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Field The pr esent | nventl on reI at es to an organic

el ectrol um nescent (EL) display. Backgr oung W
organic EL displays are of self-ems

they have a wide Vi ew ng angl e nd a i gh epose S
speed. In addition, they do not reﬂw re ﬁ backlig o0

and therefore, Iovv-pr f|Ie twei ght are *G00002+
possi bl e. For these rgjagoﬁs h% g Ba%l(gl\EL di spl ays

are attracting attention as a display which _
substitutes 15 the liquid crystal display. An organic

EL el ement, which is theremiIT par tpighrathe organic EL

di splays, includes a light-transmtting front
-electrode, a light-reflecting or Iight- trangm tgl ng

back el ectrode facing the ont el ectrode, 20 and an

>or gani ¢ layer inter posed” 68{‘%%?1 Tt ectrodes  and

cont ai ni ngrfe 4G RILLLLAG: LAYSa . e cQr 4ANL Cobl .

element is a charge-injection type ng

el eneatesthiclhieimessehit ghtn, whers@n el ect ric current

flows through the organic layer. 25 In the neantine,

the | um nance of the orga3ﬁCd<gEDunell ément i ncreases

with the. nggrpltude of, cyrr nt fl ow ng

organic isplays are of. self -emission

10 type, they have a wide viewing angle and a high repose
épeed. In addition, they do not require a backlight,
.and therefore,llow—profile and lightweightnare
possible. For these reasons, the organic EL displays
are_attracting attention as a display which substitutes
15 the liquid crystal display.

An organic EL element, which is the main part of
the orgahic EL displays, includes é light-transmitting
front electrode, a light-reflecting or light-
trénsmitting back electrode facing the front'electrode,

20 and an organic layer interposed between the electrodes
and containihg a light-emitting layer. The organic EL
element is a charge-injection type light-emitting
elément which emits iight when an electric current
flows through the organic laye:. | |

25 In thé meantime,.the_luminance of the organic EL
element increases with the magnitude of current flowing

through the EL element. However, if the current



-

t hrough the EL el ement. However, if the current WO
2006/ 035625 PCT/ JP2005/017229 2 density ts increased,
power consunption increases and the. lifetine of the
%ﬁ9§PUC<EL element is significantly reduced. i

et etBPEY in order to achieve high | unmi nan@6T/IPI(/017229
power consunption, and long lifetine, it 5is
inportant to nore efficiently extract the |ight
emtted by the organic el enent %ron1the organi ¢ EL
display, i.e., to inprove an outcoupling efficiency.
Di scl osure of Invention An object of the present
i nvenLon: LS 10 0 I, 1. pciency. . .
of ancRgLey o i teatEa, "PaRt: RAEHEC A Sutle S n
the pegsentrétmentdfoRhet Begenis I @MicdREtaib0Pignificantly
em ssion-organic EL display conprising an array
subst ratiecednpritsinefoan, i hisubadengo swhderat riglor gani c
EL el ements which are arranged on a 15 main surface :
of t h&UFhBETGR1 NYYs BRYEF af RIS EMRY @i o @PEobipne ny faffdre, it

whi ch.ext i ght ro Lpg.in .

T pl S5e APEhSare U pEREPEEEL] Sen P RABLLEDEAE, Lianc

i nter kpiensd By amd kegahgant Celfdn€l fo@RNE het Or §RKE- tHIE

i ght conmponents travel in front of the 20 organic EL

el eneptispaay, ai seal iteg ispbste atre dEciongland efpackehey.
apart fromthe organic EL el enents, wherein the

di splay forms an enclRBs€dospagecfi IME&PHITh an i nert

gas or evacguat.ed het the_seal ing substrate_and an

el enment poggiéﬁb%f%tﬁgg%gFr §e§%%%t%é%%§ﬁ%gprégpgﬁdfmﬁfove

100 25ahNhe8uot g i Fler@hieNBALy dAhsehR cari 1 aPCs, .

bet ween
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

15 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 frént of the

20 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

25 the organic EL element, and wherein a distance between

the element portion and the sealing substrate is 100 nm

or longer.



.the elenment portion and the sealing substrate is 100
nm or |onger. WD 2006/ 035625 PCT/JP2005/017229 3
Brief Description of Drawings FIG 1 is a sectional
view schematically showing an organic EL display

_X’é’c%’??ﬁ‘f:’ﬁ(ﬁﬂo a first enbodi ment of the pres8gt/dP2005/017229
invention; 5 FIG 2 is a partial cross section show ng

an

enl arged view of the organic EL display shown in

.FIG 1; FIG 3 is a graph showi ng an exanple of a
rel ati onshi p between a refractive index of a wavegui de
10 layer and an evanescent wave penetration depth;

FIG 4 is a parti %'ré%&%gsﬁgg}&&% heraLiglly

showi ng an organic

L di'sp according to a second

enbodi mentrof. tithespeesendtidmyenticdnschbfmt SBcd Bl @ showing
sectional view schematically showing 15 an exanple of
an outtoupiamg Eaydisphiyhhamrdiagusedai hirsthesndrogameot

EL dis

of FIG 4; FIG 6 is a sectional view

I
schewﬁ?i%gﬁ IRFeSRB% mBVeRH ¥Xanpl e of an out coupl i ng
5| ayer whic an S'% gsggrl:f _'Lt A %%gltgo Ls %v?:PnlaqayanOf
G S i Ically

