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WO 2007/021544PCT/US2006/030067 METHOD FOR MAKING A THIN
FILM LAYER FIELD 5This invention relates to methods for making thin

winiaxgisdhat are useful, for example, as layers in electronig @evi€R%s/030067
and, in another aspect, to methods for making patterned layers and a

deposition system for making the patterned layers. 10 BACKGROUND
Many organic materials that are useful as thin films in electronic devices

cannot be pattTERARsIAG R YRSHNG R phi B EHEM (FAYBR not

compatible with 15photoresist chemicals and processes. Thus, these
erials are typically deposited by vapor deposition and patterned using
shadow masking techniques to form patterned thin film layers for
elecfbniz dewees: ibcanrbealiffisulthawevRydio abtaimaritikgrmHiin £01m
' Y/ er. a relatively.large area (that.is, an area comparable_to the
L e B i 1 HE HepoSonf b Vhpor dBpBSiioR™°
devipRFsitadbw kaskedbhpattespey telativelnéaigedmeiocanaitdmbe

paRiobleatieQfien, the prgagiciaurce materals (o he.depasited are,
25powders. As illustrated in Fig. 1, a source; typically a Knudserr cell, 14
Paisteddirtd HEUKE organic source material. The source material is heated
and vaporized into an essentially upward pointing beam 16. A shadow
B mask 10 must therefore be positioned beneath a deposition substrate
AES?EF’JWR both the deposition substrate 12 and the shadow mask 10

suspendedabeve hesaigee dhs Wher reladivelydarge Rolywelis SPagaw in
matsks are used, however, the shadow mask can sag 17 as a result of

S Ay WhiCTCar ead B RpTe BE e RAHETHRG hritidPSignment of device
phigyeld thography because they are not compatible with

photoresist chemicals and processes. Thus, these materials
are typically 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 deposited 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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WO 2007/021544PCT/US2006/030067 downward pointing beam cannot
be utilized, however, because the powder would spill out of a downward

wigsing/sagsge. SUMMARY 5in view of the foregoing, we recqgiizesiiadiosoos?
there is a need for a method for patterning organic thin film layers over a

relatively large area. We further recognize that there is a need for a

method. that can,provide uniform thin films over a relatively large area.
SHEHREH, B She Fsheer We HE88T Mierio bR ted R HFaREd drecause
thmakinglapattenled Byl IThameitiod caswiisesdiresdngn Beamd,

vaporized material toward a flux reflector such that the beam of vaporized

material impinges an impingement surface of the reflector and is
SUMMAREted 15from the reflector through one or more apertures in a shadow "

maskank aglod denasiiansybstigte lofornapatemed natenal ayer,
As used herein, "deposition stbstrate" refers to the actual eléctronic

neggvitesubsiaid ffafRr iRAsHssRievine aypicallysoppbiisithisardire
oveevige ROtk Manuiaeyaing, dgstingyangaruse) and any, prayiysly

deposited layer upon which the source material is to be deposited. In
th%ﬁ%tﬁe? FpREEIhE PredelishiationifbyviRR PHRMHEE ofRidarmathin
£1lime |layes:comprisiag direcing axhbears 9f vaporized material toward a

reflectar such that the beam of vaporized material impinges the reflector
e l%li doted dOntE's RS on SRS B Rbrm R YRRtIRTapERV 1des

r
and1S redir
a wmetdheid thé thizkness af thecthin-filad layeyeariestidens thaabewB3%se s

t angther aspect,
o e e s et e
regbafprrhEkoitdeting thisemeof vap oviapd matedahtoveardl=dl refigsiaige s
an(thingement surface of the reflector and is redirected
from the reflector through one or more apertures in a shadow
mask and onto a deposition substrate to form a patterned
material 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 f£ilm 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 f£ilm layer comprising (a) directing

a beam of vaporized material toward a reflector, (b)
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WO 2007/021544PCT/US2006/030067 allowing the vaporized material to
condense on the reflector, and (c) heating the reflector to re-vaporize the

whalRkighang transfer the material onto a deposition substratg.ag,asHai ke
layer. 5In still another aspect, the present invention provides a deposition

system comprising a flux reflector and a shadow mask. The shadow mask

an be a polymer shadow.mask, and may be supported by (that is, rest
L Y AR S A e iR G OGHEEN(Eh GAF provide
refhie fitrod Olaveds, (0t|udasg-drganitthir il daytess, that aes UaHoiM Syet Be
ea. itio ijlustrated in Fig. 2, using the methods of the
ma%%%%n%l %;8% %C%?Fl??r?g %%%e%‘ﬁal?yrﬁ |Sl\(/1vaf5d1 %8 f omde%ps%%%&% can be
Supsditerted asing refléstof Bbmindeaetownward beam 28. This allows a

15canfiguratan i ich the, W o] Qsition .
s.ubstrag%%ZZ,qeli%{n}ilﬁ?lg"[l:ir\lé;II anﬁ%gngeﬁ%%%v %éts}%%ﬁgﬁé grOVldes
a dSRefITdOn SHikehERTRAAEL BOtH Rlaitice filas ter nead s tkdadow

maff @ meRoGfRrRAlteining Aaanisthin flm {avers A0aver HLLRtVENy may
bela:ﬁe area. Th% meéhods of the invention also meet the need in the art for

aTHBRgERat €Xn préide thifolatrgHRRhirPfil PGS Bl Rilariy targ e -

are&BR it REBCRIP RN OFvBRAMINGS2Birie 1 depitis @ krown

atterned layer. ig..2 deg%s an embodiment of

lagé%tg?hdo%%gaé?# :rﬁlro%a%%%afklﬁa af&af?érﬁééﬁ r, that ppyes g form
ovehotonizragapheaken Usingcal 205 abjedive 30shewing adopvianef a2,
usPAYerIRd lvenmadessiogd Telod ebihe Inveaion o osneing
essentially upward 26 from a source 24 can be redirected
using reflector 30 into a downward beam 28. This allows a
configuration in which the shadow mask 20 rests on 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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WO 2007/021544PCT/US2006/030067  Fig. 4 is a photomicrograph
taken using a 100x objective showing a top view of a patterned layer

WO 36e Hsiag a method of the invention. Figs. 5(a) and (b9 @¥&152006/030067
graphical representations of the 5theoretical fluxes of a primary beam and

a redirected secondary beam. Fig. 6 depicts a non-planar reflector.

Fig. Z.is a graphical representation of the theoretical flux of a redirected

seconlo%'ry%egﬁn. @%Dﬁﬁwﬁﬁoﬁﬁggphl R “2188, e i Erials for
obttre filws ash typicallyavapop depesited usingpa Kannsan tellealtheuph agydng
a ﬁlléi@m% rr&%a%f%\rl%/gggﬁg%%sition can be utilized with the methods of

the 15invention. When using a Knudsen cell, the material to be deposited
is h&Higg to pleviderdsufizbl@vaparpissard inrapisatesrnadl Bmciosufe the

~cellyM 10 r t the, cell gives
e oaloch o baeet of Epa i moeat B Srad e
segpmRRktorBaiize a flux reflector (also referred to herein simply as a

"reflestel") 40 segireat shis melecylarhpam. 1 dessentially, the Knudsen
cell %r,oduc s a "primary" beam of vaporized material. This primary beam

can beddirecteéd tév IERdcPRERASHEARprgesh SifaddgREetical
flak"impirgaraaitgtace s ethedehecinsahhe vaporized material is then

reflected from, or redirected from, the reflector into a "secondary” beam to

deposit onto a deposition substrate. The evaporant molecules of the
DEBARED DeBACRAPEFIMNtially randomized when the beam

Source materials for thin films are typically vapor
deposited using a Knudsen cell, although any suitable means
for vapor deposition can be utilized with the methods of the
invention. When using a Knudsen cell, 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 réflected from, or redirected from, the
reflector into a “secondary” beam to deposit onto a
deposition 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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30impinges the surface of the reflector so that, from the point of vi_ew of
the deposition substrate, the reflector appears as a large Lambertian

