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ELECTROLUM NESCENT DEVI CES AND METHODS OF MAKI NG
ELECTROLUM NESCENT DEVI CES | NCLUDI NG AN OPTI CAL SPACER
wo2@b@70i3t he | nventi on General |y, the presentPCT/US2005/047181

di scl osure relates to el ectrol um nescent devices. In
particular, the present disclosure relates to
el ectrol um nescent devi ces and net hods of maki ng
el ectrol um nescent devices that include an
el ectrol um nescent el enent and at | east one optica
spacer. Background Light emtting devices, such as
organi c or inorganic electrolum nescent devices, are
. : . R P ]
L TROFIMINESCERT PEPIERS WD METHODS OFMAKING

i ncl udgﬁ@gr%@&qgmwgegm%sv%@ﬁm&@bm@st

one |i yer, sposed between two

el ectrodes (an anoggm?;ln@t hSﬂCE’[‘RVO' tage drop or

current is provide e two el ectrodes and
charge is injected into the device. The charge
reconbines within the em ssion |ayer and excites a

| unophor e, whi ch canFiedd@fghei lnvemtiowr gani ¢, and
which emts light. Typically, one or both of the
el e€lenodly, the presem slirgtasnie relotes taele¢trqjminegeenbdevices. In

transmtted rough the electrode to a viewer of other
S e e R o
mdAARSAEMOhRRAInSsteht ddRades kat ink1iRlelaf @lecBofu@Bn&Rbitldldient and at least

device or a bottomemtting device. In a top emtting

onebpiitat spagen. nescent device, the light emtting | ayer or
| ayers are positioned between the substrate and a
viewer. In a bottomentting el ectrol um nescent

devi ce, a transparent or ] parent substrate is
posi ti oned between the Illaéﬁ?é” (?i ng | ayer or |ayers

and 1H AR MifME devibks, BudhyRi B gini SO iRbrgBhid CldcBbHIMINGS &R Wevices,
di spl'ay, one or nore el ectrol um nescent devices can be
ard esefid dn @ Nagety bAdisplagUishtingtaad ather applinatiews. | Gengrallypthesy light

RN AT = o TN e
la}éeF,‘Hiéfﬂgecd PRwBE @6 180a8s (af Anod¥ SR caltitfde) MQfolta%eodrop or

I
ectrol um nescent device subpixel s placed next '
cugranttis ptoveted batvodehdhe tppelecioides drok chaxgernp irgected inkd theslevice. The

ch@\,\{]glgté?eﬁo I Xels %}'iﬁgn ﬂjl(?ls li?%q)ri fa@é.:rga_rﬁ %}Qc%els%qur\{nwo{)gorre,evghich can be
organic or inorganic, and which emits light. Typically, one or both of the electrodes is
transparent so that light can be transmitted through the electrode to a viewer or other light
receiver.

An electroluminescent device may be constructed such that it is either a top
emitting device or a bottom emitting device. In a top emitting electroluminescent device,
the light emitting layer or layers are positioned between the substrate and a viewer. Ina
bottom emitting electroluminescent device, a transparent or semitransparent substrate is
positioned between the light emitting layer or layers and the viewer.

In a typical color electroluminescent display, one or more electroluminescent
devices can be formed on a single substrate and arranged in groups or arrays. Several

approaches exist for producing a color electroluminescent display. For example, one
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Summary The present discl osure provides nethods of

meki ng el ectrol um nescent devices that include optical
waep@e®r®i3 n optical association with an PCT/US2005/047181

el ectrol um nescent el enent hi particular, the present

di scl osure provi des techni ques that include selective

thermal transfer (e.g., Laser Induced Thermal | naging

appg(ﬁcill- Inlc)l\lcﬁefs aRRkhE %Vi%f%? E2eh,Uhd BR dMdulluminescent device

ectrol um nescent devices. Patterning of red-, .
subgixeplaced mexttb wechesthert i Aveptiperiappiogchy figaexiampld, ghtizes a white

.emtting diode (OLED). materials f full col or devices
plXﬁagedﬁmgeéfﬁn cenBRclrYiR TRdy SteRReRpd ?’i"&?ﬁ:‘c{ﬁg@% ave been
descri bed for such patterning, including |aser thernal

patterning, ink jet patterning, shadow mask

patterning, and photol it SeghaRiihe patterning.
Al ternative techniques of providing a full color

di sPhaprevénit Hisclosyrapr@tidismyethdrs efmdkingeestat@ninabent devices that
~include the use of color filters as descr.i bed herein.
inclggentsal spasersis epipgal assesigtion WahawElsslo uéeﬁ?ﬁcanéiemﬁm-hm
oL GRS B BRI LS SR LIS S B
trafs@&t(0%S Lased Indiced Theralal eagingn .ITHhof estiocal spacérs ésrsusamdth

be patterned either on a separate piece of glass or on
elegtrduminigseanbdeviess. t hi s case, the effect of the distance

b the,ligh it L ; : fil. .
ety S 15a et bt - Al SRt Qinita diode
(OEEDEﬁlia&ﬁafs rreinfullfeelde|desicePhddpravence b diffwile eMahy eoknihies have

light to reach the corresponding color filter as well
beeagleacrihedifer sugh pattijraiveninclydingrlaser theapal patgrming @d ikt patterning,

t.he col or, saturatjan.l.evel of. t | ect rol um nescent
Sha&f”é’ﬁp?flglf Hagél?lg’@u%%ddﬁlo&ﬁﬁ?%a@%lﬁ %&%ﬁ%ﬁl g top enitting

e! el REBE§Is oq* ?Yd\ﬁi&ﬁg AEY]] sblbPWisplay wiBH 6t Ifa@teﬁh_ Bini@the

pi xel control circuitry as well as nore flexibility In

emitting chitsiriels infludmtite cen orfiltenslassdgiserilredtherdi. Howgyirctie use of

top. emitting devic the gl ectraol um nescent device .
thopcBusraiys iR e fs s L b PRREE Segrotb ot deviee
cotsB@clid THhiRA v9fphsibdliafd opficl $R8TE NFor Frh@ caPletsdnk QHE color

and a protective layer. To increase the color )
filtsmtroushbé pattepfiedzaithed &Dn séparatepigosel gss or on thesubstratpy In this case,

opLic cavjty that | uned to pass |ight to Jmatch
et Sight plaudelietBier e SR fhel i ang Mcoldh TBh fhgs o
pa8ila@hroblentsD IPYIRLHOHR DhbsHiaémibsieoh Hoathe RaR&bRmntindd¥nt

2004, 35:1017-1019 (2b04)). One approach to creating
dedoe ilopt the Hphtdavéach dwe domespandmngmilerdilter apweell ime d number of
adjacent color filters. As a result, the color saturation level of the electroluminescent
display is reduced.

On the other hand, top emitting electroluminescent devices may allow for more
complex pixel control circuitry as well as more flexibility in the choice of semiconductor
and substrate. In a typical top emitting device, the electroluminescent device layers can be
deposited onto a substrate, followed by the formation of a thin, transparent metal electrode,
and a protective layer.

To increase the color saturation of an OLED, it is possible to create an optical

cavity that is tuned to pass light to match the light passed by a color filter (e.g.,
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backpl ane for the el ectrol um nescent el enent, as

illustrated in Figure 1. The el ectrol um nescent device
waQooscidusles a substrate 12, an el ectr ol um nesPEmNUS2005/047181

el ement 20 forned on a major surface 14 of the

substrate 12, an encapsul ation |layer 30 forned on the

el ectrol um nescent el enent 20, and optional col or

Kafshﬂwta%% ei‘QP SRRSO ek TeEMAE Y Papkst w&;%bo%toss 1017-1019

l'ectively as color fifters 40) forned on
(2@410)3 POud alprmhltay@atl@suCEwpag@ lsrh‘atlesamvbhryeumﬁ@a rreohi fioeel

St WAl TR R ™
el& 8%19%9‘6@?5%%&@ 1 i &l AlsuBQrak B, lég%gicﬁ'olfuhﬁﬁésaent fgement 20

ectro a sem transparent sécond electro
foxamt(di arnemajor smifaceddwif thee duhyteats lz,aanpsmapsulmned ldyei MEmmed on the
the first electrode 22 and t ond el ectrode 2

elephglumipescenyiclapqns de. and qpﬁem]&e@r tepsr40actiby émb/é(?‘t Ghéwmafter

R 650y B e 0.
Enehyssutatio ¢ay22 3@ hey 0b adhihffioesicapsaiation ésgethat eanuddtiothers a barrier

optical cavities having thicknesses 27a, 27b, and 27c
to pweeuaﬁémczﬁtuwef% ex&EplEo The Elegpluyanscen elspront 30 includes a first

ele%ﬁ%)flé ) arye %1%@ d%thsﬁP I:[]rotdg% %dlo%% tolr Vmeorxf 8évt1<|:eoln%ers 26

rst e e sen’i ransparen seco

poSitieféd lﬁaﬂﬁeé’;ﬁthe Ting elddtrﬁm &ﬁBth@fsedohd féfd@@é@ﬁ8 Potd firghdectrode
25a, 25b, and 25c of first electrode 22 can be vari ed

22t1@cltldﬁ$@ r@ﬂ@ctwstppttmn eapidtispnspareit pesions 252,@Sbhand 25c. Tran5parent

po g)rnrs ggn%t dt#?; oggﬁg‘c ec%o %rlg?o éléfg & tﬁﬁﬁg&e&;e&o prov1de

opfitd1 @uiifes Havlﬂlﬁg fo@ikiebd 2R, %Qnﬂ 2y € (hekéindHhr befedr& to collectively as
exanpl e, | ui sh, greenlsh " and "reddi sh" |ight,

0p@9a1 lgavty hhmk@hssC?a hbefween theaeBertine phrtiopt24ed, firsteldcipde 22 and the

t th trol
seigidhitert des e Bhte BB Bikpkea t kbl hadisaae 25
and 258 88fifst SleSRRSN caR BE Wh@diBtodRRe the oBticAAREiBARicRhER 27 to the
di fferent thicknesses can be a tedi ous and expensive

qunbngt;h@f thendesoademmsbodi Tbatssylt ihibe pregeing of itlecdnoissipe band of
el ective_.ther sfer LITL) "

caftRPEn aDSHERE 2R g DB LRIl bfiscior st bhish

" gfé@fﬁlsﬁ eana h@adlbmhgh@l eeaélPBf %hich RABEfiRell %thadp%oﬁarm filters 40.

on the top el ectrod an el ectrol um nescent el enen
Hcm'evcn peeppring dtﬂaIWOhmgaacSCﬁ*malmdem\Zé iin whieh each subpixel of first

el e um nesce t ele rov n cal _spacers
cIGihp i £ YRR TR CoR- b G 35 TACp PGt Hyaesyeran be
tedBYs 2@ egﬁgrg“;eg)rggegpar e at |east portions of optical

cavities as described herein. Further, selective

t hedmadme embetﬁla’rentsathb @rasemglifodosgre provilles seddctiee thengal transfer
(e.g., L%PI) techmques for forming top emitting electroluminescent devices that include
optical spacers that are formed on the top electrode of an electroluminescent element or on
a protective layer formed over the electroluminescent element. Providing optical spacers
directly on the top electrode or on a protective layer may be used to prepare at least
portions of optical cavities as described herein.

Further, selective thermal transfer patterning (e.g., LITI patterning, which is a dry,

digital method), may be more compatible with the materials used for organic
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digital nethod), may be nore conpatible with the

materi als used for organicel ectrol um nescent devi ces.
wBewaswidt is a dry technique, selective therP&l/US2005/047181

transfer may also allow for patterning of nmultiple

| ayers on a single substrate wi thout concern for the

relative solubility of each layer. In one aspect, the
elR6RBHestin GRS LY. SBREA RS By IRhARHe, 3b1c0RYd M transfer may

el ectrol um nescent device. In one enbodi nent, the
alsoeilbwdor pettendeg of hottiplegyen oelasutglosusirate sdthotit @ineenarfor the

on a bstrate; and selectively thermally transferring
rela"i"lveosﬁ?”rlﬂ’&]étp’o §%0e@Y8 0 the el ectrol uni nescent el enent to

for m ghe dHEG! | Q5180 bd § Aot finfaki

ano?%eree obltlh%éﬁ%,%ﬁ%(ﬁe rre%ﬁ;rggll nc%uaaes: orarﬁll%anan
eleetreluinindsuenit degicenin @lecmeboddiment ahes uieshadahelndéso foriige 4n

protective | ayer over at |east a portion of the

elesireluprinaseent learcah on eisebrbiste; antheplectivelythermally trasfpming pn optical
i : i i J .
5P RSE il E ABh CRln PR RS AL BTy,

on o cavl

anéther disodagpeCthe nidiBodinehdes: fethiing O dletrdluimvisdesmt dlement on a
met hod of making an el ectrol um nescent col or display

substglephirmgngt Progeesive daver evesat leait amoréarcelithe dedtraluminpheent
ele etnp %gxd Is&&'zt% fhe{n(l)%g} t?a%sfelgrﬁn aatnsg %1acf§ltr Sé)?lcge?‘ t(\)l\ngpé?‘ﬁgctive layer to

electrolun nescen vice S

folnD&tTe43ga bbioatoflaf @pticA2devigl ect r ol um nescent device
i ncl udes: form ng an el ectrol um nescent el enent on the
¢

subdn paateer agprit.db¢ preseny displopire pravidss amethed ef miakiggan

el fesP B Efox u3plal etk BT pRE SRRy h adviee. The
mdat Rl &S Bsifiting HHRet RSkl lldirshfdteent Rt 888 sibstrate,
a

el ect rol um nescent device. The device includes:
wherdys foraieg thaat lshgone slegh naserseent dbwre mclusias: tfhening an

S trate: .and a, pluraljty, of t.i cal . spacers on the
ol SeEent kgt Fn e ebitat op@ S ien BE MR et an
opREdlkdcet ¥ 1A clRBkdIEAncIBRE BlethchOlb B bt L8R3 poRidNSlah MPtical

of an optical cavity. As used herein, "a," "an,"
cavithe, " "at | east one," and "one or nore" are used

i nt h bly.. Th f ot t )
| v Eh R SRR he REEAR Ao SEoBan LI Bt device.
The ARG FRRMdela SBQEMe; MR RIBRBhELt Uentd}® oR KiRS®Btrate; and a

i nvention. The Figures and the detail ed description
plirhlaty of opticahsproems opah¢ subsirate] whersiarap ldaityonieloptis:] spadew ef the

enbodi.nents. Bri Descri pti on of _the W ngs
plurarllfloty of optlca? spacers%rms at‘"i@asfJ a porﬂon of an optltgra?cavng.

"o

As used herein, "a," "an," "the," "at least one," and "one or more" are used
interchangeably.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures and

the detailed description that follow more particularly exemplify illustrative embodiments.

Brief Description of the Drawings
FIG. 1 is a schematic diagram of one embodiment of a top emitting

electroluminescent device that includes optical cavities having different thicknesses.
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FIG 1 is a schematic diagram of one enbodi nent of a

top emtting el ectrolum nescent device that includes
wopitkoaldizavi ti es having different thicknessespEl/G52085/047181

is a schematic di agram of one enbodi nent of a top

emtting electrolum nescent device that includes

opti cal spacers formed on an el ect rol um nescent

eI e t
a2 s Sherlal SRe bR LELOUAMLERT Plop NI, |

elebhalﬁlmlmbéﬂﬂ dsviopthatalclelpaogtical §pacers doraredam an electroluminescent
el ectrolum nescent elenent. FIG 4 is a schematic
elegiealjr am of anot her enbodi nent of a top enitting
el e ' t. .
o SF450) WY ARAEN QHEAAER i bALAER, A0 05 i
clesgbRiftdsCerlidaeit&hadinchides b}ﬁicaﬁﬁﬁaeefb &fied@h ad dlé@froluminescent
emtting electrolum nescent device that includes
elespant.cal spacers for msd on an el ectrol um nescent

el e I N apert ur e t
oot Tt 1 RaR L PRt BSE P ity B Ring,
eldchbMﬁilﬁabéﬁt Qe @D O RRdSs oﬁtﬁfaﬁﬁﬁeé‘xﬁ fbrnedRes protechite layer.
acconpanying drawi ngs that forma part hereof, and in
whi dGa¥ & asisbematidiagram affanptheuembediingnt ofsytep emitting

[ tion e Prag tic
cleEfORBIFGeHE dgriab har Bslenartl iepts e rerdtinsp Fisanescent
elesidnt iZRRtARE 085 bk Wadlix Changes may Dbe made wi t hout

departing fromthe scope of the present invention. The
present disclosure is believed to be applicable to

nmet hods of naking el ectrol d(l;ilanesc;ent devi ces.
El ectrol um nescent délgtadedcRescriptione or gam c or

of 17 i Sl B e oSt ratin 6 BRuBRG Rt REREEn felthes s made
to q{esa%(ﬁﬁ Py in@eNARRIgE Blaf fim! LpATh&ESTCAIh WHiAE 6 ’Adwn, by way of

di spl ay of device that i ncl'udes at | east one organic
ilhgstiatien, \speaiat embadimentsan Iwémchtthatnvenmcsslmzebﬂataem@ll If is tabe

BT e -
w1|{}i§gsp&%)%ﬂlr% i tMcMﬁ@M t(lEEPe)sent%\%ﬁﬁ&Q LEP, a bl ended

ot her organi c enm ssive naterial whether
pr ovithe @desalhtahmlamra 18 bebered nabe applishllh tamgthoidhef making
nlc or i nor ic materials that are, f ctlonal Qr
equg‘g upuﬂ%sp?xg ﬁlgylcgsn nléilﬁcgr 1n&§c§5‘[ §Yiess c%mc 0rganic or 1norganic

hghpé}fl% cl)hlﬂi}huSHé SO typRL 6F gk Smithird. USR oRIgRPNOT S,

sem con
electrolummescent (OEL) display or device refers to an electroluminescent display or

device that includes at least one organic emissive material, whether that emissive material
is a small molecule (SM) emitter (e.g., nonpolymeric emitter), a SM doped polymer, a SM
blended polymer, a light emitting polymer (LEP), a doped LEP, a blended LEP, or another
organic emissive material whether provided alone or in combination with any other
organic or inorganic materials that are functional or non-functional in the OEL display or
devices. Inorganic light emissive materials include phosphors, semiconductor
nanocrystals, etc.

