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WD 2004/ 023436 PCT/ US2003/ 027759 MATERI AL FOR USE I N
THE MANUFACTURI NG OF LUM NOUS DI SPLAY DEVI CES RELATED
WERWULIEAFE ON 5 This application clainms the benedTAUSIN3/027759
priority fromFrench Patent Application No. 02-10865,

Fil ed Septenber 3, 2002, the content of which is

i ncorporated herein by reference. FIELD OF | NVENTI ON
10 The invention relates to a material for use in the
manuf acturing of |um nous display devices, in
particular organic light emtting diodes. The
invention also relates to display devices, in
particular to organic light emtting di odes
incorporating this material, as well as a process for
the preparation of these materials. 15 BACKGROUND

Di spl ay devices, and in particular display screens,
are currently undergoing many devel opnents. Organic
light emtting di odes, known as OLEDs, constitute a
technol ogy that has given rise to nore | um nous, |ess
expensi ve and nore effective display nodules and wl|l
doubt| ess formthe basis of the next generation of

| um nous 20 screens. Neverthel ess, this technol ogy

whi CE sgquirmmmim?kp@ e THIPMARUFACTURIRGE | cul ar
in the devel op e yet
sufficiently rﬁgﬁ%@%@%@gﬁﬁ&@{% It should
be recalled that a basic OLED cell consists of

stacked, thin orgqﬁgﬁéfﬁgggﬁqﬁ@gﬁwbgﬁed bet ween a

transparent anode an ‘ayer acting as a o
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e&Eoton-emttlng | ayer  and an el ectron transport | ayer.
IREIf°a suitable current is applied to an OLED cell,

the positive and negative charges WO 2004/ 023436

PCT/ US2003/ 027759 ONpI i emtting |ayer

to produce |ight. TﬁgigﬁﬁggpgﬁgEQFbgﬁe organi c | ayers
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A TR B P Ll W
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mbteriflehd REll BS £5RIERLOMe gfephﬁﬁ@ﬁ BRiHe8 meRrials! | ghter and

| ess bul ky screens. OLED technology is currently

under goi ng rapid

BACKGROUND

Display devices, and in particular display screens, are currently undergoing
many developments. Organic light emitting diodes, known as OLEDs, constitute a
technology that has given rise to more luminous, less expensive and more effective
display modules and will doubtless form the basis of the next generation of luminous
screens. Nevertheless, this technology which should in principle be applicable in
particular in the development of flat screens, is not yet sufficiently reliable and well
understood. It should be recalled that a basic OLED cell consists of stacked, thin
organic layers sandwiched between a trarisparent anode and a metal layer acting as a
cathode.

Conventionally, the organic layers include a hole injecting layer, hole
transporting layer, a photon-emitting layer and an electron transport layer. When a
suitable current is applied to an OLED cell, the positive and negative charges
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devel opnents but is still plagued by a nunber of

difficulties. One of the nmain approaches to devel opi ng
wakmborispe di odes at present nmakes use of an PeMUSIM3/027759

oxi de | ayer doped with tin (1n203:Sn), generally known

by the abbreviation ITO as a transparent conducting

| ayer acting as the anode. 12 is well 10 known in the

art that this ITO layer, deposited directly on the
regQibsine it hegnuitinglayey tgpyoduree light e stracuter taslorgmiia dpoyers and
theﬁyp%@%émndccgqeash@%ﬁ&%%&h&ﬁ&%é&@f&pﬁp £136n process
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ferent documents propose treatmg the ITO layer with plasma, as is the case,

in particular, in international application WO 97/48115 and American patent US 6 259
202.

International application WO 97/48115 proposes improving work function by
treating the ITO layer with plasma.

American patent US 6 262 441 describes using a semi-transparent metal layer in
order to improve work function.

International application WO 01/15244 describes using an intermediate layer of
a partially oxidized metal for substantially protecting the organic layers of the OLED
cell from oxidation in the course of deposition of the ITO layer.
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3 International application WO 99/13692 descri bes OLED

type materials in which one or nore polyner |ayers
wae@4iop=es t ed bet ween t he anode and the |ight PoOT/US2008/027759

| ayers in order to increase work function. Simlarly,

patents US 5 998 803, US 5 714 838 and US 6 087 730

descri be OLED type devices &ontaining an organic |ayer

5 between the anode and the Ii%ht emtting |ayers. All
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.cont ai ni.n | nduct e

i SieBue ot 8 Pl RIS B DERETE B0t s {0 o
vetraxsilrﬁ)@ﬂhcmfanﬁl@)r ent conduct| ng oxide with a hi gher
work function than I TO one would nmeke it possible to

25 elimnate all _the known drawbacks of the prior art

concerni ng the uSEMMARMOFAIE INVENGI@Nyr eci sel y, it
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rdugBhiespyorsitletaby yndihaosy sudtablyselettinsthacemiucting taedparegt oxide
it would be possible to obtain considerably higher work function than achieved with an

intermediate organic layer, as well as avoiding problems related to lack of chemical
stability of the organic layers, particularly the risk of oxidation during use.

