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BACKGROUND The formation of patterned |light emtting |ayers is an inportant
but di ffiqudboeSheRs i N the production of el ectrol ununesgepts@eMis&s. For
exanple, the formation of separate red, green and blue patterned emtter

| ayers is typically required in the production of electrolumnescent full
col or display devices. Vacuum evaporation (e.g., using a shadow mask) is

t he nost co i I { s. Because of
the compl exi TyE A AROTE DRI ESTERF sEvIEH S AN ME TIPS | 2710 ek ng
| arge format displays, other nethods of fonning patterned |ayers are needed
in the art. Methods based on depositing materials fromsolution are
especially desirable for their BXQEGROUNIpatibility with large scale
device fabrication. Ink jet printing techni ques have been suggested for

- produci ng pat tHerfedigontdf patterhay Bels . eneimgdaternig ab wopodm bat diffiquittstepr ned
emtter precursors by_ink j. et printing, 15 follqwe y depositing a third
col or Jof iBfhaRreducHyn of plseirelminsspiit dauscsh Ao E@f’éﬁlﬁeartg%g?r’ff’é M pPphwever, the use
of ink j 0% 4 ' [ ] '&:ﬂ} i limted by
factors %ﬁ%?‘%fﬁ?%dg%gegflﬁ%m‘%&% %t\%lltant%%l gﬁg@&gﬁpﬁr&i?ﬁ%r m tr%/&%{fédﬁ ﬁg&mat erials being
deposi t edhrbductibe of elkctiedtmiredient LR HMNMMERY @vicBHEVatMoNEV Nrdtiondgae., aspect ,
the present invention provides a nethod onaki n% an C el ectrol um_nescent

devi ce. |Witgricshadaygiaglens the mestpemmnn teeleliqreds Torgreashiof g nattemgdr mal | y
transferr i of .ansf.er | L. incl udi ng. a.fi jtter to a
receptor, lai?e? %ceﬁg{sg ng &SR 1%7{/1%’53(?)11‘1\? 8%0-?%}%1% Eeg%?lﬂ%?’ & ?ﬁ{cglafrfa{]fgﬁ} %S%prﬂét t er ned

em ttier |@yehg iangd foethiglisgieys26thtt mstho@df foahingdipanasediagerstiiendede®pt or ; and
di E‘po& ng a layer includi n% a second emtter on the patterned emtter |ayer
and. t he ribeeaptdethods basedpa depnsitpmmetends fem soluion aag especiple fesiiably t he second

emtter. i onal | t he thod.fuyrther .includes.sel ectively thermally
transferr‘égg&elrpe%%c}{edtcg pé‘l_rl lﬂﬁ“_tl{klgarﬁgﬁ‘:’aﬁ%ﬁ?’éﬁnﬁggnéﬁ0 ter layer, a portion of
a second transk @ 8i—iﬁﬁ§g tekRGikHeH e BediukHed fof froduling hettdracéeahider t 0 form a
second patterned 30 emtter layer including the third emtter, disposed on

the recepleprs. Pepsisdingivg, cotdre of pastsestiemiiter raecuaseosioy ink jrightingansport | ayer,
D anei bt | SRS By 0 Slime 3y E5ToG BaeBriSy Ruof e hadstushs! 1 ¢ Tver: @

reported. However, the use of ink jet printing techniques to deposit patterned layers is

limited by factors including solubility, wetting, end uniformity of the materials being

deposited in the ink jet media.

20 .. SUMMARY OF THE INVENTION

In one aspect, the present invention provides a method of making an

electroluminescent device. In one embodiment, the method includes: selectively
thermally transferring a portion of a transfer layer including a first emitter o a receptor,
which is optionally solvent-susceptible, to form a patterned emitter layer including the
25  first emitter disposed on the receptor; and disposing a layer including a second emitter
on the patterned emitter layer and the receptor to form a non-patterned emitter layer
including the second emitter. Optionally, the method further includes selectively
'thermally transferring, prior to forming the non-patterned emitter layer, a portion of a
second transfer layer including a third emitter to the receptor to form a second patterned
30  emitter layer including the third emitter, disposed on the receptor. Preferably, the
receptor is an anode, a hole transport layer, a hole injection layer, an electron blocking

layer, a dielectric layer, a passivation layer, a substrate, or a combination thereof.
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WD 2005/ 022959 PCT/ U520041022648 Preferably, the non-patterned emtter

| ayer is an undoped el ectron transport |ayer, a doped electron transport

| ayer, an ngoged hol e bl ocking | ayer, a doped hol e bl ockin | ayer, or a
conbi nat i WUPB° In some enmbodi ments, the receptor BECTAREME2M8Nspor t

| ayer and is attached to an anode, in which case the device can optionally
include a hole 5 injection |layer disposed between the hole transport |ayer
and the anode. Cﬁtionally, the method further includes disposing a cathode
on the nbisigsaly-dhpaep-pafidrpesrenpiipidlayerinampedaned clorter itaARsRPTt 18¥56 et hod of

‘i . : . ) _ v " q
Tayer i o nggh HRBER RN AhuGig ol oliHaRE 1R A KPR FRINAR 21 TG o
portion hkerdot 4 eqshidsitidnajieod. ralsue Rhbadiaesed) theaBtdpi@ris b holelteandfbrt

non-patterned emtter_ |ayer, which is optionally solvent-susceptible, to
forma phyerangddyatiashed foein angde in phitdhfarnige dpace aapriioaplly tsfudedinofosed on

1 00 ISR A A St 0,

sel ecti veé ransterri secon | ayer

i ncl udi nghemoll Miuttiehr @iBlides HishOsifh @ catBikidat the hBRPaksthtd enitled¥Ber.to form a
second patterned emtter layer including the third emtter, disposed on the

non 15 patt er eahogwi embedifngye the 1petpd pivkking vheleaBalupaneseemidlgvieni tter | ayer
is an undoped el ectron trapspo | ayer ... a ed .el ectron transport |ayer,
an ndop UG X Gok fagh PRRFRR layeEhiing s 6 Era Bt b0 RAseh AN "Unaoped
el ect r ongjeRh Q6! kHEfdAYEL porfiod OPE HrandthiSG)drQhclidlh S & kbddeid leAMREr to We A

conbi nation thereof. In sonme enbodi nent's, the nethod further includes

di spdsi ngorpattemeadeenstier Inperpwhich imeionnily saventayseepaie, toHernmepajperneder ned 20
emtter |layer. A hole.transport |ayer, a hple.injectjon Layer,. an electron.
bl ocki ng“RiyEleye: SRz s rRan sniheivgret wtfe ghtpoharey i dheced
bet ween DRgoRIMN HRndiRdehfhaNHILAS scREHY tfRhh®NBhiNerrih B8 pdlitld &fa t he
non-patterned eémtter |ayer opposite the patterned emtter layer is

at t achedsgcondiramtftrdaiesr idamdmpa thard eesmibiadiorieanon-paitermet dnsittenkayerdkiforgn an

el ectrol um neseent devi.ce 25 i.ncl udes: prqviding,a solvent-susceptible
Cayer . dF Si5050 RGP SR EEHa e B g o B A e Ao GE B B and o

non-yol a{gé&e@néﬁ%&&% or! @?éfeﬂaﬁl_yt ﬁa%n%ﬁ%tt@r%e@ Emﬂtefrflﬁfefﬁtantxﬂﬁﬂpéd‘e_ first
emtter on the solvent-susceptible Tayer; and disposing a | ayer including a

second elptttdretramsport e atdpped ecttomytemsortilatybie as ohdopet helesdeqiingdl e | ayer to
forma n i
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further includes disposing an anode on the patterned emitter layer and the non-patterned
20 emitter Jayer. A holé transport layer, a hole injection layer, an electron blocking layer,
or a combination thereof, can optionally be disposed between the emitter layers and the
anode. Optionally, the side of the non-patterned emitter layer opposite the patterned
emttter layer is attached to a cathode.
In another embodiment, the method of making an electroluminescent device
25  includes: providing a solvent-susceptible layer; disposing a patterned layer including a
first emitter and a non-volatile component that is the same as or different than the first
emitier on the solvent-susceptible layer; and disposing a layer including a second
emitter on the patterned layer and the solvent-susceptible layer to form a non-patterned
emitter layer including the second emitier. Preferably, disposing the patterned layer
30  includes selectively thermally transferring a portion of a travsfer layer including the
first emitter and the non-volatile component. Optionally, prior to forming the non-

patterned emitter layer, a second patterned layer including a third emitter is disposed on



patterned emtter |ayer, a second patterned layer including a third emtter
is disposed on 2 f 1 WD 2005/022959 PCT/ US2004/ 022648 the

sol vent - suggeRiost8sd ayer, preferably by thermally transf tion of
a second transfer ?ayer including the third emtter and, ﬁfﬁfg%}g%ﬁw&%

non-vol atil e conmponent. I n another enbodi nent, the net hod of maki ng an
el ectrol um nescent device includes: provi di ng a sol vent-suscepti bl e,

- patt tt d
ayer i nolasseftbe Bl e ekl by B o el PR U3 R 7 08
sane as Oi’ratﬂférﬂ@j’w iclddigthe I‘ﬂtﬁr&eﬁm@daﬁnbpﬁi@raugra wdigvsiafientposascept i bl e

‘layer. Preferably, disposing the patter ned | ayer includes selectively
thermal Iy tranB¥&ioiher gnhogiuicps, die wethad of malking an elegplupnpeseent d§viehe second

e Lt er A0ile o AR KRS L SOIRRNCb p R A s FRhadyfyc et

“I'ncl udes di sposing a econ erne ayer clu emtter

and, apti &[{Bdlbpbsm% arpumemtt ayiek Brich@PoNeAbad @hittet hel $adnsesiatikuscepti bl e
| ayer, preferabI%/ ty hermally transferring a portion of a second transfer
| ayer i ncudp tha ltsﬂreraamrﬁsprérfferﬁrwlwﬁéhweoeépé&ter onﬁte sghesent i nvention

provi des an eI ol u devrc ctr t device

i ncl udes: usc%t%?e I :%‘%ggﬁf P ?Sé% pgt[%rﬁ?cﬁgf Eﬁﬁg%n t he

sol vent - sysapaty PhRfdaYes portlos o8 RrahdTer lﬂ?érﬁﬁd’lﬂcﬁﬂg tteyseéoﬂmtuudﬁ&td&hél r st
emtter and a non-volatile conponent that is the same as or different than

the first n@nwla’ele coamnelt ﬁlpﬁopelbt ﬂqene@hmhit@het ineludes dtgmm@cs@n@ndem tter

di spo attern and..t he sol t Susc i ble layer.
opt ol 1 5 BeroiRGhe f Byt ShietHEl op PR Rl SRr PR

Al ternati t’t@'sMIveﬁt»éﬁ&é%@la%&éreﬁreﬁgaHl}aM?’fheﬁﬁéﬂhgt@éﬂs@é?ﬁhé¥ beiofliTRAs@sdon the 20
sol vent - suscepti bl e wherein the second patterned | ayer includes a
third em treesfer la}fﬁrelitéln bgﬂlethmiaemﬁtevent susceptl bl e | ayer is a hoI e

transport | aye hol e inj.ection an.el ec n, bl ockin ,
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Preferabl yhe Eﬂé@trélﬁﬂmi%@één@ﬁéﬁ@le ﬁﬁluﬁése'é Sbﬁ'ﬁﬁtsubéepﬁﬁleQE%‘?ﬂﬁ t%h%atlﬁﬁb? trans port
| ayer, -a doped el ectron transport |ayer, an undoped 'hol e bl ocking | ayer,

dopedli‘nol en s sblmksusgeptﬂnwrayerawhdﬁdﬁpe datésdresck laym mcdp@star firgt ¢naijter znda doped
el ectron inj emlagﬁ gX ﬁﬁt a _ conbi natr the \ﬁﬁéﬂt sone enhodi nents, an
anode can?BanyPlLcoiRonetibatdpihespme a%?rrs ]tePB WL Bdehode can be
attached h@[it g ih&LME a%QthH%ﬁm!t& r%sed%f hePatidried éh:ﬂf%t Rkl €Ction
| ayer, el ect ro o I ng Fayer, i nation’thereof
and the solvent susceptible layer. Opttonally the patterned layer further includes a
third emitter, Alternatively, a second patterned layer may optionally be disposed on the
20 solvent-susceptlble 1ayer wherein the second pattemed layer includes a third emitter.
Preferably, the solvent~suscept1ble layer is a hole transport layer, a hole injection layer,
(\ an electron blocking layer, a dielectric layer, a passivation layer, or a combination
thereof. Preferably, the non-patterned emitter layer is an undoped electron transport
layer, a doped electron transport layer, an undoped hole blocking layer, a doped hole
25  blocking layer, an undoped electron injecting layer, a doped electron injecting layer, or
a combination thereof. In some embodiments, an anode can be attached to the solvent-
susceptible layer and a cathode can be attached to the non-patterned emitter layer.
Optionally, a hole injection layer, an electron blocking layer, or a combination thereof
can be disposed between the anode and the solvent-susceptible layer. In one
30  embodiment, the cathode is opaque, the anode is transparent, and the device is operable
to emit light through the (ransparent anode, In another embodiment, the cathode is

transparent, the anode is opaque, and the device is operable to emit light through the



can be di sposed between the anode and the sol vent-susceptible |ayer. In pne
30 enbodnnent, the cathode is opaque, the anode is transparent, and the

devi ce i %Bﬁﬁggéﬁ' to emt |light through the transparent_anode. |n another
enbodi ment' C THe €athode is transparent, the anode is opSEtE2004{6¢%e device
is operable to emt light through the 3 WD 2005/ 022959 PCT/ US2004/ 022648
transparent cathode. In still another enbodi nent, the cathode is
transparent, the device further includes an gpaque substra%g attached to

t he anod&nsement cHBodeinstllagotbgesandimeny, the spthofs iiransparetigite dRECE r anspar ent
cat hode. lgrggg I . e, he anode
ist rans%g?gﬁlt?%m‘gér%gh{b ﬁgelq evi %gﬁ?@ag%%ﬁgﬁ%‘ﬁ%b;ﬁgéa%dﬁh? ?éﬂ? é{gﬁﬁgﬁgﬁ té t he

t r ansparssnt ligiativodgh thedranbgarént anbedy. dntyetanntier edbional, the cdthaiedon- patt er ned -
emtter |ayer is, solvent-susceptible. In another aspect, the present

i nvent i JFPISPARATIEE 2R0qRsE faBsnatent ane thsrderige IS epsrable tnemitdighigiraugk | udes:
providi 1 I I eL.n. d providing a
G anal 1 EhsPaRal K AR R Spd SRRl e R Bh B PV o 10
addr ess amitieniatdrés solf@ttlsoepigblvhi ch the emitter emts light. Preferably, the
device is an _ active or passive addressed device. Preferably, the device is
a full col or lni*Bpihgraspect, tha prasee mveghen pvifley parcthathel geppeding Hht.

char act efq st | f | L. D. i al.t+ er.ed .y _.controlling
or conf ??lljiwn%&flﬁ%&zc %ﬁgg}ﬁﬁsﬁhﬁé%ﬁ% ﬁeg%'lg: :%r%{’:s%,{ér?gtﬁ F‘gg‘g%%)geesplé%?ér%eg%lg’aaﬁl hol es 15

occurs. rovidtheGaNietorht Anddesdnd ghecdlaver whapmalhe sighaiaé bp&hisito f | uorescent or
phosphorescent em ssion, the optimum device performance occurs when the

r ecoktbi ntdress 2 eniter.sollowamgerhich thhienitiasmitsilight r Prefyehly, thedeviceiewice with

non- pat (6 RRH SR aft Ry Ofsice, ReleBRRRAS GRARa SO ke BRHELOER” 70

predom ngnidlylikimm ®vivengl e | ayer (e.g. the red 20 patterned emtter |ayer).
Therefore, it Is possible to construct a full-color OLED displ ag by, for
Hn

exanpl e, pat tBrefinggsion elinsenterzties of a uliideyerd OGEPeIsvisrican baglisredPons and t hen

i di -patter. bl ] 1.t ¢ I oAt nbj ti i
Pont r ol | SatolRE R BRI e ol i gD Beae@iitieniny daTrbRE BRI L "exni bi t a
si gnjg i cadabrsbléter @RAESHENa sinfieNaydl RjaBl R GehtFRPYdsE&H NS, it s

preferably to have display sUbpi'xels that emt 25 saturated red, green, and
bl ue col phosphoTéseemifenrission, thecopbiodinnderics wefrformengsrassarstwhenib@nt i on in which

pat ter ned ST LL ST, LA RoALE wh LR ol B8 Woy Stk DS ABh ke

emission layers (e.g. a red patterned emitter layer and a blue non-patterned emiiter

layer), 1t is possible to obtain emission predominantly from a single layer (e.g. the red

20 patterned emitter layer). Therefore, it is possible to construct a full-color OLED display
by, for example, patterning a substrate with red and green emitting regions and then
providing a non-patterned blue emitter layer. If the recombination zone is controlled
propetly, the red and green emitting regions will not exhibit a significant blue emission.
For display device applications, it is preferably to have display subpixels that emit

25  saturated red, green, and blue colors. Therefore, in embodiments of the present
invention in which patterned emitter layers are formed by selectively thermally
transferring portions of emitter layers, it is possible to prepare an "n" color device (e.g.,
a three color device) by using fewer than "n" thermal transfer steps (e.g., two selective
thermal transfer steps).

30 In some embodiments, it is possible, and sometimes preferable to alter the

amount of emission from different layers of a multilayer device by varying the



transferring portions of emtter layers, it is possible to prepare an "n"
color device (e.g., a three color device) by using fewer than "n" thermal

transfer swapsooéer®ss two selective thernmal transfer Stqflfﬁ/t}sz%@ d2Rs80ME
enbodi ments, it is possible, and sonetinmes preferable to alter t4fl1e anount

of emssion fromdifferent layers of a nmultilayer device by varying the 4 WO
2005/ 0229-59 PCT/ US20041022648 operating voltage or current density. This
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di scont i n0bESs (veedyin lightipatp@iaagand. ayer) or continuous (e.g., non-patterned)
‘material disposed on another material. As used herein, a "patterned | ayer"”
refers to a discontinuous layer in which the material of the patterned
layer is gi.sppsed on only selected portions of the other material. 10 As
‘'used herein, a "non-patterned |ayer"” refers to a continuous |ayer in which
the nhaterial Afutddderaim-gpasyeet redets iy discdnsinditsioged patteaad &ryet)roe porti on of
the other material. As used herein, "so] vent -susceptible" layer is a

| ayer t hatoRRbHPe (g@ﬂ‘im%‘s?&ft?}@ﬁ, m F%%dﬁ@&,sedp(@haé’lorhﬁgﬁl?&@:lrd/ or rendered

i noper abl e for Al i in : , had a
sol vent - coat edl‘_\FrzL;)?/engé egg’gﬁg)gg%g@?ﬁ%gﬁey 8%@%&&@%{6@5%@{% @u@%&%?ﬁl e | ayer.
As used hemneiin] ofdhe patevssatlaydras dispssed ve ohlycektied pbaioes of Heartliert 0 an or gani c
or an aqueous, solvent that is capable of dissolving, dispersing, or
suspendi nﬁmﬁﬁ‘abrgani c polymer or resin that is suitable to forma |ayer of

an el egtrol um Vo I I " di 1. 0r
MRt tathed tor A ureerdifd on Ailctild 4RAP Bloye B o UG LIZRIBEARA T
opt Q onal | yatenial eftthe nmepatemat kyadsd dispaedbn hayetie poetioseeithe bidet wo | ayers. As

used herei N2 | ayer "on" or "disposed on" a "solvent-susceptible |ayer" is
i nt ended EBSHALI ude either a | ayer that is directly in contact with the

oo P ool k! X Oy BT Rl SRR AT, o, o 1
sol vent f atacked) @eheippesd, dadidr @ndérdd sppe@bledor'itd iheended purpose in the
: 15 presence of a solvent, had a solveni-coated layer been coated directly on the solvent-
susceptible layer. h
As used herein, a “solvent” for a solvent-coated layer refers to an organic or an
aqueous solvent that is capable of dissolving, dispersing, or suspending an organic
polymer or resin that is suitable to form a layer of an electroluminescent device.
20 In general, a layer "disposed on" or "attached to" another layer is intended to be
broadly interpreted to optionally include one or more additional layers between the two
(_ layers.
As used herein, a layer "on" or "disposed on" a "solvent-suscepti‘ble layer" is
intended to include sither a layer that is directly in contact with the solvent-susceptible
25  layer, or alayer that is separated by one or m(ﬁ’e additioﬁa_tl- Iayers_ frbm the sdlvent—
susceptible layer, with the proviso that solvent from the layer "on" or "disposed on" the
solvent-susceptible layer would be capable of coming in contact with the solvent-
susceptible layer (e.g., through vaporization, diffusion, or other methods of transporting
the solvent through the additional layers). Preferably, a layer "on” or "disposed on" a
30  "solvent-susceptible layer” is in direct contact with the solvent-susceptible layer.
As used herein, "transparent electrode” means a conductive element that

substantially transmits visible light. An element that substantially {ransmits visible



sol vent - suscepti ble | ayer woul d be capable of comng in contact with the,
sol vent - susceptible layer (e.g., through vaporization, diffusion, or other

met hods ofyd $038§R9%t i Ng the sol vent through the additi %S‘Ié‘éééﬁﬁ‘{&?&‘ﬁ
S e’ | ayer™

Preferably, a layer "on" or "disposed on" a 30 "sol vent -
is in direct contact with the sol vent-susceptible layer. As used herein,
"transparent el ectfode" neans a conductive elenent that substantially

t its visible Light, | t that t.i al its visible 5
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at the wavel engths corresponding to the device em ssion naxim, inpinged
nor mal t@axihe, Bupingasaosimat ledhepwhenof thaslawedl herein, "opaque el ectrode"

nmeans a conducgtive.elemgnt tha ybst ant i al absorbs, or. refl ects visible
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addressed" .device js a device that includes. a.schene 10 for .drivi an
oy o PO B h B e e e R S i NP BFngh, TPBRE S o caed

by a di sg&lafiothé Skdce oBaARBhdY, the discrete circuit is adjacent to the
pi xel or subpixel and internal to the device. As used herein, a "passive

addr essed" deks osedileran,daViced didressadt dendesisa doviverteat ificdndeadrai seherge an arr ay
of pjxel r. subpi xel s,. wherein each pi xel ot subpixel .i 5.addressed 15

Uhr olfin Br ey g ARaTaY PLBIEISPT SHER T STASERGR 9o L 47 EUTRIS ief KEFF Btles.
General | yy o bierctcRliREH! eRhErafi/ifibikbttd chrofit i Aen! 8 BRI GBS used
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As used herein, "tunable lighting" device is an element that emits light of a
variable color dependent upon the driving conditions (e.g. voliage, current density,
etc.).
20 As used herein, "full color display” device means an electronic component
comprising an array of pixels and subpixels that is capable of displaying an image with
a color gamut suitable for portraying color photographs and videos (e.g. the gamut ()
defined by the National Television Standards Committee NTSC).
Asused herein, "non-volatile component" means a component with a negligible
25 vapor pressure under the conditions typically used for vacuum evaporation or vacuum
sublimation. Typically, a material that cannot be deposited at a rate of at least 0.1
Angstroms/second at a temperature below its decomposition temperature, is considered

to be non-volatile,

30 BRIEF DESCRIPTION OF THE FIGURES

Figures 1A to 1C are schematic cross-sectional views illustrating an exemplaty

method of assembling eleciroluminescent devices according to the invention and



25 vapor pressure under the conditions typically used for vacuum evaporation
or vacuum sublimation. Typically, a material that cannot be deposited at a
rate of at weaseds29k9 Angstrons/second at a tenperature belLomishdos/oz2ze4s
deconposition tenperature, is considered to be non-volatile. 30 BRIEF

