas saind Bgsts aneipayer of
the el ectronic devices deposited or otherwi se fornmed thereon. This

previ ously f or nediguss H} shows ap emppdipanidike that ARFiaNE Topxeent dlat thejspbadrater 10084 st

one | ayer i L i . : i i th
provi ousl y VAR K 1Ll BLAGSe of R Rl O e B S B el G T o
det ai | bel owheredn. dihiseprevidislpformbedlag@eant be prepas& udfDanyvprodess. Einsdy &dastat e 1000

during deposition of the.subsequentl, formed.l ayer. is used to, aghieve the
gt St at | o ARE AUy iF BRoS. fe Tt B PR B PSP GNP FOPT B R Lbet 1 ot o

1000 unwi ndeoﬁﬁéareree@Ad th Rder RASS®Posifel AYARHBACR ML QétaRBEloRYAlenhread cel |
1006 and is pulled by drive roller 1008. The substrate 100€S®Basses over the

portion Wf tdiherperurniuasie leH with thasutstreim! 00D duringdicpesitian afithewbesqueéntlyt her
over recei V|f§1gné’dq%lfeggs ‘&Q&%&%{r{%@% &g%%@ﬁ%ﬁﬁeﬂé‘g%%n%ﬁ;&next deposition stage

or is rewound ont rew n I'on and speed of the
substrate 1000 i $n theetibgdiernt sfHiged 10Shd subkivage t @0LnwASHSi fionoreal 1002, mssdsappens

in Figure 7, the nmask 1 unwinds fromreel 1012, passes through dancer
1014 and ovehTOPEREAICE] hjoggeii%o‘éﬁa&)ﬂggelwqﬁea&g 18013)1]11&&5%1*1%%%@?10%1 A The mask.
1001 passes sﬁgﬁfatetlrﬁ)@()@@srséé &J%rﬁlfepﬁ)ﬁﬁrl%f{h%l&%ﬁﬁﬁ%& 8f the BRin? Podrfm;sL 024 and i's

directed further over receiving roller 1020 and then is rewund onto a
rewi nd rkel digsRd fifthesover reseivingnglariloti enddhepmecteds totthengxh depodidion stegal so

? ﬁie ngl gﬁgg[ ioolg lﬁse rg\rz{agxidp(i)élg%alz i eglé]rétgreéh '@@‘ﬁﬁtﬁ%&éﬁné&ggﬁ gnci ssljegdj r.c)jti tﬁé sou%zsitlratg ?&}Ori(s)l of
being controlled as in Figure 7. Additionally, as happens in Figure 7, the mask 1001
unwinds from reel 1012, passes through dancer 1014 and over load cell 1016 and is pulled
by drive roller 1018. The mask 1001 passes over the portion of the circumference of the
20 drum 1024 and is directed further over receiving roller 1020 and then is rewound onto a
rewind reel 1022. Thus, the elongation and speed of the mask 401 is also being controlled
as in Figure 7. ()
However, there is additional control of the elongation and speed based on sensing
the fiducials of both the substrate 1000 and the mask 1001 to maintain the substrate 1000
25  and mask 1001 in proper alignment in the direction of delivery to the drum 1024. Sensor
1038 senses the fiducials on the substrate 1000 while sensor 1048 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 either leading or lagging the mask 1001.
30 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 fransverse

(lateral) position of the substrate based on the sensor 1038, sensing the fiducials to
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the fiducials of both the substrate 1000 and the mask 1001 to nmintain the
substrate 1000 25 and nmask 1001 in proper alignnment in the direction of
delivery to the drum 1024. Sensor 1038 senses the fiducials on the substrate
1000 whil e sensor 1048 senses the fiducials on the mask 1001. The relative
speed bet wveenyldwessashr ate 1000 and mask 1001 nmaybe adj u%@%syﬂivﬁogofbg drive
rollers 1008 and 1018 respectively to conpensate for the substrate 1000
either | eading or lagging the mask 1001. 30 Furthernore, between the | oad
cell 1006 and the drive roller 1008 for the substrate 1000, a precision web
gui de 1030 receives the substrate 1000 and controls the transverse
(lateral) poﬁﬁilerrxﬁneﬁiettamvesa@bmsiﬁan el\/ba'mgdvebaham tswiency to10B8, trapevesiclygpnt he
fiducials tochZ M\O 98/ 08 h1 2008( 0501 d@teberm' cP thransverse
g WS HaVe® éns aé‘ﬁ%?e Cy P HE Ve ?‘b’ﬁ‘% Fé‘éﬁl‘é}m&ﬁ 8% ol 1 ers,

position. MvVi

but in nost ippeisefsleance dfat lbansV/eMthesNRbtfbatreirténstR MBiNfr@hnoOZ, Wb tHRI N a
preci se tolerance, of at least 1/2 of the smallest feature dinensi on at the

drum 1024, s&vebraidei@B0 adinsiethe dransvatse pesiton pighe subsisaie [QQ0. Jdsivabaridsil03he
substrat e510QQ.,,4Lbg rﬁ‘f‘ﬁ’ o1 ig%%%ﬁwﬁfokﬁ‘%&f%ggcﬁ%&’i}fe’?%ojso'fh%rfr 334 thaly’ AME

1034, and a second I ane e pivoted 1 nto and out
of the page as psmtndnntatandi opl ofdhe yrge At shatwntdh e pedypgoiot at fliereslpe obﬂiﬂsmollélomzz in

order to QUIde t.he subst nd .c e its transverse position on
driver roll e sy, gugﬁdﬂ%%ﬁﬁtéaq%go E s (i3psyeriR pag i %‘Sh‘fer ISt eci si on
web gui de suipe®lagd hedcebRidsum @uzmﬁsre%faﬂb@b&uw BekcisihnWeb guRtRtsaRiblSRpliicat i on
Publ i cation No. 2005/0109811 (Swanson 10 al . ), incorporated herein by

reference. SiPHTNOSE ¢ap bedpundia sﬂéfwépphﬁé@%@ﬂlcﬂml N@&@Oé@ﬂ@%i@ {$wansen t he
drive rol IOer ?,Q@ i0co oﬁfeﬁ%?eg%)@%e&%’ de 1040 receives the mask 1001 and

cont(ol S the hsverse posi the nmask 1001 based on the sensor 1048
sensi.ng the fi ducnS&iuﬂsartydodmbaﬂask Meo 1, betwictiaths tevdell 1pDGard thadrivenelidriangver se
position of the nmask 1001 al so in a reci se tol erance 15 at the

b
drum 1024, s& WESQRRe atile%?%zrece&ﬁsa@qég#r%@o% AhOrEPls dhe EEYSIPASHIOR AR nask
1001. The weh ﬁhﬂkdl%Oi-@Q’é}d'oﬁ%é’sd:ﬁ%rQOfiS §E§1§m ﬂlelfﬁﬁlcﬂl@‘l@det@m{lﬁ@@i@ trafd e and a

second roller 1046. The frane may ivoted into and out of the page
as shown at @opiiont Tlpmtranquse nds@mn@d the mefskﬂDO krwstalsodre witipa precies tarance

To16, and nedbecanin i fo3 esyidia IATREHEB-RREHrE Roul b Bk B con e

used in conj Urhetwedrpuidet 1040 inchilBs bﬁrst HiRe 1042(le pemd e 44, yndd s@@n@magm%on
control system Sim|larly, an elongation control C systemcan be used in

conj uncti on vibefragie l@éﬁ%basv@@tqdﬂa@ﬁ@ﬁaéfrﬂfﬁ@e R 45 thOWASH) & PE@L point ai the

edge of first roller 1042 in order to guide the mask 1001 and change its transverse position
on driver roller 1018, and hence on drum 1024.
20 A transverse position control system can be used in conjunction with or can be
used independently of an elongation control system. Similarly, an elongation conirol
( ' system can be used in conjunction with or can be used independently of a transverse
position control system.
As in Figure 7, the deposition source 1026 within the drum 1024 emits deposition
25  material 1028 through apertures 1050 of the drum 1024 to reach the mask 1001 and
substrate 1000 over the portion of the circumference of the drum 1024. While Figure 10
has been related to Figure 7 in terms of this configuration being used as an 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
30  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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position control system As in Figure 7, the deposition source 1026 within
the drum 1024 emts deposition 25 material 1028 through apertures 1050 of
the drum 1024 to reach the mask 1001 and substrate 1000 over the portion of '
the circunference of the drum 1024. Wiile Figure 10 has been related to
Figure 7 in_te this configuration being used as an_IJitd posi tion
phase, it w“quoﬁgosg%ﬁreci ated that the configuration of nﬁ@hé‘%@iﬁo y al so
be wused as subsequent phases for situations where the substrate 1000 i s not
proceeding 30 directly fromthe precedi ng deposition phase, but has instead
been rewound fromthe preceding phase and then introduced to this

subsequent phas@ightfeorn shbes biwhbsllimes!likd HdPof Figire Wex hbOBE Qubbtrate 1100

