19 July 2005 1 ORGANIC LIGAT EM TTI NG DI CDE (OLED) Technical Field The
present invention relates to Organic Light Emtting D odes (OLEDs) 5 and,
in particular, to an OLED which is adapted to inhibit the formation and
growth of non-enissive areas known as "dark spots". The invenj é?l(ﬁ]y.'zé
particularly suitable for OLEDs used in flat panel displays, ?? be
described hereinafter with reference to {his application. However, it wll
be appreciated that the invention is not limted to this particular 10
field of use. BackgroundQRGAMG LKk EEMIT] ORE{QMEDRMO el ectrodes with
one or nore polymer |ayers di sposed bet ween the el ectrodes. As shown in
Figure 1, these devices 15 commonly include the follow ng | ayers, arranged
in the following order: (i) a substrate 2 often made from plastic or gl ass;
(ii) an anodecBnigakhieitbd on the substrate and commonly made from a
transparent conductive material, which may be an organic material or an

i norgani ¢ oxi de $hepresentridvention relades de Qr‘gﬁm)c Ligbt EmiitihgdDihdee (OLERSpOr t

| 5 d t h d . ect 1 L) |
i 2p0sadSon Ate i oReiaarh 8t duEf vifof i Gebptet I HEAE e Wdpalbiond « ne
EL layer, tRheowst SFtbh-BRidd B siKneWrtas *ddrﬁ%gb@y.er 9 of Cal cium or

Magnesi um and a second | ayer 10 of Silver 5 Alum nium The anode 3 is

bi ased positivel yhui Fn'%ehﬁérﬁ’%t péﬂlchfé‘?ley)c%ﬂf'é}ﬂé fIrNOLEDs tWed. Bl 9@t rpdifeiand
holes are injected into t I ayer where they mgrate in the electric

field until dispgys, mllh@etdﬁwmdc@e@lqﬁﬁ@rwth Teferangeato thigapplcatigrer

However, it will be appreciated that the invention is not limited to this particular

10 field of use.

Background Art

A typical OLED consists of two electrodes with one or more polymer
layers disposed between the electrodes. As shown in Figure 1, these devices

15 commonly include the following layers, arranged in the following order:
(i) a substrate 2 often made from plastic or glass;

(i) an anode 3 disposed on the substrate and commonly made from a
transparent conductive material, which may be an organic material or an

inorganic oxide such as Indium Tin Oxide (ITO);
20 (iii) a hole transport layer 5 disposed on the anode;

(iv)  an electroluminescent (EL) layer 6 disposed on the hole transport layer;
and

(V) a cathode 8 disposed on the EL layer, the cathode being made from a
first layer 9 of Calcium or Magnesium and a second layer 10 of Silver or

25  Aluminium.

The anode 3 is biased positively with respect to the cathode. In use, the
electrons and holes are injected into the EL layer 6, where they migrate in the
electric field until they recombine to produce a photon. The total organic layer
thickness is usually around 50 -150nm, and the bias is about 2-20V. The



t hi ckness is usually around 50 -150nm and the bias is about 2-20V. The 19
July 2005 2 anode 3 is typically transparent and the work functions of the
cathode materials are chosen to match the energy |evels of the polyner
HOMO for the anode and LUMO for the cathode. Hence, the matejg gl 2085t
wi dely used for OLED cathodes are cal cium magnesi um and al um ni um and
lithiumalloys. 5 In recent tinmes considerable inprovenents have been nade

in the matenhoabs RPpidaNY) G8nsHHBAE S5 tHeewBik fhERSns ¥hiheh: d ﬁl%\*k%rfa%j in

devices with [|um nance val ues exceeding 100 000 cd/ n2 and external quantum
ef fi ci enci egre ichossit kxmaieh U erirgy de vedsrobtearalyen HOMOdes thesamodseand f ound

to be useful r Ll Tumdnatgrs and f] at nel, di spl ays.

Al t hough rer%WleL"s‘ @‘t%ag%tg'_%gﬁ'ecﬁggfzﬁmﬂhee&%ﬁ IaQsEmo%gwgslgsu%ioeri%D _
denonst r at e¢athieataragaidiumnaidgnesiihi aRdeiisinidri@ntiitetim@pysf such devi ces
have been Iimted by the formation and growth of non-em ssive areas known

as "dark spots".InAeauRbeime cbasitierable GMprdRihENtsOhAE HerhMRddeN i ke
grow h of dark spots. 15 One such factor is cathode defects such as

pi nhol es. THealerigisrang deviee erdiitesture fof QtdDeiuvhialy has sesultadeintievidasgwith
Con Mot | bl
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Thi's signifiicentéss ohéveaTlessd hewefereestion dévieed habbbRdourt 10168 @ikeful
sputtering i.s one of the nethods commonly used in the sem conduct or

i ndustry 20 7 §r9¢ REeq diygungtophand flabpanri€isplays- s t echni que has, until now,
not been suitable for OLEDs. This is because OLEDs are extrenely sensitive
and are @amaged Mthough remarkably stakle lestrmiuminesceniy(Blndievinespbatsabaemnt

i nvol ved in ddso | LG ﬁ%} t L og&tqe al hodes

with few or no npsl'iﬁg%(? gfge??[t'@gg no é@&&ﬁ'qﬁggggﬁécﬁé@g%%wse §F’9't%%£e]

damage causd@vbybeebinited be dhanfagmation and growth of non-emissive areas known as
“dark spots”.

A number of factors contribute to the formation and growth of dark spots.

16 One such factor is cathode defects such as pinholes. These pinholes are often
formed during resistive-heating evaporation. The oxidised cathode reduces the
electron injection efficiency of the device and a higher driving bias is therefore
needed. This significantly increases the chance of local shorting. Although
sputtering is one of the methods commonly used in the semiconductor industry

20 for the deposition of cathodes, this technique has, until now, not been suitable
for OLEDs. This is because OLEDs are extremely sensitive and are damaged

by the radiation, charging, heating and ion bombardment involved in the
sputtering process. Although sputtering produces cathodes with few or no

pinholes, it has not been used on OLEDs because of the damage caused by
25 the technique.

Another factor in dark spot formation and growth is the evolution of
oxygen and moisture in the OLED materials and its permeation through the
device during operation. The diffusion of moisture and oxygen through the
layers of the OLED is a significant cause of the growth of dark spots on the

30 cathode. Magnesium and Calcium are often used as cathode materials in
OLED devices because of their low work function. However, Calcium and

Magnesium are very sensitive to oxygen and water vapour. The dark spot and



Anot her factor in dark spot formation and growth is the evol ution of

oxygen and noisture in the CLED materials and its perneation through the
devi ce during operation. The diffusion of noisture and oxygen through the
| ayers of the OLED is a significant cause of the growh of daﬁj&%g?b& on
the 30 cat hode. Magnesium and Cal cium are often used as cat hode erials
in OLED devices because of their |ow wogk function. However, Cal cium and

Magnesi um arg.ver sitive to,oxygen and, water vapour. The.dark and
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and substrates and reacts with the electrodes. An additional factor in

dark spot greR@ts With tha@leatpdesi on of the electrode 5 materials during

electrical stress. This nmetal mgration causes peaks of electrical shorts
and strong el ect Ancadditioral dacton inydarkospotgaewth isfthetrsigratiam oftheuelerispde act or

whi ch coptri tq,.k Al i d | I t] S
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i ncreases t letegds ishbtts ynd Gtrongtedectéiciffietd Oim \eifriclB®aptsgsfrthe OLBM@r s and

| eads 10 to dark spot growth. A further problemfaced by prior art OLEDs

is that they do pofuriheydaster whighpechtrblisseto Bbabirhatioh ofaaroépdteds ey
significant degradat i.on mechani sns in conjugated pol ynmers has been found
|

to be phot ol6RIIAGt i Bis heatind pheften eausadthoRiohmeitayst e expegiiessiiaéeliabn of
the vinyl d d : imear RRk e T [

conj ugat i on?#@ﬁgt Iﬁelb%%stg Egt'?g?%% ?ﬁgﬁéfolgl %crar b‘g&i@;{{‘& gh:éoéj@g?"cr'gg%ﬁﬂ’g'%?ﬁﬂ ower
phot ol urbnedec dadespdtfgrowdnci es. In recent tines it has been found that the
performance of OLEDs is enhanced not only by the proper selection of
organi c materi al A furthealpsablom fiabed byf ricrizehOLED S is ¢hat thiegado wat fedve very

el ectrodes ag%%dtpr})?yr(r:lgp gt%\%llliltfdo%leec%ttﬂg r;ﬁct]r?al s?gnificant degradation mechanisms in
conjugated polymers has been found to be photo-oxidation. Such photo-

oxidation induces the chain scission of the vinyl double bond on the polymer

15 backbone thereby reducing the conjugation length by the formation of carbonyl

groups, resulting in lower photoluminescence efficiencies.