DESCRI PTION OF THE FI GURES Figures A to 1C are schematic cross-sectional
views illustrating an exenplary nethod of assenbling el ectrol um nescent
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havi ng a "bottom anode” configuration. The nethods il ted in Figures 1A
to 1C ar e aid illusitatestisa simphfied mptrer e oxampiifie profared compiditontp péfher r ed

or | ayer s P BGFER DO aBe R BT SBEoF YT dhrt B BE N M Rey ope.
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i-llustrated herein are not intended to be limted solely to the spécific
| ayer s5 deMmb@ddmdeiemcebdms‘shi@dl heretnearb notadtepdédivdreginettaisodady kndkeudi ng
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iews i1 GRS PGS AR EREOTaFy P RO ROl i oRg ‘BrBChBEum neacent
devi ces a%g@ilglghgge};epsatshgsﬁéwentl on and 10 having a "top anode"

configuration nmethods i llustrated in Figures 2A to 2C are illustrated
in a sinplifiedigmenik td 2C ereschembtyc q:mssﬁaciucmﬂ embleaﬁlthgamexdmplpmyesent

i nvention. The inclu

on of ap additiona ayer,.or ers that would be
desi r abl e_ni‘eﬁ hdhef as %&‘cnlgl? etCFYBHmew?E%t ef’icesﬂ% \KE%FHSB%O%W ous to one
of skifhl i dl'il?o ‘EcigtalnoEQU&nﬁgﬁﬁitﬁoHPTM&hQMH%Ydt&ﬁﬁ Px%&ﬂﬁ b A3t ee a*i@r ein are

not intende mted so y to the 15 specif ayers descri bed
her éi n, buliushiated|ia als&nﬂdrfcﬁdhgambntoemqamph&obra&medcm&)ddln@ntamfdhe pesalt | ayers as

desi'r ed. DETAILED PTI OF . PREFERRED | MENTS, . The, present
i nvent i on BYgHrel %]In@ P&IQ?#FHQ%%‘%I HEV P ger ﬁ@f@]‘?ﬁd@esg ble%q’ﬁaki ng and
using SUCQoﬂﬁl\ﬂcﬁS’éPf et Rl el ﬁ@ﬁﬁ%tonE)‘ﬁ‘s E)eéneq{ %'ﬂf&?“@hﬁé" g_{eege art and

i ncl ude, for exanple, organic el ectrolumnescent evi ces for
exarrpl e, ethddakd dBeires iBustserbies cinfiysot ifieded td 00 (iiGjed L6BTy ©1B96) ; Y. Sato,
"Organi.c LED stem ConS| erations m conductors and Semnetals (G
Meul | dp, egeoific il?dFrS dgspribed hoysa, PE‘D@WM&?*&B mdgrpigicdas IE‘FIBEIEHEOC hei ni stiy,

10(1): 1 (138tHbnalayerPaddesftbd.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides electroluminescent devices, and methods of

20 making and using such devices. Electroluminescent devices are well known in the art
and include, for example, organic electroluminescent (OEL) devices. See, for example,
( Salbeck, Ber. Bunsenges. Phys. Chem., 100(10):1667 (1996); Y. Sato, "Organic LED

System Considerations" in Semiconductors and Semimetals (G. Meuller, ed.), Vol. 64,
p- 209 (2000); Kido, Bulletin of Electrochemistry, 10(1):1 (1994); F. Soetal,, = =

25  International Journal of High Speed Electronics and Systems, 8(2):247 (1997); Baldo
et al., Pure Appl. Chem., 71(11):2095 (1999). As used herein, "electroluminescent
device" is meant to encompass complete and partial devices (e.g., device components).
Similarly, methods of making electroluminescent devices are meant to encompass the
formation or partial formation of devices or device components.

30 A layer or layers of an electroluminescent device may be formed via thermal
transfer of a layer or layers from a thermal transfer donor element. As a particular

example, a thermal transfer element can be formed for making, at least in part, an OEL



25 International Journal of Hi gh Speed El ectronics and Systens, 8(2):247 .
(1997); Baldo et al., Pure Appl. Chem, 71(11):2095 (1999). As used herein,

"el ectrol ugbnesaRNze device" is nmeant to enconpass conpl ?&'F/UE%MB&%H al
devices (e.g., device conponents). Simlarly, nethods of nmaking

el ectrol um nescent devices are neant to enconpass the formation or parti al
formati on of devices or device conponents. 30 A layer or layers of an

el ectrol ym-: ' ia r S of a layer or
| ayers #i%@%&f e r?a%&ﬁ%ﬁ%?%%%&@%%@ﬁ?%&g&a siltilﬁ{cgui{mg:b © exanpl e, a
ther mal  atmngiliehed farmahpkaby erhartrmeief of a sakieng a nadltit@asinchinrgafd, an OFEL
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nul ti§ayeot sotlaned, ah spsistiatikh SeeohOadpaETLOiHRvaAEYH 68 bagdined] ects. Wiile
the present inventionis 5 not so limted, an appreciation of various

aspect s dirovghea flisqussion of thei expmplss gedvidad beldiv.ough a di scussi on of the

exanpl es provided.hel ow. terjals ¢ e .patterned ont.Q substrates by

sel ective themf’n&% 3@?\3}8 S@G?H}%f-% SH&%T{E?‘?SJBISS%GF%W @‘ﬁ@lgﬁmﬁ){é O{ﬁkgr el .
transf er ngh@mfiem ode bhBlofPheiniAMahekr SLBERELA 6ffmalearRRAREWY caPPl i cation
of directed heat on a selected portion of the thermal transfer 10 el enent.

Heat can bpdegethby apritaticn oficteddehirmm edcdentatt pofidonyof the thesmpkirangéerheat i ng

| t), t] di at | | i ght.).ta heat, d/
appl 30t et et (i Eep ik tesriSe BRRED ke AIRUHAS ERRRS( or el enent
L0_gener alendiBbonbflnfiiatid BIRNARIm SHBMIRD HEACARIapBBiiigl | GNT 1 70Mm T or

exanple, a IanP or |aser, is advantageous ‘because of the accuracy and
pr eci si orlechimal oarentio elaytref duhihewend tramifer demeiitie garmdats hageliohathe

t ferred pat . | . ircle, th h b
cont ol 1 atrpes iRk S dopigh iy Br el oo DR boam the
exposure aaaéﬂt@gepus WeatRerkiObnRepmd stla@isi%wtﬁét ic%‘pﬁ(fm BH i @edved. pram cont act

with the '_therma transfer elenent, and the materials of the thernual
trandfer skeandsbapeafthedranaferred paitdre (e.gl eireatcicknsquacd, odethar shpakdapr | ayer

ther cof | BRERBTAIS Wt ErRETBIoHFok PTG O, UETE PPHEI RERHOLSARER can be
L . P IAFTR y S54A S RORRE e U Rt Lo o 1
element, and the materials of the thermal transfer element.
A thermal transfer element can include a transfer layer that can be used to form
20 wvarious elements and devices, or portions thereof. Exemplary materials and transfer
layers include those that can be used to form elements, devices, and portions thereof
that are uscful in electronic displays. While the examples used in the present invention (;
most often focus on OEL devices and displays, transfer of matenals from thermal
transfer elements can also be used to form, at least in part, electronic circuitry and
25  optical and electronics components such as resistors, capacitors, diodes, rectifiers,
electroluminescent lamps, memory elements, field effect transistors, bipolar transistors,
unijunction transistors, MOS transistors, metal-insulator-semiconductor transistors,
organic transistors, charge coupled devices, insulator-metal-insulator stacks, organic
conductor-metal-organic conductor stacks, integrated circuits, photodetectors, lasers,
30 lenses, waveguides, gratings, holographic elements, filters (e.g., add-drop filters, gain-

flattening filters, cut-off filters, and the like), mirrors, splitters, couplers, combiners,

modulators, sensors (e.g., evanescent sensors, phase modulation sensors,



nost often focus on OEL devices and displays, transfer of materials from
thermal transfer elenents can also be used to form at |east in part,

el ectroni c woneusigerose and 25 optical and el ectroni cs conpopeRtus208Y6sas
resistors, capacitors, diodes, rectifiers, electrolumnescent |anps, nenory
el ements, field effect transistors, bipolar transistors, wunijunction
transistors, MOS transistors, netal-insul ator-sem conductor transistors,

or gani ¢t ABTBhRk schlH GRAGHY do Ml 38 ies Sﬁ%k@&% a%plced,- i nsul ator
stacks, organic conductor-neta ani ¢ conddctor stacks, Integrated
circuits, f@’mﬂ@um é@iﬂcmsst,‘mﬂ ﬁkmb@ten’s‘@ oremembmaw@mod;dsr e?gmmlﬁ nys,

holographic fil add-drop filters, in- flattening
filters, E&HP f‘lti f%eah‘ﬁﬁn%ﬁ@gﬁwga%’%fe Jun ’é’}ﬂs‘?et“? 'S 28 8Bpl ers,

conbi ner Sactnféﬂrﬁ&'th%tﬂa foB&0 ;cam 16, OEYANERGERI LSRN By BhasengRdul ati on
sensors, 8 WD 2005/ 022959 P Us2004/ 022648 i nt erferorretrlc sensors, and

the |ike) mtd@ﬁdm;mnen’abminst"armnﬁphéfmelsmgltﬂa}cerdeV| ces, ferroelectric devices,

thinfilmbatt |es tion.therep exanple, the conbination
o 1 el d et ot aRbsr SR8 a0 e LRI S K e o0 on
active Malpl,136f @éfyfsﬂlhnﬁ%vﬁ@é s as‘éin%ﬂ'o@ﬁcalt%gn goﬂr&x’ﬁ@ﬁeﬂ@é@ HEJ g"EdTher 8l

transferring a 5 nufticonponent transfer-uni [or a single
transfer usi exgnipilagMnmstnrstmﬂenhqncmp«ztmntseﬁumgmtadwnmmys,amdreﬂlaal [ ty cont rol

for very small devjces as snal | tical and electronic ?ew ces,

i ncl udi ng,comeﬁler\é& F%m% &Y. & A OINEFSCERYABRE ARLCBIrOl FEREFAL ed
Ci rcuihs, ¢ONpR é&hﬂ%%%

el ect rgl um nescentth aal S angﬁéc}:% hé %(}E:%%rﬁl M?Ceeg\t;ﬁgweéﬁer mal

tr apsf er th@ttﬁgeg]s@dﬂiom]yen ﬁmnhgaﬁmltlplﬂ dsOEs OVEE mgmashatmkax/gedmﬂpared tbetter
regi stratlon when  form ng rruI i pl e devi ces over a rea that.is | arge
conpar ed ttee dgvpe S e eA%onawné&%ﬁgﬁélsp@a ﬁl@%maﬂrlyalxalssiﬂnay whi ch
has nmany d using this nmethod. In sone instances,

mul tiple F}ﬁ)e%&rra h%erétg %TEnents may be used to forma 15- device or

ot her obj ect, dnsdsmeinsmncasjmﬂ@gﬂe titevbldemsfep tlpienBlm@cicsysedio fomintd ons

t her eof.. The mul ti-ple thermal transfer el enents c¥ssl ncl ude t her nal

transflér dcsisgat @thﬁ{ ehjectyen toitermmadaent ft"#"&ﬁ»s‘?tb‘?r abif O%Pﬂitlf’hgetﬂlﬁfﬁp -t ransf er
el ement s t’ﬂ:%tm\%l ?ﬁ%&&hﬁ?nﬁhﬁﬁj Ferh M Ehay Rfdem fansfer Yx:lech‘?s xg{hOt her
T

obj ect may Usi g one or nore rans enents with
mul ti conpandtitortp@ral Rinsfieriinis andihermanander dloments ek falsféG dingasiver

el enents that each can _be used to transfer a single layer or a multilayer
unit. For example, a device or other object may be formed using one or more thermal
. transfer elements with multicomponent transfer units and/or one or more thermal
20 ftransfer elements that each can be used to transfer a single layer or a multilayer unit.
| Thermal transfef of one or more layers to form a device or an array of devices
( can also be useful, for example, fo reduce or eliminate wet processing steps of
processes such as photolithographic patterning or ink-jet patterning, which are used to
form many electronic and optical devices. Thermal transfer to pattern layers from donor
25  elements can also be useful to de-couple layer coating steps from patterning steps, for
example where such coupling can limit the types of layered structures, or the types of
adjacent structures, that can be patterned. In conventional patterning processes such as
photolithography, ink-jet, screen printing, and various mask-based techniques, layers
are typically coated directly onto the subsirate on which patterning occurs. Paiterning
30 cantake place simultaneously with coating (as for ink-jet, screen printing, and some

mask-based processes) or subsequent to coating via etching or another removal

technique. A difficulty with such conventional approaches is that solvents used to coat



Thermal transfer of one or nore layers to forma device or an array of
devices can also be useful, for exanple, to reduce or elimnate wet
processi ngsiepPs20de processes such as photolithographi efatbeRLRds O
ink-jet patterning, which are used to formnmany el ectronic and opti cal
devices. Thermal transfer to pattern layers fromdonor 25 elenents can al so
be useful to de-couple |layer coating steps frompatterning steps, for
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mask- based processes) or subsequent to coating via etching or another
renoval caethbmbepaietedivif féleetiveyhatinphirangtn fimomiberiobontl a wpgpt@aches i s t hat
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The transfer, | ayer ri,al.s . 5 can then be patterned via selective thernal
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pattgpni Qﬁéfhﬁgg»%c,%ﬁeb.%rte&ﬁﬂﬁlfe% éﬁ&l%apsg)?mespr@seﬂ?fnvﬁllﬂ:iﬁzlé&qvéhft-cl)@c&?r dcoat' ng

steps from patterning steps. An advant age of de-coup coating an

pat t er ni hyestais pastetded on mebbreibduscapdhlcheatpad! tteatvedidbe displedd, or next to . |
other materials that woyJd be difficu o.pattern, if possible at all, -
usi ng co%@#@&dwa?’ff%i:&a PEF‘?’%‘ﬁﬁrﬁdﬁfO@E’@géeft@f 1t1'£— e”éﬁ%lﬁﬂp&s‘?ﬂfﬁ?ret hods of the
present | i 5 _ :
sol vent - %gﬂggtogg}%oﬁngﬁﬁa?g? ﬁg?ﬂ\ﬁgﬁtﬁ%ﬁﬁgpﬁﬁ ?gﬁt@gg?ﬁéﬂgfg%c Iaesgl,vaf)tenet rated,

and/ or r engteptdde raapiat. dihk eahe holds foripattenebthepualgomefer nf sdieentpogisénce of the
sol vzgt had t he sol vent-coated ] ayer been. coated di rﬁa&t |y on the sol vent
ti

suscept i BTtk et i, butmpl neceseariy ffonkg) Wik malereld oF RYPTRAT 4 TeetiiTer  of

sol vent-qgﬂhﬁg,be%o &hicahdh Bexbivk@ but not necessarily in contact with,
materials or Fayers dn a receptor that nmay be inconpatible with the

sol vent. A "sal \sehvenssigscapibidileyer isayiayeritisat avduby/ e distdvedpatidadteie di ssol ved,

attacked, penetrated, and/or rendered . no e({ able for its intepnded purpose
in the pheadiss, gd/gr rendered inoperable for its intended purpose in the presence of a

solvent, had a solvent-coated layer been coated directly on the solvent-susceptible

20  layer. A simple test for solvent susceptibility is performed by spin coating a first layer
from a first solvent, drying the solvent, and then spin coating a second solvent on top of
the first coated layer. If the first coated layer is dissolved, attacked, or penetrated by the
second solvent, then the first coated layer is considered to be a solvent-susceptible
layer. Alternatively, a similar test can be performed when the f{irst coated layer has

25  been deposited by vacuum evaporation.

The "second solvent" is preferably an organic solvent that is capable of
dissolving, dispersing, or suspending an organic polymer or resin that is suitable to
form 2 layer of an electroluminescent device. Suitable solvents can be found, for
example, in LM. Smallwood, "Handbook of Organic Solvent Properties”,

30  Amold/Halsted Press (1996).
In some embodiments of the present invention, the transfer layer will include a

non-volatile component. A non-volatile component is a chemical compound with a

10



sol vent, had a solvent-coated | ayer been coated directly on the
sol vent -suscepti ble 20 layer. A sinple test for solvent susceptibility is

per f or med vy 26Rjethes®at ing a first layer froma first so LRg the
solvent, and then spin coating a second solvent on top O#é’ﬁpﬁzeooﬁ%ik{% coat ed

|l ayer. If the first coated |layer is dissolved, attacked, or penetrated by
the second solvent, then the first coated layer is considered to be a
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conmponent . . on-vol atil e. conponent. i s chenical . c ound with a 10 WO
2005/ 022958 BETATET B Biseas ooy VB EPe TR BPEESEMPtaRHEY 2ondi t i ons
typi cal | viehsgthnf 0l o\fﬁﬁumoenfﬁﬁggtﬂﬁﬂs%c&fd at MAGHEK %%él@%tthéif‘- A sinple test

for determ ning whether a conpound is non-volatile is to attenpt to subline
t he conpdasmnposition tsaparetura epobé torsilerdrid be inongolagite. t Garmon ehpoplent .

Non-vol at il d ly d : h de, etc. 5
Fail to ShBP SRR AaletSiiehidrREnF ShEopfaertaiers MR R nobi 1 on
I N cypr erfdight spaeRls! @pAiBicy agsium deposi tion systems. Typically, materials

whi ch cannot achieve a deposition rate of at least 0.1 Angstrons/second at
a {enper at ur e Asehidwetdisissed devwnpddiit bdow befemationef (Fdnddyecesonsi dered to

be “non-vol atile. Co | f -vol at i ts includ
pol yrrer s PrOTS @RS SR wirmles Brgupliny it slemes: Egivniiet es,
cer an s meéhdds, A ddkvicks REASIHS G EICanBfeMBlethods bt disddse@Vor bRBndlQrARt | on of

CEL devices provides particularly suited exanples. Exenplary donor
el enent s, U.Bhatige. G 414nkxdWollvst Hlods, and devi ces nade by thermal transfer

oG8 e et el e ARl By i Por B AL o
radi at i oRo@kd dane usEPMIBE Pregatt iRRNHSE Fol BndlbetRhEGER! (cigN\e@Pddudn. For anal og
techni ques (e.g., exposure
thrpugh a mask), igh-powered light sources (e.g., xenon flash lamps and lasers) are
useful. For digital imaging techniques, infrared, visible, and ultraviolet lasers are
particularly useful. Suitable lasers include, for example, high power (=100 millwatts
20 (mW)) single mode laser diodes, fiber-coupled laser diodes, and diode-pumped solid
state Iasers (e.g., Nd:YAG and Nd:YLF). Laser exposure dwell times can be in the
( range from, for example, 0.1 to 100 microseconds and laser fluences can be in the range
of, for example, 0.01 to 1 joules per centimeter squared (J/cm?).
When high spot placement accuracy is required (e.g. for high information full
25 | color display applications) over large substraie areas, a laser is particularly useful as the
radiation source. Laser sources are compatible with both large rigid substrates such as 1
mx 1 mx 1.1 mm glass, and continuous or sheeted film substrates, such as 100
micrometer polyimide sheets.
Resistive thermal print heads or arrays may be used, for example, with

30  simplified donor film constructions that may lack a light to heat conversion (LTHC)

layer or a radiation absorber. This may be particularly useful with smaller substrate

11



t hrough a mask), high-powered |ight sources (e.g., xenon flash | anps and
| asers) are useful. For digital imging techniques, infrared, visible, and

ul travi ol are particularly useful. Suitable | include, f or
exanpl e, ﬁfoﬁgéﬁ‘?{mé 100 millwatts 20 (mW) single rmdg’%ﬁré@géb&@?%ﬁggs,
fiber-coupled | aser d| odes, and di ode-punped solid state |asers (e.g.,

Nd: YAG and Nd: YLF). Laser exposure dwell tinmes can be in the range from
for exa 0 S t he range
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with 30 si er|Ifled donor filmconstructions that may Iack a light to heat
conver si dnusaHe)heal thy & Ty layer (aad/ar pber eyt B%talmlf}ﬁ@ RHON BRSORRETY i cul ar | y

usef ul I { A P 2648 sizes
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patterns peﬁ'@k@rhlma’gﬁwisl@@ﬁﬁsféﬁqﬂhé adnsffexrlayérrﬂ‘m theshérmalb agnefat eednehts@l ays.
During i magl ng, the thermal transfer element is typically brought into
intimate “‘c@‘ﬁﬁ?ﬁftftacwffmgéo PE&EPRor. In at |east some instances, pressure or
vacugg are us et e cont act
W t hltldtjnhe rece eﬁﬁhga&dadh %%1 ﬁgﬁleg%glﬂggé }} %S atax%gi%t‘?vﬁesegﬁﬁ%@ﬁ%ig?t '%I%SHI%?'HC | ayer
(and/ or abdikn n}aasffef ﬂas)raﬁsfaztmnm The thetslhlatEdnafer ahmnbars)ﬂecwemaontﬁmgﬁw se .
fashion (e.qg,. or by anal Qg exposure thro#g sk to perform

i mgew séVlEhrt%E?aélFlgﬁ errteﬁ&tqqaaﬁf‘stb@am siet olFrRarien p %Pﬁr&p stey ]&ﬁ%rf er el enent
to the ré&?ﬁﬁgio ?ﬁ&%&? Qnétﬁ n@?&dﬁxﬁ&f} thégr%é%ﬁlet’fﬁéfér\éf‘eﬁ’ t tha! peat' ng

el ement, suc aresrs |ve gsed X ransfer the
t ransf er inohide.a lipse t]hd‘neﬁmﬁbnvfeftanﬂ@mcﬁl et aﬂqﬂleﬂ&d) &retlawlmocmﬂﬂ acted wth
the heating elenent to cause _ thermal transfer of a partion of the transfer

| ayetd accor d| Tygicaly. dhefamsis paver 1 tostersd t%%é%ﬁeﬁj@ﬁf“”@ﬁb“%%@ﬁﬂ% t ransf er
el ement | n?éﬂéﬂ ?aar@rs oﬁtﬁllhéﬁ?all lul‘éﬁ%fercﬁéﬁiﬁ{tt sufd a? Hﬁ%&)@'})ﬁﬁ' infeHEyent applied

to the |lay P ypi ca trans i's transferred to
the r ece[ahd) rthevid THIO Letyet, I‘I&B?p‘r&&ﬂdertg" the optional mterlayer may eliminate or reduce

the transfer of the LTHC layer to the receptor and/or reduce distortion in the transferred
portion of the transfer layer. Preferably, under imaging conditions the adhesion of the
20  interlayer to the LTHC layer is greater than the adheston of the interlayer to the transfer
layer. In some instances, a reflective or an absorptive interiayer can be used to attenuate
the level of imaging radiation transmitted through the interlayer and reduce any damage ()
to the transferred portion of the transfer layer that may result from interaction of the ‘
transmitted radiation with the transfer layer and/or the receptor. This 1s particularly
25  beneficial in reducing thermal damage which may occur when the receptor is highly
absorptive of the imaging radiation.
Large thermal transfer elements can be nsed, including thermal transfer
elements that have length and width dimensions of a meter or more. In operation, a
laser can be rastered or otherwise moved across the large thermal transfer element, the
30 laser being selectively operated to illuminate portions of the thermal transfer element
according to a desired pattern. Alternatively, the laser may be stationary and the

thermal transfer element moved beneath the laser.
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any of, the other layers of the thermal transfer element, such as the
optional interlayer and the LTHC | ayer, The presence of the optional

i nterl ayerwgByoflhsgonate or reduce the transfer of the pdtEshaysii® the
receptor and/or reduce distortion in the transferred portion of the
transfer layer. Preferably, under imaging conditions the adhesion of the 20
interlayer to the LTHC | ayer is greater than the adhesion of the interlayer

to the transfeTherhdy@hnsfdrMoBOMBRbAHEAIAABE ; o%e@&iﬂxﬁ&.@ﬂe@su@cﬁbl@ﬁypﬁhﬁor ptive
interlayer can be used to attenuate the [evel of inaging radiation

transm t teedymen Blayls a prdysster Simalpe pxampie medietle/lensylersnhdigléle &to t he transferred
“portion of sfer.,l r |t frome.int j .t he
Fransm ¢ oo AR e et e B i S R PR e e i ¢ 1
parti cul af yptR & ea e itdatithg bl rades), g lidies Figh neadmgsonbE Eghirmy occur when
-the receptor is highly absorptive of the 1mging radiation. Large thernal

