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METHOD FOR MAKI NG A THIN FI LM LAYER FI ELD Thi s

invention relates to nethods for making thin film
wo agoes1sehat are useful, for exanple, as | ayerBCT/HS2006/030067

el ectroni c devices and, in another aspect, to nethods

for making patterned | ayers and a deposition system

for nmeking the patterned |ayers . BACKGROUND Many

organi ¢ mafSFHEDs HQRy MAING Fe AT FEIM AAYERs in

el ectroni c devices cannot be patterned using _

phot ol i t hogr aphy because they are not conpatible with
FIRIHLt or esi st chem cal s and processes. Thus, these

j typically deposited b deposi tj on
AR LR IR AT 5 R TR AT RIS GG L 1m
layRatd aimied ddd nudd il | e exfdifpied ecld qrﬁyféfgevj!r?ee;lect!fonic

can be difficult, however, to obtain a uniformthin
dewiqes |1agifbr igveamnathay adragty, |t geetdrasts (fdmtmalsingn

| Ze..of the vacuum chanber .used

pa RO RAIAE ek B s RO R
patesked draysats.erning relatively large areas can al so

be problematic. Often, the organic source materials to

be deposited are powders. As illustrated in Fig. 1, a
BACK®RoumD typically a Knudsen cell, 14 is used to hold

the organic source material. The source material is

hedeey &vpardomatayt iadtso thatessmntisdiul wewearldin films in

.0t . 6. shadow k 10 st. therefore be
el%ﬁ%ﬁ%#%%égg@g%%%fﬁ@gmgégg%ﬁ%&%ﬁﬁg 540 12, with
phatietlhi thoey rdgns idece ssu htigyata-el Acan & difie tShadow s k

0 suspended gbove the source 14 . \Wen relatively
PhOLErES IS ST O dgY) RESIEES546 -us Sl oRge. mifi@rials

areShagawa11y deposited by vapor deposition and patterned
using shadow masking techniques to form patterned thin film
layers for electronic devices.

It can be difficult, however, to obtain a uniform thin
film layer over a relatively large area (that is, an area
comparable to the size of the vacuum chamber used for the
deposition) by vapor deposition. Using shadow masks for
patterning relatively large areas can also be problematic.
Often, the organic source materials to be deposgited are
powders. As illustrated in Fig. 1, a source, typically a
Knudsen cell, 14 is used to hold the organic source
material. The source material is heated and vaporized into
an essentially upward pointing beam 16. A shadow mask 10
must therefore be positioned beneath a deposition substrate
12, with both the deposition substrate 12 and the shadow
mask 10 suspended above the source 14. When relatively
large polymeric shadow masks are used, however, the shadow
mask can sag 17 as a result of gravity, which can lead to

imprecise patterning and/or alignment of device layers. A
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mask can sag 17 as a result of gravity, which can |ead
to inprecise patterning and/or alignnent of device
WO 2002031544 Adownwar d poi nti ng beam cannot be utPCT/BE8H)6/030067
however, because the powder would spill out of a
downward facing source. SUMVARY In view of the

f i_ng, recogni ze that there is a need for a
SO B i BT RIS (-39 [ngpesres oy drecause
the glcidarelned R 98 ared i W t&lﬁ&nv&a%@%c%‘?}%@aé %&e.r €

IS a need for a nethod that can provide unitormthin

films over a relatively large area. Briefly, in one

tnﬂﬁﬁﬁﬁt' the present invention provides a nmethod of
S maki ng a patterned | ayer. The nethod conprises

di rectiiry @hean HoreapargedditRidali Aowalt aHd X is a

refl ector such that the beam of vaporized materi al
neqdfrpgi%gé’s met BAvhifinge mertt edurmng: @ nsRnife thdm détler layers
ovelrS o ed1RGhRd f NeMLNE 1 ﬂ'e%%P%u&Q&%&g@é%%ﬁﬁ%éé“@ﬁ%t
apertures in a shadow nmask and onto a deposition ‘
thegighdtsr @t @erd fformea medthiost rrée tnetaer |paiovlim)eenmmxuls ethin
; rej "d si.t.ion._sybstrate"” refers to the actua
flle%e%b%%hﬁb§%gﬁgﬁ¥%;ﬁa &Ce ¥ Sfat is, the substrate

whiBat et cald ynsupRRklct ,t Rfiee i@ eVt Y $rovides
manuf act uring, testing, and/or use) and any preylousty
a m@§38§i95dmﬁﬁﬂéﬁ @p &R bSTrEIe St Haysaur cFheamethald icomprises

direecdeRosl kedn LB 3aRLDSLASRERL.sEhe desent iygnti on
provi des a nethod of making a thinfiTmTayer
refdemporirsisnghdithect ithg debeamfofrapapdziededaratresilalimpinges

. fl ect h that t beam of vapori zed
an SHSHeReRR! beghok oush et Lhe beamof, vaporized g
from dhEO$EEE@&t&Mb&h&@h9ht@néobﬁ‘ﬁo&?:?p@FkﬁEE@yghza sgﬁdow

wherein the thickness of the thin m [ ayer varies
maskeagdt RRECaBoMEPSFLERER SHDSLEALEr ot Eormhanpabtetned

matd8981 layer. As used herein, “deposition substrate”
refers to the actual electronic device substrate (that is,
the substrate which typically supports the entire device
during manufacturing, testing, and/or use) and any
previously deposited layer upon which the source material is
to be deposited.

In another aspect, the present invention provides a
method of making a thin film layer comprising directing a
beam of vaporized material toward a reflector such that the
beam of vaporized material impinges the reflector and is
redirected onto a deposition substrate to form a thin film
layer, wherein the thickness of the thin film layer varies
by less than about 8% over an area greater than about 1600
cm?,

In yet another aspect, the present invention provides a
method of making a thin film layer comprising (a) directing

a beam of vaporized material toward a reflector, (b)
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cn2 . In yet another aspect, the present invention

provi des a nmethod of nmaking a thin filmlayer
weewpn2sing (a) directing a beam of vapori zed PE/8581086/030067

toward a reflector, (b)allow ng the vaporized nmateri al

to condense on the reflector, and (c) heating the

refl ector to re-vaporize the material and transfer the
AL IGHIRG B PO ihstsh 1A T AU B CATEIRS S, Qrhithe | | m

reflla®or | muid | (d) aneidiely asReGlerldN& ¥ 838N MK AN the
provi des a deposition system conprising a 1 ux
mategfliadc egid ddne fraddw madler ifie asttad ew deasde idaiorbe a

sudR R a%%ngggélplﬁg?gilngrﬂ Ry be supported by (that is,

rest upo tion _ueos'_trate. The et hods_ of the
| nugntsitdrl lcamqutes desgdut) fddandrayns. id@itdidig provides
a erg}ani c thin filmlayers, that are uniformover a

e ¥ SYST SR ARG S 189 @ (e aedd qabom gng 3 shadow
maskSi NIHN BRI GH M dhe H@%e??&?@lgrgﬁ%gir?vggdﬂ]{,n%nd may

essentially upward 26 from a
be sgigpposEesd s (fdrarte fllse ¢ tasys t3 Oipiomt) 0 aa dependdridrbeabs?fate .

Thirs, 2 fhauration.in which the shadaw k

20 e R R Vet S R PR @75 R b
layamy, sdggilngliol theasiadenifsk 16UNaReRAt tt@lal BGe uniform

Thus, the nethods _of the invention_neet the need in

OVEEhE AP o TEAmet Hd 3COH tRRY e Ad 1oEFamted B Frig-m?2,
usi?%y%h% ﬁ%%ho@sr%Eakh%euhde%EQ%nar%abe%gﬁgg?&$%$§50f

e invention also meet the need in't
esspathad lyhapwead gofirdm anisbumeeoldamion bl mwekiilmeted

.qye relatiwel v _large area. R#ggﬂggCRlP%g\l
us . ,

BeairRestely. o dupR s BVER Bror ThiA g Igvs
confidtuiennddn aynewhich @¢he2 sthapoet maghk epbedisFrnibofkha

met.hqod of the .
deposition substrate 22, eliminating any sagging of the
shadow mask during patterning.

Thus, the methods of the invention meet the need in the

art for a method for patterning organic thin film layers
over a relatively large area. The methods of the invention

also meet the need in the art for a method that can provide

uniform organic thin films over a relatively large area.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 depicts a known method for making a patternea
layer.

Fig. 2 depicts an embodiment of a method of the
invention for making a patterned layer.

Fig. 3 is a photomicrograph taken using a 20x objective
showing a top view of a patterned layer made using a method

of the invention.
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invention for making a patterned layer. Fig. 3 is a
phot om crograph taken using a 20x objective show ng a
wo op7o2isw of a patterned |ayer made using a neREDUSIING6/030067
the invention.Fig. 4 is a photom crograph taken using
a 1OCM obj ective showing a top view of a patterned

e, u3| net hod of the inventjon.
(g d By o Ptk o é?é"rﬁ%ﬂ%ﬁ i
obj[é”tﬁﬁtﬁﬁtt i dw e A 'd’@ray M rn’?&ieeqls:.ng
secondary beam Fig.” 6 depicts a non- planar reflector

a W3R$°d7q theyrigprirdalon.epr esent ati on of the

DEFAED Tt O 5 A P G danot the

thearee ttiy@lcd lukempdl lepasidBd Bisin Gl Khudsain<aldg
al t hou any suitable neans for vapor deposition can
4%?%1 W th the nethods of the invention. Wen

u5| 2 Kgsient £8] Inodja dmterdal1 dadie deposited is

heated to provide a suitable vapor pressure in an
i s@t’tﬁfer aliserfe|gante qath efe’mséh)tauwrem;ﬂ arheeffhesimmtical

r n the f the cell gives rise to
flJ}J?r%EI écu %&ﬁdofsef q%i ZedSP8teri al . The methods of
t he |nvent|on utilize a flux reflector (also referred
herein. si as a "reflector"”) to redirect this
DEﬁ%ﬁH&BﬂQﬁsqﬁiﬁ%‘%%sent|ally, t he Knudsen cel | produces
a " y Fi:Z2€
FHI R Yna REAMY AAPQH (%he = A ectd&ﬂ ]{aﬁ)at I]_c%/or

beam can be directed towar
depiogditiegle sisd rsuref &owidseme ceJﬂpu mnguths lat:rfyacee;i'l)talﬂet h@ans

for:; S{)%%%E)r eT l%é'l.CO[rPorl Zgyr% m%ﬁ. rllrz%:dl &3y %lhr?[ gtfelé: %td%d of the
invesedondar Whebeaining Geposidse®NicR13, the material to be
deposited is heated to provide a suitable vapor pressure in
an isothermal enclosure (the “cell”). Molecular effusion
from an aperture in the end of the cell gives rise to a
molecular beam of vaporized material. The methods of the
invention utilize a flux reflector (also referred to herein
simply as a “reflector”) to redirect this molecular beam.
Essentially, the Knudsen cell produces a “primary” beam
of vaporized material. This primary beam can be directed
toward the reflector so that it impinges a surface (the
“impingement surface”) of the reflector. The vaporized
material is then reflected from, or redirected from, the
reflector into a “secondary” beam to deposit onto a
depogition substrate. The evaporant molecules of the
primary beam are essentially randomized when the beam
impinges the surface of the reflector so that, from the
point of view of the deposition substrate, the reflector
appears as a large Lambertian source of vaporized material

for the secondary beam. Optionally, the secondary beam can
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deposition substrate. The evaporant nolecul es of the
primary beam are essentially random zed when the beam

