DESCRI PT1l ON ORGAN C EL DI SPLAY Techni cal
Field The present invention relates to an organic

weolemtssd2sm nescent (EL) di splay. Background APCTSPRO®017229
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organi c EL di splays are of self-em ssion type, they
have a wi de view ng angle and a hi gh repose speed. In
addition, they do not require a backlight, and
therefore, lowprofile and |ightweight are possible.
For these reasons, the organic EL displays are
attracting attention as a display which substitutes

the liquid crystal dispkay. grgani ¢ EL el ement,
which is the main par?pg#%tﬁgﬁbrganic EL gﬁsplays,

includes a light-transmtting front el ectrode, a
light-reflecting or lighttransmtting back el ectrode
facing the front el ectrogeanandeBanNDOEgBRYC | ayer

i nt er posed between the el ectrodes and containing a
light-emitting |layer. The organic EL elenent is a
charge-injection type light-emtting el ement which
emits |ight when an el ecthieichngwerderdtieflidows t hr ough t he
organic layer. In the meantine, the |um nance of the
or gani ¢ ELhel eresenitndnggséd ofi 8 1EHeE Smignidfu @& 1 ¢
current flomﬁgg throu%h thz 5L el ement. However, if
the EUPFERCIERSHEFCRETi HEleaSedP fdwer consunption

increases and the lifeti of the or ic EL el ement
is significantly E. 9k L0ELQT BBD

Since organic EL displays are of self-emission
type, they have a wide viewing angle and a high repose
speed. In addition, they do not require a backlight,
and therefore, low-profile and lightweight are
possible. For these reasons, the organic EL displays
are attracting attention as a display which substitutes
the liquid crystal display.

An organic EL element, which is the main part of
the organic EL displays, includes a light-transmitting
front electrode, a light-reflecting or light-
transmitting back electrode facing the front electrode,
and an organic layer interposed between the electrodes
and containing a light-emitting layer. -The organic EL
element is a charge-injection type light-emitting
element which emits light when an electric current
flows through the organic layer.

In the meantime, the luminance of the organic EL
element increases with the magnitude of current flowing

through the EL element. However, if the current



reduced. Therefore, in order to achieve high
| um nance, | ow power consunption, and long lifetine,

wonodet3sarportant to nore efficiently extract tReTUPIE/017229
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emtted by the organic elenment fromthe organic EL
display, i.e., to inprove an outcoupling efficiency.
Di scl osure of Invention An object of the present
invention is to inprove an outcoupling efficiency of
an organic EL display. According to an aspect of the
present invention, there is provided a top em ssion

or gai ¢s Bl i SPLRYr£95PE ] ShHGe ANc R § @p BUEST LAk Leases and
conprising an i nsul ating substrate, organic EL

el enemd s1 whé ehmar er atrangegaoic acpeéhesent ate stghhficantly
i nsul ating substrate, and an outcoupling |ayer which

ext rasdiscédd ght Toenpboeat sipropadgat tngachienephagh

direction while causing nultiple-beaminterference ,
f r oml thenangani toELpevenmepensenphkent handj gapg lifetime, 1t
conponents travel in front of the organic EL e| enent

and &S sEAPPREABLbEer BPEST AET hgl aREL ¥ pagedagpaFfof FOATE

the organic EL el enents, ,wherein h§ di s Lay forms ap;

encl ¥8eHESPaRE FREI HIGNLR SACTHBFt TH8Y g SeValadt&d

bet h | i bstr at d I |
of tRG-BIThy Subet: ke~ LBFEepanar (G- BoLhe Jor ganr e BEY

I'Ng e“organi c

el enent, and whereinﬁaéyr%%%Q%eOthwg% thhe el ement

portion and the sealing substrate is 100 ran or
longer'Brhﬁfoggég%'B%'Qﬁeo rEaWENGS vEWGi oh IS &0 improve

secti onal V|eM/schenat|caIFy show ng
an outcoupling efficiency of an organic EL display.

According to an aspect of the present invention,
there is provided a top emission organic EL display
comprising an array substrate comprising an insulating
substrate, organic EL elements which are arranged on a
main surface of the insulating substrate, and an
outcoupling layer which extracts light components
propagating in in-plane direction while causing
multiple-beam interference from the organic EL element
to make the light components travel in front of the
organic EL element, and a sealing substrate facing and
spaced apart from the organic EL elements, wherein the
display forms an enclosed space filled with an inert
gas or evacuated between the sealing substrate and an
element portion of the array substrate corresponding to
the organic EL element, and wherein a distance between
the element portion and the sealing substrate is 100 nm

or longer.



an organic EL display according to a first enbodi nent

of the present invention; FIG 2 is a partial cross
weeatsioass2showi ng an enl arged view of the or ganPCTAR2005/017229

di splay shown in FIG 1 ; FIG 3 is a graph show ng an

exanple of a relationship between a refractive index

of a wavegui de | ayer and an evanescent wave

penetration depth; FIG 4 is a partial cross section

schematically showi ng an organi c EL di splay according

to a second enbodi nent of the present invention;, FIG

5 is a sectional yiewrspbeamiheabhyoshowangnap exanpl e
of an outcoupling layer which can be used in the

organi c BEbrdi splay ofs&tGiodal & 6chsmatseallpnahowing
vi ew schematical ly showi ng an exanpl e of an

out coupbideniayrn ahsghagancherdsed to 4 héiosgashgoglment
display of FIG 4 ; FIG 7 is a sectional view
schenfit tlval p ye sdwi higvamt exanpl e of an out coupling

| ayer which can be used in the organic EL displ of

FIG 4 ; FI& B8 is a BettidhafrofewsSchenat Pegw%g an
showi ng an exanpl e of an outcoupling.|ayer V\,h}'lch can
be uRRHEFFEE NEleY gahi ERELCTPIPT yEIOfdJF?%-?faX Shakd '
9is 2 segi onal view schematically show ng an exanple
of ahtBut bupling | ayer which can be used inthe

gL?apLg Fﬁ%gkf?g%¥ QngESE éhow@ﬁatakbggaRBEeC@ErXing
relationship between a refractive index of a waveguide
layer and an evanescent wave penetration depth;

