10

15

20

25

front surface as a |ight gut

1DESCRI PTI ONOPTICAL DEVI CE AND OCRGANI C EL

relates 1o an optical device suon as anorganic e [{INTINN
(el ectrol um nescent) display. Background Art Sinc 1591504

organi ¢ EL di splays are of self- en133|on 10 type,
they have a wi de view ng angle and a high response

g
Thereiore low profile and Iight wei gt are 'p%L“s. oI
For these reasons, th%)%fQQQ!%Tay mhlgﬁkﬁ¥§ are *G00002*

attracting attention as a dis
substitutes the liquid crystal display. However, the
conventional organic EL displays entail the drawback

of a |ow | umoraus zraf foe EnewWN Dok s e1efpigpent i on
It is an object of the present inventionto 20

i ncrease the outcoupling efficiency of an optica

devi ce such as an organic EL display. According to the
first aspect of the presdmchnimadntiiiend there is

provi ded an optical device conprising a first
mavegU|deThﬁyéﬂeﬁﬁnWhP@Weﬂﬂupmpw@125e§eé@|@mt@mﬁeﬂ@dc@eVlce
occurs, . a second mavelen th Layer which conprises

backSEfiPf 48e2PalF B ERek ﬁ§#ecﬁé9é§W98§SF§9éﬁ gﬁépéay
Eground Art

Since organic EL displays are of self-emission
type, they have a wide viewing angle and a high
response speed. Further, they do not require a
backlight, and therefore, low profile and light weight
are possible. For these reasons, the organic EL
displays are attracting attention as a display which
substitutes the liquid crystal display. However, the
conventional organic EL displays entail the drawback of
a low luminous efficiency.

Disclosure of Invention

It is an object of the present invention to
increase the outcoupling efficiency of an optical
device such as an organic EL display.

According to the first aspect of the present
invention, there is provided an optical device
comprising a first waveguide layer in which multiple-
beam interference occurs, a second wavelength layer
which comprises a back surface facing the first

waveguide layer and a front surface as a light output
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surface, and an outcoupling |ayer which is di sposed on
a back side of the second wavegui de | ayer and faces
the first wave guide |ayer, wherein the outcoupling

| ayer conprises a first portion as a layer with |ight
5 transm ssion property and second portions which are
di spersed in the first portion q?d differ in optica
property fromthe first portion,”and wherein an array
of the second portions fornms a triangular lattice.

Accor_di to the second aspect of the present, 10
inveﬁgfg%Fefhgpg i°d! &@£HQ%? &9 &F@Eﬁi@ﬁ%?ﬁﬂ%ﬁﬂé%ﬁposed on
conpLi $i;Rg an 4Qr 6, E n ' CONpri ses

fronﬁ eﬁectrog%,%gngggkgé%%ggfo éﬁggégﬁb &% rgit faces the

el ectrrode, wand @@i@@gq@w%rham%kr@ﬁ%e&m@ﬁ%%é%adﬁ%ﬁﬁg*¥%yer

front and back el ectrodés and i1 ncluding an emtti

15 | ayeprisesi asuliatitn@olrayen Wst b hiaghtr t/iansnisgion
property which conprises a back surface facing the
f r ont rehentisedenapd opefrirgntansiusbacedapoa thioght wtditare

surface, and an outcoupling |ayer which is disposed on

a badkspedeedf inhéhiensulratti pgritayer aand dfiddes tie Hrical

organic EL el ement, wherein the outcoupling |ayer

conpPFSBSTAYf firom Bbet ifdmsssparktaper, wnohwhegletin an array
transgission property and second portions which are

di spBFskf®i ASERBST PPEL1pAst feAMaNa dirfipagula ropEitddice.

property tromthe first portion, and wherein an array

25 of the”§&RERA G0l li GhE £EEREda 3SPeA g Ifar-NeataEaseEnt

Accogﬁ' the third aspect of the present ,

i nven #%%FigﬂérghﬁgepFSVngalgﬁdoﬁpi85938é§i@@ glisplay
comprising an organic EL element which comprises a
front electrode, a back electrode facing the front
electrode, and an organic layer interposed between the
front and back electrodes and including an emitting
layer, an insulating layer with light transmission
property which comprises a back surface facing the
front electrode and a front surface as a light output
surface, and an outcoupling layer which is disposed on
a back side of the insulating layer and faces the
organic EL element, wherein the outcoupling layer
comprises a first portion as a layer with light
transmission property and second portions which are
dispersed in the first portion and differ in optical
property from the first portion, and wherein an array
of the second portions forms a triangular lattice.

According to the third aspect of the present

invention, there is provided an optical device
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conprising a first wavegui de layer in which [ight
propagates, a second wavegui de | ayer which conprises a
back surface facing the first wavegui de | ayer and a
front surface as a light output layer, and an 5

out coupling | ayer which is disposed on a back side of
t he second wavegui de | ayer and f-aces the first
wavegui de | ayer, wherein the outcoupling layer is an
aggregation of diffraction patterns which guides |ight

in thepbi st réegﬁk%% M%%%%uﬁ%etH%g%%ﬁ?ﬂ%ﬁ%ﬁ%%gwfgit

10 layer. According to the fourth a .
pres Ebpab@%%@ﬁ'QnseE%%Bewb%eQEQﬁbdﬁgxgﬁi9&%?%L%&ﬂprises a

di splay conprising an organi ¢ EL ele

Conpbases sar fhkentraeliegt ode rid shagk veleGlie0de JAacing a
the front 15 el ectrode, and an organic | ayer

i nt efposedshetueenatshe lfigant canguback yelgctanedes, and

includes an emtting layer, an insulating |layer with

| i ghbutrapphiissgi dnyepr @peéchy ishdébBposepr bses daacClside of

surface facing the front electrode and a front

sur f AB8 Ascanfi yaveoutiget lagesuphdcéacasdtae first

out coupl i ng Iaxer whi ch is‘disEosed on a back side of

the VAYGPULFRgLPXGEr HRBTEAReShEheUtEPYRALOIELaYer is an

el enent, wherein the. qutcoupling |ayer conprises a .

i1 otOBEPPronoReos PayorsarLR™l PR TPParonresbndes 1ight
ro t nd. on orti,ons _which differ 25 in ,

oot £ BBoE LB e PR uREb a8 R hrt FBR. SaRansnargeruide
an affay,of the second portions forms a triangul ar
lattice. 4

According to the fourth aspect of the present
invention, there is provided an organic EL display
comprising an organic EL element.which comprises a
front electrode, a back electrode facing the front
electrode, and an organic layer interposed between the
front and back electrodes and includes an emitting
layer, an insulating layer with light transmission
property which comprises a back surface facing the
front electrode and a front surface as a light output
surface, and an outcoupling layer which is disposed on
a back side of the insulating layer and faces the
organic EL element, wherein the outcoupling layer
comprises a first portion as a layer with light
transmission property and second portions which differ
in optical property from the first portion, and wherein
an array of the second portions forms a triangular

lattice.
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According to the fifth aspect of the present

invention, there is provided an organic EL display
conprising an organic EL el ement which conprises a
front electrode, a back electrode facing the front 5
el ectrode, and an organic |ayer interposed between the
front and back el ectrodes and iqfludes an emtting

| ayer, an insulating layer with 1ight transm ssion
property which conprises a back surface facing the

front elegtr . front..surface as adight output
10 surf ac%f(:c%%?%%dgg’t gggll?plfil?g#q Wéjre%iocgh t?ge éﬁ?p%s”é:d
on anbagkishde gk Lhe 4 paulating hayer and %%C%isbq%y
organi c EL el enent, wherein the outcouﬁﬁlng rayer

conpebspsidihyr sh PeHLheR &3 aikaxek W%HEh'E%%Erises a
transm ssion property and second portions which differ

15 i Aropti edkcproperty brem thectirbst PakingntheBrireht
Description of Drawings FIG 1 is a sectional view
scheebetrtabby, shodi g argpaiti dayet dntergasied Between the
di splay according to the first enbodi nent of the
pr es€APNEndeAt Park g0eFrGodesi snd gnaphdskownngmtiheing
rel ationship between the grating constant of a
di f f +3¥EFon2gr ARPRY2EAATL hayerneiebnt iahgl rehsthesion
first-ordeg diéfr cted light on an interface between
a trRhePET eXt WEL68t FAPBTARBSaR PagkepHaf26RviER6ARENE e
int se,wWhere .the qutcoupling 25 layer is_,
cons?g%ﬁgdgégcgraﬁ?fﬁggtFogrgpstgH§§Fﬁetﬁé Aot 4R oBEPUt
di splayeshownaid EhGouliofbGind 13y8:01888,588t Lon
Vi€M/SCE€ﬂHfiC&?|y 5 utco b?iné hgygr LR32nSES disposed on
a back side of the insulating layer and faces the
organic EL element, wherein the outcoupling layer
comprises a first portion as a layer with light
transmission property and second portions which differ
in optical property from the first portion.
Brief Description of Drawings

FIG. 1 is a sectional view schematically showing a
portion of an organic EL display according to the first
embodiment of the present invention;

FIG. 2 is a graph showing the relationship between
the grating constant of a diffraction grating and the
incident angle of the first-order diffracted light on
an interface between a transparent substrate and an
external environment, in the case where the outcoupling
layer is considered as a diffraction grating in the

organic EL display shown in FIG. 1;

FIG. 3 is a cross sectional view schematically
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showi ng an exanpl e of the method of manufacturing an
outcoupling layer; FIG 4 is a cross sectional view
schematically showi ng an exanple of the nethod of
manufacturing an 5 outcoupling layer; FIG 5 is a
cross sectional view schematically show ng an exanple
of the nethod of manufacturing an out coupl i ng | ayer;
FIG 6 is a cross sectional view schematically 10
show ng an exanple of the nethod of manufacturing an

Schomab Vet o Biating o Gsnprenen tre etHGE Bt ing an

manu n coupling layer; 15 FIG 8 is a
croséﬁggggFggga lagu"&schematlcally showi ng an exanpl e

of the nethed Qf1@a%u%%a§§wégi€¥6né¥“¢¥§uﬂédﬁéﬂéﬁ?%ally

FIG 9'is a sectional view schematically show

portsﬁﬁw@ﬁgaﬁnoégémeeEbfdt&@|@%tﬁ%@ob¢|m&&&%&a%%ﬁghg an
second enbodi nent of the present invention; and FIG

10 i suapocapbing fleyee;m croscope photograph of the

out coupling layer of an organic EL display according

to an exakple of ishe presenteicivientilow.ieBe sichdnde faarlly

Carrying Qut the Invention 25 Enbodi nents of the

preseRPWiRgeAli 8HaWPLE BE tHeswetbed wift hanefecemed rigo an
dr aw ngs Through out the draw ngs,

acco in
strugF éPng@ﬁehF¥that have 6

FIG. 6 is a cross sectional view schematically
showing an example of the method of manufacturing an
outcoupling layer;

FIG. 7 is a cross sectional view schematically
showing an example of the method of manufacturing an
outcoupling layer;

FIG. 8 is a cross sectional view schematically
showing an example of the method of manufacturing an
outcoupling layer:

FIG. 9 is a sectional view schematically showing a
portion of an organic EL display according to the
second embodiment of the present invention; and

FIG. 10 is an atomic force microscope photograph
of the outcoupling layer of an organic EL display
according to an example of the present invention.

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be

described with reference to accompanying drawings.