FIG 4; 20

sectl onal VIew schena

show aglagfeeXaepl 8rofhan e Geuphi BYshayersyhchncan
be used in the organic EL display of FIG 4;' FIG 8
is a 8&&tibnal view schematically showing an exanple
of an out chu&oI i3ng | ayer which can be used in

10
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1s a graph showing an example of a
relationship between a refractive index of a waveguide
layer and an evanesceht wave penetratioﬁ 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

~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;

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

the organic EL display of FIG. 4; and

FIG. 9 1s a sectional view schematically showing

an example cf 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 exanple of an

- out coupling layer which can be used in WD 2006/ 035625,

6]

PCT/ JP2005/ 017229 4 the organic EL display of FIG 4.
BO2%I8R42T or Carrying Qut the Invention Enbead#emtsr2o
of the present invention will be described belowin
detail with reference to the 5 acconpanyi ng draw ngs.
The sane reference nunerals denote the sanme or

simlar constituent elenents tHAroughout the draw ngs,
and a repetitive description thereof will be omtted.

FI G Jthi s a crpss.sectional view schematically 10

showi g aR™ 8P ybnit B8 8% 8% BECordting to a first
enbodi nent of e S i ntion. F IS a
partial cr ossBésge%ctM?g% gﬁ%v&%gyalﬁge%ugr ée% gﬁ“é%‘tolfor’t he
organi ¢ ELEdbsplmshtshewnthd Flt&seds 10VRS8n §1apd,2,
the organic EL display 1 is illustrated such that Tts
15 di sgrayiked ferdew thatletsiltietH nefiereurtace, tiaces
upvvardlx and the back surface faces downwardly. The

or ganfE-BIPYEHI Ry TRYIBIE - t opheniaRg Srfsrgant cnungrals
di spl i ap. i ve. mat.r.ix drive mnethod.
The o?}gégﬁ?‘%:g%fd@iyg%{% %nﬁ%%% eosnsatnltélrernéiyeg%%?i}sate 2
20 andhacsg@butngheulstivahs 3. akdla &IRLe i va M IACE i n
of the sealing substrate 3 on the side of the array
subst FAeESQf Helsl la becométbeld. shape. The array substrate

2 and the seal i n'% substrate _ _
. 171s a cross sectional view schematically

10 showing an organic EL display according to a first

15

20

25

embodiment of the present invention. FIG. 2 is a
partial cross section showing anvenlarged view of the
organic EL display shown in FIG. 1. 1In FIGS. 1 and 2,
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 substraté 2 has a recessed
shape. The array substrate 2 and the sealing substrate
are joined together at peripheries thereof by means of,
for éxample, adhesive 6r frit seal.so as to form.an
enclosed space therebetween. The enclosed space is

airtight and may be filled with an inert gas such as



are joined together at peripheries-thereof by neaLs
of, 25 for exanple, adhesive or fr_t seal so as to
forman encl osed space therebetween. The encl osed
PSS s airtight and may be filled with an inert gas
B, Q061 035625 PCT/ JP2005/ 017229 PET/JP2005/017229
nitrogen gas or be evacuated. In the case where each

of the opposite surfaces of the array substrate 2 and
the sealing substrate 3 is flat, a spacer nmay be

pl aced between the sealing 5 substrate 3 and the array
substrate 2. Alternatively, a Iatgr-nenthoned

artiti insulating.layer 50 nay be wused as a
gpacebgggﬁ%e%r?%ifggggt %?%P%F%%%Iudes_an i nsul ati ng
substrate 19 spchas anglassasybstrate. g%s&hs_ I faces of
transparent substrate 10, pixels are art nged in a

mat ri XxheéoanraFaotpspirsek 2 nohdidase asduxely substidtand i
an organic EL elenent 40. Note that the organic EL

el erre%%%tﬂfoa WAECEoMpEche Vel ek fiaitvegnasha $ealeima0G

15 The pixel,. ciycuit . jncludes, for exanple, a drive
SContrngéﬁéﬁgafffﬁgttéﬁoﬁﬁﬁa%uﬁfgﬁ¥ﬁiﬁﬁggt cdhtematively,
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sw tch ZQtQPﬂﬂﬁﬁﬁ%thnpéfﬁif%bﬂ“fAE&ﬂy%iﬁgg?Qigﬁ may be

el ement 40 between a palir of power supp erm nal s,

and aupededs swidpeleegnot shown). The drive control 20

el ement has a control term nal connected to a video

si gnal | i nE'§ rstragheWhytvate thelpibuslessant thsatuking

out pugébgtga%rer %.Q)t ’su\éﬂogse a[mgglnaitstsucjs%b%?:rrg%gpongr? t'?hoe a
transparent substrate 10, pixels are arranged in a
matrix form.

