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ELECTROLUM NESCENT DEVI CES AND METHODS OF MANUFACTURE AND USE Background
of the | nwenni4wi1s30Or gani ¢ el ectrol um nescent devi ces (@Erg)S20mohude | ayers
of organic materials, at |east one of which can conduct a charge. Exanples
of organic el ectrolum nescent devices include organic light emtting

di odes (OLEDs). Specific CEL devices, sonetines referred to as |anps, are
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present invention relates to organic el ectrol um nescent devices, articles

contlli ni nipr exemple gégiitiog epplications hiakdigbeng ofegrophiess pixalatbdrdisayssarc largeki ng
and usin Ishe orrg nic electrolum nescent devices and articles. 25 One
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opt iignal | 3hd dneléldepectively. Electrons are negatively charged atomic particles and holes are

vacant electron energy states that behave as though they are positively charged particles.

The charge carriers migrate to the emitter layer, where they combine to emit light.

This basic OEL device structure can be modified to improve or enhance one or

more electrical, chemical, or physical properties of the device. Such modification can

20 include the addition or modification of one or more of the basic layers.

Summary of the Invention

Generally, the present invention relates to organic electroluminescent devices,
articles containing the organic electroluminescent :devices, and methods of making and
using the organic electroluminescent devices and articles.

25 One embodiment is an electroluminescent device having multiple layers including,
but not limited to, an electrode, an emission layer, and a buffer layer. The emission layer
““ihcludes a light emitting material. The buffer layer is disposed between and in electrical
communication with the electrode and the emission layer and includes a triarylamine hole

transport material and an electron acceptor material. The buffer layer optionally includes
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the el ectrode, an emssron layer over er tayer. The
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communi cation. The em ssion |layer includes a |ight emtting material. The
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Another embodiment is a method of making an electroluminescent device. The

method includes forming an electrode, coating a buffer layer from solution over the
electrode, and disposing an emission layer over the buffer layer. The electrode, buffer

20 layer, and emission layer are in electrical communication. The emission layer includes a
light emitting material. The buffer layer includes (a) a polymeric hole transport material
having triarylamine moieties and (b) an electron accebtor material. Optionally, the buffer
layer includes one or more of a) a color converting matefial, and b) light scattering
particles.

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

the detailed description which follow more particularly exemplify these embodiments.



Brief Description of the Drawi ngs The invention may be nore conpletely
understood in consideration of the follow ng detailed description of
vari ous ewbaediaemes of the invention in connection w thPCrhs2esoomeanyi ng
drawings, in which: 5 Figure 1 is a schematic side view of an organic
el ectrol um nescent display construction; Figure 2 is a schematic side view
of a first enbodi _menjt of a”ﬁi&‘ﬁéfs?li[gmmﬁﬁx%ﬂiraqu? 4 ce, according to the
present invention; Figure 3 T STue v of a second enbodi nent
of an el ectrol Thd meeméon mayl Pe few egnplaskandengot dn thisiderfRanf thervent i on;
Figure 4 is a schematic side view of a third enbodinent of an _
el ect r ol ufflleadradntailedlppeription of ¥rdpusgmbedirprntHpidbe HiveptioneintGoanectign vith gur e
5is a sc i i i ew of. .Qrgani ¢ el ectrol um nescent di spl ay

HETRL B RE D an b

accordi ng vention. 15 Wiile the invention is anenable to
vari gus nodi fi BghieoNs aadHeBhticEdidatiEwef b biBnic d@eolfmhiasschaligiiy have been
shown by way of example in the drawings and will be described in detail.
|t shoul dec@struegidd st ood, however, that the intention is not to limt the
invention to t ticular e di.ments descri nt rar t he
intention is tgﬁu%givléra Sﬁ‘.‘?m%c |l%i 8 ioté?llsfl,r&é:’gnt})lo\% eenrt\tggalg g%%fgofaiﬂl%"enr%ﬁ%m ves
falling wighitd) adddplig®id the pasRentSeepeiorf 20 the invention. Detailed
Description of the Preferred Enbodi ment The present invention is believed
to be appli cabFigured slasechepitimiidresiewwf agespnd esbodianant of aselegralumivesagnt he
elegprolu 1 nescent ..deyi met.hods of maki ng and using the

evice, accordi %Ptglesi‘egglﬁq yantion; ;

el ectrolu ﬁ%s&%ﬂf Wen de® %I’.I Pes. In particular, the present
invention is difpgfled alseh&Rat®y G@Wiewf @ehifDEHPOIIRSAEIHan@RCHIBRSIFABER NI NG a
buffer layer with a triarylamne material and an el ectron acceptor

mat eri al , demicd, etcondiem it the prasgnttinkenspgaanidc el ectrol umi nescent  devi ces, and
nmet hods of makgn d usjng the,or.gani.c el ectrol um nescent deyices and
articles. P xeFdtes igchanes e UPRar i Bl RLOBEREt Gy o

backl i ght gecoptiifh Rtthepresdrt iehtion.component s are exanpl es of some of the

articles that can include organic 30 el ectroluninescent devices. \Wile the
predént i nvent Whileitke myentin ik amenabds tograrigppmedifigations and alternative forms,

specifics thereof have been shown by way of example in the drawings and will be

described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

20 the invention.

Detailed Description of the Preferred Embodiment

The present invention is believed to be applicable to electroluminescent devices,
articles containing the electroluminescent devices, and methods of making and using the
electroluminescent devices and articles. In particular, the present invention is directed to

25 organic electroluminescent devices containing a buffer layer with a triarylamine material
and an electron acceptor material, articles containing the organic electroluminescent
devices, and methods of making and using the organic electroluminescent devices and
articles. Pixelated and non-pixelated electroluminescent displays, backlights, and other
lighting components are examples of some of the articles that can include organic

30 electroluminescent devices. While the present invention is not so limited, an appreciation
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w Il be gained through a discussion of the exanples provided bel ow

Organi ¢ ewecveswiuwdsnescent device refers to an el ectrol mornsesni4sdevi ce
that includes an organic em ssive material. The em ssive material can
include, for exanple, a 5 small nolecule (SM emtter, a SM doped pol yner,
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i ncludi ng, for exanple, binders, color converting materials, and scattering

mat eri al s, t haPrgaicelegirpdumisgspenbidevigsreferniotan@ingfrolumipessens dguiee that

R L e R o v
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this 15 r euamarRaerb AR Son Dbl Rl R ot fbeGiecdhorieait SR “Gev, ce
st ruct ur einchidginy, €orlexbinplsbindérS Scoldr corv&rang tatdrRG! A doaitIasCaRerifighge 100
that includes a device |ayer 110 and a substrate 120. Any other suitable

devi ce coagsdhegtionaler nahdendsienplristigierganic electrolamiestent dedoe. Optional |y,

addi,ti onal optical.el nt s..ar .other devices.suitable for uy Wi
cledProntc 20 BIEgG abyakefifineske B o fR Bt Nt o7 e

di spl ay 19§9nd) anddrovaied et bPreferdfd@) assclibélbdih8chaRinAsr Optional el enent
130. Substrate 120 can be any substrate suitable for the el ectrol um nescent

devi ce aplerirdumingscenFoas iagladingdhe Sinjestiomoekeld@@ns fnomi ol alettrodé amdholed ear

I tic, h i tab terial t hat . tially t t
Po Vi st bi Bopi R et GPute of Sy ihard Sime Co Al R pPuatirhL ATTE t hose
made of pgeyABaGveSately aShP kMRl ldcion-hBR! Y88 RKERH) RARRed BPIni¢ar bonat es,

pol yesters, and polyarylates. Substrate 120 can al'so be opaque to visible
| i ghHH suctecambirfation progessl’e, st ai nl ess steel, crystalline silicon,

oly-silicon, qr the |like Because so materials i.n el ectrol um nescent
devi ces can be pAP ERUDRIEPF §lecRHmpRSsEImE dptjce strfure, Fighre 1 Tusttates an

organic electroluminescent device 100 that includes a device layer 110 and a substrate
120. Any other suitable device component can also be included with the device 100.
Optionally, additional optical elements or other devices suitable for use with electronic

20 displays, devices, or lamps can be provided between the display 100 and a viewer position
140 as indicated by an optional element 130.

Substrate 120 can be any substrate suitable for the electroluminescent device
application. For example, substrate 120 can include glass, clear plastic, or other suitable
material(s) that are substantially transparent to visible light. Examples of suitable plastic

25 substrates include those made of polymers such as polyolefins, polyethersulfones,
polycarbonates, polyesters, and polyarylates. Substrate 120 can also be opaque to visible
light such as, for example, stainless steel, crystalline silicon, poly-silicon, or the like.
Because some materials in electroluminescent devices can be particularly susceptible to
damage due to exposure to oxygen or water, substrate 120 preferably provides an adequate

30 environmental barrier or is supplied with one or more layers, coatings, or laminates that

provide an adequate environmental barrier.



damage due to exposure to oxygen or water, substrate 120 preferably

provi des an adequate 30 environnental barrier or is supplied with one or
nore | ayew®,2oco@t4adags, or |am nates that provide an adequmatseosnriswenment al
barrier. 4 WD 2004/ 021463 PCT/ US2003/ 014466 Substrate 120 can al so incl ude
any nunber of devices or conponents suitable in el ectrolum nescent devices

and di spl ays s as, 1 4~0r mple,. transi,.stof . arr n er. .electronic
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optical eerdl@minesdtmtiieisand BRpIalySEudhi ddsfor Bk Ane MRbkistor affBfskandtiiy and
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coat ed, delpesomiedevigrst eaderfdiers, pelasizersr wheeplatgs, shviassts. and ethersentigele 120
before form.ng. the remaini ng, | ayer or..layers of th el ect rol um nescent
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subskr at ethkfkel GeH&AHy, M of ARdrOEle@Rddes & &@kﬂp&%wsm,sgz&f&ne@,ewj Sfleisgevi ces
are bottom emtting, the electrode or electrodes that are di sposed between

t he subst digpesed 20 sabstraten20tefareifergiingthenemaining(leyer ar Bypisof dreabl y

substantially.transparent to light..For. exanple, nspanent conductive
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sem -t r ang{iRireat120]s dsed R8P B dgantOsletEdIhMBiefoeh H@s/i@ or Aeice RS bo@dm

sem -transparent or transparent nmetals can be used. El enent 130 can be any

el emrent oemuombhitheatlearpdefor eleetnamles thag aretdagposed batweenathesubistratesl 20 and the

| | umi nescent devj ce 1Q0., F | | t.130 b LCD
roadPe whEReS e dristalEhE ertaly b SR Ay fan b Ruiebhy Bt SBROIS, o her
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100, for instance an absorbing or reflective clean-up polarizer.
Al t er nat i otheysenviiemspiesrit oetraPaiest ¢anduattivearxidesfop nivaddsoor sediigpnsparersloe ment
130 can incl ude one&ﬁr mr e %f pol ari zers, wave plates, touch panels, 20
ant i ref | eEPVRCRYRERRFED P4 H89% srudge coatings, projection screens,

bri ght ness enhgRERAEMO cdnldeMy effitht 6 ddhbihdtoRRor eleh@his BhBI8eSH LB widhl 8,
refractive index gradient filns, or other optical conponents, coatings,

user5i nt eeltctodunavi@ostdevice t0Re Hor keample, edanent d 30 odi breant kCDirkedulhwheme
R N A R A KT WSt
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reflective clean-up polarizer. Alternatively, when device 100 is itself an information
display, element 130 can include one or more of polarizers, wave plates, touch panels,
20 antireflective coatings, anti-smudge coatings, projection screens, brightness enhancement
films, scattering films, light extraction films, refractive index gradient films, or other
optical components, coatings, user interface devices, or the like.
In some embodiments like the one shown, device layer 110 includes one or more
electroluminescent devices that emit light through the substrate toward a viewer position
25 140. The viewer position 140 is used generically to indicate an intended destination for
the emitted light whether it be an actual human observer, a screen, an optical component,
an electronic device, or the like. In other embodiments (not shown), device layer 110 is
positioned between substrate 120 and the viewer position 140. The device configuration
shown in Figure 1 (termed “bottom emitting”) may be used when, for example, substrate

30 120 is transmissive to light emitted by device layer 110 and when a transparent conductive

electrode is disposed in the device between the emissive layer of the device and the



the emtted Iight whether it be an actual human observer, a screen, an
optical conponent, an electronic device, or the like. In other enbodi nents
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t r anspar eprefesably Baspareheip§mditansaEsff-ce | ayer 110 can include one or nore
el ectrol um nes j I ed i ' . anpl e,
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devi ce that spans an entire intended backlight area. Alternatively, in

ot her | angisplapgiGlRlmpdiss), draiigedayar 4@ camaqpsatie ¢ ginsleiclagtralumipgsedd| ity of

closgly spaced, el ectrol umn i.ces that t or aneously

act ﬁ@at ed&evl"—cg (r:th%txs gzr%sl iy , enﬂfeeﬂng%ﬁgdéf’%?gggrlg IaFeaa ﬁ% ?6511 %@g}}{; ?“s‘%ggré gﬁBed, green,

and bl ue igptibiticR] dévileJayean 1P arP@nb@uiReOplulEity\eRdloseBdpacede! ect rodes so that
devi ce Iaypggl 110 appears to emt white |ight when the 15 emtters are

act i vat ed¢lectrdharningsaeandpainss that £ay barsatampyaanegpsly petitatash 3 oa exanple.o
contenpl ated. In_di.regt.view or ,other displ lications, It mmay be
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20 df a pimitteestaselactivaisdaWties agrangamegks foe batklighoapplicaiisnapye al separ at e
segnent or_sub- stegment of a segnmented display (e.g., low information
cont ent d‘f%‘fﬁ”&@) ““or a separate icon, portion of an icon, or lanp for an
icon (e.g., ingidGREOVieRRPbiHeAHisPR$ hpplications, it may be desirable for device layer 110

to include a plurality of independently addressable electroluminescent devices that emit the
same or different colors. Each device can represent a separate pixel or a separate sub-pixel

20 of a pixilated display (e.g., high resolution display), a separate segment or sub-segment of
a segmented display (e.g., low information content display), or a separate icon, portion of
an icon, or lamp for an icon (e.g., indicator applications).

In at least some instances, an electroluminescent device includes a thin layer, or
layers, of one or more suitable materials sandwiched between a cathode and an anode.

25 When activated, electrons are injected into the layer(s) from the cathode and holes are
injected into the layer(s) from the anode. As the injected charges migrate towards the
oppositely charged electrodes, the charges can recombine to form electron-hole pairs
which are typically referred to as excitons. The region of the device in which the exitons
are generally formed can be referred to as the recombination zone. These excitons, or

30 excited state species, can emit energy in the form of light as they decay back to a ground

State.
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| ayer 2SI diaas SRR, B fadar it BHE IR B A M BRIl s
i ncl ude axdWhgy 4 Sath6RNBROMthel RYBEUrdRChsRRFNRRE 3 ARl Duikd Bicild¥aiole254 and the
em ssion |ayer 256. Alternatively or additionally, a hole transport |ayer

( notl5showmnspary ldyer 2sbetwesnetic batfowdayer 204 and heemismeh kajer 250f Adterratiyely. The

ol et onon adgufonaty 3 hefe e FYEECBEy RN il e SRR L ey En BREHEL er f a s
di scussedai hdbh@SASFE. Tie Orhghiaabe ofRGuRl4 fMtRELanleleddhitRAGdyor @ hol e

i njection |ayer,
electron injection layer 262. The substrate 250 can be made of any of the materials

discussed with respect to substrate 120 of Figure 1. Optionally, a hole injection layer,

20 electron injection layer, or both can also be added or the hole transport layer 260 could be
removed. In some embodiments, the buffer layer 254 acts, at least in part, as a hole
injection layer or hole transport layer. In addition, any of the layers illustrated in Figures
2, 3, and 4 can be formed using a single layer of material or multiple layers of the same or
different materials. The material for each layer can be a single compound or a

25 combination of two or more different compounds.

The anode 252 and cathode 258 are typically formed using conducting materials
such as metals, alloys, metallic compounds, metal oxides, conductive ceramics, conductive
dispersions, and conductive polymers, including, for example, gold, silver, copper,
platinum, palladium, aluminum, calcium, barium, magnesium, titanium, titanium nitride,

30 indium oxide, indium tin oxide (ITO), vanadium oxide, zinc tin oxide, fluorine tin oxide

(FTO), polyaniline, polypyrrole, polythiophene, and combinations or alloys of these



20 electron injection layer, or both can also be added or the hole
transport | ayer 260 could be renoved. In sone enbodi nents, the buffer

| ayer 254weacbeyo2ad63l east in part, as a hole injection lpayars2as/onoke
transport layer. In addition, any of the layers illustrated in Figures 2,
3, and 4 can be fornmed using a single Iayer of material or nmultiple |ayers

f th ff erial. b
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anode 252oaxhely @@tlhﬂd@e haftip Yéﬂ(pF@ﬁéﬂahﬂl@&ﬂﬁﬂod&%rﬂ@aﬂ@ﬂé@ﬁﬁ 1nau1dmat erials
such as netals, alloys, netallic conpounds, netal oxides, conductive
cer am cs, lagesrd abminem and edeyes pbaeld, & erdzfmalmm grd phvgrefraluminggy, adayey, for

exanpl e, 0 l.at i nu nlnu cal ¢i um
S 0 O gt S R I
oxi dg (| Tshgnemmnashdyivexfolidwed bgﬁnéth& 18ydr@e silfer Usta rﬁ@tallla?er@ﬁlide (FTO,

pol yani |l i ne, polypyrrol e, polythiophene, and conbi nations or alloys of

t hese 7 V@ﬁﬂggmk02$ﬂm3hP@T/U82003/014466 naterlals The anode 252 and t he
cat hode 258 c be S|n f conductin grla St @ hhg

include multip ‘é""?‘&%‘f’ ayﬁb e’)?ﬁlr‘?’anon Al B0TS dEN PP RIS RIS B Sh‘&l ude a

| ayer of ﬁhaamnewehmslw ehdY&! a SM a&sﬁe@l,poa/nhe%y@ngmfenﬁ@lhglpumnwm@w gyer of

al um num a | ayer [ithiumfluoride and a |ayer of alumi num a I|ayer of
magnesi undeped L&P, a@ie,nd@d LED@notfer brganigreasissivn magrial; bx/@’y dopitiieated ob yheaqot her

| of si| | | . duct | Th
e 30 on Faisbes B8 mAlch ohesshi wioREAER PERAHIETG mmt orf al <. such as a
smal | mol ﬁ'&&'(lpﬁer(y@ﬂevfﬁmeh&ﬁr(PPas 19%941?&9 W MABY (PPRS), b8 tuSThdst (PES), By MEr

(LEP), doped '"LEP, a bl ended P; ‘anot hef organic em ssive material, or
any conbu hEP mmtcrmﬂs ndvelsra)vmoorrﬂatee dc\edlts)edEacdrqmméymcﬁrs of hissdssthoreof LS uitiblee LEP

??»%SSa'S b st Bamy RIS UG, A e R Ot S ol Tt

devel Opedﬁahcﬁ&qn&%sé)éﬁk W[%rrﬁaté&‘ialp |b¢&ﬁ'l§d Wh@r£8¢e orStnt R8Ve ma'Ee%P %, 8RPerddHO be

nol ecul arly doped, dispersed with |'unminescent dyes or other
photl8l uni wib aetine c(rlialoyx apvematatisls, oidghelBke. WExdmpdes ohspitahle h&iR-masernialgare

materials, dis with_active or n- agt.i t d t e like.