L r ansr5er pavesid e eigngte aywel as piErigal mechenisalad thermad stabilitefosfient s t hat
_ it . f _ | il |
ave e”% é}ﬂ% agﬁpﬁ‘g S BRI Q08 eﬁn%ﬁ%gtﬁée%é,l%"ﬁr g @@tﬁgxrn%’rfs‘i Lkon, a laser

can be r ere ef W se nbved "across _ Fanst er
el enent, fifigoIkhthdEem beithgs 68 Brclokved shepal Bhedbriop sillshiiinake portions of
the thermal transfer elenment according to a desired pattern. Alternatively,

t he | asertypigplipaclegted fromangtensis thaheemaiheahlg detpitgdstting &fitherbAtGloverd beneat h

(e | e A0SO ETLRARLARE B oIS B

pol yess er 0.5 dD.1fi0m, exaniph ehiclee by gl enerisebsptds halytieused. pol yet hyl ene
napht hal ate fil ns. However, other filnms with sufficient optical properties

(i f{1ight is uSweicalby theeaetpngs g to foms thedpnor substrade gt e A HG Wyshi ssi on of
| i ght at i,.cul . h Gl i cal d
thermar stssrFRed i hRbrlfEy S Stech e e Tl hd LS Bflor HBERALER 000,
subst r at egptichaBpritnBRShys @ be 0Silan ¢RS8east Bnifdrhaly d@ing bigd caatihg of m coat i ngs can
be fornmed thereon, The donor substrate is alsqg typically selected from

mat er i al ssgbseavenblayers 284 alsp Ecaraspihednigdarer hgnding sratirstvees /e LTHRe t ypi cal
10 0. 5ot Bt AATRAORT AR B R ARUED L PR AR el i) €201

used. Typh@dlable frdthdeljitlad) @radudisNo. HPEIG, MskilbeJganpr substrate and the LTHC
| ayer are selected to inprove adhesi on between the LTHC | ayer and the donor

substrate. An Aspwtienalinistiayar agylbsylésposedrpabueqidbe LTHG layeramddragsicr or mi ty

during t h?ayglo ﬁtﬂlél%a?hansfer elements to minimize damage and contamination of the

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

The interlayer may provide a number of benefits. The interlayer may be a
barrier against the transfer of material to or from the light-to-heat eonversion layer. It
may also modulate the temperature attained in the transfer layer so that thermally

30  unstable materials can be transferred. The presence of an interlayer may also result in

improved plastic memory in the transferred material.
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subsequent | ayers and al so increase the interlayer bonding strength between
the LTHC 15 | ayer and the donor substrate. One exanple of a suitable

substrat e“yq(iﬁgsfgzrz'bgger | ayer is available fromTeijin Ltﬂ:’rﬂﬁ 2@&%9&48“‘0'
a, Ja

BPE100, Osa pan). An optional interlayer nmaybe di sposed between the
LTHC | ayer and transfer layer in thermal transfer elenents to m nim ze
damage and contam nation of the transferred portion of the transfer |ayer
and may al so ' Lon. i 3 i he transfer
| ayer. The in@%@ﬁ%@élg#gﬁskﬁ%%%ﬁ%éﬁ? e&;agi e%a%g%a%g#'}qh}%gpmﬁ%nsfer | ayer
t 0 t he r esltasoflayehypidadiy fadilitateansiéze ofthe mantier By Sahltys rebthef thart er | ayer has
hi gh therpal resistance. Preferably, the interla does not distort or
cheni cal |f{}3?mlafe%% §&W&g¢fﬁémﬂ§gﬁh@ﬁé@ﬁ8? F&ﬁfayﬁgﬂw%ma&mf to an
extent thatmEendehssithg £, 4 1 ' ; interlayer
typically rerrlg[?hg\s n co%l%lglgt?mwfet#@g’e %ﬁ@g@ﬁ@%ﬁ&fﬁr@?%get transfer
process ahahdnt Inat lcssilsstarhieal thyrdgasmbfyer prodides ¢dmd hdhesion afiffedrankfyer. The

i nterlayer nay_provi nunper of benefits. The interlayer nmay be a
barrier 3@%@?%@{%03&5%@1’@%})@@5&5? PICR PRYY 1B LXPOSHH Phe2T i ght - t o- heat
conversi on | aygk relbise 1 LBk e 1eH Lai in the
transfer Iaye?ﬁsget hsgt%ér@%pgﬁggh%r%ng%&a mtgl&g%%c%% r‘E)Utg-fﬂ"t?{)‘riié::tlnsferred.
The pr esegoaeonaff tearelaatellyeyany bayaafesed vadutht tiansfer lmperovdédrmptiasiyi ¢ nenory in
the transferred materjal . 2005/ 022959 PCT/ US2004/ 022648 her mal
transf er TEP%AEHDSEEGAY a%@ﬁlfg%%swmﬁ@aﬁem@r%%t APBPT SUPREAT HPF nal

rel egge | | I Jy : : £184sc! romthe
ost ot PP Phfls Yark Rl MLAS sEERS ot BR MIERIUER IR | DT | o
| ayer) upotludeatsubigmalble nideridl raromadn éfithe sflease blyenmay be dosipadrptiag by a |
Iight-em’tgti ng_source or a heating 5 elenent. In at |east sone cases, the ™~
rel ease |BYEMSHHIGES some adhesion of the transfer layer to the rest of
the thermal traRSfaLrelSBRYr tRELA P XRRRHE S F 1R 885t inTBRid&lRase | ayer
maybe part of the transfer [ayer or a separate |ayer. or a portion of

t he rel easdudayrerormaye beyets fansfeslar éola waceptor.liEhete amsdremotedyers mal ber nat i vel y,

nost or substantially .all of the rel ease | ayer can remain.w th_the donor
subst!Pat OTRRTSIE QR BASHF: qrawrneraihwaﬁe?hér F@&naﬁ@%ﬂ%éh Het ances, for
exanpl e gﬁ@fema @ﬂi@ﬁé&:ﬁ'b@&%‘idc} {&tated egqidagﬁﬁ%n@ of Rk BRBlR BBLEN @iy @ portion

of the release Fayer maybe Ssi pat e ring the transfer” process.
be appreciated that, at least in some instances where more than one layer is nsed, there

may be an interfacial region that includes at least a portion of each layer. This may
oceur, for example, if there is mixing of the layers or diffusion of material between the

20  layers before, during, or after transfer of the transfer layer. In other instances,
individual layers may be completely or partially mixed before, during, or after transfer
of the transfer layer. In any case, these structures will be referred to as including more
than one independent layer, particularly if different functions of the device are
performed by the different regions.

25 The transfer layer may include an adhesive layer disposed on an outer surface of
the transfer layer to facilitate adhesion to the receptor. The adhesive layer may be an
operational layer, for example, if the adhesive layer conducts charges between the
receptor and the other layers of the transfer layer, or a non-operational layer, for
example, if the adhesive layer only adheres the transfer layer to the receptor. The

30  adhesive layer may be formed using, for example, thermoplastic polymers, including
conducting and non-conducting polymers, conducting and non-conducting filled

polymers, and/or conducting and non-conducting dispersions.
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The transfer layers of thermal transfer elenments of the present invention
can include one or nore layers for transfer to a receptor. These one or

nore | ayer A 15 fornmed using organic, inorganic, ld c, and
ot her mat e‘??gﬁy?.log%atghough the transfer layer is descri beg&gn %ﬁ?@%ﬂgﬁ ated as

having one or nore discrete layers, it will be appreciated that, at |east
in sonme instances where nore than one layer is used, there may be an

nerfactal r oiaRARlaENBLYIRS i CATleadt BOG GRS Of oPRBNGl RS Thi s may

occur, for exanple, ere’is mxi rs or on of

mat eri al thetramsder 1aee H20 id dy@utcheitb e, restof thirgheraral abhsfer dleaaaf & of the

-transfer |ayer. In other instances, individual |ayers may be conpletely or
parti al | ylesfrasd apefee fHs Teieast fayer By aptiahly of eptanletely tomsfwavitythasfer 1ayer. In
any case, | r I | e -fhan one

o ndependerﬁﬁgﬁgge%tﬁ%g%fﬁﬁﬁﬁ <'§/r @? Stéﬁ{aﬁgraggjtf tﬂ%ulﬁ%ta %@%&&%%@H& (Eitg‘\yllt%e are

per f orsredthbihetihs teinkfee eRfient, g tiansleaseSaykh endyrdisgiaes inlvatyde onmypartiaporde an

adhesi ve | ayer disposed on an outer surface of the transfer layer to

faci | it at&uaishakingfranycr lyer sudphlprelears byagresdsseibeabovemy be an

operational |a I Afo b LV e char ges

bet ween the r%@éogg%?ﬁeaﬁ%ﬁ?ﬁéﬁg% hIeaP b??g%ﬁ@?ygnﬁ%r@%éﬁé%eggg{g&ﬁg@eer , or a

non- oper afrdenaod|tietein, at {aast sobxadtiboimédts, ttheradiie $dypee nagyetluddibyeradher es t he

transfer |layer to the receptor. The 30 adhesive | ayer_may be fornmed using,

for exanphef hayeardipe sempengsé angdir snuliiple usesiin dhe degkgubitvilglsarhe

- coaduct) i ' o . | |
i ofd coelifboIhal T e SO N AR 100 oF ARV GRSt Bty pBost ™ °
1 1J S2 0841t ¢82 3 o48er dTkRag tiasif er othawide migyd at sanbined. Bdlenpcdse) thase | ayer

P
di sposed on the surface of the transfer layer that is in contact with the
rest of tlEerspéhorgh mpghor epmbineeiil begslorngd &xvs B iRBHIAYETSt hi s rel ease

| ayer may par t44al I . i i he
transfer Iayer?&ot#%g%%gfgﬁp%g{ﬁ‘)?}(ea%uﬁﬁgﬁltﬁﬁ‘letw?e (e’%%gtr a%gflhﬁrrgﬁs rfée}hrrlaﬂhn with 5
t he ther nehstbpanbher aglGHe (dreatt clebieoliBlir@act) dyRe pi@idsl Ssirfailaly n whol e or

in part, upon  transfer of the transfer layer. Suitable rel ease layers are
descr Ibedibygsiiac, pantlipiioy xpapleofiss Grmpigres! arpgtivedseenmdng terailscr et e

| ayers, i bl | nder od that, in | east .S e i nts, the
e er T Gl M RAN 80 g By, o B 3T R RSB TN, e
nul tipl e 1458, dftné BEm@eyis@blel drgMid nafhisR sReiwibhddnstenedoochitditandah | east in

sonme enbodinments, two or nore discrete |ayers nay be
anode. Electrons are injected into the organic layer(s) fromthe cathode and holes are

20 tow;i'ds the oppositely charged electrodes, they may recombine fo form electron-hole
' pairs which are typically referred to as excitons. These excitons, or excited state
{ species, may emit energy in the form of light as they decay back to a ground state (see,
[for example, Tsutsui, MRS Bulletin, 22:39-45 (1997)).
Hlustrative examples of OEL device constructions include molecularly
25  dispersed polyfner devices where chargé carrying and/or emitting species are dispérsed
in a polymer matrix (see, for example, Kido, Trends in Polymer Science, 2:350-355
(1994)), conjugated polymer devices where layers of polymers such as polyphenylene
vinylene act as the charge carrying and emitting species (see, for example, Halls ot al.,
Thin Solid Films, 276:13-20 (1996)), vapor deposited small molecule heterostructure
30  devices (see, for example, U.S. Pat. No. 5,061,569 (VanSlyke et al.) and Chen et al,,
Macromolecular Symposia, 125:1-48 (1997)), light emitting electrochemical cells (see,
for example, Pei et al., J. Amer. Chem. Soc., 118:3922-3929 (1996)), and vertically
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mel ted together during transfer or otherw se m xed or conbined. In any case,
these |ayers, although m xed or conbined, will be referred to as individual
| ayers. Tﬁﬁ)ioﬁg{;ﬁg%r of a one or nore si ngI e or multiconponent transfer
units to format-~1east a portion of an OEL (organic el YOG Eent)
device provides a particularly 15 illustrative, non-limting exanple of the
formati on of an active devi ce using a thermal transfer elenent. In at | east

i nst | ud th f
rore sui TAGEL ORIt RarinE SRS ek R st Be NE tr i oR SR “anode.
El ect r ongeals- éxﬂhz?ﬁzt@cg ipat. 0vd. BE709T A8 MF SrrdsB e, ?ﬁﬂd Ehamitdnessatfode and hol es

are injected into the organic Iayer(s) from the anode. As the injected
char ges 2;76;#@9&202@(19&%} ds the oppositely charged el ectrodes, they may

reconbi ne to éorm ectr rp0z hol.e ﬁal hs iﬁ\[m Cth re t referred to as

excitons. TheSdMEs {eél?‘fg © e SUAY Biplely &° e%%%éin 0@96 T2 trer gy in the

for mpf hfo ca& 61“ onRLARY nRACH1d, Bn@ @ e brSdndd nd1BRRIcculedke@XasT e,

Tsut sui , BUI in, 22:39-45 (1997)), illustrative exanpl es of COEL device

const r uct nmnsolwm@t qltgemnwll etg@hambsallzﬁndksﬁeﬂséﬂﬂp@\ymr srdal inoésulsher e char ge

carryi ng and/ speci.es are rsed matri x (see,
ﬁ ‘ﬁ‘eélri’g@ SN c‘%@ggﬁ@éspoﬁ la\?@fﬁ’ §§§°ﬁlag%9§fff)m ®conj ugat ed

for exa
pol yner Fﬁ%’ﬂs?@é Wh%ﬁﬁoi ﬁ%%fn%tt&fco@&})Xﬂﬁ{ﬁgegl!ﬂﬁﬁpﬁﬂa%}s}’%ﬁ%'lﬁc@e vinyl ene act
as the charge carrying and emtting spectes (see, ‘for exanple, Halls et al.,
Thin Solid FiForspa7pliGatides,(suek6) Jisplen prplicdequsit ieprefmed|thatat kast| e

het e,0st  uct . No. 5,061,569
(vandl ke i eafhodr pABRa e Binsp Sopy TS AL R S Wposi 2, 125 1. 4o

(1997))  elebteilimBRbdeht 8R! ?ﬁfsrdégaﬂg'oﬁ%e S5drhRioh S the ddve (BXATRNRy Pei et )
J. Amer. Chem Soc., 118:3922-3929 (1996)), and vertically 15 WD -

2005/ OZZQE%FI@TGI‘U@CI@W@ZQGWSSI tgtﬂm}ﬂubstraﬁ@wmeﬂ dsitighdirentrionoif highidi odes capabl e

of emttin e wavel e or exanple, U S. Pat. No.
5,707, 7451PE8 tg@r“gﬁlt J‘)’gﬁtaﬁt%ﬁlé?mw%‘fﬁ thé%@?%ﬂ% 276:2009- 2011 (1997)).
As used her ei The éﬂ?ﬁetaﬁ& H&ﬂl@d@drle tﬁﬁéaﬂ?%ﬂmdﬁﬁﬁ:@’o%n&ﬁbtﬁl Gﬁﬂeﬂﬂk YiBRrdsC organic,
5 inorganic, or organonetallic nolecule, the term organi c snal |

mol et etetals, ellayst metaalcmmmn@un#metai rogahs,ctonducmgammsabmd@wm ecule. In
CEL devi snmal | cule .materi mtter |ayers, as
char go. t PERGERS 21d e EEH ool fRER wiluding R eSSy TS 1 oY ont rof ¢ he

em tted galAfon, MutBanIGtabidN RMiEm nRYi8E Sndidghdid H8dé (TK®), fluorine tin
oxide (FTO), and polyaniline. The anode and the cathode can be single layers of '
conducting materials or they can include multiple layers. For example, an anode or a
20  cathode may include a layer of aluminum and a layer of gold, a layer of aluminum and
a layer of lithium fluoride, or a metal layer and a conductive organic layer. It may be

particularly useful to provide a two-layer cathode (or anode) consisting of a conductive

m—

organic layer (e.g., 0.1 to 5 micrometers thick) and a thin metal or metal compound
layer (e.g., 100 to 1000 Angstroms). Such a bilayer clectrode construction may be more
25  resistant to moisture or oxygen that can damage underlying moisture- or oxygen-
sensitive layers in a device (e.g., organic light emitting layers). Such damage can occur
when there are pinholes in the thin metal layer, which can be covered and sealed by the
conductive organic layer. Damage and/or device failure can be cansed by cracking or
fracturing of the thin metal layer. Addition of a conductive organic layer can make the
30  metal layer more resistant to fracture, or can act as a diffusion barrier against corrosive

substances and as a conductive bridge when fracturing occurs.
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For many applications, such as display applications, it is preferred that at
| east 10 one of the cathode and anode be transparent to the light emtted
by the eh@std@brawinescent device. This depends on the ordreusmbi@icsf the
device (i.e, whether the anode or the cathode is closer to the substrate)
as well as the direction of light emssion (i.e., through the substrate or
away fromthe substrate). The anode and cathode are typically fornmed using

conducti ng matBid ladistranspbrtasyer Hrilimtealhs injat i@y holBtatb lthedodrqadnds, net al
oxi des, conductive ceram ¢s, conductive dispersions, and conductive

pol ymer s, thfth Egatipgy tovasds @5 sappee. Thehale ranapgrilanst cap AMtlayiagias shagmenum

“titani umgti L FLEd i gdi i i i i oxi de

(FTOy. " ang: SEL B OB G | MEBNC R bl ey CHTANE T ors o
conduct i negamples pidédnsine derivetiye cmoh anbl Nides(FuhdthydplkedylydM8- For exanpl e, an
‘.anode or 0 cathode may. include a layer of alum numand a |ayer of gold, a
| ayer of ‘gpﬁ‘ﬁ%yﬁﬁﬁ?l% (algo kngiwp apiPP) prothen holg edpgivegpatgrighe sug 4sayer and a

conduct i Vﬁ,wrﬁg.g HeANES 2- l%—Nrﬁ’ybi ??1ﬁ@ﬁgéﬁ&éihggﬂ%ﬁ?%‘fgéeﬂerﬁothg gyl de a

two-| ayer cat or anode)  ¢onsi uct of gani ¢ | ayer
(e.g., O.ttarsporblayeceaprintledsotghnic kjnall mebleculdinpterivk adonductivetpaiyroaspound | ayer
(e.g., 100 to 1000 Angstroms). Such a bilayer electrode construction maybe
more 25 r¥yEeReiixsloped willas oszangsspardhmpleanle.cand clbarsgdable 8aMGi%g noi st ur e-
or OXYGeNyoRERRIcbht e BYPianichhdhclEifribl: 9. organi ¢ light emtting

| ayers). gud’n amage can occur en there are pinholes in the thin netal

| ayerl( whi ch cHle diectaveneshrahgersiailiedeste infeetion ofidiecttonseandrigdni ¢ | ayer.
Danmage and/or ,device failure can _be caused by cracking or fracturing of the

thih net amigraiaaylowagiyiths pdss The devadisnsrorolayasas Tdirs potasd han@ fthe 30
met-al | aygL %5@65%1 Lafte d@ddeacture, or can act as a diffusion barrier
agai nst corrosive  substances and as a conductive bri dge when fracturing
occurs. 16 WO PR&hH22R56r PCTeEA04 /2P0 Aftal Thelats abmpbinad) spdr s, fay er

facilitates the injection of holes into the device and their mgration
t owar ds t HemPis Houg-hydwe yaareling ahapamn (Ah{dr Bertterayarnesm deq inglidg parri er

for t p -Qf. - -t S LQ-1.ha- . rapasport | ayer can-
ol uto, " a7 Rguak pPHRRLS A0 o Beh RIS i R R e O R
N, N - bi s(phci®lchyd @BEEY hnd Phibludredés(RELS)Y bixanizisgiali endladi8omiteoins, a8 TPD) or
ot her hol e conductive naterials such as . .
N, N - bi s(WhishgHe® & avexample; pRivReerhianed matkyerpuin snail swleonlss) and othgfener al , t he
hol e traé]ﬁﬂg%tmétgﬁﬁg can include organic small nolecule materials,
conductive polyners, a
.. Optionally, the electron fransport layer can be doped with a fluorescent or

