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WD 2004/ 030612 PCT/ US2003/ 027547 1 LI GHT EM TTI NG
DI ODE, SUPPORT & METHOD OF MANUFACTURE RELATED

WORRIIGHKTE ON Thi s application clains the benef PCT@K2003/027547

priority fromFrench Patent Application 5 No.
02-10868, filed, Septenmber 33 2002, the content of
which is incorporated herein by reference. FIELD OF
I NVENTI ON The invention relates to a |light emtting
di ode, a support for its manufacture, as 10 well as a
met hod for manufacturing such a light emtting diode.
In particular, the invention relates to a nmethod for
generating a mcrostructure periodic at the wavel ength
range of the light emtted by a light emtting |ayer,
in the emtting layer of a light emtting diode. The
invention also pertains to display screens
i ncorporating these light emtting diodes. D splay
devices, and in particular display screens, are
currently 15 undergoi ng many devel opnents. BACKGROUND
Organic light emtting diodes, known as OLEDs,
constitute a technology that has given rise to nore
ESGWEMIQ*IEIN@DIGM UEPGRTSE METHOB O RV ANGHAGCTURE
and 20 which could wel'l be used to devel op fl at
screens. Currently, three basic structures exist for

light emtting diod in Figures 1 to

3. Schematically, ﬁ%ﬁﬁwﬂ%ﬁgggﬁgave a stacked | ayer

St r ugthil Hplitatfonuiking tle banyat off pirdﬂitylﬁomfi&eminkt&entaxt@lloﬁtlon

a transgar ent conductive oxide, eafter .called I%O b

No.93t1836hjfded, Ssptembgr?., 2092ibp eontﬁmmé gh 18|ingpzporated herein by

rakﬁﬂkeen1tt|ng | ayer, an electron transport |ayer and
ayer form ng WO 2004/ 030612 PCT/ US2003/ 027547 2

the cat hode. The npbst common transparent conductive

oxi de currently used_ta fo t R e is a mxed

indi um tin oxide, cal 1&B{3(§%‘T‘6Y Qi o Ti N Oxi de). A

dr a""“ﬁ&‘in%ﬂﬁﬁ' rd1884 1 EE% ehﬁttﬁlﬁ @idde Wealppbitgbit 1t£1@fhﬁdfa¢1@re as

efficacy. This is the result of ght emtted by the

Welgdusta mathod forgndnafasturig sugh tarhabmmttmg dipde. t]ﬁé‘)agil(‘élépé the

1@11 {:1%%1%[8%50 bec@x ﬁ %rhgenf:r; ng cro V@m"‘ﬁ;‘\éﬁﬂﬁg aggl@gvavelength

18hed drensliigdemittétEn ea libht &mﬁfngﬂ@ydﬁ Saﬁ tIﬁde?mdtlnng]aggr of a light
applications. In fact, only the |ight
emitting diode. The invention also pertains to display screens incorporating these light

110

emitting diodes. Display devices, and in particular display screens, are currently

undergoing many developments.

BACKGROUND
Organic light emitting diodes, known as OLEDs, constitute a technology
that has given rise to more luminous, cheaper and more effective display modules and
which could well be used to develop flat screens. Currently, three basic structures exist
for light emitting diodes, which are shown in Figures 1 to 3. Schematically, known
OLEDS have a stacked layer structure, including a layer forming the anode made of a
transparent conductive oxide, hereafter called TCO, a hole injection layer, a hole

transport layer, a light emitting layer, an electron transport layer and a layer forming



10

15

20

25

30

em ssion leaving normally to the em ssion plane across
the transparent conductive oxide (TCO |ayer is
wagedoBoei2 pi xel i zed to formthe i mage di spl aye#Chystiva/027547
OLED. Anot her probl em encountered with current OLEDs
is the roughness of the 1@ transparent anode. This
roughness results fromthe vacuum deposition techni que
the athedy. | Theusest comnmepossparet conductive exideemirenilysed fpeform

s ARG SR pBitG e L Pl PREGEE" R o

Atd?é(t})?be&ﬁ U Efirent @l@]ﬁﬁ@ﬁ%‘i’f m 10t evhittiheef@ckty. This is the result
addi t1on, when the transparent conductjve oxi.d

ofiteghic eiyitted bo/hbe hgiﬁ@mlttmgllw belng tepRACIHTHR Soes PR ATCHES:
| TO | r dtom
st WU Rl SRR A BBy o e
ed2MYAIRY d@‘ae Tiert NVEDThéhboot displag apylicatibnse Int frick only the light
addi ti onal problen1|ed the inventors . tq deve

emi,SglhIl leaémgtrxonngllsdﬁodg@ ergissionMlang acyoss ﬁ’ft@ﬁf@ﬂer& ﬁo'&(ﬂlb: ive,
18 pﬁ}g%mg% |{1$ g%lli]}g%&t JRGh & Be HRRR @flay e%%yﬁﬁé ©ED.

e same day as thi's application.
Thendtleg probdem héongtetédoeish stmens QIEDy is thexovghrsgs phthe

e 3 TSt PR e L LR
ﬁ?&%ﬁé&ftﬁ){deeresﬂ fhe biferidl Gfkin@rptthé Bigbddi Deie r&ighneﬁstur@tes

nal art of the applicants, the anod

sm?rgsloaﬁl f?mmm swpt densésy elpngdheristaga pfipixels #ae By guses
Flciued pepiiad pEPLELS Bh afftioh, sTDARR EipBRRME MR e oxce

nBRRRSIp!RE alkbdeds HIQ,ftBE Bidiuk eRbisepn e 100 laytrttendie migrate
propertles described hereafter. Nbreover g
tawadspalainrs ssortudng femds; e off %f;t@f an elaﬁtﬂﬁé‘m& ce the
hole injection |ayer present in OLEDs of the prior
art. Thus, an aspect of this invention proposes
organic li ght ewElﬂMNgU@YdE%%EHﬁRWVENﬂﬁﬁﬂqreduced | oss

ht through th th Lem of
| o Ss quemptsgqrqt%glg Vg ihig Eﬁi‘gﬂg‘ﬁfﬁ lpﬁcg}f% geélsth% glvteﬂtér%_ %%Vglgh i ght
hﬁ\éﬁg lal e sﬁ'h@terenﬁﬁﬁt%atb& npﬁéﬁl‘ebi and Wﬁlcﬁqg tiRi sibject of a separate

ments, to solve the problem of roughness of .the
phteanayplicaivn fdetdu tite samestay de thig w@patm erligh ﬁ@ltﬁl%dlode

anode. Furth rta n

e SR P BePbR SO FERLS sbnspit i
Bih%la% olk 8 gplm‘aum@ usmﬁfaacﬂfy, ihie V@lﬂ@ﬂlzﬂﬁl@(ﬁfidéstrucum of
USZOOS/ 027 t ransparent conductive oxi

theam@qmeﬂgrtmf thy arpéicanid dle amede capsisty %fstgqovsélaemﬂmseg?@/(grs each
Ctpﬂgﬂwg 3 t%rgﬁt 6P19é1ﬁ1{c5ﬁ93,99;§aréxﬁ%ﬂﬁﬂcft&9 kad@tolgﬁ MAaALELS case, the

urirng layers pur pose,

toISRkd 88 d@;fdsﬂ%’ﬁﬁ a dlﬂfdrg’(ttcoamg hethgd diithdhe prfoparties described
st acked-
hereafter. Moreover, the transparent conductive oxide layers can replace the hole

injection layer present in OLEDs of the prior art.

Thus, an aspect of this invention proposes organic light emitting diodes with
much reduced loss of light through the edges. By solving the problem of loss of light
through the edges of the OLED, the invention also makes it possible, in certain
embodiments, to solve the problem of roughness of the transparent conductive oxide
layer constituting the anode. Furthermore, in certain embodiments, it is not only the

problem of loss of light through the edges and the problem of roughness of the
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| ayer structure type including: 5 - at |east one |ayer

formng the substrate, - at |east one |layer formng
woheosmaede, - at | east one hole injection | ayePCT/US2@B/027547
| east one hole transport |ayer, - at |east one |ayer

formng the light emtting Bayer, 10 - at |east, one
el ectron transport |ayer, and - at | east one |ayer
tlfampﬂrmj cotrictg md@layelcﬂ@anmgttbq: iaglg that arerrgsolyed, but also the

r
e o Fierif of AR BPfaD Gvefs AT nb8FRR0k fayps
f or mpg tﬂlb bﬂ%sﬂfeaﬁ@nﬁﬁﬂ pﬁjpobeﬁ,%t li@a&hl’cﬁﬁg diody ef a stacked-
formn qht emtting |ayer, and 15 wherein said
layes s tYHSyé‘f"uiilﬁgl udes, printed onto its surface, a

stru%g}gago?lgy}@pf th'é'éﬁbs‘f‘@i’el ength range of the

ht emt east ‘one |ight emtting
| ayerat leaé%merlajneng)rtrmgthélansde enbodi nent, said at | east

