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Fiel d of tRgobsaslphpn Generally, the present disclosure &} a86d:0510
el ectrol um nescent devices. In 10 particular, the present disclosure rel ates

to el ectrol um nescent devices and nethods of formng el ectrol um nescent
devices that include an el ectrolum nescent elenent and at |east one color
conversion el ement . Background 15 Light emtting devices, such as organic
or inorganic el ectrolum nescent devices, are useful in a variety of

di splay, lighting, and other applications. CGenerally, these light emtting
devi ces include one or nore devices |ayers, including at | east one |ight

emtting |l|ayer, disposed t ween t el ectrodes (an anode and a cathode). A
Vol t age ar bl HCTROAGMINESEERAR DBUEs AND ME DS 08 MAKING
causing a light emtting material. 20 which can _be organic or inorganic, in
the [ight em (ELACIROLUBINESCEET Digles INGRADENG A COLORe

el ectrodes is transparent so that |ight can be transmtted through the

el ectrode to a viewer or otheCQ %%HQN/ELEMEQECHOI um nescent device
may be constructed such that it is either a top emtting device or a bottom
emtting device. In a top emtting el ectrolum nescent device, 25 the |ight

emtting layer or |ayers are poshti agcﬁ?t b vveer%.the substrate and a vi ewer.
In a bottom enitting el ectrol uni i Qfgtﬁ%‘g} 181 r ansparent or

S s o UG O AT T B 0, 1

| ayers and the v yplrca Fo | ay, one or

nor e g ect majtituldr @S peRknt dRWsGRTIERE tPEfiRsliRth-aten dsVing! Rd suiBddsajre and
arranged in groups or arrays. Several 30 approaches exist for producing a

col or el ectiptingelrebekntnecap dayicestbat tadudpireslesreduapeseat bleineot andes least
array havi n% %%c[i), g%E)een %nd bl ue el ectrol'um nescent device -1 WO

2005/ 05104 F2BETPEEIBEHABEFAE™ subpi xel s pl aced next to each ot her. Another
approach, for exanple, uses color conversion to produce a color

el ectrol um nescent display. Displays that utilize color conversion-can

i ncl ude el ectrol um nescent devices tBﬁ.{:kgﬂthnﬂi ght in a narrow band, e.g.,
blue light. Each

15 Light emitting devices, such as organic or inorganic electroluminescent devices,
are useful in a variety of display, lighting, and other applications. Generally, these light
emitting devices include one or more devices layers, including at least one light emitting
layer, disposed between two electrodes (an anode and a cathode). A voltage drop or
current is provided between the two electrodes, thereby causing a light emitting material,

20 which can be organic or inorganic, in the light emitting layer to luminesce. 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,

25 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

30 approaches exist for producing a color electroluminescent display. For example, one

approach includes an array having red, green, and blue electroluminescent device
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col or conversion el ectrol um nescent device also includes one or nore col or
conversion 5 elenents in optical association wth the el ectrol um nescent

devi ce sugﬁ?g@g}bgﬁogp emtted light (e.g., blue |ight) '&ﬁﬁ%@‘%@ﬂg e.g.,

to red |i ed col or conversion element and green green
col or conversion element. Summary 10 The present disclosure provides

net hods of nmki ng el ectrol um nescent devices that include color conversion
el enent s isabpiptls phicedBed ¢ eachonhai AmoBsT apreadhofon ek amplsewnics celogpmyersidm

articular, the present, disclosure provid echni t hat include

el ect 1 v o PirEr CaphHer ERTERYLE: Bl Bl S A Rt Pt as PRt )y o
col or conghigidilectRi@NRBienl Qfvidss that BmR18GE 0] MHREBERNE A D8t BRch
Patterning of red-, green-, and blue-emtting primary organic |light emtting

di ode ( Ockx comteesiomtlsctianmineséent dévoce asvincheehase @rmuerola cheverkiéd i cul t .
Many techni ques have been, descr.ibed for such patterning, jncluding_|aser

t her il  p&1aTRsns RGPLF#assasiation ity the plgctrolupineserntas vicy sichd i thgemisid
hotolith i - i t | ve: hnij of Vi di ||
Porer i COERDRY hBEHEES M verltlt £ N Rl b PO RLANE o on PL St GaPoddl! |

of col or Gedvalst Bya gfeelRERK cHBE NGl QementHovever, the use of these
alternative techniques with the traditional bottomemtting

el ectrol um nescent device construction is |limted by physical and optical
factors. For practical reasons, the _col or conversion el enents nust be
patterned either on a separate pi eceg'émfgﬂ£¥s or on the substrate. In this

case,.the effe of the,distance between the Ijght emjti.ng |ayer, and the 25
FITTH Tayer | dba@ressnilisdpTiRby et BRodt Af BERDE HoraLmipSeer s Al osi on
fromthe ighefddpbuehdasindeniBW i Soald Wclitn il dQucRafiRctBs )
correspondi ng color conversion el efent as well ‘as a number of a j acent

col or conwebmsinaninglagtieiirsthe Asesantrdislidstire firbeideoteohnigasstthatdhdtlode sedaceive of t he
el ectrol um nescent display is reduced. On the other hand, top emtting

el ect r ol uthsTEabEMsTade Ee baserdgduged Sherms! Tmpgieg (A0S ehprlescyveisioncont r ol

circuitry, e\P(?slfJorﬁé% iﬂ‘%ﬁe%tr{)iu%h%?;ic}:ﬁttd%vjcgs the choi ce of sem conductor and
substrate. " Tn a typical top emtting device, the electrolum nescent device

| ayers can be PalleWAg2FQ6d-0bik0d4 ald L S20AL BABAFIorodRip ditht @ity diode
substrate, followed by the formation of at Rin, tr ansparent netal electrode,
and a pr of(@CED) materipds for full edardayinss bavmraven totheadifficulie Manyi tecinipigs baysr ovi des
selective b%gneée%?gibédr%p g&c%rpatteming, including laser thermal patterning, ink jet patterning,
shadow mask patterning, and photolithographic patterning.
Alternative techniques of providing a full color display without patterning the
20 emitting materials include the use of color conversion as described herein. However, the
use of these alternative techniques with the traditional bottom emitting electroluminescent
device construction is limited by physical and optical factors. For practical reasons, the
color conversion elements must be patterned either on a separate piece of glass or on the
substrate. In this case, the effect of the distance between the light emitting layer and the
25 filter layer leads to parallax problems. In other words, Lambertian emission from the
electrolumninescent device allows the light to reach the corresponding color conversion
element as well as a number of adjacent color conversion elements. 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

30 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
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(e.g., LITI) techniques for formng top emtting el ectrol um nescent devices
that include 5 color conversion elenents that are fornmed on the top

el ectrode w0 mps/gient rol un nescent el enent or on a pr ot e@CIE200a588449 or ned
over the electrolum nescent element. The present disclosure also provides
sel ective thernal transfer (e.g., LITI) techniques for formng bottom
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an electrolum nescent device. The nethod includes formng a

el ect¥bl unclkszontirceile ae tite top pleatredehartonat protentier leytrieaythedy tor dimmratwes cent
elenent is abl f emttin and preferably emts light in a narrow
band.) The %TEB ﬁ%ﬁl HEes WFLP%@@%@%@E@’& vely thermally 25 transferring a
plurality of CORgfnGORISkiSh RerkhRRRLS philerhiie ELCLITIHMBLAGS GARL nt
| n anot her aspect, the present discl os re prg\geg l%a‘tt ho nl’]a |a§dg}Fan

el ect r ol unidigaCmathodg wiayebe rhtve cnmphmidemttﬂtheleﬂte&‘mlsrﬂse@eagl fok ecganial uni nescent
element on a first major surface of a substrate, where the

el ectrol unﬁl@e@%léwen%r@réﬁrw%&ﬁsﬁ@%r is aghy fachmigue, splgctivechermal tpngfas My | i ght
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trans erring a hVersion o6 a seco

surface of rélkt@essuhﬁilﬁtglb@eadﬂa%@ 2005/ 051044 PCTI US2004/ 038449 | n anot her
aspect, the present disclosure provides a nmethod of making an

el ectrol uni nes c &nadditeen, selectivechensiah Gansfergiattgméng efraslmgonyersibe elenenismaes cent

S prov1de a technique that is more easily reversible. For example, if the pattern of the color

_conversion elements does not pass quality control inspection, the elements can be washed
20 off and formed again without undue harm to the electroluminescent element.
In one aspect, the present disclosure provides a method of making an
) electroluminescent device. The method includes forming an electroluminescent element
on a substrate, where the electroluminescent element is capable of emitting, and preferably
emits light in a natrow band. The method further includes selectively thermally
25 transferring a plurality of color conversion elements to the electroluminescent element.

In another aspect, the present disclosure provides a method of making an
electroluminescent device. The method includes forming an electroluminescent element
on a first major surface of a substrate, where the electroluminescent element capable of
emitting, and preferably emits light in a narrow band. The method further includes

30 selectively thermally transferring a plurality of color conversion elements to a second

major surface of the substrate.



on a substrate, where the el ectrolum nescent elenent is capable of emtting,
and preferably emts light in a narrow band. The nethod further includes
form ng awHoeh@akioe | aver over 5 at least a portion of pdEUs604/038149

el ectrol um nescent el enent; and selectively thermally transferring a
plurality of color conversion elenments to the protective Iayer I n anot her
aspect, the present disclosure provides a nmethod of making
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provi des glrfx‘l efib§ ﬂcﬁﬁe%' ?ar}ﬁééﬁ{yat fk%gﬂho%@ ele%g?fﬁﬁin%@évmﬁgvfcg Eﬁ UQGBstrafh SUDSt T at e;

an electr m nescen e su
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light in a narrow band; a plurality of color conversion elenents on the
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to describe each disclosed enbodi ment or every inplenentation of the

present invent |10mn0mhea$ﬁguﬂ:®spr@ndt dmdll@uct'epravﬂde@la detind gitaking 4mt  f ol | ow
m)re arti uI a exe i ve enmbodi rrent 0 -4 WD 2005/ 051044
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di agram of ;,pne erRe W hGE Ttheoefle&rothﬂﬁngé@eﬁtt élé¥flent is capable of emitting, and preferably

emits UV light. The method further includes selectively thermally transferring a plurality

of color conversion elements to the electroluminescent element.

In another aspect, the present disclosure provides an electroluminescent device.

20 The device includes: a substrate; an electroluminescent element on the substrate, where the
electroluminescent element is capable of emitting , and preferably emits light in a narrow
band,; a plurality of color conversion elements on the electroluminescent element; and at R
least one color filter on at least one color conversion element of the plurality of color
conversion elements.

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

The above surnmary 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.
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el ectrol um nescent device that includes col or conversion el enents forned on
an electrolum nescent elenent. 5 FIG 2 is a schematic di agram of anot her
enbodi ment V@ 2¢05084em tting el ectrol um nescent devi ce tHEHUS2e/G8E8 col or
conversion elenents forned on a protective layer. FIG 3 is a schematic

di agram of anot her enbodi nent of a top emtting electrolum nescent device

t hat i ncludes col or convers 0 el ectrol um nescent
el enent and color filters f%;%?n%@b%ggﬂhe Of(’)]r6nor% Ota@?%r%g’lsgol or | conversion
el ements. FIG 4gi5s 1§ §g&h@ﬂﬁhbalad&ﬁﬁbﬁgﬂeoém@dalﬁemwa@g&mﬁhna bot tom

emtting electrolum nescent device that includes col conversion el enents
formed on elsafpbimiatsent deviceahatiihadddddesor codvesion demhntsffmirﬂladvum detail ed

description_of illustrative enbodi nents, reference is nmade to the
acconpanyi rFée‘iﬂIiOéquﬁﬁ%ce‘Ptﬁé?m?rBrm a part hereof, and in which are shown, by
way ofc illustr gpag]g ﬂg{a on may be
practi %ed It i ?IGOQ’IS QP&% ggs b ttﬂsetrﬁ &?%F\dtpgb\fﬁgyd e utilized

and struct Lﬂl@dtroﬁh@ﬂmsmrmyldaehmﬂﬂuc?@ cwlok b@mtersil@paeﬁm@ forn@d dneprofeRfee Of
the present invention. The present disclosure is believed to be applicable

to el ectrollaydrnescent devices and nethods of making el ectrol umi nescent
devi ces. Electr nesc evi ces c i ncl or organic |ight
e tiers or contiiia® FonSTBRaRG HHEryhELAOHeF RO TEIE Pof P ST gani o

el ectrol umé]&%& nés@éwdeqicé%ﬁxnaﬁdéé%wo?eoﬁv%k%rﬁemeﬁ@ f&inRAldnalhum nescent
25 display or device that includes at | east one organic em ssive material,
whet héd t hatlectwinsisescentraddmeernt ahd icsloa filtem lfdrmed coaneer (B obthetcblr (e. g.
nonpol yneric emtter), a SM doped pol yner, a SM bl ended pol yner, a | |ght
emttBng pd%oyﬁ%fﬁm(‘l;c@)emsa doped LEP, a blended LEP, or another organic

em ssive materi ghanhel hehopl pxa%gmb%e?ﬁoalﬂen@%%w%@ h any other
organic or inorganic materia at are ftunctiona non nctional in
the CEL di sfidcmplionine@entaiesice tihaigdiides cbiog bbn ersiGibéle@ents fermed| dh 4 subbtuate.
phosphors, sem conductor nanocrystals, etc. -5 WO 2005/ 051044

PCT/ US2004/ 038449 Generally, el ectrolum nescent devices have one or nore
devi ce_l ayers, including at |east.o0 ht em tting |ayer, disposed between
two ef®ctrodes (an anode and a ca? ﬁgg)dﬁescnptlon

In the following detailed description of illustrative embodiments, reference is made
to the accompanying drawings that form a part hereof, and in which are shown, by way of

" llustration, specific embodiments in which the invention may be practiced. It is to be

“nderstood that other embodiments may be utilized and structural changes may be made
20 without departing from the scope of the present invention.