In recent times it has been found that the performance of OLEDs is
enhanced not only by the proper selection of organic materials but also by the
efficient carrier injection of electrodes and the controlled electron-hole

20 recombination within a well-defined zone. Research that has focussed on
increasing the charge injection and carrier confinement have led to significant

improvements in device performance.

Figure 2 shows an advanced form of such prior art OLEDs which
consists of a multi-layer, high efficiency, structure. In addition to the layers
25 labelled with common numerals to those of Figure 1, the advanced prior art

OLED also includes an electron injecting layer 15 and a dielectric layer 14.

The electron injecting layer 15 is disposed between the
electroluminescent (EL) layer 6 and the cathode 8 and serves to efficiently

control hole and electron injection.

30 The dielectric layer 14 is disposed between the anode 3 and the hole

transport layer 5. If the thickness of the dielectric layer is within tunnelling



20 reconbination within a well-defined zone. Research that has focussed on
i ncreasing the charge injection and carrier confinenent have led to
significant inprovenments in device performance. Figure 2 shows an advanced
formof such prior art OLEDs which consists of a nulti-| ayer19m|gboo5
efficiency, structure. In addition to the layers 25 |abelled wth conmon
nunerals to those of Figure 1, the advanged prior art OLED al so includes an
el ectron i nj i Ahstidr 6l Yo 1 lLipgt ran:

i njecting Ig@g$ﬁél%’ :t@élgffgi%tglsed lglgtr ﬁd/eglr‘la%t é Iﬁjeekgéc/'?rlsofbévn%r%ggggntﬁg(”Eggm?nayer 6
and the cat lobdwl&s dmdhgezmitting dayef fisciednteéy. Asmd resulhaohes kwkrisigeof thom

i nj ection. 3% Tﬁe gi el egtri c. | ayer,. 14 ia gfiés osid bet ween the anode 3 and
the hole t FRRSPHST PATNEY &9 carrief frieeion Igpdg rgPajanced;iiestien PLelegyens i s
wi t hi n t unnelnliHiled 8nd e/ qBA%kam 4rfitiznel Be&e OLE® REfakkve barrier to

el ectron injection is lowered and the injection of holes to the emtting
layer isgreduced T nibreesdidnced 'Brﬁ)r'é?(‘?ﬂm Rviddhe @%f@%&h?bﬁsbéﬂye'rﬁf] to
carrier injection leads to nore bal anced I njection 01! el ectrons ndI ol es
and the quattminesténcsd and\effidiende BoEEvendesases théseTadvantedeObBDaralsal

prior art OLED, deyice t efore exhi bit erjor . lumnescence an

ef ficiency. %E‘Pé%é?r?( %%Cg:ﬁég@a{'%sa@ agir\pgﬁlaZEgﬂ#Eggfq.{pg%aveegrﬁegqque a%ﬂprg pot
formati on anitbsgpagwt h t hey therefore have a relatively short |ifespan.
There is therefore a need for an inproved OLED which is adapted to 1o

inhibit the fornHtHepd iSAke@fset & rebddRr kars PASBve® GCEDSKHARNAE ddupeed iken In
a first aspect, the present invention provides an organic |light emtting

di ode ( GRED)nkybikie farmgtion @ndgrowin ahderk sPotposed on a substrat e:

Disclosure of Invention

In a first aspect, the present invention provides an organic light emitting
diode (OLED) comprising:

15 (a) an anode disposed on a substrate;
(b)  acathode;

(c) an electroluminescent (EL) layer disposed between said anode and said

cathode;

(d) a hole transport layer disposed between said anode and said EL layer;
20 and

(e) at least one dielectric organic barrier layer disposed between one or
more of:

(i) said anode and said hole transport layer;
(ii) said hole transport layer and said EL layer; and
25 (i)  said EL layer and said cathode;
said barrier layer being adapted to at least one of:
(A)  resist permeation by oxygen;

(B)  resist permeation by moisture; and



(b) a cathode; (c) an el ectrolum nescent (EL) |ayer disposed between said
anode and said cathode; (d) a hole transport |ayer disposed between said
anode and said EL layer; 20 and (e) at |east one dielectric organic
barrier |layer disposed between one or nore of: (i) said anod$ and _said
hol e transport layer; (ii) said hole transport |ayer and said %ﬂ”YﬁQ@?; and
25 (iii) said EL layer and said cathode; _said barrier |ayer being adapted
to at | east one of: (A) resist perneatign by oxygen; (B) resist perneation
by noisture; and 19 J(Cy 20{Mbit mefdh)migndtidri.t metal migration. Preferably,
the OLED conprises a barrier layer disposed between said EL |ayer and said

cat hode. Alt er naFireferably otheaOUED oombliges bhisarfleFRyee Miposed etweahrdaid
| ayer di sposed between either; 5 ﬁi) sai d anode and said hole transport
| ayer; or ELI layerand saideatheds pditematiyely, anadditionsliy thesQLED qanaprises v

t he OLED CO'BB’hjié‘rEiﬁyé"ms dd 58tweBNYither-ONe being di sposed between the EL
| ayer and the cat ocIe and the other barrier layer being disposed between

either: 10 (i) 831:),8 259@)5:%?&% SR gai:aﬁ%oﬁesttr{aﬂeﬁfﬁr?ﬁéyelr;aqrer; or (ii) said hole

transport | ayer ayer. urther’preterred that one or nore

of sard at | east (e Baly helb tALBbrtidyer WRFLATELTbjs, { T ansparent in the

vi si bl e wavel eng ran
Preferably, the OLED comprises two barrier layers, one being disposed
between the EL layer and the cathode and the other barrier layer being
disposed between either:

10 (i) said anode and said hole transport layer; or
(ii) said hole transport layer and said EL layer.

It is further preferred that one or more of said at least one barrier layer is
substantially transparent in the visible wavelength range.

It is further preferred that said at least one barrier layer is adapted to
15 inhibit metal ion migration under electrical fields. Each barrier layer preferably
also has a moisture barrier property in the range of from 0.1g/m?/day to about
509/m2/day at about 39 °C. The thickness of each barrier layer preferably lies

in the range of about 1 to about 20 nm.

Preferably, the OLED further comprises an encapsulation layer at least
20 partially encapsulating the OLED, said encapsulation layer being adapted to
resist permeation by oxygen and/or moisture.

In one form, the OLED further comprises a dielectric layer disposed
between said anode and said hole transport layer and wherein said at least one
barrier is disposed between one or more of:

25 (i) said anode and said dielectric layer; and
(ii) said dielectric layer and said hole transport layer.

This dielectric layer preferably has a thickness which is within electron

tunnelling range. This dielectric layer is adapted to lower the effective barrier



It is further preferred that said at | east one barrier layer is adapted to
15 inhibit nmetal ion mgration under electrical fields. Each barrier |ayer
preferably also has a noisture barrier property in the range of from

0. 1g/n2/day to about 50g/nR/day at about 39 C. The thickness ®f g%
barrier layer preferably lies in the range of about 1 to about Lﬂ
Preferably, the OLED further conprises encapsul ation | ayer at least 20

partially erp,%ﬁbtpﬁ%,aglefa&ohhﬁjegigﬁjarﬁa{r%rwgﬂﬁ#h@é kﬁ@#drﬁ%@%g%@e@@qﬁm ed to

resi st perneation by oxygen an r nmols n one form urt her
conpri ses aefficdreytafitiee IQLED. di sposed between sai d anode and sai d hol e
transport |ayer and wherein said at |least one barrier is disposed between
one or nore of: 2%afbdhesdonn atheddl BDdfustaicd cdimplriges rancelealyer injectthy layer sai d
dielectric said hole transport layer. This dielectric |ayer

| ayer d , : {
preferably REPOFe hetuRes Sah layer indn$aid etatieedoandr wheremn salg Ablegst Thi s
di &l eCtI5C oRkHartier BURRIRRJIRIWAURONERE iRdleagt | ve barrier 19 July 2005 6

hei ght for electron injection and thereby enhance the | um nescence quantum

ffici f theyOLED,;A ; i
ol ectron Tnpects G 1 agaid ELPARERRY o EleckiBR iiERd HLERENd CMP Ll €8 athode
and wherein sai d(@t l%Q@teleétrgﬁg]j%%{n:giIS{/eriasnod%éiB%% 0%‘?'[ Wween one or nore

of: (i) said EL l'dyer and sal on"injecting layer; and (ii) said

el ectron injectiRg,; L, ¢ . i t. [ayention
may al so incl udeﬁ?'#e%gfégl @E’ﬁ r ?@lﬂl%a;rg}remggfnérgpeaas?dngggégﬁg]fgglﬁﬁcg elraé(éfy,

t he organi c réfermeiddo dbayer is at |east partially nade froma pol yner and
has a thickness in the range of 1 to 20 nm Mre preferably, the

10 Preferably, the organic barrier layer is at least partially made from a
polymer and has a thickness in the range of 1 to 20 nm. More preferably, the

barrier layer is deposited by any conventional coating technique including:
(i) spin coating;
(ii) vacuum deposition; or
15 (ii)  chemical vapour deposition.