MigRy fsyqporized material for the secondary beam. OptiongHyi&0s/030067
W?e)ccﬁlﬁc(i)ary beam can WO 2007/021544PCT/US2006/030067 be directed

through a shadow mask to pattern the resulting material layer. The source

' any useful material that forms a thin film when deposited
beg;&/?%/%%agré §§p%§} |8§.%P%f§%%§/?v{hg Fhehl RHrGSHR. Weﬁ@@&ﬂi??
mafrriiterda@yeuseful as an organic semiconductor in an organic thin film

t i r i anic light emitting diode (QLED).
e oo Sa bt et st e ot SsahaBie, GRAC
Lorstfe corduiic Srhphise ey gdakasiassss, keramirioild epolyietion .

préigUas{lonaranple 24y ics, LROMES, ROVAMIUES, BOWFAIRANAIS e
olyimides, polyketones, poly(oxy-1,4-phenyleneoxy-I,4- .
maBﬁ@ﬁﬁ%nééaﬂb%‘ﬁ??&ll,2%%W%§6m%ﬁﬁm¢é@m 48 an organic
thibpaly{ethergiher kedane)arEBK) polynarbegrenss. o origanic light

henyleneoxides, poly(ethylene naphthalenedicarboxylate) (PEN),
emgggfgﬁyé%%% re%ﬁ%te) (PET), poly(phenylene sulfide) (PPS),

polytetnaflucrbathytene (RIEFB), filletkpelymatic matarials fdorexamle, ror
exRBTLEniAeeq RiaRleR P (CRR L S RIEe PR {0 S TamRs @

potymer film wit
ceramic foils, polymeric materials (for example, acrylics,
epoxies, polyamides, polycarbonates, polyimides,
polyketones, poly(oxy-1,4-phenyleneoxy-1,4-
phenylenecarbonyl-1,4-phenylene) (sometimes referred to as
poly(ether ether ketone) or PEEK), polynorbornenes,
polyphenyleneoxides, poly(ethylene naphthalenedicarboxylate)
(PEN) , poly(ethylene terephthalate) (PET), poly(phenylene
sulfide) (PPS), polytetrafluoroethylene (PTFE)), Ffilled
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
battern 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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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

wWePaleh 9fsyncoated metal foils. Preferably, the reflector compgigessaoiiiitoss
foil, 95polyimide, or a metalized polymer. Typically, it is preferable that

the vaporized material does not condense upon or stick to the
o irgpiﬁr%gement surface of the reflector (that_is, the surface that the primary
°Bea

ity 8s BRESE rédirettET a5 ROM). PhélamgemerP 388arHsase
thears therkforg heokedtedi(fartexainpire by adamp)da adepperature above
the condensation temperature of the vaporized material. The impjngement
surfg[%le can alss e g(%‘éflélé Wiﬁogerﬁ’e?tlel?‘iallz&orc&rh%ﬁle? ’éepfoﬁﬁr%&%?)etot at
thdeseaseahasticking lcoedficiertadiithd vapotired inaterigementn someace

ituations, heweyer, .t ca f hat the source materia| be
£oBIAtONSs; § ¥ .
o?éztained oln t eﬁ%pﬁﬁg\gm%%tﬁsu%aeée% %L%% a Sé]rjigg %Ltﬁ%g% bet Ol’é; Slng
refedfreetat frofithevRsfieticr cThe Yapofizee soudcelmaserial Tan, forample,

bee¥aMBlfe PedllQuethincendense,en the-feflactor so.that the caated g

reflector can be stored for later use. After the storage period, the coated

e iRt £iPBe PRattPir-FafornAt etthesfaterdf BAY tMRIEtPBRERa

pedgpasitiensubstiaiasathivdilbayeh be Theselecios ca8 avsaye
useful shag& For exam%eﬁthe reflector can be flat or nonplanar.

R, IR FSSi Athe Pl e SO RS hGAphaP NGBS e fRaBi - Hd reiREsmate as
a tbhshaged to maxénize the uniformity of the resulting layer. Numerical

G SRt g e A Al -6 be SeboRARRAS
theasingfd ewdetinggrogmant baith as, fomaxample, Mathesibirafayailadte
re o 28MallsqlL, GAMALdge. MagsagiselizlModelng.can also e, 4o
shaped to maximize the uniformity of the resulting layer.
Numerical modeling can be utilized to design the reflector

in order to maximize the uniformity of the resulting layer.

Numerical modeling can be accomplished using a modeling

program 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 énable 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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used to design a reflector that provides, for example, a linearly graded
(that is, wedge-shaped) layer.  Reflectors can be made using methods

weanesde art. For example, metal foils can be shaped or Begti9hos/030067
example, 25using a preform) to form a reflector. Polymer reflectors can be

made, for example, by injection molding.  The secondary beam can be

dire hro one or moye apertyres in a shadow mask tg pattern the

resu%ﬁ%#%ﬁé%ﬁa&vﬁ n%lad[s & é"r?%ie RPBEion ™ BeSiftd Rkerial
mabagisdsimutanesuslipioraraioplef theoigttriatin adepisas peasetedted

tter in e] o) rate patterning ste

A A S S A e e
De PreRTally °# ShAdBhHasR terrekndnahpalyrhér materaisuehss, Thre
us8XampiR ipiide 5 polyesier is dsedn Balymeal-shad Ocvbgﬁj{?%g\p.{@gal ly

have a thickness of between about 5 micrometers and abou

AAVRBEATERIS Ve ShLe bt PakATRlMatdmad FeHskadoremagks can

fapra\de aeasRges e er matarials.dadedina-ease affaprication of,
the shadow r?_]lask, r%duced cost of the shadow mask, and other

mask BB AR BER meMOHRYSFals RoRRRRLIBIS:EMple,

a (/aﬁf%lge%.
ma siicha l mesalshoricrystallmeamalerjals Candgysed Ralymesshadow
re flexible and.are generally less prone to damage due to the

crgacmge%\a%j ?o‘%r%r%%tgornlgfl g’re%rels%%? S((%Srrerfglhen[g Bémglihﬁgﬂ A Sitish, axre
flevhpaer st oviemaskse typldatlylssing tightvecighbt alachfgxibiyaredeshe

ing When, act15wi isting. deposited layers. Furthermore
B er A bos b loap uh RAREL Henldd RS,
In gdcsHaierof RYOSRRIN apadeiesweksibjdoes erdd yakietiog depending
Ligpondhemationn desied Pae LmOrR.deposllion AREIHES CaN b8 ontact

, formed to 20have widths less than approximately 1000 micrometers
WL By SHETHRT s SARMSAGSOXIRARRES0 niEioThERre TR ore prese ROIIeTs
ma dhan a@ﬁrm@na@gg@dni@mme&@agven more preferably, less than

e it RO R e i

subject 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

- 7 -
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25forming deposition apertures to have widths in these ranges, the sizes
of electronic devices (for example, OLEDs or TFTs) can be reduced.

wiar89vess4g distance (gap) between two deposition apertureseggsleidos7
than approximately 1000 micrometers (preferably, less than approximately

50 30micrometers; more preferably, less than approximately 20

icrometers; most preferably, less than approximately 10 micrometers) to
mare(%'ce 3%% S7E % \I/%r%sus% Sg\%%g%legr%%iﬁfgg%%eﬁﬂ%ykiﬁﬁ Jetg dLatrrce
be g aab STk RS skad e WD 2087182 1544 USA0064030067s  can

veMaskeolicliBiances hewaen feaires, Uehas the distance hetween

apertures or the distance betwee patternstan be %%?(C)Zgﬁlmble to
(PRRRRT 2bPOKiIARIRPE ISR EN! (orbfdrablyenppraximataly €5 pekcbnt,

apﬁmgﬁgf@éqgly@qp@;@gggg@y 0.1 percent). Lasg_r ablation _
techniques can be used to define the pattern of deposition apertures in

polyristSeh ROt R CLREESH MY, foARakien BFadHarlodedbag fdm a
papolymericchilaepan allowthgpisereffabricalignpiacesses el Fan s .