Generally, electroluminescent devices have one or more device layers, including at

least one light emitting layer, disposed between two electrodes (an anode and a cathode).
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nanocrystals, etc. Generally, electrolum nescent
devi ces have one or nore device |layers, including at
wo e@st7one | i ght emtting | ayer, disposed bet Wwe€nUs2005/047181
el ectrodes (an anode and a cat hode). A vol tage drop or
current is provided between the two el ectrodes and
charge is injected into the device. The charge
e
A {7(9 (lt)&rbegr %&HQ@ g%é‘x?% rﬂeﬁééﬁq {a g%:’félgﬁgﬂi]eﬁ élgd(l: é}%ﬁ‘g@ls injected
mtd eh{e d@&cec dlheahaQe trmhmiim:stmmm fliel emiedi@ctayed andienesesent
di spl ays or devices. A thin filmelectrol um nescent
lugerhose Whieh eraidslighf- eni ssive material sandwi ched
bet W& otl n%&:aerrl e(ﬂetv c%k g glgcyn%hdd?¥Iﬁ{1Sﬁflr%%(ijec?roﬂﬂli{lég&e&fdisplays
row an um1e
or dbwieds ol t}ﬁil AGs ‘é%@&ol@hﬁﬂés@&iﬁ deviye inetldésien tBSKe material
described, e.g., in U S. Patent Nos. 4,897,319 (Sun)
sa@dwckﬁddwzwmm@mcwlecénc layyrs apd @maprix of rove ancbeniving

t_of |.ect
clclr§ss Sy 1 Fum aRa b B et e TS B OB R Breree. e
in .S Usdnt Xo8. 41497, 3 BN Sahpaid 063016 adlleenEnt 120
fornmed on a nmjor surface 114 of the substrate 112,

and Hpt ? ed schpaetic diagi@0nofang erdobinieng pamelteterluminescent device

10po e Bratesr S trvfe A fRebli £ BivaRBR1 T dedhptuminescent
cl2hEE 1 DO FIHH0 B8 a8 08B 1 14 8OmE BplsudRs 12, £ﬂcf SPical spaces 130a
el ectrode 122, a second el ectrode 128, ‘and one€ or nore

and 490k éhekayaftes relfazﬂeqoms:oﬂﬂ@weuf dsel;mdrspadwa F30) $ermed on the

eIe rode 122 an ond . el ectrode 128.
I B S |20 TR o B T ietdeat Semant Jghanctudes a first
elé&%&é @ié Y sé&fnld%@éctr}ﬂ&e {78 &hdl 8REorB8reQdvice layers 124 positioned
el 'ectrol’um nescent el emént 120 or on optical spdcers
beﬂV@E@bn thvhﬁrsiselpaztﬁxlerilzz fand thesseeortodeatmede 128.1 Tk elatteduinimescent

deglﬁf: I1 8& g.pﬁﬁg%,r{c uélp e[rfelgll,lf g@lﬁ%/t\lelvgl 1rn1 {:eaﬁ%egdpllg ecg;ollénensne];gegmelement
I Iy 2
Y

partintlywelectipt imerédce @ 82 ariseksiftone DlstlohdtDpartlél‘ﬂg.Oﬂeﬂe@m&/ layer 1400n

(hereinafter referred fo collective as color filters
elerirglumynesseticicaany 12Q pnden pRica] shagsrs é)é% Thoelgtrojpmingseant

deQ]IQE b b@kg{ 33 e %‘fcﬁﬁ&ég) Itlﬂxﬁrci)%% zﬁlte%hlglOﬁ uﬁﬁ)ﬁa r Q'Ld?or]ill%c %eremafter

el ectr m nescent vi ce can be ‘any substrat
refetied abtdletiivel pholordiiten MY oaparttlyi Iréi&cm’/e fhit&flca) 32 or optional
app) |cat| ons. For exanple, the substrate 112 can be
p ec&l"%\&é’er B¥ear plastic, or other suitable

R i Al 1P BT ARAGh Akc EREPRY SRl b e bl

foﬁlélédtfﬂllﬁninlegi&ht dévie or display applications. For example, the substrate 112 can

be made of glass, clear plastic, or other suitable material(s) that are substantially
transparent to visible light. The substrate 112 can also be opaque to visible light, for
example stainless steel, crystalline silicon, or the like. In some instances, the first
electrode 122 of electroluminescent element 120 can be the substrate 112. Because
materials used in at least some electroluminescent devices can be particularly susceptible

to damage due to exposure to oxygen or water, a suitable substrate can be selected to
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exanpl e stainless steel, crystalline silicon, or the
i ke hi sone instances, the first electrode 122 of
webk@erolzim nescent el ement 120 can be t he SubBCT/EEM05/047181
112. Because nmaterials used in at |east sone
el ectrol um nescent devices can be particularly
suscepti ble to danage due to exposure to oxygen or
pro‘()’ﬁfe%g\'adﬁ% W érﬁi?ﬂoﬁm%ﬁtfa@wrﬁ&e oﬁmupﬁleﬁ%ﬁ%ﬁ@ohﬁsfeqwe@@
te environnental barrier, or is supplied Wth
coanings, oF lamnete!; tpepsyidceatadegsye mvmoamentat emrithat
provi de an adequat e, env ronment%‘h b ier, The
s ubdhe sitbstrated 12%“ alse gnalyde apy ou S BF CQpaRAngRts suitable
I
in 695 éﬁ@ﬂﬁ%@?&%ﬁ?d@ﬁég ﬁgéé Qlts l'a%§ sgﬁ) ésqga’??fg{;/bg ﬁgﬁﬁ anq%\ﬂ'lé}%?ectromc
dex&&@péd’l@mﬁl@erﬂ@bﬂmrs waloplafes,| diffosers, pnd athiez epsta;al dm@as
pl ates, diffusers, and other optical devjce

msuhw, hewres ribplagkanatyx pmaskyarke %?t%lﬁ&smhﬁgmapmlks apghthe like.
Thﬁg S{I‘I’:lt% %E % mgonl?lgﬁl ea gﬂﬁj%ﬁtp %{ ﬂdlé ndgﬁlt‘(f}' r@s‘éﬁtﬁg gcti'v]ezdewces

SO I ncC epe
as RULEEHeal. €, ﬁpEurbiﬁead@ate@leAppﬁcdtﬁnﬂi&ﬁQ[ZZDGQ;[ (KW@n) in
Eurogean Patent Application No. 1,220,191 (Kwon). The
el edhe elecingladeaseent d@\a%bo%@o michiges s plaefealummescent element

2 s S REER B IS s udR BreSlg T aa B AE"
eleBir &G RIstuht Gﬁﬁiéﬁﬂu(}i‘ése%ﬁfgt folrd€d @ altEin@niael WBH n2foradeace 114

in contact with major surface 114 of substrate 112,
of svﬂp@traiﬁ 1idyrane| cayrars layersde deviees Inmybeb@clud@d betaigebBieneen

LS B R A B
ele@dr@lﬁﬁﬁ‘ﬁesée%@ eletfeht 0BBindlulitd $tirse lel%@twdédlgﬂz dscofd SREPEUEE 128, and

el ectrode 128, and one or nore device Iayers 124
on@oxsmbrecﬁwwek}@steweb?ﬁl ndsdiongd bctwgbreﬁterfa@teelmda h2P abthe second

second el od e fir el ctr e 122 ca
el Rateysad eyt tos s e gt rod WSt HRgrot 128 can
be %tda%ﬁe Khd Rkt Eleﬁt%deeﬂzﬁfétaﬁ 86 thelcdthoad and telsBoralidtndee 128
and t he second el ectrode 128 can be the anode. The

caff be 8 apbdect r ode 122 and the second el ectrode 128 are

typical el ect I nductin .
ok 0 eleghinag U ang scehihg s5Rode RS Sbicathy Sumed usine
elegﬁ'fcghy O HEEng HARAHGLMEGREBRT ARys (iﬁ&gﬂ‘l@tcbiﬁ%ounds metal oxides,
| Sper si ons, and conductive polymers. Exanplés of
conduictiadte@amiat ceandhstiviendpeseansf ord cwndmtive pobmials. Examples of

platinum  palladi.um alym nym. cal ciu titani um
sl ARSI o O Ay €9 1, RIRiCeHn. Rapeg iy ATERF R qelgium,

[ h
ST AT i s o
poBatitiviet Thefirsuted sebsd electtdiey 122and 128 emidbersirigié jayas of

ayers. For_ exanple, .either one or both
conducting materials or they can include multiple layers. For example, either one or both

~

of the first electrode 122 and the second electrode 128 can include a layer of aluminum
and a layer of gold, a layer of calcium and a layer of aluminum, a layer of aluminum and a
layer of lithium fluoride, or a metal layer and a conductive organic layer. Preferably the
first electrode is reflective and the second electrode is transparent.

Formed between the first electrode 122 and the second electrode 128 are the one or

more device layers 124. The one or more device layers 124 include a light emitting layer.
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of the first electrode 122 and the second el ectrode

128 can include a layer of alum numand a | ayer of
w@oiod/ o713 ayer of cal ciumand a | ayer of al unm POCHUSZ05/047181

| ayer of alum numand a layer of lithiumfluoride, or

a netal layer and a conductive organic |ayer.

Preferably the first electrode is reflective and the
OpPFADE U o iR 4yide BRI Bl InbRUTBA: Do ORID MRl lavers
sudhhas fon examplaypy leold anspert! layee pslay @4, aania:tmmetramlSporblager or layers, a

ice layers 124 include a.lj.ght emt .
honeamé?tha&@y%ﬁaﬂqyyrs PheleceHRR BIECHEh BYHRYi léséer? &holeblegking layer or
n | L .

oy e PO B B By
theréoANsport layer or layers, a hole injection Iayer or

| ayers, an electron. injection |ayer or |ayers,

bl oa‘vap Hght eayigtmedayer gedudes light wpiding BaHAb c‘klilbhﬂllqa%?é#ght
gk PGB, AL B i BUSER, At g

matdriY, iRNididd DEP eBd 8M Rght eﬁﬁuers Wah &b |u§ed i n{ahgemmﬁttdagmclude

mat eri al may be used in the light emtting |ayer.
fowmneteyﬂmreasqegmndeqhosphqxgscwﬁtr@atml% Exmpleﬁowasgamfeﬁﬁaable

LePaee e D SN Rpt Be B P bbb Bl e,
polluBfche @Fs)EsaRPt BP rfteifd1 866 Im@cfm Sﬂlat@kaleeelb and co-polymers

material s include | y(phenyl enevi nyl ene)s (
or pbnglrs fheweaf. pﬁgwweeluéliﬁ c(aPFaﬂB@)be rmirmyﬂar cm@ésdwwg}i with

ot her LEP ma rlals n at er _devel oped
Qs s oL LT pbistialls PePat i hop Bl g R R raf i sversed
wilteachiPt SCMRAdtve donathls, dhe BRMKRI PthinBlck e SliRSEENEP HiuRSials are
or other materi al s, bl'ended with active or non-active

desraibed lraKEa;ft ff dpdﬂg@d Gherh Ieic Eily 87,402r28- (é%%)v@ S. Patent Nos.

s S Bragf b Serds el oTeSTRl £5. Ll Al (Rey a7 @upo

et étlr}t 5, 85§i 350 iﬁeegéloé% f5S, é()bq&&)(PelLét al.); B@Z@ﬂt%msoo et al.); 6,132,641
621, ¥ 8,130 (o et al.);

731 (Kreuder et al
(REBIZ?@&l B0hd GVHO8163 W 0o; et 51 B4ﬁd B(ET P(amﬂm @peticaion)Publication No.

, 50, ( Heeger et aI ); 5,900,327 (Pei et al.);
992‘@%“%@@%\%@ et al.); 6,132,641 (Rietz et al.); and

6,1

Publ@)l?vtl: ilar?t?ég%%e @Egne@ill 61150%1( y eﬁ%zze(? gltﬁ@gr &%@h&rﬁéﬁlﬂi@rﬂnolecular

mataiats thal andeasgbme®@BL Idysptays agpbdemiees ias em[tm materwds charge

organonetal | i c. nol ecul ar terials that n be use
tfa@ﬂ@“dfl%tﬁllg%as Senanipin qrdtenlay @fﬁn(‘f % f0 ‘i?&f% Slegntt‘?ff%’?‘&

S
ch%rrg@g‘ﬁl?s%t()%t 1%%5? ?1%(? }t%hhek%e r(rflii)‘ﬁj él?étttc %ér gléﬁ{d% metal chelate
coipamsipsuch Iaayrs(&hydmdqumline}(ﬁum@mm(qu/) arsleN, NSiis(3-

materi al s_include petal ch
methylphenyl)-N,N'- dlphenylben21d1ne (TPD) Other SM materials are disclosed in, for

example, C.H. Chen, et al., Macromol. Symp., 125:1 (1997); Japanese Laid Open Patent
Application 2000-195673 (Fujii); U.S. Patents Nos. 6,030,715 (Thompson et al.);
6,150,043 (Thompson et al.); and 6,242,115 (Thomson et al.); and PCT Patent Application
Publication Nos. WO 00/18851 (Shipley et al.) (divalent lanthanide metal complexes); and
WO 00/70655 (Forrest et al.) (cyclometallated iridium compounds and others). Another
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conpounds, such as tris(8-hydroxyqui nol ne) al um num
(AlQ, and N, N -bis(3-

woreddaprphenyl ) - N, N - di phenyl benzi di ne (TPD). Qe¢IEUSZONF/047181
materials are disclosed in, for exanple, CH Chen, et
al., Macromol. Synp., 125:1 (1997); Japanese Laid Open
Pat ent Application 2000 195673 (Fujii); U S. Patents

clag%)ég ngtjegglg %s;gaigclé }QQWgQ&a%% rfBPo(?’lT E?tetit?@%pq ‘é§n§j§§%§lﬁbﬁﬁ8n No.
WO 6 ApOhiistal)i (dendiubdri)cat i on Nos. WO 00/ 18351

( Shi pl ey et aLﬁﬁ (di val ent | ant hani de neta
rrap he pae pr marrylepsedayerpbibmpyalse dxludsta lmle transport layer. The

ho&n fagélta cf{jatés th«g niﬁ':nugﬁ @gb’l@gﬁ‘g gla%)ﬁg n%g the

mat ef |
eleetfamﬁhﬁescaﬁaeﬁﬁahe 20 ApPihkie atipRtofP Wi dréad fdéamwﬁ}atluﬁ)zone The
98/ 55561 (Christou) (dendriners). The one or nore
hot@etmneleort laty@ro:@n Todheragt aalasl@rmmfpm@@ passhgd ef qlecém@pm the anode.

An G BRERT EreetR BRbe Rl Fbal bRRBO er o, those

ma%rﬁﬂé a&hﬁmanﬁwa IS MRAHD _;Fmﬁuﬁéagénke EpRY Mmenazs and
towards a reconbi nati on Zzone. hol e transport ayer

De@}aqas ,fStevtehe Ranah, Cds AandyananiSerenfibe Publeshprss2((Fepof32-195; Chen et
ns.to the mat er |

al.pecept BPelgppnian JUaee et Obaqatt perdluRiesist Molkyigls, Macromol.

. Syﬁtgg 1,125 957 NRla&Hilh S1 ogé‘ﬁ}f: B, b@?gdnrz‘c b%j Y‘@'m‘?zttmngeﬂvzces Berlin,

ndbook of "Lunm nescence, Di splay Materials and
Spﬁagmrdé&rlag&(ﬁﬁepsﬁl&%ﬁlch CA Arrer i can SCI entific

Publ i shers, 200 132- Recent
éha ORE AT Bo7SH %ﬂfééemf%}zl‘gf@&%% 1 apd%ﬂ)ﬂ dpgnort layer.
Th%/% ie%{rhﬁl h%ggp'}{ﬂgq an |C<1:ht%égﬁle’-m %Ctt}(t?rlp%fg(;é%gr\zf ?1%: es, Irﬁ;' Eﬁd,&mn
to@p‘ds ﬁ@eecdﬁdj’lhagm 72063 ThpeledBorbi@ansjére layatecamrfurﬂmretct as a barrier

vi ce Iaye 124 al so .include an el ect
F‘%Sﬁéi%%ewl 10 2 PRGOS ULeriEE. MEHSHable nak or materials may be

uséc?folr ltﬁet M EDn s o?ﬂ ér' QE 69:[) S@ln%feﬁ{ag%s&fb%%ﬁﬁ ﬁafwa et al.

gration towar I'nation zone he el ectron
Hdnltla&ﬂmf lizmhﬁe}&e&nce aDlsf?lmyztAMérl(aZ@ hndeeazcbsa Stevens Rﬁxtchl,‘ 04,
passa%g of. _hgles to a cathode if desire sui tabl e

fengific hublishees 2004ap- b~ 1k fhepet ‘%lh 86@1’"@ Eeveppments in
M(?\l]a@ﬂgipgféan}caﬁﬁé‘éolgbooﬁcéh??@z Cer i %&c‘%zﬁoldg%gﬁ 14 LquS I(fb97) and

m néscence

Shivair Slokedhs e@NOrdagyd Light-EbitgNg Devibes) BbrhnCSpnﬂg‘er M eelag, 2003, p. 43-
Scientific Publishers, 2003, p. 132-195; Chen et al.,
69Recent Devel opnents in Ml ecul ar Organic

E eg%gy g%&g%;ceﬁ%atl}ﬁé a&tﬁch&mgllggc%ggggﬁwntsﬁme caﬁab}ggf emitting

(19 nar
whHitedtpht. EThdst iskifle@avihe s, w1ﬁﬁfnhb1@tan$ﬂidt ROEria\efol 8@ 1igh0Bditting

layei of4 t:;’le e?e%iroluminescent element 120 may be selected such that the
electroluminescent element 120 is capable of emitting white light, such as those described
in European Patent Application No. 1,187,235 (Hatwar).