Through out the drawings, structural elements that have
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simlar or anal ogous functions are designated by the
sane reference synbols, and a repetitive explanation
thereof will be omitted. FIG 1 is a cross sectiona
view schematically 5 showing a part of an organic EL
di splay according to the first enbodi nent of the
present invention. FIG 1 shows, as an exanple of the
opti cal device, a self- em ssion device, nore
specifically, an organic EL display 1. in FIG 1, the

or garny;G; I.Sp! 1S d0.illustrated such that jts

di sp{gggnls%ll?rrsg?g,awah%%doﬁlss, %Wecuforn&ntarfuﬁ%asé@r‘cﬁ“eﬁ ght the
out putden AL, dawwar t.he back .
surface fggggﬁﬂpmaréﬁagﬁéjﬁrghnlc %ﬁ%%ﬁﬁﬁ%%f:fﬁ%}%ﬁatlon

bot t @Mea@cFs AN 1t ¥RE or@fga ¢ EL display which enploys
an active matrix drive 15 nmethod. The organic EL

di splay 1HD®l udes a tdaspaianti sHlistyahe skhamuah @811y
a glass substrate as an insulating layer with [1ght

t r ansiossingn appager tyf. anOorighae ilg @S palkseta s WRsid@fitg to

10, pixels are arranged in a matrix form Each pixe

i ncl G&es firet epboeiiamplte ofanhel presencodnventdioncui tF1G. 1

(not shown), an output swtch 20, an organic EL

el enERCY30, 2jhPEh eFRBP leomiethed obt iseldi devideween self-

paireot gﬁmer source termnals, and a pixel swtch

(not EBRSRAPT FRELESNt FGEe SEERILAACadE Yy heneloagamic EL

contpol circyit is ne teg to 25 a video signal Line

(notggﬁg%ﬁy gra a“pﬁggr gmﬁ BR. OT9RB1EI EheRd SOdRtr 8l 1s

cireyhh,QuipuLs gueyreent. jphi gh, has a magnitu -

Corresponglng to ggvigggksﬁggaﬁl§pqay Surt ce, %%at 1s, the
front surface or light outputting surface, faces
downward and the back surface faces upward.

The organic EL display 1 is a bottom emission type
organic EL display which employs an active matrix drive
method. The organic EL display 1 includes a
transparent substrate 10 such as a glass substrate as
an insulating layer with light transmission property.

On the transparent substrate 10, pixels are
arranged in a matrix form. Each pixel includes, for
example, an element control circuit (not shown), an
output switch 20, an organic EL element 40, which are
connected in series between a pair of power source
terminals, and a pixel switch (not shown). The control
terminal of the element control circuit is connected to
a video signal line (not shown) via a pixel switch.

The element control circuit outputs a current, which

has a magnitude corresponding to a video signal
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supplied fromthe video signal line, to the organic EL
el ement 40 through the output switch 20. The contr ol
term nal of the pixel switch is connected to a scan
signal line (not shown), and the ON OFF operation 5
thereof is controlled in accordance with a scan signal
supplied fromthe scan signal line. Note that other
structures can be enployed for the pixels. On the
substrate 10, as an undercoat |ayer 12, for exanple,

an Si Si x|l ayer are arranged 10 in ,
t hi ssclg‘pnf" é?)é%k%gb%“ ATty |deﬂé}a1131%hg%% the C;rganlc EL
ol ygild I i [ annel .,..a.s ce.and a

Sr a%/%laelrn{g%?oﬁ%g:,rhfghg?ﬂe&%ngouﬁ%%r P SHI ‘canﬂbee control
for med rwith 1UsE Ofhe frkaxanpliey EE%oé{neé%taeeg hel. scan
orthosilicate), and a gate el ectrode 15 nade of, for

15 exdgple, INDM @t ARG dri tHeS N Affr Ubd Nt i on
undercoat layer 12, and these layers forma top gate-

t ype thkirgoffi lim tcoansicdtied (imefaidtdidne s i Tl scan signal
hereinafter). In this exanple, the TFTs are used as

TFTs sgPPrthedpifxem $et clea?0 s igmadutl iswi.t chicaed lameidher

20 control circuit. Further, on the gate insulator 14,
scanS§FYRAPTRENES Y B6t espdmy)edwfioch then dieflar.med in

the sane step as that for the gate el ectrode 15 are

arr anged. OBn it MR tend@ aisng ¥ iunderzamde. aafer 12, for
for _25 exanple, .SiOx _which is deposited by a plasm

CVD e’ﬁ%&“ﬁia Pg §rlpénéé‘éf €&n 3P Re 2fatd Oknd@IYStto L4 adirgnged

gate;neLRELrodRelS ROULRE-ARd. dral M gl estngles Bt are
polysilicon layer in which a channel, a source and a
drain are formed, a gate insulator 14 which can be
formed with use of, for example, TEOS (tetraethyel
orthosilicate), and a gate electrode 15 made of, for
example, MoW, are arranged in this order on the
undercoat layer 12, and these layers form a top gate-
type thin film transistor (referred to as a TFT
hereinafter). 1In this example, the TFTs are used as
TFTs of the pixel switch 20, output switch and element
control circuit. Further, on the gate insulator 14,
scan signal lines (not shown) which can be formed in
the same step as that for the gate electrode 15 are
arranged.

An interlayer insulating film 17 made of, for

example, SiOy which is deposited by a plasma CVD
method, is arranged on the gate insulator 14 and gate

electrode 15. Source and drain electrodes 21 are
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arranged on the interlayer insulating film17, and
they are buried in a passivation film 18 made of, for
exanpl e, SiNx. The source and drain el ectrodes 21 have
a three-layer structure of, for exanple, M/A /M, and
5 electrically connected to the source and drain of
the TFT via contact holes forngf in the interlayer
insulating film17. Further, he interl ayer
insulating film217, video signal |ines (not shown)

107 0R:530508 AT TRE LORS SR HEB R AN 0TS ey

10 source and rain € ec

out cqupl png;kayen goFbésﬁb g%d69EmtE% m%%%SIEatE%n

film18. The outcoupfing l'ayer 30 includes
port kQAm3leWhkeR i s @hbaﬁgﬁrﬁktgnh'agglnt%?%%g&%%b%nZ have

property and secdnd portions 32 which are I sperse

in thethirest1poeti efrddtand @EffﬁbrlaxﬁﬁbU%alMo/Al/Mo, and
properties fromthe first portion 31. In this exanpl e,

the eliecoupbangyl aganedletistbotredselirtheahr Strain of the

portion 31 and the second portions 32 which fil

receSE@dvpar tpohgctohmidsi fiotrhedf insthpothiemlagdr

differ in 20 optical properties fromthe first

por t BAUBatingypiéal [y, tHRersbetacenothehénserdeyplri ng

layer 30 is, flat. Further, a through hol e whi ch .

CommR BAE B0 £ h1m( hé ¥ aFROePEEDA délzfsi $npgr ABGWINN

the sjvatio é8 and the outcou i ng 30.
V&? hs%agfg?hgoﬁﬂ? oupl FR§ F%?@rséé Pﬁet53¥hf8F the

the % I ch,propa yer can_be changed.

In 0 ﬁggé%ggéé,dgﬁlgr%g ?§O§8§|gﬁ A§St AET8UEEBupl i ng

An outcoupling layer 30 is arranged on the
passivation film 18. The outcoupling layer 30 includes
a first portion 31 which is a layer with light
transmission property and second portions 32 which are
dispersed in the first portion 31 and differ in optical
properties from the first portion 31. In this example,
the outcoupling layer 30 is formed of the first portion
31 and the second portions 32 which fill recessed
portions formed in the first portion and differ in
optical properties from the first portion 31.
Typically, the surface of the outcoupling layer 30 is
flat. Further, a through hole which communicates with
the drain electrode 21 is formed in the passivation
film 18 and the outcoupling layer 30.
With use of the outcoupling layer 30, the path of

the light which propagates in a layer can be changed.

In other words, by properly designing the outcoupling
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| ayer 30, the light which is confined within a |ayer

due to nultiple reflection, and the Iight which is

out put fromthe above described | ayer in an inproper

di rection and cannot contribute to the display can be

5 output in a desired direction. As described above,

in an optical device in which t?e first wavegui de

| ayer and the second wavegui de ayer are arranged in

this order fromthe back side, the Iight which cannot
10 such.a reason that it

l.a f
o o red G i SR Yl e, St AT aoeayer
out puet @ of mal@s qrnqlefﬁ%%\e AL mERL k&géha”%ggn%g,

out coupling | aye
firsbutavedyirde karehnoser r(f‘e%@%‘l%%dt Q5 lram %tne 3{ ]%J er

front electrode 41 and 15 an organic | ayer

secodd reavegui ded apenhotCAchespends e the %@@ﬂﬂéyf%an be
10. Front electrodes 41 with |ight transm ssion

pr opeptpudr énj extdepdsed adrklae iouwt.coupling | ayer 30

and spaced apart fromone another. In this exanple,

the 20 frént desectibedes M ear 6 narodep tdnc Inasy iafe, ifrorwhich
exanE a transparent conductive oxide such as |ITO

(i ndFOf £iRSbxPagrauine LpoRe endcthedsestnids waveguide
elec&rlcall connected to the drain el ectrode 21 via a
thro aﬁeﬁoﬁ °f 8F HBHIPA tRetPassP¥EeroATPM Fhesbask side,

nsobbEi ngohEyupZEE petngt anea sa: Pt cotieodaseagy for

|aye§u§9 T?gaggﬁtkhggnl%ols confined within the first

waveguide layer can be output to the external
environment by arranging the outcoupling layer 30.
Note that, in this example, the first waveguide layer
corresponds to a laminate of a front electrode 41 and
an organic layer 42, and the second waveguide layer
corresponds to the substrate 10.

Front electrodes 41 with light transmission
property are juxtaposed on the outcoupling layer 30 and
spaced apart from one another. 1In this example, the
front electrodes 41 are anodes and made of, for
example, a transparent conductive oxide such as ITO
(indium tin oxide). The front electrode 41 is
electrically connected to the drain electrode 21 via a
through hole formed in the passivation film 18 and the
outcoupling layer 30.

Further, a partition insulating layer 50 is

arranged on the outcoupling layer 30. The partition
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insulating layer 50 is provided with a through hol e at
a position corresponding to the front el ectrode 41.
The partition insulating |ayer 50 is, for exanple, an
organic insulating |layer, and can be formed with use
of 5 a photolithography technique. On the portion of
the front electrode 41 which is,_ . exposed to the inside
of the through hole forned in tﬁg partition

i nsul ating |layer 50, an organic |ayer 42 which

e LRGPy B8 35K8Fs R B REPri NeBoRRAfnPng douan hole at

emtiing aye
I um At i i t
Lo oA BEFRL EORDLeCCOBRRYNE WD ENeCa0CHNEiate Rae a1,

' iti ¥ S 1 i . H e, an
orgamhe hayeitidd ¢an ﬁgEgggfléggkaBB gg?%§ﬁogﬁ%%gl.d

than the emtting |ayer exanp e organi

|ayebrégnﬁaniﬂ5uﬁdtﬁhgrl@?@&?!Bné buhf ek FaY¥REdA%Rth use of
whi ch serves to nediate the injection of positive

hol es photwibhehbgeaphyekeehnodae4l into the emtting

| ayer 42a. The organic |ayer 42 can further contain a

hol e tran€pokhengoltayen, ofathel €rbhackilegtlrayier 41amhich is

el ectron transporting |layer, 20 an electron injection

Iaye??p@?%d PopbhlR éneédeodé aBewkhhobighhholef fectiednin the

propert%, | S arranged.on the partition insulating

| ayeP2 5B Ehen bRganrEiNdyérYaD. SPn @Ri ereRBABI davEke 42

back e{ectrod 43 is a cathode_which is continuously

f or N %%dl%%ﬁﬁﬁﬁszgnt6méFFlBHxéF¥¢rTﬁéabéékaéréeﬂﬁéde The

43 is electricall onnecteg to the electrode wiring,

t he % %%?%%_efa ?%négab%Fnﬁ %iﬁe%lgﬂ FRETPAPEPI0R

Mh'cfuﬁfﬁéyégﬁg §£§Q§lc1&ompound which can generate a color
of, for example, red, green or blue. The organic layer
42 can further contain layers other than the emitting
layer 42a. For example, the organic layer 42 can
further contain a buffer layer 42b which serves to
mediate the injection of positive holes from the front
electrode 41 into the emitting layer 42a. The organic
layer 42 can further contain a hole transporting layer,
a hole blocking layer, an electron transporting layer,
an electron injection layer, etc.