10less expensive, less.complicated, and/or more precise than those
Ac ‘é‘éﬁe%&i@)?r%quﬁé&" FS-diRBr haBoR HAISHS BRcH ad Hom eiaﬁfb}é’,mﬁlw
£1i hmsierorabétalicinasksaMofe duasrhiecalisenapebablation teehriques be
n L{o_create a pattern,.the width of t attern can be ma(_je
18%1%%%%%%3%?% ah 1%%:%%88{?&?51Cp%‘ft%?ﬁs.%ﬁi%%ﬂ‘ﬁﬁ?la@’é?85%?|oﬁhan :
thesehriguesredd facitatslthedcréation thematterd suchdbidstheuridta of theor

exHRTEE iSﬁfi‘&%ﬁ“ﬁ&é&?@ r%%%lglcﬁ.?cc%{ggﬂ%t?r’ c?:?tieé tg%r’l because

approximately 25 centimeters, greater than approximately :
lagertimlarsisrelerhrdaier20arn Rsprasiedately S0GstRtimetsstern,

tnd hesadargsemagks puhich cande, thewitth of aweband werygng (for

example, the length of a roll), can then be used in a depadsition process to
conyERERRAde BRI EHEhat AetdiSFIRIEovdRE fifga_lpfhterarea and
teckpacpied bydargedistaneese the creation of a pattern such

that the width of the pattern is greater than approximately
one centimeter, greater 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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25Alternatively, if a shadow mask is formed from a silicon wafer, the
pattern of apertures can be created using reactive ion etching or laser

waPladioe Metal masks can be made by a variety of techniqugs-inelsdinigsoos7
for example, conventional machining, micromachining, diamond

machining, 30plasma or reactive ion etching, and electric discharge

hini DM K- ' hinjng.  Typically, the methods
@ B ISPt BcE P icp i tREhF s 4 28 S SKAmplé 52

theacutmnchamberial a pressyrentess thae shosb 1y, 10-Sdorr-tpsefesaldvr 1
than about 10-5 torr; more preferably, less than about 1 x 10's

* to(?rs)s. %ﬂ?ai shﬁggvnv n%as%%%s%dgﬁosr’]%aﬁsérr%ﬁsath Cdh RS Rrdkkag - the

Shmallyqﬁﬁceldsirtw@i(ﬁﬂ_&}m qubqwéit'rbm Mst_miet,ye_mnbtmndhpo_s_ition

suBtedRdo hedeRapliedinyapatized by & depasiap ol Lhe deposition
unit can include one or more sources of deposition material. The source(s)

vapgi btk ¥d Fo YapeRiE iinitdital. TRes/aperized piswriahibipingss

inthaueedlester and iagedirgeied Lrip thefeflaqtarte depesition the e

deposition substrate through the aperture(s) of the shadow mask. Upon

SOYEHEJifdN Che Mgt kSR r FOTSBRYF paferihGe MierBy fle: shadv

vap@skz Eweves when adfieddlle shadew-@askds Bladenibsufficieatiyected
e a pattern that has large dimensions, a sag

large, for ex le, to inclu
AT gaen?g%g 8 atroes%ﬁ]%? YV R %%ﬁ%fbrﬁ”?@ﬁd?ﬁﬁ&n
thpetwgerttie masktandktfie)depbdsition subsitate mblag sagpseblem
s as.the mask is_ made larger and larger. Therefore, the.mas
oy ks TheR ing Hebolion it HE S RE B ST
thensgraid pladeailipon the deposition substrate, it may not lie perfectly flat

UpORh RSt GO ORI IRE, T 6ARNP WEDKIesn g nask). To

sufficiently large, for example, to include a pattern that
has large dimensions, a sag problem can arise as a result of
gravity, creating a non-uniform separation between the 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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overcome this problem, the shadow mask can be stretched 25against the
deposition substrate such that the separation between the mask and the

WeERRSIiiQR gubstrate is minimized. In such a configuration, gravt;68596/030067
assist in holding the mask in contact with, or nearly in contact with, the

deposition substrate over the entire region in which source 30material is to

be d [ T aration between the mask and the depositjon
subs%?agtgégqr;\%%?eﬁ% ar? ; o?lge)i(gmp?e,paab%%u?ﬁ%e%cﬁ%%%?g&slSt layer)
cagprefefabpalety then pbout dediccometersyieyersthe ientire depositiva as a

spERAION 1, WQLO0 7921 4R TIUS20Q6/03006 1 uEWée%}%l)él%% trﬁask

example, a patterned photoresist layer) can optionally be provi €

Ingepssitiok SuB¥PiRYs REpUbEHEENalsPRRidesbsituresabstrate and
the shadane Biaskdnordento profectirsuously depasited layers, 2T he

methads of the invention can be used for making thin film layers that are
thdpy & el PTG nt B RRRIVERPRFGE Biedd - oiehERiPle OffRr
reetheds of therdguentiemean bedisaskionpaking thingdibrrayersyherein
intheeni;chi(%)kness ofkt)he la eéfvgies“t?% less than, about 8% _10(preferably, less

than about 59; mors %? e K4RFa BbBut 2By dryehre 4 R

theharhdlodurtelt) Oodm2Hprefersadty vavet ebobyy 112y thihe arefheds of
the-inyenton c rformed in-ling (that is, continuously). For example,

P Surce ma%gria %§§ t%%%%se%%%%arﬁi Hepoited gﬁ%]eg pgsitigﬁs s"thin

abgiisstidte cTEereldRgakePwebeTive subbaatealveb tahdmfechthrough a

(peeres-ahaenosiyen sialiops. Thgeflector can also be formed from an
elongated web and/or moved through a series of deposition stations. In

additif, SRAARHadk bateriaVEitaidse faithdekinbrasownadfiiattinne
(chile layers espertiansefigyersrdpedhinfimlayerateuseftbipiglectapcpe
segggggially deposited onto a deposition substrate of an
elongated web. The substrate web can be fed through a
series of deposition stations. The reflector can also be
formed from an elongated web and/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 (TFTsg).
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such as, for example, capacitors, transistors (of which there are many
types, including junction transistors and 25thin film transistors), diodes (for

woXaAle; dight emitting diodes or Schottky diodes), photovoltiesydhenz0067
displays. Preferably, the methods of the invention can be used for making

organic thin film layers for organic electronic devices; most preferably, the

met of the invention can 30be used.for making organic thin film layers

for o@%%??i% liGht g‘r%%t% ng tiBd8S TOEEDL) BRY o N RMErilRPE 2hdishRe
betWeRs). WO 20@7/028844P CIHEE2086/03008dode QiEDs inelude @) .

rgﬂ_rg[g TS| ment_positioned between twaq electrodes (that is, an

Th(gmode alﬁl a%é%%%eér?e‘rﬁea %rrrbeefllﬁtfc%m%ﬁ\a/%%%rﬁ@ﬁé? ﬁ%ll?%%t&&@é:a ne
1ighist ené tighremiargtaydethat cof@imsonaer mone@rganicganic
c1eeleeyplimineseent MARIAI A1 OGS BIISSINE SN CAN 8P0nent

include other optional materials such as, for example, charge transpor

“athdefals ErdigeIetiing mateans tharfenjedtonamateriss, dutar
ex&ﬁﬁmﬁﬁmﬂﬁﬂﬁﬁyﬁﬁﬁ@gﬁﬂfﬁaﬁag$%fgf%qmgﬂgf§8nﬁﬁgg¥{n%
OTypically, OLEDs are provided on a substrate and arranged in the
ma%(ﬁ %\%% orf&REABdE 1 FHote BAnEpdE Tyl Slig kAP RYEeF wlestron
matranspas Jayerf aad cathedel Hlectrens are-iniasted intethe lacton,

transporting.layer f the cathode and holes are injected 15into the hole
traﬂégg Cg]g ég'%bt%eaﬁoﬁ% §8 ArTeRShigrER ®We light