The present disclosure is believed to be applicable to electroluminescent devices
and methods of making electroluminescent devices. Electroluminescent devices can
include organic or inorganic light emitters or combinations of both types of light emitters.
An organic electroluminescent (OEL) display or device refers to an electroluminescent
25 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-
30 functional in the OEL display or devices. Inorganic light emissive materials include

phosphors, semiconductor nanocrystals, etc.



A voltage drop or current is provided between the two el ectrodes, thereby
causing the light emtter to lum nesce. 5 El ectrolum nescent devices can
al so i ncl uge 26dzio1ofii | Mm el ectrol um nescent di splays or devicemoy®sidin film
el ectrol um nescent device includes an em ssive material sandw ched between
transparent dielectric layers and a matrix of row and colum el ectrodes.

Such thin filmel ectrolum nescent displays may include thqgse descrj.bed,

e.g., in US PR RE%?I&HF%@%FF%%QW%‘%#EWSH © 8T B8Y, %-weﬁwa% Hi‘fi‘?‘l“éﬁ Q).
10 FIG 1 je§gdng ﬁpﬁ%h&gth&f&g%]&fed BAR EMRATLIEBRIdeO lartholl 86 & SligHeNeSCent
device 10. The electrolumnescent device 10 1 ncludes a substrate 12; an

el ect r ol unAnedtegmdrop et emrenit i2ffofwedibetwenn thenmajocilectudésatdereby cafisitghedighst r at e
12, and col or conversion elenents 30a and 30b (hereinafter referred to

col l ecti ve?@tﬁétogﬂrﬂﬁies%nver sion elenents 30) fornmed on the

el ect 5ol um ”esCgfeéhi@hﬁi’ff‘e@éen%ﬁgvig%gcg@ 'ragsggﬁ%&é!‘%@gﬁﬁx?&%cﬁ&ﬁﬂiﬁ{&%é@dis ydes 15

a first electro a secon one or nore VI C ayers
24 posi ti opedbvidest WaBA filke:lédtfoiimBle®ht @dtcedrcladst dnhnisgeomgesiklect rode 26.
The substrate 12 of device 10 can be any substrate suitable for

el ect r ol unfandwichad betieen tansprregt disleairicdpysrs ek 4 wagix Hopweasndgplugn t he

substrate 12 can b de of glass, clear ,plastic,.or other suitable

e | al (sJPRHRES oot PdpLRm APy rep AR 6 (P L IS AEEDeRE 20

substrat e §278ap.@}s08,89P 3V eS ) aié $i63b Bob (MREmmdepét £3anPl e stainl ess

steel, crystalline silicon, poly-silicon, or the like. In sone instances,

t he flDrst el ect Fitdld i22 schemaltie didpeam ofibsd erab@lih2nt Benzlsaohmtiscscadtsleused i n

at | east s%ns el ectrol um nescent devices can ,be particularly susceptible to
-oT]é%é’g

damage due _ EOPESERY e oh0 ipglpdss a spbgtiate b B LEOMBPESCRn be
sel ect ed t&eﬁ%ﬁ’tl"idjfﬁnﬂéh &ijgﬂiéﬂ&r‘%uﬁgé@ {@&Qﬁé‘é@suﬁﬁﬁ?l e codd doﬁv&kﬁgﬂl ied with
one or 25 nore l'ayers, coatihgs, or |am nates that’ provide an adequate

envi r onnenglameMaB30i aid 30bheitlster ff@rctito calectively as rolod denanyomelsinesits G0)
devi ces or conponents suitable in_electrol um nescent devices and di sgl ays,
F $

such as tr &aged ppthegleciphmingscentdement 20t Tha electralayiipessent elpment 20

pol ar,i.zers tes, diffusers d_other optical deyi . tnsylators,
bar rtar 1 bERERARARE p s dBETs AR Sl BB G IR AR LB, e

l'i ke. 30 Thawssibmt fiddt@letZoddy2 AdbQe s@ohiERcRo@ 26.2l ity of independently -
addressabl e active devices as is described, e.g., in European Patent

Appl i cation No.The subgirag 12 pRdeviye 10 GMip 2FGBP UBIOitaPIETOUSEONI0B8A49t The
el ect rol umy neseent SIS Aol 55 SASHHIES ABEhET L8 UILASSGERLshEent 20

plastic, or other suitable material(s) that are substantially transparent to visible light. The

20 substrate 12 can also be opaque to visible light, for example stainless steel, crystalline
silicon, poly-silicon, or the like. In some instances, the first electrode 22 can be the
substrate 12. 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 provide an adequate environmental barrier, or is supplied with one or

25 more layers,-coatings, or laminates that provide an adequate environmental barrier.

‘The substrate 12 can also include any number of devices or components suitable in
electroluminescent devices and displays, such as transistor arrays and other electronic
devices; color filters, polarizers, wave plates, diffusers, and other optical devices;
insulators, barrier ribs, black matrix, mask work, and other such components; and the like.

30 The substrate 12 may also include a plurality of independently addressable active devices

as is described, e.g., in European Patent Application No. 1,220,191 (Kwon).



formed on maj or surface 14 of the substrate 12. Although FIG 1 illustrates
el ectrol um nescent elenent 20 as being fornmed on and in contact with major
surface 14y@hoospefgirate 12, one or nore |ayers or devi cesr/usepodsssiqc| uded
between the 5 el ectrol um nescent el enent 20 and the mmjor surface 14 of
substrate 12. The el ectrolum nescent elenent 20 includes a first electrode
22, a second el ectrode_ 26, and evice |l ayers 24 Siti ed

ne
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al umi num di@uehiffiinestant dlémert PMindlhdeani fuB diéduiode 22, 4 fdbhdelbbwodexiedend dnkO)
fluorine tin oxide (FTO, and polyaniline. The first and second el ectrodes

22 and 26 Qranorbéemmgiyersli’ém@omd Bwelercthe figst eleatreds 32 sndthetstropdcan i ncl ude
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Iayer of 20 I'ithidmfluoride, or a netal layer and a conductive organic

| ayei0 Forthedndiet ween the first electrode 22 and the second el ectrode 26 are
the one or nore deV|ce | ayers 24. The oqe or re devi ce_ |l ayers 24 include

a light emtti r{qu%fwe?ectKes@P&H i secondelesiod 120 it 9PH) y EEFAPEPE 24 can
i nclud LR a1 I
;p;ngpgr? nfﬁayeraﬁgicgf@%gb an e% ?ﬁ%ﬁmﬁ%@s}%ﬁf ?lfe%h31/ 8@%@%2@;8 O%%BL-S)’ hol e

i nj ection doagedtivelcetaBles, sondutied @ispdrsiong, Bhd cdridattiveaydymens. [Eay@pks oft hol e
bl ocking | ayer or |ayers, an electron_ blocking |ayer or |ayers, a buffer

| ayer or Lsfahls maé?ﬂﬂéwyd@éﬁstfph@tapmie aowephaeﬂwnmfélaﬂu@malemnpm, ey er
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material s ,pdlyhﬁlmﬂl. e &R 230 decoi Ieleeﬂbd@rmtatnarzs,caﬁ 88s Elcuﬁjﬂﬂs oflfiRddhégtyt
emtters include, for exanple, fluorescent and phosphorescent materials.

Exanpl es ofatetids oethep tasinclugb neltiple lagers2 o5 L0Bula LitheTonesaiut of3e diest

_electrode 22 and the second electrode 26 can include a layer of aluminum and a layer of

-£old, a layer of calcium and a layer of aluminum, a layer of aluminum and a layer of
20 lithium fluoride, or a metal layer and a conductive organic layer.

Formed between the first electrode 22 and the second electrode 26 are the one or

S

more device layers 24. The one or more device layers 24 include a light emitting layer.
Optionally, the one or more device layers 24 can include one or more additional layers
such as, for example, a hole transport layer or layers, an electron transport layer or layers, a
25 hole injection layer or layers, an electron injection layer or layers, a hole blocking layer or
layers, an electron blocking layer or layers, a buffer layer or layers, or any cornbiﬁation
thereof.
The light emitting layer includes light emitting material. Any suitable light
emitting material may be used in the light emitting layer. A varety of light emitting
30 materials, including LEP and SM light emitters, can be used. The light emitters include,

for example, fluorescent and phosphorescent materials. Examples of classes of suitable



LEP material s include pol y(phenyl enevinyl ene)s (PPVs), poly-para-phenyl'enes"
(PPPs), polyfluorenes (PFs), other LEP materials now known or |ater

devel oped,“@{‘%[}g@ﬁ@‘gl ymers or blends thereof. Suitable bERgseaBodisP be
nol ecul arly doped, dispersed with fluorescent dyes or other materials,

bl ended with active or non-active materlals di spersed 5 with active or
non-active _materials, and the |ike. Ies of suitable LEP materlals are
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(Pei et al o bleﬁd@ﬂl@‘.’eﬂ)ﬂllsl(ﬂmﬁ EEP@¢an)alsothelBdletiddrly ddped! msﬁrs&ﬂ with and

6, 169, 163 %ﬁéo et al.); and PCT Patent Application Publication No. 10
99/ 40655 ( Kiuerraesnt dyesr ther smtms@bieaﬂ@d with a@fe‘fwanopgfica&%nﬁw%ﬁsner@ﬁdganu c

or organonet, r r| al s t.hat s and
devi ces aswﬁﬁq&egp éjcltlg mat dﬁl IQW 5@‘3&@%% bh&%nglg rtasrgl n
emtter |a§d€§o‘i’1b€@1rgKrafE@tz€l0m1§9L @ﬁ@n g EHed7 s 998)€h]3€§ UBitelnf BJagPOr t

|l ayers, and the |ike. Conmonly used SM materials include metal chelate 15

e iyl ot o e G
in, %/OIP éhi)’?ﬁl’é%%gwr}%r‘%ﬁreté’i %é}ﬁ%\@ @ﬁﬁt%g%ﬂ;g 9%%&‘? fgb%ﬁ’z tanese
65030, 715 (ThohsabPRN omoy185 (AHH ALRAAGPCT oot gtliparif af“%“?%t“%i‘é 115

(ThonEbN et94IN633 (Iérr&ddd?@ﬂ'alBat ent Application 20 Publi catl on Nos.

00/ 18851 ( Shi pl &/{et al.) (divalent |anthanide netal conpl exes), V\D .
00/ 70655 ( For r estM gategjal S)arf( gsneralyenonr polyIeeriG Psania AT eapoRisalicanelevtider s) | )

and VO 9812030, HENESEAa iR G100 HPIEEYLER i RYSLS AL oiBge 2! 00

include a h ransport ranspor ayer tes the

injection @fanwnaﬁatéﬁﬂmaaﬂopmﬂﬁl driitier lahiers €d. £C1o @ntil theeaBnéd coldr) ef ement 20
and their mgration towards reconbi nati on zone. The hol e transport |ayer

can furt hecharge tragspartdaiers, émd H@rhlqehéiogm@@dgGS®fSMlm@@m@ﬁmCi®6tmﬁalaah91@@ Any

swt e materi al d _for 0 n ort |ayer
hos&OW'B?‘érqu ﬁugh&%éjcs % ﬁg@ror%&/m r\%ggl %@%ﬁﬁ}l umi nes%:/ence,

Dl spl ay Nah&rmoyag&ngnm Neaifﬁ@mbéﬂzwgmn@mer m,ma‘mm §rarlisefds8d b, FdrC

Publ i shers 132-195;" Chen et al., Recent Devel opnents 30 in

bl ecul ar @{gaplecCH &den it el MaesweitSykiat 4253 399 Nakapenese Lagy Gpen Paterit25
(1997); an%ppilcatlon 2%(8)851 gﬁ??%oéujn)q]{ éJ ?’%%%ﬁ 038646'3% 715 (Thompson et al.);
6,150,043 (Thompson et al.}; and 6,242,115 (Thomson et al.); and PCT Patent Application
20 Publication Nos. WO 00/18851 (Shipley et al.) (divalent lanthanide metal complexes),
WO 00/70655 (Forrest et al.) (cyclometallated iridium compounds and others), and WO
98/55561 (Christou). )

The one or more device layers 24 may also include a hole transport layer. The hole
transport layer facilitates the injection of holes from an anode into the electroluminescent
25 element 20 and their migration towards a recombination zone. The hole transport layer
can further act as a barrier for the passage of electrons to the anode. Any suitable material
or materials may be used for the hole transport layer, e.g., those materials described in
Nalwa et al., Handbook of Luminescence, Display Materials and Devices, Stevens Ranch,
CA, American Scientific Publishers, 2003, p. 132-195; Chen et al., Recent Developments
30 in Molecular Organic Electroluminescent Materials, Macromol. Symp., 1:125 (1997); and