PCT/ US2008/ 050103, Fi %ure, 11 shows an enbodi nent |ike that of Figure 9
except t hats prAgdedwith fiducialy ueieg a fidugiyl dopasisignmracassiildbic The Sdugdalng a i duci al

deposi { | 0N 4B ARG DL A0 14 Bl NG ALiaLSPAR ISk b N 06 BFp kAt APl et he
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conme i nto curstraetl 100 his cohe intb contadtevitribeciofuntfirenatrafitheldi@s 1324 byrprior tc 0 5

t he poi nt t k 11 hes the drum, S the fiduci al
L' ey 3t n 0t e oEr R g, A TSRO SR8 Pt BRI 57 lrtaf Y BBEHGS ot o ned
bet ween t hey fhglafink 812, 30@ion a8ektiabien ABS ke MbPaid@thetvi@n Bheobithid Flodevi ce

| ayer may be deposited during thi _swé{éhase wi t hout al so sinultaneously

deposi t i ng ahd theanask 4 1&k andrle degtionivedesicr lyer may beodrpotisdidigns hismhase t he

substrate 1} [ . - | east one previously
formed el eé"gl {r%glr#lg!g Z@ﬁlﬁa&e%m%s%e’b@sﬁémp%@r@ém er@%s\rﬁiﬁw%aéwr?a?'duci als deposited by
t he process 114 somy doefigigedbisothakhibgtatt he00adediverad &onasdl 110D iaghave d1e
substrate 1100 to achi eve registration between the at |east. one previously
For mod 06) JS Tt PN o PR dETES BYE QB A AITUPER bel ng
deposi ted Rigpdsited BLMEPtdck AN 146 hay b Gsedfito i Gith&agelturclmadkapPhipinef how the
fiducials may be foormed onto the substrate by the fiducial deposition
process 1148bstraie|1d8@ tosashicveregistationdisoecn dipos ilqastome previmmslydbtmad on or | aser

mar ki ng, ¢ ] 1L 1 . )| ; | i and
ot ng. - RorREt aRes b B YeERom b Pher SERE B BBLG R oy
reel 1102, spaissefFighderiough dancer 1104 and over |oad cell 1106 and is pulled
by drive roller_1108. The 2 bstrate 1100 passes over the parti.on of the
ci rcunference oﬁxfrﬂ%leﬂ?{}?ﬁwltgﬁgﬁil%@? 314 hg%ormﬁgmﬁeﬂﬁ B 1?Béth'["%Qu‘fli"lduci al
process 114@QsishiohlfiEidss 1130 MRl efriHé,thagér &Fﬂ@sﬁﬁtfn‘?fé@ér\ébﬁﬁon bPlabgr 1110, and
then proceeds to the next deposition Stage of 1s rewound onto a rew nd
marking, chemical milling, chemical etching, embossing, scratching, and printing.

In the embodiment of Figure 11, the substrate 1100 unwinds from reel 1102, passes
through dancer 1104 and over load cell 1106 and 1s pulled by drive roller 1108. The
20  substrate 1100 passes over the portion of the circumference of the drum 1124 including
the portion where the fiducial process 1140 is aimed, is directed further over receiving
roller 1110, and then proceeds to the next deposition stage or is rewound onto a rewind (
reel. Thus, the elongation and speed of the substrate 1100 is being controlled as in Figure
9. Additionally, as happens in Figure 9, the mask 1101 uowinds from reel 1112, passes
25  through dancer 1114 and over load cell 1116 and is pulled by drive roller 1118. The mask
1101 passes over the portion of the circumference of the drum 1124 and is directed further
over receiving roller 1120 and then is rewound onto a rewind reel 1122. Thus, the
elongation and speed of the mask 1101 is also being controlled as in Figure 9.
However, there 1s additional control of the elongation and speed based on sensing
30  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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reel. Thus, the elongation and speed of the substrate 1100 is being
controlled as in Figure 9. Additionally, as happens in Figure 9, the mask
1101 unwi nds fromreel 1112, passes 25 through dancer 1114 and over | oad
cell 1116 and is pulled by drive roller 1118. The mask 1101 passes over the
portion of tWO 28480882 er ence of the drum 1124 and is dir REEESWHWEHET over
receiving roller 1120 and then is rewound onto a rewind reel 1122. Thus, the
el ongati on 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 30 ngdtéjfbglt Iﬁasﬁfl 1???1%@%'&1%%%1% ggllng e}ﬁﬁ@lﬁ e gtgeﬁﬁt%%f? 5 ntain the

mask 1101 in roper |gnrren rec ery e drum 1124
with the fith#di al patterning process 1140. The relative speed of the nask

1101 maybe adjusted via the drive r e to 24 8(088932

PCT/ u52008105010‘%m%68ﬁ%n23&t’%°nf%f‘r10? 'ée“nﬁéé anq the dgive Fﬂé\ﬁg &g@dgﬁﬁcﬁm “&89i ng
the fiduci apyigai{3rd3hi&s Rﬁﬁﬁﬁasﬁrecﬂe%féran@ﬂ{e%ﬁé%fs% 1po§lﬁéﬁ‘6ﬁﬁe & 1@ad cel
1116 and thé drive roller 1118, a precision web guide 1130 controls within

a preci sk tbased emthe S@Its@r{lmrm@m‘édm qn thamesk 1 HE tadsierniing the3rabsisesd on t he

oot i on.  ThETEy st g TR b RB B ey gy BFh ST B Eud PRl 1723 2

a second rf.dubemlsl%e frihe 1ﬂ5aﬁﬁybé§ﬁofmmtban@omwﬁ¢pagé@s@ﬂdm@,ué iobt t he
page as shown at a pivot oint_ at .the ed first roller 1132 |n order to

gui de the nﬁ%lRtaHlEﬂedﬁﬁﬂf firg w&srmélmfwdah@\s@rdgéhwgﬁml@h aph RSBy rol | er
1118, and hg%@ twﬁ}]&]%ﬂ,e rAﬁl NS nruh Ng24leposi tion source 1126
rum

| ocat ed externa emts deposition material 1128 to
reach t h@ mask 1A9m1%1gute§utblstdamsmomsem'ccﬂ/b?:6 Iommemﬁ]yofcbﬁedﬂmllm

El Sere So° ontuplerbhB T FHEAFln S Budor DA SERRIAPE R el bR O o

previ ous de@ﬂﬁbbﬁ@ﬂnﬁfeﬂ&dmh@.ﬁruﬁpﬂQﬂ_Gd to being 15 delivered froman unw nd
reel. As in Figure 10, since the fiducjals are already in EI ace, alignnment

may be mai nt ai nebigwEtiiebavs Hecmpasimentiike tabol E}&'eretlﬂéxwma thosubs@ate hat t he
el ectronic g%dﬂlgﬁ%%gﬁafv%réﬁrcﬁregﬁfﬁ ta%‘?eﬁcfhgyeﬁsﬁforﬁ?as{tdﬁféﬁ g%%‘gxsg& to'b%i% t one

previously posi el'ectronic devi‘ce I rent Fi gure
12, thelSubdtlivated flo2®h wswing el.vAas irf Figure t Desinpe diecfidueipls 20 alpdudg & piacreect ly at