FIG. 4 is a partial cross section schematically
showing an organic EL display according to a second
embodiment of the present invention;

FIG. 5 is a sectional view schematically showing

15 an example of an outcoupling layer which can be used in
the organic EL display of FIG. 4;

FIG. 6 is a sectional view schematically showing
an example of an outcoupling layer which can be used in
the organic EL display of FIG. 4;

20 FIG. 7 is a sectional view schematically showing
an example of an outcoupling layer which can be used in
the organic EL display of FIG. 4;°

FIG. 8 is a sectional view schematically showing
an example of an outcoupling layer which can be used in
25 the organic EL display of FIG. 4; and

FIG. 9 is a sectional view schematically showing

an example of an outcoupling layer which can be used in



Enbodi ments of the present invention will be described
below in detail with reference to the acconpanyi ng

wdreosioasies The sanme reference nuneral s denote PO®JBEINE017229
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or simlar constituent el enments throughout the
drawi ngs, and a repetitive description thereof will be
omtted. FIG 1 is a cross sectional view
schematical ly showi ng an organi g EL di splay according
to a first enbodi nent of the present invention. FIG 2
Is a partial cross section showi ng an enl arged vi ew of
t he FeBle displaypshowr imrdl G, 1 . In FIGS 1
and g{éacg‘f_;%é or gani c Eéé) Zﬁngm ay 1 is illustrated such
that its di spisay veddf aes;, ddatyiirgy dute tfheoninwurifiaoe,
faces upwardly and the back surface faces downwardly.
The or gantebddiksips ayf lthes preopnenisseéohiongahli & B
di spl ay which enploys an active matrix drive nethod.
The desemikedlbaeiepl by detantl udeth areberayceublttate 2
and a sealing substrate 3 . For exanple, a surface of
t he 3ee0TPRDGIAGBIIEREIDN tHRe sTARE oF St pRSATT gjumerals
substrate 2 has a recessed, shape. The arr y?f‘ubst ate
e

2 arfdPiPes sERT i RS U LT HE BT AT eF0F el T et herar®

er a

i pheri th f.b i ve.
P OGRS o Ty P80 fha 1Ok EXEIPLE. ACDERIYEI0n

an encl ose

ther,gﬁlg%g\ggnw%irf%gn&{l%@gd§pace is airtight and may

be friTed W th an inert gas such asnitrogen gas or be
evacuat edprgn {hescaservbgr geeachnal {hewoppashbeically

surfaces of
showing an organic EL display according to a first
embodiment of the present invent%on. FIG. 2 is a
partial cross section showing an enlarged view of the
organic EL display shown in FIG. 1. 1In FIGS. 1 and Z,
the organic EL display 1 is illustrated such that its

display surface, that is, the front surface, faces

upwardly and the back surface faces downwardly.

The organic EL display 1 is a top emission organic
EL display which employs an active matrix drive method.
The organic EL display 1 includes an array substrate 2
and a sealing substrate 3.

For example, a surface of the sealing substrate 3
on the side of the array substrate 2 has a recessed
shape. The array substrate 2 and the sealing substrate
are joined together at peripheries thereof by means of,
for example, adhesive or frit seal so as to formﬂan
enclosed space therebetween. The enclosed space is

airtight and may be filled with an inert gas such as



the array substrate 2 and the sealing substrate 3 is
flat, a spacer may be pl aced between the sealing

woeubmiws2e 3 and the array substrate 2 . Alter RATUPE0NY(17229
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a later-nentioned partition insulating |layer 50 may be
used as a spacer. The array substrate 2 includes an

i nsul ating substrate 10 such as a gl ass substrate. On
the transparent substrate 10, pgxels are arranged in a
matrix form Each pixel includes a pixel circuit and
an organic EL el enment 40. Note that the organic EL

el ement s, 40, aggs cot liectd welyadepi cted as a |ayer 40G
The pixel circuit includes, for exanple, a drive

control etgnent ££6¢ shove)ecadl an oé poppeshteosurfaces of
switch 20 connected in series with the organic EL

el entid A0rHet ywent vaipai2 aid powerssapphy se@rsinate, 3 is
and a pixel switch (not shown) . The drive control

el enkElat has spaont ray tee hated oppedeed Eloe asef Hedd
signal line (not shown) via the pixel swtch_ and ,

out peitles raie r 2nnd whaR 2 FeRni T WaRCEREE edponfistebnatively,
vi deo signal supplied fromthe video, sjgnal Iine,56o b
Lhe or JARFE-EEN b REMPHOL VT BOF n B0t BhE "GoheY BT 50 may be
switch 20. A control termnal of the pixel switch is
connétt®d®t 0 a®B2En" si gnal line (not shown) , and a

Switoh ngeRRelalLons OhL e goRt & by BWLECHN! Snsulating

control | edby a scan signal supplie om t he scan
S'gn@&bét?&te?ﬁbes&gﬁta9t§e§l§55U§EH5€§a€éU bén the
or e

enpl oyed
transparent substrate 10, pixels are arranged in a
matrix form.

Fach pixel includes a pixel circuit and an organic
EL element 40. Note that the organic EL elements 40
are collectively depicted as a layer 40G.