Shi naz, Joseph, ed., Oganic Light-Emtting Devices, Berlin, Springer

Verl ag, 2003, p. 43- 69. The one or nore device |layers 24 can al so include
an el ectrowa rafsjpost | ayer. The electron transport |ayecCTiuseiddiopses t he
injection of electrons and their mgration towards the 5 reconbination
zone. The electron transport layer can further act as a barrier for the

passage of l.e L. desh.rt Al hita Lal erials
oy be. used TaE PRER TG Ry A aa Rl Do, B ES S B VEE 2085 15
descri bed 6% Nal wa et at, Handbook of Lum nescence, Display Materials and
Devi ces, Stevens Ranch, CA,  American Scientific_  Publishers, 2003, p.
132-195; Chen efl’hapne ormerfevisgaleEpfbsanalsoinpy e an plgptraty Gaspert fayer. The
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P. 43569. ldcoBinabitn R&RS. ertieadediida trahRrelaRs ch fiten 86 GE Atbafid MBiIthe 20 be
capable of emtting light in a narrow band. As used herein, the term"light

i n a narr opassagedst holefsde ¢ catbode ifidgsired. Spwcturialpte tipteridh as matesiplsonayabe wiedt h
(measured at the half-power. points of the spectr of .15 no e than about
100 nm A PO BRPTE e Pier Srsgaer despi g DIUP i dodhogee
1ot havi g SRREL Ry HabrRlls BRI DPYies! SR0erk Qo) CAOARRBIPS Gentlrlc MY be
preferred that the el epctro um nescent el enent 20 be capable of emtting

bl ue | i ght PuHiishss, 303, pelB2-105; Chen ar 4l., Retdnt Drddoghansl it Malecnlar €gadis f or t he
light emtti n(f:j | ayer of the e]ectrolum nescent elenment 20 may be sel ected
e

such WOnat Elestrefusiressers Maeddlsrilagogivenympo 1i 25(ARA01 abdohies. lasePhoicg | i ght
inamnarro . o j Al e irVel Vandn . Spieg enbodi ments, it
may b)s pr eﬁé&?}{e}gqg leta%” ?tﬁtg‘g %vggg%?lﬁ@%g@g%m&ggé%%d% P2%ﬁ§9e' capabl e of
em tting ul t raviighstbd piverred @l theBoddirolivhinssdentletBedt 20 c@pdbIP6S emitting

"“down-converted" to light of a |ower frequen_c¥1 by use of downconverting
phosphor s. lighrin eagpvthandg As used heseinnibe seyme dighbinegmantoyy band” aefprsge adight

preferred that at.l|least three ¢ r_conversiqn.el enents. 30.be forne n the
Bl ot r of urtToeE b dR bbb ih P B D G R b s O SR SRS o o
devi gg | aygé mofdthaaRb&g 100miE dA hehbRAnd BRittdr! BerefIr€Gh A YGRt sddrctHat el
second el ectrode 26 by a variety of nethods, e.g., coating (e.g., spin

coating), bghthaving a spectrpl widibrodan npore thanni§Oaym.i e gxempjsy; itmoaynkg) prefsirgdi cal or
RIEHEINGT A I R R P
one or nor rﬁle%%ﬁﬁﬁd@%%ﬁ B4t o REYi B P Tishe editting layer of the electroluminescent
element 20 may be selected such that the electroluminescent element 20 is capable of
20 emitting light in a narrow band, e.g., blue light.
Alternatively, in some embodiments, it may be preferred that the
) electroluminescent element 20 be capable of emitting ultraviolet (UV) light. Both UV and
blue light can be “down-converted” to light of a lower frequency by use of
downconverting phosphors. For UV emittiﬁg electroluminescent elements, it may be
25 preferred that at least three color conversion elements 30 be formed on the
electroluminescent element 20 as further described herein.
The one or more device layers 24 can be formed between the first electrode 22 and
the second electrode 26 by a variety of methods, e.g., coating (e.g., spin coating), printing
(e.g., screen printing or ink jet printing), physical or chemical vapor deposition,
30 photolithography, and thermal transfer methods (e.g., methods described in U.S. Patent
No. 6,114,088 (Wolk et al.)). The one or more device layers 24 can be formed



WD 2005/ 051044 PCTI US2004/ 038449 sequentially, or two or nore of the layers
can be di sposed sinultaneously. After formation of the one or nore device

| ayers 24 o 18¢siids@neously with deposition of the devi cectavansosed, the
second el ectrode 26 is fornmed or otherw se di sposed on the one or nore
device layers 24. Ater nati veI y, the electrolum nescent el ement 20 may be

fornmed usin Ll‘g 5 techni h t incl de a Ll cionor eet .as
descri bed, ¢ usgm lyﬂorlgw or ayersa:m_'il_ %Rla €ous y) )L\fter ormation
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formed over the el ectrol um néscent rrent 20 own) as is %

descri bed Hetlei sacondrﬂectmdedlﬁnmfamrmmhescuhmlsbadlspcsed6nalhesmel omhmdelswcml or
conver si on. el epent i 30 10 for%d on the el ectrolum nescent el ement 20.

Al t hough cl8¥eF 2&ofNiErmaiisey dhe perfeuminesseat ciement?( mer e famsdinageidihed on

t he segcon V. | uded
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two, or rm@qam:@ag)(rwamwgr,‘g! on elenments 30 may be forned on the

el ectrolum nescent elenent 20 such that at |east a portion of light emtted
fromthe el ect ridecmolnmineseant elemenii0 may 2i90 includes memuvmbmeméas@rs nmore col or

I th d I ts 30
are. i optiPORR Gy deriteirier aege A GreRB et At B RsB
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in a selected narrow band. For exanple, color conversion el enment 30a may
convédt i nivirdeton tHei ejéutrolurbioescent eldrget ;ZOaMthonglmolomnn&elslomerﬂhmm ar80b may

convert ingident light jnto green 20 lig used her the term"red .
light" refidpstrated 25 aping i?éw% gn Qlesssgev@rﬂﬁﬁrﬁfi%ﬁgfﬁwﬁmre YRLSAH dEppeTRor ti on)

of the vi Stﬁ%éﬁtuﬁﬁ?gét&r\ééﬂ e olol ChMRYsi F QEmBRE %Py%fl %ﬂ}gse%%ﬁ{éf(ﬁlecﬂfoﬁg 6! L "

refers to I'ng a spectrum predom nant e portiron of the

visibl e sg@cbrmbre dvicr cobversiohielirentsr 3 @y b fortied bh theslenpblampaehr um
predom nantly in a lower portion of the visible sq%ectrum In sone

enbodi nentdemens|2Gsugh ﬁw&atslp@ﬁaepmﬁf dghiempifipd fromy §@1¢ﬁehuaa!éesaert§ @karent
conveLsi o ”z(ﬁs?ﬂl@g‘éné gﬁ&% ol &Vlﬁ&te%oio? gbﬁ{%&&?& éﬁ&%p‘t 3H0 IJFL)H@* o Qlor

contrast to €O version érs escrlbed

herein) atdopersion eldiaértd wluaﬁnwptml @sagélbﬁoxpwﬁmmmn\mehmmmm
others with relatively no change in wavel ength. Although not shown in FIG

1, one or Hisreslessiopreision whameantiGetbsonbriight ingjdepethegonod mubhgfénrea or nore
o neT o SRS P SIS SO P esh B <SRRI e 1 oc
light into red light, and color conversion element 30b may convert incident light into green
20 light. As used herein, the term “red light” refers to light having a spectrum predominantly
in an upper portion of the visible specttum. As further used herein, the term “green light”
refers to light having a spectrum predominantly in a middle portion of the visible
spectrum. And “blue light” refers to light having a épectrum predominantly in a lower
portion of the visible spectrum. In some embodiments, color conversion elements 30 may
25 also include a color conversion element that converts incident light into blue light. In
contrast to color conversion elements, color filters (as further described herein) attenuate
particular wavelengths or frequencies while passing others with relatively no change in
wavelength.
Although not shown in FIG. 1, one or more color conversion elements may be
30 formed on one or more other color conversion elements. For example, a red color

conversion element may be formed on a green color conversion element such that the red
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-10* WO 2005/ 051044 PCT/ US2004/ 038449 col or conversion el enent absorbs green
light emtted fromthe green color conversion elenent and reemts red

['i ght. Col %0 oH0EPHIi on el enents 30 may i nclude any suit Z6FASAHHOFE44? or
materials. For exanple, color conversion elenments 30 may include any

sui tabl e color conversion 5 material, e.g., fluorescent dyes, fluorescent

pi gnents phappRgiw: si&?@ﬂeﬁ@ﬂﬂﬂﬁ&ibg%reeﬂﬁ@ﬁ’tcérﬁﬁ%@h%m %E%reeé!&%ﬁﬁ cERePlion
conversion materi afs may be dispersed rn any suitabl e i nder nateri al,
e. g., nonorekment amd fegoms rédlighpol ynmeric, etc. Col or conversion el enents 30

may be formed on_ el ectrol um nescent el epept. 20 using any suitabl
‘techni que, e.g. CAFLORNESIE8 elfmentyGmapaciudg pny syifable W@te%@.ﬁ .n}at%%fiﬁ%eﬁmlo
printing or_j ] 0L NG). i L, G& i tion,
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‘U. S, Pat entmdrial Ge. 4. 1Aud8&chMidlek, fioresadnt p)gmenttd plidphdie, seirédoddn@thgt hat col or
conversion elenents 30 are formed on el ectrolum nescent el ement 20 using
LTTI techninguessysiadsfet t Hesse ot eqmyersiondpateials meypesiwsrsed ininysiahleesent

di sclosure,.em ssive, materjals,.including l.ight. emtting 15 polyners (LEPs)
or ot her n’g’l"é{p E]Iae,”aJCgl%mg%oﬁ@ééf’cs?ﬁ%onéﬁrgn%ﬂ?’g{en&ne&acoI or filters, can be

sel ectively traggfigfdoffersiofBidnitts IR} BE fdrA¥E bn fecBoR@iMsca @ Rindne 28
receptor substrate by placing the transfer |ayer of the donor el enent

adj acent t esitgeny escoeploecliequy, ¢.2t, keatelgdeigr, spimmoagsgeptintelgdmensci2e) and
selectjvely heating, the donor elenent. See, for _exanzple, cqpending U S
appl i tht i orPri8ERg af et REA{RgH ﬁﬁvlﬁeme 1 vappraispositiah photofiiiosraphy aﬂﬁ
METHOD OF MoK, = I m;& R' and
filed)the sam%@yﬁ%r ew (E%(anr ﬁé@%ﬁ?@%@éﬁ%ﬁ%ﬁ%@%né er o{?ﬂ{alélgcol or

filter. 11 laup).rBimaydieyprefehed danasloedcanamioneiimdies 3G aledotmedadny heat ed by
irradiating, the dgonor elenent wth inmaging radiation that can bhe absorbed

by i ght - t SlefEalrmERRIGRH CEmanE Feyin ripinices pbButher descHeed i8R, often in a
25 separate LTHg b?o‘égises B fle PR S & skt lelgfgé W’%&%ﬁ%’ﬂg@ﬁcﬁ@@t emittin,

| i ght-to-heat conversion can® occur 1nh ahy 0O ayers rn

ei t hers t he pdpmeis @ BPIEGE otBEr thieriile CRir@bn wd#ish ERhents, dtEcolefliers; @an be
exposed to i magi ng radi ati on through the donor substrate, through the

receptor, ¢elegvely transeerreddram therirapaler lagien ef dedapne sheet ooy rEcepcubsith BY
i ncl udi ng vi si bl radi ation, for

exanpl e fr &ACHS Lﬁ% Hlﬁgl&‘lt’]rgh%ér % Fh%(r)‘foﬁg r gg%grtétl?@#c?rﬁgf’ gtlielt r%ﬁ%’lé%lﬁ 'tée B her
sel ective RRR{rbREhiAAEER MRt 00 and!sSRPRIYPESHing SMCALIRS cRBleRD e, for
_example, copending U.S. application Serial No. ______ (Attorney Docket No.
20 “3;9025U8007, entitled "A METHOD OF MAKING AN ELECTROLUMINESCENT
bEVICE INCLUDING A COLOR FILTER" and filed the same day herewith) for
) examples of selective transfer of a color filter. Tlustratively, the donor element can be
selectively heated by irradiating the donor element with imaging radiation that can be
absorbed by light-to-heat converter (LTHC) material disposed in the donor, often in a
25 separate LTHC layer, and converted into heat. Alternatively, light-to-heat conversion can
occur in any one or more of the layers in either the donor element or the receptor substrate.
The donor can be exposed to imaging radiation through the donor substrate, through the
receptor, or both. The radiation can include one or more wavelengths, including visible
light, infrared radiation, or ultraviolet radiation, for example from a laser, lamp, or other

30 such radiation source. Other selective heating techniques can also be used, such as using a

thermal print head or using a thermal hot stamp (e.g., a patterned thermal hot stamp such
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thermal print head or using a thermal hot stanp (e.g., a patterned thetnal
hot stanp such -11 WO 2005/051044 PCTI US2004/ 038449 as a heated silicone
stanp thatwbasosmsiehi ef pattern that can be used to sel eptivSloystiealo a
donor). Material fromthe thermal transfer |ayer can be selectively
transferred to a receptor in this manner to i magewi se formpatterns of the
transferred teri on the receptor. In many instances, .thermal transfer
usi ng i ghts %ﬁﬁtﬁfl S‘ﬁJ’GPnee%%W'Blﬂéﬁthés PéFﬂ*ﬁfBarﬁeFég@}/?m’c wed &9 feé?wgg‘e%t)?pose t he
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O R e e S
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selecting the size of the |ight beam the exposure pattern of the |ight
beam t he HBAREHFCSIheTMab Bpptes#a ighraey, fongxempia e 1gmnerl28sweet , or t he
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whose pl acenent need not be precisely controlled. Transfer 1ayers can al so
be t i@nsf erercedtrolted heimadeiihg rlet donbr dameatribroughaebak. For exanpl e, a transfer

| ayer can be foymed on donor substrate that, in essence, acts as a .
temporary |i ner“{%lﬁﬁ?u%’&a’ %@‘e%ﬂé’é@égeagﬁ Qﬂlefhﬁa‘{%éﬁ%ﬁl@ﬁl’%@@dioé contacted )
to a recep ' i ' | _
pressure. %E%rﬁ%g) %{)ﬂ%{j@é l%gfl téar! ?éel t‘"ropgrz;l\sé’!1t tpg%aﬁ%rfa:?%l]ér{f ?%@é?{ﬂ%g%%gg&used to

transfer thge amisféreing panwheof theyensfeolaya. [Rsgh e, therlight-tehaotonvettet he
receptor. The node of thermal transfer can vary depending on the type of

sel ecti ve Melaaliytheelopposheat is optionalpEhermal priaidieads erother hegtes elemenpeay t he
: eyt ! ! 48 .Ont i C | ,
ho g3 ¢ peffuiny TG e 2] r?g%gxfe@]'ilﬁﬁgﬁ bﬁﬁF%[éﬂ)f e ARy Ifglil%%lttc ayer

ype o erral’s’in ayer, ~overal'l ‘construction of the
donor, theslénidifes WhodeqifRtiRht SedSiot BE Frecigély chbigoliddke. W thout wi shing to be
bound by any theory, transfer generally occurs via one or nore nechani sns,

one or nore of Tohisder laveys ean dsmbraisinsterred in theiremplredy frogudaner bhegtss dloect i ve

transfer dependi n . magi n ondi,ti on donoy. _.caonst.ructions,, and so
forth. On eexa.glgp?aﬁ g'gpﬁ(%%tflayer%an %e fonned ona d%hor su%sgrate ?ha%, in essence, acts as a
temporary liner that can be released after the transfer layer is contacted to a receptor

20 substrate, typically with the application of heat or pressure. Such a method, referred to as
lamination transfer, can be used to transfer the entire transfer layer, or a large portion
thereof, to the receptor.