one i nor gani terial layer is an SiOZIayer
depost ?e@gt g’ﬁgaﬂlef%@]éb’ekeast one layer forning the

substaﬁ%gcﬁg@%fenﬁn@ﬁoﬂ laggst one layer formng the
anode. 20 According to a second enbodi nent, said at

| eastat baast ope dpyiet Eormengthie dight enndiing leyerone of the | ayers
formng the a According tgq a third enbodi nment,
sai d ag?eaistogg ESﬁgnFﬁ%ﬁpagﬂ%&’r%@eri al layer is one of
t he |ayQEsonkyd Randiliethe@h@olid)] ection | ayer.
Preferably, in the second enbodi nent, said at |east

onéharagi@”tzeﬂmihah’gﬂtwe&node 25 is amxed indiumtin
g)r(rlbcg)t és?&t%’ la& an 1&}% prﬂlt&{ é@ski)tlfea betwieh §?é:a9 e layer

on e orm ng e ano
fofimiag Mhe@Bsiddié hndatythé leﬁstmnle deeyet ﬁgtmllngthé'@ght eﬁ’mﬁirglajaéryand

in the third enbodi nent, said_at |east_ one | aye e
Whereip fgid(PISHBE @YCS ng’é?ﬁa BRMed\PRf HSSUEfaRs Res g {45 praipgic at

thé a0k %cﬁ%@ B#Ir%-[@ﬁ erafted DG shid\4e [Hathﬁ‘le A BPRIORORSS:.

a suppor e manufacturé of a light emtting
di odeAgdording to anfiimt Embediment e@id atleast ope noirganic whteripklayer is an

GUTERCECRET L WENE Tt
least one layer forming the anode.

According to a second embodiment, said at least one organic material layer is
one of the layers forming the anode.

According to a third embodiment, said at least one inorganic material layer is
one of the layers forming the hole injection layer.

Preferably, in the second embodiment, said at least one layer forming the anode
is a mixed indium tin oxide layer (ITO).

Also and preferably, in the second embodiment, said at least one layer forming
the anode is a mixed antimony tin oxide layer (ATO).

Preferably, in the third embodiment, said at least one layer forming the hole
injection layer is a mixed antimony tin oxide layer (ATO).

The invention also proposes a support for the manufacture of a light emitting
diode which, in a first embodiment, consists of the following stacked layers:

- at least one layer forming the substrate,
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- an Si 02 |layer whose surface is printed with a
periodic structure in the desired wavel ength range,
wana4/3edi2| east one | ayer form ng the anode. TRET/US2003/027547
support of the invention for the manufacture of a
di ode consists, according 4 to a second enbodi nent,
of the follow ng stacked |ayers: - at |east one |ayer
- iBi@:rigyer whosahsfaraisgrintedawith e pstiodip strpciyze in therdesiesl
th%lg@%ﬁ)de consi sting of an inorganic material and
Wik & Surface is printed with a periodic

_glembﬁégyéﬁfoﬁﬁig desidodd. wavel engt h range. Moreover,
t he support of tﬁ

e i nvention for the nuf acture of a ..

di od&he synpogod thetipvetionden thy n%aauﬁw%%wleﬁ%wsr?é% pecording
to£ setclaﬁd E@h&cﬁ%ﬁe Fﬁl?%&?c%i'ﬂ?XﬁEﬁed layeré‘.t | east one | ayer

G o ng the su sfrate. - ar |east one | ayer form ng
- bleash pAE Bryer fomhinkessubsinate) ayer forming the hole

i njection layer, consisting of.an jinorganic n?t-egi h
- BhieaskBe ByBLERIng (b aade Cangingal an R RS pefrlinid whose
ofifel YGFHE & prihidd\GitH 8 Hofib@c WBYGLRNA tHE dedived WBEEenglidRinge.
I'nvention proposes yet another process for generating .

a ni Mastvendheswppopef itednveriiontforthomaap@agraok adigde eqnsists,

the . light emtte the li em tli I r of a
an0§ng i EEPRY® g%‘géj,eng gfhle%?%%‘?mgr%{af: ]?fl(’:hnlg'ﬁl?%g'yer

- GPRE#t Dht M eLforhiie thobdeuwhieg stacked layers: - at |east
one |ayer “formng the substrate, 20 - at |east one

- atlgast ohe tavenfgrming theaensle, - at | east one hol e injection

| ayer, 3 ate.l t ole.tr - fan it ic material
-PERE ogs b PL B RR ARk Bich BB BX T op horBinic materia
aAd wheasbutanarbeis pratedtwidns paiddid siyeture anttie ABsiredavavelength
| east one layer formng the cathode, <characterized in
TaHEst it conprises the followi ng steps: a) depositing

by a ﬁ%!iﬁ&ﬁ{io@?ﬁgﬁﬁ g@f arl 0BRSS hrRB& bAYSlerfng@Nnicrostructure

I norgani ¢ nat er | between sSaid layer formng the
petibdit mathe vavelesgih darge of daslight emitteshyerthe Hglht emjitingdayer of a

Jight. emtti - ..and 30 b) .printd .
11g=h? ﬂ%ﬁ&%ﬁ%&é} galgth[agﬁg %W@S%]@P’?rocé’?ﬂﬁlgtréﬁgn‘%fﬁ@g &cgl)\/éé&ﬁlg% %tfl%ked layers:
r angey st dndiyer AFinideMe Bibdar, at | east one | ayer

form n? the li'ght emtting |ayer, on the outer surface
of - at least one layer forming the anode,

at least one hole injection layer,

- at least one hole transport layer,

- at least oné layer forming the light emitting layer,

- at least one electron transport layer, and

- at least one layer forming the cathode,

characterized in that it comprises the following steps:
a) depositing by a sol-gel process at least one layer of an inorganic material between
said layer forming the substrate and said at least one layer forming the light emitting
layer, and
b) printing by soft lithography, a structure periodic at the wavelength range of light
emitted by the at least one layer forming the light emitting layer, on the outer surface of

said at least one layer deposited in step a).
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said at | east one |l ayer deposited in step a). WO

2004/ 030612 PCT/ US2003/ 027547 5 In a first variant of
wohbs/ipecaeess, said at | east one | ayer of i nor gamius2003/027547

material is an Si02 |layer deposited directly on said

at | east one layer formng $he substrate. In a second

variant of the process, said at |east one |ayer of an

i nor ganificst vemans of tiis processesapt attlénst bm/l@y@ Oﬁ mqargﬁgc figterial is

ond vard

o dulenct dehpuied et LS 6 BeIee ofiPle g St
for mipng s&dﬂ)ﬁd IROHR of thedrodess @aidrg 16480 dnk May@X bflgn indyganic

In addition, in this second variant of the process,
nepagripl ig onlecaf dhe loyiess fororeghe@nodat eri al | ayer forming

t he

thi v & g P Al 8F ol Sl et WIERobbaRE it L Rorganic
@t &yiet formigy thabnddeyie n migedindiun Gn ofide keyet.ayer s
form_ng_the holelnjetlonlfae Pr ef er ab| in.this.
t i r 4P GAdinghn §s RangyBEEs el the Rrapetn et i et oG ergnic

gsl anti mony

oA B 104 haNRERLE hAKE o uTiad ant oy
at | éasttmnheananbo@ha procass; e7id al lehshyae inosgapic meterial layer is one

r to.its con i.dat i o heati ng. 15 The
E glﬁY?rﬁiEPrﬁﬁl%%B?lB{ﬁd%%n n]ﬁy%t(:ess for the manufacture
of a pri@hblei thid i valiadof iefiR6ass, ehid2ad of thetlhyds forming the
i ncl udes % enerating a mcrostructure periodic at the
hato/igjcstion ypramg@n@fedtanémqngﬁm oxiferle¥sd. by the |ight
em tti ng t S
o ocdu 8 g ofthirdrot e ok Meflfhe displc Yplath her is printed
pridy it Eohsblidatibe by pestigses a process for the
manuf acture of a light emttin 20 di ode ) "
char ddedRTeran Fifo PrEROSss PrREssa AR hemapRiacte Qfadish epiiting
d?%;ga\r/ %:]ﬁ)a{féété(n%ﬂnﬁ HAPR S ctitRR %Eﬁeratﬁ{ 4 ﬁ?crbé@x‘ﬁ%ﬁl}é ﬁéhodllcnat the
e invention p oposes alight-emttin
wivetbagth apgeof the ligremittediay thetlight amitingilaydraf aj ltght emitting
4%(9 udes_at | east 1ane i ht emt%li N di ode accordi ng
PrIng the PEASETSAH ¢ %V‘??t 1 4e5erbed 0V ent i on pr oposes

ali gﬂ{e ifPadibh Mek itk e oSsSraYess EdraRman @B iR RN ligh 8mitting
in that it includes at |east one light emtting diode
dwrtﬁo clharacieiized in Hat it adudes asteprdfiveel oEthp peaviously mertioned support

ventign. Additional features and advantages of the

rt SENPHMention will be explained in

In addition, the invention proposes a light-emitting diode display screen,

characterized in that it includes at least one light emitting diode according to the
invention.
Finally, the invention proposes a light-emitting diode display screen,

characterized in that it includes at least one light emitting diode incorporating the

- above-described support of the invention.