The pixel circuit includes, for example, a drive
control element (not shown) and an output control
switch 20 connected in series with the organic EL
element 40 between a pair of power supply terminals,
and a pixel switch (not shown). The drive control
element has a control terminal connected to a video
signal line (not shown) via the pixel switch and
outputs a current, whose magnitude corresponds to a
video signal supplied from the video signal line, to
the organic EL element 40 via the output control switch
20. A control terminal of the pixel switch is

connected to a scan signal line (not shown), and a

switching operation of the control switch is controlled



pixels . On the substrate 10, as an undercoat |ayer 12
for exanple, an SiNx |layer and an Si Ox | ayer are

wanro@igsdsi n this order. A sem conductor | ayer PCB/JB200$1017229
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as a polysilicon layer in which a channel, source and

drain are forned, a gate insulator 14 which can be

formed with use of, for exanple, TEGS (tetraethyl
orthosilicate) , and a gate el egtrode 15 made of, for
exanple, MoW are arranged in this order on the

undercoat layer 12, and these layers forma top

gat epypg thip Lihymatr anpbstien Ereherhedstanasignkilline.
hereinafter) . In this exanple, the TFTs are used as
TFTsnetet haapi ¥ehesWstehctautputagopkr enpdwiyech f2@¢ ahe
drive control elenent. Further, on the gate insul ator

14, sdamlsi.gnal |ines (not shown) which can be forned

in the sane step as that for the gate electrode 15 are
arranged. OAn tihet endbsjrere tiend @), atisngrf iunderromddd. agfer 12, for
for exanple, SiOx which is deposited by a plasma CVD

net h6damedeer a0t e Ngatla Veisanst 8p $40and agsire are arranged
el ectrode 15. Source_and drain el ectrodes are
ar r argednon Pﬁ@thteﬁl5?@%CPHQHF&PPnéaWFFwi%7FU§ﬁdas a
they are hyried iin_a _passiyation film 18 made of, for :
exanpPe Y S&ilfscon %ﬁge§gﬁpc¥%&ﬁ 8r§%ﬁngﬁeth83§§ernd drain

have, _for, l e, hr.ee- | r. St,r .ure of
Vol APFED IR Bl G Sl T oA ad T e BEuPe, Torped

drai gieh the TFT HA %%ral}n%%,h%@% f@rrBd difhytihe

i nterlayer insul'ating

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). In this example, the TFTs are used as
TFTs of the pixel switch, output control switch 20 and
drive control element. 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, SiOyx which is deposited by a plasma CVD
method, covers the gate insulator 14 and gate electrode
15. Source and drain electrodes 21 are arranged on the
interlayer insulating film 17, and they are buried in a
passivation film 18 made of, for example, SiNy. The
source and drain electrodes 21 have, for example, a

three-layer structure of Mo/Al/Mo, and electrically



10

15

20

25

17. Further, on the interlayer insulating film 17,

video signal lines (not shown) which can be forned in
woheosamesstep as that for the source and drai RCT/JP2005/017229
el ectrodes 21 are arranged. A flattening layer 19 is
formed on the passivation film 18. Reflection |ayers

70 are arranged on the flattening |ayer 19. A hard

resin can be used as a material pf the flattening

| ayer 19, for exanmple. A netal material such as A,

for exanple, can be used as a material of the

refl eginerdeay &o the Buddatdmnidi@Gilmyer ik andr thies
reflection |ayer 70 are covered with an outcoupling

| ayerco3tadters leas farrmexdanpl e;hd henteutlcowt iingsdlayeimg £ilm
30 includes a first portion 31 and second portions 32

di spérised Furdiheim. ofheHe risttepdratvieon 13 WHasting film 17,

l'i ght-transnmi ssion property, and the second portions _
32 arvd I§f PeoaRL ili nest | et HhepEYt yhdisdh @y be formed in

outc

refra$%4ve i ndex fromthe first portion 31.

On th
SE0e S S st Gl R SRL G fra in

Iight-tQﬁp%ﬂisskﬂpéproperp%ﬁég' arranged spaced apart

f r omSaE ANG
reflection layern J0.,

Her'~ Each Fi¥

il | tliéjr}'us szoq%riéc%”rc? L%eecgga(@&evation

‘ectrode 41 faces the

41 is connected to ag%raln electyo . .

t hr 0‘3‘39.'1_‘11?“1'89.5 frrmeebd i rl%y%@c%s'%ata'r%n afrlﬂamgjé% dh&ne
flattening layer 19, and the outcoupling layer 30.The
firstrigltectriode 14k/drs 18N anodR dd) Hdiiis SRMHEL uAH s a
material of the first el ectrode 41, for

material of the flattening layer 19, for example. A
metal material such as Al, for example, can be used as
a material of the reflection layer 70.

The flattening layer 19 and the reflection layer
70 are covered with an outcoupling layer 30. Here, as
an example, the outcoupling layer 30 includes a first
portion 31 and second portions 32 dispersed therein.
The first portion 31 has light-transmission property,
and the second portions 32 are different in optical
property such as refractive index from the first
portion 31.

On the outcoupling layer 30, first electrodes 41
with light-transmission property are arranged spaced
apart from one another. FEach first electrode 41 faces
the reflection layer 70. In addition, each first
electrode 41 is connected to a drain electrode 21 via
through-holes formed in the passivation film 18, the

flattening layer 19, and the outcoupling layer 30.



exanpl e, a transparent conductive oxide such as an I TO
(indiumtin oxide) can be used. A partition insulating

woOaywro3ssi s pl aced on the outcoupling | ayer 38CTAP00fre17229
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partition insulating | ayer 50, through-holes are
formed at positions corresponding to the first

el ectrodes 41. The partition insulating |ayer 50 is an
organic insulating |layer, for exanple, and can be
formed by using a photolithography techni que. An
organic layer 42 including a light-emtting |ayer is

pl aced onpgackifitstielecbuede 141 sWanCAnbsieexpoged st 0
a space in the through-hole of the partition

i nsukakinpdel ayBs 80matheikight- enkt Fingtl ayectirsda 41, for
thin filmcontaining a | um nescent organic conpound

whi ckxeaplgener arenapeakat cbndiotieramwplide sedh gseem ITO
or blue. The organic |ayer 42 can further include a

| ayeriothem thanokhdeli ghn- &ri tsiedg | ayer. For

exanpl e, the organic |ayer 42 can further include a

buf fer | apePawii-chofedvesled insdilaye pd s &Gy g the
hol es fron1ghe fhrst el_ectrode 41 intg.%he enittin%.

| ayePUEFREPOLGENi 8 YPay el -42 tEal PPuPPR&r TdORt & Va 2Hdineg
transporti | ayer _hol.e bl ocking | ayer, .el.ectron
trani%gFfiEg’lg§§Pngnﬁgﬂ§§tﬁgﬁ Fﬁ%@gﬁign P%%é?}%%FC.