‘Each pixel includes avpixel circuit and an organic
EL element 40. Note that the organic EL elements 40
are collectively depicted as a layér 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 betweén a pair of power supply terminalé,
énd a pixel switch (not shown). The drive control
element has a cbntrol terminal coﬁnected to a wvideo
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



vi deo signal supplied fromthe video signal line, to

the organic EL el ement 40 via the output control

switch 25 20. A control termnal of the pixel swtch

iwc, gopnect ed to a scan signal line (not shown), and a
SV\?%({:%/P:’r?gzsoper ation of the control switch is PCT/JP2005/017229
control I ed WO 2006/ 035625 PCT/ JP2005/ 017229 6 by a
scan signal supplied fromthe scan signal line. Note
that other structures can be enpl oyed for the pixels.
On the substrate 10, as an undefcoat | ayer 12, for 5
exanple, an SiNx |ayer and an Si Ox | ayer are arranged

in thi . ] l: 13 h, .
pol ysiTi o Pay ST uhien st peilernd Ssiee Bha o nsy

pol ysi Ii con n a channel,

are fardgtedchatgatged NoitRkQe34c4hi 5h Gan Re 4 eLredy .
with use of, for exanple, TEOCS (tetraethyl "10

ort hogillkedate), and a gate el ectrode -15 made of, for
exanpl e, MW are arranged _in this order on the -
under coat PRy&Pe19uPnFtehdde RayePsuldgiAcERt dpvgat 82, for

type thi ilmt si.stor (referred ta as a TFT
het ot narrarsr | T AN BB PR heSthrd dre adeaasganse
15 TFis ehikher@ixel SWehGBonQUEPLE LMY Qlz SWi-fChs 20
and drive control element. Further, on the gate

i nsul @edysilicoschayesi gmakWwhlithes ¢moineshown)irebi 6Ad C@fkin

be forned_in the same step_as that for the gate
el ect PGGeT25Mare 2 &atended1200Anl 4 ritherdhayen be formed

T A0 T ! Lo TR R Y 1

10 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 toc as a TFT
hereinafter). 1In this example, the TFTs are used as

15 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.

20 : An interlayer insulating film 17 made of, for

example, SiOy 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

- 25 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



met hod, covers the gate insulator 14 and gate
electrode 15. Source and drain electrodes 21 are
arranged on the interlayer insulating film17, and
%ﬂ?%m@%gsgur'ed in a 25 passivation film 18 nmade of,

, -SiNx. The source and drain eI@@ﬂﬂbmeﬁn7n9

21 have, for exanple, a three-layer structure of
Mo/ Al / Mo, and electrically WO 2006/ 035625 _
PCT/ JP2005/ 017229 7 connected to the source and drain

7

of the TFT via contact holes formed in the interlayer
insulating film 17. Further, on the |nterlayer

i nsul addrii@dtielMe 47 e Vi esia%raahrgwes (t

which can be fornmed in 5 the sane s

own)
ep as dr-°the

sourcsxawaaarabmesef@ﬁmé@d@st%b aheeﬂléﬁag%gsuﬁatipg £film
flattening layer 19 is forned on the passivation
18. Refl-ectivs NpayepR ﬂmﬁzynieaﬂaaﬁgedh$muaﬁmhg film 17,

flatt

Ia er rd resin can be used as a 10
5’11 f 5t “a%lg%‘%ee% 'lj)ﬂ é?x}l@?’“?tgwh%%fr @Bams dorped in

ﬂetal1ﬂﬁ;@ghal ugh, a ) r.gxa can, be ysed as
a material of tsﬁelgraef IStekgttl ongl gyer 1ﬂ)rdel'hemi‘ IEEE8ni ng

| ayer €l@camddehert eftectirangeayer 70 are covered with

an out coupl.i

| ayer 30. Here, as 15 an-exanple, the

outcouplln@ ﬁg?gFGQKPQIﬂﬁM$GBQ9alEIfStm¢ﬂ¢?nFﬂhe3§aaﬁﬂvatlon
secon ons spersed therein The first
&g ﬁ*?é% it

portlon as

secon@lgeggh9@§ Eglfgekg?% tlcal g erty
such as refractive |n

10

15

20

rAnsAYEEF onl p%iﬂ)éfrtr)ﬂngednént hlee

X from F%ﬂ)ﬁo a%P
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 vortion 3i has light—transmission pfoperty,
and the second portions 32 are.différent in optical
property such as refractive index from the first
pertion 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 ad@ition;.each first
electrode 41 is connected to a dréiﬁ.electrode 21 via
through-holes formed in the passivation film 18, the

flattening layer 19, and the outcoupling layer 30.



On the outcoupling layer 30, first electrodes 41 wth

light-transm ssion property are arranged spaced apart

fromone another. Each first electrode 41 faces the
éle tion layer 70. In addition, each first 25

e %%’%%%@541 is connected to a drain el ectr o86TFH2005047229

t hrough-hol es forned in the passivation film 18, the

flattening layer 19, and the outcouplinc |ayer 30. WO

2006/ 035625 PCT/ JP2005/ 017229 8 The first el ectrode

‘41 is an anode in this exanpl e8 As a material of the

first electrode 41, for exanple, a transparent

conduct i veppxi C I 7O . (indiumtin_oxide)
can be useg%Sgir%gr%%Scd‘%Qilensul é%i Ay ?naoy%’r 50 LI&.%S

pl acedxamptbe AutLowdmail ayerna0s: ddt thecRabhibtion £oy
insulating |ayer 50, through-holes are forned at

posi t iegAspleora espongdiangntocbheuéitet ®lieet sadesadlan ITO
The partition insulating |layer 50 is an organic
i nsul atPAG R0+ ayetidslocaaxpresdand can be formed by

[ j hy .t echni que. arganic | ayer
%2 1ol ud Ao ar T BT e o) Byge 1D Jracdacsh tacine

first cakestipodey 4layd Gy .i S1n. EXPOSEL 19 R §B§9fa%fhg
t he through-hole of the partition 15 insulating l[ayer

50. THeyEFght - emitdugighoayer aks formdd mtf pbBitions
contai ning a |lum nescent organic conmpound which can

gener SPETESRIPGI DO e Exampl ele¢epdegrdén  BRebl ue.
ke R e S e
10 layer, for example, and can be formed by using a
‘photolithography technique.