Preferably, the encapsulation layer is an organic encapsulation layer
which is at least partially made from a polymer and has a thickness in the range
of 1nm to 30um. More preferably, the encapsulation layer is deposited by any

conventional coating technique including:
20 (i) spin coating;
(ii) vacuum deposition; or
(iii)  chemical vapour deposition.

Preferably, the polymer of the barrier layer and the encapsulation layer

is selected from:
25 (i) polyimides;
(ii) teflon; and
(i)  parylene.

Parylene is a particularly preferred polymer.



barrier layer is deposited by any conventional coating technique including:
(i) spin coating; (ii) vacuum deposition; or 15 (iii) chem cal vapour
deposition. Preferably, the encapsulation |ayer is an organic encapsul ation
| ayer which is at least partially nade froma pol yner and ha§ 2mtgb§§ness
in the range of 1 nmto 30m More preferably, the encapsulati% Y y S
deposited by any conventional coating technique including: 20 (i) spin
coating; (ii) vacuum deposition; or (iii? chem cal vapour deposition.
Preferably, the gbeysubstrate ohdhdQUER rshoajkbe aatthptéad te mesigispérameationl by er

s sel ectedof{/om % ri ?I I m es;.t.('i tegrl nrf d iiSi aryl.ene.
Paryl ene i s°&8Y$dl ANCH"AP ef &Y%%d! po P 3do8 RE &Kifstrate
of the OLED|sephelidng raadireeh 4 Agidest fdxie mBBHADBuBlY as PR braysdOor

moi sture. Also, it i5 further préferred that the substrate is at |[east

partially made frmp@ athbdé Gridfor h§ddd b thRIGIED! is p?lalf"e‘?aﬂz #! @88t padiang! ass.
The cat hode and/or anode of the OLED is preferably at least partially 5

made frofn omeads fraoy@nedr meee Phthedwiloyingataibade matenialsl s: (i) organic
metals; (ii) inorganic netals; (iii) organic nmetal oxides; and (ivV)
i norgani c nmetal &)i desrganic metals;
(i) inorganic metals;
(i)  organic metal oxides; and
(iv)  inorganic metal oxides.
10 The anode is preferably formed of indium tin oxide (ITO).

The cathode is preferably formed of calcium, magnesium, silver,

aluminium, alloys of two or more of these metals, or lithium alloys.

In a further aspect, the present invention provides an organic light
emitting diode (OLED) adapted to inhibit the formation and/or growth of non-
15  emissive areas comprising:

(a)  an anode disposed on a substrate;

(b)  acathode;

(c) an electroluminescent (EL) layer disposed between said anode and said
cathode;

20 (d) a hole transport layer disposed between said anode and said EL layer;
and

(e) at least one dielectric organic barrier layer disposed between one or
more of:

(i) said anode and said hole transport layer;

25 (ii) said hole transport layer and said EL layer; and
(i)  said EL layer and said cathode;
said barrier layer being adapted to at least one of:

(A) resist permeation by oxygen;



10 The anode is preferably forned of indiumtin oxide (1TO. The cathode is
preferably fornmed of calcium magnesium silver, alumnium alloys of two
or nore of these netals, or lithiumalloys. In a further aspect, the
present invention provides an organic light emtting diode (%m Zgéioapt ed
to inhibit the formation and/or growth of non- 15 em ssive areas
conprising: (a) an anode di sposed on a sgbstrate; (b) a cathode; (c) an

el ectrol um nescent (Elélz3 | ayer di sposed between said anode and said _
cat hode; 20 (d) a hol B} r afesgrrermapiion dygpoeisttiebandween sai d anode and sai d
EL layer; and (e) at |east one dielectric organic barrier |ayer disposed
between one or nore %) (inhihmetalnoigeationd sai d hol e transport |ayer; 25
(ii) said hole transport |ayer and said EL |ayer; and (iii) said EL |ayer
and sai d cat hodePrefgrablpaihei @-EDafpsthep sompris¢amreencapsalationalsyenatleast (A

o stur o anar i HoRHAERg IS ORFD: S eneapdlafditiger RGP To.c:

conpri ses amesiscpgrmdaibhay digen axid/draasistureartial ly encapsul ating the
OLED, said encapsul ation | ayer being adapted to 5 resist perneation by

oxygen and/ or noiAgtording fcs Alirthdrtspecof thetdtesertsmRioAl tHehe iPHRIRIY a
invention, there is provided a nethod of manufacturi n?_ an organic |ight

em tting di GeRthpehoEnjanidagiviing ag:organic light emitting diode (OLED) comprising:
(a) forming an anode on a substrate;
(b)  forming a hole transport layer above the anode;
10 (c) forming an electroluminescent (EL) layer above said hole transport layer;
(d) forming a cathode above said EL layer; and

(e) at appropriate steps in said process, forming at least one dielectric

organic barrier layer disposed between one or more of:
(i) said anode and said hole transport layer,;
15 (ii) said hole transport layer and said EL layer; and
(i)  said EL layer and said cathode,
wherein said barrier layer is adapted to at least one of:
(A)  resist permeation by oxygen;
(B)  resist permeation by moisture; and
20 (C)  inhibit metal migration.

The first barrier layer is preferably formed on said hole transport layer
prior to formation of said EL layer. Alternatively, a barrier layer may be formed

on said EL layer prior to formation of said cathode.

It is particularly preferred that a first barrier layer is formed on said
25 anode and a second barrier layer is formed on said EL layer. In a further
alternative embodiment, the first barrier layer may be formed on said hole

transport layer and the second barrier layer may be formed on said EL layer.



(a) form ng an anode on a substrate; (b) formng a hole transport |ayer
above the anode; 10 (c) form ng an el ectrolum nescent (EL) | ayer above said
hol e transport layer; (d) form ng a cathode above said EL |ayer; and (e)
at appropriate steps in said process, formng at |east one d| %3 rh§5
organic barrier layer disposed between one or nore of: (i) sal %688 and
said hole transport layer; 15 (ii) said gole transport | ayer and said EL

| ayer; and (iii) said EL |ayer and said”cathode, wherein said barrier

| ayer i s adapt edBashabatreEsstayenemay: be ( d¢positeds bypanyeadmvemtibpaloxpgtng ( B)

resi st perngatlon b Lsture; and 20 (C) inhibit metal mgration. The
first barri dﬂﬂ%ferably formed on said hole transport |ayer
prior to formati of sald |ayer. Alternatively, a barrier |ayer may be
formed on said&ElaﬁBtn '(B‘Qtoformatlon of said cathode. It is

particularly pre. rred that first barrier layer is formed on said 25
anode and a secobll baMAFdM) SIto8; Pbr med on said EL layer. In a further
alternative enbogl ment, the first barrier |ayer may be forned on said hole
transporf |ayer &Y tﬁbe%%ﬂap%rrwysmcay may be formed on said EL

| ayer. 19 July 2005 9 Each_ barrier g may be deposited bP/ any
convent i onal coaﬁsnl@revt%@wmrtﬁltf@t?%cm?d %r@er(layerslﬁlme&sablyn@t e@pt pati@yium

deposi ti on; Qfqe flohd i) Pglper e Qctgtaagog gfé?ﬁos'ﬁ%ﬁéfablﬁhgrt?a\fh&u%y\ér'H%%' gated,

the barrier l'ayer 1s pre t
thickness in the range of from about 1 to about 20nm

The method preferably also includes the formation of an encapsulation
10 layer at least partially encapsulating the OLED, said encapsulation layer being
adapted to resist permeation by oxygen and/or moisture. Typically the
encapsulation layer will be an organic encapsulation layer formed at least
partially from a polymer. The encapsulation layer may have a thickness of from
about 1nm to about 30pm. The encapsulation layer may typically be deposited

15 by a process selected from:

(i) spin coating;
(ii) vacuum deposition; or
(iii)  chemical vapour deposition.