2 hension | Qaessl b 170220 L5, RULL S B il bl 1208y g spbstrat e
di rected fagfch®inic device layers are deposited in registration with at least one previously deposited
electronic device layer.
In the embodiment of Figure 12, the substrate 1200 is received from the preceding
20  phase directly at a tension load cell 1202 and is pulled by drive roller 1208. The substrate
1200 passes over the portion of the circumference of the drum 1224 and is directed further
C g over receiving roller 1210 and then proceeds to the next deposition stage or is rewound
onto a rewind reel. There is no dancer for the substrate 1200 for this phase, so the
elongation and speed of the substrate 1200 is being controlled by sensing the substrate
25 1200 tension at load cell 1202 and slightly altering the speed of drive roller 1208 and drum
1224, Purther minute adjustments to substrate 1200 elongation 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
30 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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oVer recerving rolter 1210 and then proceeds to the next deposition stage or

is rewound onto a rewind reel. There is no dancer for the substrate 1200
for this phase, so the elongation and speed of the substrate 1200 is being
controlled by sensing the substrate 25 1200 tension at |oad cell 1202 and
slightly alt speed of drive roller 1208 and drum_ 1224 _Furt her

m nut e adjusS&éﬁ@@kgﬁssubstrate 1200 el ongati on can be mad&T ﬂﬂﬁFﬁEPlng

the rel ative speed between drive roller 1208 and drum 1224. Additionally, as
happens in Figure 10, the nmask 1201 unwi nds fromreel 1212, passes through
dancer 1214 and over |oad cell 1216 and is pulled by drive roller 1218. The

mask 1201 passes Th¢Rfis bdiRtidar §dn€bl ﬁQh@éloﬁ goi hik B@cﬁlﬁa@&?@n Shnsihfehedr um 1224
and is directed further over rece|V|n% ler 12 and then is rewound onto

a rewind redidugialnf both e subpteate L ¥ 0qad ﬁﬁdngﬁéﬂméwﬂ¥m@5ﬁﬁ§%e1@%U@mis al so
being contr ;}H ﬁ%@?m‘ flo O;%:ér i §ira fx@n indRe X%Qcﬁgﬁ’gil@e%@éﬁbas %%9@@’ Q30k03  There

is addition contro ongat1 on and spee on sensing the
fiduci al s of 12386énsedvbe ﬁdnlusals e the 5aramri@00 vhilersenkor1208 s¢nscsnthe fithaiials bine

bstrate, 1200 and e 1inppro recti on of
ol tvery o Braad (0T 35e etas Bl be5en LERUA a0 o mpd e
substrate 120hswWaivi£the 8Rediolidrh480SaHRI8 rrésge&lw@hy% @érﬁﬁv(éﬂﬁatéfdr*ﬂ% JuBstatel 201.
The rel ative speed between the substrate 1200 and 1201 may be adjusted

via the dri vb’loﬁ)éﬂh@r@dlllg%liﬂﬂmgﬂmlgaﬂkelgﬁbct| vely to conpensate for the
substrate 1200 g

bet ween the | oad (%tp%f% g angnﬁiﬁ %%929920 %edr@%ér%ﬁér 126 g&gﬁ stra’tee
1200, a precl@bpmmhogwieﬂgum%m(hewwasei&: mlbﬁrmlm}maﬁdeoﬂﬂmmndnwaﬁérol s

t he transyverse, osition.of the, substr base t he sensor,

Sonsi ng The RioHGE PERS St ARSI Ghdns HESE | IHE PR B 5t Rbo ARG gui de
1230 i ncl udet%anewfrserp%kmwl Tﬁe’wé‘t?-éﬁde B30ARIcE 4 3t rARY 1832, 98ERA28S1hen 1236.
The frame 1234 nmay |vote into and out of the page as shown at a pivot

poi nt at thesee@zjéoléefr 1f2 sTher’rilsam@H%mherplmt@bmmt@d@m@féh«t prgess Bysmngate 1200
and change r on drum
1224 155 it RONEAE AR BRI £ bl Elo fiie b bty 1 Ewa R8T
drive rol |l eritsitzh8versegopitier bs davernaller §R08]) andlZehOe o deiny 224t he mask 1201 and
controls he transverse,.pqsition_of . the k 1201 based on.the se 1248
sensi ng e fidu “&ﬁ%%f@fg@t i ﬂ@l tbﬁ‘é"eF‘? Qﬁélr°§ﬂ, it P%ﬁ“veliﬁgerv@r gui de
1240 i ncl udesp@cifibh $eb kRt €540l 6dvesdnd &@émﬁ?% ccf%ﬁgls%hes@eﬁﬁ{?&se FRitloRof 1246.
The frane 1244 may be pivoted into and out of Pa ge as shown at a pivot

$

20 point at thhmagdd1besedionghe seppdrd 248 eaging ﬁlecﬁd@lena tto deferindine thhdrangvsiee 1201
and change | 150%1’[101‘1. The web guide 1240 includes a first roller 1242, a frame 1244, and a second

roller 1246, The frame 1244 may be pivoted into and out of the page as shown at a pivot

20  point at the edge of first roller 1242 in order to guide the mask 1201 and change its
transverse position on driver roller 1218, and hence on drum 1224,

As in Figure 10, the deposition source 1226 within the drum 1224 emits deposition
material 1228 through apertures 1250 of the drum 1224 to reach the mask 1201 and
substrate 1200 over the portion of the circuimference of the drum 1224,

25 Figure 13 shows an illustrative rotary motor position and velocity control system
1300 wherein one of the systems 1300 may be used to control the position, velocity and
torque applied to each drive roller and drum. The control system 1300 receives a position
command 1301 as input, and this command originates from a trajectory generator as can
be appreciated from one skilted in the art of motion control. This command is provided to

30  aposition feed forward operation 1302 which then outputs the position feed forward signal

to a feed forward gain control operation 1312.
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‘transverse position on driver roller 1218, and hence on drum 1224. As in
Figure 10, the deposition source 1226 within the drum 1224 emts deposition
mat erial’ 1228 through apertures 1250 of the drum 1224 to reach the mask 1201
and substrate 1200 over the portion of the circunference of the drum 1224.
25 Figure 13 sl lustrative rotary notor position a f

control systeW%%g@smherei n one of the systens 1300 may bgga)é@%idafﬁg&]?gntrol
the position, velocity and torque applied to each drive roller and drum
The control system 1300 receives a position command 1301 as input, and this
command originates froma trajectory generator as can be appreciated from
one skilled in thdhapositdn sommand I30h iy abdo, sufimed vothranathdr signgd thew isdeskdton a30 a
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0 generate an qutpu at..is applied to ck filteri oper at.i on
1308 o pr oviHENRE rgiedivithe PPStoregirdan s hinsinatit 7 0 8epeian
conmand 130_1-co£[tm1&r$Bgmhich%uﬁah@ra_st@m thet i@sRAaed WRR twE ATitiRk] §Enak310 whi ch
outputs a signal that is sumred with two additional signals. e feed

forward gai n si gndhe &sdgervasy sain sigheeuipubbyvie deeddvmvacdeain odntimpepesttioon 10
1312 is gt S| . DOS] t] rQller. 1 al ong
wtha moor 1 pot ErEa SHLA bR Bl PR REb R AR IFIY Bl Fn gt
posi‘ti on feedokitionived feteratd febdbaek sigpe fiad isautphd b pavitbn Bedssad delivaivgh a | ow
pass filter 1315 and_ that .is bas%ggon a received g&)tor. gosi tion feedback

signal 1305. OpRationsi YdAnd ispassqdd P lRgtiPase Bl P gpd that s dpssd oo dt ar y
sensor nount er@ce%dmoﬁdgﬁfowf@edgscktt' 2l Pi03" ThidRtenkS1 385 Tt fh ¥ Righo! | er

15 or drum The output of the summation is then provided to a |ow pass
filter 1320 whepsson totary sansprsmotnded quy the puedure of the wasitercghatys drving olifierroig22.