An organic layer 42 inciuding a light-emitting
layer is placed on each first electrode 41 which is
-exposed to a space in the through-hole of the partition
15 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
20 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 holé blocking layer, an electrén
25 traﬁsporting layer, an electron injection layer, etc.
The partitibn insulating layer 50 and the organic

layer 42 are covered with a second electrode 43 with



a

20 exanple, the organic |layer 42 can further include a
buffer | ayer which serves to nediate the injection of
holes fromthe first electrode 41 into the emtting
Mﬁ¥§f§aﬂh% organi c |ayer 42 can further contain a hole
trandPbrttng layer, a hole blocking |ayer, aRCEPREYWBTR29
25 transporting |ayer, an electron injection |ayer.,

etc. The partition insulating |ayer 50 and the

organic layer 42 are covered wth a second el ectrode

43 with WD 2006/ 035625 PCT/ JP2095/ 017229 9

light-transm ssion property. The second el ectrode 43

is a C ' kS, C ' sl y..for ngh canno

to a??&g?ggf%ﬁgﬂﬁéglééc%ﬁ%bgﬁggtrﬁ?5 f%%ggg £hL&8 ?04% 43
el ect ikcal t¥ychaNR@etrdi § Ocdhk 811861190 @ o WhEd Nehd tdtmon to
el ectrode wiring 5 being forned on the | ayer on which

vi deoasi gpakeld .neFheasechdnd nelkcancalec it ast e hotdtesi (aidly
shown) forned in.the _passivation film 18, the .
f1attEATRECTEYE® PO, SLREETRRR COUPINShg thay et e S odhdviring
t he LEion i ating,.layer_ 50.. Fach organi c .EL .

ol oo hg PSS ey Y My Wit Vode AL B gdrine

| ayer add asth&BCoNd cBhestt 0Pl 3. (A% d8SEHH) bestk-RhoVve, the
in the organic EL display 1, the outcoupling |ayer 30

i s pl agedivalaverdiilinol hether HatitenEngel epent194,0.tHahen

.such a structure is 15_enpl oyed, as described bel ow, °

organt c

the | PEhEOEM tt%ed 3yt Al FPYhEReMAELAGOr abRT Lt e
or ganh y% %ew%:chigr%g{y%cbﬁeﬁermaec fe?gf Er?crﬁlgéges the

enmen hi'gher— e I ency.

10 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

15 employed, as described below, the light emitted by the

light emitting layer of the organic EL element 40 can
‘be extractéd from the organic EL eiement 40 with higher
efficiency.

A portion of the light components emitted by the

20 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

25 42, and the second electrode 43. The light components

ropagating in the in-plane direction cannot be
g ,

extracted from the layered structure (hereinafter



1

1

A portion of the |ight conponents emtted by the 20
light emtting | ayer propagates in an in-plane

direction while repeating reflection (reflection or
total reflection) in a layered structure of the first
éﬁi@?ﬂ&ﬁ§“41 and the organic layer 42 or in XCTEWPTEI7229
structure of the first electrode 41, the organic [aver
25 42, and the second el ectrode 43. The |ight

conmponents propagating in the in-plane direction

cannot be extracted fromthe |&ered structure
(hereinafter WO 2006/ 035625 PCT/JP2005/017229 10

referr Q.as.a wavegui de l.ayer) if an incident angle
on a ﬁ%%ﬁ&§5?f5§é%%fit%ge u&géuﬁ%%e¥%y%§EVleFéSFPt angle

VWhen tdie a0ukeauph i fg-d %Meﬁhgowb§e§&§§§qiﬂ@§{ighSreat.
organic EL el enent 40, a direction of thé light

emtted 5Whent heelduitouptiingi ngykayer camplkecehasgedihe
Thus, it becomes possible to extract the |ight _
conpoteftE i Ceft t N\ t'Re Ri ghreehian iafg theyéight osmitted

he or [ | ement., 40.wWi th hi 235 fficiency., As
%escrF%gghgbg%%?€ﬁﬁgﬁtﬁﬁg %ﬁ?%ﬁuﬁ?g E%V@ﬂeéo %bu?s 1t
used, PelddhBqUSo&d il @RCcKxehather 0L ganjiG. Ebmghﬁg}?% 1
can be inproved. However, In a top emssion organic |
EL di spliayeenpy oytiend ighseahiingisgbsiyeat €r3n eMeNotdanic EL
light is extracted fromthe organic EL elenent 40 wth
hi gh ERFMERENEY, witityfiokart eE8iiendie emitting | ayer
15 cannot ffectively utilized for display unless _
the |Ii ghtgssggi ?%ﬁ:azé%PV8ﬁ1Vﬁ%nsEQﬁiQﬁfééﬂﬁiﬂPat%a%er 30
do thes fikeat Mﬂ%&u@e%ggﬁc%ﬂgy hi gh ref fo'r%'aﬁEEyEL element
1 can be improved. Howevef, in a top emission organic
EL display employing a sealihg substrate 3, even if
light is extracted from the organic EL element 40 with
high efficiency, light emitted by the emitting layer
5 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

20 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.