The Lt Lnsul at i I Kgani
ayerrsoar e ealsr £ e P g e e oda s e
ﬁgthbbgﬁﬁt56ﬁn§ﬂ%§§bQﬁn@rQB%%RVBOTH% %%C%&%a%ﬁ%gﬁh%@ﬁating

i S a cathode which is continuously fornmed an
commBvk®, for example, and can be formed by using a
photolithography technique.

An organic layer 42 including a light-emitting
layer is placed on each first electrode 41 which is
exposed to a space in the through-hole of the partition
insulating layer 50. The light-emitting layer is a
thin film containing a luminescent organic compound
which can generate a color of, for example, red, green
or blue. The organic layer 42 can further include a
layer other than the light-emitting layer. For
example, the organic layer 42 can further include a
buffer layer which serves to mediate the injection of
holes from the first electrode 41 into the emitting
layer. The organic layer 42 can further contain a hole
transporting layer, a hole blocking layer, an electron
transporting layer, an electron injection layer, etc.

The partition insulating layer 50 and the organic

layer 42 are covered with a second electrode 43 with



all pixels. The second electrode 43 is electrically
connected to an electrode wiring, the electrode wring

woebwg3fasnmed on the | ayer on which video si gnaCThPmwes017229
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are formed, via contact holes (not shown) fornmed in
the passivation film18, the flattening |ayer 19, the
out coupling layer 30, and the partition insulating

| ayer 50. Each organic EL el enmegt 40 includes the
first electrode 41, organic |ayer 42 and second

el ectrode 43. As described above, in the organic EL

di$pif@hé—tré@@m?&éf@&pﬁfﬁﬁefgy?r Blel SePbRgedlectrode 43
adj acent to the organic EL el enent 40. Wen such a

st rugt ugechshead| wyeeh 8s deseihbedsbgl ovgmetieahdgbdmmon to
emtted by the light emtting |ayer of the organic EL

el enent dOxehn. beTlext sacted &reattbeéeod anscebectrically

el enent 40 with higher efficiency. A portion of the .

| i ghtocoepoeents eni ¢tedtbydeheirigtt eheteipagtragerwiring
propagates in an in-g%ane direction while repeatin% ,

ref | eeinanferaed eeli BAS ot 2YBE P BRI ERE VHAFO; Aignal lines

| ayered structure of the first_electrode 41 and the . .

or gaffe FayBFda2vhe ?ﬂHEaFEyEPéﬂssgPaEtEP%WB? ?ﬁﬁmed in the
first electrode 41, t or gani . 42, e
§ecoBaS§Fg%£}8ﬁe b ?ﬁé #ﬁﬁh?gé%ﬁ%gggﬁt%agggpggétFHS

int i.n- ' tkan n b : e :

| ayer SaCTEPUERE, SR URE, PRaFRE PhpaPR et ohe T on otk
waveggg@@ Egyerkath éEgéH?bdﬁﬂte@@ﬁ%ﬁtoﬂoaiﬁehﬁdes the

surface of the wavegui ayer is great.
first electrode 41, organic layer 42 and second
electrode 43.

As described above, in the organic EL display 1,
the outcoupling layer 30 is placed adjacent to the
organic EL element 40. When such a structure is
employed, as described below, the light emitted by the
light emitting layer of the organic EL element 40 can
be extracted from the organic EL element 40 with higher
efficiency.

A portion of the light components emitted by the
light emitting layer propagates in an in-plane
direction while repeating reflection (reflection or
total reflection) in a layered structure of the first
electrode 41 and the organic layer 42 or in a layered
structure of the first electrode 41, the organic layer
42, and the second electrode 43. The light components

propagating in the in-plane direction cannot be

extracted from the layered structure (hereinafter



When the outcoupling layer 30 is placed near the
organic EL el enent 40, a direction of the light

wemmdstash2by the [ight enmitting | ayer can be chaagae005/017229
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Thus, it becones possible to extract the |ight
conponents emtted by the light emtting |ayer from
the organic EL elenent 40 with higher efficiency. A's
descri bed above, when the outcoypling layer 30 is
used, lum nous efficiency of the organic EL elenent 1
can be inproved. However, in a top em ssion organic EL

d!Spkéie?ﬁEBOYbnQsaasﬁabéEGi§Hb§E§€EE 3f, aBVeRAchillent angle
light is extracted fromthe organic EL elenent 40 with

hi ghogf &i seeAc¥urkhgbt cENthtedabgthaecenbitirngsl gyeat.
cannot be effectively utilized for display unless the

light is @xknhathedoflitopuphengedkiveg SObstsr atlec@d adere the
front side thereof with high efficiency. Therefore, in

t he present 8hbedement, 40heaordganictiBb difsphay lighg emitted
designed as follows. That is, a distance d from each ,
el enbiit ther LiehtofPMiRELIALr 4FYSHbSERaPE 2hahfrEspodliisy 1t
to the organic EL_element 40 to tge aeahin% substr%te
3 i sP8EPMEE ROSHFPILEI ERt PYCFAFGe TH&I oé QrPREFntS
detail ed description.wll be given._here .. Wen.the .