The one or more device layers 124 can be formed between the first electrode 122
and the second electrode 128 by a variety of techniques, e.g., coating (e.g., spin coating),
printing (e.g., screen printing or ink jet printing), physical or chemical vapor deposition,

photolithography, and thermal transfer methods (e.g., methods described in U.S. Patent
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It maybe preferred that the el ectrol um nescent el ement

120 be capable of emtting white |ight. Those skilled
woroobhe9ast Wil | understand that material s forP€hEs2005/047181

light emitting |layer of the el ectrol um nescent el enent

120 may be sel ected such that the el ectrol um nescent

el ement 120 is capable of emtting white light, such

a ibed A r
N 13 005 CHRERAED] 16 ont B BRE AR QRler PP Ll Bl
sequantidlly, botwiest thelewd dre hywes Eantst digposed mmiﬂataﬂ,étﬁls@n A ftdn eformation
second el ectrode 128 by a variety of .techniques

of thganF AyMEEe gevicesigyars Lahen signltagsesty Wi degogjtion okibedavice
laygllras:olghl 88([0 %¥CC“ZI‘83 ]IQ tf{)r%%)gdrorg C%\INFS@ glsghse%hoq{ﬂlg ghe Oor more

epos aphy,
detitangée HZH”ENIIt@ﬂﬁtl(/@y,ghe elgeidlogiinedese élebﬁdt iz0 Iﬁaﬁbe formed using
Patent No. 6,1 14,088 (Wlk et al.)). The one or

LITieoshniquea ghat inchule &iﬁhlglﬂ?é’elf dmoe shesb as daseribads 9.2, ép Ut S/\d’atent No.
| ayers can be di sposed sinultaneously.
6 12#1058 (ﬁo?]ﬁgﬁqgn of the one or nore device |layers 124
or  $dPbhANAeeehtelsthdd 106 ﬁfﬁglalsb(iﬁblﬁde 4 PRIREVE Woel @N8YeEs (not
124, the second electrode 128 is fornmed or otherw se

shats)foweeil ever thecelentioluminpssert ckent d 20 ay isrfyrtha@alescribed herein.

P Blsatr e inesproteyiee ) o BRARY op el Hifgens 130 17Red on the
eleHHbl‘hhiu‘I’éé@ént drpnt $1E %n@%wg Qﬁ%dr@ %gtlca‘? s?acers' B0%ha¥ be formed on
Patent No. 6,114,088 (Wl k et al El ect r ol um nescent

thesdlenvehtmib2@entglerabd 20 muthudiat lepusm pation of lightemitied from the

clegrEEReOg a2 AT I BUER Phe S el s 50 I other
woRdE %er@lnum PESEEMo el Gﬁlcm@ss@éla@bﬂ With HieTe PR IUSRbscent

sp acers 130 fornmed on the el ectrol um nescent el enent
eleirié@t 1ZheTha Mknensesmfr@tlozpitspmts Efaced 4 3013 Gamtepysekeeted to provide

formsdo the | um nescent el 120 _such that
opigal ceglies ‘SFE i ¢ thipkgess Efaan8 27 Brpyere the fit elecifode 122

t 120 passes through one or

m@k&éﬁa@%l&&?&?‘éi%ﬁ%{c%ggﬁ hi other words, the optical

S p aaﬁfsresudbﬁaecﬁx}el(ashnmhara:alal a(Sﬂ)Symo.SMZ ngeht tbﬁﬂéchmcal Papers -

el ectrol nesce nt 1 t.hj cknesses of
Magig0¢ed>: olibias B0 e tingibe orRCa dhigkiest pan cppSiectrodes can

L L L

cayisy, phra bl whichfrh®aidt ‘be bBMeen theeodectiddes, Aan alvo dﬁ]‘memd: thy spectral
Kashi wabara et al Synposi um Di gest of Techni cal

copighieng angwﬁg,dlakw@mmssf the gipitigdleght. 2751@%) seleclign.ed opiipl sppgers that
fo&Paﬂ 1§§s bggngg@%ﬁ%@%ﬁoﬁﬁ{% g%ﬁ ok Bflé Hfﬂ&ﬁ 1{1&118 art to

tuﬁd’th@ kpiees$ cofityaTuaflgi of aptical cavities is well known in the art, and the
selection of indices and thicknesses can be readily calculated using known optical
modeling techniques. What follows is an example of one technique of determining
suitable combinations of indices and thicknesses.

The optical cavity can be tuned to enhance the emission of a wavelength A or a
narrow wavelength bandwidth around Ao. This can be accomplished by tuning the cavity
to resonate such that light at A or in a wavelength bandwidth around A is allowed to pass

through the cavity. For example, the effective optical thickness of the cavity can be tuned
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cavity, part of which may not be between the

el ectrodes, can also influence the spectral content
war@eangud ar di stribution of the emtted |i ghtPCTTOa®)5/047181

sel ection of optical spacers that format |east a

portion of the optical cavity provides a nethod for

one of skill in the art to tune the optical cavity.

t t .

o o s Sl IE A o ol ey Ffmch having
the s drydiffedentthavkecsses andthersenw op diffecat rasﬁ:aztaive nghces Optical

technj ques. Wat fo S an ex | e of
Caw@e%lm FBREF aaanérrlwhff hsgaéw{ngﬁh% sFu0f H one,pr more spacer
T
T R R o S

(a‘trsafptmw consteltyni innktﬂmquoﬁ the c@h@ﬂmdeﬁ@ctlv'Ehn&cé@ Andthe number of
acconpl i shed by tuning the cavity to resonate such
Sp@%%aypliSéﬁg the ugnber of Ruagtelgkaee Bingyershandwi dt h ar ound

e QPaRGet TA0ARS AR SR of s R Bl mterirs

ard typieally s@sta@haney trht@paﬂeﬁt 18 tRaNvhY dirtIObf i@t Beind cHRASEFor
can include one or nore |ayers, each having the sane

exX@IPlgi PHtiRbIRAceRil 3R may deddudeinorepnie nepderialpte-gii EI\Cémempartlcles)

B R T R L —

anfOipHRE emaP acAEcull Y, 28 cofbRafi®® thedbt (e, ih&ghmie ia{&particles in an
i ndi ces, the i rragl nary part of refractive indices

organlnSB R a@miesmb@ Ant yxammg ). S dtatemp Woef 5,781 LoHilkesti et al.),

f I
o LIRS 36 85 533 ab DSV B Sy BB b g e
that RACEER] IBthil B phskide (@g‘)/so%ﬂcﬁl%laﬁ‘n &Eérﬁ&ft; &raporauve
materials. Such materials are ty |ca substant al

depesitiran ah@mcalt\@poh@emvensngl@wlmfbdangmtam|shgdoamnaslenlg

te o{qél%x %{1 tbtegmglp anls 8 SI%B%EFE}B{'%F ﬁfﬁ%i@é ﬂl%lsgg H]%)tgc%g acers 130 is
mdt®ea ﬁ{esrefrﬁetgle 1ndR=,§1| Of IR SurfabO1FY bt élé&l@lﬁﬂﬁeé@%ﬁﬂ dibBeht 120. As

evapor abl e smal | nol ecul es, anor phous smal
userbhesein|"aslex Iram@edbmmqahmaoﬂs rathep@ptlcs(lepg;ers havinrgyariiactive
arti.c an orgapic ri X as scCri ed for
m%%gﬁ%ﬂ%wbs{?n lly thp 318, 65 1 Zofts E‘Y%Eidfxf emf cerf 29t
1e%{ 1)u ﬁe%&ﬁ,%ﬁs@fw 5 Sthe 8tio)of t
et ml S. Sl taéll e nge%/erlg sI |Onc tﬁ\o;%e %ﬁétﬁ%ﬁ@‘éerl%to
thaJl Qﬁﬂlﬁl surface s 0i82rto fr2ldc espreferdbiy, @ 94 todL.aRr)i mypm@m thegefractive
%gutterl }e%?a ratl e deposi tion, chem cal  vap
11’1 CG

g6t RoS: ARGt 1 infberriiaskinipdex of the
mdtGE ﬁh@%ﬁtenﬁﬂg lﬁﬁz Bme sbdRRSIR b de P%S;%E%If g*ﬁlréfteétﬁgcla%eas on

refractive i1 ndex of optical spacers mat c
sedané eteefrodect 28/ eOptimab spaoéss t1 Be calibd aredasle? Soraf plurahty of layers (e.g., a
eI ectrol um nescent el enent 120. As used herein "index
haek optical spacers refer to optical spacers

hav Sl BE L/ 8F an optical spacer as at least a portion of a tuned optical

cavity, the optical spacer can also be an absorbing filter (e.g., a color filter). For example,
the optical spacer can include a material filled or doped with a pigment, a dye, or
combinations thereof, such that the optical spacer transmits light of desired wavelengths
and absorbs light of other wavelengths. In one embodiment, an optical spacer for a blue

pixel can be filled with a blue pigment or dye; an optical spacer for a red pixel can be
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index that is substantially the sanme as the refractive

i ndex of the surface 129 of el ectrol um nescent el enent
wa22eez9g3 , the ratio of the refractive i ndex BET/UR®05/047181

spacer 130 to that of the surface 129 is 0.82 to 1.22,

or preferably, 0.94 to 1.07). Typically the refractive

i ndex of the surface 129 of el ectrolum nescent el enent

fillkd WiltSa feh%liggﬁér{t 3¢ Hid ndl/Of 8 otcal YRcamhes flen Iggkeg Egl be filled

out er nost yer of” the second el ectrode
witlr ogreen pigenehbyredys. on second el ectrode 128. Opti cal

(o g% Sebarai e erar e By neded ordod ettops D deatepiaving an
opfAbal sag&aepﬁi wiBRER! ol abd "i'ssﬁls@arp%st)ﬁﬁﬁ%ﬁfte@ 1h Y48&Hon, the
optical the o n

cavity, ptical spacer can so be a
absdybmp Hiltiegcdn dct & inCeag. conrastahd reduct tlarg by brigxaimmbient light.
the optical spacer can include a material filled or

Theaiseal sh-ealled “prmiivetnbancempat filsers chasdienn dppaastiafisy to dicrease
Y50 bbb A 688 BRGEL ARSI s PP an Caoa

RaweMpee(@RTY. I n one enbodi ment, an optical spacer for
a blue pixel can be filled with a blue pignment or dye;
an &hticakipaegn t} mpy pe formed opickestrobmmingsstnt glengentil 2 using any
suﬁaenge eic nlfelrl]t oQr c%%teﬁ éndlsogn an..g t catl. spacer fgr a. ket
bl BT oy soptng (G-l PHRE: Bing Brmeret opitigg or ink e
prifitifSP phyicl 610dHemiddl Vagir deBysitid, pReoBRERPhY,nd R mal transfer
em tting OLED devices having an optical spacer in
meihgdsie.ghamedmds dascrivpdioel.S. SatghislNo.aml HHG’S (Volly et al.Y) et may be

| i fi th bi filt t to.i )
profied el it At L30r% B o iR n P e s ErlpREr gD Geing
LITP@cMﬁ@u&fas ﬁﬁﬂﬁ@ﬁés@ﬁbé&ﬂ&&iﬁﬁﬁ enhanc_errent filter S"_

has beén denpbnstrated to i ncrease anmbi ent contrast in

eni dstheeentwdinoey idusthateddn Fie| X pErmially rdtecivs jptatese 132 arises

Fr TR D TG Sa RS PP B RESDBYRESEHb FSFIon bg) and on
opH&d13PacRAY1 39U IHARIVEr, 1268 SHBodiRielts, par@aly rBfedte Snterface 132
spin coating), printing (e.g., screen printing or 1nk

mgyertrisp miithputnaptiongipastiatlylrefdectivh tayec 814 pagpat oulefecisoliingmescent

ho [ t hogr aph and ermal transfer nethods (e.g.,
cifikh oo C R ELparee 150 F el B DI St Nk 132 may
it ol bl OB 0 B il Aol ey
mikhTiche¢dwtihilpuefadyefindaxhdthamsteriabeljhchetrthe nptidah spdeer (e.g., the

embadi.gent illustrated in FIG 2, partially reflective
nopgldpgidence g CHY‘itBé@?&WF?fbﬂHtt?ﬁ’c %P&ﬁ%ﬂBBé‘Pfl%%ﬂ mgterial adjacent the

spﬁac%gisgd?] {da¥i&er ﬁé’r@ént)l.sﬂl Bttt g)&tn{p%, lt'.)BjtiE‘ﬁ %ﬁ&%{' 158 A Hended
dielectric stack that gives rise to partially reflective interface 132.

When present, optional partially reflective layer 134 may be formed on optical
spacers 130 using any suitable technique, e.g., coating (e.g., spin coating), printing (e.g.,
screen printing or ink jet printing), physical or chemical vapor deposition,
photolithography, and thermal transfer methods (e.g., methods described in U.S. Patent
No. 6,114,088 (Wolk et al.)). It may be preferred that partially reflective layer 134 is
formed on optical spacers 130 using LITI techniques as further described herein.

-12-
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opti cal spacers 130. However, in other enbodi nents,

partially reflective interface 132 may ari se w t hout
wopitconai3s partial ly reflective | ayer 134 presePCT/082005/047181

el ectrol um nescent el enment 120 or on optical spacers

130. For example, partially reflective interface 132

may arise when the refractive index of the material of

opt i

e oy RRRAG el P Lol B Ay TR Rt il
propdédethbt wpaaBrreflectiye layeh 3 hairlemt pama]ilydmﬁlseets a part1cu1ar wavelength

refl ecti VI ty between o spacer . 130 and
frsfiagncy of aal@anﬁu?fh@ Ee&a@éflax igclyde moxganiq @ﬁteﬁé]ﬁé%ﬂta yTO,

n f&‘?béimg J?e&g alscteg @@bﬂ%ﬂ?@?%%hoﬁﬁ& :{ﬁ%ﬁdn#' ;i}lgh,ueq/%p(?rable small

mdledull & hinvphotd ﬁﬁélhmele&ﬁlﬂs) WthEDIﬂilﬁaﬁmts thepgifi(@Balinorganic
partially reflective |layer 134 may be fornmed on

napQRayiEGes 18 A Osgasicmairyes Hgscaibgd.sfor ewxée,ﬂ@ Ehi Rpgant Nos.
s, Bad1s r@‘ﬁﬁ&d&? all S6320,038 f&‘i"%g%{ 4ng 6% yS| @\gf;%% al.)). Suitable

Cieé rint n

méiélﬁm ﬁl@lud’é HARRE m&e Q&Siséfu@fh thﬁfm&@bﬂotcégaw @?1 soludidd coating,
thermal transfer nethods (e.g., nethods described in

spuitesingpeiaparativg dem@sitionchggacal Viapa deposafion), mole¢qulardgamepitaxy,

sl B oo bbbl BanTa) ffeuiiondiny fuenaty be

dlsf{)@fsE@ﬁf a é’uﬁrﬁﬁlé ibBfidr, REY. & Meolshérid bhgorﬁ@ﬁd 8E oL eh@)S?nrder
34 may include any suitable material or materials,

pr oviihgetectrhimipescentaevige A 6§ may tiahede (&)}llenalliéhora&ltemhkﬂt formed

on R bRrBHY e SriResh i Rl SRS Pl P hlaverci. One, owo,
or h{¥RE BABF f1tER1Y 20 hﬁb%e FSntkd su!;hT Bat M%Pé%&ﬂt&h%ﬁllght emitted from
organic materials (e.g., polyners, bot

theuﬁecrttdlmd;newabdﬁmmtel 28nwmincident wowloes or awoe pilouSlterad0. In other
conbi nati pns t.her eof .Qg., inorganic
e Gl R Topgical eonitiarovis Medcpbantiegp clement

12@ X @R LSlor fifters 120 agﬁiu%fétpa%lar%a%ﬁnéﬂthg- ér ehélgé while passing
), 6,329,058 (Arney et al.), 26 (Arney

otlwré with )@18.&@11}’ ratlapgent wavedngth. nlﬁirwdamp]&o&éoﬁ filadr 1dO@may pass

e ol et sl RS GRG0 AR LAOE Toapioes Die light

B —

uppg@tpootel dfithe msﬂ:lcssp;t&c‘smd IAH; farthernaéd kerbinnthe Iterne“g;een light” refers
naonel i c, ollgonerlc pol yneric bj nder.

to Blidiay BIePARSER RTeaBinaBly Top MHeg/e Ao et ﬂ't?p‘ﬂ?lb]ﬁépe“mm And
«. 6@l of t
b{il%tligﬁ 1Jefe'fsetr 1g¥1€'9a\f11’9%r %ﬁ%lcﬂﬂm ?dc%fﬁ{/x&ﬂrtgc }lec | S eﬁ%@ﬁé (?f the

ace
v1slliiésp@tnamtv\o or nore col or fllters 140 may be forned
such that at |east_ a portion of ght enmitted fromthe

el e&iolon filtarn Ebway insludgeny suitably @aﬁemlu g @ateripho nf asresample,
coll® E’?tel%olldr% 213) lh&lﬁaé aIEyA'sQutal!)l@ c81top§15t or colorants, e.g., color dyes, color

pigments, or aﬁy other materials provided that they can selectively attenuate particular
wavelengths or frequencies of radiation. These materials may be dispersed in a curable
binder, e.g., a monomeric, oligomeric, or polymeric binder.