Exanpl es $i5Cd dtla Oée’ﬁ%‘ﬁplﬁ&%'@ﬁt il gﬁ%—ﬁ@?@—i%eé—l ﬁ,? @rgr%@%% raft,

et al., ApgewNdhsBR1, 181, 5 768,13033,7288814284(( 21998 869958, 5,900,327; 5,929,194;
6,132,641; and 6,169,163; and PCT Patent Application Publication No. 99/40655, all of

which are incorporated herein by reference.

20 SM materials are generally non-polymer organic or organometallic molecular
materials that can be used in organic electroluminescent displays and devices as emitter
materials, charge transport materials, as dopants in emitter layers (e.g., to control the
emitted color) or charge transport layers, and the like. Commonly used SM materials
include metal chelate compounds, for example, tris(8-hydroxyquinoline) aluminum (AlQ)

25 and derivatives thereof, and organic compounds, for example, N,N'-bis(3-methylphenyl)-

N,N'-bis(phenyl)benzidine (TPD). Other SM materials are disclosed in, for example, C.H.

Chen, et al., Macromol. Symp. 125, 1 (1997), Japanese Laid Open Patent Application

2000-195673, U.S. Patents Nos. 6,030,715, 6,150,043, and 6,242,115 and, PCT Patent

Applications Publication Nos. WO 00/1885! (divalent lanthanide metal complexes), WO
30 00/70655 (cyclometallated iridium compounds and others), and WO 98/55561, all of

which are incorporated herein by reference.



Patent Nos. 5,621, 131; 5,708, 130; 5,728,801; 5, 840,217; 5, 869, 350;

5,900, 327; 5,929,194; 6, 132,641; and 6, 169, 163; and PCT Patent Application
Publ i cat i wo 2Mor0298340655, all of which are incorporat e®Crdarseons/obisece
reference. 20 SMmaterials are generally non-pol yner organic or

organonetal lic nolecular nmaterials that can be used in organic
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transport materia op con t he

emtted celdde)int@lthedsvi@ant tiASPrhtidnatds tﬁ@f&cbxhemhu&ezoxﬁommemble used SM
materials include netal chel ate conpounds, for exanp
tri s( 8- hydaespgeuavebPothean farther agtian g arayr f25th§rm5~°@€¢ pf/%lwtr% tq theragede and

organic c ore L S(3- met h e

R et TR s R R B T O,
exanpl e, K,Nibis@aéthylphendl)-N NVbe(sHERY ) bepy e (RO, kn&wﬁLQQ‘FD)OJNFN%ﬁ@ Lai d
Open Patent Application 000 19 673, U.S. Patents Nos.

6, 150, 043naphithla-23h; N,wbafmlenﬁabﬁnpdmr(wmp@u 3 ciarylanie rdgbvatt,vat $v@h aMos. WO

(cyel onet &1 SO AR AR A B RO TA A e Sy Saba Ph o

whi ch ar eNLpHeay RN hB§1&hite QVTIBABAR ACL 47 8ri SRAhiQZH ¢6 Giphenylamine
PCT/ USZOOS/%}%4266 Iﬁ?‘hg) g'?tll ona? hol e tfansportmflgger 260 ?lampl i t}ét es the

i nj ect i on(IATTY), 44’ .#7-omiN-pleenanandey!) mpbemsﬂanme\(TB@Téthmﬂeuexamplw aclugla

ds th i ti t th
hot 105°a' BomepT ERHaRAn g (HEEE ge S trpn R B ray B S SEORPRSE o e
transporty ({»lg{)(/@ﬁ y1 68Ba£5N); hﬂ%tHQ%orﬁﬁbﬁn@sXs%ﬁﬁla?tho% 8dseAbdieindRliroteal | MEter.SUCh as
5 N, N - bi's(3-n€t hyl phenyl )-N, N - bi s(phenyl ) benzi di ne (al so known as - TPD) or

N, N - bi s(mﬁlpam@oeamyujykawmm Sypihetis; Mty 9il dl 61e( 108BDId bV. a

trlaryla erlva

o u o S ToReae g b RS o RRer Trempeing Relymening Molecular Glasses”,

4, 4", 4" -t HagdNoR oF RN BE ERttronid-RA PRYIATE Merkkihl RHE DLV REI, PES (IWAIRATAL.),
44 4" -t phenot hi azi ny riphenyl am ne

4, 4154" -t {0, (2B e 2024 adhaf)which @themﬂr]mrauaéh(:r’éﬁm'w()efer@mer exanpl es i ncl ude

10 copper phth k 4 di hen | ami no henyl ) benzenes

(ToAPBoy - " pol J6 PHmaLlr-bd apoor T AR ri i Siralec O Al e ko aa

descri bedie} nil3tai8h Fowakds ﬂ}'@tr@crombllgi‘f%mzoné- Ol“he]elécg%q}ansl%rt ﬁ%r' Hava, et al.

Synt hetic Metal's, 91, 161 (1997), and J Grazul evicius, " P. Strohriegl,

" Char ge- Tfusthspant qis mgaIP@f ﬁmmhespaamge Ivbhelcut(ahe GlthsM'8 if desired. As an
example, the electron transport layer 262 can be formed using the organometallic
20 compound tris(8-hydroxyquinolato) aluminum (AlQ). Other examples of electron transport

materials include 3-(4-biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole (TAZ),
1,3-bis[5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-oxadiazol-2-yl]benzene, 2-(biphenyl-4-yl)-
5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-oxadiazole (tBuPBD) and other compounds

described in Shirota, J. Mater. Chem., 10, 1 (2000), C.H. Chen, et al., Macromol. Symp.

25 125, 1 (1997), and J.V. Grazulevicius, P. Strohriegl, “Charge-Transporting Polymers and
Molecular Glasses”, Handbook of Advanced Electronic and Photonic Materials and

Devices, H.S. Nalwa (ed.),10, 233 (2001), all of which are incorporated herein by

reference.
The buffer layer 254 facilitates the injection of holes from the anode into the hole
30 transport layer 260 or emission layer 256. The buffer layer may also assist in planarization

of previously formed layers, such as the anode. This planarization may also assist in



Handbook of Advanced El ectronic and Photonic Materials and Devices, H S

Nal wa (ed.), 15 10, 233-274 (2001), all of which are incorporated herein by
r ef er encewonoer@pidsonal el ectron transport |ayer 262 fa®driusacssiidie
injection of electrons and their mgration towards the reconbi nati on zone.
The el ectron transport Iayer 262 can further act as a barrier for t he

f hal to th f d d As
P ect Lon_teRng B Pnindfin SBPSEuREuc brmadimile iy iR Bro® aBu et dfo
conpound  bfifes(18yeh Yiidk F¥f Rtdte o adth oFlobidr Mayes(odl thd bufB8yer S%STMINE $heOf
el ectron transport materials include

3- (4- bi phtomping 9f- thqyﬁ@mﬂ bManacl@ansfmw predrffey laye2, 4-tri azol e (TAZ),

1, 3-bis[5-(4-( h 0X dla enzene

2. Cbi pheny - 4. ng DERiAR hrehotts hBpsebbantag inssial il o Bt R adkchide Bfaa

(t BukBD) @Hgtr%ﬁ%rﬁm&%%lﬁ’&%@d leRR&nk @oﬁbbﬁrﬁf ﬁ)clulimé\qé ghers (hgMas 10, 1
(2000), C. H Chen, et al., Macronol. Synp. 9 and J. V.

G azul evi eneugr, mére t&rvlahmn@gllo;etlémahéwﬂﬂahsport| ng Polyners and Mol ecul ar
d asses", Handbook of Advanced El ecjronic and Photonic Materials and
Devices, H S. Nalwa (ed.), 10, 233 ( 69\1), all of which are incorporated
herein by reference. The buffer |ayer NNSArfacilitates the injection of
hol es fromthe anode into the hole A,80/transport | ayer 260 or em ssion

| ayer 256. The buffer |ayer nay al so”assist in planarization of previously
formed | ayers, such as the anode. This planarization may also assist in 9
WO 2004/ 021463 PCT/ US2003/ 014466 reducing or elimnating short circuits
due to nowhemiArprAum,andi Axs Braesubsthdled ol nnsudbskiitiiedraryltoln aryldamffﬁmniohalwupmy
faC|I|tatedg mat i on oiyother ers on the. zq{ffer |ncJud|n the
for fPng of® VP, qpLatl H}thlﬁ'é/ e Floiftdes) isGie onied ! memmyép

buffer | I I r

mat er | al PO HORE Sne oAbk IR PR S el DY Fé‘?&‘gﬁgﬁ’éﬁﬁ%%ﬂ%ﬁ

i ncl udi ngsnmabgenmtsr,lalk hmudlaaxspheoyﬂarrme amdrbéplienyhlianhiaed sveh amifet éxamphd, t h

formul a r
A bls(naphtl:)alene JZ’ yl) N N’-bis(phenyl)benzidine (NPD), N,N’-bis(3-methylphenyl)-
N,N’-bis(phenyl)benzidine (TPD), and 4,4’ -bis(carbazol-9-yl)biphenyl (CPB).
15 Other examples include triarylamine compounds with tetrahedral cores such as

compounds having formulas 2, 3, and 4:

where each R, is independently selected (i.e., each R; can be the same or different from the
20 other R, substituents in the formula) from triarylamine moieties (including moieties which

form a triarylamine structure in combination with the phenyl group to which R; is

attached). Examples of suitable triarylamine moieties for R, include formulas 5§, 6, 7, and

8:

10



where Art, Are, and Ar3 are substituted or unsubstituted aryl or aryl ene
functional groups 10 and where, optionally, the triarylamne noiety(ies)

i s/ are cowpledm2oi6et her portions of the conpound througlrcores2as/omice of the
aryl ene functional groups, if present. Exanples of suitable materials

i ncl ude triphenyl am ne and bi phenyl di ami nes such as, for exanple,

N, N' - bi s(napht hal ene-2-yl)-N, N - bi s(phepyl ) benzi di ne (NPD),

N, N' - bi s( 3- netfiyd phenyl ) - N, N - bi s(phenyl ) benzi di ne (TPD), and

4,4' -bi s(carthzol - 9-yl ) bi phenyl (CRBjN 15 Qther exanpl es include

tri aryl am ne ---- Rds with tetrahedra Q E? such as conpounds havi ng
formul as 2, 3, d 4> RLRLRL Rl | /I~ RS RLRL~ | i Rl

RLRLRL 2 3 4 Rl is |ndep =0 el ected (i p R1 can
be the sane or diNf-@fR romthe 20 ot Héry su%stltuentu'@ﬁg fornul a)
fromtriaryl arg noreties (including "’-‘&- which f a rriarylam ne

structure in nation with the phegroupto whi ¢ is attached).

Exanpl es of suifable triarylam ne noieties for RL inclu formulas 5, 6, 7,
and 8: 10 WD 2Bp4/021463 PCT/ US2003/01B466 / R2 R2 - NR, NR5S R5 Na R3
NRBRN(~RBRORARMARA 567 RRRA RS

5 6 7

Rs

g
e

R;
8
5 where R; is alkyl or aryl and each Rs, R4, and Rs is independently H, alkyl, aryl, alkoxy,
aryloxy, halo, alkylthio, arylthio, or -NR,Ry, where R, and Ry, are aryl or alkyl. With
respect to Formula 8, in some embodiments, all R3 are the same, all Ry are the same, all Rs
are the same, or any combination thereof (e.g., all R3 and R4 are the same). Each aryl or
alkyl portion of any of these substituents can be substituted or unsubstituted including, for
10 example, fluorinated and perfluorinated alkyls.
In some embodiments, the triarylamine material preferably incorporates one or

more arylenediamine linkages of the formula 9:

11



NR4 NR5 R3 8 5 where R2 is alkyl or aryl and each R3, R4, and R5 is

i ndependently H, al kyl, aryl, al koxy, aryloxy, halo, alkylthio, arylthio,

or - NRaRowowher®ida and Rb are aryl or alkyl. Wth respertusca3fosseal a 8,
in some enbodi nents, all R3 are the sane, all R4 are the sane, all R5 are
the sane, or any conbination thereof (e.g., all R3 and R4 are the sane).
Each aryl or alkyl portion of a of these ﬁjbstituents can be substituted
or unsubstituted including, for 10™exanple,/Tl%uorinated and perfl uori nated
alkyls. In some enbodi ments, the triMrAraMne material preferably

i ncorporates one or nore aryl enAdfam ne Ii\k@ges of the fornmula 9: 11 WO
2004/ 021463 PCT/ US2003/ 014466 Ar4\ /Ar6 NFNArS N Ar5/ Ar7 9 where Ar4,
Ar5 Ar6, Are, and Ar8 are substituted @or unsubstituted aryl or aryl ene
groups and where, optionally, the arylenediam ne |inkage(s) is/are coupled

to ot her PBeEiAgnAlef AfshAr7, AHTREUHDSEFg NN hstigiedasylor@rylenessravss ene

; ! f e | arvl By ¥ .
phony! enoteaietE orihatl, SRR en i RE RLRIEER i o SUAH B0 pol RIS e °
sui t gbl e ennpRbdsooih 6iY & hoRof tHRGrieRe fuReschal SioRpd) Msresdnt. UShE PleRGredn

Formulas 10-12: R3 R4 RB R4 R4- 1 NN~--RBRANI'/ NRZ NN N
arylenediamine linkage is a phenylenediamine linkage where Ars is a phenylene group.

Examples of suitable compounds of this type include those compounds illustrated in

Formulas 10-12:

2 o Zn B K
S0, 0 &0 Ot
Q s
25 -

R, y

10 10 11

PR
- 0, O 5

12
where each R; is independently alkyl or aryl and each R3 and Ry is independently H, alkyl,
15 aryl, alkoxy, aryloxy, arylthio, alkylthio, halo, or -NR,R;, where R, and Ry, are aryl or

alkyl. Each aryl or alkyl portion of any of these substituents can be substituted or

12



RBRARBR4 10 10 11 R3 R4 R4--(Z~- N~y *\~O R3 N R2 12 where each
R2 is independently al kyl or aryl and each R3 and R4 is independently H,

al kyl , 15werzgé4/028d6lkoxy, aryl oxy, arylthio, al kylthio, ha&Co/useso3/NRaRD,
where Ra and Rb are aryl or alkyl. Each aryl or alkyl portion of any of

t hese substituents can be substituted or 12 WO 2004/ 021463

PCT/ US200 SIid Uk I i S of. | I owi ng
conditi ongAsg%%ﬁ?tgg': H{;ﬁ%ﬁgo%h%?gﬁ% @ﬁﬁ?@ @Hg‘gﬁlrgiggg{l@ gn%lg)h? %ieﬁl{s]gfnté‘;g all of
t he R3 suRshnd Resubstimemts bieahs sdie; allldf tiaf R ubstRdents aleshé samen)tal ofitle Rhe sane;
or all of the R3 substituents and all of the R4 substituents are the sane,

but R3 anthbidtugnis aggithe ganes;or all oEhie Rarsubstityentpinsallef the Re sihistituenspebas of
this type%lfcbﬁfdlga fﬁg,ARAtaﬂte d%ff\e['_r%QN N- di phenyl am no)tri phenyl am ne ( TDATA)
S A4y AT S -

(Formul a met hyl phenyl - N- phenyl am no) tri phenyl am ne
(MIDATA)  ( For nepezificdoxampled of 4litdbld Sdnsgubag of thB-typd intlude BNy (NN TCTA)
(Formula 15), 4,4',4"-tris(N n?[pht hxl -N- phenyl am no) tri phenyl am ne

( 2- TNATA) diphenyhamigoaphenglamingTDATA) (Formpja) 33),&:4 p Nris¢W-B-methylphgnyl-N-\ | N N

10 13 14 pkllen\yla/n%olytrfp\helllﬁaryﬂnleh\ﬂlﬁKTN) |(Yiormula 14), 4,4’ ,4”-tris(carbozol-9-
yDtriphenylamine (TCTA) (Formula 15), 4,4°,4”-tris(N-naphthyl-N-
phenylamino)triphenylamine (2-TNATA) (Formula 16):

@i'?@m/@% @%ég%

0 She jene

c
0

Ho o “@g“@
oo

15 6

Another example is Formula 17 where each X is independently O or S (and preferably all

15 of the X substituents are the same).

13



N/ NNI15 16 Another exanple is Formula 17 where each X is independently
0 or S (and preferably all 15 of the X substituents are the sane). 13 WO
2004/ 0214¢® WQN2WB3003/ 014466 x ~ 1 | ~ x ~INi ~I N ~ PRTAR20038 14466
alternative to small nolecule triarylamne materials, polynmeric materials
with triarylam ne noieties can be used. The triarylamne noieties can be in

t he backbone 5 of the polyneric ngterial, can be pendent groups extending
fromthe backbone of the pol yma& mat eri a@\or both. Polymers with
9

triarylamine noieties in the b 6ne includg “x for exanple, the polyners
of Formulas 18, 19, 20, and Zlﬁaﬁj ,@/v®~_ | [CM nn 18 19 R 3

CMV-m Nn R 10 4 \
7
CLIC
17
As an alternative to small molecule triarylamine materials, polymeric materials
with triarylamine moieties can be used. The triarylamine moieties can be in the backbone
5 of the polymeric material, can be pendent groups extending from the backbone of the

polymeric material, or both. Polymers with triarylamine moieties in the backbone include,

for example, the polymers of Formulas 18, 19, 20, and 21:

Rs
|\ N
0
%@N\C%wh W—WM

~
——R

%@/@siﬁ

\\
R4

10
20

14



20 14 WO 2004/ 021463 PCT/ US2003/014466 R NI \ {CM n R4 21 where R3
and R4 are independently H, alkyl, aryl, al koxy, aryloxy, arylthio,

al kyl t hi oworab421463 or - NRaRb, where Ra and Rb are aryl pom/@20pl0144669 i s
aryl or arylene, CMis one or nore conononmers, n is an integer of three or
greater and preferably 10 or greater, and mis an integer of zero or
greater. Each aryl or alkgl portion of any of these substituents can be
substituted or unsubstitu é Sui t abl e conononers, CM include, for
exanpl e, another triaryl gm ng-containi ng nononer such as those illustrated
in Fornmulas 18-21 or 33-3 bel ow, aryl ene (including substituted or
unsubstituted para- or neta{phenylene), substituted_or unsubstituted
styrene conononers, |dertyatNzed-sarbazol e conononmers (such as N al kyl
carbazole or N-aryl exanpl e, the conmompners as illustrated
in Fornmulas 29 and ‘ et her - | ..nked ¢onononers, carbonate
conononers, urethape-MNnked condnong thio en-| i pked conononers,
ester-linked cononopers, 15 and imd d am de-Ti CNEFDnoners.
Exanpl es of such cofononers incl ude, T {ted 1B, -0 (C" H2nO) -
and -Arlo-O(C" H2i |O-Ari i- where Arlo and Arl 1 ar arylene. In sone

i nstances, the conononer contains one or phot o- —or thernocrosslinking
functional groups, such a benzocycl obuterle (H rmula 22) or acrylate 20 or
nmet hacryl ate groups, such as, for exanpley< e acrylate group of Fornula
23. 15 WD 2004/ 021463 PCT/ US2003/ 014466 R 22 23

21

where Rj and R4 are independently H, alkyl, aryl, alkoxy, aryloxy, arylthio, alkylthio, halo,
5 or -NR, Ry, where R, and Ry, are aryl or alkyl, Ary is aryl or arylene, CM is one or more
comonomers, n is an integer of three or greater and preferably 10 or greater, and m is an
integer of zero or greater. Each aryl or alkyl portion of any of these substituents can be
substituted or unsubstituted. Suitable comonomers, CM, include, for example, another
triarylamine-containing monomer such as those illustrated in Formulas 18-21 or 33-34

10 below, arylene (including substituted or unsubstituted para- or meta-phenylene),
substituted or unsubstituted styrene comonomers, derivatized carbazole comonomers (such
as N-alkyl carbazole or N-aryl carbazole, for example, the comomoners as illustrated in
Formulas 29 and 32), ether- and polyether-linked comonomers, carbonate comonomers,
urethane-linked comonomers, thioether-linked comonomers, ester-linked comonomers,

15 and imide- and amide-linked comonomers. Examples of such comonomers.include, but
are not limited to, -O-(C,H,0)- and —Ar;o-O-(C,H;,0)-Ary,- where Arjo and Ary, are
arylene.