Fting (
areanging lagetivhefothibywiombinedeemittighte Atdeass Doereleaipde is

. : : the
et SOk Al S Tor i GEEB AT 036
catieyesputieles bresa tarssphrgsicsidsbtrine suthaselasticron
transporting layer from the cathode and holes are injected
into the hole transporting layer from the anode. The charge
carriers migrate to the light emitting layer where they
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, glassg,
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, palladium,
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glass. Suitable substrates include, for example, glass, transparent plastics
such as polyolef ins, polyethersulfones, polycarbonates, polyesters,

wiePlygyyatas. and polymeric 25multilayer films, ITO coated bagigtiha8s/030067
such as the Plastic Film Conductor available from 3M (St. Paul,

Minnesota), surface-treated films, and selected polyimides. The anode
. Taterial q:%ting the substr}%te IS electrica#y conductive and may be
S1 (@) er

optically transpal?eilgf%,1 BRE i AN APEh G FBpEquéTift SRR feRs
theuitalfle arltaleymaterizdd inelwin desexampley indintea@dde Hitormenta ins

Xi , Z1 xide,.indium zinc oxide (1Z0O), vanadium oxide, zinc-tin
°n§x?3§,§§§fd%)pfa%}ﬁa§m§§é§g iim, WO 2007/021544PCT/US2006/030067

Si Iv&YEﬂf@hi@iﬁWl@ﬂmcimlmétalémn dNO@rﬂn bﬁlamioh&bhemtal\]dgny uch
asSHifahle.anpdesnavea Stlaetﬂeamﬁt %@dghmem%[gﬁ%%ﬂﬁfa's%%%%,

Typical cathodes include low work function metals su uminum,

magRaGHIBARIIC SambHOKE madhdsium, sivdh ivayricknanideer alloys,

ytigiwnutithiun dustdeaytarbiymagnd &1 Galciimonagnesiy alloyg dhe an
cathode can be a single layer or multiple layers of these materials. For

D€ o3 afHRg the LRIl HAr R § 1 4GS itRiG Nt REMGoRE AhF&F of

Foalwnminupl,and-adayes tisieec dheiaradesand theygathode can-be um

d ited using a reflector. (and optionally patterned using a shadow
£148 %Ieéetcgrséil]% 0] thoe“:cm%Jf BHEEF theie Ao Yitey tarf atsd He

mas
depBsitechusidig amdothiee usefihodethodisuch assfarsiGexampleénty a

re?iaéwtgom k(jgﬂgrig .[EQ.ZO @39 rg&@@é%&?@éf%s%@gmg}eswa%@ﬁ | mask)
evaporation or sp termg?

according to the methods of the invention. They can also be

deposited using any other useful method such as, for

example, by plating, ink jet printing, or vapor deposition

(for example, thermal evaporation or sputtering).

The hole transport layer facilitates the injection 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 ag 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’-big(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 (MTDATAX, 4,47 ,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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The hole transport layer facilitates the injection of holes from the anode_
into the device and their migration towards the recombination zone within

w8k aytting 20layer. The hole transport layer can furthep @k R8086/030067
barrier for the passage of electrons to the anode. Suitable hole

transport layers include, for example, diamine derivatives such as
N.N'zhis(3-methylpheny1)-N,N'- bis(phenyl)benzidine (TPD), |,
ac ?ﬁ%%‘%z-%pﬁé%nﬂﬁﬁ’- b?s%p‘lg%ﬁyﬁ}é&ﬁﬂaﬁén(be?dzwg any
sulipRbBis(matphbthyl)-N,N1- bis(phenyl)benzidine (NPB), and the like; and
triar ine derivatives such as . N
4,41@%%(€%¥%Eénﬁ§%ni%%tﬁﬁﬁrgnyjfalr%lllnte EPBATATSG AP eER N-F0me
L1 gelth ek ERyIG- phrygenine Yt pacaylabina UTDAFAEMiA 4y, a small

IFBABAI. D RIGAnOphe YR B OB e
o henieraon e boror e DACEY eI The 1 R 5

Ligher €8k el B SStbASiRg aefiRcepanddplionalsaeshied iy a
emshada Imasl) WM ARG E/E33006/03006 L aererding tathe;

methods of the_invention, or using any suitable method. OLEDs

AN oRBTT 6RB or iR ERTEHY BFBRNG e REhtERitERERG RS Hameof
tha smalemddcule emitier, kigmall Siieleculs amifer dfpeﬂi@g%fgmigtir_}%
olymer, a.blend of light.emitting polymers, or a combinatjon thereof. The
gmﬁﬁgg Iigﬁtgfr)gmet é%otr:g'jgﬁic eal%l%éi e)elcéﬁ{éﬁ%aﬁnefﬁoﬁ%rﬁﬂpb‘ﬁibﬂ%fa
refiespeatruiam?peptdinonen tye pemipasitiod aofthadnatesiaissiovthadighi
acEBHINAYaNe VBV ABIDC DN AT UIACASI(E), L PR deRgley
using a feflector (and optionally pa%terne using'as adow Mas
sUjbadrn @i tiedmet i3t sfethbddvestortloe usingeary suitatsie rhethoged

toTﬁéﬂE€¥Em§w3tB%“MG%goffﬁﬁkb%H§ggfﬁ@aﬂgyéggo95n¥3§dmpégions |
thgg“gg?ga igﬁgfggnéf ¥Q§ent colors in order to form multi-
color or full color displays.

In practice, multiple layers of small molecule
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 (Alg3).

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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15that emit light at different colors in order to form multi- color or full color
displays. In practice, multiple layers of small molecule materials are

woRikAs 4s¢d to produce efficient organic electroluminescenpgexiSsse 030067
since a given material generally 20does not have both the desired charge

transport and electroluminescent properties. Exemplary small
molegule materials include N '-bi%B- , . i
methy Shé%?ﬁ- w}cﬁﬁﬁgﬁw%ﬁ/ﬁ ine (TP 4Rt thtalGidiafeaterial in

comdripabihds suthlasaris($androxyfhmotine) alednistetE ko) t%omﬁit
|_.molegu i di in, xample, C.H. Chen, et al.,

e S o O e ae et

ex9p569 95673e oS, PhRrfORRRL 6030 % &E150dMY ;andie242,115;

trafd RGTEateADRications £ublication Nas, WQOQLB85] (divalent
30lanthanide metal comflexes), WO 00/70655 (cyclometallated iridium

SXE oA URAE Bt REiS L ahdMVErd8 85581 LS ohbdbTithede anifiorter

watndlecien candie meéﬁ@att@w/abpaaﬁnf;ofége@xa\ﬁ( e, host i
007/021544PCT/US2006/030067 The light emitting layer can contain
mafesd Ofnatt%ﬁgl Ao HTbiRatEn WL dopanE THE SR et ofRethost

dopeattrialis tygindlhsatadighesenesdy lemgh thamthesexcited ﬁtg’&%@%}&]@
endPal g o gy b S nsleged fom e st o e
emiayelayth et tHabxeird dopantdbprexarvpie; host matblialdhat grits
ot ater o 0T o SEate S IO Ao 2 RGIerorerly 0 B saan =
arghagot limited to, tris(8-hydroxyquinolato) aluminum (Alg3)
doped with coumarin dyes and biphenylato bis (8-
hydroxyquinolato)aluminum (BAlg) doped with rubrene.