25 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



Therefore, in the present enbodi nent, the organic EL

di spl
di sta
t
Oz
| arge
gi ven
emtt
the o
i ncid
gr eat
is n
above
di sta
conve
bet we
and t
4 ncid
el ene
10 gr
subst
i nter
incid
.3 at

ay 1 is designed as follows. That is, a 20
nce d from-each el ement portion of the array
rate 2 corresponding to the organic EL el enent 40
YIBER | ng substrate 3 is set at a suffi cicapiogsnirzzg
value. A further detailed description will be

here. 25 Wen the light emitted by the |ight

ing layer is incident on an interface between
rganic EL element 40 and tts upper space at an

ent angl e WO 2006/ 035625 PCT/JP2005/017229 11

&rd nGhi Lical angle, evanescent wave mhlcg; o
ear-_lelg %lg t 15 generafed i AVERRScent wave which is
-eaGIriked ly@%riss%q’l%?ralt@dt Dg El"i‘éc' ea%veer—%etslgg:ibed
nce d is short, the 5 evanescent wave is

rert it opprepagation light on an interface :
en the upper space of the organic EL elenment 40

he sedl hGSsHR3E rdtere3 thehaisiancehe 14 ighirt, the

i nterface between the organic EL .
§$&£%g§%5€th%v%ﬁﬁ%f¥?B§Eée t "APT MRAMEHOS dhghe on an
aaitelr thBanbéHige il itheCab @Qg%lﬁa {tc?f Scht&heor%f%ﬁlé!:n}%_,
rate 3 wi thout being toFaII reflected Dy
fedemennt 4D earsd teheparbilangobubdi sadd Gt iSar is, the

ent _on the front surface of the sealing substrate
art I hcitBeReeN Ryl &hgr éaterfadmrbathecor ithecakgd®ic EL

i : the sealin
angleel%%eépﬁaoltcgq?pot be extracted from g

subst
10

rate the T ontPEPGeSPHET bt .AFdmncddence angle

greater than the critical angle enters the sealing

substrate 3 without being totally reflected by the

interface. At least a portion of this light is

20

incident on the front surface of the sealing substrate
3 at an incidence anéle greater than the critical
angle, so that it cannot be extracted from the sealing
substrate 3 tc the front side thereof. For such
reésons, in the case where the distance d is 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. 1In other words, of the light emitted by the

L.
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I stance d Ls‘shprt,

[ case where the dis ort.
re:ﬁoP?’I:Sh:hﬁaS been extracted ILgn}}gﬁtoggﬁEOt o
ev - - -

me i ef ficiency, -
egiem;Laggggﬂgpoﬂlgﬂe'sealing substrate 3 to the fr
2 DZ0

L trast, in the
: : fficiency. In con CFP2005/017229
side thereozhgngrsP;ggeed IS suffiC|entthjﬁn§H£pﬂ
the VVlsqgr\(/e\/here the distance d is Ioggegohvgrsion from
renea nt wave penetration depth), ¢ vave and its
?xanS?gSagation light to the evanescen

e

i ce. In
_ sane interfa
occur on the
reverse conversion emtted by the WD

2008/ \g?ég%tip‘ /lgé%%6|()|§?gg%2§gapzcemtteilalg%,lﬁ%%tﬁé Qf o light
2006/0g%ﬁ4 40,1 he light conpone
q i e3a) . f . L )
nci denton the 1 ntortare BeriiSern HELsor Gamina Bl e
in ]

epeer i nci dence angl e
el ement 40 and 1 o1 appre 4@pgg$ §F§ an%%:ﬂﬂéferétlented
greaternthapn the critical angle

: . ti .of .t he ;
by the Inter?g%eénq+ﬁ5QHGQVleﬂ@aﬂlﬁﬁg:dfyticgl angle 1isgs

' j ngn by Y reflected th o
oLl oragby et & oftenfmd.i ght extrac
out coupl i ng %ayer 30. %He%%?

i ; 40 to the upper space is
el et on the 10 Sealt NG STRST dfe FoeatonnL o) aid MY oy
i nci ,

Il of the

' T r L most a

el | 1R oo hemnghicey ey ke dl Dol ol o ot hs
g

T € light extracted from the organic EL
is extracted fro _ g
element 40 to the upper space ig incident on the

Sealing Substrate 3 at a relatively small incidence

angle. Therefore,

Therefore, wnen the

distance d is sufficiently long, it becomes possible to

efficiently utilize the light emi
emitting layer for a ‘display.