The mode of thermal transfer can vary depending on the type of selective heating
employed, the type of irradiation if used to expose the donor, the type of materials and

25 properties of the optional LTHC layer, the type of materials in the transfer layer, the
overall construction of the donor, the type of receptor substrate, and the like. Without
wishing to be bound by any theory, transfer generally occurs via one or more mechanisms,
one or more of which may be emphasized or de-emphasized during selective transfer
depending on imaging conditions, donor constructions, and so forth. One mechanism of

30 thermal transfer includes 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
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30 thermal transfer includes thermal nelt-stick transfer whereby heating at
the interface between the thermal transfer |ayer and the rest of the donor
el ement rewud 10854m04adherence to -12 WO 20 01/0 5 1 04 4 re@iustia06ski938449
the receptor nore strongly than to the donor so that when the donor el enent
is renmoved, the selected portions of the transfer layer remain on the
receptor. ot he chani s f .therpal transfer includes ablative transfer
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the receptor. Yet another nechani smof thermal transfer includes sublimation
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generated in_ the onor .el.enen rtion of the sublinate terial can
dondense. oRPERES PLOEAREE S M ordnlAbaerafior SRS E D PRtelPa AR SR, Todes
that isncl UgRy LA theQbcdpRIre YRl addifs G hdniOhn 1 therARCHARES TR MR BNV RRIECL I Ve
heating of a donor sheet can be used to cause the transfer of 10 naterials
from a tramdbeby myeial disperseiepttis transférdgyer cén bmasubtitnategl byrkedt genemitedeinithe i ng
sources can be used to heat donor sheets. For. anal og techniques (e.qg.,
exposur e t APRRIGHREN e IRPTHAN HDS Simeaded mgtkhialsn cordense op the respi- Theash

| anmps and . { Ol L rag chni I

vi si bl e, ah%§§ﬁﬁ%ﬂ@%%@é@g@§?ag%ﬂ%gr Sit%ul arhlrl](%/Je %Igee(gl% &Béz f}{eg%%‘r[e&ftggrer S
i ncl ude, f efeckanasni) ®herbtyeldeaweheating df A@0naAAhes cag be usalie daasahe ghniasof
fiber-coupled | aser diodes, and diode-punped solid state |asers (e.qg.,
Nd: YAG andmetprivlsHyom pisasicabiperdn receptog srfadenes can vary widely from for
exanpl e, a few hundr dtfhsdiotf m crtpseconds tobten% ogl r?cpros%ondg or nore,
and | hser fluenCeS™EaP BEIH Y HRPARFUTEPSAY OF Bi-OdR ARp ©PORBEET 6°01 to
about 5 J/ gifoOtechnifis ge. g Oekifisufecatibizh An&RY HERSpARded ﬁgl@c%aﬁcbp(e.gt@%%hl ons
can be suitable baséd on, anong 20 other things, the donor el enen

const ruct i 8ash latmes andilasdre)rart nsedul. far digital imaging tvekdeques, infriarednvikiblea gsd

transfer, d ot her ch factors. en, high ot. pl acenent accuracy i
deol red (e htaviRigtiteBrs e g Lhatin gy eBRgdhdk SorterBi: Bamame: (
di spligys agdgg sﬁ%&ﬁcfé%ée? ﬁde%E‘,ngzeP—Xé@&opléﬂaQé% é&&%ﬁ}e{nﬂtcﬁocﬁ:ﬂ edBoliliaser

can bé particularly Gs as the radiation source. Laser sources are al so
conpat i bl estdf liderd(elpaNd: YAy end NgiYLBU haterakpssuteedwell tithesrean darynwidely 1 nm
gl ass) and continuous or sheeted filmsubstrates (e.g., 100 mthick

pol yi mi de Sneefenexamplei wipw engrerihs ehmicaessesnds friens ehmigesasprisimamat o
her et e B s oy B Rt el BBl S5bL00 G 5uE 9 o

anore. Other radiation sources and irradiation conditions can be suitable based on, among

20 other things, the donor element construction, the transfer layer material, the mode of
thermal mass transfer, and other such factors.

) When high spot placement accuracy is desired (e.g., when patterning elements for
high information content displays and other such applications) over large substrate areas, a
laser can be particularly useful as the radiation source. Laser sources are also compatible

25 with both large rigid substrates (e.g., 1 m X 1 m X 1.1 mm glass) and continuous or sheeted
film substrates (e.g., 100 pm thick polyimide sheets).

During imaging, the donor sheet can be brought into intimate contact with a
receptor (as might typically be the case for thermal melt-stick transfer mechanisms) or the
donor sheet can be spaced some distance from the receptor (as can be the case for ablative

30 transfer mechanisms or material sublimation transfer mechanisms). In at least some

instances, pressure or vacuum can be used to hold the donor sheet in intimate contact with
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donor sheet can be spaced sone distance fromthe receptor (as can be the ‘
case for ablative 30 transfer nechanisns or material sublimation transfer
mechani Smeyg 283084044 €aSt SonMe instances, pressure or VagtEHRHMoRgoused to
hol d t he donor sheet in intimte contact wwth -13 W 2005/051044

PCTI US2004/ 038449 the receptor. In sone instances, a mask can be pl aced

bet ween the donor sheet and the receptor. Such a mask can be renovable or

can renai riheFecepter-r BEepEdRstances @ pasksap be placed hetwepyyfhe dogohshset aadikker t er
materi al L%tcfrs tn %Qnats%? f Inov 1?1 'o?‘E!mO oA o ﬂle%%&g%&%ﬂep ‘?d i -

heat the ayer r Tayer(s) con aini ng on a sor er) In an

i magew se lfghft%htﬂ Rofeertgr mamdiigl i @késynt(lﬁ iy daial ﬁ@a&@;rpmm&ahhlﬁmmsad fmask)
to performimgew se transfer or patterning of the transfer layer fromthe
donor shedieat heLAEG E’d@fﬁpb?thef hiy?;@ &bnipiningradiatien abwbqersandfnagw@S@ ransf er

I t t f t
bort1ns P ok rp S BROE B preikb ah AR bl eyt na
interl ayertraeﬁ‘sfek&ﬁdeﬁﬁﬁ& ofthe idndfel h&@Tir 38 Bt A8 sier ®ithe rekBftopr esence of the

10 optional 1nterlayer may elimnate or reduce the transfer of material from
an LTHC | ayer oTyplaaﬂlMeselqgtedﬂom off gheetransfelr dayeearanpheferred toethe raseptot ayers) to

th t dj t f d t f th
L ans or | BHEE SRR EABIED AP PTg) (O REH AV s Bh G SRE aHrBEhdn 81 t ho
optional igfep a}}{t%ﬂa%?o ﬂ‘PHhﬁ'ﬁ%'a@W@r @Jsﬁ% S het AN ThO BreRURESE AR Of the

I nterlayer 'to the trans nter er can be transm ssive,

refl e®ti veyptiohaldhselayr mws ehﬁuﬁa@e binegudeothe &dhﬁ'éﬂ &faterial feomm ad £ THERydrar
attenuate or otherwi se control the |level of imaging radiation transmtted.
t hr ough t Héheraweximate layeryeprgyanipiayotios infedayers) tq Hie TeRsREN Or Fagiice @i@ﬁtmﬂe to )
reduce th |, [ S [

| magi ng. %'f\‘/ﬁet T Qfgn%g }40313)5?% g&SQ%mFesen%r%Ka@%gPﬁﬁ%ﬂrga él%ﬁl sgctg% be

used, InC|ddﬂbsﬂ@1 dpmebpﬁdmeirﬁeﬂdyaﬁtohaaﬁm@ma 1§gﬁawtd~tahtha2£&hémﬁasthens of a
meter or nore. In operation, | aser can be rastered or otherw se noved

across t héntegpyns t@l&wdransﬂqteléwer tIhe intgglayer gan hgtr%slrr@&stwwfrfiﬁcam 0% plsgIRttye

I 11 um nat ort.ions n eet accordj .10 a. desired ttern

A tolhar 1 velghéing Bislon, iRl Yol Biln e oL At BT gl B ot or
substrate rﬁ@i\iﬁ@h Benedid thitich @S donok Br BPIEBAeR ARG A%resiih (HEIONBE fGleCessary,
desirabl e, or convenient to sequentially usé 25 two or nore different donor

sheet s t o dxemplegbeaeduce thecmelevriradistiambased dempgoto. thé-gansford aysir epringrimhdging. e
| ayer dewl\(/‘1 &ra.n be for d b transferrl ng separate |ayers or separate
stacks of Pjg‘}’ @tﬂﬂaﬁ?ﬁa@r eI donor sheets. Miultilayer stacks can al so be

transferred as 13,8l MHof sheets can be used, including donor sheets that have length and width

20 dimensions of a meter or more. In operation, a laser can be rastered or otherwise moved
across the large donor sheet, the laser being selectively operatéd to illuminate portions of
the donor sheet according to a desired pattern. Alternatively, the laser may be stationary )
and the donor sheet or receptor substrate moved beneath the laser.

In some instances, it may be necessary, desirable, or convenient to sequentially use

25 two or more different donor sheets to form electronic devices on a receptor. For example,
multiple layer devices can be formed by transferring separate layers or separate stacks of
layers from different donor sheets. Multilayer stacks can also be transferred as a single
transfer unit from a single donor element as is described, e.g., in U.S. Patent No. 6,114,088
(Wolk et al.)). For example, a hole transport layer and a LEP layer can be co-transferred

30 from a single donor. As another example, a semiconductive polymer and an emissive

layer can be co-transferred from a single donor. Multiple donor sheets can also be used to
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transfer  unit froma single donor elenent as is described, e.g., in US.
Patent No. 6,114,088 (Wlk et al.)). For exanple, a hole transport |ayer
and a LEP Maye&nsean+be co-transferred 30 from a singl e dRayUS28&/@EREe her
exanpl e, a serniconductive polymer and an em ssive |ayer can be
co-transferred froma single donor. Milti pI e donor sheets can aI so be used
to -14 WDO£2005/ ar nt he
sane | ayer éﬁnf ef?%ggt%ée Egggngéé(r&%gag%gé%? A Jelre&%ﬁ?f e}% %ﬁ;{;zm? o’no A cﬁﬁér{@mt

have a tranhefs tha¥eth havelaueine@r hymhandmgm\m@ld@ﬂv@hememtmeﬁa&@bbﬁ opf
emtting a different color (for exanp red, green and bl ue) can be used
to form RGBnnmmdl%ﬁww@@rdﬁor@w@Pkmedngrﬁ%@@ tluge parclessused to ormyRGBeol or

I d Iight th
Bonduct | ve B sefecunb EReTy B B AER SIS LA S LB { anor er
from ope dQ![H%EromEQl'ldp‘PA&e%@Mloﬁﬁk @;@irhp'l@ 4 ARbI&kvel drabRiRhd@tive pBlyBRir ¢en bayer s
fromone or nore other donors to forma plurality of OEL devices in a

di spl ay. Agateméd viartberimsl treuﬁm:ftc&n ohagens, fobowed bamlcctmamt vasfgad be
patterned b\é}i sel ectl e thermal %gsfer of él ectr| C % %I(ial ve or.ganic
materials CHPIEYRIBETHHORS, oreRrs BER danprip fozp &titafletesiE fer

pat t erni ng 0 r lo¥Ehi or
conversi on dg{plaqngﬁ}ss%tmrc%{ or %%Jmhpelg la?eg%foggﬁle ‘%@gﬁ&& ;Br?e eﬁﬁngﬁg) ort

| ayers, el eclecipaahemnti enssfendidtldchtcally ketiveMapadit alaserfalsqorisapdosie), doloted
sheets can be transferred adjacent to other materials on a receptor to form
adj actht déviselegtivebermal Fenyier padfeedeme! epevar e povel o ubarisslelomennts ¥ as 15 of
t he sane d I Lvel ial-s. e nbe
trandferr ol d‘? r%%%\f 48 Ql%b]ex{%bg’c{lo{}ﬂeﬁ% e%és?s%\lre 1?9&5568%;;%%;%9@59 %?ee&o&é‘

ot her | ayengyesy, aﬁ@.ﬂ:@l]jk@ S previously patterned onto the receptor by thermal

transfer or sone other nethod (e.g. phot ol i t hography, deposition through a
shadow mask, et cMz)tena&s s‘ﬁr@m seppratef dopphsheets ceo b itansfeersadiaceniie ashermpteridonor

shects a0 shS RS0 IR AP . SRR BB RS,

thesejfevi gege stafneqiebﬁeé mt\éhﬁa%@ rlnateﬁalg SRR Paratd WhoP Sheb BT IR Be Idanyr/eﬁé@ or
in part by any suitable process’including photolithographic processes, ink