1" then 1 ovragn: S BRaT AR PRy i i S Bl S BR oo SPGB dos

an out put to gaiput Beled @owWaedtogavdlociipebitdlien130318 to produce a second feed
forward gain signal. The 20 second teed forward gain signal is provided to a
current feed forwdba fesgdpararé gain signakoyiput by the feed forward gam operation 1312 is

then provided to a velocity feed forward operation 1316 which provides an output to a

feed forward gain operation 1318 to produce a second feed forward gain signal. The
20  second feed forward gain signal is provided to a current feed forward operation 1324 that
supplies an output to a feed forward gain operation 1326. Additionally, the second feed
. forward gain signal is summed with the output of the velocity controller 1322 and from a
web commanded velocity feed forward signal 1307 which comes from the trajectory
generator. The trajectory generator generates a position reference for each roller’s control
25  system, including position and velocity in proper units. The result of summing the
velocity feed forward signal 1307 with the output of velocity controller 1322 is passed
through notch and other 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
30 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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supplies an output to a feed~forward gain operation 1326. Additionally, the
second feed forward gain signal is summed with the output of the velocity
controller 1322 and froma web conmanded vel ocity feed forward signal 1307
whi ch conmes fromthe trajectory generator. The trajectory generator
generates a position reference for each roller's control 25 system

i ncl udi ng pd<Y OHPESERA vel ocity in proper units. The resBETUSIOEHBNg t he
velocity feed forward signal 1307 with the output of velocity controller
1322 is passed through notch and other filters 1328 and is summed with the
feed forward gain signal as output by the feed forward gain operation 1326

and with t il I t i ninput to a
curr ent  contrar e ur 335 gt OE M sy RS LIOBERD e by SRR D 1 o
current t o pokigomof the makkat Thescodirohsystgmd 400 ieeevesal gositicncomimanmd 1#01gusr e 14 shows

an illustrative i.de noto ositioon and velocity contraol  syste 1400
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of the 27 MGx2Q08f R&BAI3sifsT {208/ ﬂﬁ@é&%narﬁiﬁb%%dv?&eﬁtd\@?bﬁﬁﬁl fgegond one of

t he systenms 1400 may be used to control the |lateral position of the mask.
The contsr ol fornasd eppratipgd 4p2which dhenpuprmts the psitiogferdrfarward sigadl topfgsdt . and this
comrand oriqgi hg systemthat detects the fiducials

i ndi cative fg a @?%Iﬁfé})l&%ﬁl@ﬁqﬁw’t he web. This command is provided to a
posi tion feed 5 Thepostich ayxamaili 1d0] kA4lkd suinel withanothet gigiiab tHahid basediohiaon f eed
forward sign to. a.feed for ain cantrol operatjon 1410. The position
command 140844 toiipl e Tt LI e G gRAIoT R NG BACHBIIAOR " oad
posi tion feﬂéi@@%siﬁbﬂ%hbm%ﬁﬂm_iwe@&b&?&l the bakid S B@Sprekbikioh GhespPer at i on
1404. The |oad position feed back signal 1403 is received on the basis of a
hi gh priéci seser mopeted ditgtly on serwebogwidesnrer. rhwtfeed forwardepenetiongifidde frame. The .
feed forward operati 4 A n t. 0 observers 1406 that use’ -
ot her interha Ef%iagr?%ﬁ’gt ttjoi)})%aeéwrr]eg-% g%/de‘sq g% ugﬁ?ﬂégrtlg%{'[ﬁg?g? & tﬁ&ﬁ?‘{r%tg %P8utgu{]eed back
fil th er ihng ahatrigdpptied ﬂ:‘h&gadb@cl@ﬁlmﬂngﬁp&hﬁorsillg)ﬂad) pﬁoﬁﬁite tl%ﬁségmegﬁt isvel y sunmmred
with the positjon co nd 1401. This signal is then fed to posi tion
cont r ol | er PERATElHER Ottt he pesitigngREmanA A¢01. sThiy sened 18be fof 52 BN onal

signals 15 dh8013 38 PRLPVLIEE S{Eﬁﬁc{h&%m&%@ﬁm @aﬁionm&@urs by feed
forward gain control operation 1410 is sumed wth the position controller

out put ki gridcussad Pelavong with a notor position feed forward feedback signal
0 UL e RS 7oL I Pt S8R B P Rl
Mot or posi tsuMimed with the position controller output signal 1412 along with a motor position feed
forward feedback signal that is output by position feed forward derivative operation 1409
and passed through a low pass filter 1411 and that is based upon a received motor position
20 feedback signal 1405, Ths signal 1405 is received on the basis of a high precision rotary
sensor mounted directly on the armature of the motor that is moving the web guide frame.
The output of the summation is then provided to a low pass filter 1418 whose output is { b
then provided to a velocity controller 1420,
The feed forward gain signal output by the feed forward gain control operation
25 1410 is then provided to a velocity feed forward operation 1414 which provides an output
to a feed forward gain operation 1416 to produce a second feed forward gain signal. 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
30  ispassed 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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20 feedback signal 1405. This signal 1405 is received on the basis of a high
precision rotary sensor nounted directly on the armature of the notor that
is noving the web guide frane. The output of the summation is then provided
to a low pass filter 1418 whose output is then provided to a velocity
control |l er 1420p20080ssbeed forward gain signal output by thecraggykeiie d
gain control operation 25 1410 is then provided to a velocity feed forward
operation 1414 which provides an output to a feed forward gain operation
1416 to produce a second feed forward gain signal. The second feed forward

gain signal is provided to a current feed forward operation 1422 that

suppl i es an ouPPR a eyt petelienl 8 r dhe airenbprntgllpiolt28 Aires. ouyé & (usieal tby, t he
second feed i i i with the output of the velocity
controller 14%%&%@1&?2%{@?‘?{1%@@!%% asge% ighr ough notch and other filters
1426 and is sumedigiré 5 thuevsomtifhusiratite wétefidueed reglsoaniad contral syseper@ition 1424
and the actual .notor current neasurene t%(iluéelo Srto provi de an
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the web guide frame. Figure 15 shows an illustrative web fiducial
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command 1501 as,input, and this command orjginates froma trajectory
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1502 whi cfy then Ouflﬁgagﬁiiglggon@gxﬁr#o@h élg@ﬂnﬁlﬂéd"@{tﬁia@tﬁl’égglfn&%& id GEG §of War d

gai n-eontrol operati e position conman I's al so summed
wi t hianot her welgpmitionedd task bigsdd 56 Ehe wabtposiien tfeedrbatiesignad 4503 isirgpaakd 1503.

The web positio eed ck signal 1503.i.s recei.ve on the basis of the
ongi tudh nal - Wiole BES o tB ongutiR ngR apsich, T ST P e B R BeRieat s
posi tion, or sl gkitibRdMerdidBicnaeitldaMhen! NERNGED lﬁﬁﬁiohifgaabﬁmvga@pksosiignal
1503 is provided to observers 1504 that enhance the position signal

gener at ed by PrHudedivabsersgrs 1384 thpigwbansg thanositien sigpaligsaeraigd by thesemsae aad
filtering;ope ' ' ' . i1 : ition
conmand 1501, s SlkpEbBAehIRalh & cdadk efth PR ichIBIS b o HaBE' | O3
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addi ti onal signa as wi.l.I be described.in the follow n ar agraph. The feed
forward gain @F’b}l:?zltoﬁl??%’ﬂ&“ Wtrf’ﬁ%" lﬁé@&’?‘f"br‘\?ﬁu& @%W?@f@h’glsgmmﬁgﬁ? f18n

additional signals as will be described in the following paragraph.

The feed forward gain signal output by the feed forward gain control operation
20 1508 is summed with the signal output by the position controller 1510 along with a web
feed forward open loop position compensation signal 1512 that comes from the trajectory
( o generator, The output of the summation is a guide position command that is then provided
to the web position controller shown in Figure 13. The motor position and velocity is
obtained from the motor 1516 and a corresponding feedback signal 1518 is provided to the
25  motor position and velocity controller 1514. The motor position and velocity controller
1514 includes a sensor position offset compensation with line speed control.