The electron transport layer facilitates the injection
of electrons from the cathode into the device and wmigration
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 tris (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-yllbenzene; 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 optiocnally patterned using a shadow mask)
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emits red light but not to a dopant that emits blue light. Ex_emplary host
material and dopant combinations include, but are not limited to,

wSiB-pgsexyquinolato) aluminum (A1q3) doped with coumagihGy@R@Boos7
biphenylato bis(8- 15hydroxyquinolato)aluminum (BAIQ) dop_ed with
rubrene. The electron transport layer facilitates the injection of

f cat to_the_device and migration of electrons
acso%%{rgﬁihe@ cggé%(?lr%bﬁéﬁgﬁé%n%@w%n A the Vight e%ﬁlna tayti-FHed ™Y
sudlezlrbh theispedt-layer can further 20act as a barrier for the passage of

nolesdeibecpmans, 1 some,exampice: (e, eleglied 1 ”anjg%t 134153 v

be formed using an organometallic compound such as trig
CORYaroxyREinofts) SXATRLRY (AGIPENE bipie st dis@s like copper
phbyemxygeinpiRo)aiumHuBABAG)- Qlhehexamples ofeledian - on

. 25transport materials useful in an electron transport layer include

107 oL keR (437 ALFinFARy RITARenf 2F 1 SXaMekadia ey ien Aatea L

oxiddaspF@flyé.llka{l).ﬁe(zkr(elth-ldIH@IE)Q?"MPQGBY%HE roxagiazole;
10- d|(2 na? ganthr cene %A ;..2-(4-biphenyl)-5-(4-t- L

Co%B%uﬁffﬁf%n azé‘} L6F J(irbl oj%hgﬁyj;rlazo e

desa(wa@nvamyaplamﬁaz@ihe(ﬁﬁ -thelemmﬁyﬂ@ﬁm&ymyer

reflec ti y pa ned u
e E?Sdbé%v‘%%%%%@v%o ]731021%4@%1“78@}‘6036%3%0 R g't%%e
PhenaRbas at inein(BaRoR, dﬂ‘l@iﬁﬂg&ammuﬂabb(method Other layers
hy@HeR-AsAdgitenal holeinestion l@ﬁ 9”5”9( %gﬁ%’%ﬂa}?l /1) -4-

porphyrinic compounds like copper 5 ocyanlne

phﬁﬁi’l’?&]écﬁn|ﬁ€r&é@%f{?1ﬂ@@ﬁbﬁ-l>ayérs?@ém§mﬁ@Ofbe exdple, alkalirieron

blcﬂa,e{tahgxmawf@lK%ﬁ@amﬁ@@a't%d}o'%;bé%ﬂ%q layegs caagining, for
molecular oxadlazole or triazole derivatives such as
na%ﬁgp%;)bieﬁy N-5-QrEARBRRENY 1951651 3 inex4HRBdle ®BE), 4" /4" -

tr29uintethyd ehyigipben)-1lhenylamino) triphenylamine
(MIDATA) ; or the like can also be present in organic
emissive element. In addition, photoluminescent 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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phenanthraline (BCP), biphenylato bis(8- hydroxyquinolato)aluminum
(BAIQ), or 3-(4-biphenyly1)-4- phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole

wd Aé):Biegiron blocking layers containing, for example, N,N3bi$(33006/030067
15naphthyl)-N,NI-bis(phenyl) benzidine (NPB), or 4,4',4"-
tris(N-(3-methylpheny1)-N-phenylamino)triphenylamine (MTDATA); or the

like can also be present.in grganic emissive element. In addition,
Su:ﬁhgt% Gr mmaegggr%a?lngtg"rlﬁaﬁg caﬁ%esblr%séeﬁf%lt%rgig Igfearg,s%‘?]é%ﬁ pq‘é’,
vigitdevelt tiat20cHorisilighe esmitietp/tbe etectraamiriescent material

0 er such.lay d materials be,used
e o iing e SIS et By Do ebioL b e Fbted GLED
undéyitedfor eXamiEEB siHrairahe oramorelfeatures epalies ddevitedble

1igurentivaltage dorespansa i desired deyice efficieney, a,degited calor, a

desired brightness, a desired device lifetime, or a desired combination of

AMRRAUS 1 Fbd I COTTh Ry &/l é&PBe d¥posited LislRy a reflector (and

optigratly patteraad tising pshadewimask) aecordingdpdbe 30natbeds of i
de%h,e mventl%q, or usmg{g Xé'ssultable method. The OLED is typically
Yishosed on & sIFAYT 5} LERF G fe ST FRESEED SHRFAHEESn &

gatemplise mnyditable: materalrsuchas; fe@amples glassgaelymeric, or

g1 Qther.suitable materials that are substantially transparent to visiple light.
l%%%gbééigjb%rtlra%se cdf be (ﬁaefgr?%r]%l%geoareant%%%gn%luac%(élt,ari d %Jrg
elgefkibrddilled bromfited.oT O LED subskdtectanialsodeiopaque to

eMis ] ' tee ine gilicon. amorpho
S on Doy Slcon, of e o1 El 2 aolior CATICANy ool

adpareesitelBBrbiie devec T FRdgvarally fchedeademsistBhsessstrate, a
cotipinelectode Pndbedransisioc gubsirate, a.9ale J Odielecire on fhegalg s |

electrode, a source and a drain electrode adéacent to the gate dielectric,
Foﬁna}%?ér@%?conﬁﬂ‘éto??%eacﬂ&@erﬁﬁajtﬁe% £ Biefétdfic 6RB Rfacshiasent
toththeourseanil ¢t eletiyofesnThase semneneat-edt beassemiled it ne

sol véariet 8f 89:nﬁ- ura_'ons. 15For example, the source and drain

eﬁac?ro%és Reva %xaa %(éﬁit‘o es, or the semiconductor layer can
be interposed between the 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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to the gate dielectric with the semiconductor layer over the source and
drain electrodes, or the semiconductor layer can be interposed between

W 8moMssssand drain electrodes and the gate dielectric. 20T ed6s/030067
according to the present invention can be provided on a substrate

("transistor substrate™). The transistor substrate typically supports the TFT
hguririt%meacnéjf%cturigg te ting, and/or Ufe. For example, one transjstor
PS8 strate fRay BYpTdoted Rortes i 0 zé%%%%%ﬂbg@aﬁ grred to as
poémbetdimentstbkile arothee IransiskEEIbstabe yseelbotateioe spmmercial
j ionally, the transistor. substrate.can.-provide an glectrical
P g L L e S B e
(PEN indrgaicanbickRies: ororRehele ik (EIStor sobsttatesgarl ene
suf@TREFe BYOANIC Hassey qesailolls, palymericipalgrials Jor 1 ¢

example, acrylics, epoxies, polyamides, polycarbonates, polyimides,

£1R6fk&RHAEOBERFOBA 2 AISENyIEREANy-1 Fibrous materials, such as

paplenyianeearRenylel4-phenyeRR)dsonetimrs mietedde Py Ethers .
ether ketone) or PEEK), polynorbornenes, polyphenyleneoxides, poly
; i

Pr EthiyRRE FrapHitalEREaR A TS I AL P ER | SRBRRAS TS téreBR
ma(RELR Ppoly(phenylene 5sulfide) (PPS)), filled polymeric materials (for

example, fiber-reinforced plastics (FRP)), fibrous materials, such as paper
and?ex | éaéc,lagn%ecéé:t% Sofsun%]éaéé"og ,%%%ghg fGir: I%Sfe’flgﬁé, l‘.*?lnje@Isl the
prtransiswtrsu@strfatmcom@riﬁé@&#ﬂwn?ﬁam@teﬁar m&mﬁbmrmms
rof DAY e, FANMAE Haed MIRDEDrRaen LD veRliel A JRKPIG ERNS aa;
substrateallows for roll processing, Which may be contirfudus, prowéﬁ%g
eCepeRving bf sealkeamdcenomgal nednufaswfimgtovettiat avdior Fpd

andyatrates he prefereddlexivlefransister153upstmate canbe talled ; o o

upon itself. The gate electrode of a TFT can be any useful conductive
SURRiEAHC FERBXERpIE the GatPercirbBi@ 1dan comprise doped silicon, or a

metathsugla 88 ABURIBRORNEr A CHIPMINAL aold Silyer; dugkel,
oo %Iladium, platinum, 20tantalum, and titanium, and transparent conducting

AE5 SURh MR tin oXide SFAMOIRY FiRE oXRES(6EHMpRe can
comjpmiinemidpeed zintivdte obgabiunedaped gingroxide1uminum,