When a barrier layer is formed on the EL layer, the cathode may be

20 deposited by sputtering as the barrier layer will protect the EL layer from ion
bombardment.

Throughout this specification, unless the context requires otherwise, the
word "comprise”, or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated element, integer or step, or group

25 of elements, integers or steps, but not the exclusion of any other element,

integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an

30 admission that any or all of these matters form part of the prior art base or were



made froma polyner, such as parylene. Preferably the barrier |ayer has a
t hi ckness in the range of fromabout 1 to about 20nm The nethod preferably
al so includes the formati on of an encapsulation 10 |ayer at |east
partially encapsulating the OLED, said encapsul ation |ayer bejqg,y ag@pted
to resist perneation by oxygen and/or noisture. Typically the

encapsul ation layer will be an organic egcapsul ation |ayer forned at |east
partially f . (or | @y i of
From ~abeut 0 e K 2Bl Clo [ eRe ARl PESE e
deposited e5isksd befprothesprigdy datedls ¢adnelain pf #1$ appleationg; (ii) vacuum
deposition; or (iii) chem cal vapour deposition. Wien a barrier |ayer is
formed on the ELIN aydar, thahdhe apriesdert imventien 2@y deposoreedlehyly synddrstoodg as

the barrier layer will protect the EL |ayer from.ion onbar dnent .
Througnout - PHETETEdderms SUf b8 essiPed vithiTersicade Pe olc0 siARMES2d ( ne
word "COBPriek8mpldy. variations such as "conprises” or "conprising”, wll be
understood to inply the inclusion of a stated el enent, integer or step, or
group 25 of elenents, integers or steps, but not the exclusion of any other
el ement, integer or step, or group of elenents, integers or steps. Any

di scussi on @i PRMPBRiGH ofPeDrali & | al s, devices, articles or the like
whi ch has been inctuded | nt specification is solely for the

purpose of  provi .6}9_1aiscé3ﬁk§l'%‘fﬁatfcoér05§'—%lee’§) View Bf’grétrﬁﬂ@-pfrfotr drSopeb; to be

R
taken as an 30 adnission that any or al these matters tormpart of the

prior art base oriyiees 19 2JUliernfS orol-SRERA EUPE hnkaRMRAID G de,

field relevant to e present 1 nvention as It existed before t
dat e of 1eactOIdERj m of this application.

Figure 3 is a schematic cross-sectional view of a first preferred
embodiment of the present invention;

Figure 4 is a simplified schematic cross-sectional view of the first
preferred embodiment of the present invention clearly showing the
15  encapsulation layer;

Figure 5 is a schematic cross-sectional view of a second preferred
embodiment of the OLED of the present invention; and

Figure 6 is a schematic cross-sectional view of a third preferred
embodiment of the OLED of the present invention.

20

The Preferred Embodiments

Referring to the drawings, Figure 3 shows a schematic cross-sectional
view of a first preferred embodiment of the OLED of the present invention. As
seen in that Figure, the OLED 1 includes a number of layers disposed on a

25 substrate 2. In this embodiment, the layers are arranged in the following order:
an anode 3, a first oxygen/moisture barrier 4, a hole transport layer 5, and
electroluminescent (EL) layer 6, a second oxygen/moisture barrier 7 and a
cathode 8. In this embodiment the cathode 8 includes a calcium cathode layer
9 and a silver/aluminium cathode layer 10. All of these layers are at least

30 partially encapsulated by an encapsulation layer 11.



In order that the present invention nmay be nore clearly understood,
preferred forns will be described with reference to the follow ng draw ngs
and 5 exanples. Brief Description of the Drawings Figure 1 is a schematic
cross-sectional view of a sinple prior art OLED, Figure 2 is1@ aygsggtic
cross-sectional view of an advanced prior art 1o OLED; Figure é S a
schemati c cross-sectional view of a firsﬁ preferred enbodi nent of the
present invention; Figure 4 is a sinplified schematic cross-sectional view
of the first prdherfireti osygeiimuisttreobatries $iiesdaptedntoe nesistnperimsation By iowi ng

the 15 encapsul atign |ayer: Figure 5,is a hemat . ¢ _cross-sectiopal,.vi ew
b s socond oBrdart APamoRiis s i oo dhSofe 80 SHbi inSL BRRRREh, R it Sing
Figure 6 isppefefBaERhbEdifTcs $hes BaFicNR|s i BYgatic BakitrHade $fomh esblymer
enbodi mrent of the OLED of the present invention. 20 The Preferred

Enbodi ment s SRigictad frag palyintidesirteflomend margene. 3t isthaiwean slcardr@fingn thick

Cross-segti I ' 0 L r L ENn f t he
pr esent %nv%ﬁ i'%rq?éb%{tecggﬁrtlﬁ% ﬁﬁ{‘)ﬂgtu%h%é@ﬁg?&ﬁ(ﬁe%ﬁeﬁ%[jg%(ﬂngcé}?}a%slzau(%La er of
| ayers di spepirdcaiting, 2acmhslebhabitior orlchetrlical vapbaddepdsitiort (Gvbayers are
arranged in the followi ng order: an anode 3, a first oxygen/noisture

barrier 4, a hol althoagspiarthid gpeesrdd eabddirReRE tHofitstoRpgeeRioidthate bhmieer 6,
a second oxygen/ noisture barrier 7 and a cathode 8. In this enbodi nent the

cathode 8 irzldigRosed eiwsennthsuEnede Bt the hel teansppitelayar mi gifagtive
cat hode | ay%%l}lg' hadVe 2185 b%?ﬁ%%hk&)éﬁr\ﬁh&ﬁ'isaéigbggéé bg%g%&?fhte' 1& ¥ransport

encapsul ated by an encapsul ation lTayer
10 layer 5 and the EL layer 6.

This first oxygen/moisture barrier 4 has a moisture barrier property in the
range of 0.1g/m%day to 50g/m?/day at 39°@ 95% RH. It is transparent in the
visible wavelength range and is resistant to metal ion migration under electrical
fields.

15 Because this barrier is adapted to resist permeation by oxygen and/or
moisture it is able to prevent oxygen diffusion from the anode 3 to the hole
transport layer 5 and the EL layer 6. It also acts as a thermal barrier film and is
able to effectively reduce the heat transfer from the anode to the EL layer
during operation of the OLED 1. This barrier 4 is preferably free of pinholes

20 and other defects so that it provides a smooth morphology to allow the effective

deposition of the hole transport layer 5.

This barrier 4 is also able to reduce the strong electric field produced at
anode spikes and serves to increase the carrier injection efficiency by reducing

the barrier height through the potential drop across the layers.

25 The second oxygen/moisture barrier 7 has substantially the same
composition and properties as the first oxygen/moisture barrier 4, but it is
disposed between the EL layer 6 and the cathode 8.

In its preferred form, this second barrier 7 is also adapted to resist
permeation by oxygen and/or moisture and is therefore able to prevent oxygen

30 and moisture from diffusing to the EL layer 6 and reacting with the cathode.