j et pr ocesslasctlyaomitopaif] mus pammheverb'mgrmgmgatmnwablothmémrmonﬂsmds whet her
conventi onal I‘)/ fEd or devel %Fsd The dongr substr te C e a pol yner
film One §Eﬁ toHS eP"“FSfr'Hbe cﬂm e gersPof Py thermalirans SBP%%? Fr IPF'%HF ¢-8r

exanpl e, h&%h%?ﬁ%ﬁyzr&ﬁﬁﬂ%ﬁ'ﬁk@ﬁsg%#éﬂ'z:t@w%asﬁoété’ Zt J&Waﬁ&g Jrepthal ate (PEN)

filmns. Ho ns Wt Icient optical properties, including
hi gh -combinations of two or more donor sheets can be used to form a device, each donor sheet
20 used to form one or more portions of the device. It will be understood that other portions

of these devices, or other devices on the receptor, may be formed in whole or in part by
) any suitable process including photolithographic processes, ink jet processes, and various
other printing or mask-based processes, whether conventionally used or newly developed.
The donor substrate can be a polymer film. One suitable type of polymer film is a
25 polyester film, for example, polyethylene terephthalate (PET) or polyethylene naphthalate
(PEN) films. However, other films with sufficient optical properties, including high
transmission of light at a particular wavelength, or sufficient mechanical and thermal
stability properties, depending on the particular application, can be used. The donor
substrate, in af least some instances, is flat so that uniform coatings can be formed thereon.
30 The donor substrate is also typically selected from materials that rernain stable despite

heating of one or more layers of the donor. However, as described herein, the inclusion of
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transmi ssion of light at a particular wavel ength, or sufficient mechanical
and thermal stability properties, depending on the particul ar application,
can be usexlp 200k@s@@Nor substrate, in at | east sone instrwesodi/@sfbat so
that uniform coatings can be fornmed thereon. 30 The donor substrate is also
typically selected frommaterials that remain stable despite heating of one

or nore |ayers of the dongr. wever, cribed herein, the jnclusion of
215 W0 2009 nduduer PETFOSIH Oty aﬂjﬁ“‘ﬂ‘ﬁi@’ﬁ%ﬁ?@‘%ﬁ%@ﬁ“@ﬁ Substrate
and an L ThGulAuShof#RabiRnbiie ihond DPHEARr liing SHRSHJ SR dhRM DR g8per at ed
in the LTHC layer during imaging. The typical %hl ckness of the donor

subst r at e thadges sttrstate0a0RS ftam 0.025 tarbnl 5 pref pekidb)y 0.00%0 0.4 Mm]althwghl t hough

t hi cker or_thinner, donor substrates ggéﬁc e used. 5 The materials used to

form t he dBiflsT o UHERGTAoBOLPSEREHIRY adj acent underlayer can be

To chntrol homieyaBEeB o eI RERChSSuRARRL pRt A BARRE SRR h oy e

control i nagbgeledtédiodibippovd 4dhBsiPObérwken theelohdHubk@ate knd the uheetliger, ikdragi ng
defects and the Iike. An optional primng |ayer can be used to increase

uni f or m t yeoaielihegt wanspe hetwegn dfe subsizpie uaithe pagestayerl O o] tthagirdibst rat e and
al so increase.the bondin th between the donor substrate,and. adjacent
| ayers. Af® ﬁtt“?nolﬁ%ﬂSp?}ﬂ&%&’leyﬁ@ %ﬁrg re@ﬁcﬁlggg&g %ésrﬁ%stge IJF%;%E&B“ ween a
donor  su hb?fn‘hﬁ% SayeNchniteQiskd BOnk R unifofhitP URARS RielcamPNiisabsed 8t 1dyepv

bet ween the substrate and the LTHC | ayer” during i maging or to provide
mechéhi calongd thbishbhstiptet amdtabe idomase thd boreimg stengthhetwemdbe dodmivdbstnatg, andonor
processing,,. or _inmagi ng. Exanples of suitable underlayers and techniques of .
provi di ng AHREEHIEFE s are disclosed in U S. Patent No. 6,284,425 (Staral et/
al ) The underl i ry L I ical or

t her mal prope?étyfé tﬁ%gl ?ﬂ%klggﬁﬁq%edﬁgdﬁt&& Eg%rﬁlgan%?%%égt%ﬁﬁﬁ erpgtger can

i ncl ude naubstiasd @dtthal THEDageathidoiek araple oovcapend héatdldvebdtweerndthe subsyrater andow

thermal conductivity relative to the donor substrate. Such _an underl ayer may
be used t dhs hEREJaveT dUERE fPaging or oEo e msrhaniqaltability tgrthe dongrslemeppidrnyr ove

fhe : U vt _ or | .
mat o1 a1 et Rt dork il B mabiE. SR Toplille M AR AT,
substr at e teubdliqubeot grokadinduriigriayerd e discyed int DSt Phteiy N0y e52 824 XA 8esalen

bet ween the substrate and.the LTHC | ayer may result in less distortion in
t he .

The underlayer can include materials that impart desired mechanical or thermal
propetties to the donor element. For example, the underlayer can include materials that
20 exhibit a low specific heat x density or low thermal conductivity relative to the donor
substrate. Such an underlayer may be used to increase heat flow to the transfer layer, for
example to improve the imaging sensitivity of the donor.
The underlayer may also include materials for their mechanical properties or for
adhesion between the substrate and the LTHC. Using an underlayer that improves
25 adhesion between the substrate and the LTHC layer may result in less distortion in the
transferred image. As an example, in some cases an underlayer can be used that reduces or
eliminates delamination or separation of the LTHC layer, for example, that might
otherwise occur during imaging of the donor media. This can reduce the amount of
physical distortion exhibited by transferred portions of the transfer layer. In other cases,
30 however it may be desirable to employ underlayers that promote at least some degree of

separation between or among layers during imaging, for example to produce an air gap
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transferred i mage. As an exanple, in sone cases an underlayer can be used
that reduces or elimnates delam nation or separation of the LTHC | ayer,
for exanpl &0 tobatsiodsght ot herwi se occur during imagi ng etCriiseccdossans medi a.
This can reduce the anpbunt of physical distortion exhibited by transferred
portions of the transfer layer. In other cases, 30 however it may be

desi rable g SURIAYISCLAELS b2k, BLOIR! Sndind 63 RORRBY 86-a0luo

separation or anong rayers ng i na produce an
air gap - HeriMOid40hd Aal Qi4 pRGTAdISERRALGE8EE ele i tofig edes kiR @iy bégehdigeinBgi NQ
that can provide a thermal insulating function, Separation during inmaging
may al so phgheaingoichahRHC lpyar duniag imiging eProvidisashaichenneh yias lepdiefawead by
heating of .the L qg | ayer during inmaging. Providing such a channel may | ead
to fewer Fﬁﬁ@?ﬁée &ects. 5 The underlayer may be substantial |y transparent

at the i magi ng ey eh&ReBy may b&Bbstalisily RhsphrehCA e RMoinBlAv]ARRObPHIYE Or
reflective of imaging radiation. Attenuati on or refle€tion of I naging

radi ati on hisotteat leasteattaylgabsmptiteousfettive of omging radedion g évienadtionror dur i ng
i magi ng. An LTHC | gyer can _be included in donor sheets of the present
i nvent i on SUCHAPPEMAERS TafidHen by $he l@ﬁ%ﬁlwfwg’eﬂlﬁ@ 9GRBHrOLIFabEenemYen | THC
| ayer pref ﬁﬁmy)&n{}@%“des a radi ation absorber that absorbs incident
radi ation (e. g%, r light) and converts at |least a portion of the

i nci dent radi at AN THCayeeadn boinehdbl & donansticets oFfthd fresdnt anshwsn doaspaplef r om
t he donor sheet to the receptor. General Ié, t he radi ati on absorber(s) in
t he LIHC | aijadiatymssetgylinigtibe feparisbedtnThabEHC lays pefesaplyenclydes 4 radiatipn| et

regi ons of the electromagnetic spectrum and copvert the absprbed radiation
| ntoheat . “mgeddfitabRORrAEUsFuRREaH kRS FRM R4 e Ao BE R Rert BN 1 he
sel ect ed | nRginBideAtaddiatdrPito REPW EHaBR tRsted HIGhE aaREfeMialdl Ao BRI dopet sidensi ty
at the wavelength of the imaging radiation in the range of about 0.2 to 3

or hi gher. t@peireeeptordensity of a | ayer is the absolute value of the

I ith b 0 f th ti f.t .20 i it f liqght itted
T2 cE bl shE P v gl o5 e TR B G i e anae, ©
Radi af§ on 3RgQE RRRIPRIGED BLioBaDF (e eltbirbBi et c dptpoirshd dbnog R WbsdBes LTHC

| ayer or can be non-honogéneously distributed. For exanple, as described in
U. S. Pat entradiition ifitoZi28t. SBfe r@dafibm askorhkr(s) are typadally, higidp abanptgerd ohes L THC

can g1 ve 1 PUEE AR T RUBR TP HAE L el with & optleal dersit 2t e T T

wavelength of the imaging radiation in the range of about 0.2 to 3 or higher. Optical
l;;_lensity of a layer is the absolute value of the logarithm (base 10) of the ratio of the

20 i;tensity of light transmitted through the layer to the intensity of light incident on the layer.

Radiation absorber material can be uniformly disposed throughout the LTHC layer

) or can be non-homogeneously distributed. For example, as described in U.S. Patent No.
6,228,555 (Hoffend, Jr., et al.), non-homogeneous LTHC layers can be used to control
temperature profiles in donor elements. This can give rise to donor sheets that have

25 improved transfer properties (e.g., better ﬂdélity between the intended transfer patterns and
actual transfer patterns).

Suitable radiation absorbing materials can include, for example, dyes (e.g., visible
dyes, ultraviolet dyes, infrared dyes, fluorescent dyes, and radiation-polarizing dyes),
pigments, metals, metal compounds, metal films, black body absorbers, and other suitable

30 absorbing materials. Examples of suitable radiation absorbers include carbon black, metal

oxides, and metal sulfides. One example of a suitable LTHC layer can include a pigment,
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25 inproved transfer properties (e.g., better fidelity between the intended’
transfer patterns and actual transfer patterns). Suitable radiation

absor bi ng watkessiedless can i ncl ude, for exanple, dyes (e.g.pcHuSidol/esidyes,
ultraviolet dyes, infrared dyes, fluorescent dyes, and radi ation-polarizing

dyes), pignments, nmetals, netal conpounds, netal filns, black body
absorbers, and other suitable 30 absorbing materials. Exgrrpl es of suitable

radi at i on SHB a7 e black. aeda bindsh sueh 2R, ora G POlYBRT- qdrotherutable W THG | £ i des.

2005, 05104 BEFUBSBE SE B R B\ 4 6 AP BB mnle. K™, o s

an or gani cahpainyfel.c., Apattiady oididedihenintkiGavingy:elackneibued @spaiednat). Qvietallic

nmetal /metal oxide forned as a thin film for exanple, black alumnum(i.e.,
a parti al |1apdenateicoagponnd FimLmay by forged by tesbRiaues §ath 2pFu Sk ample) SPUVBEBS | i ¢

and tal ¢ - f e fqrnoed by techni f ar__exanpl e,
sput Eri ngan@%?%?%]jgégﬁ%{l@é lgagr%%ugfuteic%ﬁr}éﬁg}a&%g ut?gh[?%d oy ?nglsﬁern%n@ atr)lg f ormed
using a bisadgkle aRCorafdt cofitiptt WY LYHORYers 02 AlBgbé sl Byesmblnliwayer s
can al so be fornmed by conmbining two or nore LTHC | ayers containing simlar

or di ssi mdramorebi[&IG Ryers chgringngmmiler oradissiiiig mitanas. Farexsmploamdéd sy vapor
depositing a thi ayer. of bl ack al um pum over oating that contains
Carbon bl SERTR RS RY ST BT IR BoLye A kAN B e & eI on
absorbers J Gl I - nt in particulate form dissolved in
a bi nder ng%lteag}}s;cﬁifé grb%a{t:tg df%?%?ﬁggﬁlﬁgﬁ?l y dispersed in a binder material.

VWhenl@li sper sed Ipys iicableafoe usaah mtiation alxeydpeinsa HIECUswd mdylte mpesehi il e si ze
can be, at |east in sone instances, about 10 pmor |less, and ma\é be about
]

1mor | esPartisHyeirs. dggaled na Riedermaigal dyas lapaprtiglyshipersad ihadinder egi on )
f th . £ . ,
ot b1 | DT, ShREGERLR e Byl sl S LORFT RS0 VAL B cBYEE o

sol vent, & 1e48dih sade ind€anvey EbQNIDRuH aNRSs, @hd AR BE RbMAN. uilicg TRt Bhyabm@t eri al s
may al so be used in the LTHC | ayer as radiati on absorbers. Exanpl es of

sui t abl e plygsiawiude ithnst dyks thatrabserbin dekiRemgioy o fisi spectras. Wesipecifis dye may

pht hal ocyani nes, ,ni ckel . djthi ol enes nd. ot her pi its described. in U S
Pt o Nod® e DR G OB RSPty i A8S GoBpARaly Sl PIopaa” ey )
Addi ti onald:YoadtledblvedZ As wlil ATRR wayeh 8t BRsCOPMBRSpRbn CNr OM um conpl exes of,

for exanple, pyrazolone yellow, dianisidinhe red, and nickel azo yellow can
be useful . | norRjgnemayyimyatendls magnlsalteastkintbe GTHG hagéned irmtjatidroabsesbarspl e,

oxi des an%xsalrjr!pflfi:sC!)?Ssui(tjgblengi%ﬁallelslts%g(ﬁgdeacsaﬂ%n T:clcr](uargd g%;?lgtléf Qs’ wrglﬁ Qs’

‘ phthalocyanines, nickel dithiolenes, and other pigments described in U.S. Patent Nos.