In addition, it was found that by suitably choosing the transparent conducting
oxide, it was possible to greatly limit the migration of indium originating from the ITO
layer under the effect of an electric field, the conducting oxide layer acting as a shield
to prevent migration.
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oxide, it was possible to greatly limt the mgration

of indiumoriginating fromthe ITO |ayer under the
webdogor34ed an electric field, the conducti ng ORCTI®©S2003/027759

| ayer acting as a shield 35 to prevent mgration. WO

2004/ 023436 PCT/ US2003/ 027759 4 Anot her benefit of

usi ng such a transparent conducting oxide |ayer is

consequently that it forms a shield against the

i gr.Anotber tehefinefi wsingouclya ratspagnf coxnstives oxidlayenier on
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ﬁ%{ﬂO eosltlng on Its SUI‘OE secon aer (0]
by drpopiEing Pl?létﬁ§ P et seeyrarar @n%%r&ransmﬁlaéomqqnametal

oXie¢ tith dRedrk Gimdoieh beevech tak obthe g 14er Gted R YAranb&eshdage light
an a ode and the light enitting |ayers. Moreover, by

iRV S sel ecting the two types of metal oxide, it is
pos sMoteven by Suitably kafeating tiss twfo typres of ewxaldxide; #lis possitie to

or f Y rrrllg?nsscmtﬁér %r%@l?cﬁh@@ 0)2159 aghg Eﬁfafeﬁﬂ%% nasﬁfhg l'ﬁglg{align of atoms
onigipging f&nhgw tirghlayrslge o ahde@ﬁalﬁa@t eristics of the
I nv eotﬁepauvmﬂalge@ﬁﬁcunara@feﬁgﬁ@mfthé1hoéﬁtiommﬁ%%%m9 pa?ent

h.fol.l ows ference re
St i PP LB £ o Ot e s Lo BRLTCDS o pihich are
schEiSai fepreshtidkonEdE FI GURES Figure 1 is a schematic
representation of a material according to the present

invention. The drawing is not to scale. Figure 2 is
an OLED devi c@RIEEd?Eﬁfg&IHTﬁ@N%TﬁEEEG@RESf t he

Fil 191§ta stIhec! sen%o%?@hh%a@gé%lﬁg Le ; esgrﬁ%lventlon

ON According to a first aspect esen
T]PWéW%quﬁn?tﬁﬂ§°‘i‘ gl ates to a new sandwi ch type

Figateey is ah OB dgvide tnbaMOREINE e rBABSAINX g pré®dheinvention.
particularly a glass or vitroceram c substrate,

covered with two transparent conducting oxide | ayers
chosen mai METABED PESCRIPTHNS 0 EHEYNMENTIORN r

r OUGRNGR i BSla YR Ksdel Ble| B M BhVER ohERRERTal 4GS ¥ new sandwich
type material having a transparent substrate, more particularly a glass or vitroceramic
substrate, covered with two transparent conducting oxide layers chosen mainly for their
transparency and their roughness and work function values respectively.

According to a second aspect, the invention relates to luminous display devices,
and in particular to OLED type diodes incorporating this material.

According to a third aspect, the invention relates to a process for manufacturing
such a material.

According to one of its fundamental characteristics, the invention relates to a
material having:

- a glass or vitroceramic substrate,
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30 According to a second aspect, the invention relates

to lum nous display devices, and in particular to
w@kmDorispe di odes incorporating this material.PCT/US2003/027759

According to a third aspect, the invention relates to

a process for manufacturing such a nmaterial.