A back electrode 43 with light-reflection property
is arranged on the partition insulating layer 50 and
organic layer 42. 1In this example, the back electrode
43 is a cathode which is continuously formed and common
to all pixels. The back electrode 43 is electrically

connected to the electrode wiring, the electrode wiring

being formed on the layer on which the video signal
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lines are formed, via a contact hole (not shown)
formed in the passivation film 18, the outcoupling

| ayer 30 and the partition insulating |ayer 50. Each
organic EL elenent 40 includes the front el ectrode
41, organic 5 layer 42 and back el ectrode 43. Note
that the organic EL display 1 SH wn in FIG 1 wusually
further includes a sealing substrate facing the back
el ectrode 43, and a sealing layer (not shown) forned

al ong - i er f t.he surface of the 10 sealin
subs%lrlg{égs %%recﬁfh ré%/ee back %l Et ¥ 6de W18 dPt wiayn) formed

thi s j$f UGt W ce.,is forned. .between
t he ééck elg%tﬁg'etﬁgﬁgﬁﬁﬁgéagﬁ ST %ﬁﬁ%gllnﬁﬁi%yer 30

I'ng” subs

spaceneanrhee ﬁa@t'i%‘io\ﬂ: timsufl%rti‘??fgamly%’r %é)nOblEeac%gSOﬁgeanic EL

such as Ar gas or an inert gas such-as NZ ‘gas’
organﬂemEhth$pH®ﬁlLd%%rEM@'ﬂﬂ@HtUQQ%c%%ﬂ§¥“4l, organic
e

scattering |layer 60 on an outer side of

trandpaeentd2 awmbdsbaatke c1@ctirddate i43,. on the front side

or light- emtting side. A polarizing plate may be

arranged Nogtewedrtt et ransparemL sukstlsat & ¥hand therrg, 1
light 20 _scattering |layer 60. An ND (neutral density)

filtepuaddy Barahesngadloneshe Isieghtingcaubetimaged fgering the
60. ThE Eﬁesent i nventors conducted intensive
reseBPERe§1E6TFREFedSe BRE PusrAdLBYefAvererioptofshown)

orombeah dhiRlesn. BpLihpre,faindthe LaLlonng 2

ghfgggéﬁﬁhg %Eggkkgtgn&hggﬂc%gcggtbggkyeE%cgggde 43, and
with this structure, an enclosed space 1is formed
between the back electrode 43 and sealing substrate.
This space can be filled with, for example, a noble gas
such as Ar gas or an inert gas such as N> gas.

The organic EL display 1 further includes a light
scattering layer 60 on an outer side of the transparent
substrate 10, that is, on the front side or light-
emitting side. A polarizing plate may be arranged
between the transparent substrate 10 and the light-
scattering layer 60. An ND (neutral density) filter
may be arranged on the light scattering layer 60.

The present inventors conducted intensive
researches to increase the luminous efficiency of
organic EL displays, and have found the following
facts.

The luminous efficiency of an organic EL display

is greatly influenced not only by the outcoupling
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efficiency of the organic EL el enent, but also by sone
ot her factors. Mire specifically, even if light can be
out put froman organic EL el enent at a high
efficiency, the lumnous efficiency of the organic EL
di splay 5 cannot be increased to a sufficient |evel as
long as light cannot be output {3t a high efficiency
froma |light transmtting insulating |ayer arranged
on the front side of the organic EL el enent. In other

wor d%’ffiic'le%rcg/s.roft %fjen%r %)e/lct Ii%tei !elirgmré%%ssggi{):i faiolesnoc%y some

of the 10 organic di splay, IS neces

suf f icgire Ipk ctyraventydyhee d 'e(mtf'icféclilgfémev%rh tl lll'g%h:t can be

transmtting insulating layer frombeing totally

refl ectedtofram anNtifaaGe el waemdifie Jdd %hthigh efficiency,
transmtting insulating |ayer and an externa

envi torméntinoypsi edlfliy ithe y1 o fattmes phiefagyi cThal displidy

is inmportant to suppress that the Iight output from

t he FRnsprtwleeduicdealsaygerto whisclf £ iicd enite leamlnaise 1ofng as
the front electrode 41 and organic |layer 42 in this
exanpt@htagdnepteped ouspott bt sebdnd efdiedeindy |fayer a
mhicﬂ,ig a Iight_transnitting 20 insulating layer such
as th&98GbsFRAEBLIEGINA RSy lagiagpllayeirs argtalded on the

reflected by the _light outpytting _surface of the
secogaoﬁgvééaﬁdelﬁggrprﬂé éFdfhg lE6MERE -r edBacdhiey words,

RO o8 D85 RISyl o LEE BeR Loud et

boi g CaTATTS " FePPaatbd by e ot Rearr dcdoheriden ERELY

li ghtrddent the light incident on the light transmitting
insulating layer from being totally reflected on an
interface between the light transmitting insulating
layer and an external environment, typically the
atmosphere. That is, it is important to suppress that
the light output from the first waveguide layer, which
is the laminate of the front electrode 41 and organic
layer 42 in this example, and entered into the second
waveguide layer, which is a light transmitting
insulating layer such as the substrate 10 in this
example, is totally reflected by the light outputting
surface of the second waveguide layer.

According to the researches made by the present

inventors, it has been found that in order to
sufficiently prevent the light entered into the light

transmitting insulating layer from being totally

reflected by the interface between the light
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transmtting insulating | ayer and the externa
environnent, the |light should be nmade incident on the
light transmitting insulating |ayer at an angl e equa
to or smaller than the critical angle at the interface
5 between the light transmtting insulating | ayer and
the external environnent, and &ge directivity of the
light should be extrenely high:“Mre specifically,
the directivity of the light should be enhanced to
such I l.that th se of the lLight scatterin
|ayeF§f83§é§8%é ﬁggg§§§ﬁ§gi&a8F6eP otggmgéﬁ?§¥éi
suf f L@ W= angl rder t hance th

i Gt oy o Bael Tare T R daa "on FAS HgEe T on the

transaghti ReahBawkat hgoinkayak Wt R aVse Qk
diffrggtion Srating} ?tlpg necéggarﬁgﬁo %etﬁphgngle equal

grat kngogosstantrt @hanvehy &mBkhkcalSavahdeatNehe tihadterface
the emtting |ayer of the organic EL elenment emts

| i ghbetweahl tHer @¢yhansrahbrietong, ihbulbtiog Jafald ¥nd the
not necessary to arrange a light scattering layer to

achi egéeanaildenviewhngnangbhedi nth20darganivikl of the light
di spl ays. Based on such a background, the
conveéhPhbflaPeoryhnrbekly HigplayMode mpecisécalliyghthe
scattering, layer or output light with a high

direé%FngﬁvF ¥nPa Fhgntighhnghrutrngei RebiRAERAg tPayach a

o 20gag o020 BRECLYET o7 B M Legard osthe

g:gﬁgn%¥%%%r8é§%%%$%¥ gH&g%&eirgg]gghggggngcsg%ficient
viewing angle. 1In order to enhance the directivity of
the light incident on the light transmitting insulating
layer with use of a diffraction grating, it is
hecessary to set the grating constant to a very small
value.

Note that the emitting layer of the organic EL
element emits light in all directions. Therefore, it
is originally not necessary to arrange a light
scattering layer to achieve a wide viewing angle in
organic EL displays. Based on such a background, the
conventional organic EL displays do not use a light
scattering layer or output light with a high
directivity from a light transmitting insulating layer
arranged on an observer side with. regard to the organic
EL element.

In order to enhance the directivity of light

output from an organic EL element, for example, a
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diffraction grating can be used. However, as wll be
described later with reference to FIG 2, in order to
sufficiently enhance the directivity of light to be
incident on a light transmtting insulating |ayer by 5
using a diffraction grating, the grating constant
needs to be very small. A diffrgction grating having
such a small grating constant is very difficult to
manuf acture. Further, the present inventors have found

that i@ rrdciliple dealladl I, 300 JOULT Phe, IS TIPS, be

that is, I 'nt erf erence 3] e

conskderedpeling at eubbichl eheam it i f ce’ i
interferencg whﬁcﬁ occurs as sgﬁg %P ﬁﬁgﬂt%ﬂafglg%ger to

repeatedliyieafheckadanket waen Jieklegliing U haces: o pe
that is, parallel plane- 15 like reflecting surfaces.

Ml t ipkédbaamonntelfighenceadeauts ing anven%tiig layer by

| ayer such as the lam nate of the front el ectrode 41

and BF§BAI @ Haférasg2iod grrhe ihigght-hehatratiavelc®naitiahitn needs
the lam nate, a |light beamwhich travels in a certain

20 dFPeE?iSﬁrwss@ﬁgéncea,dWﬁéKé§§ianlQghtibgaMBWHMthuch a
travel s.in another direction is weakened. |n other
mnrd%?a%hegfﬁaeeﬁiﬁ@naFP@EtPénveﬁYtﬁéfﬁngnﬂtwﬁpch

prop tes in_an in-plane direction while repeatedly
reflﬁgsggaBEPﬁEen both main surfaces of the | am nate

520 1 e08Laky TORLOLggnrd! skl b M G

&f{Lﬁ?%ggﬁgg rbhe.aboyg QﬁacﬁhEQQphQ”EH%%%feEE%c£59@%at is,
"multiple-beam interference" need be considered. The
"multiple-beam interference" is an interference which
occurs as some of light rays are repeatedly reflected
between reflecting surfaces, that is, parallel plane-
like reflecting surfaces.

Multiple-beam interference occurs in a very thin

layer such as the laminate of the front electrode 41
and organic layer 42. Of the light that travels within
the laminate, a light beam which travels in a certain
direction is enhanced, whereas a light beam which
travels in another direction is weakened. 1In other
words, the traveling direction of the light which
propagates in an in-plane direction while repeatedly
reflected between both main surfaces of the laminate is
regulated. Therefore, of the lights which propagate in
the in-plane direction while repeatedly reflected in

the above described laminate, the light with the
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maxi mumintensity is particularly inportant to
effectively utilize in order to inprove the |um nous
efficiency of the organic EL display. FIG 2 is a
graph showi ng the rel ationship between 5 the grating
constant of a diffraction grating and the incident
angle of the first-order diffracted Iight on an
interface between a transparent "Substrate 10 and an
external environnent, in the case where the

L : red as .a diffraction
out cpUBLiIG, ALRLG630 s gansidened 0 g diaction
I'n tBirgekikgyeesy uEEQlQQSEhS%Qd%§pE%S%% O&%Z% rath%gnous

constant of thé diffraction grating,

coor difiateechepr esenhe oEB@nhECE@eﬁEsﬁﬁgg@ of the
first-order diffracted Ii'ght incident on the

|nterfaceFEGtMEemstbeg&ﬁ@ﬂs@@b@ﬁhg15h%UQ%Q%%H%n%gl%ﬂ@etween
t he external environnent The data shown in FIG

are bheagnetdiby cpestenning a simgraticeBnugder ihdeand the

followng conditions. That is, in this sinulation,

the iRFéRAREsanglehef thai fiatetebrihe ﬁndﬁtaetedtﬂd@at on

41 and organic |ayer 42 20 was set to 150 nm and the

ref raktiVESFhdeR BPLVAGN RahrARSRawABLsENDbS6rars510 and an

UGt 0P, SLIRLE L aver 42 R o 8 LDe IS o ing

F?;Lsp%renﬁosa%g?gggé ggéaﬁa ?mgséggggEggna%ggéiES in the

Lor SEmALobpl g el kg, L0E SHLEthel, e,

transpargndc Sybst £ @b fe 100 1@SE FEL 419t 4443 cbn%@ant of the
diffraction grating, whereas the coordinate represents
the incident angle of the first-order diffracted light
incident on the interface between the transparent
substrate 10 and the external environment.

