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can be complex. As the number of rows and columns increase, the interconnect density
increases. Even when the row and column drivers are silicon chips bonded to the glass,
the level of interconnect complexity can become prohibitive.

It is desirable in some display screen applications to eliminate or dedicate for other
purposes the space required for the row and column driver chip and/or to bring the row
and column drivers into closer proximity with the pixel transistors. Therefore, it is

desirable to move the row and column drivers directly onto the backplane along with the
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FIGURE 3 illustrates a cross-sectional view of another example of a substrate
having a zinc oxide thin film pixel transistor driving a bottom emitting OLED, which
emits light through the display substrate.

FIGURES 4A to 4D are illustrative examples of various OLED constructions.

FIGURE 5 is an illustrative example of a donor sheet utilized in the preparation of
an OLED.

FIGURE 6 is an illustrative example of one cell of zinc oxide pixel transistors and

OLED circuitry forming a single pixel of a display.



FIGURE 7 is an illustrative exanple of an array of

cells of zinc oxide pixel transistors and CLED
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FIGURE 8 is another illustrative exanple of one cell

of zinc oxide pixel transistors and OLED circuitry
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Mlustrative procedures utilizing aperture masks for the preparation of transistors
are set forth in US Patent Application Publication Nos. 2003/0152691 and
US2003/0150384, incorporated herein by reference. To further illustrate the aperture
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Further, deposition through an aperture mask can be used to pattern one or more
layers of an OLED that is also present on the display substrate and that is in electrical

contact with a pixel thin film transistor. In some embodiments, one or more layers of an
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or at a erature no greater than 50 C, greater

us¢ch®n p&ergng he thin @h@ﬁmswlﬁ ahthegbsntzy. Tﬁb@@hthpéllaablic\@hquues
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?Qﬁ%[ﬁ Ffbb%dcoﬁfmé’lﬁ&bﬁlﬂys sub¥ah@euralis thiatandil€, thé OLED 56 is top
l'exi b or a conbination thereof. Suitable

engtiingt(that Esemﬁs;aw@befrom rather than through the display substrate) As noted
above with reference to FIGURE 1, the display substrate 42 can be constructed of various

materials that are rigid, flexible, or a combination thereof. Suitable substrates include
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be @g’[g% ! uc[thg 1? ce Qﬁ%?&de%osex?éﬁ?ig oﬁt% tﬁe Pﬁgfﬁ 'sﬂmﬁébflfand is

poBieibh&r Weeﬁﬂtﬁé disbnylsalystrag: 49 artdhhe t)ﬂmeanBntlbm cbffﬂm SLdiph6. The

exishaiAneF tHgoWRE Bt 1 A Sugioh SBavs serrods by R PLER.s6.
Ar?ﬂ%%fsgﬂ%}t ?eﬁr%f o4l %oﬁgrdeﬁ%r(ﬁ nﬁeﬁ‘@rm@ﬁ@h 28 alphoforhaRebleleboxy or other
shou e noted t

at the use of the téerns source
matbriad tsncioies Siiicaaceh lobr atiernetl ever thel taysms ofitlee thanlm iransistor including

bi t t t
kGl bl SRR B0 Bt Bl e e
of €hd $MRFce dIdieroa® 80 Gdef thé DB 86 Iy, fotteaE Nd singldipenottf ehat the use

circuit design that is chosen pically, the squrc
of ghectermoeharearleaiode A0@nd ét%@léctf%%@raé% S%?%Wlbaé@ﬁéﬁr?réfdas it will

rﬁ%@{]eg#gqadt tlhatﬁhg gggt %f%rc]g(lf'c?e ﬁ??@ Qhn bERY lgctﬂgal t]cgntj;tgt with either

m CFOITE ers or exarrp

the@k S @BitRE Grai deperdithgiponahetienust, deighoha@s elioseronet er s,
5 to 30 mcroneters,

0 . , 0
o cr ol e Blea@oderh B DRI S S P b that
%%1&2{ ctor I:ltne{?fn@l lfefrl]étﬁ‘og‘ i AeloM R So SD Hﬁc&ﬁ{e@eré ﬁﬁﬂéﬁnfp’i@ 1to 40

croneter or smaller, with
mitr@nete; & te4bmicrgmeteps, ¢ ad 30 ﬁmroapm, arte Sﬁa@qumﬁt@rér nfed0

o e - PR S Y RAR L SOGABelp peme
thBPfikn Lr&Rekdrs Ohe g8eléhgth can be as small as 1 micrometer or smaller, with 5
micrometers being typical. For aperture mask patterned thin film transistors, the gate
electrode length is more likely to be 5 to 60 micrometers with a typical gate length of 20 to