11 The first oxygen/noisture barrier 4 is adapted to resist perneation by
oxygen and noisture and is also designed to inhibit nmetal mgration. In
this preferred enbodinment the barrier 4 is an organic barrier nade froma
polymer selected from polyimdes, teflon and parylene. It is1bgiyesss 1 and
20 nmthick 5 and is deposited on the anode using any conventional coating
process such as spin coating, vacuum deposition or chem cal vapour
deposition (CVD) .. A t hou in_this preferred enbodj nent, the first
oxygens moi st ur e, DAY FETOTEDaTER doshouEelasche fivs anapoissaind dher Hefets
transport |%that5tc§rﬁEﬁtﬁﬁdé/Q sm&ﬁﬁlnﬁ&;fh@w@y%ﬁ@e&ﬁ%fbrﬁ&hhe\eéﬂndm It is

di sposed between the hole transport O layer 5 and the EL layer 6. This

first oxygen/noi pisugiechded arlibr,NAe Fref@ict HethdRlok io%rpogmﬁgeer E¥thoReldif
range of 0.1 g/ nR2/day to 50g/n2/day at 39@95% RH. It 'is tFansparent in the

vi si bl e wav@neRGER isahydhamiocess kBown ast “spotteringl. iHowenegr Hiis dechnigies

| ectrical | S this barrier is adapted to resi st perneation
by oxygen attiSt © amasb s B kO Bedtl el Pel Sl a6 RFBm t e
anode 3 to thehigopreferidcreisvdimeay &inde @l sbbendEloxige®mdistutd bahdt 2 s as
a thermal barrier filmand is able to effectively reduce the heat transfer

from t he an&§eosited pe the Elalayer 6dtipraigclegbedtli tayesf allavénatimocathorlei & to

barrier 4 i -ahl v fr I : ther fects. h it

rovi des a DSpAFRSIRE My sbBefiho Rt SRyl the M lafit 3 i Reb " Hhe o

transport | @geond.barties 7bar abler tal preteat sioe &l dayer 6 efidrmeionhbosbaaiigent,

electric fi el(igji roducdﬁd att anode spi kes and serves to increase the carrier
ialiem g ynetal

i njectidf ef® qugragiont h&Yh&apPeRting dhgneatbpd®d sing IFBUpBERGL i al
drop acr 0SS wifig@eIne: cathoddBal BE YT QRUORN FRY Bf HbGifiiEs.cr 7 has

substantially the same conposition and properties as the rst

oxygen/ moi sture Bgfrhihgto Figlte4 fHerd & sHIWPASHHRRRIVESRMAR fbsd-8¥%&6orf and

t he cat hode 8.
view of the preferred embodiment of the OLED of the present invention clearly

showing the encapsulation layer 11. In that Figure, the OLED 1 is shown
15 disposed on a substrate 2 and encapsulated by the encapsulation layer 11. A
pair of epoxy seals 12 extend between the substrate 2 and a cover substrate
13 to enclose the OLED 1. The encapsulation layer 11 shown in both Figure 3
and Figure 4 is adapted to resist permeation by oxygen and/or moisture. In this
preferred embodiment, it is an organic encapsulation layer 11 made at least
20 partially from a polymer selected from polyimides, teflon and parylene. Of
these polymers, the parylene series has produced the best results because it
can be deposited at room temperature and it does not alter the electronic
parameters of the OLED. It also has excellent step coverage and therefore
provides conformal coverage of the OLED 1. The encapsulation layer 11 is
25  preferably deposited by any conventional coating process such as spin coating,
vacuum deposition or CVD and is deposited to a thickness ranging between

1nm and 30 um.

Because of the excellent oxygen and moisture barrier properties of the
encapsulation layer, it is able to exhibit a moisture absorbency of less than

30 0.1% by weight. The layer 11 provides an excellent barrier to moisture
permeation and therefore protects the OLED 1 once it has been encapsulated.

This encapsulation layer 11 allows the OLED 1 to be hermetically sealed



Inits preferred form this second barrier 7 is also adapted to resist
perneati on by oxygen and/or noisture and is therefore able to prevent
oxygen 30 and noisture fromdiffusing to the EL layer 6 and reacting with
the cathode. 19 July 2005 12 This second barrier 7 should alﬁgJ g bgee of
pi nhol es and ot her defects so that it can provide a snooth norp Fogy for
deposition of the cathode 8. As discussq% earlier, the preferred nethod of

deposi ting cat haode on .an OLED |.s t ragess kno s_." | ng".
rovever | onieTehE R 1B It Qe BT B o KPP0 FEp B9 BT b
the EL effi pbaAsatiol of MBistai iRl otyyehhi s preferred enbodi ment, since the
second oxygen/ noi sture barrier 7 is deposited on the EL layer 6 it

protects the EL |ayf§, arR] tHeWol8wintepeddhedientbodineRts, rposhdtete s also

sputtering without damaging the ELC layer. In this way, the second barrier
7 is abl e t adppieddoetresistpeimeatiosy bsokyasn aadopodistuahend is ableaghipattipbyn and

T ool BB LR R RN 1 - 5 210
Spohoun & sl 111 SyGERCTRL EoERS GRSLKE SpookL ) 8 bR B

encapsul at i ercHiRxirelis at RabhphrtialigWhde frioen Glddthddé snatbasnwikhdhslpdesd on
a substrate 2 and encapsul ated by the encapsul ation layer 11. A pair of

epoxy seal s OIZaniKiBAEIHNAEIANIG MRetalshArpane meltglgoddesasd nasganigteetals o
encl ose the 1+nIh 1O 1 i t | and
Figure 4 i s %4 agt eghgogﬁtggggﬁgﬁéﬁh%aﬁdgﬁyﬁ{/aoli(]yggl%vgﬁ /o@ﬂrr%f;@'ltt%@%)ﬁ% this
preferrad empbefdratydepositddomtheoOy&ED by évetiehnigae loowrage spdtienrapso Hiatl east
20 partially froma polyner selected from polyimdes, teflon and paryl ene.
O these pdiRashey o ’Pféﬁgi‘t"iﬁsene series has produced the best results
because it can be deposited at roomtenperature and it fg}oes no%esjter t he

el ectronic parandtr@ing now tEigared, there i Showing secepf ispteradeemeggdiielfe and
therefore of the OLED of the present invention. This embodiment shows the first and

second oxygen/moisture barriers 4, 7 and the encapsulation layer 11 used in a
15  more advanced OLED.

The numbering used in this figure is the same as that used to describe
the first preferred embodiment shown in Figure 3. This second preferred
embodiment has two additional layers, namely a dielectric layer 14 disposed
between the anode 3 and the hole transport layer 5, and an electron injecting

20 layer 15 disposed between the EL layer 6 and the cathode 8. In this preferred
embodiment, the first oxygen/moisture barrier 4 is disposed between the anode
3 and the dielectric layer 14. The second oxygen/moisture barrier 7 is disposed

between the EL layer 6 and the electron injecting layer 15.

The third preferred embodiment shown in Figure 6 is similar to the

25 second preferred embodiment, except that the first oxygen/moisture barrier 4 is
disposed between the dielectric layer 14 and the hole transport layer 5, and the
second oxygen/moisture barrier 7 is disposed between the electron injecting
layer 15 and the cathode 8. Alternative embodiments with combinations of
these and other arrangements of the first and second oxygen/moisture barriers

30 4, 7 are also envisaged. Further embodiments including more than 2

oxygen/moisture barriers are also envisaged.



provides conformal coverage of the OLED 1. The encapsulation |ayer 11 is 25
preferably deposited by any conventional coating process such as spin
coating, vacuum deposition or CVD and is deposited to a thickness ranging
between 1 nmand 30 m Because of the excellent oxygen and rr%awgg 5
barrier properties of the encapsulation layer, it is able to ex |9 a

noi sture absorbency of less than 30 0.10 by weight. The layer 11 provides
an excellent barrier to moisture perneation and therefore protects the OLED
1 once it has bedn lR¥ReapEaipraeeEMbOtinents dap dhicknesmol theedielertig layas I‘Ils he
OLED 1 to bgy ' I > t\her eby_reduci.ng the
chance t hat %’tll e %&I\;ﬂdq ra@(%ao@gﬁggﬂg}% tﬁg%?:’eslgf’!‘\‘ﬁcol?y‘%rhlg a%%&ﬁﬁé?ﬁ%%f

noi st ur e andhexsfttive | Darrier sheightd foheldatidnovijagiapr einar iedheehadi BBRL % t he
substrate 2 is als dapted to resist perneation 1%/ oxygen and/or noisture
and is at I@QB?”E)%&‘? @m'sesger}?ﬁdwam%e&fwrgqy@fdhe l&5Pbl'e material such as
pl astic or gl ass. Ir‘ addi tion, the cathode (and the anode in a nulti-layer
OLED ar 2hi t ect ure}illiRe aprriegiaded fam fha foyegnine dfacuﬁslandaahl@wtmémgaa |
whi ch inclu r gang I, I.C I [ t an
| nor gani c m%b&o%?dgs.d&}ﬁébgwﬁo gg andv{@e@aﬁgd?lﬁﬂagﬁgﬁa@blyﬁ%rg%_ED
ar chi t ect ur encapsulatign &fyer aiod yndl e OLED) tbegm:wmt@rEéhT dYrowen @fe?m::gpms. kngwn
as sputtering so.tfha i t, has f or no .pin urning now to Figure
therg is shd '%"@‘@6‘@'%&98#8? T riﬁ/eerﬁ%@i' %L?Dt"ﬁ'g‘ SNty HERspéRent

I nventi on. ' BN SEESyH | i ?ﬁp e
barriers 4, Bgr?aﬁa?ﬁg aggcigggul at i%?ﬁzf%?é f%gﬁslg | nﬂgn%ggﬁ%pgﬂgﬁz/%éed
OLED. THE nifdedinggheiseamerciehpeoduction of flat parel sisplayss t hat used to
describe the first preferred enbodi nent shown in Figure 3. This second
pref erred The inventors have found that, by using the barriers and encapsulation

layers described above, the number of dark spots formed in an OLED have

been reduced by a factor of 100.