The data shown in FIG. 2 are obtained by
performing a simulation under the following conditions.
That is, in this simulation, the thickness of the
laminate of the front electrode 41 and organic layer 42
was set to 150 nm, and the refractive index of the
laminate was set to 1.55. Further, the organic layer
42 was of a type which emits light having a wavelength
of 530 nm. Furthermore, a glass substrate was used as
the transparent substrate 10, and the critical angle
for the light which travels towards the external

environment (the atmosphere) from the inside of the

transparent substrate 10 was set to 41.3°
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Moreover, the multiple-beaminterference in the

| am nate of the front electrode 41 and the organic

| ayer 42 is considered, and, of the lights which
propagate in the in-plane direction in the |lam nate, 5
the light with the maximumintensity was used to
calculate the diffraction by thgvﬂiffraction grating
30. More specifically, based on e wavel engt h,

t hi ckness and refractive index of the |am nate, of the

lights wmi@ar@59@9ﬁ2£§?;ﬂui@f?%gigégﬁeigh%ﬁféggﬁﬁéPgQ the

the 10 I am nate, t T w e maXi

was sdtppoased §o tavelod @l@éflﬁ&eé% io?l V\erl&ht}'{@dgr gd]nic

angle of 63.7 with respect to t msurface, a
the Idiffdration efndheetdéghtahy, the ’@Héﬁ?{%ﬁ&@r’which

grating 30 was cal cul ated. Further, since the

t r avaliampghi reecin arhel 5 rofp Tdvee Qi oralers oh fid agted 4 ohdte,

was not changed and the diffracted Iight of a higher

or derthéndri qtifatwigfh ttthee fd xistunoridererds ffy agdedidd@hto

was very weak, only the first-order diffracted |ight

was ConSidertel the @it astovan iby RIMG P fimdthieorcagmting

wher theﬁg{ating 20 constant is greater than about 1

gm the i ntiifertPeGdgic@ 10y t a6 i driderwadid faraxttted

Iigh%h%%% ns% t he iq;erface bet ween the transparent

substtate t0 Safd' e L tSateriall &R 1 én hapigfe, taf the

or gqqg%%r tha t?} critical angle. Therefore, in

this case, the%fhl gtolofé’agredelf~l caﬁh%‘ rACTEERNS ghtt &gt in the

be ubiahiizad of, 0% & SRIAE wildh (hE GAS8 where Lhe .

grating constant is ﬁ%%anrange%?%%%ﬁﬂ&ﬂleEﬁyﬁﬁHXJwas

aboutuPpdsed the raRe1dent a14irection which made an angle
of 63.7° with respect to the film surface, and the
diffraction of the light by the diffraction grating 30
was calculated. Further, since the traveling direction
of the O-order diffracted light was not changed and the
diffracted light of a higher order than that of the
first-order diffracted light was very weak, only the
first-order diffracted light was considered here.

As shown in FIG. 2, in the case where the grating
constant is greater than about 1 um, the incident
angle of the first-order diffracted light against the
interface between the transparent substrate 10 and the
external environment is equal to or greater than the
critical angle. Therefore, in this case, the first-
order diffracted light cannot be utilized for display.

In the case where the grating constant is in a

range from about 1 um to about 0.2 um, the incident
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angle of the first-order diffracted |ight against the
i nterface between the transparent substrate 10 and the
external environnment is smaller than the critica
angle. In particular, when the grating constant is. set
5in arange larger than 0.2 j umand less than 0.4
gm the incident angle can be reduced to an extrenely
smal | val ue. When the grating constant is set to about
0.35 gm the incident angle can be set to 00 . Note

t hat ., 4 GaRe e t ratil onstant, 10 is

| ess atnr?gr‘ft g%out 0.2 grrt1 Ot%:erlgncg‘lfc#;%ccta%%ljgl (3gainst the
firstinerde;d el Iy | 15t ' a

bet V\Iéél% thgcﬁ giparegﬂttﬂs%rbért rate 1§gaﬁ4ﬁﬁgé€<% gfreonaﬁ‘nd the

envi@&m@&mbli%dﬁ%ﬁﬂnd@%ﬂﬂiéﬂéﬁgfyéﬂ*EHE&'%%é”&Eﬂé?ﬂal

angle. Therefore, in this case, the first-order 1

di f f raciled | ilghtoacannatlabe wrdn z2e@ faradigpl@hst A is set

described, in the case where the grating constant of

t he dif Br genigen lgrgieirng hias very smebkhd flBes tRenhdeny ,m,

angle of the first-order diffracted |ight against the

i nt eFP&cénEétRBEN anigd et cans par exstdusiglos thcatae 26 th@neeridy

t he ext e nal _environnent can be made extrenely small

I n tR"§ E,Laé’é,lué’f" t Heeri §hes gwRitdhapropsfars unsl stette hto about

filmysyrface direction in the |amnate, not only the

Iiggp'§ﬁtH‘Thet%%x?ﬂﬁh¢?%?eﬁ§9%§ pap EﬁséeﬁD§Pdéf -gge
lights w I r i,ntensity can_ have an i ncident

angle snappég Fﬁgﬁ’tﬁg gﬁﬁtﬁéﬁe SRGTE thFer@Rdridd Fonstant
reat .p LO i ght,s incident.on. the

?ran%%a?é%% Eggés%gg_e %O? ﬁh?thg?i INPigRRt angle of the

trangpibtipgabPsHl 2ErR0+d8 1:ignt against the interface

between the transparent substrate 10 and the external
environment is equal to or greater than the critical
angle. Therefore, in this case, the first-order
diffracted light cannot be utilized for display.

As described, in the case where the grating
constant of the diffraction grating is very small, the
incident angle of the first-order diffracted light
against the interface between the transparent substrate
10 and the external environment can be made extremely
small. In this case, of the lights which propagate in
the film surface direction in the laminate, not only
the light with the maximum intensity but also most of
the lights with a lower intensity can have an incident
angle smaller than the critical angle. Therefore, a
great portion of the lights incident on the transparent

substrate 10, which is a light transmitting insulating
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| ayer, can be output to the external environnent.
Accordi ngly, when the above described structure is
enpl oyed, a high lum nous efficiency can be realized.
In the neantinme, as described above, a diffraction 5
grating having a small grating constant is difficult
to manufacture. In this enbodi ggnt, an outcoupling

| ayer 30 which is obtained by utilizing the technique
which wll now be described is enployed as an

exa”ﬁl?erslggn %ot%u%p% EH“%ﬁ %% fﬁgy %ﬁ#ﬁ?ﬁﬁﬂént

schemati cal |y show ng an exanple

”Hnuﬁ@%b%ﬁhﬁ@lbheWQ%ECQ%%lb%%v%aﬂ% é%ab Il Sl &%ture is
met hod, first, "a |ight transn1tt|ng ayer,

eX&ﬁEh@lo@bN fb'ﬁhgwh&%ﬁfﬂdds %%E%%l%%@@s%gna%éjy%allzed
first portion 31, is forned on a main surface of the

15 substrdhe th@ asashdwe,i BsFldescdi¥eXtabase , ShOWY ffraction
FIG 4, an organic layer 90 is forned on the SIN film

31. @héténgahﬁwihayersgﬁlﬂsgrhmdmgdcbmsthatfdblmMﬂﬁlcult to
manner. That is, a coating solution is prepared by,

for BREMBPELUdRssONV K§is 2ObddBieskcopol pmecoubling layer
poly§éyrene (PS) and poly nethyl —nmethacrylate (PMVA)

into §BP9€nﬂSseéﬁaé§eGrBﬁyPéﬁélZgﬂﬁcéhenﬁﬁ§#@PMMe which
et her .acetate ngNEA% g g plied on the SIN film 31,

and Vﬁ eﬁPVeP RECSOPE nﬂsl§mpéﬁﬁ§9dasf98n@¥ﬁ@§ e.

thereb formn%na e 25 | ayer.

bt d f |
ﬁb ?Infhe%ggggﬂgc FayeFrﬁo ni&5te hd18%fneal i ng

i's C§Eﬁéﬁ§t9551ﬂ®tQhewﬁngegﬂegggﬁbﬁer%@g%hégmethod of

manufacturing the outcoupling layer 30.

In this method, first, a light transmitting layer,
for example, SiN film, which will later be used as the
first portion 31, is formed on a main surface of the
substrate 10 as shown in FIG. 3.

Next, as shown in FIG. 4, an organic layer 90 is
formed on the SiN film 31. The organic layer 90 is
formed by the following manner. That is, a coating
solution is prepared by, for example, dissolving a
diblockcopolymer of polystyrene (PS) and poly methyl
methacrylate (PMMA) into a solvent such as propylene
glycol monomethyl ether acetate (PGMEA) and applied on
the SiN film 31, and thereafter, the solvent is removed
from thus obtained coating film, thereby forming the
layer.

Next, the organic layer 90 is annealed. The

annealing is carried out within a temperature range
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fromthe glass transition tenperature of the

bl ockcopol ynmer to the order-di sorder transition
tenperature. PMVAs which formthe bl ock polyner cone
cl ose to one another, and thus island-like regions 91
5 made of PMMA and an ocean-like region 92 made of PS
are produced in the organic Iaggr 90. Wien, PMMA with
a small dispersion in the nolecudlar weight is used as
the bl ockcopolynmer, the island regions 91 will have a

I i cal sh .col h f_ about the

iR et Sy Kk P%”mi‘vre&?a;%%% ik *EW?L ke
[ tral | ' with . the
P e PR E BB e A e e A R s

can ke lleed i C C it h ecul
ot ohe o B T ha e SothL o BT B cone

appr epoiat eby oset kinb@ hehe EQHeQ%h%riQQE%@LﬁiQ% RMAons 91
and PS and the ratio between them the island-IiKe

regi oase 8% oMMA madghhy ospherilcak $RaRSNOVCAHNYE PS are
shape can be regularly arranged. Typically, the

r egi bnedoandbén aheangednin dagkrasmann@hehhatrMMAN@S th a

whi ch connect the 20 centers of the regions nmake a

roughMgliedliFRPr6iPANGhethehapéecniner welight tiseused as the

(r 028t P56C¥ERLUPeR: ngfiS Kelendogeagensi BingiiAenave a

O R E BB IR 55 LB S e

}Engéﬁégaké%SSESQEQn %%eiaikgagiégsrggakge ?glgggwqike
regions 91 can be controlled in accordance with the
molecular weight of PMMA and the arrangement pitches
can be controlled in accordance with the molecular
weight of PMMA and the molecular weight of PS. By
appropriately setting the molecular weights of PMMA and
PS and the ratio between them, the island-like regions
91 of a roughly spherical shape or columnar shape can
be regularly arranged. Typically, the regions can be
arranged in such a manner that lines which connect the
centers of the regions make a roughly regqular triangle
shape.