Additional features and advantages of the present invention will be explained in
the following detailed description. It is understood that the foregoing and following
descriptions and examples are merely representative of the invention, and are intended

to provide an overview for understanding the invention as claimed.

BRIEF DESCRIPTION OF FIGURES
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the follow ng detail ed description. It is understood

that the foregoing and follow ng 30 descriptions and
wexenpBed2zare nerely representative of the i nveariusmo3/ 027547

and are intended to provide an overview for

under st andi ng the inventiorg as cl ai ned. BRI EF

DESCRI PTI ON OF FI GURES WD 2004/ 030612 _
FiRGHE 1US200B402 %5t dss-séctitngfracfirst QBER stmbenmef tbe prior art,

Cross-section.of a first ED ure of !
Fighte 2 isps S@E?rea@ arasettieatdrecortt QLEDUife Rty d1fe Bfiboke,
Flgﬁﬁeoﬁg adeFnStd d64se8tidH oftaBir@ OIED siflicture oif ié@ios aits a
tic cross-section of a third OLED structure of

Fighee 4isi ascchematic crpysgpgeieontofj s QLER meeriting te thedatomad pit g the
of. an CLED according to the internal art of the 5

Iﬁﬁﬁ %ants, Figure 5 is a schematic cross-section of
Fird3-fs0d REGARE @sstsRctiorf 0 SitOEBDedoraing toh firgtenbodiment of
invention, Figure 6 is a schematic cross-section of an
ﬂElEMM@@@ordlng to a second enbodi nent of the

.0, r g tehfddBhent of

Pl e Rk i G Bt L D b R g So g chbamh
theriresmtionn, Figure 8 is a schematic cross- section of an
OLED accordln to a fourth enbadi nent,. of

Flanih 3 S hopR g 8ssoser SOt Loy HAD Lo bgdo a3Rfd gmbgfimept of
ﬂghﬁgﬁﬁﬁﬁordlng to a fifth enbodi nent of 15 the

I'nvention, Figure 10 is a schematic cross-section of
Faurd® ED sohemati ergss-sctiondikarhObFDosrerding tef fowgpembodiment of
|nventJon DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20
thedBveiiolent i nvention provides a light emtting di ode
FRfurd D& Sickelsatc bdyesectisi st OLED acperdingto arfifiir ahbodjmant of
|'east one | ayer made of an inorganic material between
thehevérdipary formi ng the substrate and a | ayer form ng

t he I
rigife 10 s BB O BBl o 8 OREB cBontBd RO ampodient of
tintédtion. | ayer is printed. Al so described is a nethod

for generating a mcrostructure periodic with a 25

wavel ength range of the emtting layer of a |ight

em tting di %ﬁrAﬂﬁg mﬁé@ﬁﬁmm‘ eéqm ndeERgIONNg an

inorganic material |ayer by a sol-gel process between
t he Slibgresantaneantion provides a light emitting diode of the stacked-layer

10O

structure type, incorporating at least one layer made of an inorganic material between
the layer forming the substrate and a layer forming the light emitting layer, in which a
periodic structure at the wavelength range emitted by the light emitting layer is printed.

Also described is a method for generating a microstructure periodic with a
wavelength range of the emitting layer of a light emitting diode. The method includes:
depositing an inorganic material layer by a sol-gel process between the substrate and a
light emitting layer, and printing the periodic structure onto the outer surface of this
layer by soft lithography, as well as using this process for manufacturing a light
emitting diode.

The invention will be described in reference to the accompanying Figures. The
diagrams are not to scale, but are given merely to better illustrate how periodic
structures in the OLED of the invention are achieved. The actual thickness of the

various layers ranges from about 10 to about 100 nanometers and the period of the
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light emtting |layer, and printing the periodic

structure onto the outer surface of this |ayer by
weabd4/Bodibogr aphy, as wel|l as using this proceBeTfise003/027547

manufacturing a light emtting diode. 30 The

invention will be describegl in reference to the

acconpanyi ng Figures. The diagranms are not to scale,
deditHd pREBAR swRBurEheEe fom bedut 200 td dhest 4G0 wanketqrs mhsigitese

structures in the OLED of the invention are achieved.
dirprsicrstaveteveripd ifbe Eiggiost he  various | ayers ranges

fro & @ thd@ipierlyod
¢ CEiRL R sie Ty RANATE i AN thdatibely
V@@ﬂilhl@th@nﬁh etdlt, R, Aadg8s. Partmvel duserigbV tnegeidc 43000
nanoneters,, while these. ons_ar b
eniifed Frgaeakin TA7IFGHar tEgnis ARG OrEReR Rl EE R,
AMttocl e by Veroni que Dentan et
exg{&ﬁleﬁab %[re@%gndeq%g{gﬁr Paris, vol. 1, series 1V
425-AARFnost SomplextQLED sm@gﬁ@ﬁ@q prigrerids these- cailagﬁfétmcmre
el ecteéﬁeg:m nescent materials", wll be explained with
TepIget © fgures 1 to 3. The nost conpl ex OLED

St r ugd b fech HEFiPhileQr, tHA §tnicturt bensias oftht éellofing stacked
structure represented in Figure 1. As can be seen in
layargfram botterhite topt r uct ure consi sts of the fol |l ow ng

7or ot Ry Panb i fep g EhbAM PR M gl ? VS a

| ayef 1afer Wimingtthearmdo d e mixtle wédérapspagent pamblpaveewclde generally

conducti ve oxi de, generall | TO ner al | d

by CHah searaly fatae Tghaepb b PR HTaR SReMARE By Ble' Sfer
“ff&ﬁf‘acet,fiﬂaqa§e@¥o?ﬁlﬁ %ﬁ&uhm(ﬁubst rate 10, 15 - a

hol e T njection layer ., deposited on the outer ,

sur f aneledfijettive layeyd2, deppqug)mthe outghgtréacg of the lgyes frgning the
transport | ayer 13, deposited on the outer surface of

t he 1formng the hole injection layer 12, - a

| ayep hBErthnE‘[Q)d 1|él$er| 139d¢ oeirfe'd d1i the oltey eurfdod of tedepdrtfenhing the
on the outer surface o the 20 layer formng the hole

i nj ebeleame¢tippdayer22, - a | ayer 15 forming the transport

g:-%gé Ila](c %{rfj fog#%é: Lo ﬂgl%tgeﬁﬁlgid‘%fqg%e994 el&éﬂgoﬁtﬁé Pgﬂréfr;sugga@e of the
t he ldyghformig thé hele ixgyetion layer 12,
- alayer 15 forming the transport layer for electrons originating from the cathode

16, deposited on the outer surface of the layer forming the light emitting layer

14, and
- alayer forming the cathode 16, deposited on the outer surface of the layer

forming the electron transport layer 15.

The second basic type of OLED structure is that shown in Figure 2. Thisis a
DL-H type OLED. As can be seen in Figure 2, the structure of DL-H OLEDs
corresponds to the structure of TL OLEDs (fig. 1) except that the layer called 14’ in
Figure 2 is made of a material that allows this layer 14 to act both as a hole
injection layer (13 in Figure 1) and a light emitting layer (14 in Figure 1).

The third basic type of existing OLED structure is the DL-E type OLED shown

in Figure 3.
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14, and - a layer formng the cathode 16, deposited on

the outer surface of the layer 25 formng the
webhemtsen2t ransport | ayer 15. The second basi cPCYS208/027547

OLED structure is that shown in Figure 2. This is a

DL-H type OLED. As can be geen in Figure 2, the

structure of DL-H OLEDs corresponds to the structure

of TTheRttEptre bf HL-A jype I &ids easeespands to tpastruetnrg fd 11 QLEDs

in, Figqure 2 i f { al, f-hat.. [
et Fodin i RGP SRE PG4 it Sl
mbfRrifd A Blos tRiRdayRr | 4’ UotacEoth b B lighteteittinglidydrifl &ingipere 1)
1). The third basic type of existing OLED structure is
mﬁi@nttm@épﬁﬁwfs(ﬁ%mflg}lﬁ B gure 3. WD 2004/ 030612

PCT/ :

B T
destieql intahaitent apiloatorCilEdon thesaieeydry as dhik epplication and aims to
e e B S L A S LA