In some instances, the comonomer contains one or more photo- or
thermocrosslinking functional groups, such a benzocyclobutene (Formula 22) or acrylate

20 or methacrylate groups, such as, for example, the acrylate group of Formula 23.

15



O her exanpl es of cross-linkable noieties are described in, for exanple,
PCT Patent Application Publication No. WO 97/33193, incorporated herein by
r ef er encewolmognms35 enbodi nents, the pol yners cont ai ni ®gTALSR003/014466
cross-linkable noieties are selected to crosslink under relatively mld
phot ochem cal or thermal conditions. For exanple, thermal crosslinking may
occur at 100 to 150 C. Alternatively, UW/-visible radiation in the range of
300 to 700 nm mi ght be used to crosslink the polymers. Typically the
conononer is copolynerized with the triarylanilii ontaining 10 nononer

unit. However, in sone instances, the conono be coupled to the
triarylam ne-containing nononer unit prior tol jrer i zation. Such a
pol ymer m ght not be considered a copolyner, b rat her a honopol ynmer with
t he coupled triarylam ne- containing unit/conongyger unlt as the basic

nmononer unit of the pol yner. les of such pd wpers are illustrated by
Formul as 24-27. R3 Ar9 Q- | | -lCMCMn n 15 24 25 16 WD 2004/ 021463
PCT/ US2003/ 014466 \ R/

Ri26- R3 NCM N e

22 23
Other examples of cross-linkable moieties are described in, for example, PCT Patent
Application Publication No. WO 97/33193, incorporated herein by reference. In some
5 embodiments, the polymers containing such cross-linkable moieties are selected to
crosslink under relatively mild photochemical or thermal conditions. For example,
thermal crosslinking may occur at 100 to 150 °C. Alternatively, UV-visible radiation in
the range of 300 to 700 nm might be used to crosslink the polymers.
Typically the comonomer is copolymerized with the triarylamine-containing

10 monomer unit. However, in some instances, the comonomer can be coupled to the
triarylamine-containing monomer unit prior to polymerization. Such a polymer might not
be considered a copolymer, but rather a homopolymer with the coupled triarylamine-
containing unit/comonomer unit as the basic monomer unit of the polymer. Examples of

such polymers are illustrated by Formulas 24-27.

R3
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|
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n R4 27 5 Specific exanples of the polynmers of Fornulas 24-27 include the
polymers of Fornulas 28-32:. R2 N n NQGNN~N RBRM RBR4 17 WO

2004/ 021466 20262003/ 014466 28 29 R3~Q Q@ R4 R4 N N @#6T/U2€003/0%44660 N _&N
nNaN YIP? YRR34R333031 5N NaNrill 01~ 32 1In Formnulas
29-32, the cononomer unit is coupled to the triarylam ne noiety-containing
10 nononer unit in such a way that the two nononer units alternate in the

pol ymer. NS
——R
]
x\
R4
26
R
S
s
T
0L
—CM—
N
N
n
[ _ | |
/4
R4
27
5

Specific examples of the polymers of Formulas 24-27 include the polymers of

Formulas 28-32:
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Formulas 33 and 34 illustrate polynmers with triarylam ne pendent groups: n
n CPO RS RS R3 R4 R3 R4 33 34 18 WD 2004/ 021463 PCT/ US2003/ 014466 where
R3, R4, awo 28b/@n43i ndependently H, al kyl, aryl, al koxypcargsaesyj44a6yl t hi o,
al kylthio, halo, or -NRaRb, where Ra and Rb are aryl or alkyl, CMis one
or nore conononers, nis an integer of three or greater and preferably 10
or greater, and mis an 2€teger of zero or greatﬁé. Each aryl or al kyl
portion of any of these bstituents can be substftuted or 5 unsubstituted.
Sui t abl e conononers, CM include, for exanple, another triarylam ne-
cont ai ni ng nononer contai ning one or nore chain polynerizable noieties,

arylenes (including s ={ ut ed or un Bututed para- or neta- phenyl ene)
with one or nore chain nmeri zabl e eties, derivatized cgMbazol e
comononers (guch as N-vinyl N a0l )N cafbonate conpnoners

conononers,

unsubstit ut e :

exanpl e, Cl1- ‘ .~- n
but adi ene, | uﬁl?n cycl ohexadi ene) jand ot - pol yneri zabl e
conononers. conononer is copolynerl mnth

triaryl am ne- @al ni n 5 nononer unit. However,Yin sone st ances t he
conononmer can coupled to the triarylamne- cont i ning no unit prior
to pol ymeri zat Fen. Such pol ymer might not be cofsi dered 3copolyner but

rather a honopolynmer with the coupled triarylam ne- containing
unit/conononer unit as t3® basic nononer unit of the pd yner. One exanple
S iglustrated as Formula 35. CM+n Rs rN~ R3 R4

&gﬂ
RN

In Formulas 29-32, the comonomer unit is coupled to the triarylamine moiety-containing
10 monomer unit in such a way that the two monomer units alternate in the polymer.

Formulas 33 and 34 illustrate polymers with triarylamine pendent groups:

n n (3MJ7;
R R,

,\N'l\ ,\N|\
Ry —R Ry —R
> o B 4



20 35 It will be understood that the pendent groups can al so extend from
backbone nvieties other than the ethylene noieties illustrated in Fornul as
33 and 34womxesnpies of ot her backbone units from whi chPCraiseedsangdean ne
pendent groups can extend include, for 25 exanple, alkylene (such as

propyl ene, butylenes | soprene, or 1, 3-cycl ohexadi ene), silane 19 WO

insubst i+ PR RgRaang s ik 2opprarg iy bty BRPEE O BIBRE offblibiter s (as
i 11 ustratggoidy -RRORUARZR, MAR 32 aryt 8F ARNAERT KRR B hifore coth@idhade 1l ik nked

nNonomer s, thloethers I'i nked mononer s, ester-linked nononers, imde- and
am de- | i ndeidtagenefitbres, or grdatsr iandiprsderainy 100s gtotster,tazltie@llsanyn@s@r afganer s, and

5 (meth | at .Tht' | t be di ttached t
Phe backigber By aioLaEenpb Ao s Ru st Seyuastlied el groun.
suchsas, §RNLEXRER! Suitdk c&h&iﬂn?é?@ CHIOMBLGE, B exaﬂﬁﬁé‘)ﬁh@t‘ﬂ@r tﬁhﬁmxbene)

al kenyl ene (e.g., -(CHECH"-, n=1-6), alkynylene (e.g., -(CO"- , n=1-6),
aryl ene, @mtahing ImasioTer ca@malgmg on€ldp morg cl@umpqﬂymrlzmwmowm iarpdeniesn of t hese

0roupS 1 SR LR Ao BB YRS g Ehgh 2™ e
0- R Tom pd}!yma’lilablfﬁﬁogﬁeg dBAv4eR3d cadBazole Cortbd®meRE(shch a3 iyl c&bafdiff?
carbonate comonomers, urethane-linked comonomers, thioether-linked comonomers,
10 ester-linked comonomers, imide- and amide-linked comonomers, substituted or
unsubstituted styrene comonomers, (meth)acrylate comonomers of, for example, C1-C12
alcohols, diene comonomers such as, for example, butadiene, isoprene and 1,3
cyclohexadiene, and other chain-polymerizable comonomers.
Typically the comonomer is copolymerized with the triarylamine-containing
15 monomer unit. However, in some instances, the comonomer can be coupled to the
triarylamine-containing monomer unit prior to polymerization. Such a polymer might not
be considered a copolymer, but rather a homopolymer with the coupled triarylamine-
containing unit/comonomer unit as the basic monomer unit of the polymer. One example

is illustrated as Formula 35.

ow T,

20
35

It will be understood that the pendent groups can also extend from backbone
moieties other than the ethylene moieties illustrated in Formulas 33 and 34. Examples of
other backbone units from which the triarylamine pendent groups can extend include, for

25 example, alkylene (such as propylene, butylenes, isoprene, or 1,3-cyclohexadiene), silane,
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Tom NNN 3 R5 0 R4 OR 15 37 20 WD 2004/ 021463 PCT/ US2003/ 014466 m R7
k R4 N5~GNNR3IR5 OR7T R7 0 R4 R3 38 where each R3, R4, R5, R6, and
R7 is indepexdgomtidep H, al kyl, aryl, al koxy, aryloxy, arycrnisagos/oaddeyl t hi o,
hal o, or -NRaRb, where Ra and Rb are aryl or alkyl. Each aryl or alkyl

portion of 5 any of these substituents can be substituted or unsubstituted.

In some enb nts e, follow n i ti.ons. appl,jes: al

of tre raefares Gt tain® Rihsufod B sty bt aflo; GPRftRAGER iR GRE

substi t Ue@irﬁaz%l&nbﬁkﬁn&@m illadttatddf intHyemi¥s 29'B8d Biweﬂb%a@é Rohb@esane; all of
the R5 substituents are the sanme; all of the R7 substituents are the same;

or all of uteHen&Bnkediponomensnthivethees-hinked shonomerR4sterhskeadmenmrers imidehe sane,

but R3 and R4 are. different R6, and R7 .can be H
and Ra cafrbemRETIGr PG ntpbi il e e sipead Mopdiy 94 i cat ed.
the term {@abkyskn wtaﬁiougﬁgrsbqthe tSAYRLGRY mey ﬁ(btr&%recb%a@&che&o #0862 &kp6hd, C

al kyl groups and includes both unSubstituted and substituted al kyl groups.

Unl ess ot betrmaystze sepatiatedtfeon tltemaclabd(rylbygrsgms geoup stighpass &drlexai@pleCR0. Exanpl es

of "al kyl s used herel nclud re not me et hyl,
- propyl A §R 4 55 TG o PRyt PROSUE @or biroHE T O | o
gﬂlsgtsa o glgmléﬁ ERJLEated. | d-hee)t & Bne AHIKy] bEE(Sy | CHRONRS G br any
combination of these groups.
10 Specific examples of suitable polymers with pendent triarylamine groups include,

for example, the polymers of Formulas 36-38:

QQ GR
Q" Q

R, R,

15 37
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aromati c carbocyclic radicals having one to fifteen rings, such as phenyl

or bipheynyl, or nultiple fused rings, such as naphthyl or anthryl, or
conbi nat i woxoedenedf . Exanpl es of aryl as used herei n ipaalusdes/obusse ar e not
limted to, phenyl, 2-naphthyl, 1-naphthyl, 20 biphenyl, 2-hydroxyphenyl,

2- am nophenyl, 2-nmethoxyphenyl and the |ike. Unless otherw se indicated,
the term"arylene" refers to divalent unsaturated aromatic carbocyclic
radi cal s having one to fifteen rj henpylilene, or nultiple fused
rings, such as fluorene, naphthyl or anthryl en r conbi nations

t hereof. Exanples of "aryl ene” used herein i d8é, but are not limted
to, benzene-1,2-diyl, 25 benzene- 6dlyI benz Rt, 4-di yl , napht hal ene-

1,8-diyl, anthracene-1, 4- phenyle evi nyl ene,
phenyl enedi vi nyl ene, and CT/ US2003/ 014466
Unl ess ot herw se i ndi catfid, r m " I koxy o the functional

group -OR where Ris a subs uteé or subst iR;ut ed aRgyl group. Unless

ot herwi se indicated, the al group typically Cl-C20. Exanpl es of

"al koxy" as used her ei n i nclude4 but are®not Ilimted to, nethoxy, ethoxy,
n- pr opoxy, and 1- nethylethoxy, and the |ike. 5 Unless otherw se indicated,
the term"aryl oxy" refers to the f unct i8nal group -QAr where Ar is a

substi t ut gge@ rf:aéhnl‘{‘%J RGERL, lﬁﬁ ﬂlcﬁlﬁ—)’ls ngcfe?%en!@( ﬁ”@ik?ls aff, al?(;x)gfl Yox aﬁy E‘ﬁt he

herei n include are not limted phenyl oxy, “napht hyl xy,
| i ke. Sui alkplkheo,shakos or tNRRLs where Rstand iRy tacet argll al aligl., Eacrty:hryl @mﬂk)mpyimne)f gr oups

i ncl yde, but are ot limte al kyl , kyl en yl ene,
het e oar yfy ‘Pfé@f‘éf: 5‘3?%‘@% Caalg’ﬁéh'gﬂ“mt Rféﬁwté%‘é“te 1%‘ SO }Fl%]}ﬁr-?maboﬁlm@ts OBf, 1,
-OR - SR CHERYf 1Y follBwir gl%?ﬁlitloﬂg‘ gpa{)‘h@@&l?&(ﬁﬁg R’é’,”ﬁ{" eniRR3RGHsBtucisCire the

i ndependent |y hydr ogen, ryl. Unless otherw se 1 ndicated, the
t er m " hal sine; i bﬁdm5123fsluhs1nmcnts:h1‘cmhansani@; alirof thaiRd subgideentdink elmantehﬂt of se

i uai ngBIRIGKDTRORRBIE Sm: Ao ROUDTPHENare B SR OF 8oL B e
triaryl a”&dﬂ)‘%‘uﬂﬁ@ﬁt%ﬁ@&l? of 1€ RWib&fudntVARE tlss 'Blﬁ'léiqlﬁé R ArEhifietehP Yo accept or
material to | nprove el ectron transport Pre erab Y, such conpounds have
rel d0i vel yxampd) Ra| Rg RepmdalR{ ¢aniteyH amdiR§ ednctiel methyl ihany efiEsigyulaf3a3ge | owest
unoccupi ed Unless otherwise indicated, the term “alkyl” includes both straight-chained,
branched, and cyclic alkyl groups and includes both unsubstituted and substituted alkyl
groups. Unless otherwise indicated, the alkyl groups are typically C1-C20. Examples of
"alkyl" as used herein include, but are not limited to, methyl, ethyl, n-propyl, n-butyl, n-
15 pentyl, isobutyl, and isopropyl, and the like.
Unless otherwise indicated, the term "aryl"” refers to monovalent unsaturated
aromatic carbocyclic radicals having one to fifteen rings, such as phenyl or bipheynyl, or
multiple fused rings, such as naphthyl or anthryl, or combinations thereof. Examples of
aryl as used herein include, but are not limited to, phenyl, 2-naphthyl, 1-naphthyl,
20 biphenyl, 2-hydroxyphenyl, 2-aminophenyl, 2-methoxyphenyl and the like.
Unless otherwise indicated, the term "arylene" refers to divalent unsaturated
aromatic carbocyclic radicals having one to fifteen rings, such as phenylene, or multiple
fused rings, such as fluorene, naphthylene or anthrylene, or combinations thereof.
Examples of "arylene" as used herein include, but are not limited to, benzene-1,2-diyl,
25 benzene-1,3-diyl, benzene-1,4-diyl, naphthalene-1,8-diyl, anthracene-1,4-diyl, fluorene,

phenylenevinylene, phenylenedivinylene, and the like.
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nol ecul ar orbital (LUMD) . Suitable electron acceptor materials include

el ectron deficient 20 conpounds such as, for exanple,

t et r acyanwouonoigmt hane and derivatives, thiopyranyli ®CTas2003/014466

pol yni trof | uorenones, tetracyanoethylene (TCNE), chloranil, and other
conpounds commonly used as el ectron acceptors in charge transfer materials

and el ectrophgt par aph ise S%% tfebcthgiﬁe% ﬁ‘(’ﬁ‘gf re?%rggcg‘{slg@u&gl%gﬁtg%upn%fgr| al s

i ncl ude tetracyanqu|no ane

tetraf | uolRere ® fsaGyiBaRGd apdmgmagthame aBG1 Gfofhp TONRss bfherwisd thdd@)ed, the
t et racyanoet hyl ene, chloranil, 2-(4-(1- nethylethyl)phenyI-G-

pheny! - 4+elkyli 5o isrypicallyi e a9 Brapalsear flkaxy| as ased harei ipcinse  parpjot

(Formul a and 2.4, 7-trinitrofl uor FF NCCN NCCN
Moo ke My s, by B Bl el & oy o S
Q@ & N2 ya 030s@herdiscdiddichteaf e altiny arylhg” eERALO B RGEEGHaOErolpLOAral is

soluble in one or nore ¢ﬂganlc sol vents, nore 5 preferably, one or nore
or gani ¢ swhererirss p substitug thelstlbﬁtlaﬁ‘;d @md gr@unaEémalps P "asylany g5 Iuses e.

1! 2 T ShFEb Bl FRSE oA a5 P Bl ey e L ver i
enbodi ment's, t S‘ﬁta%le%%bﬁtﬁﬁerﬂ@ftﬁrsuﬁﬁftﬁéd dllkyl, Gryl, and arylene groups include, but are
not limited to, alkyl, alkylene, aryl, arylene, heteroaryl, heteroarylene, alkenyl, alkenylene,
10 -NRR’, F, Cl, Br, I, -OR, -SR, cyano, nitro, -COOH, and -COO-alkyl where R and R’ are
independently hydrogen, alkyl, or aryl.

Unless otherwise indicated, the term “halo” includes fluoro, chloro, bromo, and
iodo.

Unless otherwise indicated, the term “polymer” includes homopolymers and

15 copolymers including block copolymers and random copolymers.