According to one of its f nidanental characteristics,

the invention relates to a 35 material having: - a

gl assa first laytr depesitedi on aeiieodt@Ed sWEH2G04MA023Hh3 6t least one

BSRROAIRE e, st ABUEhe SE0GR g e
hereinaftpyapkien thedikulayeag oxi de, sinple or nixed, doped
or nof secéﬁa EL b 6s1’6%%'oﬂ€éa1dffﬁ§tel“@©f1£}%’f aﬁ@héﬁﬁ% athsas{f &

Ia er, - con ayer ep05|te fn sai d
trané%ﬁn £198: ‘FFél"illgr?éld&t sIRlesqr iy ed; dope aﬁa&qkayer bemg
heffaﬁ@it@toam@mws%nd$c]{wla9e@rl Im >(§edh doped nggoOtl sai d

ay el naft.e call ed the secon ayer,

bot ﬁbof%%wg?@? bt hstﬁ??‘,th that: - said first TCO

| ay e{sahhﬁrsaTC@ulgyméms a odughoese of nare than hmam endssiidisecond TCO
1a?é’r%%§‘9 %eés%@%&h&a&eawﬂ%ﬂ%ﬁﬁss I ess than or equal

sm ttan in’the visible range of
t he ﬁr@am@ialmm thg visHde fange pf @lﬁ@r%@@bmﬂna@@ﬂrwéd geqogd
T@Qllé?f}'eréi@ ﬁallt@aﬂreas%@@/e/@ahtd - the Wf[] k fi uﬁt'f on ?f sai d
Seco ea e n e Wor unc
sor e per %1?%9@% SaonLEP v i bl g A YR fusetion
ofsaelf fasEbDC, laytr ead &y grediarthah 86 eV. andSpieferablredreatercthar 4.8 eV.
ver y *Ler{{?t%h&% ]Vé(ry sgl{l)gnﬁa%%ﬂ fl%g{eg?ﬁté@fﬁrﬁg& 151t is a

san SS Ofr V|%roceranlc
su bsﬁt Esat @ndwthtmpesmg@bglthaatr@ E @aasmtvémomamo subfsfratetl.

| ayernig s195st1§tet1§ BEERAN ARG fied WPQ Py n‘aﬁéﬁ%i%nt %ﬁdﬁcﬁ'ﬁ@é)&@e

surfa e hness. S rougnness i s drawn
‘Wb a8 CWH@PGSF ﬁfq%r@ug@w& léﬁrwraglraaffﬁnahﬂﬁql @@p%erin the
skaﬁshahatgmh of figiRel @ta Broken liticeit tlrdatebRtaB@RedCIC Oy R 22ind

thand é?% £$9 TCO | ayer 3. 20 This first transparent

& 3vral ||§§a§% e layer is generally deposited on a
subsThiafiest yynspacmhvemninrtirgdxidealayenis gaeaallyndeppsitdens: or
sugytraﬁgﬁ %aﬁve\ﬁﬁgﬁeﬁ VIERASL a}r%l}ggg PI‘OW@OT ngh {/o‘é?\?a uf degaosmon

oSl on for a given ype genera
IIent

This type of deposition for a given oxide type generally results in excellent
conduction properties but also leads to a relatively high surface roughness, as is known
in the art. .

The second conducting layer 3 deposited on the first layer 2 enables smoothing
of the surface obtained and it is chosen so as not to significantly degrade electrical
conductivity or transparency.

Without this being in any way limiting, a second conducting oxide layer is
advantageously deposited by a sol-gel type process to achieve a roughness less than or
equal to 1 nm.

Moreover, in order to take into account the principal use of the materials of this
invention, the work function of two successive TCO layers is chosen so that the work
function of the second layer is greater than the work function of the first layer and that
the work function of the second layer is greater than 4.6 eV and preferably greater than
4.8 eV.
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conduction properties but also leads to a relatively

hi gh surface roughness, as is known 25 in the art.
wab@4mex3ecnd conducting | ayer 3 deposited on theCT/URBN3/027759

| ayer 2 enables snmoothing of the surface obtained and

it is chosen so as not to significantly degrade

el ectrical conductivity or 6transparency. -- Wt hout

this being in any way limting, a second conducting

oxi déoth gyesessive BOOJanessrsagydiolly pynsiss pbati least opg/oxide in the form
of2YmPRlor VRE] S ESSmb:Rurd R bRMSs 6f 4t HENAIRSRethBRfectdddFom

Mor eover, in ohggr t.Q.take int

or equal to 1 nm, 0
the, o8 ARCIN458 s 7R BRI FO CRdmiLHR IR 4f RecgFeapry Eh ot least
onleleYedidnit Gidm the @rovprdondistivgtdssantiafly bf\galbuacesisiong, T6sdine,

| ayers is chosen,.so that ,th k. function of.the._ .
A, TRy e ang b, Wt ot PRleting il pi eppesgitgp Of e
mixied ekide ay eaid angturd et oxd%es oh ectingras afdeputg agantdbr sdidoxide.