The present invention therefore addresses the causes of dark spot

15 formation and growth. The problem of cathode defects such as pinholes is

addressed by the second oxygen/moisture barrier acting as a protective layer

over the EL layer, allowing the calcium electrode to be deposited by sputtering
without damaging the EL layer.

The problem of oxygen and moisture diffusion through the layers of the
20 OLED is addressed by the first and second oxygen/moisture barriers. They act
to reduce the diffusion of oxygen and moisture from the underlying layers to
cathode, thereby reducing the gaseous evolution caused by moisture reacting

with the Ca electrode.

The barriers also address the problem of metal migration. They reduce
25  the migration of metal, thereby reducing the likelihood that sharp spikes will

form, inhibiting the deterioration of the polymer and limiting the occurrence of
short circuits.

The problem of excessive heat build up is addressed because the
barriers act as thermal barrier films to effectively reduce the heat transfer from
30 the anode to the EL layer during the operation of the OLED.



enbodi mrent has two additional layers, nanely a dielectric |ayer 14 disposed
bet ween the anode 3 and the hole transport |layer 5, and an el ectron
injecting 20 | ayer 15 di sposed between the EL | ayer 6 and the cathode 8. In
this preferred enbodinment, the first oxygen/ noisture barri er194JliJ|5286§posed
between the anode 3 and the dielectric |ayer 14. The second y

oxygen/ noi sture barrier 7 is disposed between the EL |ayer 6 and the

el ectron injecting layer 15. The third p1 ef erred enbodi nent shown in Figure
6 is simlar to The baGicsecasd poeitier aedmentiadi serfdce daceipd ddpatsitiome of i r st
oxygen/ nmoi sture barrier 4 js disposed between the dielectric |ayer 14 and
the hol e t r SHR$RAUENT iRYEFs.gherghy & ncg‘@ctgﬁcﬂ%kv AeSlkldr e barrier 7 is

di sposed between _the electron injecting |ayer 15 and the cathode 8.

Al ternative enbofVRBREROLE tthe ehrBPilpliomdaNst sarvResio RFRiesh ‘%@rd%‘f'?% [98hent s

of the firs ' : i 0 4, 7 are also

envi saged. iﬂ}ﬁﬁﬂg%ﬁg%ﬁ%ﬁpgﬁ%g%ﬁggﬁ%{%&{yﬁgﬁ 2 oxygen/ noi sture
barriers_are al sq envi I 14 hf'eiel I

enbodi ms?lts, the?\nh%q(lt?]@gag%gyéﬁﬁéﬁcﬁfélﬁ%g%qelréll%f)i/'\g& [ ng\fet%%lgr’gﬁ?‘é%g} rri]ng
range. Furt leffioriay, oftthe ddividedsy mote lagyearatély raatepingdhe @reogyework headibhect i ve
barrier height for electron injection and is therefore able to enhance the
| uni nescenc ?(ﬁﬂ%rﬁ‘%tﬁ‘ssefr\‘ the dawge gyith ﬂ'ée é_?@f@ af F‘pWI of @\? BRYM&LS b ggef rom
the foregoi pgyfleScussi on that by interposing a nunber of oxygen/noisture
barriers within the OLED and applying an encapsul ation |ayer around the
OLED, the for matjoR, r o oRRRSS skild SO | &Rthky dipgeread- The
result is an QEHDPVWII?%% I ?‘ggﬁjﬂq{;’ ?ﬁproveg per]normance and |1 fespan

whi ch ey beatiatiehs andfoy modifieations mpp|bec ataderts, theliovéntidnuas shownen the

i al duct i f flat. di spl . The i t f
Chat . by usiRecteniedinants Wit drescifa Fomh e SRRy FolerariB s Bten ¢ e
number of daisk preadl§ Hesemsbd. N IReOpkdddiYE8mbodiments are, therefore, to be

considered in all respects as illustrative and not restrictive.



been reduced by a factor of 100. The present invention therefore addresses
t he causes of dark spot 15 formation and growth. The probl em of cathode
defects such as pinholes is addressed by the second oxygen/nnisture
barrier acting as a protective layer over the EL |ayer, aIIo %ﬁ§$
calciumel ectrode to be deposited by sputtering wthout damaglngy EL

| ayer. The probl em of oxygen and noi sturg di ffusion through the |ayers of
the 20 OLED is addressed by the first and second oxygen/ noi sture barriers.
They act t&lAMSie the di ffusion of oxygen and moisture fromthe
underlying layers to cathode, thereby reducing the gaseous evol ution
caused by noisture reacting with the Ca electrode. The barriers al so
address the problemof netal mgration. They reduce 25 the migration of
metal , therdby réduerigagiclight emkiéingttiede (QlEDS hamprisingkes will form
inhibitlng the deterioration of the polymer and limting the occurrence of
short circuil@ys. Bneamdenlispossd exasstbstrateheat build up is addressed because
the barriers act as thermal barrier filnms to effectively reduce the heat
transfer 5frd 3@ cadthodeiode to the EL | ayer during the operation of the
OLED. 19 July 2005 15 The barriers also provide a snoother surface for the
deposition @¢f) suanseqceoitningssest (Elhdapdrydispdsetbetyvddmesaidiahnbtiy apid $die
OLED. Furtherpore, the encapsul ation |ayer serves to protect the device
from intrifé ﬁgcghd external ingress of noisture and oxygen. 5 An

addi ti onal vantage of the barri rs i s, that the i ncrease the quantum
efficiency 28) t h& gglglte@swrtr@ygr sPRed gp?”‘ﬁ%ﬁ sfid n@“qqﬂ’ea@ﬁ%éﬁéﬂ/%\lﬂﬁ){er
functions @fhgthe netals in the device with the LUMO or HOMO of the
polymers in the device.

10 (e) at least one dielectric organic barrier layer disposed between one or
more of:

(i) said anode and said hole transport layer;
(ii) said hole transport layer and said EL layer; and
(i)  said EL layer and said cathode;
15 said barrier layer being adapted to at least one of:
(A)  resist permeation by oxygen;
(B) resist permeation by moisture; and

(C) inhibit metal migration.

20 2. An OLED according to claim 1, wherein said at least one barrier layer

comprises a barrier layer disposed between said EL layer and said cathode.

3. An OLED according to claim 1, where said at least one barrier layer

comprises a barrier layer disposed between either:
25 (i) said anode and said hole transport layer; or

(i) said hole transport layer and said EL layer.



It will be appreciated by persons skilled in the art that numerous 10

vari ations and/or nodifications nay be made to the invention as shown in
the specific enbodinments without departing fromthe spirit or scope of the
invention as broadly described. The present enbodi nents are, %per%%e, to
be <considered in all respects as illustrative and not restri ¢?PY¥. July
2005 16 CLAIMS: 1. An organic light e '7tti ng di ode (OLED) conpri sing:

(a) an anode di sposed on a substrate; 5 ('b) a cathode; (c) an

el ectrol um descedn OEED hageding &kpokéd hevhewn saidatizade oashardedlayer

cat hode; (d) a hole . transport |ayer disposed between sai d anode and said EL
Cayor e o ooBnarS aio HaREe love S Phe Bartelavessing chnoeed bataeh SAIEbs od

bet ween one |ffer 4MY akf catholleSahd tﬁ@%&ﬁe?"ﬂ)‘érﬁ@rj %yafz)!b%irgg' g%ﬁg%@ Hetwgen (1)

said hole transport |ayer and said EL |ayer; an il EL | ayer and
sai d cat hode&ithes said barrier |ayer being adapted to at |east one of: (A)
resi st perneation by oxygen; (B) resist perneation by noisture; and (C
inhibit Aetal nidiati eald 2atode ardhsaldiidletraosdomndayten; @t ai m 1, wherein said
at | east one barrier |layer conprises a barrier |layer disposed between said
EL | ayer and sai diixat lsaithold.trafyspQtt Hayercoal shiddELt layet.ai m 1, where said at

| east one barrier |ayer conprises a barrier |ayer disposed between either:

5. An OLED according to any one of the preceding claims wherein said at

least one barrier layer is substantially transparent in the visible wavelength
10  range.