In addition to the triarylamine material, the buffer layer also includes an electron
acceptor material to improve electron transport. Preferably, such compounds have
relatively high electron affinity and relatively low energy of the lowest unoccupied
molecular orbital (LUMO). Suitable electron acceptor materials include electron deficient

20 compounds such as, for example, tetracyanoquinodimethane and derivatives,
thiopyranylidines, polynitrofluorenones, tetracyanoethylene (TCNE), chloranil, and other
compounds commonly used as electron acceptors in charge transfer materials and
electrophotography. Specific examples of electron acceptor materials include
tetracyanoquinodimethane (TCNQ) (Formula 39), tetrafluoro-tetracyanoquinodimethane

25 (F4-TCNQ) (Formula 40), tetracyanoethylene, chloranil, 2-(4-(1-methylethyl)phenyl-6-
phenyl-4H-thiopyran-4-ylidene)-propanedinitrile-1,1-dioxyide (PTYPD) (Formula 41),

and 2,4,7-trinitrofluorenone (Formula 42).

NC CN
NC CN
>=<:>=< NC CN
NC CN F F
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present in the buffer layer in the range of 1 to 5 w.%of the triarylam ne
material. The buffer |ayer optionally includes a polyneric binder. The

pol ymer i cwbizogkerzisan 10 i ncl ude inert or el ectroacti vePpolusaeB9101066

conbi nati ons thereof. Suitable polyners for the polyneric binder include,
for exanple, polystyrene, poly(N-vinyl carbazole), polyfluorenes,

pol y( par a- phenyl enes), poly(g@pnylenevinylenes), ol ycar bonat es,

pol yi m des, polyol efins, polyacryl ates, polynethacrylates (for exanple,

pol y(nmet hyl met hacryl ate)), N gCNer s, pol ysul fones, polyether ketones, and
copolynmers or 15 mxtures therjof. If the triarylamne material includes a
triarylam ne-containing pol yng t hat pol ymer can gct as or in cooperation
with a polyneric binder, if ﬁesiled. | f used, the glolyneric binder is

typically provided in the rghge If 20 to 150 wt 9 ably 70 to 120
®050! yneric

w.% of the triarylai
bi nder can be photochg c3 1y 20 kegd with itself or
wi th ot her conponenys N¥t ayer. Accordingly, a thernochem ca

or photochemni cal crosslinking agent, such as, fomnggxanple, 2,6-bis(4-

azi dobenzyl i dene) - 4- met hyl cycl ohexanone, can optionally be included in the
buffer layer. Crosslinkingican be desirable for ongor nore purposes, such
as decreasing the mgration of buffer |ayer conponents out of the buffer

| ayer, deBreé&efablpghe plectioryrcaeptonmateriah i splubls iprgneer mprs qraamc sieentsyy iase

| ayek, ingreasi,ng. thermal stabiljty. .iner in hani.cal ,stabil it

| nor Sast norTamRars oF RRR o s i RRCEIN GApTRAIRHAT RfRidis  anc
i ncreasi nw?qbiaédﬁﬁ theZfec6h A0AG HA3483s ReddntBr®e BLEAAGE in thHetragdd 30.5 to 20
particularly during further solution processing. Crosslinking the buffer

| ayer canwt.& efgh¢ searylpmineangterialf de sapeembodimgaty; the elegtren denodimagerial bbuf f er

| ayer upon which.other | ayer can sl ution coated or cast.with

subet ant | Bierg oS bl el s 60 2303 Wo et el SRS The butter
layer can opti gR@bhfferildyel bporallg Mcdides @ PBrickid GidiRE.eThépolyhbiiGbiB&fahal

can be a lum nescent or non-lum nescent organic, organonetallic, or

i nodBani cingbdip dnaaidor ednctroatityie palyingtis o ¢eeteftiony Herepd| Svitabdmpaympisdontteri al
changes the col.or. of .el.ectrol um nescence fro emittin yer by

el oot veDauERHRbinglr B oft GRS BORETELA NP kel e- emi ssi on o
t he |i ght pbipfigorehdsf ol giphraSpRayIeads) raNGFhenPléhévdaRYlnes), polycarbonates,

polyimides, polyolefins, polyacrylates, polymethacrylates (for example,

poly(methylmethacrylate)), polyethers, polysulfones, polyether ketones, and copolymers or
15 mixtures thereof. If the triarylamine material includes a triarylamine-containing polymer,
that polymer can act as or in cooperation with a polymeric binder, if desired. If used, the
polymeric binder is typically provided in the range of 20 to 150 wt.%, preferably 70 to 120
wt.%, of the triarylamine material.
In some embodiments, the polymeric binder can be photochemically or thermally
20 crosslinked with itself or with other components in the buffer layer. Accordingly, a
thermochemical or photochemical crosslinking agent, such as, for example, 2,6-bis(4-
azidobenzylidene)-4-methylcyclohexanone, can optionally be included in the buffer layer.
Crosslinking can be desirable for one or more purposes, such as decreasing the migration
of buffer layer components out of the buffer layer, decreasing the migration of other
25 materials into the buffer layer, increasing thermal stability, increasing mechanical stability,

increasing morphological stability, increasing buffer layer stability, and increasing layer
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10 materials include, for exanple, dyes, pignents, and nanoparticles.
Exanpl es of suitable non-lum nescent and | um nescent dyes include: azo
dyes (e.gwoQobv02diasect Green 26 and others), anthraqui memaidysgi{ecg. C. 1.
Reactive Blue 4 and others), indigoid dyes (e.g. Tyrian Purple and

ot hers), triphenyl met hane-based dyes (e.g. Eosin and others), coumarin

d . g... Co i d_.ot t al phyri es,. (. | at i N
oot et hy VIBiERNG PRy Aok REPRS color beBRRRE St iifiof melbitick PP dan'
conpl exesalf@f@ilitate nthnUiiciutd S 2ddVRIDy fYVidHieutfed e Oift@rwhich 3ihdr R &Er dyes

i ncl udi ng those discussed in H. Zollinger, lor Chemstry, 1991, VCH
Publ i sherean beepluvionicoatash dr qasewth ewbssantiplly feds pgnskinclonotissolving the buffér By
D.R V\ariﬁg and G Halls, 1990, Plenum Press: New York, both of which are
i ncor por at®d" herein by reference. Exanples of nanoparticles suitable for

col o5 conver si PRe G@fergef Q4 htRAaIlYiInMudBh ¥6IdE dorflertilg matShIE e Afdrial2013
(1998), incorporated herein by reference. The color converting naterial

can be potaprhera lomaneseent of mon-bwrigescentroggzannd, otgapsmetallicher ingegakismesmpoond
pendant chains, or bqth. .The cqlor convertin terial, jf used, is

typi cal | y°F (ioﬁih‘??d’éjas ﬁ’r"rretoﬁelilﬁﬁ?‘ﬁgrrcqné{?ré‘lngin?f’t%f%l g_ﬁ%’@ﬁit e_ﬁoloﬁé’%lr ange of 0.1 to
100 wt . % eipdiRfi@mAR NS fothQn chflitifl 130er 8) sdIORivE ab@pticdMeniBi gy i al . 25 The

buffer |ayer can also optionally I'nclude scattering material, 'such as snall
parti cl esabsnepios 0§ gkt and roemadsiontod th: light ampdferoft spacimbtahge. nditableal s

T TN e e Rl
particle siZRinfhestORMAX ldﬁh@&n&y@?iﬁfcﬁld& a?zorﬂy% %rgs C.PMrecfdfiRA 26Qnd he

buffer layer conposition in a concentration o6f fromO.1 to 20% by wei ght,
and 30 potbémy, ablhyaquinome dipesue.g1CIIReactive Bytet4 ar@ldothg®s )2 00lgi@ dnb3e.g.

PCT/ US2003/ 014466, The buffer |ayer 254 is_ forned .solutjon coating the
mat er i 2l HVARATEEPE PURR) PO YT RGeS 4R e BES MR PR FUPBHT of ¢ he
buf f er 'aXfe% (@2Co i 6 MPdthdidY Blefal péﬁﬁyrri]rgss(gﬁ. Pga;ih%qnq B@tﬁétﬁﬁbé?#n gr 260

or em ssion layer 256, can be foormed o ' ayer by a ety of
t echfii queand atbdrs)d cynjométalated ) mampition netdl gbinplexeo@tg. mgdiumphyis@edienypyridiee)i cal

vapor 5 deposjtion, and thermal transfer, includi | i ght -i nduced t her nal
transfer ‘Hh%ré)i’ F‘%ﬂtﬂer&&eéwg?%‘f‘% S%Frfsﬁcuéﬁp\}% Efk‘ir’]gnﬁg eﬂ—@é—g%%éi—rﬂo ¢ ¥he
sol ution jeyy, Vgr Putfifshers! RUE FrorE4AHRINE Trhistry and Application of Dyes, Ed. By

D.R. Waring and G.Halls, 1990, Plenum Press: New York, both of which are incorporated

herein by reference. Examples of nanoparticles suitable for color conversion can be found

20 in M. Bruchez et al., Science 281, 2013 (1998), incorporated herein by reference. The
color converting material can be polymeric with color converting moieties in the
backbone, on pendant chains, or both. The color converting material, if used, is typically
included in the buffer layer in an amount in the range of 0.1 to 100 wt.%, preferably 0.1 to
10 wt.%, of the triarylamine material.

25 The buffer layer can also optionally include scattering material, such as small
particles, nanocrystals, or clusters. Examples of suitable materials include clays, oxides,
metals, and glasses. Specific examples of suitable materials include titania, alumina and
silica powders having a mean particle size of approximately 0.05 to 0.2 microns, and
added to the buffer layer composition in a concentration of from 0.1 to 20% by weight, and

30 preferably from about 1-5% by weight.
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sui tabl e organi c sol vents include carbon tetrachloride, toluene,
chloroform 1,2- dichloroethane, 1,2-dichlorobenzene, tetrahydrofuran,
pyri di ne,wardo#heisBi ke. The O remaining materials of thechufscems/oiayger are
typically dispersible or, preferably, soluble in the organic solvent. In
some conventional device formation nmethods, |ayers are formed using

solutions of conponents in water. A drawback of th h i
of the devi CBhertmfter iai'bs254aiﬁé01@€§ﬁ%(déhltir<>§ wgtgnaot?légaﬁrggf BM ?f lla)sfert hat some
irreversible sic chan j dewui tion.
Thus, - ToPate SRR E 20, g ar At ot byt Gl fod, e R RS | 0"

must  bgn&RRkGh§Iort hGEFR60®: efibsiondayei 266, Jaaibe fameadrai thg buffertlager bpaent i on,
organi ¢ solvents can be chosen that are easier to renove or.  do not degrade

mat ﬁr ij adasieir)]'rofttmnd]&lﬁf insluding, Fytenample, splndon eaaHpSmbysiaal of §hemical YapPhmt i on
nmet hods, the materj al s, of l.aver. ar A di iti . A
okbor dspostipmand taetinal Sensfer it Rling )L aPRER pindfBPRacsERiE ¢ O

by vapggseposition nethods. Included in these materials are a variety of
pol yners and ionic conpounds. Thus, it can be difficult to deposit

(rjrat erials su‘tﬂnﬁ@na sopehyivmséd:tonakgdhe solutien fos the udfer e daxmples ofg vapor
eposition techniques. I.n addition t.he.consi ste jformty of a

vapor d;?ﬁé‘élF Pé%imb‘gﬁ?gﬁé‘fsit‘f’%m %%%%@“Fﬂﬁ?ré%s F‘ﬂ&?rfl‘ é}ﬁéo? -’E}l Cg{yf when %/he
COmpos! Ll cRRh& e dIPH orbtithSerfe ORRARNRAG MranDPylidife, dhb e ll@NdThaccordi ng to

t he |nvegﬁlon,g%orn1ng a buffer |ayer by sg?ﬂfion coating can fagilitgte

t h(gz u;elc:mafniﬂ@matelrial5$f$hec&uf&s layer arentypicallyidispersible pmpwferlagky, sqlpble i1 ani ne
materials, cross-linking agents, dyes, pignments, scatterin articles, and
so on. theoraRicsobisht-t he coating technique pernits the use gfp

mul ti - CPWPO’]E@B{:%%%W%IEO%%VRE Forffatibh FcBSTR RO, fredbAnéDhsity ®1efond 0
di spersible in e solvent. 25 WO 2004/021463 PCT/ US2003/ 014466 As an

al t er nasficempoertolnmvaten Adsawbagk bhthekaitthods myhat some of thel deice seaterialont o t he
The bulreAesraqedt n e pietsF oRAEL ) ISRy B THDGF haner RSt bROPRER " 1
can b AR B B B o o o e om0 the
subst r ah@st bEQbmpIeatp rémovelde Onthé ethel harel acoerdeng talthcamemns efgasici vel y
solvents can be chosen that are easier to remove or do not degrade materials in the device
or both.
In other conventional device formation methods, the materials of a layer are
0 disposed by vapor deposition. A number of materials are difficult to accurately and
consistently deposit by vapor deposition methods. Included in these materials are a variety
of polymers and ionic compounds. Thus, it can be difficult to deposit materials such as a
polymeric binder and cross-linking agent using vapor deposition techniques. In addition,
the consistency and uniformity of a vapor deposited composition becomes increasingly
ol difficult when the composition contains multiple components. On the other hand
according to the invention, forming a buffer layer by solution coating can facilitate the use
of materials such as polymeric binders, polymeric triarylamine materials, cross-linking
agents, dyes, pigments, scattering particles, and so on. In addition, the coating technique

permits the use of multi-component systems when all of the components are soluble or

0 dispersible in the solvent.
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transferred fromthe donor sheet to the substrate according to a pattern by
sel ective application of, for exanple, light or heat to the donor sheet.
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of the buffer layer on the substrate can, at least in some instances, facilitate the transfer of
20 other layers to the substrate by these methods. Materials, layers, or other structures can be
selectively transferred from the transfer layer of a donor sheet to a receptor substrate by
placing the transfer layer of the donor element adjacent to the receptor and selectively .
heating the donor element. For example, the donor element can be selectively heated by
irradiating the donor element with irﬁaging radiation that can be absorbed by light-to-heat
25 converter material disposed in the donor, often in a separate light-to-heat conversion
(LTHC) layer, and converted into heat. Examples of such methods, donor elements and
receptors, as well as articles and devices that can be formed using thermal transfer, can be
found in U.S. Patents Nos. 5,521,035, 5,691,098, 5,693,446, 5,695,907, 5,710,097,
5725,989, 5,747,217, 5,766,827, 5,863,860, 5,897,727, 5,976,698, 5,981,136, 5,998,085,
30 6,057,067, 6,099,994, 6,114,088, 6,140,009, 6,190,826, 6,194,119, 6,221,543, 6,214,520,
6,221,553, 6,228,543, 6,228,555, 6,242,152, 6,270,934, and 6,270,944 and PCT Patent
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whi ch are incorporated herein by reference. The donor can be exposed to

I maging radiation through the donor substrate, through the receptor, or
bot h. Thewoadi#i2iea can 5 i ncl ude one or nore wavel engt PET/IS201300i466
visible light, infrared radiation, or ultraviolet radiation, for exanple
froma laser, |lanp, or other radiation source. Oher selective heating
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material on the _receptor. In.man 5 i : mal transfer using
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can be advant aggagusIREcAKERIngmdthRisaaR ulkaby empibypd aucls bousithatheoaal of t en

be achi eved. The size and shape of the transferred pattern (e.g., a line,
circle, guinahead ausingtatbermsihhpeytarop (e-Hea pBierneg thegnab ot stypp 8uchiAsiae,

selecting the sjze of the light bea the, e . t i ght
beam t h&eaigd stlicene $#mp F?aéi‘?gﬁ reﬂlggpﬁquh%tc?anw 3% 8@ Eoe&g%hgégélg;ts%&e@? %)' or the
mat gf i al i Adnned @hy Belppatilenyswed fat makibg lower
control l ?&%@M@}n?g%tfggﬁi’ﬂ?[@gnor el emei]t I'E’hroughy‘a mask. Tr aﬁsfer

| ayers casschbtiom faeetns af sfagariabdr for patietome clesteats whegehsgmenigicsd npiRs v
transferring the transfer |ayer. For exanple, a transfer |ayer can be

for med orPr%FlfféYl@mrogE‘gstrate that, in essence, acts as a tenporary liner
that can be r%ﬁéﬁ@%@rﬁftﬁé irhdigeri&yRR&dite Rclivdlf trahsfele@hoaticasptdrdn shis ecept or
substrate, typically wth the application of heat or pressure. Such a

met hod, rmkmer edimagewise fanm patermsofithamafstrredgaaiend ondbeireceptor. dAIAY t he

entire transfer layer, qQr a.large.portion th f . A
Gonh ©shaatancsr. thergil irpaTing N fam. FarenaBR R hoebtao riaRhie
donor  su ?){){%%iox?(g ARHL ABRIntAHRE HRNRE of B2 RBlhrh&NRld pre@hibn tieat bapsften

conver si on yer, an 30 optional interlayer, and a transfer |ayer.
The donorpesd¢hievedit Bhecsize drrl shapobfytive trafisfemadopattarmny (e Helines gir¢lgisquareref er abl y

ransparent,  SUbstr ale, TG0 For SHOSHE AbRelify b S YIS eark The

exposure pattern of the light beam, the duration of directed beam contact with the donor

20 sheet, or the materials of the donor sheet. The transferred pattern can also be controlled by
irradiating the donor element through a mask.

Transfer layers can also be transferred from donor sheets without selectively
transferring the transfer layer. For example, a transfer layer can be formed on a donor
substrate that, in essence, acts as a temporary liner that can be released after the transfer

25 layer is contacted to a receptor substrate, typically with the applicatioh of heat or pressure.
Such a method, referred to as lamination trahsfer, can be used to transfer the entire transfer
layer, or a large portion thereof, to the receptor.