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
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Conductive polymers also can be used, for example polyaniline or
poly(3,4-ethylenedioxythiophene)/poly(styrene 25sulfonate)

wEERRIESS). In addition, alloys, combinations, and multilayess @ 4aes80067

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 ex le, doped silicon can 30function as the
g Lt e e A e
dipsakites thecgatetelnttrode floen desbaldned of the  FageViee rHiagates 1y

hig,rﬁ',ecf@% pesferably hag @ relative diglectr] ﬁ%%tanbs@f’d? qhoul 2. o1 s

ore preferably, above about 5). The dielectric constant of the gate
fogietdrerigean elrlareniRighaforeErisiecs0 fo10exmndiser. eediulic

orMaiRidlg Aaitheigate dielsetis Gancamprise, fL example, organic sor
inor%%%ic electrically msulatl%% materials. Specific examples of organic

mateiaS H5eful SEPIR Gite e REFRIMEIUBR TR e fic WisEHAIsE Qtich BS
galﬂ@yﬂiﬂéﬁ@@t&ffwer@Wﬁ@@'&l|Q@&€eﬁ9é}d@id%ﬁa@1@ﬁéi£5, and
e like. cific examples of inorganic 10materials useful for the gate
POUIGIRL e TITATE LRSS, B e FEhB. D orgtos BRPBIRSS
epoxitles, siicoh bkides itemtaluppexities ctitarimp bxidess slinomduirides,
ium-titanate,. barium strontium titanate, and barium zirconate titanate.
maﬁw%g}gg%én ﬂ %féﬁ%%s?ggm%%eat%%g,earr%%ﬁﬁ%%% 8ﬁ%ﬁéléé1€materials can
stiyeniséafesthetgateadiefeetric. t it Thetsource andahaireslecrddes o

ox1BEaresepaated from the %%@Lemds@d@g,g@mﬂf& IC, yulg the
semiconductor layer can be over or under the source
silicon nitrides, barium titanate, barium strontium

titanate, and barium zirconate titanate. In addition,
alloys, combinations, and multilayers of these materials can
be used for the gate dielectric.

The 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 comprisge organic or
inorganic semiconductor materials (preferably, organic
semiconductor materials). Useful inorganic semiconductor

materials include amorphous silicon, tellurium, zinc oxide,
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20electrode and drain electrode. The source and drain electrodes can be
any useful conductive material. Useful materials include most of those

woalgriasdescribed above for the gate electrode, for examplge 43630067
barium, calcium, chromium, copper, gold, silver, nickel, palladium,

25platinum, titanium, transparent conducting oxides such as indium tin

. oxid a ed zinc oxide (for example,.aluminum .doped zinc oxide, or
Zl%émﬁﬁ?f&élg? 2inzclc§§<?d§)?%’éﬁ/%%ﬂin%?o‘éJEﬂ’iﬂT:sﬁfégfLS?f%er%%%dﬁ%ﬁ‘%“glum
sepelyhttas, (PksSahekdaf, cembirghions théfsbfcanid mulilafers thegeafic

senQEhg seAtcINduatar layer can comprise arganic ordnQIganiG v v

semiconductor materials (preferably, organic semiconductor materia S).
depsEhitisgahikesaaitondBek hatbrislssHamplesmerdp rotsrsticoinc lude

antﬁ“ﬁéiéghéln%aﬁgﬁhgi%églee%gmmw@ﬂ@ sylfige, and
cadmium selenide (preferably, amorphous silicon). Usefuforgamc

SURS iddHR A R TRERT RIS f ol Fe&idl dn P SN SMERS Q&rivteksituted

petittieehSaytidiat examgles elacanesdaciéahardhi@eene, aaphthalene,
tetracene tacene, and substituted pentacenes (preferably pentacene

e n
exgrrngugéstit&%%%ﬂﬁ)lenetaggﬁ'é&%? lolst &Wﬁa’fg@{)ﬁ-nt&%ﬂ%fr@ﬁlm
fuéiemglessinchidelscinicpadiatng polyingrshpeplteness fullerenes,

ines, oligothiophenes, 10polythiophenes
S S e L (et A ERAELELY
mesgidnteehedpeitipines Bl thinifivhisledtesdebe(thaeis ithesgate

electiode. gaurceelpctade anehdiain glggiroge). t@ﬁ@ags@ée'&g@(}mge,
and/or the semiconductor layer can be provided using the 15methods o

SOYRERVBARGT T Oderhea TR TEPR @kralsEsteprovidial By bthedisbagitric,
anfjRiRodnel hasthir i eledtiodes, &y @ample. sad-sabe RLavided by

any useful means, such as, for example, by plating, ink jet printing, or
meGaB6SdEdositioh (Y ERAr e,

The TFT layers can also be provided by other useful
methods. The thin film electrodes, for example, can also be
provided by any useful means such ag, 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 film 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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20thermal evaporation or sputtering). The semiconductor !ayer can _b_e
provided by any useful means such as, for example, solution deposition,

| fig, printing techniques, or vapor deposition. The ggierdRBeH R00s7
Wzgkr?(flgg be provided by any useful means such as, for example vapor

deposition or 25plasma-based deposition. The patterning of tg%thin
layer can be accomplishe
el g)cgloe&trodeé d the semlconductor y p y

nown methods SHEH RS %@ﬂ%{skﬁﬁi SRRV ShBHRBRdpIgan each

besyistpastivégpustdlithdgraping peintiag Lexaroeoalesb3ARiRY NG, anddattern
e bl S adowm skin I some situations, one or more,
megg%t#% %efégg[g\% yﬁac%rodle gate mlec%?i& Coﬂ&&&bﬂ%é?%ﬁ’é@s
CaW@?O@W@QEBHMB/U&Z@ﬁ&O@@O&bEECMM&cﬁndndMet&&ifode,_and
I+ t I o] sjted a.reflectqr accordin
de?f?hﬁ’%%ﬁ%i?ﬁ?ﬁe EH T e < iR B )
© CHRRPRIHEN & BEAVTE SHarloRRRRISRE foid Bf(mmstthvaafcmerm)mmmm

different
orlayers pdivitual {ayrs can be deposited through the same or
patterns on one or more shadow masks. EXAMPLES 100bjects and

advantages of this invention are further illustrated by the following

EXamanmdes, but the particular materials and amounts thereof recited in
ell as other conditions and details, should not be

corCR R 8 (P AR oe o P £ 100 ave. Further

illustrated by the following examples, but the particular
materials and amounts thereof recited in these examples, as
well as other conditions and details, should not be construed

to unduly limit this invention.

Example 1

A 15 cm x 18 cm polyimide shadow mask (see, 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 pm. 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 gerve 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 flux. A second

Inficon XTC/2 thickness monitor was placed near the
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A 15 cm x 18 cm polyimide shadow mask (see, for example, U.S. Patent
Application Publication No. 2003/0150384 (Baude et al.)) was placed
werlep@h&d5 cm x 2018 cm glass substrate and placed in ap¢@GHMH6/030067
chamber. The shadow mask had a pattern of 90 um square apertures
separated by 90 um. An approximately 25 cm x 46 cm planar piece of

Itra_high - tible aluminum foil (UHV Foil available from
ufi%%%‘"‘llgel\r/ncg%%ﬁé% %%%i&)%%%%ﬁ’é@itif)ﬁ@d SRCARYoVe the

rsubistetecfhe fdilwas heated with a 500 W quartz lamp controlled by a

Variac arijable transformer) _ta serve as a flux reflector, A thickness

mon%oé%?ﬁggﬁlﬁ I, §\?air:eff)1'es %F?lh n(ilfc%cr}f %%@ﬁél@dsael,w&ﬁ%rk)
(Al pracecheammeliiuxerefipotor 39fadimgrdosmvedrdnid maeastite the e

| +1Asecard nficon XTC/2 thick maonitar laced near

10&1%%%ﬂ2g§01%§21e§%4ggwus2cE)og(s/%go%a%%sﬁgﬁstgrgte%fa\%’%gﬁﬁwf%e%?‘)
angh e} shife BREsdEdrrialke lretireto ke of priprPyboakedly 30
deﬁﬁ%@ygm%miﬂ§ﬁuWc@‘lcﬁﬁ’é&§gﬁf8@|¥x€yapﬂﬁtegé@f@@@‘sed