20 phosiaorescent dye as described herein. Doped electron transport layers are sometimes
referred to herein as electron transport/emitter layers. In preferred embodiments, the
(‘ electron transport layer is doped with a blue fluorescent dye.
For embodiments that include an electron transport/emitter layer, the interface
between the hole transport layer and electron transport/emitter layer forms a barrier for
25  the passage of holes and electrons and thereby creates a hole/electron recombination
zone and provides an efficient organic electroluminescent device. When the emitter
matetial is ALQ, the OEL device emits blue-green light. The emission of light of
different colors may be achieved by the use of different emitters and dopants in the
electron transport/emitter layer (see, for example, Chen et al., Macromolecular
30  Symposia, 125:1-48 (1997)).
For embodiments that include an electron trausport/emitter layer and a second

emitter layer, the electron transport/emitter layer can be prepared to function solely as
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pol ymer matrix doped with an organic snmall nol ecule, and other suitable.
organic or inorganic conductive or sem conductive materials. 10 The

el ectron wwHanspesdsel ayer facilitates the injection of epeghkangodagk their

m gration towards the anode. The electron transport |ayer can further act as
a barrier for the passage of holes to the cathode. The emtter layer is
often fornmed froma netal chel ate conpound, such as, for exanple,

tris(s- hwﬂ%e%aﬂ driBY e YA AR bn a Egkﬁﬂs%{on M&(ﬁwﬁ@@ﬂé‘s%@oﬂdm' ude 15
light emtting polynmers such as pol y(phenyl enevi ny ene)s (PPVs), poly-para
pheny| enasititPRPs) Preferdbiyoibisf donstrusties 19 d@pahle o ppanndiog smefficiembbrenice

mat eri al éé If1I whi ch a i s an exanpl e; polymers doped with organic snall ‘
mol ecul e&CCTRMERRFHERt dSihet abl e materials. Optional Iy, the el ectron transport

| ayer can be G@ReBEM hibfiit, g%} Y& 68 R A2 AP IRTRR! B ?E}’Qhé’ié descri bed
herein. Doped el ectron transport |ayers are Soneti nes erred to herein as
el ect¥ ontranspors fyet ihamstaiseranleaymrslayet nAhemﬁmwlg,dhehbhdramm’sLay@l‘rwd el ectron

transport | ayer s dwth a fluore cent r. enbodi ments that
i ncl uge %‘ﬁ @% BWPPB&HQB‘?%IW%H?‘PHE’F CP‘Eg L tﬂémF#[y@E TPOé‘EtBGmEfE?’v@een the hol e
transpor §e E%Ve%mﬁt@ldla%l%hfdo& ihie gibgél%étﬁr@éﬂ 5581% tﬁaﬁéﬁﬁfrt 1fa9érr§§1d%nbar rier for 25

t he passage of holes and el ectr and thereby creates”a hol e/ el ectron
r econbi neltétom tzamspordlagempr ovi des an effici ent organi c el ectrol um nescent

devi ce. Wen e mat er i I S CEL deV| ce emts bl ue-green
light. The en#ag?iﬂ%}ﬁg ﬁm&fﬁ{lﬂa@nﬂwﬁrﬁ&ﬁfﬂ@gﬁ SIECRRBIOBES A eved by the use
of diffep ﬁﬂ&ulﬁr‘iﬁr Eﬁlﬁaﬁ%x%ﬂﬂleqi,@ﬂﬁﬁ&ﬁe Bk ﬁﬁ’ﬁcﬁh@ﬁvﬁﬁ RobdeANSRA DRI GH: | ayer
(see, for exa Chen et al., Macronol ecul ar 30 Synposia, 125:

(1997)). teﬁnuqlmstaudhwrthgetdtfﬁpuhtms:ttamdm oarnr@hwccmdmtambqapmsdﬂem tter Iayer

o1 epar oq B P ERARY! RIS GRS U9308 PRUIBbAB S6as an

el ect r onykE3 e @hdnot aaaged&me&@ﬁiscéﬁmn?w@&dcﬁnp@l@&at%ﬁ SplRbIisoconfined to
the second emitter layer. Preferably, this construction is capable of

provi di n@omraxebﬂmtoewﬂvmitsgmt@ante heselttp obatrir petermothad dapictseon ibe Idapla®EL

mul t yer, deV| nstruc nma or .exa hol e
T anbbor Floplg Tiaereny o odmiior SFp S FarstiSir R Confpefle ol o
transpor gy E@}Mf‘%ﬁuﬁ{&@ techniques because a solvent-coated layer would be coated on a

solvent-susceptible layer, or because an etchant would be used to pattem layers on
other layers that are suscepfible to the etchant. For example, in forming an OEL device
that includes an anode on a substrate, a small molecule hole transport layer on the

20 anode, a light emitting polymer emitter on the hole transport layer, and a cathode on the
emitter layer, the solvent used to coat the light emitting polymer may damage the hole
transport layer under conventional processing techniques. The same limitations may &‘
hold for conventional patterning of adjacent OEL devices, one of which may contain a
light emitting polymer emitter layer and the other of which may contain an organic

25  small molecule emitter layer, These limitations can be overcome using thermal
patierning methods of the present invention. Overconring these limitations allows a
wider range of possible device constructions and materials alternatives, and these in
turn may be used to achieve OEL devices and displays that exhibit characteristics such
as brightness, lifetime, color purity, efficiency, ste., that might not otherwise be

30  achieved. Thus, the present invention provides new OEL device and display

constructions as well as new patterning methods.
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the el ectron transport/emtter |ayer could be combined into one |ayer.
Furthernore, a separate emtter |ayer could be interposed between a hole
transport gL n296h an el ectron transport |ayer. Pattergimngsigfdonakerials
and layers to form OEL devices provides a 10 particularly suited exanple to
illustrate some difficulties with conventional patterning techniques and
how t hese difficulties can be overcone according to the present invention.
Wth conventi oRralisdaaddde O WhvicRs Batl KHUBEmed BeEReiBY tREmA PR PRI al s or

| ayers that cannot be used due to susceptibility to attack, penetration, or
di ssol ut ioapor mpEdanep eknreais. duiaple deitieeseen else ha mrnsfoged onto aceerpt@rto pat t ern

G opl ay donce PoieRE SR Moo Ry e B e i quos

because alg@hwaditCioakeskidrbadain t0p BF SndBrotRat e td adnuiiUoy@RtaRsBCEPt i bl e
.. layer, or_ because an etchant would be used to pattern |ayers on other

layer § t HatERdeviewebdpityns dsdlesed e Ut BaaMo. S70Y.74% fhgorast eiad)f or ni ng an OEL

{r anspor t 1 aySPTaORRs BB RAAR et RN B 1 B R bl or o ¢ ne

hol e tr anmspghired, ay&n, a@dBing etattdt® (Br SAniphy frodfitrédeph@yedonotd)ensol vent used
to coat the light emtting polynmer nay danage the hole transport |ayer

under coribemin DseppTaly Sep g8 ipadern abiibd epthodes (AR, erdionally, wiaction tmespedly  hol d for
conventi qnal .patterni of acent .OEL devi.c one of ich.may contain a
Cant . emBLE g LT pihel uhor PERERE P’ B CRH &R Ye Mad Bt Hontai n an
Or gamnioc  A8as6fRy the@dl @GubRre Mel il o fvaNA! pattthR ¥Re bibitlel pbitPAFakBN be overcome
using thermal patterning nmethods of the@{)resent i nvention. ercom ng these

i i tati awpsiorallyoem adhesivedayerrabigéer diyen enedebhele dagiits lepnsholatengwes and
material s _alternative d the 0y tu may_he.used to achi eve CEL

dovi ceq aREcrenonSHingon tf B iR, it Br FRerdSt H38h PRGNt ness,
lifetine,cagRli@pomishi(ing, opfibnalveRCyect®inGnjectilddlbyd @bétrdiOkarBphielmse be 30
achi eved. Thus, the present invention provides new OEL device and displ ay
const r ucthubmgoggngvsiyer, gsd fwdilsat t er ni ng met hods. 18 WO 2005/ 022959 PCT/ US20

-0 4/0.2 2648 _As di scussed. L devi ces can,be forned by selective thernal
transfer from(g%ef’%! ?ntﬁ%?gg %)6%@ tﬁ?é%%et ?’er_ﬁ/BFtt“feﬁ?b %851%’563 EEh al so be

transferrggnéid @ & dea8ibleP o and Qbihadeionboh)dt ekt HeshdYondY di@haaii vel y, the

red, green, and blue thermal transfer elenents could be transferred on top

of one arwtfepseddopatemahe ewmitter pogiohof Ofiladdvéngs for either passive matrix or

active matrix display constructions. Generally, active matrix displays include a

common cathode that is deposited over all the devices. For this construction, thermal
20 transfer of an emiiter stack that includes a cathode may not be necessary, and having a
cathode-less transfer stack may be desirable. For passive matrix displays, cathode-less
( donors can be used to transfer each of the emitter portions (a different donor for each
color, if multi-color is desired), followed by patterning of the cathodes for each device
" from the same, separate donor element. Alternately, the cathode of a passive matrix
25  display can be patterned using the method described by Y.-H Tak et al.,, Synthetic
Metals, 138:497 (2003), in which a common cathode is applied to the substrate and
subsequently separated by a laser ablation process. Thus, various emitter donors can be
used for various display constructions.
Another advantage of the present invention is that OEL devices, for example,
30  can be transferred and patterned according to the described methods to form adjacent
devices having different, and otherwise incompatible, types of emitter materials. For

example, red-emitting organic small molecule devices (e.g., that use an active vapor-
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5 CLED device of the type disclosed in U S. Pat. No. 5,707,745 (Forrest et
al.). Still another nethod for formng nulti-color pixilated OEL displ ays

is to patighihshelse green, and blue emtters (for exanplleéT/{jﬁw;ﬁ%%&e

separate donors, and then, in a separate step, to pattern a e cat hodes
(and, optionally, electron transport |ayers) froma single donor elenent.
In this way, each OEL device is patterned by at 10 | east two thernal

" " _ : . . _ . =

opt 1 onal 15O A Sha Inclculiegch BRI O Ek|1Sn 80 bR RIS | ayer,

hol e t r ariighbemitiinggydymerdeides (g bintkieng dcdyesolutiundodated lighk epjttiagd t he

ni oot ngPayerakd: iialinve Hendluvio shayer beal GRS BERING (I Tand he

like). 1 (1 I - et WO or nore
i ke). 1%.0ne 1@9{&9@9@) Bised B%l'tf%r‘;éngﬂalﬁf @eé%eyﬁgﬁnésﬁ%egfeiaggﬁ é\r{?&fﬁlé

donor el enent e.g., an em ono d a cat I's that the
same donaonélctnentphysicarpropertisedich patpatite (e1g.t Aexibility, tetr.))pathed thm of OEL
devices for ejther passive.matrix. or ctive matrix, di spl ay, constructions.
General | ﬁomé’&?‘iﬂg@’ Tkt lﬁbwﬂm@@v&yw&?&ﬁ&a@a@m@ama&lgﬁ 9t Raeies

deposi t edn ¥eiis B the bhifc SEMARR: AFes "THCSHARPR (HGEL Bffrddi BiIBLy 20 L ranst er
of an emtter stack that 1ncludes a cathode may not be neceéssary, and havi ng
a cat hodmitiessateriade §ireliffataicdoloralghiecdiesinr@lil displagrapafifsr greatent ri x di spl ays,

cat hode-1 ess ..donors can be used to transfer each of e emtter portions (a
di f f er entIcrERBY i ghoqsipgrpomyderpentany deyige 9@@%%@%@&@%5%&3 usef ol | owed by

patt gpni I S48 end rate donor
el em?r?t ) rt%%rrlﬂ esftéte t ?Sﬁﬂéﬁﬁﬂgﬁggﬁﬁt%&%ﬁﬁf 25 d‘?@ﬁ ay can be

pat t er nednatsiisldott dre Gk Hedcelmsincdnyedbleywith thelpettorat caitter nByaniahéti ¢ Metal s, |
138: 497 (20 3% i n, which a cormmon cathode is applied to the substrate and -
subsequerﬂnPﬁle'Qgg(rdﬁ’@& by a laser ablation process. Thus, various emtter
donors can be L o i ; -advant age of
the presont | st st mEpEL ahpl(ph B le £PapLiidEl SpicaAOSRRREY

t r ansf er ried natitnipat tbetraegaraociing digplhp blable rdeses,ifastdvemidadise porifons m

o {8 EGOITEE SSpS Veka BT BeR SN HNGLCER QR CHRIFORGISbY 6 devi ces
(0.9 Nl lSeo AR e HADOk ok Sl 2005122050 ACTAS2004) 022648

deposited smal 1 nol ecul'e’ Fayér patterned on the eceptor as
bl ue- em tdubstepiesiwigth carbd dsed dn thelpyeyent iokentior snclwlegmpdizbd tluusemandct | ve

| uti - ted |ight itti . .
sorution c%l?e% n?etals,poastic %rﬂns (elz. g.?polyethylene terephthalate, polypropylene), indium tin

oxide coated plastic films, glass, indium tin oxide coated glass, flexible circuitry, circuit
20 boards, silicon or other semiconductors, and a variety of different types of paper (e.g.,
filled or unfilled, calendered, or coated). For OEL displays, the type of substrate used
often depends on whether the display is a top emitting display (emitter layer or layers { ’
positioned between the viewer and the substrate), a bottom emitting display (substrate
positioned between the viewer and the emitter layer or layers), or both a top and bottom
25  emitting display. For a top emission display, the substrate need not be transparent. For
a bottom emission display, a transparent substrate is typically desired.

When a substrate is used as a receptor (e.g., as a receptor for a thermally
transferred layer), various layers (e.g., an adhesive layer) may be coated onto the
substrate to facilitate transfer of the transfer layer to the receptor. Other layers may be

30  coated on the substrate to form a portion of a multilayer device. For example, an OEL
or other electronic device may be formed using a substrate having a metal and/or

conductive organic anode or cathode formed on the substrate prior to transfer of the
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polymer layer). This allows flexibility to choose light-emtting materials
(and other device |layer materials) based on functionality (e.g.

bri ght nes 4Ghagey, lifetime, 5 conductivity, physic after
pat t er ni név?%ggb.ﬂfihﬁpexi bility, etc. )) rat her than on co?ﬁb)g}tq{s @?{O%iﬁ%s\n th the
particul ar coating and/or patterning techniques used for the other
materials in the same or adjacent devices. The ability to choose different
types of uSitkdrt8lr HBRAHE A ?map&mﬂrefr%ﬁﬁl%ﬂ{ 160508 ed&vaa@% YR fhedl SP! 2y
can offer great exi I'n choosing ar dvice

char act erfosbxmple'lﬂj,ede@bmmgtqnetom1mecdxﬁiudweflayﬁmbntlwpaﬁnsmﬁeeﬂdtters can al so
becone inportant en the preferred emtter ter| al for one OEL device is
i nconpat | PAHETHNG B 1hp davistek 8 eip e @rodes CEFFBPAes BFNSRRB SWEIOEL devi ce.

et udi ng OBy St chSERAM AR, SltRluch of Pl haB (FRIGAT 1 ces,

passi Ve andglidictene portions 15 of el ect ron| c di spI ays (e g., electrodes,
thin filmtransistors, orggnl c transistors, etg, S, sen conductors

gl ass, various ﬁ’éﬁ@r‘%aﬂ}’dﬁ sastrpiedor pRUREHOR H@’%HE 8¥FFSIS oBg thabhassy r at es
whi ch Ca”aﬁﬁmHE ast'tr tci}‘%] ﬂ%?t@%ed}{eléc%&%ta'l@%\bﬂﬁﬁBgﬁexﬂ%gﬂﬁﬁfaﬁ{xgbh&?}efb“m and

ot her 'ene tere

pol ypr opybxet@)qf at ledstwpolriion ofttké diecicaR{ At iasdiating bdrtiers cgh Be providedi um tin
oxi de coat ed :gt ass, flexible circuitry, circuit 20 boards, silicon or other
e

seni condub bpaterrgthat CQIR‘PéPqDél’@{fO@P%FW@eérP@ﬁ‘FOFVﬁE’@ egees i Ipdiilgyer  fi |l ed or
unfiljed, 4630 E'Qﬁ@g%lev%%éi?ﬂ{ér@ﬁ%s%o&g;f g%htﬂé?e% Xﬁele&t%egsmﬁd substrate

used often depen emttrng spl ay

(eg'rt ter bpymingeiectrayetransigposi dlowgneiih bﬁzbm&@mfhhmltﬂ@mﬁama“hishe substrate),
a bottomemttjng display.(substrat posi t.i oned between_ the viewer and the
emitter | giparially “E’leg%lé?»§§1531‘(S‘rm%t6i"l‘ihsﬁ?3ty§p°d§?}dﬂ BeYeaRs s BRlaY i ng di spl ay. For

a top em §§ds&Pctan§ Ah ¥:zsufaﬂﬁ Hl?ﬁs ‘%Ecﬁat@‘?ﬂe t?&sis'% E'EPEB i dexﬁ%i a bottom

em ssi on di splay, ranspa te I's typi cal deS| re

subst r at efiom ths esmsn alecacdtuick( e ggneralaﬁpmvrded éﬂnmaﬂ loslp aratvhwirieaklaby
transferred | ayer), various. |ayers El ,. an_adhesji.ve l.ayer) may be coated-
onto the cwWimé amétpéracsawr%mltapaﬁ whic &ﬁ%%‘eépc%‘#eVﬂ%@fﬁFi&%?%r | ayer to the

receptor. Q heg gf?é’l‘ﬁfxﬁn ?EL?&?ev?é%@%ﬁfi't I@ﬁo%ré%ﬁe%&e?gﬁsﬂl ) g yportion

of a multilayer eV|ce onlc eV|ce may

be for rredbelshem@:t@z@d%t‘ibcato@a &maeﬁgr &op&ﬁ@le"’amﬂé frms Cbeete hinod”@n@ani ¢ anode
or cathode forned on the substrate priaor to transfer of the 20 WO
2005/ 022950 paqdeigrticrie trxslegve positions of the anode, the substrate, and the cathode. \

In a “bottom anode™ device, the anode is positioned between the substrate and the
20  cathode. In a “top anode” device, the cathode is positioned between the anode and the
substrate. In some embodiments described herein, the substrate may be a receptor or
[ part of a receptor (e.g., a receptor for thermally transferred materials).
) Bottom anode and top anode devices may be further characterized as “bottom
emlttmg or “top enli‘fting ” The terms “bottom emitting” and “top emitting” indicate
25 the relative positions of the substrate, the emitter layer or layers, and the viewer. The
viewer position generally indicates the intended destination for the emitted light
whether the “viewer” is a human observer, a screen, an optical component, an
electronic device, or the like. Tn bottom emitting EL devices, a transparent or
semitransparent substrate is positioned between the emitter layer or layers and the
30  viewer. Inthe inverted, or top emitting, configuration, the emitter layer or layers are

positioned between the substrate and the viewer.
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transfer layer fromthe thermal transfer elenent. The anode or cat hode may
be formed, for exanple, by depositng one or nore conductive |ayers on the
substrate d tterning of the layer(s) into one or nore_anodes or cathodes
usi ng anyv@ﬂnggpgﬁ nmet hod, for exanple, photolithograpWQ?W%Qﬁwpaﬁés or the
thermal transfer techniques 5 taught herein. A particularly useful
substrate for patterning multilayer devices is one that has a conmobn

el ectrode or attern of el ectr.ode long with a_pattern of insulating
barriers on ?‘bgﬁ fﬁa‘{]eVFC@&Q{lSt%‘CBB?Et ﬁ%ﬁm@%ﬁ@ %é’&‘?ﬁ“&?@(%?.smﬂﬁq%nsul ating
barriers peARels cRES l'ii???efei'réﬁ éh’f?@(ﬁ%ﬂ%ﬁ'@ otfl tp&@é%ﬁf ﬁ%ﬁﬁﬂﬂﬁ ’Itﬂg ihdigsibbended

position of the edges the multilayer evices to help prevent

el ect ri cah adhitonad ldyet velapers Hwt weukidicotesiebtde ftr thd e (sstruatioh ofspecibipposi ng

el ectrode transferred, along with or,.on to f a | t.ilayer stack. This is
especi al %?“ﬁ%ge‘?‘ﬂﬂ dl%ﬁ oByeYs %émﬁé’? FF‘;I i yﬁ?us _ ?VIF‘?’ICéﬁl?J%O%t rix display
const § UPtil'h%BﬁﬁedEl%ir%ﬁ%ﬂbﬁ%&éﬁﬁe@ﬂ%é mflﬁe&&ﬂﬂg% \%-,!sgﬁéiﬁé BiybR&iebdrRg! stors of
the active matri x romthe common el ectrode, i I's generally provided.
Thi s can hhehyp bpt shvehitbel teaidig sttdrbreted asandlsdiap ddgidonas ildyers asajpaiced ance whi ch

can reduce deyjce efficiencjes. trol um nescent (EL) devi.ces emt |ight
toward a vie %P?Wg%%@msﬂﬁéggbgé?&Qﬁ‘ﬁ%?‘tPE?&S%%‘“ﬁBBf%m anode" or
"top ano tralll : oo [gl%lﬁﬁlﬁl i e the relative
posi ti Ongf'eg]grd;ﬁ%gn%sﬁ%rgg?w?ﬁ%&gﬂﬂés %glﬁee}@gnéoﬁ’tﬁg@é 0 elaljd]?dr?&gﬁl bot t om anode”
devi ce, tahededirodigurstigposi ti oned bet ween the substrate and the 20 cathode. In
a"t anode" device, the cathode js positioned between the anode and the
substbate. I n QUM Muirp BefeRAL SOHEE ay st acl Hokisimg & ﬁée’%l&ffé??-é“e ®dray be a
receptor : 3 . f %hﬂ’ereﬁpﬁn nsf erred;
mat eri al sg? %enB(%tat{I%?nﬁ %%Hgﬁ%%&tggbs%g%%ﬁ %%{P?%??b%{/ncggn urther I()%:i%g{%ct eri z’e-dJ
as "bot t dager ettdched figdn amodé.t bysoemd dubbodgméntd, pettereedremittro tdyern Bfiintlndg" and
"top emtting" indicate 25 the reJative positiqns of the substrate, the
enitter |2RPBrVolily amfgl,emawélqhﬁea%%@%ﬁ%mﬁr%o lg%w%%&q ek geieFal | y

i ndi cate LRbsade dﬁzfttfe ' r ' | t he
"vi ewer"q]lat‘s;(lﬂ‘ge lﬁ]l%an ogtss’e veirﬂ,%atfhg@?ggﬁrg gﬁ)%gldls%ggdcdgqn%%?%%@b}? el ectronic
devi dé, aelettinely ihkenallynrdnefetring epastivn nfa Eendeninpedncladitg adsganatie tor

sem transparent substrate is_positioned _hetween the emtter |ayer or |ayers
and t he é@ceﬂoé\léé?o foﬁmtﬂargerpﬁ‘éf%ﬂftg“a,iay@fs 1t3§p emtting, configuration, the

e tter | ayer (iohag el to Bt 1RNGH HeioesautibR piRaheRtAiRed the

Vi ewer .
layers 140 including additional emitters may be disposed on receptor 120. In some

embodiments, patterned emitter layers 140 may include non-volatile components,

20 which may be the same as or different {han the additional emitters. In some
embodiments, additional patterned emitter layers 140 are disposed on receptor 120 by
selectively thermally transferring portions of one or more additional transfer layers
including additional emitters. Preferably, the additional emitters emit different colors
of light than the first emitter.

25 Referring to Figure 1C, a layer including a second emitter is then disposed on
the patterned emitter layers to form non-patierned emitter layer 150 (e.g., red, green or
blue light emitting). Preferably, the second emitter layer 150 emits a different color of
light than the first emitter layer 130 and any additional emitter layers 140.