30 micrometers.
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ustrative s*are set rth in FIGIRES 4A to.
Tha& mawridle aad iHetchabidutas.orden vaithipihet@LED patfhr Yasious ilhustrafive

th h th E | t 5 j
U Lok N R T A
pos iﬁd&%ﬁﬂa@ ﬁgagg.%r Elgork bt o1eine O 66 505l clbdidde 55 is
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. The second el ectrode 55. Upon receiving electrical
indigmy timerxide (0B 066 EHiD sk HESE B thanibediBharan bsromifthd tepth the

56 Lkl . . t ' i .
se%c}nd%"il{]ﬁtﬁgé 55 %P{i geé:gﬂll@pg% p 1I&ag gu{}%ntt {I}S eﬁgﬁwﬂﬂﬁ&%é&@naterlals of
the DeE Slearbenit Hghever, very little current can pass to

th | ectrode 50, unl t i I .

e Bour e el EfLode o0, unl oty oh! LS, AbRBy i
1SN 8h. ﬁ%v&fe@%@\\/’%ﬁlit@e Burt AV APRY € Th¥ isbirc ERERode 400less

application o age to the gate el ectrode 44, the o
vaitape salauappbed thhe gtk ck8irbéedhesthersemicondustartchgenc A remains in

R e L R
sehAMIdQ8kor channel 48 becomes more conductive and current flows through the
semiconductor channel to the source electrode 50 and through OLED 56, thereby causing
OLED 56 to emit light 58 away from the display substrate 42. Accordingly, an array of
TETs and OLEDs addressed in this manner results in an image being displayed.
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substrate 42. Accordingly, an array of TFTs and OLEDs
waddreassreel in this manner results in an i mage BPeTmg2006/011130

di spl ayed. 9 WD 2006/ 105028 PCT/ US2006/ 011130 The
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o e O R OByt ous
ha%la?fétaEtQﬁ‘l% 1@hEemtife Ia?& When the OLED is activated, electrons are injected

into the light-emitting layer from the cathode (for example, the second electrode) and

holes are injected into the light-emitting layer from the anode (for example, the first

electrode). As the injected charges migrate towards the oppositely charged electrodes,
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into the light-emtting |ayer fromthe cathode (for

exanpl e, the second el ectrode) and holes are injected
wonomw/mhes| i ght-em tting | ayer fromthe anode e€®DMUS2006/011130

exanple, the first electrode). As the injected

charges mgrate towards the oppositely charged

el ectrodes, . O 6/ 105028 PCT/ USZO 6/ 01 0 .the
they. g3 Te6eBRIEP H@&lepﬁ% f-Foithng Ryerteifoym glge { éi%foétpalff g’@ﬁ?f
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t he rreconbi nati on zo

stalg RS LR G L COBh e g P RGBT e gt

t heph fRGah 1B ARKSIR-ctnilne U, Ttkdr@ptibial i did daﬁ@lsfotbetﬂﬂesent in
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corffipkAtpuriadlides a digjladadseate QS@M&msd@Sﬂ ﬁbleeﬁﬁr@,le dinst electrode),
anode 252 (for exanpl e, flr@% el ectrode) ? Egg ?
a cathgdy 2 4 (fencaapnle, SaioB Rlscip ¢%®c?e1}ght-§ﬁam§% ayer he
I
cofiIiROLE Flglips ABVEA E5 Pioe FRSLITARL) GUIPLARET 253 and the
cofifraivas bhBiguess i :gmlréﬁj) lrthle(ah el%cgun ésnspBridayer 4250 These layers
i pcl ude an ectron t 60. These | ayers
condietires fiomahe Frohtr HleChRo B APl R PRI ne
cat hagdanodeeBRaml icBbie 2§Ehﬁre w&%&ly%ﬁn@f‘&n@gﬁéd}ﬁd@u@ﬂmeﬂals
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suc:imsmt@ussulloas mﬁgtslhc nemawnd@ wodpdinedactalcaridriceqndactive

s Do BlarGP R hielt ingURAE I8 G B AN Tho?