After that, the organic layer 90 is subjected to
etching such as RIE (reactive ion etching). Here, by
utilizing the difference between PMMA and PS in
resistance to etching, the island-like regions 91 are

removed and the ocean-like region 92 is left to remain

as shown in FIG. 6.
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Next, the SINfilm31 is subjected to patterning wth
use of the ocean-like region 92 as a mask as shown in
FIG 7. More specifically, openings spaced apart from
one another are formed in the SINfilm31 to 5 obtain
the first portion. Subsequently, the ocean-Iike

region 92 is renoved fromthe SE film31 which is the
first portion. Further, a |ayer“having optical
properties such as refractive index different from

t hose of e . first 10 portion.31, for exa e, a ,
flatteni nté\]%rxécéi rﬁ’fei ?srﬁbﬁa{ﬁ%%la lrseﬁ”e?cjteﬁfg)c; fdepatterning
di fferent from.t f e. SN film is.faornmed as . the
secoﬁg%gopﬁ%oﬁksgﬁgn%fﬁé%fﬁ?&? 58PN ? 3 £% & F1A9K e shown

openiRggrEor red MBr%h%§%Eﬁ§Ec@Qg§h2%é§§§%q%wﬁ?%%§ apart

out coupling layer 30 i S obtaine

met hedomt BaedaiBRBeeNS raf fbkeedORBNIRGS Jify (M8 iFSt o
portion 31 and the distance between the centers of

the opeaingsheamibetcenitabhed subsacgenhdance vid bddig-1ike
nmol ecul ar wei ghts of PMMA and PS. In other words, the

di nenspons &Adiar rangerentrofn 20et BeNogenNgs iwhildhe is the
first portion 31 can be controlled on the nol ecul ar

| evefirptr pR8ELORA the nethod, a photomask is not used

in the formation of the openings in the first portion

31, but FHét§€Ff-érééHﬁfagﬁ8ﬁn@fOpﬁécﬁﬂo@mgﬂﬁﬂQuﬁa such as
is 25 utilized., the case where an extrenely fine

I 3 y
pat t EFAT2FELVE B@gﬁﬁrﬁégfeéeﬁétﬁé@mwﬁhéﬁeu§§st§e first

[ h
Egﬁbgg%?g?gegﬁ?L%érg%ggmglgtagb%igtggggn% %esin film having

a refractive index different from that of the SiN film
is formed as the second portion 32 on the first portion
31 to fill the openings formed in the first portion 31.
Thus, the outcoupling layer 30 is obtained.

According to the method, the dimensions of the
openings in the first portion 31 and the distance
between the centers of the openings can be controlled
in accordance with the molecular weights of PMMA and
PS. In other words, the dimensions and arrangement of
the openings in the first portion 31 can be controlled
on the molecular level.

Further, in the method, a photomask is not used in
the formation of the openings in the first portion 31,
but the self-organization of the blockcopolymer is
utilized. 1In the case where an extremely fine pattern
is to be formed, a method which uses a photomask

entails such a drawback that the manufacture of the
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photomask itself is difficult. Further, in the case
where an extrenely fine patternis to be forned, a

nmet hod whi ch uses a photomask entails such a drawback
that it is difficult to transfer the pattern of the 5
phot omask with a high accuracy. Particularly, in the
case of an oversized substrate, ,i;t is difficult to
form an oversized nask having avery fine pattern. In
contrast, the method which utilizes the self-

f. d th
or ob AR 00 & Dl od (00 ST S L T gpse
whi chvheire w@méﬂawﬁgme Saﬁ:'tedﬂnsﬁlsax:ol baecgoof&te@

to this enbodi nent can manuf act ured even ‘i n

the e@s@odwherien hesed @r&i&%a@‘k te*?&aqa%n@&% i dh8pback
first 15 portion 1 and the di stance between the

cent éhstofitt He ddfemiowds aye tymldferThleiit®ern of the
according to the present enbodinent, it is possible

to SQﬁﬁﬁ@W@ﬁ&lWlt@r@VénKﬂtbeduquy| n@aﬁmﬂcuﬂ&ﬂﬂys in the
transparent substrate 10, which is the |light

t r anSAPEt Pig anSyeatsiigd aw@ﬁtrzmebramlua|@}ﬂﬂuaMHQ/to form
reflected by the interface between the |ight
tran§ﬁ1PV?H§1Fﬁ§UW§§$n@aW&W§raaﬁ@rWhéln@xm@ﬁmarn In
enV|ron g t her ore a sufficiently high

| umi Aol §FFV ﬁc?eé @Rl Edd12R6t &henae Liiten

t he ion cond .25 portions 32 are
dlffé?égb ?ggépgac% St%gPC ngp}gg@r EREr AP Shiess

ot heg  LRaBykhe refractive index, the refractive

indices of the first portion 31 and the 22

As described above, the outcoupling layer 30 which
is used in the organic EL display 1 according to this
embodiment can be easily manufactured even in the case
where the dimensions of the openings in the first
portion 1 and the distance between the centers of the
openings are small. Therefore, according to the
present embodiment, it is possible to sufficiently
prevent the light incident on the transparent substrate
10, which is the light transmitting insulating layer,
from being totally reflected by the interface between
the light transmitting insulating layer and the
external environment, and therefore a sufficiently high
luminous efficiency can be realized.

Note that when the first portion 31 and second
portions 32 are different from each other in optical
characteristics other than the refractive index, the

refractive indices of the first portion 31 and the
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second portions 32 need not differ from each other.

For exanple, as long as the effects simlar to the
above can be obtained, the first portion 31 and second
portions 32 may be different fromeach other in
optical 5 properties such as transmttance and

refl ectance. The outcoupling Ia$%r 30 may further
contain another layer serving as a third portion
which faces the first portion 31 and is nade of the

i al ) f t ) rtions 32. |
thi s Sogend Hor i%i%%%@ﬁf}%ﬁ?@%%&f%@ 47 nczémr-
ith ' ' t , eni nos
out cocnr ranle DU Hdhy B HE o IMGEP RG] hd Johe

descaibkee QuinC®edldytadilmyer 3 eshidd i Tl | oM N cong
characteristics resulting fromits 15 manufacturing

net hpdr tEonsedanplay; Hen diffef andrGOUHdMEd Y It htd in optical
obtai ned by the above described nethod, the openings

madepirppelé iefsi mstchpart itamrdhidrtentsualdy myflangethce.
such that |lines which connect the centers of the

openi ngs Fiike Cal TZOURGUgHY VL avegul Y rtay ahgtttheshapentdim
other words, the array of the second portion 32 forms

a tr?ﬁﬁﬁﬂ?érlaW&Ftﬁ@éVlP@rﬁﬁe@,tmﬁrﬁh@QﬁthmuNhuqyrfaces
|l ayer, 30 .obtained hy the above described nethod, the
open%HSSfFEFgEEOFﬁlPﬁe312@“ﬁiH§tﬁ&§%iQQ1??F FSE Material

RV 5Bl AL T sy i g et Lam e o

di recti on perpendicdl sur
OUt09895h89p5§¥§5n§0826%%@ $26800 23 tact with the third

portion. Further, the openings in the outcoupling
layer 30 may be through holes.

The above described outcoupling layer 30 exhibits
the following characteristics resulting from its
manufacturing method.

For example, in the outcoupling layer 30 obtained
by the above described method, the openings made in the
first portion 31 are usually arranged such that lines
which connect the centers of the openings make a
roughly regular triangle shape. 1In other words, the
array of the second portion 32 forms a triangular
lattice.

Further, in the outcoupling layer 30 obtained by
the above described method, the openings formed in the
first portion 31 usually have circular shapes. That
is, when viewed from a direction perpendicular to the

main surface of the outcoupling layer 30, each second
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portion 32 has a roughly circul ar shape. Most
typically, in the outcoupling |ayer 30 obtained by

t he above descri bed nethod, the openings fornmed in
the first portion 31 are arranged such that 5 |lines
whi ch connect the centers of the openings nmake a
roughly regular triangle shape,zgnd t he openi ngs have
circul ar shapes. In other words, "the array of the
second portion 32 fornms a triangular lattice, and when

Vi e fr. di.rectian rpendi cul.ar tqQ the nain 10
sur }A?%ert&gmt %ez g&scgupqqﬁﬁpya}pér%’are Becond
ortion 3 ; I i r 11 f or mati on
gf the out%c?[a?&cfmtﬁ’r%c#%lg gd(g%/ﬂflhoeﬂ%e%l&?ﬁeﬁ%ﬁ A%
in FbERaide0 1y ithedesfided ahovey Ee it %‘#éoldﬂ’éguings

| ayer 30 can beé forned by other 15 nethods.

examgbemethe nouheodlristg Joaalon3® 1Cat e r 1R Meh that
carrying out the steps described with reference to

FI GSlidetsowB,icandchinlddtng hehecopenisngE athe tdienings make a
ocean-like region 92 with a material having optical 20

pr op&pPtigls ydirehedem thriemotlieoshapk,t kedodean-ddekengs have
region 92. In other words, the ocean-like region 92

can Bérghilprzedarssthe Ini rshegomoirels  3theNetrr ayhatf the
outcoupling layer 3Q obtained by the nethod has
subs?ﬁEPPalpﬁr heTNs dre LOLPGc fultd a8 otHar dRtHe a5 and when

UL CRUBLLAT LAY, 30 ARSI NS SO0, e s
OUthHpkng E?y%5e3gu%%%u%§i%% layer 30, each second
portion 32 has a roughly circular shape.

The formation of the outcoupling layer 30 by the
method illustrated in FIGS. 3 to 8 is described above.
The outcoupling layer 30 can be formed by other
methods.

For example, the outcoupling layer 30 can be
formed by carrying out the steps described with
reference to FIGS. 4 to 6, and filling the openings of
the ocean-like region 92 with a material having optical
properties different from those of the ocean-like
region 92. In other words, the ocean-like region 92
can be utilized as the first portion 31. Note that the
outcoupling layer 30 obtained by the method has
substantially the same structure as that of the
outcoupling layer 30 obtained by the method illustrated
in FIGS. 3 to 8.

Alternatively, the outcoupling layer 30 can be
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formed by carrying out the steps described with _
reference to FIGS. 4 and 5. In this case, the organic
| ayer 90 shown in FIG 5 can be utilized as the
outcoupling layer 30. In other words, the ocean-like 5
region 92 and island-like region 91 can be utilized as
the first portion 31 and second gortion 32,
respectively. Note that the outcoupling |ayer 30
obt ai ned by the nethod has substantially the sane

stru ; t pl.i I 30 obt ai.ned

LY U Rt | ok Gl DS LA | L 30, 201

thi s degrehiirgue.td herdgh regctd v ty, ofp i he {d se,oq{lféjtorganic
fromthe transparent substrate 10 1s significantly

enhanege rav odeswhirbed abaye.s the i ractivdy of dhe
light can be freely changed with use 15 of the light

scat perticogplldyes 160/dm Hccordanamey oddle wUsAR-Qfn-1ike
the organic EL display 1. For exanple, in the case

wher gegienorgaring! Els ldirspllaykel degyiusedl cam mebidtelized as

devi ce such as a nobile tel ephone, the organic EL

di spltay firstheontdgu r3dd ansl Feeeral wicds Mdrevidng

angle, 20 hut it requires to have a bright display or

a | oW*BBRES 1 VEdHs umptd t6h t hpffertéteo ceit oo lritics 1ayer 30

par LB Re B, il PRl e aven S0 hat

L1 LUBE 130 LR 256 MIBLE L O TNE B pinee

O v G Ty B gl R e

usage, a kiight t23s technique, the directivity of the light
output from the transparent substrate 10 is
significantly enhanced as described above. The
directivity of the light can be freely changed with use
of the light scattering layer 60 in accordance with the
usage of the organic EL display 1. For example, in the
case where the organic EL display 1 is used in a mobile
device such as a mobile telephone, the organic EL
display 1 is not required to have a wide viewing angle,
but it requires to have a bright display or a low power
consumption. Therefore, for this particular usage, a
light scattering layer 60 that has a low light
scattering capability may be used. On the other hand,
in the case where the organic EL display 1 is utilized
as a display for a stationary device, the organic EL

display 1 is required to have a wide viewing angle.