I gh?még‘itfefejegy&hﬁhil%ahfemé}h%tlpfgnéalygﬁelfrioén thei g&genic BL
on ag,LpLeLf %%ew%h""ﬁ%h‘egee%gf%ﬁ'e &L element 40 and

its upper space at an rncidenf anglegreater than a

critical anglfs SUPRESGERLNAVR MR I3 HReAIIIR] dayer 30

light is generated in the above-descri bed

is used, luminous efficiency of the organic EL element
1 can be improved. However, in a top emission organic
EL display employing a sealing substrate 3, even if
light is extracted from the organic EL element 40 with
high efficiency, light emitted by the emitting layer
cannot be effectively utilized for display unless the
light is extracted from the sealing substrate 3 to the
front side thereof with high efficiency.

Therefore, in the present embodiment, the organic
EL display 1 is designed as follows. That is, a
distance d from each element portion of the array
substrate 2 corresponding to the organic EL element 40
to the sealing substrate 3 is set at a sufficiently
large value. A further detailed description will be
given here.

When the light emitted by the light emitting layer

is incident on an interface between the organic EL

element 40 and its upper space at an incident angle



upper space. In the case where the distance d is
short, the evanescent wave is converted to propagation

woiglsto3srasan i nterface between the upper spacePof/JpPives/017229
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organic EL el ement 40 and the sealing substrate 3 .
That is, the light incident on the interface between
the organic EL el enent 40 and the upper space at an

i ncidence angle greater than theqcritical angle enters
the sealing substrate 3 without being totally
reflected by the interface. At least a portion of this

l'i ghty res tieRCicdent 0rdike chnonhgawWw,f acRrfsdd seald Rthich is
substrate 3 at an incidence angle greater than the
critinealr-angliel 1sghithdt igeneanneld He exld atioae-fdesaribed
the sealing substrate 3 to the front side thereof. For
suchupgasorspaden the case where the distance d is

short, even if light has been extracted fromthe

organi ¢ Ellreltdreerta 40 whistte Hihgh daffhiagianey,ig mhayightthe
cannot be extracted fromthe sealing substrate 3 to

the EVGRESSIEHE tieCedS WOrWSHitgl &F iIRGoafgptiigp light on an
contrast, jn the case where the distance

suf f FOEEREAFS SRFVESR tHE LREETWTERES: IR %fﬁﬁ@e&f&% $b

| t han t t tration depth) .

ongh 8, WP FHETROHL RS RIS OF R ss, e
t e d it i ,

CYBNSERN MPABANI ] S LOVGRSE SONVELS AL O Aanic o

oo LIRS 0E Leter ookt g sl g

bet wggie th& than the critical angle enters the sealing
substrate 3 without being totally reflected by the
interface. At least a portion of this light is
incident on the front surface of the sealing substrate
3 at an incidence angle greater than the critical
angle, so that it cannot be extracted from the sealing
substrate 3 to the front side thereof. For such
reasons, in the case where the distance d i1s short,
even if light has been extracted from the organic EL
element 40 with high efficiency, the light cannot be
extracted from the sealing substrate 3 to the front
side thereof with high efficiency.

In contrast, in the case where the distance d is
sufficiently long (in the case where the distance d is
longer than the evanescent wave penetration depth),
conversion from the propagation light to the evanescent

wave and its reverse conversion occur on the same

interface. In other words, of the light emitted by the



organic EL el enent 40 and its upper space at an
i nci dence angle greater than the critical angle is

woab@lBys2s ef | ected by the interface. The travePCngr2005/017229
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direction of the totally reflected Iight is changed by
the outcoupling layer 30. Therefore, the |ight
extracted fromthe organic EL el enent 40 to the upper
space is incident on the sealingosubstrate 3 at a
relatively small incidence angle. Therefore, al nost

all of the Iight conponents incident on the sealing

substate i34 sia%)g]{ At eghof 19MNe el displae Bight

wi t hout being totally reflected by its front surface.

Ther efopfRnaMian ithe dirst ancend 1S teffd @ edweddnte
It becones possible to efficiently utilize the Iight

em t ediay o . |d1ghteradmidt iamgl liapendherr apdicplay.ad n
the neantine, assuming a case in which a refractive

i ndex nofi deneay eguilde drppdrer $han the efridctdade anulex is
of an upper space of the wavequide layer is 1 , and

| i ghttof¥adilng nefladmp Y Ghe padenfifcdsdent on an

i nterface hetween the wavegui de l?éir and its u

space at an'§ ricidehcd Grgle Q1Y rTat et tHdf o Pref1ected
on 1 O or SR et K P COF Wb e 30

i nt d t :

o RRe s e S STt R S e

t hediStanGs 2 JMBES ik NGl Ashid showididhen the

foll ow ng equati on.
sealing substrate 3 at a relatively small incidence

angle. Therefore, almost all of the light components
incident on the sealing substrate 3 is extracted from
the organic EL display 1 without being totally
reflected by its front surface. Therefore, when the
distance d is sufficiently long, 1t becomes possible to
efficiently utilize the light emitted by the light
emitting layer for a display.