5 Exa
chﬂdhﬁklﬂ' barived) pddioum, phdddium al@dnﬁidrm ldﬁhclqmltitadummndmm tin oxide

um num cal ci u titanium, in |un1 X|de (
(TR BROHHES tin srids TR Paponslt PRGRIATON e HE Ry (ZO),
BT S T g %%1% L, other condcting
poBtidrgnHde) thegeof, panombinetiomstthearoft didunbdeds? pol theeatbode 254 can
be gllﬁl!g?q agfrg g ﬁ?{g{glgctogﬁr _rnC g‘rgﬁlalrs] %té Ic%}nlsmj Ee F‘rﬁ@ti@lg -lrag/]grsaol} conduc%ng
ma‘%é}w#éi Cff dr el Alodle OF a CARod b SR 1M o Tapdrdf hAYEASMAhd a

conduct i ng
layer of gold, a layer of calcium and a layer of aluminum, a layer of aluminum and a layer

of lithium fluoride, or a metal layer and a conductive organic layer.
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materi al s. For exanple, an anode or a cat hode may

include a layer of alumnumand a |ayer of gold, a
woaymriosRscal ci um and a | ayer of alum num a | ag&musedo6/011130

alum num and a layer of lithiumfluoride, or a netal

| ayer and a conductive organic layer. 11 WO

2006/ 10502 CT/ US 00 /O 13 Th t

coat hoghadea S GRATALCOA g 107 SRFTE A TOHR ORI UG G d may be
opti@My BénspaRint, el Yraﬁ§p@fb‘ﬁp%§ 8PqueS AMypichPalRidd f&Hn or@inic

opaque A typi cal anode for an or
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ddi.t to I T I
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con%;hgg\pg(?“ﬁ&gqg alt@;‘( a surface that contains one or
nor e a

n sone enbodi ments, the anode can
be hr m@&raﬂbdchmamts,rthe si@ote can bel prepased framtlersamle cosduttive
a source electrode or a_drain el ectrode,i

for :
mafgrlﬁglsetd e form 3 squrceglestrodg or a degin ﬁlecétﬁocgﬁg adixel HuB gilm transistor.
SudtPdd Bfdde bhn Q@Fdrfn%@ if @ésnteﬂ €t SR Bundel tRe ASthk BSrresponding electrode

corresponding el ectrode in the pixel thin film
in the pivel thimfilo transistar el #t faskiBerentttime . In| Q’ih@telttéwdlments the anode is

Pregaa et 08 v beparc s et FRELRE pr ot eGP lserrode

or ﬁk@@élﬁ@Ié@trodHlntar]ﬁmehlﬁlﬂt%&fsﬂﬁe in a pl xel thin film
transi stor. Typical cat hodes 254 include | ow work

f undypisnl aathogs 224 jwrluds loyy wmlﬁﬁmﬁ%mﬁtﬁ#ﬁ such a$ glppigum, barium,

|
calf R TAERGRAM. siberBlone PSR ek oys, MEyol o @M, and
calﬁlﬁhﬂmdgne@ﬁim bitoya. Jiha ghiﬁodeawbe@rsmglé taypt e ma}p@teslayﬁrs of these
t he mat eri al r . exanpl.e ude
oy o SRmPleHbG PP RaRciode ¢ Byer g fifidset aiftor
alu?mh\ﬁﬁea{ndoi la$érl of¥liver | Ne CAHBAIE Lot tedftn &ﬂt%ﬁ&f&% arent or

sem -transparent, or opaque. In some enbodiments,
opammhode can be pr epar ed fromthe sanme conductive

rlal d..to urce el ectrogde rai .
o1 o0t Pt SR ROL ol RS ey S S the Bl Biuctive
mafdall agé@ 16 Fnb8 sb 1268 8Bstrdde of @Sirdif dlecRbdd e [HReTRhihifiTR tBMsistor.
the correspondi ng el ectrode in the pixel thin film

Suel amedtkadsrcan be Sermedgiffdegrash at the pame fipe g Hhercorresponding electrode
in i ggal $ lgﬁﬂ ¥ t{aggst%?B{]%daedl Pﬁrﬁ@ af e&h%lr éﬁ%oi?lh eéﬁtg QhEWthode is

ctive nateria Used t orm-t sgur ce
prephediffoade diffdredtendudive n&it@(aﬂ thadehdtusad (i faeh thehionrdeielarirode

transi s Each .con rati on of an CLED i ncludes a
or Fhegiﬁ@m@lﬁcfrpgiq@ qwg\rtgxg%ﬁnﬂng{msfqu udes one or nore

i g@acl??&ﬁﬂséuﬁﬁloﬂ@fmﬁmﬁ kfeRlde9h h%hf‘&ﬁltﬂlﬂ@l'ﬁ er¥btihdtigkcludes

materi a as snal mol ecule (SM light-emtting
one onpmmﬂdglt emitiiag ipetyyeos (UERtor othet tightramittingenatatials such as small

mc;lgc% &l\?)ghght—emlttmg compounds. A variety of light-emitting materials including
LEP and SM light-emitting compounds can be used.