In somae embodiments, receptor 120 is solvent-susceptible. Receptor 120 may

30  also be, for example, a hole trénsport layer, a hole injection layer, an electron blocking
layer, a diclectric layer, a passivation layer, or a combination thereof. Receptor 120

may be attached, for example, to anode 110, which is preferably patterned. Additional
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WO 200-5/ 022959 PCTI US2004/ 022648 I n general, device constructions

di scl osed herein are illustrated in a sinplified manner to exenplify
preferred lopRat s of the present invention. The inclpsj |

addi ti onalvﬁ a@g}r or layers that would be desirable in th@gﬁ@%lﬁ%ﬁ%n of
specific devices would be obvious to one of skill in the art. Thus, the
device constructions 5 illustrated herein are not intended to be limted
solely tq.{he sPpesidd i i .N1ab éQBE#l . dly

i nterpret %%J?as ?ncl E%?%éga%é%?%nﬂgﬁeﬁdrﬁggé‘?‘g%@e elgi ?‘é{i t}gﬁ?ﬁeﬁgﬁgﬁv to the
dr awi ngs, 12PligsholbAranspdt Byed, hoistinjattentleer 434 ey he didposeil idiwedm ebeprbmescent

devi ce accordi.n o.the invention, and jn partjcular a "bottom anode"
conf i gura]tzl%cf‘ﬁ‘.d aﬁ@é@@'iw%%émﬂgqftl@rlﬁ@ﬂ{’ee ap{fl@rt_wsapw 1% including a first
emrter (e 0. NERfattorPaiellayd! U9 hdORMHEN Bl lctadbsRoGed On receptor

120, which nmay be” an anode or ayer attac to ah ano sone
enbodiSrentaspehlayer thedmeybpiiemnlly ay dosedi(8@.,iwit aiffeorescenbnr-phokptidréseertonponent ,
whi ch may, be th ane as or different than the first _emtter. |In sone
enbodi merfiye). aiis BIPre Gyt hat mﬁﬁg@ﬁl@aﬁzgeéfe@eﬁeﬁm@aa BHoteecBhPor 120 by 15
selectiv I I i t r....ncl udi ng a
Frrat emyboraren ek oPAShabith Bt LRl 1b e [fbosB¥Enplt)

Opt i onal Ipetternefl enviterdageo 160gure 113, one or nore additional patterned

emtter layers 14Q i ncl udi additional emtters may he di sposed on
receptor 120. f‘ﬁ m%ﬁ’ﬁ%ﬁ%’ﬁﬁ% ?IGE)%&P@P}?@%FHEHWI?%IF 2 oplfemse iy i ncl ude

non- vy at jdyeCOmRARNeHhad S@&“%ilggﬁ%n%“ﬁ?%{mgg@f@@% lggi .Ifefegélgyt than the

additional enmtters. In sone e onal patterned emtter
Iay‘érs l4épagne di sposed on receptor 120 by selectively thermally

transferring portiaqns, of ong or re a%di tional transfer layers including
addi tional em fer&iebodppenta Whgieln the plectiolyminescant devies erier emiting; f f er ent

col or s - Ofevide0lindaboliDGaldith, 8 e 1183n6F Skl 159 o Bready C @ | aver

including a second emtter st i sposed on the patter miter |ayers

to form nggpatterned emtter |layer 150 (e.g., red, green or blue Iight

emttjing). Prefer aPI Yyt he se_conc{q em tter layer 150 emts a different -color
1

of 11yht t hanArRBEEHAEN BVRICR Fubskyle L023mode 41 hapd setapds Hibarealli tter | ayers
140. In Mp 2 gicgi‘fs’?&e?ed o%%ébhﬁ%éaﬁ@bbﬁoxﬁ%ﬁﬁﬂg'Susceptib' e. Receptor 120

may 30 also or exanpl e, transport yer, a hole injection
| ayer, an el ecFigoreslAookiCwlustray tie,assenthile bfat elecrdlaiiesceat s vation | ayer,
or @ Conb:jlcrc]:grgi_r?gntottgg irn%gl];ﬁonRz?n%%g%g;ﬁc%lﬂ)a “top anode™ configuration.
| A non—pattemed layer 220 including a first emifter (e.g., red, green, or blue light
20 emitﬁﬁg) is provided. One or more patterned emitter layers 230 including a second
" cmitter are disposed on non-patterned emitter layer 220. In some cmbodiments,
( pattemed emitter layers 230 include a non-volatile component, which may be the same
or different than the second emitter. In some embodiments, patierned emitter layers
230 are disposed on non-patterned emitter layer 220 by selectively thermally
25 transferring a pbrtion of a transfer layer including a second emitter to non-patterned
emitter layer 220 to form patterned emitter layers 230.
Optionally, referring to Figure 2B, one or more additional patterned emitter
layers 240 including additional emitters may be disposed on non-patterned emitter layer
220. In some embodiments, patterned emitter layers 240 may include non-volatile
30  components, which may be the same as or different than the additional emitters. In

some embodiments, additional pattermed emitter layers 240 are disposed on non-

patterned emitter layer 220 by selectively thermally transferring portions of one or
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may be attached, for exanple, to anode 110, which is preferably patterned.
Addi tional 22 WD 2005/022959 PCT/ US2004/ 022648 | ayers nmay be di sposed

bet ween rgecept o 0 and anode 110. For exanple, if recept 120 is a hole
transportﬁﬁ%§%?§22°l e injection |ayer 114 may be di spos Iﬁépwgéﬁmﬁﬁceptor
120 and anode 110. Further, anode 110 maybe attached to substrate 105.
Non-patterned emtter |layer 150 may further be, for exanple, an electron 5

transport | ayer,.th optional | .doped (e.q. i fl uorescent or
bhosphor L NEtSRAL ran BT B Gikdrddieapar e’ masishih BeadtiPosa dopec

(e. 9., Weldiktéds &hHABSERNIRE of RINFNMMEERERA 6 efiticfs. COMDI nati on t her eof .
Cat hode 160 may be di sposed on hon- patterned emtter |ayer 150. For

enmbodi ment s whiptienally, hefemingdo Figum? Gesodn?5texy be disposedumipabimmedi tting 10
devi ce, anode,110 d suhstrate 5 are.fra aren a cat hode 160 is

pr ef er abl§™ B PG ﬁbl’—%l?i f%@ﬂ?ﬂ%ﬁ@%@%ﬁ?% E@%i@ﬂ%&iﬂ'm%f@é% device is
a tOp59mli)Fei'srtﬁayE@M‘sﬁtf%ed%%@@gﬁn&ﬁ(%l)%n& paRIRA Shfter BREr:3R0084, 520 and/ or

substrate 105 are preferably opaque. 15 A configuration in which substrate
105, anogeesgtOpatigrmedeminodeyds04Gr ¥orakimpier bols panspott lagerclordsinjentiod t o be

both top,and bottomemtting. Figures 2A to.2C il l ust the gssenbly of an
el ectrol d?ﬁehggglfgﬁt[roraﬁyfltggg I%’@EE‘?‘%W&ET élSP‘FF(?di ﬁWiaBﬂéegﬁ'ﬁ) ‘?‘“21 Pi¥Cul ar a
"top anogeiG eI pridcRQmiRAl Inirfiedol ayer 220 including a first
emtter (e.g., red, green, or blue light 20 emtting) is provided. One or

nmor e patt er nedn sori¢ embodiaygeissnd@Batiernet ediitier layes @20 mosolemi-stwmeptile di sposed

on nqQn-patterned em tter |ayer 0. .1 n.sone enbodi nents, atfterned emtter
ayerd 5T EREEE e (TR o G R Y 10 R RGeSt or

di fferentnd:hawy obﬂ@naﬁl%%’tibp%ﬁ"(éé.,eﬁvﬁhh@lu%%rﬁﬁp?ﬁe’?sﬁﬁé%%enpﬁé)ei nad emtter, |

| ayers 230 afe dispdsed on noh-patterned emt 'ayer 220 by sel ectively’
t her mal | yol@Bingrlayes et miayppaopalythesioped (eag.1 with g filmordsagme or phespbdiesggnt second

oo e RRR R S ne St b Sl Bt L UL oL v
em t ter Jdray&phoréédint ﬂ'fé) Ush N@nsiehtioh aRaéo e NdnlRAS B enlRedbpR 236d ON
non-patterned emtter 1ayer 220. In sone enbodi nents, patterned emtter
| ayerl$ 240ayhmyatiackidy e emampleoioaathode 210, which is preferably patiemed. Further,
cathode 210 may be attached, for example, to substrate 205.
For embodiments wherein the electrohuninescent device is a bottom emitting
device, cathode 210 is transparent, substrate 205, if present, is fransparent, and anode
250 is preferably opaque.
20 For embodiments wherein the electroluminescent device is a top emitting
device, anode 250 is transparent, and cathode 210 and/or substrate 205 are preferably
opaque. ()
A configuration in which substrate 205, anode 250, and cathode 210 are all
transparent, is considered to be both top and bottom emitting,
25 The devices schematically illustrated in Figures 1A to 1C and 2A to 2C are
preferably operable to emit light by providing a signal to the anode and the cathode.
Preferably the signal is operable to address an emitter, following which the emitter
emits light. In general, arrays of pixels or sub-pixels may be addressed using active or
passive addressing schemes as defined herein above. Both full color display devices
30  and tunable lighting devices are possible within the scope of the invention. A full color
display device generally employs three emifters, each emitting light of a different color

such as red, green and blue light. A tunable lighting device generally uses two emitters,
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.30 components, which may be the sanme as or different than the additional
emtters. In sone enbodinents, additional patterned emtter |ayers 240 are
di sposed e tterned emtter layer 220 by selecti , Idy
transfer r‘?ﬁé&%@?ﬁggns of one or 23 WD 2005/ 022959 PCT/@%@W%%‘E% mor e
additional transfer layers including additional emtters. Preferably, the
additional emtters emt different colors of light than the first and

second enjtters: i . ef.erring, to Fi e node 250 may be
i sposed i <Fifre MBh AN eaf E018) 8 she Rl HefrBlne PR VERE [T el
pat t er necuredt toteath byhersab@46ls wAdah 4 hiosR| A chanigayiethe raiy obautbnsrosied bet ween
anode 250 and_patterned emtter |ayers 230 and, if present, patterned
Cenitter PEpEel willaiterthoth mgaler ank shebrighiiespet the lighegmitted e Weect i on

| ayer, or..gl ectron blocking |ayer 244 may be di sposed between anode 250 and

.. patterne emtter layers 230 and, if present emtter layers, 240. In sone

enbodf nents, non-patterned emtter |layer 220 is solvent-susceptible. 10
Non-patterned emtter |ayer may M@p for exanple, an electron
transport layer that may option ed (e.g., with a fluorescent or
phosphor escenThélyRyent ervatien ishliealatsddbyl Ay el b ator @y ogipreatd withe doped
(e.g., with a fluorescent or phosphorescent dye), an electron injecting

| ayer t haafergpge tophe foHaving nsa-wped cxamples. The paricyle preaplesnmatesipls,

220° 15 mipouh st Ebrediestef 0P RB e bR s AR R R S oy

pat t ep negpiriForthd 8iventigedshetdribliremybe attached, for exanple, to substrate
205. For enbodi nents wherein the el ectrol um nescent device is a bottom

eritting devlUakess ethervdsrespeeiicilsall pasis apopasisthy weiplst and &l poiss agd present, is

t ranspar ent nd _anode . i.S..preferabl a . 20 For .embodi ments wherein
the el ecf ?rg?q}%egggegb n e1§§t€?%og Sfrgplgclﬁbpm@ﬁf %I%Sn%\ﬂr%g%eda{% e 250 is

t r anspar efdmpladwhddal & dianekih asidbpindirtisidriveenAQi]s ot feebahaltiily opaque. A
configuration in which substrate 205, anode 250, and cat hode 210 are all

t r anspar @vilablegs soted i theddllowingdablot h top and bottomenitting. 25 The
N devig_s.s. schematically illustrated in Figures 1A.to 1C and 2A to 2C-are
preferably operable to emt light by providing a signal to the anode and the

cathode | Rgreviahby the signal i|p.RpptisRioriMePGargean emtter, follow ng
which the em:tter

PEDOT A mixture of water and 3,4-polyethylenedioxythiophene-

polystyrenesulfonate (cationic) available from H.C. Starck,
Newton, MA as PEDOT VP AT 4083

EL111T | A material for forming a layer of an electroluminescent

device available from Hodogaya Chemical Co., Ltd.,

Kawasaki, Japan as E1L111T .

2-mTNATA | 4,47 ,4”-tris(N-(2-naphthyl)-N-(3-methylphenyl)-amino)-

. triphenylamine available from Bando Chemical Industries,

(__ Kobe, Japan as 2-MTNATA

ST 1693.5 2,7-bis-(N-phenyl-N-(4’-N,N-diphenylamino-biphenyl-4-

y1))-9,9-dimethyl-fluorene, sublimed, available from Syntec

| GmbH, Wolfen, Germany as ST 1693.5

ST 755.8 1,1-bis-(4-bis(4-methyl-phenyl)-amino-phenyl)-cyclohexane,

sublimed, available from Syntec GmbH, Wolfen, Germany as

ST 755.8

LEP Covion Super Yellow, PDY 132, a yellow emitter available

from Covion Semiconductors, Frapkfurt, Germany

PS Polystyrene standard, typical My = 2500, available as

product number 32,771-9 from Aldrich Chemical Company,

Milwaukee, WI

PVK Poly-N-vinyl carbazole, available as product number P2236-

VK from Polymer Source Inc., Dorval, Canada
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Ir(btp)z(tmhd) A red emitter prepared according to the procedure described
in Lamansky et al., J. Am. Chem. Soc., 123:4304-4312 (2001)

BAlg Bis-(2-methyl-8-quinolato)-4-(phenyl-phenolato)-aluminum-
(11T}, sublimed, available from Eastman Kodak Company,
Rochester, NY

Perylene blue dye Available from Aldrich Chemical Company, Milwaukee, W1

LiF Lithium fluoride, 99.85%, available as product number 36359
from Alfa Aesar, Ward Hill, MA

Aluminum Puratronic aluminum shots, 99.999%, available from Alfa
Aesar, Ward Hill, MA

FC Surfactant A fluorochemical surfactant prepared according to Example 5
of U.S. Pat. No. 3,787,351

Ebecryl 629 An epoxynovolac acrylate available from UCB Radcure Inc.,
N. Augusta, SC as Ebecryl 629

Elvacite 2669 An acrylic resin available from ICI Acrylics Inc., Memphis,
TN as Elvacite 2669

Irgacure 369 2-benzyl-2-(dimethylamino)-1-(4-(morpholinyl)phenyl)

butanone, available from Ciba Specialty Chemicals
Corporation, Tarrytown, NY as Irgacure 369

Irgacure 184

1-hydroxycyclohexyl phenyl ketone, available from Ciba
Specialty Chemicals Corporation, Tarrytown, NY as Irgacure
184

M7Q film A 0.076 mm thick polyethylene terephthalate film available
from Teijin, Osaka, Japan as M7Q

uv Ultraviolet

nm Nanometer

m Meter

min Minute
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.ST 1693. S 2, 7-bi s- (N-phenyl - N-(4' - N, N- di phenyl am no- bi phenyl -

yl))-9,9-di nethyl -fluorene, sublined, available fromSyntec GrbH, Wl fen,
Cer many S ST 755.5 .

1, 1- bis-(4- 9 BO?‘%g%e?t hyl - phenyl ) - am no- phenyl ) - cycl ohexar\’g:rms&%f“?%%,

avai l abl e from Syntec GrbH, Wl fen, Germany as ST 755.S LEP Covi on Super
Yel | ow, PDY 132, a yell ow em' tter avail able from Covi on Sem' conductors,

Fr ankf y PS Heal—Mwv—=—2500;— avai |l abl e as
pr oduct r?h%%er 32, 771-9 i %&Yﬂﬁﬂ%}e fmﬁ’?r | waukee, W PVK
Pol y- N-p AP ¢ P2236- VK _from Pol ymer
Sour ce W k%ﬁllﬂtﬂmhz@@@ﬂmg@gsg PCT/ US2004/.022648 MTDATA

4, 4", 4" XEP; S(N-3- met hyl bidewy fin Nxplseny| ani no) t ri phenyl anmi ne, subl i med,

avai | ablBoflpreldTON  SatdssiBGetrate havipgtaaegiorbf HX) preaduitis Soumme OSA3939 PBD
- 2-(4- bijgeayl yl ) - 5- (4- | 260 buh ¥l (hefydniakedstdn@eReRo Olne)q, avail able from

Doj i ndg Laboratori es, w%g%ong@@ﬁ@%@hg%%{gsﬁsmmﬁéf MNf or formng a |ayer
cal Co. , Lt d. ,

of an &l
Kawas ak 5%15 dgééﬁépg @'Efgz%\gg}xq %ﬁﬁ%ﬁ@i@é ﬁc?j%?r egl acc?{g Oeﬂ 0 t he

-

U

pr ocedyr®e escrl bed in p? 12181 (1999)
Spi r o- GF3- PBD A mat er i pfY#spL P INQroRElers gy %FF“BF%E’T um mescent device
avai | all e from Covi on S‘éﬁhé‘é’ﬁﬂh@fé@ mlqrﬁléﬁﬂ@fstﬁﬂtiam@ i ro- CF3- PBD

I r(ppy)|3-S-C1 A green Qhin{sgenvaalahlelfeamn Beitr 3pehaoisigiss, S@lﬂwﬁ@hdu 'tors,
Frankfurt, Germany Ir(pMN 2(twhd) A green emitter prepared according to the
procedyrielH@descri bed i nLigatrekdey c@ivesdion J. Am dient. Soc., 123:4304-

- Raven 760 Ultra Carbon black pigment, available from Columbian
(\_ Chemical Co., Atlanta, GA as Raven 760 Ulira
Butvar B-98 Polyvinyl butyrol resin, available from Solutia, Inc., St.
Louis, MO as Butvar B-98
Joneryl 67 Acrylic resin available from S.C. Johnson & Sons,
Racine, W1 as Joncryl 67
-+ Disperbyk 161 - A dispersant available from Byk-Chemie, USA, - e
Wallingford, CT as Disperbyk 161
Wt. % Weight percent
Puradisc filter A 0.45 micrometer polypropylene filter available from

Whatman Inc., Clifton, NJ under the tradename Puradisc

‘Materials not identified in the foregoing table were obtained from Aldrich

Chemical Company, Milwankes, W1, unless noted otherwise.

( 5 General Preparation of Donor Film
A donor film was used in each example and was prepared as described in this

general preparation. A LTHC solution was prepared by mixing 3.55 parts Raven 760
Ultra, 0.63 parts Butvar B-98, 1.90 parts Joncryl 67, 0.32 parts Disperbyk 161, 0.09
parts FC Surfactant, 12.09 parts Ebecryl 629, 8.06 parts Elvacite 2669, 0.82 parts

10 Irgacure 369, 0.12 parts Irgacure 184, 45.31 parts 2-butanone, and 27.19 parts 1,2-
propanediol monomethyl ether acetate. This solution was coated onto M7(Q) film using
a Yasui Seiki Lab Coatér, Model CAG-150, with a microgravure roll having 110
helical cells per inch. The LTHC coating was in-line dried at 80°C and cured under
UV radiation supplied by a Fusion UV Systems Inc. 600 Watt D bulb at 100% energy

15 output (UVA 320 to 390 nm) with an exposure speed of 6.1 m/min.
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4312 (2001) Ir(btp)2(tmhd) A red emtter prepared according to the procedure
described in Lamansky et al., J. Ant. Cient. Soc., 123:4304-4312 (2001)

BAl g Bi s-(2-nethyl - 8- qui nol at 0) - 4- (phenyl - phenol ato) -al umi. nuin (111),

subl i ned‘,vg)%gﬁzg %e from East man Kodak Conpany, Rocheé)lflrerfﬁ,gzmmé;éﬁ/l ene bl ue
dye Available from A drich Chem cal Conpany, M I|waukee, W LiF Lithium
fluoride, 99.85% available as product nunber 36359 from Alfa Aesar, Ward

Hll, MA Al ugi num Puratronic al um hum.sho 99. 999% ail.able fromAIlfa
Aesar, Ward PPIFETIRET sueon VAT mafls byb\mﬂlﬁ%a‘%'gﬁé’ﬁrit% gﬁ %&?ﬁ’aétggﬁ?ﬂ?)r epar ed

accor di RavhoBBRANIRSaRs J&{m%l%%,- l.ﬁ’ﬁbm%acﬁrg , 835 r@ﬁ@%ﬁ@@%@z@@

epoxynovol ac acryl ate available from Radcure | Augusta, SC as

Ebecr y| pBBE-Bitgamie; endBhariar -methpky-2-prewinol. allds selptien fvappodtel omer ylics Inc.,’

Menphi s TN acife 2669 lrgacure 369 s e

2~ Doy e STCH G ek bR 6B g dor prLRT Y BF S beipetthofedelayai | abl o
from G baGepss vt ¥ midiesae@b $oll GRAROTRT haflal cEAS byt a1 inblY &8sl rgacure 369

| rgacure 184 1-hydroxycycl ohexyl phenyl ketone, “avai l a][gll e from Ci ba

Speci al tgeti@h e ¢alise GaedairtdlCand ciiad updeniiy radvatim dupgbeiiepastiB4 e Q fil m A
0.076 nmm t hi ck polyethyl ene terephthalate filmavailable from Teijin,
Osaka, 9oy TALTRIARYSLAR W CaGTBIEE OO0 T MBRATE B0 hFNBERPUDH ( YAnut o 26 WO

gg?z ?2%%2%%%%4&%@48 SR 351HP Tri nmet hyl ol propane triacryl ate
10 Ixample 1
Example 1 illustrates a method of making an electroluminescent device
according to the invention in which a transfer layer comprising a first emiiter 1s
selectively thermally transferred to a receptor to form a patterned emitter layer, and a
layer comprising a second emitter is disposed on the patterned emitter layer to provide

15  anon-patterned emitter layer.

Preparation of Receptor
PEDOT was filtered twice using a Puradisc filter, and spin-coated onto a block
pixel ITO glass substrate to yield a layer having a dry thickness of 40 nm. The coated
20  glass substrate was baked for 5 minutes at 200°C under a nitrogen atmosphere. Using
methanol, the coated layer was selectively removed from portions of the ITO region to

provide contact areas for connecting the receptor to a power supply.

Preparation of Donor
25 LEP (a yellow emitter) and PS were combined in a 1:3 weight ratio, diluted
with HPLC grade toluene to 1.58 wt. %, heated and stirred at 70°C, filtered once using
a Puradisc filter, and spin-coated onto a donor film prepared as described in the General

Preparation to vield a transfer layer having a dry thickness of 90 nm.