Figure 16 shows a portion 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 2 the features size. The

30  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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20 1508 75 sumed Win the si gnal outﬁi’ut’" by t"h"é_wbbsi tion controller 1510

along with a web feed forward open | oop position conpensation signal 1512
that cones fromthe trajectory generator. The output of the summation is a '
gui de position command that is then provided to the web position controller

shown in Figure 13. The notor position and velocity is obtained fromthe
not or 1516 r?dzg?‘@g’?:’?espondl ng feedback signal 1518 is proVPHaW/HYNEhe 25

not or position and velocity controller 1514. The notor position and velocity
controller 1514 includes a sensor position offset conpensation with |ine
speed control. Figure 16 shows a portion of one illustrative enbodi nent

where the i gduchal corfe%ﬁbxfs%ﬂie‘e‘?dhghéoﬂ%‘d%ﬁbﬂfgf HEbWRERe tl@&) ABpHaRRd the

substrate to allow for the desired feature size of several mcrons and a
registrati QntOtthﬂ rorgencef the ¢igurifereficsat treakurg 1924 arfitberBexitobert 1630 dirad00 passes

by deliver nd th sses through web guide 1640 having
rollers 16 hg%ﬁeékgg%u%%g%ftﬁgmﬁ P8 1644, Then, the substrate passes by
the sensor 1648hdhadk WO esfefs d Wieb hdedish 0dhviag rAlRE 1682 hid B638 moVREdResi ti on.
The drive raoller 1618 29 WO 2008/ 088932 PCT/ US2008/ 050103 makes_ fi nal
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ong t udi Al ARGT s S Cie e ARr s R esh O VL B 608 makes

final correcti opsrik@opediftion] MB FdstHO serdBl 048 |aAE iteYnAk séR6r 138 loudhEPketns it
travels onto the portion of the circunference of the drum 1624 while the

exit rdPl epostgariepbagesignalnie apiain copallenhpiz. fihsmireinsonreller thep genarties ng o
operation, gf g@ga%b@u fata]%&w%éﬁ%mgx%ﬁé’én?e&]%:th DBGL %@3&0 B3 QUL web 100
ee I gnal s

position f to a strain cont Ier e strain controller
then gener aystgn tealmiquet phereis ittgnaluctod oae viriableds ettientiddnsahpen keowd Gldes A

virtual ten n ohs GrLyeL, LS a .control stemtechn etein the val ue of
one vari abloz tggr\rém Mt ]i‘fe’a’ﬁgséﬁlpﬂ)ﬁ@ﬁ%ﬂ?i&ﬁtﬁpﬁggm Cﬂ‘ tAHCRES i abl es.
Coservers vy emeMidhdnt ﬁg&h&e&sm@grlis%aﬁwomoha&g%@@m dﬁwaﬁﬁ’cll@ S
measurenent | ag, increasing Its accuracy, providing the val ue of a

vari abllé tist tsrdaﬁﬁculé orfintpopsable to weaspreirsetish lrée vistupkiaraigreotspverctfisy themhe

virtual tenshanoPRSSINED oAt DB SRNEGRER ki BAKAN Blhelfipnebs, ased

on the pos rovi rain con Bnd the
mat eri al paoardlect&2faad tttehﬁatsmb) phmakrrsabctht bebstras lkind &tednegkmrl@bmates he
2;??2& It Sgsﬁeoprllogeﬂ ng1|01r1] tséstpct)ltcl)ts t(? %sg;r%gnrp cc():notp lregl eltsex{rglfs as ad&’%ﬁona C(?r?ecggedl tional
position command offsets that may be added to cither drive roller. The virtual tension
20  observer is able to estimate changing parameters in real time. Additional details of the
virtual tension observer of this embodiment can be found in commonly owned U.S. Patent
Application Publication 2005/0137738 A1l which is incorporated herein by reference.
The virtual tension observer 1654 then provides a drive signal to the motor of the driver
roller 1608.
25 Figure 17 shows the control loop used by the strain controller 1652 in conjunction
with the virtual tension observer 1654, The position of the substrate is read from sensor
output at position operation 1702 while the position of the mask is read from sensor output
at position operation 1712, The unstrained length to target for the substratc is calculated at
calculation operation 1704 while the unstrained length to target for the mask is calculated
30  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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-4 position command offsets that may be added to either drive roller. The
virtual tension 20 observer is able to estimate changi ng paraneters in real
time. Additional details of the virtual tension observer of this enbodi nment
can be found in commonly owned U.S. Patent Application Publication

2005/ 013773 | is incorporated herein by referenc ' al
t ensi on obsg‘)rvvéléP iégizthen provides a drive signal to th?%ﬁ%ﬂsﬁrﬁﬁ@#e
driver roller 1608. 25 Figure 17 shows the control |oop used by the strain
controller 1652 in conjunction wth the virtual tension observer 1654. The
position of the substrate is read fromsensor output at position operation

1702 whi | e tdenlqrivaidpetion i 70shehemiks keud ptbséntoddsiansMin AUhPwtb. Bisedosi tion
operation 171t2h.“ The untrained.length to target for the_substrate is
cal cul at ed 88 the@gVEup RIUHRI dpdt ealudpiediat salcptiononerion A 414, arbsesdhisgalen to

target for fhe §{heité1sf6ﬂ|r&}ﬂi1%3?cﬁ?s§af%lli§ﬁthﬁ?év@}’&f%hgﬁ” operation 1714. The tine

to target for the substrate I1s calculated for t substrate at cal cul ation
operation 1706 whighe I8sbows actamplearight fidipial tiagkimgashat inmydmllqeatedtondhat

cal cul atfon _gper.at i 171 Based on the.ti target,.a,.new s, value is
cal oul atba SPRSH s BesHtb Eaoa oA cesnuiss ks ol iR e oBteia: | on
1708, wher eafdingind@litepiof@reSRiion BeEIcER theShvb Hebs. | As difaisyiboRagRE on the
new sl a required T, 1s calculated at cal cul ati on operation 1710, where this

val ue repr adeditlgnarkiags wax boprernatieineder may kesadded oshe whle dimingd stege of theai n.
Figure 18 s . | e of the fiducial markings that nay be | ocated on
the 5 subs??p\gglggg ggg e mask for purposes of controlling the lateral and

| ongi t udi nal posAk sl inalid examigié,ahaliakerl pr apeweb ddushlaly e et MB6that he t wo

I T R LT LRI M SO A
In (t hi's exampdeyf thd'§ed MR rﬁ&y Rt bE IRE-WEP %ﬂeﬁ@&fe?éﬁoﬂ&ﬁlp diéélfﬂobs%%b gi%@ﬁalt hat

10 is a fixed distance from'the depositioh patterns to ocated on the web
1800. An edyee 1301 avy farhweswtsbosi®@d Or feamedhart thaveb d869. elroimsensipg the ilapetion

| at i hi th . fi.ducial. i 806 d ited
or for med ol PG L BTE R R, i gon WireledRthe P PRty HE RGBT FMATECS | 1
the | ateral tigigr@sek iBtion dr withebe wéetg@fdﬁiagmmmﬁb Redesdahetowedtigh8R0wétsini N t he

proper | ocation or whether a web guide adjustnment is necessary to realign
the web!fn thedatersbdireetieral direction. As is also shown in this exanple, the

Lonart e o TEBMRER B SE Ak e D GRS 8608 T
marks comprise one or more continuous fiducial marks, such as the sine mark 1804 and
cosine mark 1805 illustrated in Figure 18, Substantially continuous, periodic fiducial
marks, such as the sine or cosine marks 1804, 1805 illustrated in Figure 18 contain

20  information that may be used to determine coarse and fine position of the web. The coarse
position may be determined from periodically recurring features of the periodic fiducial
marks. In the case of the sine or cosine fiducial marks 1804, 1803 the periodically
recurring features used to determine coarse longitudinal position of the web may include
the peaks or zero crossings, for example.