20 5,166,024 (Bugner et al.) and 5,351,617 (Williams et al.). Additionally, black azo
pigments based on copper or chromium complexes of, for example, pyrazolone yellow,
dianisidine red, and nickel azo yellow can be nseful. Inorganic pigments can also be used,
including, for example, oxides and sulfides of metals such as aluminum, bismuth, tin,
indium, zinc, titanium, chromium, molybdenum, tungsten, cobalt, iridium, nickel,

25 palladium, platinum, copper, silver, gold, zirconium, iron, lead, and tellurium. Metal
borides, carbides, nitrides, carbonitrides, bronze-structured oxides, and oxides structurally
related to the bronze family (e.g., WO,¢) may also be used.

Metal radiation absorbers may be used, either in the form of particles, as described
for instance in U.S. Patent No. 4,252,671 (Smith), or as films, as disclosed in U.S. Patent

30 No. 5,256,506 (Ellis et al.). Suitable metals include, for example, aluminum, bismuth, tin,

indium, tellurium and zinc.
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indium <zinc, titanium chrom um nolybdenum tungsten, cobalt, iridium

ni ckel , 25 palladium platinum copper, silver, gold, zirconium iron, |ead,
and tel | ur monooblsiads bori des, carbides, nitrides, carbomdWisten/ 038449
bronze-structured oxides, and oxides structurally related to the bronze
famly (e.g., W2.9) may al so be used. Metal radiation absorbers may be

d, either inthe.f f t.icl d i | in US.
patent No. 4, 265 0ae B foP 8iih e TRl aves Bl il tofoing 1 BREE, ol . 3
No. 5, 256, 5&@;{@%?1&, shétolidkesins (S, wabbiak ARd @és&eiré@ﬁg%l%xg@%wgaﬂ%ﬁns,

al um num bi snut tin, indium telluriumand zinc. - 005/ 051044
PCT/ US2004p0B81ybacegilies; avlywinyl argtils pplyvinybidenerchidrisies, patyaceyaies, celtilogie

filmf i I , f | e, ph i C . i . , | ak
and t esol e e A FeRy pE RS tss, P amonkel SORpbipRT By iade horyvi nyl
acetalss, palopyidan bﬁé‘&ﬁe&,mrgfoiﬂﬁs tHAPhARYY, B sn bE FolyhaHb or 8Gnke@nd

esters, nitrocellul oses, and pol ycarbonates. Suitabl'e "bi nders may i nclude 5
nonomner s, @lddgbressch aphpoliyitiens thinadlsdiby mcheed to facilitaea cloeslingalgysfehe zed or
crosslinked. Additives such_as photqginitiators nmay also be included to
facilitateldBSsbmeiingone eppadimentscths;biprder is primaddomadolingtosting RE bi nder

is primaril oqgg i I . | | e nononmers or oligoners
with opti oﬁés_glf)o y%e#@%éé?ﬁ@%#gsn&% Ogﬁfﬁgb%%gsti c resin (e.g.,

pol yner) nay i nuheWelusich ¢ta the@sdplastior .g.ﬁ;ﬁﬂcﬁﬂ@@&laytiﬂx?rmm%m@pe (e.g.,
transfer properties or coatability) of the LTHC layer. [t is thought that a
t her nifbl assme instanaesythe Nerformeeihg., Hande wapwtics orecopEbidity)aféie LTHG he donor

bs . mbodi he binder includ 0 | udi
e bt ventsshch R EPE LT Rupesl Gt DR e B8 paert Sl HALTE "0

pref er abl Y to B8 doforkibstyéte. Yint diReHMRHASH Cthé BidBr inBluBBOMOR J00Ne% @RauMhg Of
thernopl astic resin nay be used 15 (e.g., 1 to 15 w.% . The thernoplastic

resin is tygisohtehywbérosaeulatingoeeightrpsatentyl teerfriopkstic refsion, andy poaferaplyas@ o 45
conbi natiog‘)é/\/ith tﬂg ot her terif\ls of the Pi nder. I n at. |east so

enbodi nent &% heFBPRBTIcIEHR ughlowen amguuts of tsrmpgplpsticresia ¢ n the
rang f 9 C f efF P 12, ;.S chosen
for the. bi a8t | ks s ot UezbbPeRi bt RpRell oo IEbE SRR e

pol yacryl i é&m soys-plese acmpinatiootivimie Siten thaterzilns, thahohder? An polegstisoyie
butyral . Conventional coati ngti ai ds, such as surfactants, and di spersi

] | U . n
agents, nafmBedEmgiy2 thegmpplastic esp dhat kas & slnpilily prreyagissin the gpnggped Mﬁgr may
be coat ed ?%ng)me, ﬂ@f@%l)f @.tzisttorﬁt(gaﬂcm%w, is chosen for the binder. Examples of

suitable thermoplastic resins include polyacrylics, styrene-acrylic polymers and resins, and
20 polyvinyl butyral.
Conventional coating aids, such as surfactants and dispersing agents, may be added
) to facilitate the coating process. The LTHC layer niay be coated onto the donor substrate
using a variety of coating methods known in the art. A polymeric or organic LTHC layer
can be coated, in at least some instances, to a thickness of 0.05 pm to 20 jum, preferably,
25 0.5 wm to 10 pm, and, more preferably, 1 im to 7 um. An inorganic LTHC layer can be
coated, in at least some instances, to a thickness in the range of 0.0005 to 10 pm, and
preferably, 0.001 to 1 pm.
At least one optional interlayer may be disposed between the LTHC layer and
transfer layer. The interlayer can be used, for example, to minimize damage and
30 contamination of the transferred portion of the transfer layer and may also reduce

distortion in or mechanical damage of the transferred portion of the transfer layer. The
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using a variety of coating nethods known in the art. A polyneric or organic’
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to a thickness in the range of 0.0005 to 10 pm and preferably, 0.001 to 1
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t ransf err agith ﬂ@gleangq@mapémcti onal . The interlayer typically remains in 5
contact with the LTHC layer during the transfer process and is not

substanti al | y tSwtablanteddyersinchide her ¢xaeaudé qrolymeardilms Suetablalyers (mg.evimyer s

i ncl ude, for ex | e, polynmer fjlns, tal |layers (e.g., vapor eposi | ed
metal |ay éﬁ@%ﬂéﬁ%@&ﬁfﬁ&s)r wpEgagiclayegs C &oelge f}eea_@%%gilgw P?\?‘@Pgr %P&S%dtpor
deposit ed 1oy 8 RofanicRUMBRLE, QKL Wark ofld ottt efR oxtdcbfthnd, and other -

met al oxi des)), ‘and 10 organi ¢/ i norgani ¢ conposite | ayers. ganic materials
sui t &bl e aggadid/Biok@nes compdite Blysrs. 01gdnicimatioialy suhebleas diterliyer smbrerigopl asti c
materials. Suitable thernbset materials include resins that may be

cross| i nkdaclage beththermasst and dermeplagicanqterials Puiabie fermeet maieAgls ipgrdqior )

[ m ¢ ed ! Qe §EhPBE Q08 0BONLANAR b U VREIML AL EmeRRATER AR YR €

pol yesters,” epoxi & anes. er MbSEl naterr a

coat ed ontlanitdietoldroslink¥®6r bsstiskatlOpol@xaiRlcS, polREHRRYIARE, foly@kRer sors and
subsequently crosslinked to forma crosslinked interlayer. Suitable

t her nopl asPPsiesrand Pobugethanes.ufle thegnosekmaisiials 1pai Bearpairdaméesthe LTHC layer
| ynet h t t | t | | f | yesters,
b’ o1 v riestel Bt A R BrecPRo b PR i SRS b Y Poe L

convent i ongbsshaddi il@rihgghni ques 20 (for exanple, solvent coating, spray

coating, or extrusion coating). Typically, the glass transition tenperature
(Tg) of ther nofuwigbledhermtopiasad matemalsabdledd, dor axamplen polyectylatesr | ayer is 25

polymethacrylates, polystyrenes, polyurethanes, polysulfones, polyesters, and polyimides.
. These thermoplastic organic materials may be applied via conventional coating techniques
20 (for example, solvent coating, spray coating, or extrusion coating). Typically, the glass
| transition temperature (Ty) of thermoplastic materials suitable for use in the interlayer is 25
°C or greater, preferably 50 °C or greater. In some embodiments, the interlayer includes a
thermoplastic material that has a T greater than any temperature attained in the transfer
layer during imaging. The interlayer may be either transmissive, absorbing, reflective, or
25 some combination thereof, at the imaging radiation wavelength.

Inorganic materials suitable as interlayer materials include, for example, metals,
metal oxides, metal sulfides, and inorganic carbon coatings, including those materials that
are highly transmissive or reflective at the imaging light wavelength. These materials may
be applied to the light-to-heat-conversion layer via conventional techniques (€.g., vacuum

30 sputtering, vacuum evaporation, or plasma jet deposition).
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C or greater, preferably 50 C or greater. In sone enbodi nents, the
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& it Tagetyr Bh
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i nteri(ayer mmatiakl so result in inproved plastic nenory in the.transferred 10

material. The interlayer may contain additives, including, for exanple,
phot gi ni ti at or s The énjpilayer BaY sontginpdditives. ipmlading. oy exasnple, RpotadRitintes: ai ds. The

t hi ckness ' QN : le, the
mat or a1 of bl Blas e SFEOEL AP SRS oP e i BInBRED) 2 er
the nateri @paa@bnraebgrsutiess, ®br dxbiple iRShRErd]JY ee intefidydrdtheavgdreghd of the
i magi ng radi ation, and the duration of exposure of the donor sheet to

i magi ng r agrepertes of terLTIC yaper. thometerialandproparies ofithk naesderdayeribe i nt er | ayer
(2o 1 afeviPogh R g radtanoh, abg yeon el pxpaitipbg ayor Shee TS

interlayer ;hyphe aldidions Fiof‘pél ef ARGRYSE, He @}Qéqﬁbsi&till‘@hﬁé?laye%{ciaﬂjr% in

interlays can also be used: for exanple, an organi c-based i nferlayer can be

20 cover ed ti®yrange ofrfbdHami to-1Dase dFomhenghay érteflayepy (@\g. deetadetinhétainaimponnd ect i on
to the transfer |ayer during the thermal transfer process.

- interlayers), the thickness of the interlayer typically is in the range of 0.005 pm to 10 pm.

Multiple interlays can also be used; for example, an organic-based interlayer can be
20 covered by an inorganic-based interlayer to provide additional protection to the transfer
layer during the thermal transfer process.

A thermal transfer layer is included in the donor sheet. The transfer layer can
include any suitable material or materials, disposed in one or more layers, alone or in
combination with other materials. The transfer layer is capable of being selectively
25 transferred as a unit or in portions by any suitable transfer mechanism when the donor

element is exposed to direct heating or to imaging radjation that can be absorbed by light-
to-heat converter material and converted into heat.
The thermal transfer layer can be used to form, for example, color conversion
elements, color filters, electronic circuitry, resistors, capacitors, diodes, rectifiers,
30 electroluminescent lamps, memory elements, field effect transistors, bipolar transistors,

unijunction transistors, MOS transistors, metal-insulator-semiconductor transistors, charge
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sui t abl e tfapsflagsiwe displliys pleatreplsuatic displdyisqandihe likst Recapiaphbststassusahlssi ve
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20 rigid receptors include glass and rigid plastic that are coated or patterned with indium tin

oxide or are circuitized with low temperature poly-silicon (LTPS}) or other transistor
structures, including organic transistors.

Suitable flexible substrates include substantially clear and transmissive polymer
films, reflective films, transflective films, polarizing films, multilayer optical films,

25 metallic films, metallic sheets, metallic foils, and the like. Flexible substrates can also be
coated or patterned with electrode materials or transistors, for example transistor arrays |
formed directly on the flexible substrate or transferred to the flexible substrate after being
formed on a temporary carrier substrate. Suitable polymer substrates include polyester
base (e.g., polyethylene terephthalate, polyethylene naphthalate), polycarbonate resins,

30 polyolefin resins, polyvinyl resins (e.g., polyvinyl chloride, polyvinylidene chloride,

polyvinyl acetals, eic.), cellulose ester bases (e.g., cellulose triacetate, cellulose acetate),
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be pre-patggred Wi th any one or nore of el ectrodes, transistors,
capacitors, insulator ribs, spacers, color filters, black matrix, hole
trandPort | ayeAqnetboteet lrn@lnng raankapaoltmnwm devinel woll hew beldesambed iusef ul f or

el ectronic dis or. dev 0 h

o1 et of unfoteRiEts el et fedbetitoh The Seaf Bt pclemen

el ectrol U@@@P&&Eﬁe 9B FsrehedOnthe Elaj%r surfackN@ @ﬁ&&db@ﬁ&t@‘l@%%&%% shigpRnt 20
of device 10 is fornmed on the major surface 14 of the substrate 12 using any
sui tabl e teebhnugee,, Id’l‘bpa,ttetriﬂg apdetst:nbard Ingeias s contresioh elesients 30aror
conversion el enents 30 _are Ve t.her mal | transferred to t

Gl ot r ol un T e eTHE Hensserrei o be GedePaBape sl BBl 8 1 st e EDrd
convgksi on . el enent
20 saen ¢ nageE otk pRY ckrsdth HERREN B0 TRY Sy RE M D UELIERAER, T ode
26. Al 't er glaientedOysuch Iﬂfat drl etorconversish el&mharmmrs o thegeyoricléctdsérred to a
protective |ayer (not shown) that is fornmed over at |east a portion of the
el ect r ol untesedyaly.dhesalet congerion qlementy 3Gy be sepstpeed toar BPIECtYSlageine

enbodi ment Tlot ahowne)‘?]!fat nafon!ned 05 a? Feag 155%9019 Ot tfhe glectroluminescent element 20 as

is further described herein. In some embodiments, a black matrix may be formed on the

20 electroluminescent element 20 and the color conversion elements 30 then transferred to
apertures in the black matrix as is further described herein.