Therefore, for this particular usage, a light
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scattering layer 60 that has a high |ight scattering
capability may be used. Next, the second enbodi nent of
the present invention will be described. 5 FIG 9 is
a cross sectional view schematically show ng the
organi ¢ EL di splay according to the second enbodi nent
of the present invention. In FI 9, the organic EL
display 1 is illustrated such that its front surface
faces upward and the back surface faces 10 downwar d.

The 9&%@%%%&5?&1%3@%%01 i a2 htaosD aerﬂisgﬂqg.nifc_%k{tgtescattering

organi c her ef ore, unli ke

embodibpaRt ) itRe subsls a8 40 need not have a |ight
transn?gsﬁoﬁ gfopgfty. f% As in the case of the first

embodi neniNex@) tHOYLIMA |ARIdikbn TS .t 1) present
interlayer insulating film 17 and a passivation film

18 atevbatdted willhibe ekederibe@ntact holes are forned

in a gate insulator 14, the interlayer insulating

film1l7 afdG.h® passi vatdsen sfaduma2(a 1181 eands Sl aidt v
drain el ectrodes 21 are electrically connected to the
sour EBodABgditAEN osbanhe FET Aiisp lialye acoomtddcty hal eheOsecond
the interlayer insulating film17, a reflecting |ayer

70 aRBPadfmEEt Bér thenPIESENta ipyeasdpni-ng InaydG. 35 the
30 are ar[anﬁfd i,n Ehis order. In this exanple, the

f 3§1F8

i rsPrBdFtfFo £Yr fed St & 1B& sitresratsdhwittR tt Hes front

passé&%%éSQ %EEQE ﬁ%wggg g%%e%hglb%Ektg%r%%E%e%%%%% 26

downward.

The organic EL display 1 is a top emission type
organic EL display. Therefore, unlike the first
empbodiment, the substrate 10 need not have a light
transmission property. |

As in the case of the first embodiment, an
undercoat layer 12, TFTs, an interlayer insulating film
17 and a passivation film 18 are formed in this order.
Contact holes are formed in a gate insulator 14, the
interlayer insulating film 17 and the passivation film
18, and source and drain electrodes 21 are electrically
connected to the source and drain of the TFT via the
contact hole.

On the interlayer insulating film 17, a reflecting
layer 70 and a first portion 31 of a outcoupling layer
30 are arranged in this order. In this example, the
first portion 31 is formed to be integrated with the

passivation film. As the material of the reflecting



| ayer 70, for exanple, a netal material such as Al can
be used. Here, the reflecting layer 70 has a three-

| ayer structure of Mo/AI/Md so that it can be forned
in the sanme step as that for the source and drain 5.
el ectrode 21. Further, as the material of the first
portion 31, for exanple, an insg&gting mat eri al such
as SiN can be used. Recesses of the first portion are
filled with a second portion 32 nade of a |ight

refr agtive THdS AT T i ndtE o Tre F43e@s AL can

refract’ive i ddex di eren

por t ixdn 1 3kq .Su‘mer%s,l ?cg}LeesJ.ieSfleg@itng ilaEIYeLBafd( l‘tays & fhree-

el ectrodes 43 wt t transm’ssi on” proper

ar r angee o tihie: oL QUPIN 1| AN 4 rahd it‘l'%ag’{ %eeacﬁqormed in

spaced apart fromone another. In this exanp

back téleectamede t4p ias athanads: ab isoumde Hfd drain
transparent insulating oxide such as ITO A partition

i nsukedeiotg dday €rl .50 EintiHear, tax tthad madescrdlbess ighd e rst

first enbodinment is formed on the 20 outcoupling

| ayePC3G100n 3tlhe figor eixempdfe t e Hachulagliect mede 3]l such as

whi ch is exposed to a space in a through hole of the

partﬁﬂwoﬁapn§§lﬁﬁﬁﬁg | ayer 50, an organic |ayer 42

which includes an enmitting |ayer 42a is arranged as

in the fi FSCEaMSSiIeithe 2556 et i@reaneodd dediwith a

l'ight-transm ssi.on roperty is arranged on the

part%f%SH iﬁ?ﬁ%&?ﬁn& IH&@% °§6aaﬁ&g@Fg§ma@SW§¢§ﬂnﬁ2.

I'n tEhéu?é@gﬂhemakg%i%ﬁo%%v%%g a refractive index different
from that of the first portion 31, such as a resist
material.

Back electrodes 43 with light transmission
property are arranged on the outcoupling layer 30 and
are spaced apart from one another. In this example,
each back electrode 43 is an anode and is made of a
transparent insulating oxide such as ITO.

A partition insulating layer 50 similar to that
described in the first embodiment is formed on the
outcoupling layer 30. On the portion of the back
electrode 43 which is exposed to a space in a through
hole of the partition insulating layer 50, an organic
layer 42 which includes an emitting layer 42a is
arranged as in the first embodiment.

A front electrode 41 with light-transmission

property is arranged on the partition insulating layer

50 and organic layer 42. 1In this example, the front
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el ectrode 41 is a cathode which is continuously forned
and common to all pixels. Further, in this exanple,
the organic EL el ement 40 corresponds to the first
wavegui de layer. 5 A transparent protective film 80
which is a light transmtting insulating |ayer and a
light scattering |ayer 60 are ?ﬁranged in this order
on the front electrode 41. In is exanple, the
transparent protective |ayer 80 corresponds to the

[ 10 | 0 T ransparent protective
ayer LBh EREL AT 1Y ool A A B Bl e rmed
f I I nt i e qQrgani.c EL
bl omendCeBEBNEL A1V Fiadeknt) SOANE Brarole,

mat eehal oehahhe EraRIRAHSRT 4B QLecliskon@Yeh 8%e First
transparent resin 15 can be used. Further, the

transpaegatidpr obgeti.ve | ayer 80 may enploy a single

| ayer structure or multi-layer structure. A polarizer

may be ar Aangedsipetrween cidee e deriaRs Farlents et i1 a 1ight

| ayer 80 and the |ight 20 scattering |ayer 60.

Furt heansaat Nbngi Enen lakynge lageraaged aod ighe Isicghttering

scattering layer 60. In the first enbodi nent, the

out cbBBEFnfO| ayer azgangedairaiifée betrgennt kb eofganitc

EL el enent 30 gnd the transparent substrate 10 which

i s aef?ﬁﬂfo Fafdnmi t £Pn§h25 PHEGPAEI n§hEaf&RNSPRAENS,

on t ront side of ge organi c EL el epent 40. In ,

cont?gg{?cghv?hga¥sgoh CBﬁﬁgaPﬁBHF,tPh§h8uF688Eﬁingegulde

laye{a?&rls @ﬁéaggggsggrent protective layer 80 inhibits,
for example, the enter of moisture from the external
environment into the organic EL element 40 and serves
as a flattening layer. As the material of the
transparent protective layer 80, a transparent resin
can be used. Further, the transparent protective layer
80 may employ a single layer structure or multi-layer
Structure.

A polarizer may be arranged between the
transparent protective layer 80 and the light-
scattering layer 60. Further, an ND filter may be
arranged on the light scattering layer 60.

In the first embodiment, the outcoupling layer 30
is arranged between the organic EL element 40 and the
transparent substrate 10 which is a light transmitting
insulating layer, that is, on the front side of the

ocrganic EL element 40. In contrast, in the second

embodiment, the outcoupling layer 30 is arranged
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between the organic EL el enent 40 and the reflecting
| ayer 70, that is, on the back side of the organic EL
el enent 40. Even with this structure enployed in the
second enbodi nent, substantially the sane effect as 5
that described in the first enbodi mrent can be
obtained. It should be noted that when the
outcoupling layer 30 is arranged on the back side of
the organic EL elenent 40, a portion of the |ight

e”itE@gwgﬁnt@ﬁe %&%%ﬁh%.%& %h%QE%E.ﬂoe%%%gzggrﬁééfgyfing

transmtting 10 in ating layer wtho

t hroughetheo, ouhaeuplsi Ngl ayer 3@k Ehekeker hei%iygkyb EL
to diffract nore light beans, it is nore advantageous

t hat el BReneuioQupkiveg hayer t3Qsi stancznged hghwerl the the
organic EL elenent 40 and the light transmtting

i nsubatbng kaperdimdhtAs sdestuinhed1ahovee haecopiriredt as

properties of the second portion 32 should be

di f f ehent desomibrdsénothenhéirkitr smbpditiean 3in bk obtained.

suffices if the first portion 31 and second portions

32 are di ffepBatlidnbgt noggst thae ohent iber efutactipld ng layer

inde§ transmttance and reflectance. 20 Typically,

the 3BcoRd?pBRPPEASOB2EREY BarKgHRt det pAnshessirganic EL

propgitM agd ﬁave a ditfere%t efﬁacgive (i ndex from

t hat Sof"the #Prst BBFFi8R St. CAE Le45f Smétoed Ry the

firsg jop, 3 ng econd ortion.included in.the

out COTRTT bG Thy St a0 hmy RAETH 28 hi-gher crorRLEieas

| ndexn 51 £0mRar edvke L0hoat Bala Lagent Lhereto

on the side o? t hé _organlhg8 LBS eﬁgﬁtegﬁgﬁSSWF “this

StrushtE®upt DegMub P! 8obeadheBefore, in order to diffract
more light beams, it is more advantageous that the
outcoupling layer 30 is arranged between the organic EL
element 40 and the light transmitting insulating layer.

As described above, the optical properties of the
second portion 32 should be different from those of the
first portion 31. It suffices if the first portion 31
and second portions 32 are different in at least one of
the refractive index, transmittance and reflectance.
Typically, the second portions 32 have light
transmission property and have a different refractive
index from that of the first portion 31.
At least one of the first portion 31 and second

portion included in the outcoupling layer 30 may have a
higher refractive index as compared to that of a layer

adjacent thereto on the side of the organic EL element

40. With this structure, the multiple-beam
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interference in the layer |ocated on the side of the
organic EL elenent 40 with respect to the outcoupling
| ayer 30 is pronoted. An exanple of the present _
invention will now be 5 described. (Exanple) 1In this
exanpl e, the organic EL display 1 shown in FIG 1 was
manuf actured by the foll ow ng n? hod. Firstly, the
filmformation and patterning a 10 repeated in a
simlar manner to that of a regular TFT formation

proc rface . of | ass substrate 10 aon which

an u%g%?%gae?e?%ferﬁ‘lf%\ﬁaga%&r ,Cfatba:‘?&t fé}/ t}‘&‘r g £ the
TFT n-i Bterl .. nsul atin ilmAa17, an .

el ect%?ggglvc\:/i }@ithgel n%tntsEg)vm‘“@,tths%&rsggcgn&odgﬁen opg.coupling

el ectkodes33liang dnpasedy vation film18. Next, as
shown in FIG 3, an SINfilm31 having a thickness of

100 nm waanf examd1en Jhe RAaFHAAHNON nidn Mgt wilhehow? be
coating solution obtained by dissolving a 20 _

di bl dekcopbkyner of PS and PMVA into PGVEA was applied

on the SINfilm31 by spin coating. Here, the

concéRrpaprien of the bl ockcopol ymer in the PGVEA was

set to 2% by weight. Subsequently, by baking at 110C,

the sol veAft #&d sr exeved ef r Ginet Iver geodce@1f idimplhy tlhistiown in
25 er, an organic layer 90 as shown in FIG 4 was
forggﬁ.'A}tﬁ?stﬁgPPfPﬁéuéﬁéaﬁVcth&yéplgewwag aghsabed

ina 30 Firstly, the film formation and patterning are
repeated in a similar manner to that of a regular TFT
formation process on a surface of a glass substrate 10
on which an undercoat layer 12 was formed, thereby
forming a TFT 20, an interlayer insulating film 17, an
electrode wiring (not shown), source and drain
electrodes 21 and a passivation film 18.