30 Selective Thermal Transfer of Patterned Emitter Layer
The transfer layer from the donor was imaged onto the receptor by LITI to yield

a patterned emitter layer. Two lasers were used at a power of 16 waitsina
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, Sartomer, Exton, PA as SR 351HP LITI Laser-induced thermal inmaging 1TO
Indiumtin oxide Block pixel I1TO @ ass substrate having a region of ITO

nmeasur i Ngy§Qyd¥il2edd @ass x 50 nun x 0. 7nmm and a resi st ancpcpismeohE sd.
avai lable fromDelta Technol ogies, Stillwater, M Striped pixel 1TO d ass

substrate having a region of ITO neasuring 50 nun glass x 50 nmx 0.7mm
said region conprising a pattern of adjacent, parallel 75 mcroneters w de

stripes nce of <20

Chni sq, lg%%dlrﬁ-g&)%?ée@ns% r omt%lgl ta gﬁl)gedéﬁ%g?éﬁée %@i@%ﬁuﬁ%&gﬂdﬁﬁhﬁ

Li ght - t crelpeested dme wa dgi s M\mroﬁﬁdﬂerwmm Cahkda2b hdclorptagaant iheavai | abl e
from Col unbi an ggem cal Co., Atlanta, GA as Raven 760 U tra Butvar B-98
Pol yvi nﬁosﬁﬁ’la?/pé P&8n, available fromSolutia, Inc., St. Louis, MO as
But var B-98 Joncryl 67 Acryl ic resin available fromS.C. Johnson & Sons,

. Racine, W as i spersant avail able from
Byk- Chem e, d%%é%@ﬁ%lof%&%a?%%%%”ﬁg&@egrbyk 161 W. % Wei ght percent

Puradi sc fil t&s0dthidk 1aya oo Betle dopd with aaybanatdy D5er% avaidighl e from

VWhat man Inc., Cifton, NJ under the tradenane Puradisc_ Materials not

i dent i f i RsEYIERe PiHe d¥owaydenngitedipin & sierdad gpewion depostiom txgharduetentoche i cal

Company. Mol ukeer Wor WBLSS09 P BBEMAL o Sien Pl SpacRtT o0 of

Donor onor m wasS use e and was

descri baﬁasld’thiﬂpr&fen%rtﬁé ﬁiatd’ﬂaﬁﬁﬁﬂh&ieir@ﬂ dsitellde iBOITO comamseabepar ed by
m xi ng 3.55 parts Raven 760 U tra, g parts Butvar B-98, 1.90 parts
Jonclroyl Wleﬁﬂlgéoﬁ@ﬁ”t’\@rﬂmbérbyk 161 0.09 parts FC Surfactant, 12.09 parts
Ebecryl 629, 8.06 parts Elvacite 2669, 0.82 parts 10 Irgacure 369, 0.12
prfirts | rgacure 184, 45.31 parts 2-butanone, and 27.19 parts 1, 2-

Deposition of Cathode
A two layer cathode consisting of a 10 A thick film of LiF followed by a 2000
A thick film of aluminum were sequentially deposited on the non-patterned emitter
15 Jayer. 1_51)__epos_i_tiqn was carried out under a vacuum of approximately 10 torr and using
a second shadow mask that allowed for contact between the cathode and the ITO

contact area on the receptor.

f;:'Prepamtion of Control Device Corresponding to Example 1
20 A control device corresponding to the device of Example 1 was prepared to
demonstrate that-the yellow emission color from the patiermed emitter layer was
(' : unaffected by the presence of the perviene blue dye in the non-patterned emitter layer.
The control device comprised a receptor like that employed in Example 1. LEP
(a yellow emitter) and PS were combined in a 1:3 weight ratio, diluted with HPLC
25  grade toluene to 1.58 wt. %, heated and stirred at 70°C, filtered once through a Puradisc
filter, and immediately spin coated on to the receptor to a dry thickness of 90 nm. This
provided a non-patterned emitter layer that corresponded in composition to the
patterned emitter layer in Example 1. The coated layer was selectively removed from
portions of the ITO region to prov1de contact areas for connectlng the receptorto a
30  power supply.
A layer containing perylene blue dye was prepared and deposited on the non-

patterned emitter 1ayér. More specifically, a 500 A thick layer of BAlq doped with
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propanedi ol nononet hyl ether acetate. This solution was coated onto M/Q film
using a Yasui Seilci Lab Coater, Mddel CAG1 50, with a mcrogravure roll

havi ng ical cells per inch. The LTHC coating rhiaddiSse | ed at
80C andl‘(]:V rzggﬁéfﬁ%ﬂr UV radi ation supplied by a Fusi o\rll\@%\/ stens Inc. 600
Watt D bulb at 100% energy 15 out put (UVA 320 to 390 nm with an exposure
speed of 6.1 in/mn. 27 WO 2005/022959 PCT/ US2004/ 022648 An interl ayer

solutio - 11X P Oy But var B- 98,
378 parPEOYERRAT 12 Y el pd ReRALE it o Qe aBRb R U IR a0, 4
parts 2-vaatmndgesitdndediquanh the nei-hatieyned emitipalagtr. unlbt 5 valpidfon was
coated onto . the clb_rbsed LTHC | ayer by a rotogravure method using a Yasui

Sei ki | #BPEgEERAely Ipder. o hadew gsk Wes wsed thPESVSHth hatetiab oz ihg 180

hel i cal dditsd BE ind s ' ' 0k | VaSi ine dried at 60C and
cured un gr W ra iatlganntés&d%% ifae-lj(]fogl;/ec%%gtsté %got HeSdp?%)éti ng under a Fusion WV .
Syst éns | nc. f60GhMtwadidputitedatn ibdyarentyniogpayient Uik dya2g fbilowiag nn at
6.1 mMmn. 10 anpl.e. 1 Exanple 1 illustrates a nethod of making an

el ectrolt rﬁ%@%@&éﬁ@éwf&e%ﬁ"é’%@ﬁ@-t he invention in which a transfer

| ayer conmprising a first emtter is selectively thermally transferred to a
receptor to forma patterned emtter layer, and a |ayer conprising a second
emtter is diZgosdunimasdehes frttrerned enmitter layer to provide 15 a

non- patter ne% emtter |layer. Preparation of Receptor PEDOT was filtered
twice using & ERoHENIBEsGeNss Pectraion Bspppledanddis cortrel devieqrae oblaett | TO gl ass
substyr at VA i j . The coated 20
ol and Ui e B o R S K S Ry e ot moapher e.
Usi ng netlbestold, Othend eadoeding thearutpuast foet diciione Hyviceomvend dénsties §00,t i ons of |

the ITOregion to proyide contact areas for connecting the receptor to a
power s@&pgé/?ﬂqs#%faé/% )otithyan GecrgOnsiss Fryst @@ﬁygﬂq%wc%%mﬁﬂ)m%ﬁrd PS were

conbi ne Ehnao]%h i -atdrqQ, diluted with HPLC grade toluene to 1.58 wt.
% heat ggoand t%r@%ﬂgg{w%éﬁfi |tered once using a Puradisc filter, and
spi n-coat ed dixample Helwoved d pattens e@pelied sadped eswiribbied biyhd petefteder al

Preparation to vyi el a transfer layer having a dry. thickness of 90 rim
pl emitter laye% and,qbetween the yellow stlyipes, blue strlgpes contlyibuted by the non-

patterned emitter layer. The control device, however, showed only a yellow area
contributed by the non-patterned emitter layer and no blue area. Thus, in both devices,
the layer containing perylene blue dye substantively provided only an electron-transport
function where it was deposited on the layer containing the yellow emitter (i.e., the

20  patierned emitter layer in Example 1, and the non-patterned emitter layer in the control
device) with no observable shift of the exciton recombination zone to the layer ,
containing the perylene blue dye. These devices also demonstrate the independence of ‘ |

e

spectral characteristics and CIE color coordinates of driving current.

25 Example 2
Exarnple 2 illustrates a method of making an electroluminescent device
according to the invention in which a transfer layer comprising a first emitter is
selectively thermally transferred to a receptor to form a pattemed emitter layer, and a
layer comprising a second emitter is disposed on the patterned emitter layer to provide

30  anon-paiterned emitter layer.
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. 30 Selective Thermal Transfer of Patterned Emtter Layer The transfer |ayer
fromthe donor was inaged onto the receptor by LITI to yield a patterned

emtter le | asers were used at a power of 16 N 3 . VWO
2005/ 022{5@&%%5\3%2004/ 022648 unidirectional scan w??‘éﬁ'{%zp%‘??gz@sdither

pattern and frequency of 400 IKHz. The requested line width was 100
mcronmeters with a pitch of 225 mcroneters, and the dose was 0. 650 37cnR2. 5

Deposi tion.ofp - mtter Layer A 500 A thick layer of BAl q doped
Wi th approxi ﬁ%‘%ﬁ?ﬁgﬁ%ﬁg&%gg wei ght peryl ene blue dye was deposited via a

standard vacuumcegipowis pepateddbivwitg terocddhe uspald Bragglegm tter layer under
a vacuum of approximately 10-5 torr and using a shadow nask that prevented
the material from being deposited on the ITO contact area for 10 connecting
to a power sqggj,&;.aﬁmpgﬁggf&j on of Cathode A two | ayer cathode consisting of
a 10 Athick filmof LiF tollowed by a 2000 A thick filmof alum num were
sequeénti al | y lB8pdsMBIATA, PBD, andkfiaph@nhédaead thmétter)lHeleaymbine®épasi ti on was

carried gut under.a vacuum of proxjmately 10.6 ton and using . a second
chadow il A TAFeia BRercren BRRECH BERCLA e Hoad ity Ve T

cont act 685 e t a5k &H@ I 1C rresponding to
Exanpl e T%[ezo ]%ﬁhcgé%?lr gﬁqﬁ%vgg%eiﬁﬁ?espoﬁg?r%ﬁ%o t %é}c?g%%%l G?Fggfgﬁ.‘pl e 1 was
pr epar et damor fkmpreptiredtae dedvaibed hethy Eeheral Pirp&ationtocybidra ttanafer (4yer pat t er ned
emtter Ia%/e.r Cﬁ/as, unaffected by the presence of the perylene blue dye in

t he non-HXec e digkcss &> Ber . The control device conprised a receptor

li kgt hat enployed in Exanple 1. LEP (a yellow emtter) and PS were
conbined in a 1:3 weight ratio, diluted with BPLC 25 grade toluene to 1.58
. % heat edSedaativsTharrafl Tatnsitd Gf Péidrtef Bdirendaeydhr ough a Puradisc filter,

abl i mredi ately spi oated opn to the receptor to a dry thickness of 90 rim
This provi deke:ARger %é{@lt Epwete eonor pes pagrdronitde recsPrB A bt igd

conposi t] e 1] I i f?(g ; - the.: ted | ayer
was sel edclﬁﬁ\?e §%rﬂ’§“ne§3§’;cft‘ f p&?hqasg%?’%%‘gsﬁ%‘ aggﬁ%‘ﬁée& O ?@gﬁgﬁ%&giﬁg}g&?de cont act
areas f osca withedtiznge ditieer pattentand flequencBaf PONKHzs Uhpteyuested line width

15 was 100 micrometers with a pitch of 225 micrometers and the dose was 0.875 J/om®.

Deposition of Non-Paiterned Emitter Layer and Deposition of Cathode
-A non-patterned emitter layer containing perylene blue dye and a two-layer
cathode were then deposited on the patterned emitter layer following the procedure

20 described in conjunction with Example 1 for the deposition of these layers.

[ Preparation of Control Device Corresponding to Fxample 2
A control device corresponding to the device of Example 2 was prepared to
demonstrate that the red emission color from the patterned emitter layer was unaffected
25 bythe presénce of the perylene blue dye in the non—paﬁemed emitter layer.
The control device comprised a receptor like that employed in Example 2.
PVK-4, MTDATA, PBD, and Ir(btp),(imhd) (red emitter) were combined in a
42:28:27:3 weight ratio and then diluted with HPLC grade toluene to 1.97% by weight.
The resulting solution was filtered twice through a Puradisc filter and spin-coated on fo
30  thereceptor to a dry thickness of 50 nm to provide a non-patterned emitter layer that

corresponded in composition to the patterned emitter layer in Example 2. The coated
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A layer containing perylene blue dye.was prepared and deposited on the non- :
patterned emtter layer. Mre specifically, a 500 A thick |ayer of BAQ
doped with 29 WO 2005/022959 PCT/ US2004/022648 approigj: ts?u'cx,fgﬁ&%’ 1% by

vei ght pEPYIEE*HP ue dye was deposited via a standard  vactum deposition
techni que onto the non-patterned emtter |ayer under a vacuum of
approximately 10-5 tort. A shadow nmask was used to prevent the material from

bei i tact f i t ly. 5
A cat holtaoy R GieeBlell R VS RAMLAGlonRbERe 1P SEBEEED BRI BpligPRYE ) ™7 Y
fol | ow fig cohletipng dreedtpeorus agotver suphs,. cat hode i n Exanple 1.

El ectrol um nescence Spectra El ectrol um nescence épect ra _for Exanple 1 and _
its control Ad9YE&HRPE P sienblue fge wips arepdied gnd Herasded erdhagiorh a Kei t hl ey

Sour ce Q it : riecordi ng the

out put R aditer £, MEX pAIHEHITEND A HR iR B s A bR o0 0

M cHi?) approhinatel 00 Salts Oytweghtfebgénc@btid dycatatepsdadtvibpenhdadet er (Ccean
Optics Inc., Dunedin, FL). Exanple 1 showed a pattern of yellow stripes

cont ri bipEYIHYEPeFECR lchuiane anto the aa-patismad SFRHCTIAYET UBdeN BTN of | ow

stripes h RS, .CORt.L] b = it ayer. The
control a@&?@éﬁélgggxev&ég ,Rss h%&)\/\(ﬁj&gﬁ ‘3/{""‘%‘%38 I[P(Fgrv?/‘ é&?g%@ﬁ%%gi[afﬁgﬁxtbggn éoy t he

non- pat tdepariteld entbetl€0 doaet ardsn toronidctify &y £powdisugplyl n bot h devices, the |
| ayer containi ng peryl ene_ bl ue dféﬁ substantively provjded only an j
el ect r on- t r ads§iERade Wag gpplicsiioheleger contgngipesgisne Bresiyebidolleyide cont ai ni ng

the yell ] i . rmed emtter layer in Exanple 1, and
thelgon}%égﬁfrﬁggrdh%eﬁlsgérﬁrﬁ%erC a@deerzlgiﬁ%%h%%ont rol device) with no observable

shift of the exciton reconbination zone to the layer containing the _
peryl ene bl ue_dye. These devi ces al so denonstrate the independence of :
spectral chaletepmirsseg1cgm@ee € col or coordinates of drivi ng current. 25

Exanpl e 2 Exa | r TRk ol um nescent

devi ce acco%ﬁ%#gl@gh% éeﬁrer?ggeﬁﬁ%%ﬂ?n ?%&dg@??%?gyﬁkgﬁé conprising a

first embtdresd bysappbehgeeibitviedlpote toht Hyvitesansf a1 Agileiitd3812 Exepdwer to form a
patterned emtter | aé%r and a | ayer conprising, a_second emtter is
di spdsedupnly (halepatednglogiesnPale dlto, Gd and BlgrpespPiselly Steminingiheat t er ned

em tter Ja%hminescence with a Nikon Eclipse TE300 inverted optical microscope (Nikon

Corporation, Tokyo, Japan).
Example 2 showed a pattern of red stripes contributed by the patterned emitter
layer and, between the red stripes, blue stripes contributed by the non-patterned emitter
20  layer. The control device, however, showed only a red area contributed by the non-
patterned emitter layer and no blue area. Thus, in both devices, the layer containing
perylene blue dye substantively provided only an electron-transport function where it Lo ;5
was deposited on the layer containing the red emitter (i.e., the patterned emitter layer in
Example 2, and the non-patterned emitter layer in the control device) with no
25 observable shift of the exciton recombination zone to the layer containing the perylene

blue dye.

Example 3
Example 3 illustrates a method of making an electroluminescent device
30  according to the invention in which a transfer layer comprising a first emitter is
selectively thermally transferred to a receptor to form a patterned emitier layer, and a

layer comprising a second emitter is disposed on the patterned emitter layer to provide
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~ 30 WD 2005/ 0229- 59 PCT/ US2004/ 022648 Preparation of Receptor A receptor was
prepared following the procedure used in Exanple 1. Preparation of Donor 5
PVK- 4, MIDATA, and Ir(btp)2(tmhd) (a red emtter) dina
42: 28 27: f&ﬁ"r? ratio and then diluted with HPLC gr ad)w{‘gﬁzﬁ{gpr@%tlg 1. 97% by
wei ght . The resulting solution was filtered twice through a Puradisc filter
and spi n-coat ed onto a donor filmprepared as described in the Cener al

Pr epar at,j havi n h nes 55 nm 10
Sel ective %kﬁ%a(r&ﬁa 68 74 %rf1£ %ﬁ%np?ér nesd)r@ﬁr?ogbjf ?1 Xmﬁg "P%ér?ce gr | ayer
from t héExphamds 2 wasept g IohhR(thite) feﬂ(fe@fﬁtt&fwﬁsyreplha'éd Eplrwp@rbz@nn}f@ jatterned
emtter |layer. One |aser was used at a power of 4 watts in a uni directional

scan w tﬂ’ﬁee‘élqi@?té‘ngl e dither pattern and frequency of 400 KHz. The requested
line width 15 was 10.0 micronmeters with a pitch of 225 microneters and the
dose was 0.875 J/cnR. Deposition of Non-Patterned Emtter Layer and
Deposi ti on ofPrepdrande of Comesi-Ipatdealoregp &itifgd @rEJdaaWSCOM ai ni ng peryl ene
bl ue dye andﬁ two-| ayer cathode were then deposi ted on the patterned

r

emtter |ayer POTAWETISE coreesprting tpibe donoqelioramyde 3 iwps pasmataddei on with
Ex | f Control
S K e

devi ce afnaBkaspbeiie pm:l@af@ﬁiaépetylege blergasi ﬂ:atnenqiaaémtaﬂ]emﬁm I®mt.ssi on col or
fromthe patterned enitter er was unaffected 25 by the presence of the
per yl enells qqatraldevigs fPhBXWﬂéaY%Sé’F%H@dé?ﬁ ﬁoil@f"ﬂlcé?%lamc?‘l’iﬁe #8fistinol  devi ce

DATA, PBD,
;ﬁgﬂ II’OIr ?E’%@%ﬁ%ﬁ%ﬂ?}lé ‘%?lﬁﬁ"f@ﬁ %ggge Slr%gl ne %tq%ghﬁtﬁtﬁ)zgm%@ wei ght ratio
apd t herengittbid ecireplatdit Wk@p@ﬁﬁﬂ&db@lgt@&]ﬁeﬂﬁeﬂ 97% by weight. The resulting

solution was filtered twice through a Puradisc filter and spin-coated on to
30 the receptor to a dry thickness of 50 nmto provide a non-patterned

emtter |ayer in conposition to the patterned emtter
layer in Exarp ‘95@“’" %gggggggy%ggm WO 20051022959 PCTI US20041 022648

Electrolummescence spectra for Example 3 and its conirol dev1c:e were

15 observed using the procedure described in conjunction with Example 2.

Example 3 showed a pattern of green stripes contributed by the patterned
emitter layer and, between the green siripes, blue stripes coniributed by the non-
patterned emitter layer. The control device, however, showed only a green area
contributed by the non-patterned emitter layer and no blue area. Thus, in both devices,

20  the layer containing perylene blue dye substantively prowded only an electron-transp ort
function where it was depos1ted on the layer containing the green emitter (i.e., the
( patterned emitter layer in Example 3, and the non-patterned emitter layer in the control
B device) with no observable shift of the exciton recombination zone to the layer
containing the perylene blue dye.
25
Example 4

Example 4 illustrates a method of making an electroluminescent device
according to the invention in which transfer layers comprising a first emitter and a
second emitter are selectively thermally transferred to a receptor to form a patterned

30  emitter layer, and a layer comprising a third emitter is disposed on the paiterned emitter

layer to provide a non-patterned emitter layer. The first emitter was provided by the

33



| ayer was sel ectively renmoved fromportions of the I TO region to provide
contact areas for connecting the receptor to a power supply. A layer
contai ni ng peryl ene blue dye was prepared and deposit ) -

patter n@@@ﬂi‘/?zé%’rg | ayer. More specifically, a 500 A tﬁggﬁzg@@%&g? BAl g
doped with 5 approximately 0.5-1% by wei ght peryl ene blue dye was deposited
via a standard vacuum deposition technique onto the non-patterned emtter

e SN TR el P B R e o9 0

connectixagple3.a power supply. A cathode was applied to the | ayer containing
peryl ene blue dye by following 10 the procedure used for the cathode in
Exanpl e 2. B &Eepier Wit piepweh b fedlavng themaecadnrs deserieddB fewUBEHSt ra f or

Exampl e ' ' re. . .observed in | ectrical power
ot ne WG RERT ROl A B Pt B R e BRIt Pl |
Teclinol egirgig tEEkmnﬁle_m%ecfé&it@f)@nmh@@w' Genl amiGX¥ANTIRE AinéfBElayer

el ectrol um nescence with a N kon Eclipse TE300 i nverted optical m croscope

(Ni kon cogisipes Beirethemifigk yos irgagsd wpto thg sepspter by Ehblwsingsthgdaseern of red

stripes tributed.by.t ttLerned emtier er. _between the red
stri pesa,n%ggﬂ en???ﬁ%&@%ﬁfﬁ@ﬁ?eﬁm Wlweaﬂﬁ?h%%a@pﬁﬁgbgg eé[‘r‘ﬁ'lgt t&dF 20 | ayer.
The contdnefer Bg¥i eitaifiayeeafcerSaNRHwaNagad bEM tAE SanerRttbhulsedbyby the non
patterned emtter |ayer and no blue area. Thus, in both devices, the |ayer

cont ai nilA§anpegajn vsies Bedescryeansgmenidesenitsdyn Fxamplick eveapy wih a pitch

a0t oo any B EBRfdert A4 ol KUTAF mulo e e SPRRI I BRBIEANS °200" e

non- pat dheftdaed 00 MhitioRdetdray@itivieno tHcori@mior dhe GesFG Sdyenbditaingngdhe eddiser vabl e )
shift of the exciton reconbination zone to the |ayer containing the perylene

bl ue dyditiEianpl e 3 Exanple 3 illustrates a nmethod of making an
el ectrolumn | ce. ccordi.n he. | i i ich a transfer
| ayer conpr i@?‘ﬁ%’%ﬂgﬁﬁsgﬁgﬁf &?’grrcqnéagn%gpér %651\72’}%}3%%%% %W}?ﬂ?ﬁnsf erred to a

r ecept ofaitiode w@fdihen BaddsRedditePatttr@ed bRitRE layenebndaining s M0 (¥ad) /idng a second
emtter is disposed on the patterned emtter |ayer to provide 32 WO

2005/ 022958l (REEN USRI B} g procedure described in conjunction with Example 1
for the deposition of these layers.

Electroluminescence Spectra
The electroluminescence spectrum for Example 4 was observed using the
20  procedure described in conjunction with Example 2 and showed a pattern of alternating
red, green and blue stripes, the red and green emission patterns corresponding to the

areas patterned by selective thermal transfer via LITL

Example 5
25 BExample 5 illustrates a method of making an electroluminescent device
according to the invention in which transfer layers comprising a first emitter and a
second emitter are selectively thermally transferred to a receptor to form a patterned
emitter layer on a solvent-susceptible layer, and a layer comprising a third emitter is
disposed on the patterned emiiter layer to provide a non-patterned emitter layer.