Wo epi7zksss t he surface of the reflector so thatPCT/DeI906/030067
the point of view of the deposition substrate, the
refl ector appears as a | arge Lanbert ian source of

RYJZ8 er|al f he se ondary bean1 Optionally,
be i? é%%éﬂ&gﬁf W%%k Fhehaasiilting

mat@sikal aayadt.ern the resultlng naterlal | ayer. The
source material can be any useful material that forns

a tHRish SAULASVIaT edisds iqead bsy amparsedfeposiatieonial that
coenably it VL dlodis 8 9506 MR prSiaably.

he naterla 'S use as "an or
Préaftemﬂogaznl thehimatfedimlt riansirgfeeri . TFor@ A% fRdaNe!, ithe
an.organic light emtting dioode (OLED) The refl ector
matertade T¥a égaaﬁf ﬁ@bfﬁﬁaﬁﬁﬁbﬁﬁmlcqnﬁuq§@ﬁnﬂnaaniq;ganlc

thlmeffllemt Q&a@ﬁﬁ&@ﬂ)r ()| RQr GANIAC 1%3/%515 8% o ﬂ%a‘]‘hlc light
foils, pol nerlc naterlals (for exanple, acry

emikEdngesliogsl (QHEMs, pol ycar bonat es, polylr1des,
pol oxy- 1. 4-phenyl eneoxy- 4 -
et ot aRisshs e b haft RO B heRtas edeziiey  Tor
examplas phky reflieetoet kanh kenpiekeOinBEGKhic glasses,
polyphenyleneOX|des poly (ethyl ene

Cer%&&ﬁt%éggﬁggge CAYBSFjCalEFerpeNs (fpal pxeapAg ensrylics,
epok@egphbaayahghe%PEﬁbl CQQE%P%$ %nykgag ﬁglflde) (PPS)

ytetr af uoroethylen polynerlc
polifkeEPngbs PPaY (exanpl é:- phebgﬂenebnyenced pl astics

I |y
phepyeheber BBy 17 e BRotTrhel, BoBbroRer FRFRFHER 1o &°
pOlyéEBheka¢EhemrkBabheDno@nPEEﬁ)$Ub6§9ﬁorﬁbrﬁeﬁggyner

ne metal particles dispersed therein) |,

POlXBéFEM SPeaﬁéésﬁedPﬁéyé?thaﬂﬁge pa@héha@eyednnerboxylate>
(PEKS] | 861 9N cERYRELECEBePRERL1EOL) (PET), poly(phenylene

sulfide) (PPS), polytetrafluoroethylene (PTFE)), filled
polymeric materials (for example, fiber-reinforced plastics
(FRP)), metalized polymers (for example, a polymer film with
a metalized surface, a polymer film having a metal layer or
pattern on its surface, or a polymer with fine metal
particles dispersed therein), or coated or uncoated metal
foils. Preferably, the reflector comprises a metal foil,
polyimide, or a metalized polymer.

Typically, it is preferable that the vaporized material
does not condense upon or stick to the impingement surface
of the reflector (that is, the surface that the primary beam
impinges and is redirected away from). The impingement
surface can therefore be heated (for example, by a lamp) to
a temperature above the condensation temperature of the

vaporized material. The impingement surface can also be
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pol yi mde, or a netalized polyner. Typically, it is
preferable that the vaporized nmaterial does not

W@ orvderised upon or stick to the inpingenment surP@EUESWDE/030067
the reflector (that is, the surface that the primary
beam i npi nges and is redirected away from . The

[ |ngerrent surface can therefore be heat ed (for
aé:%'rffflé: rﬂ/“@q%ﬁ@ tFoxr 1SR ru|<'9e RQQ(WQ,EJ{ he&o decrease

the WdeNSElY UL LAMREIAUSE Qhd hﬁa %rcﬂ? J%[ll al .
coat

The i npi ngement surface can al s
rratIe?r isgdime( fa;rtlatarmise reowsoteprverit tord dey qasefdmaeble that
the o(ilkl %gua?t%effl nt of, t.he vaporized materi al

S8 ih W e rﬁ&rrface

foxt Iw IR dfatta_ﬁﬂsalbéz%xreet@l&@d YUY R WP GBI He
surface for a perlod of tinme before being redirected

reflesihathe 1618 SERGELZRck SPAPUE Mat Suwle €amt damlexsamle,
be 01 KoM ’coq'ﬁeﬂc% r\gﬁj e (‘I%]EC!L Pd g:gqaftef’é thooated

Yo that the coate ector can e stor
reﬁJ@e:tq&f tcem fdee sstcoredy € qperliaduhr tuxes .coatfacky ej‘Heec.t.tumrrage

heat e va or| ze the ter| and transfer
periBY s 8@%&&0 e e 56 TR ze
théﬂmaﬂ%QﬁbﬂCEﬁmi(ﬁﬁéﬂﬁfé% ﬁﬂycﬂﬁﬁglé dﬁﬁﬂ%ﬁtﬂaﬂ'éﬂﬁgﬁ¥é%e as

the reflector can be flat or nonplanar. Preferably,
2 HHE fdidmed@yi®n-s nonpl anar. Most preferably, the

refrhRCt Qe e%t%@a% g, %%Jéa’én?oéfﬁ tf'?ﬁ YALf Orm oty écgm{poler

resulti ng ayer. Numeri cal Earthe utid
thedewifgredtioe el et drlatnmrdmn;ﬂranmr mPZt%ﬂeh:%.bly, the
refénl form t of he resulting layer. Nunerical mdeling

-us Mg ta S Ea5aRY Yor sqieakefiartar is
shafpesd Q;baﬂﬁbﬁmlw hgd (utnmfo('rﬁt\i%'yl "8?3' eHd Q@s’tﬁtth:"}%f Yayer.

Canbri dge, Massachusetts) Model i ng can al so be used
Numegigadi giece Liadl eerobet Wit ljzed des defdigre deplue f lector

1n|dr%%§rk% G §Qﬁgz%t@%g ﬁ%lf@%ﬁy%ysqﬁp%%k |2 %ltlng layer.

Numerical modeling can be accomplished using a modeling

brogram such as, for example, Mathcad™ (available from
Mathsoft, Cambridge, Massachusetts). Modeling can also be
used to design a reflector that provides, for example, a
linearly graded (that is, wedge-shaped) layer.

Reflectors can be made using methods known in the art.
For example, metal foils can be shaped or bent (for example,
using a preform) to form a reflector. Polymer reflectors
can be made, for example, by injection molding.

The secondary beam can be directed through one or more
apertures in a shadow mask to pattern the resulting layer.
Shadow masks enable deposition of a desired material and,
simultaneously, formation of the material in a desired
preselected pattern. Accordingly, there is no need for a

separate patterning step preceding or following deposition.
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Refl ectors can be made using nethods known in the art.

For exanple, netal foils can be shaped or bent (for
weszamodiss4 using a prefornm) to forma refl ect orPCPUB300®030067

reflectors can be nade, for exanple, by injection

nol di ng. The secondary beam can be directed through

one,_Q %_apert r in a shadow mask to pattern the

resﬁ:le{fie%rq dyel S TIRESK & OFME & TP8hGsIRAaMedt a

mat@esianedutd eld,alfandxavigTy t AN Ge I PRI R tihe
material in a desired preselectéed pattern”
useflecoFRLNGISy, ShRclow Masks hewed chdlya heasarattdiickness of

bethRkhe .réllﬂoﬁ‘ﬁ { &l’o&%%%ilgg 5 fa%lolu%WiSre)g ml,i r$gé>mrert The

deposition. Preferably, a shadow mask fo Rl 54
usep@ﬁy@@dym@mémiMatewdhlssio&oshem@mpheﬁk@obﬂnn%%@wﬂ$e

olyester is used. Polyner _shadow_masks typically have
adv%“F%ﬁ@fngg'er WEB CZHEdE 1 5 IRCdMErEde €8 58n @ Tabout

fabhd citGaeifethe Hhe dbse mBlkkDolkiRiiet R id $HOhadow
shadow masks can provi de advant ages over ot her

masjat 8Fda s hepn adyantgiesse waﬁabwhCQDMO@Od&mEEéﬁshadow
P ed_co of ha .mask, _and .ot her

nacBska ol efuied cost, ol ipyshadow il andagther

cryborlédarphetesiibileoranmbbalsedor ebiyhald sheddat abkalks are
be used. Pol yner _shadow masks are fl exible and are

fle%gﬁéﬁaﬁ PESs IprGRelly dssEgPrane te damageciyentsl the

acchiaemhl Ofc@hatieases @Eeggégag§nke9ﬁggéptt%%H@Ey LBough.
addi ti on, polynmer shadow masks, typically Dbeing

In ﬁﬂéﬁFﬁ@pghPOéﬁmeﬁl§hadbv,maséSLeSypdaH&gyn@eﬁhgn in
- ' LSt deposited l.ayers. Furthernore,
1iofSIRREL, b SERLAR OB LE LaNELtn LI e
withr eangetegt dapdsibapelafe@eposFluireReaRpBi-byl 85mal Bolymer
ubject_ to wi de variation depending upon the pattern
mas%@s#ﬁ@dbecﬁéeﬁpeﬁDWétHe68§ﬁFFon apertures can be

fQTHEda%QaﬂééﬁeﬂEdﬁﬁa Eﬁ§§etgfnd@BBEQ§Egﬁtgbgr%gggs are
roneters
subgggt to wide variation depending upon the pattern

desired. One or more deposition apertures can be formed to
have widths less than approximately 1000 micrometers
(preferably, less than approximately 50 micrometers; more
preferably, less than approximately 20 micrometers; even
more preferably, less than approximately 10 micrometers;
most preferably, less than approximately 5 micrometers). By
forming deposition apertures to have widths in these ranges,
the sizes of electronic devices (for example, OLEDs or TFTs)
can be reduced. Moreover, a distance (gap) between two
deposition apertures can be less than approximately 1000
micrometers (preferably, less than approximately 50
micrometers; more preferably, less than approximately 20
micrometers; most preferably, less than approximately 10
micrometers) to reduce the size of various device elements.