Color filters 140 may be formed on partially reflective interface 132 or optional

partially reflective layer 134 using any suitable technique, e.g., coating (e.g., spin coating),
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words, the color filters 140 are in optica

association with the el ectrol um nescent el enent 120.
wab@eonldes filters 140 attenuate particul ar waREl/BOHE47181

or frequencies while passing others with relatively no

change in wavel ength. For exanple, color filter 140a

may pass green light, color filter 140b may pass red

prim!lrgéiéehge?rsgreﬁn p{u ,mé léJr 1:1%1EJet i)%’lgﬁnga%‘hﬁ 8?%% 1!:3[1 %}?Rr d%ﬁosmon

phdtalthBgraphs RAE theta Pl &6 G inteaiids Ye. g N niethodp dedcriped i Or8. Phtent
the visible spectrum As further used herein, the term

No g 24088 (Yieik etraéb)e dsmaybe p@fﬁrrqdatmtﬁgloa ﬁéﬁﬁésclt%m formed using

LIT? n%}%?n%hﬁiheﬁﬁ%g%?ﬂh? e,1RO§% ’S‘ES} pﬁhlica EUl ng a

20@5@@p1tst9mAmieg eXdnisBd d)ﬂ’seleBtn'Z’e ﬂrzﬁié/ﬁdi‘ ob@kblopiltef. t he
visi bl e spectrum Color filters 140 may include any

sui lratnioeemﬁt efithepresent disclositg) enissive masaaiap sclusinplight emitting

filte sui t.abl.e col or nt or
polyg) Bsr or or[ggr mé}glp%k caﬁé)g/onvcessin&l} el&namgn? (?,r f&[ﬁ;s can be
selQdtiely t[{ﬁfsf“eﬂealﬁ%npﬂl%\ﬂaﬁ%r fa?éioftanﬁ)ﬁoﬁﬁféetstﬁh%éép‘t’&' sﬁbstrate by
attenuate particul ar wavel éngths or frequenci és of
placingithxt {ramsfer Tines of ﬂatdenomdlencmyidjaeem it frerrseghtarre. g the
curabl. e bind omeri.c,
eleﬁfa@ly%vqsee% eeiment | pjenl sHRriaReatios Theg RS 9i5h sy 67 0. US.
PubRlatibANoY 2664 {)Fﬁ%?’l’ a1 0F XS H3ReLhivRlds R color conversion
partirally re ective layer 134 using any suitab

elet‘r&ﬁh;n iEplier, coevgsLoncemaantsgnépalgo be fpined oo apthg )qunersrmldrfgters to
r.int SI cal

.,, Screen p [
erﬂam% RIAT %aéqlra%rp é‘gg%}?l%‘iy hg h‘?ﬁlgf’lf’{‘h %ugb eaﬁ%lectlon of

o T Tl 0y i e

emigsiarfbhet lighatind tle@bsdrplidresfthd é(ﬁloﬂc&vﬁammmdaﬂﬂﬁalngfhtchﬂay lead
techni ques as_further described herein. See, e.g.,
to Righer ebiigIERy-ALidoHINEIVYBO8/ 01 18923 Al for exanpl es of

sel %ﬂs‘tﬁﬁﬁve{l{/ gﬂg‘ﬁ or enfonf e Jelelcﬁ%hé h!e:ﬂ?cpﬁ}(f)l £ ?a?@g e donor

t he presen osure, emssive materials

elel:neghwltﬁ Hinkging gadiatloneatSang bERssoriasd bytlipde-tovhsa rcmadeet,er (LTHC)
col or conversion elements, and color filters,

maigg}ad dispgsslyn theahvsl% OfteR 1y 3 Wﬁ%?ﬂ@dy%famdéyever@ﬂ Hato heat.
Al%%?@e%?f“fﬁct c%n QS Qlta)%ne SHRR8E 3 &e?é&é A% 1lrlllgr {htg ﬁgnor element

rans ayer O onor el enen acen

and/BE SR tredeplo sab strateh eIn elee€ tdsed, g dieSe et b@é)@ﬂ@éﬂ to lﬁlagin g
and sel ectively heating the donor el enent. See,

radiption thrgwih sae daser mbstrge,demgh tiseaeptor, pibothy Zhe radistion can
1ncilbci$ oéltie s\%glhotré ?Ngﬁélgxg 1nc?uq?%%\9 gl%YE‘f 11 cﬁ’%t 1afr§rreﬁ ggc[ﬂiéonl gloul‘Pravmlet
raddRAHE ISt eRRdplel ft I b JaskR lﬁiﬁlh@ﬁﬁﬂleﬁ Qlchrradatic @ukr®) GHAE elective

efficiency of light em ssion. :In such a case,
heajigdectiniques fan also be used, such as using a thermal print head or using a thermal
hot stamp (e.g., a patterned thermal hot stamp such as a heated silicone stamp that has a
relief pattern that can be used to selectively heat a donor). Material from the thermal
transfer layer can be selectively transferred to a receptor in this manner to imagewise form
patterns of the transferred material on the receptor. In many instances, thermal transfer

using light from, for example, a lamp or laser, to patternwise expose the donor can be

advantageous because of the accuracy and precision that can often be achieved. The size
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the optical properties of the optical spacer can
i nfl uence the overlap of the spectral em ssion of blue
wo c@ht7eandl t he absorption of the col or conver sPGIUS2005/047181
material, which may |lead to higher efficiency of down
conversion. Illustratively, the donor el enent can be
sel ectively heated. by irradiating the donor el enent
el
o TR AN Pl P iR BSE AP uRY shpme) oom e
cohﬁ@lldﬂl@ﬁﬁrexa@f;laghy salecting elpasizet @f thd Hightl begyeyr theam@osure pattern of the
converted into heat. Alternatively éiggpcan occur i

lighheagh dheduratipreoidhirecicd he%}yépgtaptnwélil theefonprgheglp Apthe materials of
o e R RSB o OB e

eldohent deowgh swaskt.rate, through the receptor, or both.
The radi ation can include one or nore wavel engt hs,

i nclAfdneRfiaped; pihermal @mlt hgagfor gtheg heatipe slanesmt (Retterned or
ot}ge:r\twvg)st%ﬁa%l a%o reatgsleg ? : ectlv HEAAHE gi?rh o) %t ldag’@éi there% pattern-

er ‘suc on source. er S
wibehnsharih @ pbiftiods 65the &AnstbSIAyde [t S8 caSdiCthe f!i%htlﬁi—ﬁ’&t 8onverter
thermal print head or using a thermal hot stanp (e

g.
mafenaltin therdogor sheetarl remtorss @mwnglu cFheaalgpring &eads or other heating

e By o PERRH T 5 RETo ok Sy & ThaaPregh e piferal or fo

paitB@idPElerhéOhese ;Lmeﬁ{en@a&d%t E@bl%ﬁisbl‘y%loﬁtrél!lfﬂns‘c erred
to a receptor inthis nmanner to |mageW| se form

pat tTaampderdhyerhennt alsombsf teanstedredan theiradntiaty frivem domoegtests. For

i B 205 S e G
tethPSraflORRYE (18 BarlSe RIAH FRE S rPBEANSEr 19 fcoﬁta@ce@ wFY f&&ytor

and precision that can often be achreved. The sizeand
substepe tyficallyevithr &nspplmaadn pfhédag prpressucg. Swhla method, referred to as

circle s uar e, can b ontroll.ed, for
Lo Batelsh Gt bt ip Ese A P Tor IGE. Bedateephgion
thEXPORIHLE &@ fgrn of the light beam the duration of
1‘grérect edrbe m contact with the donor sheet, or the

mat éflieahedeadf thetrmabltmmsfers:he gary dEpmdungmsﬂne nypeaobf;salettwerheating

can | so _be controll e |rrad| ng the donor
et et diradia e vSeho s g MO, (e BPRAf Mterigls and

.
i L 0, O PO I
ovéialleohstyyctivhef eieylopat, ther tipe sfretaptorsiibstrate) gng dretliken SV m}ﬁout

the transfer |ayer hi such cases, the |ight-to-heat
Wlé%lﬁgéq'?%‘?owétkarqw GOy tHRBSTgO#RIeTall 06¢urs Viaqpe Op fsire pgchanisms,

on% Q)‘ir hﬁ)‘?@hf wﬂ_ﬁﬁ gﬁ@] be%ﬁﬂﬁtaflg}&ftgx%s Qémﬁ‘%lglf‘% od Hlﬁn‘g% ér%:gec 18%;?nsfer

nts may articu ui te

depaﬁbﬂlgmn mmgimg ¢cditonef domat esniserhictivhs,famd spdbriier Oh#thechanism of

el enents whose pl acenent need not be precisely )
thergd framsfegncludes thermal melt-stick transfer whereby heating at the interface

between the thermal transfer layer and the rest of the donor element results in adherence to
the receptor more strongly than to the donor so that when the donor element is removed,
the selected portions of the transfer layer remain on the receptor. Another mechanism of
thermal transfer includes ablative transfer whereby localized heating can be used to ablate
portions of the transfer layer off of the donor element, thereby directing ablated material

toward the receptor. Yet another mechanism of thermal transfer includes sublimation
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Transfer layers can also be transferred in their
entirety fromdonor sheets. For exanple, a transfer
wo ayen7van be fornmed on a donor substrate thatPCT/HS2005/047181
essence, acts as a tenporary liner that can be
rel eased after the transfer layer is contacted to a
receptor substrate, typically with the application of
WSSk RSB e oD T PE SULECY bPh generated in the
doeot é¢lereritt @npdreion bfitherspblomedmaterigbcquarohdane bheherteptd0 The
the receptor. Thf node of thernal transfer can vary
PrefepRusRign sAntepglaigpjEangter %dé%&g‘iﬂé‘ch‘éﬁpp‘h 8¢ WA @fythepe and other
. . At OmL i !
A0S Gfn L0 S 0 LR LRI, 080 e wnster o

mdtdiikls raped trarishe 1dy¢p® eéeptmtsarthed. s in the transfer
| ayer, the overall construction of the donor, the type
of ~ rerapatypf mdistiop-gmatting seurcerecanibedised o hegtidongr sheetsy For
e.hound b n f.er nerally, occur
ol AU e ARk AR 4 5RO FEy BERER gl BT, renon

flable 1 nihadile) ffc Wdefu NPhatEite tnakihs REhSIQhes iif4Red, visible, and
transfer dependyng on i magi ng conditions, donor )
ultspinelet laesrs g partenbirlyaisefyt t Suitabledaspacinghidsnfoo exankme,hagh power (

> R gl S FReredt S aatndoliaRd IRer SRR b @iblsabed solid
sta!;%‘lé@érs g WherA&shd @fdzvbﬁ).d@agefe@baqs Abvell $tsicin tk,ﬂg widely

herence to the receptor  nore strongly than to
frashp rfor exsamytld) atfewthanditeliths dd mocrogdcendstb térs of @nvrosetontlher more,

| ected portions _of the_trapsfer |ayer remain on the
an_a i%?@b{lwcgwﬁw ARG (OF X3 realont GRS foopbout 5 Jem® or
mérBC R S A R dotifR el hAN a1 ar0h SR onQGR e 56 aeﬂrigp}gasg?g rgn, among

can be used to ablate portions of the trans
otlofr fthings, theedcionaemehtarvartiyctivhgthe bryngder legdrinngerddd) the atbde of

material toward the receptor. Yet another nechani sm of
therpgt maps rangfeeraad ofhifgs 9l i mat i onwher eby materi al

di w . j :
neat by e ta) Bk bR o PR Rt L AR fER i ppgents for

hightinffermaedoneseentalisptan and othenaehapplidation® @ept rge shib&rate areas, a
present invention_ contenplates transfer nodes that ]
lasehean RfePBHIBHEY 16RE ap therpdidonasourcst Haperpapicanirg piso compatible

RS e RS ARAIEE, 1% 81 3 PR Y RS bt et
fillnABEtrdt€s (G0 Yin Mkl ®iiEmide dREispt y of

radi ation-emtting sources can be used to heat donor
sheddwingAoagagaihe dorersheitgar be prwught intoxipbmatecontacbwigh a

a kK)..high-p red |ight .source e..J. enon, fl.as
reqtalig L H8ishEy BE FE oot ARG b drans b Bt 5 or e
dohSEdMREIHAR e shated 86186l disvinsé bRy the Rédeptol (8\thiPbE thel ASEMLS ablative

are particularly useful. Suitable lasers include, for
trapsfgnmplechanfsinmgror paaiesial gublimation transfer mechanisms). In at least some
instances, pressure or vacuum can be used to hold the donor sheet in intimate contact with
the receptor. In some instances, a mask can be placed between the donor sheet and the
receptor. Such a mask can be removable or can remain on the receptor after transfer. If a

light-to-heat converter material is present in the donor, a radiation source can then be used

to heat the LTHC layer (or other layer(s) containing radiation absorber) in an imagewise
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> 100 MmN single node | aser diodes, fiber-coupled
| aser di odes, and di ode-punped solid state | asers
W@ 200g/07190&1: YAG and Nd: YLF). Laser exposure dwePCT/UB2085047181
can vary widely from for exanple, a few hundredths of
m croseconds to tens of mcroseconds or nore, and
| aser fluences can be in the range from for exanple,
0 . i .
s RONE g0 R o B a0 ot s ol & bk 6 et B B hice

trabefseet paRterraiPohe traesfertliyen Giom theelodansbketab efiereteptor.
construction, the transfer layer material, the node of
t herlxRicalp.gslepied pertions 05@9& t@pﬁf@f lagercqﬁe frapsferred toipyeceptor

Wlﬁlll g&%ﬁ?ﬁgﬁé ?1%5 Fﬁt p? 3 e. %e%sf(gfntgg 6191%01‘ sﬁ@eet such as an

opﬂd)ridl) lirety$ay@P or DTHEay ablsa’aﬂhd:rcd%t;arﬂmahe@m I Thedprgence of the
substrate areas, a | aser can be particularly useful as
optienal inferlayer ey sbunate onraduse tholinrsber of material dom an LTHC layer or

ati bl bot h ar tes . g.
ot PRy Tl o G e BB Wt Pt Bispp i ortion
in §HéRenEREe8 pbRiod of tﬂeQQanam 1Hee @r@&h’éﬁlﬂ{)nuﬂﬁerﬁﬁfé {n%)conditions, the
During i magi ng, the donor sheet can brought i nto
adhemqmta’tthe optramabinterlayer ta thecle B dayet dssgraatghthan ¢hsiadhedign of the

intglairi ChmaE he® diRon STneE i s tph et legsiys, or dbsorptive

to ﬁh§é RDERlidt0A] nﬂrfdhﬁn b Q@&F t8 ratt@ﬂ?at&@"btﬁ@mﬁ&ecoﬁﬁépthg ®vel of imaging
ablative transfer nechanisms or material sublination

radistamsttasmttsttariughte dononor ﬂoemwags tmeperatetea ncds donor for
ressure orvacuum c us oI d the nor
exPHB{ErD FCe B o T TR B S hapber dSrg imaging.
Mﬁlﬂéfeﬁﬁféﬁﬁyer?cd}ﬁ%‘prgﬁﬁt be placed bet ween the donor
sheet and the receptor. Such a nmask can be renovabl e
o r danger domai sheets cambe umdebmbxdirg daor shwmstharhavd: fength and width
ght -t 9- heat convertmP mat eri i S present

he .
1188‘?‘?6‘?“3 Q arr%ed?rd%rlr%q{es REEAORN2 aﬁ%rncaB egiged Br : gvigqfgoved
actosé el I AYE oA shOdt NBE 1d:888idS 1&99&1 ' géﬁ&grtél Lg{u?jgt@ grortions of

absorber) 1 n an | magew sef ashi on
thé)(j{ormm altmg aeophisgitoea ddsiredipéttean. nAﬁkl)natmel}aehé senmay be stationary

wi se transfer or patterning of the transfer |ayer
ang F}&ﬁqnﬁés%h%rrre‘é%é‘gts %raferf"é‘o}’%ﬁ&??@?l therlgsgreal |y,

sel gf Eafn'céy] ﬂel'}{%céé's%%séﬁfraﬂﬂ@yﬁf coﬁ?é?nent to sequentially use

trans%erre to t ceptor out transferri
tws log mok¢ didferenp dbﬁomh@ets}fo fohe elzttretic ldayie¢ssorod rebépimd dre lexample,
sheet, such as an qgptiaqgnal interlayer or LTHC | ayer as

mylple JeXeR 8¢ VieRs<aR bp WQP§|thSf?H@gpﬁeB§éWé@’eé? orygparate stacks of
la}{%pg ﬁ %1ffér?1t1tec{ Qyﬁfe AL 5, ﬂag%% ?&n e{lgcgyé:ﬁ%li Eegl;ed as a single

er o erla froma ayer or

traﬁﬁf@i(mﬁ’afrenﬂ B3iegls dohdrrclexennpd 8,desdrived, d.41 @y 8yRhtsnt N@® 6,114,088
t he rece%tor or reduce distortion in the transferred