In the meantime, assuming a case in which a

refractive index of ga waveguide layer is ngr, a

refractive index of an UPPer space of the waveguide

layer is 1, and light having wavelength A ig made

incident on an i

than a critical angle, an energy E(0) of an evanescent

Wave on the interface, a distance z (20) from the

interface, and an eénergy E(0) of the evanescen+ wave at

a position Spaced apart from the interface by the



’ ic EL display 1 without being totally
:2$|22?23'gy its fPon¥ surface. Therefore, when the
15 distance d is sufficiently Iong, |t_becone$tted ]
ot ert ¥ U1E IolrI ai'edit QSI Ialygh} ne?]H'éT/Jonos%nzw
[ ittin ayer . _ _
ﬁggnliﬁgf agghhgngga cgse in which a refractive |n?ex
of a waveguide layer 20 refractive index Of'aﬂtuﬁgSin
i s space of the waveguide |ayer 1, and ng betmeeg
wavel ength A is made incident on an inter ace
the wavegui de layer and its upper space atlan I
|nC|dedeetamgéezeﬁhngr@a&ggatigﬁghf%(gﬂaunc%n ang f%llOWlng
ener gy 02 of an evanescent 25 wave t Coce and
|nterf§8é %i stance z (> 0) fromthe inter ac_iion
“an energy E(O) of tRe evanescent wave a&o 3088f635625
ed apart fromthe {i _Jﬁﬁtﬁ‘q%;rhe / ,
EgngPZOSS/E@?QIQ»xLQP .éﬁéh%él etls relataonEE;p
shown in the follown equati dn. nELS|tnh()above
E(z)=E(O) xexp - 4;, A 5 As is eV|dent fro?1 Se ,
equati on, - tAre ienengyenE( ZyoRfddarRVaANESEEN  Wavs energy

generated on a certaln
E(z) of the evanescent wave generated on a certain

interface is exponentially reduced-according to the
distance z from the interface.
FIG. 3 is a graph showing an example of a
10 relationship between a refractive index of a wavegulde
layer and an evanescent wave penetratlon depth. In the
' flgure, the abscissa 1nd1cates a refractive index ngy,
of the waveguide layer, and the ordinate indicates a
distance z.
15 " All the data shown in FIG. 3 is obtained by using
| the above equation. Specifically, the incident angle
OEL is defined as 60°, and a wavelength A is defined as
550 nm. In FIG. 3, the data labeled as "1/e2n
indicates a distance z at which a ratio E(x)/E(0) is
20 decreased to 1/e2, the data labeled as "1/e4d" indicates
a distance z at which the ratio E(x)/E(O) is decreased
to~l/e4, and the data labeled as "1/e®" indicates a
distance z at which the ratio E(x)/E(0) is decreased to
i/eb
.25 The evanescent wave penetration depth generaily
means a distance z at which the ratio E(z)/E(0)

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



nterface is exponentially reduced according toht he
distance z fromthe interface. FIG 3 is a grap
showi ng an exanple of a 10 rel ationship between a
refractive index of a waveguide |ayer and an
eVET8YYEHS wave penetration depth. in the flfﬁylzﬁ,goﬂts)aﬁm
abscissa indicates a refractive index nEL of the
wavegui de | ayer, and the ordinate indicates a
distance z. 15 Al the data shown in FIG 3_::_3 .
obtai ned by using the above equdtion. Speci dl cally,
the incident angle eEL is defined as 60, an3 at e
wavel epghin, ésle, ef i gg ?ﬁ 550 nr}rx] r|E FI G NI
data | abeled as ~"1/ & Qi vt edhgrafsrancenen

' | §edr s decreased to 1/e2, the
\é\glt ;hl ngéﬁﬂd&af( ?ﬁ)fjogggzic%d?%%%eengc PRT A 8t ahkethe a'i‘tealgf?g
whi ch $#estrattieo 3EG %) AEE Qed _Saﬁg%rot@@sgglo Iiar?s aﬁ“ﬁ"efeinéf is
|l ed as "1/e6" indicates st
&E.ecﬂa%%el'ef‘v%& SNEEXIT B OYnd s-edéc weas edart Goe Islfllﬁ%-icg.égﬁéy
PAER ve penetration depth generally ne N
ghgi EYance%;t%gt WA chStHE FOIVies tEAZI MY ) rordemitdasesight

Lo i /ah ohs ishownain £l G..3, (the penetration VO

10 200 nm or more,

15 3 mm or less. When the distance d is incfeased,

er h
2006/ 035625 PCT/ JP2005/ 01 eptWIF [¥s§Pehan

. : h
rHiaVEger kot aye mher the sdhstancaud drom gac
élogmr;nt ortion to the sealing substrate % i $ deffned

as abéﬁ{1}69nnn§%r1§nﬁﬂ5dQnﬁ.ﬁ;ombEHIe%EdthH&teﬁﬁect
eVane%%%%he@BMSEéxghég%fgggghgIggtgg%ting the distance d to
and is further more advantageous by
.setting the distance d to about 300 nm or more.
The distance d may be.éet.to about'3 Hm Oor more.
In this case, display unevenness due to interference is
' hardly visualized. The distance d may be set to about
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

20 embodiment, the outcoupling layer 30 may be a

diffraction grating. 1In additibn, 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.



5 prevented from being converted into propagation
light on an interface between the upper space of the
wavegui de | ayer and the sealing substrate 3. In