25 In one embodiment, zero crossings for the sine or cosine marks 1804, 1805 are
counted for each cycle to determine coarse position. The fine position for 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

30  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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cosine mark 1805 illustrated in Figure 18. Substantially continuous,
periodic fiducial marks, such as the sine or cosine marks 1804, 1805
illustrated in Figure 18 contain 20 information that nay be used to
determ ne coarse and fine position of the web. The coarse position maybe
determ ned fromperiodically recurring features of the periodic fiducial C
mar ks. In tWe 26e888%32 t he sine or cosine fiducial marks BE30US20038603 he
periodically recurring features used to determ ne coarse | ongitudinal
position of the web may include the peaks or zero crossings, for exanple.
25 In one enbodi nent, zero crossings for the sine or cosine marks 1804, 1805

are counted for eagh cycle to determ.ne rse sitiqn,. .The, fin osition
for each oyttt it crlsqdEpeat ety s JBRBIsdBed ) Seagebitniprigyatmbrs ¢t ano
functi on ofatgerfitiabingikall $04- 06! &S pBCIoAgirdtidnica fisn&nsitdnasiused toar ks 1804,
1805. Calcul ation of the arctan2  function yields angle and quadrant

i nf or mat i ofcshatatsral fgupiabwity a peoond s@sergisediie senss dheengitudingl fiderial meds- t he web
1800 within the i j K d] i.tion
detector confi gi"ilkgiell St?a@:e(giéltqte{élrﬁ'ne %2& %lﬁxevg‘) 2%1%%? ﬁlg?%géﬂgeﬁlg&lagftidﬁa rlllglgéssi tion of a
web i n &ccoompmieg sind dndeokioeinarkatl 804 fl 9§ 1 TR FidnCiaPReds GERORR be sinusoidal

PCTI US2008105010 invention., l.n this enbodinent., a single se r 1912 is
Used 1o seREESTBEHIRG HpariAly cpropugl O pertitn conniith PutedBal. 1006, | n
ot her conf ipghvidtihfRBatiod shficint ©e0ReTe B Yedd Wifkatith b&RBG eldtoatcer al

fiducial with a second sensor used to sense the |ongitudinal fiducial marks.

As il | ustrdgder B¥YeTFi gure 19A, the web 1902 incl udes |ongitudinal fiducial
‘s & o A . ; _ uai n: % q
Marks > compri STF@W?% ?@g@@%ﬂh&?%@&%}%&ﬁl &g%gbpgﬁgglgg fl}_lglqzc;n{tﬁ Wel@lgggar ks nee

not be sinusoi da e any su cont 1 nuous” or
pi ecewilfe danhkd welolfH2 passksbdthedn rofere P8 19 1Y, drervadsion 9 Rukfises bethtthd 0 achi eve

t he desired regi.strati.on betyween, el ectronic vi.ce | a .. The web 1902
oo hos o Tongtiaiay Fbebnarke MR 1 Ss e i reL St Fosek 106 e Se0E. 10 As
the web 19qa1231%§fEécal%@etré’\ﬁedihér?}hﬂlef%Btjfc%@%ns@r%l@otro&ﬂ%n@t{%%ﬁgor,Jd%ﬂﬁtysenses bot h

the |longitudinal fiducial marks 1904, 1905 and the |ateral fiddcial mark
1906. The $enenrontaeysensereny ahe obanypacioenssr bapableypd scrngfngdidutieblinarke nghe

o o o ORg BRGNS RERE L 20
Fi gur e I39A(CChecawssor conpri ses a charge coupled device 15 (CCD) canera.
e oL pUt o e e R k1 0h S e hoiane i S8 i Sl 30
that acquires and digitizes the image of the fiducial marks 1904-1906 from the camera
1912. The digital image of the fiducial marks from the image data acquisition circuitry
1914 is directed to a digital image processing system 1916. The digital image processing
20 system 1916 analyzes the image to generate signals corresponding to the sensed fiducial
marks. The signals generated by the digital image processing system 1916 may be output
to a longitudinal position detector 1918 and optionally to a lateral position detectors 1920. \ ;
Information from the lateral web position detector 1920 may be used by the longitudinal
web position detector 1918 to enhance interpolation of the longitudinal web position. The
25  longitudinal and latera! position determined by the longitudinal web position 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 198 —19D illustrate examples of the image field of various types of
sensors. Figure 198 shows fiducial marks 1904, 1905, 1906 within the image field 1970
30 ofan area sensor. The area sensor outputs an X, by Y, 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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that acquires and digitizes the imge of the fiducial marks 1904-1906 from
the camera 1912. The digital image of the fiducial marks fromthe i nage
data acquisition circuitry 1914 is directed to a digital imge processing
system 1916. _The digital imge processing 20 system 1916 analyzes the inage
to generate @Pﬁﬂ%f"gg’%rrespondi ng to the sensed fiducial PW%@‘?S’W:’Q gnal s
generated by the digital inage processing system 1916 may be output to a

| ongi tudi nal position detector 1918 and optionally to a lateral position
detectors 1920. Information fromthe lateral web position detector 1920 may

be used by {io® WHaEObrbVided@bre sopHstRARH HleAndISHBC 8L 1216 4 fosgBRance

interpolation of the |ongitudinal web position. The 2571 ongitudi nal and
| at eral pos#dvieniagesdt pPHiiereapCpcY. Her dxamplet dasanghsofepropids iatslomver pesitéast or 1918

and the | at Ll e t [ i . output to a
novenent cgﬁ‘@r"o’\rﬁg‘{/ﬂs@ 3%}“?%%? ?Og%or%{eéaoq%ecr) 13?}%%9 ? Soes&ﬁ“ﬁéﬁﬁ té%%/?%%lﬁ#éﬁ%y%ond | at er al
posi tion of plobes iehrelafivaly taeger UMB set1 9D i | [ ustrate exanpl es of the inmage field

of various types_of nsors,  Figure 19B shows fiducial marks,K 1904, 1905,
1906 wi tffuwi n the ]f‘ﬁ‘érﬁelgf%is PYs ﬁ@“)"@ﬁ n@’(ﬁksolfggéﬁggﬁe]ém@@ﬂ the yRgeefield 1 B8RE or

outputs an Kiind¥an serdbr. WheUne ¥&nUeSsol Babut @Rrb%le,, Rectbh&F fikdMtedsityengd ty of
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each pixel |ocation. An area sensor provides a l'arge anount ofS data for

si gnal pr ocbssicagsenForgprovdesaapid pesiten uplates wher ormpar¢diorthodret semsarubutent vi ew
with the last .32 2008/088932. PCT/ US2008/.050103 vi ew whi ch provi des nore
sophi sti cat Eeﬂulfr?slqa}e(%t?ﬁrﬁgeo?tqg% Osﬁﬁ’flg{ﬁt‘gg(ﬁ rr?&ulfeg' possi bl e advantages in

posi tion accur ach Fifngt 18Rafidceal mAFEa 984,11905,51906 anisHewR wethRWRE mRes iffeidon
update rate_ when conpared to sone other types of sensors due to the tine it

.

takes t&0 plE&Us promesracansEnspT| QF”_&‘éﬁ'ﬂY@ig&%_& segassensgrsllghyrthe 4Ciostsishs
fi duci al ks, 180413908, ocdf08 WL 5 GG nlf§BOC 1k Bobrd990 o8 sotol | ne scan
o] a y Y. r ot pi xe

sensor. The line scan sensor put s vect Intensity.
The |ine seapirsemswrdapriovsiged praapisthgplemi the bme secpuldieprovdienslcwemmsiidnt 0 t he
area sensori%wt requi res data storage of the position history is required.
In Figure 18%%%i ducial marks 1904, 1905, 1906 are shown within the i mage

field 10 1990 ofh@sikd QUr@snE ¥RrI&A904,S005 fifay b&eRRidab bhieR8&imGAN. Sensors
allow the user to select the nunber of lines to scan, e. = 4 or other

nunber . 1Thergsplotivwesléireaamplanthe amplindesad dis meks mey be w@gas_rlgég’e@}( posaible to
b ocessing. Lghubli i seann oyl BXVAES, aP1SM, PO U Al gS. T
resol uti on. withrsomx anplieto dllvev forpitérdlydeision Errdis e Thalokgitudiyal bealinpdeyads | ar ge as
possible to selected based on expected speed of operation. Using a sharper pitch of the sine and
cosine marks 1904, 1905 (higher frequency and smaller peak to peak distance) provides
20  steeper slopes, and more resolution in the longitudinal direction. An excessively high
pitch can reduce signal o noise ratio and also increases the required sampling rate. The
Q _ minimum sampling rate requires that no more than ; cycle passes between samples.
However, operation is cnhanced when a sampling rate at least 3 to 4 times the minimum
sampling rate 1s used. The achievable sampling rate varies with the type of sensor used,
25  butrates in excess of 1 kHz are possible with camera sensors.