sec ar. | r Ior hedd ki ref |y

gregit:ﬁe‘t“ursét s ‘L""i‘b% 52@;1%% iom‘%‘%ﬁ%gﬁ g%%ﬁf%%%OZ??SQ

6 Bdi¥rmplesceidnixgdoxides inglide:s essential Iy consist of at

| east gpemnayide in the form of a sinple or m xed

oxi de g%J% I xture of oxides of at |east one netal

sel ect ed™f7UN the group includes tin, zinc, indium

and cadmins® conbined if necessary with at | east one

el err_enthfﬂl%{H_bhe group consisting essentially of

gal l'ium™ antinony, fluorine, 5 alum num magnesi um and

zi nc, S8S-Ol enent entering into the conposition of

sai d  mxgfooxi de or said mxture of oxides or acting

as a dcl)\gé ng agent for said oxide. These oxides can be

sinpl e -t ed oxides or mixtures of oxides.

Exampl €81-FOm xed oxi des include: - Ga-1n-O 10 -

Ga-l_n-grh-i%_o- Zn-1n-0 - Zn-I1n-Sn-O0 - Sb-Sn-O -

Zn- Sn- - M-In-O - Cd-In-O - Cd-Sn-0O
- Cd-Sn-In-O

which are all mixed oxides of at least one metal selected from the group

including 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 (In;O3:Sn), also
called ITO.

According to a particularly advantageous variant of the invention, the first TCO
layer includes as an essential constituent:

- indium oxide doped with tin (In,O3:Sn), also called ITO

- tin oxide doped with fluorine (SnO;:F), also called FTO

- zinc oxide doped with aluminum (ZnO:Al), also called AZO

- tin oxide doped with antimony (SnO,:Sb), also called ATO

As explained above, the anode of the most commonly described OLED type
devices consists of ITO which has excellent electrical conductivity but, because of its
surface roughness, presents drawbacks in terms of use in display devices as this surface
roughness can cause short-circuits which detract from good diode functioning.

In spite of these drawbacks and because of the benefit of using a second layer of
TCO, which enables smoothing of the first TCO layer, ITO remains the preferred
transparent conducting oxide for manufacturing the first TCO layer of the material

according to the invention.



5

10

15

20

25

30

- Cd-Sn-1n-O which are all m xed oxides of at [ east

one netal selected fromthe group 20 including zinc,
w0 paisoza4ded tin. Exanpl es of doped oxi des i ncledBUS1003/027759

oxi de doped with fluorine (Sn02:F) or tin oxide doped

wi th antinmony (Sn02:Sb) or indium oxide doped with tin

(1n203:Sn), also called ITA According to a

particul arly advantageous variant of the invention,

t he Fhyss pcoprting o pajatarhrdvgniageans varam of geipygntion, the
maRASE ddnMBIks a firdt THOBYEXatR gdTPesd debortd TCONNRS FitB)work

al so cal| efi:@';T% F‘téddg] Ipfmb(fle do ewt fl uorine
fupgigmoerester thag 4-0cl PPRFESLLY STCAET BRT e Woped wi th

al uninnin cags) edxlide closan toahdkedipAiExecond TAColeyetds doped

j timny (Sn02: S .cal l.ed ATO 30 As
adﬁ)%%@%%esgn%g%%nego@ ﬁ%e %%%%I g&gﬁn%ﬁ e !E'rm st conmonly

descri B@é.OLED type devices consists of | TO which has

excel | epjo,gl ectrical conductivity but, because of its

surface roughness, presents drawbacks in terns of use

in di spiiad-Pevices as this surface roughness can

cause Jh@ntOsi rcuits which detract from good di ode f

nlcti o?@g 'OI n spite of these drawbacks and because of

t he be ﬂ‘tz of using a second layer of 35 TCO, which

enabt eZmSmOat hi ng of the first TCO | ayer, |TO renmins

t he pr%ﬂ%gﬁﬁp transparent conducting oxide for

manufactdring the first TCO | ayer of the materi al

accor di®@d"®P» t he invention. WD 2004/ 023436

PCT/ USAjORL027759 7 Thus, according to a particularly

o O A S o B L
obiteiD d wyerd lyértwith awurface faughhéssnf fpsedtanr tonan 4.6 eV

o BSLSLETACSELEDd PE0 BBy M g
indiiwa atoapeionrs the 1d¥blamer due dmeleeitic diclilgiTastsrapditeusgopstitutes a real
chadéal bar? ¥ iths m-igrgtﬁgg: Sb - 1n4Sn3012 10 - Zn21n205

All or at least part of the benefits described above can be achieved by using a
first ITO layer overlaid with a second transparent conducting oxide layer chosen from
the list above.