[ as is evident fromFIG 3, this effect
%ggghg@:ﬁﬁYe advant ageous by setting the di stroToe20ds610229°
10 200 nmor nore, and is further nore advantageous by
setting the distance d to about 300 nmor nore. The
di stance d may be set to about"3 pmor nore. In this
case, display unevenness due tolbnterference is
hardly visualized. The disgance d ngy be sete;gegbogt
15 3 mm or S. en the distance is.incr
nmechani cal strengxg ofp??ﬁr%ﬁgﬁﬁﬂsé EECHF%%I%SthQﬁﬁfa@éy

r educeshowAlnighaugbrgahi ghiy, %@tptl?i% géjd@cylnq has ere gecond

exenplified as an outcoupling he fi

20 enbediqeementt he mm@enmglhwﬁh@%) Medh B&@ 4, the
diffraction grating. In addition, between the
outcou?HQ%ﬁjcl§§e?l%mﬂ%ﬁuﬁtﬂ$elﬂﬂp§trete@tswnhat@ht ats

which is thinner than the
Sy ane S S a e Y aton sdopb FESM b piRed dscas
25 11 aighaning Layeine A60a0d sabodl nenty of Lhe,

present invention wl 8scribed h

2006/ 035625‘hECEtd£’£0@51101ﬁ%%9_ay15 b6 a %ﬂﬁm’%u&%f&&%hav
cross section schematically show ng an organic

di spl &y &E€oPBFRY € It ¥ spdemnd shown in FIGS. 1 and 2
except that the outcoupling layer 30 is placed on a

10 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

15 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 pétterning the outcoupling

20 layer 30.

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

FIGS. 5 to 9 are sectional views each
schematically showing an example of an outcoupling

25 layer which can be used in the organic EL display of

FIG. 4.

The outcoupling layer 30 shown in FIG. 5 is a



enbodi ment of the present invention. In FIG 4, the
organic EL display 1 is illustrated such that its 5
di splay surface, that is, the front surface, faces

rdly and the back surface faces downwardly. The
3@§%WW35EF display 1 has a structure simlar PCraPtoa®017229
organic EL display 1 showmn in FIGS. 1 and 2 except
that the outcoupling layer 30 is placed on a 10 | ayer
40G which the organic EL elements 40 form In a case
where such a structure is enpl oyed, effects similar
to those described in the first egb?dinent (r:]anI be t
attain setti.ng.the.di stance, rom each el enent '
portiéggngFE%P%ﬂéﬁﬁ*ﬁa SBKBSTr TE i THE SEREARRaMeich 1s
15 aspdsoestdar aboudaohll, AdALLA A, LN SLEUCLYSE: | 1
which the outcoupling layer 30 Ts placed above the
or ganpcoEkus ebrenentThedBunakesl ig PRSSbI® hekeki f nate
the steps such as flattening and patterning the
out coBpFFHgLe Zo0 IWéﬁCBOll@httﬁ@mr@@gwfveg?ﬁde nexger dy

oye or e

' t t be enpl ‘ .
ot cotP P T sG] BRGhS sr  fane SEBE] Grigoupling
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vi ews1gash 3schienmt iicakky show nexanple of an
outcoup?iﬁg 25 Iayé? m%?chgc%%qgéggggd ?ﬁk?ﬂ% SHEAriRY ST

EL di bptayg of maEinGsudfadBeviouieouplypg ikayer: 89 shawkriy
in FIG 5 is a W 2006/ 035625 PCT/JP2005/ 017229 16

| i ght 2FFaPEeR t199%¢ Skay end havi e tar usdionss ur The eomtiaatpling
PS layer 30 makes it pessible to extract light from the
waveguide layer by diffraction.

The outcoupling layer 30 shown iﬁ FIGS. 5 and 6
is, for example, a.resin sheet or a résin 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 if irregqularities 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
achesive 34b. The adhesive 34b bonds the transparent

particles 34a together and bonds the transparent

particles 34a to the second electrcde 43. The



provided with randomy arranged recesses and/ or
protrusions. The outcoupling layer 30 makes it
possible to extract |ight fromthe wavegui de | ayer by

ttering. On the other hand, the outcoupling
ﬁzgégﬁéﬁﬁgﬁomn in FIG 6 is a light-transnittBGIgPREayer7229

having a main surface which is provided with regularly
arranged recesses and/or protrusions. The. outcoupling
| ayer 30 nmakes it possible to extract light fromthe
10 wavegui de layer by diffractidh. The outcoupling
| ayer 30 shown in FIGS. 5 and 6 is, for exanple, a

resin | nowhi ch e hanm

itself. In_F%Fsgb£é§?J1%§Mi oi%czépgfﬁg'Févgg:§ggo§med by
fixed dntaisecond eleatii@de t43ndn; bY: MLaNS-19%188 34 over
adhesi ve | ayer 3%, for exanple. The lr?%lckness of "t he
adhesitne  [sggend 38l ¢t 2Blem4dr biyoweti dir 4xyupﬁwcesIhus

even i irregularities occur on a surface of the
secon §I88$888%1ﬂ%9 %§%$§p3ossﬁPé0ehmé@U5fﬁoﬁﬁbépnged by

d 20 th
EgenerQﬁ%@r@gh@fﬁyi%ﬁﬁ$%%Q%%t08 ? ﬁa g$o§6rsﬂ%m%d??vae

second el ectrode

FI G Tayeel gdesy wé@hhrkﬁ@nﬁﬁbEEégg pﬁﬁib%k%%ugﬂlng layer
pl aced on the second electrode 43. The

I'i ght 3t0r ﬁﬁ@?ﬁltm ML Gsar t7i @nds83dakee itf Q:rom%dbh!bé €oadkthct
trans artlcles 34a with an 25 adhesi ve 34b. - The
'adhes. B‘Bn‘&e "R COMEASPARERT Dyparigiheesagiaring.