6. An OLED according to any one of the preceding claims wherein said at

least one barrier layer inhibits metal ion migration under electrical fields.

15 7. An OLED according to any one of the preceding claims wherein said at
least one barrier layer has a moisture barrier property in the range of from
about 0.1g/m?/day to about 50g/m?/day at about 39 °C.

8. An OLED according to any one of the preceding claims wherein the

20 thickness of said barrier layer lies in the range of 1 to 20 nm.

9. An OLED according to any one of claims 1, 3 to 8 further comprising a
dielectric layer disposed between said anode and said hole transport layer and

wherein said at least one barrier layer is disposed between one or more of:
25 (i) said anode and said dielectric layer; and

(ii) said dielectric layer and said hole transport layer.



25 (i) said anode and said hole transport layer; or (ii) said hole
transport layer and said EL layer. 19 July 2005 17 4. An OLED according to
claim1l1, wherein said at | east one barrier |layer conprises two barrier

| ayers, one barrier |ayer being disposed between said EL Iayng@@go@i d
cat hode, and the other barrier |layer being disposed between either: 5 (i)
sai d anode and said hole transport |ayeryg or (ii) said hole transport

| ayer and said EL layer. 5. An OLED according to any one of the preceding
cl ai ms whergpn sz\‘ind d‘fEDI 8585erdige tea@py ePNeaPbrthes PEeasstingt ¢laims, further
transparent . he Vi S| . QLED i to
any ono. of CAERSRgafT HeCRpAREL ATl or bpogod bonoo Ralf EUARF A0 R

i nhi bi ts netathoderand ghatdimsaidnatdeast aet baial 1dyieeisidispdsed betvecd di2 or
according to_any _one of the preceding clains wherein said at |east one
barrier | ayStOTH&L a noisture barrier property in the range of from about
0.1 g/n2/ay to about 50 /day at about 39 C.. 8 An OLED according to any
one of the preceg" ng §P§/i£f]§'%ﬁ@@pﬁaﬂ(ﬁélecgent'mi%q{f@@é’eb@ngai d barrier |ayer
lies in the range.of 1 to 20 nm 9. An OLED according to any one of clains
1, 3to 8 furthe?")corr'ﬁ'F’lds‘?li?ﬂ@;tr%"I Indingdayercansid cathqiesed bet ween sai d
anode and said hole transport |layer and wherein said at |east one barrier
| ayer is disposed between one or nore of: 25 (i) said anode and said
dielectric layer; and (ii) said dielectric |ayer and said hole transport
layer. 19 Jdily 2645 OLED agcomdingtesiaipt dPdvherein saisl, barierdayemis pt aasti ng

claims furtRgttially made from a polymer.

10
12. An OLED according to any one of the preceding claims wherein said
barrier layer is deposited by any conventional coating technique including:
(i) spin coating;
(ii) vacuum deposition; or
15 (i)  chemical vapour deposition.

13.  An OLED according to any one of the preceding claims further
comprising an encapsulation layer at least partially encapsulating the OLED,
said encapsulation layer being adapted to resist permeation by oxygen and/or

20  moisture.

14.  An OLED according to claim 13 wherein said encapsulation layer is an

organic encapsulation layer.

25 15. An OLED according to claim 14 wherein said organic encapsulation

layer is at least partially made from a polymer.



conprising an electron injecting |ayer disposed between said EL | ayer and
said cathode and wherein said at | east one barrier layer is disposed

bet ween one or nore of: 5 (i) said EL layer and said electron injecting

| ayer; and (ii) said electron injecting |ayer and said cathogg.llioofm
OLED according to claim 10 wherein said barrier |layer is at | dyly
partially nade froma polyner. 10 12. An OLED according to any one of the
preceding clains wherein said barrier N&&er i s deposited by any

convent i onah6coafnn@LEBcduvondiagitd anydinegof ¢laimss pB to dGavhérgin {Hel thickaessim
deposition; or 15 (iii) chem cal vapour deposition. 13. An OLED according
to any one 6f seilensapselation lavesiias in the reege A dmp txPB¥YNan encapsul ati on

| ayer at |east partially encapsulating the OLED, said encapsul ation |ayer
bei ng adapted to resist perneation by oxygen and/or 20 noisture. 14. An
OLED according to claim 13 wherein said encapsulation |ayer is an organic
encapsul at i dd. | aper OLED 15ccordingL ED amycondi 0ff ¢laimg &idnta416heheiain ssai
organi ¢ encapsul ation |layer. ig at .Jeast partially made frama A .19
Suly 2008 BRHeinfihy aB¥h it oBaPhuterh B Fun e davdatati: 4AME EEAED.
t he thi cknessclu@hgsai d encapsul ation layer lies in the range of 1 nmto
30m 17. An CLED according to any one of clains 13 to 16 wherein said 5
encapsul ation laygr i spieefsginged by any conventional coating technique

i ncl udi ng:

(ii) vacuum deposition; or

(i)  chemical vapour deposition.

10
18. An OLED according to claim 11 or claim 15 wherein said polymer is
selected from:
(i) polyimides;
(ii) teflon; and
15 (i)  parylene.

19.  An OLED according to claim 18 wherein said polymer is parylene.

20. An OLED according to any one of the preceding claims wherein said
20 substrate is adapted to resist permeation by oxygen and/or moisture and is at

least partially made from a rigid or flexible material.

21. An OLED according to claim 20 wherein said substrate is formed of

plastic or glass.
25

22. An OLED according to any one of claims 9 to 21 wherein the thickness

of said dielectric layer is within tunnelling range.



(1) spin coating; (ii) vacuum deposition; or (iii) chem cal vapour
deposition. 10 18. An OLED according to claim 11l or claim 15 wherein said
polymer is selected from (i) polyimdes; (ii) teflon; and 15 (iii)
paryl ene. 19. An COLED according to claim 18 wherein said pol yq@ﬁ%% 5
paryl ene. 20. An COLED according to any one of the preceding clal V\%er ein
said 20 substrate is adapted to resist permeation by oxygen and/or

moi sture and is at |east partially made froma rigid or flexible material.
21. An OLEDZ3ecofd R§EDbastairingo ¢laier @Rrwkerein saidstielaciici laysdrismstpiéd

pl astic or : : i n ne of clains 9.to 21
wher ei n the%ﬁ‘?’g rn@%sg@%%tﬁgaqgaﬁ% gﬁS@ﬁ{ ﬂ%rgeq?é@%rflrﬁ%cgwnt%riw%ﬁ'{eﬁﬁmeleppﬁacq ange.
19 Jul'y 200%he ROnid8scemte@uEntamasfficiengy bothel @ BD22 wherein said dielectric
| ayer is adapted to |lower the effective barrier height for electron

injection and thereby enhance the | um nescence quantum efficiency of the
OLED. 5 24. An OLED according to any one of the preceding clainms wherein

said cathodd. androOLED dcadafiey 6 adly bRAYS tharreabding asemd WPeraASsHp nore
of the follow ng cathode matertals: (i) organic netal's; (ii) inorganic
netal s: cathode and/or said anode is at least partially made from one or more of the

following cathode materials:
(i) organic metals;
(ii) inorganic metals;
10 (i)  organic metal oxides; and

(iv)  inorganic metal oxides.

25.  An OLED according to claim 24 wherein said anode is formed of indium
tin oxide.

15

26. An OLED According to claim 24 or claim 25 wherein said cathode is
formed of calcium, magnesium, silver, aluminium, alloys of two or more of

these metals, or lithium alloys.

20 27. An OLED according to any of claims 24 to 26 wherein said cathode is at
least partially formed by sputtering.