alumjna crucible Slocated beside the substrate at a rate of 6.5A/sec (peak
Segﬂgé’?tﬂ/s%éﬁaﬁfe)%&%ﬁ”éﬁg|@%ﬁ%ﬁp¥&@n@?e|9f@ Sedpebsdfemand
shueiticaitoards the reftasters ThegRgisestethsagendansbgarrofAly was

ited on th trate_and.shadow mask at a rate of 1.5A/sec (peak)
o aoch T CAbI A AL of SRR 17 BB Sthof e s

substrate in a uniform manner. The pattern of the

S
(

deposition through the shadow mask was visible by
fluorescence from a shortwave UV light and through a light
microscope. Photomicrographs of the pattern were taken
using a 20x objective and a 100x objective with a Sony
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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substrate in a uniform manner. The pattern of the deposition through the
shadow mask was visible by fluorescence from a shortwave UV light and
W' RYEh#slight microscope. Photomicrographs of the pattern sygigdai@isoos7
15using a 20x objective and a 100x objective with a Sony Exwave HAD
color digital camera (available from Sony USA). The photomicrographs
are shown in Figs. 3 and 4 respectively. The patterned squares are 90
impigeindeAtoR RACRSIdE RERARpaPs tragmeriEaEMdUBIisy aphfe

t ish [ t 4 ilabl
T e baaie, (e oo ttey Fhe o an e
cadatelted 26hsingdytah' sonouidicatiemd tecCalsing formuldfor &

sy§98ﬁ5§@1c%91£%%‘34?\%%?{29'9f Molegulas Beany. Flaitaxy, Fundamepials
and Current Status, M. A. Herman and H. Sitter (Springer-Verlag, 1989)).

subpkisiabaePRds Ksedeeakeddie thedhédetikammiseimsiagmgid virieased

atPRILS Q_Bﬂl%%{luéﬁoé?ﬂ?%@t@é_ k@ﬁ'%@_“@&%ﬁ’!@%@meﬁt@ dertical
lambertian re-evaﬁoratlon source. A 2-dimensional integration allowed the

axdchfatidoh Gtk Bk FinEIBEuIfingsctsAIRY bed I 2nd

theeapdediacted bythe Hwerefiecter) impirgiggatiaayait @hthe the
substrate. The 3-Dagraghs generated b ,MaihCadT,M (Frigs. 5%2 and[leoo

ERGRAT HERAICURRET Sr%tigglsplﬁﬁ&ﬁg&ﬁ’& LB HlxTEFA Ystéth

subvhichea planasdluxreiectohiml Ay abeke the bsubsiraterand KnudSerrm x
cell, and the K”(Lidﬁ%‘ %%Illzisalgggs d at the center of one edge of the-

80 ¢m : ; : .
substrate. The verical axis 1S in ar itrary units of flux (for example, A/sec)
and the horizontal axes are in cm. The graphs show that the theoretical

Exgﬁgqgtign was relatively uniform over a large 10substrate area (less than
- lation over an 80 cm x
Increased uniformity and/or efficiency can be attained by

appropriately shaping the flux reflector surface. Fig. 6
shows an alternative flux reflector shaped as a curved

surface, the surface in this example being defined by the

X~MX 2 y 2
Z (%, y) = 100 — S

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

equation:

centimeters, and My, C., and C, are constants. 1In this
example My = 44.5 cm, Cx = Cy = 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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80 cm region (1600 cm2 area)). Example 3 Increased uniformity and/or
efficiency can be attained by 15appropriately shaping the flux reflector
weslassa fzi- 6 shows an alternative flux reflector shaped as geH86h6/030067
surface, the surface in this example being defined by the equation: X-Mx\2
/'y 2 100-\Y) 20where Zfr is the height of the surface at a point (x,y) in
3e88 imeters, and Mx, Cx, and Cy are constants. In this example M, = 44.5
e%m%t{gl?rl—gc%/r:o& S%r% TR eARRr AT dsighef By SridPYREABR usingt
shatHChd TVhdssartiadlyl astdescribed abovenEigrY showsthe: thesnetical o
be SEEARM ylf%-g%[gs%t'ng rom f;lis shaped flux reflector (calculated as
describg/trj abO\}e . Theytheroireet%:g Hgﬁgs%t%ﬁf is GfSt o F&/iﬁﬁ%ss
SXFTMLEE e Vafiatch oberahBlaad 8@ creretior KGR em2:a1@a).

enBoYax i C%q% lterati ta this_invention will become
appgﬂreen%%ﬂ%glsge skilled%aé gﬁ? V\R/?t%]%u% %kamprie On&y WICH the
SCoBB7RR 1522 P ers2 oo /(30818 drting grom i sdopa hydispirithef
cl#iimdnrntionoighowd-beungerstged hat this invention is not intended to
be unduly limited by the illustrative embodiments and examples set forth
herein and that such examples and 5 embodiments are presented by way
of example only with the scope of the invention intended to be limited only

by the claims set forth herein as follows.
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We claim: 1.A method of making a patterned layer comprising: directing a
beam of vaporized material toward a reflector such that the beam of
5vaporized material impinges an impingement surface of the reflector and
is redirected from the reflector through one or more apertures in a shadow
mask and onto a deposition substrate to form a patterned material layer,
wherein the shadow mask rests upon the deposition substrate, and the
impingement surface is coated with polymer. 102.A method of making a
Weslaimed layer comprising:  directing a beam of vaporized material
toward a reflector such that the beam of vaporized material impinges an
impingement surface of the reflector and is redirected from the reflector

throudh one’omatiend eijankirss PrEcsrRldaYPTRABIRTNAEONtO a deposition
subsigaietiReQHRARABHRS A HALRA )P W ISR Sa Sh 8L HEBRRM of

rests lg)on the 15deposition substrate, and said method is performed
vaRsinst sl ipigea ap SupBRes FurB s b G errdrsing andtissedirestad
IR the fedlbenakinouRPaHeoh atbia ¥pEaa a3l S lgiddkastie Adead«deposition

P
vaporized material toward a reflector such that the pbeam of 20vaporized
SO TR AR B AP PP P, BRI & PP oo e
depstiresiaddsoaehad eietipiibemegivaticoistamedpiii peanera shadow
mask and onto a deposition substrate to form a patterned material layer,

wherein the shadow mask rests upon the deposition substrate, and the
shad@w masknethqbdfmeking h pdivemetdsiedoimprisiaghod of making a
Pt ey B g ed WREHNIA RO A YRR OB T AE Bl of
toward a'reffector such that the beam ot vaporized material impinges an

vigpirfonnterial inipirges ahédmpitgetoer sufecrerfitbe tef detomatbireftimged
B o e e R L e o
sesiraesoivne potaped metedald ey avhersin Mapithadaa snapk zesieiphs the
dSPRARY ki ane Palth RO RGBSR EUGISRIAGHD Sbadoy

mask against the deposition substrate so as to eliminate wrinkles'in the
sulstiatshaing e elongatedrebmethod of any one of claims 1 to 4 wherein the
reflector is heated to a temperature above the condensation temperature

of the vaporized material. . ..
3. A method of making a patterned layer comprising:

directing a beam of vaporized material toward a reflector such that the beam of
vaporized material impinges an impingement surface of the reflector and is redirected
from the reflector through one or more apertures in a shadow mask and onto a deposition
substrate to form a patterned material layer, wherein the shadow mask rests upon the

deposition substrate, and the shadow mask is a polymeric shadow mask.