In the meantime, assuming a case in which a
refractive index of a waveguide layer is ngp, a
refractive index of an upper space of the waveguide
layer is 1, and light having wavelength A is made
incident on an interface between the waveguide layer
and its upper space at an incidence angle 8y, greater
than a critical angle, an energy E(0) of an evanescent
wave on the interface, a distance z (20) from the
interface, and an energy E(0) of the evanescent wave at

a position spaced apart from the interface by the



E(z) A s is evident fromthe above equation, the
energy E(z) of the evanescent wave generated on a

woentcasm2s nt erf ace i s exponentially reduced aceordpPngs/o17229
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to the distance z fromthe interface. FIG 3 is a

graph showi ng an exanple of a relationship between a
refractive index of a wavegui de | ayer and an

evanescent wave penetration depth. In the figure, the

absci ssa indicates a refractive index n of the

wavegui de | ayer, and the ordinate indicates a distance

z . Ailstbhecdat g3hawy iR 1BGondnis AAINed Bhdisidid owing
t he above equation. Specifically, the incident angle Q

L defignedias .60, and a wavel ength | is defined as 550

nm In FIG 3, the data |labeled as "1/e 2 " indicates

a distance z at whichsa rats (O is decreased
tol/e, ;15@ data | ab |éui7agL'sinF@g'L +hdj cates a

di st ance )= *Phe ratio £ (X) TEED is decreased

to 1/e 4 , and the data | abeled as "1/e/6 " indicates

a distance z at which the ratio E (x) /E(O is

decr eased A il e dermth e moymfdst et iga\a eniett at il energy
depth generally neans a distance z at which the ratio

E (zF B Of d& easeesenly ¢aveadSid@tah g @ eprtain

the penetrationdepth is |l ess_than 100 nm Ther.ef ore,

when HEdRSantSe FHIEH Yel SHFIGHF Y e the

seal ifig substrate 3 i, defingd s about 100 nm or

FIG. 3 is a graph showing an example of a
relationship between a refractive index of a waveguide
layer and an evanescent wave penetration depth. In the
figure, the abscissa indicates a refractive index ngp,
of the waveguide layer, and the ordinate indicates a
distance z.

All the data shown in FIG. 3 is obtained by using
the above equation. Specifically, the incident angle
Oy, is defined as 60°, and a wavelength A is defined as
550 nm. In FIG. 3, the data labeled as "1/e2"
indicates a distance z at which a ratio E(x)/E(0) is
decreased to l/e2, the data labeled as "1/e4" indicates
a distance z at which the ratio E(x)/E(0) is decreased
to 1/e4, and the data labeled as "1/eb" indicates a
distance z at which the ratio E(x)/E(0) is decreased to
1/eb.

The evanescent wave penetration depth generally
means a distance z at which the ratio E(z)/E(0)

decreases to 1/e2. BAs shown in FIG. 3, the penetration



bel i eved that an evanescent wave can be sufficiently
prevented from being converted into propagation |ight

wonown3saser f ace bet ween the upper space of theCcT/JP2005/017229
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wavegui de | ayer and the sealing substrate 3 . In
addition, as is evident fromFIG 3, this effect
becones nore advant ageous by setting the distance d to
200 nmor nore, and is further mgre advantageous by
setting the distance d to about 300 nmor nore. The

di stance d may be set to about 3 mmor nore. In this

casede@icspliay 14revenzess oduen. 0 imteifferenceneh haydl y

vi sual i zed. The distance d may be set to about 3 mm or

| essdivhencehe dirstrareehd cdlemcntr eased ona tredhaniseall ing
strength of the organic EL display 1 may be reduced.

Al t heudlstaaltieght 1iscaltetfémien alsapdouiad Ofeem exemplrd,i dd is
as an outcoupling layer 30 in the first enbodinent,

t he &gleé6upr ﬁ@a?ta;a@r IR neRFepE & adief fordc ficow ufifddirgtly
In addition, between the outcoupling |ayer 30 and the ,
firsPrENERLPEdd TAT P2 iNGyRORVEARSS LRy PEP&dakiiogh Light
i's thinner .than_the Ey nescen%imave penetrati%nt%%pth

my B8 BladBiCAE3sS PHET g CayEPSTASEE s @

e”bo%iﬁf%% i%}‘es tlg?/ep:r %.%%]ntthiemé%%tlii%{a;i \g;}]llblstbr% tdesgri bed

here. FI'( partial Cross Secti .
schengyi ¢abhyshawing 4N Rrgani:onEl1ei SBl, ay racc UrHng

to the second enbodi nent of the present invention. In

FI G pdcomkBemore advantageous by setting the distance d to
200 nm or more, and is further more advantageous by
setting the distance d to about 300 nm or more.

The distance d may be set to about 3 um or more.
In this case, display unevenness due to interference is
hardly visualized. The distance d may be set to about
3 mm or less. When the distance d is increased, a
mechanical strength of the organic EL display 1 may be
reduced.

Although a light scattering layer has been
exemplified as an outcoupling layer 30 in the first
embodiment, the outcoupling layer 30 may be a
diffraction grating. In addition, between the
outcoupling layer 30 and the first electrode 41, a
light-transmitting layer which is thinner than the
evanescent wave penetration depth may be placed as a
flattening layer.

A second embodiment of the present invention will

be described here.



organic EL display 1 is illustrated such that its
di spl ay surface, that is, the front surface, faces

wapwsrodiezs and t he back surface faces downwar dl pCT/IP®05/017229
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organic EL display 1 has a structure simlar to the
organic EL display 1 showmn in FIGS. 1 and 2 except

that the outcoupling layer 30 is placed on a | ayer 40G
whi ch the organic EL elenments 4@sform In a case where
such a structure is enployed, effects simlar to those
described in the first enbodi nent can be attained by

setting thecdi gtance ¢fhamieach &l et ROTddRhdtG cally
the sealing substrate 3 in the sane nmanner as

descishbedngbawe orhanaddicti enspliRg Stdcdeldung it WheCkecond

the outcoupling layer 30 is placed above the organic

EL ekebedtiscd4l pakede prpessitblievieatdlonm ndthe Ftite 4, the

steps such as flattening and patterning the

out coupkinng Fayerdsglayl A tise ifressnt teghbedicherithata its

variety of structures can be enployed for the

out cGdplilay Bayércse. thatsiss tdeg favats serifara, \haers

each schenaticall¥ showi ng an exanpl e of an

out cHRYRIAG Y aper iRk ORF Karf U arsed 35T 5t HEEMGAT I -EL

display of .FIG_4 ., The outcaupling |ayer .30 shown i.n .