' i & ot the anode of
OBt riro oL g gl M ot
O&FDscif tineemior Biiemd, alsa, tetprolsmackatedde dlg inigsetignrofandium when

atent application fjl.e n the same day as this
th%p%ﬁ‘r}SB%FFﬁtg"r?ngﬁﬁwgio etl%ﬁ(g‘ol ve problens related to the
r ougTh&R Strabtutddeefitichaile iémbhet 61 thBspslicanis oabnaiddtavy gever

oxi de | ayers degostted by means, of a vacuum deposition
beeachissilepgd prier todpafiting obthis@rBeationy EDs of the prior art

and, ~al : t ) | f

“nai Qe R FE E P AR 2t 10 SelT Yo Phalof e
rdu'lgﬁlesi'bie sensphreic tc;ifd&&iﬁeeﬁicksleyﬁrs ﬂbm)sit’)wd by g:;duulalrdepgjition to

the applicants only and have never. been disclase
£33 67 BB Hob 1 DD G1 L S 1S iSRG OfGH LBy fgrds the
o&t%f fﬁg&# % Sin (G ETY iBn (s 4oBU1 € idhmad QoSII0) 8nd ApP1iBAAPhRIE

of sarface Troughness of transparent conductive oxide
disayersi epdepositidg bytovaclayen fdepingiths awde d 1 26 aflditipnal haver (18

.apode 11 of .an ED and.to prevent..the m | O f

i Pt ons Rnaosene: GuRihVs Byig E8a b Hp B ds bva
sb10d s tyRScold. theSprobled dFfsutfdda robfigreaPpt the andde 1Naleposited n the
di scovered that depositing onto the |ayer formng the

pripeebY Yaaminudeniosition as Felyed: Margovarit piag seea that, la»?caaeﬁﬂly
o Rl BP0 RS B 8oL B il o
t®@EorsidctAlRlimduphnegatiaf oftihdiuan oden ik aeposias maddaof O, this
layer 18 being used as a barrier against the migration of indium originating from the
ITO layer under the effect of an electric field. This second layer 18 is preferably an
ATO layer.

The applicants also discovered that the layer forming the anode 11 could itself
be deposited by means of a sol-gel type process, in which case it did not have the rough
surface of layers deposited by means of vacuum deposition. |

As has already been explained in the patent application filed on the same day as
this application, both layers 11 and 18 can form the anode or layer 11 can form the
anode and layer 18 can act as a hole injection layer, in which case, in the structure

represented in Figure 4, layer 12 is no longer present.
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20 prior art by vacuum deposition was sol ved.

Moreover, it was seen that, by carefully selecting
woheostoserigpar ent conducti ve oxi de form ng the BeT@S003/027547

| ayer 18, it was possible to considerably limt the

m gration of indium when $he anode was nade of 1 TO

this Jlayer 18 being used as a barrier ai nst the

mi gﬂh;taohrevefthasmhsuhﬂ botbgipestof ﬁ@ﬂﬁfpﬁtﬁﬂtt? cimanptgy@flde,

nder ffe of ,an electr
ma:f%l%gp ells 1&"1&#@?’&3} RS %;c mul che-gﬁltjﬁﬁlag%g fcants
apBliSRitsd IRRAY BE EkbsER 86 thhﬂﬁe traysiitthaderth tige ‘tlknbleaamgbsoflhe

ould itself be de osited by neans of X}&pt
stxpctum@gmngﬂaym £h anhEbisial LeaflepaHeo RARAHBS 18%59? extraction

ce of and

RT3, PEPABL G RS A 1,
in Iaﬁtcﬁﬂfs cadpdriteat 4. 6ﬁleﬁird>1evblmnaﬂdmef€aatﬂy gm}teaﬁlan@cﬁ letgpn

application, both layers 11 and 18 can formthe anode
volis. | ayer 11 can formthe anode and |ayer 18 can act

as a, ?\%!rn?ag'e A g%@lrITd l'ay&*ﬂegbsfedfb@ ,cheidal@apour-phase

struc esente Fi gure | ayer 12 is no

ddposigien apd hyanl& iSO AT Y T Byer duppsitsgtpomsdzpharecesy To
hi th | t th t {

HewAucRY e | hardis o G B8 HehlBT Sy pol A BRRHS R iigh ease

ﬂ&%S?éﬂﬁHg&uggﬁﬁféﬁgﬁgggtIng the internal art of the

I cants, should be chosen so that the%# % ttance
in thlsac‘nahtmnbhsedqsam@@ abpve, eyer $8.rwan it i masle m &8 g Some

east equal to 80% and the el ectron

Caé?(st?cééf%%ﬁn@e% PUEEE t he second | ayer 18 is greater

t hanpt hiec8bg ebihamcexstivatCodayesni k and 18 agmonmt ofamy in

all cases greater than 4,6 electro Its
trprsphusnigsinduefiw e, bp 13 synple of g&{(?(ﬂ??ﬂg%%rl 3 gllxncure of oxides of at

168% o%gém?ﬁqﬁ%ﬂﬁééﬁ frc& éohsRling dRih, AWEY, irdiRRe Sdolntihddyif

vapour-p ase eposi tion and Iayer 18 is an

nésEE3a0y with@t leayteme cipesi frem tbg/ group epugigingmi gebism, antgmony,
However, |ayers 11 .and

lgoiogy i B SRS P el S CoBRBERO B fpRsiton of
tlf\i; IHX%H %gfd% of §Rturd 6F cﬁﬁﬂ:‘s%r@@tm@és slesging heoat Avawid oxide.

when it is made of ATO, can in sone cases
act Exalhuplesofn}lmﬂomﬁslna%@e In all cases, both

success¢ E’i‘ CO | ayers 11 and 18 can consist of any 15
transparént conductive oxide, be it a sinple or m xed
oxi de oGadnnxdpure of oxides of at |east one netal

chosen fromthe group consisting of tin, zinc, indium
conbi-nednilp-O

- Zn-In-Sn-O
- Sb-Sn-O
-  Zn-Sn-O
- Mg-In-O
- Cd-In-O
- Cd-Sn-O
- Cd-Sn-In-O

which are all mixed oxides of at least one metal chosen from zinc, indium and tin.
Examples of doped oxides include tin oxide doped with fluorine (SnO;:F) or tin

oxide doped with antimony (SnO,:Sb) or indium oxide doped with tin (Inz045:Sn).
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necessary with at |east one elenent fromthe group
consisting of gallium antinony, fluorine, alum nium
woagngsiam and zinc, this element entering intecrius2003/027547
conposi tion of the m xed oxide or mxture of oxides,
or acting as a doping agemt for said oxide. 20
Exanpl es of m xed oxides include: - Ga-In-O -
ga' stﬂmgrde@ril%ioﬁbelbw; Be ternZfmixpd Sride’ B3used Bhdegignate oxide
_Zn- Sn- - -ln-O0 - Cd-In;Q.,- Cd-Sn-0O 30 -
mixtgresand dosdFides agmellgs mikgdBHIBAHEE of at | east one

et g o808 ald AR Mght A i andiin layeK aAT4E40f the

doped™ oxi des I ncl fin oxide doped wth fluorine
inv(aﬁﬁk_ﬁﬂ%xfé))o@s ggnéenaté@a wergtpedrepariodimatithowgrelaagprangs
or indjium oxi 0 W.th. thnq. : Vo4
e g D BT PEERTDA S 037 isy® Uehf i e, 14 147, 140
bel QWeoddify t@hdnvBtIRIsIRK aGeictute pigiddid 20 tikesangiangth range of
oxi de mxtures and doped oxides as well| as .nm xed
thedightl emitprsirbysthe light estiting lexsr isgrnermiqd e dhis enytiigy {fayﬂ [
the light. emtti 4 : i j j i
oo e pE A ot 19 fopPliod St R Rmine
th\RBSHRS U0 And eRgBhDereititd lagertiiselfid, B4i 141 ng | ayer 14,

14", 14" in the light emtting |ayer .14, 14' ..14" .
14a A mathodreaistighoPiing wﬁ%ﬁ‘%&ﬂ?‘%&?ﬁdﬂ PRotgpeiy g pesist layers
per.i odi G. WaME gth range of the light enmtted
us‘%g_atpr%g{qqﬁt%éﬂg’%ttl n 1%Inayer is generated | ngt hi s
eni Ndveghélagsethelphotofithogtaphiy tedhaiqueds exngngiue prebipagnot be easily
structure onto a |l ayer.depos, t ed t | aver, -
app bR FHEO S PR TL 0 S R 1) S os B G is omly
difekﬁ;ﬁ%ﬁ&m%&ble ¢ photdtbsist thPe MafeBhROghdeich hitdralsure,lih addition,
periodic mcrostructures in photosensjtive. {lesiét
diffmyttebe adlionel er dshetiist! ion msteribhsueh ag liss glich is often used for

ert hel ess, the photolithographic technique is
Oﬁ&%éﬁ‘%ﬁt’%@sa\nd cannot be easily ;

To overcome these drawbacks, intrinsic to the use of a photoresist material and
to the photolithographic technique, in printing periodic structures in the wavelength
range emitted by the emitting layer of OLED diodes, the invention proposes printing
this structure periodic at the wavelength range of the light emitted by the emitting layer
onto a layer made of an inorganic material deposited between the substrate and the
emitting layer.