When making, using, reusing, or repositioning the shadow
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(preferably, |less than approximately 50 m croneters;
nore preferably, |ess than approximately 20
won@romster s; even nore preferably, |ess than PCT/US2006/030067
approximately 10 m croneters; nost preferably, Iess
than approximately 5 mcroneters) . By formng

e oY ARG B SRR D, hoRe Sanae

betWeks) garthrdLdicathe MiRORIe Kol D (B8 erns can
bet ween two deposition apertures can be |ess than

be penroduridis) trood thiey aremers magediverlalfl yoerdasss: t han

|1rAt . ters; ref er abl | e
o PR a1 90, & omBearenty Hets” dmegs .,
appiresd metral yaPprioxpamatesity .10 i croneters) to reduce the
size of variqus device .elenments. Wen makin usin
; eBERY, 1 A ARSs HER Eh & B R0 RSk o tig ine the
e tAREe HRRIMRAD AR+ RS esSYEH & %ﬁ%@%% ks,
B bet ween apertures or the distancéﬁégﬁgken su -paf?%fhs
Accezflipg lvepiodueitsioa ©f wi shiadoappesk faosl v polymeric
D pergent, ¢ ferably, apRLOXi. ly 0.5 percent, re
fllg}é%ﬁ%%%ﬁ@&ﬁégﬁig%%hé?éﬁ?%%ﬁ%g%gf%%ﬁ%Fﬁ?Sﬁfftha%pcan be
lesgblexpieos itvec hdiegwe soopi ike tesied ahd /def mde-ct pe-cRdldeeiihan '
siabgp aper.tures in polyner shadow nasks.

ok SPAREGy Y FOATIEEG T6F §CORKISHREek TPebh #uich as, for

exaRPILENEEIQ itonMeatsabkowetag 143e@kiabr el QR pecause
processes that can be | ess expensive, |ess

lasegnpbilesion, tasdhdnumsr eapr bei seethap thestegeneaiitieyn,

r ik ed f 0 adow masks .such as, for ex | e,
ehe{ fIHLRoOL SheObaRkPICHAY FROfRaRNESR anSha0
convasedocahllapaanet-ashni goes egafmphe, Usggel0a6Naatena

ern, the wdth of the pattern can be nade nuch

tecﬁﬁtﬁt&é@st St é&ﬁ&é?fﬁ"%ﬁaFhBaFFéﬁﬁépnF@lf exRAplternl ayeh
tha@bEﬁEiQﬂdEECB@iQH@SRSEEe}ﬁCEEib?&gtggetﬁ%ﬁaggggoggpgtely
pattern such that the wdth of "the pattern s greater

onetﬁgﬁtémgﬁgxbngrgayer than approximately 25 centimeters,
greater than approximately 100 centimeters, or even greater
than approximately 500 centimeters. These large masks,
which can be the width of a web, and very long (for example,
the length of a roll), can then be used in a deposition
process to create device elements that are distributed over
a large surface area and separated by large distances.

Alternatively, if a shadow mask is formed from a
silicon wafer, the pattern of apertures can be created using
reactive ion etching or laser ablation. Metal masks can be
made by a variety of techniques including, for example,
conventional machining, micromachining, diamond machining,
plasma or reactive ion etching, and electric discharge
machining (EDM) or spark-erosion machining.

Typically, the methods of the invention take place in a

deposition station such as, for example, a vacuum chamber at
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one centineter, greater than approxi mtely 25
centineters, greater than approximately 100
w@enriomster s, or even greater than approxi mat ePGI/BE8M06/030067
centineters. These |arge masks, which can be the width
of a web, and very long (for exanple, the length of a
position process to

) | th b ed inad
a %%e‘%uéfedgxaﬁnsc‘?e tg?naéhgarﬁ@tt Hat¥ ailroe?dT—%Wi bpreteretya less

tharAlguUrf 368 @F egoand ﬁ@P@LﬁifﬁePé(l?iff gfegé SLARGeShout 1
Alternatively, if a shadow nask is fothed from a
x 14f i cowrhaf efher e pardew mask apertsed@sfeanpbetereihgd the

' tjve i.on.-etchi-ng or Jlaser ablatiqgon. Metal . .
snifSh L0 OB R O Jestt ARl 90 M doeition
subgtalatdi NGind aheax amyd enateamEntdond B iid.is

m cromachi ning, diamond machi ni ng, plasma or reactive
VaRogt 8% Mvh @, %ﬂ?%téar% Wi -s ¢ iy el aRRE tiaty YWEbMVCast
1 nARRIK BID YO M ITRE U B@g%é%d&}? oEidads of fhe

invention take place In a tion station such as,
soufrsie (X amsine bea headadn toh ardperr isden tree smuresciladsss  then
ut x.,10"3 .tarr .(preferably,_ .l ess than, about X
vastgia i aRd SR Y R e i I debapoted
fromonhe reMet s hadaugmsk ioh usrRd defoaalill Mkt Adie

shadow nmask is typicak%z placed in proximty to a
Ehrgaeds ithico RreFidmedtss, adndhenahadey maski alURs be

dep%%ﬁ%!otrﬁd t'h% .Yr%’%%rxji%ﬁd ]]k%/ g m ttih%n lé@t:ternTl?feffined by
deposition unit can includé one or nore sources o
thedepesioni ovaskat eri al . The source (s) can be heated to

vaporize the.material . The vapori zed terial _inpinges
{ hEPET e SPIhG @%’%gﬂqree P} SR & Bt or Lo
sufdapRasint 19N 1bhgrede Ry d:@mpiddstdAtig RIS dh®ern that

aperture (s) of the shadow mask. Upon deposition, the
haspgdagigieald imgisi ongn i 990 paaldiem ¢ef med sy ashe siesdow of

grafBsk, doweveny whena eyl %e%g%%%\qorﬁa%éevﬁee%aq:%e mask

and the deposition substrate. The sag problem compounds as
the mask is made larger and larger. Therefore, the mask
preferably rests upon the deposition substrate. When a
flexible shadow mask is placed upon the deposition
substrate, it may not lie perfectly flat upon the substrate
(for example, there can be wrinkles in the mask). To
overcome this problem, the shadow mask can be stretched
against the deposition substrate such that the separation
between the mask and the deposition substrate is minimized.
In such a configuration, gravity can assist in holding the
mask in contact with, or nearly in contact with, the
deposition substrate over the entire region in which source
material is to be deposited. The separation between the
mask and the deposition substrate can be less than, for
example, about 10 micrometers (preferably, less than about 2

micrometers) over the entire deposition region.
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sufficiently large, for exanple, to include a pattern

that has large dinensions, a sag problemcan arise as
wa@200emelse4 of gravity, creating a non-uniform SEEERDSI00€680067

bet ween the mask and the deposition substrate. The sag

pr obl em conpounds as the mask is nade | arger and

| ar . . Therefpore, the sk preferably. rests upon the

dopeeitS BT SUD R TA TN & A DIES RIRAETREIE S slaver)
carp| @EerbngIan, the sleposidd Wh URStdalids 1 d fo BB rdi € a5 a

perfectly flat upon the substrate (for exanple, there
SPESHT RE S HK I e idpRIfel ek s ubstgradire ragshet heh shadow mask

; t ‘.gg@pl ; iy inst the
H g{eﬁgsl?ﬁoor?%u str% suc sclt%/nha(%éeq(%eltgée&pa% eﬁ%ﬁ' bet ween
t h&heagletdmls et deposintvenrt isubtaratiee s rﬂdﬁl‘ dz&d:idg’l
such -a canfiquration, gravity can assist, in holding
eniih E4 AR R i e A S AR R
rellhei QRO Sidrdd Steisd I atis O \WBianddiee eHd endt8Hd@N df the
.__Which source material is to be deposited. The .
INVEERACR i e wead! ey madidnghdhilve fdposliaienrs wherein
t f e, .about 1 o
e e iy, e Mo oot o
(prsifereipdtyer slessy enharheakentt 158 ;depnsd tdr@ferably, less than
Structures (for exanple, a patterned '

i o S ) B B By B Rt he

(pré€Reasitliyon s tRhg as (@) spacer between the
deposition substrate and the shadow nask in order to

pr dtec eFhedso el Ehge gasiendd drayars .beTHtP@IrffmI:nmﬁls igf-1line
N ' u f ing thin filml.ayers

(ergle o BRI ERES, SR (B S PR en pe
sequesdsaliyr depayilted tditoret kg sdft itdie dubedHEten oFamn

0 e T e B e e
ser(ipreter @*ébbésoﬂt@%i thak iaheut r@g@gt e'P%fftqheng]:%;xg gcﬁdt?i %%5'86%%
for%g%hfiggygn éﬁ&%é%gezpmg&FZn%/or moved through a series
of deposition stations. In addition, shadow mask patterns
can be formed in webs to define thin film layers or portions
of layers.