30
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a non-patterned emtter |layer. Exanple 3 was prepared by follow ng the
procedure of Exanple 2 except that the Ir(btp)2(tnmhd) red emtter was
repl ace x )2(tmhd), a green emtter. 5 Prepar f r ol
Devi ce 388%8‘55%"%%9%%9 to Exanple 3 A control device cor?gggfén |4/r‘1}gg%?% t he
device of Exanple 3 was prepared to denonstrate that the green em ssion
color fromthe patterned emtter |layer was wunaffected by the presence of
t he peryl eneppéﬁgmg)he%g@c&;}g, non-patterned emtter |layer. The control
devi ce for s prepared by followi ng the procedure used in 10
conj uncti on W@hlﬂM@fcﬁidﬂiBhNaamdcetﬁﬁ% Exwamheﬂﬂﬂ’le@(geqﬁe tb]lumhe dride

I r(btp) e miter epl aced by Ir 2t reen emtter.
El ect ro%ﬁ] Erggt)g@gﬁgoé 2@6@5?@5%?@?[9‘@?@?@%& 5@1@%)@@%8& ?Ibfﬂ nple 3 and
its CO“E]{réllghda?P’ﬁlﬁﬁsc‘!‘ﬁIt@r anli%pﬁlbéf‘aﬁéﬂ%té‘ﬁhggd V\E%@l BORAULSd83Ghivepd 10
conjunction with Exanple 2 Exanpl e a pattern-of green stripes

cont¥ i beuseeptibje hmamauwfﬂre*dmehmdss ef 16Cayer Usng, tolmene/ye]mlcdaltml lgveen stri pes,

bl ue stri r| but e t he no erned emt, he control
devi ce, Wﬁ%@é@/‘% Y eLYSRBRE gﬂ%}}’oﬁm&s rélrtlhegﬁtgg g@&ﬁ?@?%"&%%%o ta’f?és %n- patt er ned
em tter ohbelindiM grg&g{yﬁ@ag&@@,mﬁ?}? , in both devices, 20 the |ayer
cont ai ni ng peryl ene blue dye substantively provided onIy an

el ectron-transport function where it was deposited on the |ayer containing

the green emtter é the ( patterned emtter layer in Exanple 3, and the
non- pat t er neti’ &H¢ C@’rof%@}’é’f’ in the control device) with no observable shift
of fhe excitag %ﬁﬁ%@kf@&bﬁc&&@ b8ink R AU S emi®EH ERI ”f'gsﬁiﬂﬁ-cP 2ryl ene bl ue
dye. 25 Exanp é& Exa1 le 4 |IIU§9toratgs aemet o of maEg F

(;ect r oPBm, an@&émtp)zdﬁmﬂ;a reematedi weye tombived imy 145 A0 ngmnm transfer
| ayers rising.a first e and .a ond.emtter_are selectlvely
t her mal n{g @%#W@W@S“%towg% Aits ﬁﬁ&%ﬁf %Fr{%zéll 1aHrs der | ayer,
and a | ayer of QMBigIste. "Bhérdsiking sOibd %s ﬁﬁ:er‘éﬂ R0 %ﬂo@@} 4 PeraRAL eEped emitter

| ayer to provide~ a non-patterned emtter |ayer. rst emtter was
pr ovi dedntbgpmheaiﬁ&)m LR U158 ﬁmgﬁ@m dm@a«l 026 {BnembHropaiatioeto of Exarrpl e

dt d t
?'E ?d g lgjggrtha\?i[ngm@d?y ﬂucimess cgf S%Y I’JI;[I hi S%ng 0(131%11' E:gr%spgﬂdmg
to the second emitter was prepared in the same manner but substituting a green emitter,
Ir(ppy)s-S-C-1, for the red emitter.

Selective Thermal Transfer of Paiterned Emitter Layers
20 -:l;he transfer layer from the first donor was imaged onto the receptor by LITI to
" yield a patterned smitter layer. One laser was used at a power of 4 watts in a
( unidirectional scan with a triangle dither pattern and frequency of 400 KHz. The

requested line width was 110 micrometers with a pitch of 495 micrometers and the dose
was 0.85 J/em?. The transfer layer from the second donor was then imaged onto the

25  same receptor by LITT and using the same laser arrangement to provide a pattermed
emitter layer comprising first (red) and second (green) emitters. The origin for the
transfer layer containing the green emitter was shifted +165 micrometers relative to the

origin for the transfer layer containing the red emitter.
30 Deposition of Non-Patterned Emitter Layer and Deposition of Cathode
A non-patterned emitter layer containing perylene blue dye and a fwo-layer

cathode were then deposited on the patterned emitter layer comprising the first (red)
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Exanple 3. A receptor was prepared by follow ng the procedure described in
conjunction wth Exanple 1 and separate donors, each containing a transfer

| ayer, \Qﬁ)??ag{o?ﬁgﬁ_ed 5 according to Exanple 2 (red em%é@{rﬁ}%ogﬂﬁz%anpl e 3

(green e he transfer |layer containing the re ter was i nmaged
onto the receptor by LTTI using the |aser arrangenent described in Exanple
2, except with a pitch of 300 mcroneters. The transfer |ayer containing

the gre Lt .IEQ?Q g ﬁ[}g .o LI TI and again
usi ng tﬁ[easl%ge"ser(%gerer ﬁrgkerrenféﬁgg@@rqlh %E@G?n dé%pﬁﬁg&%coé@ggg?g\%@h a pitch 10
of 300 Biamgmdtfer the dEpesition ofi thesk®dyetshe transfer |ayer containing the green
emtter was shifted +100 mcroneters relative to the origin for the

transfer layer containing the red emtter. A non-patterned emtter |ayer
cont ai ni ng p€4€94"@4%1wﬁ39@1cdy5'96@m a two-layer cathode were then deposited on

t he patterne i L ayver nt.ai.nin he .fi.rst (red),and .15 second ,
(gr egn) em t?%ereg%%técﬁwémf%%e %g%eg L}:}%O%%}éa@mlgéav Blsr?%é%-ﬁlg%ﬁ%%gﬁ wth Exanple 1
for thepegansé tésoribed inl RFRCHAYRILE ] xﬁh?&tj AdUENERes 6 pafE A eRérhainkhe

el ectrol um nescence spectrum for Exanple 4 was observed using the 20

pr ocedufed, gegit pidlelye swipesiharedend gropn emisicamsitens cangspohdingdo thepat t er n of
alternatin e reen.and bl ue stripes red and green eni ssion
bl at{em%d itﬁ%s I%CQItVﬁgleHgPIZ% S 5ﬂa€]1t,lﬁ’z.d

patterns “Cor respon by sel ective thermal transfer
via LITI. Exanple 5 25 Exanple 5 illustrates a nethod of making an
el ectrol ut ni nescent device according to the invention in which transfer

| aytts conprising a first enitterExwmplaé second emitter are selectively

Sol vont - suscERErEre TuyBe® LRGE8 PLhfng Bh AP RENENPRR s¥hki  Cor (o O

di sposesccoftiidi® thaldvennedinenhith @h‘ahﬂbiﬁﬁyér@oﬁlgﬁghga frstauitgeit erned emitter
| ayer. 30 34 20051022959 PCT/ US2004/ 02264 Preparati on of Receptor A

sol ut i ofelestively|thammlljdemaigeed b2 Boeaeiy fom g petisrpedpnideylayeeon ®1 uene and

?! : ?‘2?2&%19611%}5{15(06&%16 %aoyew aﬁHtaﬁg}re%onZ.gl%h?g a gecgg(ti @rlrl%e:er 18 a-irs]gos%&) lc:nliI 1;c]:l«uaon was then

15 patterned emitter layer to provide a non-pattermned emitter layer.

Preparation of Receptor
A solution of 2-mTNATA was made at 6.0% by weight in HPLC grade toluene,
filtered once through a Puradisc filter, and spin-coated onto striped pixel ITO glass to
20  yield a solvent-susceptible layer having a dry thickness of 162 nm. Using toluene, the
coated [ayer was selectively removed from portions of the ITO region to provide

contact areas for connecting the receptor to a power supply. {

Preparation of Donor
25 TAPC, TPOB (sublimed), and Ir(ppy).(tmbd) (a green emitter) were combined
in a 45:45:10 weight ratio, diluted with chlorobenzene to 1.78% by weight, and allowed
to stir for 20 minutes at 70°C on a hotplate. The resulting solution was filtered once
through a Puradisc filter and spin-coated onto a donor film prepared as described in the
General Preparation to yield a transfer layer having a dry thickness of 45 nm.
30
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through a Puradise filter and spin-coated onto striped pixel ITOglass to
yield a solvent 5 susceptible layer having a dry thickness of 160 nm Using

t ol uene,wto%oﬁ 55‘§d | ayer was sel ectively renoved frorpcﬂ?dstzi)@%ize% the I TO
region to provide contact areas for connecting the receptor to a power

supply. Preparation of Donor 10 To prepare a first donor corresponding to
the first emtter, ELO28T, Spiro-CF3- PBD, and Ir(btp)2(tnmhd), a red

emtter, were,comh %&J%Pﬂ%n@%’ﬁ@%%%@%%ﬁ éﬁ{i}i})e?" diluted with

chl orobenzene to 1. y wer'g V\% stir for 20 mnutes at 70C
on a hot pl at &he Thesicekybt frovg tsodabi was mszefliohtosthe decepoe by WTBLIghied Pur adi sc

filter and spin-coated gnto a. donor film prepared as described in the
Gener al an,agggEch I@%yei & Wap i 5eisERignayith e‘f%‘#@%eﬁgl@ﬁ@p&- &}Wqﬁﬂckness of

50 NM  Av36Qnd a0RRRk of 2588 RPR dhilfectioRal {80 %ﬁﬁ%ﬁaﬁ@%%&%@_@@ pgpar ed i n

t he sane manner but substituting a green emtter, , for the
red ém titegnencSelf 669 KHz. Thi requested linawstle waof | (Pati¢remetets &ith tatpgich bAyer s 20 The

transfer, | ayer fromt first d was i maged onto the receptor by LITI to
yi el d a38@%‘@1"%&“%?&‘{]&‘8#0?%‘9%?8‘8‘8}{81”1 aser was used at a power of 4 watts in
a Cunidirectional scan with a triangle dither pattern and frequency of 400

KHz. The requested line width was 110 mcroneters with a pitch of 495
m cronet ers dhgotilien dbden-Pader@d EmilddrdnRer dikEDepaiginerf Qwlyel: from t he second

donor was then inmaged onto, the 25 sapme receptor, by LITI and using the sane
| aser arr a_ngeﬁf@?ﬂ‘pﬁge%?cgm“a@r Eyﬁa‘:top@%m’é%lperé(ﬁ’?‘? E’@fe dvgyad 2tEAY#YSi ng first

(redh andmagcebd thel 88kt fh%gﬁfst%rlls?f% HeBlRed faho%v';}?g[thra anshee | ayer

containing the green emtter wa +165 mcroneters relative to the
of i gi n fdescribhé irt camefotion waibeFxangri¢ &iforithe dépusitiondf rese tayers. 30 Deposi tion of
Non- Patterned Emtter Layer and Deposition of Cathode A non-patterned
emtter |ayer containing perylene blue dye and a two-|ayer cathode were

then deposi t ghepialiheopabiiedeuf) kRSl COMPrising the first (red) S5
WO 2005/ 022959 "PCT/ US2004/ 022648 “and second (green) emtters follow ng the

procedur e dedorad dredrol dedoss) were preparedifor Exaiyderpl 8hd (g conthd dieposiasi on of
L e L TR A0SR SOSEu A S LSt bl ppzeence
selective thermal transfer of the transfer layer, the pitch was 165 micrometers which
resulted in a pattern that was in registration with every ITO stripe. The second control
device was also prepared following the procedure used tn conjunction with Example 6
except-omitting preparation of the donor and thermal transfer of the transfer layer.
20 Consequently, in the second control device, the non-patterned emitter layer containing
perylene blue dye was disposed directly on the solvent—susdeptible layer and without an

[ intervening patterned emitter layer.

Electroluminescence Spectra

25 ' The electroluminescence spectra for the device of Example 6 and its two control
devices were observed using the procedure described in conjunction with Example 2.
The device of Example 6 showed a pattern of alternating green and blue stripes, the
green emission pattern corresponding to the area patterned by the selective thermal
transter via LITI. The first control device showed a pattern of green stripes

30  comresponding to the area patterned by the selective thermal transfer via LITI, and the
second control device showed a pattern of blue stripes corresponding to the pattern of

ITO stripes.
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procedure described in conjunction with Exanple 2 and showed a pattern' of
alternating red, green and blue stripes, the red and green em ssion
patterng corresponding to the areas patterned by the her mal
transfe?"%og:’@z%s’. 10 Exanple 6 Exanple 6 illustrates ﬁr@h‘gﬁﬁ%égmki ng an
el ectrol um nescent device according to the invention in which a transfer

| ayer conprising a first emtter is selectively thermally transferred to a
receptor to forma patterned emtter |ayer on a solvent-susceptible |ayer,
and a layer conprising a second emtter is disposed on the 15 patterned
emtter layer to provide a non-pgkh@prer enmtter layer. Preparation of
Receptor A solution of 2-nTNATA was made at 6.0% by weight in HPLC grade
tol uene, fi#eEIP& dhistaienpdpgirdofmpking aceleqitoluminesgsdt dgyias- coat ed ont o

stripe [ xel . S _t. 2 iel vent ~su tible.layer having a
dry t h:jaggénrgfsig té&)ﬁgllgg%ﬁ%ﬁl _18&115‘%92/1{%5%&23@/??%%@&%%& %?ﬁgﬂg?ét}er\%%s sel ectively
r enov e chefecivel p et alnsirafsférhd tb hGdep@i eNfor® dpMiéidd enfifetlagd oalaeas for

connecting the receptor to a power supply. Preparatjon of Donor 25 TAPC, TPOB
(subl i nedFt-giseentiblelaysr prdminyer emprisws aserenderyitigpisalisponssi aretlie in a

45: 45: [ : 1.9, . di | ut with chl ne to 1.78% by wei ght, and
al | omﬁpﬁtt}é\%%‘g?%ﬂ}&e?gér}%ba) 'Oﬁlu@gém tpa?‘d&e&(;%%g%%@sf‘at e. The resulting solution
was filtered:@nghe 7 Wk prghred ubReiing thd froesduandessibétt @@ahjedcti 0 a donor
filmprepared as described in the GCeneral Preparation to yield a transfer

| ayer heh Bgaraplg Oyexeent dhatés hesplvan-supsepibledayendepaiisd op feggceptor,

PCT/US20 ti W r I f. Patternegd Emtter Layer The
trallr?sfgér)%l a%f‘éf%‘?ag%%q%%%&)gn% F%S%@ég&%ﬁt%st%_ hé;%ltes_((:)eaﬁt%fﬂa ya %&TI to yield
a patt ehideese ot 14EAm| AWes cdrtdl dwaces ifer Exegipsé 7 ald@fistbidpaR €6llovahfer 1 TO |
stripe. One laser was used at a power of 4 watts in a unidirectional scan
with a thepmaeduse descrbed preanamstienwith Expanlschesisepl fonthe mesencerpe theequest ed

i i j ith a .pjt. 30. ni d the d
wes 0. 60 8rer TRt RER bR ble BBk B T EP RSP BhEA A osi t 1 on o
Cat hode A non-patterned emtter |ayer containing perylene blue dye and a

t wo- | ayer
15 Electroluminescence Spectra

The electroluminescence spectra for the device of Example 7 and its two control
devices were observed using the procedure described in conjunction with Example 6.
The device of Example 7 showed a pattern of alternating green and blue siripes, the
green emission pattern corresponding to the area patterned by the selective thermal
20 transfer via LITI. The first conirol device showed a pattern of green stripes
corresponding to the area patterned by the selective thermal transfer via LITI, and the
second conirol device showed a pattern of blue stripes corresponding to the pattern of

ITO stripes.

25 Example 8
Example 8 illustrates a method of making an electroluminescent device
according to the invention in which a transfer layer comprising a first emitter is
selectively thermally transferred to a receptor to form a paiterned emitter layer on a
solvent-susceptible layer, and a layer comprising a second emitter is disposed on the

30  patterned emitter layer to provide a non-patterned emitter layer.
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, 10 cathode were then deposited on the patterned emtter |layer follow ng the
procedure described in conjunction with Exanple |I for the deposition of

t hese | aygy sposhi8Rarati on of Control Devices for Exanplgoushwsy@enkr ol
devi ces were prepared for Exanple 6. The first control device was 15

prepared follow ng the procedure used to prepare Exanple 6 except that
during the selective thermal transfer of the transfer |ayer, the pitch was
165 mi cronet epgyMkch o RESHILed in a pattern that was in registration with
every I TO stripe. The 'second control device was al so prepared follow ng the
procedur e used spintiomaf SIRTHH Srwvasimbierx S0pitecn chiazermzeam, atlowe forstipar at i on of

the d d.t . f f.the t fer | . Co tly, i
the secont 2L oHILE Ay b8 & hoRled nlentt dop NEutes PGy et 200t ni g |
per yl enecdated @ntlyripaspidéigposaaksdimhe ebdtyd pml) bhes wad vaRA feURreRlkdRIe | ayer and

W thout an intervening patterned emtter |ayer. Electrolurninescence
Spectsr a 5CTinders witrpgey afmonplsre icgeld peotveat-fuseeptihle ldparibevingfa d&Exanpl e 6 and
its two gcontrol vi ces.were observe sing th rocedure scribed in
conj unct%ﬁ“%?ﬁlg%ﬁ%l% to uﬁﬁg’s[ﬁ%%ageéﬁaﬁ"el %@35%’16_@“’ ?%W&%&?é’&ggmﬂ}bt tern of

al t er nat hd¥gordf T e BTS2l dAGo P ¥8SSontdch roadfod 8RB SSIHRReftPldr @b B _
corresponding to the area patterned by the selective therrmal transfer via
LI TI. Theowersepplvontrol devi ce showed a pattern of green stripes 30
corresponding to the area patterned by the selective thermal transfer via
LITI, and the second control device showed a pattern of blue stripes

cor rgspondi ngpieputien BADbRSHN Of I TO stripes. 37 WO 200-/022959

PCT/ US2004/ 022648 Exanple 7 Exanple 7 illustrates a nethod of naking an
elect r ol uni neSE .S JEROB dsubdicerdy.cind dr(btp){trdid) tased eimditer) wemshdosabired r ansf er

| ayer conprj sin fiest emttier.is 5 sel.ectivel h lly transferred to a
recept ormtao"’-‘lf%e:']%‘gﬁ'yas t 8P aé?r’i qllu.ZEI'd W%gﬁm helge}{%%ﬂ @Z%—béﬁ‘g%g i ble layer,
and a | ayfiralleQeRtd Sirfor 20 a0k G0PCE bR R hbplHkd. SPRSRAuIANg bdlBtioPRhE er ned

emtter |ayer t%d&fow de a non-patterned emtter |ayer. Exanple 7 was

pr epar edfiligred ondediuongh & Reradissddibn red sram-codterbentp g dooey Uinepieparedwb t h Exanpl e 6
except- t hat i n .t he sol veni-susceptib ayer .deposi.ted on;the receptor, 10
2- NMTNATA ?ﬁ/&%be%é?) F}}fc@ﬂleﬁa;rpﬁpai%% %thcga J[IF#S enl s a%rm‘g@e?ooﬁs to have

a dry  45nm, after being baled at 80°C for 10 minutes under a nitrogen atmosphere,

Preparation of Control Devices for Example §
Two control devices were prepared for Example 8. The first control
20 device was prepared by imaging the transfer layer from the donor to the receptor using
one laser at a power of 4 watts in a unidirectional scan with a triangle dither pattern and
( frequency of 400 KHz. The requested line width was 110 micrometers with a pitch of
165 micrometers and a dose of 0.90 Jem?, resulting in an imaged pattern that was in
registration with every ITO stripe. A non-patterned emitter layer containing perylene
25  blue dye and a two-layer cathode were then deposited on the patterned emitter
following the procedure described in conjunction with Example 1 for the deposition of
these layers.
The second control device was also prepared following the procedure used in
conjunction with Example 8 except omitting preparation of the donor and thermal
30  iransfer of the transfer layer. Consequently, in the second control device, the non-
patterned emiiter layer containing perylene blue dye was disposed directly on the

solvent-susceptible layer and without an intervening patterned emitter layer.
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t hi ckness of 140 nm. Two control devices for Exanple 7 were al so prepared
followng the procedure described in conjunction with Exanple 6 except for
t he prese fhe receptor, of the solvent-suscepty | &ont ai ni ng
ST 1693§g9§ﬁ§P%§ of 2-niINATA. 15 Electrolufninescenggggg%%?ggﬁ%ﬁe

el ectrol um nescence spectra for the device of Exanple 7 and its two control
devi ces were observed using the procedure described in conjunction with
Exanple 6. The device of Exanple 7 showed a pattern of alternating green
and blue stripes, the green em ssion pattern corresponding to the area
pat t er ned byFktreoiseimresidveSpdaetzral 20 transfer via LITI. The first control

devi ce showed a _pattern of green stripes . corresponding to the area
pat t er ned byﬂ%%g%@ﬁl@é@w’@n‘farf@ﬁ% for fherflavise of Exappip 8 2l aconigl ongd

control ' na ST : 4 ] t'o the pattern
o 1 TO R B B G R P kg an
el ecd r oTnfirsesndrot delod shewed agatieinngd rédstiips comegnidmg to thediegh a transfer

| ayer conprising a first emtter iis  selectively thermally transferred to a
r ecept oPEEReA Ly %S%éfly%ma]&ﬁlﬁfeéylmw&raﬂéﬁheasec%]gf%}‘ﬁol 8edeepti bl e | ayer,
and a | IS ] ke i i .the 30 patterned
emitter %%gﬁ%?géﬂg?ggﬁlggﬂr;ﬁ% gﬁgﬁﬁ’tﬁ]{‘@r‘g E%*hé%gftf‘?‘f@?’%?g‘y)%??ﬁ eg'ss WO 2005/ 022959
PCT/ US2004/ 022648 Preparati on of Receptor A solution of ST 755.5 was nade at
5.0 wt. % in chlorobenzene, allowed to stir for 20 mnutes at. 70C on a
hotplate, filtered once through EspmdePsc filter, and spin- coated onto
strigped pi xek,. LRSS [ iRk 10 mnutes at 5
SOCicﬁnder a iralil{‘.l;rl}s()?%grll at %ggﬁ%ﬁﬁ%%%%%a@@@%-susgg%ﬁ% e layer having
a dry advbakmewsshoinvdfoonmwHish ogadsidriene compesingatfiest ehdgtariswas sel ectivel'y
removed from_ portigns of the ITO region to provide contact areas for )
connect FREFLYAY thamally Bansiered togggesptardp frmp a nastepred ey Bierdit onor ST

o2 a2 TRy BB AATE Bhor, GG WPl sl ot o ity RRE o o0 56 by
wei ght , pattanebdadntinedayer to plovidefaxondthtigined easttatay®®C on a hotpl ate. The

resulting solution was ) . . . .
15 Example 9 was prepared by following the procedure described in conjunction

with Example 8, except that in the solvent-susceptible layer that was deposited on the
substrate, ST 755.5 was replaced ST 1693.S and this layer was applied so as to have a
dry thickness of 140 nm. In addition, the solution of ST 1693.S was made at 6.0% by
weight in toluene and allowed to stir for 5 minutes under ambient conditions before

20  being filtered and spin-coated. Two control devices for Example 9 were also prepared
following the procedure described in conjunction with Example 8 except for the
presence of the of ST 1693.S in the solvent-susceptible layer that was deposited on the
receptor instead of 3T 755.S.