together a%gebg@g§d%ﬁ_ tr$ eﬁtﬁg artlcles 34algoa

t he second electro
10PCT/ JR2Q@A%/ 03422 ink/ 1ayer which includes 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
15 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
20 which can be cured at a temperature egual ﬁo br lower
thah the glass trénsition 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
25 layer such asrTiOZ or z2r0Op may be used for the light-
transmitting varticles 34a and the particles 36. In

this case, higher outcoupling efficiency can be



out coupling | ayer 30 showmn in FIG 7 can be forned by
distributing the light-transmitting particles 34 over
t he-second el ectrode 43 by wet or dry process. The
3%6? E%,pg | ayer 30 shown in FIG 8 is fornmed by 5

I'S |ng transparent particles 34a over &XRT/JP2005/017229
adheS|ve | ayer 33 by wet or dry process. The
out coupling layer 30 shown in FIGS. 7 and 8 nakes it
possible to extract [light fromthe waveguide |ayer by
light-scattering. The outcouplihy layer 30 shown in
FIG 9 is a 10 light-scattering | ayer which includes
alig soit [ 5, and artlcles
d|spe?%gﬁbaﬁﬁegil%édﬁﬁégiéafgclgs are‘%xiﬁefgﬁ%n hgving
optical refirapeity Sutdk as webuaciiye; indey fromthe
l[ight- transmtting resin 35. The outcoupling | ayer 30
can be 15 flor ke, cdor vheamitée bytcoapliny tlkeeseconds
electrod% with a coatin sol ution which contains
the pdrticl 8s?%6 ° dﬁd9§eﬁatgP?th¥%#nQ%ﬁ30f a physically

4 ight 33.and_,cur th ta ned

oati e T LY e soRdterthI 116 ¢hach the Secona
l'i ght dlre@nssié td NG 1LSIR 35 b8 &Ja%nﬁke 20 4B EQ &Pr}nay be
be cured at a tenperature equal to or |ower Aot

gl ass satatisi 19 orr teenperat uneoofiet hiso qrgaRring a| ayﬁlbozééht
In the outcoqgllng layer 30 of FIGS. 7 and 9, a
mat er iSQPCAFGRErLT R é@&éﬂf’?eo%‘ nErRSd 1t Hfa‘i@nt Ibélwav@g-ﬁﬁld@d

25 la oS r Zr sed for the
|Ight¥?&angﬁ$ttl %} partlc 2332§¥ q§LFh§a6§rtFEFe5h%&¥“ess

1d Nt kifs tBas&no i GheN :aukbeouphing: &f fiLiengy.
2006/ 035625) PCT/ JP2005/ 017229 He2niidy o808 be W

40 nm or more in consideration of a pin-hole or the
like. |

~ RAdditional advantages and modifications will
readily occur to those skilled in the art. Therefore,

15  the invention in its broader aspects is not limited to

the specific details and représentative embodiments
.shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept . as

20 defined by the appended claims and their eguivalents.
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18 achi eved as conpared with the case where a resin
having a refractive index of about 1..5 is used. In

the case where the outcoupling layer 30 of FIGS. 5

and 9 is used, the thickness of a physically 5 and

chem cally stable conductor |ayer which the second

el ectrode 43 includes, for ex le, an I TO IayerLuﬁﬁPVWSE
Qﬁﬂ get to 10 nmor nore in order to prevent a

conﬁ hent contained in an adhesive or resin from
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conprising. an-array su onprI'si n

i nsul gtslgg%,rgsmtréétf&iné’ 59@5‘5{%??@54‘[ ﬁn’éﬁﬂé? iol[%ginCEL lefhents,

arrange a nmaln surtace 0O

Subst {AbRin %%isgaraagﬂgrﬁganbhassed%agﬁ%ﬁﬁedeigfgn EH{GAS P

| i ght conponent pagating 1n i ane recti
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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 ym or longer.

5. The display according to claim 1, wherein the distance between the element
portion and the sealing substrate is 3 mm or shorter.

6. The display according to claim 2, wherein the distance between the element
portion and the sealing substrate is 3 mm or shorter.

7. The display according to claim 3, wherein the distance between the element

portion and the sealing substrate is 3 mm or shorter.



travel in front of the organic EL el enent, the

~outcoupling layer being interposed between the

i nsul ating substrate and the organic EL el enents; and

a sealing substrate facing and spaced apart fronwt&QyDVWSE

organic EL elenments, 10 mherspn the display forns an

encl osed space fiIIed mﬁth an“rnert gas or evacuated
trate and an_el ement portion

b ! I

e AR A R R BB cmen
di st bet the el t

S S B LB e ™ 15

| onger. 15 2. The displ ay accordlng to claim1,
wherei n the di stance between the elenent portion and
the sealing substrate is 200 nmor |onger. 3. The

di spl ay according to claim1, wherein the distance
between the el enment portion and the sealing substrate
is 300 nmor longer. 4. The display according to claim
1, wherein the distance between the el enent 20
portion and the sealing substrate is 3 pmor |onger.

5. The display according to claim1l, wherein the

di stance between the elenment portion and the sealing
substrate is 3 nmor shorter. 6. The display according
to claim2, wherein the distance between the el enent
portion and the sealing substrate is 3 mmor shorter.
25 7. The display according to claim3, wherein the

di stance between the elenment portion and the sealing
substrate is 3 mmor shorter. LLOYD WSE 20 8. The

di splay according to claim4, wherein the distance
between the el ement portion and the sealing substrate
IS 3 mmor shorter.