(V\ﬁ&k &l dn- §pr exrenle. afoleiransagub fayersnsk kBB layer eandrco-transferred
fron a%mg% &3 fj }Xs bther ngmple a semiconductive polymer and an emissive

layer can be co-transferred from a single donor. Multiple donor sheets can also be used to
form separate components in the same layer on the receptor. For example,
electroluminescent elements (e.g., electroluminescent element 120) can be patterned by
selective thermal transfer of electrically active organic materials (oriented or not), followed

by selective thermal transfer patterning of one or more pixel or sub-pixel elements such as
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adhesi on of the optional interlayer to the LTHC | ayer
is greater than the adhesion of the interlayer to the
wo eca@a®foi3 | ayer. The interlayer can be transni BEI/US2005/047181
reflective, or absorptive to imaging radiation, and
can be used to attenuate or otherw se control the
| evel of imaging radiation transmtted through the
coftR HersE. ot LolRAAGE TBNRELLW BFers,hhf2e tARR 12l G5, electrod
exanglrsg%tgt) roeduce t her mal1 or rgeofi ati{)gﬁ- bagg{gt ggna’geéectrg ©
layeh® atd dredfker | ayer during inmaging. Miltiple
i nterl ayers can be esent. Large donor sheets can be )
used/atefigls @epa@%ﬁqongﬁ ghaels GERRP t%a%fsﬂﬁ%ﬁéﬁwnamther materials
W ALl ' f advidBR! S - i i
i A1 RS Q088108158 0y M BgPREL 3 Ui porions

of ltter gmediznize. Meeiativelyembi@aels ffom sgpased dador ¥ideys can be transferred
.operated to illumnate portions of the donor sheet
dirgethperytaRepls o in PaEy pealying tegishation vk pihenayeys o materials

RN AR e ——
photesittaspesy, ddpositipn BeonECLsSdoy maARSte A0ASariefy of other

convenient to sequentially use two or nore different

cobifstionheldie arangrs denes sheets e ke wedite Esmondeyigee eaohtdonor sheet
iple | devi.ces f :
ool PR G DR A b e R EPRE b1 R B porions

of ke Bsvikdspan sthéd ®vRBE ofl EeGEcephR Sy b&/MWrinel &Y ¥hoRlRGK Bart by
can also be transferred as a single transfer unit from

ang saifably eroeesa scledingrpimtolibogrephie praciesses inlejey processes).agd various
Pat . No. 6.1 14,088 (Wl t al.)...F | e,

otlhe%1 nglﬂflp%ﬂrsrﬁ%%li-ba[sgg 8’}008%855 gvlﬁf%gr ?(av)gptlg%hygl)ég({@r r?ewlyz;1 developed.
CO- ITRIDhEF §udbrdts 04 Fe $HAGRr ARMNOONe ASitBNONPELS polymer film is a
exanpl e, a sem conductive polynmer and an efm ssive

polygyter filkafobexample, patysthylane dertplhalate PHE) @ mhdystinylene naphthalate

i pl e..donor sheet.s can al.sa be used to form ) )
P SRR AR T TR e e cale Patrertie: Meludinepish
tranShisEATPiSht 42 b Pattlclad WaPSsEAR or L ATRMN: $helBarflcal an(liothelmal
el ectrol uninescént el ement 120) can be patterned by

stabdity prapedies hdspereding pm thefarticodar epplidatipg,alah pe aiséd. VEhe donor

r gani c terials (orient or, not.), foll|l.owed by
suSHG i1 Ydeh S P EPETe PR BtE DRI SRR P e thercon.
THeId68br QbstPHO 11360t pRABIRM S dSIHGR n@2G I Othaf felda ﬁeébele despite

(e.g., color filtérs 140), em ssive |ayers, char
hestiegnaspoe tor heyelayersef detdonde Haoweves, asalestriblee heieke the inclusion of

Materials from separate donaqr ets can be .
ant“Pé?fiafyé’f ﬁf‘éwe%"'}hﬁé l?ﬁrate&ngtaﬁi{fff@faaﬁli sandegiged to ipsate dhe
. . . acant. . _
s AT LGB AN SO B A Rl ickacs of
theMldrer matisiratel ryngestditoar 0.825 tdf 0. 05mme pacfatablyd0Dto & heehsalthough

can be transferred direct]y on top of, or in partial
thighes o Wlﬁ]@ﬂ,{l@@p@:ﬁgt{&}t@ﬁqnw bgusedt her 1ayers or materials

The materials used to form the donor substrate and an optional adjacent underlayer
can be selected to improve adhesion between the donor substrate and the underlayer, to
control heat transport between the substrate and the underlayer, to control imaging
radiation transport to the LTHC layer, to reduce imaging defects and the like. An optional

priming layer can be used to increase uniformity during the coating of subsequent layers
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previously patterned onto the receptor by thernal

transfer or sone other nethod (e.g., photolithography,
waleesTidN t hrough a shadow mask, etc.). A vaPCEU2005$/047181

ot her conbinations of two or nore donor sheets can be

used to forma device, each donor sheet used to form

one or nore portions of the device. It wll be
onféﬂﬁ@ Enﬁ%&% ahatso ‘?ﬁcﬂ@c{se B BdnBl% s%fenétﬁ%%%vééﬁ\fﬁ&f(ﬁlomﬁﬁ strate and
evi ces on the receptor, formed In e

adwcmnhnﬁart by any sui tabl e process incl uding

phot ol i t hogr aphi.c processes, .i nk_jet pr.oces
var PPt @P%'év}“ PRy b conad R wagraasepﬁhmgiggtweenadonor

su {e%ﬁ t ﬁ@tlh}%] ai}ot ¥xelfﬁ1ﬁg Plontfo tﬁ%@ewgé}l th%?@ostrate and

onor su strate can yner suita
thet IyHéCthyep dlnymeimdgidgorits pa)vmﬂ me&taﬁrcaf stii‘tfmtyf 10 Itheedtﬁmﬂ ERment for
yet hyl ene terephthal ate (PET E}g et hyl ene
Stor@aahhfwé IBg.<lopPIENPCESFINEEOT IM3dge Xa@p ot pyifable yiderlayers and
tec?];ﬁ (ﬁégsfﬁh‘;gbwﬁ& %ﬁ{eré%té%gat% g sglfss dllgf}# S SM\}%{;';\‘: Q384,423 (Staral et
al)suffi cient nechanical and thermal stability
properties dependlg%?on the particul ar application,
can The undwlfyeruse tagvds maighals that emparhdesire(l szpshanesher thermal
i.n stanc IS sq. t hat oatin
prqe e el otofin” Boh SPiatlE bt hle R s i f R iy tha
exlﬁgit @q&\e@pédmahém%feha{ysortm\a&hérﬁm&ldaétﬁmﬁeﬁﬁ%@ td e donor
heati ng of one or noré |ayers of the donor. However,
submtratte Seich be dndezlagenmayt beeused ¢d insiease lndat Sowutno der transéer layer for

bet n the substrate and.a Ia er can be used to
xR T DR AR eE P e SR Cahor ot o i bt he. LTHO

| ay §the dHAdIGer HBPAIRY 1ncimi% A Bidd&dor E@lﬁh@@qﬁﬁlcgf prbPéties or for

donor substiate rTanges fromO0.025 to
adlpsehdreabéon tﬂe ﬁﬁ)slrate @nd therh TECt hlsmgfantdmldeﬂk@er that inhpronesr

donor subst The nater als used to
adie3ioRh hehuecdh %%u §Eﬁ§@?‘£§@ﬁﬁg€ BBy 55%alt T Jpsn disteytion in the
traHﬂgt?%Jo i oal%gs %%@n téﬁarﬁﬁll efélts% elc3sd 'Eﬂruﬂ}igrlf}gp&ﬁf B Fﬁ/é@%uces or

strate an e un erlayer to contro
eliléatestdetanspaion dvetpeeaion dfehsUDHC1agee, fanexdnsie, that might

under| ayer, .to, control inaging radiation transport to
othepgisg ﬂa%& lm%gal%%t{ih% donorgeidivy Hus e redugedhe pmount of

ph dks dlsﬁﬁlﬂ&% or fc t@“ﬁ?%&ﬁh ?ﬁﬁfong 8P %raﬂ?fg %& In ot er cases,

ncr ease uni e coatin

hoWwayezitsnay be ddséralsla s tmplos u&dﬁtl@bsahatmmrﬁamat ldast sbﬁﬁdieg@e of
strength between the donor substrate and adj acent
Senagafion etwen@p@maﬁaiayaﬁsdi@ﬂpayeaglﬁa;fowaam @cpreduce an air gap

oeRERE 0, ) LGP OB LA BB rarain

duﬁi@lrﬁd.gﬂﬁg may @ls@ﬁﬂ)vichﬁi dhhhiel lfeyBe reﬂwsb ngasﬁﬁﬂiaﬂﬂlaSB be kéherated
ﬁr ovi de nechani cal stability to the donor elenent for
by heating of the LTHC layer during imaging. Providing such a channel may lead to fewer
imaging defects.
The underlayer may be substantially transparent at the imaging wavelength, or may
also be at least partially absorptive or reflective of imaging radiation. Attenuation or
reflection of imaging radiation by the underlayer may be used to control heat generation

during imaging.
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storage, handling, donor processing, or imaging.

Exanpl es of suitable underlayers and techni ques of
w@e@siogionyy under| ayers are disclosed in U S. PetEOB2000047181

6,284,425 (Staral et al.). The underl ayer can i ncl ude

materials that inpart desired nmechanical or thernal

properties to the donor elenent. For exanple, the

unde| BYAC 1§ camsé Hﬂﬁldamrﬁadrﬁmhé&gaéftﬁé beBldt dfc] oewe to couple

speci fic hea density or | ow thermal nducti vi t
Irradahtagn emrgyantohhe donmosheatb hc aﬁ“ éIC Eym’rpraﬂbrabbdmbludysea radiation
b ed to increase h e transfer .
abﬁ‘é%frtﬁatfﬂgﬁor@ et 1 lar% ﬁ'@ﬁé&ﬁ FgeEts St teastiapprtion of

thincidBs Ig@lﬁ bn 1nT(Eﬁea‘t' Wﬁ{abﬁ)’t%sﬁ?ﬁf He3AnsfAF]a gglei?'%rP the donor sheet

mat er 1 al or their mechani cal properties
toﬂﬁhe@apm bet ween the substrate and the LTHC. Using an

o bR oa AR PRSP el TG T thortegght in the infrared,
Vls%lé t&ﬁﬁt’reﬁﬁolk(‘re%ﬁgeﬁ B8 %fe%{rf)ﬁg%dee%ggge&t@ﬁma 5'119 He absorbed

sone cases an ayer can UCGS or

radihtion inat leat. dBheamiindaon @lﬂsoﬁfer(s)éml’rﬁilbaﬂry 1aghiy IﬁBSdFﬂth@ of the
| ayer, for exanple, that m ght otherw se occur during
selﬁﬁﬁ% irﬁggﬂeg radfpkiongeYid moﬁneﬂ(hﬁ.l%yeé withraaopéiealidensitra thet

wa‘%le ¥1%'f ?}?éf n%ﬁﬁl %&hﬁ’ 1‘?1XtFé Pa %g gf Qélou'ti: pgqgggogglggqler Optical

r ans

ﬁ@wanayet iy abdeshlnabl ﬂmﬂ@%a@i’ﬂ@h QbaseNOest BY edtid JRd
0]

pronote at |east sonme degree separati on between or
lntalifﬁé)tﬁg)f |lla§1tetrz§1smﬁqdﬁ§rquﬁh§iedgyerﬂ@ theeln@m}t}eoﬁlmhpmdiﬁn‘eomﬁne layer.

a| r r%{g“?fr)%&bef b eét I%en u%% ?%1 for@g ﬂ?ﬁeg 8% o g[he\iﬂfc layer

or bz!iﬂalgé 1h-RaHo @nS&usBf aiytheatea ehpanelplé, Qs dEi&ﬁbé&lrﬁ@%eP%nt No.
62gzases that nmay be generated by heating of the

§ysél5 (Hafferdy J1-netgil. hglonwthpmﬂgdmwgs SUEKC hyohaambd uwdyo control

t f Th I
e plethr AR O PR SRER: TR e it hgosenserdndep ave
imBFovBRirafSGPrEFerds (b2a et B deliB) hotwBRSAE RitbNRd Wansfer patterns and
reflective of imaging radiation. Attenuation or

actluelftr@@felrmtt@m)l magl ng rad| at| on by the underlayer may

C SRR Rl S RS T i
dyé’s{1 ﬁﬁﬁ'ﬂoléi'd%@ﬂ AsHHr&d &}%s Cﬂkﬂ?&s@eﬁt&fy@éj'aﬁﬁ k&f‘atﬁﬁ c@z%ﬁﬁ dﬂg‘ &es),

e donor Shéet. The LTHC I ayer preferably
pignaaditsa triedals, Mdrobmpotlm maiad hbs blavkibadn absoalmhraiand) nther suitable

bRl A T A Ron AbsuhiD s DR bk

| métf1®xide@BliGhethBMBIdes.” OFF EXEnFlOBPL sEiBR! LTHC layer can include a

pigment, such as carbon black, and a binder, such as an organic polymer. Another suitable
LTHC layer includes metal or metal/metal oxide formed as a thin film, for example, black
aluminum (i.e., a partially oxidized aluminum having a black visual appearance). Metallic
and metal compound films may be formed by techniques, such as, for example, sputtering
and evaporative deposition. Particulate coatings may be formed using a binder and any
suitable dry or wet coating techniques. LTHC layers can also be formed by combining two

or more LTHC layers containing similar or dissimilar materials. For example, an LTHC
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to the receptor. Generally, the radiati on absorber(s)
in the LTHC | ayer absorb light in the infrared,
wo@elor®i3 or ultraviol et regions of the el ectr PORYSINFH/E47181
spectrum and convert the absorbed radiation into heat.
The radi ati on absorber(s) are typically highly
absor pt ive of the selected inmaging radiation,
Lk O gbgﬁ@@ ngie% gélitrl%ﬁ %!ga@gy%ﬂbg%h{t ﬁﬁﬂ@g%%@e} ?w&lng that
coaﬁanmtcafhﬂbﬂa@k&hspméﬂ ighadrinde@pt i cal density of a Iayer
is the absol ute value of the l|logarithm {:rbase 10

t he IPyepiswitabre fonass piadierien alserhergia I Habhdmyer sy beBresent in
paﬁ%&@fﬁr&h ﬁlsbfﬁ}\égf dm aorflﬁo&r;é?a rﬁa{l}“;drrtair’rgatgget lﬂlaiéc?er’]& adﬁgb%{esgﬁ B 2 binder

matériflo rWilhe;n disprpsed @drtichramghmutm tbseriefdie hisyd; thedparield siRe can be,
non- honogeneously distributed. For exanple, as
at {pasidnispiad instances ab g 18 mEm RbleS% andBIaB 5 apHslf lemdr le3s.. Suitable

b d t
avghinebigh R fuP ISP 4F eIk et B B B BPufin, & Pfifig ve may
be&RBschiDaSed drSficlots HRAQS, s§ﬁ%ﬁit§ i, AAd cn'i}ﬁi‘!ﬁlﬂlﬁ'@rv@ﬂ?g spec1fti10 binder

transfer properties (e.g., better fidelity between
or coatmgdetient, anwich ras ﬁmwmeif@g&wdnmﬂﬁdvsorphamsf er

P eBen ety fab g vpit e LA ety sedfation Borbers.
Exé: é@;‘ﬂf@hl@lbléjﬁ@ﬁrenisriﬁ&@&ee& acﬁdﬂa%é;g%nas Suess and

T
radi ati on-pol ari zi ng dyes), pignents, net al
phttmigpyamdss, nivkelalithiolemes, anll clode phgdsntadssoribet in, U.SnBatent Nos.

s, B BB Sl BR S gapb i dabs SaPHomIE des azo
pigREAL b&’éﬂ dg Eg)}?éﬂ dr BRbRliuf %B&B%Qg's ofORS: RAAPR! gyr%oalgne yellow,

Sultable LT | ayer can I nclude a pi gment,
diaasition rdil, acknickeldza yblilcwd ean bcsmsteﬁﬂammgamxr pignieats can also be used,

0 Anot her t yer includes netal or
mﬁg@laga/ PR, of e?'smi@&gg ‘gl%?%i?lﬁ S‘F‘ihl ama IyrgiEs hispugh, tin,
C I I ]
gl LRSI ooy, SRR Wostip Lo PR Ry

paﬂmdmmupﬂtlﬁmﬂlfm)ppmy siveer f goi dredlcdxyiuine irbmi leade and ﬁalﬂﬁhumSMetal
faor ex sputtering and evaporative depositio
bopiges, ol {@s@l@@gh%@@nﬁﬁ%b@mﬁmmﬂ AY%idss, Bndh e@ﬁesﬁﬁalcmrally
t ot ques. LTHC
roAR 5 e B A B g O Bl Ao IR 0 o o e

. LTHQ/ttayadtion abdibraighas béméﬁl[ eitifer ¢h 8®ifoink af particles, as described
materials. For exanple, an LTHC ayer can be fornmed b

forv@aancedaaa& Pat68) No- 625 07 A SRITBY, ob Bk PuMEFOTAIGY &FS Patent
S?ggr%q@ﬁfs et gﬂt ggﬁ%ﬂ? il E?ﬁn&héé? l%md éxsé DrE %1 mlnﬁ% 1§muth, tin,

! es su use as ron
indiGmatdliitiinl aadeincay be present in

Suitable binders for use in the LTHC layer include film-forming polymers, such as,
for example, phenolic resins (e.g., novolak and resole resins), polyvinyl butyral resins,
polyvinyl acetates, polyvinyl acetals, polyvinylidene chlorides, polyacrylates, cellulosic
ethers and esters, nitrocelluloses, and polycarbonates. Suitable binders may include
monomers, oligomers, or polymers that have been, or can be, polymerized or crosslinked.