) FIG. 2 is a schematic diagram of another embodiment of an electroluminescent
device 100. The electroluminescent device 100 is similar in many respects to
electroluminescent device 10 of FIG. 1. In the embodiment shown in FIG. 2,

25 electroluminescent device 100 includes a substrate 112, an electroluminescent element 120
formed on a major surface 114 of substrate 112, and color conversion elements 130a and
130b (hereinafter referred to collectively as color conversion elements 130} formed on a
protective layer 140. The electroluminescent element 120 includes a first electrode 122, a
second electrode 126, and one or more device layers 124 positioned between the first

30 electrode 122 and the second electrode 126. All of the design considerations and

possibilities described herein with respect to the substrate 12, the electroluminescent
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20 el ectrol um nescent el enent 20 and the col or conversion elenents 30 fhen
transferred to apertures in the black matrix as is further descri bed

herei n. Flfz 16hsloS1084 SChenmati ¢ di agram of anot her enbodi ngryehoHddssse

el ectrol um nescent device 100. The el ectrol um nescent device 100 is simlar
in many respects to electrolumnescent device 10 of FIG 1. In the

enbodi nrent _shown in FIG 2, 25 el ectrolum nescent device 100 includes a
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devi ce | ayers ﬁnctpﬂ@memadwwé&ﬁlsmcmﬁ%@ ptecEvelayeol® forpedeierahe
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el ement s cl)tﬁo of the enbg inent illustrated in FIG 2. El ectrol um nescent
devi ce 100haPeieciiNelayael* ™t protective |ayer 140 formed over at 5 |least a

portion of the Wi 0 may
be formed on af\H eé}%{egﬂcl) nt ageprsl%t ayteck'gﬁg Belé%trg%fyggnlaﬁleag%%ﬁ? %%r%ﬁrrlg%ﬁ%%b&é
Al tetat i vedtgtrol@ninestpht draént| 12965 g Obartiaylayers reayapdalanniaetsadc. bEhametectine
el ectrol um nescent el enent 120 and the protective |ayer 140. The protectiv j

| ayer 140 la¥sy 158 maypedoimeshising we,sumbl¢ spkariad pr mgipeipls, ¢ gaps dasetiakindhe. 10
electrolu I , yers,
cto. e mrioRplst FTBcA R NG, e SRE N S PR PERRAE T o
nmat er i aI S, 6,8270067 g@agesgr)l bed in U S. Patent Application Publication No.
2004/0195967 (Padiyath et al.) and U.S. Patent No. 6,522,067 (G aff et
al.). The col orTl@mN@w@nmrs@ elements lﬁg@ratrénafq:rmﬁlgﬂ@rm@ar westage k43 of theur f ace

142 t he rote I 40, . As des i bed herein in.r o col or

conv $S| ornP’g egtrlﬁ % dg?’( &8@{?}3 lﬁ'erg%aé févf %Ogvirélo&elﬁﬁqsa%&of he col or
conversi Orblé‘dh%ﬂﬁﬁhésc@ﬁt(lleﬁceqlo%ftﬁl@' U ER6LE nvER M InGlerddifes MRYofbe formed using
any suitable technique, e.g., coafting (e.g., spin coating), printing (e.g.,

screen pr igtdiotpnanesoakt JegicedODmayrig) formdisdingpinyouitetile mcbaique 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

20 in U.S. Patent No. 6,114,088 (Wolk et al.))). It may be preferred that the color conversion
elements 130 are transferred to the protective layer 140 using LITI techniques as described
herein.

Other elements may be formed on the electroluminescent element or protective

layer, e.g., black matrix, color filter elements, etc. For example, FIG. 3 is a schematic

25 diagram of another embodiment of an electroluminescent device 200. Electroluminescent
device 200 is similar in many respects to electroluminescent device 10 of FIG. 1 and
electroluminescent device 100 of FIG. 2. Electroluminescent device 200 includes a
substrate 212, an electroluminescent element 220 formed on a major surface 214 of the
substrate 212, and color conversion elements 230a and 230b (hereinafter referred to

30 collectively as color conversion elements 230) formed on the electroluminescent element

220. Electroluminescent element 220 includes a first electrode 222, a second electrode
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vapor deposition, photolithography, and thermal transfer nethods (e.g.,

nmet hods described 20 in U S. Patent No. 6,114,088 (Wlk et al.))). It may be
preferred toadoodds@ool or conversion elenents 130 are traosfiseredsssad t he
protective |ayer 140 using LTTlI techniques as described herein. O her

el ements may be fornmed on the el ectrol um nescent el enent or protective

| ayer, e.g bl ri ofe] hhter.ele C r .exa G 3
VST e S2os DRt R e Blord B4 S RIRNn lrn L epMA g FC
devi ce 200 gedshgelet@bdent It SCRBE the deMbs CodReritfons ki hedsibilitidTaRycies Beels t o

el ectrol um nescent device 10 of FIG | and electrolum nescent device 100 of

FIG 2. El sdthroipsai thdbeipstraiediciie pbotrolgaiinasesnt glemenba®.raad éhexpbor an

el ectrol um nescent .el ene 0 farned on.a j,0r rface 214 of the
substrate ﬁ‘i‘?’,ersé?fbel?&%tﬁ %@(Sﬁ&eere QDoor‘i11 ?‘ﬁ%?ﬁ%?é?éﬁﬁgh{ia@gbﬁq%&%fhﬁaf ter
referred touRRttaealibest 'elle%{rb!luﬁﬁ%&@éﬁrele%%v 83% 1280 & @M HofiversiB) efeeBRDIN the

el ectrol um nescent elenent 220. El ectrolum nescent el enent 220 i ncl udes a
first el ecoftdentddiment slasuaiddeh EEF.rlode -24 WO 2005/ 051044
PCT/ US2004/ 035449 226,. and ?{‘]}e' or re device layers 224 positioned between

the first el ect EsEEosEznesenkdsaice 200 Juther medydes ar optenal biark prirpeblesi gn

consi der at | [ T S o i fed LN W

substrate T%Hl%{i ?i)g q%?@?:ﬁ%?%ﬁeﬁ%égge&%@gféq je%r%r)é rllz{l 9(2{8[{11&51 %?@E%Jlg%gggpﬁ%%ﬁ%gr}gi on

el ement s 3@péturédms2e e sI6dcl(hetsintdradferad kd Ealletti tdlp by aaiuads|262).0 the 5
substrate 212, the el ectrolum nescent el ement 220, and the col or conversi on

el endt s 23dthongh thsembedeinEhstrated inFiG Bdaclpdesthee agertgpe2q2aoledb, Aed cent
devi ce 200 rt,her, i.ncl ud an_optipnal black trix 26 f n the

el 6oty of un?Riks U iiad AR 200300 B svh AT olibdr ol il P FoRT | "o
apertures Zfdre 262May &ke adP dGitdbedtapd afd edval, @d@idpRthr h1vRhhiesii vel y as
apertures 262). 10 Although the enbodinent illustrated in FIG 3 includes
t hree aper t ur es ipggral Zgadk matnig co@mas are hred b aaky displayapplfdtionmtoiabsdhde any
sui tabl e nunber  of ertures 262. Fach rture 262 may take any suitable
shape, e.g3®™ Wﬁﬁghtr Q¥ofnLAst Efﬁﬁﬁb’?‘?ﬁ%tﬂ?ﬁflﬁgb@ﬁt&%%@%w& Ymatri x
coatifgs aRuERHISBURIY MRkl hialsiba, A tBniaral . | Tght,

i nprove contrast,aasnr prort ect TFTs.” The ’E[Pac r%a%ri X 260 1?typ calrl y 15

i ncl udi ng plzmenhy) kfoomed amund fldéddnal gixels, adler corresionmeiedass, omedlat fikeisfafdes,
dyes or pignents) is formped around individual pixels, color conversion

el ements, 8 dwlor pimanydisphiys. thpdlagk spteay 204 1§ afhhio @l egasingofblask ack
matrix 2600&%:{1%:9 'olti&eoonoa &sﬁggr GRRfhRaY R%Ein%a%‘:ﬁ&attix (a pigment in a resin matrix) is

an alternative to black chromium oxide. The resin black matrix can be coated onto the

20 .display substrate or electroluminescent device and then patterned using photolithography.
To achieve a high optical density in a thin resin black matrix coating, it is typically

) necessary to use relatively high pigment loadings, which can be difficult to pattern using
photolithography. Alternatively, the black matrix 260 can be transferred from a donor
sheet to the device using-a thermal transfer method, such as described in U.S. Patent No.

25 6,461,775 (Pokomy et al.). _

In some embodiments, the color conversion elements 230 may be transferred to the
electroluminescent element 220 such that each color conversion element 230 is transferred
to an aperture 262 of optional black matrix 260 using any suitable technique as described
herein. For example, color conversion element 230a can be transferred to aperture 262a of

30 black matrix 260.
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chrom um oxi de on a display substrate. Resin black matrix (a pignment in a
resin matrix) is an alternative to black chrom um oxi de. The resin bl ack

matri X carydsnesehed onto the 20 display substrate or elggit@himsngscent
device and then patterned using photolithography. To achieve a high optical

density in a thin resin black matrix coating, it is typically necessary to
use relatively hi pi gnent | oadi n(g)ef which can be difficult to pattern
p

usi ngf phot ol i t#& C&WESWF aFvien WEftlﬁ@ué?Sef@ﬂ@rﬁﬂiefﬁ 35026850baandyeS0c
et hod. . sobsaare Ao oSl el A L8 s 930p 200 BuLI R bR )

I'n sonme endyostende micie cblbﬁc@memiomaamans 23M Bhesx@itipke, 230r Ay 1904 iy RAskerred to
the electrolum nescent el ement 220 such that each col or conversion el ement

230 is tramsfodercenversign glemepe Pl wehBrt eglonBlieraar ininapkicHwsaciatio witsi ng

bl h h |
o areht  oagoreivuot FLRRpEERE, ARoaghiChEneteo &R By 48 kel X Y58, "
- 25 WO 200{ il & dnd 6z théie 28R4 ORR4ISh c]EnBRis 8D WA 3538 1ayeR\r @8vide0mbir t her

includes color filters 250a, 250b, and 250c (hereinafter ‘referred to
col | ect i vdieyindsdegbbadwedn such celog ﬁﬁy:rs 260 land thei dol@cen @G fomelenivatsi230med leash one

| ts 230.. F filt 250
Formed . orf BBH6h OLGH) SRUFGH LI ATAES3i0R SLethc CHAR 1SRt oh PoIBE BBG0R0s | n
opt i cal assagiial i Kok RROKPERLORG! SEENLI2308, ki Swgh one or

nore col or ers are shown-as bel ng or ne one or nore col or
conved si onforh@h@nésloR@bvedivg elfmdiio 280Y. dyabmembddihars pieydinpeolonélitded

bet ween such color filters 250 and the col or conversion_elenments 230. At -
| east a pBrPRYActEm Vitypelopeanvesipnplerasitomay prryitesspited Lishidhit 1980 i s )
i nci dent o t(}%ﬁ)r filter 250a such that the light is filtered through col or
filter imlarly, color filter 250b is 10 forned on col or conversion

el ement 230b | FurGef®ne 6Pt @IbShltdds 250 By Be €l ohidldc@dRimihdscetienizet i on
with color conversion elenments may provide enmtted light that is nore

sat ur at ed.22Pufohexamplpecobir filisr 85Qais é@m&ﬂlméﬁsoﬂweme B86 pbr med on

Cecoltl ol CATRIEsBoN S aert 2o Brer s e PRy BBl 55 POLehbidl p6oc

Che’ ol 'e&”?Ef’ﬁ%@%?s%%?ﬁﬂﬁé’ﬁ’i%?‘*‘%“*‘5%?“?“2%53%“?1‘*%“”? A

el enent t heatorifgtec alpmishethaff is papeblcdeimgofiding dilededilueliphtghdy eefpribed émwamed on an
electroluminescent element that emits blue light such that the blue light emitted by the
electroluminescent device is more saturated. Further, the use of both color conversion

20 elements and color filters may reduce or eliminate fluorescence from ambient blue light

and, therefore, increase display contrast.