Imperfections in the fiducial marks may be compensated through various signal
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-

30 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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maxi m ze the marks 1904, 1905 within the inmage view 1970, 1980, 1990 of the
sensor, wth sone margin to allow for lateral position errors. The ' '
| ongi tudi nal scaling may be sel ected based on expected speed of operation.
Usi ng a sharper pitch of the sine and cosine marks 1904, 1905 (higher
frequency alW® 2pI8BBR peak to peak di stance) provides 20PEHERPWOSEWHpes, and
nore resolution in the longitudinal direction. An excessively high pitch
can reduce signal to noise ratio and al so i ncreases the required sanpling
rate. The mninmum sanpling rate requires that no nore than 1/2 cycl e passes
bet ween sa , ' ' d ! rate at
Coast 3 ¢ oy ey b RND G mprBREe Helho L AARRGR] AR EMR S8 Ry PR AL €

sanpl i ng r afoee soardee sf infdrimatidieaddycpmbiks thenso forusie bes? bstimdted Aliebakgd @xcess of

1 kHz are possible wth camera sensors., |.nperfections in the fidycial marks
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shifted, filtered, and/or angle adjusted to inprove the signal to noise
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In particul Sr, r c;rsive filteri_r{g, such as through the use of a Kal man 33
WD 2008/ 088 @élﬁs& fiiss somguatsathowith the present paigt apphation apdmeppeeied t he

esti nat ed -qg,%' i A Kalman filter uses two or nore sources of

i nfornati o%&gﬁd cofe G?ig%s themto formthe best estinated val ue based on
know edfie of thk aothenhspectst methed pEdepositves watatialdoinuisg yyret) elegtzonée at ed i n

real tine, ,or. for__stationay rocesses be gener.ated offline to reduce
Lhe comput SPYEHA PR RI MG ON AP TG Giertel Sree 1O PedCr STV A5NORG  udi nal
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| ongitudinally on a web are further described in comonly owned U S. Patent
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10 I n anot ﬁgr aslgg%%(,ﬁnaﬁ met oﬁ?gg@%g@ﬁe ?ﬁ%%t%&%@%%ﬂ&pﬁgiered

el ect r dhi c suldeete casivirg rpHeaviTde dhetimidrigrtlich ewappawhiledelivesay athiedceabingthe The

met hod i nvol,ves del.i verin a substrate from.a substrate delive roller
whi o r ecesuIstae fru Ve st Baskfrogn & s etk deliyer ip e VIS cesing by ST er
wher ei n t henaSiiPSb b FHre nRAR KRSiving roM& XWidréiM tHeCrirst RAktpa@Bs Af préxim@ ke st er ence

of a first drum when between the substrate delivery roller and the first
portion of a circumference of the first drum when between the first mask delivery roller

and the first mask receiving roller and wherein the first mask has a plurality of apertures
20  forming a first pattern and at least a portion of the apertures have a least dimension of
about 2 microns. Additionally, the method involves while delivering and receiving the
substrate and the first mask, directing a first deposition material from a first deposition
source toward a portion of the first mask that is in proximity with the portion of the
circumference of the first drum such that a layer of one or more electronic devices is
25  deposited on the substrate.

The method can further involve delivering the substrate from the first substrate
recelving roller while receiving the substrate onto a second substrate receiving roller,
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

30 roller. The method still further involﬁres 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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15 substrate receiving roller. The method further involves while delivering
and receiving the substrate, delivering a first mask froma first mask
deli'very roller while receiving the first mask onto a first mask receiving
roller, wherein the first mask passes in proximty to a portion of a

ci rcunf er ence yoh 2§o8Bssbsy st drum when between the first ms'@c‘iﬁfshéﬁ%é’méso' | er
and the first mask receiving roller and wherein the first nas as a
plurality of apertures 20 formng a first pattern and at | east a portion of
the apertures have a | east dinension of about 2 mcrons. Additionally, the
met hod i nvol ves while delivering and receiving the substrate and the first
mask, direct isagpnd diim sthed bptwsen theecond enaslaficliveryroberfand she sdepuigiaskon  sour ce
toward a portjon.of the first .mask that is,in proxim wi th.the portiqgn of
the i rcunt drandne sefwd ¥ioel Bishetl iR b P A beg o et

el ectroni c deatte@s Additiodblly @R0séth@UinoslveWehifdetivéraigtand Foivimy thosutgade f ur t her
i nvol ve delivering the substrate fromthe first substrate receiving roller

whi | e recei vidtg therscandgaiskaditecting & deposibien muiesighlemgisecand depesitiog spwict er |

wher ei ot : : SEEORE : - oun
o e;eggcoﬁ St rﬁ‘tﬁiﬁﬁ“ﬁﬁif?ﬁiﬁﬂ“ﬂé‘%ﬂ*% 6%2}7%%h@§brﬁén§ftﬁ%rcu erence

0en en t irst substrate receiving roller and the
second subst ratcemfeese of thg s8@nd diire such Thet asedond thyst of the éner arhmeore eleviodnie s

delivering a second mask from.a secon k .delivery roller ile receiving
The second miReanpHeR e b REEIRL Bt Pivylaveh HiEFs elifali & wleines sboond
mask passes igholt Pohigiddy With a portion of a circunference of the 34 WO
2008/ 088932 PCT/ US2008/ 050103 second drum when between the second mask
delivery roller andetfpreseinsdergripimiof thevsiops erabadinents obthe inveriia hes berd second
mask has pl j Engl dy,: . Ltionally,
the petho " RiERulYorthe BRRORYEEmUBAh o BoSHoR 1 REbL BRI N0t e
secohd mask, achmetive agtodindethe saviention torkepredbe form disaloseic ishydephificdtionsandour ce
5 toward a portion of the. secon k that i.s i r.oxi mt ith th ortion
of the cir ch?F’@?%‘W@ée WS@%éni‘@gﬁﬁﬁﬁ%qbﬁﬁ? ?W&‘ ﬁé{‘)g “éte’%‘g@éﬁ?ﬂmeasﬁ@?e ‘gﬁ&t he one
or nore el ectofition b EMiite8 ol 6y tHRRIBRIIEEEsbtioB It k4tRdrtYIhdb1hifhstaentibd St

| ayer with a registration tolerance of about 1 mcron. The foregoing
description dferethe vari ous embodi ments of the invention has been 10

pr esent ed g‘or t he purposes of illustration and description. It is not

i nt ended %o be C exhaustive or to limt the invention to the precise form

di scl osed. Many nodifications and variations are possible in light of the

above teaching. It is intended that the scope of the invention be |imted
not by this detailed description, but rather by the clains appended
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i hereto. 15 35 What is clainmed is: 1. A nethod of form ng one or nore
el ectronic devices having nultiple overlapping |layers on a flexible,
el ongat ed substrate, conprising: 5 noving the flexible substrate through one
of nore deposition stations, at each deposition station: noving an
el ongated aperture mask in relation to a rotating drum the aperture mask
havi ng apertures arranged in a pattern; aligning the aperture mask and the
Substrate; 10 bringing the aperture nmask and the substrate into proximty
over a portwah is OhirfedGiks cunference of the rotating drum depositing a |ayer
of the layered electronic devices through the apertures of the aperture
mask; and maintaining registration between at |east two | ayers of the
| ayered 15 gl ectyoni.c devices, at |east one |ayer of the | red el ectronic
Gout cos conpr | srelivd G EERE AT PgresSbgicdvics® beting By uizenty
layer. 2. The. o5t hadkidfe eioﬁgare&sua&}%,eéoﬂafﬁﬁﬁlg' ectroni cal ly or optically
active sem<conductor |ayer-conprises a otovoltaic material, a |ight
emttimhg material, amodfg thedtayibie sulstrate tlaodgic by ormbrerdepdsition saticsgani ¢
sem conductor material. 3. The method of claiml1l, wherein at |east one |ayer
of the layered éPektsnositiongtaficles conprises a conductive material that