Advantageously, this inorganic layer is deposited by a known process, the so-
called sol-gel process, and printing in this layer of a structure periodic at the
wavelength range emitted by the OLED emitting layer will be caried out by soft
lithography which makes it possible to overcome the limitations of the
photolithographic printing method.

The following layers deposited onto the layer in which the periodic
microstructure is printed will be deposited by any suitable process, with the exception
of a sol-gel process, as such a process would even out the surface of the printed layer

and the periodic microstructure would no longer be found in the light emitting layer.
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applied to print mcrostructures on filns with a

non-flat surface. Moreover, it is only directly
wapplsioseke t o photoresi st type materials, andreuais2003/027547

materials are, in addition, 15 difficult to be adhered

or deposited on materials gych as glass which is often

used for OLED substrates. To overcone these

dr awbhaetker, wonds Jif thei lfxyetscpl'e:haat ors thegirintedolapdrdtseld wete deposited by

terial and to r aphi hni qu in

a Bl g PBRAESS s deghe i mn e RouE st B geraipd ghe
Ogﬁt;ﬁégegﬁﬁﬁlqa g tting layer of OLED diodes, the

I nvention proposes printing 20 this structure periodic

at t Hewm&reﬂerlwdns d@ng@domdt:ﬁbe pngmd Lasier eatele dspositrgl using

al?%&lﬁé’%pgﬂit% 8gﬁst }g\gm %pf”ﬂﬁﬂqﬁ fmg ! ea%l{é lenacﬁ qg%ér? in particular

tiR¥bl-bélRModedy er . Advant ageously, this inorgani c | ayer
i's dep05|ted by a known process, .the so-  cal

sol - §eft ligrageady is amﬁtl}@fiuuﬁ@d 10§ prlﬁt%mclpawéﬂmfsfognable layers

R S e RS e

@b@kb@@%&nMﬁtWﬂiGBQﬂBReSﬂ%IZmOSS|bIe to overcone the
[imtations hOIO|IthO hi.c printi hod.
The ﬁb?quworfgamlé( %‘885?35’%96%%’)%&%‘? t‘?"ﬁ?’é’?‘%’ \t}?ﬁi ch

ddiEpaesd e@ﬂ%y 111ﬁ§t1%€19§£r[&’r{ott WhBtihSeRiigited w1 be

eposi t any suitable process, wth the exception
IiBhesf exanpdds-:gel process, as such a process woul d even

f f th : d
- Ftaeoiast stls FelEuadtr U ARG R aBe o gha i ey 1 e no
st@ibtirkipRflodia ¥ehe WiRRAGA 30 e1AHE By HaZ0BD Q@Kﬁ&ﬂlttnﬂgﬂayer is

In other words, if the |layers present on the printed
eitkey printedssigeneigied. deposited by a sol -gel type

at t
- gagg essgl etéfe qgfeﬂ&%%é &%%E%%{d'bgq{ﬁ’ leﬁg "t‘JaIG ngé ﬁag%% @Hg:% ﬁ%odlc
stitRuredy eeswalefagti @agdotdpht érhﬂterl ihiyrthe O LERy enittieglape has only

deposited using 5 any appropriate process which wl|
b?ﬁé‘%ﬁ%‘?*@ﬂ?ﬂ‘%o the one skilled in the art, in

?[ag’él;I Vgﬁtﬂ e éelfxeﬂﬁcé Q518 e ﬁﬁ@%&er ﬁp’fére ldyEﬁQQraﬁ E’Ilfﬁfgdﬁc

use printing chani cal | y déf or mabl
maggrial &1 whichl aisrudmscperiodid at the'vBofetengihtiangy efdight emwaﬂpe(ﬁhe

a M, Whi t I Ed.
of s BR0E Bufr el neet bR, pFSrab s MR e
i nvention, several enbodinment exanples will be

EXAMPLE 1:
A first embodiment of the invention is represented in Figure 5.
In this example, the OLED of the invention has the TL. OLED structure of the

prior art illustrated in Figure 1, except that it includes an additional layer, called 17b in
Figure 5.

In this example, the layer forming the substrate 10 is preferably made of glass
and the additional layer 17b consists of silica deposited by sol-gel. It is in this layer 17b
that the periodic structure in the wavelength range of light emitted by the OLED
emitting layer is printed by soft lithography, as illustrated in Figure 5. Silica and glass
are perfectly compatible materials. In addition, silica is also compatible with the

material making up the anode (11a in Figure 5), preferably ITO.



10

15

20

25

30

described as purely illustrative and not limting

exanples : In these exanples : - layers whose sole
woeb@raomae i s a nunber called x or x' or x" areCragenns/ 027547

in which no structure periodic at the wavel ength

range emtted by the OLED {j ght emtting layer is 15

either printed or generated. - layers with the )

r ef exen@besetoin Kpmd Shthetshme detitedrpetiadicatractirpyie generated in

thg DEHenR PRI ga DRSO O TR G" Fay CAL Lo S 0
o . - . H . . dn
wl{d% pxgg\%gl?{)d;ﬁe?ﬁ)du%‘acmé 1$3kf)lfcfo$1u\'5é&. i bhRtiES iRy ®BERE Yeriodic

e letter ' are layers of an inorganic
strabturets ephabtei in whiaybrsalepesitad o this prves bd-c at t he

wavel ength range, of |ight, emtted t :

e 10 APAhERRage paielye T gl R M 1 wasppeted with
a Aiiiémgérad%mean%we&%elpmeesfsi Thé desirea gemmtit stafctirbes printed in

Invention is represented in Figure 5. .25 |In this

the sidinplayer whide tiEByet depraitadicsolicsh issidl mechanicaly dgfprmable.
truct f.t i g tr i 0 Ei
A@%Et Ct H{eﬁaé)?er is J&%solfﬁ%t?g 'Byéflréﬁtlﬂ(jéd Hﬂlfs o%g‘%s%%ae't@ la'frblgi;l"bl?lg%xt, the

I'nc s’an a yer,
folléRirgNaydrh gtersacdessively tipasitekaniplthe kndven DAFEr mbmriadtug
the substrate 10 is preferap@g nge of. glass ang theSited
pragrss tHlowayer) fay e raapnsEre QricTothedPHovRE ystsappst fe fopo
b}i]?lleglr%edf'aéjrBCéSéﬂ{hgT&l% ilgyer 17b 30 that the periodic

ructure 1 n the wavel effigth range of light emtted by
t he MISFD, &ayet ¢anradsol teydeposited o thetsehe wayhstween the layer forming
l'ithography,. as . illustrated in Fi . Qi
oL B3 o R e TR, By A0 BLEDs,
AL Fi?{nle‘s Qani S r@éf%&i\ﬁémﬁ@ kldhestiotfulbestafestrurairey beddnging
king up the anode (11 a in Figure 5), preferably
tol tIQINV@i®004/ 030612 PCT/ US2003/ 027547 12 As can be

seen_in Fiqure 5 e [ perdodi
2o kbt W TR SR ARRLAEh G Shiatbusan e
maferibREoRhiRS R EIbOFat@ Mdatdide, amdavhitlayar beldpositeidy adoil-ghl
the desire eriodic structure is introduced. In
PIPEBSSt $atdhe chﬁg toyehipin dhe %EP&&‘PEM@@FE&I@WEO ﬁ%s GATRSt ed
in all layers deposited on this layer 17b. 5 To obtain
the structure represented in Figure 5, the substrate
EXAMBEEQoated with a silica |ayer by neans of a

RN R A O

depoght efl F1Y irSPikn@8 has e BL OLEDB@hdive @ tHeyprior art illustrated in
F?g?ltceo Lrg(kélepet.that in this embodiment, the layer forming the anode 11 is the layer in
which the desired periodic structure is printed. The layer forming the anode containing
the desired printed periodic structure on its surface is called 11b in Figure 6.

Here again, as a result of printing the desired periodic structure in the layer
forming the anode 11b, the desired periodic structure is generated in the light emitting
layer 14a of the OLED.

Here again, the desired periodic structure is not only generated in the light
emitting layer 14a but in all layers deposited on the layer forming the anode 11b.