Any suitable material or materials may be used to form color filters 250, e.g., those
described in U.S. Patent No. 5,521,035 (Wolk et al.). In some embodiments, if
electroluminescent element 220 is formed such that it is capable of emitting UV light, it

25 may be preferred that color filters 250 include one or more UV absorbers to aid in
prev.enting UV light from being emitted by the electroluminescent device 200. Further,
color filters 250 may be formed used 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

30 U.S. Patent No. 6,114,088 (Wolk et al.))). It may be preferred that color filters 250 are

formed using LITT techniques as further described herein.
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el ectrolum nescent elenent that emts blue light such that the blue Iight
emtted by the electrolum nescent device is nore saturated. Further, the
use of bot wamkdesiesnversion 20 el enents and col or filtepsTrsgomoskiee or
elimnate fluorescence fromanbient blue light and, therefore, increase

di spl ay contrast. Any suitable material or materials may be used to form

col or fllterszo %}% ose descrlbeg nUS t nt No. 551035(W)Ik
et al.). In so %%% JgNts; gne o mare O thg s PSR D56 IFEC] o red

such that 1dvetsDo9amabRr ebnvfidit 4188t 250, 3Rk the &)Ic%&ﬂfg?‘y Zmeﬁﬁﬁé esieRirdhat
color filters 250 include one or nore UV absorbers to aid in preventing W

1ight frontdpionge@riarizedlipyt as hefuetherdasolihedi ags oedtS. detent No@ G048 SFSAt (Werlk
color fil ter 253 42 ormed ysed any suitable technique, e.g., coating
. SR, g@ e e t e, e. oat |

(e.0., splﬁ e.g., Screen printing or ink jet prlntlng),

physi cal or che trﬁ@% r
transfer net hodsm s?gécn\b%@ﬂéreﬁﬂgﬁegg@gﬁhgg ?8&8%% ta%at en %th (%%4 088
(Wl k et ableptrolumiriescany dodcpl @bEFIGEd) bhadttonobmittifgd. | O suchFhtaxd@nerdt of aed

using L1TI techniques as further described herein. -26 W 2005/ 051044
PCT/ US2004P0i883 smitting d§ﬂ%lséﬂﬁﬁ@m¢éﬁf§@ briehigh isrgcherastiq ¢1@8T§@l§§taﬂ9‘théf 212,

th d 224 230, d
the cotor FRPParensag R inakten 128 FROTVRSAERaR BERERIGR as T
further degifiiab8fmasy ﬂ:spec'tﬂo@le%troﬁ@ﬁ.tﬁéﬁcerh'@%wc@ 119%5Fﬁ§41 (MééttQlumffes@nt ) and

5,693,446 (Staral et al.). 5 As described herein, electrolum nescent devices
may bé ei t Hexice I ippiutles mglbwatg 312 and s tiectalwninesesaheleneni 32 foonet ot G 1)

or battomemttin e, su ttomemttin vVice,is

T ook 1 or bE e g R e aﬁ%ﬁgﬁi%a?ﬁ%gla?%cgwgmea%en%wﬁﬂk%éﬂﬁlaa?snent
of . an el ech kgl UIELA6CSM, 2dexinA@IcilBde £ ahd B SRR Doc IEKHCR Ao
simlar in many respects to el ectrol um nescent device 10

El ect r ol unbeteseretite firtk aecfiode 33D end the lsembad eh:cﬁudbsﬂﬁate 312 and an

el ectrol um nesc%ﬁt el enent 320 forned qQn a irst _major surface 314 of the
substrate 312 & déffeé%qqe&e%eaé?egﬁmn@wﬁ@mdmze 399@%@%&01%@?@

el ectysode 324ce fb {h%P{léxﬁ%esot%ﬁg g@@%g%gﬁt(&ﬁ%ﬁfga{rglu%éés%?nﬂﬁWEg Irggg

p05|t|oned betme en the |rs e secon trode

One di f f er giicanbeiimesn tiel @tdricohusmioe skearhtsdS0h el 3D (hedinliectefatadibnescent
15 device 10 of FIG 1 is that device 300 is a bottomemtting
el ect r ol unfollestely agerlpreonversion sigrsensnd N iapreiormed pR asefond lRUPRAUFEFDALO

el ement s 3§pt%c %E'ﬁjstr%?é% 2(8@18111 ﬁ{ap ﬁretcgfor rcgrfn%rrsrigrgelgﬁents 330 are in optical association

with the electroluminescent element 320. In other words, at least a portion of light emitted
20 by.electroluminescent element 320 passes through substrate 312 and is incident on at least
one color conversion element 330. Although only two color conversion elements 330 are
) illustrated, electroluminescent device 300 may include any suitable number of color
conversion elements, e.g., red and green; red, green, blue, etc. Further, electroluminescent
device 300 may include at least one color filter in optical association with one or more
25 color conversion elements or with the electroluminescent element as is described herein in
reference, e.g., to electroluminescent device 200 of FIG. 3. Further, electroluminescent
device 300 may include a black matrix formed on the second major surface 316 of
substrate 312 as is further described herein.
All of the design considerations and possibilities described herein with respect to
30 the substrate 12, the electroluminescent element 2('1, and the color conversion elements 30

of FIG. 1 apply equally to similar elements of the embodiment illustrated in FIG. 4.
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collectively as color conversion elenments 330) are formed on a second rmjor’
surface 316 of the substrate 312 such that the color conversion el enents
330 are i nyppPhésRlps@ssoci ation with the el ectrol um nescpatiRb@IBRE49320. In
ot her words, at least a portion of light emtted 20 by el ectrol um nescent
el ement 320 passes through substrate 312 and is incident on at |east one
col or conversion el enent 330. Although only two col or conversion el enents

330 are illustrated, electroluninescent device 300 may include any suitable
number of col or TuS PR re?db%ﬂin?én? i ’im%nﬂ glb S{Beﬂsﬁggd%g?%fgnﬁghas%egﬁ n, blue,
etc. Further, electrolumnescen evi ce may | nclude a east one col or

filter in mpddtoglossiblevatiidn@Rvivil heabspetst thislieveation 0ThEseAl \biies vatutidhement s
or with the electrolum nescent elenment as is described herein in reference,
e.g., to elddonedifications stdrinvatipe wilkboaprarqt ¢ thyse siledhigrthe art without

el ect pol um, nescent evi ce may i.nclu l.ack trix.forned on.the
second maj %Pﬂ‘i‘lf}ﬁ?ﬁ’é% 161 ‘%Ofgwe%?%% aﬁgg Sﬁ%uqfl ?e Pﬂﬁg?afﬁ@ Pé Eﬁeag @'ﬁ PEFHE ei n.
ALl of thejsdesigneCRIEE dalstrhli R SnBREmBRS SdtFbith hifh. deserdiRgY, REieht t h
respect to 30 the substrate 12, the electrolum nescent element 20, and the
col or convetsbohmate pelythy tBOclanfis froGdedbelppl y equally to simlar el enents of
the enmbodinent illustrated in FIG 4. -27 WD 2005/ 051044 PCT/ US2004/ 038449
Illustrative enbodi nents of this invention are di scussed and reference has
been nade to possible variations within the scope of this invention. These
and other variations and nodifications in the invention will be apparent to
those skilled in the art wthout 5 departing fromthe scope of the
invention, and it should be understood that this invention is not limted -,
to the illustrative enbodinents set forth herein. Accordingly, the invention
istobelimted only by the clains provided below -28 CLAIMS: 1. A nethod
of maki ng an el ectrol um nescent device, the nethod conprising: form ng an

el ectrol um nescent el enent on a substrate, wherein the electrolum nescent

el enment is capable of emitting light in a narrow band; and 5 selectively
thermally transferring a plurality of col or conversion elenments to the

el ectrol um nescent elenent. 2. The nethod of claim1, wherein selectively
thermally transferring the plurality of color conversion el enents

conpri ses:
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10 providing a donor sheet conprising a base layer, a light to heat
conversion layer, and a transfer |ayer; positioning the donor sheet such
that the transfer layer is proxinate the electrolum nescent elenent; and
selectively irradiating portions of the donor sheet to thermally transfer
portions 1ﬁ f¥&¥e transfer layer fromthe donor sheet to the

el ectrol um égé el enment. 3. The nmethod of claim2, wherein the transfer

| ayer conprises AtmBasbi A2RINE @hlectr6RNYMBESERMeIRE ARE BlethodQothpribiig: met hod of
claim-1, further conprising formng a black matrix on the

el ect r ol um nescefrmétgsredleciralmaimsseent JemerigPt haubsiratekvhgaeinithe conpri ses

sel ectively_.t.hermal | ransferri t o} -mat | )

el ectrol um %lggtéogﬁ?ln}?%eﬁiﬁ{%pe\%ﬁi&%ﬁj 1":t %}m%ﬁh%léﬁ%l{éﬁ#&k%ﬁ,ggg a plurality
of apertares, angkidativtiaheniiglyatansRaimgcd plvelly of ddsroahldtsioh 2ngheity fong a
plurality of color conversion el enents conprises selectively 25 thermally

t r ansf er ri nfieglastralumingsgensfreleinendr conversi on el enents to the
el ectrol um nescent el enent such that each col or conversion el enent of the
plurality of color conversion elenents is transferred to an aperture of the

plurality of. apeThépeodlof clang ihhdekildlddtively3Rermall¥ hansfetrhpdhoplhedlay m 1,
wherein the substrate conprises a plurality of independently addressable

active devi @%@JOf-%YG.SiOHT RELHEUIRIISCE| ai m 1, further conprising selectively
thermal jy tr a”SfﬁJonTﬂQ% %Eeion(#r%ﬁgﬁtt.c?x&ﬁg?igégrbagé 1'a&& aiigm% h'a&‘tac%hvé}?xs ncol or

r
conversion el enent o plurali ol or ohveFsion el enen 5 7. The
met hod of clagémadd a whesfed layat | east one col or conversion el enent of the

plurality of col or conversion elenments is _capable of converting |ight

em tted from t hePoshising teddenpedseiuck ihehhstiransieplayeris prypmatedRe f ur t her

wherei n at él?&ﬁﬁm%{‘ri%s&%'t@l% cﬁpg}{?r sion elenent of the plurality of color
conversion elenents is capablé o converting light emtted fromthe

el ect ol um nescentelattisalyritradiatiog gortiens 61 thtiondrGhéet tdtheehaibdtrafsferglormgsan

el ectroJum nescent device, the methad conprising: .formng an

el ectr oﬁjm ﬂgﬁﬁgﬁ?Sf?ﬁéﬁgﬁo%ﬂ’%ﬁPF 51655@;{@? e@ﬁ?‘ﬁ&’&‘é"eé?enéegﬁﬁgf'r ate, wherein
the el ectrol um nescent elenent is capable of emtting light in a narrow

band;
_ 3. The method of claim 2, wherein the transfer layer comprises at least one color

conversion material.

20 4. The method of claim 1, further comprising forming a black matrix on the
electroluminescent element, wherein forming the black matrix comprises selectively
thermally transferring the black matrix to the electroluminescent element, wherein the
black matrix comprises a plurality of apertures, and further wherein selectively
thermally transferring a plurality of color conversion elements comprises selectively

25  thermally transferring a plurality of color conversion elements to the
electroluminescent element such that each color conversion element of the plurality of
color conversion elements is transferred to an aperture of the plurality of apertures of

the black matrix.

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

independently addressable active devices.
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and 15 selectively thermally transferring a plurality of color conversion
elenments to a second major surface of the substrate. 9. A nethod of making
an el ectrol um nescent device, the nethod conprising: formng an

ellectrol umi nescent el ement on a substrate, wherein the 20 el ectrol umi nescent

el ement is capable of emtting light in a narrow band; formng a protective
| ayer. over @t | e&be mathedwof claim df further @,qﬂém&ﬂéﬁ wphotizelydhermally srensferringrag

sel ecti vel yleclisrt]%rhg%gllo}(ﬁftéraln%g%fétl_orfl%\ ﬁe g slf(t)ﬁ/ elgnegpé;fqﬁe c\{‘r%{)ﬁf Aof | ement s

to the protéecti ayer an'e um nescent
col or di spl@ywe@mmrdle:mms_at | east one el ectrolum nescent devi ce, the nethod
conprising: formng the at |east one el ectrol um nescent device on a
substrate, wherein fornming the at |east one el ectrol um nescent device

compr i sas: 20! o5 AeudR PLAEENOLHIIAIEN! ofl SIRILaRIB IR Bk |

wherein“the el ec m nescent ’ el'enen emt

narrow bandslugiigy oﬁ@llcﬁcz:bnvabmntelmm 1Is3caparb¢aen@ffc©m¢rﬂgg dighl eumaﬂed fmmﬁ]ecol or
conversion elenments to the el ectrol unm nescent elenment. -30 11. A nethod of

maki ng an eledrolgnisosEsdenentdnts ied light and/Brthewhersir #td¢ashone 49T ng an
el ectrol “m&%%&%{b% ek é}%gth%ﬁal@r@@}jba*cro %om\c'g? LEER DR @Lﬁ%&f&dtﬂm nescent

el enent i s capable ectl vel mal |

t ransf erri n@naefingighi éryited ﬁtmi te mlmlemmemmd:lemem iatd greerShg}he

el ectrol um nescent el enent. 12. An el ectrol um nescent device conprising: a
substrdfe; an el ectrol umi nescent el enment on the substrate, wherein the 10

el ectrol um %‘esceﬂtm&hc?d Bithalifig Ql%@!r&uﬂfme% ttHé rlGe tth{h tHoll ¢ @ﬂ%gw band; a
plurality of color conversi onc &l enents on t Vet rol Um nescent &l ement ;
and at | east onefocmingranfaldcttmiurmmemenﬂ ﬁementamna fu@ﬂ mpjoc o of asubdtatent  of
the plurali tl‘Yerem the electroluminescent element is capable of emitting light in a narrow band;
and
15 selectively thermally transferring a plurality of color conversion elements to a

second major surface of the substrate.

9. A method of making an electroluminescent device, the method comprising:
forming an electroluminescent element on a substrate, wherein the
20 electroluminescent element is capable of emitting light in a narrow band;
forming a protective layer over at least a portion of the electroluminescent
element; and
selectively thermally transferring a plurality of color conversion elements to

the protective layer.

25
10. A method of making an electroluminescent color display comprising at least
one electroluminescent device, the method comprising:
forming the at least one electroluminescent device on a substrate, wherein
forming the at least one electroluminescent device comprises:
30 forming an electroluminescent element on the substrate, wherein the

electroluminescent element is capable of emitting light in a narrow band; and
selectively thermally transferring a plurality of color conversion

elements to the electroluminescent element.
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of col or conversion elenments. 15 -31

11. A method of making an electroluminescent device, the method comprising:
forming an electroluminescent element on a substrate, wherein the
electroluminescent element is capable of emitting UV light; and
selectively thermally transferring a plurality of color conversion elements to

5 the electroluminescent element.

12.  An electroluminescent device comprising:
a substrate;
an electroluminescent element on the substrate, wherein the
10 electroluminescent element is capable of emitting light in a narrow band;
a plurality of color conversion elements on the electroluminescent element;
and
at least one color fiiter on at least one color conversion element of the plurality

of color conversion elements.

15

31-