In some embodiments, the light-emitting layer contains a light-emitting polymer.
LEP materials are typically conjugated polymeric or oligomeric molecules that preferably

have sufficient film-forming properties for solution processing. As used herein,
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LEP and SMlight-emtting conpounds can be used. In

sone enbodi nents, the light-emtting | ayer contains a
wokglsiosstti ng pol yner. LEP materials are typctaiskope/o11130

conj ugat ed pol yneric or oligoneric nol ecul es that

preferably have sufficient filmformng properties
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anpl es of suitabl EP materials are further
furthes deschibell inK#éfiaét 3l., dngaw. ChetmdatwEICHENd02-428 (1888); U3, Patent

40 -4 ; U . S 3 . . .
o S50 Dol 5 %30 503 VBl a0 AT s 88 d0 b e 523394
6,132 349; and%6,16%01 683 andBET Fansht fixg B&tiba PubBeioRTlo. Bat4enss.
Application Publ'i cation No. /40655, SM materials are
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1 ] ) ek
tris(Bhy (xyainobin) elundhime A la) und hipeigyhiigBjs(&nd

by gk hat B (AR GO SO R T BT, Rk exempte,
C.15: bherCRERA,, Micréthol. SYRS! PIBN .(1 8y PJapdrdle LAid(ASDatent Application

Japanese Laid Open Patent Application 2000-195673;
2000-$956%3; BhS. Ratsatt Nos 0B0307155; 66 59043 0arg: 6,242l 1; padPETPatent

and PCT .ent Pl j ' on:
B A e
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| ev t.han the excited .
state ofe tlhe dopant so t%at energy can be transferred from the host material to the dopant.

U

The excited host material typically emits light of a shorter wavelength than the excited
dopant. For example, host material that emits blue light can transfer energy to a dopant
that emits green or red light and a host material that emits green light can transfer energy

to a dopant that emits red light but not to a dopant that emits blue light. Exemplary host
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state of the dopant so that energy can be transferred
fromthe host nmaterial to the dopant. The excited
woasde/wseri al typically emts |light of a shorPer/us2006/011130
wavel ength than the excited dopant. For exanple, host
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| ayers containing, for exanple, alkaline netal oxides

or al kaline netal salts; hole blocking |ayers
woaonicaiomi2ag, for exanpl e, nol ecul ar oxadi azol ePOT/US2006/011130
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encapsul ate the thin filmtransistors and the CLED
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b [ . < '
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likencl udes a |1 ght-emtting material. For exanple, one

the Mnog rsli&% Bﬂin% gm\(l?tapelg ﬁngérthlc&dﬁgﬁr ykts@h bEMadb] B example,

| ayer an Seco transfer "l ayer can include
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th 5 egsgiﬂﬁg g laeoc%lélfl E%rer : elréx:c]aulgfss %8 pl?L St cj[a?lipgg{léc%gtible to the solvent
used to coat the first material. Damage to the second layer can be minimized or eliminated
by evaporation, or otherwise removal, of much or most of the solvent from the first layer
before coating the second layer. Thermal transfer of multiple layer units results in a

reverse ordering of the transferred layers on the receptor relative to the ordering on the
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A donor sheet having nultiple thermal transfer |ayers
can be nade, for exanple, by solvent-coating a first
wort@riosd2s on t he donor substrate, suitably drypagush®e/o11130
coating, and then depositing a second |ayer that
i ncludes material that can be susceptible to the
sol vent _ used t o, coat thefl t rmterl%. Da e to
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optional priming layer can be used to increase uniformity during the coating of subsequent
layers onto the donor substrate, to increase the bonding strength between the donor

substrate and adjacent layers, or a combination thereof.
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t hi nner donor substrates can be used. The materials

used to formthe donor substrate and an opti onal
wadpmaenks under | ayer can be sel ected to i nproyeT/Uus2006/011130

adhesi on between the donor substrate and the
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Pr oviydir Agyc layer 214 in FIGURE 5 can be included in donor sheets to couple the
radiation energy into the donor sheet. The LTHC layer often includes a radiation absorber

that absorbs incident radiation (for example, laser light) and converts at least a portion of
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conpoun ne can
example, a LTHC layer can be formed by vapor deposmng a thin layer of black aluminum

over a coating that contains carbon black disposed in a binder.