A donor sheet for light-induced thermal transfer can include, for example, a donor
substrate, an optional underlayer, an optional light-to-heat conversion (LTHC) layer, an

30 optional interlayer, and a transfer layer. The donor substrate can be a polymer film or any

other suitable, preferably transparent, substrate. The donor substrate is also typically
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WO 2004/ 021463 PCT/ US2003/ 014466 selected frommaterials that remain

stabl e despite heating of one or nore |ayers of the donor. However, the

i ncl usi onwof2oeso2u4cder | ayer bet ween t he substrate and an PCTHG20@ye4466 can be
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materials for their nechanica roperties or for . adhesi t t he
subs?rat e ‘and Fheaindeflgyer ggp 10 I"E’Efér?aﬁ%@ﬁt ‘Hg)aftrf%flﬁedgﬁgcﬁ{r?g gzgi;%rtﬂgrﬁrg%t s of
the present | ' .CForl | HeQihdeeeYan intiadt htatdanahatsheet .
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15 the incident radiation jnto heat to enabl e transfer, of the t fer

| ayer fr ohemped C@l’@ﬂ\’@ﬂ"‘@h@&tlveﬁ‘btl{eﬁg’nf’éw&%‘ﬁ g}&ﬂ‘ %ﬁ)‘fl}%ﬁg erir%%ygbrel “;S%?" can be
di sposed bet we T, fdreaBsbRrto iRY¥@Ne theliffiginp endiayief ofcan be
used, for"&XEip 'él,ﬁ(?“élmm{ﬂ%it}r%ﬁgfgf{ﬁ%ger andBco(r)lt1 o _§fﬂg§ he .ts};nsf erred
por i on ofhe dbgort IMhBShedridyayen asdinctaye alatviatsddudeir dnesharical gropertiastes for
transferred 20 gortion of the transf éayer. The interlayer can al so

i nf | uenceadhgsion gefaern Hespbstipee %'}daﬁligilgﬁl ‘layer to the rest of the donor

sheet. Typi cal hyy 75810t GhI@4Iufasin oAb HBAE BPine pR&LA! ARG Hion (PEGIRE aDI V.

the interlayer”  does no Istort or em cal | y deconpose under the inmaging
condi t i Ongradfdibh et RInty thealoaor shete Ehet LEHC demopreterably includes pardialibn nage

-f ti |. Th i nterl typi [ 1 ' ' tact, wi.th LTHC
ayer " dur ategroehthat Rbsadrercitan it 2osdet FRE AR A ERT bt YpbichE oo
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ayer can be a Dbarrier against the transfer of
material {oi@etdchgiot.i ght -t o- heat conversion layer. It can also nodulate the

tenperature attained in the transfer layer so th rnmal | y unstabl e
materials canAb@ptiprahéTtenlayercandsy dignos P@}"’W%é‘ﬁ@& faé( ‘é?ndztée}?sffé ?ay% a
ther mal djl"{ng Hl%eer{ayérocaﬁ %Qtursé)ci, f(glj]:g(ample, 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 can also influence the adhesion of the transfer
layer to fhe rest of the donor sheet. Typically, the interlayer has high thermal resistance.
Preferably, the interlayer does not distort or chemically decompose under the imaging
conditions, pan'icularly to an extent that renders the transferred image non-functional. The
interlayer typically remains in contac.t with the LTHC layer during the transfer process and
25 is not substantially transferred with the transfer layer.

The interlayer can provide a number of benefits, if desired. The interlayer can be a
barrier against the transfer of material from the light-Ato-heat conversion layer. It can also
modulate the temperature attained in the transfer layer so that thermally unstable materials
can be transferred. For example, the interlayer can act as a thermal diffuser to control the

30 temperature at the interface between the interlayer and the transfer layer relative to the

temperature attained in the LTHC layer. This can improve the quality (i.e., surface
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30 tenperature at the interface between the interlayer and the transfer

| ayer relative to the tenperature attained in the LTHC | ayer. This can

i nprove twe mua2ides (i.e., surface 28 WO 2004/ 021463 PCPCUSH0B/00446666
roughness, edge roughness, etc.) of the transferred |ayer. The presence of
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a striped pattern of a hole transport material and a striped repeating pattern of red, green,

20 and blue light emitting LEP layers, followed by a striped pattern of cathodes, the cathode
stripes oriented perpendicular to the anode stripes. Such a construction may be suitable
for forming passive matrix displays. In other embodiments, transparent conductive anode
pads can be provided in a two-dimensional pattern on the substrate and associated with
addressing electronics such as one of more transistors, capacitors, etc., such as are suitable

25 for making active matrix displays. Other layers, including the light emitting layer(s) can
then be coated or deposited as a single layér or can be patterned (e.g., parallel stripes, two-
dimensional pattern commensurate with the anodes, etc.) over the anodes or electronic
devices. Any other suitable construction is also contemplated by the present invention.

In one embodiment, display 300 can be a multiple color display. As such, it may

30 be desirable to position optional polarizer 330 between the light emitting devices and a

viewer, for example to enhance the contrast of the display. In exemplary embodiments,
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di mensi onal pattern commensurate with the anodes, etc.) over the anodes or
el ectronic devices. Any other suitable construction is also contenpl ated
by the prweentsizmedntion. In one enbodi ment, display 30@Crars2és/ondael tiple
col or display. As such, it may 30 be desirable to position optional

pol ari zer 330 between the light emtting devices and a viewer, for exanple
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construction illustrated in Figure 3. Sone of those constructions are
di scussedradis¢uss¢basfolloms. backl i ghts can incl ude enissive |ayers.
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an em SSi;marme}s?aifﬁiseﬂsﬁ(ij@ftguid@gdertays,mlgmmkrosfimm btightnedsenhanckmentnat i on
transfer,” resistive head thermal printing, or the like;, white ar single
CIO| orI | arfijens, adethe dikengApplicasions ingbudp avhite|os single: qolar 1prg¢ arez Sl%fegcéx?}urrber of
cl osely spaced. em ssive, |l ayers . patter hIEHAf
trath fe.r;la'élﬁﬂ%ﬁmpée Bf’r(?ranﬁf}?l s|113‘f) %’gtgﬂglgf B%ﬁgé&lﬁg{yég ar eg‘gmf’g‘%gﬂ’15 Low
resol uti ogmOBkiod taRfEY Festiive hB& WekenS Hrisahy @r kiaylikes whiloossingle tolontargan
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€IS
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I Nj ection aye

and mat orPFEed Y AR B G B EHARELRE mARIAL Sp BRR, IR Blpa' V€T

pol ari zerlﬁmpg.i ffusers, light guides, |lenses, light control filns,
brightness “20 enhancenent films, and the like. Applications include
gr aphi ¢ i ndi catow rdsaltion QEIgdisplaycesmdncludeepissive HYSISp CRBRSIPES 8% pl ay's

I TR g I T T D AL
graphi ¢ i g6k Rlyels2RE ifSctRAMNhyes, eRBiroMingatioh esheth, Emissive (e, coloel |
changing layers, and other layers and materials suitable in OEL devices. Constructions can
also include polarizers, diffusers, light guides, lenses, light control films, brightness
20 enhancement films, and the like. Applications include graphic indicator lamps (e.g.,
icons); segmented alphanumeric displays (e.g., appliance time indicators); small
monochrome passive or active matrix displays; small monochrome passive or active
matrix displays plus graphic indicator lamps as part of an integrated display (e.g., cell
phone displays); large area pixel display tiles (e.g., a plurality of modules, or tiles, eac;h
25 ' having a relatively small number of pixels), such as may be suitable for outdoor display
used; and security display applications.

High resolution OEL displays can include emissive layers. Constructions can
include bare or circuitized substrates, anodes, cathodes, hole transport layers, electron
transport layers, hole injection layers, electron injection layers, emissive layers, color

30 changing layers, and other layers and materials suitable in OEL devices. Constructions can

also include polarizers, diffusers, light guides, lenses, light control films, brightness

30



phone displays); large area pixel display tiles (e.g., a plurality of

nodul es, or tiles, each 25 having a relatively small nunber of pixels),
such as a9 2bet/@ueBabl e for outdoor display used; and PETUrS2e0p/0disspl ay
applications. High resolution OEL displays can include em ssive |ayers.
Constructions can include bare or circuitized substrates, anodes,

cat hodes, enhatcenentfilspoand thayikes Applieations include AR Yot PR YR PRUIHBIKCOIRF ect i on

| ayers, electron i.njection |ayers ] 8SI : ngi ng
| avere, dnduberigr onkae: e fhaardre BRlDShReBYBf fu R diophs o
Constr UCtsjegﬁéntE@Br i@bie ihdicdoidRmpe (&g | kedrinduded trassfersof Higtgtesolgtiordes,
| enses, light control filns, brightness 30 WD 2004/ 02&463 PCT/ US2003/ 014466
enhancenetevices plus theamal hat stampkef, iconsin the sanemwibsiate ) dad seufibedizplay a5 si ve
matrix multjcolor or full color displays; active or passive matrix
mul t3 col APPEFAYOTP col or di spl ays plus segmented or graphic indicator |anps
(e.g., laser induced transfer of high resolution devices plus thernmal hot
stanp of icons on the sane substrate%; and security display 5
applications. Exanples All chem calkx ehvail able from Al drich Chem ca
Co., M| waukee, W, unless 10 otherw se indicated. Preparation of |ITO
Substrates For Exanples 1-13, I TO substrates were prepared as follows: |ITO
(indiumtin oxjdgam@hiass Suahable o AldRRIGHR i 058 Mdwpekeat WonunléSO, ca. 25
92/sq.) were rinsed in 15 acetone (Al drich Chem cal Conpany), dried with
ni t 1@gen, othersviselibdieatedvi t h TX1010 Vectra Seal ed- Border W pers (1TW Texw pe,
Upper Saddl e River, NJ) soaked in nethanol (Al drich Chem cal Conpany,
M | waukee, W), after which they were subjected to oxygen plasma treatnent
for four f IT6hSubst ut 27 Pa) base oxygen pressure and out put
power of 50 Wj <GS i @b es11owse MTes(iurh &M
Conpany, 20 mﬁ&%ﬁgﬁg_sgdjgfggggrﬁ?gag% %ﬁf%&@ﬁ?e gener al | sﬁ(l.to 1.5cn2 in
size.  Cogpadéd)aldsy subfswar® (&ppliedrFlns@anpbesion,- GO B L8 LY/ sqy e rgsed Wi ni ng of
Triaryl am ne terials w t% El ectrically. I nert Pol yners 25};

15 acetone (Aldrich Chemical Company), dried with nitrogen, and rubbed with TX1010

Vectra Sealed-Border Wipers (ITW Texwipe, Upper Saddle River, NJ) soaked in methanol

(Aldrich Chemical Company, Milwaukee, W), after which they were subjected to oxygen

plasma treatment for four minutes at 200 mT (about 27 Pa) base oxygen pressure and

output power of 50 W in Technics Micro Reactive Ion Etcher, Series 80 (K&M Company,
20 CA). The OLED’s described below were generally 1 to 1.5 cm’ in size.

Comparative Example 1 and Examples 1-3
Buffer Layers containing of Triarylamine Materials with Electrically Inert Polymers

> This Example describes the formation of OLEDs having a solution-processed hole-
injecting buffer layer incorporating 4.4' 4"-tris(N-3-methylphenyl-N-
phenylamino)triphenylamine (MTDATA) as a triarylamine material, polystyrene (PS) as
an electrically inert polymer binder, and tetrafluoro-tetracyanoquinodimethane (F4;-TCNQ)
30 or tetracyanoquinodimethane (TCNQ) as an electron accepting dopant material.

The OLED is prepared by vapor depositing, onto an ITO substrate with a buffer
layer, 20 nm of N,N’-bis(naphthan—2-yl)-N,N’-bis(phenyl)benzidine (NPD, H.W. Sands
Corp., Jupiter, FL), followed by 30 nm of aluminum tris(8-hydroxyquinolate) (AlQ, H.W.
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This Exanpl e describes the formation of OLEDs having a sol ution-processed
hol e- injecting buffer layer incorporating 4,4",4"-tris(N 3-nmethylphenyl-N
phenyl am wo)2e4/@2henyl am ne ( MIDATA) as a triaryl am ne nm@Carnisado3/opoleyst yrene
(PS) as an electrically inert polymer binder, and

tetrafl uoro-tetracyanoqui nodi met hane

_ _ F4-T 30..0. .
'El_ﬁt rzca](iéz[i)nifqldﬁ GO, dupiteand] m@w‘%c%ﬁwr%@%@ﬁ“'ﬁgﬁg%giq?é‘%l&fﬁtﬂrmt erial.
e r | tN t i

pur fer 1G4 T BN RS ROBRARENT ang R b B e ne
g rN:DE( 8Hh¥\g?§eh@g§q wﬁqla b{éan)hod&lAixbglpdﬁssvﬁﬂgai OfV@ﬂnm«mﬁ/hdmim feorider(lof, Alfadiesarm

- Xyqui nol at e . H. ] 004/ 021463 RCT/ 003{,0144
gig_(lj_s (COCqué(gT H?‘L,Mﬁﬁﬁl)\é e afjalymnigym (f‘%’vﬁl?a’/g‘ﬁsrar ee‘ﬁgrg#?@ % u?rgri n

S el i f

15T 1 CibRlor BORLABACKAA: oo 1nfaGDESE SholWrepatfybobipesobngbing of
fluoride 1(1yééguhelﬂ\xgaof%@60pemvuh Q&43T EAIQ:C548) amtschs 20zhhemsfinglayed, andn (Al ,

Al fa Aesar rd HII, M. In 5 this OLED constructi the NPD | ayer
acts as ahkddyer of ANSps 8s 4naf§}€¢tf0@rial36ql@b%f}ddfﬁ“5P%l%iy?fg&H “Di he I ayer gf

AlQ doped with C545T ) C545 Gt y hteiggg | ayer, and the
| ayer of %I’ér%ﬁ{‘[ogs £ fé‘ﬁ féglr%w%%]o %nj@gﬁ%@'ggﬁlﬁagsggﬁl layer. These OLED
constructions &[@rdaid Mcattotie1dyes dkbepd she BuNRDI AR weid Sabiridhi@f fin &/ Al " . Al |
organi ¢ and cathode | ayers except the buffer |ayers were fsabricat efl 4n a 10

st at@lar d stardacchyateposieppHHOPPIOsede at Hbasy VARE Yt lPh Br10c dorr {ghout {7 10. 5

T e T e L

Conpar at i Vg Branpl-2ndys feelaypyrrol e (PPY, Aldrich Chenmical Co.) was used as

a control hole-injecting buffer |ayer for purposes of co rison of, the
OLED behavi or ImfComparatine Brampled, méwgﬁd%@%a’nfédwlé?ﬁﬂicg‘prff%) Haphwyd as

triarylam ne-based .buffer. | rs. . PPY - j

suspensi oﬁ‘lc%ﬁt’ioi?’(’licﬂ%tr"?%@"f?%_ ayghg%gng:gg%s @%ﬁ@g&ﬁ% szrr%ﬂ ?)3?1) U@ﬁgﬁ) {)?fl | ters,
f ol ljgned JT% Eéoigg@dggeﬁgewlﬁ% PPYtah@ 981> dped fr@ylaminclt0€d bafferdayersl BPYiwas | n
Exanpl es 1-4, EDs wth buffer layers containing MIDATA, PS, and TCNQ

wer e pr epguactoantiomhigiwatgrensmnsien eferfiltdringttagisuspensipnihraveh 91 Nylose

control PPY-based 20 OLEDs. D
HWSands C@qicﬁgﬂ](tgﬁ,ﬁp][l@ye,d lpLanneMngAl-ll;l er rﬁ%r’oggnngasmt\,\ﬁroec ?grrc%h%sgﬁjn.f rom

In Examples 1-4, OLEDs with buffer layers containing MTDATA, PS, and TCNQ
were prepared and their performance evaluated along with that of the control PPY-based
20 OLEDs. MTDATA, PS, and TCNQ were purchased from HWSands Corp. (J upiter, FL),
Polysciences Inc. (Eppelheim, Germany), and TCI America (Portland, OR), respectively.
The buffer layers were spun-coat from their ca. 1.5 wt.% solutions in toluene at the spin;
rate of 2000 RPM (about 33 s} to form ca. 90 nm thick films on the ITO coated
substrates. The device structures are glass-ITO/buffer layer/NPD/AIQ:C545T/AIQ/LiF/Al
25 The buffers layers for the Examples are:
Comparative Example 1: PPY
Example. 1: 31 wt. % PS, 62 wt.% MTDATA, and 7 wt.% TCNQ
Example 2: 47 wt. % PS, 46 wt.% MTDATA, and 7 wt.% TCNQ
Example 3: 62 wt. % PS, 31 wt.% MTDATA, and 7 wt.% TCNQ
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Pol ysci ences Inc. (Eppel heim Germany), and TCl Anerica (Portland, OR),
respectively. The buffer |ayers were spun-coat fromtheir ca. 1.5 w.%
sol uti onswpreotdol2usae at the spin- rate of 2000 RPM (aborCTaAB26030)4460 f or m
ca. 90 nmthick filnms on the ITO coated substrates. The devi ce structures
are glass-1TO buffer |ayer/NPD ALQ C545T/ A1Q. F/@l}g tfe buffers |ayers
for the Dlashsresireniting wanehseryed veanynofipt gudied 919?‘ Hﬁ‘&ﬁsée amp$ "W, % PS,

and 7 vt SRR B HEDE shEBE piERGp %%é% el Bratrds "op ron

32 WO ZOWQ&A%hB@YaU&QQQ&t%ﬂ%eaM thﬁrtcrmsmgurmvhgumeormbmeatmd in
any of the studied el ectrol um nescent |anps. For Exanples 1-3, the OLEDs

showed hi gh operational efficiency and | ow operational voltages, wth
operstional voltages decreasing w Exampless®6ing triaryl anine concentration.