It is remarkable to note that the different materials mentioned above, used as a
second TCO layer when the first layer is a ITO layer, in spite of a relatively high
resistivity, higher than that of the ITO layer (generally between 10* Q.cm and 3.10°
Q.cm), make it possible to obtain materials that are perfectly acceptable in terms of
conductivity.

The table below gives examples of transparent conducting oxides that can be
used as a second TCO layer when the first layer is an ITO layer and their work function

and resistivity values.
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The choice of the two successive layers, first ITO layer and second ATO layer,

dope

provides an excellent alternative to diodes incorporating an organic-polymer hole
injection layer.

The properties of the ATO layer are of particular interest because it has a work
function of over 4.8 eV, very similar to the work function of organoluminescent layers
(generally 5.2 V), and forms an excellent chemical barrier to indium migration.

Moreover, a single ATO layer deposited by a sol-gel type process from a
precursor solution on an ITO layer makes it possible to considerably reduce the surface
roughness of the ITO layer.

In addition, as can easily be seen from the examples, the material having a glass
substrate covered with an ITO layer and an ATO layer can be used for constructing an
OLED type device as an effective anode in order to inject holes.

More precisely, the advantages of the device with an ITO layer deposited
directly on a glass or vitroceramic substrate coated with an ATO layer are as follows:

- The second ATO layer can be deposited by a sol-gel type process leading to
very low surface roughness,

- ATO work function is higher than that of ITO and is similar to that of
organoluminescent layers,

- The ATO layer is more chemically stable than ITO. It can therefore act as a
chemical barrier to the migration of indium towards the organic layers,

- ATO is more chemically stable than conventional hole injection layers, such
as PEDOT or other polymers,
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A particularly suitable material for the various
functions required is tin oxide doped with anti nony
W@ 30922889, hereafter called ATO 5 The choi cePOf/Us1963/027759
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| ayer, provides an excellent alternative to diodes
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| ay ayer norT e emcally stable
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Figure 2 is a diagram of such an OLED device with the material of the

invention making up its anode side. The layer 3 is overlaid with a section 4 having of at
least one light emitting layer and a metal cathode 5.

The materials making up the various light emitting layers 4 as well as the
cathode 5 are all currently used in known procedures to make OLED type devices.

According to a final aspect, the invention also relates to a process for
manufacturing the materials of the invention and devices containing these materials.

All known techniques of the prior art, which allow two successive layers of a
transparent conducting oxide with the required roughness to be deposited on a glass
substrate, can be used.

Nevertheless, in order to take into consideration the respective roughnesses of
the two successive TCO layers, a sol-gel type deposition is preferably used to deposit
the second TCO layer on the substrate previously coated with a first TCO layer which
has a roughness of over 1 nm.
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Nevert hel ess, generally speaking, the transparent
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PEFC%OWPPV%OP%’ use%%qx&&gossu%a Atigqny opides G Ye ped Lhese are
fgﬁﬁMeiﬁHﬂ%ﬁipbﬁSdstaﬁd miediesalth, Flarticypelydgaoxeds of SKAphgt ng
cltllgrigesfsiuc ect ¢lhe invention also relates to a
Procéss ﬂ%ﬁﬁ acturing the materials of the
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VO 2@1}@156@2@&53@@@@ 9s}pogt apgxidelayer can advantageously include

other constituents, particularly water or a stabilising agent such as diacetone alcohol,

acetyl acetone, acetic acid and formamide.

The thin layer can be deposited by means of any process known to the one
skilled in the art used to make a coating layer from a fluid composition. This thin-layer
deposition can be achieved either by immersing the substrate to be coated in a
precursor solution or by applying the solution to the substrate by centrifugation, or by
means of a process whereby the solution is sprayed onto the substrate surface.

Generally, the deposited layer then undergoes heat treatment, usually between
22 and 150°C, advantageously at a temperature in the order of 60°C, followed by heat
treatment at a temperature in the range of 450 to 600°C for 2 minutes to 1 hour,
advantageously at a temperature in the order of 550°C for about 15 minutes.
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10 In fact, as explained previously, this type of
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SR8 ) BEESHRp S B SR s o
deposmng a layer using a sol-gel type method particularly on substrates having a
thickness of less than 1mm.

As is shown in the latter copending patent, three solutions have been provided
to the problem of depositing layers on relatively thin substrates using a sol-gel type
process to avoid the drying problems related to formation of a haze during the
evaporation step.