To obtain the structure according to the second embodiment of the invention,

the same process as in example 1 is used, that is to say a layer is deposited by means of

a sol-gel process but, contrary to example 1, this is not an additional silica layer, which
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After this, the layer is consolidated by heating. This
gives rise to layer 17b. Next, the following |ayers
wanredgaeaessi vel y deposited as in the known OLBOI/US2003/027547
manuf acture 10 process. However, for the reasons given
earlier, the following |aygrs nust be deposited by
means of a process other than sol-gel. A Si02 | ayer
is G@Musad pthixeenmlsydasértgeht adasteh foraamg thaayodemedseef 2 ¢paductive
ayer form ng the substrate.10 and, t | ayer form ng
OW%P%@G‘@YH%OPH e-lweaﬁfa“ﬁ&g ﬁl}etsﬁ}%a& , represented
In Ff‘rgalfrt@éox?soﬁa’%ioﬁ JFBRATCS inyetiv ds%ﬁﬁteﬂ%*boﬁgélym%ldeﬁﬁed
are structures belonging 15 to the invention. In the
pesiadie stractuer is painted itseft ilidhogsanher Libiemnl 15iis ihen comsolifated by
conpat | bl ith the materials form | :
negied e olinenaen eqerseipo B Hed (1D Bfiktfnfe
préR€ess, can be used to obtain the COLED structures

according to this exanple. 20 EXAMPLE 2: A_second
enbditishsid benoted thaf wibistemhiedinentdhe prabine af FoHSkISshPEhe
6. .Ihe ED j UL, T
lagir oo [ Ol P R HEnccon RIS R, |
partidiBarIoliiseRé soltéd whighefurther inipngyes tige Imnfmdmallc:@_ df¢he QRED
| ayer in which the desired periodic structure is
ofdh¢ Hvertionthe | ayer formi ng the anode containing 25
the desired printed periodic structure on its surface
iscalled 1 Ibin Figure 6. Here again, as a result of
ERAMPLEG: t he desired periodic structure in the |ayer

form ng. .t anode 11b, .t.he .desired_.per.i.odi.- .
o QRO acTROR L ¢ Pyterutabp i AR E Dy 3 o in
FLED. rbre again,dthe dﬁsi{edhperggdic_structrre is14
ot on enerated in the |ight emtting |aye a..
but The BN mygscddys e Ba OB sieictuy of thegripr Al ysgaled in
de 1 |b. tal [ :
rEoh e o S ey bE Mol dbRRGHAG, Qe 12b Bfrigure
7a%ad depBKasiyes sbligsl proeds atdthe desirddpesiagicatrhetyerwissprinted by
de{g05| ted by neans of, a siol - ggl _process but, contrary
safp lithearephi on theyier spefacet 1ayer 148t ti onal silica Iayer,
whi C&h%l%g&éé 9(@12361;1% & @Eﬁ%ﬁ%ﬁé&%@ﬂmcé@ ateS adRlexdfn@tt 1,
odr ment , % th de

inthis e ut a layer formng e anode ma
cafsoldatimcifdayey 2b and slegespive epasition af i fodlawingdayey by a
formng the suhstrate 10. Prior to consolidation of
PYQ5Ess)| oFsT iR PATSOREBEEPt ed by sol -gel, the desired

peri qgis‘la%ér IEHAiHE el h%lepilhi datiesl 1¥r is @flhydr intdde of aphysparent
Layer 1 Ib is théen consolidated by . _ ,
conductive oxide different from the transparent conductive oxide making up the layer

forming the anode, called 11 in Figure 6.

Preferably, this layer, called 12b in Figure 6, is a made of a mixed antimony tin
oxide, called ATO hereafter.

As was explained earlier in the description of the applicants’ internal\ art on how
to resolve the problem of roughness of the transparent conductive oxide layer 11
deposited, in the prior art, by chemical vapour-phase deposition, the applicants
discovered that such a layer, particularly an ATO layer, makes it possible not only to
eliminate the problem of surface roughness of layer 11 but also to replace the hole

injection layer used in the prior art, since it is deposited by a sol-gel process.
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5 heating and the followi ng |ayers are deposited by

the usual OLED manufacturing process. It should be
waab@d3ediat in this enbodi ment, the probl em of PCT/US2003/027547

roughness of the |l|ayer formng the anode 1 | b made of

a_transparent conducti ve oxyde, and nore particularly

ITO is also solved, which further roves the

per f dysrintipefist andrsec@d@@boﬂun@fts d¢senb rwcamples Exnd/Blapove,

o} ayaes B S8 aisr et ab s SHe PR EE ryHoebipmoporen

chhdiefie éxid8shé H@lt@&p@}(ﬂ@: sthiouat Gy gian@fatddhﬁ tiy lightt editting layer
illustrated in Figure 1, except that in this

1é%‘0’d¢1¢h¥t§ﬁhe desired pBicempipE@silion epugyated inall follgwinmlaysys
I p@% deposited by a sol-gel process and the

&?{F‘zan@n I'c structure was printed by soft
lit h@gi’d&[gﬁmlsdmydr heb mrervessulfasdke pfobleayef thd Rtigrafibue of indium
follow ng steps in the OLED nanuf acturi rocess ar
iGpg AR AT aYors 6° (S 1SR P GRIOG ATt 193 Lo gpade of
rfgccessi ve deposition of the follow ng layers by a
process other than a gel-sol process. This |ayer
f or miTigs,tih¢hik erhbodlmjeet; notomly thed?LF peeseaty doss phlightdfora the

RS e STIAEELD U5 ST B0 AN v o

Ol ?&r%nhﬁl@ tRaRde nfadé bes trddsphienft@iduetive oxdde, gartlcularly ITO,
Preferably, this layer, called 12b in Figure

apael aefth@prnbbe@opfamgraﬁ@wf ndium gonsdewads fhecyteateyers from the

her r scription

Rt PRGN T e e EL SR B R ARSI O MEVEESTT L2 L e

problen1of roughness of the transparent conductive

oxi de Iqxer 11 deposited, in the prior art, by

‘vapour - phase deposition, the applicants 30

d' SCOUEOE! %ﬂ Qﬁ%t&&&é%oﬁlﬁf%ei fouﬁﬂ "eﬁ‘fb%éﬁ'n?e‘iﬁ ¥f 88 nﬁ'-Eﬁ)ﬂon is
ayer, es It possible not only to elimnate the

rqmehm&mnnﬁhgmeﬁace roughness of |ayer 11 but also to

| t he hol ti . d th i .
b s e prsshtete oty op F Elgptd o Brde in
RO 306dLc JAGE s WP RRE FfEififbded ThderdS] 1i dhdt 1i361n fRidgisé 4 aindhis

second enbodi nents described in exanples 1 and 2
cagrovade offyoptifferentigpnsprseni condustive exidedi ¢ struct ure

onto ﬁ&\l«éve'rfi}{ fifis &Hfé:ﬁlr&fthgdésﬁgg Bgrl&ﬁ@ BPRALE Was printed by soft

lithography on the outer layer, 18 in Figure 4, which forms, along with layer 11, the
OLED anode.

In this embodiment, layer 18 was deposited by a sol-gel process before printing.

As in the example, after printing, this layer is consolidated by heating and the
following layers are deposited by any suitable process other than a sol-gel process.

Layer 11, which along with layer 18b forms the anode, may also have been
deposited by vapour phase deposition under vacuum or by a sol-gel process.

In this embodiment, layer 18b is actually one of the layers forming the anode,
contrary to the embodiment illustrated in Figure 7 and described in example 3 above in
which this layer is the hole injection layer, called 12a in Figure 7.

In this embodiment, as in the embodiment described in example 3 and

illustrated in Figure 6, the problems of the loss of light from the edges of the light
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conductive oxide, the desired periodic structure is

generated in the light emtting layer 14a, which is
woheo4baediz ed outconme, just as it is generated PaTaISk003/027547

followi ng | ayers 5 deposi-ted on |ayer 12b. Adding this

| ayer 12b noreover solves the problem of the nigration

of indium ions towards the outer layers, as is the
emasng layer, hewpH ranghaess ofer13Q layerr(11 in Figures) lepgsited P

o Py g PR B s Ve el BB B3 ions
foh ARy dritel Q}F%:@Qﬂ%ﬁealbbﬁlvﬁom ems related to
e

roughness of | ayer formi ng the anode nade of a
transparent conductive oxide, particularly 1TO as

\tﬁ@!lIlIP he problem of migration of indiumions
E O\A/arggs‘t;'he outer layers fromthe |ayer formng the

anoda stiuctundsaeotdingstoi asfifiia ei@bodimeQ)f the mvantionsis liNwestiated 5n
EXAMPLE 4: An COLED structure according to a fourth
Fig¥so%i nent of the invention is represented in Figure

8. Think b WWrRsFoids BSRTISED %ﬂr&%nﬂeh linBichiAf 4,91, 4 Bructure

Figure 4, 1.e. a structure in which the anode
aumm&mgtsﬂmﬁmbmnlaﬁg@hﬁnm@seumlayers 11 and 18 in

{: Ir gﬁilg %ﬂl{ﬂg‘c&%walﬂ:cm%%gst %%g%aggn %&Wé}’e ogdei e1e Uited 11 in

F§§L&él 4! WEEdepbiRd WS SoBPelRbd RS hifd it Idugied periveis sﬁ[ld:tﬁteeﬁas
sof t | i thography on the outer layer, 18 in Figure
pmntedmycshftfhéhmaphaloaﬁ@e syrfage) Hypelayan ¢ cal%eﬁel 1bayp Esussdde.

o TR T e A ghsin

f@lkﬁﬂiﬂg ﬂayeﬁ;f dre Eucpésiswblyrrtppomtudéoyl ayenitibde proonssslotltha tlea amnpl-gel
heating and the followng |ayers are deposited by any
PERfi®tabl e process ot her than a sol-gel process. Layer

11, L€ Qgﬁﬁe glﬁgo?ggtﬁb ﬂl@Uﬁfn JH88ssf SR ﬂhﬁﬁlgﬁ rﬂl@éj&igeérﬁf’the OLED

al so have posited by vapour phase deposition
bumaileas thegrohlem @f rdnghaess off layet 1 hamtmigationrpftapings from this layer
di_.nmen s actually one of the layers

t?%ar s ¢ eél%?’ﬁgsoaé?s‘ﬁﬁfi'contrary to the enbodi ment

illustrated in Figure 7 and described in exanple 3
above in which this layer is the hole injection
fDé&hﬁqi%@IIed 12a in Figure 7. In this enbodiment, as

1 06 SRR ROy SR o pmin
rblb@mltefdrlarnglﬂm@dges of t he | i ght WD 2004/ 030612
Pet LJFSthSO 8%43%2&1'?1‘01‘[?1& corresponds to the OLED represented in Figure 4, but in
this structure, an additional layer called 17b in Figure 10 has been added.