Additives such as photoinitiators may also be included to facilitate crosslinking of the
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particul ate form dissolved in a binder material, or

at least partially dispersed in a binder material.
wab@a/0giosper sed particul ate radi ati on absor ber BCHDS2005/047181

used, the particle size can be, at least in sone

i nstances, about 10 mmor |ess, and may be about 1 mm

or less. Suitable dyes include those dyes that absorb

r &9 .

LEC baiel Tois G e Blinl s, BRATRANT pr ARG Ty (965 MBtige of
crasshifjabldihbhdnyersi bligomapedthfoptionil pdBtmepr coati ng

sol vent, as well as the wavel ength range of

abs orhstingpsioppimbsracasisresn (.5, PRIYIET WYB@PH@@@I in} g least

sofpndelldks, WV SRRl @l 3L LA BASAPARESor EXADNFRolthe LTrC

lay@s. Wved ﬂhoagSht et Aah @EBRSHE Fesinth@kieh rdwx tlhb @Hl@ééﬁﬁ} of3REILTHC layer
ot her l%’sments described in U S. Patent Nos. 5, 166, 024

to iR fpner substratk. n enecenzhodifmergthe (owller inghide®25 to 50 wt.% (excluding

t |1 bl. ack d
R TR e B R h B TR PR ) S OO o 45
witlh @HrSbpllaf: 1eid,; altod gl FHed lanRafts Ve kﬂeﬁWoﬁl@ﬁlobr%mHsrﬁ}We used
I norgani ¢ pignents can al so be used, including,

(e-gxarplle wtdi dés ﬂamulOQlﬂISflq! thein i fypicailzichossu basompatlble (ie.,

for%lf#?ﬂ? ﬁ se r‘EB’I“E?mB‘&E glleeg ant%@ﬁ;%ﬁt}le bpﬁalf [Etha‘[ least some

endbo@ifdnis, R rASp4thc ﬁ%lﬁtthzﬁll'ﬂ}s a 961891% n%)a?rhxln&%f mbtﬂQ !r%xge of 9 to 13

2|rcon|um iron, lead, and [uriu Met al bori
(cabant) dameferdbly, |9cﬁeis» 12c(aa1l{mm13)1(2|; |1szldmseﬂnfam]zcebmdem chaampdbs of
i,des oxi des. structurally rel ated e bronze
suffi gt liste s 195 o MG et tieBt acnit BPOTsEh Shbrgpins, and
Q@Sq% may be used, either in the form of
pog}grtl cl és, as descri bed for instance in U S. Patent
No. C&)ﬂi&ﬁloﬁﬁﬂpo(aﬁng hiﬁ},,suoln assirfactans andslisﬂbﬁﬁig@eﬂks,i may be added

. S.. Pat ent .No. |IS et al Sui t abl e
to #ﬂéﬁgfi@ %erfaaﬂla%m%ﬁs g@si&}g aé{PTJH?Bh‘Pﬁﬁoanfds%ﬁ? Fhe qomﬁr substrate
[ I b
ushgqm?&cg#{ﬂ er t?ﬁ(gsl%ige f| I n or‘lr\n%ngjr%gﬁ mer%alil (}sjffjig%c layer

ca@Be chaned, ﬁXﬂﬂ'ﬁdSE$Onﬁﬂ1ﬁﬁﬁh¢€Q toesthitknése 0§ 0.05N8N & 26 pﬁhnFreferably,
resol e resins), pol yV| ng, butyral resins, polyviny
0.5attad @ gm, gad.yneraprefaeblyal stm {961 ymi iy ingreaeicd IR ilayescan be

cofP B ELSGRb et Bt ickira B m&e Bhos i un nd

YbE bo e Hprrers ol i goners, or polyners that have
prég@r ynor can be, polynerized or crosslinked. Additives

sucAtdsasphet aptiohdliiatedayer medy baldigpobel bepwbane LTOIC layer and
facilitate crosslinking of theLTHC binder. In sone
trapHpolgysre g lnt@webv%*@ru% far expmmle. o Fronimize @enargg aad

coﬁt%?ﬁﬂaﬁg? gk tlfé rtf?iﬁ?i}efrg& ﬁ&ltl%n TP R TEhstef fay(%J :in%%n%r AsdY reduce

distortion or mechamcal damage of in the transferred portion of the transfer layer. The
interlayer may also influence the adhesion of the transfer layer to the rest of the donor
sheet. Typically, the interlayer has high thermal resistance. Preferably, the interlayer does
not distort or chemically decompose under the imaging conditions, particularly to an extent
that renders the transferred image non-functional. The interlayer typically remains in
contact with the LTHC layer during the transfer process and is not substantially transferred

with the transfer layer.

-22-



10

15

20

25

30

The inclusion of a thernoplastic resin (e.g., polyner)

may i nprove, in at |east sone instances, the
w@esborwahce (e.g., transfer properties or coarebUB100y)47181

of the LTHC layer. It is thought that a thernoplastic

resin may inprove the adhesion of the LTHC | ayer to

the donor substrate hi one enbodi nent, the binder

i ncl
o SUie fed Seiintthadthikahistl, DKL AL L PG e ., vapor
depsétbé nrebdl Yayen)) ihergdific Wyefd(blae sobgdl alspoﬁed &/k13,and vapor deposited

al t hqugh | ower anounts of thernpplastic resin nay be
laygesef Tprggpic oxides(es, S«N@ca%ﬂanrﬁh ém% %@F%ﬁqah@mﬂ%s)} éain is

[ h
or%a%&/lﬁﬁll%élc%o %l‘éetll %&§ Spégﬁ % Stru?ar‘tr)%‘ e(esrlﬁ{aé}layerfm%t%réals
1ndDLhdédﬁﬁh therrabset ﬁﬁﬁﬂleﬁlﬂiﬁasﬁﬁ’&mﬂémt SuitaBletthemhivaed rﬁ@t%h@ls include
resin that has a solubility paraneter in the ra

resm&tbatmaxheearpsﬁhnlyed bypheat, sadigfiqn, opclemieal treatnact m?nd;ng, but not
f h | ita
O3 FRubR B IR B R ARh S, potestrs

@hw aAeD @ggﬁétﬂaﬁedo omérfﬁérﬁlo@adnﬁt@ﬁam ﬁlay% ol Yot LTHC layer
utyral nventi onal coatin s, Such as

as, gor ¢>@mﬁlsermnglamcsme¢tysqrg a squsquen’dy civeslandtdé tb foom a
cilit the coating process. The LTHC | ayer may be
Croégl %ﬁ‘?@’fhe donor substrate using a variety of
co atS'uﬁ%lgﬂ{eﬁﬁgﬁlahfb%ehﬁls ifudR! f‘or eﬁarﬁﬁ’lle}’]?@fldc?yl%s
organic LTHC l'ayer can be coated, in at 1east” so
polynstlzaccdates, polyatytdnﬁfc Ipnb@sethﬁne@, Mysrdfomas Iﬁﬂyﬂmrs and polyimides.

referably,. 0.5 mMmto.10 nore prefer
Thgs (g PR AEaPIGP ST e e APBl it oISl R Cealing ophmiques
t
(AP S gl 3L ISR, 03 i
traheten teorperadpt i('6y) aif thenmheplastyemateriyls lbeitdbiles foo fedintibt weatayer is

25 tt")geoa é%ﬁr}%gf%&bgfngq ‘g gl? %];%\rﬂh : %sglr@e &gﬁg@;@?% lthaeylgtrerlgyer includes

r
o EOREBIATEY A0 Alal 1 PSSRl i i 0 st
layer dindny mailgmgaﬂ’mxg enteﬂayen nialyde teithergfamsimesdi vp patisoibing) tefieb@ve, or

transfer i.nterlayer may also influence the
Sog [ Eﬁtl%‘? W@ tafﬁws}m@glngawﬁ%wmémg&t of the

don ?ﬁorgglﬁ@ Inate-ﬁ}iﬁ' sﬁﬁil é( a a;y&I rﬁﬁﬂeﬂéﬁg finc fUr gQa le, metals,
t hermal resi stance. era the Inter él er Cfn%
mdﬁzdtoxdies traethl sifides amd(iﬂd)ﬂgynld eﬂztbrm OSz&mlgEl,dﬁdflutﬂlhg thosagiatgials that

condi tions, particul arl ){ to an extent that renders the
arg h15W§ﬁ’@P?@HSIV%@1@ﬂﬁ‘HWefau Hherimagie lighhwayglength. a{lgse materials may

be %ﬁ@?e‘r‘t]lg[l)ltt%e @?S&-H?aet clan&e%ﬁ)fri‘ zIye dlgllgoﬁ\%%%lljﬂ-mec qt%es %/ vacuum

I process-an subs
spitteRingf ®icti@@ evaporation, or plasma jet deposition).

The interlayer may provide a number of benefits. The interlayer may be a barrier
against the transfer of material from the light-to-heat conversion layer. The interlayer may
also act as a barrier that can prevent any material or contamination exchange to or from
layers proximate thereto. It may also modulate the temperature attained in the transfer
layer so that thermally unstable materials can be transferred. For example, the interlayer
can act as a thermal diffuser to control the temperature at the interface between the

interlayer and the transfer layer relative to the temperature attained in the LTHC layer.
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with the transfer layer.Suitable interlayers include,

for exanple, polyner filns, netal |ayers (e.g., vapor
waleposiesl netal |ayers), inorganic |ayers (e.PRCT/US2005/047181

sol -gel deposited | ayers and vapor deposited | ayers of

I norgani c oxides (e.g., silica, titania, and other

met al oxides)), and organic/inorganic conposite

| Thllsaﬁﬁ%' alfrg{lg ff c{?g BYEBE.] @lrfacs WidghhLS, &%e'r@ﬁ%le%ychP of the

materi al s 1 ncl oth t her moset and ther ast
trarru’eareal hlysr. The dredshes ¢ffwarintesleyer medyerlscadesult mhm)d@vedqﬁasns
at .may be crosslinked by heat, radiation, or
mwl%g1etf%€9?ﬁéma ‘ir‘ﬁ‘il uding, but not limted to,

cro h
pol ynet ﬁ%@?{f’? I Cgﬁé @Hgg?}grgslﬁag% o% Wr @J{ﬁﬁn%le photoinitiators,

suifadtynts, @i hraaes,. p1£helzéﬂs;sa[mlus>atmgmﬂe ITtel thickmess bethe gate@dyer may
onto the LTHC | ayer as, for exanple, thernoplastic

demr@m fagfors Wit 25 (pEEGmRlS M B GUB) AT RS By Fnrial and
prc%l?tzerssl aekerT Fﬁtlgyérat¥gﬁiate§1ldi 5@&8&]&% SPR ? sfgr layer, the

aIs I nc acry

waveley BRtoTaled Wikl RSradiafbry, Shi Elﬁtﬁﬁahcﬂﬂiﬁébtb@itﬂ@ﬁﬁﬁe donor sheet to
pol ysul fones, polyesters, and polé i mdes. These

impgiag rasletion |F@r oPlyme interiyers tieshigknespef @ppmtmé@yevty@lcally isin
th%x%gé?e %(5 8@ leag? ol'g{l]? érel%g{]g i'lgtelstﬁ %ge%s ﬁtG orsn(%etal compound
T,
o 8 A A B0 0
Mhhnp&rlhmylayers sarAsde wed gioe atample,) pvedrgadbysel Ontedayer can be
greater. . In sonE enbodi ments, the interlayer jncludes
coReTeRBY A iloRgAHCbFsgH aYeTiaYer oatrovide addifigna) pEolecsionte i transfer

lwﬁyﬁuﬁﬁg@£$ﬁﬁﬂﬁfﬁﬁk(§ ned.d n the transfer |ayer durlng

nterlayer may be either transm ssive,
abs ox thiengal tramfoe ttybnie inodided dmeheadaibi stsei. OThel thes e fayeddan
t he i magi ng radi ati on wavel ength. 1 norganic materials
inalydle 1) seltatge e av@ateﬁalﬁ&ms@ Pt danore dpyersxalaps et in

cofcﬁ%ﬁrgaln%n ot at&her%itgr?ﬁf; u’gi@n tgzlntsﬁ Sy ll%)e?%t 2p é?tﬁ? of %‘f}%&%cﬁvely

I nc

trafbfghby ad 4 ams oF mSjororbyraal keicdble/@ater nh@hiniigg iwl@n theddnor
wavel ength. These materials nmay be applied to the
elqpepmh i xPosrde dEephherisngly tp paging radiatpmibaitcap ha pbsorbed by light-

to &1@2&@%119#? 7 n’ga(?él’gdl alilcy &%@gﬂ%cflplg) llleeali ' S0 me%?’%ﬁe@lrlnerﬁt S rﬂilea%}g?nal

evapor at | pOSi

trafBi¥r 1 élVdaﬁen(ﬂudBJlﬁ'glﬁ'-l’[o ﬁéatbslm@frslblsmaﬂaﬂﬁl interlayer may
be a barrier against the transfer of material fromthe

| i ghtthettoermahirarsdenlayes cambg uspd to forme fqr@(@mp]@y@qlon@yers electronic
R R T i
elfnﬁﬁg@%driﬁ;‘eg?g?hs@dt&@ Uil tednBistdde unfiReToattah st Riaed
transistors, metal-insulator-semiconductor transistors, charge coupled devices, insulator-
metal-insulator stacks, organic conductor-metal-organic conductor stacks, integrated
circuits, photodetectors, lasers, lenses, waveguides, gratings, holographic elements, filters
(e.g., add-drop filters, gain-flattening filters, cut-off filters, and the like), mirrors, splitters,
couplers, combines, modulators, sensors (e.g., evanescent sensors, phase modulation

sensors, interferometric sensors, and the like), optical spacers, optical cavities,

piezoelectric devices, ferroelectric devices, thin film batteries, or combinations thereof; for
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| ayer so that thermally unstable materials can be
transferred. For exanple, the interlayer can act as a
wo b@ordo1dli ffuser to control the tenperature apCT/ig2005/047181
interface between the interlayer and the transfer
| ayer relative to the tenperature attai ned in the LTHC
| ayer. This may inprove the quality (i.e., surface
exmﬁyghm%%ambﬁﬁasn BPHQIH%%%& trz@ltsﬁto}s ala &ga Fnit Eﬁ@ﬁ&‘ﬁﬁﬁl‘?ﬁq ent lamps
Iayer The presence of an interlayer y also res £
as iam a¢tinsrioated aplap orian apinardjspilay. tOtbert iteumsthey betbrmed by transferring

The i:nterl aﬁ}aogﬁrmy ontain additives,

erial .

ar’fqﬁi‘f:‘i’fﬂ??@m st ks ¥Fators, surfactants,

pi g I

Ph Cpansilt Al GhEESOIeaftl) SR Ak ired KO, the doggrgement
to aprommatebodacmdacbreceﬂter subbteate.aThat cahbe, ifdasirbdBore thdheone

d pro tles of the LTHCIa er, the
tra F V%fl Soégﬂi a ‘615 3l “é%ls%‘FCtlloﬁéS F?—%ﬁ@?eélrusl%ﬁe?mglﬁ denor sheet.
ur at i

TR R Al Ryl hiihd AR AR B0l Tl P P b Bline, bt

nth)man)toy ks, Itﬂahﬁyakenj ﬁlhﬁs, réﬂl@tltfh fitk&) Qﬁe&al@fsehhﬁ)nductors and
interlayer typically is in the range of 0.05 nmto 10

plagfies- dor GK%P]@aWP%Pt?Tm“éFtraé%ﬁéﬁ%Y Peany typeved substeate nedlaplay element
sulifmﬂ)lﬂ '&Fs\})ia taﬁ?n %BSQ‘ )e téﬁ%s%@eog’ ggg)?sﬁ{;ﬁﬁegﬁﬁ)dl rarYs%ectwe

cal

dlstyE i ficforhdtherib sl \iesplays; adhdahé Bk ER et3F@r shifdraRy @ﬁ'fpib?e foRlse in
organi c-based interlayer can be covered by an

dlﬁp}?dﬁ §leah as Iianiceatystak disrlapp oF em@ﬁsme@wzgpe/s atdinde mglé jor flexible

transfer. ng.t he
st 8L B bl SR RGve BY ol I el BF o gisia
redeptokdigcklan Slasshrigid phetié hanst %batla@Mle]Batt%?rféd' Wigh AR oxide
suitable material or materials, disposed in one or

or ﬁﬂi@rcémlllél?@df with 30w tempsratire podyriiiinen (LGFPShior hthet frewsistor structures,

incgraéie ] tr'la;hse1 tt rsansfer | ayer is capable of being
%%?gvléf P8RS erred as a unit or in portions by

any Saithila ﬂ%ﬁblds@B&fﬁés B AAAILS MBS 16 End 8R0S @éﬁé‘ﬁ&l&mer
is exposed to direct heating or to’i magi ng ra atio