S Exanples 5-6 Buffer Ont ai.ni 0g ! . ) oactive
Pol ymer Bi ndiuferhayers,cont Lriarylamines angd: ' - e) (PVK,
Pol ymer Sourc d y@ﬂ 5},!,%13 bIYIRW ce{rBiz%ld \(BVK PblghxeﬁSbﬁlaél on

pot enti al (caEHllg{.l/%m gag(?{o rans g(i)ho}me nmobility (ca. 10-6 - 10-5 cnR/ V*s

(about 1Qnd.QDorva0' @ebﬁc)/ﬁdvmg)rel\m‘selylb@h ca;sda@nnpoteeu@d@a d¥cys oeBpandilow i n t he
foll ow ng buffer corrposg ti % PVK an ATA, and b)

56 wt . % Fale mobiligy (cg, Nrpata rz{g)??gﬁou%l% %"‘&hégw\gg Bs/fifaml ayers were

spuns coat drpsitichsidlcoanesR VKhad apiwvi:%at e of

20030 RPMe(l og%ts‘%?lﬁdei% (b ?ﬁo{?% gﬁﬁ%%é nm tlhtl cﬁ ilms on the I TO coated

subst r at eRITDATED, ahe\b) Cﬁ‘swm%r}@\/kfaﬁkwa% MEDRAT Beahdsbwy® E@Tcﬁ&rﬁﬂﬁé@ ive

Exanple 1 and 15 Exanples 1-3, xce t at t e. bhuffer 12 GOrres nded
to Exanphusfes layers wire wmeaaﬂa %i% g(’l%e §g{ WP 37

. % Mr ﬁlhmgowa obssrues, in any of
0 %0 @Mt A 0% g@ﬁ“to?@l@ca L) Iﬁﬁ‘ﬁﬁék ﬁln‘is%ﬂ e I

the st ud m nescent l[anps. Lum nance-voltage-current density
screeni ng of tGRED.deRives meieanadechstdescdribeil ghoveffor Eompaiative Ezgnplgd 49 obt ai ned
in the conposition includi ng tl‘tj X am ne- base&l buffers along with | ow
15 Examples 1-3, except that the buffer layers corresponded to:
Example 5: 60 wt.% PVK and 40 wt.% MTDATA
Example 6: 56 wt.% PVK, 37 wt.% MTDATA, and 7 wt.% F4-TCNQ.
No short-circuiting was observed in any of the studied electroluminescent lamps.
Luminance-voltage-current density screening of the OLEDs indicated that high efficiencies
20 can be obtained in the composition including triarylamine-based buffers along with low
operational voltages. Doping the PVK:MTDATA blend with F4-TCNQ significantly
lowered the operational voltage of the OLEDs. Operational lifetime studies on the
triarylamine-based compositions, in which the OLEDs were driven at a constant current of

ca. 1.8 mA/cm? (about 18 A/m®) under inert atmosphere, show that projected operation

25 lifetimes of these OLEDs extend into 10°-10* hours range at an initial luminance of several

hundred Cd/m?.
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operational voltages. Doping the PVK: MIDATA bl end with F4-TCNQ
significantly |owered the operational voltage of the OLEDs. QOperational
lifetime wordider14sa the triaryl am ne-based conpositi on®CTius2eu3iocdr66 he
OLEDs were driven at a constant current of ca. 1.8 mA/cnR (about 18 A/ nR)
under inert atnosphere, show that projected operation 25 lifetinmes of these
OLEDs extend into 103-104 hours rpgafpRE7anadigitial | um nance of several
hundred Cd/ nR2. 33 WO 2004/ 02146 14466 Exanples 7 and 8 Buffer
Lavers cont aBaffeXbayérs centaing €ogolymeps withEriaxylamine-Maieties Pendant tg a

Pol vol efi n Backbone In this Exanpl.e,, doped,triarylam ne buffer |ayers based
on copolyners 5 incorporating tﬁ"&%’?ﬂ%ﬁ%t les as a functionality
pendant to a pgly; 10 B6HAQAErylaNARE biI&kyR¢ Bdsed oh BosblEhERs. A bl ock

co- pol ymer of IOIS(s)lttgl(rgleE?;(fzeﬁn 'le?h di phgrr}l,yl am nost _r%ﬁge (PS- pDP%Sfi‘,[1 havi ng

appr®xi nEhedrpotifg tridrpiamirgt moictds dstaefunesinpatitypendant s/ palyeliera aek9ng cr eened
as a triarylam ne-cgntah?vi&{ polymer. 10 AIl materials are available from
Al drich CHERiIRRIPATed 1 Kee, W, with the exception of

p- di phenyl ami n € VARt @ipRshylabiinSstyfe e (FS-pDRAS S havingsi zed

by a preparati%%i%é?(%!aﬁygrlﬁit?%(?ﬁgt descri bed yby G %Q Tg\?,pM u. Pralgl e, and
S. |. St uwppriximaihyo®vmdlirantio bfithe nikshomeP0@as syBthesigadrand seeesnpdisd ed her ei n
by reference. 15 Synthesis of p-di phenyl am nostyrene To a m xture of

4- (di phertyiRBaRas SERAMNREPRIYEY 20. 06 g, 73 mmol, Fluka Chenical Co.,

M| vwaukee, W) ' ' e ANCE eEMiRRuRes, W1, Wath therol ) and
dry tet rahydro‘%ﬂ?iggrt]&ﬁi%%bﬁgﬁﬁélﬁdfgé}ﬁ???ﬁ%ngggér\%g aﬂded a 1M solution of

pot assi urexceprignoufipdéiphenylaminadiydngfand aswhee neted. Bbismaesiomeswas spthgsingdes .

The m xture 20 was stirred for. 17._hqurs oom, t er at ur,e. r. (400 nL
was addedbyahprepayation @WI&EW%WQW% Q-M&d rpﬁn@gﬁ} aﬁee&ﬂg Sdl' pr epgjslﬂﬁ e. Th e)
mxture vwas %é@%%ﬁ@? 130005918117, iﬂgkgpéﬁ?ed%fﬁ?ﬁ B%iﬂefévéﬂ@wi c layers were

dried over 5\79 concentrat'ed un vacuum The crude solid was
purified by colum chromatography on silica gel using a

15 Synthesis of p-diphenylaminostyrene
To a mixture of 4-(diphenylamino)benzaldehyde (20.06 g, 73 mmol, Fluka

Chemical Co., Milwaukee, WI), methyltriphenyl phosphonium bromide (26.22 g, 73
mmol) and dry tetrahydrofuran (450 mL) under nitrogen was added a 1M solution of
potassium t-butoxide in tetrahydrofuran (80 mL, 80 mmol) over 5 minutes. The mixture
20 was stirred for 17 hours at room temperature. Water (400 mL) was added and the

tetrahydrofuran was removed under reduced pressure. The mixture was extracted with |
ether, and the combined organic layers were dried over MgSO, and concentrated under
vacuum. The crude solid was purified by column chromatography on silica gel using a
50/50 mixture of methylene chloride and hexane to give a yellow solid that was further

25 recrystallized once from hexane (15.37 g, 78%).

Synthesis of block co-polymer of styrene with diphenylaminostyrene (PS-pDPAS)

A round-bottom glass reactor was baked out under vacuum at 200 °C for 2 hours,
then allowed to cool. The reactor was filled with dry nitrogen. Subsequently, 71.8 g of
30 cyclohexane and 4.4 mL of tetrahydrofuran (THF) were added to the reactor by syringe.

The THF was distilled from sodium/benzophenone solution under nitrogen prior to use, in
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50/50 m xture of nethylene chloride and hexane to give a yellow solid that
was further 25 recrystallized once fromhexane (15.37 g, 78% . Synthesis
of bl ock wo-200i/02ne3 of styrene with di phenyl am nost yr en@CrRS20BRARK6 A
round- bott om gl ass reactor was baked out under vacuumat 200 C for 2 hours,
then allowed to cool. The reactor was filled with dry nitrogen.

Subs equer%b%,m z%avéngb Whter 213 GYELLMENSARIchBLank. Wes'tricd by passapdhishdoughur an ( THF)
e

wer e add to the reactor by Syringe. The THE was distjlled from
sodi un berriogbdbasicalsming, falowed dyspagingoyidhnisiogest gasdor 3@ minyies pHEng

2004/ 021463 PCT/ U OOS%&%%;@S{ %grtgﬁes%}g% Sﬁ%}g’%'a%gé%ﬁ?“%q“ y&%terThe

cycl ohexdife RAST gdidep tiva basi ¢ al um na, followed

by spargi ' ich OQREAL B8 StyEeRE Wi alliditbeBe RAdOF. Tl styrefe haf previoasldi t i on
of the soq%\%lé\glrtg\”%gbr eact i ony$I ask v?/as cooled to 3 Cin an ice water

bat hs af tieen phisehtiBoulh activated basie anmingts remaeciinhbitoreandewieropnd spaegedt yr ene

had previously 5 been passed through activated ic alum e
i nhi bi t or¥ithAORER &3S 10 LFTRO G YEEY R\EPF °f P? P%ﬂ%’ﬂﬁg%“ owrae"ﬁg’\‘/gé‘gé%g%. A

sol ution f? nﬁ)yg,zgﬁg Lﬁﬁs@%%é‘ﬁ}lg RddeaCb AEreait6r. (Paedsolition ikt didvély kyrnedis

subsequentTy to t actor. The solution inmediately turned orange,
char act ergragdegclakactdristit of thetfoomativh gfpolystyyylehicaniAdter stimringrat 3CCrier g at 3 C

for 2 hours, lution of p-diphenyl ani 1 6 :
o P LT T e Al gl Syl
pr e\('gous | Y pe%g{&r ﬁggﬁﬁﬁﬁg ”ﬂﬁ%ﬁcﬁm R4l predib®ay betG delghssvd bjirdpeatudigl fieezihggen

and " éxposing | vacuum e solution was” stirred overnight = while
war ni ng  tiewitQijuidipegat andexpdding iteagiduom. \iEte soheiontveasstirrad everpightiddi ti on

of nethanol, precipitated into a njxture of t hanol i SQRropanol , and
dri ed undwhilg warning E-TeQMH GPRRTAGTE ﬂigﬁ‘:@?“‘m wﬁﬁ%ﬁ@? T age%y aﬁ@ﬁlfﬁeo?. The
resul ting Ba i i 1 R84 isbfropaiidl] Ydsdriedemaeran@d 25. 9
nmol % p- d%Bﬁtgﬁ@ﬁpaﬁr?l Cnlgist@%(ler%‘g?ng%géforﬁaﬁ%?éaNNﬁ f;T'Ic')f]?e nol ecurl ar vveei ght of the

bl ock cop@lcMimioveReverTigat, gleldihg 3Rasefpodymegel Thepesulting FopDEWSINegkogr aphy i n
THE agai nst pol ystyrene standards. reparation 20.0LEDs re. fornmed as
desdpi beopqlwn@rrr@n@grrﬁéiﬂalt gk Esyamaga%ﬁao@a%‘w@gﬂf&m@sngﬁﬁa?%3{* t he
buf fer | aengyier . a5oEQl AW ght B HEPBISK copBByRdRAS 7700 g/mol, based on gel

permeation chromatography in THF against polystyrene standards.

OLED preparation

20 OLEDs were formed as described in the Comparative Example 1 and Examples 1-
3 except that the buffer layers were as follows:
Example 7: PS-pDPAS
Example 8: 93 wt.% PS-pDPAS and 7 wt.% F4-TCNQ.
These buffer layers were spun-coat from their ca. 1.5% wt. solutions in toluene at

25 the spin-rate of 2000 RPM (about 33 s to form ca. 90 nm thick films on the ITO coated

substrates.

No short-circuiting was observed in any of the studied electroluminescent lamps.
Luminance-voltage-current density screening of the OLEDs indicated that high efficiencies
and low operational voltages were obtained. Doping PS-pDPAS with F4-TCNQ

30 significantly lowered the operational voltage of the OLEDs.
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Exanple 8: 93 wt. % PS-pDPAS and 7 w. % F4-TCNQ These buffer l|ayers were
spun-coat fromtheir ca. 1.5%w. solutions in toluene at 25 the spin-rate
of 2000 RPBI2pedszui6333 s"1) to formca. 90 nmthick fil necaruszoms/ondes coat ed
substrates. No short-circuiting was observed in any of the studied

el ectrol um nescent lanps. Lumi nance-voltage-current density screening of
the OLEDs indicated t h@pnipaghtiaf Exahple arl Exandples® andehOat i onal vol t ages

operati oneiBu er] kaxen

Conmparative Exarrpl e 2 andExarrpIes Buffer Layers ont ain
Conj ugat ed Copol ynmers with Triaryl agﬂ'zijl\'rl“1 Qet iles in the Backboneg Thi s

describes the ffigaaicabéRe @F&éaﬁéﬂ@ﬁ&ﬁd&i&rmrimmmbf anODEBDvith opedaped co 5
pol ymer based triarylamne hole injecting buffer ers The bué%&}_ | ayers

i ncl side Wner@mWWMWMQﬁPWbﬁf%é%ﬁe?haba ferJgyess ygl from

Bayer AG Le K

{(9- phenwob’zﬁ &ﬁﬁg"i‘S?‘é”‘%&‘@Pgﬁj? at’mﬂ?%%egb, S% Oef;g,rp Bﬁlyg,rl :')\GNlﬁverkusen

bi s( 4- bUt(?érB%W h).&?p%a%gr{@ éhéﬂ_FﬁDHE@h}az()EZ} mdu}a){w Nibisgphenylrtdyl)-N,N'-
Cz-triarylam ne doped CNQ  An advantage of using Cz-triarylam ne
as a tri abny(nal:mt)dgaecwhbtalznnh(}] %d;mnmebb(%@m Ypingy|2pd Fﬁ]té‘é%’ laming deredr | ayers

| th oh
o o B SRRIE Sap L BRCRY bE G ARG KO RCP ol dBlig Loy cause
mol ggul ar &gxhéxifa} moleTngbam%rwffeele?exfsafé@nﬁﬂnberesemuéudﬂphmylémmamm Bakages,

con uctl due to oping with electron acceptors
3, 6- Di br owhicB typicatlyceeseHawol ionizagompaientiad duglr saerey O&Ahe h@st QFCUIRed Buck, C.

;] -ncorl[S)orRla‘iié{OTcWérr%rl Halgp'i‘hl? Bxfog}c%ﬁge\'%ga%rpe con%itl ns fcgr%géreas%a ZQXduqun%] ddk to
’(;Ib{\l(-af)hz((j ?cﬁ{%m{'%&ﬂr% NRbroby @(gﬁppqrm\j@henyl ) benzene-1, 4-di am ne can be

steps from1l, 4 enyl enedi am ne_as reported_in y
al ., Pol ymer %@bmmce%m@nylcadz pazple, wagnade asgerdingodyparks e §- ﬁéﬁg cﬂl}by

Chetbeal RiFApdng dFRiey TIOMEHER) B (Tahd 24 dﬁzaﬁl?r@@géf’d@m&%ﬁw et
mat eri al s et e OB Ri_-HSE-oRBpRtHI)LININ' Gieaibasiphenyl)benzene-1,4-diamine can be

obtained in two steps from 1,4-phenylenediamine as reported in Raymond et al., Polymer

Preprints 2001, 42(2), 587 — 588, incorporated herein by reference.
Tricaprylylmethylammonium chloride is available from Aldrich Chemical Company under

20 the trade name Aliquat® 336. All other materials were obtained from Aldrich Chemical

Company.

Preparation of 9-Phenyl-3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl )-9H-
carbazole | '

25 A 2L flask was charged with 600 mL dry THF and 3,6-dibrimo-9-phenylcarbazole
(60 g, 0.15 mole). This was cooled to -78°C with an acetone-dry ice bath. n-Butyllithium
(138 mL of a 2.5M solution in hexanes, 0.34 mole) was added drop-wise via syringe. The
reaction was stirred for 20 minutes and then warmed to -50°C. The temperature was
reduced to -78°C and 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (64 g, 0.34

30 mole) added via syringe at such a rate as to maintain the temperature below -60 °C. The

reaction was maintained at -78 °C for two hours and then poured into an aqueous solution
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Conmpany. Preparation of

9- Phenyl - 3, 6-bis(4,4,5,5-tetranmet hyl -1, 3, 2-di oxaborol an-2 yl)-9H carbazol e
25 A 2L fweskosvas4dharged with 600 nL dry THE and PCT/US2003/014466

3, 6-di bri no- 9- phenyl carbazole (60 g, 0.15 nole). This was cooled to -78C
Wi th an acetone-dry ice bath. n-Butyllithium (138 nL of a 2.5Msolution in
hexanes, & adfménilm)acerare (90 deid 2100 palwivster) i Bhedgyernyere Phpe separaied japd theas

ti d f 20 m nut d.th d to .- 50C. t .reduced
o | 76C. ueasindeinspaRgd wih sy s e ok 200 g o TR esihd St Couce
0.34 30 ggeg%nge%%ggéwé?e %{g&ﬁ%aﬁﬁ@t@fx A0 AL arRiSdried ovef fiaghcivinie

t enper at reaction was maintained at -78 C for two
hour s andyifa@nCpiienestidndnd rarerystaibzation o6 thetsobd oBBIng® fom ageyonegse pure

PCT/ US2003/ 014466 of anmmoni um acetate (9 in 2 ni.,water | ayers
Wt 65 phasb ks St tHE g0 ditreba ey TR A7 6%
tert-butyl. g her (2 x 200 nmL.). The conbi ned organic phase and extracts
wer e vvasI"P@?jl ith brine (2 x 200 nmL) and dried over nagnesium sul f ate.
Concentration and re-crystallization of the solid obtained form acetone

5 : - -
g?\éﬁe E;Ir ?&eaanqﬁg(t &f Roly{@-phepyLfaeybazeles 6-diyl)l DA PE (szff-"ﬂ'@yf) N B Eazol e
129, 16% i . ' ) -3, 6-divyl
NN bi o(BURGDpprS SR P ity th (Ol RRIRa ol spabar)> B, boiy YL
(Czy@ri aryl am Ier50qal rolml Btoated\fisk fitted with a50bbdr sepumcRnggeflneandensgs k

fitted with a rubber septum and refl ux cong nser, ..were ilnt 0 d

9- pheny! - 8erg-imrasiugedi-phenyl 3i6-Bigeh hy - tgtramett gi' ég’gﬁg?’bﬁbgﬁ’- ?1'.315&'% car bazol e
0.79 g, 1.59 I8, i val N RS- is—- bi s(4-

but y1 pheri5aeliBa e T A5 g, SR BN N s SOARRRABIIUN bk ) =

Al i quat ( rautﬁgﬁe,{yﬁ)bé&ege-lgrdi%iﬁﬂmlﬁé,g, 10.28 mquol \Bedquintaidnts) 2Miguadll 3% Chlonat e

solution (5 nmt, 10.8 mml|, 34 15 equival ents) and taluene hi s
was. pur gesl Qstminols § 38 BRI GIHORBR CSoRH soUANE 4 i BEYBER A ge.
tetngkistriphonyl phosphiing, Rak! Ak Wik bBhel 40 Mtre@mdr WRShen 1H0IBmird . 02
equilgal ent W\i‘i&‘is)ﬁa‘gzg (la&?%a@g% :‘)Ur?s é’l{?)%teur e vvasret hen refluxed for 16 hrs.
A sol uti gpd&fa MrEenPuess) kenkstphenylphosbhine pakatlitral (@16 m&H.GAWS8d f ol | oned
by and a further charge of tetrakistriphenyl phosvg)hi e Pﬂl acH Pn%g} glo my)
and refl uxmnqu,tomrﬁquiv ents) was added. The reaction mixture was then retluxed for S.

solution of 0.5g bromobenzene in 5 mL purged toluene was added followed by and a

further charge of tetrakistriphenylphosphine paladium (0) (10 mg) and refluxing then

20 continued for a further 16 hrs.