The thin film layers are useful in electronic devices
such as, for example, capacitors, transistors (of which
there are many types, including junction transistors and
thin film transistors), diodes (for example, light emitting
diodes or Schottky diodes), photovoltaics, and displays.
Preferably, the methods of the invention can be used for
making organic thin film layers for organic electronic
devices; most preferably, the methods of the invention can
be used for making organic thin film layers for organic
light emitting diodes (OLEDs) and organic thin film

transistors (TFTs).

- 10 -
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(preferably, over about | nR). The nethods of the

invention can be performed in-line (that is,
weowrjomieus| y) . For exanple, source material PERUBE06/030067

sequentially deposited onto a deposition substrate of

an el ongated web. The substrate web can be fed through

a %)r'es of deposition stations. The refl ector can

alsg

PRI AT & 6h GNP Wb it msRid-ioned
beﬂﬂﬁéﬂﬂﬂ%diéﬁﬁdﬁﬁbdéé‘%ﬂﬂgﬂtﬂé¥1éﬂz§ﬂdagiﬁ#d]é“%?%ﬂéﬁé).
shadow mask patterns can be formed in webs to define
Thqiﬂﬁgqﬂﬂanm%ﬁﬁiyanehﬁmﬂﬂumﬁypﬂbdkﬂyuincluaustdurﬁgaéﬁnone
; ; ful i | ectronic devices such as, for
AL N R e e e
e lemamp e sden uditRG ijallRGt | Ghe ARBINSIOTS iad vehidl ement
filmtransistors) , diodes ggor exanple, light
cany lso ﬁé“ﬁﬁ?&e? TSORGTLORP T MGded .3 Lsh st latsai Eor
exadpd edi Sl tRel@AR! Yia tlehE JARL D f@é‘ﬂT%dﬁD@?“'on
can be used for making organic tHin Til°m layers for
matgrdadise eheageoning egévione sip tersa 1gr, efoerlahl yorveesion

; ' nti_gn can be used for, makin
matBEAE Bt IR ate {5 o SAParmRD SRt
di aged ceQLEDsprand atgaprovibied bnl B RRSHELQ Sind
. OLEDs i nclude an organi c em ssive el ement

TET
arr%&i‘é’@s@? dfediGefReeRVERG OIr8ekr 0aa9derhat Hode Aramspdet

d aj h s dh ani LSS I nt
e e ny P el T PR, KGR g vy an
cathpde . coftlectsonseare nofjecoedaintoeltdet edkati-aescent

' . - Th [ i SS| I t _can alsq |
eraRbBE g, A E e E PO tRaF ot Rats sttn frdcs r conmiprEed
intohahgehblanspanbpbRtenbal syeehai-gn Rhackipgemat ehkakfarqge

charge injection materials, color conversion
cargLfEri BLgrabas fer thet éiphksembEtangodbiveat Wberehsheyf .

combine to emit light. At least one electrode is usually
transparent (that is, the light can be emitted through the
transparent electrode).

A typical anode for an OLED is indium-tin-oxide (ITO)
sputtered onto a transparent substrate such as plastic or
glass. Suitable substrates include, for example, glass,
transparent plastics such as polyolefins, polyethersulfones,
polycarbonates, polyesters, polyarylates, and polymeric
multilayer films, ITO coated barrier films such as the
Plastic Film Conductor available from 3M (St. Paul,
Minnesota), surface-treated films, and selected polyimides.

The anode material coating the substrate is
electrically conductive and may be optically transparent,
semi-transparent, or opaque. In addition to ITO, suitable
anode materials include, for example, indium oxide, fluorine
tin oxide (FTO), zinc oxide, indium zinc oxide (I1Z0),

vanadium oxide, zinc-tin oxide, gold, platinum, ralladium,
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Typically, OLEDs are provided on a substrate and
arranged in the foll ow ng order: anode, a hole
wao e@nspses | ayer, light emtting | ayer, el ectrpaI/us2006/030067
transport |ayer, and cathode. Electrons are injected
into the el ectron transporting |layer fromthe cathode
and hol ar e |njecg{ |ntq t he hol e transporting

SHIVET e G (HITGTE: SRS TRT: g tader et AT tens
thelrkef.i ghlarﬁinsidﬂﬂ’é%ﬂealéﬁfod@%e‘h%ﬁé“%y KQEI e ttk%te@c}ntalns

l'ight. 'east one electrode is usually transparent
One(tOHTaImOi@ metrel] iogtidesan be enmitted through t he

nt,_el ro i cal de f.or an
P e ey, g 5P 3051 Beparorecn
as aﬂmmhﬂmme Szt vas pladstim, O@ﬁﬁ&%ﬂﬁm , Sttialgidl=8 um, Sﬁlver,
substr i ncl uyde, for exanple | ass, transparen
MAIHELY §1§0{@Fr’ Zd 1oaisy o Ldfhdam , p driyrdipay G-IUP&ﬁé?@

ey bapgat |
’ pol yQ”lg{' %@%‘Jﬁ%‘ |d§lsgi%?f/ﬁ{a§ne%%gyr§oat g’ﬁar fier Fmee oan

be gueingd e Hayrirast oulitipleoddyetrsr odv dihlesisl maftreomadld.

d
Fox, BEnba bty MBS TR ARGIE nrenraic ol g e

flusurlis]ter ate layee! oFt cajmalllh)amqoa@hdc bl Ve yerd orfa)é 1b_6:,-er
optically transparent, sem -transparent, or opaque. In

addPEi 6706 PTG, th6i Ccabhedencas ket éepsiss tescl g for
ref@é@@%&e(ahﬁdb%%h%%bqu ElyQ%Eﬁgdthglﬁ ges% EgM mas)C

oxi de, indiumzinc ox vanadi um oxi
accpirddngi fookiee megblods plfatthaurmvpaa]tlladu umTielvemn also be

high work function n i nati ons
dep%%eregf h%ﬁgﬁy i toggﬁe g%él 5\1?21 g § @8 1t F&XE

exampltai by @latdhg)DiakNBkal peXndesy, EYPW§®be%k@Q@§%1on
i nclude_| ow work function netals such as al unm num

(Eopaprampleal EhgrmadaRUPPORA LARGNOF §@Pt§ﬁPf\7L@S _
nMagRes Ak %Eﬁﬁgbo§k|9$§erlfgg 49 ok f EH% 98n of

holes from the anode into the device and their migration
towards the recombination zone within the light emitting
layer. The hole transport. layer can further act as a
barrier for the passage of electrons to the anode.

Suitable hole transport layers include, for example,
diamine derivatives such as N,N'-bis(3-methylphenyl)-N,N'-
bis(phenyl)benzidine (TPD), N,N’-bisg(2-naphthyl)-N,N’-
bis (phenyl)benzidine (beta-NPB), N,N'-bis(l-naphthyl)-N,N'-
bis(phenyl)benzidine (NPB), and the like; and triarylamine
derivatives such as, 4,4',4"-tris (N, N-
diphenylamino) triphenylamine (TDATA), 4,4',4"-tris(N-3-
ﬁethylphenyl-N—phenylamino)triphenylamine (MTDATA{, 4,4",4"-
tri(N-phenoxazinyl) triphenylamine (TPOTA), 1,3,5-tris(4-
diphenylaminophenyl)benzene (TDAPB), and the like.

The hole transport layer can be deposited using a

reflector (and optionally patterned using a shadow mask)
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ytterbium and of cal ci um magnesi um al |l oys. The
cat hode can be a single layer or multiple | ayers of
wo b@go2rset eri al s. For exanpl e, the cathode canPCTUE200€030067
a layer of lithiumfluoride, a layer of alum num and
a layer of silver. The anode and the cathode can be

depasi t ed ing a.reflector (and optionally patterned
acﬁ?&f)dﬁg’*gaecﬁ]ﬁ}ﬁm%ﬁ&ac{% rtA}egglftV@ HEThetHods 1619 mHy
suiltaee ndthothey can al so be deposited using any ot her
useful method such as, for exanple, by plating, ink
j eCLFDNtd9g21sy AR e dwxssildighnt (a‘ﬂurttex?'rlrilaa/;ers. Some
: rmsl rafi r._SRputteri.n .. The hoal,
13 Hril'zné\i,ﬁg%:rttefL aflleas}éf%{:]ilﬁviea% essgr[%hléL ?‘?ﬂleegtulrioen eéq‘lefﬁ: Tyg @ small
mo Hercurhet fenianede daped tlheytde\entie: tand; thaivingd,gratdiemhd of
war ds .t.he reciorrbi nation zone within the |ight

Lighfi EMTEiRg BO LYTRF Shol ¥ & SFEPEMR Bigpertheme Tt t e
emdﬁﬁbdﬁ%i@hﬁa@@dﬁ'HHE'Jﬂgéﬁﬁ§%ﬁﬁ%é@béﬂéﬁﬁﬁﬁﬂﬁéﬁﬁ}g%?in

anode . Suitable hole transport layers iInc or
anye p@Fplien @fakihse sthadbram dependdmgaorthd 'cdiipesition of

- I L) -N. N."- _his .(phenyl) benzidi ne
che B IR e e bt e OB d sy )
bemhiedilightbeid-tNRBY 1afterNs)- biah bbb RPN Niy a
- bis (phenyl) benzidine (NPB), and the |ike; and
reftﬁreicw A tdorRli e & rigd using a ghadavs magk)N

e B SR a0 LIAE, f g ans

suitgpgiee meltégiche (MEDATEAhOGS, 4F, £he timivefiddipme mexatienyised

ri l.am ne. ( TPQTA)., AR - di_phe , '
to &)g%!%%%p &M %rbéereené‘l(g'}%Aﬁéjl,t%&ﬁl@ _ﬁﬁ'&elriskéo #ﬁ’é?“hdfleéflons
thattr emdportighty erc Gdif feect@pesilioed Us BEder el eeh@f multi-
and optional |y patterned using a shadow

col skfadddrdicRd °Fo 4@ leeEhods of the invention, or
PR RN e OB QB

materials are typically used to produce efficient organic
electroluminescent devices since a given material generally
does not have both the desired charge transport and
electroluminescent properties.