Next, as shown in FIG. 3, an SiN film 31 having
a thickness of 100 nm was formed on the passivation
film 24,

Then, a coating solution obtained by dissolving a
diblockcopolymer of PS and PMMA into PGMEA was applied
on the SiN film 31 by spin coating. Here, the
concentration of the blockcopolymer in the PGMEA was
set to 2% by weight. Subsequently, by baking at 110C,
the solvent was removed from the coated film. In this
manner, an organic layer 90 as shown in FIG. 4 was
formed.

After that, the organic layer 90 was annealed in a
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ni trogen atnosphere at 210C for 4 hours, and
subsequently anneal ed at 135C for 40 hours. Thus, as
shown in FIG 5, the island-1ike regions 91 made of
PMVA and the ocean-like region 92 made of PS were 5
produced in the organic [ayer 90. Next, the organic

| ayer 90 was subjected to RIE, 3BY whi ch the
island-1i ke regions 91 were renbved while the
ocean-like region 92 was left to be remained as shown

in thkrggfﬁoa§ﬁ%§ Aueat Ly, -3$+shoun %npgég%623ﬂ5rfke

SINfilm was patterned with use o

from one gggpheyngmésglggrﬁgd1P%R$h£8giﬁﬁfﬁ?ﬁ?ﬁl, fhus, as

t her ehygwhot Al BgGa Bi,r she peNENGR.]i&Rd ARERNEN®1 made of
ocean-li ke region 92 was renoved 15 fromthe SiN film

31, ®HMBhamdsthkencehe-fliket rpefibnon2 nEdkt ber Psasere
shown in FIG 8, an acrylic resin film having a

t hi cknedycefl 100thm wagahdcmédyas &0second portion 32

on the first portion 31, and thus the open[ngs fornmed

in the fiNsKtpoithicorrgamier éafielr &d. waG Ismbtjeicked to RIE,
manner, a outcoupling |layer 30 was obtained. That is,
in tRYsWBkahpFRe tRéapdredlipl rRgirayePlageirs rafogied while
the first portion 31 and second portion 32 are both
madet BF ??gﬁgﬁg?gﬁtrﬁﬂ%SPigﬁswaﬁn&eﬁﬁetaiPﬁeFéW@éned as
bet he first portion 31 and second portion 32 in

25 re ?%%tfgetgﬁdeg'mas 0.3 or nore, was obtai ned.

DXL et BSHERRELLEC 0 U c0tel 0 LA 800 2

31 was patterned with use of the ocean-like region 92 as a
mask. That is, openings spaced apart from one another
were formed in the SiN film 31, thereby forming a first
portion, and then the ocean-like region 92 was removed
from the SiN film 31, which was then the first portion.

Further, as shown in FIG. 8, an acrylic resin film

having a thickness of 100 nm was formed as a second
portion 32 on the first portion 31, and thus the
openings formed in the first portion 31 were filled.
In this manner, a outcoupling layer 30 was obtained.
That is, in this example, the outcoupling layer 30 in
which the first portion 31 and second portion 32 are
both made of transparent materials, and the difference
between the first portion 31 and second portion 32 in
refractive index was 0.3 or more, was obtained.

Next, ITO was deposited on the outcoupling layer

30 with use of a mask sputtering method, thus obtaining
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a front electrode 41. Then, a photosensitive resin was
applied on the surface of the substrate 11 on which
the front electrode 41 was forned. The coated film
obtai ned was 5 subjected to pattern exposure and

devel opment, thereby formng a water-repellent
partition insulating |ayer 50 §§ving openi ngs at
positions corresponding to the IFifrght emtting
portions of the pixels. The substrate 10 on which the
partiti i.nsyl ating, | gyer 50 was fornmed was 10
surf305%?P§a?%€§%%ﬁﬁ$eugé'of CF4/ 02 plasma gas, thereby
fluorinatimg { he syr e art.ition insulatjn

| ayer 50. Sulglsfequ2Jntc{t?/>,cseea{1 JUFr e qAyer “Pot rﬁpr?Lghieri c%’asthe
di schakrgadeby raR nienls @l Rt RAd Jint,Q ;lkd

reservoirs 15 which thergartitigﬁ iné&la#ﬁ%gffgfgr 50

f or medectiredeby 1f @arl ¥g raheld. quiTd of i@l 38R obtained was

reservoir. Then, each liquid filmwas heated at a

t enpenbyeceedf tb2pEtiern3 ekippyies, ahdedely1ebmanti, NG reby

buffer |ayer 42b. Here, the thickness of the buffer

| ayefospbngas wetetror8pedien20pandithenr ehsadbitieg layer 50

i ndex was set to 1.9. After that, an emtting

| ayeR2V 6Pfi AeNARIRaSt dPséhargedconreseachibgf ter the light

| ayer 42b ﬁé an ink jet nethod, thereby formng a

|i quPB FFLRY PRERLCBECRE FhguPdxpilEm wAseheabetirateall on
tenmperature, of 90C.for 25 1 hour, thereby obtaining an
e LUTRG R)Er PA25 1 thRRe I nSEAE L ERBCRAYSE 6P KRS formed was

em tLipg y 42a was, set to %O nm.and_t he
refraggleégiﬁ%gﬁgﬁgsw§gﬁ Fge1° .8F4Vb2 plasma gas, thereby
fluorinating the surface of the partition insulating

layer 50.

Subsequently, a buffer layer-forming ink was

discharged by an ink jet method into liquid reservoirs

which the partition insulating layer 50 formed, thereby

forming a liquid film in each reservoir. Then, each

liquid film was heated at a temperature of 120°C for

3 minutes, thereby obtaining a buffer layer 42b. Here,

the thickness of the buffer layer 42b was set to 30 nm

and the refractive index was set to 1.9.

After that, an emitting layer-forming ink was
discharged onto each buffer layer 42b by an ink jet
method, thereby forming a liquid film. Then, each

liquid film was heated at a temperature of 90°C for

1 hour, thereby obtaining an emitting layer 42a. Here,

the thickness of the emitting layer 42a was set to

200 nm and the refractive index was set to 1.8.
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32 Next, bariumwas deposited by vacuum evaporati on

on the surface of the substrate 11 on which the
emtting | ayer 42a was formed, and then al um num was
deposi ted by evaporation, thereby formng a back 5

el ectrode 43. Thus, a TFT array substrate was

conpleted. After that, an uItraﬁEolet-curing resin was
applied on a periphery of a main“surfaces of a gl ass
substrate (not shown), which was separately prepared,
10 to forma_ sealing |layer (not shown). Then, this ,
gl ass sug%txltat a&r}g‘mi &S FGPL eSS ibedagim, evaporation
substra her, t oget her _i.n i nert .gas
tmoobneie S T the SOPFaca "6n Mnith THE S A ng

llayernyes;akr aaged and Lhe gurface jon which bhhe back
g mag 1§ # gh ot her. er,

el ectrode 4 arrange ace ea urt

the gepbkngehayer WP oTULedn, Wirhid rdoh 3wWireli®ly a back
radi ation, and a light scattering film 60 was adhered

on thkeoutedesyBfacehak,t Ae Tsubstrraie sub@+t rERes walshe
organic EL display 1 showmn in FIG 1 was conpleted.

20 FH@npléted.an atom c force mcroscope phot ograph

of the outcoupling |ayer of the organic EL display

accor di ngAféerhéhexampglne udt rielve odregsentr iingy ertsiion wakhe
photo shown in FIG 10 was taken before the formation

of tARP&&EEBNENPBr PREABNSZEY 28 AsmeRowaUirdaFes ofoa glass
openi ngs, each havin substantially circul ar shape
mgresgg?ﬁﬁat?n(PﬁE gpPﬁP)'pHPﬂFangf §fPppetely prepared,

outcggpkgpg £a¥851§gg §%§2r09%3k”%hown). Then, this glass
substrate and the above-described array substrate were
adhered together in an inert gas atmosphere such that
the surface on which the sealing layer was arranged and
the surface on which the back electrode 43 was arranged
face each other. Further, the sealing layer was cured
with ultraviolet radiation, and a light scattering film
60 was adhered on the outer surface of the substrate
10. Thus, the organic EL display 1 shown in FIG. 1 was
completed.

FIG. 10 is an atomic force microscope photograph
of the outcoupling layer of the organic EL display
according to the example of the present invention. The
photo shown in FIG. 10 was taken before the formation
of the second portions 32.

As shown in FIG. 10, openings each having
substantially circular shape were formed in the first

portion 31 of the outcoupling layer 30. Each opening
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33 had a dianmeter of about 200 nm and the openings
were regularly arranged such that |ines which connect
the centers of adjacent openings formregul ar.
triangles wth a side having a | ength of about 400
nm That is, 5 the array of the second portions 23
forms a triangular lattice mheg is viewed froma
direction perpendicular to the ﬁaln surface of the
out coupling |ayer 30. Each of the second portions 32
C|rc n_viewed from

di recglgg%t %gtalﬂl%:?:lﬁ ndit cﬁ1 g&%hél%laﬁldsl}lhfea@@e@fmt%e were
vt couBlugLy A¥ehrid %S%’f‘{p% A R T ®h Mhnnect the

or gani was anU acture a sim

”Eth@QnEerEh%% Q%%%Eb?%dob%n1%§ a?QM%l%E%”HB%’tr%%ngles

except that the odtcoupling er 30 a

scatwgthng &uaalﬁavmﬁ@eanq@nQEQVbee@boE&emootm% That is,
organi ¢ EL di splays according to the exanple of the

pr esehé bmvagt bdntaed selkencoppatdbnse 2 3exXamplse avelrd angular
nmeasured in terns of the |um nous energy 20 output to

t he éxtéinel werwi donientieweaer firbe sanid reatdioni ons. As

a result, the |lum nous energy obtained by the organic

EL dpgppaydlcaééér (ﬂpnghﬁomtah@ exafplce off thiee opteseptl ing

i nvention was about 5 times as nuch as the | um nous
ener§9Y65tépnedEeyhtﬁé &hgasecord giogsligps2s521 was
accordlng to,t tive exanple. Thus, it was

conf P& aPﬁé?TEHecé ﬁHﬁPE Eﬁegl¥6F5§dlf§@@oﬁd@ﬁ§QQ5lon
the Sé%BEn 8Elgget8r%%en%ahgvgﬂgkggeeéglQ &S atco% ﬁlng
layer 30.
(Comparative Example)

An organic EL display 1 was manufactured by a
similar method to that described in the above example,
except that the outcoupling layer 30 and light
scattering film 60 were not provided.