28. An OLED according to claim 27 wherein said cathode has few or no
pinholes.

25

29.  An OLED according to claim 27 or claim 28 wherein at least one of said

barrier layers is a protective barrier layer disposed between said EL layer and



10 (i1i) organic nmetal oxides; and (iv) inorganic netal oxides. 25. An
OLED according to claim24 wherein said anode is forned of indium tin

oxi de. 15 26. An OLED According to claim?24 or claim25 wherein said
cathode is fornmed of calcium magnesium silver, alum nium @élqéz g t wo
or nore of these netals, or lithiumalloys. 20 27. An OLED a 'R§

any of clains 24 to 26 wherein said cat de is at least partially formed
by sputterin D acco 7_wherein saj d cathode has

few or no g%B?tBQdez’%‘dz elng\na QE&tﬁpﬁﬁaﬁdﬂcﬂ%ﬁ%W m3qg fyedo

wher ei n at |t|$@.§ﬁe@tg%f(ﬂfle §giittbriRpproc8ss | ayers is a protective barrier |ayer
di sposed between said EL Tayer and 19 July 2005 21 said cathode and being

adapted to protect said EL | ayer from danage due to the effects of the
sputtering process. 30. An OLED according to claim29 wherein said

protective bygrri f -gamage
e to one of nors OPEY abordh AR I WhRRSeid Biflorthyd B ler
met al ni §r atidaptedio m’mteoksatdr@hﬂnyerrfnogmuamagemuegocbm oDy adapted to
inhibit the formation of non-em ssive areas conprising: (a) an anode
di sposed on a sulfgt r ati@ bobardmeat; hode;

(ii) radiation; and

(i)  metal migration.

10 31.  An organic light emitting diode (OLED) adapted to inhibit the formation of
non-emissive areas comprising:

(a) an anode disposed on a substrate;

(b)  acathode;

(c) an electroluminescent (EL) layer disposed between said anode and said
15  cathode;

(d)  a hole transport layer disposed between said anode and said EL layer;
and

(e)  a dielectric organic barrier layer disposed between said EL layer and

said cathode, said barrier layer being adapted to at least one of:
20 (A)  resist permeation by oxygen;
(B) resist permeation by moisture; and

(C) inhibit metal migration.

32.  An organic light emitting diode (OLED) adapted to inhibit the growth of
25 non-emissive areas comprising:

(a)  an anode disposed on a substrate;

(b)  a cathode;



(c) an electrolum nescent (EL) |ayer disposed between said anode and said
15 cathode; (d) a hole transport |ayer disposed between said anode and said
EL layer; and (e) a dielectric organic barrier |ayer disposed between said
EL |l ayer and said cathode, said barrier |ayer being adapted ;QJ@§ hEast
one of: 20 (A) resist perneation by oxygen; (B) resist perneation %y

moi sture; and (C) inhibit nmetal migratign. 32. An organic light emtting
di ode (OLED) adapted to inhibit the qromﬂh of 25 non-emni ssive areas.

conpri si ng: (¢a) an dedrduaningsesat(Bn layeyudisposadebetwesy seid anadelend saidiul y
2005 22 (c), ﬂﬂﬁ%lectroluninescent (EL) | ayer di sposed between said anode
and said cafho €, (d) a hole transport |ayer disposed between said anode

etueen i t 195 298 dfeeialeCBbasid biarst PalaBide iy SPH°EL 0SS5 o
hol e transpand | ayer and said EL |ayer; said barrier |ayer being adapted
to at least one of: (A) resist perneation by oxygen; 10 (B) resist

perneati gn lgy) noiasdigieetricddrdanic@artidhlabét dispdsed Pedferin dither33. An OLED
according to claim31 or claim32 further conprising an encapsul ation
layer at |east patialshid enscdpand shidtblé BanSh&Playeni 6+
(ii) said hole transport layer and said EL layer;
said barrier layer being adapted to at least one of:
(A)  resist permeation by oxygen;

10 (B) resist permeation by moisture; and

(C) inhibit metal migration.

33.  An OLED according to claim 31 or claim 32 further comprising an
encapsulation layer at least partially encapsulating the OLED, said

15  encapsulation layer being adapted to resist permeation by oxygen and/or

moisture.

34. A method of manufacturing an organic light emitting diode (OLED)
comprising:

20 (a) forming an anode on a substrate;
(b)  forming a hole transport layer above the anode;
(¢)  forming an electroluminescent (EL) layer above said hole transport layer;
(d)  forming a cathode above said EL layer; and

(e) at appropriate steps in said process, forming at least one dielectric

25 organic barrier layer disposed between one or more of:
(i) said anode and said hole transport layer;
(ii) said hole transport layer and said EL layer; and

(ili)  said EL layer and said cathode,



15 encapsul ation | ayer being adapted to resist perneation by oxygen and/ or
noi sture. 34. A nethod of manufacturing an organic |ight emtting diode
(OLED) conprising: 20 (a) form ng an anode on a substrate; (b) formng a
hol e transport |ayer above the anode; (c) formng an el ectrol Lllﬁ‘i n§§%§§t
(EL) | ayer above said hole transport layer; (d) formng a cat SH above
said EL |l ayer; and (e) at appropriate stgps in said process, formng at

| east one dielectric 25 organic barrier~1ayer disposed between one or nore
of: (i) said anowdesgid said batier éayer isagapteditaptigast bhg ofai d hol e transport

| ayer and said EL layer; and (iii) said EL |ayer and said cathode, 19 July
2005 23 wherein sai d(darr resist pgreveationdyamtygent o at | east one of: (A
resi st permeation by oxygen; (B) resist permeation by noisture; and (O
inhibit nmetal mgrati{®) 5r&8stgermetdiiod lomoistiinegahd cl ai m 34 wherein a
first barrier layer is forned on said hole transport |ayer prior to
formati on of said EL [@yer int8bit metalehipdti@ncording to claim 34 wherein a
second barrier layer is formed 10 on said EL layer prior to formation of
sai d catbBode. 37. A method according to claim34 or claim36 wherein a
first barrier layer 1is formed on said anode and a second barrier layer is

formed on s&@5d EIA neftesd acddrdidg. toAlanat Boaviaeeiaralfing bbfriarl1ayén isFomhed bai m 36
wherein a first barrier layer is formed on said hole transport |ayer and a
second barr iséf‘} heldransportdayrrprion to formation of said EL layer.

36. A method according to claim 34 wherein a second barrier layer is formed

10 on said EL layer prior to formation of said cathode.

37. A method according to claim 34 or claim 36 wherein a first barrier layer

is formed on said anode and a second barrier layer is formed on said EL layer.

15 38. A method according to claim 35 or claim 36 wherein a first barrier layer
is formed on said hole transport layer and a second barrier layer is formed on
said EL layer.

39. A method according to any one of claims 34 to 38 wherein each barrier

20 layer is deposited by any conventional coating technique including:
(i) spin coating;
(ii) vacuum deposition; or

(i)  chemical vapour deposition.

25 40. A method according to any one of claims 34 to 39 wherein the barrier

layer is at least partially made from a polymer.



said EL layer. 39. A nethod according to any one of clains 34 to 38 wherein
each barrier 20 layer is deposited by any conventional coating technique
including: (i) spin coating; (ii) vacuum deposition; or (iii) chem cal
vapour deposition. 25 40. A nmethod according to any one of cl @ jF, 3dod 0 39
wherein the barrier layer is at |least partially made froma poﬂy%er. 19
Jul'y 2005 24 41. A nethod according to gny one of claims 34 to 40 wherein
the barrier layer is formed having a thickness in the range of from about

1 to 20 nm 442, A meihrsiagedding iRyany oaryolorlaines 3¢) tai 4@ vawreld the barrieher
oSy | Myeris IR HAMES RN Bdof MRl 19850 BAT L 2 LY

encapsul ating the encapsul atron yer being ada to resist
perneati on by oxygen and/or noisture. 43. A nethod according to claim42
wherein the encapsul ation |ayer is an 10 organi c encapsul ation | ayer

formed at | gast pagtl . §44.. i : aim
43 wherein t%%é o?‘géntr%lt@deﬁgé%@u g;qogwggéeorf Cz}?'géf%hgg‘qh &%%E%W%]@m‘léss of
from abost formmatiom efbanitend@psulatiort fayeh areéduihartiallyr ehdubsutatimgytheneLED,
clainms 42 to 44 wherein the encapsulation |ayer is deposited by a process
sel ect ed fr&RId enganRgyiatiofulayehgeing adanied (o fetisioRrimealien iy oxygen agderi cal
vapour depo?ﬁéiisﬁj'?e 20 46. A nmethod according to any one of clains 34 to 45
wherein the cathode is forned by sputtering.

43. A method according to claim 42 wherein the encapsulation layer is an

10  organic encapsulation layer formed at least partially from a polymer.

44, A method according to claim 43 wherein the organic encapsulation layer

is formed having a thickness of from about 1 nm to about 30um.

15 45. A method according to any one of claims 42 to 44 wherein the

encapsulation layer is deposited by a process selected from:
(i) spin coating;
(ii) vacuum deposition; or
(i)  chemical vapour deposition.
20

46. A method according to any one of claims 34 to 45 wherein the cathode

is formed by sputtering.