Exemplary small molecule materials include N,N'-bis(3-
methylphenyl) -N,N'-diphenylbenzidine (TPD) and metal chelate
compounds such as tris(8-hydroxyquinoline) aluminum (Alqg3).

Other small molecule materials are disclosed in, for

example, C.H. Chen, et al., Macromol. Symp. 125, 1 (1997);

Japanese Laid Open Patent Application 2000-195673; U.S.
Patents Nos. 6,030,715; 6,150,043; and 6,242,115; and PCT
Patent Applications Publication Nos. WO 00/18851 (divalent
lanthanide metal complexes), WO 00/70655 (cyclometallated
iridium compounds and others), and WO 98/55561. Some of
these small molecules can be fluorescent and/or

phosphorescent.
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light emtting |ayers have a small nolecule emtter, a
smal | nolecule emtter doped light emtting polymer, a
wohb@mng21si4 | i ght emi tting polyners, or a conbi nBCT/U82006/030067

thereof. The emitted light fromthe organic emi ssive

el enent can be in any portion of the spectrrni .

dependi.n n the co si.ition of the materials in the i

11 GHE Gt Gy drishy AR CRER iy et MAprial in
conlayRit i(#) veah ke W@RReM t ednsidig it dETdefldod Al host

optionally patterned using a shadow nmask) according to

matSe Setifo dyRoCaldy sty éntilgheoengsiay laveduitthell ¢he
exd BRI 1he er%%d%ﬂ?{aé'{'#%d ri:\{}%.r{:t 'd rfggasc%t%o sed to

pattern two or nore emtting I'a ~rorm
tranedicon=d Hatorertite hiogitt mattediifeflercentt eoldeigaintn ormey

.0 f | ti I full colaor displays. In
R - LI AT R o —
wavallerigth &dahy thee @ tioUMR Rl f | dRNte QAR C host

el ectrol um nescent devices Since a given teria
mat§artérlalthy td 684 trob gy & Labith ceame taegisted @IWEX tol a

t el ol ym properties. ar.y

o e e DR o B MR 2
thateemiltshgmplen ANghN ‘cati phemyplifeenzindivey ¢HPR) @pdnt that

.metal chel at e conpounds such as tris , .
i3, el it ROt HOF SRum AGRPER GERL. stulier D [Light .
Exel h@%@'%o@%t%bk%Eia@r%n@!%%b%%%dcb%bi%%E'%égwﬁh%iuggy but
en, et al ., Macronol . Synmp . 125, 1 61 7);
are) apgnésaiteadd tOpen rRat(@rhydppiiycatinel 2260021906 A%m (A1g3)

.S, .Patents Nas .. 6,030,.715; .6, 150, 043;, and
dOpg§23§F%1§?u5ﬁ515C?Y5§t@HF k&ﬁpﬁgﬁ'ﬁﬁﬁsbpﬁgﬁrcation
hydiesy\Wono0A188581utdinval eBh1kantbariade iwet aheamel exes)

, WO 00/70655 (cyclonetallated iridi umconpounds and '
ot ABespleghgonotyansesst. leyre SpciRdsatesalthe injection

of EBEEEYLES ¢2BmPenk! HALRSGENE n@RdLRL device ana migration

of electrons towards the recombination zone within the light
emitting layer. The electron transport layer can further
act as a barrier for the passage of holes to the cathode. In
some examples, the electron transport layer can be Formed
using an organometallic compound such as trig(8-
hydroxyquinolato) aluminum (Alg3) and biphenylato bis (8-
hydroxyquinolato)aluminum (BAlg). Other examples of electron
transport materials useful in an electron transport layer
include 1,3-bis[5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-
oxadiazol-2-yl]benzene; 2- (biphenyl-4-y1)-5-(4-(1,1-
dimethylethyl)phenyl) -1,3,4-oxadiazole; 9,10-di(2-
naphthyl)anthracene (ADN); 2-(4-biphenyl)-5-(4-t-
butylphenyl) -1, 3,4-oxadiazole; or 3- (4-biphenylyl) -4-phenyl-
5- (4-tert-butylphenyl)-1,2,4-triazole (TAZ).

The electron transport layer can be deposited using a

reflector (and optionally patterned using a shadow mask)
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phosphorescent .The light emtting |ayer can contain a

host material in conbination with a dopant. The
we@rnedist ate of the host material is typical PgI/ES2086/030067

hi gher energy | evel than the excited state of the

dopant so that energy can be transferred fromthe host

£ t the excited host mater| al
“Hpi éiﬁaltyo e.cme( énﬁ c?ff 2: orté&™ | SgtHF ¥arPhe
suieati e thettopant . For exanpl e, host material that emts

bl ue i ght can transfer ener% to a dopant that emts
gr e&t¥ e 955y FUCAh @ Sa asskiC iipmadr ihalle hlatjemhltcz&n layers

coﬂﬂé%ﬁlﬂ QkaC%ﬂah&ﬁQ§f%%ngﬂﬁﬁg¥hgf)6% dﬁﬂﬁ gﬁgaﬂber

red I'ight but not "to a at em-t
pht@aémyammos(tcu?m)emalzmmd pidpariiocgeriinsat Ieﬂnaﬁctron

u but are not, l.imted to, tri.s
L e ot i fhh CHATEY. o i metal
oxigewnai l&lﬂh&@.ﬁ.r@nﬂle@aﬂh%ﬁwt@ O H1% (b%.ock:.ng la I’ye:rs
hydr oxyqui nol at o) al um num (BAl q) doped wi'th rubrene.

confRd Ndfiget £OF CXIAPIEnt Modpsiiliac |O|Xialdatae!@hehem rjreetzode
der@fa®hioel NS H LMt hg %ﬂ%&%ﬁ%l‘n%o %%L I%%ggane

m gration of el"&ctrons t St he reco
1, 3wit-bxadikeolliegHPBaMN, t i, 9g diapehy 1The 7elddeiNe@y1-1, 10-

t ransport. Iay an_further act_gs a barrier for the
pheng %@1 csggggt’obtlﬁ SRt REe PLEH 8some exanpl es, the

hydebegt;ueﬁoue@es e%tmh@mer(smmbeo&%mq %S_L'p%%n%riyl) 4-
anonetal li c conpound such as tri
Pheﬁy réx;iéurCﬁéfltabeFYAP@@mw&m—@Aﬁq3) tamazmlphe(ﬁwzat,o efiegtron

ilhegB s 0 AR, R

ect ntrans or terlas ctron
naphthpdpet, NI apeés (phehyde bedzibise] IWpE4-, Ok 414,47 -

triégthhh%g§ﬁ§géh Bﬁgﬁyﬁl§h§%y§aélngi%gkiéggy%a%uke
(MTORN®BY hybet Byk) 1pRenybh aiso3be p?é@gbﬁzgheor%ap%g_d[

(2- naphthyl) anthracene (A 5
emleglyguegpmﬁgﬁy|¥n addition, photolumlnescent materials
can be present in these layers, for example, to convert the
color of light emitted by the electroluminescent material to
another color. These and other such layers and materials
can be used to alter or tune the electronic properties and
behavior of the layered OLED device, for example, to achieve
one or more features such as a desired current/voltage
response, a desired device efficiency, a desired color, a
desired brightness, a desired device lifetime, or a desired
combination of these features.

These layers can be deposited using a reflector (and
optionally patterned using a shadow masgk) according to the
methods of the invention, or using any suitable method.

The OLED is typically disposed on a substrate (“OLED
substrate”). The OLED substrate can comprise any suitable

material such as, for example, glass, polymeric, or other
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-1, 3 ,4-oxadi azole; or 3 - (4-biphenylyl) -4-phenyl -

5 - (4-tert-butyl phenyl) -1, 2 ,4-triazole (TAZ) . The
we@b@coeism t ransport | ayer can be deposited usiPQI/ES2006/030067

reflector (and optionally patterned using a shadow

mask) according to the nethods of the invention, or

UsSi anysui t abl t hod. her | ayers such as
sudf R JIRHCHOTE i Toh SURRAROGHE TRpsRagent to
vi e | 6L gHOr Pt dHIs & (g dd ket g1 ear,

pht hal ocyani ne (CuPc) or zinc phthal ocyanine ;

Crag1seanedt 199 ddtanl uaspds Q% rigiexidrl eox difplleed or

I i ne [ ' t | ts: .hole .
o e AT S Rl A BT LS 9 e
lightadifazolexamp e istzolrd eder istaid lveesuataldsirz -silicon,

4-bi phenyl,)) -5- -t-butyl phenyl) - 1,3, 4
am()&&lé’l sag%y%)c(%[))éo “,@%&yq?g}'ﬁ%yr- ZFk§€7-:'ol11'kpﬁ”renyI -1, 10-
phemany hral i (RGP pakt Rhanhat i 8ype of electronic
hydr oxyqui nol at o) al'umi num (BAI'g), or 3 -
devigepi pﬁgﬂﬂ wenerpllyhdmglugle (alcl-tt@frxsimm phersidatel, a
' T ; . ayers
g2t St dol A IR SRR R ) -
dieNecthiis (Qrhernd gadtenzldiawdd¥Be, surkelt'arl -a tddSid N

- hyl ph ) -N-ph | am tri phenyl am ne
ele%l%lfrée A)%‘d% aSﬂr‘]eyri%é:q i e%\?gar}dén%)lﬁé:tﬁsééeyrﬂnq i or gani ¢
ser@fcrIud ¢ anBRly JdY RAdidt 't@“’tkféhqacﬂeu@i AW ¢ ana

materials can be present in these™ ayers, for exanple,
adjpgeadner tthchesuias agfd [Gughim @fiectterbdss .t hd@hese

I I ' cent t.erd al_ to_anat her | or._.These .
coflSRLESL WILPRe Sl RS A L0 AOALNSE (0L TS5 ome.
Foraletmpdre,t whe (Sefirelee Gindofire 1Y eueyddiretledN eV isdljacent

of the |ayered OLED device, for exanple, to _achieve
to &5?@ G250 108 FEANFIESs YEiidh the SegeSiasnctay dmyarlavege the

Sour@EPARSE drd 9L H1lRd rdpMiLce 5f ftih%i %%%gog'idiﬁsﬂ.cfreciayer can
color, a desired brightness, a desire evi ce
be |interpasedobeswes g source and drain electrodes and

the gate dielectric.