A& 5 is ThE GREtTendh (it Dayerdiant i el oimilar

surface [ & i_S .proyi i r ar, e

rece§§¢§w§n§ granﬁrcot%r Ugil%_% \syawl'hle%g%&gjo)éﬁ i r%%qas/lera 2

nake%xb%pt that the outcoupling layer 30 is placed on a
layer 40G which the organic EL elements 40 form. 1In a
case where such a structure is employed, effects
similar to those described in the first embodiment can
be attained by setting the distance d from each element
portion to the sealing substrate 3 in the same manner
as described above.

In addition, the structure in which the
outcoupling layer 30 is placed above the organic EL
elements 40 makes it possible to eliminate the steps
such as flattening and patterning the outcoupling
layer 30.

In the present embodiment, a variety of structures
can be employed for the outcoupling layer 30.

FIGS. 5 to 9 are sectional views each
schematically showing an example of an outcoupling
layer which can be used in the organic EL display of

FIG. 4.

The outcoupling layer 30 shown in FIG. 5 is a



possi ble to extract light fromthe wavegui de | ayer by
light-scattering. On the other hand, the outcoupling

woaymrozsshown in FIG 6 is a light-transm ttPagJPays017229
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having a main surface which is provided with regularly
arranged recesses and/or protrusions. The outcoupling
| ayer 30 nakes it possible to extract light fromthe
wavegui de | ayer by diffraction.;glhe outcoupling |ayer
30 shown in FIGS. 5 and 6 is, for exanple, a resin
sheet or a resin filmwhich can be handled by itself.

In tfﬂ&gfﬁéféné B O COURLE NG L YEE 30nkSnfiXeHa08 Rhich is

second ectrode 43 by neans of an adhesive | ayer 33,

for exarphsd Jhenthickaess 9frihgeadhestysebayet /33 is
20 mmor nore in general. Thus, even if irregularities

ocCcupr&fras Soifi§ aceTnd dhecsepdhdgel egerodie M3kea fap

is prevented from bei ng generated between the adhesive

| ayepo33ilahe thecsecand kiebtrbdemdihe Theveduedaplargr by
| ayer 30 shown in FIG 7 includes light-transmtting _,
par t 1igles-Sdaptacredoon PhetBecohrdct| behfodkng30utRalUPling
light-transmtting particles 34 are forned by coating

t r ankpupEnel palReyel €8 BAG- wht hS ad éaﬁ€§T§Ea§§%?t$ﬁ89 layer

adhesi ve 34b bonds the transparent particles 34
LogebREFPand Bondsoth>crakSparent Bartiords 3ah Fgoularly

h d el de_4 b I 3 :
?nnggfggg% ng%%égsgs %hgggfgﬁ%ﬁgg?%%ggfhgy@ﬁe 8u%€8ﬂ@11ng

orne

) AULpERTS0 hLKg, PR bhgtem3dcavetehecseegnd fron che
waveguide layer by diffraction.

The outcoupling layer 30 shown in FIGS. 5 and 6
is, for example, a resin sheet or a resin film which
can be handled by itself. 1In this case, the
outcoupling layer 30 is fixed on a second electrode 43
by means of an adhesive layer 33, for example. The
thickness of the adhesive layer 33 is 20 pm or more in
general. Thus, even i1f irregularities occur on a
surface of the second electrode 43, a gap is prevented
from being generated between the adhesive layer 33 and
the second electrode 41.

The outcoupling layer 30 shown in FIG. 7 includes
light-transmitting particles 34 placed on the second
electrode 43. The light-transmitting particles 34 are
formed by coating transparent particles 34a with an
adhesive 34b. The adhesive 34b bonds the transparent

particles 34a together and bonds the transparent

particles 34a to the second electrode 43. The



The outcoupling layer 30 shown in FIG 8 is fornmed by
di stributing transparent particles 34a over an

wadhesasses| ayer 33 by wet or dry process. The PCT/JP2005/017229
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out coupling | ayer 30 shown in FIGS. 7 and 8 nmekes it
possi ble to extract light fromthe wavegui de | ayer by
light-scattering. The outcoupling |layer 30 shown in
FIG 9 is a light-scattering | ayer which includes a
lighttransmtting resin 35 and particles 36 dispersed
therein. The particles 36 are different in optica

pr°p85£¥oaﬁgmn?315$é£a§bi¥ﬁo%ﬂd§ﬁ Frem thean be formed by
lighttransmttrng Tesin 35. The outcoupling |ayer 30

can Q@s%9ﬁﬁﬁgin%thgxﬂﬂﬁbﬁrtgﬁngﬁﬁttﬂﬁ tharseeesd 34 over
el ectrode 43 wfth a coating solution mﬁich cont ai ns

the paet sekesd361aadradenter bgl wkar othery process.
light-transmtting resin 35 and curing the obtained

coat Thg bukppupdtegt hayerhéOmahewhalinf 8EGthé is formed by
light-transmtting resin 35 is the one which can be _
cur ediatrabusaper araneragaat parsiclewes4ghgiefhen adhesive
glass transition tenperature of the organic |ayer ,42.

" t ReYBit SAUBYi HEEI AjeRr30b5PCRPES, Fianguscolgling layer
mat erial _higher in refracti,ve index than the vequi

| ayer s8RRY sl?iEgGgr %raﬁd y'BECTs &k PSFSFHQ% e
lighttransmitti part i 3 d.the. ti

o h e P e B E e Ry RE pYc By EEg T etina,
beachi evedas 6omRALed ﬁ%g%@e3@@§§mwﬁﬁﬁ§l@T@ﬁygqis a

having a refractive index of about 1.5 is used. In the
casewhgrtesthe ceut agupbiRe kavyeh 3@cQlides a light-
transmitting resin 35 and particles 36 dispersed

therein. The particles 36 are different in optical

property such as refractive index from the light-

transmitting resin 35. The outcoupling layer 30 can be
formed, for example, by coating the second electrode 43
with a coating solution which contains the particles 36
and a material for the light-transmitting resin 35 and
curing the obtained coating film. Note that the
material for the light-transmitting resin 35 is the one
which can be cured at a temperature equal to or lower
than the glass transition temperature of the organic
layer 42.