More precisely, the study carried out by the inventors of this invention aiming
at resolving these problems showed that it was possible to overcome the difficulties
encountered either by changing the solvent or modifying the liquid medium used for
the deposit, so as to reduce the heat and/or evaporation rate, or by increasing the
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means of a process whereby the solution is sprayed
onto the substrate surface. GCenerally, the deposited
wo aye234B€n under goes heat treatnment, usual |y PET/MsEN3/027759
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or normal
irsidspea.at e was rel atively thin, especially under 1 mm

thick. This 25 difficulty in drying the coated

substrate was found to be worse the thinner the
15 glgss support coated with an ITO layer and an ATO layer

1. A 0.7 mm glass substrate coated with a layer of ITO using a vacuum spraying
technique and sold by Samsung Comning was used.

The ITO layer has the following properties:

- thickness of 192 nm,

- surface resistance of 7.6 ©/0,

- mean roughness (Ryys) measured over 5 pm? of 4.7 nm,

- peak-valley roughness (R,y) measured over 5 pm?of 31.1 nm,



10

15

20

25

30

35

Different solutions have been proposed to address this
type of problem and are the subject of a patent

wo 2doe@23B6 t he sane day which relates to an i npPOWES2003/027759

process for depositing a |layer using a sol-gel type
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and used were c aracterized as fol lows: a.
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. ro
example iJ%ut not coated with an ITO layer, under the same deposition and heat

treatment conditions.

Coatings with the following properties were obtained :
surface resistance: 1890 Q/0,

- optical transmittance: 85%,

- work function: 4.8 to 5.2 eV,

- coating thickness: 108 nm,

- mean roughness (Ryns) in a 100 nm? square: 1 nm,

- peak-valley roughness (Rpy) in a 100 nm?® square: 3.6 nm.

Example 3 (comparative)

For comparative purposes, 8 successive layers of ATO from the same
precursor solution as that used in example 2 are deposited directly on a substrate
similar to the one in example 2, under the same deposition and heat postireatment
conditions.
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welb akcdatedctipportdretowdary td4 cB8armapld 1hfGheMyentionr(ATOAT@)ende

0% i isi.hl : -0at | hQn s
10 bR AR M S EahBR0T and s o £8L K BRI
SnCl2(QAc)2 in ethanol, as well as
4- hydr oxy- 4- net hyl - pent anone (CAS 123-42-2) as a 5
stabilising agent. The relative anmounts of tin and
antinony are calculated to give final doping of 7
mol -% The relative stabilising agent concentration
with respect totinis 2 nol-% Ethanol is added to
achieve a final tin concentration of 0.5 nol/Il. This
coating solution is deposited by i mersing the
substrate in this nediumat a tenperature of 25C with
a renoval rate of 24 cmimn. 10 After depositing a
single layer of ATO the coated substrate is heated to
550C for 15 mnutes. The coating properties are as
follows: - surface resistance: 17 to 20 Sz/ ™,
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- optical transmttance: 82% 15 - work function: 4.8
to 5.2 eV, - coating thickness: 108 nm (+ 192 run for

wo T4/ 023436rean roughness (R S): 0.4 nmin a 100P@mRS2003/027759

square, - peak-valley roughggss (Rpv): 3.8 urnin a
100 nrn2 square. 20 Exanple”2 (conparative) For
conparative purposes, a layer of ATO fromthe sane
precursor solution as that used in exanple 1, is
deposited directly on a glass substrate simlar to the
one in exanple 1 but not coated W|th an | TO | ayer,

under the—saire (IEpDS1 tTom angd heat Fatment

conditions. 25 Coatin gIQQM th tA%OfIEQ MAHZPpr opelAtIQs
were obtained : - sirface r eFixainge & I&Q&p@é@, Example 3

ti_cal transm L ce Y9 - WOrKk Tun( I T 4.8
u}'f;a_,c\qresm a,llf.‘,(;_”( A th|7r£5 [7109 run, 884@3}\ §0955

r@pgbu‘les&shﬁ’ﬂ&ﬂﬂe()"/o) nga 100 N square 8% nm - |65

PR fhorioh G T >t A R) |k 8 00 TR e fye o £eSa
&Jsaintgﬂmkmsd (aynérs q)ﬂ92\TO frdﬁlﬂﬂe sam#08 35 pr ecafldsor