TFTs made according to the present invention can be
provided on a substrate (“transistor substrate”). The
transistor substrate typically supports the TFT during
manufacturing, testing, and/or use. For example, one
transistor substrate may be selected for testing or
screening various embodiments while another transistor
substrate is selected for commercial embodiments.
Optionally, the transistor substrate can provide an
electrical function for the TFT. Useful transistor
substrate materials include organic and inorganic materials.
For example, the transistor substrate can comprise inorganic
glasses, ceramic foils, polymeric materials (for example,
acrylics, epoxies, polyamides, polycarbonates, polyimides,

polyketones, poly(oxy-1,4-phenyleneoxy-1,4-
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conbi nation of these features. These |ayers can be
deposited using a reflector (and optionally patterned
waigiong2@m4shadow mask) according to the net hodsPorf/us1ve6/030067
i nvention, or using any suitable nmethod. The OLED is
typically disposed on a substrate ("OLED substrate").

The OLED ubstrate c%{]c rlse an swtable mat eri al
ph§ﬂy nRea q %pe§”referred to as
pol8f feadid teaﬁ{eef n@é@sﬂ@I SOIt fm;m@r e B dAldes,

transparent to visible |i Suitabl e substrates can

polypharegengaaittgsar amlnret idr%lmmhthalgﬁr@dﬂrcarboxylate)
Xi or HQ{I @.EE@
Pél*)e Eggefy()pé;lﬂq&l > 0 th Si ﬂetj' | g . for )(a%f?slé't @?}é?nr?f ey
sulstierd ), @ﬂ#HUaHﬁnmieﬂIﬁdmymeﬁﬂnnmﬁtﬂﬁiémij@Eﬂr example,
S or_.the lik TETs are anot her
£1 kg%ﬁy éﬂ%%%@ﬁﬁtﬂt%e&dﬁ’ Jdledtiifus d@hgelahfTsuch as
paeNeiy Ipeddicldide Ahd ransd & Uy MRS AE n& L& Foils.

el ectrode on the transistor substrate, a gate
Prefiadadylivi ¢heh it gattor|atigtorks e agmricearml woljmesmnic
mateéﬁgrode adj acent to the gate dielectric, and a

sem conductor | ayer adjacent to the gate d| el ectric

and\ adjeacisiie tardhal Sy e d-difadidarelRec tudesyi tihases
conponent s can be assenbled in a variety of
PTEESIN PR For MR MHSiqici SR ki allows

foxelx%atlr q%%%l %@1@}?% é}r d hesgatddie! eggﬁc!\}fdﬂﬂé h

t he sem conductor |ayer the source and ain
ecaslamt ifdexsale arite mn@md:ﬁﬁmnd@g@umg erer flat

and JPS0% ARSI SO 8.0, 1011 9 814 9955 ko

sulytasey daly &Y Ll dpporpriddgled on a substrate
"transi stor substrat e"gr. The transi stor substrate
[ar

ty irGal9dfF & fIgsEedn e T 1978 ragh ATHE tUHS Tigk
cord®RItiNG LA, 1USe rdiOTe 4R &t Qate electrode can

comprise doped silicon, or a metal, such as aluminum,
copper, chromium, gold, silver, nickel, palladium, platinum,
tantalum, and titanium, and transparent conducting oxides
such as indium tin oxide or a doped zinc oxide (for'example,
aluminum doped zinc oxide or gallium doped zinc oxide).

Conductive polymers also can be used, for example
polyaniline or poly(3,4-ethylenedioxythiophene)/poly(styrene
sulfonate) (PEDOT:PSS). In addition, alloys, combinations,
and multilayers of these materials can be useful. In some
TFTs, the same material can provide the gate electrode
function and also provide the support function of a
transistor substrate. For example, doped silicon can
function as the gate electrode and support the TFT.

The gate dielectric electrically insulates the gate
electrode from the balance of the TFT device. The gate

dielectric preferably has a relative dielectric constant

- 17 -



10

15

20

25

30

transi stor substrate may be selected for testing or '

screeni ng various enbodi nents whil e another transistor
wGeuwsneEte i s sel ected for commercial enbodi neEPCBUS2006/030067

Optionally, the transistor substrate can provide an

el ectrical function for the TFT. Useful transistor

subst.r at.e erials incluyde organic and .inarganic
A SHHS L R st S 1 1T S O LSy ¢ ol can
dieagise ddi et ol assefarc Al dldefRid SaP Py MBI ively
materials (for exanple, acrylics, epoxies, polyam des,

higly| o sormaee, gl idn s opdrighes ondisefwbInaardals
14 ; A 4- car b - - ny. .
fo%stg}lnéé%és %Pe% ercrte%“% o&%g r%io y(e ’e?ﬂye% hée}%a%rég’n e%re%aﬁqlc
or (Figm)gfam m@;]c?ﬁn{mag :mﬂgylratt;en%g em%mm pol 'y
et ene na enedi car boxyl ate) (, ., po
(erdmens rapihel encdl e b0l L) (PR L PO o cne
gatsdlldicdedcdRRS)ina1ddd s e varee o dwiterd al sudi s
exanple, fiber-reinforced plastics (FRP) ), fibrous
Polygtigh i denefilip ridien a3 End dvenadelslularecoaeld igrides,
coat [ il r ef the transistor
PR L TR s e b S

ma tterrairsli ss tuare Kb ftaratithes ayathee diseiceatitie tihes Jardes ent
i nvention. A fl elxi bl e transi stor substrate allows for

SERRY A BredHHG L AT Th HelP e Tontd RIS Eq5to\A-dHHgum
ox RO 10fccit e Y aGRRAMmP fo- N actiW 4 P Ut des,
cflat and/or rigid substrates. The preferred flexible
s 1 i insitteri dashs theatiame 4l tpaats | drhuipon dtmwifiumhe
. el : TET. c .any. .usef conduct i ve
tl‘%g’%a:trel ’afagdl;g)%q:el%n% le,cc%rhagég gcteletaé?l %t odd caaélnéj%ojr%} I se
alldoEed cinbiceiticats a aret alultsilelyas aliHess aRfelals can

chrom um gold, silver, nickel, palladium platinum
be t%?rﬁ%l tg'f?d Bheafimhedid G r anspar ent conduct i ng

OXIM@RS source and drain electrodes of a TFT are separated
from the gate electrode by the gate dielectric, while the
semiconductor layer can be over or under the source
electrode and drain electrode. The source and drain
electrodes can be any useful conductive material. Useful
materials include most of those materials described above
for the gate electrode, for example, aluminum, barium,
calcium, chromium, copper, gold, silver, nickel, palladium,
platinum, titanium, transparent conducting oxides such as
indium tin oxide or a doped zinc oxide (for example,
aluminum doped zinc oxide or gallium doped zinc oxide),
polyaniline, PEDOT:PSS, other conducting polymers, alloys
thereof, combinations thereof, and multilayers thereof.

The semiconductor layer can comprise organic or
inorganic semiconductor materials (preferably, organic
semiconductor materials). Useful inorganic semiconductor

materials include amorphous silicon, tellurium, zinc oxide,
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such as indiumtin oxide or a doped zinc oxide (for

exanpl e, al um num doped zi nc oxide or gallium doped
wa@evc/ozpsiigde) . Conductive polyners al so can beP@EE82006/030067

for exanple polyaniline or poly (3

, 4- et hyl enedi oxyt hi ophene) /poly (styrene sul fonate)

. P . J.n addition, alloys, combi.nations, and,
2L eéri/lglrse)s’ ozflrianégé’gﬁ‘?é{]eer icﬁi‘%&jﬁh S&g&i‘s%f'ular%d Nt
selHriisle t (e FRIMALTEE el rgiduPraviided)he apdsr 8l eglynde

function and al so provide the support function of a
senicanduatar Mfariale imsrlusleamsiesiesd st ssiks tddmtesh

: i at t TFT.
e BRRE T eR T R SR RN 4 fpotuce
antdrectansde dapgrhltaiernss| dreteraafertehe pERE ad@mriece andlhe

t, ielectric preferably h a relative dielectric
s BT SR o HRhear et S A ST G Sttt ited
penftacelss dielQaidiny OnE@Matela thagatadiel eddids: can

be relativel yhigh, for exanple, 80 to 100 or higher.
exXauRdaf Ifistldrdenlserigiondve tgade RfleMmeds.i e ew®ri se,

f I I.C . i n 5.6, 2 ically
e R Ol e Y
pohﬁﬂhﬂdpﬂenaﬁyﬂpd1yphenymynmymenésel@ni$giféﬂﬁyﬁnéﬁ, ;

lLynmeric materials, such as polyvinylidenef |uoride
e B HSEREHad YE @@,S%tﬁ%yt&és deFjoRitdy’esand t he

i ke BEG fdi0rexamRles@s |ROEFANIL MBiLdAls dsRfitdloge,

for the gate dielectric include stronti ate€s,

SOurLst & ode it &gt S ain edevdesie)al wiengatexidded.ectric,
iJ-d ' t ' titani i.des

andicr; 330 ROHREd AU HEL 585 04 SRR URE 1SR e

me thicden atfe trend rvantonzi rconate titanate. In addition,
al |l gys, conbi nations, and nultilayers. of these

matef difd dAYHE F9EU G Pfe PFRVE Wice Ry AGheT mReful
methMCe and BN r8hectnedesRfed Hol ¥@mARrAr 805150 be

provided by any useful means such as, for example, by
plating, ink jet printing, or vapor deposition (for example,
thermal evaporation or sputtering). The semiconductor layer
can be provided by any useful means such as, for example,
solution deposition, spin coating, printing techniques, or
vapor deposition. The gate dielectric can also be provided
by any useful means such as, for example vapor deposition or
plasma-based deposition.

The patterning of the thin f£ilm electrodes and the
semiconductor layer can be accomplished by known methods
such as shadow masking, additive photolithography,
subtractive photolithography, printing, microcontact
printing, and pattern coating (preferably, by shadow
masking) .