As in example 1, this layer can be a silica layer deposited by a sol-gel process
and onto which the désired periodic structure has been printed by soft lithography.

Here again, the main drawbacks of OLEDs of the prior art, i.e. loss of light
through the edges, roughness of the surface of the layer forming the anode (11a in
Figure 10) and migration of atoms from this layer 11a towards the outer layers are
solved.

As can be seen, the principle of the invention to solve the problem of loss of

light through the edges consists in depositing a layer by a sol-gel process or by any

other technique allowing a periodic structure in the wavelength range emitted by the
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15 emtting layer, as well roughness of the ITO | ayer

(11 in Figure 8) deposited by chem cal vapour phase
wdepadgBedion under vacuum as well as m grati onPof/US2003/027547

indiumions fromthis layer (11 in Figure 8), are all

solved. 5 EXAVWPLE 5: A strugture according to a fifth

enbodi nent of the invention is illustrated in Figure
efittidghiageratfian QLA hevng tepdnansages of peft iiheprapby febeprigd

in Figure 4. i.e..a Struct j t s
i 4TSt R G300 Rl B o
at OBED.r st transparent conductive oxide |ayer, called

11 in Figure 4, was deposited by a so|-gel process

and Unéerdkese cenrlifiens, oot subjsotraf iheinyghon peqpigtipg such a

ft Lit V. : ' I ;
5 BERTSAGNEBLIEH LaEss ERLRPNR g gk v
udehfer piagefacturige exapipleeBLERS be demsitmg|thaldasiroh additienal layers.

o e e St SR P e, o
1aver forit ittﬁeesd?)%at@ '1b¥cotatb% WitiP R 887 Ahdd &% iRbrehhig Material,

roug edges of the OLED "but also the problemof
prefergtiyedisa pfeféralylyrdepdsited &y isgl-aelipseress ingyiiels 2 sirarnerpesodic

I r . towards the outer | rs. ah
oo e B0 e b e basr By B DRt R dmer e 17
irpﬁighfé@ 1120 @0} daRlalér 1 7beRIRSGBIRated with@ teastidhe 13k $orming
OLED structure corresponds to the OLED represented in
theiaged® 4, but in this structure, an additional |ayer
called 17b in Fi j
cxcart 25304 Rropb i fy, Y Ao BPRoANEEpn consth ol layer,
f¥hing gelsulgtlateatied $6 in thedFigurtsandiifahletstend dayier sade of an
periodi c structure has be

inted by sof .
mqrgaByRaisHyL Pquféﬁlél}’élﬁa‘i’ﬁ%t,eggﬁ grslﬁgqt‘%“re‘v P&‘?%é&g §B‘{?§h% purgyegsf which
ddetsﬁlgd é’é'rioﬁ ¢ @fubwurd was pifed b§ ot '!ifﬁf&?rﬁﬁeaﬁfno ugh the :

te ges, toughness of the surface o layer formng,

t he amtdeeriddimenmnthefnepgamc tGyeriahthyed Wit thealesiged mr&%w
fromthjs layer 11 a.towards the outer |ayers are 30
S@B‘F%d’.nnﬁsd%éﬁssbl agefopms e angde. ple of the invention

to sqf MenddiGobd ARt BINaabdd @meqhadel df@RingldNaperg 1t eFigure 6, or

edges consists in depositi_n%,a | ayer by a s%l glel .
of twe sarsrisypopsgd laysys, 11 and 18 in igure 10, at least one of the'layers having

been deposited by a sol-gel process and having the desired periodic structure printed on

its surface.

Obviously, the invention is in no way limited to the embodiments described and
illustrated above.

In particular, although the substrate 10 was described in the preceding examples
as made of glass, this substrate can be made of any other appropriate material known to
those skilled in the art, such as a glass-ceramics.

To the contrary, the invention includes all technical equivalents of the methods
described, as well as combinations of these methods if they are carried out within the
spirit of the invention.

The present invention has been described generally and in detail by way of
examples and figures. Persons skilled in the art, however, will understand that the

invention is not limited necessarily to the embodiments specifically disclosed, but that



ot her technique allowng a periodic structure in the

wavel ength range emtted by the WO 2004/ 030612
wWOCT#ISRAD3/ 027547 16 emtting | ayer of an OLBOThAa08/027547

t he advantages of soft |ithography to be printed

between the |ayer form ng tihe substrate 10 of an OLED

and the light emtting |ayer of an CLED. Under these
modiftiatiorsnand yatiasions e dst madé witheui derantingdrom the spirit of the

.i.ncor at i such 5 laver are S '
iy PSR bt SRS et Rl Al hoRiP BR et S Eue iy lon as
deERdRrthdRMekacd shintgtHeoIphad e dsRacdys biepohichided hedem.
desiréd additional layers. According to the

i nvention, these supports consist, in a first

enbodi nent, of a layer formng the substrate 10,
coated with a |ayer nmade of an inorganic material,
preferably silica preferably deposited by a sol -ge
process in which a structure periodic 10 at the
desired wavel ength range was printed by a sol-ge
technique, a layer called 17b in Figures 1 and 10,
said layer 17b being itself coated with at | east one

| ayer formng the anode. In a second enbodi nent, the
support of the invention consists of a layer formng
the substrate called 10 in the Figures and of at |east
one | ayer made of an 15 inorganic material, preferably
deposited by a sol-gel process, onto the surface of
which the desired periodic structure was printed by
soft lithography. In this enbodi nent, the inorganic
material |ayer with the desired periodic structure
printed on its surface forns the anode. It is

under stood that the anode can be made of a single
layer, 1 Ibin Figure 6, or 20 of two superinposed

| ayers, 11 and 18 in Figure 10, at |east one of the

| ayers having been deposited by a sol-gel process and
having the desired periodic structure printed on its
surface. Cbviously, the inventionis in no way |imted
to the enbodi ments described and illustrated above.
25 In particular, although the substrate 10 was
described in the precedi ng exanples as nade of gl ass,
this substrate can be nmade of any other appropriate
material known to those skilled in the art, such as a
gl ass-ceramcs. To the contrary, the invention

i ncludes all technical equivalents of the nethods



descri bed, as well as conbinations of these nethods if
they are carried out within the 30 spirit of the
wonvantian. The present invention has been desecThsgno3/ 027547
generally and in detail by way of exanples and
figures. Persons skilled ingthe art, however, wll
understand that the inventionis not limted
necessarily to the enbodi f8mMSpecifical |y disclosed,
‘ﬁ%gl tﬂat WO 2004/ 030612 PCT/ US2003/ 027547 17
¥T'tations and variations can be made wit hout
1depasiitieadttie @i dehd tihpitidkied Glyet situctiravgetihelnding:
Ther ef ore, unl ess changes ot herw se depart of the
scHpeasbone lnyeriforpping thssuhsirateief i ned by the fol | owi ng

cl ai strued as being included

herdrt O%ggecfgé%ggé%a@%/ US2003/ 027547 18 CLAI MB

Weat@taat one Hole thjdatighfayeri tti ng di ode of the stacked

| ayer structure t i ncluding: at |east one |ayer

f oft aﬁb"@#@%ﬁﬂ?@’%&ﬁ “Pat | east one layer formng the

angd8ast ot lay@F8imiAp eh IR chiittifE ldyey) | ayer, at | east

one hole transport | ayer, at |eaSt one layer formng

t hel leastybnte aledttonitragsparyleper, at | east one el ectron

transport |la at | east .one |layer formng the

ca%ﬁ%ag one lgﬁ%ﬁéﬁlggiﬂieec ﬁ?oﬁle’t hat it includes: at |east

ONghatRYRIzed BB 20k irRTudestor gani ¢ materi al, deposited

between the at | east one Ilayer formng the substrate

ant leastong layeramadepiean ngeganicanaienial, depesitedyprtwesy thejahlgast one
_ . 4 _

oY Brmin B ook ap® MLt el B8 by B R B TR o Layer,

antl inthbtur e peri odic at the wavel ength range enmitted by

said at least one light_emttin | ayer, 2. .The di.ode

2ot 8 IegeiraecRgTade Gt opeetlh malktia] bakPrig opdfertace a

shfictiRASRficAL the RAVIRALE HRELEMMed By @iPhORabBNRr light emitting

1deposlted between the at | east one l'ayer form ng the

ayer.