The reaction was then cooled to room temperature and 30 mL water added. The organic

layer was separated and washed with water followed by brine. Precipitation into methanol,

filtration and vacuum drying of the solid thus obtained gave 0.62 g of the required hole

transport polymer. Molecular weight' determination by gel permeation chromatography

25 versus polystyrene standards gave Mw 2.39 x 10%, Mn 1.49 x 10’ and polydispersity of
1.67

OLED preparation

OLED:s were formed as described in the Comparative Example 1 and Examples 1-

30 3 except that the buffer layers were as follows:

Comparative Example 2: PEDT

37



20 continued for a further 16 hrs. The reaction was then cooled to room
tenperature and 30 nL water added. The organic |ayer was separated and
washed wiwb 2at@i4680! | owed by brine. Precipitation intopPagtitsaensloi4466
filtration and vacuum drying of the solid thus obtained gave 0.62 g of the
required hole transport polynmer. Ml ecul ar wei ght determ nation by gel

per meat i on chrExumplepahaytridéylansing us poI ystyrene standards gave Mwv 2. 39 x
103, M 1.49 x_103 an erS| paration OLEDs were
formed as desdi¥asmgle I“Sr %&X%ﬁgmﬁf qu%‘gﬁgﬂ{garrpl es 1- 30 3
except t r | 08 wCRPREDRES invelubneamhespin- PEDT
37 WO 200 e@é?ﬁ%%q%%mé%ggﬁoﬁgg%ﬁ&ggﬁpfe 9: Cz-triarylam ne Exapgpl e 10:
93 Wt . % Gateldfi2009 RPM (eboansB §')wo fétnice. ICND thﬂdké”dmsmnfth@ﬁ/q) a9¥ed were
spun-coat fromtheir ca. 1.5% w. solutions in toluene at the spin- rate of
20005RPM5(U§E)‘€)€!§QS 33 s') toformca. 90 nmthick filns on the 1TO coated 5
substrates. Nogs Igl?({rf Cl?élflﬁ’l'l‘g Be Qbs\é/?\%d(?ﬁ@ﬁ)r (Yﬁﬁe ktﬁdiéﬂ)éle@frohﬂﬁn&é&dllﬂﬂps

el ectrol um nescen vices wth th doped and undo

Cz-tri ar ybewitdievitiabah dbplécf ard urelpped €mmwyilatmr@hbased< b@ﬁfwdayfq @g ¢ghhigh

efficiencies. Devices with undoped Cz-tri.ar ne buff d

not i ceabl%xtﬁnér%‘ﬁméﬁbf‘rfgﬂ%ﬁﬁq ??FcYFcteéﬁ’é@ ‘?‘ﬂﬁ?}é/dt(ﬁ% f%’%ﬁ rf}g)r%ﬁdopl ng
Cletrlar pggqsus@aggdgtothe

| evel of ?%ose%ﬁ?g rf@ IIQ%%S gélg%hbﬁéé%édé/@ his i nd?cat eg ?hézt

Cz-ypi ar Yﬂrﬂ?lzﬁﬂlneﬁﬁﬁlef&SHSN@opﬂmlmmﬂ woimgepdeoemuato thhiﬁ'dhl ¢fsthpss*wbémef§;h for
efficient F I ng to I ncrease nduc Ivity i a(ggl nj ecti ng

buf fer | afpe PEDTI*@SP ﬁQﬁyTléiﬁéfrda%t‘??ﬁ @t ﬁr’lapf W@BFS&S% ﬁ" b‘éﬂﬂ
| ncor porat | ?’ﬁ}ﬁ%’ i éHB gﬁ foretfibidhd I%[Td:ﬁﬁgﬁ%r%'1ﬁ‘éiez%Utcohdhcbb§y gonst ant

current cBf SWeep me at current ity levels of ca
my/ cn® (Immha;@n@fecﬁiﬁgﬂﬁ@erlmrcw nR) suggest that Cz-triarylamnne- based

buffer |ayers can be used to achieve jnproyed operatiaonal .l lfetl' in
OLEDs. Preliminary operation stability studies on evices incorporating Cz-triafylamine
15 buffer layer carried out in the constant current continuous sweep regime at current density

levels of ca. 1.8 mA/cm? (luminance of 100-150 Cd/m®) suggest that Cz-triarylamine-

based buffer layers can be used to achieve improved operational lifetime in OLEDs.

Examples 11-13
20 Absorptive dye doped color converting buffer layers

This Example describes the fabrication of hole-injecting solution-processed buffer
layers based on doped triarylamines blended with electroactive polymer binder and
blended with color-converting organic dye material in order to tune electroluminescence

25 energy and CIE color coordinates of the OLEDs incorporating such buffer layers.

Three solutions consisting of a) 30 mg poly(vinyl carbazole) (PVK, Aldrich
Chemical Co.), 20 mg MTDATA (H.W. Sands Corp., Jupiter, FL), 2 mg F;-TCNQ (TCI
America, Portland, OR), 3.7 ml CHCl3, b) 30 mg PVK, 20 mg MTDATA, 2mg F4-TCNQ,
75 mg 1,4-bis(2-methyl-6-ethyl anilino) anthraquinone (Dye), 3.7 ml CHCl; and, ¢) 30 mg

30 PVK, 20 mg MTDATA, 2 mg F;-TCNQ, 117 mg 1,4-bis(2-methyl-6-ethyl anilino)
anthraquinone (Dye), 3.7 ml CHCI3 were prepared. The Dye can be prepared according to

U.S. Patent No. 5,639,896, incorporated herein by reference and is available as "Amaplast
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Exanpl es 11-13 20 Absorptive dye doped col or converting buffer layers This
Exanpl e describes the fabrication of hole-injecting solution-processed
buffer |wgpeosi/izassd on doped triaryl am nes bl ended w t PCalEseommactss ve

pol ynmer binder and blended with color-converting organic dye material in
order to tune el ectrolum nescence 25 energy and Cl E col or coordi nates of

t he OLEDS3]h,&@ KPP RnpHlicabySUeherieu MailidesBrodscts”, RiY . ¥ok uhit of Koppers Cst,i ng of

a) 30 ng pol y(vinyl carbazole) (PVK, Aldrich Chem 0. 20 MIDATA
(H. W SarRigstooghp PA. JEashiselutiopwas then sgumrgoatonts qlganed ﬁ%i%%%}“%? nd, OR),

3.7 m C13, 0 PVK, 20 [ -

1, 4- bi s%k&h{})’% 3%(9&%}9 oraﬁ?P?ﬁltﬁg?mﬁt r@%ﬂ%%@?&gﬁ[) gﬂgnlﬂim%:lr—%{s “and, c)
30 ng 30 /ﬂ@%SO%Qﬂ,@I MERATIAF (8.7, 040 5T6MIR), ALYZ00ram] 2 Amids)s( 2-seqenyiblp- et hyl
anilino) anthraquinone (Dye), 3.7 m CHC13 were prf@@r ed. The %e can be
pr epér ed deposirediongop i a stalardyacanm deposigos ppcgdige af HE olopdabeedOndreth by
reference, and i.s avail able_as " | asi 2004/ 021463

PCT/ USZOO@F@%&QG%%OﬁpG@?%E‘%a?BGW ilpned?g M p?'r%nle\/\?l can Aniline Products", N.Y.,
N.Y., a unit o KOPReFsSfoRfed as dstrilddun @i CHAparkachEsahplt il and Examplesr- spun
coat onto cleaned ITO substrates at 3000 R P.M for 30s. A vapor deposited

snal | - noleexcept tatRDe tiffer layers voB apdollavsy nmis), A1Q (50 nm 0.1 nm's), LiF

Lop i n'& si andarmi s BER Oorsbiebla R FER AR A WPV RRRA 1BY, 5,

as lgescrtgg%j:m@g@égrative Exanple 1 and Exanples 1-3. OLEDs were formed
as described in the nparative Exanple 1 and Exanples 1- 3 except that the
buf fer |ayers Fwameplai2f Solutiorb) coreasponsing to Hov i YK a)6 Wb?%@%’ﬁ@l"r@ to 58

wt. % PVK, 38 wt_ ¢ DATA, a 10 4 wt. % F4- TCNQ Exanpl e 12: Sol ution b)
corr espon‘ﬁﬁ-%g}:‘*t%c/gi%r’r%% %WV%?D{% Wt . % MIDATA, 2 wt.% F4-TCNQ and 58 wt. %

Dye Exanple 13Exa§?;llé”lﬁ:ogol%iioﬁéjfd’(ﬁ&%ﬂﬂiir{g)totm V%IV ) IPMIK. %I TIAPA MTDATA, 1
wt. % F4- TCNQ and 69 w. % Dye. 15 vices containing the dye in the buffer
| ayer exhitfotF,elf CNQaand6wty® Pye.t he :

15 Devices containing the dye in the buffer layer exhibit a clear change in the
- electroluminescence spectrum and the corresponding C.LE coordinates due to selective
absorption of the AlQ emission by the dye. CIE color coordinates for two hole-injecting
buffer layer compositions containing the studied dye material in different concentrations as

well as those for the control device are shown in Table 1.

20
Table I: Color Coordinate Shift
Sample CIE (x) | CIE (y)
Example 11 [ 0.34 0.55
Example 12 | 0.20 0.56
Example 13 | 0.17 0.57
25 Example 14: Preparation of an OLED device using thermal transfer

Preparation of a Donor Sheet without a Transfer Layer

A thermal transfer donor sheet was prepared in the following manner:
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el ectrol um nescence spectrum and the corresponding C. |.E coordi nates due to
sel ective absorption of the AL1Q em ssion by the dye. CIE col or coordi nates
for two hwDeeis2esBi ng buffer |ayer conpositions contaiPrirg2eieisweadi ed
dye material in different concentrations as well as those for the control

device are shown in Table |I. 20 Tahl e I: Col or, Coordi.nate, Shif Sample CE
(x) CE ExanpheLTHGsodutiqy, giyen inFahle 0. ¥as epases ‘U‘.‘%ég- TR ARG Pfi\"eé}‘. T%o. 57
25 Exanple 14. P | GRS ®)d4Rh Napdnl) aCoMRing twas peffeFmed

Pr epar at itﬁrﬁpgmﬂg{egg%g?hgﬁgg?&%t ou%%pgll Trjén’sfer Lag)/elry A thor malrp%transfer
donor s h‘i‘ﬁingVWasM seiki Bab Coatef)dMddel CAG-hF0, maimger micrapgawes rdlouitn23@63

PCT/ US2003/ 014466 An LTHC solution, given in _Tablhg cI&jb, Waseéicoqzat?ed onto a
0.1 nm t Hietikalwelly partigehe riBhe SFRG spainzayes ippine)dried aRPQ GHAd cired Wder + r om
Teijin, aka,, J n) .. Coating was perforned using a Yasui Seiki Lab
Coatr, %ﬁ%‘f’oﬁ@\?}s‘%glﬁg%g a microgravure roll with 150 helical cells
per inch. The LTHC coating was in-| imsBgEiIIed at 80C and cured under 5

ultraviolet (UV) radiation. TABLE | LTHC Coating Solution Parts by
Conponent Trade Designation WilghHC CeatingSolutien pi gnent Raven 760 Utra

3.55 pol yvimy—butyrat—restaBttvar 5982 0763 agryj S| N Joncryl
67 (3) 1.90} Di spersantonipheR€r byk 161 [ 4)Tréde3Rsigatiof adt iy 4B0 (5) 0.09
epoxy novol dc_acrylate Fhecryl 629 (6)112 09 eig

carbon black pigment Raven 760 Ultra ¢V 3.55

polyvinyl butyral resin Butvar B-98 @ 0.63

acrylic resin Joncryl 67 = 1.90

Dispersant Disperbyk 161 0.32

Surfactant | FC-430©® 0.09

epoxy novolac acrylate Ebecryl 629 ® 12.09

acrylic resin Elvacite 2669 8.06

2-benzyl-?-(dimethylamino)—1-(4- rgacure 369 ® 0.82

(morpholinyl) phenyl) butanone

1-hydroxycyclohexyl phenyl ketone | Irgacure 184 ® 0.12

2-butanone 45.31

1,2-propanediol monomethyl ether 2719

acetate

(Mavailable from Columbian Chemicals Co., Atlanta, GA
@available from Solutia Inc., St. Louis, MO
10 ®available from S. C. Johnson & Son, Inc. Racine, WI
“available from Byk-Chemie USA, Wallingford, CT
®)available from Minnesota Mining and Manufacturing Co., St. Paul, MN
®)3vailable from UCB Radcure Inc., N. Augusta, SC
Mavailable from ICI Acrylics Inc., Memphis, TN
15 ®,vailable from Ciba-Geigi Corp., Tarrytown, NY

Next, an interlayer solution, given in Table III, was coated onto the cured LTHC
layer by a rotogravure coating method using the Yasui Seiki lab coater, Model CAG-150,

with a microgravure roll having 180 helical cells per lineal inch. This coating was in-line

20 dried at 60°C and cured under ultraviolet (UV) radiation.
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acrylic resin Elvacite 2669 (7) 8.06 2-benzyl-2-(dinethylam no)-1-(4-

I rgacure 369 (8) 0.82 (no holin |I) phenyl) butanone 1-hydroxycycl ohexyl
phenyl kewvorreodmgwmsure 184 (8) 0.12 2-butanone 45.31 PCTASeapangdé ol
nononet hyl ether 27.19 acetate avail able from Col unbi an Chem cal s Co.
Atlanta, GA (2 available fromSolutia In¢c., St. Louis, MO 10 (3) avai I abl e
fromS. C Johnson & Son, Inc. Raci n:E.,_ML (4) avai | abI e from Byk-Chem e

USA, Wallingford, CT (5) avai I EP, @%g @g M ning and Manufacturin
Co., St. Paul, MN_(6) avail abﬂ% (e ol Lnc. gN usta, SC (7g
avai I abI e fromICl Acryli cCOMPONENTIPhi s, TN 15 WPARTS BY e flr om

Ci ba- CGei gi Corp. Tarryt own, NY Next, an interl ayer wIGHToN, [gi ven in

Table 111, was c HH%Q%:;% aﬁe'ﬂﬁa ﬁ Dy a4/ ograyure coating

met hod using the sw CAG 150 Wlth a
ni crogravure rol [LSHEX 1@“‘” oy Qmer Ex;on reat His coating

was in-line 20 Blué‘ﬂu'ﬁ'g%i()(‘ and _cur prI ||nde; ||| r o npggb/ L l\” radi ation. 40
WD 2004/ 021463 PCTénds@i0i3/ 014466 Table 111 Interl avp? T80at | ng Sol ution
COVPONENT PARTS BYgadtib @68 SR 351 HP (trimethyl ol pr opdAs triadrylate 14.85
ester, avail abl e[ffqmrSag4omer, Exton, PA) Butvar B-96.10. 93 Jonc 167 2.78
| rgacure 369 1. ZP’LZ-butanone 48.00

1-methoxy-2-propanol 32.00

5 Preparation of Solutions for Receptor

The following solutions were prepared and used in the preparation of layers on the

receptor substrate:

MTDATA: (4,4’,4”-tris(N-(3-methylphenyl)-N-phenylarnino)triphenylamine) (OSA
10 3939, H. W. Sands Corp., Jupiter, FL) 1.0 % (w/w) in toluene was filtered and dispensed
through a Whatman Puradisc ™ (.45 um Polypropylene (PP) syringe filter.

"PVK: Poly(9-vinylcarbazole) (Aldrich Chemical Co., Milwaukee, WI) 1.0 % (w/w) in
toluene was filtered and dispensed through a Whatman Puradisc ™0.45 um

15 Polypropylene (PP) syringe filter.

F,-TCNQ: Tetrafluorotetracyanoquinodimethane (Tokyo Kasei Kogyo Co., Tokyo, Japan)
0.25 % (w/w) in toluene was filtered and dispensed through a Whatman Puradisc ™ 0.45

um Polypropylene (PP) syringe filter.
20
MTDATA/F,-TCNQ: 98/2 w/w% mixture of MTDATA/F,-TCNQ.

MTDATA/PVK: 65/35 w/w% mixture of MTDATA/PVK

25 MTDATA/PVK/F,-TCNQ: 64/35/1 w/w/w% mixture of MTDATA/PVK/F;-TCNQ
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| rgacure 184 0.19 2-butanone 48.00 1-nethox -2- ro anol 32.00 5
Preparation of Solutions for Receptor The foll ow ng solutions were prepared
and used wp 206wn2pte@par ati on of | ayers on the receptor abaiSeaB®14468 DATA:
(4,4 ,4"-tris(N-(3-nmet hyl phenyl )-N-phenyl am no)tri phenyl am ne) (OSA 10
3939, H- W Sands Corp., Jupiter, FL) 1.0 % (ww in toluene was filtered
and di spensed through a What man Puradi sc TM 0. 45 gm Pol ypr opyl ene ( PP)
syringe filter. PVK:._ Poly(9-vinylcarbazole) (A drich Chem cal Co.,

M | wauked’rergrtion 8f Beceifs in  tol uene was filtered and di spensed through a
What man  Pur adigggegihOwds faielas Roll oy AMYi(iadiung BRoxkle) plage(Dieltat er . F4- TCN
Tet raf | uor ot et racyanoqui nodi net hane %ngl}yo Kasei Koglyo Co. , Tokyg, Japan)

0. 25 % ( Wechnologits|StidimatenaMN, l¢ss drand 08 YSaHassh dnlsaimn k) W3h PECR§SE HitAS

Pur adi sc TM Q. 45 m_Pol opyl ene (. syrin il . MIDATA/ F4- TCNQ
08/ B w wRPRIolhREsRlY RPIII%Y -“F@ﬁ&ﬁ@ﬁﬁ"t}ﬁ”ﬂﬁ %%&ﬁlegéﬁ%?f%% m xture of
MIDATA/ P ; 4 wan/ultrionlcally Bliexdedri adibt, 3% solution
MIDATA/ P%%Cﬁl%ﬁ%%ﬁ&\;%Zgg%ﬁﬁ% PCT/ USZOg%? 014466 Preparation of
Recept or SfReeepbor2NSWB@er Chereid A(3, Zushwih\fsvitzeTiaxd)n diba sbstigtes pycdethep| ass
(Delta Technol ogies, Stillwater, M\, lLess than 100 1 mm t hi ck
was pr ocddased iy diefgasnep %‘H%‘tcﬁlﬂﬁatsﬂ’@dfeéﬁﬁ foresgr tlﬁ?eg\r/ aﬁ@“&%‘??’ﬁgé goelg&il% :
structurecog?ilgl%m,e of making an el ectrol um nescent device. The substrate was
ultrasonically cleaned in a hot, 3% solution of Deconex 12NS (Borer Cheni e
AG, j1@uchwi | Switzerl and)TimEhe subs2 miwes were then placed in the Plasm
Sci ence plasnma treater fRowaur f acestOmaat(@&mW/ander t he fol | owi ng '
conditions: 10 Tine: 2 m’mygegsp]ow; 100sccm

Immediately after plasma treatment, a solution of material was applied to the

15 surface of the ITO according to Table IV below.