In some situations, one/ or more, or all of, the gate

electrode, gate dielectric, semiconductor layer, source
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fromthe gate el ectrode by the gate dielectric, while

t he sem conductor | ayer can be over or under the
waowrozisel ect rode and drain el ectrode. The soupPCEUS2906/030067

drain el ectrodes can be any useful conductive materia

. Useful materials include nost of those materials
elfg%§cr'bed(£b ve for the gate el ectrode, for exanple,

al TR HuRP D4R LAGHRRE ¢ ishiandlingpmatensild, can each
be Sid e iR | Rt | L AN

tr éjr?f;oarégjnt ?oendd %ﬁr%g %)rged%seacgﬂuc rgfs%%‘%ﬁﬂ%? ntkbexi de

metdiods @fpddreziimyentide .(f dn exshien amulitipgheqpaterns

hac ' | i um doped zinc oxide) , polyaniline,
carf R i ol Qe g Ty Ao et eof
depoeitiiicat icis Heh&ictPonetitd 1RMidAd ay afig; ke saf -la}’?ﬁ:s can

em canduct or |l ayer can conprise organic or inorganic
be ?@moé&ﬁﬁﬁct%%r% Ghe $apsr efre Cdifipremtgaritéerns on one

or SRIALC M Pmamierials) . Useful inorganic
sem conductor materials include anorphous silicon,

tellurium zinc oxide,zinc selenide, zinc sulfide,
Exat@qgisum sul fide, and cadm um sel enide (preferably,
anmor phous silicon) . Useful organic sem conductor

matereaks bndl HEC2AELHES &N 1SUD St tdied l%ﬁ:‘ Ve

.llthgreof. Particul ar_ exanpl es of acenes include
LLIYAthRERENRY HaphEPRl @rENg ttamlase, yenttieepertandlar

mat8¥Rgl bt 4h8d,RENL S NS, ahl y .pentacene_or
substitutedapentg%enes,éﬁag%%%ﬁ%§y91ungﬁ§t§§amplesr as
welpentacbhes) condt hisone)xanp|dstdine udacser aerduet bbBlstrued

r eryl enes, fullerenes, phthal ocyanines,
to gﬁ#é%?h?%%g st porYR i Shenes, pol yphenyl vi nyl enes,

pol yacetyl enes, netal | ophthal ocyani nes and
Exasy stituted derivatives. The thin filmelectrodes
X 1is, the gate el ectrode, source el ectrode, and
drain el ectrode) , the gate dielectric, and/or the
Seﬁ1§9ngﬁck058léMe§o§99m?8epéﬂgagﬁdmggansgg? for
example, U.S. Patent Application Publication No.
2003/0150384 (Baude et al.)) was placed on top of a 15 cm x

18 cm glass substrate and placed in a vacuum chamber. The
shadow mask had a pattern of 90 pm square apertures

separated by 90 um. An approximately 25 cm x 46 cm planar
piece of ultra high vacuum-compatible aluminum foil (UHV
Foil available from All-Foils, Inc., Cleveland, Ohio) was
positioned 25 cm above the substrate. The foil was heated
with a 500 W quartz lamp controlled by a Variac (Staco
variable transformer) to serve as a Flux reflector. A
thickness monitor (Inficon XTC/2, available from Inficon,
East Syracuse, New York) was placed near the flux reflector
facing downward to measure the primary £lux. A second

Inficon XTC/2 thickness monitor was placed near the
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nmet hods of the invention. The TFT layers can al so be

provi ded by ot her useful nethods. The thin film
web@corisdes, for exanple, can also be provi dedP®HUSIVY6/030067

useful neans such as, for exanple, by plating, ink jet

printing, or vapor deposi;ionTgfor exanpge,tthe{wm

evaporation, or sputtering) . e sem conductor | ayer
Su}%sarrfp%tee a&ﬁ%dlfgiﬁﬁiyt%%%ﬁu%% SRIPREATY or
(reXErBl8ad)SOf Uik On deposition, spin coating, printing

techni ques, or vapor deposition. The gate dielectric

car® &Einasey drean dall thyl s B- husdbfarty qreamsl e ey fum

a osition or.plasma-based depositi
(e TR AP SN P g T ATE b GRS b e
locsamd drehictertHayaibeamiie Aacconplished PN (peak)

thoq§ sucF as s“adOM/nasking, addi tive
an%ﬁ’»m% o grHERL S s it rAE AR DIt GRRIBEERRAY 30
deg¥ddl | #hm RpeGHOCYM %wﬂditﬂ ’r?ﬁ'idecﬂac;rt er r‘{r?eoa}éé]&ected

(preferably, by shadow masking) . 1'n sone situations,
seqemslagty msee aff Zdld wfs ddpogjdtesl elredtreodaybgatate and

' trl em_conduct.or_d ayer,, soyrceel ectrode and
sl TR & Sae i o T it ) i, /s
(steayler) .deposidied usi By i efd eROIIAEITEN D CH&1ass

nmet hods of the invention. In addition, nmultiple

SURSITade s i 4n WK LRt EEHSY si T Ra e tiad stwlow
degBS I HRRRH t 4 | IS

° I ndil%id;rﬁal I ayer?r%;n ae d&’eeg%ﬁg%%?hrrlo%éﬁet he sane or
flugiriefssienste [Fatome en sshorr toveer o UVITIrigykth adhoiv thasksyh a 1ight

. LES Ohj. ects .and advantages .of this invention are
mléﬁﬁ?ﬁ@%'iﬂ%ﬂgﬁ%ﬂ%ﬁfQ%Fﬁ 0 1%V 5 ST IEEe itk Sthe
usipar b cobkabbiRiceiid SNt amNoh e’ Wied tedddh)

t hese _exanpl es,_ as .

Exwave HAD color digital camera (available from Sony USA) .
The photomicrographs are shown in Figs. 3 and 4
respectively. The patterned squares are 90 micrometers on

each side.

Examgle 2

Numerical modeling of the flux reflector performance
was accomplished using MathCad™ (available from Mathsoft,
Cambridge, Massachusetts). The primary beam was calculated
using Dayton’s modification to the Clausing formula for a
Knudsen cell (see, for example, Molecular Beam Epitaxy,
Fundamentals and Current Status, M. A. Herman and H. Sitter
(Springer—Verlag, 1989)). This model was used to calculate
the theoretical flux impinging at various points on the flux
reflector. The flux reflector was treated as a lambertian
re-evaporation source. A 2-dimensional integration allowed
the calculation of the theoretical flux of the resulting

secondary beam (the beam redirected by the flux reflector)
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wel |l as other conditions and details, should not be
construed to unduly limt this invention. Exanple 1 A
wQ@ 200025448 cm pol yi m de shadow rmask (see, forPERERPOE)30067
U S. Patent Application Publication No. 2003/0150384
(Baude et al .)) was placed on top of a 15 cmx 18 cm
gl ass substrate and placed in a vacuum chanber. The
imsiediony reds lathag @l rpatare ritheo fs 8k tra tsguarBea @1 yephs

separated by 90 mm,. An approximately 25 cmx 46 cm
genRTEd fedBGiCadt r FFHIgh %5%huﬁldcg}l’rbbt PBPE BREN num

f Qi ' WETR - | - Fai '
2 e rtall TS PR i B £or @
sysidhs tinatvhicihe fmidnasast heatesf Medtioma 500 W qlarta the
| a control | ed. by a riac t.aco_vari abl e ,
SURSEIRN RS KSR e T 219G (he SRTHaST Coth HitdRared
at MHY t@nddfd € UheXds swallahgdi@iad nfigen, v&astcal
Syracuse, New York) was placed near the flux reflector

ax i dlishgl ol AR o Ursldstrad thiaspr (fair yexamund e A Ateshd and
.G T ' e it

the't hqedsu%r?%aatqe%f%% %ggéu;laqa;%pt oofnk%agci;ra?ﬁ:ﬁ%%%%%tr ythe

theome=t ireect eifpdditxiorA yas nealathiesnofudiicryf &ver a large
- hydr oxyqui nol_i ne) al um num (Al was, t her mal |

ORI At G CT A At ST L7 B0 (7B

80 LAl a1 d al® afref)3A sec (peak) and 3. 0A/ sec
(stabl'e) at an angle of approximately 30 degrees from

vertical towards the reflector. The redirected

Ex gﬁgﬁ&d_gﬂy beam of Al q was deposited on the substrate

dow mask at a rate of 1.5A/sec (peak) and
Indr s udisiame)y . afl fod ad £ ofc B Alah ies depotndddoy
on the gl.ass substratl%‘gﬂla uni form manner, The

APREART Y tHPRIHDST Whristif T4 SHEHRE FrasiE s ©

shoSTdl & MWernative flux reflector shaped as a curved

surface, the surface in this example being defined by the

X~MX 2 y 2
Z5(x,y) = 100 — ~| =

where Zg is the height of the surface at a point (x,y) in

equation:

centimeters, and My, C., and C, are constants. In this
example Mx = 44.5 cm, Cx = C, = 9.5 cm. This reflector was
designed by trial and error using MathCad™ essentially as
described above. Fig. 7 shows the theoretical secondary flux
resulting from this shaped flux reflector (calculated as
described above). The theoretical deposition is uniform,
achieving less than +/- 2 % variation over an 80 cm x 80 cm

region (1600 cm® area).