Dyes suitable for use as radiation absorbers in a LTHC layer can be present in
particulate form, dissolved in a binder material, or at least partially dispersed in a binder
material. When dispefsed particulate radiation absorbers are used, the particle size can be,

at least in some instances, about 10 micrometers or less, and can be about 1 micrometer or
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techni ques, such as, for exanple, sputtering and

evaporative deposition. Particulate coatings can be
woaoosadsuasi ng a bi nder and any suitable dry or P@EUS2006/011130

coating techniques. The LTHC |layers also include two

or nore layers with simlar or dissimlar materials.
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the LTHC layer. It is thought that a thermoplastic resin can improve the adhesion of the
LTHC layer to the donor substrate. In one embodiment, the binder includes 25 to 50
weight percent thermoplastic resin (excluding the solvent when calculating weight

percent). For example, the binder can include 25 to 45 weight percent or 30 to 34 weight
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resins that can be crosslinked by heat radiation, or chemical treatment including, but not

limited to, crosslinked or crosslinkable polyacrylates, polymethacrylates, polyesters,

epoxies, and polyurethanes. The thermoset materials can be coated onto the LTHC layer
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wavelength of the imaging radiation, and the duration of exposure of the donor sheet to
imaging radiation. For polymer interlayers, the thickness of the interlayer typically is in

the range of 0.05 to 10 micrometers. For inorganic interlayers (for example, metal or
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can be transferred. For exanple, the interlayer can
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Another mechanism of thermal transfer includes ablative transfer whereby

localized heating can be used to ablate portions of the thermal transfer layer off the donor

sheet, thereby directing ablated material toward the receptor. Yet another mechanism of
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t he donor sheet, the type of receptor, and the |ike.
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perform imagewise transfer or patterning of the transfer layer from the donor sheet to the
receptor.
Typically, selected portions of the thermal transfer layer are transferred to the

receptor without transferring significant portions of the other layers of the donor sheet,
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and continuous or sheeted film substrates (for

exanpl e, 100 mcroneters thick polyimde sheets).
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ong Bl PG Rty A AL o Ty bIF cORAER 125 Bilicing
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layrep bﬂ thth et ertentF od erampls bee sliffaeftolomnsheeisghas eatiHmver thermal
traglsJ er a er co%a[i:'regg a hgﬁt—emlttlng material capable of emitting a different color (for
example, red, green, and blue) can be used to form red, green, blue sub-pixel OLEDs for a
full color polarized light emitting electronic display. That is, multiple donor sheets can be
used to thermally transfer different light-emitting materials such as light-emitting

materials that emit light in different wavelength ranges (for example, the first light-
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to flow from a supply voltage 94 through the OLED 92 to produce light for forming an
image. The first voltage source 82 that is providing enable pulses represents the output

from row driver circuitry discussed below in relation to FIGURES 9-11, while the second
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thermal transfer |ayer are deposited. One donor sheet

can be used to thermally transfer a |light-emtting
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produce an array of cells similar that shown in FIGURE 7.
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circuit layout like that of FIGURE 8 is shown and
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will be appreciated that other logic devices besides flip-flops can be utilized when
constructing row and column driver circuits.

FIGURE 11 illustrates a standard shift register 144, formed of cascaded flip-flops
134 as shown in FIGURE 10, which are constructed from the logic gates including the
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substrate in the electrical configurations shown al ong
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Sartomer, Exton, PA as SR 351HP
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Raven 760 Ultra Carbon black pigment, available from Columbian
Chemical Co., Atlanta, GA as Raven 760 Ultra

Butvar B-98 Polyvinyl butyrol resin, available from Solutia, Inc., St.
Louis, MO as Butvar B-98

Joncryl 67 Acrylic resin available from S.C. Johnson & Sons,
Racine, WI as Joncryl 67

Disperbyk 161 A dispersant available from Byk-Chemie, USA,

Wallingford, CT as Disperbyk 161
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Alg3

Tris(8-hydroxyquinolato) aluminum, resublimed,
available from H. W. Sands Corp., Jupiter, FL as product
number ORA4487

LiF

Lithium fluoride, 99.85 weight percent, available as
product number 36359 from Alfa Aesar, Ward Hill, MA

Materials not identified in the foregoing table may be obtained from Aldrich

Chemical Company, Milwaukee, WI.

Example 1

Fabrication steps of ZnO active matrix display using photolithography

A 2 inch by 2 inch glass slide is cleaned using an alcohol rinse. The slide is

prebaked at 120 °C for 60 sec. to improve photoresist (PR) adhesion. A negative
photoresist FUTURREX NR7-1000PY, available from Futurrex, Inc, Franklin, NJ) is
applied to the slide by spin coating (5000 RPM spin for 60 seconds, followed by a soft
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Chemicals, Dublin, OH) for 35 seconds followed by removal of the photoresist.