Table IV:
Preparation of receptors
Receptor | Receptor Coating Solution | Composition Spin speed | Film
number : (RPM) thickness
(nm)
1 MTDATA Neat 1000 40
2 MTDATA/F4-TCNQ 98/2 wiw% 1000 40 .
3 MTDATA/PVK 65/35 wiw% 1000 40
4 MTDATA/PVK/F,-TCNQ | 64/35/1 w/w/w% | 1000 40

Preparation of Solutions for Transfer Layer

20 The following solutions were prepared:

Covion Super Yellow: Covion PPV polymer PDY 132 “Super Yellow” (75 mg) from

Covion Organic Semiconductors GmbH, Frankfurt, Germany was weighed out into an

amber vial with a PTFE cap. To this was added 9.925g of toluene (HPLC grade obtained
25 from Aldrich Chemical, Milwaukee, WI). The solution was stirred over night. The
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Power: 500watt (165 WcnR) Oxygen Flow. 100sccm |Imedi ately after plasm
treatment, a solution of material was applied to the 15 surface of the ITO
accor di ngwocolaizhe3l V bel ow. Table I'V: Preparation of reraseensi1Recept or
Recept or Coating Sol ution Conposition Spin speed Film nunber (RPM

t hi ckness (nm) 1 MIDATA Neat 1000 40 2 MIDATA/ F4- TCNQ 98/ 2 w/ wd%6 1000 40

3 MTDATA B\ of a3 FiltektinrbRBR a$Qim MiNTJOAT WifRAUYFhiEd GNEY. 64/ 35/ 1w/ w/ Wb 1000
40 Preparation of Solutions for Transfer Layer 20 The foll ow ng sol utions
wer e prepared: Covion Super Yellow Covion PPV polynmer PDY 132 " Super

Yel | ow" ( ng) fr Covi i ! C LD fL
Ger many \/ﬁﬁ&%ﬁegglyﬁ'tyrqnﬁggsgﬂ‘%?grﬂ%‘e‘gﬁ\%gI@E\%ﬁﬁ?ﬂzgﬁ ’ﬁ‘?é@é&aﬁﬂ% t %’ihgo)was
added 9. 9‘3&33'1§%Blv%9hﬂl§.ﬂsg bHRens (BRECORAd drdnetbfrémauidAtidChemicaheni cal
M | waukee, . The solution was stirred over night. The 42 WD 2004/021463
PCT/ $JS20 Q144K 6W Is 0T ht sodutionasast filkered thdoughradlgihiia mlypromilens (BB) &/rnge| ex
syringe filter. Polystyrene: Polystyrene (250 ng) from Al drich Chem cal,
M | waukediltesf (MA = 2,430) was dissolved in 9.75g of toluene (HPLC grade
obtained fromAldrich Chemical, 5 MI|waukee, W). The solution was filtered
through a 0.45 gm pol ypropyl ene (PP) syringe filter. Preparation of
;I'r ansfer Mﬂ?ﬁﬁoﬁ)gf M{]erﬂggeis muﬁoﬂ'maﬂiaefe&and)TraTnsﬁmgf dransperdiayers. Tr ansf er
ayers were forned on the donor eets using a 33/6 WO/ d .of
§rol ut |t ons of Goensier laygsererdorBed ahtieonYsTFa fang P&%M%”é?‘%f’g’sﬁné}ﬁé ﬂicggt i é(r)l
o] ain > ' ' '
appfopr i astoiauml?)g? Fggggiﬁagpﬁ%apa%% Qﬁpﬁilﬂls@ﬁgnesmnﬂtth@ﬁk%vmg SecbioX To @btathe
the blends, the above-described solutions were mixed at the appropriate ratios and the

-

resulting blend solutions were stirred for 20 min at room temperature.

The transfer layers were disposed on the donor sheets by spinning (Headway

Research spincoater) the blend solution at about 2000-2500 rpm for 30 s to yield a film
15 thickness of approximately 100 nm.

The donor sheets coated with Covion Super Yellow/polystyrene were brought into
contact with each of the receptor substrates prepared in an above section. Next, the donor
sheets were imaged using two single-mode Nd:YAG lasers. Scanning was performed
using a system of linear galvanometers, with the combined laser beams focused onto the

20 image plane using an f-theta scan lens as part of a near-telecentric configuration. The laser
energy density was 0.4 t0 0.8 J/cm?®. The laser spot size, measured at the 1/e? intensity,
was 30 micrometers by 350 micrometers. The linear laser spot velocity was adjustable
between 10 and 30 meters per second, measured at the image plane. The laser spot was
dithered perpendicular to the major displacement direction with about a 100 nm amplitude.

25 The transfer layers were transferred as lines onto the receptor substrates, and the intended
width of the lines was about 100 nm.

The transfer layers were successfully transferred in a series of lines that were in

overlying registry with the ITO stripes on the receptor substrates, resulting in good

imaging transfer.
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resulting blend solutions were stirred for 20 mn at roomtenperature. The
transfer |ayers were disposed on the donor sheets by spinning (Headway
Resear ch wpimeoaties) the bl end solution at about 2000- 2%00/Usam3foe44680 s t o
yield a film 15 thickness of approxinmately 100 nm The donor sheets coated
wi th Covion Super Yell ow polystyrene were brought into contact with each
of the receptor substrates prepared in an above section. Next, the donor
sheets were imaged using two single-node Nd: YAG | asers. Scanni ng was

per f or medPrepayafign af QFL  BeYieES | i near gal vanometers, wi.th the conbined | aser
bears focused kg ffifhedQat HAGEsRHAD Bretiod By ABpdsitrieidtisANvdrdatoass ar t of
a near-telecentric confrguration. Th aser” energy density was 0.4 to 0.8
J/ cn2. Thep baseLE@ovidzSypen¥abowdRS) aansferzedlinghe abaverssition; Appsexigetely

m cronmeters by 350 microneters. The |linear. |aser,spot, Vv Ci

adj ust abl49 npef GRSHMALYRPOS BeTivsite & agate of Qc@rﬂi’,’/ s BieF @Egat"t‘*;éﬁ\é@?’hge

pl ane. The | -l PERA aHlafilcatR, 4iB8e B&iadtor dad Pl acenent
directi onapﬁnr%ﬁlgé%ﬁlﬁ@oa%q%mwﬁ?g% Itu e?ﬁ25 The tcraansfler Ia;/lero; wer e

t ransf er relo®gight &aBsiontwastdbservatept or substrates, and the intended width

of the lines was about 100 nm The transfer |ayers were successfully
transferred in a series of lines that were in overlying registry with the

| TO stripes onyth S r it i ict :
transt e 43 VBIIOBETDT Hh et Ueh BRsor e e B OPRHIPRAMS | ces
El eg¢hr ol Wessieaabbve @i adtr shoudd pe epterstobdoty ceqoml aspeys obithe invenidorn aser

cat hodes on top of the LEP (Covi 8}1 Super i}el LOW/’GP\S% 2{L}r ansferred in. the
above sedirbyrpet @ n Bi6 atackqdclaimsy OdiICASiQNYy GREVAISIE BIOGEEHS el at a
rate of 0,11 n “’hﬁ’ [ Wil e 2ER sil ver
at a rat easéwnﬁ%ir?ﬁﬁ‘té&e}sggal ctgésg%se,k&wggﬁ%[gﬁg\%%? Bgﬁl%bbéyel | ow I(j;ﬂght

eni ssi on ypareAPSERdRGS skilisinphicaent whiok ertfiresensinventibnris dirbaed g rdeewd
limted to the particul ar exanples 10 descri bed above, but rather shoul d
be under sefdbelinsigncwppeificalion. aspects of the invention as fairly set out in
the attached clains. Various nodifications, equivalent processes, as well
as nunerous structures to which the present invention may be applicable
will be readily



apparent to those of skill in the art to which the present invention is
directed upon review of the instant specification. 44 WO 2004/ 021463

PCT/ US200800du@6463VVHAT 1S CLAIMED I'S: 1. An el ectr ol unpagdcseonts/odemé ce
conprising: an electrode; 5 an em ssion |layer conprising a light emtting
material; and a buffer |ayer disposed between and in electrical

comuni CaWRATUSICLAIMED Extrode and the em ssion | ayer, wherein the
buffer |ayer conprises a polyneric binder, a triarylamne hole transport
materi al disposed in the polyneric binder, and an electron acceptor
material di spoged ig Eﬂ@tr@lﬁhﬁﬁ@%éﬁ d@bl@g%mprmngz The el ectrol um nescent
device of claiml1, Wherel n | ayer further conprises a color
converting matardlédtrodesposed in the poI yneric binder. 3. The

el ectrol um nescent, device of cla wherein the buffer |ayer further 15

conpdi ses a plAyemisgign Bﬁ’eq?‘ﬁmr‘%‘iﬂﬂteﬂﬁmﬂﬁr’%?f%’s i sposed in the
pol ymeric bin ff)uffé} lay-gpﬁlSEJ)S%ﬁ%'éRJ/ééW:jP@%Pﬁ@étn@ﬁ‘ébﬁﬁnﬁﬁca@ibﬁ'umh]{he vleksden t he
triarylam ne ho transport nmateri conprises a polyner. 20 5. The
el ectrol Lﬁﬂdﬂﬂééﬁ&klodewece;vlm‘remlt}aa bofierdyer eompmsheapolyyrmmb@ndmrﬂder of the

buffer layer is crosslinked. 6. The elgctrol u nes%m(qt |ce o claim1l,
wher ei n ttriarybarnine holedraaspartmeatesial disprsed fsthe PRRYBELE DR gD é‘@r‘f %! ro’ﬁS 7. The

el ectrol unm ne scent gin the polyneric binder
conpr.i ses® zﬁe%ﬂr?latgn?lealé Og%ér)[ntﬁé%gi LS OI%EE The el ectrol um nescent devi ce
of ghaim 1, wherein the polyneric b| nder 30 conprises ionic noieties. 45

VD 2004/ 021463 PCT/ US2003/ 014466
2. The electroluminescent device of claim 1, wherein the buffer layer further

comprises a color converting material disposed in the polymeric binder.

3. The electroluminescent device of claim 1, wherein the buffer layer further
15 comprises a plurality of light scattering particles disposed in the polymeric binder.
4, The electroluminescent device of claim 1, wherein the triarylamine hole

transport material comprises a polymer.

20 S. The electroluminescent device of claim 1,wherein the polymeric binder of

the buffer layer is crosslinked.

6. The electroluminescent device of claim 1, wherein the buffer layer further

comprises crosslinking agents.

25
7. The electroluminescent device of claim 1, wherein the polymeric binder
comprises a charge transporting polymer.
8. The electroluminescent device of claim 1, wherein the polymeric binder
30 comprises ionic moieties.

45



9. The el ectrolum nescent device of claim1l, wherein the electrode is an
anode and the el ectrolum nescent device further conprises a cathode in

el ectri cavocommnéedati on with the em ssion |ayer. 5 10PCTHES2003/014466

el ectrol um nescent device of claim1, further conprising a hole transport
| ayer di sposed between the buffer |layer and the em ssion layer. 11. An

el ect rol uni nestent Thewdaeohompescsitdgviceafi claimdt whersin the elestredd is ap gaodeay er

conprising a light emtting material; and a buffer . . dj ween
and in elaadihe %lﬁ‘F‘f‘%‘HHWG?ﬁeBg‘?‘?Vb“ﬁ d';WB‘H OHPTISFSATAIEE ih g%ég&fc%legog@nﬁgrgfgﬁ) | ayer,
wherein th f . conprises (a) a polymeric hole transport materi al
conpri si n“él%}imélehrg%sll(%rﬁéﬁ%f triarylamne noieties and (b) an el ectron

acceptor nmaterial disposed in the polyneric hole transport nmaterial. 15
12. The el ectrol um nescent device of c¢laim 11, rein the b r layer
further conpriGes EhecdgctiolERAGIcERS ‘cﬁé’tfgl"iuﬁll’ ﬁ‘?@fﬁ%‘gﬂpﬁl%ng #el&%ol ymeric

bi nder. 13 The ele ' Via6& Al 5d @hiRidd layshier ei n the buffer

| ayer fuﬁf%’é?or??gérc%%{%rg%dsjﬁegs&gég@gtrbgﬁ?t ;9of l'ight scatt eyré‘iqng particles

di sposed in the polyneric binder. 14. The el ectrol um nescent devi ce of
claim 11, wherein the polynmeric hole transport material conprises a
backbone with Bt | edrelegtrojumineseen AeYigRCHMRIISME ty of triaryl am ne noieties

di sposed in the %Ergggne. 25 15. The el ectrol um nescent device of claim 11,
wherein the p I'c’hole transport material conprises a backbone wherein

theyp! ural ity gfentikdicn Myerdonepriviriget lighs emiwing pettaalitangr oups ext endi ng from
t he backbone. 30 16. The el ectrol um nescent ,d§vi ce of clai nﬁlh(])‘é vyhﬁrg n the
pol ymeri ¢ hol ez buffesdaysodisposst eiween apd ingleqitieal cpmmppigatipn with e eiegtiods = 46
WO 2004/ 021463 PCT/ US2 4 E.ahsakE ehuy pjﬁﬁé}ﬁrﬂo]éj@ﬁﬂs &yt Of
claimi, W]‘}égee?'ﬁlsflﬁré%‘ gg%h%{}%?gerb#%rrtl%grc C%ITDI‘IPJS)G?OCI’ 0ssl i nki nggagent s.
material comprising a plurality of triarylamine moieties and (b) an electron acceptor
material disposed in the polymeric hole transport material.

15
12. The electroluminescent device of claim 11, wherein the buffer layer further

comprises a color converting material disposed in the polymeric binder.

13. The electroluminescent device of claim 11, wherein the buffer layer further

20 comprises a plurality of light scattering particles disposed in the polymeric binder.

14.  The electroluminescent device of claim 11, wherein the polymeric hole '
transport material comprises a backbone with at least a portion of the plurality of
triarylamine moieties disposed in the backbone.

25
15.  The electroluminescent device of claim 11, wherein the polymeric hole

transport material comprises a backbone wherein the plurality of triarylamine moieties are

pendent groups extending from the backbone.

30 16.  The electroluminescent device of claim 11,wherein the polymeric hole

transport material of the buffer layer is crosslinked.
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5 18. An el ectrolum nescent device conprising: an electrode; an em ssion
| ayer conprising a light emtting material; and a buffer |ayer disposed
bet ween awo 200w/@iect ri cal conmuni cation with the el ectr eda/usamd/ouduec

em ssion | ayer, wherein the buffer |layer conprises a triarylamne hole
transport 10 material, a color converting material disposed in the
triarylamne hole transport material, and an electron acceptor materi al

di sposed in the triarylam pe hole transpart.myterial_. .1 T

el ectrol umi nesident TsslgaEro B?SSF%Jfgfce\ﬂ%@m ’F’hﬁreglutp? girlff ‘g?/%err fprtber e
conpri ses | & Lght scattering particles disposed in the

pol yneri ccog}pgléég.&béfgxggg akﬁle el ectrol um nescent device of claim 18, wherein

the triarylam ne hole transport material is a polynmer. 21. The

el ectrol um nescent devjce of .claim18, wherein the color converting 20
mat et i al conpriSses AR feroluminescant deyte GRPININE, o uni nescent devi ce of
claim 18, wher iéfecru}age.col or converting material is configured and arranged
to absorb light generated by the light emitting nmaterial of the emi ssion
| ayer. 25 23. ahhnisdieclayel conmiprismgentighd emittieg ofateriakiand 18, wherein the col or
converting material is _confi gur ed an .arrangﬁd to reeFit I.t'?]%wt aftt e
absor bi ng | i gt buierdayst digpased Pereveen anchin Qlegtiieal ampnicatian withtheeleetiade; o,
| ayer. 30 . The. . ); i 2R 13Rineys @aypbfie col or
converti ﬁgéﬁm,gglslg{,?@%@t{é@@ﬁ%ﬁbﬁ%ﬁﬁfﬂﬁu@&eg% giaér??(’)lrret allic material. 47
WO 2904/ QRaié6a, PETIbHSRIORING Tdat€ital dRPosedinin ¢heetciaryddroime heledmanspaibmiatesial,

conprising: an el ectrode; an em ssion.layer. c rising a light emtting
mat er i al ;andad elecgon geqegror maesial disposs é’élﬁ%’éf’@@'&%&ﬁﬁ%ﬁ“&f@éﬁ?ﬁfgm'
conmuni cation with the electrode and the em ssion |ayer, wherein the
buffer |ayer conprises a triarylamne hole transport :

19. The electroluminescent device of claim 18, wherein the buffer layer further

comprises a plurality of light scattering particles disposed in the polymeric binder.

15
20. The electroluminescent device of claim 18, wherein the triarylamine hole

transport material is a polymer.

21.  The electroluminescent device of claim 18, wherein the color converting

20 material comprises a dye material.

22. The electroluminescent device of claim 18, wherein the color converting
material is configured and arranged to absorb light generated by the light emitting material
of the emission layer. '

25

23. The electroluminescent device of claim 18, wherein the color converting
material is configured and arranged to reemit light after absorbing light generated by the

light emitting material of the emission layer.

30 24. The electroluminescent device of claim 18, wherein the color converting

material comprises an inorganic or organometallic material.
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material, a plurality of light scattering particles disposed in the
triarylamne hole transport naterial, and an el ectron acceptor nateri al

di sposed wp 2obu021463ar yl am ne hol e transport naterial. POTAG200Bl@4466

el ectrol um nescent device of claim25, wherein the plurality of |ight
scattering el ectrolum nescent devices conprise an inorganic material. 27. A
nmet hod of making an el ectrol um nescent device conprising: 15 formng an
el ectrode; coafd ng %uff r | f 3}1 td: over the el ectrode, the
buffer |ayer cohpr i‘gl? Ctr(gu%l}%yr%’é‘rtf%‘qg% ?\0 e‘:fl'?gl%qt riaryl amine hol e transport
mat eri al, and gni&haé;ron acceptor material; and disposing a enission

| ayer over the buffer |ayer, wherein the el ectrode, Huffer | ayer, 20 and
eni ssi on | ayerangmission J@V@aqmméin&ﬁ)Mﬁ%t&ngt%m@ ®He eni ssion |ayer

conprises a i mittin rial 8 . Of: i t her
conp{i si ng di s‘b@'&feﬁ Y& %@%e@gtnseﬁgra? d a%}eec;mgacl)\ggwgﬂé& lﬁﬁkg{rh q“%‘g}gﬁ&dpﬁei or to
di sposi ng,fihke Efissioh Piyet, WHRFeiN MRS buiflee 1496 dhiprisay & triar@lamat: hote traispord  of

maki ng an el ectrol um nescent device conprising: formng a hole injection
transfer maysal, opluslipoblight sbasteriag @artictes disppsedrin thg Eiarylaping ol tragsgort

triarylam ne hole transport material .and an, electr rial;

f or mi ng arﬁa‘élléle:?‘?“’O‘H\'-)é11 OF aceRPLfBRtetiglglisposgdn t%ognsa%ﬂ%@&%\%ﬁegé %@Eérﬁm ly
transferring.g portion of the buffer layer onto the receptor substrate and
in electrical conmunication with the el ectrode; and 48 WD 2004/ 021463
PCTA@WS2003/ 014466 di sposing an enmi ssion |ayer over the portion of the

pulfer taver I8 VAR d&udiimingictnt SUICERE ctaih 23" Whételfle BREAie) BRugfCePt Of

scattering electroluminescent devices comprise an inorganic material.

27. A method of making an electroluminescent device comprising:

| 15 forming an electrode;

coating a buffer layer from solution over the electrode, the buffer layer comprising

a polymeric binder, a triarylamine hole transport material, and an electron acceptor

material; and

disposing a emission layer over the buffer layer, wherein the electrode, buffer layer,

20 and emission layer are in electrical communication and the emission layer comprises a

light emitting material.

28.  The method of claim 27, further comprising disposing a hole transport layer

over the buffer layer prior to disposing the emission layer over the buffer layer.

25
29. A method of making an electroluminescent device comprising:
forming a hole injection transfer layer on a donor substrate, the buffer layer
comprising a triarylamine hole transport material and an electron acceptor material;
forming an electrode on a rcceptof substrate;
30 | selectively thermally transferring a portion of the buffer layer onto the receptor

substrate and in electrical communication with the electrode; and
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disposing an emission layer over the portion of the buffer layer that was selectively

thermally transferred onto the receptor substrate.
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