ﬁlmha@ﬂwaﬁe ﬁétna tesosibestive filths, ghtarigingfdars, mohi®ret eptical films,

d
e e s AR pefeubedo s 2T b TPriBfembsaira o also be
coRENYEFatteRRd RESERode Hh@eﬂallk%rrfpalnsﬂsfo?sn %(greé'xa YetkansRtdr lal%lys

used to form for exanple, color | fers, ectronic
formeddmectibyqn thedlexibde S}bstrap ac trarcsrf@'reddo (Dlnteﬂemble Gtibdtiatrafter being

ctral um nescent | emen field
iR e PRENEPCTERE SUBTY: o AP R RS R eubS s st idq payester
baster 88 slyRth§ien HiRdIaE SioWedhyl thalat
( % I-pl r%)gl??at or - Sﬁem Con?()?}z ory ?Ilregn klls?gre% poaﬁzarbonate resins,
pokyolﬂ:ﬁh edsmhepolojemyl tesissl (ag. opotptiayl-chiarile| Iadlwmyslidbﬁk shloride,
onduct ?{ net al - or gani ¢ cgnduct or stacks
po yﬁgnggch{ etc.), cellulose ester bases @, g., cellulose triacetate, cellulose acetate),
and other conventional polymeric films used as supports. For making organic
electroluminescent devices on plastic substrates, it is often desirable to include a barrier
film or coating on one or both surfaces of the plastic substrate to protect the organic light
emitting devices and their electrodes from exposure to undesired levels of water, oxygen,

and the like.
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circuits, photodetectors, |asers, |enses, wavegui des,
gratings, holographic elenents, filters (e.qg.,

w@daetirops filters, gain-flattening filters, cupeDUB2005/047181
filters, and the like), mrrors, splitters, couplers,
conmbi nes, nodul ators, sensors (e.g., evanescent
sensors, phase nodul ati on sensors, interferonetric
Senyl to%%st?ﬁgﬁ dahR)pre- g%érﬁéd with @y oﬂﬁ&ﬂeccﬁlelectrodes
cavities, piezoelectric Uevices, erroe ectri

tradeivtiorse sapahlnc'br@, ihigulatobabd, epdcess, calor fiverkyibiadki mart&x; hsle @ahsport
forexanple, the conbination of field effect

layjersy flepiEQLiranspery laaﬁaaﬁrckotéﬁreeé?m@rtﬂHﬁqﬁlésfe%ﬂﬁctr%epélsa@yw other
t
ookt A4 e PRSP PRI 268l gt mareria

matyrt&nﬁélededmlohe anfhond transdrigleds dfali€donol RRedt ansf er
| ayer can be sel ectivel é{t hermal |y transferred from

t he Wbeigthe epmﬁb ARACEITNS é%feﬁﬁtlé‘lh}wﬁ bzz athégh peswvespd bght source

. su str e re than_ o

@ FrANS lam 5 gglay ﬁatn gCessa ? ‘?‘a{‘}g? a8 %c%e%ﬁgﬁf gr gas

prédh@ﬁfgf@ﬂ)"rﬁéi sU&H mdl@cl@sleaglh e SJI Nt NB@GS 308Tm (BEEERTP)H and
substrate {h e any itemsuitable for a parti cul ar

5,285123 d Billseeh al n hmramgfer bayer materinlis mayde qpaon@llya@gsshlﬂced before
ar ent reflect|v
or R ABRR e o 10 (mrSF¢ b orkanCRor e iiecii gptigg] gpacer.
Cr§éé|ll§k1 ?be ﬁle%ﬁcz}ﬂ%%)w nlaY@R1 ffay B %ﬁ%&t@a By Ridid¥HoRPhedY, and/or
el ement suitab or display applications, e.g.
chemicgbéuwrativgi Jikeaptical rsleideetramsf@ lafyes plagadso containsd vaidty veadditives

g B, Biod S It % cnfitbersos® RV BB, BRC s widyes.

ph@@lﬂl’uﬂHfsq‘oPﬁﬁb'i& Rlosdlirkel %Yﬁh&f) BOEERUR izl sg¥<§er transfer layers,
include rigid or flexible substrates that

ang ad:lsasazns i Bl ge;aerta} anbyeaingghickness sf K0 A tb Bgmk:ronEetanmhagsbe
d suitable rigid receptors include glass and rigid
eﬁ@&tu:thm are coated or patterned with indiumtin

oxi %m@fhoa ?nﬁkf tél&ﬁ%lﬁ%lhgsckﬂtv&eklﬁg%fl AWt described in

poly-silicon or other transistor structures,
referenteithi the ekac‘rgﬂmmmesweam dedtot @) of UGt ablThe Eleetxolbinnescent element
and

12Bah et s Kmieg arthe Pt i gt ghe pFale 112 using any
suft;{‘tﬁ@&%ﬁﬁﬁ ﬁ%ﬁfL%@?t eﬁghg‘lﬁ% &és@tgbécd'ﬂ ! 'C %Lééelt g%(c%gs 130 are

optlca s, neta
seleetivadlly thernfiabiyl teansfandd tdthelelderolubliroscdt @lesndns 1 2@aeis atsanescribed
al. so_be coated or atterned with el ectrode materi al s

hegsin. ¢ Thgptisalspacers 530wy hp fransiprasistio dho elegrql wpmepesphelgment 120
su%Lﬁﬁﬁ% IE&% 15118 'apé tht ?é«{) 'hﬂtef‘ec&&rlé%%q 2%1‘?%5&%139 the

esu strateate el n
optlea‘rmpxoafsyl 30andyl e traisfestet 36 @ pro‘Bwtitva ﬂlal}er @ot Wn) that is formed over

substrates include pol yester base){jg&a urp et hyl ene
at jeastegortie eftthe els@rg}w%ehwa& a§t1%§ her described herein.

Paﬁ?all&?gﬂ%?og n?erfa%? lgf is y(ﬁggze%lf !)reito eJ gﬁc' 1¢ yétrolg ol r}oleg%eéﬁ/ element 120 or

viny
op€ibd1@paddes, 130, where present. Partially reﬂectlve interface 132 may arise from

optional partially reflective layer 134, which can be formed on electroluminescent element
120 or on optical spacers 130 by any suitable means. Optionally, color filters 140 can be
formed on partially reflective interface 132 or partially reflective layer 134 by any suitable

means. In some embodiments, a black matrix may be formed, for example, on the
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pol yvinyl acetals, etc.), cellulose ester bases (e.g.,
cellulose triacetate, cellul ose acetate), and ot her

waemwsprnidnal pol ymeric filnms used as support SPCFUR2005/047181
maki ng organi c el ectrol um nescent devices on plastic
substrates, it is often desirable to include a barrier
filmor coating on one or both surfaces of the plastic

elesOR i Cerk QR ?f({, ahd ﬁlquﬁi%ﬂ' sg;aclzérg 0 @B tbhidired to apertures
devices and their el'ectrodes from exposure to

in the déskearik ay &l farthdr desdribed heseprgen, and t he

i ke, Receptor substrates can_be e-patterned with .an
one F¢- %ﬁfaes_cmm%me@@%ra@&f ,anPﬁhah@J_ﬁéQddﬁﬂgr,ﬂ Qféﬁ&fﬁ%reft@}mes%ent
deﬁ@? Eb(?t Phe LLE 1@&@&%515(1@\'&&'% i£ Lindifl Sn mBh dRb! X,
ol e transpor ayers, electron transport 1ayers, and

eleofrbl@migdses® dbsice $60 of FIH 2. éh detentbuidimelitshdway & BIG. Gt her
devices. To formoptical spacer sagge. g., optical

clegisolyayneseay dgyicep Q) inpludeg jubstated edtheledralymingggenielement 220
i nal i | ay: the d
o R B O PEP-bARRT2 S BP0 Rl AR LR na 20

(hdr&idat@deRitedtdddRcpaNEiLshtIchpaca® BB ®Eofthedon el¥@FMininescent
flash lanp), it may be necessary to include as binder

elegrent A} gBrg deddiolyjaimespeniolenen 230 1geedes bt edertrode 222, a second
dj s¢l din US Patent, Nos.,,5, 308 737 (Bill al .

el 825 and Gor yranore dogite 1O 223ipa Sty eon P s Heckode

2208h@ tHedkSorndBYecR8dOP28. OTid dlvctfol@fifctdekedbvref W0GuMher includes
after |laser transfer in order to inprove performance

paubifally meflectagymtertioe 2321bn optaead ppacis@S8! iThk elegtrofimilmscent device

tical, space teria be, ef ted, b adj at.i o
208 Bt Fyp B o ot Sl Z R B ity G2 4 E S @iniRer rofered
to ESIRRATAY ad SIEF fiERY 240)3R: FRMIR) 8ISt MR ihiBirYceDB 28 Hidt MEResign
including but not imted to dyes, plasticizers,

codwd ez atadmislaind possibilifidsrdeparheil greadwithirespsct to the substrate 112, the

h i.nitiat hot o- i d . .
o1l osal efehieab 20, B i Spdecer dru dpeaprfalyygpdective
int@P5tABD T VLS b SR TR ateddn BIE, 239%51& BglialIFh& fReaBstidke 212,

10 Ato 3 mcroneters nay be desired.” A net hod of

thened kdtroguaimesepiogl ernéni 220 sthe eptical epdcess 280) andrtbevpioéially reflective
descrj in reference to the trol um nescent

int %‘i%@gefg@leo?m]?@ld@erﬁ} Htated) lggiégfum nescent el enent
120 pof;. AaVd LRt @R digehr B0 @By érﬁﬁodg%bﬁ’tr of SHTel @B utniflescent

of the substrate 112 using any suit e techni que,
deeicg300.LTHd elpatdhenmiestgniadevitesitliibsdhihe iremany Spdctsatb

spacer.s 130 are selectively thermally transferred to
ele@ﬁ@ﬂ@}l@%@ﬁ% HEWF® ORI Fehd Crogmidesparapuge 260 of FIG 3. Tn
thGTESdiRES HEWEINFIT e RPLAIARn3PAE Bl b MBMd bst

e?r ansdfler r esg tot Ee el gCt r o?urrlll nescent © e%g)rrlent ?sgaosusﬁgﬁe 312,
aneltdtrolufenapérit eRimeap3@efosmad On ameajarsuifaee Skeicafivibstrate 312, and

el ectrode 128. Alternatively, the ) )
optical spacers 330a, 330b, and 330c (hereinafter referred to collectively as optical spacers
330) formed on protective layer 329. The electroluminescent element 320 includes a first
electrode 322, a second electrode 328, and one or more device layers 324 positioned
between the first electrode 322 and the second electrode 328. The electroluminescent
device 300 further includes partially reflective interface 332 on optical spacers 330. The
electroluminescent device 300 may further include optional color filters 340a, 340b, and/or

340c (hereinafter referred to collectively as color filters 340) on partially reflective
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optical spacers 130 may be transferred to a protective

| ayer (not shown) that is fornmed over at |east a
w@erobioor1df the el ectrol um nescent el ement 120PEBEUBB05/047181

further described herein. Partially reflective

interface 132 is present or forned on

el ectrol um nescent el enent 120 or optical spacers 130,
intm&re%3?r 23EH the Bé’éiéﬂ @clﬂsiﬂefa? Bh@&ﬂd SssibiitRE fd@é‘c%bé@ﬁer@%ﬁh

arise fromoptional partially reflective |ayer
resphdtad theanbiteaté b1 ke dectelwuinesdennelaasutel20, thle@[ramtl sﬁéb@rs 130,

an&heon O ]{y;;g Q’c&%g ?r?tgl{fgqeégg ?ﬁg: Sdgtlggqa gl,l“sérgt? i FIG. 2; and with
re @(;tttb el sﬁbgtFJté 8¢3 {%@elﬁ&fo%ﬁ%@ceﬁ?’%eﬁém%@t filo hﬁgaé spacers 230,

'ective layer y any suitabl e neans.
ané W@Mlﬁﬂecmvb Inael}fadeﬁBQIoithem}n‘thﬁhrhemtnﬂﬂistrafddrm FIG. 3; apply
n t heel ectrol um nescent el enent 120, and the

eq@aéky te éhte @Bawﬁ 312, 3be elpelrp wmmcssest ?léale{@?é)pmetqmle@ spgpers 330,
an@th% Sﬁh?aﬁigfhe AL i Igérféc% 3“3%? f ﬁ%ﬁﬁﬁmﬂ%&ﬁ Qi F é'zﬁ‘

matl Cc di agram o enbodi nment

el e@ﬂéo@{oufﬂllﬁieﬁﬁﬁtftIeVdﬁ\BIOO @lsdQfkluddie Iﬁbﬁ@ﬁixfdllayﬂi‘BQQ F6@¥d over at
device 200 is simlar in nmany respects to

leagt perigh gmm&wﬁlurmewce@ clepueng 24k Ehe protactive ler 329 may be

odi nent s e dev
S o S LA SS9 SF
opBbiRiNBjer S2@ydre hitk the At hadcdBieBee Yhd @@&rcﬁ&ﬂnﬁéﬁce‘ﬁﬂ&éﬁléﬁtﬁo and
212, and optical spacers 230a, 230b, and 230c

thf(meteetmfahb’@‘ﬂ?ﬁef erred to col l ectively as opti cal
nt el

?’rﬁgc@F@E‘E% ?‘G’&?’F?ggg 2y B g‘ﬁ?té%‘?l DIp et Hwer IET tlgq?t protect the
ele%{rgﬁltfrﬁl@é%@erﬁ%?emfﬁlt 326 QN RkeGsRAE eﬁga%suléi&Qaﬁ:@@ el THRMRotective

device | ayers 224 p03|t|oned between the fir
layet 829 moybe mednalrlgwgy seitibiaimetedel erodge2ds . gTha@ described in U.S.

pafsaf Bpafieih BEPGERD OB ROE PEDSE T Batfiech e AR U Batept No.

6,23067 (Oearebeghr ol um nescent devi ce 200 may further
i ncl ude optional color filters 240a, 240b, and/or 240c

( herldiepafica spacefsei3lade transtertdddo mrmatwed&yec 82%r A$ déscebed herein
. 24 artiall eflective.interface . of the .
in Gralyh SpBRdishgie | Y Tl BuafbriRr e Tilecfic daand Boptica
sp eﬁ%fselﬁb WHE. 5 ecﬁ@ﬁ?ﬁcal §abhig 35¢ QFEIE@thﬁuﬂaﬂn%scetnh@evme 300 may be

e ectrol um nesce el ement 120, the optical spacers
forhB4, usargohmytseltdﬂc techiihye, eef, Ioeatumg/(e g.sper daatieg)] BAntddg (elee screen
enbodi iJlustrated in FIG 2 app]y equal .9 the
PTigHRg p¥ éetmﬁm h BRI pF el éfgla@rﬁ{ﬁv)%%% ﬁ’%@%&og’faﬁéﬁ and
AN I
B B s P R P P el e ] gs ot
al.pl @ mdy bspefarddéhatthecomticaspacers 83 @ aetthasferad adhapnitecdive layer

an el ectrolum nescent g%ﬁce_ 300. The
328 ugipg A8 fgrhagues 36 derstipedheseid- i s sinilar in many

FeSR&fik%1dfents may be formed on the electroluminescent element, protective layer,
or optical spacers, e.g., black matrix, etc. For examp‘le, FIG. 5 is a schematic diagram of
another embodiment of an electroluminescent device 400. Electroluminescent device 400
is similar in many respects to electroluminescent device 100 of FIG. 2, electroluminescent
device 200 of FIG. 3, and electroluminescent device 300 of FIG. 4. Electroluminescent

device 400 includes a substrate 412, an electroluminescent element 420 formed on a major
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el ectrol um nescent device 100 of FIG 2 and
el ectrol um nescent device 200 of FIG 3. In the
weedwoarvent shown in FIG 4, el ectrol um nescenPCTiES1008047181
300 includes a substrate 312, an el ectrol um nescent
el ement 320 formed on a major surface 314 of substrate
312, and optical spacers 330a, 330b, and 330c
| I
suld6d AR ESurb EaE U £ ke boSOu Bl POk, ALOBA R (hereinatir

refelred to edlleotivdp acoptioal preat 43@oimeal ordts ei?ecfrbhmﬁlnescent element
el ectrode 322, a second el ectrode 328, and one or

429e Flecrolvagiapsseny elepens 420 snediflep a diig sircimde #22; sﬂtsecond electrode
42%I ?ncdi Jn%%“? H'I)’o%g dQ\HQ f ggrs 254 85%651%&30% éje‘ﬁ tﬁg ﬁrsé Hegtrode 422 and the

F'ol um nescen eévi Ce er i NC

se@cﬁfdtdlédtﬂoﬁe 124 | Bd Elv@rdlihbicb@aededder 400 fﬁﬁhéﬁﬁélu@é&%ﬁia‘ﬂy
330. The el ectrol um nescent device 300 may further

reflergive aéerféwﬂéa an opgrdrspagers 4505 mwctrghmmne?m@ndwmem@ may
fol S S on Ao R MY S s BT 8igf e et o

co@leaivery Q0 dRtert 4400 5n padiaR $e§ﬂe@iﬂzé fote@facé a§@ r ABQ# the design
herein with respect to the substrate 112, the

coaidentiansiamil pesthititicedesmabrd hepdn wniﬂneremt:ﬁ toasubsme: Bl

BEN XTI R e AT
oﬂtﬁ@elﬁﬁﬁ?ﬁﬁlélﬁtlﬁuﬁﬂa?ed ihheGera6 tsﬁ‘t%'tt‘df@ nes ﬁgéﬁolﬁﬂnﬁj@&tnt Efent 220,

the optical spacers 230, and the partially reflective
opitinglepiceee2 3 andpartihldy mﬂoctmenmerfacd 232safith¢ edbodinfehGllu@rated in

| | | b i
Py Geahdd ihsibie i CrElRins8: SEREnGHE: eaica e 330, and
parely 8o ﬁqtﬁﬂcte'ﬁb loy tHeeJIﬁt%Qlfﬂléiﬁ 11'1&%%@121? f1G32 o éllxieaﬁally to

enbodi nent 1llustrated in . Electrolum nes
thdsﬂmtaegmﬂthbebcmmbhmMEsmmebnmne@K)ﬂmc@@yﬂmp@ﬁﬁs#ﬁlnn@

peBiEahecso m bbb Nyt Thsbaisdyn B 1 or med on

and El%tfo@&}hﬁl%écem &Jbléehﬁ)o%ﬁﬁérr 1941\5&!9)? g?%gﬁ&?al% R Mirix 460

320. ternative an optiona ayers may be
formel erdiad eleetrulammdsshem eleacint 620 nBlacdsmatix atﬁOeme]mtles”:a’Zlﬁlurahty of

ap?r]glgd,reégg géﬁ %%‘gég%" @‘3‘7 agtfzs%eégrgq% tg |rCCC>)]|t %glté( ;il\syf%ﬁ :a}gqrtures 462).
A rﬁ{o‘ﬁ?ﬁ %@B&)dﬁh&ﬁﬁflﬁ’&ﬁf@d{lﬁ%@ int u%gée@ﬁlg %%1 e[?erglres 462, the black

ers, encapsulant layers

mrieteo t:an/ﬁlcluﬂy any &ﬂ&bl‘aymthbr bﬁﬁp&tﬂrdss iBach apertuseldéaihetake any
material or materi al s, (gl as described in U S
supsahle sRapge- e¥Al r@ﬁtaméﬁrp pelyewnL e 2004/ 0195967

cr o S5ne ot Sl bl SRLRTs My e RERIORA ™

cl@tolegihéseent| shorint 320 suchsthateach bfird] HRE& 430 mtrzuw@fédi th@n
optical spacers 130 of el ectrolum nescent device 100
apgfture 462 of optiggl blgclppratrsgd 60 using any suitable technique as described herein.