4. A method of making a patterned layer comprising:

directing a beam of vaporized material toward a reflector such that the beam of
vaporized material impinges an impingement surface of the reflector and is redirected
from the reflector through one or more apertures in a shadow mask and onto a deposition
substrate to form a patterned material layer, wherein the shadow mask rests upon the
deposition substrate, the shadow mask is a flexible shadow mask, and said method further
comprises stretching the shadow mask against the deposition substrate so as to eliminate

wrinkles in the shadow mask.
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6. The method of any one of claims 1 to 5 wherein the method is carried
out at 5a pressure less than about 1 x 10-3 tom 7. The method of any
one of claims 1 to 6 wherein the apertures in the shadow mask form a
pattern having a width greater than approximately 25 cm. 108.The method
of any one of claims 1 to 7 wherein the patterned material layer is a layer
of an electronic device. 9.The method of claim 8 wherein the electronic
device is an organic electronic device. 15 10. The method of claim 9

wheréin the Brgmsibedadiraniengefideimsdriofguheeein feaniiantey tibgged toa
tehpeldt O MRINRTIRS CJadthSMdaER ?etl*éﬁlfér gPNE R seMige is an

organic 20thin film transistor. 2. The method of any one of claims Ito
11 further comprising vaporizing a material to form the beam of vaporized

mategal, wheieindinaderianiaiis of BRI 125 whdlam Tethethel Rreag out at

of claims 1 12 wherein_t (gg beam of vaporized material impinges the
|Pﬁ?§ﬁ‘|§%}ﬁ§§ @R L B¥iEctor and is immediately redirected from

the reflector through one or more apertures in a shadow mask. 14.The

meth d of one,of cI ims 1to 12 wherein the beam rize

30ma Erlala%%%‘% ﬂ] |?ﬁ§i%ee éﬁpg (jfé%g‘g fﬁ%‘%?i‘]e 8‘3%‘&?&%*"' shadow
nisstaiban opatieen hxpihpenmddthgrdecetimfepprorimgtebyid®cted from the

reflector through one or more apertures in a shadow mask. 15.The
method of any one of claims 1 to 14 wherein the shadow mask rests
8. The method of any one of claims 1 to 7 wherein the patterned material

layer is a layer of an electronic device.

9. The method of claim 8 wherein the electronic device is an organic

electronic device.

10.  The method of claim 9 wherein the organic electronic device is an organic

light emitting diode,

11.  The method of claim 9 wherein the organic electronic device is an organic

thin film transistor.

12.  The method of any one of claims 1 to 11 further comprising vaporizing a

material to form the beam of vaporized material, wherein the material is a powder,

13, The method of any one of claims 1 to 12 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.

14, The method of any cne of claims 1 to 12 wherein the beam of vaporized
material impinges the impingement surface of the reflector and is retained on the
impingement surface before being redirected from the reflector through one or more

apertures in a shadow mask.
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upon the deposition substrate such that gravity holds the shadow mask in
contact with the deposition substrate. 516.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;
(c) retaining the condensed vaporized material on the reflector for a period
of time; and 10(d)heating the reflector to re-vaporize the material
condensed on the reflector and transfer the material onto a deposition
substrate as a thin film layer. 17.The method of claim 16 wherein the

vaporided ntemathod pd arionsaietiims hirHi e it tradorsmnk ias

uofitBelgupditiol inbirtetafiataryinatiitiol rhiaadosOntrdeinasiiac: with the
déé/?Stem cm;gﬁrising: a flux reflector having an impingement surface coated
I ﬁltbw ,aéf)a deposition substrate, a source of vaporizable material
capable of forming a beam of vaporized material, and a shadow mask

having.one qQr mare rtures, rejn the shadow mask rests upon the
deposition s%t%?ﬁé?fﬁﬂ%‘égsa%eﬁg? Lag\?%%%l?&%%fgmaterial is
positited rdisitinga toarflf veperized matttiabidwardefinafiestis;positioned

relatiygto thy ‘%ﬂ’e’gﬁgﬁﬁﬁpm&é{?ﬁ?ﬁ&%eﬁ@%%@% fat the

beam' of vaporized"mat impinge the impingement surface of the
flux ré6ectoresaidibe thedivadensett yaperiesflusaterid o the refleptantonmpegipd of
Hmare, gpertures in. the shadow mask and onto the deposition substrate so

as to form a patterned material layer on the deposition
(d)  heating the reflector to re-vaporize the material condensed on the reflector

and transfer the material onto a deposition substrate as a thin film layer.
17.  The method of claim 16 wherein the vaporized material is organic.

18.  The method of claim 16 or 18 wherein a shadow mask is used to pattern the

thin film layer.

19. A deposition system comprising;

a flux reflector having an impingement surface coated with polymer,

a deposition substrate,

a source of vaporizable material capable of forming a beam of vaporized material,
and

a shadow mask having one or more apertures,

wherein the shadow mask rests upon the deposition substrate, and the source of
vaporizable material is positioned relative to the flux reflector and the flux reflector is
positioned relative to the shadow mask on the deposition subsirate such that the beam of
vaporized material will impinge the impingement surface of the flux reflector and be
redirected from the ﬂux reflector through the one or more apertures in the shadow mask
and onto the deposition substrate so as to form a patterned material layer on the deposition

substrate,
20. A deposition system comprising;
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30substrate. 20.A deposition system comprising: a flux reflector having
‘an impingement surface, a deposition substrate in the form of an
elongated web, a source of vaporizable material capable of forming a
beam of vaporized material, and 5a shadow mask having one or more
apertures, wherein the shadow mask rests upon the deposition
substrate, and the source of vaporizable material is positioned relative to
the flux reflector and the flux reflector is positioned relative to the shadow
maskaﬂpﬁ@%ﬁ%%w&ﬂbwm@%‘@éhtﬂ?ﬁf% beam of vaporized

mate%@eﬁ%ﬂlﬁﬁﬂ'ﬂﬂﬁtm@ impiasmenisuidasa 4, flux reflector and be
10redirected from the flux reflector through the one or more apertures in

the sHABEEREXRPAFZIR BT InksoBahie ALLoparR RIm Oty FapRizgd material,

apditterned material layer on the deposition substrate. 21. A deposition

syste rs 15a flux reflector haying an impingement surface, a

depoglﬁ]g‘ﬁin‘g' ﬁﬁgt having ope 8T JpoLE B material capable-of forming

abeam}mfemmrmmmhhmmlmmmymﬂsiﬁm&msmsﬁﬁah&Qmmof
e tur s. 20 her

or mo e shado sts upon tlon
VBT SSEISS] (LD AS PR eT o i ik FRRn
pdsmﬂmed meiﬁnte)tcﬂﬂld shniﬂmmﬂlbmmhaslqmsmon edbmmabﬂkwthhédmwof
d Hﬁf}; E% r
V?ﬁ atetial w %%m?pef ?ﬁ et %:%%ggﬁéur ace o$§ fux re gé%’é)%rg ang ?)e
reditiotatdtbindhe Mﬂaﬂq@m@u@n@r@a@mhemm aparivres dpdshedaw thesk
aitd ﬂgt%%g@eﬂﬁsition substrate so as to form a patterned material layer on the deposition

substrate.

21. A deposition syétem comprising:

a flux reflector having an impingement surface,

a deposition substrate,

a source of vaporizable material capable of forming a beam of vaporized material,
and

a polymeric shadow mask having one or more apertures,

wherein the shadow mask rests upon the deposition substrate, and the source of
vaporizable material i positioned relative to the flux reflector and the flux reflector is
positioned relative to the shadow mask on the deposition substrate such that the beam of
vaporized material will impinge the impingement surface of the flux reflector and be
redirected from the flux reflector through the one or more apertures in the shadow mask
and onto the deposition substrate so as to form a patterned material layer on the deposition

substrate.
22. A deposition system comprising a flux reflector, a deposition substrate, and

a shadow mask, wherein the shadow mask is a flexible shadow mask that rests upon and is

stretched against the deposition substrate so as to eliminate wrinkles in the shadow mask.
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25and onto the deposition substrate so as to form a patterned material
layer on the deposition substrate. 22. A deposition system
comprising a flux reflector, a deposition substrate, and a shadow mask,
wherein the shadow mask is a flexible shadow mask that rests upon and
is 30stretched against the deposition substrate so as to eliminate wrinkles
in the shadow mask. 23.The deposition system of any one of claims 19 to
22 wherein the one or more apertures in the shadow mask form a pattern
havingPa widtheglenagitionsysigm el anyaenpdeaims 19 to 22 wherein the one or

more apertures in the shadow mask form a pattern having a width greater than

approximately 25 cm.
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