iﬁl ublgg? as that use( |7n exar 43 2 are dleposmed 25

het ¢ :'\+ a hd H abhranmanl A

I Ccotd Cl O MoUl U C 51 IIIIClI jujll UIIC III CI\GII'JIC

Zvadnuﬁr the sanme depdsilti on |@% heat pééttreat t

conditions. WO 2004/ 023436 PCT/ US2003/ 027759 14

Coat i X ep@géeﬁt o%l ﬂaggﬂe{pdegég%ﬁ&tehgrgll 1 oAt Wéy of

- surf ool ot nce

t ¢xanplestand figRies6 §%sons s)lmrdd ih ¢hecdri, Gwevr, 8Wﬂnnﬁ1e&t2&1\l,that She
-, coating thickness: - nmean roughness

nm , NB)
i IBVeptipnas pefd @&sia%eeessgﬂaz to ﬂm emboeaawts/%qeméva%é@ﬂﬂ%eésbut
( QHAE S gmfi'é”wt fr&hiRe dfist of
otﬁgttr?}l%dl\@ g\%ll%lggn &érg%b%lr t §E Cobe‘lat e£ W 1 on a%zl TO ﬁa er °
athe invention. Therefore, unless changes otherwise depart of the scope of the
invention as defined by the following claims, they should be construed as being

included herein.




wel | as coated supports according to exanple 1 of the
invention (ATOI1TO and 10 according to both
wa@oeoompaeHBeé ve exanples 2 and 3 are given in thePtBDE®03/027759
bel ow. WD 2004/ 023436 PCT/ US2003/ 027759 15 I TO
ATO I TO ATO ATO Exanple 1 npl e 3 Exanple 3
Surface resistance (0 /0) 7.6 7 1890 50-55 Optical
transmttance (% 83 82 85 65 Wrk function (eV)
4.3-4,6 4.8-5.2 4.8-5.2 4.8-5.2 Coating thickness
(nm 192 45/192 108 600 RyBpgEM 4.7 0.4 1 2.5 Rp-,
(&@% Fl.; 3.8 3.6 8 The present invention has been
ddéetlagag generally and in detail by way of exanples

andAfhgerdigtsomPasiggns skilled in the art, however, will
understanci t hat . '%\r%ntion is not limted

t 5
necesséreﬁgﬁlsst%v{tﬁ)@gr@%%@r #fs specifically disclosed,
but t hat fimsdayfer depositersoraoet side o fashidosnbdsteanaachavirbeat least
. e t e . " _
03l A AL T8 0 e g 5 D )
s besaltesreallediirst FGOHRYSN as defined by the fol | ow ng

cl ai s, a%&%ﬁdfﬂ;@iﬂh BB ®id HRETE® G NEd hbWiak 4eREst one

C\ﬁrel n. 10 \QD 004/, 23.43}5 PCT/ US2003/ 2775§ 1 CLﬁI I\/E
UEEPATFH COPUAITERXLTS: S 6%@?’?& ped opnef hrgaliyyr called the

vidcoond 8Canagersubstrate, - a first layer deposited on

one Si ggtholiCéﬂ rssnléﬁq L0 a6 @nd having at |east one
nt co uctl%g e

transpare oxl'de, sinple or m xed, doped
or not ; saidifiest (T elayerdian g rowghnessfafemore tanddirh and said @ond

| @¢€ layer s %?&@ﬂeés%’s@%ﬁe&%@ f18d 1@ said first TCO
| ayer and havi ng . [ east on t ransparent, conductln%
d

at : )
oxi de, - ErRHHEaRsE fheadsibly seg of thepspduch bpving sad fgsdpn
t bzond FCEy N3 dqaylen at least 80%,

- the work function of said second TCO layer is greater than the work
function of said first TCO layer and is greater than 4.6 eV.

2. The material according to claim 1, wherein said work function of said second
TCO layer is greater than 4.8 eV.

3. The material according to claim 1, wherein both TCO layers include at least
one oxide in the form of a simple or mixed oxide or a mixture of oxides of at least
one metal chosen from the group comprised of tin, zinc, indium and cadmium,
possibly combined with at least one element from the group comprised of gallium,
antimony, fluorine, aluminium, magnesium and zinc, said element entering into
the composition of said mixed oxide or said mixture of oxides or acting as a

doping agent for said oxide.

4. Material according to claim 1, wherein said first TCO layer includes as an
essential constituent:

- indium oxide doped with tin (In;O3:Sn), hereafier called ITO,

- tin oxide doped with fluorine (SnO,:F),

- zinc oxide doped with aluminium (ZnO:Al)

- tin oxide doped with antimony (SnO,:Sb).



both TCO | ayers being such that: - said first TCO
| ayer has a roughness of nore than 1 rimand said
waewaneB43dCO | ayer has a roughness | ess than oPCEUSEN3/027759

to 1 run, - transmttance iﬁthe vi si bl e range of the
product having said first a d second TCO | ayers is

equal to at least 80% - the work function of said

second TCO |l ayer is greater than the work function of
said first TCO layer and is greater than 4.6 eV. 2.