Cem conduct or | ayer. 3¢ m KRnEREL BFEH ARCR Ml 1o SRR ndBt 1 | e

of the |ayered eapegireansk dewiapsrtureompiigsé s apategct ron transport nateri al
or a hole transport material. 5. The nethod of claim1, wherein aligning the
aperture mask and t helignipgithe arertuspmadandthesubsiiptegni ng one or both of a

000 el P! Lo AGREA, RPLS T Gy BB e it
of a circumference of the rotating drum;
depositing a layer of the layered electronic devices through the apertures of
the aperture mask; and
maintaining registration between at least two layers of the layered
15 electronic devices, at least one layer of the layered electronic devices comprising an

electronically or optically active semiconductor layer.

2. The method of claim 1, wherein the electronically or optically active
semiconductor layer comprises a photovoltaic material, a light emitting material, an

20 inorganic semiconductor 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 semiconductor layer.

25
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

30 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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PCT/ US 2008/ 050 103 16-09-200F aligning one or both of a |ongitudinal
position and a transverse position of the substrate over the drumofl to at

| east one deposition station. 6. The ixietbod of claiml, further oonpri Sing
mai ntai ni ng one or both of a pre- 5 determ ned el ongation of the aperture
masksapdi a v erdefrenm sed7ebongati on of the substrate. 7. The nmethod of 4,45
- claim1, wherein aligning the aperture mask and p@ﬁ,@gsg@@gg@gg 1EPUPI6-SBF-2 008
10 sensing one or both of fiducials on the aperture nask of at Least one
deposition station andiiducials on the substrate at the at |east one
deposition station; and wuligruttg the aperturenmask aMthe substrate based
on the iducials. 8 The nethod of claim1, wherein aligning the aperture
mask and the substrate |15 conprises: sensing one or :nore substantially
conti nuous ri ducaligning@inG pES@EoPNlcAgIGRT! RRitbnahd 2 HRvBRE pbdNich sFBEK and the
substrate', and determ ning_a |ongitudinal, position of ohe or both of the
aperture rmaSSEHE oYHLhe c@%@%%legﬁgﬂﬁd%mﬂ%mt antially continuous
tiducials. 20 9. An apparatus for funning one or nore el ectronic devices
having nultiple _overlapping |ayers on aflexible, elongated substrate;

conpri sing. & er n@%’ff‘f‘ﬁﬁf@ﬁ@é@ds erflercospivios suinteining odepdyith plmprst at i on
conpri s ng: M{,m@%g F@&qﬁ . 04 anerd Ly as. gk gd in a
patterﬁj; 2%1 a rotati gﬁlarumé nd. a %%gg%ﬁ‘g%&gﬁoﬁtéga%%ﬁpﬁg%@gd to emt
materi al towdsHatehe substrate through the apertures of the aperture znagk
to four a layer of the layered electronic devices;. a transport System
configured to nove the substrate through the one or nore 30 deposition
stations, afl. eachhciptbed of daimst, stbbmin aligaing thestperaire maskoiumighs sbstrgge oxi mi ty
with the agg&é#sr@g mask of the deposition station over a portion of the

ci rcunf erence ‘he drum and AVENDED SHEET Zeceived at-the EPO on Sep
16, 20DB 17: 39: OfinsiBgome & toth AFidddialn s sprmera tnasly st o isasiant depuiisidnt 0

maintain e%ﬁ&[ a%:&l' 1%@1‘?\lsesto\t’\§§ensu%§&altee§ %%catt Yégstlo?ag Sép'smiﬁon station; and

aligning the aperture mask and the substrate based on the Aducials,

8. The micthod of claiin 1, wherein aligning the aporture mask and the substrate
13 comprises; ' -
sensing one or move substantially continuous fiducials disposed on one or boih of
the aperturs mask and the substrate; and
determining & longitudinal position of one or beth of the aperture mask and the
substrate bused on the substantially continuous [iducials.

20
9. An appargtus for forming one or more electronic devices baving multiple
overlapping layers on a flexible, elongated substrate, comptising
one or mots deposition stations, each deposition stetion comprising:
an elongated aperture mask having apertures arranged in 4 patlern,
25 a rotating drum; and.

a deposition sowrce confignred to emit material toward the substyate
througl the apertures of the aperture mask to form a layer of the layered electronic
devices;

# transpori system configured to move the substrate throuph the one or more
30 deposition stations, at each deposition stafion the substrate coming into proximity with the
apertore mask of "t}:_é deposition station over a portion of the circumference of the drum
and

“ AMENDED SHEET
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of the layered electronic devices, at |east one |layer of the |ayered

el ectronic devices conprising an electronically or optically active

sem conductor |layer. 5 10. The apparatus of claim9, wherein the |ayered
el ectronic devices conprise one or nore of a photovoltaic device, a light
emtting device, a diode and a transistor. 11. The apparatus of claim?9,
wherein the pattern of apertures in the aperture nmask conpensates for

distortion of t f i t] t par 2.
The. apparat us oft ST bRER AP poRRhEl LR o i BARIAR oA one
or nore defsldyerd ekdcabieievicss, apRhit@de &dvet of tle Rysidd ddverohRydKiceonpri si ng
the electronically or optically active sem conductor |ayer. 15 13. The
appar at us efmprisiganeleciranically of ppticelyaglévensmaeandpcteplayet. ses a phot ovol tai c
material, a light emtting material, an organic sem conductor or an

i norgani ¢ sem conductor. 14. The apparatus of claim9, wherein at |east one
apertgre npgk i Shéappataniedi taimd) vaRedih tHeGayiedeledfonid iR Ramptitsoforcl ai m
9, wherein the substrate is a polyneric substrate. 16. The apparatus of

clai m9, waereoim photqveliaic detiseaplisht gmitting drvice @ diedesandfdlrangistas. of 25 | ess

t han about 100 m crons. 17. The apparatus of claim9, wherein registration
of |l ess than about 50 mcrons is naintained between the at | east two | ayers
of the el e¢l.r onThe &fpuif@sof BAmMIB whEhen aRAABINUT BbrnGbRth aplifrehiast he

al ignment systemis confiqured to sense a substanti al Ify conti nuous fiduci al
mar k ar r ang@npansated fon disteatipy obihe aperture sask dering opchidios@foBardamius 09: 43 M
3M 6?&7330106 11115 PCT/ US 2008/ 050103 - 16-09-200E aperture nmask and the
substrate and is further configured to maintain registration between the at
| east two jayershodp J GOIRD, RIREdIA Bilehst BRY HERSitioBI sBioh RE tHd FH &k #ordrar K.
19. The apparatus of claim 18, wherein the fiducial mark conprises a

si nusoi dal depesitiod g@tians iseokfigoed Thiepagibthedayes conpiising the®leaoaicelinot he
iranspott system is configqured to maintain. a pre-determ ned el ongation of
t he apertu?él%ﬁ¥ﬂ"tb‘?etsﬁ@l%? BLPHIESH- station and to maintain a pre-det enuned
el ongati on of the substrate. SO

15 13.  The apparatus of claim 9, wherein the active material comprises a photovoltaic
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

20 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

25 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.

30 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
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aperture raask and the substrate and is further configured to maintain registration between
tha at least iwo layers of the layered elestronic devices using the fiducial mark,

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

20.  The apparatus of claim 9, wherein the ransport system is configured to maintaina
pre-determined elongation of the apeiture mask of the deposition station and to maintain a
pre-determined elongstion of the substrate,

10
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