25 Electroluminescence Spectra
The electroluminescence spectra for the two control devices were observed
using the procedure described in conjunction with Example 6. The first control device
showed a pattern of red stripes corresponding to the area patterned by the selective
thermal transfer via LITI, and the second control device showed a pattern of blue

30  stripes corresponding to the pattern of ITO stripes.

40



. filtered once through a Puradisc filter and spin-coated onto a donor film
prepared as 15 described in the General Preparation to yield a transfer

| ayer haﬁigg&goé?oz%sg t hi ckness of 45 inn, after being b%%s?‘s"f@%% or 10

m nut es rramrtrogen atnosphere. Preparation of Confro vi ces for
Exanple 8 Two control devices were prepared for Exanple 8. The first control
20 device was prepared by imaging the transfer |layer fromthe donor to the
receptor using one laser at a p r ?f 4 watts in a unidirectional scan
with a triangle dither pattern a%\gm(p‘?]r%quency of 400 KHz. The requested

line width wagahje 10ikiseisertetibd Bf @aliht ah eRbrdiGhindsee@eYigs s and a dose of
0.90 J/cnR, resulting in an inmaged pattern that was in registration with

every | ¥9osding fpethe mvgBterhEr Wiich dgnsded leyess conagrsing » Arshiemi#ng apépyl ene 25 bl ue

For 1 o Ay pREmiate ERLOAT R BNS MR ATRR o Rn Pt Wt ERBREE 57 ¢

deposi t emitteplayet Hes eolventansceplible 150 ol 209t EOhpHaMi aehiv@emales & prepar ed
followi ng the procedure used in conjunction with Exanple 8 except omtting
pr epar afisppsedondpepdisasd carben IRgs faproyole s rostabiemsy epHdenlpgmist er | ayer.
Consequently, in the second control device, the non- patterned emtter |ayer
cont ai ni ng peryl ene blue dye was di sposed directly on the

sol vent - susc @pérdbduton @etebd Wit hout an intervening patterned emtter

| ayer. 39 WO 2005/ 022959 PCT/ 1JS2004/ 022648 El ectrol unzi nescence Spectra
The el ect r ol dn§olEEBaiSd Bper traprae ki widgiie ehlgrobenzpns) dlogredielstiit s t wo

| i ; ) . . ti
o TR0 B, Sorsihififes WP G CORSERNEH HDRY IS AT PPEGE AAIESGRA DR o keAEN) HTE Lo
cOr r esponti sgpddpitN¢T@RERs. Pat tenabT(Pylatheasielked firvie meterat s0aansfer via

LTI, and the second control device showed a pattern of blue stripes
cor r es pHRERTAgLEeenEmpIhere R yerld p vovertrsupreptiblextispheviog adreirkers 9

L 55 Ao LR e o5 B ENE d Gefcr 10 C©

sel ect i vigd Tt eglomab bybvidesistRt meds fod coneetPthe fedeptot &F Apewpadupplyned em tter
| ayer- on a solvent-susceptible |layer, and a |ayer conprising a second.
enm tfer is di'sposed on the patterned enmitter |ayer to provide a

non-patterneg, em.LES! of BN

To prepare a first donor corresponding to the first emtter, ST 755.S, TPOB,

and Ir(btp).(trahd) (2 red emitter) were combined in a 44.26:44.26:11.5 weight ratio,

diluted with chlorobenzene to 1.71% by weight, and stirred for 20 minutes at 70°C on a

20 hotplate. The resulting solution was filtered once through a Puradisc filter and spin-
coated onto a donor film pfepared as described in the G‘enéral Preparation to yield a

( transfer layer having a dry thickness of 45 nm, after baking in an oven at 80°C for 10
mnutes under a nitrogen atmosphere. A second donor corresponding to the second

emitter was prepared in the same manner but substituting a green emitter, Ir(ppy)
25  (tmhd), for the red emitter.

Selective Thermal Transfer of Patterned Emitter Layers
The transfer layer from the first donor was imaged onto the receptor by LITI to
yield a patterned emitter layer. One laser was used at a power of 4 wattsin a
30  unidirectional scan with a triangle dither pattern and frequency of 400 KHz. The
requested line width was 110 micrometers with a pitch of 495 micrometers and the dose

was 0.90 J/om®. The transfer layer from the second donor was then imaged onto the
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15 Exanple 9 was prepared by follow ng the procedure described in
conjunction wth Exanple 8, except that in the sol vent-susceptible |ayer
t hat deposited on the substrate, ST 755.5 was rep| : 393. S and
this Ia§ mﬁ%@ngﬁ?pl ied so as to have a dry thi cknesslq)(g’;‘aﬁ:qs%(ﬁ an.gl n
addition, the solution of ST 1693.5 was nmade at 6.0% by weight in toluene
and allowed to stir for m nut es under anbi ent conditions before 20 being

5
filter .0 ) ntrol devices for Exanple.9 re al so
br epar oneraens B T e R R A Shent B R B e e
except ehottertibger cpmprising rof{reihenddecsnll (1RR21) Smitterd. MEhes@igie ArtBéiscepti bl e
| ayer that was deposited on the receptor Instead of ST 755.5. 25
El ect r ST205iET liyecontaining tergreprmeitien wes shiftedt oS seisrecteiselatize fodhe t he two
control Vj o1 erved. . using,the. procedure described in conjunction
W th Exoé%gﬂfféﬁg&&% F?ag éoélg%tn%lgl%he ‘é/fa%léﬁé%'shomed a pattern of red stripes .
corsesponding to the area patterned by the selective thermal transfer via
LITI, and the second control device showed a pattern of blue 30 stripes
cor r espondi Hpresitionef Nen-Faternet Limigr Jwayeresl Deppyitinp of Smhagz2959
PCT/ US2004/ 02264 « le 10 14l r od_of making an
el ectrol um r%é(g%ﬁ?ﬁ@%%ﬁeé%é@{%ﬂﬁﬁ ?%g?rb{ié%ngﬁblgﬁd&?%ﬁgﬁﬁéﬁ?y%ﬁ transfer
| ayer s qathwge wetdBeRdéposiéd @bk befterdtlerditich REaN@ngiisideethe @it (f@h ecti vel y
thermally transferred to a receptor to forma patterned 5 emitter |ayer on a
sol ventand sewagd(gisee quifies folinvana thegyesedorrisserdicddn sonrnetpnemitt t er i s
di spos t r.ned kiter layer to provide a non-patterned emtter
Iafllgr. r ;%%?g‘%rﬁ%‘%&% SREC hg?el,&y‘lé%l ution of ST 755.5 was nmade at 5.0. wt.
% in chlorobenzene, allowed to stir 10 for 20 mnutes at 70C on a hotpl ate,
filtered thrgggﬁbgg,,lﬁﬂégc@géé@egjrbter, and spin-coated onto striped pixel [TO
gl ass. The coated | TO gl ass was baked for 10 m nutes at 80C under a
ni trogen at Mdspfestelunpingscenas spectoiny fomExempleelst win eservgdusingdieng a dry
thi ckness .of 126..muy.. Usi.ng.tol u t he,coat.ed l.ayer was. sel ectively
" emoved PieaeEReTtdn ein v raginl2 60 BRSPS Shaleaping 1 of
conRectiefGréditnd @b Rpes! MededaBiediRRkMon pdiferky @RREFIIdRY @fthdonor

areas patterned by the selective thermal transfer via LITT.

Example 11
Example 11 illustrates a method of making an electroluminescent device
20 according to the invention tn which a transfer layer comprising a first emitter is
selectively thermally transferred fo a receptor to form a patterned emititer layer on a
solvent-susceptible layer, and a layer comprising a second emitter is disposed on the ( '

patterned emitter layer to provide a non-patterned emitter layer.

25 Preparation of Electroluminescent Device
A donor was prepared according to the procedure described in conjunction with
Example 1 and the transfer layer was selectively thermally transferred to a receptor
containing a solvent-susceptible layer that was prepared according to the procedure
described in conjunction with Example 9 to yield a patterned emitter layer. Two lasers
30 were used at 2 power of 16 watts in a unidirectional scan with a triangle dither pattern
and frequency of 400 KHz. The requested line width was 110 micrometers with a pitch

of 165 micrometers, and the dose was 0.650 J/em”. A non-patterned emitter layer
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To prepare a first donor corresponding to the first emtter, ST 755.5, TPCB,
and Ir(btp)2(tnhd) (a red emtter) were conbined in a 44.26:44.26:11.5

wei ght ratio___ diluted with chlorobenzene to 1.71% by ¥e}gtgoeReysstirred
for 20 ﬁé\ﬁ?oé’@z%# 70C on a 20 hotplate. The resulting solution was filtered
once through a Puradisc filter and spin- coated onto a donor film prepared
as described in the General Preparation to yield a transfer |ayer having a
dry thi gkpasso QbrReibiik d fén@ratg/%iflbﬂ% C%@m@@wg%qﬂelﬁ&%'}% frod Y 1520 M nut es
under a nitrodgenat nosphere. A seco onor corresponding to the second

e t t er patsngdreapterdalydar folldveng dreproeminer ddsutibesiib somjunttiongwidh Gxaepleeni tt er,
Ir(ppy)ﬁ Z%%é%nhd%., fgr the red emtter. Selective Thermal Transfer of
Pat t er nedPr §POFIPT OL eSeri¥eBr ansfer | ayer fromthe first donor was i maged
onto the receptor by LITI to vyield a patterned emtter |ayer. One | aser was
used at a power of 4 watts in a 30 unidirectional scan with a triangle

di t fer pat t ePrepandiofirog GoetrolDeficelfod ExiirpleTie requested line width was 110
m croneters wth itch of 495 mc ters . and the dose was 0.90 J/cnR.
The. transt or oy RrismalCaR o HOTEH TS PRH rgRanSARE R 41 O
2005/ 0235 $:xBepld 520A4L0SR04 Ry pRAEHELCARE SndbanbifmAldulithig e sare

| aser arrané(g%net fo provi dgﬁgéppgttérned emnttgr I ayer %%émg;b?gi ng first
(red) apateseciendtiégreen Coasdqueeils théhva-maticgied efrattertlinger contaimsfeer | ayer
containing th reen emitter, was_shifted +165 m c ters relatjve to the
or i gi n PEVIERBIE IS 868 Isposrd ATEEhY o e g Ve RSP URlA 1A IBBBEA i on of
NonydPat ;rﬁérpﬁgngggt{ehgdelnﬁﬁ&rla%}q Deposition of Cathode A non-patterned
emtter |layer tontalning perylene blue dye and a two-layer cathode were
t[h'én deposited on the patterned emtter |layer: conprising the first (red)
and second ( eeﬁn)1 em tterg, foll ow ng the procedure described in conjunction
wWith 10 ExahffF@o4"Fascdiié »AEHESi ti on of these |ayers. El ectrol unzi nescence
Spectra The eheollRlitiflllessed o aRRElhM Al @S@% 1L RSciper ved using
t he proceduré dlescrl e (f%% c%él‘ejcuncti on VYIIEthO Exa ile 2 an %Ohomed a pattern
of al t ederatd were obServelysing the praveduteldessridbed irpasyjurtchen meith Bwadhpde 2en emi ssi on

patierng, carrespanding 1o the areas paijerned by the selective fhermal

yellow emission paitern corresponding to the area patterned by the selective thermal
transfer via LITI. The control device showed a pattem of blue stripes corresponding to

the pattern of ITO stripes.

20 The complete disclosure of all patents, patent applications, and publications,
and electronically available material cited herein are incorporated by reference. The
[ foregoing detailed description and examples have been given for clarity of
understanding only. No unnecessary limitations are to be understood therefrom. The
invention is not limited to the exact details shown and described, for variations obvious

25  to one skilled in the art will be included within the invention defined by the claims.
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Exanpl e 11 Exanple 11 illustrates a nmethod of naking an el ectrol um nescent
device 20 according to the invention in which a transfer |ayer conprising a
first emtter is selectively thermally transferred to a receptor to forma
patterned emtter |ayer on a solvent-susceptible |layer, and a | ayer
conprising a second emtter is disposed on the patterned emtter layer to
provide a non-patterned emtter |layer. 25 Preparation of El ectrol um nescent
Devi ce A donor was prepared according to the procedure described in
conjunction wwth Exanple 1 and the transfer |ayer was selectively thermally
transtEAME to a receptor containing a solvent-susceptible |layer that was
prepared according to the procedure described in conjunction with Exanple 9
to yield a patterned emtter layer. Two |l asers 30 were used at a power of 16
wat t sli n aA mmtltidrod cpdkongadn decdmoluminéscent tdevianghmepritingier pattern and frequency
of 400 KHz..The.requested |ine width wa 10 .m.crometers wih a pitch of
To5 m or onislriely SRR sl e P DR B e e gt Ftafiet Bor [ ayer
42 \W0x 200760320692 PAI2ANA40226 45mpeang BicTiri@nitedigoseddige déepiand a
two-| ayer cathode were then deposited on the patterned emtter |ayer
fol | o#ldng t he procedure described in conjunction with Exanple | for the
deposi ti ony; . i { # anple 11 A
cont rol d&?‘%’é \ggzgjé%g%ﬁ quselrﬁgerl g%ﬁ?%%@%%p%ﬂ{eﬁg& %Irntg)(gél ur}ellagsre%l(aiﬂrllgéonj unction
wi t h feegrqlte fdrin a potcpgiterad eidifterdayer epapddingthe eéconfiemiteeror and t her mal
transfer of the patterned emitter |ayer. Consequently, the non-patterned
emtter |ayer containing perylene blue dye was di sposed directly on the

sol vent - supicaRbthdd 8f AKET fiiher wrﬁﬂl{%ﬂ{?hséﬁctiée@y iRheNMARBRRAL pRsNEd emi tter

| ayer. El ectrol znni nescence Spectra The el ectrol um'nescence spectra for the
devi crrongihanmpyi-pattemned ethiiterdaysorat prostion efensceandvieansleplayer comprigggaghivhe

d i bed i ' ' ith. le 2. ..15.T ' f Ex I
1S roE SRSk ER roR Feg R PR Pulr I ety B B el o
em ssiigpbspdbh teRedepforesponding to the area patterned by the selective

thermal transfer via LITI. The control device showed a pattern of blue
stripes corresponding to the pattern of ITO stripes.

3. The method of claim 1 wherein the receptor is an anode, a hole transport layer, a hole

mjection layer, an electron blocking layer, a dielectric layer, a passivation layer, a substrate, or a

combination thereof.

4, The method of claim 1 wherein the non-patterned emitter layer is an undoped electron
transport layer, a doped electron transport layer, an undoped hole blocking layer, a doped hole

blocking layer, or a combination thereof.

5. The method of claim 1 wherein the receptor is a hole transport layer and is attached to an
anode.
6. The method of claim 5 wherein the device further comprises a hole injection layer

disposed between the hole transport layer and the anode.

7. The method of claim 1 further comprising disposing a cathode on the non-patterned

emitter layer.
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20 The conplete disclosure of all patents, patent applications, and
publications, and electronically available material cited herein are

i ncorporated by reference. The foregoing detailed description and exanpl es
have been given for clarity of understanding only. No unnecessary
limtations are to be understood therefrom The inventionis not limted to
the exact details shown and described, for variations obvious 25 to one
skilled in the art will be included within the invention defined by the

claing. 43 CLAIMS .. t hod, of nmaking an el ectrql um nescent device
conprsin .heé%"f'%%‘?ﬁi:i??ﬁt%E‘?rﬁlé‘lth‘ilref’?p&?ifs‘? g?l?"?ﬂjiﬁ“%?elbtbtﬁ?'i on of a transfer |ayer
conprising a first emtter to a receptor to forma patterned emtter |ayer

conprising the first emtter disposed on the receptor; and disposing a
| ayer?-conph mstheg of mekmgrra edgeiroluarineseent Hevigmeamamtisé: emitt er | ayer and the

receptor to f.orma non-patterned emitter. laver ¢ rising the second
emtter. i%o%ﬁgg%eoﬁéﬁﬁﬁﬁbéﬁﬁﬁﬁﬁ)%¥ﬁ¥§hg?mcoﬁ%?}%§gg selectively thermally

t ransf er r isa@ctively herhaly ttakfarmig 4 ReUAOSF PddisRE Nger eihirisaly 4 RY&Id, endtt@or tion
of a second transfer |ayer conprising a third emtter to the receptor to

f or m '8 tReREmtigEed emitisa laygt torlerm p apldsmedsmitesiayy comerising the sspand er |
disDQ&@ﬂm?ﬂm Ned b R patt eggﬁhgyiﬁgﬁ of claim1 wherein the receptor is
ode, a ol e

an an ol e transport layer, a injection layer, an electron
bl ocking | ayer, a dielectric |ayer, a passivation |layer, a substrate, or a

conbi pat i therepf. 4. T t hod of claim erein the non-patterned
ot BF | afhernethsdor it warame seFebut gy g e on
t r ansedrld thAYRF lay& torpHRPe @ thidd BmiteP (the dod-pMBnedentiRady @ formhl ocki ng
| ayer, or a conbination thereof. 5. The nethod of claim1 wherein the

r ec epeennd; pattermpd pritter baysprnmprisingdhe tivd emittest dispdsedion theawn-patigged 6. The
nethqgmggﬂg%gin15 wherein the device further conprises a hole injection
| ayer I sposed between the hole transport |ayer and the anode. 7. The
met hod of claim1 further conprising disposing a cathode on the

non-patterned emtter layer. 44 8. The nethod of claim erein the

rec egﬁor iﬂle%qﬂyg}(ﬁt{ ciqjgc‘)e%ﬁ?r indhe non-pattemrg:ﬁ em?tter?ayer gs an undoped electron
transport layer, a doped electron transport layer, an undoped hole blocking layer, a doped hole
blocking layer, an undoped electron injecting layer, a doped electron injecting layer, or a

combination thereof,

12.  The method of claim 9 further comprising disposing an anode on the patterned emitter

layer and the non-patterned emitter layer.
13.  The method of claim 12 wherein the device further comprises a hole transport layer, a
hole injection layer, an electron blocking layer, or a combination thereof, disposed between the

patterned emitter layer and the anode.

14.  The method of claim 9 wherein the side of the non-patterned emitter layer opposite the

patterned emitter layer is attached to a cathode.
15.  The method of claim 9 wherein the non-patterned emitter layer is solvent-susceptible.

16. A method of making an electroluminescent device comprising:
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9. A nmethod of making an el ectrol um nescent device conprising: providing a
non-patterned | ayer conprising a first emtter; and selectively thermally
transferring a portion of a transfer |ayer conprising a second emtter to
the non-patterned emtter layer to forma patterned emtter |ayer conprising
the second emtter, disposed on the non-patterned emtter |layer. 10. The
nmet hod of claim9 further conprising selectively thermally transferring a
portion of a second transfer layer conprising a third emtter to the
non-patterned.emtter |ayer tQ ﬁorn1a second patterned emtter |ayer
conpri si ng PIAAIRGP sefv S¥$§P?H81§ﬁﬁsed on the non-patterned enitter |ayer.
11. The nmeldhpdsiff a ?ﬁt@érﬁ@d% @bRbAsihY € AP BmBRL bRd B 86n-98kalifeQonipBY & tHabisan
undoped el ectron ransport | ayer, a doped electron transport |ayer, an
undopéhe sroiemsior differeny thaanyks firsherditioreh the lselvemstsoedeptilgle laygwrand an undoped

el ectron ingect.ing,layer, a.doped el ectron injecti | aye or. a

conbi nat | o prerar R Grm e RRal Grtkreh b Rm a8 oy i sposi ng
an anggdseptiblé hgcPRifbsi Baon-pakdrb@l emittaniayer @BAptikiGe fRvefdliteatiiad em tter

| ayer. 13. The nmethod of claim 12 wherein the device further conprises a
hol e transport layer, a hole injection |ayer, an electron bl ocking | ayer,

or a c¢anbi gﬁﬁ# r 16dd 1 | ayer and
t he a&gde.ﬂ%%. (Enﬁggﬁ%&6§pﬁgﬁggﬁpg§@%§§gwﬁgﬁﬁgB%%Sg&gﬁg?ﬁgkﬁgﬁbbatterned
en t t éherinalle ramydposg & eottive of patangemnlegeremnptising Heyiest dusttetand dhwetbt 0 a
cat hode, .15. The nethod of claim9 wherein the non-patterned emtter |ayer
i s solXEE CHPOBHi ble. 16. A method of making an el ectrol umi nescent device
conprising: 45 providing a solvent-susceptible |ayer; disposing a patterned
| ayer conprising a first emtter and a non-volatile conponent that is the
sane a$. or Thietiesiradmf claimr 6tfhghearicpmpriging irier tooierming thonapepattemgd emptarbl e
| ayer; di s i ri.Sl: ' ] t er ned
| ayer afh YifHoSRER sRRp pa QiR GRTROIPLAT,  ARFGRCCON kSRR NEHREL T O
| ayer 1gwprising the second emtter. 17. The nethod of claim 16 wherein
di sposing the patterned |ayer conprises selectively thermally transferring
a portion of a transfer |layer conprising the first emtter and the non-
vol atijoe CoFRANRIYd: of tfim RSy HERR ORp&indthd 5o ph i dMaky s QBRpHSNY, Prior to
formng the non-patterned emtter

selectively thermally transferring a portion of a second transfer layer comprising the third

emitter.

20.  The method of claim 19 wherein the second transfer layer further comprises a non-

volatile component.

21. A method of making an electroluminescent device comprising:
providing a solvent-susceptible, non-patterned layer comprising a first emitter; and
disposing a patterned layer comprising a second emitter and a non-volatile component

that is the same as or different than the second emitter, on the solvent-susceptible layer.
22.  The method of claim 21 wherein disposing the patterned layer comprises selectively

thermally transferring a portion of a transfer layer comprising the second emitter and the non-

volatile component.
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| ayer, disposing a second patterned |layer conprising a third emtter on the
sol vent -suscepti ble layer. 19. The nethod of claim 18 wherein disposing the
second patterned | ayer conprises selectively thermally transferring a
portion of a second transfer |ayer conprising the third emtter. 20. The
met hod of claim19 wherein the second transfer |layer further conprises a
non- volatile conponent. 21. A nethod of making an el ectrol um nescent device
conprising: providing a solvent-susceptible, non-patterned |ayer conprising
a first emtter; and disposing a patterned |ayer conprising a second

e t t eps andyge MEMod Of Akin} 81 RRMRPOSAIrsideAlpoliie hREohAMBEScPhydi f ferent than
the second emtter, on the solvent-'susceptible |ayer. 22. The nethod of

cl ai m gampviréngd thirdiespiderionghe srdvepasuseeniibie lapgrer conpri ses sel ectively
thermally transferring a portion of a transfer |ayer conprising the second
emtter and the non- volatile conponent. 46 23. The nethod of claim 21

f urt hepq.conphd Sieihgd 6f SpRS NG hareGRdioding Aid REARIDataed layepsamiprseng a third
emtter on the solvent-susceptible |ayer. 24. The nmethod of claim 23 wherein
di spospeertivply thesmaly trpnpierspg a gortiopef a senopd trarsfer layar sempyng therlirdal | y
transfg&ﬁggg a portion of a second transfer |ayer conprising the third
emtter. . The nethod of claim24 wherein the second transfer |ayer
further conprises a non- volatile conponent. 47

25.  The method of claim 24 wherein the second transfer layer further comprises 2 non-

volatile component.
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