The source and drain electrodes are patterned by photolithography as follows. The
etched oxide substrate is prebaked at 120°C for 60 seconds. A layer of negative
photoresist (FUTURREX NR7-1000PY) is applied by spin-coating at 5000 RPM for 60
seconds followed by a soft bake at 150°C for 60 seconds. The photoresist is exposed
through a source/drain photolithography mask at 180 mJ/cm?, post baked at 100°C for 60

seconds, developed using FUTURREX RD6 for 10 seconds, rinsed with water, dried in
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LTHC layer by a rotogravure method using a Yasui Seiki lab coater, Model CAG-150,
fitted with a microgravure roll having 180 helical cells per lineal inch. The interlayer is
in-line dried at 60°C and cured under UV radiation supplied by passing the coated layer

under a Fusion UV Systems Inc. 600 Watt D bulb at 60 percent energy output (UVA 320
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shadow masks are formed as previously described in applicant’s publications, U. S. Patent
Applications 2003/0152691 and 2003/0150384. Apertures are formed in the shadow
masks using laser ablation.

A gate level shadow mask pattern is centered on the glass substrate. 100A of e-
beamed titanium is deposited in a vacuum chamber on the glass substrate through the

shadow mask followed by 750A of thermally evaporated gold. The substrate and the
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Coater, Model CAG-150 (available from Yasui Seiki USA, Bloomington, IN), fitted with
a microgravure roll having 150 helical cells per inch. The LTHC layer is in-line dried at

80°C and cured under UV radiation supplied by a Fusion UV Systems Inc. 600 Watt D
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musﬁt £aBridard Zho acF%mﬁ@ktcﬁﬁﬂla}ng of a green OLED 5
ayer” of 500A of Al g3 (| A/sec) doped with 1

wej
per dMg IBsersnducsd vhasmahinthgings thedayes of green élghh%félrt'll%%/@ﬁteﬂal 18
For e f laver-
therfn&}lgg efraxsed;%x an 1fr%.g§§ge EBﬁtf?opAé ?%éeck)tng el ﬁltg ﬂ\“/‘%%%ﬁw ayer
coflied @ﬁlbsh@ti 16 Mb1on tHegrréentsabipiyedy. Ofic Asadcused atl@power of 1 to 8 watts
el ement. Preparation of Org ni ¢ El eatrol u nes

at pReging plang ;nsabprgguecélog@leﬁggq éstrlplggle iher pal %r&fapg ?requency of

t 5-0917
Bgﬁé ; e&%@%%éd?ifnf I\mdﬂ; éﬁ?gfggqgcrdﬁg%%dgh%\ggﬁgén 0.5-0.9 J/em?.

Aflapesibtiad tlnfist donor element and replacing it on the display with a second donor

element containing the red light-emitting material, the thermal transfer process is repeated
to form the red sub-pixels. The blue sub-pixels and the hole blocking/electron transport
layer are formed by vacuum depositing 200A of BAlq and 100A of Alg3 over the entire
emitting area.

A semi-transparent top cathode is then applied by sequentially depositing a 10 A
thick LiF layer, a 20 A thick Aluminum layer, and finally a 180A thick Ag layer.
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previously fabricated ZnO active matrix display. Using

| aser-induced thermal imaging, the |ayer of green
wokglsiosBtting material is thermally transfePCeas2e/011130

an i magewi se fashion fromthe donor elenent to the

buffer-layer- coated substrate to formthe green

sub-pi xels. One laser is used at a power of 1 to 8

watts at imaging plane in a unidirectional scan with

ianpgl.e.dither pattern and frequency of 400 KHz.

Wﬁﬁéﬁrcgag'%ggtlsgd line wwdth is 100 to 120 m crons, and
the dose is 0.5-0.9 J/enR. After renoving the first

L SecanieHBAa ProPaREAL P B a0 "

|'i ght - emidaitbthgBde@ bf Ahe 0%iae chdRerin fildRedsetolbAtE@dTolumn
is repeated to formthe red sub-pixels. The bl ue

sub-dmvezs|on sdispleheubsbie; bl ocki ng/ el ectron transport
| ayer are_formed b cuum oSt 0
| ton of TRUGETRAR pF AR HEP ERATR! v R E bk Bthe

semdidplfnapaifetihé piRelcBirBdetrasistdie beiagph electribyl contact with the
sequentjally depositing a 10 A thick LiF layer, a 20

A t hiailm apsistanrewypad Colypm driviesy PYd 3 180A thick Ag

| ayer. 3 0 / { QL 3% MOty bibstrat

cl ai med ffg&@fé%@%@fﬁ%aﬁg R reeggra?%gﬁg@%%splea%/&ﬁt%e SHAS,
met heach eganicili@hhemitiiag diedecomprisiset fioh electnedepriselond electrode,
channel thin filmtransistor row and colu drj ver,

on g iagmsting e pasfnen B oL oo i ¥ Fagusccond
chani&lroRé, XPlerdiRi: fobhiRet JraPRhsiioAt Sramid [t eMitiiRk @lode
substrate, the pixel thin filmtransistors being in

el ecomipeigés contact with the thin filmtransistor row

and colum driver.s; and fornng. . of ' i

i t 41 ng-di oadbounmepaital e uf s Btic soRgai of fefibne
organi ¢ Igighthigmlinttiapgis@irode conprising a first

el ectrode, a second el ectrode, and a,lighf- egi tting
material posi tRTERREWEHITRAOROT pheet onaprisinecs Hyshdenoy gybsirate and
the seco | f } facht Qi ol Bastal:
one. o gan 5 EfR FE e NGE Lok e DO At M Bing RSl
first el ectrodensfer@hgite firgahermahtracsferdayen fimm the disst donor

one pixel thin fil ransi stor: prepari a.first.