JL| N%ﬁﬁrdc@érdﬁx%q@ CHihg, %e%o r@%a{ﬁ secofdPES! 19}(&% &ﬁ&ﬁfa y

function of saird second T ayer 1s greater t
eSpmpyised phatgash PRePXige deper ‘PF@POE@GEP“&Fl o thtgEqu wn@étmg
Téskdtayieios: i ncl ude at least one oxide in the form of
a sinpl e|$o mxed oxide or a m xture of oxides of at

| east ~o@“Retal chosen fromthe group conprised of
tin, zinGnOuidi um and cadm um  possi bly conbined with
at | east | ement fromthe group conprised of

gal l'ium afit| nmony, fluorine, alum nium nmagnesi um and
zinc, sail@Sai@ment entering into the conposition of
sai d ni xegh,p¥dde or said mxture of oxides or acting
as a dognggoagent for said oxide. 4. Material

accordin ¢laim1, wherein said first TCO | ayer
i ncl udes Za8Sa0, essential constituent: - indium oxide
doped WI éﬁd)n (1 n203: Sn), hereafter called ITQO -
tin oxide ped with fluorine (Sn02:F), - zinc oxide

doped wi t™Mglalmi ni um (ZnO. Al) - tin oxide doped with
anti nony (Sn02: Sb). WD 2004/ 023436 PCT/ US2003/ 027759
Mat erial according to claimg3, wherein said

1

€ T aapfing o aeR VBTFR S SHATISHA) drveais 3 levof
Ot 00N E depeddvifie shiionyqATDEeER0L:86l from t he group
consisting essentially of - Sn02 - Sn02:F - Sn02: Sb
- 1n4Sn3012 - Zn21n205

7. The material according to claim 1, wherein the thickness of said second TCO

layer is between 30 and 200 nm.

8. The material according to claim 6, wherein the thickness of said second TCO
layer is between 50 and 150 nm.

9. The material according to claim 7, wherein the thickness of said substrate is
between 0.1 and 3 mm.

10. A luminous display device comprising an anode and a cathode, its anode side
including a material such as that defined in claim 1.

11. Luminous display device according to claim 9, wherein said device is an
organic light emitting diode (OLED) incorporating, on its anode side, a material
coated with at least one light emitting layer inserted between the second TCO
layer of said material and a metal cathode.

12. A process for manufacturing a material or a device, the process comprises:
depositing, on a glass or vitroceramic substrate previously coated with a first TCO
layer, a second TCO layer by means of a sol-gel type coating process.



- ZnSn03 - Zn2Sn™4 - GlnG3 - MyIn204 6. The

materi al according to claim 3, wherein said second TCO
wo aye023436 a | ayer of tin oxide doped with antP@DDN2003/027759

(ATO), Sn02:Sb. 7. The nateqlal according to claim1,

wherein the thickness of saild second TCO | ayer is

bet ween 30 and 200 nmm. 8. The material according to

claim6, wherein the thickness of said second TCO

| ayer is between 50 and 150 nm 9. The materia

according to claim?7, wherein the thickness of said

substrate is between 0.1 and 3 mn. 10. A | um nous

ol 5 ihg pressss acsordiedpickimg Lawhemsiscthe aragess abw inelades 4 hegt

aEvAEElidBitiOR step M6 sdidl 6ol T®OGEJeR! such as that defined

inclaim1. 11. Lum nous display device according to

claim9, wherein said device is an organic |ight

e. tTthe popcdssoteorigEbclaimdady pdreedin sedd pretimihayalepekétion of the

Si h
TR I%Es’eéa%%%ds@ﬁ%&%%%geﬁ‘aﬁ@%ﬁ%@%ﬁ oS,
o‘fhe@a‘F?é pRasdiongdn vaprdr ghasst al  cat hode. 12. A process
for manufacturing a material or a device, the process
conprises: depositing, on a glass or vitroceramc
substrate previously coated with a first TCO |ayer, a
second TCO | ayer by neans of a sol-gel type coating
process. WD 2004/ 023436 PCT/ US2003/027759 18 13. The
process according to claim1l, wherein the process

al so includes a heat consolidation step for said
second TCO | ayer. 14. The process according to claim
11, wherein said prelimnary deposition of the first
TCO layer is carried out by a vacuum sprayi ng process
or in the formof chem cal deposition in vapour
phase.