Various modifications and alterations to this invention

will become apparent to those skilled in the art without
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fluorescence froma shortwave UV |ight and through a
i ght m croscope. Photom crographs of the pattern were

W0 20021021384 ng a 20x objective and a 100k obj ect PUBUSED61030067
a Sony Exwave HAD col or digital canera (available from
Sony LE¥0 . The photonicrographs are shown in Figs . 3

ecti vel e tterned squares are 90
aegbL i BIREC Nt Honk &épda te Of N iloBIeTHodst i ngt

shdmdt I}!fé ﬁiﬂ@érr&fdo@tt@f PRI TRALE ¢ %51
u3| ng Mat hCad(tm (a\?al I ablI%fe from Mat g%,??ﬂ}?} ﬁi}%qlc?ec}l to

dseriter bYTm@QNmLhmaﬁnaﬁmwamambmﬂumﬁmmfdums|ng
Qn Lfhcatl tQ._t d au3|ng for la for_a
| exa@%”%fseﬁ%ggﬁﬁ pE Bl A el and
embEldlllextS Eﬂrﬁd@ﬂ%@fe@lt@da%ﬁ}' CafT eFt eﬁtaﬂ&ﬂ% M1y /mth the
scoder man nd H Sltterg&Sprlnger Verl ag, 1989) ). This
ﬁr?dé’ do¥grEdaieleated ko brediatitest Oﬁllltyx by the
claliffi@i R@LNGoRthYAEHRYS B B3 1@t he Tlux reflector. The
flux reflector was treated as a | anbertian
re-evaporation source. A 2-dinensional integration
all owed the calculation of the theoretical flux of the
resulting secondary beam (the beamredirected by the
flux reflector)inpinging at any point on the
substrate. The 3-D graphs generated by MathCad(tm
(Pigs. 5 (a) and (b) ) show the cal cul ated theoretica
primary and secondary flux for a systemin which a
planar flux reflector is 1 mabove the substrate and
Knudsen cell, and the Knudsen cell is located at the
center of one edge of the substrate. The vertical axis
is in arbitrary units of flux (for exanple, A /sec)
and the horizontal axes are in cm The graphs show
that the theoretical deposition was relatively uniform
over a large substrate area (less than +/- 8%
vari ation over an 80 cm x
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80 cmregion (1600 cn? area) ). Exanple 3 Increased
uniformty and/or efficiency can be attained by
wappromsiat el y shaping the flux refl ector surfBCBEUSHIE30067
6 shows an alternative flux reflector shaped as a
curved surface, the surface in this exanpl e being
We %Q~%Rd by the equation: where Zfr is the height of
irface at a point (x,y) in centineters, and M ,
Cx / and Cy are constants. In this exanple Mk = 44.5
cm & = C% =9 .5cm This reflector was designed by
tri al 2 aRAtRP 0P £ B RENIER HEAGE e Mpc@siayet abbypassing :
' ] ho the theoretica
desectbed aousy Fodor IS MR IREEUCR o rorector
suchefthett ¢he( balboulodt edpas idesc makediahovalingERe an
im theoretical deposition is uniform achieving |ess than
PLPICReHY, SHTEECENn Oby Elcakegdeckoxr 800 her egiddrrected0 from
theC@fakeedbr thabueis ofRdihd atlo It qrati Lo
this invention w?ﬁ]oggcg%e&gg%aggﬁ?%gggfhgéegs%%%ﬁgg mask
and; RufRe agfepRtikéondephetiragef tomtblre scope tantespingicbrial
laygh this invention. It should be understood that this
invention is not intended to be unduly limted by the
illustrative enbodi nents and exanples set forth herein
nd that such exanpl es and enbodi nents are presented
'y m@ieofmeé‘a&‘?ﬁn%f chiaimhik hewe st dgee ofapdwiie emtianial
is bbygpAded to be linmted only by the clains set forth
herein as follows.W claim: 1 . A nethod of making a
patterned | ayer conprising: directing a beam of

vapor.i.ze el toward a.reflectqor such that the
3b'eamrllo \%a%r%ﬁéeo? r%ltaelﬂ; Vfr}ﬁﬁ%st%% HeiSfeHents heated
to sutémperatutbeabeﬁéeﬁhérc@ﬁdeh§a£§ghr@é&ﬁgrgﬁegéggf the
| ow

refle&tor t hrough one or nore apertures 1n a sha
vapppiged materiall

4., The method of claim 3 wherein the reflector i1s heated

by a lamp.

5. The method of claim 1 wherein the method is carried

out at a pressure less than about 1 x 103 torr.

6. The method of claim 1 wherein the reflector comprises

a metal foil.

7. The method of claim 1 wherein the impingement surface

is coated with polymer.

8. The method of claim 1 wherein the impingement surface

is nonplanar.
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and onto a deposition substrate to forma patterned

material layer . 2 . The nethod of claim1 wherein the
woaponksed material is organic . 3 . The net hoRCD1S2006/030067

claim1 wherein the reflector is heated to a

tenperature above the condensation tenperature of the

apor i ed erj al ... The methad of claim 3 wherein
hg r ds%e&{][e&mb;} ¥hegegn the phadest Regkofls a

otimer d gﬂ@agwnnég@ nmethod is carried out at a
i eggisure | ess than about 1 x 10 3 torr. 6 . The nethod

of claim1l wherein the reflector conprlses a net al

il t had 1 mher e | i
ggrfagé |§%§§§?e%% ?ﬁlpo y%@? cgn E@Fﬁgp“@%i Tasts
upah gilme Ideves Bt ot heukaptagement surface i's nonpl anar. 9
The net hod of claim1l wherein the shadow mask is a

pol ynmeri c shadow mask. 10. The nethod of claim1l

wher eirhet hetnbadew pask " s @93 he deRashtian of tne
e

substrate. 11. The nethod o a|n1 whereint
Patiferb e tidride maler\rmdiemtlar i s aylean vatsaows &y over

I t % ver, ea .greater than about
anlﬁ%c%h%ro%}ﬁ%e{ ?@ccf‘%lml wherein the
patterned naterial Iayer is a layer of an electronic

devi ce, met hod of claim 12 wherein the
epectFBﬁleeag9ﬁc€fl§1§ﬁmoFgﬂﬁﬁ€eéﬂeéhﬁoﬁﬁ@téevedematerlal

Layer Ny EBUIRAOT L1 A 1R (GIEl éxﬂh LHrganic :
3electronlc device Is an organlcq?lgq% em tting diode.
13. The method of claim 12 wherein the electronic device

is an organic electronic device.

14. The method of claim 13 wherein the organic electronic

device is an organic light emitting diode.

15. The method of claim 13 wherein the organic electronic

device is an organic thin film transistor.

16. The method of claim 1 further comprising vaporizing a
material to form the beam of vaporized material, wherein the

material is a powder.

17. The method of claim 1 wherein the beam of vaporized
material impinges the impingement surface of the reflector
and is immediately redirected from the reflector through one

Or more apertures in a shadow mask.

18. The method of claim 1 wherein the beam of vaporized

material impinges the impingement surface of the reflector
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15 . The nethod of claim 13 wherein the organic
el ectronic device is an organic thin filmtransistor.
waso7s44ret hod of claim 1 further conprising PCT/US2006/030067
vaporizing a material to formthe beam of vaporized
material, wherein the material is a powder. 17. The
met hod of claim1 wherein the beam of vaporized
andgpi &rrafaingd ngest bhelNppRageseht Ssuffaeebeforaebeing
re8ELLEELAr A0 Lho | FUPHLALSLYChEGLIRCLAL LEOMLE RS pertures
refl ector through one or nore aperturés in a shadow
innaskhad8w. mdblke. met hod of claim 1 wherein the beam of
vapori zed material inpinges the inpingenent surface of
the reflectorand is retained on the inpingenent
sw.f age reefiye Jre i irRdiar egtied finamithe s idgitiing.
t hrough one or nore apertures in a shadow nmask. 19. A
REIRSE 1610 albesy @t Weporiilzed mpderdedprboyiamgt a reflector
i r LN i Z rial toward a
sudhi Phdt 0Pnd BEAM O YARORLAEE RLERAL AB¥TRPef e
refbpchoesahdieis ef¢@ttoctaddonso r £diepss ediont subBstrate to
deposjtion_s bsirate to forma thin filmlayer, ,
TorRe? eFALENEL T t&YREs BRETRLD  Hie FRiwknagerofafhesthin

£11B8SSajbanvaPOsE 1800 DVEE BRa AT £509F €84 CbviPain abpul greater
1600 cn2 . 20. The nmethod of claim 19 wherein the
thympdperedl @l eghal is organic. 21. The nethod of claim
19 wherein the vaporized material is redirected
t hrough one or nore apertures in a shadow mask to form

aopat treven ae thididn offi lcmaliay an. whéreAnTekoda@oriBddtharerial
., thin filmlayer conprising: (a) directing a beam of
15\@p97rzed nmaterial toward a reflector; (b) allow ng

t he vaporized material to condense on

21. The method of claim 19 wherein the vaporized material
is redirected through one or more apertures in a shadow mask

to form a patterned thin film layer.

22. A method of making a thin film layer comprising:
(a) directing a beam of vaporized material toward a
reflector;
(b) allowing the vaporized material to condense on
the reflector; and
(c) heating the reflector to re-vaporize the material
and transfer the material onto a deposition substrate as a

thin film layer.

23. The method of claim 22 wherein the vaporized material

is organic.
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the reflector; and (c) heating the reflector to
re-vaporize the material and transfer the materi al
wo@niog/oa1sdeposi ti on substrate as a thin fil m | aper/vSR86/030067
The nmet hod of claim 22 wherein the vaporized materi al
Is organic.24 . The nmethod of claim22 wherein a
shadow nmask is used to pattern the thin filmlayer.
32. Ardepfsthbancgystamncanpwheiragnaal khudpef heskols used
and a shadow mask. 26. The deposition systemof claim
to am e the H igh o\t k€Y s a pol yrmeri ¢ shadow mask.
27 . The deposition systemof claim25 wherein the
flux reflector conprises a nonplanar surface. 28. The
deposit deposystiem sfsteai ppRbriginger Edupr irsfagcgor and a
deposi tion substrate, wherein the shadow mask rests
Sh‘i‘ﬁfg"i’] 3K deposi tion substrate. 29. The deposition
system of claim 28 wherein the shadow nmask is
separated fromthe deposition substrate by |ess than
aBout The Fepositiens syFeeT RE Sreile 2BeyisFegn the shadow

magﬁpfgiéiﬁghymeric shadow mask.

27. The deposition system of claim 25 wherein the flux

reflector comprises a nonplanar surface.

28. The deposition system of claim 25 further comprising
a deposition substrate, wherein the shadow mask rests upon

the deposition substrate.
29. The deposition system of claim 28 wherein the shadow

mask is separated from the deposition substrate by less than

about 10 micrometers over the entire region of deposition.
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