2. The diode according to claim 1, wherein said at least one layer is made of an
inorganic material is a SiO, layer deposited between the at least one layer forming the

substrate and the at least one layer forming the anode.

3. The diode according to claim 1, wherein said at least one layer made of an organic

material is one of the layers forming the anode.

4. The diode according to claim 1, wherein said at least one layer made of an inorganic

material is one of the layers forming the hole injection layer.

5. The diode according to claim 3, wherein said at least one layer forming the anode is

a layer consisting of a mixed indium tin oxide (ITO).

6. The diode according to claim 3, wherein said at least one layer forming the anode is

a layer made of a mixed antimony tin oxide (ATO).



substrate and the at |east one layer formng the
anode. 3. The diode according to claim1, wherein said
watod4@aedizone | ayer nmade of an organic nateri BCTIUS206027547
of the layers form ng the anode. 4. The di ode
according to claim1, wherejn said at | east one | ayer
made of an inorganic material is one of the layers
7. GFhei digde heconding to rejladt 4,0ovhereipepid . leatieongilayy forming the hole
according.to.claim,3 -wherein.said.at | ne | ayer
PR Rt 2ushd or ARE P BRRY B GG, et
indiumtin oxide (I TO. 6. The diode according to
claim 3, wherein said at | east one layer formng the
S darpast for mapeipctiEag aotiode AsoREHNS e ichamy L.t Whergie ged support
Q). US2003/ 027547 19 7. The
I@%oﬁ@@&%@%@%ﬁ&%@%@ﬁ%.’ wherein said at |east one
| ayerat lcastorredaydndoindhg a subisfreie i on | ayer is a | ayer

made of _a mi xed antino tin.oxjde, (ATO.. .8. A support, .
or B CaCkY WO TPk SRR ¢ Goodit ot BOA esired
Wheldbh 8asd ag@pport  consists of the fol l ow ng

stackéd | ayérs: at |east one layer forming a

substat &taef orgrlaBir§@miing en anddese surface is printed with
a periodic structure in a desired wavel ength range,
and at | east one |layer form ng an anode. 9. A support

§. QA suppBHffof tdhifABtuing iaGliRlcaRe@aRHigNE cldmCl, dhilfadterized in that said
characterized in that said support consists of the

TupPeThopnsistssefdbk Edlomagesigeked layerst east one | ayer - f or ni ng
_aat?}%égs(#{eq%?%‘fémﬁh | east Qe I ayer forming an anode
made of arm | %lcmatehal

nor ga and whose surface 1is
atilgsechaeniaydr farmingutt anode made oflircineigadicimaierieldand whose surface

wavel engt h range. 10. A supporf for nuf acturing a
‘apBaied 208 %wgur? Berqdis h%azf,f)esmf%wam@@w&g?-n that said
support consists of the foll ow ng stacked |ayers: - at

| east one |ayer forming a substrate, - at |east one _
10 esuppont fiermmamfacivmaies diodasccorhisg toorlan 4yderatteriaedig that said

the hole.injecti l.ayer ,consi sting of an inorganic
bt vl S oy e rE e i nt e with a
Sdt 36t dHeGaye Fo@dh € a dhbskadesi red wavel ength range. 11.

A process for generating a mcrostructure periodic at
=t E@ﬁ@l@d@ﬁﬁ foraping a@ﬁn%%,

- at least one layer forming the hole injection layer consisting of an inorganic material

and whose surface is printed with a structure periodic at a desired wavelength range.

11. A process for generating a microstructure periodic at a wavelength range of an
emitting layer of a light emitting diode, said light emitting diode consisting of the
- following stacked layers:

- at least one layer forming a substrate,

- at least one layer forming an anode,

- at least one hole injection layer,

- atleast one hole transport layer,

- at least one layer forming the light emitting layer,

- at least one electron transport layer,

- atleast one layer forming the cathode,



emtting layer of a light emtting diode, said |ight
emtting diode consisting of the follow ng stacked
woOayarsos12 at | east one |layer form ng a substr 2C®US2003/027547

at | east one layer formng an anode, - at |east one
hol e injection layer, - atyol east one hole transport
| ayer, - at least one layer formng the light emtting

| agheracterizedin thatie pmssen@ndascﬁhﬁ follawégsteps: ayer, - at

shRoiGe B5Teuts”h Bade 5t AEROUGre Rl o4 Y0t process

bBfWReL SSidiah Fdablt(iﬁﬁ: 1&&& fhralih e REbshita®PAId sa)d ﬁﬂ@e&ﬁ bﬁd lagerdbrming
| east one | ayer nade of an inorganic material by a

ﬂ&f‘olllgb@ém“ﬂfléé%@@ anflet ween said at | east one |ayer
BRSSOl Kttt oo

eﬁﬂﬂdd by tdid gt dqalsty orze Bﬂyemﬁ)tmmg the tightdémittmg tayer onto the surface of
vxllgve ength ran e ofFAhe i emtted by said at

spid 36 feagime laype el?Qﬂt Ilght emtting |ayer onto

the surface of said at | east one |ayer deposited in

step a). 12. The process according to claim11,

1@h&hei |pm0®aa deaarding dg tclamel 1, azymrelnwdel off least onmbvgfamnade of an

mat er.i al rect

iR B B S 08 1998 nel it 00168l S oS0 bk 3R Forming
Y wbssgeaccording to claim 11, wherein said at | east

one |layer made of an inorganic material is the |ayer
formng the anode. 14. The process according to claim

1§.’ Tﬂ@?ﬁ&!e@s 3 ogdlﬁk tbec 1{1;1 P]]ngﬁﬂe?é"l rsafﬁagtele? t Sk lat\éer made of an

i norgani c rraerla ayer form ng e ano

10 E81S tategiabis the My&eﬁrmmglthﬂnﬂo'dﬂ oxide (I TO. 15. The
process according to claim13, wherein said at |east
one | ayer nade of an inorganic material is one of the

1hayge %ré&"s&“ae&)rh g t%nélﬁﬁ @nqzhlm%lrﬁ séﬁyﬁrle&s]c@ne”l%?& RhdPof an

m xed "ant i nony tl oxi d . he process
g ma;gertai igIthé hayed ,forvmlg &malmlleoboaaslsul@@f aomixedapdium tin

n@gm inorganic material is one of the layers
of the hol e injection |ayer.

15. The process according to claim 13, wherein said at least one layer made of an
inorganic material is one of the layers forming the anode and is a layer (18) made of a

mixed antimony tin oxide (ATO).

16. The process according to claim 11, wherein said at least one layer made of an

inorganic material is one of the layers forming the hole injection layer.

17. The process according to claim 16, wherein said one of the layers forming the hole

injection layer is a layer consisting of a mixed antimony tin oxide (ATO).

18. The process according to any one of claim 11, wherein said at least one layer made

of an inorganic material is printed before consolidation by heating.



17. The process according to claim 16, wherein said
one of the layers formng the hole injection |ayer is
wa 2b@yaesizonsi sting of a mi xed antinmony tin oxPd®/US2003/027547
(ATO). 18. The process according to any one of claim
11, wherein said at |east @ie |ayer made of an
inorganic material is printed before consolidation

1heBh¢ p@cewfoz o meseaatprereita ghioersitony diere CQaraqtgnzeﬂh@ that it
rgcg gdr:egig%ne Ig‘clnt Q?m%nﬁl{c%% lﬁrel nCF uag gg \gg\%eé&‘gtﬂ I‘e{nrég ofl 'hggt emitted
lmtl@d asfitincClayisreo fRdighoekhittig dlbﬂl@byva‘pﬁjceﬁbgatcborﬂﬁlgge chafm 11.
ight emtted by the emtting layer of a |ight
emtti ng di ode by a process according to claim11. 20.
h

24 EHEPREESSIE 2o bGUATRIL 64 MR Shifing LR ERbURRL in that i
ma;ludmp pcstdp velere b duppyritaocadipg dm enpdbnedfxilamisS, 99qr 16ris tiged.

is used. 21. Alight-emtting di ode display screen
characterized in that said screen includes at |east
20N8 1hglﬁla}m@ﬁgtdlbdwd1@blgp Sor8GL SHAM A A i 1Rt Thill- scPen ifeludes at
light-emtting diode display screen characterized in
leahtzanedighd emifting diodmet¢agtiling tclainehst one light emtting

di ode incorporating the support according to any one -

of clainms 8, 9, or 10.

22. A light-emitting diode display screen characterized in that said screen includes at
least one light emitting diode incorporating the support according to any one of claims
8,9, or10.