In the outcoupling layer 30 of FIGS. 7 and 9, a
material higher in refractive index than the waveguide
layer such as TiOp or ZrOp may be used for the light-
transmitting particles 34a and the particles 36. 1In

this case, higher outcoupling efficiency can be



FIGS. 5 and 9 is used, the thickness of a physically
and chem cally stable conductor |ayer which the second

wehewissde 43 i ncl udes, for exanple, an | TO | aper/JrRys/017229
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be set to 10 ran or nore in order to prevent a
conponent contained in an adhesive or resin from being
diffused into the organic |layer 42. In this case, the
thi ckness of the above-describeggconductor |ayer may
be set to 40 nmor nore in consideration of a pin-hole
or the like. Additional advantages and nodifications

m"'a%ﬁ@@b%ﬁ 9%?HmeQr%HoﬁgtﬁkE%%e@asg WReradl b resin having

Therefore, the invention in its broader aspects is not

i m tedetr@athevepeabike odetdohs and repuesent ative
enbodi nents shown and descri bed herein. Accordingly,

various mdi frheaciaers witgy b e heade twdurdutngdeparet Y of
fromthe spirit or scope of the general inventive
concé&ptsSas Sdehidn@d iby uske, appendéed ckingisss cdné heisdcally
equivalents.CL Al MS 1 . Atop enission organic EL

di sppay cbepiicsilAy: saabaer gpnsissoratie yesnpihiision g hen second

i nsul ating substrate, organic EL el ements which are

ar r aRgEELERIE AR ANSUHASSe &Pt REAMRLGIrafitng TO 1ayer may be

substrate, d_an out l.i I whi ch ext t
i ghteConfBorintd BPoPEGa i R Sin tl &1E driedt IcoAPonent

whi | e causin nU|tlpg%h%%%@el%Eer %&%n%%oﬁ{gﬂhﬁﬁffggéused

f
orgaﬁP et "&Tement "t 6 “rmake the Ifght componéent’s

in fﬁ%ﬁ% %%et%§ggﬁgénh%yEE %b@”eﬁkﬁt%ﬁ% case, the thickness
of the above-described conductor layer may be set to
40 nm or more in consideration of a pin-hole or the
like.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



a sealing substrate facing and spaced apart fromthe
organic EL el enents, wherein the display forns an

wenalegssdsspace filled with an inert gas or evacudarmds/o17229
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between the sealing substrate and an el enent portion
of the array substrate corresponding to the organic EL
el enent, and wherein a distance between the el enent
portion and the sealing substratg is 100 nmor | onger.
2 . The display according to claim1 , wherein the

di stance between the el enment portion and the sealing
substrate is 200 nmor longer, 3¢+ Mhe display
according to claim1 , wherein the distance between

the el ement, por tic@n «anid dikey $09a)di¢ substirsleny Sscdrising:
nmor longer. 4 . The display according to claim1l ,

wherei n t ke dirstagncakainseen ddie ralsamentarpantswdre @ndy

the sealing substrate is 3 mMmor |longer.5 . The

di splsapsicetedi pggenic &lmelementter eivi dhthemd straeewed on a
between the el ement portion and the sealing substrate

i s 3marnosugheceert ¢he Theudiadpingy SabES T 2k 12g m

2 , wherein_the distance between the elenent portion

and PNECoERIiIRG JASET athd Gls SXTRRCSS RO e COmPOneR S

di spl a acc%ndin tQq ckﬁjn13 . _Wherein the distance

bet WEERPARE tdPdnerit Port 0 ad e Qediiing ST % e

i48 ’ 3 W”Lfri:g.lrp I%Lsetrl reeta(renr i n% er f-g}:ee nq:ies Qflr%Yn L0 roq:i<;r<1:1(~?'1it<:o ﬁl ae! Mment
to make the light components travel in front of the
organic EL element; and

a sealing substrate facing and spaced apart from
the organic EL elements,

wherein the display forms an enclosed space filled
with an inert gas or evacuated between the sealing
substrate and an element portion of the array substrate
corresponding to the organic EL element, and

wherein a distance between the element portion and
the sealing substrate is 100 nm or longer.

2. The display according to claim 1, wherein the
distance between the element portion and the sealing
substrate is 200 nm or longer.

3. The display according to claim 1, wherein the
distance between the element portion and the sealing
substrate is 300 nm or longer.

4., The display according to claim 1, wherein the
distance between the element portion and the sealing

substrate is 3 pm or longer.



weacewrodsaag to claim 1l
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di stance between the el enent portion and the sealing
substrate is 3 mmor shorter. 9 . The display

aQet wher ei n t he out coupl i NCI/AY®N5/017229
is interposed between the insulating substrate and the
organic EL el enents. 10. The display according to

claim1l , wherein the outcoupling |ayer covers the

5. The display
distance between the
substrate is 3 mm or

6. The display
distance between the
substrate is 3 mm or

7. The display
distance between the
substrate is 3 mm or

8. The display
distance between the
substrate is 3 mm or

9. The display

outcoupling layer is

organic EL el enents. 20

according to claim 1, wherein the
element portion and the sealing
shorter.

according to claim 2, wherein the
element portion and the sealing
shorter.

according to claim 3, wherein the
element portion and the sealing
shorter.

according to claim 4, wherein the
element portion and the sealing
shorter.

according to claim 1, wherein the

interposed between the insulating

substrate and the organic EL elements.

10. The display according to claim 1, wherein the

outcoupling layer covers the organic EL elements.