Then, the organic EL displays according to the
example of the present invention and the comparative
example were measured in terms of the luminous energy
output to the external environment under the same
conditions. As a result, the luminous energy obtained
by the organic EL display 1 according to the example of
the present invention was about 2.5 times as much as
the luminous energy obtained by the organic EL display
1l according to the comparative example. Thus, it was
confirmed that the organic EL display 1 according to

the example of the present invention exhibits a higher



34 | um nous efficiency as conpared to the organic EL
di splay 1 according to the conparative exanple.
Addi ti onal advantages and nodifications will readily
occur to those skilled in the art. Therefore, 5 the
invention in its broader aspects is not limted to the
specific details and representa%ive enbodi nents shown
and described herein. Accordingly, various
nodi fi cati ons may be nade w t hout departing fromthe
Spiri 0 .. eral inventive concept .as 10
dof | e By Ehe aasansy A i AR e R e £
35 Cgqk M;S,1L. ; ircal dewvi ri.SiRg:
first ﬁ?&%guﬁdS%Féégﬁ%@ﬂt%hﬁgﬁ Sofparptiye amele

i nterferencllieeeM=y; a2ivant@ed MY elRnatitdaysls Wiigh
conprises a back surface facing the first wavegui de

| ayereandlg brentr tsuthace akiadllkdghth @ulePWl-tSUr fdeerfore,
and an outcoupling layer which is disposed on a back

5 sidetbt ttheesédond inavegubdealdayemn sprd tisades nbhe 1fitisled to
10 wave guide |ayer, wherein the outcoupling |ayer
conpkhsespactifist degeitlisoands raprapenturttivel ieghbdiments
transm ssion property and second portions which are
di spehska PRIt HeSEirdded pereion aRgcertiaglyn gptilesls
property_fromthe first 15 portion, and wherein an
arraWOGXffﬁ@t%SESn@aﬁo £ Basle Wdheug fePasgingr from the

I Lce. .
attéﬁ?rlt or scope of the general inventive concept as

10 defined by the appended claims and their equivalents.
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2. The device according to claim1, wherein each of
the second portions is substantially circular when
view froma direction perpendicular to a nmain surface
20 of the outcoupling layer. 3. The device according
to claim1, wherein the first portion is provided

W th apertures, and wherein thg apertures are filled
with the second portions, respe Pively. 25 4. The
devi ce according to claim1, wherein the second

portions differ in refracti in fromthe first
portion. 36 5. The device é%?b#ﬁﬂﬁédt claiml,

wherein the fir s yauaokidq Javer, Sommrises an

organic |ayer \ ~I'ncl’udées "an em't |Hﬂ§'layer, and
an el ectrgde;wiskh lalv@ht, e %%%}Qrsi'nor\l/_hg.rc%p%}l WAl e am

faces the organic layer. 5 6. "The device according to

cl ai miervbeents bheurki;rst wavegui de | ayer conprises
a first electrode with |ight transm ssion property, a

second el ecseodedwiwiblre leinglth tladRSITWSSIcON PHRRErdas a back
which faces the first electrode, and an organic |ayer
whi churSaceat Eepdsedthe Heretenavkgufidesilaged sedoad front
el ectrodes and includes an emtting layer. 7. The
devi terheedrdsng LbgbrapPrtputwhsréasea asdrface of the
out coupl i ng Iaxer whi ch faces the first waveguide
| ayer is flaPutesuBling dpysni whEchdiispdipresssy iosi mgback
an organi c_EL el ement which c rises a front
s?ge of %he second waveguggg layer and faces the first
wave guide layer,

wherein the outcoupling layer comprises a first
portion as a layer with light transmission property and
second portions which are dispersed in the first
portion and differ in optical property from the first
portion, and wherein an array of the second portions
forms a triangular lattice.

2. The device according to claim 1, wherein each
of the second portions is substantially circular when
view from a direction perpendicular to a main surface
of the outcoupling layer.

3. The device according to claim 1, wherein the
first portion is provided with apertures, and wherein
the apertures are filled with the second portions,
respectively.

4. The device according to claim 1, wherein the

second portions differ in refractive index from the

first portion.
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el ectrode, a back el ectrode facing the front

el ectrode, and an organic |ayer interposed between
the front and back el ectrodes and including an
emtting layer; 20 an insulating |layer with [ight
transm ssion property which conprises a back surface
facing the front el ectrode and front surface as a
light output surface; and an o&%ooupling | ayer which
is disposed on a back 25 side of the insulating |ayer

and faces d he ani.c. EL _ el enent, wherein the ,
out coupl i r159' I mﬁ}reerg C{;eovr?pcrﬁ s cscoarr%r}dsttos-/cw ilon "erein the

| ayerr; Wisth W!aivgelz_;tuitcfeaqsa 5351 rxlnpqri%%esrt 8 g]r%arsfz’lfcf i(i(%]g’egn ghich

portions which are dis ersé% In the

di f f ehcilndert ix¢alerR @RS Y ffgm first tion. '
and wherein an areray of gthéa%eéo%&%pgrnt i%olr?s&%rofdoer rVrsltz:k\] light

tri aggehamilatinC@rope rthe wliishl & C Qg i ai

8, wherein each %fogﬁe ggcond po%f%%nghgé%&g%%lg TeYer.
substanti &l.| y Ttier edvalceMaizorndiely foomia il nectim@rein the
perpendi cular to a main surface of the outcoupling

| ayefirso weveThédgi dplvay aocmprdiseg ko fdlraitme8ectrode with
wherein the first portion is provided with apertures,

and WhehEi RrappBigpeenupasparsyhi bl e¢onnthetlketsedendith
port'ongt respectively. 11. The dysglay according to

cl ai M8t wWhERBPRIER&ON1BroBESHY poEchofigcgst tae ifarst

refrgftive i,ndex fromthe first portion,
ectrode, "and an organic layer which is interposed

between the first and second electrodes and includes an
emitting layer.

7. The device according to claim 1, wherein a
surface of the outcoupling layer which faces the first
waveguide layer is flat.

8. An organic EL display comprising:

an organic EL element which comprises a front
electrode, a back electrode facing the front electrode,
and an organic layer interposed between the front and
back electrodes and including an emitting layer;

an insulating layer with light transmission
property which comprises a back surface facing the
front electrode and a front surface as a light output
surface; and

an outcoupling layer which is disposed on a back
side of the insulating layer and faces the organic EL

element,

wherein the outcoupling layer comprises a first
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12. The display according to claim8, wherein the
outcoupling layer is interposed between the insulating
| ayer and the front electrode. 20 13. The displ ay
according to claim8, further conmprising a reflecting
| ayer disposed on a back side of the back el ectrode,
wherein the back el ectrode has _light transm ssion
property. 14. The displ ay accor&ﬁng to claim 13,
wherein 25 the outcoupling |ayer is interposed

t.he back .electrod nd the reflecting | ayer.

re PR eBE A R O, A AT s SR ety and

i nsul _@tciorrllgi Ip@é%ri Cjél%d C&%% a r_ter %Qs p\?ﬁrf g}et eC} fliuqbrs{:té_jeat fei'rsltG'

The Slsplay according to claim

i i i . t tectiv .
I nsu b%&%ﬁ?ﬁ' %¥1ﬁf ditdudes, g ttﬁ?éﬁ@ ?Dtrrgo%cﬁ rgclry?n on tg}eei first

| ayer. . e di splay accor Wh

a spbiagengf ahke weldr@auplaing A %fMgﬁgwgéﬁﬁﬁ%gQﬁtions

organic EL element is flat. 18 optica

conpfbsimega arfilahgtulwaveguitded.ayer in which Iight
propagates; 10 a second wavegui de |ayer which .
conpri ses 9% batle csusflace dfoaeimg ided ididimavegidein each

| ayer and a front surface as a light output |ayer;

and @h ébﬁcé@gphdgpbayépnwhﬁshsMbsdbﬂmdsadyomr&dmagk when
side of the second waveguide |ayer and faces the first

15 mﬁ%%ﬁu?é@mlﬁyéﬁFeWﬁéP@iﬁeﬁﬁ@ndép@d@gltwgalapem issirface
an aggr%ggtgggcggpling layer.

10. The display according to claim 8, wherein the
first portion is provided with apertures, and wherein
the apertures are filled with the second portions,
respectively.

11. The display according to claim 8, wherein the
second portions differ in refractive index from the
first portion.

12. The display according to claim 8, wherein the
outcoupling layer is interposed between the insulating
layer and the front electrode.

13. The display according to claim 8, further
comprising a reflecting layer disposed on a back side
of the back electrode, wherein the back electrode has
light transmission property.

14. The display according to claim 13, wherein
the outcoupling layer is interposed between the back

electrode and the reflecting layer.

15. The display according to claim 8, wherein the
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diffraction patterns which guides light in the first
wavegui de | ayer to the second wavegui de | ayer. 19. An
organi ¢ EL di splay conprising: 20 an organic EL

el ement which conprises a front electrode, a back

el ectrode facing the front el ectrode, and an organic
| ayer interposed between the front and back

el ectrodes and includes an emtting |ayer; an
insulating Iayer with Iight transnission 25 property

grggpro gﬁgnggnchﬁ? ce f ﬁ%ﬂé]%ﬂggéhtStrate
2?2&32&3@1 de o ﬁge‘?p%#ﬁﬁ% R B Sl e PREn he
or ganingultlat i@lLMRler WHRI BRI L he toxlétr&.?}écvg trﬂcg %%t?ctlve

conprises a first 5 portion as a

trandmiyesi.on property and second portions which
differ in optical property from the first portion,
and wher eil¥ .an Tirer i sofl dshea cxenaiithg pas td oSy fOF Mherein a
triangular lattice. 20. An organic EL display
conpPPsitage oF &fheorgdmicnpllingl drayer whiich denprd sgs a
front electrode, a back el ectrode facing the front

el ecPFEaBic Bhdedrmenganisc fllafer int er posed between
the front _and back el ectrodes and includes an
enmitting I&yer: ”aﬁﬂtﬁsqﬂlatqeﬂglqeaf@rmmﬂsfmq ‘ght

transm ssi_o erty conpri ses a back

pr .
surf ace fac%ﬁés?hga é%??bd@ &Q}QQf%%ﬂht propagates;
surface ag @e o%%tw%%%%ulde layer which comprises a back

surface facing the first waveguide layer and a front
surface as a light output layer; and

an outcoupling layer which is disposed on a back
side of the second waveguide_layer and faces the first
waveguide layer,

wherein the outcoupling layer is an aggregation of
diffraction patterns which guides light in the first
waveguide layer to the second waveguide layer.

19. An organic EL display comprising:

an organic EL element which comprises a front
electrode, a back electrode facing the front electrode,
and an organic layer interposed between the front and
back electrodes and includes an emitting layer;

an insulating layer with light transmission
property which comprises a back surface facing the
front electrode and a front surface as a light output

surface; and
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surface; and an outcoupling |ayer which is di sposed on
a back side of the insulating layer and faces the
organic EL 20 el enment, wherein the outcoupling |ayer
conprises a first portion as a layer with |ight
transm ssion property and second portions which
differ in optical property fronggthe first portion

an outcoupling layer which is disposed on a back
side of the insulating layer and faces the organic EL
element,

wherein the outcoupling layer comprises a first

portion as a layer with light transmission property and

second portions which differ in optical property from
the first portion, and wherein an array of the second
portions forms a triangular lattice.

20. An organic EL display comprising:

an organic EL element which comprises a front
electrode, a back electrode facing the front electrode,
and an organic layer interposed between the front and
back electrodes and includes an emitting layer;

an insulating layer with light transmission
property which comprises a back surface facing the
front electrode and a front surface as a light output
surface; and

an outcoupling layer which is disposed on a back
side of the insulating layer and faces the organic EL
element,

wherein the outcoupling layer comprises a first
portion as a layer with light transmissibn property and
second portions which differ in optical property from

the first portion.