For example, optical spacer 430a can be transferred to aperture 462a of black matrix 460.

In some embodiments, one or more of the substrate 412, the one or more device
layers 424, the optical spacers 430, and the optional color filters 440 may be configured to
provide polarized light as is further described, e.g., in U.S. Patent Nos. 6,485,884 (Wolk et
al.) and 5,693,446 (Staral et al.).
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spacers 230 of FIG 3, the optical spacers 330 of
el ectrol um nescent device 300 may be forned using any

W@ aiobambloes t echni que, e.g., coating (e.g., spinNPCT/US2005/047181
coating), printing (e.g., screen printing or ink jet
printing), physical or chem cal vapor deposition,
phot ol i t hography, and thermal transfer nethods (e.g.,
net hods described in U S. Patent No. 6,1 14,088 (Wl k
et al.)). It may be preferred that the optical spacers
330 are transferred to the protective |ayer 329 using
LI Tl techni ques_as descr.i bed herein, OQher el enments

may sty b SHmERE o& et HVERHRR 41e dEewe@ihistrence has been
8 FESIE A he AL L oS i, M P vriaons
and nadifeoations iankd MeentRmboill bedpparht @rhedeakilledlin tHengswitdut
devi ce 400. El ectrolum nescent device 400 is simlar

depasting frpnythe prope of the iayakiopomdri shogldhr undetstead thetghisfinvention

is Igc}t e%élflr?egl tg lrtrlgeﬁiel{sl%lréan s ggl\i)%gféﬁeggsgs\é% fo%ﬁlzl%genﬂ Alécl:c%‘dmsély, ?Ipedmvennon

is fol RAIKhPd AV BP BRMaifhe Pr&edHOskidwac] udes a substrate
412, an el ectrolum nescent el enent 420 formed on a
maj orsurface 414 of the substrate 412, and optica
spacers 430a, 430b, and 430c (hereinafter referred to
collectively as optical spacers 430) forned on the
el ectrol um nescent el ement 420. El ectrol um nescent
el ement 420 includes a first electrode 422, a second
el ectrode 428, and one or nore device |ayers 424
positioned between the first el ectrode 422 and the
second el ectrode 428. The el ectrol um nescent device
400 further includes partially reflective interface
432 on optical spacers 430. The el ectrol um nescent
device 400 may further include optional color filters
440a, 440b, and/or 440c (hereinafter referred to
collectively as color filters 440) on partially
reflective interface 432. Al of the design
consi derations and possibilities described herein with
respect to substrate 112, el ectrol um nescent el enent
120, optical spacers 130, and partially reflective
interface 132 of the enbodinent illustrated in FIG 2;
to substrate 212, el ectrolum nescent el enment 220,
opti cal spacers 230, and partially reflective
interface 232 of the enbodinent illustrated in FIG 3;
and to substrate 312, el ectrolum nescent el enent 320,
opti cal spacers 330, and partially reflective
interface 332 of the embodinent illustrated in FIG 4;
apply equally to the substrate 412, the
el ectrol um nescent el enent 420, the optical spacers
430, and partially reflective interface 432 of the
enbodi ment illustrated in FIG 5. Electrolum nescent
devi ce 400 further includes an optional black matrix
460

-30-



10

15

20

25

30

formed on the el ectrolum nescent el enent 420. Bl ack
matrix 460 includes a plurality of apertures 462a,
wdaemb/o7amsl 462c (hereinafter referred to col | er€T/UBL095/047181
as apertures 462). Although the enbodinent illustrated
in FIG 5 includes only three apertures 462, the black
matri x 460 can include any suitable nunber of
WERRH LiWhssis:Each aperture 462 may take any suitable
shape, e.g., oval, rectangul ar, polygonal, etc. In
some enbodi nents, the optical spacers 430 may be
1. t r apsinethod df hiakirgenel @obhmhivescertisieite, the arathiud cbathrizigh
t hat each optical spacer 430 is transferred to an
apeeTHBE 4% olegirolpmiticserat elsmgakomasyhsiatesmdysi ng any
sui hni [ rel Q I
opt raan e SR RALk) RN Elrfo s Yes B R Ficent
eleffeAto0forilafsstiBioriion SGd. optidals@wRy.enbodi nents, one or
nore of the substrate 412, the one or nore device
| ayers 424, the optical spacers 430, and the optiona

col filters. 440 be confi.gured to prQvi
2. pol dte sihed et ltherkip fedioialsBrr i S ilter; , s
Pat ent Nos. 6,485,884 (Wlk et al.) and 5, 693, 446
(Staral et al).lllustrative enbodinents of this
3. i nvdireinmthat ¢ ddigcl sdweikinmselestvbbrthermmllyasnifesmgthel eptical
0ossible variations within the scope of this
SPASHL EMR'SHYS: These and ot her variations and
mod b?dvqé’th QRRnérshb&&ohipYisiathsiMaybr, BERPBH:AHonl &sion layer,
those skilled in the art wthout departing fromthe
and onper wbretttemsfenlagetsji on, and it shoul d be understood
that this inventionis npt limted to the illustrative .
e b BAFHERIEE TAOPETeR TSP St GQRE S QG Fgnstgmfayers are proximate
ﬂkgﬂ%ﬁﬂﬁwﬁﬁm&§n{8mgéﬂ!&ﬂited only by the clains provided
elow. What 1s clained is: 1. A nethod of making an
el ectlecivehy megneng padwing ef tht Menoethbetdo denpallsiramgsfer portions of
form ng an el ectrol um nescent Ieneq% ?n a substrat?;
the.oRe QS aNUE RRiFRlayFe am thy deposisaecd o fisglegobysringsgpnt element.
spacer to the electrol um nescent elenent to form at
| east a portion of an optical cavity. 2. The nethod of
4. cl aiTie Ipethdiesfailaint ) eviepdin del onspaaere transderdayedy cdmpriseran optical
3. The nethod of claiml1, wherein selectively
spaoselavel |y transferring the optical spacer conprises:
provi di ng a donor sheet conprising a base |ayer, a
light to heat conversion |ayer, and one or nore

5. t r a3k eneth@lyeff daimph Siteraim thegrk e nthed ainsférdefersfigthet dvabprise a

the one or nore transfer |layers are proxinmate
partially reflective interface.

6. The method of claim 4, wherein the one or more transfer layers further comprise a

partially reflective layer.

7. The method of claim 3, wherein the one or more transfer layers further comprise a

color filter layer.

8. The method of claim 1 further comprising selectively thermally transferring a color

filter to the electroluminescent element.
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t he el ectrol um nescent el enent; and selectively
irradiating portions of the donor sheet to thermally
wo e@asf®i3 porti ons of the one or nore transferPCHYB2085/047181
fromthe donor sheet to the el ectrol um nescent
el ement. 4. The nethod of claim 3, wherein the one or
nore transfer |ayers conprise an optical spacer |ayer.
5. The method of claim4, wherein the one or nore
transfer layers further conprise a partially
9. r ef IThetmatbod of daifadevhadein Felectimetynthernadfllydramisferrdng the color filter
wherein the one or nore transfer |ayers further
COMBRET™ST se a partially reflective layer. 7. The nethod
of & &}ifinga dMAGF §lebt 50%3)& f& as G 1%%1’[5{0 eat @&ﬁ%hﬁi n layer,
further conprise a color filter yer. 8. The net o
andbne bamoreltrdngfdr kgerssonpri si ng sel ectively thermally
transferring a_color fil te{;aét o the el ectrol unj nescent

el eepitioningFhrdenor srst sichdhatiths ene qiBetsitiansfer ayers gea groximate

t sferring the color filter conprises:
thép%g{ﬂgg%ﬂ%era&ggnor sheet conprising a base |ayer, a

| i gRelettiveeatadiming @ortions of ti¢elonowshdettd @he@mallP krinsfer portions of
transfer layers; positioning the donor sheet such that
the ppe o3ROTS trapsfeplayers Aipppthe dapersheelite therepticalspacarhe
optical spacer; and selectively irradiating portions
of the donor sheet to thermally transfer portions of

10t he ToRené@hod®f |aitif fNEHeeEin dydicSor @B thAgetiaRes cehfi®de a color
to the optical spacer. 10. The nethod of claim?9,

fillghlaye. n the one or nore transfer |ayers conprise a
color filter layer. 11. The nethod of claim1 further
conprising formng a black matrix on the

118! edtheohdRdesA&Rt 1 alr@RE&dmpridag agidpes hiask Ahtk & Mk
11, wherein formng the black matri x conprises

elestrplgnineseent eldveentml |y transferring the black matrix to
the el ectrol um nescent el enent. 13. The nethod of
claim1, wherein the substrate conprises a plurality

120f  ImdengRetest d1XinP o WA RERR FRmAed th¥ B1LR YhA82 comprises selectively

thermally transferring the black matrix to the electroluminescent element.

13.  The method of claim 1, wherein the substrate comprises a plurality of

independently addressable active devices.

14.  The method of claim 1, wherein the refractive index of the optical spacer is
substantially matched to the refractive index of the surface of the electroluminescent

element to which the optical spacer is transferred.

15.  The method of claim 1, further comprising selectively thermally transferring a
plurality of optical spacers to the electroluminescent element to form at least a portion of
each optical cavity of a plurality of optical cavities, wherein at least one optical cavity of

the plurality of optical cavities is tuned to pass red light, at least one optical cavity of the
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14. The nmethod of claim1l, wherein the refractive
i ndex of the optical spacer is substantially nmatched
wo oooblozonef racti ve i ndex of the surface of thePCT/US2005/047181
el ectrol um nescent el enment to which the optical spacer
is transferred. 15. The nmethod of claim11, further
conprising selectively thermally transferring a
i I .
P bl a Al S mROPE Tl e o IR DA By of
the plurdliyy of opicpl cavitiestiytuoed toptaschilue dight. t i es, wherein at
| east one optical cavity of the plurality of optical
cavities is tuned to pass red Iight at | east one
pti ' i
e e e S s S M S
phﬁ:rahﬂytqf opfticdl Ispacpfsub ahé ¢lyctaluroiescent elerﬁmtttb €Smi &t 1kaspg ortion of
pass blue light. 16. The nethod of claim1, furt
eaelbmirqabwgtyeé ﬁ@gt-f?hﬁelof optieal paifiss, Whali%’f @rlsaasﬁgneaomlcal cav1ty of
thg*ﬂllﬁazil 8{ %DQ{CaP(%tVIt %lls ﬁlﬁ?&: %re%fec entnigglo 1;%13t e%?tco%re]toptlcal

orma ["feast  a portion’ o
ca¢idy of the plurdlitplop b?ﬂlda‘l YavifiesQPtunedto eradck Eﬂn%‘élonm%f&h'hgﬁi and at
| east one optic cavity of the plurality of optical
leashone ¢pdisal @Vttm ﬁéﬂletmurehifyexf opeeal savibes isfunreddo effegitemission of
blI e@\gsl}t one optical cavity of the plurality of optical
ies is tuned to effect em ssion of green light,
and at | east one optical cavity of the plurality of
optical cavities is tuned to effect em ssion of blue
17§ ghn elmarolwmin@smt deMiemdonesisengt devi ce conprising: a
substr an el ectrol um nescent el enent on the
sub<t '3t t@" 'and a plurality of optical spacers on the
SubshredcBoliiBER bR e@émére@ﬁttheogﬂes@a@éla%al spacer of the
plurality of optical spacers forms at |east a portion
of apluptifyo]optiaalispgcersi@ th¥lsebsihatect r ol um nescent
devi e af claim 17, .wherein lea Lon opt i
Spacurergn of ket gnE PRI soer ofghs ety AEenEar wabers g at least a
poktided &an obBcal LAGiE! ectrol um nescent device of claim 17
further conprising a partially reflective interface on
the pl urallty of optical spacers. 20. The

cent device_.of . cl aim 19 furt
n‘pqlr Pﬁﬁcaﬁlﬁ ApegPt ela%ll’zrw%r@rl thg %tﬁeﬁf QnGPPticAkspacer
thaH Db AGHhEs s BN . 21. The
f@lﬁ’éﬁ tr (;I}yuorr1 elscgﬁt dSe\§| ce 5?&%{ aim 17, wherein at
| east one optical spacer of
19.  The electroluminescent device of claim 17 further comprising a partially reflective

interface on the plurality of optical spacers.

20.  The electroluminescent device of claim 19 further comprising a plurality of color

filter elements on the partially reflective interface.

21.  The electroluminescent device of claim 17, wherein at least one optical spacer of
the plurality of optical spacers forms at least a portion of an optical cavity tuned to pass a
first color of light, and at least one optical spacer of the plurality of optical spacers forms

at least a portion of an optical cavity tuned to pass a second color of light.
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the plurality of optical spacers forns at |east a
portion of an optical cavity tuned to pass a first
weioen7i3 | i ght, and at | east one optical spackCT/OB20051@47181
plurality of optical spacers forns at |east a portion
of an optical cavity tuned to pass a second col or of
l'ight.22. The el ectrol um nescent device of claim2 1,
wherein the first color of light is red and the second
color of light is green. 23. The el ectrol um nescent
22deviTie etdctrolumhifitsdent devick € tlaith €1 ewherain theffsk coloeof light is red
optical spacer of the plurality of optical spacers
anfl thewscend ¢aderaf lghpisra¢en of an optical cavity tuned to
pass blue light. 24. The el ectrol um nescent device of
claim 23 further conprising a plurality of color
23f i | tBfe efdcRBRMiiBeRBnitde@icBdF tlagth DY, fuethéefhdr¥ig at Mas JrRGBtical
wherein at |east one color filter of the plurality o
spagsk of theiplurelity of 9ptacal sphcets| form atlleast a pertiohef epopidedl cavity tuned
¢ cawb(w ed to pass red light, at |east one col or
O pp§s l('ﬁ the plurality of color filters is a green
color filter on the optical cavity tuned to pass green
light, and at |east one color filter of the plurality
24o0f cdlewlectiolunginescemnt devisk o€ claoh @8 fiirther eomprisinge phpelityaif color
ss bl

jt
6 eleineatodih he bESRIY TAPFEG plefreiviom auleer ans calpr it of the
plinGR of%ﬂﬁ)r GREISGRA rm&f fi1ek oh dﬂtf&ﬁﬁ!a‘vhy tlﬁfed%?fgéﬁ 3bd hght at

spacers forns at |least a portion of an optical cavit
ledstipeticdlor felfdr ef theqﬂmsahtymf cofor diltbrsris b goeh coolooiﬁlﬂer qhﬂl,e opt1ca1
and at | east one_optic acer
cayiby tumgyl 1spRsR afesn fig %ﬂ@iﬁ Ipdshere o ?fofﬁlfqra thspp ?%{ %;qu celoyr filters
clob1ds iHEflon eRhpliERlcabit) &6ED d col or of
ls??}é‘*]tc.% 26. e gl cltrglauﬁ nescenl?clr dgl\lll?gl gf cl ai m 25,
wherein the flrst color of light is red and the second
col or. of is green. 27..The el ectrol un nescent

Z5devide eéffctre ué‘i“ﬁ?sﬁen delicE REFIaIR Y eV heTap of easiiong pptical spacer of
I at i
AL PRAESI ober Rl OB GO B

entiffi@cof eeﬁilsssolmfdfghhlané at Tegdttone Bﬁtlcaqu&lcer of the plurality of optical
el ectrol um nescent device of claim27 further
spasEpioTap Algleast gpartiam; qfyn optiea) cayity tupedsio edfegherpissiop AT @ pesond
coPgr '11@# y reflective interface, wherein at |east one
ol ilter of the plurality of color filters is a
red color filter on the optical cavity tuned to effect
em ssion ofred lig at | east one color filter of the

26p| urkei eﬂegﬁtr@wr@aﬁseﬁntfdewtcé 0§ chaim g5 grlaspindley Brst eelpr @f light is red
a.n?ihﬁ 0L £ Vistned to effect enission of green
[ geh%), an%) at 1 as{ gg

ne'color filter of the plurality
of color filters is a blue color filter on the optical

cavity tuned to effect em ssion
27.  The electroluminescent device of claim 26, further wherein at least one optical

spacer of the plurality of optical spacers forms at least a portion of an optical cavity tuned

to effect emission of blue light.
28.  The electroluminescent device of claim 27 further comprising a plurality of color

filter elements on the partially reflective interface, wherein at least one color filter of the

plurality of color filters is a red color filter on the optical cavity tuned to effect emission of
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red light, at least one color filter of the plurality of color filters is a green color filter on the
optical cavity tuned to effect emission of green light, and at least one color filter of the

plurality of color filters is a blue color filter on the optical cavity tuned to effect emission
of blue light.
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