donor sh th}yﬁﬁrp}nstg]ﬁﬁr%?kpq@gftr %5?£Y§Eﬁg?ﬁ%§egegﬁa'ac?t to the
first thegapdicdyapsigr | ayer conprising a first
light-enitting material; transferring the first

t her mal t r ansfdepositipgn s¢qoodelehizods, mderednthgriirgitibermal transfer
wherein the first.th

transfer rlg%er éﬁP%sété eceitrbgR}lzeﬁtg rtliaenﬁgs{e erleclztlacyd% ranii The second electrode.

2. The method of claim 1, wherein the donor sheet further comprises a light-to-heat

converting layer positioned between the donor substrate and the first transfer

layer.

3. The method of claim 2, wherein transferring the first thermal layer comprises

heating the donor sheet with a radiation emitting source.

37



first electrode; and depositing a second el ectrode,
wherein the first thermal transfer |ayer is

woasictiosned between the first el ectrode and t hecsasomd011130
el ectrode. 2. The nethod of claim1, wherein the
donor sheet further conprises a |ight- to heat

convertin a positiaon et ween
4. subsrlfhezﬁl@ @i%/ lpig 2, whareip Iﬂ?ﬁ&UQF shqeia er %Qmpfrﬁgs A igglpyer
oRiiThéd bé‘&@/@é g 1 IFB@Wﬁ £ EdRQrtideQater bad tl{ef'fﬁ’stn@j:rmal transfer
r conprlses e donor "sheet with a
radllaydron emtting source. 37 WO 2006/ 105028
PCT/ US2006/ 011130 4. The nethod of claim 2, wherein
t he donor sheet further conprises an interlayer

5,posi Tﬂeqjﬁ@cﬁo@ 6t VRSN 1 1 WRerbinghd ﬁis@elB@t?ddeQﬁ@N@dﬁrﬁaﬁil h@htyeﬂmttmg
and the first thernmal transfer |ayer e nmeth

of oclladlenns in elapteiceli contanewith a souree exdragdegirode RE afol%% Ang thin
l'igh ttlng diode is in electrical contact with a
sour g‘ PSE% n el ectrode of at least one thin film
transistor. 6. The nethod of cl a| m 1, further

conpri sin ositing a buffer, er .qn a,syrface
6.1 e Thawetiel 6be Pt PEARPrEing Qrpepiiag & DUk gt on surface

wher gl i ?f’stt Qlegtl?gdef% Slite tﬁlla ﬁiéﬁyfag debdat Wherdvbbi8kind ﬁﬁé@ r

are positione l"'ay substrate and
fi r séledtfoda afid thel tafer lay@r arg ipesitiendidettwéenchadisplay substrate and the
further conprising depositing a charge transport
| ayehrst Yansgdayss bl ocking | ayer, a charge injection
| ayer, or a conbination thereof on the buffer |ayer.
8. The nmethod of claim 1, wherein the donor sheet
7f urtﬁhaerrrxethminfslegné fs@thoh@mprmmpomﬂa&gﬁbwgp fpagport layer, a

oy ottrelofird S » chATR BB o <ol Thercofon the

buff&[ff gial, or a conbination thereof and wherein
t he secon thermal transfer layer is transferred with
the first thermal transfer layer. 9. The nethod of

Cl al {ﬁ]élrne{h%ﬁ ?gfalrﬁqn%éx% d—f‘%e BBS&%&&%&@?%S&@QS&%EOM

onor substrate and
S e c Oﬂﬁnhdﬂefamﬁer Ialyawmfnmrlslir@/aecharger teanspent mategiat, m@}@m@omgctlon

thermal transfer er fromith econd.donor s
wher Biieritha B bR BHER) & pWTTTSRERA) b1 osra ndtion thereof
bet weeihigin thé sécofill BfkmaOeardRg 14yBEis transferred with the first thermal

transfer layer.

9. The method of claim 1, further comprising

preparing a second donor sheet comprising a second donor substrate and a

second thermal transfer layer;
transferring the second thermal transfer layer from the second donor sheet,

wherein the second transfer layer is positioned between the first electrode and the

second electrode.
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second el ectrode. 38 WD 2006/ 105028 PCT/ US2006/ 011130

10. The nmethod of claim9, wherein the second thernal
woOaymriosnspri ses a charge transport material, aCThae@e011130

bl ocking material, a charge injection material, a

buffer material, or a conbination thereof. 11, The

met hod of 9, wherein transferring the first thermal

10 r ariBfeemethag of cleipnfr whaeinghe secpad thepmpldpysy compysesiacbprae
region be n. the fi d Gion derial, a buff
tr an%?“ép?x{t \ﬁ‘g‘%t“ﬁ‘ie gscg%g?gﬁ?c%g%s@%‘réﬁﬁé% gﬂrw&g%{n érél sgs a vl & et
secomgketislapss esmbipaorstherenfl regi on between the first
and second el ectrodes, wherein the first region does
not overlap with the second region. 12. The method of

1£! @ el dethiSF 6] WndiBd t?:ﬁlgﬁﬂ%gt the Fiedt khdrmangdrifer l8)e Eomprises a
conprises a seconoT [1Tght-emtting material that emts
| i ghfirst ramsfavde e festgedion heiyesen fifeffusteamd seennd eleckrades angh
light-emtti mat er.i al 3. The nethod j :
whor BT SReF g EREr [P T ar e e ae b dygpond
CONMPYebBSDeBrddnrtAd fitst aftpse@bnd ledtrddes,Sthdréigitanfilseieghmrdoes not
the first and second el ectrodes and transferring the
secooriap ayitf the s¢copéregidhpri ses a second transfer to a
second region between the first and second
el ectrodes, wherein the first region overlaps wth

12.he FREARthodRFcRIM 114whdibin thetdvodd dfermblaiansit8 |aywhermaprises a
the second thermal transfer |ayer_ conprises char.
t r ansgsend lighfrapitting mé"%ﬂéﬁ@é“ﬁ%ﬁlﬂ@ Wgao%‘f@?‘}@? range dtfferent than
char { 0

ect i.on .. i.ah, buf f terial,
comb AR R R 2 D od of ol aim L,
wherein patterning the set of zinc oxide channel thin
1ie Sbt Msfhosin el PR Rat g R A0 febderhid

tr an%%xﬁ%n‘?é’e% aQlstthRs it 8P4 Bkt SpRSH bedlveerciiidt 384 sdoondielrgirodes
by photolithography. 16. The method, of claim 1,

wher enditrpasferenaiegseeons wasfesiayer pRmppiscs @ sesoafi@pshiop second

fil t i st : .
t Ihem§eegﬂ&b ¢ ‘Iéllgfﬁrgt 8%? gﬁg %%c%glé ;é[@ggg%vg%%g%}g%gg%}@é&i Bkrlaps
PCT/ U$20064&b4d aiomi xel thin filmtransistors on the

di spl ay substrate conprises using a polyneric
aperture mask. 17. The nethod of claim1, further

190MP S | NG RASASLA 139 vARreS ERRS AR herhAY 8ins@t@Ayer comprises a

charge transport material, a charge blocking material, a charge injection material,

f—y

a buffer material, or a combination thereof.

15.  The method of claim 1, wherein patterning the set of zinc oxide channel thin film
transistor row and column drivers and patterning the set of zinc oxide channel
pixel thin film transistors on the display substrate comprises forming by

photolithography.

16. The method of claim 1, wherein patterning the set of zinc oxide channel thin film

transistor row and column drivers and patterning the set of zinc oxide channel
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the row and colum drivers and the pixel thin film

transistors. 18. The nmethod of claim1, further
woanpriosizeg depositing a second | ayer between PO®/US2006/011130

first and second el ectrode, the second |ayer

conprising a charge transfer material, a charge

bl ocking material, a charge [njection material,, a .

buf fRa¥e] ip Al dransisforson B Akse I BHFafhesaioes gjhe fpglymeric

et hod .of. gl m 18, wherein the second layer is

patterned using a polyneric aperture mask. 20. The

nmet hod of claim 1, wherein the first electrode is

t rangpar ent 1. 7T thod of claim1l, wherej
SRR o DG e ol il o Bt er e
the row and column drivers and the pixel thin film transistors.
18.  The method of claim 1, further comprising depositing a second layer between the
first and second electrode, the second layer comprising a charge transfer material,
a charge blocking material, a charge injection material, a buffer material, or a

combination thereof.

19.  The method of claim 18, wherein the second layer is patterned using a polymeric

aperture mask.
20.  The method of claim 1, wherein the first electrode is transparent.

21. The method of claim 1, wherein the second electrode is transparent.
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